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Summary Research programmes in the USA have demonstrated enhanced yield

and other advantages of hybrid wheat over conventional, pure-line

varieties and seed of the first, commercial hybrid varieties is now
available. Seed production systems for hybrid wheat presently rely on

male sterile cytoplasms, which are both difficult and costly to handle,

to control pollination. Use of a chemical gametocide would offer significant
advantages over this system. Chemicals with known gametocidal activity are
listed and the activity of two compounds - RH531 and DPX3778 is discussed.

A specification for the 'ideal gametocide' is advanced.

THE IMPORTANCE OF Fl VARIETIES IN CEREALS

Ever since the successful commercial exploitation of hybrid vigour in maize,
of which approximately 80-90% of the North American acreage is now planted with
hybrid varieties (19), the possibility of developing hybrid varieties of other
crops, such as wheat and barley, has been considered. Research into hybrid cereals
has been carried out in W. Europe and USA. In W. Europe, where the research has
been devoted mainly to wheat, with some work in barley and rye, there has been only
limited success. No commercial hybrid varieties are currently available, nor are
they likely to be in the near future. A possible exception is rye, where hybrids
may be released in the next 2-3 years. The reasons for this lack of success have
been the poor levels of heterosis which have been achieved and which are
insufficient to pay for the costs of production of hybrid seed. In addition strong
conventional breeding programmes have maintained a steady increase in yield with
pure line varieties.

In the USA however, the position is somewhat different. Research into hybrid
wheat started in the 1950s and after initial setbacks the first hybrid wheat
varieties are now just beginning to be released for commercial production. The
distribution of the major types of wheat grown in the U.S. is shown in Figure 1.
Winter wheats account for the largest proportion - more than 52M acres or approxim-
ately 70% of the U.S. wheat acreage. Hard red winter wheats (HRW) form the single
most important class - 40M acres or approximately 55% of the total wheat acreage.
Not unnaturally, hybrid research has concentrated on HRW types. The first hybrid
variety was released by the De Kalb Co. in 1971, and now HRW hybrids are grown on
approximately 1M acres. Progress with the other classes of wheat has been less
rapid. Soft wheat hybrids are perhaps 3-5 years from commercial release. Spring
wheats are further behind, largely due to problems with fertility restoration in
the adverse environmental conditions under which the spring wheats are typically
grown.

The success of hybrid breeding programmes in the USA, may be attributed partly

to the American 'belief' in the concept of hybrid wheat which has been backed by
large investments in long term research programmes, and partly to the lower level of
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FIGURE Distribution of major wheat types in the US.A.

Classes of wheat

\ 1 Soft white winter
2Hard red spring
3Hard red winter
4 Soft red winter

effort in conventional, pure line breeding programmes. The following advantages
over conventional varieties are claimed for the new hybrid wheats (28):
Heterosis: although it was uncertain whether wheat hybrids would exhibit
heterosis, research has shown that yield increases may be obtained. Increases
of 15% to 30% compared with conventional pure line types are generally
quoted, although this figure is obtained by comparison with commercially-
available varieties adapted to the area in which the hybrid is grown rather
than with the pure line parents of the hybrid. Critics claim this to be an
artificial comparison and comment that the success of hybrids owes much to the
poor pure-line varieties with which they are compared.

Improved pasture yield: there is a large heterotic effect on vegetative growth
and this is important in many areas where winter wheat is grazed for forage and
then grown on to yield.

Increased stem strength: prevents lodging.

Increased seedling vigour and tillering: allows reductions in seeding rate of
about 25%.

Increased protein content of grain.

Control of seed supply by seed companies: hybrid seed must be produced
annually from the parental foundation stock by a specialised operation,
allowing seed companies to control supply and ensure econcmic returns.

Hybrids currently occupy only a small proportion of the total US wheat acreage.
The expansion of the hybrid acreage is hindered by the practical problems of seed
production - whether hybrid seed can be produced on a field scale and whether the
benefits of hybrid wheat will pay for the increased costs incurred in its production.




PRODUCTION OF HYBRID WHEAT VARIETIES
The production of an Fl hybrid cereal variety is illustrated in Figure 2.

Figure 2. Method of producing seed of hybrid cereals
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An Fl hybrid variety is produced by the controlled hybridisation of two pure
line, homozygous parents (Figure 2;II); it is hezerozygous and displays heterosis
(Figure 2;III). However, this hybrid variety segregates in F2 and succeeding
generations and is not stable. It must be recreated annually from the two pure line
parents.

