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5, O. O. 

GROWTH ANALYSIS OF A DWARF, A SEMI-DWARF AND 

A STANDARD HEIGHT CULTIVAR 

The term "Growth Analysis" is used by plant physiologists. to 

embrace the techniques used in attempts to quantify the components of 

plant growth. The history and development of the concept of Growth 

Analysis dating back half a century in England, and the limitations of 

the technique have been reviewed by Watson (1952). Subsequent reviews 

have been presented by Saeki (1960) and by Agyare (1967). The 

quantitative description of growth has been reviewed by Williams 

(1966). Radford (1967) presents a review of the Growth Analysis 

formulae, their derivation and the conditions under which they may be 

used. Radford (1967) further discusses an alternate growth analysis 

of various growth parameters. Hughes and Freeman (1967), in an 

attempt to minimise increasing variability between plants with 

increasing age, have suggested the transformation of the primary 

data to logarithms. 

The effect of varying nitrogen levels on Growth Analysis has 

been reported by Crowther. (1934). Determination of varietal 

differences by the technique has been described by Stoy (1965), by 

Aspinall and Paleg (1964), and by Wallace and Munger (1965). Usa of 

the technique in the study of effects of daylength on growth and 

development of temperate cereals has been reviewed by Kirby (1969). 

The effects of low light intensity on net assimilation rate has been 

reported by Hofstra, Ryle and Williams (1969). 
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In view of the very high yield potential accredited to the 

short stature wheats of Norin origin generally, and the assumption 

that such high genetic yield has a physiological basis, a Growth 

Analysis of a dwarf, semi-dwarf and normal stature wheat was under

taken. The objective of the Growth Analysis was primarily to determine 

~f major differences existed between the three cultivars in such 

parameters as size of the photosynthetic system (Leaf Area Ratio or 

LAR) and its efficiency (Net Assimilation Rate or NAR) , and the 

relationship of these differences to a high and low soil nitrogen 

level. Secondly, the mechanics of the Growth Analysis would, by 

repetitive and detailed observation and measurement, provide the 

opportun~ty to elucidate any major differences in growth form of the 

primary plant structures, including roots, leaves, tillers and 

reproductive organs of these cultivars. The limitations imposed on 

inferences from data for the selected cultivars to the three stature 

classes in general, by the use of a single cultivar to represent 

each class were appreciated, but such limitations were necessitated 

by physical size of the experiment, 

- 99 -



EXPERIMENTAL METHODS 

5. 1. O. 

A pot sand-culture technique was adopted using the cultivars 

Mexico 120, Ch~le 1B and Gamut as representatives of the dwarf, semi

dwarf and normal stature wheats respectively (Plate 1). A dynamic 

randomised block, involving planned re-randomisation approximately 

every fourth week was used with four replications (Plate 2). Two 

n~trogen levels were chosen with the objective of providing, firstly, 

a low level of nitrogen availability, and secondly, a near optimum 

level of nitrogen to produce luxuriant vegetative structures. On this 

basis the nutrient solutions selected were, for high nitrogen, the 

Long Ashton Solution B (Hewitt 1952) and for low nitrogen, the Long 

Ashton Solution A, modified by halving the quantities of anhydrous 

calcium nitrate and potassium nitrate with re-adjustment of calcium 

and potassium ions (Table 10). 
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PLATE 1 

The cu1tivars used for the Growth Analysis Experiment. 

Left to right - Gamut, Chile 1B and Mexico 120. 
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TABLE 10 

NUTRIENT SOLUTIONS (LONG ASHTON) 

Solution A (Modified) 

MACRO Low Ni trogen 

Ca(N03)2 anhydrous 32.8 gm/litre 

KN03 10.1 

MgS04 ·7 H2O 36.9 

Na H2 P04 ·2H2O 20.8 

Fe EDTA (10 gm/litre) 2 mls in final 10 litres 

CaS04 Suspension +50 gm/litre 

KCl -t-44 gm/litre 

MICRO 

0.186 gm/litre 

0.223 

0.229 

1.024 

0.0035 

0.0028 

Solution B 

High Nitrogen 

82.0 gm/litre 

50.5 

36.9 

20.8 

of mixed solution 

Nil 

Nil 

Same for 
high and 
low 
nitrogen 

NB. for application this required dilution to 100 litres, 

i.e., 10 cc of "stock" per litre water. 
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Hewitt (1952) lists the composition (in p.p.m.) for the Long Ashton 

solution B as follows 

Ca Mg Na K N P S Fe Mn Cu Zn B Mo 

300 36 30 295 210 41 48 5.6 0.55 0.06 0.06 0.3 0.02 

Whereas the approximate compos~tion of the modified Long Ashton 

Solution A is 

Ca Mg Na K N P S Fe Mn Cu Zn B Mo 

300 36 30 280 70 41 48 5.6 0.55 0.06 0.06 0.3 0.02 

The sand selected for the trial was from Carlisle Gully Bridge 

on the New England Highway 16 miles south of Uralla. The sand is of 

granite orig~n, and approached more closely than other local sands the 

optimum mechanical analysis suggested by Hewitt (1952). 

Total 

TABLE 11 

MECHANICAL ANALYSIS OF CARLISLE GULLY SAND 

11. 4% Held on 1/30" sieve 

80.9 Held on 1/80" sieve 

6.9 Passed through 1/80" sieve 

99.2% 

(0.84 MM) 

(L3 - 0.8 MM) 

« 0.31 MM) 

The sand appeared almost completely free of organic matter 

contamination and was not sieved prior to use. It was, however, sub

jected to continuous wash for a period of six days. 
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Free drain1ng, thirty cm. plastic pots were used for the 

exper1ment. These were filled by weight of sand to achieve maximum 

uniformity and placed on black plastic strips on a 2% slope, in the 

open, to facilitate dra1nage. 

Prior to sowing the pots were leached for a period of three 

days after which they were mechanically compacted and readjusted to 

a uniform we1ght with sand. Seed was graded to a uniform seed size 

range on a "C11pper" laboratory seed cleaner and dusted with the organic 

mercurial fungicide "Ceresan". Germination tests conducted on the seed 

after dusting ind1cated in excess of 94% for each cultivar. 

The seed was sown on 3, May 1968 to a uniform depth of 2.5 cm. 

Five seeds were sown per pot, but these were reduced to four plants 

per pot on emergence (17. May). On the recommendation of Long Ashton 

experience (Hew1tt 1952) no nutrient solution was added prior to 

sow1ng, or prior to the expansion of the first leaf. 

The first application of nutrient solution was made on 

15. May at the rate of 10 mls per plant and thereafter every Monday, 

Wednesday and Friday, with hand watering being undertaken on Tuesday, 

Thursday and Sunday. As plants increased in size the quantities of 

nutrient solution applied were increased (Appendix 4). 

Overhead watering of the trial was installed on 2. August but 

was infrequently used, due to regular rainfall, pr10r to the beginning 

of October. Thereafter it was used almost daily, two hours of overhead 

Watering followed by a hose watering appearing to give a very uniform 
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PLATE 2 

The Growth Analys~s experiment showing the four 

replications. 
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PLATE 3 

The overhead watering installation used for the 

Growth Analysis Experiment. 
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~rrigation regime (Plate 3). 

The first harvest was undertaken on 24, May and thereafter at 

fourteen day ~ntervals until the final harvest on 6. December. For each 

harvest one of the four plants in each pot, randomly selected from each 

replication was used for dissection and developmental analysis. The 

remaining three plants were washed and dissected, and measured 

individually to provide a mean value of three recordings for each 

parameter in a replication. Both fresh weights and dry weights were 

recorded. The former however do not appear in the data due to high 

variability. 

The replications were closed after each harvest to ensure 

more uniformity of lateral light between pots. Leaching and re-randomi

sation of pots within replications was carried out on 21. June, 19. July, 

6. August, 14. September and 12. October. Thereafter there was no 

further re-randomisation due to possible damage to advanced tillers 

during handling of pots. 

