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Effect of carboxln seed dressing on emergence, 
coleoptlle length and primary leaf growth of 
wheat and barley 
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Summary 

The effects of treating seed with carboxin 
(0, 0.25, 0.5, 0.75, \, \.S, 2, 3 Ind 5 g 
kg - I seed) on emergence, coleoptile length 
and primary leaf growth of barley (cvv. 
Grimmell and Prior) and wheat (cv. Banks) 
were measured at IS, 20. 25 and 30°C. 

Carbo"in Increased the coleoptlle length 
of Grimmell II 15°C Ind of Prior II 15 and 
20°C, but shortened Prior coleoptiles and 
reduced Prior emergence at 25 and 30°C. 
The improvement in coleoptile length of 
barley at IS and 20°C was not significantly 
increased above I g kg- I seed. The highest 
rate of carbo"in (5 g kg - I) shortened 
coleoptlles of Banks at all four tempera
tures. 

Carbo"in also reduced primary leaf 
length in 11 of the 12 cullivar x temperature 
treatments. 

Introduction 

In Queensland, deep sowing (SO to 100 rrun) 
of winter cereals is often necessary in order 
10 place seed into moist soil. However, 
recent cultiva rs of wheat and malting barley 
have shorter coleoptiles than their predeces
sors (Whan 1976a, Radford 1987a). Short 
coleopliles in association with deep sowing 
have reduced the establishment of wheat 
and barley (Whan 1976b, Radford 1987a) 
and reduced the )!igour of barley seedlings 
(Kaufmann 1968). Wheat cultivars sown 
deeper than their maximum coleoptiJe 
length suffer major reductions in emergence 
(W han 1976b). A means of increasing 
coleoptile length would therefore be useful. 

The systemic fungicide carboxin, when 
used as a seed dressing, has increased the 
coleoptile lenglh of ba rley by 10 to 17 mm 
and also increased field establishment (Rad
ford and Wildermuth 1987). Apparenlly, 
this fungicide can act as a growth regula
tor. Such action may be stimulatory or 
inhibitory depending on the concentration 
of Ihe chemical (Tukey 1969). 

Carboxin is used at a rate of 0.25 g 
kg - I seed to control covered smut (Usti/a
go hordei [Pers.] Lagerh. ) in barley and at 
a higher rate of 0.94 g kg - I seed to con
lrol loose smut (Uslilago nuda [Jens. ] 
Rostr .) in wheat and barley. 

This paper reports the effects of differ
ent rates of carboxin seed treatment on the 
emergence, coleoptile length and primary 
leaf growth of barley and wheat at four 
lemr eralures. Since high temperatures 

severely shonen Ihe coleopliles of wheat 
(Burleigh el al. 1964, Radford I 987b) and 
barley (Radford 1987 a) , lechnology for 
increasing coleoplile length at high temper
atures would help overcome establishment 
problems in winter cerea ls. 

Materials and methods 

Seed of barley (evv. Grimmett and Prior) 
and wheat (ey. Banks) treated with differ
ent rates of carboxin were germinated at 
15,20,25 and 30°C. Seeds were placed \0 
mm deep in 60 mm of a mix containing 
equal portions of sand and peal moss at 
approximately 29070 gravimetric water con
tenl. Plantings were made in boxes sealed 
to exclude light and to minimize water loss. 
Time was allowed for the primary leaves 
of the seedlings to emerge from their 
coleoptiles (12 days al IS · C , 8 days at 
20·C, 7 days at 25 ·C and 6 days al 30· C). 

Treatments 

The 10 seed treatments are listed in Table 
1. There were two control trea tments: 
untreated seed and seed with a coating of 
talc (equal to the highest rate of carboxin). 
Inert seed coatings, such as talc. can affect 
the germination a nd field establishment of 
some pasture grass species (Scott 1975, 
Dowling 1978). Where only small quanti
ties of carboxin were applied. the chemi
cal was mixed with talc to ensure even 
distribution (Table I ) . Seed dressings were 
applied as dry powder and tumbled wilh 

Table 1 Rates of carboxin and talc in 
treatments 

Carbo"in VUava.x 7S-* Talc 
(g kg" seed) (g kg-' seed) (g kg-' seed) 

o 
o 
0.25 
0.50 
0.75 
1.00 
LSO 
2.00 
3.00 
5.00 

o 
o 
0.33 
0.67 
1.00 
1.33 
2.00 
2.67 
4.00 
6.67 

o 
6.67 
1.00 
0.67 
0.33 
o 
o 
o 
o 
o 

• Vil3VaJt 7~· , which conlains 75'11 carboxin, was used 
as the soorC(' of carbox; n. 

the seed for 30 min to ensure thorough mix
ing. The untreated seed was also tumbled. 

Design 

Each treatment consisted 0[20 seeds sown 
in a single row 300 mm long. Different 
treatments were sown in rows 40 mm apart 
in the same box. Boxes were used as repli
cates. Design was a randomized block with 
four replica tions, 

Measurements 

Seedling emergence was determined by 
cou nting the number of seedlings equal to 
or longer than 10 mm (seedling depth) . 
Seed lings were removed and their coleop
tiles and primary leaves measured from 
seed to tip. 

Statistical analysis 

All experiments were analysed by factor
ial analysis of variance. 

Results 

Emergence 

Carboxin did not affect the emergence of 
Grimmett (P > 0.05) at any temperature or 
Prior at 15 and 20°C (Figure I ). However, 
at 25 and 30°C, rates of carboxin between 
I and 5 g kg- ' significanUy (P <0.05) 
reduced the emergence of Prior. 

