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FIELD RESPONSE TO NITROGEN FERTILIZERS BY SELECTED STANDARD 

AND SHORT STATURE WHEATS 

6. O. O. 

Since 1961 when Gaines, the first Norin derivative, short 

stature wheat was released for cultivation, wheats of this type have 

been associated with nitrogen fertilizers. Throughout the selection 

programme for the cultivar Gaines high levels of applied nitrogen had 

been used (Vogel pers. comm.). The ability of this cultivar to resist 

lodging at high levels of soil fertility appears to have been responsible 

for continuation of heavy nitrogen application under commercial conditions 

of production in the Pacific Northwest of the United States. 

Borlaug (1968) stated that a primary objective of the early 

Mexican Wheat Improvement Programme was to "develop varieties with 

resistance to lodging which will permit heavy fertilization and high 

yield." The achievement of this objective was subsequently endorsed 

by research findings in Mexico (Anon. 1966) in the United States 

(Woodward 1966) and in India (Swaminathan 1968). More recently the 

essence of the "Green Revolution" in developing countries has been 

defined on numerous occasions as a combination of short stature wheats 

and nitrogen fertilizers (e.g., Stakmanet ale 1967). The belief is 

now widely held amongst cereal research workers that wheats originating 

from Norin progenitors have an exceptional capacity for yield response 

to high levels of applied nitrogen. 

In an attempt to relate this superior degree of response to 

physiological plant parameters the work which is described hereafter 
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was undertaken. Field response was chosen in preference to a labora-

tory study for two reasons. Firstly, the laboratory type response would 

be indicated by.the use of a high and a low rate of nitrogen appli-

cation in the Growth Analysis experiment (Section 2), and secondly by 

some degree of replication over time in the field, climate x nitrogen 

response interactions could be discernible, especially if several 

moisture regimes were imposed at each site. 

The experiments were aimed at attempting to establish over a 

number of seasons and at two sites, whether a response in grain yield 

to nitrogen fertilizer could be established; .whether there.was a. 

differential degree of response in this parameter between selected 

short stature and standard height cultivators in the environment of 

northern New South Wales, and whether such a response was closely 

associated with moisture availability during the stages of grain develop-. 

mente A further objective was an attempt to establish those plant 

parameters associated with increase in grain yield and to relate these 

parameters to any response to nitrogen fertilizer. 

For reasons of the large volume of data collected during the 

three years over which these experiments were conducted and the length 

of this thesis only data which are considered by the author to be 

pertinent to the overall theme have been presented in depth. other 

material will be presented later in the form of published papers. 
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EXPERIMENTAL METHODS 

6. 1. o. 

Two sites .where the paddock history was well known to the 

author and where reliable irrigation facilities were available were 

selected for the trials. Data available at the time indicated that the 

two sites would provide major differences in soil type and temperature 

distribution. 

One site was at the Agricultural Research Station, Tamworth, 

New South Wales, hereafter referred to as "Tamworth". On this site 

the soil-type on the Northcote Classification (1968) is a red-brown, 

earth of mixed shale derivative (Hawkins pers. comm.). The area had 

been intensivelY,farmed over the period 1907-42 with continuous wheat 

cropping. By .the end of this period surface erosion of soil had become 

severe and crop yields were down to uneconomic levels; the area was 

allowed to revert to low grade native pasture consisting of Stipa and 

Danthonia spp. Reclaimed from pasture in 1963, the area was sown to 

continuous crop - wheat plots in winter followed by oats or rape as 

a green manure crop in summer - up to the time of commencement of the 

experiment. Fertilizer applications of 250 Kg/ha. superphosphate/annum 

were applied in 1964, 1965 and 1966. The summer crop preceding the 

commencement' of the trials showed leaf yellowing indicative of 

nitrogen deficiency. 

The second site was on the property "Bindaree" in the 

Kelvin-Gunnedah area, situated 50 miles west-north-west of Tamworth, 

hereafter referred to as "Gunnedah". On the Northcote Classification 
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(1968) the soil type is a black earth - a deep alluvial, flood-plain soil, 

known to be of high fertility in the virgin state. The area selected 

had been intensively farmed for the preceding twelvce years, having been 

mostly dual cropped, with temperate cereals in winter and maize or. 

sorghum during the summers. In the period during which the area had 

been farmed two crops of maize, five crops of sorghum, two "green-chop" 

barley crops and seven crops of wheat, yielding within the range 2800-5100 

Kg/ha. [compared to the district range 740-1500 Kg/ha. for the period 

1952-66 (Hall pers. comm.)], had been harvested. The area had been. 

farmed throughout with heavy pre-seeding flood and post-seeding spray 

irrigation, and no fertilizer had been applied. A below average crop 

yield in the summer of 1966-67 and foliar symptoms were attributed to 

nitrogen deficiency. 

At the Tamworth site adjoining plot areas were used in each 

of the three years during which these trials were conducted. At the 

Gunnedah site adjoining plot areas.were used in 1967 and 1968 but these 

were moved toa different area with a similar history in 1969 due to a 

late summer crop. 

Soil samples taken from the plot sites were laboratory tested 

for phosphate by the method of Colwell (1963a) and indicated levels of 

phosphorus of 56 p.p.m. Gunnedah and 43 p.p.m. Tamworth. Although these 

levels were in excess of Colwell's base line of 30 p.p.m., a fertilizer 

application of 125 Kg/ha. superphosphate (22% P205) was used at each seeding. 

At both sites two series of plots differing only in randomi

sation and separated by ten metres of crop to absorb irrigation drift, 
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were sown. One of each pair of plots received supplementary spray 

irrigation during the period from anthesis to maturity, and is,referred 

to as "irrigated" as opposed to its "dryland" counterpart. At .the 

Gunnedah site heavy (30 em.) presowing flood irrigation, a standard 

practice on this property, was applied to both irrigated anddryland 

plots. 

THE-CULTIVARS 

In Table 21 the cultivars used in the trials at both sites 

are listed. Three cultivars Mexico 120, Chile lB and Gamut are common 

to all plots in 1967, 1968 and 1969. 

TABLE 21 

CULTIVARS USED IN NITROGEN RESPONSE TRIALS 

1967 1968 1969 

Mexico 120 Mexico 120 Mexico 120 

Chile lB Chile lB Chile lB 

Gamut Gamut Gamut 

8704 Dwarf Timgalen Sonora 64A 

Durum Dwarf 2408 Durum Dwarf 2408 

Funello 

Insignia 

Timgalen 
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The bases for selection and inclusion of the cultivars are 

recorded in Table 22. 

TABLE 22 

SALIENT FEATURES OF CULTIVARS USED IN NITROGEN TRIALS 

cultivars 

Mexico 120 

Chile lB 

Gamut 

8704 Dwarf 

Durum Dwarf 2408 

Funello 

Insignia 

Tirngalen, 

Sonora 64A 

Salient Features 

A dwarf line introduced from Mexico with proven 

adaptability and high yield, in the local 

environment - Norin parentage. 

A Mexican semi-dwarf and similar to above. 

The locally recommended standard height (tall) 

cultivar. 

A locally bred short semi-dwarf of Norin parentage. 

A locally bred medium semi-dwarf (T. dururn) -

Norin parentage~ 

An Italian semi-dwarf with proven adaptability 

in the local environment. 

A very short strawed Australian cultivar referred 

to in Australia as the "Mallee Dwarf". 

A new cultivar released in 1967 and recommended 

to the area - standard height, (medium - with a 

reputed yield response to applied nitrogen. 

A Mexican, tall semi-dwarf - by repute highly 

responsive to applied nitrogen- Norin parentage. 
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Seed of each cultivar was increased in 1966 and carefully 

rogued for maximum purity. Prior to sowing, seed was graded to a 

uniform range of seed size on a "Clipper" laboratory seed cleaner and 

dusted with the organic mercurial seed dressing "Ceresan". Germination 

tests were conducted each year prior to sowing to ensure high levels 

of seed viability. 

PLOT SIZE AND TIME OF SOWING 

In 1967 sown plot size was 4 rows spaced at 18 cm. and 21 m. 

in length for each cultivar, with an interplot space of 50 cm. After 

establishment plot lengths were reduced to 18 m. In 1968 and 1969 sown 

plot size was shortened to 18 m. and reduced to 15m. after establishment. 

Interplot spaces were maintained in a bare state by cultivation through

out the crop season. Factorial designs in randomised blocks with three 

replications within each irrigation treatment were used for all plots, 

which were sown at a rate of 53 Kg/ha. with a specially prepared 

commercial combine having one seed and two independent fertilizer boxes 

attached. 

The optimum time for sowing commercial crops in the Tamworth 

area is mid ,May. High incidence of frost in the Gunnedah area dictates 

delay of seeding to early-mid June. However, the distribution of rain

fall at this period of the year is highly unreliable in both areas and 

actual time of seeding is determined solely by the incidence of rain

fall. The time of sowing of plots.at both sites over the three seasons 

is detailed in Table 23. 
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TABLE 23 

TIME OF SOWING OF PWTS 

Year Tamworth Gunnedah 

1967 8. June 7. June 

1968 25. May l. June, 

1969 15. June 13. June 

NITROGEN TREATMENTS 

In Table 24 details of nitrogen treatments including the form, 

rate, method and time of application are listed for each of the three years. 

Year 

1967 

1968 

1969 

Split 
Appli
cation 

TABLE 24 

NITROGEN FERTILIZER TREATMENTS 

Nitrogen 
Rate 
Kg/ha. 

o 
56 

112 
168 

o 
56 

112 
224 

o 
56 

112 
224 

28 + 28 
56 + 56 

112 + 112 

Nitrogen 
Form 

Urea 

Ammonium 
Nitrate 

Ammonium 
Nitrate 
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Method of Time of 
APPLICATION Application 

Broadcast with Post emer-
"planet Junior" 
plot spreader 

gence of 
seedlings 

Special Ferti- At 
lizer box on seeding 
Combine 

Special Ferti- At 
lizer box on seeding 
Combine 

Second applicat
ion of split was 
broadcast with 
plot spreader 

Second appli
cation of 
split at 
Anthesis 
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In broadcast application of fertilizer the practice was adopted 

of washing in fertilizer with light spray irrigation (30-40 mm.) if no 

rain had fallen within three days of application. 

Rainfall, and temperature data continuously recorded by themo-

graph at a screen height of 15 em. were recorded at each site during 

the plant life cycle. 

MEASUREMENTS 

At establishment - the three seedling leaf stage - a record of 

plant density was made by counting the plants in five, random, one metre, 

linear, single row quadrats for each individual plot. 

In 1968 and 1969 leaf areas and tiller numbers, at an estimated 

60% emergence of ears of primary tillers, were determined by counting 

tillers in a single metre length of inside row for each plot. From 

these, fifteen tillers from each replication were randomly selected 

and the leaf area determined on an air-flow planimeter. 

Each year at an estimated stage of 60% anthesis on the primary 

tillers for each cultivar an "anthesis harvest" was made by cutting 

plants at ground level from two centre rows for a distance of one metre. 

Fresh and dry weights were measured and a sub-sample (10 or 15 stems) 

taken for detailed analysis of the following parameters - tiller and 

ear weights and dimensions; green, senescent and flag leaf weight, 

number and area. 

Sampling for "post harvest" analysis was undertaken at 

maturity of the plots by cutting at ground level one metre from an 



inner row of each plot. Messurements were made from these samples of 

grain number per ear, weight per 1000 grains, and fertile tiller 

number. No record was made of infertile tillers. 