Although there is no true "stem" in the Vegetative stage of 

grasses, this term is used in preference to leaf sheath. Thus in all 

harvests stem measurement includes the leaf sheaths, the leaf being 

cut off at the ligule. As it was not possible to remove all sand from 

roots, these were ashed on a per plant basis in evaporating basins in a 

mUffle oven at 1112°F for four hours. The root ash was then dissolved 

in IN HCL and the sand washed in water. The evaporating basins were 

dried and weighed, the loss in weight being taken as root weight. 
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Leaf areas were measured on a calibrated air flow planimeter 

and head areas calculated on the basis of twice the product of the 

length and breadth. For determination of stem area the diameter used 

was the arithmetic mean of measurements made at the top, mid-point and 

bottom of each stem. Awn areas have been ignored in these data, but 

dry weight measurements of heads include the weight of attached awns. 

Temperature data over the duration of the Growth Analysis were 

collected from a standard height stevenson screen and from a "soil" 

depth of 2.5 em. in the pots. 
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RESULTS 

5. 2. O. 

In the trial, seed germinated with a high degree of uniformity 

and all coleoptiles appeared over a period of 24 hours. Low temperatures 

experienced over the winter period and sub-optimal levels of nutrient 

application prior to August resulted in slow growth rate of all plants. 

Differences 1n vigour between plants at high and low nitrogen levels 

were first apparent in early July and thereafter were mainta1ned through

out the experiment. 

Initial "ear peep" and ear emergence conunenced with the cultivar 

Mexico 120 in the period 13-20th September and full flowering (60% 

anthesis) was recorded on 6th october: the other cultivars appeared 

4-8 days later at each stage. At the end of November Mexico 120 was 

continuing to produce new fertile tillers when the grain in the heads 

on the primary tillers was approaching maturity. Chile IB showed less 

tendency to form late tillers, whereas Gamut when approaching-maturity 

had produced only occasional later tillers which were invar1ably 

sterile. 

Both Chile IB and Gamut were ripe - (defined as lacking 

active photosynthetic tissue and having hard grain) - at the final 

harvest on 6th December. Mexico 120 was continuing to produce new, 

small tillers but at this stage the experiment was terminated. 
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THE PRIMARY DATA 

5. 2. 1. 

The distribution of minimum, max~mum and mean temperatures 

and 2.5 cm. "soil" temperatures throughout the period are illustrated 

in Figures 4 and 5. Mean air and 2.5 cm. "soil" temperatures were 

found to be highly correlated (R = 0.974 ***). 

Since data on solar radiation at the site or for the district 

were not available in Table 12, the number of days on which rain was 

recorded, and the expectancy of wet days calculated from the rainfall 

records for the period 1925-65 for each inter-harvest period, is 

listed as an indirect radiation index. The comparison ind1cates for the 

growth cycle of the trial that the number of days on which rain was 

recorded is on average 80% above the normal expectancy. Mean days 

length over the period Jan. - Dec. was plotted from data made available 

by the Commonwealth Bureau of Meteorology (Figure 6). 

The development of total green leaf area (L.A.), total photo

synthetic area (T.P.A.) and total dry weight, calculated on the 

arithmetic mean value of 4 replications (3 plants per replication) 

for the cultivars, Gamut, Chile lB and Mexico 120, at both high and 

low nitrogen treatments, are each presented in F~gures 7, 8 and 9 

respectively. Tabulated data are listed also in Appendices 5a, 6a and 

7a. 
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FIGURE 4 

The distribution of maximum and minimum air 

temperatures during the period of Growth Analysis. 

Tamworth - 1968. 
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FIGURE 5 

The distribution of mean air and 2.5 em. soil 

temperatures during the period of Growth Analysis. 

Tamworth - 1968. 
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TABLE 12 

NUMBER OF DAYS FOR EACH FOURTEEN DAY, INTER HARVEST 

PERIOD ON WHICH RAIN WAS RECORDED 

Period Harvest No. of days when Expectancy of 
rain was recorded Wet days 

1 - 10/5/68 2 3.0 

11 - 24/5 9 1.5 

25 - 7/6 14 2 1.3 

8 - 21/6 28 9 0.7 

22 - 5/7 42 5 1.2 

6 - 19/7 56 6 0.3 

20 - 2/8 70 1 0.7 

3 - 16/8 84 5 0.2 

17 - 30/8 98 6 0.9 

31 - 13/9 112 2 1.3 

14 - 27/9 126 2 0.7 

28 - 11/10 140 3 2.6 

12 - 25/10 154 1 2.1 

26 - 8/11 168 2 3.4 

9 - 22/11 182 0 1.1 

23 - 6/12 196 2 2.3 

7 - 20/12 210 2 2.7 

Mean 2.76 1.53 
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FIGURE 6 

Mean day-length for the period January to December. 

Tamworth - 1968. 
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FIGURE 7 

Leaf area development for the three cultivars at 

high and low nitrogen treatments. 
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FIGURE 8 

Total photosynthetic area development for the 

three cultivars at high and low nitrogen treatments. 
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FIGURE 9 

Dry weight development for the three cultivars 

at high and low nitrogen treatments. 
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In the analysis of variance for data on leaf area development 
~r 

(Appendix 5b) nitrogen and harvests were significant by different 
~ 

(p < 0.001). The cultivar x harvest and the nitrogen x harvest inter-

actions were also significant [(p < 0.05) and (P < 0.001) respectively). 

Examination of the cultivar x harvest two way interaction table of means 

indicated that all cultivars developed a maximum leaf area at the ninth 

harvest. Multiple range tests showed that, at this time, differences 

between cultivars were not significant. There then followed a period 

of two harvests during which the leaf area of both Mexico 120 and 

Chile IB was maintained at a significantly higher level (P < 0.01 and 

p < 0.05 respectively) than that of Gamut. The ultimate decline during 

senescence for Mexico 120 was significantly less (P < 0.05) than that 

of either Chile lB or Gamut which were not significantly different at 

this stage. The nitrogen x harvest interaction table demonstrated that 

significant (P < 0.05) superiority on leaf area at high nitrogen commenced 

at the fifth harvest and was maintained to the third last harvest. 

Maximum leaf area at high nitrogen was more than twice that at low 

nitrogen. No overall significant difference in leaf area between 

cultivars at either high or low nitrogen levels could be demonstrated. 

Development of total photosynthetic area (Appendix 6b) also 

showed highly significant (p < 0.001) response to the high nitrogen 

treatment, and in this parameter there were significant (P < 0.001) 

differences between cultivars. At high nitrogen (p < 0.01) and at low 

nitrogen (p < 0.05) both Mexico 120 and Chile lB developed a signifi-

cantly larger total photosynthetic area than Gamut. At either high or 

low nitrogen multiple range tests did not establish any systematic 
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pattern in the cultivar x harvest interaction table. 

The development of total dry weight was slow for all cultivars 

until after the seventh harvest (Studentized Range indicated that 

harvests 1 to 6 were not significantly different). Analysis of variance 

for dry weight data (Appendix 7b) indicated that differences for 

cultivars, harvests and nitrogen treatments were highly significant 

(P < 0.001). Examination of the significant (p < 0.01) cultivar x 

harvest interaction table of means established no significant difference 

between cultivars to the ninth harvest. Thereafter in the tenth, 

eleventh, and thirteenth harvests Chile IB was significantly greater 

(P < 0.05, p < 0.01 and P < 0.01 respectively) than Gamut. It was not, 

however, significantly greater than Mexico 120 until the thirteenth 

harvest. The significant (p < 0.01) superiority of the high nitrogen 

treatment was first indicated in the eighth harvest in the nitrogen x 

harvest interaction table, but was thereafter maintained to the final 

harvest. The cultivar x nitrogen interaction table indicated that 

Chile lB was significantly greater (P < 0.01) at high nitrogen than either 

Gamut or Mexico 120 which were not significantly different. At low 

nitrogen no significant varietal differences could be established. 

As there was positive response to the high nitrogen treatment 

in terms of leaf area, total photosynthetic area and dry weight by the 

three cultivars, severe limitation of growth by nitrogen at the low 

level was indicated. 

