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ABSTRACT 

There may be potential to increase cereal yields in North America 

by the use of Intensive Cereal Management (ICM) practices similar to 

those that have been used successfully in Europe. High levels of 

nitrogen fertilizers applied along with plant growth regulators and 

fungicides at high seeding rates and in narrcw row widths have resulted 

in large yield increases in Europe (Gallagher, 1984). Studies in North 

America indicate that higher yields are also possible (Fredrick and 

Marshall, 1985; Stobbe et al. 1985; Nafziger et al. 1985). 

Three experiments were carried out at the E. A. Lods Research 

Centre of Macdonald college of McGill univers~ty in 1987 and 1988 to 

evaluate the applicability of sorne aspects of the intensive management 

system to barley produl.!tion in Québec. In the f irst experiment, the 

effects of three lavels of nitrogen fertilizer (0, 70, and 140 kg/ha) 

and ethephon (Ceroile) on the performance of the cultivars Cadette, 

Laurier and Leger were tested. 'l'he aim of the second ~xperiment W.lS to 

test the effects of funqicide (Bayleton at 140 9 cl.i./ha) application 

and row width (10 and 20 cm) t~ the sarne cultLvars as in the f~rst 

experiment. In the third experiment, conventional and intensive 

management techniques were tested on three soil types on which four 

barley cultivars (Cadette, Laurier, Leger and Joly) were grown. 

The application of high levels of nitrogen did not increase barley 

yields under dry weather conditions and when the sail n1trogfm resources 

were high. The high levels of nitrcgen increased the grain protein 

content and thus improved the feed quality of spring barley. 

Applicatio~ of ethephon in the absence of lodging reduced plant height 

but also reduced yields by reducing the number of grains per head. 

Narrow row widths led to a higher tiller number but did not necessarily 

increase yields. A fungicide by row width interaction resulted 111 a 

reduced seed Bize and seed weight in the narrow rows anè ~his may be 

responsible for the lack of yield response in these rows. The effects 

of i~tensive management on yield were inconsistent and were influenced 

to a large extent by the prevailing weather and soil conditions. 
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! 
HYPOTBESIS 

Main Hypothesis: 

Under the envlronmental conditions existing in southwestern 

Québec the applLcatLon of intensive management techniques has the 

prtentLal ta Lncrease barley yLelds and improve graLn quality. 

Suh-hypotheses: 

1. The appllcatLon of large amounts of nitrogen on high yielding 

cultivars wLll increase yields provided that lodging and diseases are 

controlled. 

2. Thp. applicatlon of ethephon will prevent lodging by reducing the 

height of the crop. 

3. The appllcation of the fungicide Bayleton will prevent and control 

powdery m~ldew and the leaf spot diseases. 

4. The use of narrow row widths will increase yields by enhancing tiller 

numbers. 

5. The use of an intensive management package will increase yields 

equally on all soil types. 
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1 
OBJECTIVES 

1. To determine the effects of nitrogen fertilizer levels and ethephon 

on the performance of three spring barley cultivars. 

2. To determine the effect of using narrow row widths and a fungiclde on 

the performance of three s~ring carley cultivars. 

3. To determine the effect of intensive management on the performance of 

four spring barley cultlvdrs grown on three so~l types. 

2 
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1. INTRODUCTION AND LITERATURE REVIEW 

1.1 Culture and U~e 

Barley, Hordp.um vU).,Jare L. is second to wheat in importance as a 

cereal crop in Canada. It ib the most widely grown small-grain cere al 

in Quebec, covering 160,000 hectares. All of 1:he barley produced in 

Quebec is spring type. Barley is grown almost exclusively for use as a 

feed grain in Quebec; small amounts are occasionally used as pasture, 

silage or hay or as a source of malt. Du.ring the last five j"ears the 

average yields of barley in Quebec have ranged from 2.6-3.4 tonnes per 

hectare. A high protein content is desirable for barley used as a feed. 

Nitrogen is a major requirement tor high yields of barley. 

1.2 Intensivft Cereal Manage.eot 

Intensive cereal management practises have been used with some 

success in Europe and trials in North America have indicated that a 

sign'ficant yield benefit may be derived from their use under certain 

climatic conditions (Fredrick and Marshall 1978). The management 

practices involve the use of responsive high yieldir.g varieties grown 

with high levels of nitrogen fertilization, in narrower row spacings 

than are conventionall y used and with the appli~ation of qrowth 

regulators and pesticides (herbicides and fungicides in particular). 

1.3 Nitrogen Fertilizers 

Positive responses to increasing levels of nitrogen fertilizers 

have been observed in increased numbers of tillers, increased plant 

height and increased yield (Bingham et al. 1969; Campbell et al. 1~77). 

For barley and wheat, nitrogen applied at seeding time increases 

yields more thàn later applications (Widdoson et al. 1976; Gracia et al. 

1984). Split applications of nitrogen ferti! '.zers have been shown to 

give the highest yields (Palmer 1986). In Britain, yields of 6.4 t/ha 

of grain have been obtained from winter wheat that received 120 kg/hd of 

nitrogen (Palmer 1986). The greatest effect of nitrogen on winter wheat 

was on the number of tillers (Gracia et al. 1984). Large numbers of 

til1ers, resulting from high levels of nitrogen fertilizer application 

may lead to incomplete grain filling, and, csS a result, .;maller grain 

sizes and lower test weights (Needham et al. 1976; Ohm et al. 1976). 

Late foliar applications of nitrogen have resulted in reduced 

3 



1 
grain size and increilsed storage proteins (grain protein) 1.n barley. 

The degree of reeponse ia usually dependent on the cultivar. Horde1.n 

(which accounts for 35-50 % of the total grain protein) is 1.ncreased by 

high nitroge'l fertility in some cultivars but not at aU in others 

(Turley et al. 1986; Kirkman et aL 1982). Nitrogen applicatlOn 

increases grain prote in content because the principal sink for tha 

nitrogen available after anthesis ia the developing seed. The increase 

in grain protein content can be in the range of 33 to 4n (Turley et al. 

1986) • 

1. 4 FUDgicide. 

Cereal foliage diseases can reduce yields by as much as 25-50 .... 

(Moseman 1968) and their control is essential under intensive management 

conditions. The most important fungal pathogens in cereals are powdery 

mildew, the leaf rusts and leafspot diseases. Spring barley in eastern 

Canada is most affected Dy spot blotch and net blotch although the other 

diseases just listed do cause considerable damage when high levels of 

infestation occur (Clark, 1979; Martin et al. 1988). Severe spot blotch 

epidemics of 1-2 weeks have been found to cause yield reductions of 10-

20% ; epidemics of 3-4 weeks may reduce y1.elds by 20-30% and reduce 

grain size by 10-15% (Clark, 1979). Where fungicides have effectively 

been used to control spot blotch 15-20% yield increases have been 

obseverd (Coutoul:e et al 1978). 

powdery mildew, Erysiphe graminis can cause damage at any growth 

stage. Early epidemics directly affe('t plant growth by causing 

chlorosis and the development of It:!aions which later result in a reduced 

leaf size (Lim et al. 1986). Late epidemics of powdery mildew have been 

associated with increased floret. and grain abortion and reduced grain 

size (Brooks et al. 1972; Lim et al. 1986). 

Several fungicides have been tested ta determlne which ia most 

effective in controling spot. blctch, net blotch and powdery mildew on 

cereals. Propiconzole and triadimefon seem ta be the most promiaing and 

they also effectively control leaf rust and septoria leaf blotch 

(Caldwell et 81. 1987; Wale et 09.1. 1985, Coutoure et al 1978). No 

interactions w~re observed between nitrogen fertil1.zer and fungicides on 

spring wheat, but in spring barley, Jenkyns et al. (1983) found that at 

high levels of nitrogen, t!ïe use of tridemorph resu lted in very hlgh 

4 
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yields. They also noted that the percent age grain nitrogen did not 

change Ylith increasing levels of nitrogen if a crop was infested with 

powdery mildew, but in a crop where the diaease had been controlled, 

there was a significant increase in grain nitrogen as nitrogen fertility 

increased. 

Generaly several applications of fungicides are nessacary in 

controlling spot blotch and net blolch (Mather, 1982). Triadimefon at low 

concentration ia effective when timed with prevailing weather conditions 

(Couture et al L~78). The use of a seed treatment and a later spray 

treatment were most effective in controlling powdery mildew. Treatments 

of fungicides which gave the highest control of mildew also gave the 

highest yields although the yield responses were not always closely 

related to the degree of mildew control achieved, suggesting that the 

amount of yield reduction is not proportional to the symptoms observed. 

1.5 Growth Regulators 

Growth regulators are applied to cereal crops to reduce lodging by 

reducing plant height and increasing the stem strength, though recently 

there has been more pmphaeis in the use of growth regulators to increase 

the number of grains and the grain yield in barley and wheat. 

Cycocel the trade name for Chloronequat chloride- (2 

chloroethytrimethyl ammonium chloride) has been used successfully in 

wheat to reduce height and lodging (Whitter et al. 1971). Plants 

treated with it exhibit short stiff straw sim1.1ar to the genetic double 

and triple dwarfs produced by the International Maize and Wheat 

Improvement Centre (CIMMYT). Cycocel encourages redistribution of dry 

mat-cer and a reul.&ction of assimilates to underground parts so that 

plants with more upriyht leaves, thicker and stiffer stems and more 

ti llers are produced. Spring barley did not respond as well as wheat 

when treated with the Cycocel (Later 1965; Bokarev 1977; Kuhn and Hofner 

1980) which may be due to more rapid decomposition of CCC in barley 

plants than in wheat plants (Bokarev 1967). 

Ethephon (2 chloroethyl phosphonic acid) has been reported to 

have various effects on grain yield. Dahnous et al. (1982), Simmons et 

al. (1988) and Cox et al. (1989) found that yield could be enhance~. by 

as much as 13 percent, under conditions favourable to lodging. In 

contrast, Murray and Dixon (1970) and Nafziger et al. (1989) found that 
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1 
even where heights were reduced and lodging controlled, grain yields 

have either remained constant or been reduced. 

Ethephon may affect grain yield through elimination of lodging 

related yield loss and (or) through enhancement of tiller survival. 

