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ABSTRACT

Entz, Peter John. M.sc., The university of Manitoba, February l9gg.

The Effect of Plant Growth Resulators on Plant Heisht. Lodgine and

Yíeld ín Spring Barlev. Major Professor¡ Dr. E. H. Stobbe.

The plant growth regulators (pGR's) ethephon and ethephon/mepiquat

chloride were evaluated ín several barley cultívars at several sites in

Manítoba. These plant growth regulators lrere effective in reducing the

plant heíght and internode rength of all spríng barley cultivars

evaluated. Efficacy was influenced by cultivar, rate of pGR applied,

stage of application and growing condítions. Ethephon applied to

Bedford barley at 100 g aí/ha did not result in a reduction of plant

height, r¡hereas, ethephon applied at 600 g aí/ha resurted in a 22.3 cm

reduction in plant heíght. The addition of nepíquat chloride to

ethephon did not affect the plant heíght of barley, however, lodging

was less when compared to an equal amount of ethephon appried a1one.

rnternodes that vrere actively elongating at the tiroe of ethephon

application r¡rere most affected by the PGR treatment, Lhese being

internode 4, 5 and the peduncle. I{hen lodging occurred, all rates of

PGR applied to barley prevented or reduced lodging.

The ability of cultívars to resist lodgíng varíed, as did their

response to a PGR application. Johnston, a cultivar ¡¿íth fair lodging

resistance, treated with 300 g ailha of ethephon had a lodgíng score of

7.2, al harvest, sompared to Bedford, a cultívar with excellent lodging

resistance, untreated, scoring 4.2 (Belgían lodging scale). At the

same evaluation Bedford, treated r.¡íth 300 g aí/ha of ethephon, díd not

lodge.



PGR's r.¡ere effectíve in reducing or preventíng lodging wíth a1l

cultivars evaluated.

Yields' yield components and protein were unaffected by pGR

application, except with Johnston barley at Teulon ín 19g4, where 300 g

ai/ha of ethephon resulted ín an íncrease in kernel weíght.



Chapter 1

IHTRODUCTION

rn 1985, 4.8 mírlíon hectares of barley were seeded ín the

canadían prairie region with 770,000 hectares seeded ín Manítoba

(Prairie Pools rnc., 1985). The most widely grown cultivar was

Bonanza (fair lodging resistance) which constituted 30.g percent of the

barley sor¿n in the province (Manitoba Agriculture, 19g5; Anonlmous c,

1984). oÈher cultivars, Bedford, Argyle, conquest and Norbert, are

less susceptible to lodging than Bonanza, but with certaín

environmental conditions, lodging can be a serious problern (Manítoba

Agriculture, 1986).

Lush growth, coupled wlth heavy winds and. precipítation, can

cause lodging with any cultivar (Einarsson, 19g3). Lodging can be the

temporary bending, or a comprete buckríng of the barley cu1m. The

intensity and time of lodging will díctate the severíty of the

problems associated with a lodged crop. These problens ínclude

negative effects on flowering and carbohydrate assimilation, uneven

maturity, reductions in grain quality, difficulties ín harvesting and

an increased drying cost (Lasson, 1983). permanent, early lodging of

the barley crop can cause yield reductions of up to 3g percent.

Lodging may not have a dírect affect on grain yield, but harvesting

losses may be more severe ín a lodged crop. Lodgíng resistance of a

prant can be íncreased by reducíng the plant height or increasing

the straw strength (Eínarsson, 1983).



studies were conducted to determine the effect of ethephon and.

ethephon/mepiquat chloríde apptied to spríng barley on the abí1ity of

cultívars to resist lodging, ínfruence prant heíght, length of culm

ínternode, yield, yield components and kernel proteín, and to d.etermíne

the effect of ethephon on lodging in barl ey seeded with several level_s

of nitrogen fertilizer.



Chapter 2

LITERATURE REVIEW

2.1 Growth and DeveloÞment of Cereals

rn cereals, the rate of growth, measured as an íncrease in height

over tíme, is slow during seedling establishment and tí1ler formation,

accelerated during stem elongation and reduced again as the plant

matures (salísbury and Ross, 1978). plants consist of 7 to 15

internodes of v¡hich only 5 or 6 elongate (Reilly, 19g4; Briggs, 1g7g).

Bríggs (1978) describes the barley plant as being a hollor¡ series of

ínternodes, weak at the merístimatic tissue, separated by nodes,

supported by unsheathíng leaf bases and carrying extended leaf blades

and a terminal ear, the whole system being anchored by a root system.

The centrar tissue extending throughout the internod.e is hollow,

resultíng in a hollow cavity (cook, Lg6z). The nodal region is where

the leaf tissue is inserted and the leaf tissue offers support to the

internode (Dennis et al., 1984).

2.1.I Plant Growth Stases

Although several scales are currently being used to ídentify the

growth stages of cereals, in this study the Zadoks-chang-Konzak

(hereafter referred to as the Zadoks Scale) was used and it describes

ten distinct segments of cereal growth (Zadoks et al. , Lg74).

The segments of development are gerroination, seedling growth,

tilleringr stem elongation, booting, inflorescence emergence, anthesis,



mírk development, dough development and rípening (zadoks et a1. , Lg74).

Tírlering, the thírd event, ís an important developmental period,

as it determines the potential ears per unit area and will directly
affect final grain yield (Dewey and Albrechtsen, 1995).

2.1.1.1 Tillerine

Tíllering ís controlled at three levels: (t) genetics of the

prant, (2) environmental factors and (3) agronomíc practíces.

Typically barley plants will produce a mainstem and tr¿o or three

tillers (Briggs, 1978; Kirby and Appleyard, 1982). More tíllers are

initiated, but not all survive (Cook, 1962).

Leopold (1949) reported that auxin, produced in the apícal

meristem, had an inhibitory effect on tiller bud release. rn barley

a three fold increase in tillering occurred upon removal of the apical

meristem. rn experiments with Lolir¡n multiflorum, clifford (L977)

found that rAA (índol-acetíc acid) synthesized in the ear and young

leaves can exert an inhibitory effect on tiller bud initiatíon. Auxin

ís exported fron the ear and young leaves to the elongatíng internode

and the activíty of the elongating internode controls tiller bud

actívity. Jinks and Marshall (1982) concluded that with the

applícation of IAA., assimilate transport converged at the elongating

internode, at the expense of transport to the tiller buds. Morris and

Thomas (1974), workíng with intact Pisum sativum seedlíngs, suggested.

that auxin travelled from source, basipetally, via phloern

transport. Auxins moving basipetally to the elongating internodes,



inhibit tiller bud growth as the internodes are a large sínk for

nutrients (clitrora, Lg77). sharif and Dare (19g0), reported rAA to

inhibít tiller bud inítiation only in treatments nhere mineral

nutrients were added.

Morgan and Gausman (tgO6) concluded ethylene to inhibit the

movement of auxin in cowpea and cotton. They concluded that ethylene

caused a shortage of auxin in certain plant parts and surplus in

others. Aqueous solutions of ethylene applied to the apices of

Phaseolus vulgaris resulted in an outgrowth of basípetally situated

axillary buds (Yeang and Hílfunan, 1979). The presence of glucose and

sucrose stimulated the production of ethylene and índirectly affecting

auxin revels, internode elongation and lateral bud growth (Meir et al.,

1985; Philosoph-Hadas et al., 1985).

Aspinall (fg6f) observed two distinct phases of tillering in

winter barley (cv. Proline). Tíl1er ínitiation and growth occurred

for 8 weeks, príor to the boot stage, ceased from week 8 to 16, and

resumed after after week 16, after ear emergence when the kernels were

in the dough stage. Leopord (1949) suggested that development of the

ear exerted control over the initiation of tiller buds via the

synthesis and transport of auxin. Tillers developing after ear

energence may not mature and produce graín (Briggs, 1987).

Temperature and/or moisture stress have a two-fo1d effect on

tillering: (t) ttre elímínation of axillary bud growth and (Z) tfre

delay of axillary bud development into tillers (.li-nks and Marshall,

f982). Levitt (1980) found that plant stress caused and i¡r¡medíate



increase in growth inhibítors, along with a decrease in growth

promoters. Stress inhibited tíller initíation and caused existing

tillers to abort (Klepper et al., 1983). Mulder (1954) stated that

raín, in association with heavy winds, caused bending of the maín stem.

whieh disrupted the basipetal transport of auxín and caused a release

of tiIler buds.

seeding depth can influence the number of fíllers per plant.

Briggs (1978) reported that an increase ín seeding depth, increased the

nr¡mber of nodes available for tiller ínitiation. 1978). Dewey and

Albrechts"n (fgAS) reported only 50 percent of the tíIlers initíated in

the plant were seed bearing. A reductíon in seeding rate produces more

tillers, however, the tiller nortality was greater with the reduced

seeding rates (Xir¡y and Appleyard, 1982). As seeding rate was

increased, the tillers per plant decrease, the seeds per ear decreased,

but the grain yield íncreased (Briggs, 1987). This trend continued

until an optímal density r.las reached, which was cultivar dependant.

Tíllering can be enhanced through the use of nitrogen fertility

(Mulder, 1954; Aspinall, 1961). Aspinall (1961) reported two phases of

tíllering occurred in barley when nutrients were supPlied solely before

germination. The majority of tillering occurring prior to stem

elongation. When nutrients were replaced weekly, the tíllering rate

lras maíntained throughout the lífe cycle of the plant'



2.L.I. 2 Stem Elongation

Dry weight of the barley plant íncreases dramatícally as the stern

elongates (Bríggs, 1978). Sten elongatíon ís achíeved by the ord.ered

elongation of the culm ínternodes (cook, Lg6z). sten elongation

consists of the developmental phase in which the plant has attained a

pseudo-erect stature, up to the flag leaf becoming visibre (Anonymous

a' 1983). In this phase, the nodes and internodes become detectable

and rapid elongatíon of the ínternodes is occurríng (Briggs, l97g).

Thís period of elongation is often termed as the grand. period of

growth, as the plant ís nor¡ ín a linear growth phase, when measuring

heíght increases over time (nriggs, 1978¡ Rei1ly, lgg4). Rapid sten

elongation follows an ordered sequence from the base of the plant

moving upwards. The rate of growth accelerates with favourabre

climatic conditíons and occurs at the time when prinordíum initiation

is almost complete. when an ínternode is half elongated, the next

uppermost internode begins to elongate, and this continues in sequence,

until the peduncle ís fully elongated. The basal internodes reach

their maximum length sooner than the higher internodes, while the

internode length increases towards the apex.

' The meristimatíc region of the culm occurs at the basal section

of each internode and remains non-lignified until the plant has

flowered (cook, L962; salísbury and Ross, 1978). The basal section of

the internode is where the younger, actívely elongating cells are

derived. Auxin produced in the apex and younger leaves of the plant



moves basípetally to the ínternodes where cell elongation is induced

(Abeles and Rubinstein, L964).

2.I.4 Maturation of the Plant

As the plant matures, the elongating peduncle will push the ear

out of the boot and the grain filling period. begins after anthesis. As

the grain matures, the plant wíll senesce and its rife cycle will be

complete (nriggs, 1978).

2.2 Lodgíng of Cereals

Dennis et al. (1984) defíne lodgíng as the displacenent of the

culm from its upright position. Lodging of a crop is due to inadequate

standing po!¡er, which is cultivar dependant and affected by the

síngular or combined forces of rain, haíl and wind (Mulder, 1954;

Neenan and Spencer-Smith, 1975; Anon¡luous c, 1984; Manitoba

Agriculture, 1986). Lodgíng has a negatíve effect on flowering

and carbohydrate assirnilation, grain quality, grain yield, harvesting

and grain drying (Lasson, 1983¡ Dennís et a1., 1984). A red.uction in

quality can include, reduced kernel plumpness, reduced kernel weight

and higher wort nitrogen content (Day and Dickson, 1957). Dennis et

aI. (1984) calculated that yíeld losses due to lodging can be 38

percent. Murder (1954) concluded lodging to be the most liniting

factor in attaíning hígh grain yields through increased nitrogen

fertilization.

2.2.1 Physical Characteristics of Lodging



Lodgíng can result from failure of the root systeru, occurrence of
fungar diseases and/or weakness of the culur (Grafius et al., 1955;

Neenan and Spencer-Smith, 1975). Weakness of the culm can cause the

structure to bend, buckle or break (Mulder 1954). Dennís et al. (1gg4)

reported lodged plants regaíned their erect stature through a positive
geotrophíc response of the lower internodes. rn a hollow cyrinder

the most likely cause of failure ís buckling (Neenan and. Spencer-Smith,

1975). A lateral force exerted on the plant wíll cause bending of the

culm and, as the force íncreases, buckling can occur. Lodging due to
culm breakage only occurs with plants left in the field after maturity
(Grafius et al. 1955; Dennis et ar., 19g4). Grafius et al. (1955)

concruded oat cultivars that resisted lodging, in season, tended to

resist stem þ¡s¿kage when left in Èhe field after physiological

maturity.