For grain yield analysis in 1967 two inner rows of the plot 

for a length of four metres were hand-sickled and threshed on the site 

with a Vogel nursery thresher. In 1968 and 1969 the sample length 

was reduced to three metres. These are referred to in the text as 

"Hand Harvests". 

Immediately following harvest the moisture content of the 

grain was measured on a Marconi - Model 1-4-1 moisture meter after 

which the grain was dried by hot air at 112°F for 24 hours prior to 

weighing. Grain protein was measured 6-12 weeks after harvest. 

Where cultivars were grown which were susceptible to either 

stem rust (Puccinia graminis f.sp. tritici Eriks and Henn.) or leaf 

rust (Puccinia recondita Rob ex Desm.), development of these diseases 

was prevented by the application at heading and post flowering of the 

prophylactic spray nickel dithane, "DS32". 
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RESULTS 

6. 2. O. 

The Climate 

OVer the three years during which the trials'were conducted 

a wide range of seasonal variability was experienced. The difference 

in pattern of rainfall distribution between the three seasons is 

illustrated in Figure 12 and details of rainfall registration, district 

average rainfall and supplementary irrigation values for both sites 

are listed in Appendix 19. These .indicatethat in 1967 near drought 

conditions prevailed throughout the crop life cycle; 1968 was 

characterised by above average rainfall in winter and early spring, 

followed by predominantly dry weather for the remainder of the growth 

period; in 1969 rainfall of well above,average values was recorded·from 

seeding to maturity of the crop. 

The distribution of temperature over the crop cycle also 

showed wide variation between seasons (Figure 13). In 1967 minimum 

temperatures recorded at both sites were low during the Vegetative phase 

of crop development and frost incidence was high. In the following 

phases of development temperatures were high, particularly at the 

Gunnedah site where.the crop matured in.2l weeks from establishment,. 

this being the, shortest crop cycle .recorded during the trials (c.f. 

Gunnedah 1969 - 24 weeks). In the winter of 1968 mintmumtemperatures. 

recorded·were.well above average due to the frequency of rain and cloud; 

frosts were rare. spring and early summer temperatures closely followed . 
long term average values with the exception of two brief heat waves in 

October and November when temperatures in excess of 103°F were recorded 
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at both sites. 

In 1969 winter temperatures were again well above. average 

values. On .9. September after a maximum of 65°F, the minimum temperature 

at the Gunnedah site fell to 26°F. This was followed by a succession of 

below freezing, daily minima, climaxing in a frost of exactly 12 hours 

duration with a minimum screen recording of 20°F on 13. September. 

Following on,a preceding daily maximum of 62°F, the combination of the 

magnitude and duration of this frost was responsible for the worst frost 

damage ever experienced over the wheat areas of northern New South Wales 

and southern Queensland. A succession of frosts followed and persisted 

until the end of September when on 27, September a.daily maximum of 80°F 

was followed by a minimum of 25°F. Despite the severity of these frosts 

at a time when the plants in the plots were in a stage of mid-tillering, 

visible damage to heads, on emergence, was slight,relative to general 

crop damage. Conversely visible stem damage was severe and is believed 

to have contributed to lodging of the plots and low 1000 grain weight 

of harvested seed. The temperature record for sites and seasons in the 

form.of "day degree summations" on a weekly basis above a base line of 

40°F appears in Appendix 20. 

Despite the marked seasonal variation of temperature and rain

fall distribution encountered between years, the plots were well grown, 

on all occasions and lodging was encountered only in the plots of 1969. 

The extent of plant growth in these plots is illustrated in Plates 7, 

8 and 9. 
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FIGURE 12 

Rainfall distribution and supplementary irrigation 

at the Tamworth and Gunnedah sites 1967 - 1968 - 1969. 
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FIGURE 13 

Temperature distribution at the Tamworth and 

Gunnedah sites 1967 - 1968 - 1969. 
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PLATE 7 

Nitrogen response plots - Tamworth (top) in October 

and Gunnedah (below) in August 1967. 
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PLATE 8 

Nitrogen response plots - Tamworth (top) in September 

and Gunnedah (below) in August 1968. 
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PLATE 9 
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Nitrogen.response plots - Tamworth (top) in October t 
and Gunnedah (below> in.October 1969. I 
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--
plant Establishment 

The results of establishment counts on plots sown,over the 

period of the research programme are summarised in the following Table 25. 

TABLE 25 
{ 

ESTABLISHMENT COUNTS PER FIVE METRES (Mean of all Treatments) 

Year Cultivar Gunnedah Tamworth 

Irrig. Dry Irrig. Dry 1: 

1967 Mexico 120 72.0 69.0 77.8 64.4 

Chile lB 70.8 80.8 67.3 58.8 

8704 Dwarf 72.5 74.1 49.2 50.6 

Durum Dwarf 83.0 81.0 53.9 41.7 

Funello 74.0 72.8 64.5 54.2 1t ~ 

~ i 
Insignia 76 .. 2 71.8 88.3 88.0 r 

I 
Gamut 79.0 70.6 80.4 70.6 , 

r~ 

Timgalen 73.6 71.8 96.8· 75.0 

5% Studentized Range. (Cultivars) =..6.30 (8 means) 

1968 Mexico 120 84.2 82.7 83.7 84.3 

Chile lB 84.8 84.8 83.3 82.8 ~ 

Durum Dwarf 78.5 79.3 83.8 83.0 f 1 ,-
Gamut 84.0 83.0 84.8 83.8 

T:i,mgalen 81.8 83.0 84.3 84.6 

5% Studentized Range (Cultivars) = 3.06 (5 means) 

1969 Mexico 120 80.4 84.6 85.5 89.3 

Chile lB 77.7 82.9 83.4 86.4 

Gamut 83.5 80.8 92.7 81.3 

Sonora 64A 83.0 88.1 87.5 88.4 

5% StudentizedRange (Cultivars) = 3.21 (4 means) 
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When collecting data related to establishment number.of seed-

lings in the plots in 1967, there appeared to be differences between 

some plots within each site, notably those.planned for future irrigation 

treatments. These were surprising in view of the care which had been 

taken to ensure uniformity of·seedsize, uniform. preparation of seed 

beds, common time of sowing and common seeding equipment. In view of 

these differences data were analysed according to a linear model which 

included a between plots within sites term (Appendix 21). To support the 

above model the site x irrigation interaction was computed and was 

significant at the 1% level •. Examination of the two way table of means 

showed that the plot to be subsequently irrigated at Tamworth was 

significantly (P < 0.01) lower in establishment than Tamworth irrigated, 

and Gunnedah irrigated and dryland plots, which were not significantly r 
j 

I 
i different. 

The analysis of variance established that there were signifi-

cant differences between cultivars and sites (P<·O.OOl). In means for 

cultivars the lowest establishment rate was associated with the cultivars r 
8704 Dwarf, Durum Dwarf and Funello which were not significantly 1. 

different. The group Funello, Chile lB and Mexico 120 was superior 

(p < 0.05) to Gamut, which in turn was inferior (P < 0.05) to the group 

Timgalen and Insignia. Thus the tall stature wheats were all signifi-

cantly higher in establishm~nt rate (P < 0.05) than the shorter stature. 

types. The table of means for the significant (p <0.001) site x 

cultivar interaction indicated that at Tamworth the cu1tivars could be 

grouped in increasing establishment categories as follows , [DUrum Dwarf 

and 8704 Dwarf], [Fune110 and Chile lB], [Mexico 120 and Gamut], and 
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[Timgalen and Insignia] all of which were significantly different 

(P < 0.05). At Gunnedah, Durum Dwarf, Chile lB, Gamut, Insignia, 

8704 Dwarf and Funello constituted a group the components of which were 

not significantly different, but a second group consisting of all 

cultivars other than Durum Dwarf could also be formed. The basis of 

the significant (P < 0.05) site x irrigation x cultivar interaction 

was found on examination to be at the Tamworth site, where Timgalen 

recorded high establishment rates in the irrigated plots. Insignia was 

high in both irrigated and dry land plots, whereas Durum Dwarf and 

8704 Dwarf recorded low establishment rates in both Tamworth plots. 

The ranking of cultivars established in, the analysis of 

variance indicated a lower level of establishment for the shorter 

stature types than that of taller stature. 

Allan, Vogel, Russel, and Peterson (1965) established a 

relationship between.seedling characteristics and stand establishment 

in semi-dwarf wheats which suggested a coleoptile study of a range of 

short and tall stature wheats the results of which are listed in 

Table 26. 
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TABLE 26 

COLEOPTILE LENGTH OF SOME STANDARD AND SHORT, 

STATURE WHEATS (after 6 days at 70°F) 

cultivar 

Gabo 

Festival 

Gamut 

pitic ,62 

Durum Dwarf 2408. 

Chile lB 

Sonora 64A· 

8704 Dwarf 

Mexico 120 

Height, 
Classification 

standard 

Standard 

standard 

Semi-Dwarf 

Semi-Dwarf 

Semi-Dwarf 

Semi-Dwarf 

Dwarf 

Dwarf 

5% Studentized Range = 

(Cultivars) 

Coleoptile Length 
(Mean of 12) 

6.94 mm 

6.80 

5.81 

5.62 ' 

5.02 . 

4.96 

4.90 . 

4.05 

4.02 

0.495 (9 means) 

0.310 (2 means) 

The data indicated significant (P < 0.001) differe~ces in length 

of coleoptile between full dwarfs (8704 Dwarf and Mexico 120), semi-

dwarfs (Sonora, Chile lB, DurumDwarf 2408) and the.standard height 

cultivars (Gabo, Festival and Gamut) (Appendix.22). Pitic 62 appeared 

to be intermediate in this character between semi-dwarf and standard 

height. types. The relationship between coleoptile length and straw 

height at anthesis for the cultivars examined was found to be a strong 

one, r = 0.877 *** (Appendix 22b). 
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On the basis of these findings, and in view of the loose seed-

bed at sowing in 1967 at the Tamworth plot, which allowed excess pene-

tration of the seeding combine, it was concluded that the differences 

in establishment between short and standard types resulted from excess 

sowing depth. In subsequent years sowings were purposely shallow, and 

uniformity of stand was improved. 

In 1968 analysis of variance showed that there were nosignifi-

cant differences between sites, nitrogen treatments of cultivars 

(Appendix 23). In 1969, however, mean establishment at Tamworth was 

higher (p < 0.05) than that of Gunnedah (Appendix 24). Examination of 

the means for cultivars indicated that these could be placed in two 

groups. In the first group were Gamut, Chile lB and Mexico 120, in 

the second group were Mexico 120, Gamut and Sonora 64A. Within each 

group differences were not Significant. Only Sonora 64A was signifi-

cantly (p < 0.05) higher in establishment rate to Chile lB. The irrigation 

x cultivar interaction was computed and found to be significant (P < 0.001). 

The basis for significance was found on examination of means to be 

significantly (p < 0.05) higher establishment rate in the plots to be 

irrigated for the cultivar Gamut. For the other cultivars there were no 

significant· differences between plots. 

Leaf Area and Tiller Number at Ear Emergence 1968 and 1969 

Mean leaf area for the sub-sample of fifteen tillers, and tillers 

per metre row are recorded in. Table 27 for all cultivars during 1968 and 

1969 when this type of harvest was undertaken. As the irrigation treat-

ments had not been imposed at this stage the values presented in the 
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Table are means for both "irrigated" and "dryland" plots for each site. 

For leaf area and tiller number only the lowest rate of the split appli
• 

cation of nitrogen, i.e., 28 Kg N/ha is included in the data.for analysis. 

