
Evaluat ion of hybrids. Pearl mi l le t hybr ids were

evaluated against four check l ines; open-pol l inated pearl

m i l l e t breeding l ines, N P M - 1 (Andrews and Rajewsk i

1995a) and N P M - 3 (Andrews and Rajewski 1995b), and

two early-maturing commercial sorghum hybrids (referred

to as sorghum #1 and sorghum #2). Tr ia ls were planted in

September 2002 (spring) and February 2003 (autumn) at

B i loe la Research Station under h igh fer t i l i ty levels (69 kg

N ha -1 in spr ing, 92 kg N ha -1 in autumn) and w i t h

supplementary i r r igat ion. In both tr ials hybr ids were

planted in tw in - row plots of 7 m length w i t h 1 m row

spacing. T r ia l design was a randomized complete b lock

design w i t h four repl icat ions. Establ ished plants were

hand-thinned to an effect ive plant populat ion of 10 plants

m 2 . Phenology observations were recorded every second

day f rom f lag leaf emergence; anthesis was recorded as

the day on wh ich stigmas emerged on 5 0 % of the ma in

t i l le r panicles w i t h i n each plot . T r i a l plots were cut to 5 m 

length and harvested w i t h a smal l p lo t mechanical header.

Gra in mass was measured as the mass of one thousand

seeds f r o m a single sample taken f r o m each repl icat ion in

the autumn t r ia l . No repl icated data on grain size was

avai lable f r o m the spr ing t r ia l .

H y b r i d seed production. E ighty-s ix F1 hybr ids of grain

pearl m i l le t were produced in February 2002 (32 hybr ids)

and September 2002 (54 hybr ids) in hand-pol l inated

nurseries at the Queensland Department of Pr imary

Industries and Fisheries (QDPI&F) Biloela Research Station

in central Queensland (24°22 ' S, 150°31 ' E) . N ine male

sterile l ines in the A4 cytoplasmic male ster i l i ty system

( C M S ) were crossed in al l combinat ions w i t h nine R4

restorer l ines. Four hybrids were produced f r o m l ine

59135A4 and a single hybr id (293 A5 x N M - 7 R 1R5) was

avai lable in the A5 C M S .
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Sorghum (Sorghum bicolor) is the predominant dry land

summer crop in northern Aust ra l ia , g r o w n as a feed gra in

for intensive l ivestock industries such as pou l t ry , cattle

and pigs. However , the dry land cropping environments of

central and southwestern Queensland are h igh ly variable

and characterized by unpredictable ra in fa l l and summer

temperatures (>40°C). Increasingly the feed grain industry

is l ook ing fo r al ternat ive crops to spread product ion r isks

and stabi l ize grain supply.

Pearl m i l l e t (Pennisetum glaucum) is a potent ial new

crop fo r the Austra l ian grains industry; i t has a short crop

durat ion and is g r o w n w ide l y across the semi-ar id tropics
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t w o commercia l ly released maintainer l ines and a restorer

l ine ( C T Hash, I C R I S A T , Patancheru, Ind ia , personal

communicat ion) . Thus, i f a populat ion progeny has been

found to possess excel lent combinat ion of h igh y ie ld

potential and agronomic traits, but is moderately susceptible

t o D M , wi th in-progeny selection fo r D M resistance may

be pursued. However , the l i ke l ihood of its effectiveness

in improv ing the resistance to an acceptable level w i l l

depend on the genetic var iab i l i ty fo r DM resistance in the

progeny.

of A f r i c a and the Ind ian subcontinent in environments

s imi lar to those of northern Austra l ia . As a h igh-prote in

coarse gra in , pearl m i l le t w i l l f i nd its key market as an

alternative feed grain to sorghum in the intensive

product ion of monogastr ic animals such as pou l t ry and

pigs (Singh and Perez-Maldonado 2003). H igh -y ie ld ing

grain pearl mi l le ts developed in Ind ia and the Un i ted

States retain the grain qual i ty and' early matur i ty of

t radi t ional pearl mi l le ts but are of dwar f stature and we l l

suited to mechanized fa rming systems. Since these new

pearl mi l le ts have been successfully produced and

marketed in the Un i ted States (Andrews et a l . 1995), the

challenge now is to develop a grain pearl mi l le t industry

in Austra l ia.



