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striga is not only a major economic evil but also has
seriocus social disadvantages. In some heavily
infected areas the well manured land close to the
villages cannot effectively produce grain, Produc~
tion then has to be done at inconvenlent distances
from the village. The writer has personally
observed many examples of this while touring in the
less developed parts of the country,. At one village
near Dengi in Plateau province, the village head
informed the writer that the village site had been
moved twice in five years as a consequence of striga
infestation. It was now no longer possible to grow
the most palatable and productive sorghum varieties
because they were too susceptibla to striga attacik,
The uncultivated land in the area was so heavily
infested that sorghum ¢rops planted on newly cleared
land were immediately heavily attacked and many acres

abandoned before harvest.

At Laukoviri in Adamawa province it was stated
that sorghum crops were usually planted on the hill
tops Iinstead of in the more fertile valleys, The
writer expected to be told that this was to avoid

areas infested with Imperata cylindrica but the




emphatic answer was that 'it reduced striga attack!?,
There was no possibility that the informants could
have known about the writer's research interests,
These two communities do not have such well developed
systems of intercropping as the long established
Hausa farmers in areas like Samaru. Here the cul-
tivators generally keep the astriga infestation at
tolerable levels by one or two hand pullings of the
emerged parasite each season. The losses of
potential grain yield which eccur in intercropped
sorghum have not been estimated in this area but the
extension services report that farmers consider that

serious losses do ocour,

At best, striga appears to be an omnipresent
nuisance to the subsistence farmer growing mixed crops
and requires continuous effort to keep it in check.

At worst 1t is undoubtedly an intolerable and de-
moralising economic and social evil which can disrupt

the lives of whole communities of subsistence farmers,

The practice of growing a high proportion of the
sorghum in mixture with other crops undoubtedly

aggravates the striga problem. These mixed cropping



areas occupy the most heavily manured land near
villages. They are usually cropped every year
without rotation and this enables the striga to
persist and set seed under all except the most

stringent hand weeding regimes,

Part of the losses are impossible to prevent by
hand cultivation because they occur before the striga
emerges. The striga would be vulnerable to a selec=-
tive soil acting herbicide before it emerged and a
fundamental advance would be achieved if a suitable

material were discovered.

Up to the present there has been little
published work on the herbicidal control of S, her-
montheca with any herbicide except 2,4-D, The
investigation reported here was therefore mainly
concerned with screening a wide range of different
types of herbicide for selective activity against

S, hermontheca parasitising sorghum,

S. hermontheca was given the common name 'giant

witchweed' by Timson (1936a) to distinguish it from

S. asiatica which is commonly called 'witchweed!' in

southern Africa and the United States of America.



In this text, S5, hermontheca is commonly referred to

as 'striga! and the name !'witchweed! is used only for

5. asiatica.

Te avoid unnecessary repetition of the compli-
cated dimension 'lb., of active ingredient per acre!
this is denoted by the symbol '##' in the following

text,



CHAPTER 2

LITERATURE REVIEW

(a) Species description and distribution

i. Historical

Chevalier (1929) states that S, hermontheca was

originally described as Buchnera hermontheca by Delile,

who found it growing in sorghum fields at Erment in
Upper Egypt. The species was named 'hermontheca!l
after the earlier name of the site, which waa

tHermonthist. Striga senegalensis Benth (1846) was

described as probably a small-flowered form of S, her-
montheca (Hemsley and Skan, 1906). The distinction
was no longer recognised by Hepper (1963). See

Appendix I for?description of S. hermontheca at Samaru,

One of the other economically important species Striga
agtatica Linn, 0, Kuntze is also present in northern
Nigeria but is not abundant (Williams, 1958).

ii. Geographical distribution

The records of the repcorted occurrence of the

species Striga hermontheca are given in Appendix 2.

The species 1s essentially tropical in distribution

and confined to the African sub-continent, except for



Madagascar (Hepper, 1963) and a single reported collec-

tion from Arabia (Helmsley and Skan, 1906).

The author of this review saw a Striga sp. which

was almost certainly hermontheca parasitising t‘durra!’

type sorghum at Giar Research Farm in the Abyan area
of Southern Arabia about 1956-58, As historically
there has always been a regular interchange of sorghum
seed with similar areas in Eritrea and the Sudan, it
seems likely that the parasite was occasionally
imported with the cereal seed. There are apparently
no known areas of Southern Arabia where the parasite
regularly causes measurable crop losses, probably
because nearly all the cropped area is heavily

irrigated.

Mozambique and Rhodesia are the most southerly
areas from which the species has been reported,

There is only one modern reference to Striga hermon-

theca in Mozambique but this may simply be due to lack
of scientific activity in the area. There is no
doubt that the species occurred at the same latitude
in Rhodesia (Timson, 1936a) and it may therefore be

assumed that it can be found whenever the environment



is suitable in all parts of central and east Africa
to the north of this latitude. Tarr (1962) oba-
served that there seems to be no reason why it
should not occur in Asia.

iii, Occurrence in Nigeria

S, hermontheca is present in most cereal crops

in northern Nigeria, This probably explains why
there are comparatively few recent reports of its
gcourrence, Botanists may have assumed that such a
common weed did mnot need to be reported,. It ig
apparently unknown in the Forest zone but the present
author has observed it in the Southern and Northern
Guinea Savannas, the Sudan Savanna, and the Sahel
zZones, It is probably less abundant in the malze
growing areas of the Southern Guinea Zone but no

quantitative observations have been recorded,

(b) Economic importance

i. Research
The economic importance of the losses caused by
Striga spp. was first described by Fuller {1900) with

reference to Striga asiatica attacking cereals in

Natal, S. Africa, Subseguently, Pearson (1913) drew



attention to the damage done by uncontrolled witch-
weed attacks and initiated research into the control
of S, asiatica in South Africa and Rhodesia. A
further intensive research programme was started when

S, asiatica was found in North Carolina, U.,S,A,.,, in

1956 (Garris and Wells, 1956), By comparison, com-

paratively little work has been done on Striga hermon-

theca. Wilson-Jones (1953a) suggested that this was
mainly because there were more farmers of European

descent in the S, asiatica areas, Only three papers

by Macdonald (1928, 1929a, and 1929b) had been
published in East Africa before Doughty (1940) started
detailed studies on the species. Andrews (1945)

published the first specialised study of 5. hermon-

theca in the Sudan,

ii. Yield losses caused by striga

Doughty (1942) described crop losses in East
Africa and more recently bLosget (1965) has measured
them in this area. A loss of about 500 1lb. of
sorghum grain per acre was attributed to striga
attack in one example. In the Sudan both Last (1960)
and Wilson-Jones (1956) performed experiments which

indicated that striga damage was greatest at low soil



10

fTertility and could be partly alleviated by manuring.
This was also the opinion of Porteres (1948},
Basinski (1955) demonstrated that this was not always
the case and that some of the tlow fertility'! of old
arable areas of the Sudan was due to striga

infestation,

Some of the most detailed work on crap lossaes
has been done at Samaru and Yandev {Northern Nigeria}.
Gisborne (1953) stated that he knew of no statistically
gignificant loss of yield caused by striga attack,
but Butler (1954) showed that hand-pulling of striga
at Yandev increased the grain yvield highly signifi-
cantly from 76 lb. to 293 1lb, of grain per acre,
Watson {1958) reported that after five years of hand-
=pulling at Samaru, the grain yield was significantly
increased from 455 1b, to 554 1lb, per acre, while the
striga count was reduced from 8,111 to 2,450 per acre.
Clearliy at this level of striga emergence, the effect
on vield was not large, At Yandev, where the
natural level of infestation produced an emerged
striga population of 111, 750 per acre in 1954, the

yield of sorghum grain was increased from 452 1b, per



11

acre to 751 1b, by hand-pulling the striga, The
effect of three years of hand-pulling was to reduce

the emerged striga population to 26,300,

Even when striga is rTemoved by hand—puliing,
some damage is done to the sorghum hefore the striga
emerges., These measured responses to hand-pulling
are therefore, minimal estimates of the loss of

potential yield caused by striga attack.

It would appear that the effect of striga on
yvield depends on the interactions of three factors:-
the susceptibility of the host to attack; the level

of striga infestation; and the fertility of the soil.

(¢) Life history of the Sirjsza spp.

i. Receognitlion of parasitism

The classical studies by Saunders (1933) authori-
tatively described the mode of parasitism of Striga
asiatica., Williams (1958) reviewed the work on
other striga species and concluded that they were all
obligate parasites on the roots of higher plants,

with the possible exception of 8, euphrasiodes and

S, densiflora, akout which there is some divergence

of opinion., He reported as an original observation
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that in Nigeria, S. hermontheca could survive for

some weeks after the host plants had died and gquoted

reports that S. asiatica (Lewin, 1932) and S. euphraw

siodes (Sharma et al, 1954) could do the same.
Williams also mentioned that it was often very diffi-
cult to detect parasitic connections between witch-
weeds and their hosts in the field so that reports of
living specimens of Striga spp. growing independently
of their hosts should always be viewed with suspicion,

ii. Root exudate necessary for germination

Saunders (1933) quotes Fuller (1900) as being the
first to notice that witchweed seed would not germinate
unlesg in close proximity tec a suitable host root,
Saunders (1933) showed that maize roots exuded a sub=
stance which had to be present before witchweed would

germinate. Phaseolus vulgaris twhich was not a host!?

apparently did not exude a similar substance but later
work by Rose and Lochrie (1941) showed that Phaseolus
valgaris root exudate could bring about the germina-

tion of Striga asiatica. The discrepancy between

these two findings can be attributed either to a
difference in technique or, possibly, to the use of

different varieties of P. vulgaris.
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A list of plants which produte root exudates which

could cause 3, hermontheca to germinate was published

by USDA (1957). A number of these plants are grown
in northern Nigeria and these have been listed in
Appendix 2, together with the status of the plant as

a host,

The Gramineae, including many of the conmon weed
grasses found in northern Nigeria, are all reported

to be full hosts on which the Striga hermontheca is

¢capable of maturing fertile seced,. Dolichos lab-lab

is the only non-gramineous host which has been
definitely observed to support fertile seed production
by the striga and Andrews (1943) observed that the
striga flower heads were small and stunted, He also

observed that Arachis hvpogea and Glycine max were

reduced in wvigour by Striga hermontheca attack.

This indicated that they were definitely parasitised
and that under favourable conditions the parasite might
be able to produce aerial stems and set seeds while
parasitising these species.

iii. Seed formad from immature ovaries

Andrews {(1945) found that the green ovaries in
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the flowering S, hermontheca plant produced ripe seeds

if they were left to lie on the ground,

iv. Effect of age of Jtriga heimontheca seed
on germination
Doughty (1942) found that the germination of

S. hermontheca seed increased more than fourfold when
stored in a dry air-tight tube for six months as
compared with fresh seed, Andrews (1945) found that

S. hermontheca seed could remain viable for at least

five years in the soil of the Gezira Research Farm,
Vallance (1950) found that peak germination capacity
increased from 37 per cent at one year old, up to 78
per cent at six years, Williams (1958) incorrectly
quoted two years as the age of maximum germination.
This is actually the age of maximum germination found
by Vallance (1950) on re-wetted seed Tollowing a
period of wet dormancy. Vallance (1950) concluded
that the main factor responsible for variations in
germination was the duration of the period of dry

seed storage,

ve The effect of pll on the germination of
: 5 8DD.

Pearson (1913) found that 5, asiatica seeds

germinated more readily in an acid than in a neutral
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medium. They did not germinate readily in the
presence of a free alkali such as ammonia, Saunders
(1933) observed no effect when the pH of the solutions
moistening the germinating seed was varied from 6,0 -
8.,0. Doughty (1942} referred to the possibility

that a pH of 4.5 in an experimental soil might have
had some influence on the germination of the parasite
but did not report any experiments to confirm this,

vi., Effect of temperature on the germination
of Striga Spp.

The optimum temperature for the germination of

S. asiatica is 30°C (Saunders, 1933)., Germination

was completely inhibited by temperatures below 1500
and above &OOC. A 1little germination occurred at
20°C,  Doughty (1954) attributed the limited germina-

tion of S5, hermontheca in pots in greenhouses at

Eldoret, Kenya, to diurnal temperature fluctuations,
Kust (1954) showed that pre-treatment with water at
22°c gave better germination than at 12°% or 27%.

vii. Effect of moisture on germination

Vallance (1950) showed that if pre-treatment

with water only was prolonged, Striga hermontheca

seeds went into a condition described as wet dormancy,
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The seeds were incapable of germinating until they

had been dried, They could then be made to germinate
by re~applying the wetting treatment, followed by
treatment with germination stimulant. This is the
probable explanation of the common observation that
striga attack is least under very wet conditions.
Andrews (1945) observed that striga attack was greatest
in a lightly irrigated part of a sorghum field, A
field experiment showed that in the lightly irrigated
treatment the intensity of the striga attack increased
more than in the heavily irrigated itreatment, In the
Sudan, Wilson-Jones (1953¢) recommended heavy watering
for drrigated sorghum because 'witchweed cannot sur-
vive waterlogging!,

A season of light rainfall is usually one of
heavy attack and wvice versa, These observations may
not be solely due to the effect of moisture on germi-
nation (see viii below). Kust (1966) leached seed

of S, asiatica for twenty four hours and removed a

germination inhibitor, Germination after leaching
was dependent upon the relative concentrations of
inhibitor and stimulant in solution. It is probable

that the proportion of the stimulant in proximity to
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a host reot would be greatest in a dry soil.

viii. The underground development of

hexmontheca seedlings

Doughty (1942) germinated S, hermontheca seed in

test tubes in the presence of sorghum and maize seeds,
Striga seeds were observed to germinate seven days
after the host seeds were sown and two days after the
host roota were seen close to the seed. A drawing
showed five out of eléven seedlings attached to a

host root and Doughty commented that the remainder
showed no tendency to grow in the dirsction of the

host root, This lack of directive stimulus was

noted in most tubes containing germinating striga seeds
in other experiments., Saunders (1933) also observed

this phenomenon in S. asiatica cultures when excess

water was present. Andrews (1945) observed that
striga seeds only germinated at 1 cm or less from a
host reot and germination cccurred three days alter
stimulation by a host root, The striga radicle did
not necessarily grow in the direction of the stimue
lating root. On making contact with a hoest root,
the radicle formed a swelling at the junction, the

intervening tissue between the host root and parasite
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root dissolved and the conducting tissue of both host
and parasite became united, The striga seedling did
not begin to develop its plumule until the union with
the host had been completed. The highest level of
parasitisation (600 parasites per sorghum plant) was
found five weeks after sowing, A reduction occurred
in the six and seventh week, which was tentatively
attributed to shedding of striga seedlings during
host root thickening,

Agabawi and Younis (1965a) sowed seceds at differ-
ent depths in pots, The proportion of germinated
striga producing aerial shaots fell from 89 per cent
at the surface to 2 per cent at 15 cm. No emergences
cecurred from greater depths, Dry matter ylields of
sorghum were least when the striga emerged from depths
of 0 and 5 cm,

Okonkwo {1966) was the first to grow Striaa

hermontheca to maturity in vitro. It was necessary

to germinate the striga seed with aqueous sorghum root
extract. He concluded that the parasite seedling
depended on its host only for water, mineral salts

and sugars and not for more elaborate substances,

Wilson-Jones (1955) reported the existence of
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rhysiological strpins of Striga hermontheca adapted

to parasitising Sorghum vulgare and Pennisetum

typhoides respectively, The resistance was attri-
buted to a restriction of transfer of nutrients from

the host. There was no restriction in the production

of germination stimulant.

ix. Growth of Striga hermontheca above ground

Andrews (1945) found in the Gezira Research Farn

that the earlier the sowing date of sorghum between
June and Qctober, the greater the striga attack.
Striga emergence commenced at the end of the first
month after sowing, reached maximum flowering toward
the end of the second month and began te slow down in

the third. An average Striga hermontheca plant pro-

duced about sixty capsules each containing about seven
hundred seeds, About seventeen times as many parae-
sites failed to emerge above ground for every parasite
which successfully emerged. Chevalier (1920) cobser-

ved that 8. hermontheca was a light-loving plant which

could make good growth in areas of poor host stand.
Heinricher (1913) noted the extreme variability in

size of this species, having observed a specimen of
20 ecm height and another of 60 com height. Wilson-

Jones {1952} observed that sorghum seed sowed in
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the field on June 15th had a first emergence of striga
on July 1hth., VWilson-Jones (1953c) stated that
striga flowered two weeks after emergence and also
stated that there were no known instances of 3, her-

montheca or S, asiatica perennating even when the

normally annual hosts had been kept alive beyond
their normal span. In an abstract of a Hungarian
publication, Agabawi and Younis (1965b) observed that
striga plants parasiting adventitious sorghum roots
at the soil surface remained small (presumably in
contrast to plants originating lower in the soil).

No work appears to have been done on the effect
of climate on rates of growth or maturation of 3,

hermontheca but Gisborne (1953) attributed a reduc-

tion in the seed setting of strige in 1948 at Samaru

to heavy shading by the crop.

(d) The germination stimulant

i. Identification

Brown et al {1949) found that the concentrated

exudate from Sorghum vulgare seedlings contained

carbohydrates and particularly pentoses, althecugh
aldopentoses appeared to be absent, D~fructose;

D-fructose~1, b.diphosphate and L-sorbose weakly
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stimulated S. hermontheca seed to germinate. The

most powerful stimulation was given by D-oxy-o-ketose,
Fresh preparations of the concentrated exudate and of
D-~oxy~o~ketose were also similar in the important
respect that when stored at 3-~45°C, the activities of
both disappeared completely within 72 hours and that
they were both completely inactivated by heating at
60%C for 60 minutes. Brown et al (1952) demonstrated
that the stimulant properties of crude preparations of

S. hermontheca germination factor may be due to a

complex of substances, Brown et al suggested that
the parasite seed was supplied from actively growing
host roots with a hormone which was normally required
in germination but which was not synthesised by the
seed. The natural stimulant was probably at least
similar to D-oxy-o-~ketose. Both the natural stimulant
and D-oxy-o-ketose stimailated extending pea root seg-
ments to increase in volume, Brown et al (1950)
concluded that the stimulant was a generalised root
extension stimulator, which promoted the germination
of striga seeds, Lansdown (1956) isolated the crude
stimmlation factor inte four components, nene of which

had any stimulatory activity by themselves,.
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Sunderland (1960) found that germination of

8. hermontheca was promoted by a water-~soluble con-

stituent {which he termed 'MS') of maize root exudates.
This was suggested as a precursor to another soluble
germination stimulant for Orobanche sp., which is

also found in meize root exudates, The synergistic
effect of small quantities of linseed rocot diffusate
asolution added to 'MS! suggested that linseed, sorghum
and maize may all produce a similar complex of stimu-
lants, differing only in the particular balance of the

constituents.

There does not appear to be any more recent work

on the identification of the Strigza hermontheca stimu-

lant but work on Styiga asiatica germination stimulant

has continued at North Carolina (see below).

ii. Isclation from root exudates

Brown, Robinson and co-workers did not succeed in

leolating the 5. hermontheca stimunlant in pure state

/[Tatest references:- Brown, Robinson and Johnson (1950) /.
Worsham et al (1964) absorbed the stimulant from corn
{Zea _mays L.) roots on activated charcoal and partially
purified it by chromatography. A moelecular weight of

slightly over 100 was estimated by a diffusion method.
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Reactions with classification reagents indicated that
the stimulant possessed one or more hydroxyl groups and
possibly an esater or lactose bond. Results with
Ehrlich and Salkonski reagents were characteristic of
indole compounds but none of the commonly oceurring
indoles were active in promoting germination. The

stimulant may be similar to coumarin or related compounds,

Egley {1965) showed that the chromatographic

analysis of the S5, asiatica stimulants exuded from the

 roots of maize, cotton and Coleus sp. indicated that

the exudates had similar reference values, The exudates.
produced by the three species were inactivated when held
at pH 9 at 5000 for an hour but net at pH 6,5 for three

hours. The stimulants were probably similar.