TABLE 27 

LEAF AREA AND TILLER NUMBER AT EAR EMERGENCE 

Year Cultivar Treatment Gunnedah Tamworth 

Leaf Tiller Leaf Tiller 
Area No. Area No. 

1968 Mexico 120 o Kg N/ha 340cm2 73 291cm2 57 

56 390 69 384 63 

112 451 74 389 61 

224 496 79 427 59 

" Chile 1B 0 276 66 401 57 

56 358 65 426 62 

112 453 75 644 58 

224 614 83 658 63 

" Gamut 0 406 65 351 57 

56 402 59 369 57 

112 428 6~ 377 63 

224 443 69 373 57 

" Timga1en 0 262 60 234 61 

56 265 53 257 57 

112 241 60 278 65 

224 258 67 321 68 

" Durum Dwarf 0 424 33 378 36 

56 512 49 416 38 

112 646 58 679 44 

224 850 60 878 39 

Leaf Area - 5% studentized Range sites = 24.36 (2 means) 
Nitrogen = 33.05 (4 means) 
Cu1tivars = 39.22 (5 means) 

Tiller No. - 5% Studentised Range sites = 5.18 (2 means) 
Nitrogen = 7.97 (4 means) 
Cu1tivars = 9.46 (5 means) 

- H~n 

;.: E ~-,~_'2!~ 

...; 



TABLE 27 

Year Cu1tivar Treatment Gunnedah Tamworth 

Leaf Tiller Leaf Tiller 
Area No. Area No. 

1969 Mexico 120 o Kg N/ha 309cm2 67 5llcm2 56 

28 313 67 503 57 

56 412 64 547 52 

112 460 68 584 57 

224 643 72 657 65 

" Chile 1B 0 527 81 744 69 

28 542 79 715 56 

56 540 80 784 65 

112 600 81 910 71 

224 629 87 957 62 

" Sonora 64A 0 706 96 670 71 

28 720 88 661 63 

56 745 93 757 73 

112 805 86 836 76 

224 821 91 860 86 

" Gamut 0 614 75 800 63 

28 613 78 805 58 

56 636 51 793 62 

112 651 72 890 59 

224 670 79 809 61 

Leaf Area - 5% Studentized Range Sites = 33.61 (2 means) 
Nitrogen = 52.83 (5 means) 
Cu1tivars = 44.52 (4 means) 

Tiller No. -.5% Studentized Range sites = ... 2.96 (2 means) 
Nitrogen = 10.77 (5 means) 
Cu1tivars = 9.08 (4 means) 
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In analysis of variance for leaf area at ear emergence in 1968 

(Appendix 25a) there were significant differences (P < 0.001) between 

cultivars and between nitrogen treatments. Means for cultivars could 

be grouped in increasing order of leaf area as follows; [Timgalen], 

[Gamut and Mexico 120], [Chile lB] and [Durum Dwarf]. All groups were 

significantly different (P < 0.01). 

A significant (p < 0.001) site x cultivar interaction established 

that, although the ranking and grouping at the Tamworth site was the same 

as that for the means for cultivars above, at the Gunnedah site Chile lB 

was not significantly different from Mexico 120 and Gamut. The means 

for nitrogen treatments showed that there was progressive increase in 

leaf area with increasing rates of nitrogen, each treatment being 

singificantly different (P < 0.01). A significant (p < 0.001) nitrogen 

x cultivar interaction however, established that response was restricted 

to the three cultivars of short stature. For Durum Dwarf and Chile lB 

the nil treatment and 56 Kg N/ha were not significantly different, but 

the rates 112 and 22~ Kg N/ha each made up a group which was signifi

cantly (P < 0.01) larger. For Mexico 120 the rate 56 Kg N/ha, which 

was not significantly different from 112 Kg N/ha, was superior (p < 0.05) 

to the nil treatment; 224 Kg N/ha was not significantly different from 

112 Kg N/ha, but was superior (p < 0.05) to 56 Kg N/ha. 
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In the analysis for data on leaf area at ear emergence in 1969 

(Appendix 25b) there were significant differences (p < 0.001) between 

sites, cultivars and nitrogen treatments. Leaf area at the Tamworth 

site was superior to that at Gunnedah. Means for cultivars showed that 

Mexico 120 was inferior (P < 0.01) to all other cultivars which made 

up two overlapping groups consisting of [Chile lB and Gamut] and (Gamut 

and Sonora 64A). The site x cultivar interaction was however significant 

(P < 0.001) and demonstrated that at Gunnedah all cultivars were 

significantly different (P < 0.01). 

At Tamworth Gamut and Chile lB were in one group which was 

Significantly larger. (p < 0.05) than Sonora 64A which was significantly 

larger (P < 0.01) than Mexico 120. The means for nitrogen treatments 

demonstrated progressive increase in leaf area for increasing rates 

of nitrogen application above 28 Kg N/ha - (half of the lowest split 

rate) which was not significantly different from the nil treatment. 
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In the significant(p < 0.05) nitrogen x cultivar interaction table of 

means Gamut was again seen to be.non-responsive to any nitrogen treat-

ment in this parameter. For the other cultivars there was no signifi-

cant difference between.28 Kg N/ha and the nil treatment, or for 

Sonora 64A and Chile lB between 56 Kg N/ha and the nil rate, and 

between 112 and 224 Kg N/ha. For Mexico 120 the rate 112 Kg N/ha 

which was not significantly different from 56 Kg N/ha was however 

superior (p <.0.05) to the group (nil, 28 and 56 Kg N/ha). The heaviest 

rate of application was superior (P < 0.01) to all other treatments. 

Leaf Area At E aJ'£mersenceJ969 
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no 
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Comparison of leaf area data over 1968 and 1969 for the three 

cultivars common to both seasons at common rates of nitrogen demonstrated 

that, for the two seasons a larger leaf area (p < 0.001) was produced at. 

the Tamworth site (Appendix,25c). The analysis demonstrated that leaf 

area production was greater (p < 0.001) in 1969 than in 1968. There was 
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progressive response (P < 0.01). to each increasing level of nitrogen 

application a~d on.the basis of means for cultivars, Chile lB and Gamut 

which were not significantly different, produced a larger leaf area 

(P < 0.01) than Mexico 120. The cause of a significant(p < 0.001) 

year x cultivar interaction was found to be the superiority (P < 0.01) 

of Mexico 120 in 1968 over Gamut and Chile l~ which were not signifi-

cantly different, and the inferiority (p < 0.01) of Mexico 120 in 1969 

to the other two cultivars which were again in one group. The significant 

(p < 0.001) nitrogen x cultivar interaction table of means showed· that 

Gamut was superior (P < 0.01) in leaf area to the other cultivars at . 

nil nitrogen, but inferior (P < 0.01) to Mexico 120 and Chile lB which 

were not significantly different at the higher rate of 224 Kg N/ha. 

Mexico 120 which was ranked lowest at the nil rate moved. to equal top 

ranking in leaf area at the highest rate {224 Kg N/ha) , indicating the ".----. 

ability in this cultivar for major response in terms of leaf area to 

high rates of nitrogen. 

LEAf AR£A AT EAR EMERGENCE 1968 ... 1969 
• 
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Analysis of variance for the data on tiller number at ear 

emergence in 1968 (Appendix,26a) established significant differences 

between sites (P < 0.05) nitrogen treatments (P < 0.05) and cultivars 

(P < 0.001). Tiller production at the Gunnedah site was superior to 

that at Tamworth. Means for cultivars showed that Durum Dwarf was 

inferior (P < 0.01) to the other cultivars which were not significantly 

different. The heaviest rate of nitrogen application was superior in 

mean value (p < 0.05) to the nil treatment which was not significantly 

different to the rates 56 and 112 Kg N/ha. A further group could be 

formed and consisted of the rates 56, 112 and 224 Kg N/ha. 

L 
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In 1969 tiller production at the Gunnedah site a~ ear emergence 

(Appendix 26b) was again superior (p < 0.001) to that at Tamworth. There 

was not, however, a significant response to nitrogen treatments. Means 

for cultivars demonstrated that Sonora 64A was superior (p < 0.05) to 

Chile IB, which was superior (p < 0.05) to the group [Mexico 120 and 
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Gamut]. The site x cultivar interaction was not significant. 

Comparison of tiller number data over 1968 and 1969 for 

Mexico 120, Chile IB and Gamut (Appendix 26c) established that at 

Gunnedah significantly (P < 0.001) more tillers were produced. Means 

for cultivars demonstrated that Chile IB had more tillers (p < 0.05) 

than Gamut and Mexico 120 which were not significantly different. Mean 

tiller numbers for the cultivars were not significantly different 

between years and there was no response to nitrogen treatments. 

The effect of nitrogen treatments in the ear emergence harvests 

was increases in leaf area in 1968 and 1969 and increase in tiller 

number in 1968. However, when these relationships were examined for 

separate cultivars no systematic inferences could be drawn about response 

of standard or dwarf cultivars, indicating the varietal nature of response. 

The levels of significance for the individual regressions of I , 
leaf areas and tiller numbers with nitrogen treatments are listed in 

~ 

(Appendix 26d). Mean dry weights of the above ground plant organs at the 

stage of anthesis are recorded in the following table. 
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TABLE 28 

ANTHESIS DRY WEIGHTS 1967, 1968 AND 1969 

Year Cu1tivar Kg N/ha Tamworth Gunnedah 

1967 Mexico 120 0 154.0 g. 250.3 g. 

56 172.0 249.0 

112 164.0 246.3 

168 154.0 249.7 

" Chile 1B 0 156.0 257.0 

56 155.0 254.3 

112 165.0 249.0 

168 154.0 247.0 

" Gamut 0 227.0 288.0 

56 243.0 288.0 

112 255~0 271.0 

168 233.3 279.0 

" Timga1en 0 197.0 271.0 

56 187.0· 284.0 

112 184.0 324.0 

168 190.0 278.0 

" Durum Dwarf 0 135.0 290.0 

56 140.0 281.0 

112 153.0 274.0 

168 155.0 286.0 

" 8704 Dwarf 0 138.0 257.0 

56 134.0 257.0 

112 134.0 250.0 

168 143.0 245.0 

" Fune110 0 168.0 235.0 

56 165.0 239.0 

112 151.0 249.0 

168 165.0 244.0 
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TABLE 28 (Cont.) 

Year Cu1tivar Kg N/ha Tamworth Gunnedah 

1967 Insignia 0 234.7 g. 288.0 g. 
56 233.0 280.0 
112 223.0 275.0 
168 234.0 278.0 

1968 Mexico 120 0 239.0 284.0 
56 291.0 281.0 
112 315.0 277 .0 
224 251.0 324.0 

" Chile 1B 0 283.0 235.0 
56 349.0 313.0 
112 271.0 288.0 

224 21100 344.0 

" Gamut 0 292.0 261.0 
56 267.0 349.0 

112 288.0 382.0 

224 314.0 427.0 

" Timga1en 0 302.0 231.0 i 
J 

56 300.0 293.0 
~ . 