Carboxin had no significant (P >0.05) 
effect on the emergence of Banks at 15 , 20 
or 30°C, but at 25 °C some significant 
(P <0.05) differences occurred (Figure I) . 
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Figure 1 Effect of rate of carboxin seed treat
ment on emergence of barley (cw. 
Prior and Grimmett) and wheat (cv. 
Banks) a115°C (0 ), 20°C (e ), 25°C 
(0 ) and 30°C (. ). (Ve rtical bars 
indicate I.s.d . (P - 0.05) ; ns, not 
significant.) 



Wheat emergence was consistently lower at 
30'C than at 15, 20 or 25 'C. 

Talc had no effect on the germination of 
any culti var at any temperature. 

Coleoptile length 

Carboxin had a significant effect on the 
final coleopt ile length of Grimmell only at 
J5 °C (Figure 2). At this temperature, seed 
treated at 0.5 to 5 g kg - l had significant
ly longer coleoptiles (P <0.05) than 
untreated seed. 

Carboxin affected the coleoptile elonga
tion of Prior at all four temperatures 
(Figure 2). At 15 and 20'C, carboxin 
caused increases (P<0.05) in coleoptile 
length, a nd at 25 and 30°C reductions 
(P<0.05) . Quantities of I to 5 g kg- I 
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Figure 2 Effect of rate of carboxin seed treat · 
ment and talc (T) , on coleoptLie 
length of barley (cw. Pnor and Gnm· 
men) and wheal (cv. Banks) at 15°C 
(0 1. 20' C (e l , 2S'C (0 1 and 30' C 
(_ ). (Vertical bar Indicates I S.d. (P 
'" 0.05): ns. not significant) 

generally increased coleopti le length at 15 
and 20'C. 

There were no significant (P>O.05) 
increases in the coleoptile length of Banks 
with carboxin treatment, but 5 g kg - I 
shortened Banks coleoptiles at all temper
atures, and 3 g kg - l shortened them at 15, 
20 and 25 ' C (P<0.05) (Figure 2). 

In genera l, talc did not affect coieoptile 
length. 

Prim.ry le./ length 

High rates of carboxin reduced (P <0.05) 
primary leaf length in II of the 12 cullivar 
x temperature treatment combinations 
(Figure 3). There was a similar, but non
significant, trend for Prior at 30°C. 

Talc had no effect. 

Discussion 

Carboxin seed-dressing increased the final 
coleopti le length of both barley cuhivars at 
15°C and of Prior at 20°C. Rates above 
I g kg - I caused no further increase. Tem
peratures between 15 and 20°C commonly 
occur in seedbeds in Queensland between 
May and August when winter cereals are 
sown. For example, Purss (1971) showed 
that the maximum soil temperature during 
this period at a depth of 76 mm at Millmer
ran was 20°C. 

When carboxi n increased coleopti le 
length, however, it also reduced primary 
leaf length, particularly at the high rates. 
This indicates that rate of seed ling growth 
and hence seed ling vigour could be adver
se ly affected by carboxin application. Fur
thermore, Lovell and Jessop (1982) have 
shown that substances which stimu la te the 
elongation of wheat coleoptiles often 
inhibi t root growth, Such inhibition in a 
dry seedbed could adversely affect seedling 
emergence. Nevertheless, Radfo rd and 
Wildermuth (1987) found that carboxin 
treatment of barley seed increased field 
establishment after deep sowing wi thout 
reducing the rate of field emergence. 

At 25 and 30°C, carboxin applicat ion at 
rates as low as I g kg - l seed reduced the 
emergence a nd coleopti le length of Prior 
as well as the length of the primary lear. 
These combi ned reductions wou ld be a 
severe disadvantage with respect to field 
establishment at these temperatures. High 
rates of carboxin application may also 
cause establishment problems with wheal. 
Hohenhaus and Heslehurst (personal com
munication) found that carboxi n reduced 
the germination and coleoptile length of 
five wheat cultiva rs (Bass. Flinders, Kite. 
Su nstar and Vasco). 

Carboxin consistently reduced the pri 
mary leaf lengt h of wheal and barley seed
lings and ei ther increased or reduced 
coleoptile length , Its sys temic action as a 
growth regulator may therefore have 
a ltered the relative growt h rates of coleop
tile and primary lear. This apparently 
a llowed mo re time for coleopti le elongation 
prior to emergence of the primary leaf in 
barley at low temperatures (15 to 20°C). 
The interaction with temperature is prob
ably a result of different opti mal tempera-
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tures for growth of the I.:o leopti le and the 
primary leaf (Allan et .1. 19621. 

Conclusions 

Barley 

Carboxin seed dressing at I g kg I seed 
(the rate used to control loose smut) ca n 
increase the length of barley coleopti les at 
the temperatures found in seedbeds at con
venlional sowing times in Queensland (May 
to August) . Such increases should result in 
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better field establi shment, especially from 
deep sowings. 

The same rate of carboxin. however, can 
reduce the emergence and coleoptile length 
of barley at high soi l temperatures (25 to 
30°C). This could result in reductions in 
field establishment. 

Wheat 

High rates of carboxin (3 to 5 g kg-I seed) 
reduce the coleoptile length of wheat. The 
rate used to control loose smut (I g kg-I 
seed reduced primary leaf length at 20 and 
25°C. Such reduction could affect field 
establishment adversely. 
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