Egley and Cook (1966) reported the isolation of a
crystalline germination stimalant (trivial name strigol)

for S, asiatica from cotton rcecot exudates, The formula

Was 019H2206' Although apparently different from
known plant hormones, the stimulant was active at con-
centrations at which hormones produced their effects

5

causing germination at less than 10 “p.p.m. A non=-

orystalline substance (B) was also found to be actived
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as a germination stimulant. The molecular formula was
identical with that of gibberellic acid which is inactive,

iii, Other chemicals stimulating germination
of S, hermontheca or S. asiatica

It is probable that seed of both species reacted
similarly to natural germination stimulant (Doughty,
1942) and it is probable therefore that a chemical which
stimulates germination in one species will do so in the
other. Table 1 lists the activities reported by

various authors,

Table 1: Chemicalistimulating germination of Striga spp.
Striga species

Chemical stimulated Authority
Allyl=2-thiourea asiatica Shaw et al
(1962)
Sodium diethyl dithiocarbamate » L
L.-methionine " L
n-propyldi-n-propylthiol carbamate . "
6-phenyl purines " "
6-benzyl purines . .
6=-furfuryl purines " "
6=methoxy=7=hydroxy=-coumarin " "
L-hydroxycoumarin " "
Sarveroside » Cook et al
(1966)
Thiourea . Brown & Edwards

(1945)
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Table 1 (contd,)

Striga species

Chemical Stimuliatod Authority
D=xvloketose hermontheca Brown et al
(1949}
D-fructose " n
D-fructose-1i-diphosphate " "
L-sorbose " "

ive. The existence of germination inhibitors in
resistant sorghum varieties and striga seeds

Williams (1959a) showed that the resistant sorghum
variety Framida produced a substance which imnhibited
the gexmination of striga seeds and also produced less
tgermination stimulant! than a susceptible variety.

tLight Mori!., At least two inhibitors were also present

in Striga asiatica. These prevenied cell extension of

germinated seedlings of S, asiatica. In a later paper

(Williams, 1959b) one of these inhibitors was reported

to inhibit cell extension of Striga hermontheca seedlings

also. Prolonged periods in the inhibitory solution
resulted in loss of polarity by the seedlings. The
inhibitor was thought to be an aliphatic acid,

v, Chemotrophic factors alfecting striga
seedling growth

When 3. asjiatica seedlings were grown in vitro

{(Williams, 1960), the radicles were observed to be curved.
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The curvature was shown to be associated with an in-
hibition of cell extension on one side of the radicle,
The factor causing the inhibition was shown to be

similar to, but distinet from, indole acetic acid (TaAaA).

Kinetin at 1 p.p.m. or blue lightIWere shown to
have strong morphogenic effects on S, asiatica sgedlings
grown in the vicinity of a host plant. It was
suggested that one component in germination complex of

S. asiatica might be a kinetin-like subsiance which

both induced germination of striga seeds and induced
morphogenic changes in the seedlings (Williams, 1961a),
In a second paper in 1961 Williams reported that
positive chemotropism was not complete in agar and
attributed this to variation in the orientatlon of the

S. asiatica seedlings relative to the host roots

(Wwilliams, 1961Db).

(e} Methods of Control

i. Mechanical destruction by selective handweeding

This method, which consists of removing and
destroying the parasite by hand-pulling or hoeing
without destroying the host crop, was the earliest

control measure advocated for control of Btriga asiatica.
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In West Afyica, Chevalier (1929} recommended that

all plants of Striga hermontheca should be pulled up

befare they seeded not only in cultivated fields but
also in recently fallowed land, where it is parasitic

“on wild grasses,

Two long term experiments in Nigeria at Samaru
.and Yandev were reported con at intervals by various
authors (Gisborne, 1953), (Butler, 1953~5), (Watson,
1956-8). The results for five seasons at Samaru
showed that hand-pulling did not significantly affect
vields at low levels of infestation (less than 10,000
emerged striga plants per acre). In the majority of
the results from Samaru, the number of striga plants
emerging on the thand-~pulling' treatment was higher
than on the 'not hand-pulled! treatments, The data for
six years of the experiments at Yandev showed that hand
pulling of striga plants at high levels of infestation
(50,000 - 100,000 emerged strigy plants per acre)
consistently increased the yield of grain, Three
years of hand-pulling were necessary to reduce the
effects of three vears without hand-pulling. The

residual effect of three years hand-pulling on vield
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at Yandev was greater than the current effect of one

yvearts hand pulling. (See also pages 10~-11.)

In the Sudan, Andrews (1945 and 1948) stated that
continuous hand picking before flowering helped to
reduce seed in the ground but it was essential that
the weed be pulled before flowering since green ovaries

would produce wviable s2eed on drying,.

In Kenya, McDonald (1928) recommended hand weeding
on lightly infected land but suggested the use of trap
cropping with sorghum and maize when the land was heavily
infested. Watt (1936) recommended planting sorghum in
rows to make the weeding of striga easier, The remo~
val of striga by handweeding was made compulsory at

this period. ’

Dogget {1965) reported on the performance of
sorghum varieties Bukura Mahemba (susceptible) and
Dobba (resistant) in experiments from 1950-57 in
Tahzania. The mean number of emerged striga plants
was 3,200 per acre on Dobbs, compared with 37,200 on
Bukura Mahemba, The mean vields were 1,325 and 845
1b, grain per acre, The total striga plant numbers

in heavily infested soils were estimated to range up
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to two million, of which 10-30 per cent appeared above
ground under undisturbed conditions. Grain losses

brought about by striga were estimated at 2-~3 1lb. per
acre. per 1,000 striga plants. Dogget concluded that

under ¥®ast African conditions, 5, hermontheca is at

present best controlled by a combination of the use of

resistant varietilies and hand pulling. .

ii. Mechanical destruction by catch cropping

Robinson and Dowler (1966) distinguished between
true hosts, which had to be destryoyed together with
the parasite (catch crops), and immune or slightly
susceptible hosts, which did not support the growth of
the parasite well enough to set seed (trap crops).
There is a fundamental difference between the two types
of control. The catch crops depend on the mechanical
destruction of the parasite while the use of itrap crops
ig, in effect, a chamical method of centrol in which
the chemical is generated in situ (see p. 30-32).

Catch cropping for control of 5. coccinea (=asiatica)

was first advocated by PFuller {1900} when he recommended
that witchweed and maize should be hoed out together.
Macdonald (1928) was the first to advocate catch

cropping to controel S, hermontheca. He recommended
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ploughing-in the catch crop just when the weed was
coming in to flower, The catch cropping would have

to be repeated several times over a period of years,

Wilson-Jones (1953¢) advocated double catch
cropping for farmers who could afford to lose one
season's crop but considered that trap cropping was
better for subsistence farmers, In the Gezira, Last
(1960) observed that catch cropping with Sorghum
sudanense for not less than five weeks significantly

decreased the incidence of 3. hermontheca in succeeding

sorghum crops and sometimes increased grain yields.

In the Sudan, the residual effect of catch cropping

with Sorghum sudanense was to reduce striga infestation
from 31.5 per cent to 10,6 per cent in the sorghum crop
growing in the year subsequent to treatment (Last, 1961).
No references since 1961 to the use of trap cropping to

control S. hermontheca have been seen,

iii. Stimulated germination by immune hosts
{trap crops)

After Rose and lLochrie (1941) reported that non-

gramineous hosts could germinate S, asiatica (see page 12)
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a number of field experiments on 5, hermontheca were

started,

In the Sudan,.Andrews and Wilson-Jones [1948)
found that sorghum variety Feterita following Lubia
.dolichos fallow yielded more heavily than sorghum
following bare fallow even though more striga emerged

after lubia,.

In Nigeria, Butler (1953) reported that trap crop-
ping with cowpeas or sunflowers did not increase sorghum
vields or reduce the amount of striga at Yandev, At
Samaru, handpulling in continuous sorghum was compared
with leguminous trap crops. In the test cropping year
" the lowest striga count was obtained on a treatment in
-which the striga had been hand pulled the previous year
frém a previous crop of sorghum. The rotational
effect of the leguminous test crops, however, outweighed.
the reduction in the amount of striga and produced
greater vields of sorghum grain following test crops,
as compared with continuous sorghum in which the striga

had been hand pulled,

In Tanzania, Dogget (1954a) found that one crop of

cotton reduced the striga emergence at Lubaga to 1,160
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parasites per acre compared with 4,010 per acre in
continuous sorghum (variety Dobbs). In rotation
experiments the results suggest that {wo years of
cotton reduce the amount of striga in a subsequent

sorghum crop.

No reference to the use of trap crops for control

" of §., hermontheca have been seen since 1954 but

Robinson and Dowler (1966) Ffound that soybeans or field
peas were about equal in effect with trap crops of

millet, maize and sorghum for control of 5, asiatica in

North Carclina. All trap crops had to be grown for at
least three yvears before a substantial wvield increase
was obtained, except that millet gave good yields after

only two vears of trap cropping.

iv, Stimulated germination by chemicals

Shaw, Sheppard, Robinson and Sand {1962) mention
the possibllity of stable s0il active chemicals being
used to stimulate striga seeds to germinate in the
absence of a host. No reference to successful use of

this method has yvet been seen. (See pages 24-25)

The isolates from root exudates have so far heen

wunstable and have lost their stimulatory power shortly
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after exposure to air or moisture but Cook et al (1966)
reported the isolation of a stable crystalline substance
from the exudate of cotton roots which was a germination

stimalant for S. asiatica,

v, Resistant host varieties

In the Sudan, Wilson-Jones (1953a and ¢) found that
the sorghum variety Dwarf White Milo appears to have a

very high degree of resistance to Striga hermontheca

attack, Last {1960a) observed that more striga devel-
oped on the sorghum variety Debekri and Feteritsa.

Last (1960b) reviewing the results of an experiment by
Crowther started in 1941, found that sorghum variety
Feterita was more heavily parasitised than sorghum
variety Dwarf legari. Increasing the distance between
plants to 100 c¢m rednced the total amount of striga per

acre in Dwarf Hegari.

Williams (1959&) attributed the resistance of the
South African sorghum variety Framida to the lower
production of "germination stimulant" together with the
production of a germination inhibitor,. With other
South Africa sorghums, resistance iz due to mechanical

or physiological obstruction,
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Doughty (1941) found that varieties resistant to

S, asiatica in Tanganyika were not necessarily resistant

to S, hermontheca. Dogget (1952) reported that sorghum

varieties Dobbs and P.41 showed signs of a high degree
of resistance compared with other varieties. Dogget
(1954a) showed that varieties P,41 and Dobbs had many
fewer emerged striga parasites than varieties Bukura
Mahemba and Ngthollongo. Dobbs was the highest
yielding variety. Dogget (1965) found that the resis-
tant sorghum variety Dobbs was superior to the suscep-
tible wvariety Bukura Mahemba both in yield and in the
reduction of striga emergence. In a rotation trial,
Dobbs had apparently reduced the reserve of striga seed.
Dobbs germinated striga as freely as did Bukura Mahemba
indicating that the resistance mechanism operates after

the germination of the striga seed,

vi. Nutrients and organic matter

Pearson (1913) reported that 150 1lb, and 300 1b,
of sodium nitrate reduced the emergence of S, asiatica

in maize in South Africa.

In Rhodesia, Timson (1938b) found that compost or

Kraal manure (FYM) plus phosphatic fertiliser reduced
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the emergence of 5. lutea as compared with phosphatic

fertiliser alone.

Porteres (1948) observed that the appearance of

S. hermontheca was used as an index of so0il fertility

by the natives of West Africa. In his opinion t'it is
not the growth of striga that results in deterioration
of plantings but the poor condition of the latter (the
- s0il) that leads to the spread of the parasite!,
Porteres (1952) reported that in Niger, striga infected
millet plants were given additional geat manure because
experience had shown that strige was only dangerous on

degraded sails,

In Nigeria, Butler {1953} obtained increased
emergence of striga from the application of three tons
of F,Y.M, in a low yielding trial at Samaru,. He also
observed a smaller yield response in sorghum to three

tons of F.Y.M. where striga was present.

Wilson-Jones K (1953b) reported that chemical

control of S, hermontheca resulted in good vyields of

grain on soil considered to be ‘worn outt! by continuous

cultivation and soil erosion. Infestation by
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S, hermontheca might be a major factor in the loss of

productivity in the Sudan,

Basinskl (1955) considered that striga was only
one of the evils of intensive and prolonged mono-
cropping. The introduction of an easy method of
eradication might cause greater damage than the

parasite itself,

Three papers by Last (1960a, 1960b, and 1961)
provided further evidence in the Sudan, Last (1960a)
observed that neither phosphorus nor potassium ferti-

liser affected the incidence of S, hermontheca or

sorghum yields, On lightly infested sites where

S. hermontheca was not damaging, 80 lb, of fertiliser

nitrogen trebled grain yvields but as the infestations
increased in severity, the absolute gain decreased and
the relative effects increased. Fertiliser nitrogen
increased the yield of resistant variety Feterita, a
striga resistant variety, more than the yield of the
susceptible variety Debekri. The mean weights of

S. hermontheca on Feterita decreased after adding 40 1b,

of fertiliser nitrogen, Striga damage was never
important until sorghum gave at least a 300 per cent

s
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grain yield respomnse to 80 1b, fertiliser nitrogen per
acre. When the response to nitrogen was less than

300 per cent 2, 4-D herbicide did not increase yields,
Last suggested that P and K might act similarly if they

were deficient.

Last (1960b), reviewing the results of an experi-
ment started by Crowther in 1941, found that fertiliser
nitrogen {sulphate of ammonia) at 40 1b, and 80 1b, per
acre progressively reduced the weight of striga and

increased grain ylelds.

Last (1961) found that the incidence of $, hermon-

~theca was not affected by 80 1b, of fertiliser nitrogen

applied in the previous year but in another experiment
there was a reduction from nitrogen and phosphate

fertiliser applied in the previous year,

Agabawi and Younis (1965a) found that 40-120 1b,

fertiliser N (as ammonium sulphate) did not affect

S. hermontheca parasitising sorghum in pots. Striga

attack reduced sorghum dry matter production by 53.3
per cent and nitrogen uptake by 54.3 per cent. Un-~
infested sorghum plants were more efficient users of

fertiliser N,
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Agabawi and Younis (1965b) found that fertiliser

nitrogen delayed emergence and reduced the above ground

growth of Striga hermontheca parasitising forage

sorghum on heavy clay land in the Gezira.

No other references to the effect of nutrients on

S. hermontheca but in North Carolina, Shaw et al (1962)

reported that outstanding control of S, asiatica was
obtained in 1959 by using high rates of fertiliser
nitrogen per acre, Ammonium nitrate applied at 1,000,

2,000, and 3,000 1lb. of N per acre prevented S. asiatica

growth for the season, The 2,000 and J,OO&Pratea were
toxic to corn; 1,000 1b, was less injurious, In 1960,
fertiliser N at 400 1b, per acre, three weeks before
planting maize, gave full season control but reduced
maize vigour. 200 1ih, N and 2 1b, of fenac incorpor-
ated pre-planting, gave full season control of S,

asiatica without damage to the crop,

vii. So0il acting herbicides

Herbicides which are applied to the soil and can
be taken up from it by striga which has not yet emerged
above ground, provide the only known method by which

striga can be killed in this stage of development,



39

Nigeria

Butler (1057) reported small increases in yield
from the use of 2,4-D at Yandev in 1955, 1956, and
1957,  Goldsworthy {1960) reported no definite control

of striga with MCPA or simazine, =

Sudan v

Wilson-iones (1952) found that 1.2 to 1.6 # of
4,4-D applied two to four weeks a.ft;ar'sowing gave the
best striga control and increased the yield of sorghum,
Application five weeks after sowing gave less efficilient
control. The variety Feterita was tolerant of 2,4-D
but the variety Wad Fahl was killed by it. Wilson~
Jones (1953a) found that lower dosages of 2,4-D (0.5 #
to 2,0 #) gave good control of striga but also observed
toxicity to the gsorghum following spraying at two and
three weeks éfi;ér sowing but not at four and _five weeks.
The control from application at twoe and three weeks was
" gignificantly better than that at four and five weeks,

Wilson-Jones (1956) appears to refer to the same wark,

Last (1560a) found that 1.6 # 2,4-D was usually
_ better than 0.8 # and that application three weeks after

sowing was sometimes better than application at six weeks,
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Yield increases caused by 2,4-D sprays were asaociatéd
with the delaved emergence of striga. Where infection
developed rapidly and the mean levels of infection were
at least 20 per cent within 50 days of sowing, sprays
increased beth grain and straw yields; where infection
developed slowly, only grain yilelds were increased..
Although the 1.6 # rate of 2,4~D suppressed striga more
than 0,8 #yields of grain were affected equally.

There was a positive interaction between fertiliser

nitrogen and 2,4-D herbicide on grain yield,

Toms (1957) reported that 1.0 # of DMU (=diuron)
or 2,0 # of simazine, applied pre-emergence, complgtely
killed sorghum after germination, 0.5 # of diuron |
was tolerated by the sorghum and reduced the number of
- striga infested stands from 4 per cent to 0.5 per cent

in the Sudan.

Tarr {1961) found that 0.8 # of 2,4-D applied two
weeks after sowing reduced the incidence of striga on

Pennisetum typhoides (bulrush millet) but increased

vield only when the s80il was deficient in nitregen and
when no fertilizer nitrogen was added, Nitrogen

deficiency may limif yield more than striga on sandy
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s0ils in the Sudasnese rain grown cereal areas.,

0

No reference to control of 5, hermontheca by

selective herbicides have been seen since 1961 but

work on 8, asiatica in maize has continued at North

Carolina.

North Caraldina, U.S5,A,

Shaw et al (1962) reported that fenac, trifluralin,
AMS, 2,4,5.T and erbon were promising materials for

pre~emergent contrel of 5. asiatica.

Déwlér et al {1963) reported that 1-8 # fenac or
8»12 # TBA provided partial control of striga emergence
but‘fequired two or three additional applications of
2,4-D at 1.0 # to prevent striga seed production.
| All rates of TBA and 8 # of f&nac caused injury to
maize, especially on soils containing much clay in thé

sub=50il,

Dowler et al (1964) reported on the value of 2,4-D,

TBA and fenac for control of 3. asiatica. Fenac at

4 # and 8 # gave the most effective witchweed control
and resultad in the highest yields of maize. S5, asia-

tica was not controlled by 2,4~D and TBA only gave
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control at dosages which damaged the maize,

Ezley and Kust (1964} reported that lanolin paste
preparations of dicamba and TBA applied to the leaves
(or by a split root technique to half the roat systehs)
of maize and sorghum plants parasitised by witchweed
caused abnormal development in the terminal and lateral

buds eof the parasite,

Other observations

Okonkwo (1966a) in laboratory tracer studies,
showed that inorganlic and organlic substances travelled

from the sorghum host to the Striga hermontheca para-

slte but that very little movement oceurred in the
. reverse direction, The pattern of translocation
suggested a possible use of selective weed killer applied

as a follar spray to the host plant,

Weilise (1964) found that 0,5 # 2,4~D could reduce

the yields of many sorghum hybrids (in Texas).

viii. Contact herbicides

Some herbicides kill sitriga species when they are

applied to the aerial portions of the parasite.
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Watt (1909) reported that three per cent copper

sulphate solution killed all S, asiatica after two or

three days,

Saunders {(1933) observed that maize was killed by
12,5 and 15,0 per cent solutions of sodium chlorate
but a 5 per cent solution gave complete control of
witchweed, The killing of maize was attributed by
Saunders to translocation of the herbicide from the
parasite but it seems more likely that it was taken up
directly {rom the soil. Saunders also reported that
striga regrowth had occurred in sarlier experiments

with copper sulphate,

Rhodesia

Timson (1931b) reported the use of 2 per cent
sodium chlorate solution which gave complete control
of witchweed with no regrowth from the underground
parts. Calcium chlorate, potassium chlorate and copper
sulphate gave the same results at a concentration of

5 per cent,

Timson (1933&) further reported on the use of

sodium chlorate using 1.0 and 0,5 per cent solutions,
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which killed the striga without regrowth. These ob=

servations have not been subsequently confirmed.