112 256.0 295.0 

224 300.0 327.0· 

" Durum Dwarf 0 275.0 162.0 

56 265.0 200.0 

112 265.0 294.0 

224 250.0 256.0 

1969 Mexico 120 0 248.0 296.0 

28 241.0 290.0 

56 283.0 275.0 

112 295.0 307.0 

224 254.0 266.0 
~ 

. ~ 
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TABLE 28 (Cont. ) 

Year Cu1tivar Kg N/ha Tamworth Gunnedah 

1969 Chile 1B 0 264.0 g. 314.0 g. 

28 274.0 345.0 

56 240.0 330.0 

112 300.0 323.0 

224 245.0 274.0 

" Gamut 0 258.0 395.0 

28, 242.0 319.0 

56 214.0 329.0 

112 220.0 378.0 

224 228.0 317.0 

" Sonora 64A 0 378.0 362.0 

28 271.0 344.0 

56 287.0 342.0 

112 249.0 347.0 

224 267.0 338.0 

1967 Studentized Range (Cu1tivars) = 26.44 (8 means) 

" . (Nitrogen) = 15.86 (4 means) 

" (Sites) = 7.03 (2 means) 

1968 Studentized Range (Cu1tivars) = 38.82 (5 means) 

" (Nitrogen) == 32.71 (4 means) 

" (Sites) = 41.63 (2 means) 

1969 Studentized Range (Cultivars) = 31.99 (4 means) . 
" (Nitrogen) = 37.97 (5 means) 

" (Sites) = 47.12 (2 means) 
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When data for plant dry weight at anthesis in 1967 were analysed 

(Appendix 44) it was found that sites and cultivars were significantly 

different (p < 0.001). The mean dry weight for the Gunnedah,site was 

greater than that at ,Tamworth. This result was interpreted as a response 

to the pre-sowing irrigation used as a general farm practice at the 

Gunnedah site, rather than the result of the higher plant establishment 

rate referred to previously. Examination of the m'eans for cultivars 

established that Gamut, Insignia and Timgalen which were in two ove~-

lapping groups were superior (P < 0.01) to ,all other cultivars which 

made up a group consisting of all short stature wheats. The basis of a 

significant (P < 0.001) cultivar x site interaction was a differential 

response in ranking occurring in all cultivars between sites, and no, 

useful pattern was evident. There was no significant response to 

nitrogen treatments. 

In 1968, when the rainfall during the growing season was greater 

there were not significant differences between sites (Appendix 45). 

There were however, significant differences, (p < 0.01) between nitrogen 

treatments and cultivars. In the means for nitrogen treatments it was 

found that all positive rates of application of nitrogen, which were " 

not significantly different, were superior (p < 0.01) to the nil 

treatment. There ,was however, a ,significant (P < 0.001) nitrogen x 

site interaction, the means for which demonstrated that, at the Tamworth 

site there were ,not significant differences between nitrogen treatments. , , 

At Gunnedah all positive rates of application, which were in two over-

lapping groups, were superior (P < 0.01) to the nil treatment. 
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The data for dry weight in 1969, when analysed, again established 

significant differences between sites (p < 0.05) and cultivars (p < 0.01) 

(Appendix 46). There was no significant response to nitrogen treatments. 

At .Gunnedah mean dry weights were larger. than at Tamworth. In the means 

for cultivars, Sonora.64A was superior (p < 0.05) only to Mexico 120, which 

was not significantly different to Chile lB and Gamut. As in 1968 a 

. significant (P < 0.01) site x cultivar interaction table of means 

demonstrated the absence of significant differences between cultivars 

at Tamworth. At Gunnedah however, Chile lB, Gamut and Sonora.64A made 

up a group which was significantly larger (P < 0.05) than Mexico 120. 

ANTHESIS HARVEST ANALYSES 

Data for individual cultivars from these analyses for 1967, 

1968 and 1969 are tablulated in. the Appendix Section (Appendices 27 - 44) •. 

The values recorded represent the arithmetic mean of 15 tillers, except 

in the case of leaf areas, where it is the total leaf area of the 15 

tillers. 

Because of the volume involved in the full statistical treat

ment of these data, it has been decided to restrict this section to the, 

following inferences, and to publish a full account of this section 

at a later date. 

In the 1967 season at either site there was no apparent response 

to applied nitrogen, in stem height or diameter, green or senescent leaf 

number, weight or area of either flag or green leaves and weight or 

area of heads. Leaf area values at this stage, however, were generally 
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high and there appears ,in the data a substantial total leaf area advantage 

(except in the case of DurUm Dwarf 2408) for the Tamworth site in compari

son to the Gunnedah plot. Senescent leaf numbers were high at both sites. 

In 1968 there was no obvious response to nitrogen treatments in 

stem length, diameter and weight~ nor in green leaf number. Whilst there. 

appeared to be a tendency to an increase in the flag leaf weights, there 

was a definite increase in area of flag leaf with increased nitrogen. 

applications in all cultivars. In total leaf area Timgalen and Gamut 

generally showed no increase; Mexico 120 and Chile lB showed substantial 

increases, while Durum Dwarf exhibited massive response in this parameter. 

Similarly, while Timgalen and Gamut indicated no increase in head area 

as nitrogen fertilization increased, the short stature wheats Chile lB, 

Mexico 120 and Durum Dwarf 2408 generally showed,some increase, although 

the response was of less magnitude than that of ,the flag leaf area •. In 

the 1968 harvest, total leaf areas were low in, comparison to the other, 

seasons, and the differential in ,values between sites was only slightly 

maintained. Senescent leaf number was generally lower for a~l cultivars 

than in the preceding year, and reflects the ,better seasonal conditions 

during the winter period. 

In 1969, flag leaf area again responded to increased levels of 

nitrogen. However, during this season Gamut showed an increase in the. 

area of other leaves as well, particularly at the higher rates of 

application. Total leaf areas were generally well above.those of the 

preceding season, and with the ,exception of Mexico 120, were the ,highest 

recorded over the duration of the trials for those cultivars cammon to 
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the three seasons. Again the differential in total leaf areas between 

sites was maintained, substantiating the superiority in leaf production 

for the Tamworth site established by analysis at ear emergence. 

senescent leaf number in 1969 was, for all cultivars, the lowest 

recorded. 

GRAIN HARVEST 

Grain moisture contents at the time of harvesting for the 

cultivar Gamut only are listed in Table 29. The results indicate differ-

ences between seasons at both sites and a considerable difference between 

sites in 1969 only. In comparison to the State average value of 9~7% 

for the period 1935-1970 (Callaghan 1971) the recorded values may be 

described as average,.low and high in 1967,1968 and 1969 respectively. 

TABLE 29 

GRAIN MOISTURE %AT HARVEST - GAMUT 

Gunnedah Tamworth 
1967 

10.0 9.7 

Gunnedah Tamworth 
1968 

7.1 8.0 

Gunnedah Tamworth 
1969 

14.3 11.9 

I Grain yield data for hand harvests (Tables 30, 31 and 32) are 

presented hereunder. 
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TABLE 30 (Cont.) 

Year Cu1tivar Treatment Gunnedah Tamworth 
Kg.N/ha Irrigated Dry1and Irrigated Dry1and 

1967 8704 0 729 g. 440 g. 764 g. 474g. 

56 722 402 857 387 

112 708 411 752 397 

168 729 402 760 451 

5% Studentized Range Cu1tivars = 36.61 (8 means) 

Nitrogen = 21.99 (4 means) 

Irrigation = 28.62 (2 means) 

TABLE 31 

GRAIN YIELD - HAND HARVEST (mean of 3 blocks) 

Year Cu1tivar Treatment Gunnedah Tamworth 
Kg.N/ha Irrigated Dry1and Irrigated Dryland 

1968 Mexico 120 0 427 g. 276 g. 598 g. 456 g. 

56 450 333 569 366 

112 422 348 573 438 

224 453 286 579 306 

Chile 1B 0 515 283 475 356 

56 452. 344 619 468 

112 495 368 570 435 

224 427 341 601 480 
~ 
I· 

Gamut, 0 428 334 516 465 l , 
56 478 385 472. 512 

112 419 381 548 469 

224 368 368 568 456 

Timgalen O· 261 315 558 481 

56 289 346 588 463 

112 334 362 603 . 450 

224 336 356 560 497 
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TABLE 31 (Cont. ) 

Year Cultivar Treatment Gunnedah Tamworth 
Kg.N/ha Irrigated Dryland Irrigated Dry1and 

1968 Durum Dwarf 0 376 g. 145 g. 618, g. 368 g. 
2408 

56 363 175 509 377 
,-' 

112 334 190 591 383 

224 398 215 548 397 

5% studentized Range Cu1tivars = 25.55 (5 means) 

Nitrogen = 21.55 (4 means) 

Irrigation = 32.34 (2 means) 

TABLE 32 

GRAIN YIELD - HAND HARVEST (mean of 3 blocks) 

Year Cu1tivar Treatment Gunnedah Tamworth 
Kg.N/ha Irrigated Dryland Irrigated Dry1and 

1969 Mexico 120 0 610 g. 476 g. 393 g. 344 g. 

56 501 ' 383 374 341 

112 544 370 322 350 

224 518 365 339 342 

28 + 28 433 343 293 347 

56 + 56 523 412 352 378 

112 + 112 367 225 308 340 

Chile 1B 0 496 594 440 317 

56 519 495 376 342 

112 460 515 308 321 

224 447 589 337 320 

28 + 28 488 435 292 336 

56 + 56 383 488 313 323 

112 + 112 333 343 283 270 
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Analysis of variance of grain yield data in 1967 established 

singificant'differences between.sites (p < 0.01), betweenirrigat!on 

treatments (P< 0.001) and between cultivars (p < 0.001). There were no 

significant'differences between nitrogen treatments (Appendix 47). There. 

was superior yield· (P< 0.0l) at the Tamworth site. A significant 

(P < 0.01) site x irrigation interaction showed that dryland plots at 

Tamworth and Gunnedah were not. significantly different, but irrigated, 

plots at Tamworth produced a higher yield (p < 0.01) than irrigated 

plots .. at Gunnedah~ Mean yields for cultivars could be . grouped by 

studentized Range Tests in increasing order as follows; [Durum Dwarf], 

[8704 Dwarf and Funellol and [Gamut and Timgalen). Th~se groups were 

significantly different at the 5% level. A further group was· formed 

by.Timgalen, Chile IB# Mexico 120 and Insignia, all' of which were ,not 

significantly different. 

In the table of means for the significant (P < 0.001) cultivar 

x site interaction it was apparent from the ~ultiple range tests at , 

both sites that a major portion of the interaction arose.from the 

occurrence of Chile IB in·a middle grouping at Tamworth, where it was· 

significantly less (P < 0.05) than the group (Timgalen, Insignia and 

Mexico 120). At Gunnedah however it was superior (P < 0.05) to all, 

other cultivars. In examination of.the significant (P < 0.001) irri-

gation x cultivar interaction, Mexico 120 and Chile IB appeared to 

respond'significantly to. irrigation treatments. In the irrigated plots 

Mexico 120 was superior (P < 0.01) to Insignia, but not significantly 

different to Chile lB... In the dryland plots Insignia was superior 

(p < 0.05) to all othercultivars whereas Chile IB, Mexico 120 and Gamut 
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which were not significantly different made up a mid group. 

In 1968 there were again significant differences (P < 0.001) 

between sites, irrigation treatments and cultivars (Appendix 48). 

There was also a significant difference (P < 0.05) between nitrogen 

treatments. Mean grain yields at the Tamwor~h site were again 

superior (P < 0.01) tO,those at Gunnedah. The response to irrigation 

treatments was a sUbstantial one (p < 0.01) at both sites. Tamworth 

dryland plots however, were not significantly different from irrigated 

plots at Gunnedah. On the basis of mean yields Durum Dwarf was inferior 

(P < 0.05) to the other cultivars, which were ranked in two overlapping 

groups. The main features of the significant (p < 0.001) site x cultivar 

x irrigation interaction table of means was found to be,the spectacularly 

low yield,of Durum Dwarf in the Gunnedah dry land plot, and the differen-

tial responses of the group [Mexico 120 and Timgalen] compared with the, 

group [Chile IB and Gamut] between sites in the irrigated plots. Th~ 

table of means for the significant (p< 0.001) irrigation x cultivar 

interaction demonstrated superiority (P < 0.05) of Mexico 120 and Chile 

IB in irrigated plots, and superiority (p< 0.05) of Gamut, in non-

irrigated plots. Timgalen, which was in the lowest ranking in the 

irrigated plots, occupied second highest ranking in dry land plots. 