Ethephon-treated cereals tend to lodge less because their stems are 

short,er, heaviar, and stronger. Simmons et al. 1988 989) found that mass 

per unit of crop height was greater for ethephon-treated spring wheat 

and barley plants. Improved tiller survival has been reflected in an 

increased spike numbers per unit area (Mathews et al. 1981; Cartwright 

and Waddington 1981; Simmons et al. 1988). The main effect of 

gJ'owth regulator treatments is to reduce the dominance of the main stem, 

tt.us encouraging the development of more florets and the faster growt:h 

of spikes in later formed shoots (Waddington et al. 1986). 

1.6 Row widths 

Several studies have shown that the response of small grain 

cereals to row spacing has been an increase in grain yields as row 

widths were reduced below conventional widths (Holliday et al. 1963; 

rinlay et al. 1966; Briggs 1974; Brinkman et al. 1979; Ft"edrick et al. 

1985 and Marshall et al. 1987). 

Holliday et al. (1963) aummarised work done in Europe and reported 

that narrow rowa resulted in yield increases of 5-7% for wheat, barley 

and oats. Much of this increaae resulted from an increase in the number 

of tillers per square meter and/or an increase in the size of the heads. 

Finlay et al. (1966) found that narrower row spacings resulted in 

increased numbers of spikes per square meter and the high yielding 

barley cultivars demonstrated a greater yield response to narrow rOll' 

apacings than did their lower yielding counterparts. They also found 

that the effect of row width on spring barley yields was dependent on 

growing ~onditions and that there were no differences in 11, 18, 23, 31 

cm row spacings whell growing conditions were poor and yields were 2500 

kg/ha, but they obtained higher yields with narrower rows 1n a year when 

the growing conditions were good and the yield was greater then 3500 

kg/ha. 

Brinkrnan et al. (1979) observed that grain yields were highest in 

7.5 cm rows and lowest in 30 cm rows. Acroee cult i vars and 

environmente, the 7.5 cm rowe yielded 4% more grain than the 15 cm rows 
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and 12% more grain than the 30 cm rows. Grain and straw yield 

improvements in rows narrower than 30 cm corresponded closely to 

increased tillering. Plant height did not change with the narrower row 

apacing. Lodging decreased by 4% aa row spacing was reduced and it was 

auggested that the reason may be that plants that are not crowded within 

a row may develop atronger lower stems that resist lodglng, or they r.lay 

not lodge as readily because the "domino effect" is reduced. 

Roth et al. (1984) observed that wheat yields often increased 

through the use of narrower rows and that the increase was consistently 

high. Similarly in oat Marshall (1987) observed yield increases of 8.2% 

as row spacing was reduced from 18 to 13 cm. Increased tiller number 

contrtbuted 70% of the grain yield 1ncrease (Fredric~ ~t al. 1985). 

Holiday et al. (1963), among otherp pointed out that the efficiency 

of nutrient uptake by roots is not greater in narrower rows and 

auggested that increased plant productivity in narrower rows ia probably 

due t~ more efficient use of light in photosynthesis. Because small 

grains aeeded in narrower rows have a bette= spatial arrangement and 

tiller more profusely, they intercept more light earlier in the growing 

season, thus increasing total photosynthesis and ultimately plant 

productivity is increased. 

7 



1 
2 • MATERIALS AND METBODS 

2.1 General procedures 

Three experiments were sown at the Emil A. Lods Agronomy Reaearch 

centre of Macdonald College in 1987 and 1988. TreAtments were designed 

to test the effects of a fungicide (Bayleton, a trade name of 

Triadimefon, manufactured by Bayer, Leverkusen, West Germany), a plant 

growth regulator (Cerone, a con~ercial formulatkon of ethephon, 

manufactured by Rhone-Poulenc, Research Triangle Park, N. Carolina), 

management level (intensive or conventional, as defined below) and the 

rate of nitrogen fertilizer on yield, biomass and gra~n protein content 

of spring barley. The cultivars used were Cadette, LaurieL, Leger and 

Joly. Plots were 3.8 meters long at seeding and consisted of 5 rows at 

a 20 cm row spacing or 11 rows at a 10 cm row spacing. Prior to harvest 

these were trimmed back to 3.4 meters to eliminate edge effects along 

the sides of the pathways. Certified seed treated with Vitaflo-280 

(Carbathim plus thiram) was seeded at a rate of 450 seeds/m2. Spray 

treatments were applied with a Roper Lawn tractor fitted with a 275 cm 

boom mounted at the front and an 80 litre tank mounted at the rear. Five 

tee jet type nozzles on the boom were used te spray. 

2.2 Experi.ent l 

The first experiment was designed to test the effects of three 

levels of nltrogen fertillzer (0, 70, ur 140 kg/ha) and two levels of 

ethephon [0 and 480 9 active ingredient (a.i.)/ha] on Cadette, Laurier 

and Leger. The experiment was seeded on May 2nd 1987 and May 4th 1988 

respectively, as a 3 x 3 x 2 split plot in a randomized complete blacks 

replicated four times. Nitrogen was the main plot factor and was 

applied as ammonium nitrate broadcast on each plot at seeding. The 

subplots consisted of a factorial arrangement of cultivars and plant 

growth regulator. Ethephon was applied at Zadoks' growth stage (ZGS) 39, 

when the flag leaf Is just visible (Zadoks et al. 1974). 

2.3 Experi.ent 2 

The second p-xperiment was sown on the 2nd of May 1987 and the 3rd 

of May 1988 on the same soil as the first experiment. It was des~gned 

to test the effects of row width [narrow (10 cm) versus wide (20 cm)] 

and fungicide (Bayleton) at a rate of 140 g/ha on the same cultivars as 

those used in the first experiment. This was laid out as a factorial in 
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randomized complete blocks. 

2.4 E.1Cperiment 3 

The third experiment was sown on May 3rd 1987 and May 5th 1988 and 

was designed to test the effect of the type of management (intensive 

versus canventional) on the performance of Cadette, Leger, Laurier anè 

Joly planted on three sail types. Intensive management treatment 

employed the use of narrow rows (10 cm), a high rate of nitrogen 

fertilizers (140 kg/ha) and an application of Ethephon at ZGS 39. 

Conventianal management employed the use of wide rows (20 cm) and a 

lower rate of nitrogep fertilizers (70 kg/ha) anly. The soil types used 

were sand (Chicot sandy laam), loam (St. Bernard loam) and Clay 

(Bearbroak Clay). The experiment was planted in a completely randomized 

split-split-plot layout with sail type being the main plot, cUltivar the 

subplot and management the sub-sub-plot. 

2.5 Variables .ea.ur~d 

The variables meas~red were stand count, number of heads per meter, 

nUMber of grains per head, plant height, day~ La heading and days ta 

maturity, disease level, lodging, grain yield and percent protein of the 

grain and straw. Stand caunts were made on samples of one meter of row, 

with three samples being taksn per plot and averaged. The number of 

heads per meter was determined by caunting the number of heads per three 

meter of raw and canverting to a m~ basis. The number of grains per 

head were obtained from the mean of the number of grains from 10 

randomly selected heads per plot. Plant heights were the mean of two 

samplp.s per plot taken at ZGS 83. Daye to heading were defined as the 

number of days from seeding to when 50% of the plot was in the swollen 

boat stage ZGS 45. Days ta maturity were the number of days from 

seeding ta hard dough and ripening, where hard dough indicates 

physiological ma~urity and ripening indicates harvest maturity and these 

are the ZGS 87 and 90. 

Disease scores were taken for powdery mildew, Erysiphe graminis, 

spotblotch, Cochlibolus sativus and rust, Puccina hordei Otth. on the 

penultimate and flag leaves. The score was on a scale of 1 to la, where 

1 indicates that the disease being scored covers at least 1-10% of the 

leaf for 50% of all the infected leaves per plot, while a score of 10 

indicates that the disease being scored covers at least 91-100% of the 
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leaf for 50% of all the infected leaves per plot. 

Lodging scores were determined by degree and by area lodged 

following the Belgian lodging scale (Wiersman et al. 1986). Lodging by 

degree was measured on a scale of 1 ta 5. A score of 1 indieates a erop 

standing upright or at 90 degrees, while a score of ~ indicates a 

flattened crop or bent at an angle of 22 degrees or less. Lodging by 

area was measured on a ~cèle of 1 ta 10. One indicates that up ta 10% 

of the plot has lodged and 10 indicates that between 91~ and 100~ of the 

plot had lodged. Harvesting was done using a KincaLd comb1ne harvester. 

The grain samples were dried ta a constant weight at 70oe, weighed, the 

moisture content determined and the subsequent yields per plot were 

converted ta yields in kg/ha, corrected for moisture (14%). 

Harvest index was obtained from one meter row samples that were 

collected at harvest, dried and separated into grain and straw. The 

grain and straw weights were used ta determine the harvest index for 

each plot. Prote in was determined by the Kjeldahl method using a 

Tecator analysis system (Tecator Co. Hoganas, Sweden). 

2.6 1~ Deteraination 

Jn 1988 a 99% 15N (ammonium nitrate) solution was applied at a 

rate of 2 kg N/ha ta 20 x 50 cm subplots. 15N was applied on May 8th, 

1988. The subplots were bounded by d plastic border extending 15 cm 

into the sail. The procedure used for 15 N analysis was an adaptation of 

the Dumas method (Preston et al. 1981, Fiedler and Proksch 1975). An 

aliquot, containing 7 9 of N was taken from a Kjeldahl d1stillation 

solution, added ta a 6 mm diameter, 18 cm long glass tube, and dried. 

Previously heated CuO (catalyst) and CaO (drying agent) were Lhen added, 

in excess, ta each tube, and each tube was attached to a vacuum line and 

evacuated ta a pressure of less than 0.006 mbar. The tubes were then 

sealed by closing them at about 12 cm from the bottom with an aeetylene 

torch. The sealed tubes were baked over night at 5000 C before being 

analyzed for percent 15N on an emission spectrometer (15N analyzer, Jaseo 

Co. Easton, Maryland). 

Table 1. Rainfall and temperature data for 1986, 1987 and 1988 
in May, June, July and August. 