Martin (1949) reported complete control of witch-
weed in maize in Rhodesia by spraying 2,4-D répeatedly
from the time of first emergence to the end of the cToD.
He suggested that two to three applications would be
sufficient to prevent the parasite from flowering and -

seeding.
o

North Carolina

Shaw et al (1962) reported that S, agiatica para-

sitlsing maize was best controlled by repeated post?
emergent applications of 2,4-D with oxr without fenac

applied pre~emergent.

Robinson et al (1967) found that the best control
of witchweed was obtained with monocropped malize, tfeated
"~ with 2,4-D at 0.5 # post emergent, as required. This
treatment was better than rotations containing trap

CIropsS.

4x. Insect predators

Williams and Caswell (1959) reported that the larva

of Smicronyx sp. (Coleoptera curcilionidae) infected
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the fruits (= capsules) of Striga sp. in Nigerias

Milner (1966) also referred to the possible use
of Smicronyx sp., as an iﬁaect for the biological control

of Striga sp. in Tanganyika.

pavidson {1963) reported that, in Kenya, during
1960 and 1962, the commonest pest found was a small
agromyzid Tly, identified as a new species, Ophiomya

strigalis Spencer. Attacks on S, hermontheca plants

began when the plants flowered in late June and by early
August, more than 90 per cent of plants had been attacked.
No reduction in fruit or flower numbers were obserféd.
Eurytoma Sp., & gall forming species, also attacks

S$. hermontheca at Kibos, Kenya.

sankaran and Rao (1966) listed the insects attack-

ineg Striga species (not hermontheca) in India.

The underground growth of sfriga in.ité seedling
stages protects it from the attacks of most insecta.
The very ready formation of seed on very amall plants
and under unfavourable circumstances make this type of
plant a difficult subject for biological control. Un-

legs a suitable sacond host exists in the bush to
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support the attacking insect, it can be predicted tﬁat
biological control could reduce but not eyadicate Striga
speciles. Most of the insect pests so far reported do
not prevent striga setting viable seed, eveén when the
capsules are attacked. The development of a biological
control which reduced the intensity of very severe
striga attacks would be of great economic importance in
subsistence areas, where the local varieties of sorghum

are partly resistante.

(f) Methods used in investigating parasitism by
: Striga SpPPs

1., Laboratory techniques

The laboratory methods which can be used for

investigating the parasitism of S. hermontheca are 5'

identical with those suitable for g5, asiatica and in

this section no distinction is therefore made between

the species.

" pearson (1913) (seen only in abstract) performed
a number of laboratory tests on S asjiatica germination
but details of methods wWere not given. saunders (1933)
used water percolated through pots filled with sand in

which maize plants were growing, to moisten layers of
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blotting paper on which seeds of S, lutea had been séwn.
The blotting paper was placed in porcelain germination
blocks and incubated at 2500. This technique was used
to measure the effect of different rcot exudates on ger-
mination; the effect of pH; the effect of {emperature
and the effect of variations in moisture. The tech-
nique used for measuring the effect of light was not

described, To observe the growth of S. asiatica seed-

lings shortly after germination, Saunders used galvanised
iron containers, each with a removable glass back and
front., Clean blotting paper was inserted against the
glass sides and the containers filled with fine sand,
The sand was moistened and the containers laid on their
sides to permit the removal of the glass plates,

Striga seeds were then sown on the blotting paper énd
the glass replaced. Seeds of the host ¢rop were then
planted in the top of the container so that the roots

of the resulting seedlings would develop between the
blotting paper and the glass sides,. The growth and
development of the striga seedlings cculd then be easily
fallowed. Other laboratory technigues described by

Saunders were not relevant to herbicide investigations.

Doughty (1942) used glass tubes in place of
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gaiQaﬁised iron cylinders and used dampened rectangles
of filter paper inserted in the glass tubes with the
striga seed next to the glass, The tubes were filled
with so0il in which the seced of the host was planted.
The tubes were then encased in removable tubes, having
one surface matt black and fac¢ing inwards, Periodical
inspection of the development of the host roots and the

striga seed was thus possible,

Andrews (1945) used the bottom half of a petri
dish of 11 e¢m diameter and 3 cm height, covered with

"blotting paper strewn with S, hermontheca seeds, so that

the seeds lay against the glass. Seedlings of different
potential hosts were arranged in holes pierced through
the blotting paper, so that the root lay between the
blotting paper and the glass, the hypocotyl and cotylew
dons standing vertical, The dish was nearly filled

" with clean sand and watered. The dishes, with their
seedlings, were kept in a closed glass sided chamber,
~the floor of which was covered with sand kept permanently
moist, FYeriodic observations threough the glass bottom
showed the course of the development of the root and

the degree of germination of the striga seed.
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Brown and Edwards (1945) incubated striga seeds
at 22°C for 21 days on moist filtefuﬁaper and then
transferred them to another culture vessel moistened
with a solution of the experimental substancae. The
seeds were then incubated for a further period at 22%

and finally at 34°¢ for 24-48 hours.

vallance (1949), {1950), (1951a), and (1951b) = |
used similar techniques to earlier workers but also |
used a Barcroft apparatus to measure the respiration

of striga seeds,

Dowler et al (1964) measured the tolerance ﬁf
gefﬁinating maize seedlings to herbicide solution in
petri dishes, The petri dishes were inbubated at BOOC
for four davys. Investigations on striga susceptibility
 -£0 herbicides were not attempted in the laboratory and

were confined to field experiments,

.. Okonkwo (1966b), (1966¢c) described the in vitro

culture of Striga hermontheca to flowering and seed

producfion in the absence of a host. 25 x 200 mm
culture tubes filled with 20 ml of either Knops medium
or 20 ml of Modified Murashige-Skoogs medium. The pH

of the medium was adjusted to 5.5-5,8 and the medium
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jelledlﬁith 1.2 per cent Difco agar, '" The tubes
were.stoppefed with non-~absorbent cotton wool wrapped
with aluminium foil. The medium was autoclaved at

15 1b. pressure for 10 minutes and then slanted,
Usually an aqueocus exudate or extract of sorghum roots
was incorparated in the initial culture medium to |
atimulate germination of striga seeds. Very full
details of the preparation of the stimulant solutions
were given, The striga seeds were pre-treated by
incubating sterilised seeds on molst filter paper in
sterilised petryri dishes for 10«20 days in the dark at
2500. They were then sown on the surface of the agar
silant in each tube, All inoculations were carried out
:in a closed chamber which had been exposed constantly

to ultraviolet radiations to assist in maintaining

”__starile conditions, The seedling growth was completed

- by transferring the two month old plants to 65 x 500 mum
culture tubes,. In most cases, the plants flowered
after 4 to 4} months in culture. In the second paper
(Okonkwo, 1966¢) the effect of various sugars and
glutamine on striga growth were observed. The tech-
nhigue seems to be iqeal for observétions on the direct

effect of herbicides on striga at all stages of growth
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ii, Pot test technigues

It is sometimes difficult to distinguish bhetween
laboratory technigues involving the use of pots and pot
tasts proper, As used here, the term t'pot test!
implies that the experimental plants are grown on to
the end of the experimental treatment bhefore any
destructive sampling or microscopic examination of the

roots occurs,

Doughty (1942) used 11 inch buckets as experimental
units filled with a mixture of soil, compost, and 0.4 gm
of Striga spp. seed {(hermontheca oy asiatica according
to treatment), Twelve seeds of each host plant were
sown per pot and subsequently thinned to leave 3 plants
per bucket. The buckets were watered with nutrient
golution twice a week, Periodical counts were made
of the number of striga plants appearing in each bucket,
The first trial was run from June to October and the

later trials were of similar duration,

Andrews {1943) gave no detgqils of his first pot
technique except that five seeds were sown per pot into

naturally infested soil. To ascertain the period
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during which the sorghum seedlings beﬁame parasitised,
4 inch pots.ﬁere filled with heat sterilised soil, into
which was mixed 0,1 gm of striga seeds, The pots wers
each sown with a single sorghum seed, which had hbeen
soaked for 2% hours, Ten pots were washed out every
week and the number of striga seedlings attached to the
roots was counted. To investigate the effect of micro-
nutrients on the resistance of the sorghum plant to
striga, Andrews sowed Six seeds ccated with the micro-
nutrient treatment into petrol tins (size not stated),
Both Doughty (1942) and Andrews (1945) used the number
of emerged striga plants per experimental unit as their
main measurement of infection. The measurement of
hosat production in pot experiments is not mentioned by

either author.

Dowler et al (1964) measured the effect of fenac,
2,3,6~TBA and 2,4-D on the root weight of maize grown
in pots. Experimental details were not giwven, No
striga seed was sown in the pots, Parker (1965) re-

ferred to pot experiments on S, hermontheca but gave

no details of technique,

' Egley and Kust (1964) used lanolin paste preparation
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of dicamba and TBA for experimental foliar application
of herbicides t¢ sorghum leaves, This technigque could
potentially be used for the screening of systemic

herbicides in pots,

Agabawi and Younis (1965b) investigated different

depths of sowing of S, hermontheca seed in pots but

gave no details of experimental technlques. They
observed the effect of sftriga attack on shoot and root
weight of the sorghum host and observed that the effect
was greatest at 0.5 cm depth. Agabawi and Younis
(1965&) also measured sorghum production in pots when

observing the effect of fertiliser on striga,

1i4., PField experimental technigues

Northern Nigeria

One of the major practical problems in research

on Striga hermontheca is whether the experiment should

be sited on a naturally infested site (rare on experi-
mental farms) or whether the site should be deliberately

sown with striga seed.

Murty and Krishniah (1962) reported that the best
- method of infestation with Striga spp. (not hermontheca)

was to sow the striga seed two inches below the host

Y



cereal seed.

Gisborne (1953) classified individual plants
according to their wvisible infestation status on a
naturally infested slte. He subsequently measured the
individual yield of each plant. In later experiments,
artificially infested sites were used, a non-experimental
cfop of sorghum being grown after infestation in the
year before the experiment was started, Farmyard
manure at one ton per acre was applied to the site iﬂ
Iofdef to prevent the fcontrol! treatment plots failing
to give any yvield. The number of emerging stripga, the
yield of sorghum grain, the number of infested stands
and the weight of hand pulled striga (where prescribed
by treatment) was also recorded. These technliques were
followed in general in the continuation experiments at
Samaru, reported by Butler (1955) and {1956), but in
1955, transplanting of sorghum was tried as a means.of
avoiding the early loss of stand caused by striga
attack. This Tailed completely in 1956 owing to
drought (Watson 1957). The difficulty of building
uap striga infestations at Samaru was referred to,
Goldsworthy (1960) reported a trial using MCPA and

gimazine at Yandev, The experimental details taken
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direct from the logbooks were as follows:;
Yandev Factorial combinations of:=~
(1) Ni1l
0.8 # MCPA. -
1.6 # Simazine
X
(2) 5 days before planting
2 weeks after planting
5 weeks alfter planting
b S :
(3) Ni1 |
1 cwt. of sulphate of ammonia per acre
2 cewt. of sulphate of ammonia per acra
_EThe nitrogen fertilisex was to be spread in three equal
doses one week after planting, when tillers wéfe forming
. (approximately %0 days later) and just before the app-
. earance of the flag leaf (approximately 120 days after

planting).

The herbicide was sprayed from a knapsack sprayer
in B0 gallons per acre. During normal hand weeding,

the stfiga was not to be removed,

. The number of infested stands, weight of striga
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one month before harvest, number of heads per sorghum
stand, 200 head weight and score for total striga

emergence were to be recorded,

In practice, a watering can was used instead of
a knapsack aprayer. Farmyard manure wWas applied at
three tons ﬁer acre over the whole trial, Soya beans

were the preceding Crop.

At Samaru, the experimental detﬁils wera the same
as at Yandev, except that the application of the herbi-
cide was with knapsack sprayer at 16 pallons per acre,
A basal dressing of 2 owt. of superphosphate was giieh

but no ¥,Y.M,

Bast Africa

Dogget (1954a) and (1954b) counted the number of
striga plants emerging above ground and measured the
yield of grain, Dogget (1965) also weighed the striga
plants. | |
éudﬁn

Wilson-Jones {1953a) applied.Z,h;D in 80 galioné
of spray per acre post emergent to sorghum. The appa-

ratus used ﬁas not stated, Last (1960) used a knapsack
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sprayer to apply 80 galleons of diluted herbicide per

acreo.

Tarr (1957) showed that watering cans could
successfully be used to apply auxin herbicides.
The experiments in the Sudan recorded the yield of
sorghum, the number of infested stands, the weight

and number of emerged atriga plants.

North Carclina, UeS.A

Thae group working on control of S, asiatica in

maize recorded the yield of grain and made subjective

tratings! of witchweed control, Tha volume of diluted

' herbicide applied per acre was not stated. The

emerged witchweed was controlled by periodical spraying
with 2,4-D (method not stated), (Dowler et al, 1963 and

1964},



CHAPTER

‘a! Summary of the literature

The literature reviewad above clearly establishes

a number of broad principles which govern the occur-
rence and severity of the attack of Striga spp. in
sorghum, |

Quantitative resistance to S. hermontheca attack

has been observed in a number of varieties in East Africa,
the Sudan and Nigeria. Several different wmechanisms

of resistance have been described, but no completely
registant varieties have been found. {Andrews, 1966),

(Dogget, 1965), (Last, 1960b) and (Williams, 1959a},

High soil fertility, and in particular heavy app-
lications of fertiliser nitrogen, reduce the amount of

Striga hermontheca emerging and flowering above ground,

The absolute response of sarghum grain yield t¢o ferti-
liser nitrogen is reduced by striga attack but the
relative response is increased (Agabawi and Younis,

1965b) and (Last, 1560a).

The only so0il applied selective herbicides which
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are reported fo have bheen used against Striga hermontheca

in sorghum are 2,4-D, first reported in 1952, MCPA,
simazine, and diuron, Only in the case of 2,4-D has
the correct dosage, selectivity ratio and maximum effect
been fully worked out. In a series of papers, Wilson-
Jones developed a technique of applying 1.2-1.,6 #9' -.
2,4=-D two to four weeks after sowing the sorghum.

(Toms, 1957), (Wilson-Jones, 1952, 1953 and 1056) and

(Goldsworthy, 1960),

Last showed that on the Sudanese variaties of
'iaorghum, 1.6 # 2,4-D could reduce grain yields at low
levels of striga infection, Last also found that
2,4-D herbicide only increased grain yields on highly
. nitrogen responsive sites. This implies that 2,4-D

. was not truly selective on Sudanese sorghums, At 1.6
# , 2,4~D always damaged the sorghum but this damaéé
was umasked at high levels of infestation by the greater
banefit from the control of striga. Other disadvan-
tages which complicate the use of 2,4-D are that it is
not very persistent in the soil and it is wvery toxic

to some other crops, notably cotton. (Last, 1960a)

Tarr reported that watering cans could be used to
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apply 2,4-D to sorghum adjacent to cotton without serious
losses in yield but this comparative safety is unlikely
to he experienced except with experimentally controlled

applications., (Tarr, 1957)

.f: For the peasant farmer there is also the problem
ofngforage of the hexbicide, ContaminatiOn of seed

of susceptible c¢rops in store by wvapour or dust transfer
and posgibly the use of o0ld herbicide containers for
storage would be difficult to avoid if the individual
farmer had access to 2,4-D and its derivatives,

There is therefore, the need for a herbicide which is.
.m6£é.selective than 2,4-D and also better tolerated by
cotton and other crops, which may be'gfown adjacent to,
or are interplanted with, sorghum, The other specifi-
catioﬁé.(which apply te all herbicides which are to be
used by peasant farmers) are that it should be very
cheap to use and that the mammalian toxiecity should be
low. In this last respect 2,4.D itaelf is undesirably

toxic,.

The work reviewed in Chapter 2 therefore shows

that good quantitative control cof Striga hermontheca,

can be obtained by use af three methods, which may he
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sunmarised as followsi=

1. The use of resistant varieties of host cereals,

24 The maintenance of a high level of soil fertility,
especially by application of fertiliser nitrogen.

3. The application of low dosages of 2,4-D post=-

emergent to sorghum and pre-emergent to striga.

In considering control methods it must also he
remembered that S. hermontheca is primarily a problem
for the African subsistence farmer in western, central
and eastern Africa. At present, the unsophisticated
hand farmer growing small areas of mixed crops, can only
combat striga by use of resistant varieties and the |
practice of handpulling of all emerged striga plants.
Handpulling is not a guick or cheap method of control,
_Several vears have to pass before any clear improvement
can be seen. Any relaxation in the discinpline of
pulling every striga plant out before it flowers can
undo the effect of months of previous treatment, Only
a proportion of African farmers can be expected to be
able to practise the method perfectly, for long enough,
Handpulling also has the defect that it fails to protect

the orop before the striga emerges. 2 ,4~D and MCPA
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do give pre-emergent control of striga with resulting
increases in yield on heavily infested soils. They
fail to contrel striga during the whole period of crop.
growth and, in addition, are toxic to some varieties

of sorghum and many other crops,

A fﬁrther difficulty hindering the adoption of
these auxin herbicides is that the formulations have
to be applied with a knapsack sprayer, though Tarr
(1957) showed that a watering can could be used to
apply the treatment instead, Whatever method of
applying the liquid formalations is used, it involves
the tranaport of heavy weights of water. Wilson-Jones
(1953a) and Last (1960b) used 80 gallons per acre
(weighing 800 1b). The use of low pressure medium
volume {(20-30 gallons per acre) floodjets specially
developed for directed herbicide application still
regquires 200~7300 1b, of water to be carried to the site,
The use of low volume atomiser jets, developed for
foliar applications of insecticide and fungicide,
invelves the risk of drift on to susceptible crops and

also may not give adequate coverage,

Apart from one very restricted observation in the
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Sudan (Toms, 1957) and two preliminary experiments at
Samaru, there is no published record of other soil

acting herbicides being tested against S. hermontheca.

A suitable herbicide for peasant use would need to be
more persistent than 2,4~D and much more selective,
Most African hand farmers practise mixed cropping and
an ideal herbicide should alsce be tolerated by at

ieast some of the common mixed crops.

Lb) The.research objectives

1, The main object of the present investigation was
to search for selective soil acting herbicides
for pre-~emergent control of striga in mixed crops.

Subsidiary projects were

2, To search for selective contact herbicides for

the control of emerged striga in mixed crops.