The effect ,of nitrogen treatments was a significant superiority 

(p < 0.05) of the 112 Kg N/ha rate over the nil rate which was not 

Significantly different from 56 or 224 Kg N/ha treatments. 

The basis of a significant (P < 0.05) nitrogen x cultivar 

interaction was found to be a,significant (P < 0.01) depression of 
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yield for Chile IB at the nil nitrogen treatment. Examination of the 

means for the site x cultivar x nitrogen interaction demonstrated that. 

this depression was restricted to the Tamworth site alone. 

In ,1969 there were significant differences (P < 0.001) between 

sites, cultivars and,nitrogen treatments (Appendix 49). Response to 

irrigation treatments was not significant. Whereas in 1967 and 1968 

grain yields had been heavier at the Tamworth site, mean yields in 1969 

were heavier at Gunnedah. At Tamworth there was lack of response to 

irrigation treatments, but at Gunnedah, despite the abnormally high 

rainfall recorded throughout. the entire season on top of pre-sowing 

irrigation, there.was significant (p < 0.01) increase in yield as'a 

result of the irrigation treatment. The table of means for the signifi

cant (p < 0.001) irrigation x cultivar interaction indicated that 

differential response was restricted to Chile IB and Mexico 120 at the 

two sites. Examination of multiple comparisons in : the site x cultivar 

interaction indicated that the above,differential response ~f Chile IB 

and Mexico 120 changed greatly in the dryland situation at both sites. ' 

At the Tamworth site Mexico 120 was not significantly greater than·· 

Chile IB, whereas at Gunnedah Chile IB was significantly greater 

(p < 0.01) than Mexico 120. 

Means for nitrogen. treatments demonstrated that yield was 

significantly depressed(P< 0.05) by all rates of nitrogen appli

cation above. 56 Kg N/ha, which was not significantly different from 

the nil. treatment. Heaviest depression resu~ted from the higher rates 

of nitrogen applied as a split dressing (Appendix 50). In examining 
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the ,ranges in. the levels of nitrogen rates in the significant (P < 0.001) 

site x nitrogen interaction it was seen that the significance was largely 

due to the small variation in the Tamworth yields (where there were two 

overlapping ranges) compared with the Gunnedah site which reflected .the 

same trends as in the mean.nitrogen effect discussed above. 

In Table 33 the mean grain yields over the three seasons for the 

common cultivars. (Mexico 120, Chile lB and Gamut) at 0, 56 and 112 

Kg N/ha are recorded. 

TABLE 33 

MEAN GRAIN YIELD (g) OVER 1967, 1968 AND 1969 

Mexico 120 Chile lB Gamut; 
Irrigated '. Dry Irrigated Dry Irrigated. Dry 

555 486 537 499 477 464 

5' Studentized . Range (Cultivars) • 16.27 (2 means) or 
19.59 (3 means) 

" " (Irrigation) .. 13.64 (2 means) 

In the analysis of variance for these data (Appendix 51) means 

for cultivarsdemonstrated that Mexico 120 and Chile lB, which were not 
, " 

significantly different" produced more grain (P. < .0.01>' than Gamut. 

The ir:tigation.x cultivar interaction however, .was signiticant·(p < 0.01)" 
\," . , , 

and established that, whereas .Mexico 120 and Chile. lB were superior 

(p < 0.01) tO,Gamut in irrigated plots, under dryland conditions Chile IB 

only was superior (p < 0.01). to Gamut, and two overlapping groups were 
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formed. by the three cultivars. The data from the table of means for 

this interaction are illustrated in the Appe~dix 51b diagram which 

illustrates the response of Mexico 120 and Chile IB to irrigation in 

the seed phase, and lack of response by Gamut. 

THE POST HARVEST ANALYSES 

As the 1967 samples were excessively damaged in transport 

between the field and the laboratory, data for post harvest analyses 

are available only for the 1968 and 1969 seasons. The parameters 

measured were grain number/ear, 1000 grain weight, ear length and 

tiller number/metre. Th~ results for each parameter, except for ear 

length (Appendix.53b) are listed separately hereunder. In data for 1969, 

results for only the.heaviest.of the split applications'have"been tabu-

lated .and analysed. 

TABLE 34 

GRAIN NUMBER PER EAR (Mean of Ten) 

Year. Cultivar. Treatment Gunnedah Tamworth 
Kg N/ha IRR. DRY IRR. DRY 

1968 Mexico 120 0 33.3 26.9 44.5 34.7 

56 30.4 26.1' 35.9 36.2 

112 31.9 26.7 34.2 38.9 

224 34.6 31. 7 41.4 32.4 

Chile lB 0 38.8 32.9 51.8 45.5 

56 37.4 35.9 42.3 46.5 

112 41.6 33.0 46.3 37.3 

224 3504 31.9 45.1 37.9 
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TABLE 34 (Cont. ) 

Year Cu1tivar Treatme:t:lt Gunnedah Tamworth 
Kg N/ha IRR. DRY IRR. DRY 

1968 Durum Dwarf 0 34.7 26.6 51.1 44.9 

56 34.7 25.9 52.9 43.4 

112 38.3, 28.0, 52.8 46.1 

224 35.7 24.3 49.7 41.7 

Timga1en 0 26.2 24.1. 41.1 , 37.8 

56 27.2 24.4 32.8 37.9 

112 25.0 24.8 34.2 31.7 

224 24.3 26.6 34.5 ' 33.1 

Gamut 0 32.3 ' 29.0 27.8 41,;2 

56 32.3 28.4 37.2' 36.8 

112 31.5 26.1 36.9 36.9 ' 

224 35.9 25.7 36.8 37.7 

5% studentized Range CU1tivars' = 2.558 (5 means) 

II " Nitrogen = 2.157 (4 means) 

Irrigation = 1. 760 (2 means) 

1969 Mexico 120 0 28.1 21.8 ' 37.6 33.6 

56 23.8 20.1', 38.7 30.3' 

112 24.6 19.7 39.3 33.4 

224 22.6 17.4 35.8 32.9 

112 + 112 16.6 16.6 33.7 36.4 

Chile 1B_ 0 29.0 26.2 33.7 36.8 

56 22.4 25.1 31.8 33.3 

112 24.6 2104 32.1 34.0 
j 

224 23.7 15.2 32.9 31.8 I 
112 + 112 22.9 15.0 33.1 . 29.7 

! 

26.5 26.0 27.3 28.2 
, 

Gamut 0 ' , 

56 24.4 26.9 25.7 28.3 

112 27.4 26.3 " 27.0 28.9 

224 26.2 25.2 27.0 28.3 

112 + 112 26.2 28.8 27.9 26.8 
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TABLE 34 (Cont. ) 

Year Cu1tivar Treatment Gunnedah Tamworth 
Kg N/ha IRR. ' DRY IRR. DRY 

1969 Sonora 64A 0 24.7 13.7 29.2 23.4 

56 22.0 11. 7 28.1 22.8 

112 22.9 17.3, 30.7 26.4 

224 16.6 10.6 28.3 25.4 

112 + 112 16.1 16.7 30.4 23.2 

5% Studentized Range Cu1tivars ... 1. 782 (4 means) 

" " Nitrogen == 2.113 (5 means) 

" " Irrigation == 1.449 (2 means) 

Analysis of variance for grain number per head in 1968 indicated 

that there were significant (p < 0.001) differenc~s between sites, irri-

gation treatments and cultivars (Appendix 52). Th~ mean values for 

Tamworth were larger, than for Gunnedah, and there was in this character 

positive response to the irrigation treatment. It was, found that means 

for cultivarscould be grouped into increasing grain number groups by . 

Studentized Range Tests into the following, all of which were significantly 

(p < 0.05) different; [Timgalen], [Mexico 120 and Gamut], and [Durum 

Dwarf and Chile IB]. The basis for the significant (p < 0.001) site x 

cultivar interaction was ,found to be the differential response of 

Chile 1B and,Durum Dwarf to sites. At ,Tamworth, Durum Dwarf was signifi-

cantly,larger (P < 0.01), than Chile lB. At Gunne~ah, Chile lB was signifi-

cantlylarger (p < 0.01) than all other cultivarsi and Durum Dwarf was 

in a midd1e,grouping. There was also a significant (P < 0.01) depression 

of Timgalenat the Gunnedah site. The main interest in the cultivar x 

irrigation table of means was',a significant,(P < 0.01) depression of 
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Timgalen in the irrigated sites. Nitrogen treatments failed to result 

in a significant response. 

Analysis of variance of grain number data for 1~69 {Appendix, 53) 

demonstrated significant differences in sites (P < 0.001), irrigation 

treatments (P < 0.01), and cultivars (P < 0.001). In contrast to the 

preceding year there was in 1969 a significant (p < 0.01) response to 

nitrogen treatments. Grain number was again superior at the Tamworth 

site, and there were larger grain numbers in irrigated plots. Examination 

of the means for cultivars indicated that Sonora 64A was inferior (P < 0.01) 

to the other cultivars which were not significantly different. The 

effect of nitrogen fertilizer was a significant (P < 0.05) depression 

of grain number by 56, 224 and (112 + 112) Kg N/ha below the nil treat~ 

ment, which was not significantly different from 112 Kg N/ha. In the 

table of means for the significant (p < 0.001) site x cultivar interaction 

it was apparent from multiple range tests at both sites that the major 

portion of the interaction arose from the superiority of Mexico 120 

(P < 0.01) over all other cultivars at the Tamworth site, where Gamut 

shared the position of lowest grain number with Sonora,64A. Atthe 

Gunnedah site Gamut had the highest (p < 0.01) grain number and Mexico 120 

occupied a mid grouping. Similarly, in the significant (p < 0.001) 

irrigation x cultivar interaction table of means, Mexico 120 in irrigated 

plots was superior (P < 0.01) to Gamut which occupied a mid grouping. 

