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SUMMARY

Eighteen new maize hybrids resistant to tropical rust (Puccinia polysora) were tested
throughout the maize-growing area of the Atherton Tableland in trials extending over three
seasons. Current commercial varieties were included as standards.

Yield and susceptibility to ear rot varied widely between varieties, seasons and sites.
Three new hybrids, KTW41, KTW36 and KTW37, were outstanding for yield performance,
resistance to lodging and resistance to ear rot over the whole range of conditions. KTW41
was superior in yield to KTW36 and KTW37. Yield superiority of these three hybrids over
the standards was shown under less favourable conditions experienced in two seasons., The
third season offered good growing conditions and yield differences between these hybrids
and the better standards were small.

I. INTRODUCTION

Until 1955 only open-pollinated maize varicties were grown commercially
on the Atherton Tableland of Queensland (Steele, Rosser, and Walsh 1955).
Thereafter, hybrids produced at Grafton in New South Wales began to be grown
and, due to their superior yielding ability, two Grafton hybrids, GH128 and GM211,
comprised most of the hybrid planting, which amounted to 80% of the total
planting, by 1963 (Kelly 1964).

All commercial varieties are subject to marked seasonal variation in yield,
which Simonett and Drane (1953) have shown to be caused largely by excessive
rainfall during the growing period and during cob development. They attributed the
depression in yield during cob development to diseases, particularly Diplodia
ear rot. A more recent and more serious disease when weather conditions favour
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its development is tropical maize rust (Puccinia polysora Underw.). Its effect
was first evident in 1959 (Pont 1963). As there is a high probability of moist
atmospheric conditions favourable to the development of the disease at a time
when the crop is most susceptible (after tasselling), tropical rust poses a constant
threat.

There has also been a steady decline in yield with time which has been
attributed to depletion of soil nutrients. van Haeringen (1965) recorded economic
increases in yield with nitrogen application but not when tropical rust was
prevalent,

The combined effects of declining yield and threat of disease suggested that
a more suitable variety was required to which fertilizer could be applied with
confidence. Working towards this end, hybrids with resistance to the strain of
P. polysora known to be present were bred at Kairi Research Station and tested
throughout the maize-growing area.

II. MATERIALS AND METHODS

Three-way cross hybrids resistant to P. polysora were grown during the
1964-65, 1965-66 and 1966-67 seasons. Five sites were established in each
season. Only one, situated on good soil at Kairi Research Station, produced
sufficient maize for harvest in the first year. In each of the other two years the
sites and their description were as follows:

Site 1. Kairi Research Station 1. History of high yields.
Site 2. Kairi Research Station 2. History of low yields.
Site 3. East Barron. Higher rainfall.
Site 4. Tolga Forest. Lower rainfall.

Site 5. Walkamin Research Station, Virtually rust free.

In 1967 the Walkamin site was discontinued in favour of another Tolga
forest site.
The treatments each year were:

1965: 10 new rust-resistant hybrids and 5 standards.

1966: Walkamin Research Station—16 rust-resistant hybrids and 5
standards. Other four sites—18 rust-resistant hybrids and §
standards.

1967: East Barron—10 rust-resistant hybrids and 3 standards (GH128,

GM211 and Kairi Durum). Other four sites—I10Q rust-resistant
hybrids and 5 standards.

All new hybrids included in 1965 that could be remade went into the 1966
trials; some of these were excluded for various reasons from the 1967 trials. The
five standards were two commercial hybrids, GH128 and GM211, two open-
pollinated strains, Atherton Dent and Kairi Durum, and a promising Grafton
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hybrid, GH170. The standards were chosen on the basis of yielding ability
(GH128), resistance to lodging (GM211) and resistance to ear rot (Kairi
Durum).

Treatments were compared in randomized complete blocks replicated four
times in the first 2 years and five times in 1967. Plot size was one row % chain
long in the first two seasons and two rows % chain long in the third. Distance
between rows ranged from 40 to 44 in. between sites.

Planting was carried out by hand-dropping the seed through the spout of
a commercial planter at approximately twice the required density. At 2-3 weeks
after planting, plots were thinned by hand to the first whole plant number above
the equivalent of 12,000 plants per acre.