Je To develop simple methods of application suitable

for use by unsophisticated farmers,

A fourth line of investigation which emerged during
the course of the work is that scome herbicides may
promote the germination of striga. Brown and Edwards

(1945) observed that both thiourea and allylthiourea

4
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could replace ‘'germination stimuiantt, though neither
material is stable enough in the so0il to be of practical
use, At least one herbicide now under development
{methiuron) is a derivative of thiourea and is likely
to bhe active and is said to have a short pericd of per-
sistence in the soil. A full scale investigation of
this aspect is ountside the scope of this dissertation
but herbicides which appear to stinmulate germination

are being noted for future investigation.

Three stages can be recognised in the develoﬁménf
of a new herbicide practice. These are as follows:-
Stage I. The detection of desirable activity |

in a material,
Stage 1T, Evaluation in the environment in
which it is to be used. |
.Staga III. Development of a practicable

recommendation.

To detect desirable activity (Stage I} a pot tech-
nique was chosen for several reasons, Testing could
coentinue throughout the whole year, only small amounts
of herbicide were required, and it was expected that

the variability would be smaller between pots than in
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~micro-plots in the field, The design of the pot tests
was based on the propoesition that a herbicide was dis-
playing desirable activity when it increased the dry
matter production of host plants, which were infested
with strige. Tt was intended that treatments which
gave statistically significant increases would be
selected for field testing in Stage II. Bxperience
showed that the interpretation of the results was <o~
Plicated and a special ranking analysis was developed

for the purpose (see pp. 77-81) to aid the assessment,

The main difficulty in carrying out Stage II has
been the selection of suitable Tield sites, In 1967
only one site was sufficiently heavily infested for
really accurate observations to be taken on control of
striga but two sultable areas at Samaru were found lor
the 1968 season and heavier infestations were applied

at the States experimental centres,

Stage I1I testing of formulations of materials
discovered to have activity during this investigation

has not yet been done,



STAGE I

Screening for desirable activity

CHAPTERS U4 - 7

66
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GHAPTER 4

POT_TEST TECHNIQUR

(a) Experimental sorghum varieties

Short Kaura SK 59012: This is a reselection from

SK 60 which is an improved Nigerian sorghum. It has a
long growing season and can attain a height of 6 feet
or more in the field, It has been crossed with |
exotic varieties to produce several of the new short
stemmed, long growing season varieties and hybrids,
For this reason it was chosen s the test variety
for the first series of tests. It is partly toler%nt
of striga attack but can be reduced in yield or even
killed by a heavy attack in the field, The variety
has the undesirable characteristic (for pot work) of
.day length sensitivity. The variety toeok about"120
days to head during the dry season, __I.:

NK 300: This 1is anh American hybrid SSrghuﬁ;
4t is fairly short strawed and is day length neutral.
It was used in two tests as a temporary replacement.
for SK 5912. It was somewhat more susceptible to
striga attack than 3K 5912. This variety took about

90 days teo head under striga attack.
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B 57 This is a variety of Indian origin, short
strawed and day neutral. It was observed by Andrews
(1967) to be very susceptible to striga attack, Tt
has been very variable in growth under striga attack
| and it seems possible that the seed available at

Samaru is not quite pure,.

A 189 This wvariety is similar to B 57 but is
less variable under striga attack. It has taken

approximately 70 days to heading. 80 far, the supply
of seed has heen too small to use extensively in

experiments.

{b) Experimental Units

Black polythene bags measuring 14 in. by 12 in.,
filled with 22 1b. of s80il were used at first, When
| unobtainable, they were replaced by transparent poly-
thene bags of the same size. Very high soil surface
_temperatures were experienced with the black polythene
tpots!, which adversely affected sorghum germination.
These were alleviated by hanging a gauze sheet 3 ft.
above the goil surface. The transparent polythene
‘pots!? pérmitted striga plants to germinate and photo-

synthesisewhile still below the level of the herbicide
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treated soil but were otherwise satisfactory. No

nutrients were added to the pots,

(c) BSites of experiments

The first two experiments were conducted on a
concrete plinth under a glass roof and with overhead
irrigation, The remainder were in an insect-proof

green house where the pots were sub-irrigated.

(d) Method of striga infestation

Striga seed heads were collected from sorghum
fields at Samaru in 1966 and ground into a powder
which was used as a source of striga seed. In the
first tﬁo experiments, three grams of this powder was
mixed with the s0il in the pots before sowing the
sorghum, In the later experiments, the powdered

striga was placed in comntact with the sorghum seed

" t0 increase the infestation,

Varieties B 57 and A 189 were so susceptible
to striga attack that it was necessary to grow Them
for a week after emergence in clean soil before
adding the striga seed to ensure their survival

past the seedling stage,

{(e) Application of Herbicide

The herbicide was applied as a so0il drench
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pre-emergent to sorghum in the earlier experiments
and two weeks post-emergent to the sorghum in later

experiments.

{(f) Design of pot experimenta

Partially balanced triple 1aftices with sixteeﬁ
treatments were used, To reduce the residual vari-
ance between units in the later experiments, the
units were ranked in order of sorghum vigour on the
day the treatments were applied, This was intended
tb iﬁcrease the variance between sub-~blocks and
replicates, The sub-blocks were not normally effi~
cient, however, because random varlability continued
to develop after the treatments had been applied,

In experiment AM 2 (67) R 68/18 for example, the
efficiency in the analyses of all parameters was only
83 per dent. This experiment was therefore analysed

as a randomised blocks design.

ig) Data collected from poil experiments

Five sorghum seeds were sown in each pot, One
week after first sorghum emergence, the seedlings
were thimmed to one stand per pot. The thinnings

were counted and weighed oven dry to record:-
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i. Germination count and seedling weight.
The pots were inspected weekly to record;-

ii. Sorghum maturity state,

iii, Striga emergence date.

iv., Striga maturity state,.
When at least one sorghum plant and one striga plant
in the experiment had flowered, the experiment was
terminated to record:- |

Ve Oven dry weight of sorghum at termination.

vi, Gven dry weight of siriga at termination.

(h} The sequence of testing a herbicide

The First stage in testing a horbicide was to
determine at what dosage it was tolerated by the host
plant in the presence of striga. The second stage
was to determine whether the ftclerated dosage was
selectively active against stiriga.

To avoid wasting experimental units, one dosagé
level of each herbicide was tested per experiment.
If the sorghum did not tolerate the dosage, a lower
dosage was tested in a later experiment, If the
sorghum tolerated the dosage, a higher dosage was
subsequently tested. Dosages were always increased

or decreased by a factor of 3. The sequential
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testing was continued until the higheat dosage
tolerated by sorghum could be determined.

If the herbicide showed selective activity
against striga at any stage, the testing sequence
ended and the material was nominated for field test-
ing. Materials which were not selectively active
against striga at the highest tolerated dosage were
discarded.

A discussion of the limitations of this -

technique is given in Chapter 6, page 96,
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CHAPTER

POT TEST ASSESSMENT

(a) Statistical analyses

i. Significance tests for multiple comparisons
of means

According to Faulkner (1969), there is at present
considerable uncertainty as to which test of signifi-
cance should be used for multiple comparisons of
means. It now seems clear that Duncan's Multiple
Range Test is not accepted by many statistical autho-
rities. Scheffe (1959) for example specifically
rejects Duncan's test and points to errors in the
original paper. Both Scheffe (1959) and Snedecor
(1956) commend the method of Tukey (1953) which has
the added advantage of being very simple to apply.

In the tables where significant differences
ocenr, means which are not significantly different
at P = 0.05 are given a common letter. Tf two treat-
ment means do not share at least one common letter,
they are significantly different, Where no letters
are allocated to any treatment means, none of the
differences are significant.

The standard error (i) below each array of means
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is the conventional 'standard error of the différence
of two meanst, The least significant difference is
therefore calculated from the focllowing formula,
LSD = E x D//2 where D is the Tukey coefficient,

The same practice is used in the following

chapters and appendices,

ii, Normaligation and missing data estimations

The distribution of the wvalues of all arrays of
data from pot tests were examined and transformed to
normality where necessary by a computer program,

Multiple missing plot estimations (see page 83).

were also done on the computer,

jii, Sipnificance limit for correlations

The correlation calculated during the assessment
procedure was the resultant of two demonstrably real
and opposed relationships. No arbitrary significance
limit was therefore imposed to restrict the adjustment
of the dependent variable for variations in the
independent wvariable,

Adjustment was always performed provided that
the process reduced the residual mean exyror variance

of the dependent wvariable.
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{b) Assessment procedure

i. Host parasite relationships

The biological system consisting of a host and
its parasite in the presence of a herbicide which can
be differentially toxic to either is complex and
difficult to analyse quantitatively.
| Two contrasting relationships were observed to
ocour together 1n experiments after strigas emergence
had commenceds-

Case A: The relationship of newly emerged
atriga plants to host size and vigour. |

Striga only emerged Iin pots containing sorghum
which exceeded a certain limiting size. Newly
emerged striga plants grew more rapidly on large
. vigorous sorghum hosts than on hosts at or near the
limiting size. Therefora, in any experiment in
which !'Case A!' predomlnated there was a positive
¢orrelation between host and parasite weight,

Case B: The effect of size of mature striga
plants on host size and vigour.

As the striga plants increased in size théy Pro-
gressively competed more severely with the host

sorghum and reduced 1ts rate of growth, The
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proportionate size of a host plant supporting a mature
striga plant was therefore reduced as the striga

plant increased in size, Therefore, in any experi-
ment in which 'Case B' predominated there was a
negative correlation between host and parasite weights.

In an individual pot it was impossible to detect
when 'Case B! became dominant over !Case A'!' as the
parasitism developed, though the extreme states of
either fcase' were readily distinguished by eve.

When an experiment was terminated, it invariably
contained pots with all stages of parasitism. The
sign of the correlation between all the sorghum and
striga dry weights in the experiment was therefore -
used to determine which relationship predominated at
the end of the experiment,

When the correlation was positive, the striga
dry matter yields were treated statistically as a '
dependent variable but if it was negative, the sorghﬁm
dry matter yields were considered to be dependent,

The complications introduced by the presence of
emerged striga made the parameter 'Host dry matter
yield! inadeguate to describe herbicide performance

completely and a modified parameter based on a ranking



77

procedure was used instead,

ii. The assessment of herbicidal activify
using a ranking procedure

.

The ultimate criterion of herbicidai éelectivity
is the biological success of the host in comparison

.with that of the parasite, The factors used in
aspesaing herbicidal activity in these pot testis were:-

j,: The maturity achieved by the parasite at

the terminal date, |

b, The maturity achieved by the host at the

terminal date.

¢, The dry matter vield of the host.

d, The dry matter yield of the parasite;

These four factors were used to rank the pots
of.an experiment in descending order of herbicidal
effectiveness. They were first grouped gualitatively
into categories defined by the maturity states of host
;nd paraéite.and were then ranked quantitativelwy
within each category.

Grouping into categories

The categories were based upon the following
states of host and parasite at the termination date

~of the experiment,
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Table 2: Categories unsed in pot test assesament

Maturity score
Host{ll} Parasite(P)

Description of state

Completely absent 1 o o

Absent but foliar symptoms on host n.a.* 1

Dead : 1 | -2

Vegetative but too small to support 2 . T.a.
striga

Vegetative, large enough to support i I Nea,
striga

Vegetative striga ‘ Nn,a, 3

Sorghum heading i ey

Pink flowers wvisible | N,8¢ : 4

Sorghum at or past anthesis _ | 5 S s P - TN

* n,a., = not applicable

The category numbers were then calculated according
to the formula C = 5H-P where H and P were the
maturity scores.

The pots in which the relative biological success
of the host was greatest were grouped into the highest

nmumbered categories by this procedure,

. The Ranking Procedure

Within each category the pots were ranked in
descending order of herbicidal effectiveness using a

quantitative ranking parametexr., The parameter used
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varied according to the category into which the pot
was grouped, The three parameters used are defined
in Table 3.

In categories in which emerged striga occurred
the 'dependent variable!' (see p. 76) was used as the
ranking parameter and adjusted so that the value of
the tindependent variable! also had its effect in
determining the herbicidal rank of the pots. For
all categories the adjustments were as defined in

Table j .
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Definition oi ranking parameters within

Te

3.

categories

Emerged striga absent from pots

Ranking parameter:« Inadjusted sorghum
dry matter vield,

Emerged stripga present in pots,

'Case A' dominant in experiment

Ranking parameter:- Adjusted striga dry
matter yield.

Adjustment added to the parameter value
= b(f-H) where:-

b = the regression coefficient of striga
dry matter yield on sorghum dry
matter yield,

fi

the average sorghum dry matter yield.

H = the sorghum dry matter yield in the
pot whose value was being adjusted,

Emerged striga present in pots,
tCase B! dominant in experiment

Ranking parameter:- Adjusted sorghum
dry matter yield,

Adjussmant added to the parameter value
= «=b(P=-P) where:-

b = the regression coefficient of sorghum
dry matter yield on striga dry
matter yield,

P = the average striga dry matter yield,

P = the striga dry matter yield of the pot
whose value was being adjusted
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After ranking within categories, an overall rank
within the complete experiment was given to each pot,
starting with the highest numbered category and ending
with the lowest,

The ranks were then converted into 'rankits?
(Bliss, 1967) as recommended by Fisher and Yates (1963)
The rankits were then analysed statistically. This
ranking procedure is discussed on pages 108-113,

This parameter was an estimate of the complete
effect of the herbicide as measured by all the

recorded factors,

iii, Host dry matter vield

The 'rankit' values calculated in the preceding
section did not indicate whether the herbicide mainly
affected the striga or the sorghum, An increased
rankit value could be caused either by a decrease in
the striga vigour and maturity or by an increase in
sorghum vigour and maturity.

The host dry matter yield was used to measure
the direct influence of the herbicides on the host,
When 'Case A' predominated in the experiment, the
sorghum dry matter yield was treated as an independ-
ent variable, and was statistically analysed without

adjustment,



When 'Case B! predominated, the sorghum dry
matter yield in pots containing emerged striga was
treated as a partially dependent variable and adjusted
to compensate for variations in the striga dry matter
vield,

The édjustment used in each pot wastw

B = b(P-P)

Where:- |

b = the regression coefficient of sorghum dry

matter vield on striga dry matter yield.

P = the mean striga dry matter yield in the

experiment.

P = the striga dry matter yield in the pot,.

The adjusted values were combined with the
remaining (unadjusted) walues in the experiment and
analysed statistically.

This procedure is discussed on pages 114-115,

The parameter was used to observe direct herbi-
¢ide toxicity effects on the sorghum plants,

iv., Parasite dry matter vield

When 'Case A' predominated, the striga dry
matter yield was treated as a partially dependent -

variable and adjusted for wvariations in sorghum dry
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matter yield,
The adjustment used in each pot wasi-
A = b(id-H)
where:-

-

the regression coefficient of striga

drv matter yield on sorghum dry matter yield,

as]]
H]

the mean sorghum dyy matter yield in pots
containing emerged striga.

H = the sorghum dry matter yleld in the pot.

When fCase B! predominated, the striga dry
matter yield was not adjusted,

Pots with sorghum host plants which wére dead
or too small to support emerged striga wexre treated
as 'misging'! in the statistical analysis.

This parameter was an estimate of the direct
control effects of the herbicides on striga growth

above ground.

{¢) The detailled assessment of pot test
AM2{67)R6B/18

i, Summary of experimental procedure
(See Appendix 3 for full description)

This experiment was selected for description as
an example of the assessment technique developed to

date,



Site

Experimental scil

Experimental units
Experimental variety

Design

.Sowing date
Germination date
Striga 'seed' applied
Herbicide treatments
applied
First emergence of
striga

Termination date

84

Botany greenhouse

ex = 5 ton/ac FYM continuous
cotton plots on monocropping
and rotation experiment, on
the agronomists farm, Samaru
Transparent polythene bags

A 189

3 replicates of 16 treatments,
in a partially balanced .
triple lattice

18,10,1968

21,10.1968

28,10,1968
4,11,1968 -

27.11.1968

27.1.1969

The striga trash was applied to the surface soil one

week after sorghum emergence and the herbicidal

treatments were applied one week later,

Before treatment, the units were ranked in ex-

perimental order in descending order of sorghum vigour.
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fhis wés intended to take advaﬁfage of thellattice
‘design by reducing intra block error,

| Thé neﬁly émerged sorghum seedlings were treated
with Bidrin insecticide to control a mite attack on
 11.11.1968.
- .Thé expefiment was terminated when at least one
sorghum plant had flowered and set seed and at least
one striga plant had developed pink flowers,

ii., Host-parasite relationship

The 28 units in which striga had emerged ﬁere
examined to determine whether the sorghum welghts and
the sﬁr;ga welghts were positively or nagatively
correlated.

Thelcorrelation was positive, which implied that
the sffiéa weight was dependent on the sorghum (‘!Case
At), The best correlation was between the logarithm
o£ the striga welght {+ .9999) and the untransformed
sorghum”weighf. a |
Regression coefficlent 0.208, Variance ratio 3.27

RSQ = 0.112

Thé regression accounted for only 11 per cent

o' the log striga weight variance but was sgignificant

at P = 0,1. This relationship was therefore used

2

246



to adjust the log striga weights,

plant {to support striga emergence
Any plantg smaller than this were

as.'too small to support emerged striga' and were

iii, Ranking procedure

At the terminakion date,

B6

the smallest sorghum

weighed 0,39 ¢,

arbitrarily defined

given a maturity score (H) of 2 (see Table 2, page 78).

The 48 units in the experiment were distributed

into categories as shown in Table 4,

Table %: Distribution into categories

Maturity'scores Category Number in Range of
H P category ranks
5 1 24 3 1~3
3 3 22 16 Loty
4 1 19 1 20
h 3 17 2 21-22
3 1 1h 2 23-24
3 3 12 9 25=33
3 4 11 1 34
2 1 9 i 35-38
5 0 5 10 39-~48

The procedure for giving overall ranks to

individual units is shown in Table 5 for one
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replicate of the experiment. The parameter used
for ranking within category is underlined in the
table,

The experiment mean sorghum weight (in pots
with emerged striga) was 2,17 g. The adjustment
applied to the log striga weights was therefore
A = 0,208 (2,17 - H) where H was the weight of
sorghum in the pot,

The final stage in the process was the
statistical analysis of the array of 48 rankit

values, (see appendix 5(1).)
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Table 5: Ranking of units for analysis

Column 1 2 3 b 5 6
Unit Category Sorghum Adj., log Rank in Rank in Rankit
number welght g, etriga category experiment value
weight
1 12 0.6 =3,67 b 8 25 -0.03
2 12 0.99 =1,3k 5 29 0,24
3 12 0,68 0,89 7 31 =0.34
h 22 1.29 =172 7 10 0.84
5 22 2.58 =0,91 12 15 0.52
[ 22 1,60 0,34 15 18 0.34
7 5 0,027k - 5 43 ~1,19
8 11 1.12 =0,12 1 34 ~0.52
9 22 2,29 =1,36 9 12 0.70
10 22 3.65 =1,98 3 6 1.19
1 12 2.03 =1,96 2 26 -0,08
12 5 0,0240 - é L, ~-1,31
Y 4 0,28 - 1 35 0,58
b7 22 1.59 20,07 16 19 0.29
15 12 0.39 =135 b 28 -0,18
16 9 0,0304 -

38 ~0.77
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iv. Sorghum dry matter vield

The untransformed data was analysed. There
were no missing plots but the weights of 10 dead
plants which had died before termination were
included (see Appendix 5(2)).

ve Striga dry matter vield

The striga dry matter yield values were adjusted
to compénsate for variations in the sorghum dry matter
yield, In this experiment, the adjustment applied:
to each value was A = b(H-H) and was exactly equal to
* the adjustment applied 1o the same variable when it
was used as the ranking parameter (see raze 80). |

The adjusted values were therefore those given
in column 3 of Tahble 5.