Since cereals such as wheat are normally self-pollinating, the production of
an hybrid requires the control of pollination, by making one parent male-sterile.
Cross pollination is thus assured. In small scale glasshouse studies this is
achieved by hand emasculation or by heat treatments. On a field scale cytoplasmic
or genetically-controlled male sterility is used. The cytoplasmic system is best
known and is the system presently used in the production of hybrid seed. A
cytoplasmically-inherited factor, isolated from the primitive wheat Triticum
timopheevi and incorporated in the female parent, suppresses pollen development
giving rise to a male sterile A Line. This is crossed with the male fertile parent
or R line, which has nuclear, restorer genes. Provided these lines are isolated
from other pollen sources, all seed set by the A line will be the F1 hybrid. The
restorer genes, conferred by the R line, suppress the expression of the maternally-
inherited male sterile cytoplasm and restore fertility to the hybrid.

Parental lines, or foundation stock, must be maintained continually for the

production of Fl1 hybrids. The R line is fully fertile and is maintained by self
pollination. The A line however is male-sterile and is maintained with difficulty
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through an isogenic line - the B line or Maintainer line - without the cytoplasmic
male sterile factor (Figure 2;I). The A and B lines are crossed and seed collected
from the A line. Because A and B are isogenic, the genotype remains unchanged.
However, because cytoplasmic factors are maternally inherited, this seed is male
sterile.

The complexity of this system is one of the main difficulties associated with
hybrid seed production. In addition, few male sterile cytoplasms are known, and of
these only that isolated from T. timopheevi has proved suitable for commercial
exploitation. There is a danger that if a single cytoplasm were to be incorporated
in large areas of hybrid varieties, pathogen epiphytotics could occur. This has
already happened with maize hybrids, where the use of Texas male sterile (T) cyto-
plasms led to the rapid spread of Southern Leaf Blight through much of the commercial
crop (11).

The use of a chemical gametocide would offer certain advantages over cytoplasmic
male sterility: i) male sterility could be produced as required, eliminating the
need to introduce sterility factors into prospective parents by lengthy backcrossing
programmes; ii) the need for restorer genes would be avoided; iii) the complex
procedure using B lines to maintain female parent would not be necessary; iv) the
reliance on a single cytoplasm, with its consequent dangers, would be avoided. It is
these potential benefits which have triggered research for a suitable chemical
gametocide.

CHEMICALS WITH KNOWN GAMETOCIDAL ACTIVITY

Some of the more important chemical types which have been shown to have
gametocidal activity are listed in Table 1. It is not intended to review their

chemical activity in this paper, other than to note the wide range of species in
which they are active and to draw attention to the fact that none has proved
satisfactory for the commercial production of Pl hybrid seed.

In the following section the activity of two of these compounds - RH531 and
DPX3778 - is discussed in more detail.

Table 1. Chemicals with known gametocidal activity

CHEMICAL NAME (S) CROP SPECIES

Ethrel wheat (44,45,49,2,23), barley (30,22), triticale (47)
(Ethephon) sugar beet (20,21), cucurbits (31,42,32)
(2-chloroethylphosphonic

acid)

RH531 wheat (50,24), barley (22,56), triticale(50,47)

RH 532 wheat (25)

DPX 3778 maize (51,29), wheat (26)

MH30 maize (34,38), wheat (8,40), tomato (41), capsicum (7).
(maleic hydrazide) grape (1)

UNI D513 triticale (47)

FW450 cotton (9,12,16), sugar beet (10,20), soya (46),

(Mendok) tomato (35,36), alfalfa (33), wheat (40), rye (37),
ryegrass (15)




CHEMICAL NAME (S) CROP SPECIES

Gibberellic acid maize (19,39,57), wheat (40), sunflower (48) , lettuce
(13,55)

TIBA wheat (40), grape (1)
Morphactins cucurbits (6,27)
Oestrone wheat (14), sugar beet (20)

methano pyrrolidines (17)
alkyl pyridones (52)
benzyl pyridones (53)

)
; recent patents
cinchoninic acids (54) )

EFFECTS OF SOME IMPORTANT CHEMICAL GAMETOCIDES

The chemical structure and name are shown below for RH531 and DPX3778

RH531: Sodium l—(p-chlozophenyl)—l,2—dihydro-4,6—dimethyl—2~oxonicotinate.