Rainfall (mm) Average Temperature (C) 
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May 

June 

July 

1986 

49.0 

121.9 

134.1 

August 130.5 

1987 

71.6 

115.6 

105.4 

58.3 

2.7 Stati.tical Analy.ia 

1988 

47.0 

74.8 

36.6 

113.4 

198€: 

13.7 

16.3 

19.7 

18.2 

1987 

13.1 

18.9 

20.5 

18.5 

1988 

15.4 

18.2 

22.5 

20.9 

:3tatlstical analyses were conducted with the SAS system (Ray 

1982). comparisons between means were made with the Fisher's protected 

LSD, as described specifically for this purpose by Steel and Torrie 

(1980). As whole plot and model error terms were not significantly 

different the former was used to determine least significant difference 

and coefficient of variation values. 
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3. RESUL~S 

3.1 Experiment 1. Response to nitrcgen, cultivar and ethophon 

3.1.1 Yield an') yield cOllponents 

In both years, the level of nitrogen fertilizer applied did not 

affect the yie1d and there were no significant main effects of nitrogen 

on any of the yield components (Tables 2 and 3). 

Ethephon application significantly reduced grain yields in both 

years. In 1987, ethephon application signifi~antly reduced aIl of the 

yield parameters for the number of heads per square meter. In 1988, 

ethephon application significantly reduced hectolitre weight, the number 

of heads per square meter and the number of kernels per head. 

In both years the eff~cts of the applied treatments on the yield 

components varied among cultivars. Significant differences were 

observed betw~en the cultivars for aIl the yield components except yield 

itself and t:le number of heads per square metre in 1987. In 1988, 

significant differences were observed for the yield, the 1000 grain 

weight and for the nllmber of grains per head. Leger had the highest 

yield in 1988 while Cadette had the lowest. In bott years, Laurier had 

the highest 100a-grain weight wh':.le Leger had the lowest. LaurIer also 

had the highest number of grains per head and the hLghest hectolLtre 

weight in 1987 while in 1988, it had the highest number of heads per 

square metre. The hectolitre weight was low~st in 1987 for Cadette. 

Leger had the highest number of grains per he ad in 1988 but for the Bame 

year, it had the lowest harvest index (Tables 2 and 3). 
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Table 2: Main effects of cultivar, nitrcgen fertilizer and plant growth 
regulator on spring barley yield components in 1987. 

Cultivar 

Cadette 
Laurier 
Leger 

Difference 

N leve1s 

Yield 
(T/ha) 

5.430ab 
5.514a 
5.164b 

ns 

o 5.336a 
70 5.308a 

140 5.464a 

Diflerence ns 

PGR 

No Ethephon 5.618a 
Ethephon 5. 121b 

Difference ** 

CV (%) 9.8 

lOOO-grain 
weight (9) 

40.213b 
44.783a 
37.192c 

** 

40.483a 
40.704a 
41.000a 

ns 

41. 231a 
40.228b 

** 

3 

Hectolitre 
wei ght (kg) 

58.275c 
62.825a 
60.704b 

** 

60.367a 
60.946a 
60.492a 

ns 

61. 447a 
SQ.756b 

** 

2.1 

Harvest 
Index 

0.536a 
0.525a 
0.468b 

** 

0.516a 
0.512a 
O. SOla 

ns 

0.539a 
0.479b 

** 

10.3 

Heads 
rn- 2 

458b 
494a 
442b 

ns 

469a 
451a 
474a 

ns 

453a 
417a 

ns 

16.7 

Grains 
head- 1 

30.522a 
25.661b 
32.617a 

** 

29.121a 
30.675a 
29.005a 

ns 

31. 148a 
28.052b 

* 
20.5 

ns, *, **, int: differences were not significant,or significant at the 
5 \ and 1% levels, respective1y,or an interaction existed for the 
variable. 
Values followed by the sarne letter are nct significantly different from 
one another by the Duncan' s new multiple range test. 
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Table 3: Main effects of cultivar,nitrogen fertilizer and plant growth 
regulator on spring barley yie1d components in 1988. 

Cultivar 

Cadette 
Laurier 
Leger 

Difference 

N levels 

o 
70 

140 

Difference 

PGR 

No Ethephon 
Ethephon 

Difference 

CV (%) 

'iield 
(T/ha) 

3.1502c 
3.4055b 
3.7284a 

** 

3.514a 
3.393a 
3.352a 

ns 

3.541a 
3.298b 

* 
12.4 

lDDD-grain 
weight (g) 

42.616b 
44.896a 
35.478c 

** 

40.725a 
41. 358a 
41.204a 

ns 

41.700a 
40.492a 

ns 

4.8 

Hectolitre 
we~ght (kg) 

63.042 
65.970 
64.686 

int 

64.642 
64.385 
64.600 

int 

65.03a 
64.56b 

** 

1.7 

HarvE:st 
Index 

0.437 
0.463 
0.490 

int 

0.489 
0.436 
0.461 

int 

0.468a 
0.456a 

ns 

15.56 

Heada 
m- 2 

396a 
378a 
352a 

ns 

377a 
379a 
370a 

ns 

409a 
342b 

** 

19.23 

Graine 
head- 1 

20.149b 
20 .1~lb 
31.450a 

'Ir * 

24.l09a 
23.482a 
23.688a 

ns 

26.144a 
21. 375b 

** 

24.03 

ns, *, **, int: differences were not significant,or significant at the 
5 % and 1% levels, respectively,or an interaction ex~sted for the 
variable. 
Values fo1lowed by the !lame letter are not signif~cantly differenc trom 
one another by the Duncan' s new multiple range test. 
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3.1.1.2 Nitrogen by Cultivar interaction 

~ Nitrogen by cultivar interaction effects were noted for 

r 

hectolitre weight and harvest index in 1988. The cultivar Cadette 

showed a h~gher hectolitre weight when nitrogen fertilizer was applied 

at 70 kg/ha than when none was applied. The reverse was true for 

cultivaro Laurier and Leger. For all the ~hree cultivars, 140 kg/ha of 

dpplied n~trogen resulted in the sarne hectolitre weight that were not 

d~fferent from those of the zero nitrogen fertilizer treatments. The 

harvest ~ndex of Cadette was reduced at the highest level of nitrogen 

(140 kg/ha) .... lule Laurier and Leger showed a decrease at the 

~nterrnediate level (70 kg/ha) (Table 4). 

Table 4: Significant two way interactions of nitrogen fertilizer levels 
and cultivar on Hectolitre weight and harvest index (1988). 

N Level Cultivar Hectolitre Harvest 
Weight Index 

0 Cadette 62.748d 0.461c 
Laurier 66.143ab 0.505a 
Leger 65.036b 0.503a 

70 Cadette 63.760c 0.448c 
Laurier 65.468b 0.386d 
Leger 63.9500 0.479bc 

140 Cadette 62.526d 0.410d 
Laurier 66.297a 0.496ab 
Legl::.': 64.978b 0.487ab 

Values within a colurnn followed by the sarne let ter are not different at 
the 5% level according to the protected l.s.d test. 

15 

• 



1 
3.1.2 Reight, ReadIng and Maturity 

There was a slight delay (2 days) in the maturity of the planta 

receiving the highest level of nitrogen (140 kg N/ha) in 1987 as 

compared to those receiving no n1trogen fertilLzers (Table 4). Crop 

height and days to heading were not s1gnificantly affected by nitrogen 

fertilizer application. Crop heights were reduced by app11catlon of 

ethephon in both years. In both years, there were significant 

differences between the cultivars in height and da"9 to lTlaturity. 

Significant dif~erences between the cultivars in days te headlng were 

also observed in 1988. In both years, Leger was tal189t wh11e Cadette 

took longe st time to head and the longest time to mature (Tables 5 and 

6) • 

Table 5: Main effects of cultivar, nitrogen fertilizer and plant growth 
regulator on height, days to heading,and maturity of spring barley 
(1987). 

Height Heading Matur1ty 

Cultivar 
Cadette .51.333c 58.750 93.250a 
Laurier 70.583b 52.833 88.500c 
Leger 81.146a 56.958 S9.833b 

Difference ** int. *'1. 

N levels 
0 69.917a 56.000a S9.583b 

70 71.125a 56.250a 90.708ab 
140 72.021a 56.292a 91. 292a 

Difference na ns 1< 

PGR 
No Ethephon 76.30Ga 55.528 S9.944b 
Ethephon 65.73Gb 56.833 91.111a 

Difference ** int 1< 

CV (%) 5.2 1.3 2.2 

ns, *, **, int: differences were net significant,cr sign1ficant at the 
5 % and 1% levels, respectively,or an interaction eX1sted for the 
variable. 
Values followed by the same letter are not signif1cantly different from 
one another by the Duncan's new multiple ~ange test. 

16 

1 



l 
Table 6: Hain effecta of cultivar, nitrogen fertilizer and plant growth 
regulator on height, daya to heading and maturity of apring barley 
(1988). 

Cultivar 

N levela 

PGR 

CV (%) 

Cadette 
Laurier 
Leger 

Pifference 

o 
70 

140 

Difference 

No Ethephon 
Ethephon 

Difference 

Height 

45.740b 
45.413ab 
49.826a 

** 

45.975a 
46.958a 
47.875a 

na 

48.331a 
45.542b 

** 

5.8 

Heading 

47.840a 
44.083c 
46.348b 

** 

46.166a 
46.166a 
46.000a 

na 

46.056a 
46.167a 

ns 

1.5 

Haturity 

84.800a 
84.500b 
84.348b 

84.500a 
84.583a 
84.583a 

na 

84.472a 
84.639a 

ns 

1.0 

na, *, **, int: differencea were not aignificant,or aignificant at the 
5 % and 1% levels, respectively,or an interaction existed for the 
variable. 
Valup.s followed by the same letter are l~oii significantly different from 
one another by the Duncan's new multiple range test. 
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3.1.2.1 Bthephon by cultivar interaction 

A significant interaction was observed between ethephon treatment 

and cultivar for days to heading in 1987. Laurier was most sensitive to 

ethephon applications and heading was delayed for three daye (Table 7). 

Table 7: Significant two-way interactions of plant growth regulator and 
cultivar on days to heading of spring barley (1987). 