There were 14 units in which the sofghum was
dead or too small to support striga emergence, The
adjusted log striga weights were normally distributed
and were used for statistical analysis. The 6 units
containing large sorghum plants but no emerged striga
were given the log value of O, When analysed, the
data array therefore contained 14 missing plots and

6 plots with zero values (see Appendix 5(3)).
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vi, Results of experiment AM2(67)}R68/18

The.results derived by the procedures described
in preceding sections are shown in Table 6, All
treatment differences are expressed as ‘'responsest,
i,e, deviations from the mean of the control treat-
ment. Least significant differences were calculated
by use of the Tukey test. No statistically signifi-
cant treatment differences occurred, No standard
arror can be quoted for the retransformed striga

dr%«responses.

vii. Conclusions derived from Test 18

A desirable herbicide should reduce striga growth
and increase sorghum without seriocusly retarding the
maturity of the sorghum,

The following notes discuss the materials in-~
cluded in the test.

Nitralin and pyrazon

The two top ranked treatments were undoubtedly
active against striga. In the nitralin treatment,
three sorghum plants set seed and only two cvut of
three produced emerged striga just before the end of
the expeyriment, The growth in the pyrazon treatment

was even more vigorous but received a lower ranking
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hecause the sorghum plants were slightly less
mature and one of them had not completed heading

by the end of the experiment. Striga control also
broke down earlier, resulting in a heavier weight
of striga. Both these materials merited inclusion
in field trials,

Noruron/DSMA and chlorvmeguat

It is difficult to explain the results obtained
.with the noruron-~-DSMA formulation, Thias is basically
a post-emergence contact treatment, Noruron itself
has little detectable action against striga and the
'Qeleotive activity was attributed to the DSMA, The
treatment was remarkable for the large number of
~atriga plants which emerged per pot. An averége of
17 emergences whilch were mostly shortlived cccurred
in the pots of this treatment. In other treatments,
a meaximum of two emergences normally occurred. |

A further field test pre-emergent to striga will
have to be dona when more clearly promising materlals
have passed through this stage.

The chlormequat treatment produced two rather
small plants which set grain and one plant too small

to support striga which died. Only one unit produced
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Table 6: Selectivity of herbicides agsinst S, hermentheca

Results of pot test AM2(E7)R68/18

Herbicide
name/dosage &
Nitralin  1/3
Pyrazon 1/3
Noruron/DSMA 1/2
Chlormequat 1/3
R7L65 /3
173233 1/9
Chloramben 1/9

Maleic hydrazide
/3

Monoliruron 1/3
Fluometeron 1/27
Noruron 1/3
'Azak! 1/3
CP5014LL 1/3
Nortron! 1/3
Triallate 1/3

S.E, of response

Deviations from untreated means

Percentage responses Rankit
Sorghun Striga response
dry matter dry matter
366 -39 1.73
669 114 1,48
390 -32 1,27
137 138 1,10
211 «55 0,98
b ~98 0,66
281, ~b6 0,51
76 183 0.48
140 =Th 0.45
191 132 0,31
=20 =86 0.30
1L6 wly 0.11
-18 is11 0
~76 912 ~0,19
Al 54 0,42
+219 n,a, +0,763

Indicated
futare

testing
Field test

Fleld test
Fleld test
Defer
Defer
Defer

Field test

Retest at 1
Field test
Discard

L
Retest at 9
Retest at 1
Diacard
See discussion

Discard
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striga but this was relatively large and wvigorous so
that, on adjustment, a large striga treatment mean was
recoxrded, The two surviving plants were among the
earliest to head and were described as 'precaciounsly!
mature! in the notes on this treatment. It seems
likely that the increased sorghum dry matter production
wag due to earlier host maturity caused by growth
regulator activity rather than by any genuine

selective activify against striga.

R7465, IT3233, chloramben and monolinuron

All these materials showed moderate selectivity
at the dosages tested. The two c¢coded materials were
not available in quantity and further work was deferred
until their commercial future was settled, Neither
chlaoramben nor monolinuron would have been scheduled
for early Tleld testing from the results of this trizl
but, in fact, a gramilar formulation of chloramben
was available for field testing in 1968 (see Chapter 8),

Fluometeron, CP501klt and triallate

These materials failed to¢ reduce striga growth
at the highest dosages tolerated by sorghum. They
were therefore discarded from further testing as
insufficiently active,

Noruron

This material is recommended for pre-emérgent
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weed control in sorghum, In this test, beth sorghum
ﬁry matte; production and striga dry matter production
were slightly depressed, Noruron was therefore
listed for subseguent retesting at a lower dosage.
‘Nort#on'

This material was accépted for testing with only
a verbal assurance about its mammalian toxicity.
It was later reported to be wvery poisonous. No
further testing was undertaken and the herbicide

sample was destroyed,

Azak and maleic hydrazide

Neither of these herbicides was selegtive at the
dosage uwsed in the trial. ‘

The results of this experiment illustrate the
problems of interpretation. The main problem is that
the presence of striga in the experiment results in
very variable growth by the sorghum host, This
variability occurs whether or not herbicides have
been applied, The weight of the sorghum plants in
the three control units in the experiment were 0,68,
0,19 and 0,06 grams respectively at harvest, The

first grew vegetatively and supported emerged striga.

The second survived to the end of the experiment but
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never grew large enough to support emerged striga.l_
The third died after ten weeks growth, All these
 plants were heavily parasitised by striga and showed

acute foliar symptoms,

f
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CHAPTER 6

RESULTS OF POT TESTS

{a) Tabulated results of pot tests

i, Explanatory notes

The tables in Appendix 4 present the results for
herbicides whose sequential testing has been carried
through to a decision to discard or to test further in
the field, A nmumber of other materials are still
under test at an earlier stage in the sequence,

The initial atages of testing to ascertain a
tolerated dosage at which the sorghum might be expected
to grow to maturity are omitted from the tables,

Where more than one teat was necessary to
determine selectivity, the test results are set side
by side, with the earliest results on the left,

Those test results in which the variety SK 60 was used
and striga dry matter figures are not given are less
reliable than those in which the shorter term, day
length neutral varietlies were used,

The combination of the three parameters guoted
in the results is considered to give the best indica-

tion of selectivity. The 'Effect' gquoted is always
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the devi;tion of the herbicide treatment mean value
from the untreated control mean. The dry matterx
production teffects! are made as comparable as
possible between successive experiments by expressing
them as percentages of thelr rTespective untreated
control means,

As pointed out in Chapter 5, it is unwise to
make multiple comparison significance tests at present,
owing to the disagreement between statistical autho~
rities as to which tests should be used. No standard
errors are therafore gquoted in these tables,

The herbicides have been grouped accerding to
the system used in the British "Weed control handbook™
5th edition and the common names and chemical names
are also copied fyrom this book, The chemical names
are not necessarily those most often quoted but are
more systematic and consistent than these given in
the "Herbicide handbook of the Weed Society of America®,
which is the other recognised authority.

ii. Summary of resultis

Though it was diffdcult to obtain statlstically
aignificant differences hetween the herbicide treat-

ments, the pasitive indications obtained from the paot
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tests ha;e invariably been confirmed whenever it has
been possible to test them in the field,

At the start of the investigations in 1967,
only the phenoxyacetic acids were certainly known to

be active against Striga hermontheca, though it sesmed

likely that the benzoic and phenyl acetic acid groups
which were reported to be active against S5, lutea

would also bhe getive against §, hermontheca.

The pot tests have indicated that selectivity
also exists amongst several other herbicide groups.
It is difficult to distinguish any relationship
between selectivity and chemical composition,

Indeed, selsctivity frequently appears fo occur in
only one af a group of closely related herbicides.
For example, ametryne (Z2~ethylamino-A~isopropviamino-
E~methylthio~1,3,5,~triazine) is very active and
selective, whereas prometryne {2,4-bisisopropylamino-
6-methylthiow1,3,5~triazine) is toxic to sorghum and
apparently completely inactive against striga,

Table 7 shows the wide range of herbicide groups
which appear to possess at least one selective
herbicide,

Absence of demonstrable selectivity in pot tests



o . 99

did not definitely preclude the possibility of useful
selectivity being observed in the field but noe herbi-
cide treatment which failed te control striga in pots
was subsequently observed to do so in the field,

It was observed, however, that sorghum in the field
was mach more resistant to directed soil applications
of herbicides than when it was grown in greenhouse
pots, This nhas the 'fail safe' advantage that the
pot tests tended to under-estimate the selectivity
ratio in the field, especially when the herbicides
were applied at the time of striga emergence,

- The importance of using the correct method of
application is demonstrated by the behaviour of tri=-
allate. When applied as a soil drench in pots, the
herbicide was not selective, but when incorporated
in the field it was strongly active and apparently

selective at a very low dosage (see p. 14k},
[
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Table 7: Herbicides indlcated by pot tests fo possess

salective activity against S5triga
hermontheca parasitising sorghum

Group _ Herbicide Type of activity
: name confirmed by
field tests

Carbamates Chliorburfam
Thiccarbamates Sulphallate Soil
|
Ureas Linuron Contact
Diazines Bromacil Sodil
[
i : Pyrazon Soil
_Triaziﬁes Atrazine Seil, foliape
. translocated
Ametryne Sodl, foliage
: translocated
| GS 14260 Contact
|
Estersl Flurenol
Nitriles Chlorthiamid Soil
Phenoxy propionic
aclds . Mecoprop _ Contact
Benzoic and Phenyl-
acetic acids Chloramben - Soil
Anilines Nitralin Solil

Ethers cC 9122 Contact
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(p) Discussion

i. The practical aspects of the experimental
method

L
At the time that pot tests were started in 1967,

they were intended to provide an economical way of
screening g large number of herbiclides. As can be
seen in Appendix 4, a large number of herbicides
were screened but it proved unexpectedly difficult
to obtain clear-cut results. This may have been
due to the absence of any cutstandingly selective
herbicides but might also have peen due to defects
in the experimental method.,

During the course of the pot tests, the follow-
ing limitations of the technique became evident.
1e The experimental designs did not include a
striga free control treatment. Several attempts
were made Lo grovw pots which were free from striga
but it never proved possible to do sg in an experi-
mental design which also contained striga infested
pots. Invariably, one oY more of the 'striga Tree'
pots produced vigorous striga planits. It was there-
fore reluctantly concluded that, with the staff and
accommodation available, it was difficult to avoid

chance contamination by infested soil ox wind blown
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seed. In future tests it will be possaible to use

a herbicide of known activity as a 'high standard?,
In all the completed trials reported here, any
improvement over the striga infested centrol was
assumed to demonstrate selectivity against striga.

2 Only one sorghum plant was grown per pot. It
was suggested that by growing more than one plant,

a2 more reliable estimate of dry matter production
would be obtailned. When three were grown per pot
in technigue development experiments, it was found
that one plant normally grew much larger than the
others while there was still a proportion of pots

in which all plants died before the terminatioen date.
The standard error was 70% of the general mean, which
was of the same order as the error when the plants
were grown one to g pot, Categorisation was very
difficnlt because 1t was impossible to kxnow which
striga plants were parasitising which sorghum plants
and it was difficult to decide whether the differences
between the hosts were dus to mutual competition or
differential parasitisation.

3. Sorghum growth would have been more even if

basal fertiliser were added to all the pots, This

I
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was not done in the series of tests repoxrted here
because it was thought that higher fertility would
reduce striga attack. Tn the light of knowledge
obtained from field tests, it now seems that ferti=-
1iser could be added without affecting striga attack
and this will be done in future tests.

h, The main object of the present investigation
was to discover salective soill acting herbicides forxr
pre—emergent application to the sorghum. Though
this remains the altimate object, experience in the
field indicates that the first practical application
of soil acting herbicides will be post-emergent to
sorghum, Tn future tests, therefore, herbicide
application will commence post-emergent. This will
have the advantage that chance differences between
units will be better cstablished so that the pre-«
treatment ranking can be done more certainlye

(See pages 84-85).

5. The variability eould be further reduced DY
sowing more pots than are vequired for the experi~-
mental design SO that unusually vigorons or feeble

plants could be eliminated before treatment.
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14, Methods of measuring nerbicidal selectivity
which were tried and rejected

geveral control parameters were used and dise
carded while the present method of agsesament was
being developed. The discarded parameters are
described below.

Delay in striga emergence

This is closely related to host vigour and
maturity and experience in the early tests showed
that it was a very poor measure of herbicidal effi~
ciency. pelay in striga emergence could be caused
by any one of the following causes:=
1. Poor sorghum growth caused by intense under-=

ground striga attack. v
2. Poor sorghum growth caused by herbicide toxicity.
3 Absence of offective striga parasitism.

(This does not occur with the technique

described in Chapter 5)

4, Genuine selective herbicidal control of striga.

The paradoxical result was that 2 moderately
gselective treatment, giving early striga control
which stimulated sorghum growth often supported
striga emergence egrlier than either the untreated

control or 2 herbicide toxic to the sorghum in the
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same experiment, It was also observed that the
time of emergence varied greatly from experiment

to experiment and made comparison of results
difficult between experiments.

Sorghum pgrain vield

This parameter is a good measure of the effect
of partial striga control in increasing sorghum vigour
and maturity but gives no direct measure of the effect
of the herbicide on the striga. It has also the
severe practical disadvantage that pot experiments
taken to vield are unnecessarily long in duration
and expensive. A Turther disadvantage which was
experienced in practice was that variability between
pots in a treatment tended to increase as ihe experi-
ment continued and the effect of the striga parasitism
became greater.

Striga dry matter yvield

The unadjusted striga dry matter yieid was a
poor measure of herbicidal selectivity for the reasons
given when discussing 'Delay in striga emergence!?,

It has the additional disadvantages that many pots
produced no striga; the distribution of the values

from those that did was not normal and 1t was difficult



i; _ - o 106

to know what values to use in pots where the sorghum

died or remained too small for striga emergence to accur,

Subjective scores or ranks Tor herbicidal selectivity

Attempts to give !scores for herbicidal perform-
ance! to individual pots or to rank treatments by eve
were defeated by the wariability which occurred between
prots in the same treatment, One method which seemed
slightly easier to apply was to take the median plant
of each treatment and use this for ranking, but this
method could be misleading din that it only used one
third of the pota for treatment comparisons.

None of the methods of measurement discussed above
were able to use and express all of the information
ahout herbicidal action which was available from the
tests, For this reason, the objective ranking proce-
dure described in Chapter 5 was developed.

iji. Categorisation for the ranking method

The grouping of pots into categories was a two
stage process primarily using the maturity score of
the host and secondarily subtracting the maturity score
of the parasite,

The logical bhasis for this procedure was the pro-

position that the primary purpose of a herbicide
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treatment was to increase grain vields in the field
and secondarily to reduce or prevent striga seed pro-
duction.

iv. Choice of termination dates for experiments

The duration selected for each experiment was the
period it took for at least one sorghum plant and one
gtriga plant to flower. If one specimen of each
species was able to flower, then it followed logically
that the others could have done so as well, unless con-
strained by herbicidal effects or the host-parasite
relationship.

This stage in the experiment was therefore a con-~
venient point at which to observe maturity differences
in both host and parasite. It was further found in
practice that at this stage, most experiments were
close to the point where fCase B! became dominant over
tCase At in the pots with emerged striga. As a result,
the net correlation between sorghum dry matter yield
and striga dry matter vield was usually slight and the
corrections derived from it were small. This was
desirable in that real rather than estimated values
could be used for ranking (and for estimations of dry

matter yield parameters),
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v, The selection of a ranking parameter

When emerged striga was absent from a category,
the best quantitative ranking parameter f{or plants in
the same stage of maturity, was host dry matter yield.

When emerged sftriga was also present, it was
necessary that the parametar should express the status
of both host and parasite,

In Chapter 5 (page 75) it was explained how a
peositive correlation between host and parasite could
be expected while the striga was newly emerged, which
would change to a negative correlation as the parasit-
ism progressively retarded the growth of the sorghum,

These two conditions which I have tefmed !Case A!
and 'Case B' respectively, were always present togethenr
in experiments at termination but it was only possible
to ascertain which predominated over the other by ob-
serving the sign of the correlation between hest and
parasite, It could then be stated that if the cor-
relation was positive, the majority of the pofs were
in the !*Case A' condition and that striga vigour was
partially dependent on host vigour in them. Alterna-~
tively, a negative correlation indicated that sorghum

growth was being retarded by striga parasitism in a
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majority of pots. (Sorghum vigour dependent on
strig§ vigour.)

Only the dependent wvariable in each case could
legitimately be adjusted in wvalue to express variations
in the independent variable. The appropriate depend-
ent variable was therefore selected as the ranking
parameter in categories containing emerged striga.

vi. Adjustments to the ranking parameters

" Case A (Carrelation positive)

The striga dry matter yield wvalues were ranked in
inverse order of saize to express herbicidal efficiency,
Hence a negative adjustment resulted in an increase in
an idncrease in rank.

An above average sorghum dry matter yield should
cause an increase in rank. In the adjustment formulg
A = b(A-H), b = regression coefficient of atriga on
sorghum, is positive, H (the sorghum dry matter yield)
is greater than #, hence (H-H} is negative, AT dis
therefore negative and causes an increase in rank.

This adjustment is ldentical to the normal adjust-
ment of a dependent variable to compensate for variations

in the independent variable.
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case B (Correlation negative)

The sorghum dry matter yield values were ranked
in descending order of size to express hevbicidal et{i=
ciency. Hence, a negative ad justnent resulted in a
reduction in rank.

An above average striga dry matter vield should
cause a reduction in rank. The adjustment formula
ased to compensate for variations in the independent
variable (striga dry matter yield) would be B = b{F-P).
As both b and (P-P) are negative, their product is
positive and the use of this expression would there-
fore result in an above average sStTiga plant giving an
increase in herbicidal rank.

The logical basis for using the expression B = -b
(P-p) was that the sorghum dry matter yield increase
had already been rgtarded by striga. The reduction
in potential yield was equal to b{P-P). In addition,
the pot had also produced the striga dry matter vield
P, which had caused the reduction. This was expressed
by reducing the ranking parameter (sorghum dry watter
yield) by an amount calculated to be equal to the
reduction which it had caused.

The effect of this adjustment is to express the
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The adjustment of the dependent variable value
in an atypical unit always increased the eatimated
value. An atyplcal unit with peor striga control
(Case A) underestimated the true selectivity by
reducing the rank while in Case B with good striga
control the selectivity was overestimated by
increasing the rank,

The bias introduced in this way could be sub-
stantial in the dry matter production parameters but
was alwayvs small in the rarnkits because the order of
rank was decided by category amnd the ranking parameter
within categories was always an expression of both
hoatland parasite vigour. For this reason, the
rankit treatment mean was always considered to be the
most reliable and important measurement of herbicide
selectivity.

viii. Statistical distribution of data

The examination of the statistical distribution
of the data showed that, in most experiments, the
sogrghum weights were normally distributed and that

the striga weights were lognormally distributed.
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and some treatment means were based only on one ar
two measured values, which reduced the accuracy of
the treatment comparisons,

(¢) Conclusions

1. The pot tests were a satisfactory primary
screen for detecting selective herbicidal activity

against Striga hermontheca parasitising sorghum but

wera rarely accurate emnocugh to give statistically
different treatment means, This was mainly due to
ambiguity in interpreting the results when emerged
striga was present at the termination of the experiment,

2. The use of a parameter based on objective
ranks solved some of the problems of analysis and is
considered to give a good measure of overall herbicidal
activity. In contrast, the adjusted dry matter vield
parameters could be inaccurate for the reasons given
in the foregoing discussion and were primarily of use
in diagnosing how the herbicide acted.