A basal dressing of mixed fertilizer was made at planting at all sites except
the two on Kairi Research station in 1966, where it was side-dressed at 3
weeks. In 1965 and 1967 the fertilizer applied was 67 Ib N, 11 1b P and 9 Ib K
per acre, and .in 1966 it was 67 Ib N and 13-5 Ib P per acre. The nitrogen
level was approximately the optimum economic level in the old maize land
shown by van Haeringen (1965) and the phosphorus was an insurance against
possible deficiency.

Weeds were controlled by inter-row cultivation. The Tolga forest site
in 1966 was sprayed with 30% dieldrin at 3/4 pint per acre at 2 weeks after
planting to control approaching armyworm (Spodoptera exempta Walk.).

Before harvest the total number of plants in each plot and the number of
plants lodged more than 30 deg. from the vertical were counted. Those with
a lean of more than 30 deg. were considered difficult to harvest with a
commercial maize picker. Most of the lodging resulted from broken stalks.

Plots were hand-harvested. To calculate the amount of diseased grain,
the cobs were counted and graded into proportion infected. In the 1965
season cobs were separated into four groups—O0, 334%, 66%%, and 100%
infection—and in the next two seasons into five groups—0, 25%, 50%, 75%
and 100% infection.

Yield was calculated from the weight of shelled grain per plot adjusted
to 14% moisture. Bushel weight was taken as 56 1b.

Inverse sine transformations of the percentage lodged and percentage
diseased grain were used for statistical analysis in 1966 and 1967.

III. RESULTS

Yield of each variety at each site for the three seasons is given in Table 1.
There was a large variation in yield between seasons and between sites as
well as between treatments. The open-pollinated strains were the most susceptible
to seasonal variation in yield.
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TABLE 1
YIELD DATA (Bus/Ac.)
1965 1966 Harvest Site 1967 Harvest Site
Variety Harvest,
Site 1
1 2 3 4 5 {Mean| 1 2 3 4 5 |Mean
KTW 41 .. | 532 |948)474|1054 | 504 | 955|787 | 94:5| 704 | 62:6 | 64:0 | 39-6 | 66-0
KTW 37 .. ] 531 1910|556 980 |51:3|773|746|91-8|750/|503)|633|381]|637
KTW 36 ..| 385 [91-0|479| 926 | 48:3|89-1|73-8|91-8|76'5|570|72:9|41-0 678
KTW 42 .| 517 |917|462| 824|440 821|693, 87-4]|691]|52:0] 535321588
KTW 34 .. 447 19821376| 851 )|49-8)94-8|731|81-5|73:8|51:9| 626|372 614
KTW 49 .. .. 82:0|44:3| 832|481 |82:7|681]|946, 693|548 63:5| 368|638
KTW 33 .. | 420 |85-8|384| 868 |481|783|675|738|655|553|576|32:6]|590
KTW 38 ..} 399 |80-8|51-2| 837 510|766 687| .. . .. AN .. .
KTW 48 .. .. 818|445 816 | 506|746 | 666 | 74:5| 72:6 | 54-8 | 59-5| 35:3| 59-3
KTW 40 ..| 371 |832|497| 83:0|331|841|666|79:7|769|57-8|553]|308] 601
KTW 39 ..| 471 | 710|349 792 |554|875|656|76:4|51:0|46'5|48:2| 253|495
KTW 51 .. . 85:0|33:2| 8751359926668 .. .. . .. .. o
GH 170 .| 292 | 760|371} 652 |501|552|567|61:9|579| .. |60-8|381]|547
GH 128 .| 211 | 86:6(458| 784 | 54-5|781|687|649|499|47-6|47-5|247|467
GM 211 ..| 176 | 666|442 71-1 | 554 |830|641|608|661|358]|607]|255|498
KTW 45 .. .. 75:8|40-2| 81-8 | 37:3| 844 | 639
KTW 44 .. .. 87-5|33:8| 860|458 .. |633
KTW 43 . .. 86'5|32:-1| 80'6 | 44:0| 699|626
KTW 50 .. . 90-31294| 794499 .. |622
KTW 35 ..| 40-8 770|396 699 |42-3|81-1|62:0
KTW 46 . .. 75:3|37-8| 879 1420 .. |60:8| .. .. .. .. .. o
Kairi Durum ., | 154 |62:0|294| 666 | 404|769 | 551 | 41-8| 348 19:9 | 22:6| 196 | 277
Atherton Dent| 12:1 |61:2|23-4| 652 |280|659|487}153119'5| .. |140]159|162
Mean .. ..| 362 |81:8|402| 818 459|805 .. |72:6|61-8]|49-7|537|315
L.S.D IS% .. 88 |1841129| 148 | 81|172| .. |[105| 84| 91| 92| 48
- '11% ..| 11-8 |2441172| 196 | 10-8|22:9| .. |14:0|11:2]|122]12:2| 64