The development of root weight at high and low nitrogen t~eat

ments for each of the three cultivars is illustrated in Figure 10 and 

tabulated in Appendix Sa. 
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FIGURE 10 

Root weight development for the three cultivars 

at high and low nitrogen treatments. 
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Analysis of variance for root weights of the three cultivars 

at high and low nitrogen (Appendix 8b) demonstrated that cultivars, 

nitrogen and harvests were all significantly different (P < 0.001). 

The interactions of cultivars x nitrogen, cultivars x harvests, nitrogen 

x harvests and cultivars x nitrogen x harvests were also significant 

(P < 0.001). 

Multiple range testing of the data in the two way table of 

means for the cultivar x nitrogen interaction showed that at the low 

level of nitrogen the three cultivars Mexico 120, Chile IB and Gamut 

were not significantly different, but at the high level of nitrogen 

the three cultivars, Gamut, Mexico 120 and Chile IB in increasing order 

were all significantly different (P < 0.01). The data in the cultivar 

x harvest interaction table indicated that the root weight of Chile IB 

first significantly (p < 0.05) exceeded that of Mexico 120 and Gamut 

at the seventh harvest. The root weight of Mexico 120 however increased 

rapidly between the eighth and ninth harvests but was not significantly 

different from that of Chile lB in the ninth, tenth and eleventh 

harvests. Both Mexico 120 and Chile lB were significantly larger 

(P < 0.05) than Gamut and they retained this superiority, (except at 

the twelfth harvest where Chile IB was significantly greater (P < 0.01) 

than the group Mexico 120 and Gamut) until the fourteenth harvest for 

Chile lB and to the final harvest in the case of Mexico 120. 

Maximum root development for Chile lB and Gamut was attained 

at the twelfth harvest and for Mexico 120 at the thirteenth harvest. 

At maximum development of root weight for each cu1tivar Chile IB was 
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significantly greater (P < 0.01) than Mexico 120, which was significantly 

greater (p < 0.01) than Gamut. The important features of the data in 

this interaction are firstly the superiority of root mass exhibited by 

both Chile IB, and Mexico 120 over Gamut and secondly, the maintenance 

of this superiority until the final stages of the life cycle. 

Examination of the significant (p < 0.001) cultivar x nitrogen 

x harvest interaction by partitioning the sum of the cultivar x nitrogen 

x harvest and cultivar x harvest interactions showed that the cultivar x 

harvest interaction was significant (p < 0.01) at low nitrogen whereas 

at high nitrogen the significance level was at least 0.1% (variance ratio 

= 7.25, Yl = 28, Y2 = 257). 

From the overall data it was concluded that, in the development 

of root mass Chile IB was most responsive to nitrogen treatment whereas 

at low nitrogen all three cultivars were not significantly different. 

In the process of root washing it was observed that Gamut 

appeared to have a different root distribution pattern to either 

Mexico 120 or Chile lB. For both the Norin derivative wheats the 

characteristic pattern was shallow but extensively branched and is 

hereafter referred to as horizontal distribution. Gamut characteris

tically produced 2-4 long vertical roots without major branching and 

is hereafter referred to as vertical distribution. This observation 

on difference in root pattern is illustrated in Plates 4 and 5 and was 

responsible for subsequent attempts to substantiate and quantify this 

difference as described in the final section of this thesis. 

- 118 -



PLATE 4 

Root pattern differences at the stage of early 

tillering. (Gamut (G) at left - Mexico 120 (M) 

at right) 
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PLATE 5 

Root pattern difference at the stage of anthesis. 

(Gamut at top - Mexico 120 below) 
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It was also observed during root washing that lignification 

of roots commenced earlier for Gamut (early October) and proceeded to 

a greater degree, suggesting that differences in duration of functional 

capacity as well as root mass may occur between cultivars. 

Analysis of some components of the plants which could be 

expected to contibute to grain yield at maturity indicated in the 

cultivar x nitrogen interaction table significant (P < 0.01) differences 

in tiller number (Appendix 9) between all three cultivars at high 

nitrogen and superiority (p < 0.01) in tiller number for Mexico 120 

at low nitrogen over the other cultivars which were not significantly 

different. 

High N 

Low N 

TABLE 13 

(TILLER NUMBER) 

MEXICO 

8.600 

7.150 

GAMUT 

4.875 

4.075 

2 means 

5% Studentized Range = 1.128 

1% Studentized Range = 1.559 

CHILE 

6.550 

3.825 

3 means 

1.382 

1.805 

Mexico 120 and Chile lB showed significant response[(P < 0.05) 

and (p < 0.001) respectively] in tiller number to the high nitrogen 

treatment. In Gamut the increase was not significant. 
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Whereas tiller number per plant for Chile IB at both high and 

low nitrogen treatments was inferior to that of Mexico 120 weight of 

heads per plant was significantly (p < 0.05) greater at high nitrogen 

(Appendix 10). Of the three cultivars Chile lB alone demonstrated 

significant (p < 0.01) response to high nitrogen. 

High N 

Low N 

5% 

1% 

TABLE 14 

(HEAD WEIGHT PER PLANT) (g.) 

MEXICO GAMUT CHILE 

6.770 6.683 10.058 

5.847 6.498 6.745 

2 means 3 means 

Studentized Range = 2.094 2.565 

Studentized Range = 2.895 3.353 

Significant differences between cultivars or between nitrogen 

treatments could not be demonstrated in regard to head length or grain 

number per head (Appendix 11). Significant (P < 0.01) interaction 

between nitrogen treatments and cultivars for grain number was however 

indicated. Examination of the two way table of means showed that the 

1% Studentized Range between treatments was exceeded by Gamut for 

which there was an increase in grain number at the high nitrogen treat

ment. In Mexico 120 and Chile IB the effect of nitrogen was non 

significant. 
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High N 

Low N 

TABLE 15 

(GRAIN NUMBER PER HEAD) 

GAMUT 

39.725 

25.975 

MEXICO 

29.450 

33.975 

2 means 

5% Studentized Range = 6.969 

1% Studentized Range = 9.631 
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DEVELOPMENTAL ANALYSIS OF THE APEX-INFLORESCENCE 

DURING GROWTH ANALYSIS 

5. 2. 2. 

The mean values recorded for apex and inflorescence length 

throughout the period of Growth Analysis are listed in the following table. 

TABLE 16 

DEVELOPMENTAL ANALYSIS OF GROWTH EXPERIMENT - APEX LENGTH AND SCALE 

Harvest Mean Apex Length Apex Rating (Barnard 1964) 
Date 

Gamut Mexico 

High Low High Low 
N N N N 

7. 6.68 1.8m1l 2.3 1.6 2.3 

21. 6.68 2.1 3.0 2.6 4.3 

5. 7.68 7.0 9.6 13.3 14.3 

19. 7.68 10.0 18.3 21.3 22.0 

2. 8.68 20.3 25.3 26.3 24.0 

Change from Micro 

16. 8.68 1.3cms 1.1 2.3 1.0 

30. 8.68 3.3 1.6 2.9 2.3 

13. 9.68 6.8(e) 3.7 8.4(e)6.0 

27. 9.68 9.6(a) 7.9 7. 9(a)6. 7 

11.10.68 8.5 8.5 8.7 7.5 

25.10.68 7.2 7.1 7.1 6.7 

8.11.68 7.7 6.6 7.4 6.3 

22.11.68 7.8 6.3 6.5 6.5 

6.12.68 6.8 6.2 6.9 5.7 

5% Studentized Range 
A. Micro Apex Length 

" " " Cultivars 
" " " Nitrogen 
" " " Harvests 

B. Macro Inflorescence Length 
" " " 
" " " 

Chile Gamut 

High Low High Low 
N N N N 

1.6 2.3 1 1 

3.0 4.0 1-2 2 

7.6 13.0 3-4 4 

10.3 14.0 4 5 

18.0 24.3 8-9 10 

to Macro Measurement 

1.3 0.7 

1.6 1.1 

6. 7(e)3. 9 

9. 2 (a) 9.0 

8.4 8.7 

8.2 7.2 

7.9 7.0 

8.1 6.7 

6.4 5.7 

= 0.90 
= 0.61 
= 1.34 

Nitrogen = 0.12 
Harvests = 0.41 

e 

a 
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Mexico Chile 

High Low High Low 
N N N N 

1-2 2 1-2 2 

2 2-3 2 2-3 

3 4 3 4-5 

5-6 6 3 5 

8 8 7-8 8-9 

= "ear peep" 

= "anthesis" 



Analysis of variance of the data for micro apex length (Appendix 

12) indicated that there were significant differences (P < 0.001) between 

cultivars as well as a response to nitrogen level. Examination of the 

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

established that by the third harvest the apex of Mexico 120 had grown 

significantly larger (P < 0.01) than that of Chile lB which was larger 

(P < 0.05) that that of Gamut, and this order was maintained to the 

fifth harvest. A significant (p < 0.001) cultivar x nitrogen interaction 

demonstrated that for both Chile IB and Gamut there was a significantly 

longer apex (P < 0.01) at the low nitrogen treatment than at high 

nitrogen. For Mexico 120, however, there was no significant difference. 