G r a i n yield. S igni f icant dif ferences between y ie lds o f

pearl m i l le t hybr ids in the spr ing t r ia l (P <0.001) were due

to general comb in ing ab i l i t y of female and male parents

(P <0.001) ( T a b l e 1 ) . Female l ines 5 9 0 4 1 w A 4 (mean

grain y ie ld 3.3 t ha-1) and 183A4 (mean gra in y i e l d 3.1 t 

ha-1) produced higher y ie ld ing hybr ids than other female

lines (iP<0.001). Hybr ids using male l ine 4 A m R m (mean

grain y ie ld 3.2 t ha-1) per formed s ign i f icant ly better than

those of other male parents (P <0.001). G ra in y ie lds of

some of the el i te pearl m i l l e t hybr ids were comparable to

those of sorghum hybr ids (sorghum #1 3.9 t ha -1 and

sorghum #2 3.6 t ha -1); 5 9 0 4 1 w A 4 x 4 A m R m was the

highest y ie ld ing pearl m i l l e t and the on ly hyb r id to y ie ld

higher than open-pol l inated pearl m i l l e t checks, N P M - 1

(2 .91 ha-1) and N P M - 3 ( 3 . 2 1 ha -1) (P<0.001) .

In the autumn t r ia l s igni f icant dif ferences between

hybr id grain y ie lds were expla ined by specif ic comb in ing

abi l i ty (P <0.01) and the general comb in ing ab i l i t y o f

female and male parents (P <0.001) (Table 2). L i ne s 183A4

(mean grain y ie ld 4.3 t ha-1) and 59041 w A 4 (mean gra in

yield 3.91 ha-1) were the best performing females (P <0.001) ;

4 R m (mean grain y ie ld 3.9 t ha-1) and 4 A m R m (mean

grain y i e l d 3.9 t ha 1 ) were the best per fo rming males.

Results and Discussion El i te pearl m i l l e t hybr ids such as 183A4 x 4 A m R m (4.8 t 

ha - 1), 183A4 x 1056-58016R4 (4.6 t ha - 1), 183A4 x 

9 R m 4 R m (4.5 t ha -1), 293A5 x N M - 7 R 1 R 5 (4.3 t ha -1)

and 59041 w A 4 x 4 A m R m (4.3 t ha-1) were higher

y ie ld ing than open-pol l inated N P M - 3 (3.8 t ha -1), the

mean mi l l e t hyb r i d (3.6 t ha-1) and both sorghum hybr ids

(sorghum #1 1.4 t ha-1 and sorghum #2 3.3 t ha-1)

(P<0.001). Sorghum treatments suffered a marked y ie ld

loss due to sorghum midge (Stenodiplosis sorghicola) 

and ergot (Claviceps africana). 

G r a i n size. S igni f icant dif ferences between gra in size of

pearl m i l l e t hybr ids (measured as mass of one thousand

seeds) was evident in the autumn t r ia l . Di f ferences were

due to specific combining abi l i ty (P <0.001) and the general

comb in ing abi l i ty of female and male parents (P <0.001)

(Tab le 3) . Hyb r i ds 183A4 x 4 R m (16.4 g ) , 59041 w A 4 x 

4 R m (15.6 g) , 6 8 w A 4 x 4 R m (15.5 g) and 6 8 w A 4 x 

1056-58016R4 (15.2 g) had higher gra in mass than the

mean hyb r id and open-pol l inated pearl mi l le ts

(P<0.001) . Sorghum grain was t w o to three t imes heavier

than pearl m i l l e t gra in .

M a t u r i t y . In the spr ing t r ia l pearl mi l le t hybr ids were

marg ina l ly quicker to anthesis and physio logica l matur i ty

Table 1. Grain yield (t ha
1
) of 32 hybrids of pearl millet, two open-pollinated pearl millet breeding lines and two commercial

sorghum hybrids in spring 2002 yield trial in Queensland, Australia.

Female parent

5904 1wA4

183A4

293A4

378-2A4

59022A4

59135A4

413A4

NM-5A4

Mean (male)

Checks

NPM-1

NPM-3

Sorghum #1

Sorghum #2

Genotypes

Female parent

Male parent

Female parent x Male parent

CV =11.0%

4AmRm

3.8

3.4

3.5

3.0

2.8

3.2

3.1

3.0

3.2

2.9

3.2

3.9

3.6

P

<0.001

<0.001

<0.001

0.208

59026R4

3.3

3.3

2.9

2.5

2.6

2.4

2.5

2.1

2.7

LSD (P <0.05)

0.44

0.22

0.15

Male parent

68wR4

3.4

2.9

2.4

2.5

2.6

2.5

2.3

2.3

2.6

1163wR4

2.9

2.8

2.5

2.7

2.4

2.3

2.5

2.4

2.6

Mean (female)

3.3

3.1

2.8

2.7

2.6

2.6

2.6

2.5

2.8
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Figure 1. Phenology response of pearl millet and sorghum treatments in spring 2002 and autumn 2003 trials in Queensland, Australia.
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Table 2. Grain yield (t ha
-1

) of 86 hybrids of pearl millet, two open-pollinated pearl millet breeding lines and two commercial

sorghum hybrids in autumn 2003 yield trial in Queensland, Australia.