Lodging counts are given in Table 2. A number of new hybrids compared
unfavourably with the standards.

Almost all diseased grain (Table 3) resulted from infection by species of
Diplodia, while Gibberella zeae (Schw.) Petch was the causal agent in some
grain infection following husk damage by insects. Most diseased grain occurred
in the 1967 trials and the district crop was similarly affected. Site 5 in this
year was worse than the others. A similar variability from farm to farm occurred
in the district also.

The first year’s trial (1965) was grown under colder conditions than the
others, as shown by the monthly means of the mean hourly temperature during
growth of the 3 years’ trials (Figure 1). The mean of the previous 10 years
(1955-1964) mean hourly temperature is included for the period during which
the crop- is usually grown. A record district yield per acre for 28 years was
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TABLE 2

PERCENTAGE OF PLANTS LODGED

1965 1966 Harvest Site 1967 Harvest Site
Variety Harvest.

Sitel ] . 3 4 | 5 [Mean| 1 | 2 | 3| 4 | 5 |Men
KTW 37 .. | 105 60| 37| 66| 64, 00| 45| 33| 03| 21| 01} 91| 30
KTW 36 . 7.9 |12-8} 2:3| 1531172 57|107| 36| 17| 52| 45| 59| 42
KTW 39 .. 74 1327 43| 253|363 36|204] 31| 41| 23| 37| 54| 37
GH128 .. 142 90| 44| 108 | 99|150| 9:8/105| 54| 08| 46172 77
GM211 .. | 168 |101} 27| 11-3 |22-5| 3-5|100| 80| 2:4| 74| 52| 38| 54
KTW 41 ..| 196 (192| 57| 13-8 |21-8| 91139 48 19| 36| 91| 92| 57
GH170 ..| 170 | 159 2:8| 22:1 |21-7| 35(13-2|176| 89| .. | 36|12:1|105
KTW 51 .. .. 26:8| 23| 207 |165| 66146
KTW 45 .. . 299 96 11-2 1 21:5| 09146
KTW 38 .. 26 |107| 39| 22:0|27-0{150]| 157} .. .. . o .. -
KTW 49 .. .. 26:6| 58| 310 140-1| 7-4|222| 51| 17} 41| 38| 36| 37
KTW 34 ..o 150 (2206 72| 241 |349| 62,190|206| 93| 34| 94| 64| 98
KTW 44 .. .. 1723 | 66| 204 | 245 .. |17:2| .. .. . .. A R
KTW 33 ..| 126 340 75| 202 {352 107|21:5|206| 72|147| 62| 777|113
KTW 40 .. | 165 [31'5) 25| 327 |11-0|16:0| 158|209 | 58|201|329| 90]|17-7
KairiDurum .. | 234 |27-1} 97| 135 |21:4| 142|172 | 14-0| 17-8 | 29-8 | 25-5| 31:5| 23-7
KTW 35 .. 163 | 2571 11-2| 240 | 36:6|13:9| 223
KTW 43 .. .. 244|132 151 | 350|285 | 23:2
KTW 50 .. .. 41-1| 37| 388 |262| .. |274
KTW 46 .. .. 3821139 183 |436| .. |285] .. .. . .. . ..
KTW 42 ..o 294 | 286|158 225|504 39|242(267|11:2|389 256152235
KTW 48 .. .. 30-1116-8| 246 | 47-8| 342|307 | 224} 111|160 91| 94136
Atherton Dent| 22:0 |46'4|20:9| 31-0 | 26:8|26-2|30:3|32:0|270| .. |526]|31:5|356
Mean .. .| 154 |246| 77| 2006 |27°6|10-5| .. |142| 7-7]11-4|13-1|11-8
LSD. ISZA .. | 166 [ 187 94| 155172 |

W% .. | 222 |248|12:4| 206 | 229

harvested in the 1966 season. During most of the third season (1967) favourable
growing conditions prevailed apart from a deluge of rain experienced over the
maize-growing area at about 9 weeks after planting. Kairi Research Station
recorded 18 in. in 1 day and more than 30 in. in 4 days of the same period.