If the cultivar x nitrogen interaction table were examined by applying 

range tests to each nitrogen level separately it was found that at both 

high and low nitrogen, Mexico 120 was significantly greater (P < 0.01) 

than Gamut and Chile 1B which were not significantly different. Response 

to nitrogen deficiency in terms of apex length was thus interpreted in 

these data as a varietal characteristic. 

11 

MICRO APEX LENGTH 
C U LTIVAR X N ITROtiEN INT£lf.ACTI#N 

___________ --11 .. ;'.,1./1 

0 •• ", c...1B 

f~~~-------------------~ Hijh N. L.w N. 
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In the data for macro measurement of inflorescence length 

(Appendix 13) there were not significant differences between cultivars, 

but there was a significant (P < 0.001) cultivar x harvest interaction. 

Examination of the two way table of means for this interaction indicated 

that Mexico 120 was significantly longer (P < 0.01) in the first and 

third harvests than Gamut and Chile lB. In the second harvest Mexico 

120 and Gamut were not significantly different but were both longer 

(P < 0.01) than Chile lB. After the third harvest Mexico 120 was always 

a member of the shorter group on the basis of 5% studentized Ranges 

until the final harvest at which there were no statistically significant 

differences between inflorescence length in any cultivar. It indicated 

the dramatic change over in order of length rating of the cultivars at 

the fourth harvest, where Mexico 120 changed from the longest 

inflorescence to a position in the shorter inflorescence group. 

The significant (p < 0.001) nitrogen x harvest interaction 

illustrated superior inflorescence length (p < 0.01) except at harvest 

5 where there were no significant differences) for the high nitrogen 

treatment. It further indicated that during the period of growth 

between micro and macro harvests the inflorescences at high nitrogen 

treatment, which had been shorter in the Vegetative phase (micro harvests) 

appeared to increase rapidly in length after the achievement of full 

competence. 

To establish the interaction between cultivars and nitrogen. 

in the period between micro and macro harvests the replicate values for 

the five micro harvests and the first five macro harvests were analysed 
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(Appendix 14) after being ranked and scored for ordinal values in the 

manner of Fisher and Yates (1963). Examination of the significant 

(P < 0.001) nitrogen x harvest two way interaction table indicated that 

between harvests 1 and 5 (micro) mean apex values for the three cultivars 

at high nitrogen were significantly less (p < 0.05) than for the low 

nitrogen treatment. By harvest 6 (i.e., first macro) apices at high 

nitrogen were significantly longer (p < 0.05) than those at low nitrogen. 

The superiority of the apices at high nitrogen was maintained to the 

fifth macro harvest. 

The significant (P < 0.01) cultivar x nitrogen interaction 

indicated that at the high level of nitrogen Mexico 120 was significantly 

greater (P < 0.01) than Chile IB and Gamut which were not significantly 

different. At the low nitrogen level the three cultivars were not 

significantly different. 

Inflorescences on the high nitrogen treatment plants tended to 

"peep" slightly earlier but counts made at the stage of 60% anthesis 

failed to establish differences in "ear peep" between nitrogen levels. 

After anthesis the growth rate of inflorescences on plants at high 

nitrogen appeared to decline but the size advantage demonstrated in 

the pre-anthesis data was maintained at the final harvest. 
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THE SECONDARY DATA 

5. 2. 3. 

Net assimilation rates (N.A.R.) were calculated for the three 

cultivars at high and low nitrogen treatments on the basis of both leaf 

area (L.A.) and total photosynthetic area (T.P.A.) - Tables 17 and 18. 

Mean values for cultivars and nitrogen treatment, measured on the basis 

of both T.P.A. and L.A. are also illustrated in Figure 11. 

Analysis of variance of the data for N.A.R. on the basis of 

leaf area failed to establish significant differences between cultivars, 

nitrogen treatments or harvests (Appendix 15). The basis of a,significant 

(p < 0.05) cultivar x harvest interaction and a significant (P <0.001) 

nitrogen x harvest interaction was found, on examination of the two way 

table of means, to be mainly due to differences between means in the 

final harvest. At this stage when leaf area has declined to very low 

levels and the principal source of photosynthates has for some time 

been derived from tissues other than leaf, little significance can be 

accredited to the values of N.A.R. calculated on the basis of leaf 

area. When the data were reanalysed after eliminating the final harvest 

both these interactions were found to be non-significant (Appendix l5B) 

and the nitrogen x harvest 1 + 12 v. harvest 13 interaction was signifi

cant (P < 0.001). A similar result was found on partitioning the 

cultivar x harvest interaction. 

In the analysis of variance of the data determined on the basis 

of total photosynthetic area significant differences were demonstrated 

for nitrogen treatments (p < 0.01) and for harvests (p < 0.001) (Appendix 
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16). The effect of nitrogen treatments was a superiority of N.A.R. 

values at the low level of nitrogen. Examination of the significant 

(P < 0.001) cultivar x harvest interaction table of means indicated 

that there were significant differences at the first and fifth harvests 

(P < 0.05 and P < 0.01 respectively) between cultivars but no systematic 

pattern of differences was apparent. It was further noted in the inter

action table (i.e., V x H) that whereas Chile IB and Gamut developed 

maximum values of N.A.R. at the fourth harvest and then declined, 

Mexico 120 developed its maximum N.A.R. at the fifth harvest. 
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TABLE 17 

NET ASSIMILATION RATES (xl03 ) ON THE BASIS OF LEAF AREA (g/cm2/DAY) 

Harvest Mexico 120 Chile IB Gamut 

High N. Low N. High N. Low N. High N. Low N. 

1 1.0803 1. 3900 0.3879 0.3447 1.1026 0.9005 

2 0.9530 0.8284 1.0297 0.6287 0.9463 0.8366 

3 0.4500 0.6269 0.3290 0.6212 0.9325 0.4292 

4 1. 3300 0.9828 1. 3667 1. 3713 1.1250 1. 7817 

5 1.6585 3.2957 1.8529 2.3577 0.9940 0.8080 

6 0.6273 0.7178 1.4795 1.3964 1.0466 2.6610 

7 1.1360 0.8667 0.5490 0.9384 1.3800 0.0987 

8 1.8445 0.8187 1.3993 0.7420 0.9657 0.7663 

9 0.1615 0.7736 1.6278 0.6192 0.8125 1.1260 

10 1. 5935 1.1679 1.3500 1. 7752 1.3008 1.3774 

11 3.1392 1. 0328 1.3202 3.1850 3.8642 3.5635 

12 0.3290 3.2519 10.6659 2.2527 3.1366 3.3407 

13 3.9050 45.0544 -27.4835 3.7880 -21.3100 3.9573 

2 means 3 means 

5% Studentized Ranges, Cu1tivars = 3.35 4.03 

Nitrogen = 2.74 

Harvests = 6.97 8.40 

- 130 -



TABLE 18 

NET ASSIMILATION RATES (xl03) ON THE BASIS OF 

TOTAL PHOTOSYNTHETIC AREA (g/cm2/DAY) 

Harvest Mexico 120 Chile IB Gamut 

High N. Low N. High N. Low N. High N. Low N. 