Cl

TN

3
. Ne @ NH(C2H50H)3

DPX3778: 3—(p—chlorophenyl)—6—methoxy—§ftriazine-2,4-(1H,3H)—dione; triethanolamine
salt.

The experiments described below were carried out during the summer of 1975 using
barley (Hordeum vulgare L. cv Mari) as the test species. Plants were grown 4 per
10 cm pot in a sand/peat compost, and were maintained in a glasshouse under an 18h
daylength in which natural daylight was extended with high pressure mercury
fluorescent lamps (type MBFR).

The experiments were designed to look at the effects of rate and time of
application of the chemical gametocides. There were 8 rates (0,125,250,500,1000,
2000,4000,8000 ppm ai) and 4 times of application (to coincide with premeiotic,
meiotic and early and late post-meiotic stages in pollen development). Treatments
were a factorial combination of the levels of these two factors. There were four
replicate pots for each treatment and 20 ml of solution was sprayed to run-off on
these four pots. The active ingredient was formulated in 4 ml Acetone + 2 ml 1%
Lissapol NX.

At each time of application, plants were sampled to determine the stage of the
development of the main shoots according to the numbers of fully expanded leaves, the
length of the developing ear, the stage of ear development and the stage of pollen
development. The stage of pollen development was assessed by microscopic examination
of anthers from the most advanced florets situated in the middle of the ear. Details
of the sequence of ear and pollen development may be found elsewhere (3,4,5).
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At ear emergence the main shoot ears of the plants were bagged to prevent cross-
pecllination. Thus any grain set by these ears would be the result of self-
pcllination only; a low grain set is indicative of gametocidal activity. The
measure of grain setting used in the data which follows is Floret Fertility, which is
defined as

Number of grains per ear

x 100%
Number of florets per ear

The first experiment investigated the effects of RH531. The stages of
development of the plants at each of the times of spraying are shown in Table 2

Table 2. The stage of development of the main shoot at each of the times of
spraying. Data are based on 4 replicate pots each containing 4 plants

CHARACTER STAGE OF SPRAYING

II I1I Iv

Age (days) 25 28 3
Number of fully-expanded leaves 6 7 7
Ear length (mm) 29.4 56.4 57.8
Stage of ear development awns longer spike awn
Ieh) than spike elongation emergence

Stage of pollen development:

premeiotic mitosis

premeiotic interphase

meiosis

early post-meiotic

late post-meiotic

Data for pollen development are the totals amongst 16 plants sampled at each
time of spraying.

The effects of the RH531 treatments on grain setting in the bagged main shoot

are given in Table 3. These show that:

i) Effects varied with the stage of development at which the chemical was
applied. Applications made 23 or 25 days after sowing led to large
reductions in floret fertility, applications made 28 days after sowing had
very small effects on fertility, whereas applications made 31 days after
sowing were without effect on floret fertility.

The 'sensitive stage' corresponds with stages in pollen development around
meiosis. Thus at 23 days pollen cells were premeiotic and at 25 days pollen
was at meiosis or in the early young pollen stages (Table 2).

There was no evidence of a dose response with applications made at the
sensitive stage; rates of as little as 125 ppm inhibited grain setting.
The controls showed no effects on floret fertility confirming that neither
the formulation blank nor the bagging process affected grain setting.

The RHS531 treatments did, however, lead to abnormal ear development. Ears
were stunted with shortened rachis internodes giving a characteristic
compacted appearance.




Table 3. Effects of the RH531 treatments on grain setting in baj,ed main shoot ears
Data for floret fertility are presented as percentages (%) and al arcsin
transformed (trans) LSDs' for floret fertility are for arcsi -ansformed data
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Table 4. The stage of development of the main shoot at each of the times of spraying
with DPX3778. Data are based on 4 replicate pots each containing 4 plants

STAGE OF SPRAYING

II IIT Iv

Age (days) 26 28 30
Number of fully expanded leaves 6 7 4
Ear length (mm) 15,8 38.3 68-1
Stage of ear development awns longer spike awn
) than spike elongation emergence

Stage in pollen development

premeiotic mitosis I

premeiotic interphase 1

meiosis 14

Early post meiotic -

late post meiotic =

Data for pollen development are the totals amongst the 16 plants sampled at
each time of spraying.