Neenan and spencer-srnith (1975) used youngrs modurus of rupture

test to obtain a nr¡merical value for the ínherent bendíng resistance of

a culm. Youngrs modulus of rupture test can be used to determine

lodging resistance in plants as it measures the mechanical strength of

the barley cu1m, that is, the maximum force per unit area that a cuLm

could withstand prior to bucklíng. They determined the modulus of

rupture value was proportional to the thíckness of the culm wa1l. The

plant wirl be more lodging resistant wíth a high modulus of rupture

value. rn barley, the force applíed to the culm is transferred to the

base of the plant, where the plant is mechanically stronger. The
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stress transferred to the base was greater with taI1 cultivars, as the

force is proportíonar to the fourth polrer of the plant height (pínthus,

1e73).

2.2.2 Envirorunental Factors Affecting Lod.ging

A pIant, that is susceptible to lodgíng can remain erect in the

absence of adverse environmental conditions (Murder,lg54). These

environmental factors are wind, rain and hail (Dennís et al., 1gg4).

t'Jind is the nain component, but is usually associated wíth rain and/or

haiI. Environmental forces cause the deflection of the culm and when

the elastic limít of the culm ís exceeded, the prant wilt lodge. Neenan

and Spencer-Srnith (1975), in wind tunnel experiments, concluded barley

culms would fail at a wind velocity of 55.4 km/hour. In the field,
crop unevenness and the crop boundary layer would increase the velocíty
required to cause barley curms to lodge. wind will exert a lateral
force on the culm and it ís often the strength of the basal internodes

and the root systen that determine if the plant wilr lodge (Mu1der,

1954). Neenan and Spencer-Sníth (1975) reported that the r.¡alI

thickness of the internodes increased from the peduncle to the base of

the plant, as díd the breaking load per culm.

Raindrops will exert a vertícal force on the prant. Raindrops

coupled r¿íth wind will exert a strong lateral force on the plant culm.

The retention of raindrops on the ear of the plant can íncrease the

mass of the ear by 30 percent (Neenan and spencer-snith, 1975). The

combined effects of rainfall can exert forces on the plant that will
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cause ít to lodge. Moísture can also cause the prant to develop longer

and weaker internodes. IIígh levels of soil moísture can also result ín

poor anchorage for the root system of the plant.

2.2.3 Morphologícal Factors Affecting Crop Lodgins

Ta1I plants are more likely to lodge than short prants (Mu1der,

1954). Deflection of the culm due to external forces is proportional

to the fourth power of plant height (pinthus, 1973). A small change ín

plant height can have a strong ínfruence on lodgíng. stanca et aI.
(1979) reported a correlatíon between plant height and lodgíng. cenci

et al. (1984) concluded that taller cultívars had a thicker

sclerenchyma cel1 wa1l in comparíson to shorter stature cultivars,

suggesting that the thicker sclerenchSma cell walls are responsible for

the inproved lodging resístance of some taIl cultivars over shorter

cultivars. rmproved lodgíng resístance may be achíeved by combíning

the reduced height of the short strawed cultivars with the thicker cell

walls of the taller statured cultivars. Taller statured cultivars have

a more elastic characteristic, v¡hereas the shorter cultivars are

stiffer, r.¡ith stronger basal ínternodes.

Morphologic characterístics such as plant height, wall thíckness

and ceII wall lignification can effect the ability of the plant to

resist a lateral force. rn studies reported by stanca et al. (rgzs) a

signifícant negative correlation between prant height and lodgíng was

observed. However, he did not report a correlation between lodgíng

and vascular bundles in the 8 eultivars of barley tested.
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This observatíon would suggest that plant heíght is the most ímportant

component in determining the plants abílity to resist lodging.

Lateral forces such as wind and raín will be intercepted by the

plant. The greater the exposed surface area of the prant, the greater

are the lateral forces it will intercept. Awned cultivars wílr,

therefore, intercept more lateral forces than an awnless cultivar
(Neenan and Spencer-Smith, 1975). They determined a 6 row arsned barley

spike having an area of 9.62 cmz, compared to a 2 row awned barley

having an area of 3.84 cm2. A barrey flag leaf can account for up to

15.4 cm2 of leaf area and offer substantiaä resistance to air flow.

Ear shape, leaf nurnber, leaf area, plant heíght and internode length

wíIl all determine the architecture of the plant, and the plants

response to the forces that cause lodging.

2.2.4 Growth Characteristics affected bv Lodsing

Lodging wíll alter plant developnent and growth and is affected by

the severity of lodging, duration of lodgíng and the tíne of rodging

(Mulder, 1954¡ Day and Dickson, L957; Stanca et a1. , LgTg). Stanca

et al. (1979) reported permanent, early lodging to cause yield

reductions of up to 38 percent. Early, temporary lodging, prior to

anthesis, still resulted in a 25 percent yield reduction. Day and

Díckson (1957) reported a detrinental yield and quality effect when

lodging occurred ten or twenty days after heading. Barley kernel weíght

r¡as reduced when ninety degree lodging occurred at any stage (Day and

Díckson, i957). when the barley was lodged at a forty-five d.egree

angle little effect on yield was noted r.¡ith the two cultivars tested.
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Yierd reductions are greatest when the lodging occurred. during the

short period of grain fíIlíng (Mulder, 1954) and are mostly a result of

a reduction ín grain weight (stanca et ar. , lgTg; Dennis et a1.,

1e84).

Reduced grain weíght can be a result of reduced photosynthesis

caused by the shading effect of a rodged crop. Bendíng of the culm can

also reduce the translocation of photosynthate throughout the p1ant,

whíle respiration contínues. stanca et al. (1979), found the number of

sma1I kernel sievíngs, measuring less than 2.2m, íncreased with the

severity of lodging. The íncrease in sma1l kernels rnay indicate that
kernel fíIling was restricted. A reductíon in prant growth can also

reave the plant susceptible to attack by pathogens. Root diseases can

also cause lodging by reducíng the anchorage of the plant, provided by

the root system (Neenan and Spencer-Sníth, 1975).

2.2.5 The effect of nitrogen fertílitv on lodging

Lodging is often the nain factor lirníting the response of cereals

to nitrogen (Dennis et al., 1985). The addition of nitrogen can cause

an increase in overall plant height, arong with thinner, weaker curms

(Mulder, 1954; Dennis et al., 1984). Dennis et al. (i9g4), reported

that the additíon of l-00 kg/ha of nitrogen caused the development of

smaller culm diameters in the lower internodes and increased the length

of the lower ínternodes by ten to fifteen percent. The addition of 100

kg/ha of nitrogen resulted in a 57 percent íncrease in lodging with

Midas spring barley and resulted in a yield reductíon of 0.14 tonnes/ha

(Blackett and Taylor, 1982). Mulder (1954) concluded that rates of

nitrogen as 1or¡ as 30 kg/tr" applíed in the spríng resulted ín an
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increase in lodging of wheat and oats.

2.3 Plant Growth Regulators

Plant growth regurators (pGRts) are phytohorrnones, that are

exogenously applíed to a growíng plant. The effect is to alter the

hormone balance within the p1ant, making the plant more suitabre for
high yield crop productíon. some pGRrs are used to protect the crop

from lodging and to offer a degree of yield enhancement (Danhous gL

åI., L982; Jung, 1984). plant growth regulators are currently beíng

used in canora, winter wheat, wínter barley, fa1l rye, spríng wheat,

spríng barley and spring oats (Lasson, 19g3; Einarsson, 19g3). A

PGR, such as ethephon, is effective in reducing plant heíght and may

also increase the strength of the culn (sachs and Hackett, rglz;
Wunsche, 7977). Blonquist et a1. (1973), showed that ethephon

increased the lignin deposits ín the stem of vicia faba. che¡nicals

such as chrormequat chloride or mepiquat chloride also cause a

reduction in plant heíght, but are not as effective as ethephon.

chlormequat chloride and mepiquat chloride are more effective than

ethephon in increasing the strength of the culn (Anon¡nnous d, 19g5;

Prusakova et al. 1973).

2.3.L Ethephon

Ethephon has been used in field trials since 1966 and comrercially

on cereal crops since 1977 (Einarsson, 1gB3). cerone, the coumercial

name of ethephon, is marketed by May and Baker ín canada as a liquid
formuration containing 480 grâms of ethephon per liter (Figure 1.1).
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ETHEPHON

Fígure 1.1 The chenical structure for ethephon and ethephon/mepiquat
chloride.

Ethephon breaks down in the presence of a base to form ethylene, with

an apparent release of chloríne and phosphate (warner and Leopold,

1967; de Wilde, L97I; Jackson and Dobson, 1978). Ethephon provídes a

convenient roethod of applying ethylene to plants, without the need of a

gas confíning chamber (de l,Jilde, 1971; Salisbury and. Ross, l97g).

l,Iarner and Leopold (1967) reported that ethephon applied to the cereal

plant stimulated endogenous levels of ethylene in the prant. The

applícation of ethephon resulted in sinilar responses to those known

for ethylene.

Ethephon is is applíed between the late boot and early flag leaf

extension stage (Anonyrnous b, 1984). Brown and Early (1973) concluded

that ethephon was most effective ín reducing pranÈ height when appried

to the early boot stage. Taonke (1983) reported no difference in

efficacy of ethephon when appried ín water voh¡mes of 30, 100 or 300

liters per hectare. However, he showed that spray retention tras

increased r¡hen the droplet size was decreased, thus inproving the

ME

O]:
NI

H:C .rrj
PIQUAT CHLORIDE
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efficacy of ethephon. Ethephon applicatíons should be restriced

to when the plant is dry and the risk of precipitation is 1ow, as

ethephon can be r¡ashed off the leaves. Ethephon should not be applied

when the crop is in a stress sítuation, as endogenous levels of

ethylene.increase ín both root and stem tissue (Ha1l et al., Lg77).

This endogenous ethylene productíon is an adaptive feature to allow for
reduced prant growth during períods of stress (Abeles, Lg73; Levitt,

1980). Levitt (1980) reported that ethylene evolution increased wíth

the severity of !¡ater stress in excised wheat 1eaves.

Prusakova et aI. (1973) postulated that the applícation of

exogenous ethyrene increased the actívity of endogenous auxin in

barley, shifting the prant to a inhibitory growth response in the

plant. Morgan and Gausman (1966) reported that stem elongation rras

mediated by ethylene levels, through its effect on auxín uptake and

transport. l.Iorking with cor{pea, they showed that exogenous ethylene

caused a reduction in auxin uptake and transportation, causing local

surpluses and shortages of auxin. Auxin is assocíated r.¡ith active

growth centers, therefore, íf auxin transport to the basal merístematíc

zone of the internode is reduced, ínternode elongation is reduced

(Schott and Ríttag, 1982).

2.3.2 Ethephon/ Mepiquat Chloride

The conbination of ethephon and mepiquat chloride is marketed as

Terpal and contains 155 grâñs of ethephon and 305 grans of mepiquat

chloríde per líter (Fígure 1.1). Mepiquat chloride was d.eveloped in

1975 by BASF Aktiengesellschaft in West Germany (Schott
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and Rittag, 7982' Lasson, 1983). Mepiquat chloríde has a sírnílar

solubilíty in water as ethephon. Mepiquat chloride is taken up by the

growíng parts of the plant and transrocated via phloern movement

(Lasson, 1983). Mepiquat chroride inhibited the cyclízation of

geranylgeranyl pyrophosphate to coplyl pyrophosphate ín the course of

gibberellic acid s¡mthesís (Jung, 1984). Gibberellic acid caused the

elongation of detached internodes in Avena satlva (sharif and Da1e,

1980). Mepiquat chloríde caused ínternode shortening, íncreased radial

culm growth and an increased tilrer production (schott and Rittag,

1982; Lasson, 1983; J*g, 1984). Mepiquat chloríd.e promoted

thíckening of the cufun by increasing the ntrmber of vascular bundles and

enhancing the formation of schlerech¡runa tissue.

Larson (1983) reported that mepiquat chloride was effective in

strengthening the straw of winter barley. The addition of ethephon

enhanced the ability of rnepiquat chloride to reduce plant height. By

affecting the plants straw strength and height, the plant was abre to

better resist lodging (.links and Marshall, 1g8z). scheffer et ar.

(1983) concluded that the application of ethephon and mepiquat

chloríde resulted in increased yield, as a result of increased

tillering, in the absence of lodging.