Tropical rust was present in epiphytotic proportions in susceptible varieties
during the 1965 trial. It was not evident at any site in 1966. In 1967 it
appeared at between 5 and 6 weeks after tasselling in susceptible varieties at two
sites (sites 1 and 3). Only in 1965 could tropical rust have caused a large
reduction in yields of susceptible varieties,.

Results of the significant differences from the individual analyses are
summarized in Table 4.

It is apparent that KTW41 was the most outstanding for yield, while a
group consisting of KTW36, KTW49, KTW37, KTW34 and KTW38 was
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TABLE 3
PERCENTAGE DISEASED GRAIN
1966 Harvest Site 1967 Harvest Site
. 1965
Variety Harvest,

Sitel | 4 2 3 4 5 |Mean| 1 2 3 4 5 |Mean
Kairi Durum .. | 10-5 15| 56| 07| 54| 05| 27| 77|142| 103|120 31-3 | 151
KTW 34 .. 130 08123 42| 30| 08| 42| 48|104|11-8|12:4| 431|165
KTW 41 o 112 1-15| 79| 46| 17| 04| 32| 38|170|186]| 91|429|183
KTW 36 o152 171106 27| 54| 02| 41| 79|21-8|154| 74439193
KTW 49 .. .. 211172y 75| 37| 04| 62| 87(234|169|12:0| 446|211
KTW 37 o 112 03| 53|, 16| 47| 06| 2-5/10-5|24:3|235]22:6|550]|272
GM 211 .. | 208 07104 41| 27| 02| 36| 89|183[132]11-7|423|189
KTW 33 .| 138 1-8| 91| 40| 30| 05| 3-7|134|28-5|283|182]|586|294
KTW 38 .. 115 08| 114, 37| 41| 04| 41 .. ..
KTW 35 .| 186 0-5|12:3| 62| 21| 03| 43
KTW 46 .. .. 241 86| 57 39| ..| 51| .. .. .. . ..
KTW 48 .. .. 221113 90| 42| 09| 55| 53|12-:0(18-8|30:7| 634|260
KTW 39 ..| 165 1-7 {121 98| 20! 02| 52108 337]|230]|203]|500]| 275
GH 170 .. | 206 3-8|16:1| 104 | 56| 30| 7:8}106|270| .. |11-5|259]|187
KTW 44 . .. 07140 64| 56| ..| 67| . . .. .. ..
KTW 43 .. .. 144|140 78| 59| 02| 59
KTW 45 . . 1-2|158| 78| 34| 11| 59
KTW 50 .. .. 1:6112:9| 120 | 39| .. | 76| .. .. . .. N ..
KTW 42 .| 12-8 22| 98| 119} 54| 24| 63| 99|29-5|286]|282|804|353
GH 128 .. 239 3:3|158| 1244 52| 15| 76|131]33:6|167| 14:0| 43-8| 242
KTW 40 .. 190 19161 1277 | 29! 06| 68|163]292|229|288/657]|32:6
KTW 51 . . 2:41195( 83| 44| 09 71| .. .. .. .. .. ..
Atherton Dent | 225 84 21:7| 113 | 76| 46|107|196|31-7| .. |39-5|595{351
Mean .. .. | 161 1-81126| 71| 42| 10| .. |101|236]|19-0|17-9]|500]|239
L.S.D.fsz,% Lo 111 24 82| 51| 33| 18 .. .. .. .

114 o1 149 31109 68| 44} 24

prominent. Yield of any one in this group was exceeded (P < 0.05) by only
KTW41 and others in the group for any of the analyses at the individual sites.
The exceptions were KTW36 and KTW38, whose yields were exceeded
(P < 0.05) by KTW42 once each. In the favourable season (1966) GH128
was as consistent in yield as the better new hybrids.