1 0.7008 1.1053 0.3378 0.4750 0.9225 0.7600 

2 0.7280 0.7633 0.9775 0.4212 0.5939 0.7003 

3 0.4488 0.3950 0.3010 0.8385 0.7670 0.3890 

4 0.6033 1.1697 1. 2573 1.2508 1.0685 1.4405 

5 1.0318 1.6128 0.9863 1.0020 0.4145 0.4605 

6 0.4400 0.5360 0.7028 0.6120 0.7868 1.3003 

7 0.3980 0.7588 0.2360 0.4735 0.5123 0.0690 

8 0.4410 0.3903 0.4248 0.1423 0.3435 0.2783 

9 0.0288 0.2207 0.3900 0.3695 0.2748 0.2975 

10 0.1945 0.1925 0.1533 0.2750 0.1450 0.2705 

11 0.2130 0.2448 0.3088 0.3648 0.3383 0.4560 

12 -0.1070 0.1083 -0.2288 0.0445 0.2665 0.1100 

13 0.1043 0.4823 0.0790 0.3080 -0.5575 0.2795 

2 means 3 means 

5% Studentized Ranges, Nitrogen = 0.078 

Harvests = 0.199 0.239 

Cultivars = 0.095 0.114 
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FIGURE 11 

Mean values for N.A.R. on the basis of leaf area 

and total photosynthetic area. 
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When N.A.R. values determined on two parameters, leaf area and 

total photosynthetic area, were compared over twelve harvests for the 

three cultivars at two nitrogen levels (Appendix 17) it was found that 

there were significant differences (p < 0.001) between harvests, as well 

as between the parameters. The main point of interest in the analysis 

of variance however, was in the significant (P < 0.001) harvest x parameter 

interaction which showed non significant differences between parameters 

from harvest one to harvest nine except for harvest five where the 

difference was significant at the 5% level. From harvest ten to harvest 

twelve N.A.R. determined on leaf area was significantly greater than 

that based on total photosynthetic area at the levels 1%, 0.1% and 0.1% 

respectively. The cultivar x harvest x parameter interaction was non 

significant and examination of this interaction table of means showed 

that the harvest x parameter interaction was very similar for the 

three cultivars. 

The very substantial increase in N.A.R. based on leaf area 

which occurred in the last three harvests is to be expected, since in 

all cultivars the amount of leaf tissue was very small at this stage. 

In consequence differences between leaf areas at successive harvests 

were small and resulted in inflated values for N.A.R. (Appendix l6c). 

Relative growth rates (R.G.R.) and leaf area ratios (L.A.R.) 

for the cultivars at high and low nitrogen levels were calculated on 

the basis of leaf area and are recorded in Tables 
17 
£ and 20. Analysis 

of variance indicated that relative growth rates were not significantly 

different between cultivars. At the high nitrogen treatment however, 
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relative growth rates were significantly (p < 0.01) higher than for the 

low nitrogen treatment. Examination of the significant (P < 0.001) 

means for harvests indicated that maximum relative growth rate was 

achieved at the fifth harvest and thereafter declined steadily. 

statistically significant differences between cultivars were 

not demonstrated in terms of leaf area ratio. However, there were 

significant differences (P < 0.001) between nitrogen treatments and 

between harvests. The significant (p < 0.001) nitrogen x harvest inter

action two way table of means demonstrated superiority (P < 0.05) of 

leaf area ratio for the high nitrogen treatment to the eighth harvest 

but thereafter, when the plants were in the Generative phase of 

development, values of L.A.R. at high nitrogen treatments were signifi

cantly (P < 0.05) inferior. 
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TABLE 19 

RELATIVE GROWTH RATES FOR MEXICO 120, CHILE IB AND GAMUT (g/g/d) 

Harvest Mexico 120 

High N. Low N. 

1 0.0420 0.0579 

2 0.0365 0.0365 

3 0.0205 0.0169 

4 0.0530 0.0372 

5 0.0489 0.0870 

6 0.0261 0.0233 

7 0.0507 0.0342 

8 0.0587 0.0257 

9 0.0035 0.0189 

10 0.0236 0.0278 

11 0.0215 0.0113 

12 0.0009 0.0148 

13 0.0014 0.0178 

14 0.0038 0.0079 

5% Studentized Range 

" " " 

Chile IB Gamut 

High N. Low N. High N. 

0.0180 0.0205 0.0579 

0.0495 0.0347 0.0316 

0.0143 0.0271 0.0323 

0.0680 0.0549 0.0542 

0.0171 0.0622 0.0510 

0.0538 0.0326 0.0414 

0.0193 0.0264 0.0489 

0.0423 0.0178 0.0320 

0.0348 0.0146 0.0215 

0.0163 0.0342 0.0176 

0.0090 0.0329 0.0280 

0.0199 0.0120 0.0132 

0.0059 0.0031 0.0122 

0.0011 0.0085 0.0081 

Nitrogen = 0.0029 

Harvests = 0.0019 
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Low N. 

0.0420 

0.0263 

0.0148 

0.0579 

0.0235 

0.0142 

0.0059 

0.0245 

0.0254 

0.0269 

0.0358 

0.0148 

0.0157 

0.0124 



Harvest 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

TABLE 20 

LEAF AREA RATIOS FOR MEXICO 120, CHILE IB, AND GAMUT 

Mexico 120 

High N. Low N. 

11.98 50.86 

38.29 44.05 

45.70 26.93 

39.85 37.89 

29.51 24.48 

41.68 34.17 

44.68 39.48 

27.50 31.45 

21.55 24.40 

14.80 23.73 

6.84 10.98 

2.78 4.53 

0.35 3.96 

0 0 

5% Studentized Range 

" " " 

Chile IB 

High N. Low N. 

46.27 59.63 

48.08 55.12 

44.58 43.61 

49.75 40.07 

9.25 26.42 

36.35 23.33 

31.53 28.13 

30.21 24.01 

21.49 23.65 

12.07 19.24 

5.65 10.32 

1.87 4.67 

0 0 

0 0 

Nitrogen 

Harvests 
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2.26 

9.77 

Gamut 

High N. 

52.53 

28.62 

34.62 

48.13 

59.35 

39.57 

35.46 

33.17 

26.48 

13.57 

7.25 

4.20 

-0.57 

0 

Low N. 

46.63 

32.40 

34.56 

32.51 

29.04 

5.53 

5.87 

32.03 

22.52 . 

19.56 

10.06 

4.42 

3.60 

0 



DISCUSSION 

5. 3. O. 

Growth Analysis is a technique for the analysis of yield in 

terms of antecedent growth or increase in dry matter, and uses leaf 

areas as the measure of "productive capital" for photosynthesis and dry 

matter production. The technique assumes that a linear relationship 

exists between leaf area and dry weight over short periods of time, 

an assumption which watson (1952) considers is generally valid for 

periods of up to 14 days. As a technique Growth Analysis has two serious 

practical limitations, namely the inherent variability in growth which 

exists between plants, even of maximum practical, genetic purity, and 

the large numbers of plants necessary to enable regular and frequent 

destructive harvests for determination of dry weights and leaf areas. 

These have tended to limit the application of Growth Analysis in the 

past. Curiously, its application appears to have been largely restricted 

to European research workers until comparatively recently, so that most 

of the data which are published have been, in the case of wheat, 

restricted to long day cultivars. More recently, however, there appears 

in the literature to be renewed interest in the technique in non-European 

areas, where it has been applied to an increasing number of crops other 

than temperate cereals, e.g., soya-beans (Koller, Nyquist and Chorush 

1970), cotton (Muramoto, Hesketh and EI-Sharkawy 1965) and trees 

(Rutter 1957) and (Coombe 1960). 

Classical Growth Analysis placed principal emphasis on 

"Secondary" data, net assimilation rate (NAR), leaf area ratio (LAR) 

and relative growth rate (RGR). Most recent Growth Analysis however, 
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appears to be placing increasing emphasis on the developmental pattern 

of "primary" data such as the individual components of total dry matter 

production and leaf area, and their distribution over the entire plant, 

and attempts to relate these more closely to the secondary data, e.g., 

stoy (1965). As such, its value as a technique is substantially 

increased. 