2.3.3 Asronomic Characteristics affected 6v Ethephon and Ethephon in

conbination with Mepiquat Chloride

Ethephon and ethephon in cornbination with mepiquat chloride reduced

crop lodging by reducing plant heíght and increasing the straw strength

of the plant (Brorvn and Early, L973i Stanca et al. , IgTg; Lasson,
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1983; Einarsson, 1983). rn the absence of lodging, graín yields nay

not be increased following the application of ethephon alone or in

combination with mepiquat chloride. When a yield íncrease is observed

it appears to be due to an increase in ears per unit area

(Provakova et aI., 1973¡ Jung, 1984). A decrease in kernel weight

has frequently been observed when the ears per unit area was íncreased

due to the PGR application.

2.3.3. 1 Plant Height

A reduction in plant height is the most consistent par:meter

affected by ethephon. l,Junsch (1977) reported significant reductions in

plant height, when compared to the untreated check, with ethephon

applied to barley at rates of 1.3, 3.9 and 11.7 kg ailha, at a height

of 20-25 cn. This concurs with Aigner (1982) who applíed ethephon to

barley at Zadoks growth stage 37-49. Dahnous et al. (1982) reported

ethephon applied at rates of 550 and 850 g aí/ha sígnifícantly reduced

the the total plant height by significantly reducíng the length of the

peduncle. Einasson (1983) also concluded that ethephon reduced

peduncle length, by 25 per cent when compared to the untreated check

and total plant heíght by 14 per cent. Brown and Early (1973) added

that ethephon applied at 560 g ailha significantly reduced the length

of the peduncle and second last internode, which resulted in a

significant reduction of overall plant height.

Ethephon in conbination with rnepíquat chloride (Terpal) applied at

2.0 l/ha was more effective in reducing plant height than applications
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at 1.0 l/ha (Lasson, 1983). Terpal, applied at the 3.0 Uha rate ro

winter barley, sígnificantly reduced the length of internod.es 2, 3, 4

and 5 and the peduncle, when compared to the untreated plants.

The application timing of growth regulators ís crítical, as ít

will determíne the developmental stage of the plant when the exogenous

growth substance is applied. Applications of ethephon applíed at GS

32-37 !¡ere more effective in reducing the elongation of the lower

internodes, whereas later applicatíons were more effective ín reducing

the elongation of the higher internodes (schott and Rittag, l9g2).

schott and Rittac (1982) and Dahnous et al. (1992) reported no

signíficant differences in final prant heíght when varying the tine

of ethephon applícation, however, applications at GS 45 resulted in

greater plant height reductions than applicatíons at GS 50.

Terpal applied to Avena sativa at GS 45 resulted in the greatest

height reductions when compared to Terpal applied at other tínings.

Terpal, at a rate of 2.0 L/ha, applied to spríng barley at GS 42

resulted in the shortening of the top four internodes (stanca et al.,

L979). Lasson (1983) reported that rhe 2.0 r/ha. rare of Terpal

resurted ín greater plant height reductions when applied at GS 39 and

45. The recon¡mended application of Terpal is between GS 32 and 45

(Anonyrnous d).

2.3.3.2 Tíllerins

Yíeld increases associated with the application of ethephon

resulted from an increase in ears per unit area (Roth et a1., 1gg4).

The increase in ears per unít area r.¡as attributed to an increase in

tirl-er survival. Prusakova et a1.. (1973) reported a slight increase i-n
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lateral shoot development with a 2.0 kg ai/ha applicatíon of ethephon

and a 1.5 ford increase wíth ethephon applied at 4.0 kg aí/ha.

Ripening of the tíllers was severely delayed. wunsche (Lg77) concrud.ed

that ethephon applied at 0.43, 1.3, 3.9 and 11.7 kg ai/ha increased

tíllering by up to 1.3 tíllers per plant, however, mature ears per

plant were not affected.

2.3.3.3 Yield and Yie1d Conponents

The number of ears per unit area, the number of seeds per ear and

the weight of the seeds are the components that make up the total yield
(Yoshida, 1972). Ethephon and ethephon/mepiquat chloríde can effect

final graín yield by affecting one of more of the yíeld components.

Einarsson (1983) reported no effect ín final yield when increasing

the rate of ethephon from 380 to 7zo g aí/ha, although wunsche (1973)

showed that ethephon apprications of 1.3,3.9 and 11.7 kg aí/ha

increased the nr¡mber of tillers per plant, but not the nunber of mature

ears per unít area. Prusakova et aI. (1973) reported yíeld reductions

with ethephon applied at 2.0 and 3.0 kg aí/ha and were a result of a

reducÈion ín seeds per head.

Scheffer et aI. (1983) applied 1.0 and 2.0 L/haof Terpal at GS 32

and 37 to mechanically supported barley, cultivar vil1a, and concluded

that yield increases were a result of increases in the number of heads

per unit area. Applícatíon of Terpal at GS 37 were more effective in

increasing the yield of víl1a barley, than applications of Terpal at

GS 32. They concluded that applications of rerpal at a rate of 1.5
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1/ha increased yíeld when compared. to the untreated plots by

increasing the ears per unit area and kernel weight. stanca et a1.

(1979) reported that Terpal at a rate of 2.0 l/ha, applied to eíght

spríng barley cultivars, increased the overall yieId, but reduced the

kernel weight. Brackett and Taylor (1982) also reported that Terpal

applied at 2.0 l/ha to spríng barley increased yield by 0.01

tonnes/ha, however, kernel weight was decreased. schott and Ríttag

(1982) reported that applicatíon of nepiquat chloride increased the

number of kernels per ear. Barley, cultivar Carina, yielded

sígnificantry more when treated with mepiquat chloride, however, plant

heíght was not affected (.lints and Marshall, 1982). The applícatíon of

a growth regulator to a crop can result in a variable yield response.

2.3.3.4 Lodeins

Ethephon alone and in combinatíon with mepiquat chloride protected

or reduced the íncídence of crop lodging (prusakova et al. , L973;

Aigner, 1982; Lasson, 1983; Einarsson, 1983; Gaíser and Thíel, l9g4

). The degree of lodging protection was greater when the growth

regulators were applíed at higher rates (notn et al., 1984). Lodging

protection lras achieved through a reduction in plant height and/or

increased straw strength (Mulder, 1954¡ cenci et al., l9g4; Neenan

and Spencer-Snith, 1975).

The use of a PGR, to protect the crop from lodging, is only

effective íf there ís a potentíal for the crop to rodge (Anonymous b,

1984). Aigner (1982) reported lodging to increase from anthesís to

maturity, regardless of ethephon treatment, however, the degree of
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lodging was less in plots treated with 3g4, 4g0 and 576 g aí/ha of

ethephon when cornpared to the untreated p1ots.

stanca et al. (1979) reported that rerpal applied at 2.0 L/ha

eriminated lodging ín 6 of the 8 cultivars of spring barrey tested. rn

cultivars wíth weak straw, lodging was reduced, but not elininated.
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Chapter 3

MATERIALS AND I"ÍETHOD

3.1 General Procedures

Field experíments were conducted ín Manitoba for t!¡o years. rn

1984' experinents were conducted at Teulon on a Tarno clay soil and at

Portage la Praírie, Portage, on a Dugald clay loam soi1. rn 19g5,

experíments were conducted at wínnipeg on a Riverdale clay loam soíl
and at Portage. The cliroatic data for these locations are present in
Tables 3.1 to 3.8. Prior to seedíng the experimental sites were

cultivated and harrowed to establísh a good seedbed. certifíed seed

was used in all experíments. Weeds were controlled usíng herbicides or

plots were hand weeded. Experimental layouts and details concerníng

establíshment are included in Table 3.9.

rn 1984 a handheld co2 sprayer with a four nozzle (TeeJet

8003) boom was used to appry the plant growth regurators. rn 19g5 a

handheld co, sprayer with a six nozzl^e (TeeJet g002) boom was used.

The spray output was 200 1/ha in 1984 and zr4 r/ha in 19g5 at 275 Kpa.

The plant growth regulators were applied at a specifíc growth stage

using the Zadoks scale (table 3.10). To determine growth stages

precisely, the main stem of the barley plants were sectioned

longitudínalIy by hand to ascertain the internode number and,

extent of elongation.
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CODE

0 -09
10-19
20-29

3

30
31
32
33
34
35
36
37
38
39

4
40
4I
42
43
44
45
46
47
48
49

5
50
51
52
53
54
55
56
57
58
59

60-69 Anthesis
70-79 Mílk Development
80-89 Dough Developrnent
90-99 Rípenins

Gernination
Seedling gro!¡th
Tillerins

Stern Elongation
Pseudo stem erection
First node detect,able
Second node detectable
Third node detectable
Fourth node detectable
Fifth node detectable
Sixth node detectable
Flag leaf just visible

Flag leaf ligu1e/co1lar just visíble

Eootine

Flag leaf sheath extendíng

Boots just visibly swollen

Boots sv¡ollen

Flag leaf sheath opening

First awn visible

Inflorescence Emergence
First spike of ínflorescence just visible

L/4 of ínflorescence emerged

tlZ of inflorescence emerged

i_/o o, inflorescence emerged

l."rg"tr". 
of inflorescence completed

1. From Zadoks et aI., L974
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The basal ínternode was designated as beíng internode 1; the

followíng internode being designated internode 2 and so on up to the

peduncle (Lasson, 1988). Only plants with six internodes were used in

this study. Details on PGR applícatíon and crop sampling are presented

in Table 3.11.

At harvest the nr.rmber of heads per meter square were reported in

all plots. Grain yield measurements were taken and ín 19g5 grain

samples were dried for 24 hours at 100 c in a forced aír dryíng oven.

Thousand kernel weight was determined for all grain samples.

Lodging ratings were taken as required throughout the growíng

season and at harvest. The Belgian Lodgíng Scale was used to evaluate

the degree of lodgíng in the plot area. This measurement incorporates

both the surface area of the plot lodged and the severity of the

lodging (table 3.L2). A total of eleven cultivars of barley were

evaluated in this study. Refer to Table 3.13 for a description of the

agronomic characteristics of these cultivars.

3.2 Detailed Procedures

3.2.1 Experi¡nent 1 The effect of varying rates of ethephon and

ethephon/mepiquat chloride on the height and yield

of Bedford barley planted on May 10 and June 7 at portage la

Prairíe, 1985.

The prantíng dates of the two trials were four weeks apart (May 10

and June 7). Príor to seedíng, 100 kg/ha. of actual nitrogen,

armonir¡m nitrate, was broadcast over the area where the May 10 seeding

site was established. No fertilízer was applied to the area where the

June 7 seeding site was established. This experiment was
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Table 3.12 The Belgian Lodging Scale

Parameter Range of Measurement

Surface area 1.0 to 9.0

Intensity of lodging 1.0 to 5.0

Factor 0.2

Formula= Surface area x Intensity x 0.2
= 0.2 to 9.0

0.2= no lodging
9.O=completely lodged

designed to test the effect of ethephon and ethephon/mepiquat chloride

on the plant height and internode length of Bedford barley. The

experinents were establíshed as a randomized complete block with ten

treatments and four replicates. The treatments were: 1) unÈreated

check, 2) fOO g aí/ha ethephon, 3) ZOO g ailha erhephon, 4) 300 g

ai/ha ethephon, 5) +OO g ai/ha erhephon, 5) 500 g all]na erhephon, 7)

600 g ai/ha ethephon, 8) fSS g ai/ha erhephon plus 205 g ailha

mepiquat chloride, 9) 233 g ai/ha ethephon plus 307 g ailha mepiquat

chloride and 10) 310 g aí/ha ethephon plus 4r0 g aí/ha rnepiquat

chloride.

Twenty one days after treatment, and at harvest, zo plants were

randomly selected and plant height, internode length and the ngmber of
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mature tíllers was determíned. Plots seeded on June 7 were harvested

using a Hege small plot combíne and the harvested area ¡¿as 7 .6 
^2.

rn plots seeded on May 10, 2 one-square meter quadrants of barley were

hand sampled and threshed using a Hege snall plot combíne.

3.2.2 Experirnent 2 The effect of ethephon on the height and yíeld of

Johnston and Bedford barley, at l,Iinnipeg, 1985.

The experiment was designed to test the effect of ethephon, 300 g

aífha, on two six-row barley cultívars, Bedford and Johnston. No soil

tests l¡ere taken from the plot area, however, prior to seeding 80

kg/tra of actual nitrogen, ¡nrmenls¡¡ nitrate, was broadcast over the plot

area. seven days after ethephon treatment and at harvest, 20 plants

were randornly selected and plant height and íhternode length

measurenents of the nain culm were determined. At harvest, 2 square

meters of barley were hand sanpled and threshed usíng a Hege snall plot

combine. Protein content was determined fron the harvested grain

sample (f¡etaant method).

3.2.3 Experiment 3 The effect of ethephon and ethephon/mepiquat

chloríde on the growth and yield of nine spring

barley cultivars at Portage la Prairie, 1985.