KTW37 showed least lodging. The number of times KTW36, KTW41,
KTW44 and KTW51 were exceeded was in the same range as GM211, KTW34
and KTW38 were in the same range as GH128, while others, including KTW49,
were inferior.

Two new hybrids, KTW34 and KTW41, and the commercial variety
GM211 were as consistent in ear rot resistance as Kairi Durum. KTW35,
KTW38 and KTW46 were quite good but untried in a “disease” year and KTW36,
KTW44 and KTW37 compared favourably with GH128.
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Fig. 1.—Mean hourly temperature during months following planting.
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TABLE 4
SUMMARY OF SIGNIFICANT DIFFERENCES
. . : : Number of Times %, Diseased
NomberotTines Yy orEach | Nombss,of Times adeng, of | "Gram of e Vastis
Variety for all Sites (P < 0-05) Variety for all Sites (P < 0:05) all Sites (P < 0-05)
1965 1966 1967 1965 1966 1967 1965 1966 1967
Harvest | Harvest | Harvest | Harvest | Harvest | Harvest | Harvest | Harvest | Harvest

KTW 41 .. 0 0 0 1 2 2 0 0 3
KTW 36 .. 3 0 0 0 1 1 0 2 5
KTW 49 1 1 20 1 6 7
KTW 37 .. 0 2 2 0 0 0 0 0 20
KTW 34 .. 0 3 4 0 7 11 0 0 1
KTW 38 3 3 0 8 0 0 A
KTW 48 .. .. 5 7 51 26 3 21
KTW 42 . 0 5 10 5 29 45 0 24 39
KTW 33 o 3 2 18 0 13 15 0 0 24
KTW 44 - . 9 .. .. 1 6
KTW 46 .. .. 12 .. . 28 0
KTW 50 .. 12 .. .. 24 . .. 11 ..
KTW 39 . -0 12 36 0 11 1 0 8 22
KTW 35 . 3 17 . 0 11 .. 0 0
KTW 43 .. 18 .. .. 26 7
KTW 45 .. .. 19 .. .. 4 .. 5 ..
KTW 40 o 4 20 11 0 13 27 0 15 36
KTW 51 .. .. 20 .. .. 2 . .. 12
GH 128 .. .10 3 40 0 7 6 4 20 14
GM 211 v 11 18 35 0 0 2 0 0 3
GH 170 .. 9 37 19 0 1 14 0 40 7
Kairi Durum 11 51 64 1 5 46 0 2 1
Atherton Dent 12 74 54 1 55 48 3 77 35

IV. DISCUSSION

The prominent varieties were KTW41, KTW36 and KTW37. Yield
performance of these three was better than that of the best commercial standards
and their ability to withstand lodging at least equal to them. KTW41 was the
most consistent for yield in that it was not significantly exceeded by another
variety at any site. KTW41 showed more consistent resistance to ear rot than
KTW36 and KTW37, which were similar to GH128 in this respect.

Although KTW34 yielded well and had equal ear rot resistance to Kairi
Durum, it had a greater tendency to lodge than GH128. KTW49 consistently
gave high yields but should be disregarded because of its tendency to lodge.
Although other new hybrids performed better than the standards in some respects,
their overall performance was not as good as that of those already mentioned.
The fact that the standards, especially GH128, yielded well in the favourable
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season and dropped sharply in yield in the other years suggests that use of
one of the better new hybrids in the district would reduce seasonal variation
by increasing yield in poorer seasons whether tropical rust was present or not.

The three seasons provided a range of weather conditions. Low yields in
the first season (1965) at a site which had a much higher potential and failure
of the other four sites to produce any harvestable maize can be ascribed to
adverse growing conditions caused mainly by lower temperature. The second
season (1966) provided an opportunity for varieties to express their yield
potential within the limitations of soil conditions. The deluge of rain in 1967
would have been an important contributing factor to the high incidence of
diseased grain in that season.

Low yields at some sites in 1966 and 1967 can be attributed to exhaustion
of soil nutrients. Recent nutrition studies suggest that the most economic level
of nitrogen and phosphate application at the lowest yielding site in 1967 is
higher than was applied in the trials. Diseased grain variation from one site
to another would probably depend on carry-over of the fungus species from
previous seasons (Pont 1963).
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