In dryland plots Gamut, Chile lB and Mexico 120, which were not signifi

cantly different had a larger grain number (P < 0.01) than Sonora.64A. 
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TABLE 35 

1000 GRAIN WEIGHT 1968 AND 1969 (g. ) 

Year Cu1tivar Treatment Gunnedah Tamworth 
Kg N/ha IRR. DRY IRR. ' DRY 

1968 Mexico 120 0 42.7 36.9 39.5 35.7 

56 40.7 36.8 43.4 37.6 

112 35.6 30.9 40.7 39.9 

224 39.5 29.8 43.4 38.6 

Chile 1B 0 41.6 35.8 39.8 39.9 

56 42.4 35.9 40.8 36.1 

112 38.0 29.0 37.0 35.7 

224 36.3 30.6 39.3 32.5 

Durum Dwarf 0 45.9 36.3 43.8 43.5 
2408 

56 43.4 36.9 39.5 40.8 

112 45.3 32.7 40.8 39.1 

224 40.6 31.7 40.7 42.0 

Timga1en 0 39.0 31.3 40.0 36.6 

56 37.6 31.7 38.1 34.2 

112 35.2 28.6 38.3 32.1 

224 32.6 29.6 37.6 34.7 

Gamut 0 42.1 40.2 37.4 37.2 

56 43.5 37.2 41.6 32.5 

112 42.6 35.6 39.9 33.2 

224 36.2 30.0 36.6 32.6 

5% Studentized Range Cu1tivars == 1.765 (5 means) 

" " Nitrogen == 1.489 (4 means) 

" " Irrigation == 1.034 (2 means) 

1969 Mexico 120 0 28.6 27.1 28.5 30.8 

56 26.5 29.9 28.4 29.9 

112 26.3 27.9 31.1 30.5 

224 25.4 24.4 23.2 25.5 

112 + 112 2705 22.9 21.7 24.8 
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TABLE 35 (Cont. ) 

Year Cu1tivar Treatment Gunnedah Tamworth 
Kg N/ha. IRR. DRY IRR. DRY 

1969 Chile IB 0 25.6 30.1 27.3 32.5 

56 25.9 27.8 19.7 23.1 

112 23.4 28~1 18.5 22.7 

224 22.5 23.7 18.6 22.5 

112 + 112 25.5 24.9 17.6 21.1 

Gamut 0 24.7 28.8 22.8 24.8 

56 25.1 29.4 24.0 25.5 

112 25.5 27.3 22.0· 24.7 

224· 22.8· 27.8 23.2 23.5 

112 + 112 21.8 26.9 20.5 20.8 

Sonora 64A 0 32.0 30.7 18.4 22.1 

56 28.6 30.4 23.9 23.7 

112 33.4 28.5 22.2 23.3 

224 34.2 28.2 22.4 19.8· 

112 + 112 29.8 26.5 19.1 21.5 

5% studentized Range CU1tivars = 1.242· (4 means) 

" " Nitrogen = 1.473 (5 means) 

" " Irrigation = 0.884 (2 means) 

When data for thousand grain weight in 1968 were analysed 

(Appendix 54) there were significant differences between sites (P < 0.01)~ 

cultivars, irrigation and nitrogen treatments (p <0.001). Mean grain 

weight was heavier at the Tamworth site, and was heavier in irrigated 

plots when compared to dryland plots. A significant (p < 0.01) site x 

irrigation interaction indicated in the table of means that at Tamworth 

the difference between means of irrigated and dryland plots was 3.21 g., 

whereas at Gunnedah the difference was 6.68 g. Examination of means 
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for cultivars established that Timgalen was lighter (P < 0.05), and 

Durum Dwarf, although not significantly different to Mexico 120, was 

heavier (P < 0.05) than the other cultivars which could be. grouped into 

two overlapping groups. In the significant (P < 0.001) cultivar x site 

interaction table of means.the basis for the interaction was seen.to be. 

in the behaviour of Gamut between sites. At.Tamworth Gamut was in the 

group of lowest grain weight; at.Gunnedahit was with Durum Dwarf in 

the heaviest group. Gamut also figured prominently in the significant 

(P < 0.01) site x irrigation x cultivar interaction rising in ranking 

between irrigated and dryland plots. In this interaction Mexico 120 

and Chile IB decreased grain weight between irrigated and dryland plots. 

The effect of nitrogen treatments was found in the table of 

means to be a significant· (p < 0.01) drop in grain weight by rates in 

excess of 56 Kg N/ha, which was not significantiy different from the nil 

treatment. When the nitrogen sum of squares was partitioned in a 

linear regression sum of squares on one degree of freedom, and a residual 

sum of squares on two degrees of freedom, the linear effect of nitrogen 

level on the mean yield was significant (P < 0.001), and the deviations 

from the line were non-significant. The slope of this significant 

regression was -0.0165. When the significant (p < 0.001) site x nitrogen 

interaction table of means was examined it. was seen that at Tamworth there 
, 

f 
were no significant differences between nitrogen treatments, .whereas at 

Gunnedah the treatments could be grouped in decreasing order of grain 

Weight as follows; [56 and 0], [112], and [224 Kg N/ha]. Eachgroup 

was significantly different .. (p < 0.01). 
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Analysis of data,for thousand grain weight in 1969 established 

significant differences (P < 0.001) between sites, cultivars and nitrogen 

treatments. There were also significant differences (P < 0.01) between 

irrigation treatments (Appendix 55). Grain weight at the Gunnedah site 

was heavier than that from Tamworth, and, contrary to the previous year, 

grain from dryland plots was heavier than that from irrigated plots. In 

the table of means for cultivars, Mexico 120 was significantly (p < 0.01) 

heavier than Chile lB and Gamut which were not significantly different. 

A significant (P < 0.001) cultivar x site interaction table of means 

established that at the Gunnedah site, Sonora 64A produced heavier grain 

(P < 0.01) than the other cultivars which were not significantly 

different. At Tamworth Mexico 120 was superior (p < 0.01), to the other 

cultivars which could be grouped into two overlapping groups. In the 

table of means for nitrogen treatments the nil rate, which was not 

significantly different to 56 Kg N/ha, was superior (p < 0.05) to all 
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other treatments. Greatest reduction in grain weight resulted from 

the heaviest rate at seeding, and the heaviest split rate which were 

not significantly different. In the analysis the nitrogen x cultivar 

interaction was significant (p < 0.001). For Sonora 64A there were no 

significant differences between treatments, and for Gamut the only 

significant (p < 0.05) depression resulted from the heaviest split 

application. 

In Mexico 120 only the rates 224 and 112 + 112 Kg N/ha, which 

were not significantly different, resulted in depressed grain weight 

(P < 0.05). For Chile lB all rates of nitrogen application resulted 

in significant (P < 0.05) depression, but the largest response resulted 

from the rates 224 and 112 + 112 Kg N/ha. 
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As in the 1968 data there was a strong (p < 0.01) negative 

linear relationship between grain weight and increasing nitrogen levels. 

However this linear effect should be viewed with some caution due to, 

the obviously different relationship of grain weight and nitrogen level 

for the separate cu1tivars, giving rise to a significant (P < 0.001) 

cu1tivar x nitrogen interaction. 

TABLE 36 

TILLER NUMBER/METRE AT MATURITY 1968 

Year Cu1tivar Treatment Gunnedah Tamworth 
Kg N/ha IRR. DRY IRR. DRY 

1968 Mexico 120 0 107 88 73 78 

56 106 98 88 86 

112 110 95 98 85 

224 95 120 97 89 

Chile 1B 0 79 74 64 66 

56 110 83 75 62 

112 112 82 65 75 

224 114 89 67 88 

Durum Dwarf 0 56 46 60 50 
2408 56 81 56 68 64 

112 105 62 83 60 

224 94 78 82 86 

Timga1en 0 78 82 103 79 

56 114 146 123 115 

112 112 101 112 112 

224 132 129 157 132 
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TABLE 36 (Cont. ) 

Year Cultivar Treatment Gunnedah. Tamworth 
Kg N/ha IRR. DRY IRR. DRY 

1968 Gamut 0 80 75 63 53 

56 111 103 74 81 

112 96 86 68 76 

224 112 99 85 77 

5% studentized Range Cultivars = 7.388 (5 means) 

" " Nitrogen = 6.231 (4 means) 

Irrigation = 6.919 (2 means) 

TABLE 37 

TILLER NUMBER/METRE AT MATURITY 1969 

Year Cultivar Treatment Gunnedah Tamworth 
Kg N/ha IRR. DRY IRR. DRY 

1969 Mexico 120 0 117 135 94 75 

56 134 150 109 118 

112 153 161 127 110 

224 197 193 124 117 

112 + 112 196 212 159 103 

Chile 1B 0 149 71 a1 75 

56 143 110 73 74 

112 125 117 62 100 

224 131 123 70 122 

112 + 112 137 153 50 104 

Gamut- 0 170 166 89 81 

56 171 150 98 ao 

112 144 139 80 102 

224 165 165 70 98 

112 + 112 173 170 93 126 
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TABLE 37 (Cont. ) 

Year Cultivar Treatment Gunnedah Tamworth 
Kg N/ha IRR. DRY IRR. DRY· 

1969 Sonora 64A 0 166 152 116 74 

56 167 177 108 82 

112 148 135 69 87 

224 170 192 118 76 

112 + 112. 143 162 108 80 

5% Studentized Range Cultivars = 11.75 . (4 means) 

" " Nitrogen, = 13.94 (5 means) 

" " Irrigation = 8.69 (2 means) 

In the analysis of variance for data on tiller number/metre 

row at maturity for the 1968 season there were significant differences 

between sites (p < 0.01), irrigation treatments (P < 0.05), nitrogen 

treatments (P < 0.001) and cultivars (p < 0.001) (Appendix.56). More. 

tillers were produced at the Gunnedahsite and there was positive response 

in tiller number to irrigation. Means for tiller number of cultivars 

could be grouped .in increasing tiller production as follows; [Durum 

Dwarf], [Chile IB and Gamut], [Mexico 120] and [Timgalen]. The groups 

were significantly different at the 1% level. There were however, 

significant (P < 0.001) cultivar x site, and cultivar x site x irrigation 

treatment.interactions. These established that, at ,Tamworth the signifi-

cantly different (p< 0.01) groups were [Timgalen], [Mexico 120], [Gamut, 

Chile IB and Ourum Dwarf], and there was no difference in grouping 

between irrigated and .dryland plots. At Gunnedah the grouping differed 

between irrigation treatments. Indry1and plots the grouping was 

[Timga1en], [Mexico 120 and Gamut}, [Durum Dwarf] and Chile IB in two 
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overlapping groups. In the irrigated plots Timgalenwas in the.same 

grouping as Mexico 120, Gamut, and Chile lB. 

The effect of nitrogen treatments was a significant (p < 0.01) 

increase in tiller number, resulting from 56 and 112 Kg N/ha which were 

not significantly different, and a further significant (p < 0.01) increase 

to 224 Kg N/ha. The significant (p < 0.001) nitrogen x cultivar inter

action table of means established differences in response to rates of 

nitrogen for different cultivarswhich are summarised in. the following 

table. 

Cultivar Tillers Significantly Increased By 

Mexico 120 (112 and 224 Kg N/ha] 

Chile lB (56, 112 and 224 Kg N/ha] 

Durum Dwarf (56], [112 and 224 Kg N/ha] 

Timgalen [56] , [112] , [224 Kg N/ha] 

Gamut [56] , [112] , [224 Kg N/ha] 

Analysis of the data in 1969 showed superiority (p.< 0.001) 

in tiller production for the Gunnedah·site (Appendix 57). There was not 

however, a.significant response to irrigation treatments. On the basis 

of means for cultivars, Mexico 120 produced significantly (P < 0.01) 

more tillers than Gamut and Sonora 64A which were not significantly 

different, but were better tillered (P < 0.01). than Chile lB. Both the 

site x cultivar and the.site x cultivar x irrigation interactions were 

significant (p < 0.001). Examination of the table of means for the 
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former indicated that at Tamworth Mexico 120 produced more tillers 

(p < 0.01) than Chile IB, Gamut and Sonora 64A which were not signifi

cantly different. At Gunnedah, Mexico 120, Gamut and Sonora 64A formed 

a group which was significantly greater (p < 0.01) than Chile lB. Means 

for the three way interaction indicated that in dryland plots the 

grouping of cu1tivars into [Mexico 120, Gamut and Sonora) > [Chile IB) 

was identical at both sites. In irrigated plots at Tamworth the culti

vars were each significantly (p < 0.05) different in the order of 

Mexico 120 > Sonora 64A > Gamut > Chile lB. At Gunnedah irrigated plots 

Mexico 120 was significantly superior (P < 0.05) to Sonora 64A only, 

and there were two intermediate overlapping groups. In the means for 

nitrogen treatments the heaviest rate applied at seeding and the heavy 

split application, which were not significantly different, produced more 

tillers (P < 0.05) than the other treatments which. were not significantly 

different. The table of means for the significant (p < 0.001) nitrogen 

x cultivar interaction again showed that there were different varietal. 

responses to treatments. For Mexico 120 the largest response was from 

the 224 and 112 + 112 Kg N/ha applications. The rates 56 and 112 Kg N/ha 

also formed a group which was superior to the nil treatment. For 

Chile 1B and Gamut there were not significant differences between treat

ments; Sonora 64A formed two overlapping groups consisting of [112, 

112 + ,112, 0 and 56) and [112 + 112,0 56 and 224). 
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TABLE 38 

COMPARISON OF TILLER NUMBER AT EAR EMERGENCE. 