PGR Cultivar Heading 

No Ethephon Cadette 58.583a 
Laurier 51. 583e 
Leger 56.416c 

Ethephon Cadette 58.916a 
Laurier 54.083d 
Leger 57.500b 

Values within a column followed by the sarne letter are not significantly 
different at the 5\ level according to the protected l.s.d test. 
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3.1.3 Protein content 

Grain percent age protein increased with nitrogen application 

level in 198a. In bath years, percent age straw protein increased with 

the level of nit"ogen fertilizer application. The percentage straw 

prote in was significantly different among cultivars in 1988 with Cadette 

having the highest level. Grain and straw protein was higher in plots 

treated with ethephon in 1987 but not in 1988 (Tables 8 and 9). 

Table 8: Effect of cultivar, nitrogen fertilizer and plant growth 
regulator on % protein in the grai~s and straw of spring barley (1987). 

% Prote in 

Grain straw 

Cultivar 
Cadette 13.405 7.768a 
Laurie>: 13.708 7.565a 
Leger 13.464 7.728a 

Difference int ns 

N levels 
0 12.877 6.632b 

70 13.793 8.078a 
140 13.908 8.381a 

Difference int ** 

PGR 
No Ethephon 13.305b 7.071b 
Ethephon 13.746a 8.381a 

Diiference ** ** 

CV (%) 3.4 10.3 

ns, *, **, int: differences were not significant,or significant at the 
5 % and 1% levels, respectively,or an interaction existed for the 
variable. 
Values followed by the same letter are not significantly different from 
one another by the Duncan's new multiple range test. 
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1 Table 9: Effect of cultivar, nitrogen fertilizer and plant growth 
regulator on % prote in in the grain and strawof spring barley (1988). 

% Prote in 

Grain Straw 

Cultivar 
Cadette 14.01a 8.355a 
Laurier 13.78a 7.899ab 
Leger 13.80a 7.475b 

Difference ns * 

N levels 
0 13.410b 6.7BBc 

70 14.026a 7.926b 
140 14.163a 9.051a 

Difference ** ** 

PGR 
No Ethephon 13.988a 8.056a 
Ethephon 13,746a 7.787a 

Difference ns ns 

CV (%) 4.8 13.7 

ne, *, **, int: differencee were not significant,or significant at the 
5 % and 1% levels, respectively,or an interaction existed for the 
va::iable. 
Values followed by the same letter are not eignificantly different from 
one another by the Duncan's new multiple range test. 
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3.1.3.1 Nitrogen by cultivar interaction 

The nitrogen by cultivar interaction for grain prote in percentage 

was significant in 1987. Grain protein content increased in all the 

cultivars between 0 and 70 kg/ha of applied nitrogen. Between 70 and 140 

kg/ha of applied nitrogen, grain prote in content increased in Laurier 

and Leger but not in Cadette (Table 10). 

Table 10: Significant two-way interactions of nitrogen fertilizer levels 
and cultivar on % protein in grains in 1987. 

N Level Cultivar % protein 

o Cadette 12.745c 
Laurier 12.905c 
Leger 12.978c 

70 Cadette 13.808b 
Laurier 13.785b 
Leger 13.784b 

140 Cadette 13.661b 
Laurier 14.433a 
Leger 13.629a 

Values within a colurnn followed by the sarne lett,~r are not different at 
the 5% levei according to the protected l.s.d te~t. 
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3.1.4 Disease and lodging 

Disease pressure was low for aU treatments and cultivars in 1987, 

however treatment with ethephon increased the disease score for bath 

Cadette and Laurier. Although there was very 1ittle lodging in 1987 

(Table 11 and 12), the effect of ethephon in reduclng lodging was 

significant and was most evident in the cultivars Laurier and Leger. 

There was no lodging in 1988. 

Table 11: Main effects of cultivar, nitrogen fertilizer and plant 
growth regulator on lodging and disease of spring barley (1987). 

Cultivar 

Cadette 
Laurier 
Leger 

Difference 

Nitrogen leve1 

o 
70 
140 

Difference 

PGR 

No Ethephon 
Ethephon 

Difference 

Lodging 
area degree 

1.04 
5.38 
2.79 

int 

2.85a 
3.44a 
2.88a 

ns 

4.19 
1.94 

int 

1.05 
2.21 
1. 70 

int 

1.50a 
1.79a 
1.67a 

na 

1.94 
1.36 

int 

Leaf spot 
on flag leaf 

2.54a 
1.92b 
1.88b 

* 

2.16a 
2.13a 
2.04a 

na 

1.69b 
2.53a 

** 

Rust on 
flag leaf 

3.42 
2.42 
2.21 

int 

2.75a 
2.75a 
2.54a 

ns 

2.33 
3.03 

lnt 

ns, *, **, int: differences were not significant, or aignificant at ~he 
5 % and 1% levels, respectively, or an interaction existed for the 
variable. 
Values followed by the aame letter are not significantly different from 
one another by the Duncan' a new multiple range test. 
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Table 12: Significant two way interactions of plant growth regulator and 
cultivar on lodging and dieeaee of epring barley (1987). 

PGR Cultivar Lodging Ruet on 

area degree flag leaf 

No Ethephon Cadette 1.08d 1.08d 3.16b 
Laurier 7.58a 2.58a 1.66d 
Leger 3.92b 2.17b 2.16cd 

Ethephon Cadette 1.00e 1.OOd 3.66a 
Laurier 3.16b 1.83c 3.16b 
Leger 1.66c 1.25d 2.25c 

Values within a column followed by the sarne letter are not significantly 
different at the 5% level according to the protected 1. s . d test. 
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1 3.2 Experi.en~ 2. Pungic~de and row wid~h. 

3.2.1 Yield and yield componen~. 

In 1987, seeding barley in a 10 cm row width led to a lower grain 

yield than the 20 cm row width, because of the significant decrease in 

the number of grains per head, and in spite of the greater number of 

heads per square metre in the 10 cm row width treatment than in the 20 

cm row width treatment. Fungicide treatment also decreased the number 

of g~ains per head (Table 13). In 1988, a significant row width 

fungicide interaction was observed for the thousand grain weight and for 

the hectolitre weight. Both paramerers increased when the fungicide was 

added to the 10 cm rows but there was no change in the 20 cm rows 

(Tables 14 and 15). 
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Table 13: Main effects of cultivar, fungicide and Row width on the yield 
and yield components of spring barley (1987). 

Cultivar 

Cadett'3 
Laurier 
Leger 

Difference 

Fungicide 

Bayleton 
No Bayleton 

Difference 

Row width 

10 cm 
20 cm 

Difference 

CV (%) 

Yield 
(Tjha) 

S.839b 
6.429a 
6.197a 

** 

6.238b 
6.073a 

ns 

S.880b 
6.430a 

** 

7.0 

1000-grain 
weight (mg) 

40.738b 
44.431a 
37.600c 

** 

40.77a 
41. 07a 

ns 

40.94a 
40.90a 

ns 

2.9 

Hectolitre 
weight (kg) 

57.8Sc 
62.08a 
59.23b 

** 

59.86a 
59.S7a 

na 

59.73a 
59.71a 

ns 

2.1 

Harvest 
Index 

0.S33ab 
O.566a 
0.S09b 

* 

0.S31a 
0.S30a 

ns 

0.S29a 
0.542a 

ns 

15.9 

Heads 
m-2 

434a 
459a 
413a 

ns 

437a 
434a 

ns 

459a 
412b 

* 

9.1 

Grains 
head- 1 

33.91b 
32.76b 
40.82c 

** 

32.47b 
3S.S8a 

** 

32.47b 
39.19a 

ww 

19.5 

ns, *, **, int: differences were not significant, or significant at the 
5 ~ and 1% levels, respectively, or an interaction existed for the 
variable. 
Values followed by the sarne letter are not significantly different frorn 
one another by the Duncan 1 s new multiple range test. 
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Table 14: Main effects of cultivar, fungicide and row wiath on yield 
and yield components of spring barley (1988). 

Cultivar 

ladette 
Laurier 
Leger 

Difference 

Fungicide 

Yield 
(T/ha) 

2.063b 
3.900a 
3.874a 

** 

Bay1eton 3.298a 
No Bayleton 3.260a 

Difference ns 

Row width 

10 cm 
20 cm 

Difference 

CV (') 

3.243a 
3.322a 

ns 

15.6 

1000-grain 
weight (mg) 

45.25b 
50.78a 
41.69c 

** 

45.81 
46.00 

int 

45.53 
46.36 

int 

3.1 

Hectolitre 
weight (kg) 

61. 74c 
66.46a 
65.19b 

** 

64.55 
64.38 

int 

64.19 
64.79 

int 

1.7 

Harvest 
Index 

O.334b 
O.446a 
0.441a 

** 

O.401a 
O.413a 

ns 

0.399a 
0.417a 

ns 

16.0 

Heads 
m- 2 

51la 
404b 
391b 

* 

457a 
413a 

ns 

4S2a 
415a 

ns 

28.2 

Grains 
head-' 

10.07c 
19.87b 
25.73a 

** 

17.57a 
19.54a 

ns 

17.75a 
19.50a 

na 

32.9 

ns, *, **, int: differences were not significant, or significant at the 
5 , and 1% levels, respectively, or an inter~ction existed for the 
variable. 
Values fol1owed by the same letter are not aiqnificantly different from 
one another by the Duncan's new multiple range test. 
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Table 15: Significant two-way interactions of fungicide and row width 
on thousand-grain and hectolitre weight of e~ring barley (1988). 

Fungicide RO~I width 1000-grain Hectolitre 
weight (mg) weight (kg) 

No Sayleton 10 cm 45.26b 63.62b 
20 cm 46.88a 65.27a 

Bayleton 10 cm 45.80a 64.74a 
20 cm 45.82a 64.31a 

Values t-lithin a column followed by the sarne let ter are not different at 
the 5% levei according to the protected l.s.d test. 
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3.2.2 Beight, Beading and Maturity 

Height, heading and maturity were not significantly affected by 

row widths but maturity was significantly delayed by fung1cide treatment 

in 1987 (Table 16). In 1988, headl.ng was sll.ghtly later in 10 cm rows 

than in 20 cm rows. Fungicide also interacted with cultivar for the 

variable plant height in 1988 (Table 17). Fungicide application 

decreaaed the height of Cadette but not of the other cultivar3 (Table 

18) • 

Table 16: Main effects of cultivar, fungicide and row width on sorne 
growth parameters of spring barley (1987). 