On the basis of the experience gained in this experiment and 

in a subsequent experiment with Triticales, (Matheson, unpublished data) 

there would appear to be justification for this change in emphasis, as 

much of the value of the technique has been derived from the regular 

critical analysis of the individual harvests, rather than in the 

secondary data derived after the termination of the experiment. This 

statement is made on the basis of the limitations of the concept of NAR 

which are repeated, largely from watson (1952) because they are perti

nent to these data. 

NAR does not measure total photosynthetic efficiency. It is 

strictly a net gain between photosynthesis and respiration. Consequently 

all measured changes in rate of photosynthesis are not accounted for by 

variation in photosynthesis alone. Under Australian wheat crop conditions, 

where spring cultivars are grown over the winter and spring periods in 

conditions of short day length and in non frost periods at temperatures 

where differences between maxima and minima are frequently not great, 

respiration losses may well be of sufficient magnitude to mask any 

differences in photosynthetic efficiency. Under these conditions it may 

be a more serious limitation than envisaged by watson (l952). 
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Similarly, high levels of respiration losses, particularly in 

the Seed phase under the general Australian wheat-belt environment, may 

erode any physiological Y1eld advantages of the short stature wheats, 

and explain the inconsistency of yield superiority under local conditions. 

Such a postulation is sUbstantiated by the fact that in both the 

Pacific North-west and in Mexico, where very high yields are recorded, 

night temperatures during the Seed phase are generally low. 

The concept of NAR assumes respiration per unit leaf area. 

It does not take account of respiration in other plant tissue; nor the 

change in respiration rate with leaf age. In consequence NAR may vary 

independently of variation in rate of photosynthesis. Further, NAR 

must inevitably infer that photosynthetic rate is much the same for 

all photosynthetic tissue which is far from the true situation on the 

basis of variable light availability down the plant profile. 

The most serious limitation of the concept of NAR is, however, 

the implication that photosynthesis occurs in leaves only. Obviously 

this is not a source of error in cereals until tillering begins, but 

thereafter the error increases with age. The fact that much of the 

final grain yield is the product of photosynthesis in the stem, leaf 

sheath, head and awns appears justification for definition of NAR in 

terms of total photosynthetic area rather than leaf area. 

- 139 -



THE PRIMARY DATA 

5. 3. 1. 

Tamworth, where this work was undertaken, is in the area of 

the Australian continent which is influenced by typical winter weather 

systems where short day length and cloud cover, associated with winter 

rainfall incidence, are major factors of the environment during the early 

life of the wheat crop (Fitzpatrick and Nix 1970). In July, when the 

wheat plant is in a Juvenile state of development, average distribution 

of total solar radiation in the area is little more than 250 cl.cm-2day-l 

(Anon 1965b). In the winter period Fitzpatrick and Nix (1970) considered 

that, during phases of above average rainfall incidence, radiation values 

below 100 cal. cm-2 day-l may be recorded. In the spring period the 

level of radiation increases and, by early summer values of 600-650 cal. 

cm- 2 day-1 are common. 

The climatic data for 1968 (Table 12) indicate that during the 

winter period the incidence of rainfall was well in excess of expectancy 

for the area, and it may be assumed that radiation values experienced 

by the growing plants during this period were generally low. The 

photoperiodic data (Figure 6) indicate that in a May seeding, the 

photoperiod on emergence of the wheat crop is comparatively short 

(11.35 hours) and is decreasing throughout the duration of the Vegetative 

phase to a trough of less than 11.00 hours. It is not until the final 

stages of grain development that photoperiod attains a 13 hour duration 

and even in the late stages of grain development is less than 15 hours. 

Such distribution of photoperiod is in marked contrast to that experienced 

by wheat crops in the Northern hemisphere where photoperiods during 
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Reproductive and Seed phases are commonly within the range of 15-18 

hours. 

Minimum air temperature data (Figure 4) indicate that for all 

of the Vegetative phase and much of the earl~er Reproductive phase 

temperature values are either at, or below, the accredited temperature 

of 40 c F (Nuttonson 1955) at which the wheat plant ceases active growth 

for portion of the "24 hour day" cycle. The fact that mean daily air 

temperatures for a period of 12 weeks rise to little more than 10°F 

above the point of cessation of active growth suggest that during the 

Vegetative and early Reproductive phase temperature over a considerable 

portion of each "24 hour day" may be a limiting factor to growth. 

During the period of grain development, however, temperature well in 

excess of those generally considered as optimal for temperate cereal 

become common. 

The combination of short photoperiod, reduced solar radiation 

and low temperatures during the Vegetative and early Reproductive phases 

represents a climatic environment which does not appear to be conducive 

to the development of a large vegetative structure on which to produce 

high grain yields. It may provide the explanation as to why high crop 

yields are rarely recorded in the northern wheat belt of Australia 

following a wet winter, and why root development of wheat crops is 

restricted in such seasons :- the result of shortage of photosynthates 

to the roots, rather than the surplus of available moisture, to which 

depressed root development is generally attributed. There then follows 

a short period in the life cycle of the plant (i.e., around the stage 
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of ear emergence) when radiation levels, photoperiod and temperature 

are satisfactory for near optimum growth. F1nally, excessive 

temperature becomes a limitation to further growth. 

A characteristic of the development of total plant dry matter 

for each of the cultivars in the experiment (Figure 9) is the very slow 

rate of increase during the Vegetative and early Reproductive phases 

which is attributed to the combination of climatic factors previously 

discussed. This slow rate of increase is in marked contrast to that 

recorded by many research workers, e.g., stoy (1965) for spring wh~uts 

in the Northern hemisphere. However when temperatures and photoperiod 

increase beyond "threshold" values in the experiment the rate of 

increase in total plant dry matter is extremely rapid, particularly 

at the higher level of nitrogen availability. When growth was most 

active increases of in excess of 100% were recorded over some fort

nightly periods when nitrogen was not limited. 

Total dry matter production was superior in the semi-dwarf 

Chile IB to that of the standard height cultivar Gamut but inferior 

in the shorter dwarf Mexico 120. This result is in partial conflict 

with the data of Thorne et al. (1969) which indicated that "short 

varieties produce less dry matter than tall varieties", but the 

difference between European and Australian cult1vars in this 

characteristic may account for the difference between the two sets 

of data. 

When the period of active growth commences for each of the 

cultivars differences in dry matter production between nitrogen treatments 
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became statistically significant. This indicates the need for accurate 

definition of parameters measured when describing the response of 

cultivars to fertilizer nitrogen. 

Perhaps the most significant feature of the primary data is 

the progressive record of root dry weights (Figure 10). Major differ

ences both in the magnitude of the root development and the duration 

of high levels of root mass are evident at high nitrogen. Up to the 

stage of jointing (the seventh harvest) no varietal difference is 

apparent. Thereafter the semi-dwarf Chile lB particularly, and to a 

lesser extent the dwarf Mexico 120, show a marked superiority to Gamut. 

Accumulation of root mass is more rapid and attains much larger magnitude 

in the short stature types. Most important, however, is the fact that 

the growth of new roots proceeds longer into the Seed phase in the short 

stature wheats than is the case with Gamut. Root mass at any particular 

harvest is a net recording, being the difference between actively 

growing and lignified roots on the one hand, and the decayed roots on 

the other. In the earlier stages of the life cycle the latter is 

relatively insignificant, but becomes progressively more important as 

the plant ages, and eventually exceeds root growth rate. At the stage 

of flowering both seminal and coronal root. systems are highly developed. 

In the early stages of the Seed phase the root mass consists of seminal 

and Coronal systems but as the phase proceeds in a cultivar with a low 

degree of apical dominance "secondary coronal roots" from late formed 

tillers make an increasing contribution to the overall root mass. This 

is not the case when apical dominance has been retained late into the 

Seed phase. 
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The magnitude of the root mass of the short stature wheats, 

in comparison to that of Gamut in these data, is sufficient to preclude 

that the total effect is the result of "secondary coronal root systems", 

and would infer that the short stature wheats in the experiment do in 

fact have a large primary root system. As the demand for assimilates by 

elongating stems of short wheats is less than for tall wheats, and as 

leaf area and overall canopy efficiency is similar at this stage for 

both short and tall types, the stimulated root growth by the short wheats 

possibly results from more available photosynthates to the root,system. 