The second experiment investigated the effects of DPX3778. The stages of
development of the main shoots at each time of spraying are shown in Table 4 and the
effects of the treatments on grain setting in the bagged main shoot ears are given
in Table 5. These show that:

i) The effects of DPX3778 were dependent on the stage of development at the time of
treatment. The stage which was most sensitive occurred 26 days after sowing when
all rates led to almost complete failure of grain setting. These treatments
coincided with meiotic stages in pollen development (Table 4)

ii) The plants were also sensitive at stage I (22 days) which coincided with the
premeiotic pollen stages (Table 4). However, the plants were less sensitive and
only 4000 and 8000 ppm rates reduced fertility.

iii) Applications made at stage III (28 days), coinciding with the early postmeiotic
stages (Table 4) were similarly less sensitive to the chemical; the 1000, 2000,
4000 and 8000 ppm rates gave slight reductions in fertility.

iv) Applications made at stage IV, at awn emergence, had no effect on fertility.

The experiments demonstrate that it is possible to inhibit grain setting
completely with chemical gametocides. In these studies no observations of ovule
development were made and no cross-pollinations were performed. It is thus possible
that both male and female development could have been affected and that the
chemicals induced total sterility. However, in other work both RH531 and DPX3778
have been found to selectively inhibit pollen development (29,56). The effectiveness
of the chemical gametocides depended on the stage at which they were applied. The
critical stage for both RH531 and DPX3778 occurred at or just before meiosis, and
this agrees with similar observations made with ethephon as a gametocide (2,43).
However, the plants were also sensitive to the RH531 and DPX3778 treatments
immediately before and after this critical stage, and there were differences between
the two chemicals. At a given rate RH531 was active over a wider range of stages
than DPX3778, which would allow a greater flexibility of timing of application to
induce complete male sterility. Although it is thus technically-feasible to
control pollination by means of chemical gametocides, there are problems still to be
solved if chemical gametocides are to be used in the commercial production of
hybrid seed.
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Table 5. Effects of the DPX3778 treatments on grain setting in bagged main shoot
ears Figures in brackets were not included in analyses of variance; LSD's are not
applicable to these estimates

stage of Fertility Fertility
application Florets (%) (trans)

16.3 57.4
170 6247
16.9 70.2
18.8 65.5
18.0 70.8
17,8 66.2
18.3 5155
17.0 19.3

18,1 64.8

175 (0.0)

18.8 (0.0)

500 18.4 (0.0)
1000 17.8 (6.5)
2000 18.3 (6.8)
4000 17.5 (6.8)
8000 18.5 (0.0)

(0] 17.6 68.4
125 18.8 63.8
250 17.5 119
500 173 69.1

1000 155 54.2
2000 17.8 53.8
4000 17.8 46.8
8000 16.3 41.6

(¢] 17.0 63.3
125 19,1 60.9
250 17.8 50.6
500 17.6 60.6

1000 171 59.6
2000 170 51.5
4000 16.8 63.3
8000 X7.5 42.1

Untreated
control

LSD (5%)

treated v treated
treated v control

SPECIFICATION OF THE IDEAL CHEMICAL GAMETOCIDE

The 'ideal' chemical gametocide, for use in the production of hybrid seed on a
field scale, should possess the following properties:

1) Induction of male but not female sterility: any reduction in female sterility
would reduce hybrid seed yields and raise seed price.

Complete inhibition of pollen development: partial male sterility would lead to
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selfing. Since the parental lines are naturally homozygous and show no inbreeding
depression, this would not lead to large reductions in yield in the hybrid crop, but
rather to a reduction in the proportion of heterosis. Confidentiality of breeding
lines would also be difficult to maintain.

3) Independence from environmental conditions: a gametocide must produce reliable
effects in a range of enviromments. It is probably the major reason for the failure
of experimental compounds and is perhaps the single most important criterion.

4) Independence from genotypic differences: a gametocide must be effective in the
range of parental genotypes emerging from breeding programmes. It is likely that the
commercial life of hybrid varieties will be short; in maize hybrid varieties are
replaced on average every 5-6 years.

5) Wide flexibility of rate and stage of application: chemicals which are too
dependent on rate or growth stage would be impractical where large acreages required
spraying or adverse weather conditions prevented spraying. Chemicals applied as a
seed dressing would be ideal.

6) Absence of phytotoxicity or other adverse effects.
) Environmental safety.

8) Cost effectiveness.

A chemical matching the above criteria has yet to be discovered.
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