Cultivar 

Cadette 
Laurier 
Leger 

Difference 

Fungicide 

Bayleton 
No Bayleton 

Difference 

Row width 

10 cm 
20 cm 

Difference 

CV (%) 

Height 
(cm) 

57.13c 
66.91b 
80.na 

** 

68.48a 
68.02a 

na 

67.39a 
69.10a 

ns 

4.5 

Heading 

58.75a 
52.63c 
56.44b 

** 

55.83a 
56.04a 

ns 

56.17a 
55. ?la 

ns 

1.5 

Maturity 

94.75a 
89.00b 
89.13b 

** 

90.91a 
91.00a 

ns 

91.00a 
90.92a 

na 

1.6 

ns, *, **, int: differences were not significant, or sl.gnificant at the 
5 % and 1% levels, respectively, or an interaction existed for the 
variable. 
Values followed by the same let ter are not significantly dl.fferent from 
one another by the Duncan's new multiple range test. 
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Table 17: Main effects of cultivar, fungicide and row width on sorne 
growth parameters of spring barley (1988). 

Cultivar 

Cadette 
Laurier 
Leger 

Difference 

Fungicide 

Bayleton 
No Bayleton 

Difference 

Row width 

10 cm 
20 cm 

Difference 

CV (%) 

Height 
(cm) 

47.12 
52.56 
53.23 

int 

51.23 
50.71 

int 

50.25a 
51. 82a 

ns 

6.7 

Heading 

51.88a 
48.13c 
49.63b 

."." 

49.75a 
50.00a 

ns 

50.15a 
49.54b 

." 

1.5 

Maturity 

89.13a 
85.69b 
84.440 

."." 

87.08a 
85.75b 

."." 

86.38a 
86.45a 

ns 

1.8 

ns, *, **, int: differences were not significant, or significant at the 
5 % and 1% levels, respectively, or an interaction existed for th~ 
variable. 
Values followed by the same letter are nct slgnificantly different from 
one another by the Duncan'e new multiple range test. 
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Table 18: Significant two-way interaction of fungicide and cultivar on 
height of spring barley (1988). 

Fungicide Cultivar Height (cm) 

No Bayleton Cadette 48.25b 
Laurier 52.62a 
Leger 51.25a 

Bayleton CadettE" 46.00c 
Laurier 52.50a 
Leger 55.19a 

Values within a column followed by the sarne letter are not different at 
the 5% level according to the protected l.s.d test 
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3.2.3 Protein content 

There were no significant effects of either row width or 

fungic~de on grain protein in 1987 (Table 19), and neither did these 

treatments effect grain or straw prote in content in 1988 (Table 20). 

Table 19: Effect of cultivar, fungicide and row width on , prote in in 
grains of spring barley (1987). 

Cultivar 

Cadette 
Laurier 
Leger 

Difference 

Fungicide 

Bayleton 
No Bayleton 

Difference 

Row width 

10 cm 
20 cm 

Difference 

CV (%) 

, Protein 

14.76a 
15.05a 
14.38b 

** 

14.76a 
14.70a 

ns 

14.69a 
14.79a 

ns 

3.4 

ns, *, **, int: differences were not significant, or significant at the 
5 % and 1% levels, respectively, or an interaction existed for the 
variable. 
Values followed by the same latter are nat significantly different from 
one another by the Duncan's new multiple range test. 
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Table 20: Effect of cultivar, fungicide and row width on " protein in 
grain and straw of spring barley (1988). 

Cultivar 

Cadette 
Laurier 
Leger 

Difference 

Fungicide 

Bayleton 
No Bayleton 

Difference 

Row width 

10 cm 
20 cm 

Difference 

CV (%) 

Grain 

15.090a 
14.609b 
14.470b 

** 

14.765a 
14.681a 

nB 

14.795a 
14.638a 

nB 

2.46 

% protein 

straw 

8.505a 
7.758ab 
7.318b 

* 

7.809a 
7.912a 

ns 

8.178" 
7.48 .. él 

ns 

18.39 

ns, *, **, int: differences were not significant,or significant at the 
5 % and 1% levels, respectively, or an interaction existed for the 
variable. 
Values followed by the Baffie letter are not significantly different from 
one another by the Duncan' s new multiple range test. 
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3.2.4 Dise.se and lodging .. 
t Fungicide application reduced lodging in 1987 and a row width by 

t , .. 

cultivar interaction WdS observ~d for the area lodged, with the score 

for Leger being significantly lower in the narrow rows, than in wide 

rows, but not changing with row width for other cultivars (Tables 21 and 

22). 

Table 21: Main effects of cultivar, fungicide and row width on lodging 
and disease of spring barley (1987). 

Cultivar 

Cadette 
Laurier 
Leger 

Difference 

Fungicide 

Bayleton 
No Bayleton 

Difference 

Row width 

10 cm 
20 cm 

Difference 

Lodging 
area degree 

1. 37 
6.25 
4.25 

int 

3.79a 
4.12b 

." 

3.42 
4.50 

int 

1.13c 
2.13a 
1.63b 

."." 

1.67a 
1.58a 

ns 

1.54a 
1. 71a 

Y1S 

Leaf spot 
on flag leaf 

2.75a 
1.75b 
1.81a 

** 

2.13a 
2.08a 

ns 

2.08a 
2.13a 

ns 

Rust on 
flag ledf 

3.31a 
2.88a 
3.19a 

ns 

3.29a 
2.96a 

ns 

3.04a 
3.21a 

ns 

_.--~--~~~--~~~----------~--~~~--------~~~---------­ns, *, **, int: differences were not significant, or significant at the 
5 % and 1% levels, respectively, or an interaction existed for the 
variable. 
Values followed by the same letter are not significantly different from 
one another by the Duncan 1 s new multiple range test. 
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Table 22: Lodging as influenced by row width and cultivar 
(1987) • 

Row width 

10 cm 

20 cm 

Cultivar 

cadette 
Laurier 
Leger 

Cadette 
Laurier 
Leger 

Lodging 
area 

1. 75a 
6.13c 
2.38b 

1.00a 
6.38c 
6.13c 

ns, *, u, int: differences were not significant,or significant at the 
5 % and 1% levels, respectively,or an interaction existed for the 
variable. 
Values followed by the same letter are not significantly different from 
one another by the Duncan' s new multiple range test. 
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3.3 Bxperiaent 3. Intensive and conventional .anagement 

3.3.1 Yield and yield co.ponents 

Grain yields were lower under intensive management (140 kg/ha, 

ethephon applied, fungicide applied, narrow rows) than under 

conventional management (70 kg/ha, wide rows, no fungicidE? or ethephon 

applied) in 1987, on all three soil types, and this was associated with 

the decrease in the number of gr41ns per head. This apparently offset 

an observed increase in the number of heads per square meter under 

intensive management (Tables 23, 24, and 25). In 1988, grain yields 

increased under intensive management on all soit types, as did the 

number of grains per head and the number of heads per square meter 

(Tables 26, 27 and 28). 

Table 23: Main effects of cultivar and management on the yield and yield 
components of spring barley grown on clay (1987). 

Cultivar 

Cadette 
Laurier 
Leger 
Joly 

Difference 

Intensive 
Conventional 

Difference 

CV (%) 

Yield 
(T/ha) 

6. 113ab 
6.463a 
6.086ab 
5.726b 

* 

5.927b 
6.266a 

* 

4.7 

1000-grain 
weight (mg) 

42.083b 
44.583a 
38.667c 
38.667c 

** 
40.75a 
41. 25a 

ns 

1.8 

Hectolitre 
weight (kg) 

56.09b 
59.51a 
58.96a 
56.13b 

** 
57.09b 
58.22a 

* 

1.6 

Harvest 
Index 

O.617a 
O.5l4a 
O.561a 
O.508a 

ns 

O.624a 
O.506a 

ns 

25.7 

Heads 
m-2 

496a 
477a 
446a 
513a 

ns 

562a 
399b 

** 

16.6 

Grains 
head' 1 

30.286a 
31. 145a 
40.381a 
34.039a 

ns 

28.14b 
39.77a 

** 

23.3 

ns, *, **, int: differences were not significant, or significant at the 
5 % and 1% levels, respectively, or an interaction existed for the 
variable. 
Values followed by the same letter are not significantly different from 
one another by the Duncan's new multiple range test. 
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Table 24: Main effects of cultivar and management on the yield and yield 
components of spring barley grown on loam (1987). 

Cultivar 

Cadette 
Laurier 
Leger 
Joly 

Difference 

Management 

Yield 
(T/ha) 

5.676a 
5.73la 
5.622a 
4.965a 

ns 

Intensive 5.103b 
Cnnventional 5.896a 

Difference ** 

CV (%) 11.7 

lOOO-grain 
weight (mg) 

39.083b 
42.833a 
39.167b 
38.333b 

ns 

39.376a 
40.333a 

ns 

6.1 

Hectolitre 
weight (kg) 

55.675c 
59.325a 
57.875b 
56.300c 

** 

57.117a 
57.471a 

ns 

1.6 

Harvest 
Index 

O.66la 
0.765a 
0.463a 
O.463a 

* 

0.6l2a 
0.644a 

ns 

39.4 

36~a 

404a 
3l6a 
387a 

ns 

435a 
300b 

** 

20.9 

Grains 
head-' 

40.345a 
36.955a 
47.860a 
36.961a 

ns 

31.254b 
49.807a 

** 

26.6 

ns, *, **, int: differences were not significant, or significant at the 
5 % and 1% levels, respectively, or an interaction existed for the 
variable. 
Values followed by the same letter are not significantly different from 
one another by the Duncan's new multiple range test. 
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Table 25: Main effects of cultivar and management on the yield and yield 
components of spring bar1ey grown on sand (1987). 