The implications of a larger and longer lasting, active root 

system, and its influence on final grain yield are exciting. A better 

distribution of photosynthates to the roots at a time when these are 

being otherwise utilised in the tall cultivar in the product~on of stem 

tissue, may be an investment of incalculable value at a later stage of 

development, when severe demand is on the plant for grain filling. It 

may provide the physiological explanation for extended tillering, for 

potential increase in the duration of the Seed phase and ultimately, 

for potentially higher grain yield in the short stature wheats. The 

response in root mass to varying levels of nitrogen fertilizer is of 

particular interest. Comparatively minor response only is exhibited 

by the cultivar Gamut, whereas the two short stature wheats, especially 

Chile lB, show major response. 

Comparison of the development of leaf areas with total photo

synthetic areas (Figures 7 and 8) by each of the cultivars indicate some 

differences. Whereas no significant superiority in leaf area at 

maximum development between cultivars at either nitrogen treatment 
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was evident the development of total photosynthetic area by the short 

stature wheats Chile lB and Mexico 120, at the high and low nitrogen 

levels was markedly superior to that of Gamut. Analyses of yield 

components at maturity (Table 15) and developmental analysis (Table 16) 

failed to establish major differences between cultivars in inflorescence 

size during the period of grain development. Consequently the basis of 

the superiority in total photosynthetic area of the short stature wheats 

must be in tiller and head number. At the low level of nitrogen treatment 

the greater tiller number of Mexico 120 may similarly explain the signifi

cant superiority in total photosynthetic area for that cultivar over 

both Chile lB and Gamut. 

Response pattern by the three cultivars in terms of either 

leaf area or total photosynthetic area to nitrogen treatments indicates 

surprising similarity. The 5~gnificance of this similarity is twofold. 

Firstly, it indicates that under conditions of considerable nutrient 

deficiency response can be demonstrated in a number of plant parameters. 

In the case of Gamut there is large increase in leaf area coupled with 

small increase in tiller number and head size all of wh~ch combine to 

produce a larger total photosynthetic area when more adequate supplies 

of nitrogen are available. Secondly, it illustrates how the current 

practice of describing cultivars as either "nitrogen responsive", 

"neutral" or "non-responsive", although response in grain yield is 

implied, can be quite misleading and ideally requires more precise 

definition. 

The magnitude of total photosynthetic areas for each of the 
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cultivars is of interest. In these data both short stature wheats 

achieve greater T.P.A. than the standard height cultivar, the result 

largely of increased tiller number rather than a markedly superior 

leaf area. Thorne, Welbank and Blackwood (1969) reported that "shorter 

varieties have less leaf area than the tall varieties while the grains 

are growing and so their leaves seem to be more efficient in producing 

grain". This is not supported by these data, but Thorne et aL (1969) 

were making the comparison with European standard height cultivars, 

which characteristically have greater leaf areas and greater leaf area 

duration than Australian cultivars. The point of significance is that 

total photosynthetic area is greater in the short stature wheats as a 

result of increased tiller number, a feature which was masked in the 

data of Thorne et al. (1969) because of "sowing difficulties and poor 

germination". Furthermore, high T.P.A.'s are maintained longer into 

the Seed phase in the short stature wheats which, coupled with the 

relatively high percentage of head tissue constituting T.P.A., and 

its persistence under classical ripening conditions to the final stages 

of the Seed phase could constitute a physiological yield attribute. 

In Australia, where classical ripening is the exception and inverse 

ripening the rule under northern wheat-belt conditions, the duration 

of high T.P.A. values is reduced, a feature which may further militate 

against expression of high grain yields from short stature wheats in 

an adverse environment. 

Comparisons of average head length at maturity can be a mis

leading comparison. Although no significant differences between 

cultivars were evident in these data (Appendix lIb) there was a 
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considerably greater range in head size ~n the short stature wheats than 

occurred in the standard height cultivar as illustrated in plate 6. In 

the short stature wheats the heads on earlier tillers were significantly 

longer than on the cultivar Gamut. Late tillers however, produced 

increasingly smaller heads, which on mean values at maturity, diluted 

the initial advantages of the short stature wheats. 

It has been previously mentioned in the rev~ew of l~terature 

that little is known of the effects of nutrients on physiological plant 

development and in this field of research the available literature is 

contradictory. However, Naylor (1941), Cooper (1956) and Aitken (1961) 

each indicated that mineral nutrition had no effect on floral initiation. 

Although not in general agreement with the findings of these workers 

the data derived from Developmental Analysis in this experiment are of 

interest. Neither Naylor, Cooper nor Aitken measured apex length; 

rather they assessed apex development by visual rating. In these data 

the difference in apex length between high and low nitrogen levels were 

striking throughout the period of micro-measurement, whereas apex ratings, 

being a subjective measurement, indicated only minor difference between 

treatments for each of the cu1tivars. 

The data indicate that the effect of nitrogen deficiency for 

Chile IB and Gamut was an increased rate of physiological ageing of the 

apex in the Vegetative phase. Linear growth of the apex appeared to be 

stimulated by deficiency and this was interpreted as an earlier entry 

into the transitional phase preceding floral initiation, when apex 

elongation is most active. Because of the physiological lag and 
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PLATE 6 

Showing the range of head sizes from single 

plants of Mexico 120 (left) and Gamut (right). 
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consequent difference in time of initiation between those apices at 

high nitrogen levels and those for which nitrogen was deficient, the 

data do not indicate that the lower level of nitrogen nutrition 

produced larger apices at initiation. Had the frequency of sampling 

been higher it appears that the size of apices at high and low nitrogen 

levels would have been at least comparable when competence was achieved, 

and possibly larger in the case of those apices at high nitrogen levels, 

as was reported by Single (1964). The fact that the response to nitrogen 

levels differed between (Chile IB and Gamut) and Mexico 120 indicates 

the probability of this type of response being a varietal one which may 

explain why it has not been previously reported. 

After floral initiation, the growth rate of the reproductive 

apex, in keeping with the growth rate of all other plant organs, e.g., 

roots, leaves, etc., was greater at high nitrogen levels. In consequence 

by the stage of ear peep, or the later stage of anthesis the physiological 

age advantage of the low nitrogen level apices had been lost. In fact 

the higher nitrogen treatment appeared to result in slightly earlier ear 

peep and anthesis, but this could not be substantiated by counts made at 

that stage in the experiment. 

Whyte (1960) reported a small apparent' induction effect of 

moisture stress in changing from the Vegetative to Reproductive stages 

of plant development. These data on vegetative apex length in particular, 

indicate that deficiency of nitrogen may have a similar effect in two of 

the cultivars studied. 
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THE SECONDARY DATA 

5. 3. 2. 

Historically the ea~ly expectation in Growth Analysis parameters 

was that N.A.R. would be largely dependent on external factors and largely 

independent of internal factors. As such, if two cultivars or two species 

showed different N.A.R. values in a single environment at one point of 

time they would show similar differences at a further point of time. 

L.A.R. however, and consequently R.G.R., change in a systematic manner 

with time so that comparisons of L.A.R. and R.G.R. between cultivars or 

species at the same time, or of the same cultivar in different environ

ments, have limited application. In consequence N.A.R. appeared the 

most valid of the secondary Growth Analysis parameters for purposes of 

comparison between species or between cultivars. 

The early expectation of N.A.R., however, has subsequently been 

proven incorrect by research in controlled environments, e.g., stoy (1965), 

who has shown that N.A.R. p~ogressively decreases with age or the onset 

of senescence. The decline in N.A.R. is the result of the increasing 

proportion of respiring to actively photosynthesising tissue, the 

decreasing capacity per unit leaf area with age, the effect of shading 

of leaves lower in the plant profile, and possibly the effects of sink 

strengths on photosynthesis during the Seed phase, (Laing pers. comm.). 

Despite this decline however, NoA.R. remains the most valid of the 

secondary Growth Analysis parameters for comparative purposes. 