3. If emerged striga had been absenf, the size
and maturity of the sorghum plants would have expressed
only the direct effects of the herbicide treatments.
Future development of the experimental method will,

therefore, attempt to measure the dosage of herbicide
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required to give complete control of striga emergence.
The toxicity to sorghum and the overall selectivity
of the dosage applied, would continue to be measured
by the ad justed sorghum dry matter production and the

rankit parameters already described,
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CHAPTER

FIELD SCREENTNG TESTS

(a) Equipment and experimental method

i, PEquipment used

Log dilution sprayver

An M.D.M, 'Minilog' sprayer was modified by sub-
stituting the standard two and three jet boom supplied
with the sprayer for a single wide angle jet. As
supplied with '00' ceramic jets, the standard booms
required rather high pressure {40-60 1b/sqg.in) to
obtain an evenly distributed spray fan and produced
a lot of fine drifting mist. This was quite unaccep-
table where herbicides were helng applied in the
vicinity of breeders' crops in experimental stations,
The substitution of gize '0' or '1' ceramic jets gave'
an unacceptably high gallonage per acre and resulted
in an effective plot size of 2 x 4 vyds,

Eventually a single wide angle plastic tfloodjet?®,
operating at a pressure of 20 1lb/sq.in, was found to
give good coverage over a width of & f£t, and to permit
a plot length of 10 yd, No drift at all occcurred
with this arrangement and the poarer distribution

within the fan was accepted because any variations in
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dosage caused in this way would be negligible compared
with the reduction in dosage caused by the dilution
procedure. The dosage was reduced by a factor of
approximately 0.73 per yard length of plot, with the
container volumes normally used in the apparatus.,

Constant dosage sprayexr

A standard design Cooper-FPegler tPpoliclair!
sprayer was used for all constant dosage and spot
spraying herbicide applications, By replacing the
uptake tube into the pressure cylinder with a plastic
tube and filter funnel, & plot sprayer was devised
for spraying small plots with total herbicide volumes
of less than a litre,

No other special equipment was required for the
herbicide applications used in the field screening
experiments,

ii. Data processing and calculation of control
Earameters

All reported dry matter yields (D.,M,) of striga
or sorghum were recorded as ‘'air dry matter'. The
material was harvested and dried in the open after the
end of the rainy season before weighing.

Unless otherwise stated, all yields, counts and
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scores produced in small randomised block experiments
were first examined for normality and transformed if
neceasary. Frequently a log transformation was nec-
essary for striga weight data while the logit trans-
formation occasionally improved the distribution of
scores using the scale 0=9, It was normally not found
necessary to normalise the data from lattice designs.

A particular problem arose for finding ways of
expressing 'striga control! in minilog plots where
striga emergence was both sparse and irregular. Not
infrequently a large and vigorous striga plant would
emerge in the highest dosage section, while the rest
of the high dosage end of the plot was completely free.
The emergence at the high dosage end might have been
due to protection of the striga by sorghum foliage,
improved host vigour resulting from earlier striga
control (see page 104) or maldistribution of viable
striga seeds,

At Samaru where striga emergence was particularly
sparse, a gtriga control parameter was calculated as
follows. The minilog plot was divided into 10 equal
geotions, ranging from the highest te the lowest dosage.,

If striga emergence occurred on any one section this
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was regarded as complete breakdown of control on that
section and the plot was awarded a 'failure to control!
score, weighted for the dosage applied to the section.
The sum of the scores awarded to a main plot was then
treated as the main plot negative control value and
used in the main plot analysis of variance., The most
normally distributed parameter was derived by weight-
ing the score with the logarithm of the dosage applied
(+#1). Even better distribution was obtained by
simply using the position of sub-section to award an
integer score, The highest dosage was given a score
of 9 and the lowest (to which no herbicide was applied)
a score of 0O, Hence a main plot on which there was
no control of emergence had a score of 45, The para-
meter '% failure to control! (emergence of striga) was
calculated by expressing the treatment means as per-
centages of the maximum possible failure score of 45.

No fundamental reality is claimed for the para-
meter, It is simply an easily calculated, normally
distributed means of expressing the average performance
of a herbicide in minilog plots, If emergence occurs
on a high dosage section of the plot it is obviously

a more serious breakdown of control than if emergence
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ocours on a low dosage section and the parameter ex-
presses this,

(p) Screening of Herbicides for Soil Activity 1967-68

i. 1967 tests

In 1967, 3 well replicated trials of herbicides
which appeared to show some selective activity ageinst
striga in pot tests, were laid down at Samaru, Kano
and Gusau,

The design of the experiments used 8 replicates
of 10 minilog plots of the selected herbici?es applied
pre-emergent., The remaining experimental details
were ldentical to the 1968 trial, (See Appendix 15)
Unfortunately striga emergence was so variable on all
aites that no clear patterns emerged from the use of
the log dilution method.

There were no large or significant treatment
dirfferences between mean yields of grain or the wvarious
parameters used to assess gtriga emergence. At Gusau,
where the striga emergence was highest, linuron,
atrazine and diphenamid appeared to reduce striga
aemergence without decreasing vield of grain but this
was not confirmed by the statistical analysis.

An experiment of the same design, using herbicides
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from the phenylacetic, phenylpropionic and benzoic acid
groups was also performed at Samaru in 1967. The site
of the experiment was very wet, the stand of sorghum
was rather variable and the emergence af striga was
exceedingly variable, The correlation of grain yield
(and sorghum dry matter production) with striga D.M.
production was small but positive, indicating that
striga production was dependent on sorghum vigour.

The correlation was so slight that adjustment of striga
waight for sorghum dry matter did not increase the
significance of the treatment mean differences,

Using Tukey's D value, it appeared that {the cone-
trol of emergence was significantly better on the
chlorfenac treatment than on the 2,4-DB treatment,

The grain yield from the 2,4,5-TP treatment was alsa

significantly better than that from the TBA treatments.



Table 9: Results of fAuxin! type herbicide =2creening
trial at Samaru, 1967

S

Max. dose® % failure Striga Total sorg. Sorg. grain

to control weight DM 1000 ib/ac.
Treatmant lb,ac, 1lb/ac
2,4-D 1/3 56 a b 70,8 2,91 800 a b
MCPB 1 BY a b 51,7 3,52 878 a b
2,4,5-T7 9 590 a b 56.6 2476 831 a b
Mecoprop
1/3 58 a b 77 4 2,92 64l a b
Chlorfenac
1 30 b 58,2 2,45 687 a b
2,4-DB 1/3 72 a 69.6 2.96 957 a b
2,4-DES 1 61 a b 61,0 2.58 714 a b
MCPA/1 42 a b 574 2.83 781 a b
TEA 1/3 %9 a b 53.2 2,20 5473 b
2,4,5-TP
1 k7 a b 61.0 3.46 1016 a

S.E. diff +12.4 +14,9 +508 +137.2
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Unfortunately, good tcontrol! of striga emergence
was not accompanied by increases in grain yileld (except
possibly in the case of 2,4,5-TP) and in view of later
results, it appears unlikely that the treatment diff-
erences shown in Table 9 ware caused by real herbicidal
control of striga. |

ii. 1968 tests

A well replicated minilog trial of nine herbicides
which were believed to be active against striga species
on the basis of pot test resulis or manufacturers data
sheets was laid down using sorghum seed which was re=-
puted to be from a self fertile dwarf selection, which
had been observed to be very susceptible to striga
attack (see Chapter 5). (See appendix 15 for the ex-
perimental description) Four dates of application
were usedie

Early pre~sowing 25.541968

At sorghum thinning 15,6.1968

At sorghum heading 6.9.1968

At 50% striga flower 30,9,1068

The first striga emargence-was ohserved on 14,7,68,
The experiment was laid out as a triple square lattice

of 36 treatments,



126

Difficulties were experienced becausgygorghum
seed was found not to be genetically pure and segregated
into distinct components of different heights.

Because of this variability, the best analyses of
the treatment effects were made by the calculation of
categories for each yard of minilog run, using a cate-
gorisation system for sorghum and striga similar to
that used in the pot tests. The maturity scores are
shown in Table 10.

Table 10: Scores awarded in winilog subsections

State of plant Sorghum Striga
Dead 0 0
Missing 1 1
Vegetative 2 2
Heading (sorghum)} 3 N.a,
Flowering (striga) n,a. 3
Bearing mature heads 4 n.a.

A control category was worked out for each vard
of run, using the thighest! sﬁate of the sorghum or
striga present in the section. The category equalled
4 x (sorghum state) - {(striga state). The total cate-

goriea for each minilog plot were summed and found to
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be normally distributed. The data could therefore be
analysed by the normal analysis of variance for main-
plot (minilog runs) totals,

The resultis for the 'striga state' and the control
category are presented in Tables 11 and 12 respectively.
Table 11 showa that the average striga maturity
state on 14,11.1968 in all treatments was a mixture of
vegetative (2} and flowering (3) states (see Table 10),
The values above 3,00 were due to adjustments for block
differences during the lattice analysis. As might he
expected, the two later applications had a small effect
in reducing the mean striga maturity state slightly at

the end of the experiment.

Table 12 indicated that the two later applications
also controlled striga lesa successfully, The third
application of herbicide produced a mean category which
was significantly lower than the first. Linuron, medi-"
tonerb acetate, dicamba and fenac all had a better
overall categoery than 2,4-D, Nene of the other
materials were as good as this standard material,
Linuron, dicamba and fenac were llsted for further
testing when granular formulations were available,
Granular meditonerb acetate was already being extensively

tested in constant dosage experiments,



Table 11: Log screening test,

1968

Assessment at 14.11.,1968

Name of herbicide

Higsghest dosage #

Mean striga maturity states

2725 Al
Bromacil

2,4 ,5-TP(K)
2,4 ,5-TP(MBE)
Linuron

2,4-1

Meditonerhb acetate

Fenac
Dicamba

5.E, diff

Mean

S.E. diff,

é

6

3
3
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Date of herbicide application

25.5.68 1506.68 6.9.68 30.9.68 Mean

6
3
6
6
6

2,60
3.08
2.90
2.53
2,64

3,01

2.93
2,38

2.35

[T

2,71

2,68 2,71
2457 2435
3,01 2,93
3.01 2,68
3.0h 2,64
2.13  2.79
2.79 2,71
2.97 2.49
2.57 2.93
+4295
2,71 2,69

+.095

216
2,46
2,40
2,79
2.79

3.01

2.64

2.75
2.68

2,67

2.61

2.74

2.77
2.65
2.6%3

271
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Table 12: Log screening test, 1968

Assessment at 14.11,1968

Striga Control Categories

Name of herbicide Date of herbicide application

Highest dosapme # 25,5.68 15,6.68 6,9,68 30,9.68 Mean

2725 A1 6 8.0 B4t 6.7 10.3 | B.28
Bromacil 3 8.4 749 9,2 75 8.25
2,4,5-TP(K) 6 8.6 9.7 77 743 8,32
24,4,5-TP(MBE} 6 71 B.2 10.3 7 ol 8.25
Linuron ] 1345 10.3 Te7 1.7 10.80
2,4-D 6 11.0 10.6 6,1 6,9 8,65
Meditonerb acetate

6. 11.9 79 9k 1.4 10.15
Fenac 3 10.6 10.3 8.6 8.0 5,38
Di.camba 3 9.8 1241 747 97 9.82
S.B, diff +1.83 +.918
Mean 9.88 a2 9.46ab 8,16 b B.91ab 9,10

S.E., diff, : +.595
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(c} Bcreening Herbicides for Contact Activity, 1967-68

i. 1967 test

In 1967 a heavy natural infestation was observed

in some dwart hybrid sorghum breeding lines at Samaru
and a number of herbicides were screened for their
contact activity against striga. The treatments in
the one effective replicate waere applied on 21st
September, with the minilog sprayer to logarithmic
dilution plots of 10 x 1 yd. (see experimental propo-
sal in Appendix 13).

Treatments and results

The moat important effects 10 be observed at this
stage of sorghum growth were (a) inhibition of striga
flowering and (b) effect on sorghum yield, Because
the experiment was only a single effective replicate,
it was not possible to give a standard error for any
result and because each plot was a single breeding line,
it was only possible to compare the aeffect of rates of
a herbiclde on vyield. Lt was impossible to compare
the effect of one herbicide with another in its effect
on sorghum yield, The sign of the regression coeffi-
cient of yield on dosage is therefore quoted:

The results in Table 13 showed that a wide range
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of herbicides was contact active against striga at
very low dosages per sprayed acre. The activity of
materials like ametryne, linuron and chleruxuron,
which are well tolerated by crops normally grown in
agaociation with sorghum in farmers' flelds, was
particularly interesting.

Some of the herbicides inhibited the flowering
of the striga regrowth as well as killing the emerged
striga but the dosage required was much higher, The
most economical use of herbicide therefore would be
te kill the emerging sitriga by repeated spot spraving

with the dosage required to kill by contact.

Conclusion
L, Striga control using repeated spot spraying
of emerged striga was therefore potentially pessible

in crop mixtures with low dosages of herbicide.
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Table 13: Contact Activity screening test, 1967

Herbicide Dosage # Dosage # Regreasion

/highest killing d4inhibiting of wvield
dosage # striga by flowering of sorghum
contact at grain on

33 days 50 days dosage

2,4, 5-T/9 0.2 1.5 4,0 ~ve
Monuron/3 0.3 Ca.5 1.3 -ve
2,4,5=-TP/K/3 0.5 1.3 1.6 +ve
Diquat/0.75 0.2 0.3 0,5 -Ve
Ametryne/3 0,2 1.1 1.8 “ve
Cypromid/3 | Ok 1.8 1.8 -ve
Mecoprop/3 O.h 1.8 1.8 —~ve
Linuron/3 0.3 0,8 1.8 -ve
Chloroxuron/3 0.3 1,8 2,0 -yvak
2,4-D {amine)/3 0.2 1.0 2.0 +ve
Propanil/3 1.9 1.6 2.0 +ve
MCPB/ 3 0.7 1.6 2,3 +ve
Fenac/3 0.3 1.0 2,3 +ve
Atrazine/3 0,2 2.3 2.3 +veXE
MCPA/3 0.7 1.6 2.3 | ~ve
Amitrole T/3 0.5 0.8 243 ~-ve
Paraquat/0.75 0ot Ok 0.6 +ve

Morfamquat/0.75 None Q.4 0.6 ~ve
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Table 13 (contd): GContact Activity screening test, 1967

Herhicide Dosage # Dosage # Regression
/highest killing inhibiting of yield
dosage # striga by flowering of sorghum
contact at grain on
13 days 50 days dosage
0CcsS-219h44 /3 0.2 1.8 None +ve
Flumeteron/3 2.6 1.8 None +ve
2,4.0 B/3 None Nome None +ve
Metabromuron/3 0.7 None None +ve
Simazine/3 1.3 None None +Vvekt
Propachlor/3 0.2 None None ?
Propazine/3 None None None -ve

ii. 1968 test
A larger replicated trial was laid down in 1968

at Samaru (see experimental description in Appendix 16).
A simple lattice design was used,

The same Ssorghum seed was used in this experiment
as was used in the soil activity screening test, 1968
{see page 126), As a result of the variability caused
by the use of this seed, no reliable grain yield or

gorghum dry matter production data were obtained,
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Emergence of striga was also scant& ancd irregular so
that a simple observation of the dosage controlling
striga on each plot could not be made. Assessment
of results was therefore made by subjective scores,
The sequence of herbicide applications and scores
was as followsS:w
3.9.7968  Pirst herbicide application
B+5,1968 First subjective assegsment by ranking
plots within subplots, The ranks were
converted to rankits before statistical
_ anﬁlysis
9,10.1968 % control of striga flowering recorded
(see description of method on page 121)
24,10,1968 Second herbicide application
26,10.1968 Second subjective assessment
8.,11.1968 % control of striga flowering recorded

again,
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The results given in Table 14 show changes in the
relative performances oIl the herbicides, The treat-
ments are listed in the rank of the assessment on
5th November but there is doubt as to whether this
represants the true order of merit.

Much of the wvariation in striga emergence was un-
doubtedly due to site differences net compensated for
by the lattice design,

It was impossible to make an assessment of the
2,4-DES treatment on 5th September because no striga
had emerged on either plot of the treatment at this
date, Subsequent emergence on this treatment was
sparse, almost certainly because the infestation was
low on these plots,

Treatments giving rapid contact activity

Chloramben, dicamba, 2725 Al and C6989 all gave
rapid contact activity and dicamba continued to receive
high rankings throughout the season,

Other treatments giving wvisible contact activity

Diquat, morfamquat and C10725 were too toxic to
he recommended for use by hand farmers but gave good
control.

¢6313 was slowly contact active and is reported
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by the manufacturers to be well tolerated by sorghum
and will receive further testing.

€9122 and noruron were active only against
immature striga.

Urea + non-ionic wetter was moderately active at
both applications.

The contact activity shown by chlorthal was comw-
pletely unexpected because this material is reputed
to be mainly soil active, |

Active materials tolerated by other crops

Chloramben, noruron and urea were the only
materials expected to be tolerated by groundnuts and

- other mixed crops which were also not poisonous to man,

(d) Combined technique screaning for contact activity
and soill activity in the same observation plot,

1969

1. Revised basis for screening tests

By 1969, several herbicidas were known to be con-
tact active against striga at a dosage of 0.1 # .
New herbicides were therefore screened for contact
activity at or below this dosage.

ii. The 1969 technique, Samaru

The detailed techniqgue used in 1969 was as follows,

A large ares of sorghum {Short Kaura variety) was sown
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and infested with striga. As striga emergence occurred
plots were laid out wherever the emergence was satisw-
factory. The plots were 10 x 2 yd., in dimensions and
markers were placed at 6 yd. and 9 yd., from the high
dosage end of the plot, A minilog application was

then made with a starting dosage arranged to give a
dosage of 0,1 # =at the 6 yd. marker, The run was
continued up to the 9 yd. marker, The last yard of

the plot was left for observations on the changes in

the untreated striga population,

One week after the first application of herbicide, -«
the plot was examined, If any 'green and turgid!
striga plants apparently unaffected by herbicide were
found to be still present in the 0-6 yd. area of the
plot, the herbicide could be regarded as 'not contact
active! at a dosage of 0,1 # , As there was a chance
that the striga had been shielded from the spray by
sorghum stems or drooping leaves, the herbicide appli-
cations were repeated twice at weekly intervals unless
complete control had been established in the O-6 yd.
area after the second application.

This gave a maximum dosage of 11.49 # , reducing

to 0,3 # at the 6 yd. marker. Experience had
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indicated that any practically useful activity was
unlikely to be found outside this range of dosages.
If contact activity had still not been observed
one week arfter the third application, the emerged
striga was killed by spot sprafing with paraquat,
The plot was then observed for control of striga
emergence throughout the remainder of the season,

iii, Observations

In addition to the observations which were nec-
essary to determine the herbicide regime, observations
on herbicide activity were made every week, The
following observations were recorded in feet from
the high dosage end of the plot,.