The experíment was conducted to determine the effect of ethephon

and ethephon/nepiquat chloride on nine spring barley cultivars. The

nine cultivars, Bonanza, Sampson, Herta, Bedford, Norbert, 8T363

(unIícensed barley frorn Agrículture Canada, Brandon, Manitoba), Argyle,

Herta, Ileartland and Leduc, were seeded ín a randomized complete
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block design with four replicates. Each block was then split wíth four

growth regurator treatments: 1) untreated, 2) 240 g ai/ha ethephon, 3)

400 g ai/ha ethephon and 4) 310 g ai/ha erhephon and 410 g ai/ha

mepiquat chloride.

Although no soil test v¡as taken, prior to emergence, the

experimental area was fertilízed r¿íth 100 kg/ha of actual nítrogen

(a$nonium nítrate).

At harvest, fifteen plants were randomly selected from each plot

and plant heights were determined. Plots were harvested usíng a Hege

small plot cornbíne and the harvested area was 7 .6 
^2.

3.2.4 Experiment 4 The effect of nitrogen and ethephon on the heíght

and yield of four barley cultivars at Teúlon and Portage, 1984.

The experiment was designed to determine the effect of ethephon on

two síx-row barley cultivars, Bonanza and Johnston and two two-row

barley cultivars, Norbert and Klages at three levels of nitrogen. A

split-split plot design was used. The main plots were cultivar, the

sub plots, the level of nitrogen and the sub-sub plots were the

ethephon treatments. Treatments consisted of ethephon at 300 g ai/ha

and an untreated check.

From soil tests taken in the spring of 1984 at both locations, it

was determined that 40 kg/ha of available nitrogen occurred in the 0 to

60 cm profile at both locations. Additional nítrogeî, anrms¡i1¡¡

nítrate, was applied as a spring broadcast treatment prior to seedíng.

The levels of additional nítrogen were 20, 50 and 80 kg/ha of actual

nitrogen.
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At harvest, fifteen plants were randomly selected from each plot

and the plant height and peduncle length were measured. plots were

harvested by using a Hege small plot combine and the harvested area was

2/.o m .

3.3 Statistical Analvsis

Data collected from all experíments was handred in a similar

manner. Ar1 growth and yield data was subjected to an analysis of

variance. Multiple cornparisons of the means were made using eíther the

Duncanrs Multiple Range Test or by conparing LSD values. Data

collected using the Belgian Lodging scale was not subjected to

statistical analysís. Only differences at the 52 leve1 were considered

meaningful.
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CHAPTER 4

RESULTS AND DISCUSSION

4.L Experiment 1 The effect of varying rates of ethephon and

ethephon/mepiquat chloride on the height and yield of Bedford

barley planted on May l0 and June 7 at portage ra prairíe, 1gg5.

4.I.I Mav 10 Seeding

4. 1. 1 . I Plant Heieht and Internode leneth

At 21 days after treatment (DAT) and harvest, plant

height was reduced by all treatments, except ethephon applied at

100 g ai/ha (table 4.1 and 4.2). The reduction in plant heíght was

a result of reductions in the length of ínter¡iodes 4 and 5 and the

peduncle. Internodes 1, 2 and 3 were not affected by the PGR treatments.

The increase in height of the plants from the 2l DAT sanpling tírne

to harvest r{¡as a result of an íncrease in length of internode 5 and the

peduncle.

Ethephon applied at 600 g ai/ha resulted in a 17.2 and 22.3 cm

reduction in plant height at 2I DAT and harvest respectively. The pGR

treatments vrere most effective in reducíng internode 5, at both

sarnpling dates. The addition of mepiquat chloride to ethephon

did not have an additíve effect in reducing overall plant height at

harvest.

4.1.I.2 Lodsing

Lodging was reduced or prevented with all pGR treatments
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Ta-ble 4.1 The ef f ect of eÈhephon and ethephon,/mepiquat.
chloride on the internode length and plant
heighr of Bedford barley (May 10 seeãing,
21 days after treatnent)

Treatment Rate
( sailha )

Internode length (s¡r)
L234

Peduncle Pl-a¡rt
length height(cm) (sn)

check

ethephon

ethephon

ethephon

ethephon

ethephon

ethephon

ethephon,/
mepiquat,
chloride

ethephon/
mepiquat
chloride

ethephon/
mepiquat
chloride

LSD (0.05)

6.2 L4.8

5.8 14.2

5.2 L4 2

5. 9 14.5

5.1 14.0

6.2 L4.9

6.1 15.2

6.L L4.7

5.9 L4.7

5.6 14.0

17.3a

16.Oa.b

14.7ab

14.7ab

13 .2bc

13 .8bc

tl.l-c

t4.7

13.2bc

14.1b '

2.9

15.9a

14.9a

13 .4b

L2.7bc

11.Ode

9.9e

9.8e

12. 4bcd

11.4cd

0

100

200

300

400

500

600

155
205

17.8

17.5

L7 .4

17.5

L7.4

L7 -6

15.4

17.1

L7.7

17.5

ns

233
307

13.Sabc 85.5a

16.2a 84.5a

14.3ab 79.0b

13.2bc 78.4b

12.3bc 73.Ocd

12.lbc 74.4bc

10.8c 68.3d

14.2ab 79.2b

13.3bc 76.4bc

310
410

11.lde 12.9bc 75.2bc

.7.L2.81.4

Means within a column followed by Èhe sa¡ue letter are notsigmificantly different at alpha=0.05
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Table 4.2 The effect of- ethephon and ethephon,/mepiquat
chloride on the internode length and. piant
height of Bedford barley (May 10 seeãi¡g, at harvest)

Treat¡nent Rate
( sai/ha)

Internode
L23

length (cn)
4

Peduncle plant
length heighr(cm) (c¡n)

check

ethephon

eÈhephon

ethephon

ethephon

ethephon

ethephon

ethephon/
mepiquat
chloride

ethephon,/
mepiquat
chloride

ethephon/
mepiquat
chloride

LsD (0.05)

6 .I t4.7

5.4 14.0

5.8 14.2

6.2 L4.4

6. 0 13.9

5.3 13.3

5.6 13.9

5. 5 14.2

6.2 L4.7

L7.2a

16.6ab

14. 6abc

15.4a^b

13.7bc

13.8bc

LL.2c

14. 9ab

13.6bc

18.6a

15.8b

13.4c

13.3c

11.9cde

10.3de

10.2e

13.lc

13.lc

20.3a

19.2ab

17.5bc

17.lbcd

16.3bcd

14.5d

15.8cd

17. 4bc

17.7abc

100.5a

93.9ab

88.lbc

88.7bc

84.2cd

79.5d

78.2d

88.Obc

88.4bc

0

100

200

300

400

500

600

155
205

233
307

310
410

18.0

17.5

17.3

17.0

16.9

17.1

16.3

L7.7

17. 5

5.6 14.0 17.3 14.3abc 12.5cd 17.tbcd. 86.2c

7.02-2 2.83.1

Means within a column followed by the same letter are noÈsignificantly different at 
.alpha=o.05
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(table 4.3). Lodging was evident on August 9 in most of the

plots, but by the August 27 evaLuation date all plants

had recovered from the lodgíng, except those treated with the

lowest two rates of ethephon. At harvest, lodging was prevented with

all treatments, except ethephon applied at 100 and 200 g ai/ha.

The addítion of mepiquat chloríde to ethephon reduced lodging to

a greater degree than a sinilar rate of ethephon applied alone.

Lodgíng was of the bending type.

4.1.1.3 Grain Yield

Fínal grain yield was not affected by any pGR treatment, however,

only ethephon applied at 100 g ai/ha resulted in yields measuring less

than the untreated check plot (Table 4.4). Although yield

measurenents from the PGR treated plots were not signifícantly

different from the check plot, there was an apparent increase ín yield

with increasing rates of ethephon/mepiquat chloríde.

4. 1. 1.3. I Yield Components

Final head density was not affected by pGR treatment, however,

ethephon applied at 200 g aí/ha resulted in fewer number of heads,

when compared to the untreated check (Table 4.4). The applícation of

a PGR díd not affect the nr:mber of mature tillers/plant.

Kernel weight and seeds per head were not affected by pGR

treatment.

4.7.2 June 7 See¡!!49
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Tab1e 4.3 The effect of ethephon and ethephon,/mepiquat
chloride on the lodging of Bedford barlei

Treatment Rate
( sailha )

May 10 seeding
Aug. 09 Àug. 27

June 7 seeding
Àug. 09 Àug. 27

check

ethephon

ethephon

ethephon

ethephon

ethephon

ethephon

ethephon/
mepiquat
chloride

ethephon/
mepiquat
chloride

ethephon/
mepiquat
chloride

0

100

200

300

400

500

600

155
205

233
307

3.8

1.8

L.2

0.7

0.4

0.2

0.4

0.9

0.8

3.2

3.2

1.5

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

0.2

4.0

1.9

1.1

0.2

0.2

0.2

0.2

0.2

0.20.2

310
410

1.3 0.2 0.2
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Table 4.4 The effect of ethephon and ethephon,/mePiquat
chloride on the yield and yield components of
Bedford barleY (MaY 10 seeding)

Treatment Rate Yield Heads,/m2 Thousand Seeds/ tillers,/
(gailha) ß/n2) Kernel wt head plant

(s)

check

ethephon

ethephon

ethephon

ethephon

ethephon

ethephon

ethephon/
mepiquat
chloride

ethephon,/
mepiquat
chloride

ethephon,/
¡nepiquat
chlorine

LSD (0.05)

0

100

200

300

400

500

600

155
205

398

378

460

426

438

4t6

422

437

469

468

ns

350

366

336

367

351

366

390

392

399

396

ns

33.2

32.9

33.0

33.0

33.5

33.4

33.1

32.L

33.6

33.8

ns

34.2

30.7

41.5

35.4

37 .4

34.1

33.5

35.0

36.2

34.2

ns

1.5

1.9

0.9

0.9

1.4

1.4

t.2
L.2

1.4

1.3

NS

233
307

310
410

Means within a colu¡nn
significantlY different at

followed by the sane letter are not
alpha=O.05
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4.L.2.1 Plant Heiqht and Internode Length

At 21 DAT plant height was reduced by all treatments, however,

reductions in height were not significant (table 4.5). The apparent

reduction in plant height \¡ras a result of reductíons in the length of
ínternodes 4 and 5. rnternodes 1, 2, and 3 and the peduncle were not

affected by PGR treatment. At harvest, prant height was reduced by the

PGR treatments (table 4.6). Although ethephon applied at 100 and 300 g

aí/ha and ethephon/mepiquat chroride appried ar Lss/zos anð, 233/307 g

aí/ha did not signíficantly reduce plant heíght, the plant heíght was

5.2 to 7.8 cm less than the height of plants in the untreated pIots.

Reductions ín plant height r¡¡as a result of reductions in the length of

internode 4 and the peduncle at harvest. The increase in plant heíght

from 21 DAT to harvest was a result of a 14.1 c¡n increase in the length

of the peduncle. At harvest, the pGR treatnents were most

effective in reducing the length of the peduncle. The addítíon of

mepíquat chloride to ethephon did not result ín a greater decrease

in plant height than when ethephon was applied alone.

4.1.2.2 Lodsíns

Lodging was reduced or prevented wíth the pGR treatnents (Table

4.3). Lodging was not evid.ent on August 9 in any of the plots, but did

occur in some plots on August 27. on August 27, lodgíng was prevented

wíth all treatments, except ethephon applied at the lowest tr¡o rates.

The addition of rnepiquat chroríde to ethephon reduced lodging to a

greater degree than similar rates of ethephon applied a1one.