AND MATURITY IN 1968 AND 1969 

Year Cu1tivar Treatment Tiller Number 
Kg N/ha Ear Emergence Maturity 

IRR. DRY 

1968 Mexico 120 0 65 77 74 

56 66 81 79 

112 68 86 78 

224 69 83 87 

Chile 1B 0 62 67 66 

56 64 78 68 

112 67 78 73 

224 73 82 81 

Durum Dwarf 0 34 46 41 

56 44 59 52 

112 51 73 56 

224 50 69 66 

Timga1en 0 60 75 70 

56 55 87 93 

112 62 87 85 

224 68 106 99 

Gamut 0 61 66 63 

56 58 75 75 

112 65 74 73 

224 63 81 75 

1969** Mexico 120 0 62 84 83 

56 58 90 96 

112 63 101 99 

224 89 115 112 
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TABLE 38 (Cont.) 

Year. Cultivar Treatment Tiller Number 
Kg N/ha Ear Emergence Maturity 

IRR. DRY 

1969 Chile IB 0 75 75 75 

56 73 90 82 

112 76 85 92 

224 75 87 99 

Gamut 0 69 99 96 

56 57 96 86 

112 65 89 93 

224 70 94 101 

Sonora 64A 0 83 112 98 

56 83 110 106 

112 81 95 96 

224 88 116 III . 

** Nitrogen at Seeding only 

* Mean of both sizes. 

When the mean tiller number at maturity was . compared with that, 

at ear emergence (Table .38) it was found that in both 1968 and 1969 there 

was a significant (P < 0.001) increase in dryland and irrigated plots 

at the second harvest (Appendices 58, 59, 60 and 61). In the analyses 

of variance for the four individual comparisons there were significant 

(p < 0.001) harvest x cultivar interactions. Examinations of the tables 

of means for these interactions showed that in 1968, Timgalen increased 

its ranking for tiller number from 2nd at the emergence harvest to highest 

(6) tiller number at maturity. Both Mexico and Chile 1B dropped in 

ranking of tiller numbers between the first and'secondharvests from 

- 218-



tn" t .S"U,.,.SM 1'1'1'1."' ts 

5 - 4 amd 4 - 2 respectively. In 1968 rankings were the same at the 

mature plant harvest for both, irrigated and dryland plots. 

In 1969 in the irrigated plots Mexico 120 increased ranking from 

1 - 3, whereas Chile IB decreased ranking from 3- 1. Both Gamut and 

Sonora 64A retained their ranking order in the comparison. In dryland 

plots Mexico 120 also increased its ranking as did Gamut, but Chile IB 

and Sonora 64A decreased. 

The effect of nitrogen fertilizer in promoting tiller formation 

in the Generative phase, which has been previously described in the 

results on tiller number at maturity, is again apparent in these analyses. 

Grain Protein % 

Percentage grain protein on a corrected base of 13.5% moisture 

was determined by the Cereal Laboratory, The Agricultural Research 

Station Tamworth N.S.W. and the data ar~ presented in Appendices (62, 63 

and 64) for 1967, 1968 and 1969 respectively. 

For reasons of the volume involved in the full statistical 

treatment of the data pertaining to, grain protein and other flour quality 

criteria in this thesis, presentation is restricted to the following 

general inferences on grain protein only. A full account of the effect 

of nitrogen fertilizer on some elements of grain quality in·these 

investigations will be published at,a later dateo 

The data generally indi~ate for cultivars sites and seasons 

an increase in grain protein resulting from the heavier nitrogen 

applications, and in 1967 and 1968 superiority of protein content at 
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the Tamworth site. Split dressings of nitrogen did not consistently 

increase grain protein above heavy application at seeding, in the one 

season when these treatments were imposed. 
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DISCUSSION 

6. 3. O. 

CLIMATE 

Over ,the period during which these trials were conducted the 

climatic difference between the two sites was small in comparison to 

the marked differences recorded between seasons in both rainfall and 

temperature distribution (Figures 12 and 13). The seasons ranged from 

the near drought conditions of 1967, through the winter wet and spring 

dry distribution of 1968, to the grossly above average rainfall distributed 

over the entire growth cycle in 1969. Similarly, temperature distribution 

between seasons was marked and showed a clear relationship with rainfall 

incidence, mean winter temperatures being low in dry winters, and 

correspondingly higher in wet ,winters. Conversley mean spring and 

early summer temperatures were higher in dry seasons and correspondingly 

lower during wet seasons. 

Despite such wide climatic differences between seasons, the 

day degree summations for temperature show remarkable constancy 

(Appendix 20), and support the claim of Nuttonson (1955) that "a 

definite amount of heat is required to bring a crop from planting to, 

maturity". The constancy between years is even more striking if allowance 

is made in the remainder index each year, for adjustment to a common 

grain moisture of 10% at harvest. This is particularly so for the 

Gunnedah plot, in 1969, which was harvested at a premature maturity 

(14.3% moisture) despite the plants having taken 24 weeks to attain this 

stage, which was reached at the same site in 1967 over a period of 19-20 

weeks. 
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This constancy of remainder indices in the.data between seasons 

emphasises a criticism of the day degree summation system of temperature. 

record, made by Wang (1969) - namely, that the remainder index gives 

no indication of the distribution of temperature over the life cycle of 

the crop, and fails to differentiate between a season characterised by 

a "cold spring and a warm summer" and one with a "warm spring and cool 

summer". Although the time sequence of plant response to temperature is 

not indicated by "heat sums" this can be illustrated by plotting of 

set interval "sums" over time, e.g., Figure 13 which provides suitable 

contrast of temperature distribution over the three seasons. 

A more, serious criticism of the remainder index system of 

temperature record, emphasised by Marcellos (1970) and illustrated by 

the current data, is the failure of the use of daily mean temperatures 

to consider, or indicate, extremes of either day or night temperatures, 

the pattern of which varied both between localities and seasons. Thus 

the heat-wave conditions in the Seed phase of development in 1968, and 

the record frost temperatures during the Reproductive phase in 1969, 

both of which could be expected to have major effect on ultimate grain 

yield, are not apparent in the temperature data. Similarly, with the 

use of mean temperatures no distinction is made between clouded days when 

the range of temperatures is comparatively narrow (e.g., 45-55°F) and 

bright cloudless winter days when the diurnal range may be of the 

magnitude of 25-75 0 F. Further, the duration of the extremes of 

temperatures, which are of major consequence to plant growth, eSPecially 

at temperatures below the threshold; are given no significance. 
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The complete data demonstrate the complex nature of response to 

nitrogen fertilizer by wheat in the environment of north western New 

South Wales. This complexity of response is well illustrated by grain 

yields of the cultivars common to all sites and seasons during the trial. 

Mexico 120, Chile IB and Gamut each failed in 1967 to demonstrate general 

positive or negative response to high rates of nitrogen fertilizer. In 

1968 Mexico 120 again failed to demon$trate an.overall response~ Chile 

IB, however, was depressed at the Gunnedah irrigated plot but increased 

grain yield at all other plots~ Gamut behaved in a similar fashion. 

In 1969, considering only nitrogen treatments applied at seeding, both 

Mexico 120 and Chile IB demonstrated reduction at all·sites other,than 

Tamworthdryland; Gamut failed to respond either positivelY,or negatively. 

to applied nitrogen at any site. Obviously response is a varietal 

characteristic but its expression is the result of strong interaction 

with climate. The particular component of climate responsible for 

expression is, however, elusive~ Lack of general response by each of 

the cultivars in 1967 - a drought season - suggested that moisture 

deficiency may be the vital component. The fact that in 1~68 additional 

irrigation at the Gunnedah site was responsible for depression by 

nitrogen for Chile IB and lack of response by Gamut except at the heaviest 

rate whereas there was positive response by both cultivars at al~ other 

Sites, confounds this suggestion. In 1969 which was an extremely wet 

season throughout, the depression of yield resulting from nitrogen at 

all sites .other than Tamworth dryland for both Mexico 120 and Chile lB 

would suggest the possibility of an optimum moisture level for posltlye 

response. Failure by Gamut to demonstrate response emphasises the 
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varietal nature of the response. In view of these data it is curious 

that, in the literature on yield response to nitrogen in Australia, 

there has been only occasional reference to possible varietal difference. 

Russel (1967) reviewed the results of 59 experiments with the cultivar 

Gabo. Halse et a1. (1969) based their conclusions on the response of 

Gamenya, and Colwell (1963b) on the cu1tivar Heron.' Since the advent in 

Australia of short stature wheats there has been more consideration of 

the varietal nature of nitrogen response. Tuohey (1967) recorded 

varietal response differences between Mexico 120 and Olympic, but Syme 

(1967) was not able to demonstrate a cultivar x fertilizer response 

interaction in a range of short and normal stature wheats. Although 

Syme's plots were irrigated they were grown under severe atmospheric 

drought,conditions, comparable to those experienced on the 1967 plots 

under discussion. As cultivars vary in growth and development 

characteristics which are influenced by some environmental components, 

and as nitrogen stress may fluctuate from the effect of other environ

mental components, the probability of cUltivar x fertilizer x sea~on 

interaction in ultimate grain, yield appears high. 

Consideration of the effect of nitrogen on some plant parameters 

during growth in the data further emphasises the complexity of response 

by different cultivars. It indicates that for any one,cultivar nitrogen, 

stress - as indicated by response at the time of measurement, is a 

dynamic condition which alters with time, as availability and demand 

changes. 

This is illustrated by data for the head emergence and post 
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grain harvests. The mea$urementof leaf area at the stage.of ear emergence 

established in both 1968 and 1969 at both sites a difference in degree 

of response in leaf area between the standard height cultivars Gamut and 

Timgalen, and the short stature wheats Mexico 120, Chile IB and Sonora 

64A all of which were highly responsive. The Durum Dwarf 2408 at both 

sites in 1968 demonstrated response of great magnitude. These responses 

indicate that to this stage of physiological development (i.e., head 

emergence) nitrogen deficiency at the nil treatments was seriously 

limiting plant growth. of the shorter cultivars but having little 

measurable effect on the standard height cultivars. 

Secondly, the data indicated that without nitrogen fertilization, 

leaf area per tiller was generally ,lower for Mexico 120 than for the 

cultivar Gamut, and at high rates of nitrogen the short stature.wheat 

achieved a leaf area only approximately equal to that of·the standard 

height cultivar. This is surprising in,view of the statements frequently 

made that Australian cultivars have been selected over a long period 

of time for sparse leaf area as a form of water economy. On the basis 

of these data it appears probable that tiller number and leaf area per se 

have been confounded over time, or that a comparison originally made 

between the Farrer wheats, and European wheats is no longer completely 

valid. 

Thirdly, the ear emergence leaf area data when compared with 
! 