1. Range of dosage toxic to sorghum,

2, Range of dosage giving complete control of
emerged sitriga,

Do Range of dosage giving general weed control.

iv, Results

The wvoluminous results of this trial are given
in Appendix 6 and only a few outstanding results are
discussed here,

C6989 was applied in a new fommulation. The 30%

e.c., formulation used proved markedly mere contact



143

active than the 36% e.c. applied previously. The
pirst application om 26.8.1969 killed young green and
turgid striga at a dosage of 0.016 # At the begin-
ning of the frourth week, new emergence occurred in the
zone which had recelved 2,0 # and a second application
was made but failed to control new emergences at a
dosage of 4.0 # A week later therefore, fthe third
application was necessary. Dosages which failed to
control all new emnergences thereafter rose to 7.6 #

by the eighth week.

All of the emerged striga on the high dosages.
died a week or S0 after emergence and striga was only
able to continue to grow at dosages of 3.3 # and less.
There is no doubt therefore that this formulation of
6989 is very contact active against striga with some
definite scil activity at rather high dosages. At
the prowth stage when treatments started {(just before
flag leaf emerged) sorghum tolerated the maximum dosage
of 11.5 # without any visible toxicity symptoms. .

None of the other herbicides showed any marked
contact activity but two incorporated herbicides gave
very striking control of emergence. With these mat-

erials, the observation for contact activity was
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omitted and the plot was shallowly cultivated with a

hoe immediately after the application,

Table 15: Performance of incorporated herbicides

Complete control of striga emergence

Name of Period of complete Dosape #
herbicide control _
Nitralin - 10 weeks G,027
Triallate 6 weeks 0,027

The only material causing marked toxicity symptoms
to the sorghum was bromacil., 2.6 1b, caused marked
necrosis and eventual death but 3.3 1b. were required
to control the striga. Bromacil may possibly have a
use pre-~emergent to sorghum (see pot test results
Appendix 4,11) but it is clearly'not selecitive when
used as a contact application,

Y. Discussion of the 1969 test method

If further initial screening of herbicides is
required in future, it is anticipated that this tech-
nique oxr a development of it will be used in preference
to pot tests. There are certain obvious weaknesses.
No scerghum yield data are recorded; d4in this respect

the field screen is less informative than pot tests,
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Tt is considered however that yield data from poorly
replicated field screening tests may he misleading
and invariably needs to be confirmed by well replicated
experiments at constant dosage at a number of sites.
The herbicide applications start late in the life
of the crop after striga emergence has occurred.
Hence the soill activity observed is not strictly come
pérable with that of applications made pre-emergent
to striga. Nevertheless, if a herbicide is 8soil
active against striga regenerating from the underground
portions left after hand pulling or paraquat treatment,
it is almost certain to be active against germinating
gtriga seedlings. The converse is not necessarily
true and as both types of herbicidal activity are
desirable in practice, the more stringent test is to
be preferred.
The great advantage of the 1969 method 1s that
it guarantees the presence of striga during the test.
It also requires only the objective recording of the
presence or absence of emarged striga, which permits
the routine weekly observations to be taken by less
skilled staff than were required by previous techniques.

A further less stringent test of activity which
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should be made in future tests is the weekly record
of the highest dosage at which striga flowering occurs.
In several treatments, emerged striga grew slowly and

failed to set seed at dosages of about 1 # .

Conclusion

5e Selective activity against Striga hermontheca

“eceurs in many chemical groups of herbicldes.
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CHAPTER 8

CONTROL OF STRIGA BY SOIL APPLIED TREATMENTS

(a) 'High' fertiliser nitrogen applications

i. 1967, N rates experiment at Samaru

In 1967 a preliminary experiment on the effects
of high rates of fertiliser nitrogen in suppressing
striga emergenée was conducted, using the variety
Short Kaura at standard spacing of 3 x 1%+ fTt.

The experiment was laid out as a double latin
square using four rates of fertiliser nitrogen (sce
Appendix 11 for full experimental description). To
evoid lodging caused by unbalanced nutrition, the
nitrogen applications were balanced by equivalent
applications of phosphate fertiliser, The

fertilisers were applied when the sorghum was thinned,

.
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Table 16: Results of high fertiliser nitrogen
applications at harvest 1967

Treatment Weight of striga Number of Weight
as 1b (1v/ac) striga of
fertiliser 1000/ ac grain
N/ac Untransformed Retransformed 1b/ac

*from log(x31)

Untreated el 5.6 a b 1,36 3090
46 Beb 3.1 a b 0.89 3080
69 2.9 149 b 0,64 3090

S.E., diff, .76 4+ 540 448L

*¥ No sgtandard error is applicable to the retransformed
means,

Uniformly high yields of grain were obtained at
all levels of fertiliser nitrogen application. Though
there were no significant differences between treatments,
there was a higher vield at the lowest nitrogen appli-
cation rate, The effect of the two highest nitrogen
applications was to markedly increase the size and veg-
etative wvigour of the sorghum plant, Unfortunately,
dry matter vields were not recorded but ohservations
indicated that dry matter production was still increas-
ing at the highest rate of application, Striga

emergence and dry matter preduction was at a very low
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level but it was interesting that the First inecrement
of nitrogen produced an increase in striga, whereas
further increments progressively reduced it below the
level of the wuntreated control. Inspection of the
striga weight data revealed that the distribution was
lognormal with a few comparatively high values inflat-
ing the means of all treatments, After transformation
to log (x+1) it was found that there were significant
differences between treatments. The 23 1t rate of
fertiliser nitrogen gave a yield of striga which was
significantly higher than that produced by the 69 1b
rate. The linear component of the nitrogen rates
ghowed a significant depression in striga population
with increasing applications of nitrogen.,

idi. 1968 N rates experiment at Samaru

The 1967 experiment was repeated on the same site,
again using the variety Short Kaura but doubling the
rates of nitrogen fertiliser and balancing phosphate

(see experimental description in Appendix 12),
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Table 17: Results of high fertiliser nitrogen appli-~
cations at harvest 1968

Treatment Weight Number Sorghum Sorghum

as 1b of of D.M, grain

fertiliser striga gtriga 1000 1b

N/ac ~ 1b/ac 1000 /ac /ac, ib/ac

Untreated 96 12,95 5.0 ¢ 813 b
46 110 23,02 7.4 b 924 b
92 83 1393 9.4 a 1226 a b
138 ha 7493 1044 a 1381 a

S.E, diff., +26,2 +5,84 +0,65 +106

The pattern of sorghum grain yield and dry matter
was of continmuous increases with increasing frertiliser
rates, whereas both total striga weight and number
.were at a maximum at the intermediate rates..

The size and significance of the factorial compo-

nents of the fertiliser are presented in Table 18,
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-

Table 18: Results of high fertiliser nitrogen
applications, 1968

Factorial components of the treatments

Treatment Weight Number Sorghum Sorghum
component of of D.M, grain

striga atriga 1000 1b

1b/ac 1000/ ac fac, ib/ac
Linear 40,5 =7.05 e 435x
Quadratic ~27.5 -8.03 -1 Jhnn +22
Cubilc ~-13.5 2,04 3o bxen 133
5.E. +18,5 +ha1h +0 4k +75.2

The linear response to increasing nitrogen was
to significantly depress the weight of striga dry
-matter and significantly increase the grain yield.

There was no corrclation between grain vields
and striga production if the design of the experiment
- was taken into account but if all variances, except
treatments, were pooled, there was a large and signi-
ficant negative correlation. It is, therefore,
concluded that the design of the experiment was
efficient in averaging out the effects of chance vari-
ations in striga occurrence,

The marked reduction in striga occcurrence at the
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higher nitrogen levels was further examined by
correlating the yield of striga with the total dry
matter production of the sorghum. If the correlation
at sach fertiliser level proved positive it could be
deduced that the reduction was not primarily due to
competition for light energy from the sorghum and that
the treatment effectis were due to scome cther factor,
If the correlation proved tuv be negative, the relation-
ship could be due either to the effect of the striga
in reducing dry matter production of the sorghum by
parasitism or the effect of the sorghum in reducing
light penetration as the sorghum dry matter (and hence
the cover) increased, Table 19 shows that the
relation was not consistent at all fertiliser levels,

Table 19: Covariance of striga with sorghum drv matter
praoduction at four levels of fertiliser

nitrogen

Regraesgsion coefficients

Nitrogen applic~ Sorghum D.M Striga D.M Variance
ation, 1lb/ac /etriga DM /fsorghum DM ratio
Untreated -15.2 -, 0184 2«34
we - 10,3 -, 0150 1,10
92 ~24.9 - 0157 3,84

138 ' + ,032 +. 00009 O
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At the highest level there was no detectable relation-
ship, whereas at all the lower levels the relationship
was negative. The variation in sorghum dry matter
was least and the variation in the striga dry matter
was greatest at the hichest level of fertiliser appli-
cation. This is at least consonant with a situation
where sorghum plants in mutual competition achieved a
complete uniflorm plant cover and where striga growth
varied according to the natural infestation rather than
some factor controlled by sorghum growth,

iii. 1969 N rates experiment at Samaru

The 1968 experiment was repeated on the same site,
using the same fertiliser applications but replacing
the sorghum variety Short Kaura with a new dwarf variety
B 2123. The variety was sown at three foot spacing
between rows and six inches between stands, This gave
a theoretical population very close to that recommended
for this variety at square spacing and also ensured
that the inter=-rows would never be covered by the dwarf
sorghum. The experiment therefore measured the effect
of fertiliser nitrogen rates on the striga without the
complications caused by variations in the amount of

light available to the striga.
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Table 20: Results of hiph fertiliser nitrogen
applications at harvest 1969

Treatment Weight Number Sorghum Sorghum
as 1lb of of DM, grain
fertiliser striga striga 1000 1b
N/ac 1b/ac 1000/ac /fac, 1lb/ac
Untreated - 125 104 2,35 b 123
46 184 118 3.5 b 131
92 164 111 4,50 a 234
138 155 126 3.20 a b 183

The weight of striga remaining at harvest was
higher than in previous seasons and as in 1968, the
greatest weight occurred on the treatment receiving
hé 1b. of fertiliser nitrogen. The numbers of striga
stems counted differed very little between treatments,
None of the treatment differences were statistically
significant. Sorghum grain vields and dry matter
yvields were highest in the treatment receiving 92 1b,
of fertiliser N, The 1linear and quadratic components
of the sorghum dry matter response curve were signifi-
cant at P=0.05. The reason For this real reduction

in growth and vigour at the highest N rate is not known
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and needs confirmation at other sites. On this silte
it might be due to the removal of some essential
nutrient by the previous cropping in 1967 and 1968,

The other correlations were negligible and con-
firm that with variety B 2123, sown at 3 ft. by 6
inches, there is no general negative correlation
hetween striga growth and sorghum growth,

Table 21: Results of high fertiliser nitrogen
applications 1969

Covariance of striga with sorghum dry matter
production at four levels of fertiliser nitrogen

Nitrogen Sorghum D,M, Striga D,M.,/ Variance
application lb/ac /striga D.M. sorghum D,M. ratio
Untreated 1097 0,00655 0,078
46 -2.11 ~+0196 : 0.259
92 5.48 0.0114 . 0.401
138 9.1l 00,0553 6,16+%
Summary

In tall sole crop sorghum the highest rates of
application of fertiliser N in 1967 and 1968 reduced
striga. The lowest application rate increased it,

In dwarf sole crop sorghum in 1969, striga was increased

at all levels of fertilisesr N application,
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Conclusion

6. Three years! results from successive crops
of sorghum on the same site support but do not prove
the hypothesis that the effect of high fertiliser
nitrogen in reducing striga infestation is mainly due
to the interception of light energy by the increased

crop cover,

{b} 2,4-D Granules Series 1967=68

i, R,4-D pranules experimental series, 1067

At the beginning of 1967 the only herbicide active
ﬁgainst striga which was available in granular formu-
lation was 2,4-D, A proprietary formulation containing
20 per cent 2,%-D, which was originally intended for
ugse in flood rice, was obtained in sufficient quantity
to perform a series of eight experiments at different
centres, (See experimental description in Appendix 8)
The experiments consisted of 2 veplicates of 9 plots
each. Tﬁe experimental design was a 23 factorial,
with an additional control plot pexr replicate.

Striga seed which was collected at Samaru in 1966 was
. supplied to infest the experimental sites. Results

were obtained from 6 centres.

The effects on grain yield are shown in Tabhle 22,
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Table 22: 2,4-D sranules experiments, 1967

Treatments {applications per acre) Symbol

20% 2,4-P granules broadcast at 1 # Dg
i cwt of 24-16=0 compound fertiliser
broadecast F
All treatments applied early E
All treatments applied at thinning T
Results

Parameter Grain yield Sorghum D.M, Striga D,M,
Units 1b/ac. 1000 1lb/ac, 1b/ac,
No. of experiments 6 ) i
Treatment
Untreated 1371t a b .85 1650
Dg B 1169 c 5.08 997
F E 1320 b 577 h4,06
Dz 7 B 1487 a 64,32 13.93
bg T ' 1356 a b 5492 9.17
FT 1356 a b 6.51 7492
bg F T | 1285 b c 6,16 2,10

S.E. 45,7 +0.570 £11.76
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The mean effect of 2,4-D granules applied pre-
sowing was to depress grain yield significantly in the
absence of fertiliser and to increase it in the pre-
sence of fertiliser, The increase would not have
been economic at current sorghum grain prices, The
applications at thinning time had smaller effects,.

2,4=D granulies applied pre-sowing without ferti=-
liser depressed sorghum dry matter production below
the level of the untreated control, Fertilisexr
affects were small.

Though there were fairly consistent trends in
striga dry matter production, the wvariability of the
data was high, the error proved to be heterogenous and
there were large site x treatment interactions, The
data values were therefore converted to logarithms and
re~analysed but there was no improvement in the sepa-
ration of the ftreatment wmeans.

The striga infestations were generally rather low
at all the centres and probably had little effect on
sorghum production.

There were ne large correlations between sorghum

grain, sorghum dry matter and striga infestation.
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ii. Micromgranular formulations of 2,4-D group
herbicides 1968

Samaru

To¢ obtain further information about best times
of application of herbicides against atriga, an expenri-
ment was laid down using four times of application of
three granular formulations of 2,4-D group materials.
In addition, factorial combinations of 69 1b. of ferti=
liser nitrogen and 46 1b, of fertiliser phosphorus were
applied as a separate set of treatments.

The experiment was laid down as a simple partially
balanced lattice, with sixteen treatments,

The experimental variety was Shori Kaura and each
atand of gorghum was infested at sowing time with a
tpinch'! of striga trash "large enough to cover a penny',

The experiments] materials used were:-

Symbol
2,40 20% granules (Acqua Kleen),
a proprietary formulation of low-
volatile 2,4~D ester intended for
weed control in rice ' Dg.

2,4-D/MCPA 18% microgranules (Granulox A)
intended for contact applications against

broadleaved weeds in temperate cereals A
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Symhol
2 ,4-D/MCPA/picloran 18% micro-granules
(Granulox B) identical to treatment A
except for the addition of picloram. B

All herbicides applied at 1 #

The times of application were defined as follows:w
tBarliy! Applied pre-~sowing and incorpors

ated during the final seed~bed

preparation (May) B
IThinning?! Broadcast at sorghum thinning

time (June/July) T
1Sorghum heading! Broadcast when the firsst

sorghum head emerged from the flag

leaf (July/August) S
TAt First striga flower! In practice this

coincided with the S treatment date,

The application was therefore deferred

until approximately 50% of the emerged

striga had flowered and then applied as

a contact dust (August/September) rl

For further experimental details see Appendix 10,
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Results

The sorghum populations surviving at harvest were
very low compared with the sown stand of 9.7 thousannd
per acre. The very heavy striga attack on unmanured. ...
land undoubtedly killed many scrghum plants. Ferti-
liser nitrogen and phosphate reduced the losses,

2,4-D herbicides also reduced losses slightly.

The 'Dg! and 'A' treaiments both gave small
increases in grain yield and small decreases in striga,
The 'B!' treatment was much lass successful, The only
difference between 'A' and 'B' is the small amount of
pleloram in the latters.

The two later applications gave higher yields of
grain than the two earlier applications, The last
1P1L? treatment also counsiderably reduced the amount
of striga.

High nitrogen alone or in the presence oif phos-
phate gave proportionately large vield increases but
failed to suppress striga.

Iin the experiment as a whole, the poor cover
resulting from the sparse sorghum stand surviving to
the end of the experiment probably permitted unrestric-

ted light energy to reach the striga plants, This
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probably explains why the last Fl herbicide application
reduced striga growth more than earlier treatments
because it was applied at the point where the natural
control from crop cover was least effective,.

The results indicate that the later applications
of herbicide increased grain yields and reduced striga
infestation in contrast tec the results obhtained by
Last {1961) in the Sudan but it is also possible that
part of the effect was due to the early applications
of the 2,4-D herbicides reducing the early vigour of
the sorghum and permitting the emerging striga to
establish at higher light intensities. This hypoth-
esis is supported by the fact that the two earliest
applications have yields of the same order as the
untreated control, 1t was also supported by the
fact that treatment 'B', which contained the persistent
herbicide picloram, was slightly but consistently

' Jess productive than the other two materials.,

The recommended local variety of sorghum was sown
and each stand was infested with striga by putting a

fpincht! of striga trash into each sowing hole,

See Appendix 9 for remaining experimental details,



164

Table 273: Hesults of micro-granular formulations of
: 2,4-D group herhicides experiment at Samaru

Parameter Sorghum Striga Sorghum
. grain o.M, count
units 1b/ac. lb/ac. 1000/ ac.

Treatments

Untreated 282 189 5,04

Striga control herbicides

Dg - 344 109 5.98
A 376 125 5.89
B 289 166 5.4
S.B. diff, | +62.0 +5k +.522

Times of application

15,5.1968 (E) 264 197 5.98
" 12.6.,1968 (T) 284 i15 5.26
22,8.1968 (8) | 392 172 5.9k

14,10,1968 (1) | o3 Lo - 5.87
S.E. diff, +7245 +80 +.452

Striga control fertilisers

69 1b N/ac. | 618 255  5.98
9 1b P/ac. 343 217 '7 6,72
N + P 739 297 8,60

S E. diff. 4104 +136 4904



165

iii. Micro-granular formilations of 2,4-D eroup
herbicides, 1968

States experiments

A series of experiments using the same materials
ﬁs at Samaru but with a simpler experimental design
were also performed at five sites in the Statas,.

The experimental design was a 2 x 6 factorial in
2 replicates of 12 plots.

Tertiliser treatments Symbol

23,5 1b N + 16 1b P applied in a 21-14-0

compound fertiliser placed adjacent

to the sorghum seed at sowing F
Absence -

Striga control treatments

Untreated -

24D 20% granules at 1 # broadcast before
sowing DgE

" " " i " at thinning DgT
2 ,4~D/MCPA/picloram 18% micro-granules at 1 #
broadcast at thinning BT
2,4-D/MCPA 18% micro-granules at 1 # dusted
on to emerged striga at first striga
flower . AS

70 1b N + 47 1b P as 21-14~0 compound

broadcast at thinning NT
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Results

Table 24: Results of micro-granular formalations of
2. L -D group herbicides (States experiments)

1968
Parameter . Grain Soeorghuwm DM Striga D.M
Units 1b/ac, 1000 1b/ac, 1b/ac,
No. of experiments 5 4 3
Treatments
Untreated héh » b2 b 81.5
Striga Control herbicides
DgE 504 a b 3.3 b 65.0
DgT 625 a b 3.9 b 53.8
BT 635 a b 4.2 b 68,7
AS ) 626 a b 44 b 127.2
Striga control fertiliserxr
NT . 754 a 7e3 a sh.6
S.E, diff. +88 +0,62 +27.00
Manurial fertiliser
{applied fadorially)

Absence k71 a 3.9 65.2
F o 690 ¢ 542 83.2
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Both the striga cﬁntrol fertiliser (NT) and the
manurial fertiliser (F) gave significant increases in
grain yield, Both treatments gave increases in
sorghum dry matter but whereas the F treatment increased
the amount of striga, the NT treatment applied at thin-
ning time, with a much heavier application rate,
reduced the amount of striga. This treatment wouid
be expected to give better feliar cover and hence
greater competition with the striga.