Lodging was of the bending type.
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Table 4.5 The effect of ethephon and ethephon,/mepiquat
chloride on the internode length and plant
heiqht of Bedford barley (June 7 seeding,
21 days after È¡eatment)

Treat¡nent Rate
( gailha)

Internode lenqth (c¡n)
L234

Peduncle P1ant
Ieng:th height

(c¡n) (sn)

check

etbephon

ethephon

ethephon

ethephon

etbephon

echephon

ethephon,/
mepiquat
chloride

ethephon,/
mepiquat
chloride

ethephon,/
mepiquat
chloride

LSD (0.05)

5.4 11.3 13.1

4.8 10.8 13.3

5.6 11.5 L3.2

4.2 L0.4 13.2

5.5 1r.5 L2.9

5.5 11.2 13.0

5.4 11.7 13.3

4.6 10.4 13.1

5.2 11. s 13.8

5.3 11.6 13 .6

13.4a

13.Oab

11.8bcde

12.0bcd

10.6de

10.5e

10.4e

12.Zabc

11.9bcde

11.4bcde

1.4

0

100

200

300

400

500

600

155
205

233
307

310
410

14.3a

14.la

1l.9bc

11.9bc

11.2c

10.8c

10 .7c

13 .lab

12:Obc

L]-.2c

L.7

11.9

LL.2

10. 3

11. 2

10.2

9.3

10.2

L2.7

L2.3

11.1

ns¡

69.3

67.2

64. 1

62.7

61. 4

60.3

61. 5

66.0

66.6

64.0

ns

Means witbin a column followed by the sa¡¡e letter are not
significantly èLfferent at alpha=O.05
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Table 4.6 The eff.ect of ethephon and ethephon,/mepiquaÈ
chloride on the internode lengtb an¿ piarit
height of Bedford (June 7 seeding, at. harvest)

Tteatr¡ent Rat,e
( sai/ha)

Ioternode lengeh (cm)
L234 Pedu¡cle Pla¡t

Iengch heishr
( c¡¡r) ( su)

check

ethephon

ethephon

ethephon

ethephou

ethephon

ethephon

ethephon./
mepiquat
chloride

ethephon/
mepiquat,
cbloride

etbephoa/
nepiquat
cbloride

LSD (0.05)

4.0 9.7

4.0 10.3

4.3 10.3

4.5 10.3

4.1 9.5

3.9 9.3

5.0 11. 0

3.9 10.4

4. 0 10.3

12.8a-b

12. 0a-bc

11.Ocde

11.3cde

11.3cde

10.0e

10.5de

12.9a

12.la.bc

11. 4a-bcd

1.6

26.0a 87.3a

21.3b 79.Sa-bc

2L.Tb 79. Obc

2L.7b 80.6abc

20.8b 76.4bc

20.0b 74-2c

19.lb 76.Obe

ZO.Tb 82.1ab

22.4ab 8t.8a.b

21.5b 79 .?bc

0

100

200

300

400

500

600

ls5
205

L2.4

13 .1

L2.6

L2.6

L2.2

11.7

L2.9

13 .3

13.1

16.8

13.5

13.4

L4.7

13 .0

13 .7

L2.2

15 .3

14.5

13.9

ns

233
307

310
410

4.1 10.3 L2-8

3.9 7-7

Me¡ñq wità.i¡ a colunn followed by the sa¡re leÈter a¡e notsignifj.cantly d,ifferent aÈ alpha=O.05
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4.I.2.3 Graín Yield

Finar grain yield was not affected by pGR treatment (table 4.7).

Although yield differences are not significant, there ís an apparent

íncrease in yíe1d with increasing rates of ethephon/rnepiquat chloride.

4.7.2.3.L Yield Components

Ilead density was not affected by pGR treatment, except in the

plots where ethephon was applied at 100 g ai/ha ín which case there

were fer¡er heads when compared to the untreated plots (Table 4.7).

The PGR treatments díd not, however, affect the number of mature

tillers/plant.

Kernel weight and seeds per head r.rere not affected by pGR

treatment

4. 1.3 Discussion

The plants seeded on May 10 matured slower than the

plants seeded on June 7. The time of seeding and consequent

environmental conditíons for growth, resurÈed in differences in

plant development of the two trials. The earlier seeded plants were

taller than the later seeded plants, at both sanplíng dates,

however, the peduncle accounted for a greater proportion of the plant

height in the later seeded plants. The growth of the plant,

from 21 DAT to harvest, as measured by increase in

height, was solely the elongation of the peduncle with the later seeded

plants. The growth of the early seeded plants was a result of the

elongation of the fifth internode and the peduncle. This difference
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Table 4.7 The effect of- ethephon aqd, ethephon,/mepiquatchroride- on_ rhe vield an. vield.'ðãroiäiãit" "rBedford barley (June 7 seeãing)

Treat¡nent Rate
( gailha )

Heads/m2 ltrousandseeds/ Ti1lers/
Kernel wt head plant

(s)

YieId
(s/n2)

check

ethephon

ethephon

ethephon

eÈhephon

ethephon

ethephon

ethephon/
mepj-quat,
chlori-de

ethephon/
mepiguat
chloride

ethephon,/
nepiquat
chlorine

LSD (0.05)

0

100

200

300

400

500

600

155
205

508

466

490

539

5L7

524

469

510

528

569

ns

38la.b

33 4c

420a

386ab

354bc

414a

377abc

362bc

388ab

409a

46

34.2

35. 9

34.9

36.6

35.5

33.8

33.6

35.8

35.0

36.3

ns¡

39.2

38.9

33.2

38.3

41. 3

37.4

37.1

39.5

39.5

38. 4

BS

2.0

1.4

1.9

1.8

1.5

1.6

1.6

1.4

1-.3

1.7

trS

233
307

310
410

Means within a column
significantly dj_fferent at

followed by t¡e
alpha=0.05

sane letter are not
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ís also reflected in that the prants seeded early had longer

ínternodes than the rater seeded plants. The rater seeded prants rnay

have been able to use late season moisture, which could increase peduncle

erongation at a tíme when the early seeded prants were already

maturing. A result of the different growth patterns of the tr.¡o sites
is the manner ín which the pGR treatments reduced plant height. The

plants seeded early showed signífícant reductions in internode 4 and 5

and the peduncle, whereas shortening of the plants seeded later
occurred prinarily through shorteníng of the peduncle.

l'Junsche (1973), reported plant heíght reductions increased. as rate
of ethephon increased. The data ín this experiment concurs with
Wunschers results, however, internodes affected and degree of reduction

ín plant height varied between the prants in the two trial sites, due

to dífferences in plant development. Stanca (tgZg),

reported ethephon was effectíve in reducing plant height,

however, 200 g aí/ha lrere requíred for sígnífícant reductions,

when compared to the untreated plots. rn this study, at least

200 g ai/ha of ethephon is required, to reduce plant height, with
plants seeded later requíríng 400 g aí/ha of ethephon to cause

plant heíght reductions at harvest. With the PGR treatnents affecting
only the peduncle in the plants seeded later, a higher rate of ethephon

ís required to cause plant height reductions than plants seeded

earlier, where the ethephon caused shortening of internodes 4, 5 and.

the peduncle.

Jínks and Marshall (i982), suggested the addition of mepiquat

chloríde to ethephon can enhance the straw shorteníng effect
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of the PGR; this did not occur in the experírnent.

Although the addition of mepiquat chloríde to ethephon díd not

enhance straw shortening, it caused the plant to be more resístant to

lodgíng. This resistance to lodgíng may be a result of the straw

strengtheníng affects of the mepiquat chloride as reported. by Lasson,

1983, although not quantifíed in thís study.

Yíeld and yield components were a1l greater in the prants seeded

later, possíbly due to differences ín environment during development.

The sarnpling method for the yíeld data varied rsith the two sites.

Îwo, one-meter quadrants were removed from the earlier seeded tríal

for yield and yield component data, as mechanical harvesting was not

possible because the site was under r{ater. Thê later seeded

site was harvested with a Hege combine, removing a sample size of

7.6 n2. The dífference ín sampring nethods make yíerd and yield

component comparisons between sites unfair.

Yield and yierd component data for each site indicates the pGR

treatments having no effect, except with the later seeded plots, where

PGR treatments had an effect on head density. Thís effect was not due

to an increase ín tillers per plant and can only be explained as random

erior, possibry due to variation in seeding or plant emergence.

A reductíon in lodgíng as a result of pGR application

díd not result in a PGR effect on kernel weight as noted by

stanca et aI, 1978. The lodging that occurred was not that severe,

particurarly at the later seeding, therefore effects of the pGR on

kernel weight may not have been expressed. Had the lodging pressures

been more severe treatment dífferences may have become evident for
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lodging, yield and yíeld components. r,ríth minímal lodging pressure,

plant heíght was the most influenced parameter.

4.2 Experíment 2. The effect of ethephon on the heíght and

yield of Johnston and Bedford barley at Wínnipeg, 1985.

4.2.I Plant Heisht and Internode Lensth

Ethephon caused a reduction in length of internodes 5, the

peduncle and overall plant height 7 days after treatment (DAT) (ta¡1e

4.8). At harvest, there was a reduction in plant heíght,

due to a reduction in the length of ínternode 3, 4 and 5 (Table 4.9).

Seven days after treatment the overall height of Bedford

was greater than Johnston, due to greater elongation of

internodes 2, 3, 5 and the peduncle (Table 4.8). At harvest,

ínternode 5 and the spike of Bedford were longer, however,

there are no dífferences in overall plant height (table 4.9).

An interaction existed between ethephon and cultivar for

ínternode 4, 7 DAT (Appendix A). Ethephon did not cause a

reductíon in the fourth ínternode of Johnston, however, caused a

reduction at internode 4 with Bedford. l.lith all other parameters both

cultívars rsere affected ín a similar manner. At harvest, the

applicatíon of ethephon caused the cultivars to react dífferently at

internode 5 (Appendix A).

Ethephon reduced overall plant height at both sanrpling

times.

Plant height of Bedford was greater than the height of Johnston,
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Table 4.8 the effect of ethephon and cultivar on plant
height and internoáe length (7 days after treat¡nent)

Internode l,ength (on)
..F34

7.3 15.1a 16.74 I7.4 15.5a
6.0 12.7b 15.1b 18.0 9.3b
ns ns

Peduncle P]ant
Lenqth Height

(cm) (cm)

PGR
untrãated 7.0 14-3 16.0 18'2 13'9a
ethephon 6.6 13.5 L5'7 \7 '2 10'9b

ns ns ns ns

Treaünent

VÀRIEry
Bedford
Johnston

6.3a 75.7a
4.9b 68.8b

8.7 a 80 .7a
2.6b 63.7b

Means within the sa¡ne column not folÌowed by a letter
äiã--ñ"i- iisnificantlv different at alPha=o'05 (LSD) '

Table 4.9 the effect of eÈhephon and cultlvar on plant height
and, internode lengrth (at harvest)'

Internode Length (cm) Peduncle Pl.ant
Length Height

( c¡n) (cm)Treat¡nent

untreated
ethephon

vÀRtET":l
Bedford
Johnston

-T-- 3 4

5.8 13.3 16.6a
7.3 13.8 15.5b
ns ns

5.4 14.0 16.3
7.5 13.1 15.9
ns ns ns

19.54
1?.3b

18.0
18.8

ns

19.2a
17.6b

19.9a
16.9b

20.e
18.6

ns

101.2a
96.1b

20.9 100.2
18.5 97.0

NS

Means srithin the same column not folLowed by a letter are not'------"iã"ii!nificantrv different at arPha=o'05 (LSD)'
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7 DAT; however, at maturity there was no dífference (Figure 4.1 and

4.2). At 7 DAT it was evident the reductíon in length of internode

5 and the peduncre contributed more than ínternode L, z, 3 and

4, in reducing the overall plant with applícations of ethephon.

At harvest, shortening of internodes 3, 4, 5 and the peduncle

all contributed to the reduction ín total plant height

caused by the ethephon. Fígure 4.2 suggests that the

cultívar Bedford reacts differently than Johnston to the ethephon

applícation, however, an ethephon by cultivar ínteraction was

determined to occur only for internode 5, 7 DAT.

4.2.2 Lodgíne

Lodging ratings were taken after each rain storm, three tímes

duríng the growing season and at harvest. The application of ethephon

reduced lodging at all evaluation dates (table 4.10). Johnston

barley was observed to be less resístant to lodging compared to

Bedford. At the first evaluation, the untreated plots of

both cultivars exhibited sone lodging (Table 4.11). Bedford

treated with 300 g ai/ha of ethephon was the only plot to remain

qempretery erect throughout the growing season. As the season

progressed the ethephon treatments r¡rere effective in preventíng

Bedford fron lodging, however, failed with Johnston on

the July 28 evaluation. At maturity, August 30, the brittle straw and

the poor anchorage in the waterlogged soil caused all prots to
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Table 4.10 The effect of ethephon and cultivar on lodging.

Treatment Lodging Rating*
JuIy 17 JuIy 28 Augrust 30JuIyl

PGR
untreated
ethephon 3009 ailha

CULTIVAR
Bedford
Johnston

2.5
0.3

0.9
1.8

2.0
0.9

0.4
2.6

5.7
3.7

2.2
7.2

9.0
8.5

8.5
9.0

*based on the Belgian Lodging Scale

Table 4.1! The effect of ethephon on lodging.

lreatment Lodging Ratings*
JuIy 1 July 2 Àu$rst 30July 1

Johnston-0 ethephon

Johnston-300 gailha
eÈhephon

Bedford-0 ethePhon

Bedford-300 gailha
ethephon

4.5

0.4

1.6

0.2

3.5

L.7

0.6

0.2

7.3

7.2

4.2

0.2

9.0

9.0

9.0

8.1

*based on the Belgian Lodging Scale
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Table 4.12 The effect of cultivar and ethephon on yield. and,yield components and protein measu¡emenÈs

Treatnent Heads,/
m2

Seeds,/ 1000
Head Kernel

weight (q)

Yield Protein(s) (3)

PGR

untreated
ethephon

VÀRIEgY

Bedford
,Johnston

300 q/
ha

40.4 35.6
37.9 35.4

286
299

301
283

40.3a 38.9a
3s.0b 32.lb

4r7
405

506a
3 17b

15. 0
15. 0

14.9
15.1

Means wiÈhin a column not followed by a l-etter are not
significantly different at alpha=o.05 (LSD)
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Iodge severely.