I 
leaf areas measured in the anthesis harvests indicated that in 1968 the 

values measured for leaf area at ear emergence were of generally similar 

J _ "Ii. -

I 

1 

magnitude to those measured at anthesis. In 1969, however, there was a 

tendency to increase leaf are~ after ear emergence, the result of 
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expansion of the flag leaf between ear emergence and anthesis. This 

late expansion of the flag leaf is not uncommon in the northern wheat 

belt of Australia where rapidly rising temperatures at this stage cause 

accelerated stem growth and premature ear emergence. In 1968, after a 

wet winter, at ear emergence a moisture stress was beginning to be 

imposed but in 1969 when a wet spring followed a wet winter there was 

no moisture stress imposed to the stage of.anthesis or later, and lower 

temperatures enhanced,active leaf duration (Friend, Helson and Fisher 

1962). The findings of Davidson (1965) for the southern wheat-belt area 

of Australia (a strictly Mediterranean climate), that maximum leaf area 

was attained well before anthesis, and by the time of flowering was 

rapidly diminishing, were not supported by the.data for 1969. 

The magnitude of the differences in leaf area per tiller between 

1969 and (1968 and 1967) in,cultivars common to each season was substantial 

at both sites. The values measured in 1969 for both tall and short 

cultivars are extremely,high, and represent the largest values measured 

during the trials for these cultivars. No valid explanation can be 

offered for such major differences in leaf growth between the 1968 and 

1969 seasons, other than that possibly at all 'levels of nitrogen treat-

ment.a larger supply of nitrogen was available to the plants in both 

the Vegetative and Reproductive phases of development (Bunting and 

Drennan 1966) or that mean temperatures during the Vegetative phase in 

1969 were closer to the optimum values suggested by Friend et ale (1964) 

for maximum cell division, elongation and ultimate leaf size. 

Finally, reference must be made to leaf colour differences 
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between nitrogen treatments, which were not evident in 1967, but were 

most striking in.1968 during the late Vegetative and early Reproducttve 

stage of development, and again obvious in 1969, (Plates 10 and 11). 

The extreme yellowing of nil and 56 Kg N/ha treatments was similar to 

that generally attributed to nitrogen deficiency, particularly in wet 

winters when deficiency is induced by shallow leaching of that element. 

This was supported in the plots by the corrective effects of higher 

rates of nitrogen application on foliage colour. 

The effect of nitrogen fertilizer on tiller production at ear 

emergence was of a totally different response pattern to that of leaf 

area, only Chile lB and Durum Dwarf, Gunnedah 1968 and SonOra 64A, 

Tamworth 1969, showing a significant 'increase in tiller number between 

nil and the,heaviest nitrogen. application. Major varietal differences, 

in tillercnumber between Australian standard height cultivars, which are 

reputedly of sparse tillering habit, and short stature wheats of Norin 

origin, which are'popularly regarded as prolific tiller producers, were, 

not general at this harvest at either site or in either year. 

Consistently, morectillers were grown,at the Gunnedah site than 

at Tamworth. possible explanations for this may be in generally higher 

mean temperatures at Tamworth during the winter period being responsible 

for greater leaf.production at that site, (a result supported by the 

leaf area data) which caused shading of the lower parts of the plant, 

and consequent suppression of tillering (Langer 1966); or an increase 

in duration of,apical dominance and suppression of tillering as a result 

of the increased temperatures (Friend 1966). 
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PLATES 10 AND 11 

Plots at the Gunnedah site - 1968 - showing severe 

yellowing of foliage at 0 and 56 Kg N/ha contrasted 

with plots at higher levels of nitrogen. 
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Comparison of tiller number at maturity with the sarne parameter 

at ear emergence reveals surprising differences for all cultivars at 

high levels of nitrogen. The effect is most pronounced in 1969 and 

indicates that production of new tillers was most active at the time 

of ear emergence, and in the mild, wet environmental conditions must 

have continued into the early Seed phase. Although such prolongation 

of active tillering is not uncommon under,glasshouse pot culture, where 

abundance of nutrients and water are being regularly supplied, it is 

not reported previously in the literature under field conditions to the 

knowledge of the author. In 1969 this increase in tiller number between 

ear emergence and a later stage of development parallels a similar 

increase in leaf area, both are extremely unusual occurrences and 

indicate abnormality of general development. It is intriguing to 

speculate as to whether such abnormalities were the consequence of 

the extreme frosting experienced prior to ear emergence, and whether 

the very low grain weights recorded in that season were the result of 

abnormal interplant competition during early stages of grain development. 

Whatever the cause of this unusual late tiller development, 

which is quite contrary to the findings of Rawson (1971) at high 

temperatures in the phytotron, it is obviously facilitated by high levels. 

of nitrogen fertilizer in some cultivars, e.g., Mexico 120. Chile lB, 

Dururn Dwarf 2408 and Timgalen. 

The effect of high nitrogentreatrnents on grain number/head 

in these data was variable. Although a,cultivar x fertilizer interaction 

was indicated in. the data this could not be statistically demonstrated. 
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The effect of heavy nitrogen at seeding and heavy split applications 

was most apparent in the 1969 data for Gunnedah irrigated and dryland 

plots where grain number/ear for Mexico 120 and Chile IB was 

severely depressed at heavy rates of fertilizer. Beech, Norman and 

Macintyre (1968) recorded a similar effect with Mexico 120 in northern 

Australia, and attributed the result to a reduction in the number of 

grains per fertile spikelet with increasing nitrogeno A more significant 

cause in the data under discussion is considered by the author to be. 

the effect of nitrogen in stimulating tillering, the result of which 

was smaller mean ear size for responsive cultivars. 

The overall effect of moderate to heavy nitrogen treatments was 

reduction ~n 1000 grain weight, although there was occasional variation 

from this general pattern by most cultivars. The largest reduction 

followed heavy split application of nitrogen •. The effect of nitrogen 

on 1000 grain weight appears controversial in the literature. Both 

Barley and Naidu (1964) and Russel (1967) observed reduction in 1000 

grain weight, Beech et ale (1968) and Halse et ale (1969) however, 

reported little effect from nitrogen on single grain weight. Wardlaw 

suggests that the effect may be an.indirect one, - the result of 

increased leaf area and tiller number inducing temporary water deficit 

in the early days of grain development which are critical in determining 

final grain weight (Wardlaw 1971) rather than a direct effect of nitrogen 

itself. Such an e.xplanation could be used to describe discrepancies 

between different cultivars in a sing1e,experiment, as the critical 

period is less than seven days. 
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The effect of irrigation applied in the Seed phase was a major' 

one and resulted in increased 1000 grain weight at all sites other than 

Gunnedah 1969 - in increased grain number per head at-all sites - and in, 

increased grain yield at all sites other than Tamworth 1969. Throughout 

the three seasons and in all plots there was a significant cultivar x 

irrigation interaction, the short stature wheats being generally more 

responsive in terms of grain yield to irrigation treatment thus confirming 

the reputed water dependence.for grain yield expression of the dwarf and 

semi dwarf types. That response to irrigation was demonstrated under 

conditions of abnormally high rainfall at the Gunnedah site in.1969 was 

unexpected, and indicated the need of some cultivars for luxury levels 

of moisture during grain development to express high grain yield. 

Difference in degree of response to irrigation between the short 'and 

normal stature wheats common to the trials over three seasons is 

intriguing, as leaf area at ear emergence or tiller number at the nil 

nitrogen treatment is not consistently or markedly different between 

Mexico 120, Chile IB or Gamut. As the aerial structure does not differ 

vastly to this stage of development, differences of root distribution 

pattern, root mass, active root duration and efficiency, suggest them-

selves as possible bases for explanation of different responses. In 

the literature these are unknown. 

Absolute grain yield for the cultivars common to all plots and 

seasons, indicated an overall superiority in favour of Mexico 120 and 

ChilelB only when supplementary irrigation was applied (Table 33). 

Without irrigation the yield of Gamut was not significantly different 

to the Qhortstature cultivars. Dissection of the mean into three 
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seasons indicated that in 1967 and 1968 on irrigated plots there ,was 

small superiority of Mexico 120 and Chile lB in grain yield over that 

of Gamut, (Appendix 51). Both seasons were characterised by dry hot 

periods for grain development. In 1969, however, when cool wet conditions 

prevailed during grain development there.was marked superiority shown 

by both Mexico 120 and ChilelB over Gamut, fUrther indicating the 

dependence of the two short stature wheats on adequate moisture in ,the 

seed phase for expression of yield potential. 

Analysis of the components of grain yield, i.e., grain,number, 

tiller number and grain weight in these data failed to establish any 

single component as being of prime importance to yield. Rather it 

indicated change in relative importance of each component with site, 

treatment and season and confirmed'the findings of Beech et ale (1968) 

that "increased yield was largely the result of increased tillering, 

increased survival of ,tillers and increase in the number of fertile 

florets" to which may be added increase in grain weight. 

Finally, the grain yield data raise doubts,. as to the absolute 

nitrogen deficiency of-the sites chosen over the entire life cycle ,of 

the plants - that the sites ,were deficient was supported by the response 

to applied nitrogen in such parameters as leaf area and colour. It 

was, however, contradicted by the failure to increase head size with 

increased nitrogen, and by the effect on grain yield, where, despite 

increases in tiller numbers per plant at maturity, a grain yield dividend 

was negated by some other factor, e.g., grain weight. The largest, 

response parameters were measured following wet winters when leaching 
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of nitrogen to lower levels in the soil'must have been significant. 

Further, in wet winters root growth is restricted ,in depth for lack of 

incentive (Troughton 1962), so that temporary nitrogen stress may result. 

As moisture availability decreases in the late Reproductive stage of 

development, root growth extends to greater depths in the profile and 

may tap leached reserves, so that leaf colour improves and the stress 

is alleviated. At .this stage of plant development the role of nitrogen, 

in the plant metabolism decreases in importance, and adequate nitrogen 

occurs when sufficient is available for late tiller development and a 

small translocation to the grain. Sufficient for these purposes may be 

made available from nitrogen shed from the plant, firstly in early 

senescent leaves, ,and subsequently through shedding of anthers (Rumberg 

and Sneva 1970), although it is difficult to conject how this could be 

absorbed by the plant in such a short period. In effect, what may have 

been a deficient site in early stages of plant development becomes an 

adequate site in later stages for grain production. 
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SUMMARY 

6. 4. o. 

9omparison of a number of imported and local short stature 

wheats with selected standard height Australian cultivars at two sites 

over three climatically different seasons indicated the following points :-

1. When measured by grain yield response neither site proved 

markedly deficient in available nitrogen. Nonetheless, vegetative 

plant parameters, e.g., foliage colour and leaf area indicated 

response to applied nitrogen. 

2. Major grain yield superiority on the part of all short stature 

wheats to the standard height types in these trials was not general 

in all seasons or genotypes and was strictly dependent on adequate 

moisture availability to the plants. 

3. Increase in tiller number between ear emergence and maturity was 

considerable for all cultivars examined and appeared to be the princi

pal determinant of high grain yield. This decline of apical dominance 

was emphasised by nitrogen fertilizer application. 

4. A differential response to nitrogen in leaf area between the 

standard height and short stature cultivars examined was indicated. 

The effect of increased rate of nitrogen application on the former 

appeared to be an increase only in flag leaf area; on the latter .there 

was increase in the area of all leaves. 

5. Heavy nitrogen applications were ,in some instances deleterious 

to grain yield. The principal effect was reduction of 1000 grain 

weight. 
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6. Irrigation in the Seed phase generally resulted in increased 

grain yield even in wet seasons, and indicates that moisture stress 

to the plant may at all times present a limitation to potential 

reproductive efficiency in these environments. 
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