Female parent 4Rm

183A4 4.6

59041 wA4 4.0

59135A4

293A4 4.2

NM-5A4 4.0

413A4 4.1

68wA4 3.4

378-2 A4 3.7

59022 A4 3.9

95M59668A4 3.3

Mean (male) 3.9

293A5 X NM-7R1 R5 4.3

NPM-1 3.7

NPM-3 3.8

Sorghum #1 1.4

Sorghum #2 3.3

Genotypes

Female parent

Male parent

Female parent x Male parent

CV - 8.8%

4AmRm

4.8

4.3

3.8

3.9

4.0

3.8

3.7

3.8

3.6

3.3

3.9

P

<0.001

<0.001

<0.001

<0.01

9Rm4Rm

4.5

4.1

-

3.7

3.7

3.7

3.7

3.7

3.7

3.1

3.8

Male parent

1056-58016R4

4.6

3.5

-

3.8

3.6

3.8

3.7

3.8

3.7

2.9

3.7

LSD (P<0.05)

0.44

0.15

0.15

0.44

1163wR4

4.2

4.1

3.8

3.4

4.1

3.4

3.3

3.6

3.3

2.9

3.6

58012R4

4.2

3.8

-

3.6

3.5

3.3

3.7

3.4

3.2

2.9

3.5

68wR4

3.9

3.7

3.6

3.5

3.3

3.6

3.3

3.3

3.3

2.9

3.4

86R1R4

4.0

3.7

-

3.5

3.1

3.2

3.7

3.2

3.2

2.4

3.3

59026R4

3.7

3.5

3.5

3.0

3.1

3.2

3.6

3.1

3.5

3.1

3.3

Mean

(female)

4.3

3.9

3.7

3.6

3.6

3.6

3.6

3.5

3.5

3.0

3.6
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Conclusions

In t w o y ie ld tr ials completed in consecutive seasons at a 

single site, el i te pearl mi l le t hybr ids produced grain yields
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of up to 4.8 t ha
-1

 and took 83 days to reach physiological

maturity. Yields were comparable to early-maturing grain

sorghum hybrids and from an autumn planting pearl

millets matured 25 days earlier than sorghums. Three

parents exhibited high general combining ability for grain

yield across both seasons. It is envisaged that female l ines

183A4 and 59041 w A 4 and male line 4 A m R m wil l be

released to seed companies in 2004 and that their hybr ids

w i l l f o r m the basis of a new commercial crop in Austra l ia .

M a l e l ines such as 4 R m and 9Rm4Rm were evaluated in

a single t r ia l and also showed h igh general comb in ing

abi l i ty fo r gra in y i e l d ; these and more recently released

germplasm may warrant further research.
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Table 3. Mean 1000-seed mass of pearl millet and sorghum

in autumn 2003 trial in Queensland, Australia.

Description

Pearl millet hybrids

NPM-1

NPM-3

Sorghum #1

Sorghum #2

Genotypes

Female parent

Male parent

Female parent x Male parent

CV = 7.6%

P

<0.001

<0.001

<0.001

<0.001

1000-seed mass (g)

11.5

10.1

11.3

34.1

35.9

LSD (P<0.05)

1.3

0.4

0.4

0.4

than sorghum treatments (83 days vs 87 days) (P<0 .001 ,

L S D = 3.3, CV = 2.9%) (F ig . 1). In the autumn t r ia l pearl

m i l le t hybr ids and open-pol l inated l ines f lowered in less

than 40 days and were s igni f icant ly quicker matur ing than

sorghum hybr ids (P <0.001, L S D = 1.6, CV = 2.9%). Pearl

m i l l e t hybr ids and open-pol l inated populat ions were

signi f icant ly quicker to phys io log ica l matur i ty than

sorghum hybr ids (82 days vs 107 days) in the autumn tr ia l

(P<0 .001 , L S D = 3.3, CV = 2.9%).

Accumula ted thermal t ime to anthesis in pearl m i l le t

was 568°Cd in spr ing and 563°Cd in autumn (base

temperature of 10°C). Physio logica l matur i ty occurred at

1135°Cd in spr ing and 1071°Cd in autumn. Since both

experiments were conducted at daylengths close to or

be low the cr i t i ca l photoper iod of 12.9 h fo r pearl m i l l e t

(van Oosterom et a l . 2001), temperature was most l i ke ly

the predominant factor in determin ing matur i ty in pearl

mi l le t .