4.2.3 Graín Yield

Ethephon had no effect on yield, yield components or kernel

protein. The cultivars differed ín final yield, thousand kernel

weíght and seeds/head, but not in plant density or protein content

(taUle 4.I2). There were no significant cultivar by ethephon

interactions for yíeld or protein measured. The cultívar Johnston,

although produeíng the seme number of heads per unit area

as Bedford, produced less seeds per head and had a lower kernel weight

(table 4.rz).

4.2.4 Díscussion

As suggested by Brown and Early (1973), the peduncle alone is not

the only internode affected by ethephon applieations. Seven DAT, the

peduncle and internode 5 were reduced with the application of ethephon,

which resulted ín overall plant height reductions. At harvest, the

third, fourth and fífth internodes of Bedford barley v¡ere reduced with

the application of ethephon, resulting in overall plant height

reductions. The application of ethephon at Zadoks 45 may affect the

peduncle more than the other ínternodes as suggested by Dahnous et al.

(1e82).

Ethephon applied at 300 g ai/ha reduced lodging with both

cultivars until late August, with Bedford barley being more lodging

resistant than Johnston. The use of lodging resistant cultivars would
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appear to be an effective method in reducing the lodgíng

in barley rather than the use of ethephon on cultívars with poor

lodgíng resistance.

Johnston and Bedford barley vary in straw strength, plant height

and lodging resístance. Arthough Johnston is a high yieldíng cultivar
as described by wolfe (1980) the potential yield ís not attaíned when

grown under conditions r,¡here lodging occurs. The applícatíon of 300

g ai/ha of ethephon is not effective in preventíng Johnston from

lodging and thereby reachíng its fulr yíeId potentiar. rn comparison,

Bedford ís better adapted in reachíng its yíeld potential when grown

ín condítions that cause lodging. when selectíng a cultivar to be

gror,rn ín a particurar geography, the overall performance of the

curtívar musL comprement the geography, so that the yield potential

of the cultívar can be attained.

rn this experiment, the applícation of ethephon díd not affect
yíeld or yield components. Bedford barley had a higher yierd than

Johnston because of an increase ín number of seeds/head. and a higher

kernel weight. The increase in yíe1d may be due to Bedford being

protected from lodging for a longer period in the season, as suggested

by Stanca er al. (1979).

4.3 Experíment 3. The effect of ethephon and ethephon/mepiquat

chloride on the growth and yield of nine barley cultivars at

at Portage la Praírie, 1985.

4.3.1 Plant Heíght

In all treated plots, plant height rvas less than in the untreated.
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control plots, when cultivars \¡rere grouped (Table 4.13). Ethephon

at 400 g aí/ha and erhephon/mepiquat chloríde ar 3ro/ 4zo g aí/ha

reduced plant heíght more than ethephon at Z4O g ai/ina.

All plant growth regulator treatments caused plant heíght reductions

rangíng from 9 to 13 percent.

when the data was sorted by cultivars, all plant growth regulator

treatments caused a reduction in plant height, with the exception

of Leduc barley (l'igure 4.3). Generallyr plant height reductíons

íncreased wíth rate of ethephon.

4.3.2 Lodqins

All PGR treatments reduced lodging at both evaluation dates

(table 4.13). Lodging increased frorn August 9 to septernber 16.

on August 9, in untreated pIots, s¡mson, Argyle and Heartland scored

less than 5.0. At harvest only Leduc scored ress than 5.0. on

August 9, lodgíng was less ín plots treated with high rates of

ethephon. cultívars rated as having fair to good lodgíng resistance,

lodged greater than curtivars rated as having with excellent lodging

resistance. on septernber 16, lodging lras generally reduced where

high rates of ethephon were applied; however, this varied somewhat by

cultívar (Figure 4.4 and 4.5).

The cultivar Herta exhibited poor lodging resistance at both

evaluation dates. Bonanza was completely lodged on september 16 in

both treated and untreated plots. samson and Heartland, both shorter

statured cultivars, had simirar lodging responses on August 9.

on septernber 16, sarnson had lodged more than lleartland. The pGR

treatments reduced the lodgíng of Argyle on August 9, but had 1íttIe
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Table 4.13 The effect of ethephon
on Èhe plant height and
cultivars

and ethephon,/mepiquat chlotide
Iodging ratings of nine barley

Treat¡nent Rate PlanÈ Height
(g ailha) (cm)

Reduction in
Plant, Height (t)

Lodging Ratings
Àug. 09 Àuq. 16

check

ethephon

ethephon

ethephon,/
mepiquat
chloride

LSD (0.05)

0

240

400

310
420

94.5a

85. 9b

81. 9c

82.5c

5.7

2.6

1.5

t.4

7.t
5.1

3.5

4.3

0

10

13

13

Means within a column followed
significantly different at

by the sa¡ne leeter are not
alpha=O.05 (LSD)

Table 4.1{ The effect of ethephon
on the yield and yield
cultivars

and ethephon/mepiquat chloride
components of nine barley

Treatment Rate
(s ailha)

Heads,/ Seeds,/
m2 head

1000 kernel
weight (g)

Yield
ß/n2l

check

ethephon

ethephon

ethephon,/
mepiquat

LSD (0.05)

0

240

400

310
410

438a

4 53a

491b

459a

23.9ab

26.7c

22.'0a

24.9bc

38.1

38.4

38.3

38. 5

ns

259b

297 a

264b

27 4b

Means within a col-umn followed by Èhe same leter are not
significantly different at alpha=0.05 (LSD)
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effect on septernber 16. Norbert and Bedford were rodged equarly

at both evaluation dates, however, the pGR treatments were more

effectíve in reducing the lodgíng of Bedford.

PGRrs can reduced 1odging wíth Bedford and BT

poínts, whereas, cultívars like Leduc and Heartland

PGR, but to a lesser extent.

363, by up to

are affected

4.3,3 Grain Yíe1d

The increase ín yierd notíced with applications of 240 g airha
of ethephon r¡/ere apparent with all cultivars tested except Leduc (Tab1e

4.74 and Fígure 4.6).

There r¡¡as an increase in final head densíty wíth the apprícation

of 400 g ai/ha of ethephon when cultivars Ì¡ere grouped. These increases

ín head density are apparent wíth most curtivars tested (Figure 4.7).
Thousand kernel weíght was not affected by the application of any

of the PGR treatments (table 4.14 and Figure 4.g).

There i¡as an íncrease in seeds per head with the applicatíon of
240 g ai/ha of ethephon when cultivar were grouped. These íncreases in
seeds per head were only signifícantly greater than the untreated. check

with Heartland (Figure 4,9).

4.3.4 Discussion

Plant height reductions increase with increasíng rate of ethephon.

Plant growth regurators reduced plant heighÈ to a greater d.egree with
tall statured cultivars, however, the percent plant height reduction

did not díffer with the cultivars evaluated in this trial.
The height of the curtivar was not correrated to rodgíng

resistance, although Mulder (1954) suggested that tall plants are more

5.5

by the
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likely to lodge than short plants. Bonanza and Samson barley differ in
height by 20 cm' yet the degree of lodging was siníliar throughout the

season. The reduction in plant height caused by the application of a

growth regulating substance did result ín a reduction of lodgíng, whích

concurs wíth studies reported by Roth et al. (19g4).

The ethephon/mepiquat chloride treatment was more effective ín

reducíng lodging than ethephon alone applied at 400 g ai/ha, even

though it contained less ethephon. The additíon of mepíquat chloríde

may cause straw strengthening of the cu1m.

In thís experiment the 240 g ai/ha rate of ethephon was sufficient
in reducing lodgíng as it resulted in sígnífícant yield increases. The

cultívars with excellent lodging resistance all rodged less than

cultívars with poor to faír lodging ratings.

PGR's may reduce the plant height and lodging with most

cultívars, but there may not be a benefit in terms of yierd or

yield components, although íncreases in yierd were observed in some

cultivars. The trial was conducted r¡íth only a few pGR treatments

at one location, makíng conclusíons about a specific cultivar

difficult. studies, at severar more locations and years, would have to
be conducted to determíne what cultívars are more responsive to pGR

treatment than others. Also, a wide range of pGR rates would be

useful in determining the type of response of the cultívars to the

PGR. In the present study, a1I plants r¡rere removed

at harvest, which may not occur in co¡mercíar field. operations. rn

addition, the threshing operation usually results in snarl kerners

beíng blor+n out the back of the combine and not collected in Èhe grain

hopper. A quantiÈative ex¡mination of the amount of sna1l kernels
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r,rould have been usefur data to estímate the potential yield losses

associated with lodging.

scheffer et al.(1983) mechanically supported cereal plants, to

elirninate the effect of lodgíng in the experiment. This techníque

enabled the researcher to isolate the effect of the pGR alone.

4.4 Experiraent 4. The effect of nitrogen and. ethephon on the height

and yield of four barrey cultívars at Teulon and. portage, 19g4.

4,4.I Plant Height and peduncle Length

Differences in plant height and peduncle length between cultivars
were observed at both locations (table 4.15). The cultivar Klages was

the shortest cultivar at both locations. The peduncle accounted. for a

greater proportion of overall plant height of Bonanza and Johnston

than it did of Norbert and Krages at both locations. The plants

at Portage appeared to grow taller than the plants at Teulon.

The height of Norbert barley and the length of the pedunele

increased wíth increasing nitrogen fertility at Teulon (table 4.16).

At Portage, the peduncle length of Bonanza increased with rate of

additional nítrogen fertílity (Table 4.L7). This difference !¡as nor

reflected ín the total plant height.

The applicatíon of ethephon to the barrey plants at growth stage

45 to 48 reduced plant height of alr cultivars, at both locations,

with the exception of Johnston at portage (tabre 4.1g and 4.19).

The ethephon treatment resulted ín a total plant height reductíon

ranging froro 1.4 to 6.4 cn.

The peduncle, although reduced by the ethephon treatrnent,

accounted for less than 50 percent of the toÈaI plant height
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Table 4.15 The effect of cultivar on plant height characteristics

leulon PorÈage

Cultivar
Plant
Height (cm)

Peduncle
Length (cm)

Plant
Height (cm)

Peduncle
Length (cm)

Bonanza

Johnston

Norbert

KLages

89.5a

84.7b

76.7c

67.6d

28.9a

22.8b

17.0c

15.5c

99.8a

94.7b

87. 4c

84.4d

35.1a

32.0b

24.2c

22.8c

Means within a column followed by the same letter are not
significantly different at alpha=O.05 (LSD).
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reductions. The length of the lower ínternodes must have been reduced

by the ethephon treatment. The abí1íty of ethephon to reduce the
peduncle length varied r¡ith the cultivar. At Teulon, the overalr plant
height and peduncle lengths were less than at portage.

4.4.2 Lodeine

At both locations Johnston rodged to a greater degree

than the other cultivars (tabIe 4.ZO). At Teu1on, Johnston had a

lodging score of 4.1 at the tíme of harvest, whereas the cultivars
Bonanza, Norbert and Klages exhibited rittle or no lodging. The

cultivar Johnston exhibited buckring of the peduncle at maturity, also
referred to as rrneckingr'. Lodging was greater at portage than

at Teulon, possibly due to a greater amount of precipitation.

Lodging varíed between cultivars, amount of addítionar fertility,
applícatíon of ethephon, location and the time of evaluat.ion. Johnston

had a lodgíng score of 5.3 at portage, with Bonanza, Norbert and Krages

aI1 scoríng less than 3.0.

when lodging occurred, the addítion of nitrogen fertility
increased the lodging at Teulon, partícularly on the earríer
evaluation dates (table 4.L7),

Ethephon reduced rodging at both rocatíons and al1 rating dates,

more noticeably at portage and at the later evaluations (Table 4.20).
Lodgíng scores were reduced 1.5 to 2.g points when ethephon was

applied. Although ethephon reduced rodgíng, Johnston stilr
had a lodging ratíng of 3.5, compared to Norbert and Klages r¡hich

scored 1.0 and 1.1 respectively.

4.4.3 Graín Yie1d
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At both locatíons there were differences in grain yield between

cultivars. At Teulon, Norbert was the highest yieldíng cultivar,
follor¿ed by Bonanza, Johnston and Klages. At portage, Bonanza l¡as the

highest yierdíng cultívar, folrorved by Norbert, Klages and Johnston

(ra¡le 4.2r).