Cultivar 

Cadette 
Laurier 
Leger 
Joly 

Difference 

Management 

Yield 
(T/ha) 

4.893b 
6.052a 
4.892a 
4.406b 

'*'* 

Intensive 4.961a 
Conventional 5.593a 

Difference ns 

CV (%) 12 

1000-grain 
weight (mg) 

38.500b 
42.416a 
37.833b 
34.917c 

*'* 

38.958a 
37.875a 

ns 

3.1 

Hectolitre 
weight (kg) 

54.608b 
58.317a 
57.858a 
54.900b 

'*'* 

56.516a 
56.325a 

ns 

1.4 

Harvest 
Index 

O.587a 
O.662b 
O.561a 
O.594a 

'* 

O.616a 
O.585a 

ns 

14 

Heads 
m- 2 

420a 
461a 
390a 
487a 

ns 

515a 
366b 

** 

19.6 

Grains 
head- 1 

21.915b 
32.670b 
45.420a 
26.907b 

'* 

25.469b 
42.987a 

'** 

25.9 

ns, '*, *'*, int: differences were not significant, or significant at the 
5 % and 1% leve1s, respective1y, or an interaction existed for the 
variable. 
Values followed by the same letter are not significantly different from 
one another by the Duncan's new multiple range test. 
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Table 26: Main effects of cultivar and management on the yield and 
yield components of ~pring barley grown on clay (1988). 

Cultivar 

Cadette 
Laurier 
Leger 
Joly 

Difference 

Managment 

Intensive 
Conventional 

Difference 

CV(%) 

Yield 
(T/ha) 

3.8017a 
3.7628a 
3.4878a 
3.8911a 

ns 

3.937a 
3.S35b 

* 

11.18 

lOOO-grain 
weight (mg) 

41.417a 
39.317a 
39.450a 
40.292a 

ns 

40.025a 
40.212a 

ns 

6.6 

Hectolitre 
weight (kg) 

62.062a 
62.300a 
6l.813a 
63.447a 

ns 

62.762a 
62.0S0a 

ns 

2.2 

Harvest 
Index 

O.457a 
O.478a 
O.439a 
O.44la 

ns 

0.421b 
O.486a 

* 

13.8 

Heads 
m- 2 

Grains 
head 1 

443a 26.72a 
422a 31. 64a 
42la 26.62a 
37la 30.64a 

ns ** 

538a 
290b 

** 

31.0 

40.06a 
17.75b 

** 

42.5 

ns, *, **, int: differences were not significant, or significant at the 
5 % and 1% 1eve1s, respectively, or an interaction existed for the 
variable. 
Values followed by the same letter are not significantly different from 
one another by the Duncan's new multiple range test. 
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Table 27: Main effects of cultivar and management on the yield and yield 
components of spring barley grown on loarn (1988). 

Cultivar 

Cadette 
Laurier 
Leger 
Joly 

Difference 

Management 

Intensive 
Conventional 

Difference 

CV (%) 

Yield 
(T/ha) 

3.495a 
3.423a 
3.068b 
2 _ 812b 

3.302a 
3.097b 

* 
6.23 

1000-grain 
weight (mg) 

43.01a 
40.23b 
43.25a 
42.30a 

** 

42.31a 
42.08a 

* 
3.12 

Hectolitre 
weight (kg) 

64.28a 
62.62a 
62.90a 
63.66a 

ns 

63.33a 
63.40a 

ns 

2.05 

Harvest 
Index 

0.364a 
0.400a 
0.388a 
0.408a 

ns 

0.385a 
0.415a 

ns 

21.6 

Heads 
m· 2 

4l4a 
484a 
465a 
520a 

ns 

575a 
367b 

1< 

38.89 

Grains 
head- 1 

22.91a 
21. 82a 
18.53a 
14.69a 

ns 

23.19a 
15.79b 

1< 

33.15 

ns, *, **, int: differences were not significant, or significant at the 
5 \ and 1% levels, respectively, or an interaction existed for the 
variable. 
Values followed by the sarne letter are not significantly different from 
one another by the Duncan's new multiple range test. 
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Table 28: Main effects of cultivar and management on the yield and yield 
components of spring barley grown on sand (1988). 

Cultivar 

Cadette 
Laurier 
Leger 
Joly 

Difference 

Management 

Yield 
(T/ha) 

3.068a 
2.647a 
2.493a 
2.243a 

ns 

Intensive 2.799a 
Conventional 2.42Sa 

Difference ns 

cv (%) 35.3 

1000-grain 
weight (mg) 

40.884a 
39.492a 
41.725a 
41.S00a 

ns 

40.217a 
41.S64a 

ns 

6.9 

Hectolitre 
weight (kg) 

63.173a 
60.984a 
61. 262a 
61. 074a 

ns 

61.644a 
61.603a 

ns 

2.8 

Harvest Heads 
Index m- 2 

O.417a 
O.426a 
O.401a 
O.366a 

ns 

0.400a 
0.40Sa 

ns 

19.1 

446a 
469a 
434a 
491a 

ns 

569a 
351b 

** 

24 

Grains 
head- 1 

24.109a 
14.324a 
14.119a 
14.119a 

ns 

23.780a 
12.268b 

41 

ns, *, **, int: differences were not significant, or significant at the 
5 % and 1% levels, respectively, or an interaction existed for the 
variable. 
Values followed by the same letter are not significantly different from 
one another by the Duncan's new multiple range test. 
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3.3.2 Beigbt, Beading and Maturity 

Intensive management significantly reduced plant height, delayed 

heading and delayed maturity on clay and sandy soil but had no effect on 

any of these parameters on loam soil in 1987 (Tables 29, 30 and 31), or 

on any of the soil types in 1988 (Tables 32, 33, and 34). 

Table 29: Main effects of cultivar and management on the growth and 
development of spring barley grown on sand (1987). 

Cultivar 

Cadette 
Laurier 
Leger 
Joly 

Difference 

Management 

Intensive 
Conventional 

Difference 

CV (%) 

Height 

66.50c 
~5.83b 

d8.50a 
76.58b 

** 

72.63b 
81.08a 

** 

2.2 

Heading 

55.92a 
49.92c 
53.17b 
54.25b 

** 

54.13a 
52.50b 

** 

1.8 

Maturity 

89.42a 
84.830 
86.83b 
87.67b 

** 

88.08a 
86.29b 

** 

1.4 

ns, *, **, int: differences were not signifioant, or significant at the 
5 % and 1% levels, respectively, or an interaction existed for the 
variable. 
Values followed by the same letter are not significantly different from 
one another by the Duncan' s new multiple range test . 
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Table 30: Main effects of cultivar and management on the growth and 
development of spring barley grown on loam (1987). 

Cultivar 

Cadette 
Laurier 
Leger 
Joly 

Difference 

Management 

Intensive 
Conventional 

Difference 

CV (%) 

Height 

61.58b 
68.42b 
79.67a 
71.17ab 

."." 

67.92a 
72.50a 

na 

10.89 

Heading 

56.67a 
50.83c 
54.33b 
54.l7b 

." 

54.33a 
53.67a 

ns 

2.4 

Maturity 

91.00a 
86.67b 
86.67b 
89.33a 

."." 

88.33a 
88.50a 

ns 

1.8 

ns, *, .".", int: differencea were not aignificant, or significant at the 
5 % and 1% levels, respectively, or an interaction existed for the 
variable. 
Values followed by the same let ter are not significantly different from 
one another by the Duncan' a new multiple range test. 
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Table 31: "!.1in effects of cultivar and management on the growth and 
development of spring barley grown on clay (1987). 

Cultivar 

Cadette 
Laurier 
Leger 
Joly 

Difference 

Management 

Intensive 
Conventional 

Difference 

CV (%) 

Height 

62.96c 
75.15b 
85.17a 
76.42b 

** 

70.92b 
78.92a 

** 

3.91 

Heading 

56.25a 
50.08c 
53.42b 
53.33b 

** 

54.04a 
52.50b 

** 

1.9 

Maturity 

89.83a 
86.33b 
86.67b 
86.67b 

** 

88.00a 
86.75b 

** 

1.2 

ns, *, **, int: differences were not significant, or aignificant at the 
5 % and 1% levela, respectively, or an interaction exiated for the 
variable. 
Values followed by the sarne letter are not aignificantly different from 
one another by the Duncan'a new multiple range test. 
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Table 32: Main effects of cultivar and management on the growth and 
development of ~pring barley grown on sand (1988). 

Cultivar Height Heading Maturity 
(daya) (days) 

Cadette 48.36a 46.22a 87.33a 
Laurier 44.17b 43.58a 80.92a 
Leger 42.96a 48.00a 88.00a 
Joly 46.75a 48.83a 86.67a 

Difference ns na ns 

Management 

Intensive 46.86a 47.58a B8.00a 
C .nventional 44.27a 45.74a 84.46a 

Difference ns ns ns 

CV (%) 8.86 11. 21 10.1 

ns, *, **, intI differences were not significant, or significant at 
5 % and 1% levela, respectively, or an interact ion exi'3ted for the 
variable. 

the 

Values followed by the same letter are not sign1ficantly different from 
one another by the Duncan's new multiple range test. 
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Table 33: Main effects of cultivar and management on the growth and 
rtevelopment of spring barley grown on loam (1988). 

Cultivar Height Heading Maturity 
(days) (days) 

Cadette 56.87a 47.00b 85.33d 
Laurier 55.54ab 47.67a 87.33c 
Leger 51. 7lb 47.33ab 88.17b 
Joly 51. 30b 47.33ab 89.33a 

Difference ns ns ** 
Management 

Intensive 55.16a 47.42a 87.58a 
Conventional 52.55a 47.25a 87.50a 

Difference ns ns ns 

CV (%) 6.7 0.86 0.23 
. 

ns, 11 , .... , int: differences were not significant, or significant at the 
5 % and 1% levels, respectively, or an interaction existed for the 
variable. 
Values followed by the same let ter are not significantly different from 
one another by the Duncan's new multiple range test. 
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Table 34: Main effects of cultivar and management on the growth and 
development of spring barley grown on clay (1988). 