A featUre of the N.A.R. data in this experiment was a high 

degree of variability between replicates. This was disappointing in 
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v~ew of the care which was taken throughout to achieve maximum uniformity 

of growth and measurement of plants. The variability supported the 

suggestion made by Brooks (1948) that in Growth Analysis to obtain 

valid comparison of N.A.R. values between cultivars, multi-replication 

("in excess of twenty five and preferably close to one hundred repli

cations") is necessary. possible sources of the variability between 

plants of the one l~ne must then be important. Much of the traditional 

Growth Analys1s has been with older European cultivars which are the 

result of increase from single heads, selected after the FlO generation. 

such a cult1var may be expected to exhibit a very high degree of uni

formity in most physiological characteristics. The cultivars used in. 

this experiment however, originated in a different manner. Mexico 120 

and Chile lB were the result of single plant selections in approximately 

the F4-5 generations made by Pugsley (pers. comm.). Gamut was the 

result of bulking a number of phenotypically similar, stem-rust 

resistant lines selected in the F5 generation (Watson pers. comm.). 

Consequently there is little reason why any of these cultivars should 

be fixed for physiological characteristics, when they do in fact exhibit 

some degree of phenotypic variation. As a "genetic stock" of cultivars 

of such origin, if it were available, is not necessarily truly 

representative of the cultivar in all physiological characteristics, 

this highlights a problem in research with modern cultivars from 

many centres, e.g., Mexico. 

Despite the climatic limitations of solar radiation level, 

length of photoperiod and absolute temperature, referred to previously 

particularly in the Vegetative and early Reproductive phases, the actual 
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mean values recorded for N.A.R. determined on the basis of leaf area 

are comparable in magnitude to those reported by Monselise (1951) who 

considered 40 - 50 g./M2/week as a "fair average for most herbaceous 

crop plants", and Walter (1951) who considered 35 - 70 g./M2/week as a 

good "general value for herbaceous crop plants" under European conditions. 

In the data when N.A.R. is determined either on the basis of 

leaf or total photosynthetic area, there occurs a distinct period of 

high N.A.R. values between the fourth and sixth harvests. This coincides 

with the period immediately preceding the very rapid increase in leaf 

area and dry weight. stoy (1965) related this period of high N.A.R. 

values to the stage when most active tillering was occurring, but before 

major leaf expansion of tillers had commenced, and mutual shading in the 

plant profile was effective. The trough in N.A.R. values prior to rapid 

increase in these data was experienced on only one occasion by stoy (1965) 

who attributed the effect to adverse seasonal conditions. 

When N.A.R. was determined on the basis of leaf area the decline 

in values of N.A.Ro was arrested at the ninth harvest after which senes

cence of leaf tissue was extremely rapid. From this stage to maturity 

when the photosynthesising role of the leaves had been replaced by stem 

and inflorescence tissue over-estimation of N.A.R. became progressively 

larger. The over-estimation of N.A.R. which commences in the early 

Vegetative phase and increases to extreme proportions in the late 

Reproductive and early Seed phases constitutes a serious limitation to 

the value of N.A.R. determined on leaf area. Determination on the basis 

of total photosynthetic area appears considerably more realistic. 

- 152 -



watson (1952) considered that it was "better to continue to use the leaf 

area bas1s for the value of un1formity". In the light of the present 

data however, the "value of uniformity" does not appear as a valid 

reason for continued use of leaf area for determination of N.A.R. in 

temperate cereals when the economic harvest is largely the result of 

photosyntr.esis 1n tissue other than leaf. The two determinations of 

N.A.R. measure different parameters. on leaf area N.A.R. pertains only 

to efficiency of productivity for leaf tissue, whereas on the basis of 

total photosynthetic area N,A.R. pertains to the efficiency of 

productivity for all photosynthetic tissue. Consequently the varietal 

differences in N .A.R. reported by stoy (1965) may be of academic 

interest only in final grain yield production, unless they are 

associated with differences in N.A.R. for tissue other than leaf. 

In the local environment, the result of rapidly rising and above 

optimum temperatures in the late Reproductive and Seed phases is an 

early onset of senescence, a rapid rate of senescence, and a greater 

dependence for grain development on peduncle and inflorescence tissue. 

undel these c1rcumstances there appears more justification for the use 

of total photosynthetic area as a basis for determination of N.A.R. 

In these data there was some indication that N.A.R. on the 

basis of T.P.A. was depressed by high temperatures in the late stages 

of the life-cycle. 
Ii 

Non-parametric tests (Moo~ and Graybill 1963) were 

used to test this hypothesis but it was not possible to differentiate 

between the depressing effects of high temperatures and increasing 

phYSiological age of photosynthetic tissue. Recent studies by OWen 

(1971) would indicate that the temperature regime experienced in the 
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late Seed phase in this experiment was below that necessary to cause 

depression of N.A.R., and that the effect recorded in the data was the 

result of physiological ageing, as has been reported by a number of 

research workers, e.g., Watson (1952) and stoy (1965) in environments 

in which temperature in the late Seed phase was falling. 

The fact that no statistically significant differences in 

N.A.R. on the basis of leaf area could be established in the experiment 

between nitrogen treatments for any of the cultivars, is in accord with 

the findings of Blackman (1968) who concluded that N.A.R., when determined 

on leaf area "is little influenced by wide variation in the supply of 

N, P and K". Rather, the effects of high levels of nitrogen is that a 

larger proportion of the assimilates is expended on new leaf area leading 

to an increase in the overall size of the plant. When determined on 

the basis of total photosynthetic areas, hcwever, statistically signifi

cant difference between nitrogen treatments can be demonstrated by virtue 

of the effect of nitrogen on tillering. This difference further sub

stantiates the use of total photosynthetic area as a basis for N.A.R. 

No statistically significant differences could be established 

in these data between cultivars. Again this result is in agreement with 

those of the majority of research workers in this field, e.g., De Silva 

(1961), Krishnamurthy (1963) and Quinlan and Sagar (1962) who consider 

the size of the photosynthetic system, particularly its top layers, is 

likely to exert greater incluence on production capacity, rather than the 

efficiency (N.A.R.) of the photosynthetic system. stoy (1969) however, 

reported success in establishing varietal differences, but "only in 
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the last few weeks of the growth season". Definition of the "growth 

season" in Stoy' s papers (1965) is not clear as at least some of his 

Growth Analyses were terminated before maturity of grain. The term 

is interpreted by this author as concluding shortly after anthesis. 
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SUMMARY 

5. 4. O. 

The data established a growth pattern which it appears reasonable 

to assume 1S characteristic of the general Australian wheat crop, and 

which is distinguished by low growth rate in the Vegetative and early 

Reproductive phases followed by a very rapid growth rate to the early 

Seed phase. The slow early development of growth appeared to be the 

result of low mean temperatures, short photoperiod, and low levels of 

solar radiation. 

Root distribution and duration of maximum development differed 

between the dwarf and standard height cultivars used in this experiment. 

The data were derived from a study of only three cultivars, growing 

under atypical conditions and extrapolation of this character to other 

cultivars should be made with caution. 

Nitrogen response pattern was similar between the cultivars 

studied in terms of leaf area and total photosynthetic area. However, 

in terms of the magnitude of total photosynthetic area the response 

between cultivars was differential indicating that total photosynthetic 

area may be a more realistic index of the photosynthetic system than is 

leaf area. 

Nitrogen fertilizer appeared to have a small effect on the 

duration of the Vegetative phase of development, deficiency causing a 

minor acceleration of floral initiation. More adequate supplies of 

nitrogen appeared to result in a more rapid growth rate of the developing 

inflorescence after initiation which by the time of anthesis negated 
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the earlier advantage of the nitrogen deficient inflorescences. 

The values for N.A.R. calculated on the basis of leaf area in 

the experiment do not signif1cantly differ between the cultivars used, 

indicating that a higher "photosynthetic efficiency" is not the 

explanation for higher grain Y1eld potential for these short stature 

wheats. 

Finally, the application without modification of classical 

Growth Analysis techniques for determination of the size of various 

plant parameters which were highly fixed genetically for the majority 

of characters measured in older cultivars is questionable on the basis 

of variability for some modern cultivars, which have originated from 

the bulking of phenotypically similar lines in early generations. 
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