Varyíng the level of fertíIíty did not significantly affect grain

yíeld at either location (tabte 4.16 and 4.I7).

Head density varied among cultivars at both locations. The two

row cultivars' Norbert and Krages, had a greater final head densíty

than the six-row cultivars, Bonanza and Johnston (Table 4.zr).
Finar head density was greater wíth Bonanza compared with Johnston.

The nítrogen fertirizer treatments díd not affect final head

density at eíther location (ta¡le 4.16 and 4.I7).

Ethephon had no effect on head density except wíth the cultivars
Norbert at Portage and Klages at Teulon, where a greater number of

t
heads/rn'was recorded when ethephon was applíed (Table 4.1g and 4.19).

Thousand kernel weíghts díffered ¿rmong cultivars. Norbert had

the greatest kerner weight followed by Klages, Bonanza and Johnston.

Johnston had the lowest kernel weight and also was the only cultivar to

exhibiL lodgíng of grearer than 2.0 (table 4.ZO).

The thousand kernel weíght of barrey was not affected by varyíng

the level of nítrogen fertility at portage (Table 4.L7). At Teulon,

the 20 kg/ha rate of nitrogen treatment resulted in a greater kernel

weight than the 50 or 80 kg/ha of nitrogen treatment. There lras no

interaction between cultivar and nitrogen fertílity levels on kernel

weíght at either location.

EÈhephon applied to Johnston barley, at Teulon, resurted ín an
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Table 4.21 The effect of cultivar on yield and yield components

TEULON PORÎÀGE

cultivar Yield 1000 plant Density yield 1000 plant Density(s/n2) kernel (heads/m2) (S/nZ) kernel (heads,/m2)
weight (ø) weight

(s)

Bonanza 301c 33.7b 190a

Johnston 263b 28.la 208b

Norbert 332d 45.7d 297c

Klages 227a 37.7c 270c

320c 35.7b 225b

254a 33.2a 203a

297b 46.3d 275c

286b 40.4c 273c

Means within the sarne column followed by the sane letter are notsigmificantly different aÈ alpha=o.05 (LSÐ),
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íncrease in kernel weíght (table 4.19). The kernel weight of other

cultivars l¡as not affected by ethephon.

4.4,4 Díscussion

The heíght of all four cultivars were different concurring with
cultívar information from seed scoop (anonymous c, 19g4).

The length of the peduncle varíed, r¡íth the tallest plants having the

rongest peduncle and a greater proportion of the plant height was

composed of the peduncle.

The addítíon of nítrogen fertílizer díd not cause an increase ín
plant heíght as noted by Mulder (1954), however, an increase in
peduncle length did occur with the addition of nitrogen with some

cultivars. The level of additional nítrogen appeared to be

too high to cause any noticeable increases in plant height between

treatments. A lack of precípitation, especially at reulon, may have

reduced the potential elongation of the pIant.

The application of ethephon at 300 g ai/ha consistently caused

plant height reductions with most curtivars at both locations, with
overall plant height reductions beíng a result of reductions in the

length of the peduncle and the internodes directly below the peduncle.

Brown and Early (1973), reported that red,uctions in plant height

from ethephon applications r{ere a result of reductions in the length

of the peduncle and second last ínternode.

The degree of lodging was variable and differed between cultivars,
fertility level, location and whether or not ethephon was appried.

The degree of lodging between cultivars observed in thís experiment was

símirar to the cultivar descriptions in the Field crop reconmendations
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for Manítoba, 19g6. Lodgíng was not correlated with plant height as

suggested by Pinthus (1973). At portage, possibly due to greater
precípitation than Teulon, lodgíng increased with rates of addítional
nitrogen, although plant height was not affected. The ethephon

treatment reduced lodging at the portage locatíon and reduced the
incidence of necking wíth the cultívar Johnston at Teulon. Lodgíng

scores were rower at the later evaluatíon, because of the positíve
geotrophic response of the crop, as described ín Sarisbury and Ross

( 1e78) .

The ethephon treatment resulted in íncreased yield with
Bonanza and Johnston barley at portage when compared to the untreated.
p1ots. The Johnston barley ín the untreated plots was severely

lodged and the ethephon applícation resulted ín a reductíon in
the level of lodging. Although there was not a signifícant íncrease in
either final head density or thousand kerner weíght, as reported by

Roth et a1. (19s4), the cornbined. effect of these components may have

attributed to the yíeld increases. when an applicatíon of ethephon

reduced lodgíng, necking, v¿ith Johnston barrey, at Teuron, yield was

increased.

Ethephon causes the release of tirlers in prant (Briggs, 1g7g),

but when endogenously applied at Zadoks 45-48 little effect was noticed
with the exceptíon of Norbert barley at portage. The use of 30 cm ror¡r

spacíng resulted ín a row planting density, 176 seeds/¡n2, which

promoted tillering of the prant. The low planting density may have

masked the effect of the ethephon treatment, in terms of influencing
fína1 head density. Also, Wunsche (Ig77) found tillering to be

increased by ethephon applícations, however, mature ears per prant were
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not affected,

Applyíng

períod of the

abort.

which was the parameter measured in thís experiment.

ethephon at Zadoks 45-48 exceeds the tilIeríng
plant, but may effect the :mount of tíIlers that
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Chapter 5

SUMMARY AND CONCLUSIONS

Four studíes r¡ere designed and conducted to investigate the

use of ethephon and ethephon/nepiquat chloride on spring barley.

Eleven cultivars were evaluated throughout these studies to determine

their response to the PGRIs. Different rates of pGRrs were also

evaluated. The effectiveness of the PGRts were evaluated by measuring

ínternode length, prant height, lodgíng, yield and yield components

and proteín.

The results obtained from the two years of field research ¡.¡ere

variabre, however, several results were consistent throughout the

study. Plant height varied between cultívars. plant height was

reduced when ethephon or ethephon/mepiquat chloride was applied at

at GS 39-48 with rates containing at least 200 g aí/ha of ethephon.

Ethephon appried to Bedford barley at 600 g ai/ha resulted ín a 22.3 cm

reduction in plant heíght, when compared to the unÈreated plant,s. The

reductíon in planÈ height caused by PGR applícaÈion increased with rate

of PGR. This reduction was noticed as early as seven days after

treatnent with the cultivar Bedford, at winnipeg, 1985. Reductíons in

plant heíght caused by PGR applicatíons, !¡ere a result of the reduced

elongation of internode 3, 4, 5 and the peduncle. A significant

reductíon in length of Èhe peduncre and one internode can cause

significant plant height reductions. Internodes Èhat were

actively elongating at tine of application ¡¿ere redueed in length. The

degree of overall plant height reduction depended on how much the

affect.ed internodes contributed to overall plant height.
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The addition of nitrogen fertilíty can cause an íncrease in
peduncle length of Bonanza and Norbert barley. The fertílity tría1

was conducted in the 1984 season, whích was extremely hot and dry. rn

a year of more typícal precipitation, fertílity may have affected other

curtivars and parameters measured. Lodging of the barley plant can

increase with increasing rate of ammonium nitrate applied as a spring

broadcast at 2O, 50 and 80 kg/ha.

Lodgíng varíed between cultivars, with cultivars noted as having

strong strar.r strength lodging less than cultívars with weak straw, the

exception being Herta barley. The heíght of a cultivar díd not

determine íts resistance to lodging. A cultívar with excellent lodging

resistance can lodge less than a cultivar with poor lodging resistance

treated with a PGR. The record levels of precipítation received on the

plot area at winnipeg, 1985, showed that cultivars with excerlent

lodging resístance can lodge under those condítions. The applícation

of a PGR reduced the amount of lodging with all cultivars evaluated.

Although PGRrs reduced plant height and lodging wíth nost

cultívars, yield or yíeld components lrere not affected. Ethephon

applied at rates up to 600 g aí/ha did not have a negative affect on

the yield of Bedford barley. Ethephon appried to Johnston barley at

Teuron, 1984, reduced the bending of the peduncle which resulted in

an increase in kernel weight.
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APPE¡IDIX A. significant effects and interactions in the analysÍs ofvariance (Winnipeg, 1995).

7 DAYS AFTER TREAT¡,IEìiIT

source L 2 
rnternode 

5 ped.uncle prant Height

cultivar(cult)****
ethephon * *

cult x ethephon *

* significant at alpha=0.05

HARVEST

source L 2 
rnternode 

5 peduncre Spike ;åîä;.

cultivar (cu]t) *

ethephon * * *

cult x ethephon *

* sigmificant at alpha=O.05
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APPEIIDTX B Agrículture canada Descríption of Variety for
Samson and Virden barley
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I * Ag.currure canada

Crop: Stx-row sprlng barley (Hordeu¡n vulqare)

Variety: Sanson

vartetal Characterlstlcs :

Llcence No.: 2525

Date Llcensed: Aprtl 15, l9g5

Orlqtn and Breedlno:

saBson ls a slx-row feed barley whlch was tesred as 81521., BTSog and pT3logolo.rt vras deveroped by Arberta Agrlcurture crop Research, Fteld crops Branch,
Lacombe, Àlberta. fl'ls varlety was serected froo a cross tnvolvlng theI'llnnesota seml-dwarfs of Jotun extractlon of pedlgree Hrz-cgri-x RasrDusson72-L8L- rhe f1nal cross eras rnade 1n 1g72. a shtre splke was serected at theF3 generatton and propagated as a head rovr. A nodlfleã burk pedlgree methodlras forlowed and 117 rlnes were burked at F1g to foru breeder seed. selectloncrtterta were plant helght, lodglng reststanèe and hlgh yleld.

Plant Chêracterlstlcs :

,¡uvenllé groerth: lnternedtate
Coleoptlle colour: green
Leaves: dark green; wtde; med!¡n length; green sheath; glabrous

sheath and blade
FIåg leaf: dark green; ruedl'¡¡ length and wldth; uprlght; shlteaurlcles; sIlghtIy waxy sheath
Sten: grass green lrlth sllght naxy blooo.; thlck wtth h19h steraexsertlon (10-15 cm); strâlghr neck wlth V_shaped collar;

5 nodes
Roots: greåter rootlng capaclty
Helght: seml dwarf (about 73 cn); ðbour 20 ca shorter thån

Bonanza
Headlng: mldseason
¡'raturlty: 3 days earrter than Abee, sltghrty rater than Enpress(l daY)
Lodglng reslstance: very good
Shatterlng reslstance: good
Àc1d soll tolerance: fatr
Drought tolerance: fair
Dlsease reactlon: moderately reslstant to common root rot(Helmtnthosporlum gatlvum) and stem rust (pucclnla qramtnls);

tnrermedlàre reacrlon to surface-bo.ne smu@![-spp. ) ;' susceptlblle ro loose smur (Ustltaqo nuda), selETiã-feaf
blotch (Septoril pqsserlntl), Net bfotch (Helmlnthosporlu¡¡
reres), and scald (Rhvnchosporlum secarts)l--(ffiãñãit¿ betreated wlth ð reconmended funglclde.)

^o¡ 
!¡9? læ/oa

FOOO PROOUCTTON ANO O|R€CT|ON CenËnalg,
INSPECTION 8RÀNCH PROOUCTION er truSpgCtiOr¡

OES ALIMÊNfS

OgJET
DESCRIPTION OP VÀRIqCY

sgctroN
SEED DTVTSION
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Che¡ofca1 reactfons: Metrlbuzln causes sone yellowlng of the crop
Conpetltlve with r¡eeds: due to 1ts senl-dwarf status Ít 1s not as

competltive with r¡eeds as taller varietfes

Splke Characteristics :

Type: slx-rov
Shape: strap; lateral kernels overlap I/44/2 of splke; nedtun denslty

and length
Attirude: senl-noddlng
Lenna: long (longer than spike), rough ap¡s r¡lth green tlp; halrs absent
Glume: half length of lema; short hairs, completely covered by ha1rs,

rough awns longer tban ghme length wlth green gluue awn tlp; oany
stfgloa halrs

Rachls: slfghtly tapered segnents r¡lth nu¡oerous, medlun length hairs;
curved first fnternode; after ful1 headlng splke eruerged above flag
leaf

Kernel Characteristlcs :

Size: medlun length and ¡s1dth
Aleurone colour: ye1low
Rach11la: nedlum lengthi few abnormal rachl11as; long hair length
Lateral leuma veins: fer¡ barbs; green
Irtrlnkllng of hu11s: r¡rf nkled lenna and palea
Basa1 roarking: horseshoe depression
Proteln content: lnteroedlate
UaltÍng quallry: poor, feed type

Performance:

Samson 1s a seu¡l-dwarf feed barley with very good lodgfng resfstance, superlor
common root rot resistance and fs high yieldfng under hlgh levels of fert1llty
and good nanagement. Thfs variety 1s adapted to hlgh rainfall areaa 1n Cenrral
Alberta and frrigated land ln Southern Alberta. It should be grou'n only where
extenslve lodglng fs prevalent due to high nolsËure.