Cultivar 

Cadette 
Laurier 
Leger 
Joly 

Difference 

Menagement 

Intensive 
Conventional 

Difference 

CV (%) 

Height 

53.96a 
53.45a 
52.93a 
50.72a 

ns 

53.92a 
51. 61a 

ns 

9.67 

Heading 
(days) 

47.llc 
48.67b 
49.33a 
47.33c 

** 

48.08a 
48.1'7a 

ns 

0.42 

Maturity 
(days) 

86.00b 
86.50a 
86.67a 
86.67a 

** 

86.50a 
86.42a 

ns 

0.23 

ns, *, **, int: difference6 were not significant, or significant at the 
5 % and 1% levels, respectively, or an interaction existed for the 
variable. 
Values followed by the same letter are not significantly different trom 
one another by the Duncan's new multiple range test . 
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3.3.3 protein content 

On clay soils in 1987, grain and straw prote in concentrations 

were higher under intensive management than under conventional 

management. On loam soils, there were no significant differences 

betweer. the type of management for protein levels, while on sandy sail, 

conventional management resulted in a higher grain prote in concentration 

and intensive management in a higher straw protein content (Tables 35, 

36, and 37). In 1988 conventional management on loam soil resulted in a 

higher grain prote in concentration while intensive management resulted 

in a higher straw protein content (Tables 39, 40, and 41). 

Table 35: Main effect s of culti·rar and management on the % prote in in 
the grain and straw of spring barley grown on clay (1987). 

Cultivar 

Cadette 
Laurier 
Leger 
Joly 

Difference 

Management 

Intensive 
Conventional 

Difference 

CV (%) 

'Il Prote in 

Grain 

13.532a 
13.673a 
13.571a 
12.790b 

* 

13.761a 
13.023b 

** 

3.1 

Straw 

7.136a 
6.594a 
6.664a 
7.479a 

ns 

7.622a 
6.314b 

** 

12.8 

ns, *, **, int: differences were not significant, or significant at the 
5 % and l'Il levels, respectively, or an interaction existed for the 
variable. 
Values followed by the same letter are not significant1y different from 
one another by the Duncan's new multiple range test. 
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Table 36: Main effects of cultivar and management on the % prote in in 
the grain and straw of spring barley grown on loam (1987). 

Cultivar 

Cadette 
Laurier 
Leger 
Joly 

Difference 

Management 

Intensive 
Conventional 

Difference 

CV (%) 

% Prote in 

Grain 

14.564a 
14.517a 
14.703a 
13.956a 

ns 

14.625a 
14.216a 

ns 

5.6 

Straw 

9.939a 
9.216a 
8.358a 

10.48la 

ns 

lO.080a 
8.917a 

ns 

19.3 

ns, *, **, int: differences were nct significant, or significant at the 
5 % and 1% levels, respectively, or an interaction existed for the 
variable. 
Values followed by the same letter are not significantly different from 
one another by the Duncan's new multiple range test. 
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Table 37: Main effects of cultivar and management on the % protein in 
the grain and straw of spring barley grown on sand (1987). 

Cultivar 

Cadette 
Laurier 
Leger 
Joly 

Difference 

Management 

Intensive 
Conventional 

Difference 

CV (%) 

% protein 

Grain 

13.867a 
13.566a 
13.742a 
13.164a 

ns 

14.073a 
13.096b 

7 

Straw 

9.193a 
6.867b 
7.621b 
8.309ab 

* 

8.839a 
7.156b 

** 

13.7 

ns, *, **, int: differences were not significant, or significant at the 
5 % and 1% levels, respectively, or an interaction existed for the 
variable. 
Values followed by the sarne letter are not significantIy different from 
one another by the Duncan's new multiple range test. 
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Table 38: Main effects of cultivar und manpgernent on the % prote in in 
the grain and straw of Apring barley grown on clay (1988). 

Cultivar 

Cadette 
Laurier 
Leger 
Joly 

Differt::nce 

Management 

Intensive 
Conventional 

Difference 

Cv (') 

, protein 

Grain 

14.113a 
14.406a 
14.453a 
14.03Sa 

ns 

14.25Sa 
14.247a 

ns 

2.0 

Straw 

6.894a 
6.61Sa 
6.10Sa 
7.282a 

ns 

6.827a 
6.62la 

ns 

11.8 

ns, *, **, int: differences were not significant, or significant at the 
5 % and l' levels, respectively, or an interaction existed for the 
variable. 
Values followed by the sarne letter are not significantly different from 
one another by the Duncan's new multiple range test . 
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Table 39: Main effects of cultivar and management on the % prote in in 
the grain and straw of spring barley grown on loam (1988). 

cultivar 

Cadette 
Laurier 
Leger 
Joly 

Difference 

Management 

Intensive 
Conventional 

Difference 

cv (%) 

% Prote in 

Grain 

14.978a 
14.966a 
14.737a 
14.923a 

ns 

14.757b 
15.044a 

** 

1.6 

Straw 

7.545b 
8.347a 
7.111b 
8.461a 

** 

8.190a 
7.542b 

** 

5.5 

ns, *, **, int: differences were not significant, or significant at the 
5 % and 1% levels, respectively,or an interaction existed for the 
variable. 
Values followed by the sarne letter ar.e not significantly different from 
orle another by the Duncan' s new multiple range test • 
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Table 40: Main effects of cultivar and management on the % protein in 
the grain and straw of spring barley grown on sand (1988). 

Cultivar 

Cadette 
Laurier 
Leger 
Joly 

Difference 

Management 

Intensive 
Conventional 

Difference 

CV (!il) 

% Prote in 

Grain 

14.589a 
14.612a 
15.111a 
15.038a 

ns 

14.GIGa 
15.059a 

ns 

3.47 

Straw 

7.947a 
8.288a 
8.098a 
8.871a 

ns 

8.475a 
8.128a 

ns 

11.08 

ns, *, **, int: differences were nct significant,or significant at the 
5 % and 1% levels, respectively,or an interaction existed for the 
variable. 
Values followed by the same letter are not significantly different fram 
one another by the Duncan' s new multiple range test. 
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3.3.4 ,~ (Nitrogeo 15) Pere.otage 

Intensive management had no effect on the nitrogen 15 uptake on 

Any of the soil types in 1988 (Tables 41, 42, and 43). 

Table 41: The nitrogan 15(%) in the grain and straw of spring barley 
cultivars grown on clay under two management systems (198c3). 

Cultivar 

Cadette 
Laurier 
Leger 
Joly 

Difference 

Management 

Intensive 
Con vent ional 

Difference 

cv (') 

Grain 

1. 693a 
1.656a 
1.635a 
1.671a 

ns 

1.758a 
1.609a 

ns 

4.20 

straw 

1.616a 
1.609a 
1.639a 
1.607a 

ns 

1. 691a 
1.573a 

ns 

5.08 

ns, *, **, int: differences were not significant,or significant at the 
5 \ and a levels, respectively, or an interaction existed for the 
variable. 
Values followed by the same let ter are not significantly different from 
one another by the Duncan' s new multiple range test. 
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Table 42: The nitrogen 15 (%) in the grain and straw of spring barley 
cultivars grown on loam under two management systems (1988). 

Cultivar 

Cadette 
Laurier 
Leger 
Joly 

Difference 

Management 

Intensive 
Conventional 

Difference 

CV (\) 

Grain 

1.639a 
1.685a 
1. 797a 
1. 782a 

ns 

1. 767a 
1.614a 

ns 

7.17 

Straw 

1. 60Sa 
L538a 
1.684a 
1.S89a 

ns 

1. 628a 
1. S41a 

ns 

7.59 

na, *, **, int: differences were not significant,or significant at the 
5 % and 1% levels, respectively, or an interaction existed for the 
variable. 
Values followed by the same letter are not significantly different from 
one another by the Duncan' s new multiple range test. 
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Table 43: The nitrogen 15 (%) in the grain and straw of spring barley 
cultivars grown on sand under two management systems (1988). 

Cultivar 

Cadette 
Laurier 
Leger 
Joly 

Difference 

Management 

Intensive 
Conventional 

Difference 

CV (%) 

Grain 

1.654a 
1.559a 
1.684a 
1.633a 

ns 

1. 693a 
1.551a 

ns 

11.6 

Straw 

1.666a 
1. 560a 
1.565a 
1. 598a 

ns 

1.653a 
1. 534a 

ns 

7.2 

ns, *, **, int: differences were not significant, or significant at the 
5 % and 1% leve1s, respectively, or an interaction existed for the 
variable. 
Values fol1owed by the same let ter are not significantly different from 
one another by the Duncan's new multiple range test. 
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DISCUSSION 

Two factors may have contributed te the lack of yield response to 

intensive managemeut inputs in 1987. First, the crop preceding the 

bar1ey experiments was alfalfa which may account for the apparent lack 

of response to the applied nitrogen fertilizer treatments. A green 

manure crop of alfalfa is capable of contributing between 168-224 kg/ha 

of nitrogen (Pieters 1927) whieh should be able to supply adequate 

nitrogen, even to treatments reeeiving no nitrogen fert~lizer. Second, 

during the f10wering and grain filling periods, the temperatures were 

high, which may have redueed the number of fertile florete and also 

interfered with grain fi11ing, resulting in small gra~ns (low thousand 

grain weight) (Nuttonson 1957). 

Again, in 1988 there was little positive yield response to all of 

the applied treatments in experimeats one, two and for barley grown on 

sand in experiment three (Tables 3, 14, and 28). In 1988, the weather 

was hot with le_8 than average rainfall for the monthe of May, June and 

July (Table 1). In terms of plant development, this coincided with the 

period from shooting to shortly after h9ading, which is considered to be 

the most sensitive period to temperature and soil moisture condit~ons 

(Day et al. 1975). 

The period from jointing to shortly after heading ~s eoneidered to 

be the growth development period during which cereals are most sensitive 

to temperature and sail moisture conditions. High temperatures dur1ng 

the flowering period may adversely affect pollination and give rise to a 

reduced number of florets. The low number of seeds per head noted in 

this study (Tables 3, 14, 26-28) in 1988 may have been due to the h1gh 

temperatures sinee under optimum weather ccnditions, high n~trogen 

levels would increase the count per head (Fredrick et al. 1985). 

Although the total vegetative biomase was not measu~ed, the low 

harvest index values obtained indicate there was a greater straw to 

grain ratio and it is possible that, under the low mo~sture conditions, 

the crop showed a response to nitrogen which was not reflected in grain 

yield. Pearman et al. (1978) have similarly noted a decrease ~n the 

harvest index with increasing nitrogen fertilizers for winter wheat 

grown under dry conditions. 

In both years the prote1n content of both the grains and the etraw 
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was increased by nitrogen fertilizer application. Similar observations 

under conditions of limited soil moiature and high soil nitrogen levels 

(Luebe and Laag 1967) have been reported and indicated that nitrogen 

tended to accumulate in the plant. Campbell et al. (1977) also found 

that under dry conditions, grain protein concentrations were increased 

by nitrogen applied at rates greater than 61.5 kg/ha. They further 

found that under irrigation, as much as 123-164 kg/ha of nitrogen were 

required to bring the grain prote in content to the same level (15.4%) as 

that of the unirrigated crop. Kramer (1979) pointed out that the major 

source of protein for cereal grain is the nitrogenous pool present ; \ 

the vegetative tissues of the crop prior to the onset of grain filling. 

The remainder is abaorbed from the soil during grain development. 

Yie1ds as well as the number of grains per head and the hectolitre 

weight of the grain were significantly reduced by the application of 

ethephon (Tables 2 and 3). Similar observations have be'~n reported on 

spring barley and wheat (Simmons et al. 1988; Murray and Dixon 1970). 

In these studies, yield reductions were found to occur when lodging was 

not a factor. This was a1so apparent in our study. Sirnrnons et al. 

(1988) suggested that where temperatures are high following ethephon 

application, there is an enhanced rate cf production of ethylene. This 

causes the plants to respond as if under drought stress by reducing the 

number of grains in the spike and weight per grain. 

In our study, there were high temperatures prevailing at the time 

irnrnediately following ethephon application in both years, hence it is 

likely that ethephon enhanced the drought-like effect on the crop and 

this may have contributed to the yield reductions. 

The increase jn the number of heads per square metre following 

ethephon treatment suggests that ethephon effectively enhanced tiller 

survival in 1987. The reduction in head count per square metre on 

ethephon treated plots in 1988 may have been due to the inability of the 

late formed tillera to produce heads under the prevailing moisture 

stress conditions (Day et al. 1978). 

Research on the effect of row width on yields of small grain 

cerea1s has shown that narrow row widths (less than 18-23 cm) have 

resulted in higher yields than when ~ider row widths are used. The 

increases in yield are related to an increase in the number of tillers 
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per square metre when narrow row widths are used (Holliday 1963; 

Stoskopf 1967). 

In this study, yields were not affected by narrow rows in 1988, 

whjle in 1987 the yields were lower in narrow rows than in wide rows, 

even though there was a significant in crea se in the number of splkes per 

plant due to the narrow row spacing (Tables 13 and 14). The dry summers 

that occurred in both years may have shortened the duratlon of grain 

fi11ing 1eading to reduction in the thousand ~rain weight and the number 

of grains per head in the narrow rowo. This was probab1y particlllarly 

severe for seeds developing on late formed tillera. The slower 

development of leaf area in wide rows as compared to narrow ows results 

in slower removal of soil water. This may allow more of the pldnts, and 

more spikelets of each plant to develop into and through the f10wering 

and seed fil1ing stages, resulting in higher yields under water limited 

conditions (Luebs and Laag 1967). 

The barley crop responded to intensive cereal management by 

increasing tillering and head size although, it was only in 1988 when 

this in crea se was reflected in increased yields (Tables 26 and 27). 

This suggests that the management level, weather and soil conditions 

(including previous crop) played an important role in determining the 

final grain yield of the crop. In 1987, the highest 1evel of appl~ed 

nitrogen considerably enhanced vegetative growth, wh~ch probably 

resulted in an increase in water use and hence an ear1ier depletion of 

soil water as noted by Morgensen (1980). 

The dry conditions at the end of the growing season probab1y 

interfered with grain filling thus eliminating the grain yield advantage 

that would be expected to result from the increases in the number of 

heads per square metre and seeds per head produced by intensive 

management. Day et al. (1975) has shown that moisture stress at the 

flowering and dough filling 3tages usually reduced bar1ey grain yields 

moce drastically than moisture stress at jointlng. Moisture stress at 

jointing resulted in plants that tended to tiller more profuse1y and to 

be less tal1. Morgensen (1980) also found that when drought oeeurs 

during and after heading, one stress day (a measure of the severity of 

water stress duril~ a drought period) corresponds to one day without 

grain fil1ing. He also noted that there was Little or no yle1d 
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reduction when drought occurred during the vegetative L1eriod. 

Reports of intensive cereal management (IeM) systems used in West 

Germany, France and Belgium and trials carried out in Britain have 

indicated that leM works well under the prevailing environmental 

conditions in those countries (Gallagher 1984). The regions in Europe 

where most work has been do ne on ICM experience relatively cool and wet 

climate with mild summers. Average summer temperatures in these regions 

range from 10 to 15 degrees centigrade for at least five months 

(Broekhuisen 1969). For instance in the south east and midlands region 

of England and, in the Schleswig-Holstein region of West Germany where 

cereals are the major crops, average daily temperatures of 16 to 18 

degrees centigrade are comman during the fl~~!ring and grain filling 

stages. 

In France (North, North East and Paris Basin) and Belgium the 

average daily temperatures vary from 16 to 22 degrees centigrade during 

the same growth stages. The relatively mild winters experienced in 

these regions allow the production of winter cereals, which are exposed 

lo a long growing season. In Quebec, winter conditions present m~re of a 

risk to the production of winter cereals. Some winter wheat is produced, 

but only spring types of barley can be grown. 

rCM systems in Europe are based on winter cereals and this 

necessitates the use of split nitrogen applications, which have 

consistently rtsulted in higher yields. McEwer. and Moffet (1979), 

working with winter wheat, reported that these systems produced average 

yields of 9.5 tjha while a single N application at seeding resulted in 

only 9 tjha. 

In France, Germany, Belgium and Britain, typical yields vary from 

8-10 tjha. It is clear that the yield component making the largest 

contribution ta these high yields is the number of heads per square 

metre (Gallagher, 1984). The emphasis on high seeding rates (500 

ears/m2) to ensure a high population of mainstems and primary tillers, 

and the use of 3 or more applicat~ons of nitrogen (170-235 kg/ha) has 

consistently resulted in y~elds of mu=e than 9 tonnes/ha under the 

systems wsed in West Germany (Gallaghar et al. 1984). 

Research on leM in Canada has produced varying results with 

reports from Western Canada showing that sorne benefit may be derived 
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from the use of rCM systems with yield increases of between 12-42% 

(Stobbe €t al. 1985; Rourke 1985). Stobbe et al. (1985) fOllnd that 

neither the seeding rate (500 ears/m2) nor t:-te n~trogen levels of 150 

kg/ha (applied all at once or split) had any benefieiai effects on the 

grain yield of spring wheat. However, the use of fung~cides played a 

major role in enhancing the yield in Manitoba and the highest yields 

were always obtained when the weather was cooler and wetter than ~s 

usua1. 

Rourke (1985) cited Briggs et al. (1985) as having found that on 

large scale winter and spring barley trials carr ~ed out in Alberta, 

intensive management resulted in higher yields (3502 kg/ha) than 

conventiona1 management (2541 kg/ha). These yield increases were due to 

a large increase in the number of heads per square metre (320 under 

intensive management and 200 under conventiona1 management). 

Rourke (1985) also cited a study carried out ln Quebec by the 

Coopérative Fédérée on spring barley and winter wheat in which y~elds 

increased by 12-25% under rCM, with the winter wheats havlng the hlgheat 

yield increases. 

lt is thus apparent that leM can signif~cantly increase ylelds 

under conditions in Western Canada and Quebec. However, the average 

yield increases are: not as large as those atta~ned in Europe. lt would 

appear that the high input systems need modificatlon to be more 

effective in Western Canada and Quebec. 

Eastern Canadian (Nova Scoti a) f ~ndings indicate t hat IC:-1 may be 

more promising there sinee the weather conditions are simllar to those 

in Europe (Caldwell and starrat, 1987). 

The poor response of t.le spring barley crop ta intensive cereal 

management inputs in 1987 and 1988 indieates that more studles need ta 

be carried out on the response of spr~ng bariey on lnd~Vldual lnputs 

under conditlons prevailing ~n this South Western part of Quebec. 

The nèt addl.tional cost for us~ng intenslve management is $160.26 

(Table 44). With the current per tonne priee of barley at $120, a yield 

increase of at least 1.3 tonnes per hectare, due ta ICM, lS requl.red for 

the system to be eC0nomical. None of che significant y~eld lncreases 

measured in this research were of th~s magnltude. As such lntenslve 

management is not beneficia1 to the farmer under COI".J~t~on9 91m~lar ta 

60 



,~ 
,.' ... 

those experienced during these experi1.lents. 

Table 44. Summary of input costs incurred using ICM. 

Input Cost($) 

Nitrogen fertilizer (70 additional kg/ha) @$O. 75/ha 
Ethephon and one 'tractor pass @$225/5L 
Bayleton and one tractor pass @$167 /kg 

Total extra costs for leM production 

1est imated total cost of one tractor pass is S8 per ha. 

52.50 
53.00 
54.76 

160.26 

The N15 determinations were aimed at assessing the ex te nt to which 
ferUizer derived nitrogen is available to the crop in the different 
soU types Rnd determining the distribution of the labelled nitrogen 
within the crop between the source and the sink. 

The amount of nitrogen in the soil as fixed NH4+ is considerably 
high. Clay and clay loam soils generally contain more available NH4+ 
ions then sUt loams which in turn contain larger amounts then sandy 
soUs (Bartholomew et al 1965). The lack of response to N15 uptake by 
barley on the different soils may be because the labelled nitrogen was 
immobolized and nct immediatly available the crop. 
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CONCLUSIONS 

1. The application of high levels of nitrogen does not increase barley 

yields under dry weather conditions and when the soil nitrogen 

resources are high. 'l'he high levels of nitrogen do however increase 

the grain prote in content and thus ilOprove the feed quality of spring 

barley. 

2. The application of ethephon (Cerone) in the absence of lodgl.ng 

reduces plant height and decreases yields by reduc ing the nurnber of 

graina per head. 

3. Narrow row widths lead to a higher tiller number but do not 

necessarily increase yields. A fungicide by row width interaction 

results in a reduced seed size and seed weight in the narrow rows and 

this may be responsible for the lack of yield response in these rows. 

4. The effect of intensive management on yields was incons1stent and was 

influenced to a large extent by the prevailing weather and Boil 

conditions. 
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