Yaintenance of Breeder seerJ: Alberta AgrÍculture, crop Research, Ffeld
Crops Branch, Lacor¡be, Alberta

Canadlan DÍstributor: SeCan Assoclation

Recommended by: Alberra cereal and 01lseeds Advfsory co¡nrnlttee

Supported by: Expert Committee on Grain Breeding

4 058s

DK/j b
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Experfmental Data:

Table 1: Agronorulc perforoance of Sarason and
Co-operative Slx Row Barley Tests,
all locatlons (see Table 2 for l.ist

check varleties, I.lestern
1983 and 1984. Average of
of locatlons).

Lodglng Hefght Haturi ty Yie ld 1000 K wt. Te st rùt .Year Varlet 1-9 (cn days ( ke /ha ) (ke/trr )

1983 oAC 21
Bonanza
Dianond
Sanson

1984 oAC 21
Bonanza
Dl aroond
Sanson

Hean OAC 21
Bonanza
Diaaond
Sa¡oson

3.7
3.1
2.5
1.4

3.7
4.0
2.0
2.6

j.7
3.6
2.3
2.0

r02.6
9 6.6
84 .0
7 6.4

93 .0
89. 7

7 6.5
69. 0

97 .8
93.2
80.3

72.7

88.0
89.1
90. 0
94.0

85;1
84.7
84 .8
87 .4

86. 6

86.9
87 .4
90.7

34 51
483 6
5094
457 7

27 08
357 9
3980
3s52

3080
4208
4s37
4 065

34 .7
35.8
39.8
34.5

37 .5
37 .6
43.3
36. s

36.1
36.7
47.6
35.5

54 .7
56.5
52.7
55. 6

56.6
s8.2
55.9

'57 .r

55.7
57.4
54.3
56 .4
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Table 2:

Zone I -

Va ri ety

oAc 21
Bonanza
Dlanond
Sanson

Zone 2 -

Varl ety

oAc 21
Bonanza
Dlanond
Sanson

Zone 3

Varfety

oAc 21
Bonanza
Dlanond
Samson

Zone 4 -

Varf ety

oAc 21
Bonanza
Diamond
Sanson

Yfeld (kg/ha) of Sanson and
Slx Ro¡¿ Barley Tests, 1983

Black So11

Bran* G1 en

check varl.etles, Western Co-operative
and 1984. Two year Deans.

Indh Helf Hord Port

5 250
6030
6930
7 500

S¡¡cr I{at r Mean

4440
5820
5400
5000

597 0
8080
91 50
894 0

47 20
5350
5900
5640

3 200
37 80
4250
3530

367 0
4840
4920
54 50

37 20
47 90
4620
4240

Sol1s

Sa sk

27r0
37 00
4030
3260

1 710
3290
3940
3000

Mean

207 0
3070
3260
38 90

39 60
5l 00
6300

47 40
8060
87 40

Nort

2240
338 0
2800
17 50

2890
4020
41 60
1110

3 810
51 60
61 50
6240

ùlean

3890
48 60
497 0
4690

Broçn and Dark Bror¡n

Leth Regl

257 0
37 30
4480
39 30

- Black and Grey Soll

Caln Laco Troc

2860
467 0
4900
513 0

2120
29 00
3080
2530

1940
1950
2t1L0
2420

3320
4540
5100
427 0

297 0
4 310
4830
4150

Evan 01d s Verm Hean

Peace Rlver Dfstrfct

Beav Fort

2 910
4 600
497 0
47 r0

3 650
4620
47 90
414 0

7240
1540
1 550
2240

3300
4440
4800
4350

Overall Mean

*Locatlons ¡.ere Brandon, G1en1ea, rndlan Head, Helf ort, Horderr, North
Battleford, Portage-1a-Prafrfe, Lethbrldge, Reglna, saskatoon, scott, sr.'rfÈ
Current, Watrous, Calmar, Laconbe, Trochu, Evansburg, Olds, Vernllion,
Beaverlodge and Fort Vermlllon

Scot
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¡ tt Ar¡r,cr¡¡ru-ir. c,,,",,r.,

I

I rooo PRooucl¡oN aNo
I rNsPEcrroN gRaNcH

Varieta! Character istics :

Plant e¡aracteristics:

^:r 'i2 ,.0 0:.

OIRECl¡ON GENEnALÊ:
PFOOUCÍ ION Éf ¡NSP€ClION

OËS ALIMENTS

I

SE Ct rON

SED DTWSIOòI

Registration tlc. ¿ ã34

RegistratÍGl ÞÈe: May l, l9g7

!
.!

'

Crop: SÍx-rcv¡ spring barlq¡
(Ilcrder:m vr:lgare)

Variety: Virden

Origin a¡d Breedino:

virden, tested as Rp363, Ís a six-ror feed baJrq deriel0ped at tl. ÀgricultureGnada Research staticn, Brandcn, Þfanitoba. rt is derived fron tlre crossBR.F27-4 x BR.E65-B 
Ï!3 T I?79: f,." rf poos"ny r€re grc*m indærs aniindividuár heads ìrarvested a¡rt pranted aË i'2 ireaa ,or" i' ti,"lprirrg ot

l?89:- rtre F3 proqeny r+ere m.rrripried in a éJit"rä-"i".år:.,if*"y ard rhe!4 grcûrn as spaced pranrs. 81363 was ¿erir¡ea frcu a "i"ôiã-plät serectionin the F4; serecrioi was hased - ;rüü, ì-ìü-""å'î!rä]-.

Juvenile grcnrth irabit: erect
Colecptile color¡¡: çfreenLeaves: mediun çfreen; -"Fi* w.idth and length; green leaf sheath;glabrors sheaÈh arri blatie . - --'
FIag. leaf : p{i* 9rggl, mediun r+idth; long; internrediate attitude,_ white auricles; stightly walry sleattr --'stem: grass gtreenr srF"yl ¡¡eair¡n *ti.tr 5 rpdes; crosed corrar; snaþneck; slight exserticn
PLant height: ¡nedir¡¡a Fttl shorter than Bcnanza; tatler than Conqrrest!Þading: nirlseasan; si¡uitar to Jotms*,-Lt., than Bonar¡zaIrcdging resistance: very god
SlBttering resistar¡ce: gæd
Resistance to rec* breakíng: good
Resistance to straw breakiig: -9æd
Disease reaction: suscreptiúIe L Septoria !.eaf blotch (Septoria

r¡assgrini i ), scatd ( Rhynchosporium secar ii ) 
"r-r- 

i-"Àffiq1g
Hï ;r.ceratery. *ffiro, ot 

-ot-uiåî"ï.:
rurecnsrera teresl: ncderately resistant to the spotted foim of netbETõii-TÐ. lglggie ,'stem rusr ipuccini"-@), comrrcn ræÈ ror
lH*.ll:]Fs), arxi =u? torñe snurs (u. hordei anit u...¿:Ào,

OATE

Decenber l, 19g7
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Spike Characteristics :

1)pe:.six-rcp
fuf: tapering; medium length; dense; Iateral

L,/2 of spike
Àttitude: erect; emerged above flag leaf after
A¡^¿ns: Iong; seni-s¡ræth
Iem¡m: glabrous;_long awns with _ourplish tipG1u¡es: short; glabro:s; Iong, 

"-rrootf, 
av¡r withRachis: margins of segrænts furallel, gf"bi.r",

internode

ÀIeurcne: yellcr.r
Rac'lrilla: *{i* lengrth with long ìrairs; r¡c a}nornal rachillasrlutt: covered; slightly wrinl<led lem¡naSize: mediunr length ar¡ã wiatn
Leruna veins: green, glabro.:s
Basal mrking: horseshoe depression
ì'talting c.¡:ality: pær
¡Drotein content: internediate

Acceptable Variants:

Less than 5E pla,nts with semi_ro:gh lem¡n¡ av,Jns.

PerÍorln¡nce arxi Maptation :

VirCen is a mediun_h:lgh:, 
.":tTg_strawed six-rcr,., barley .¿¡apted primariÌy roI'lanitoba as welr as the parklard @ion of western car¡ada. rt is a highyierdlng variety with good kerner r+eighr, rJ;i;;--r"sistance a'd shatteringresistance but a rorerater.y lo* test weight .n¿ í" rater maturing tharrtsa:anza' rt is antici.oated that Virien iiir-l.piãcre Bedford in ¡,tanitoba as iris cf simirar agrononrió type with a substanti.ar yierd advarrtage.

kernels overlap up to

full heading

green tip
straight first rachis

I/re-rne I (haracter istics :

i-laintenance of ts:ee<ler Seed: Agriculture

Csnadian Distributor:
Indian []ead,

SeCan Association

Recommende<i by: lVestern Þpert Com¡nittees on

¡\sl jbj
óói3s

Canada äperinr=ntal Farm
Saskatchewar¡

Grain Breecìing a¡¡r! Diseases
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Table 2: Agrononic Perfonnnce
Test, '1984-l986*

of virden and check varieties, Hestern co-operative Six-Row brìey

Yea r Va ri ety

I 984 Vi rden

Bona nza

lii nchester
Duk e

I 985 Vi rden
Bona nza

l{i nchester
Du ke

1 986 Vi rden

Bona nza

Arg¡rì e

Heôrt]and

I 994-
I 986 Vi rden

Bona nza

Hei ght
(cr¡)

-j-ef-

80.9
89.3
58 .8
70.?

il0)
82.1
89.1
64.l
7t .9

0s)
91.6
94 ,7
96.6
80.4

(47 I

84 .9
92.2

Lodgi ng

n-9)h
-fiT_

2.3
2.7
ì.4
1.7

(?)

2.1
)o
2.0
ì.4

(s )

3.0
3.t
2.9
2.8

(1?l
?.5
2-9

lbturÍty
(days )lrr-

1000 kernel
wclght (g)--Gr-

41 .7

35.2
40.9

(8)

46.5
38 .7
43.9
40. I

(7t
43.0
35 .4
35.9
35.9

(3s)
43.7
36.4

Test weight
(kslh'ì)

,f7T-

56.7

58.7
56.7
(a(

(8)

s9.9
60 .8
59 .6
61 .?

(7')

57 ,0
60.3
60. ì

60.l

(35)

57 .9
59.9

93.l
88.0
90 .2
90 .8

(8)

98.8
94.3
95 .8
96.2

ns)
96.0
92.1

93.1
9?.6

(46 )

96.0
9r .5

I Number in parentheses = number of station-years

*Test locôtions include: Zone l
Zone 2

Zone 3

Zone 4

** Lodging; l=best resist¿nce

(Bìack soil s): Brandon, Glen'lea, ¡lel fort, Indian Head
(Brovn and Dar* Brorn soi'l s): saskatoon, Reglna, scott, Lethbridge
(Black and Grey Soil s): Lacombe, Trochu, Ca'l mr
(Pæce River): Bæverìodge
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APPE¡{DIX G Cultivar description of Eerta barley,
Annon¡rmous' 1956

BÃ8IgI

EEBÎÃ c.¡.¡t 178

Gc¡cral l¡Jorustion

Ä two-rowad, rough.cwacd fccd belcy hom tbc
aoss Kenic : Isqio. ¡aqdc qt tha Plcmt Breedi¡g I¡-
stitute, Weib'.ll.hol¡, I-ca&bonq. Sweden- It wqs
ti¡st disti.buted il, Er:rope i¡ l9{9. lt vos licensed
lor sole i¡ Ccsradq i¡ 1956. Hertc bos coDsistenüy
outyieldcd otba¡ Z-rowcd vccietic¡.

Pltr¡t Chøuctc¡r

SFiL -Tvo - rovaè aodarctely lo¡çl:
lcæ dcfiaitciy noddinE cd Eat-
u¡itï; crr¡ns :ougb, a little lon.
gcr tbø thc eø; bssai rcchis
i¡tamodc nediu¡¡ lo¡E, a¡¡vcd,
pubasccat cü, cdges.

Mqtu¡itf -Mcdir¡¡ lctc-

Sucs -|v{gdi,'m long; higbly resistøt
to lodg¡ng cmd brcating.

Disesse Becctioa -Rcsistot 16 nild6v ød sr¡s-

Gr-i. Cftccclcrr

ceptibic lo loosc ssut.

-Kemels uodcrctely lcgc cod
Cusp hu¡t grcrfisb yellorv;
finely wrinlleù qler.¡ro¡e Ei¡-
cd rqchilla hci¡s long; bosel
aøLinE of le¡¡q i¡co¡¡rpletc
bo¡seshoc, bcsbs oD iaterql
vei¡s oi le:¡:na few or absent.