The herbicide applications all gave non-significant
increases in yield and the three sarliest applications
decreased both sorghum dry matter and striga. The
considerable increase in striga with the AS treatment
(a contact application) was surprising because all of
the logbooks describe the rapid and effective control
-of striga obtained with this treatment. It seems
likely that the increased striga welght included dead
striga stalks, which were hard and woody and that
considerable re-~emergence occurred after the applica-~
tion, The grain yield was comparable with that
obtained with earlier treatments.

2,4~D granules applied pre~sowing (DgE) reduced

sorghum dry matter production. Three logbooks reported
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early vellowing of the sorghum leaves, Heavy losses
in stand in this treatment were observed at one centre.

Conclusions

T S0il applied striga control treatments of
fertiliser or 2,4-D granules gave increases in yield
of grain but no effective reduction of striga. Pre-

sowing was not the best time of application for 2,4-D,

(¢) Granular herbicide expexriments

i., Samaru, 1968

By the start of the 1968 season a number of granu-
lar herbicides belleved to possess selective gotivity
against striga had been received, A series of trials
was laid down at Samaru and in the northern states.

The trial at Samaru was more complicated and comprised
- seven herbicide treatments applied at two different
times, plus two additional treatments, The sixteen
treatments thus obtalned were laid out in a'partially
balanced simple lattice design,

Experimental treatments

Striga control) treatments Symbal
Atrazine at 3 # as U9 granules Atg
Chlorthiamid at 1 # as 7.5% granules Ch.

Chloramben at 1 # as 10% granules Cm
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Striga control treatments (contd) Symbol
C 6989 at 1 # as 5% granules c
Fenuron at 1 # as R%% granules Fen
Prometryne at 1 # as 4% granules Pr
Meditonerb acetate at 3 # as 6% granules Me

Times of application

Pre-sowing (16.5.1968) E
At thinning (12.6,1968) T

Additional treatments

Handweeding of striga every weok H
Untreated -
Crop: Sorghum variety 'Shorit Kaura', sown at 3' x 2!
and thinned to 2 plants per stand = 14,500/ac,

Application of freatments

At both times of application, the herbicides
were broadcast on the soil surface and were incidentally
incorporated by the hand cultivations given to the
plots at sowing and thinning.

One plot of the prometryne treatment ‘'applied
early!, accidentally received 10 # of the wettable
powder formulatiomn. This has been treated as a missing
plot in all statistical analyses.

See Appendix 18 for remaining experimental details,
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Resgults

Table 25: Granular herbicides, Samaru 1968

Sorghum grain vield, lb/acre

Time of application Pre-~sowing Thinning Means
Atrazine . 708 854 781
Chlorthiamid 629 566 598
Chloramben 878 625 752
C6989 : 697 740 718
Fenuron 455 - 331 493
Prometryne . 0 637 318
Meditonerb acetate 678 427 552
Handpulling : 609
Untreated 2219

' S.E. diff, +269 . +190
Means : 577 : 625
S.E. diff. | 2110

Atrazine, chlorthiamid, chloramben, C6989 and
meditonerb acetate all gave adjusted ylelds comparable
to or better than that produced by intensive hand
pulling. Atrazine, chloramben and C6989 gave yield

increases over the untreated control treatment, which
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were almest certainly economic at current (1969)
grain prices,

The estimated yield of prometryne applied prew
gowing was based on one plot only. The unadjusted
yield of this plot was 268 lb/ac.

Fenuron and prometryne were included in this
experiment because granular formulations were available
and other materials indicated to be selective by pot
tests and field screening testa had not been received
in time, The mediocre performance of these materials
confirmed éarlier indications from the sc¢reening
rrocedure,

The striga attack was so intense that one 'untreated!
plot produced noe grain at all, An adjacent plot in
~another sub-block produced over 9030 1b grain per acre

with 3 # of atrazine,
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Table 26: Granular herbicides, Samaru 1968

Striga weight 1b/ac. at harvest

Time of application Pre-~sowing Thinning Means

Herbicide

Atrazine 158 117 138
Chlorthiamid 165 136 150
Chloramben 178 21 210
c6589 : 387 107 247
Fenuron 2205 160 194
Prometryne 505 222 3673
Meditonerb acetate 75 166 136
Handpulling {average per week) 214

Untreated 312

S.E. dAif¥f. +102.4 £72.4
Means 2h2 168

S.E. 4iff. + 38.6

Handpulling (total) 3140 = 760,000 striga

emergences/acre,

The herbicide treatments did not effectively control
striga emergence and none of the treatments were sig-
nificantly different, The most striking result in
this table was the effect of handpulliling all striga

each week. Well over one ton of air-dry striga was
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removed during the season per acre, giving a yield
increase of 376 1b, of grain over the untreated control,
Even this very vigorous mechanicel control failed to
increase grain yield to the level of the highest yield-
ing herbicide materials. The enormous increase in
striga emergence stimulated by the handpulling would
undoubtedly discourage any farmer from attempting this
intensity of handpulling.

Table 27: Granular herbicides, Samaru_ 1968

Total sorghum dry matter 1000 l1b/ac,

Time of application Pre~gsowing Thinning Means

Herbicide
 Atrazine b,26 3.87 4,06
Chlorthiamid I.,oh 2,72 3.38
Chloramben .78 2,88 3.83
6989 k.67 3.85 ho26
Fenuron 2.3%7 3.62 3.00
Prometryne 0 3.02 1,51
Meditonerb acetate 3,62 1.38 2,50
Handpulling weekly 3.28

Untreated 2.00

S.E, diff, 414581 ¥1.118
Means 339 3.05

§.E, diff. +0.597
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Except for prometryné applied early, there wars
no marked effects on sorghum dry matter production and
differences in grain production did not correspond
clesely with the dry matter production.

This single experiment demonstrated that single
apﬁlications of pranmilar residual herbicides could
increase grain yield under severe striga attack but
could not prevent striga smergence,

ii., Residues experiment, Samaru 1969

The site of the previous experiment was used to
measure herbicide residue effects on cotton, ground-
nuts and dwarf sorghum, all grown withoutlt fertiliser.
The net plots of the 1968 experiment (6 vd. x 6 yd.)
each contained two rows of each crop of which a 5 vd.
length was harvested, giving a net harvested areg for
each crop in each plot of 5&5 a;. The total above
ground dry matter production of the cotton, groundnuts
and sorghum was harvested as soon as the groundnuts
were ready for lifting. The Xkernel vield of the
groundnuts was alsoc determined,

1969 was the first season in which a dwarf sorghum
variety was available for general field experimental

use so that little was known about its behaviour under
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very heavy striga ﬁttack.

The very low level of sorghum dry mattcer production
was mainly due teo this use of a dwarf sorghum varisty,
grown at 3' x 6" spacing without fertiliser.

Results

Table 283 Granular herbicides, Samaru 1968

Residual crops 1969

Effect of herbicide residues: Yields in 1lb/ac.

Crops harvested when groundnuts were lifted.

G.N. Tot. G.N. Cotton Sorghum Striga
Crop

dry Kernels Tot.dry Tot.dry Tot.dry
Herbicide matter matten matter matter
Atrazine . 2301 433 771 847 40,6 a b
Chlorthiamid 2045 Ley 891 676 39,1 a b
Chloramben 2354 361 786 640 2941 b
C6985 . 2602 Yoo 1149 668 85.7 a
. Fenuron : 2586 387 1167 641 86.5 a
Prometryne 2337 340 889 318 33.9 b
Meditonerb : '
acetate 1970 366 1073 655 12.5 b
No herbicide 2004 238 894 706 21.9 b
S.E. diff. 4490 +117.4 1219 £194 13,39

Significantly more striga grew on the C6989 and

Tenuron treatments than on the 'No herbicide! freatment.
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All of the herbicide treatments except meditonerb
acetate produced more striga than the 'No herbicide’®
treatment, There was a substantial negative correla-
tion between the 1968 striga dry matter production and
the 1969 striga dry matter production. The best
correlation with the cube root of the production was
significant at P= 10 I This suggests that gquite
apart from herbicide treatment effects, plots which
grew nost striga in 1968 produced least in 1969, As
the striga dry matter was completely removed from the
site in 1968, it seems possible that an essential
nutrient for striga growth might have been removed
with it.

Neither groundnuts nor coitton total dry matter
were significantly depressed by any herbicide residues.
All herbicide residual treatments gave yvields similar
to the tNo herbicide! control yields.

Conclusion

8. At Samaru, residues of granular striga cen-
" $rol herbicides were not harmful to following Crops.

4ii. States experiments, 1068

The 8 experiments of simple 5 x 2 factorial design

{twice replicated) which were also performed in 1968
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at various states experimental cenﬁres had the follow-

ing treatmentsi-

Fertiliser treatments ‘ ngbol
Nil -

21-14-0 compound Tertiliser at 1 cwt/acre
placed at sowing F

Striga control treatments

Nil -
21-14-0 compound fertiliser at 3 cwt/acre

broadcast at thinning (4igh N) N
Atrazine 4% granules at 3 # broadcast at

thinning Atg
Medltonerb acetate 6% granules 3 #

broadcast at thinning Me
Chlorthiamid 73% granules 1 # broadcast

at thinning Ch
The crop was the locally recommended variety of sorghum
for each centre. These were all of the Kaura or Fara-
Fara races,

The full experimental description is given in

Appendix 193.
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Table 29: Granular herbicides, 1068

Grain vield, lb/acre

Treatment - ¥ Means

- ‘ . 555 b 8ok b 680 b
N 1166 a 1146 a 1156 a

Me 755 b g4t a b 800 b

Ch - | 676 b 898 a b 787 b
Atg w5 b 891 a b 823 b
s.E. diff. | +119.0 +Bh4.2

Mean 781 b 917 =a

s.,E. daiff. + 53k

The results may be summarised as follows. All striga

~control treatments produced yield increases and had

negative interactions with the fertiliser treatment.

"~ The F fertiliser application produced yiald increases

. except in the presence of the thigh Nt striga control

treatment, The average increase per cwt., from the

latter was 155 1b. grain per acre as compared with the

average increase of 136 1lb. grain per acre fyom the F
treatment. This comparison was not strictly valid
because the significant F effect was averaged over the

herbicide treatments. In the ahsence of herbicides



180

the F treatment produced an increase of 249 1b,. grain
as compared with 204 1b. grain per cwt. of compound

fertiliser produced by the N treatment,

Table 30: Granular herbicides, 1968

Striga yield lb/acre (Mean of 3 experinents)

As air dry matter at harvest.

Treatment - ® Means

- 192 162 177 a
N 118 79 GR a b
Me 98 87 93 b
Ch 180 162 171 a b
Atg 126 155 140 a b
S,B. diff. #0146 £29 M
Mean 143 129

+18,6

Meditonerb acetate significantly reduced striga dry
matter at harvest and the avexrage reduction caused by
the thigh N! ftreatment was nearly as large. None of
the materials completely suppressed striga or even
reduced striga seed production to the extent that a
long term decrease in striga population could be

expected,
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§triga ylelds were not reported fow three out

of eight experiments,

Table 31: Granular herbicides, 1968

Sorghum total dry matter as 1000 1n, per acre

Treatment - _ F Means
- 5.74 721 6,483 b
N _ 12,71 12,96 12.83 a
Me 6.83 8.74 7.79 b
Ch 5.92 8.68 _ 7.30 b
 Atg | 7.70 8,73 8,22 D
s.BE, diff. +1,21 +.858
7.78 b 9,26 a
+ J3h2

A1l striga control treatments increased sorghum

_ drflmatter production. The N treatment gave an
increase per cwit. of compound fertiliser of 2,120 1b,
which was considerably greater than the 1,480 per cwt.
obtained with 1 cwt, placed in the seedbed. Except

in the presence of the atrazine treatment, the increase
in dry mattex production of the sorghum was accompanded
by a decrease in the dry matter production of the

gtriga. This appears to be good supporting evidence
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that the Inverse correlation of these two parameters
is mainly due to the reduction in light energy reaching

the striga.

(da) Estimated Erofitability of granular striga
control materials

One hundredweight of compound fertiliser placed
in the seedbed gave & yield increase of 136 1lb. of grain
per acCre.

Three hundredweight of compound fertiliser broad-
cast at thinning time gave an increase of U476 1lb.,
equivalent to 159 1b. of grain per cwte The current
price for this type of fertiliser (December 1969) is
£1. 17. 0d per cwt. 1t would therefore be profitable
to use this fertiliser application whenever the price
of grain exceeded 2.8 pence per ib. There was no
increase in yield when the seedbed fertiliser applica=
tion was present in addition to the striga control
fartiliser application. \

The effects of seedbed fertiliser and herbicide
were additive however, Assuming the 'break even!
price of 2,8 pence a pound for grain, the 1imiting costs

of the herbicides would be as follows =
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Meditonerb acetate 9/h4 per 1b a.i. (No Nigerian

sales)
Chloxthiamid 25/- per 1b a.i. (1969 price
Atrazine ' 11/1 per 1b a.i. (1969 price
50/-)

The responses to fertiliser quoted here should
be compared with the figures from the 2,4-D microgran-
ular series on pP» 167 . In a lower yielding saries,
one hundredweight of compound fertiliser placed in thé
.Qéedbed.gave a yileld increase of 219 1lb. of grain per
acre, while three hundredweight broadcast at thinning
time gave only 290 ik, The differernces in responses
are probably due to the environments of the two series.
The grvanules experiments were all in cotton growing
:areas, while the microgranular trials were in the

 drier groundnut areas.

(e) Conclusions

9 The 1967-8 results with single applications
of granular herbicides showed that the main effect of
these materials was to stimulate yield. None of them
prevented striga from setting seed. A heavy applica-
tion of fertiliser had similar effects and was

marginally profitable in one series of trials.
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The herbicide appliéatioﬁ rates uséd were decided
by reference to the pot test results. Future work
will examine ihe effects of different application
rates of herbicides, combined with heavy fertiliser
rates, but it does not appear that any of the materialé'
tested in States'éxperiments so far are active and
selective enough to give effective contrdl of striga.

The search for selective soil acting herbicides

must therefore continue.
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CHAPTER

CONTACT APPLICATIONS OF HERBICIDES

{a) Samaru, 1968

On the basis of the 1967 screening test results,
a small scale experiment to assess the volume of herbi-
cide required to give complete control of striga was
performed at Samaru in 1968.

15 herbicides + 1 untreated control were used in
a simple lattice design, A very striga susceptible
"FF x CBK" sorghum strain was sowmn. The experimental
routine adopted prescribed the weekly spot spraying of
all green and turgid emerged striga plants, The
number of plants and the volume o herbicides used wers
recorded, For full details of the experimental
description see Appendix 16,

i. Results

The results at harvest are summarised in Table 18,
The treatments are ranked in ordex of the final striga
control,

The striga counts at harveét were rather higher
than at the last treatment count on 19/11. This was
mainly because the harvest count included dead as well

as living strigas, Ametryne plots had significantly
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fewer striga plants than the tUntreated!’ plots,

The total amount of herbicide used and the total

volume applied were less than for a single soil app-
lication. No striga plants flowered or set seed
during the experiment except on the tUntreated? contxrol,

ii. Amount and frequency of herbicide
applications

Striga emergence was first observed at 17.7.1968
and the first flower on 21.8.1968. Herbicide appli-
cations should have been started at this date but were
delavyed by sprayer defects until 12,9,1968, Ten app=-
ijecations at approximately weekly intervals wexe then
made until 13.11.1968. The experiment was harvested
on 5.12.1968. .

Details of the periodical and cumulative applica-
tions of herbicide are given in Tables 1 and 2 in
Appendix 7. The limited replication of the experiment
" and the inherent variability introduced by the presence
of striga produced relatively large standard errors.
Table 1 is partly summarised in Graph 1, which shows
the maximum mean and minimam herbicide applications
at each application date. After the first two appli-

cations in which about five gallons/acre were used,

the mean application rate dropped to between two and
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and one gallons/acre/week. It is of interest that
from 9,10,1968 onwards the minimum rate dropped to
negligible vglues indicating that striga emergence
was virtually nil on these treatments at this time,

iii, Striga emergence durings the experiment

New striga emergences in each plot were recorded
at the time of herbicide application, Details of
periodic and cummlative striga emergences are given
in Tables 3 and 4 in Appendix 7. Graph 2 shows the
rate of striga emergence per week for the mean of all
treated plots compared with the untreated control,

It can be clearly seen that most of the striga emer-
gence occurred during October and that at the peak
emergence on 15.,10,1969 the mean effect of the herbi-
cides was to reduce emergence to 48% of that of the
untreated plots, 84% of the cumulative striga emer-
gence occurred between 24/9 and 30/10 on the untreated
plots with a lower proportion on the treated plots,

Herbicide application did not invariably result
in lower total striga emergence. In Graph 3 the cumu-
lative striga emergence for the three most successful
herbicides in this experiment (which also represent

the three main types of herbicide in the trial) are
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plotted wi?h the i;ﬁtreated' control included for
comparison,

It can be seen that emergence was rapid from 24/9
until 22/10 on the 'untreated'! control but thereafter
proceeded at a very low rate. Emergence on the diquat
treatment was siightly faster over the same period but
‘continued until 30/10, As a result the total emer-
';gence was considerably higher than in the control
.treatment. This behaviour was to be expected with a
purely contact herbicide; which was not translocated
and behaved essentially as the herbicidal equivalent
of handpulling. | |

Emergence in the ametryne and MCPA treétments ﬁas
at a lower rate throughout the period of maximum emer-
gence and continued for rather longer. Both these
materials were certainly translocated and ametryne is
algo strongly solil acting as well, Too much impor-
tance should net be attributed to treatment differences
in an experiment with only two replicates but it would
seem possihle that the longer period of striga emer-
gence in the herbicide treatments was due to increased

host vigour caused by earlier striga control.
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ive Relation of striga emergence to srain vield

(See Appendix 7, Tgble 5)

In this experiment, the yield of grain was signi-
ficantly correlated (positively) with the volume of
herbicide applied at 23.10.1968, (The best correla~
tion was the inverse relationship with the reciprocal
transformation,) There were good positive correlations
of grain vield with wvolume of herbicide applied at
2.10.1968 and 30.10.1968. The amount of herbicide
applied at the end of September and also at the end
of October, would therefore seem to he particularly
jimportant for improving grain yields. The exact mech-
anism of the relationship 1ls not c¢lear but it would
appear that emergence of striga at these periods
reflected the vigour of the crop rather than the
original infestation.

The grain yield was positively correlated with
striga emergence at 23,10,1968 and 30,10,1968, {The
inverse relationship with the reciprocal transformation
was sighnificant at P = 0.05 on both dates but the best_
correlation on 30.,10,1968 was with the cube root
transformation.) These observations support the

hypothesis that striga emergence during the later



191 a

605
T4
98
%9s
961
8L
ErET
268
$99
soY
¢S
€601
LTS
864LT
ou.mm..wwuos

esuodses
uteay

2L £ 62
692°0 1"o2
ort*o AR T
627°0 £°9T
226°0 0°82
g7e*o Y*92
gr2°0 88Tt
N0 0*'12
157°0 0°€2
L1560 LSt
LgE*o 961
20 2°62
9LT°0 b )
262°0 T°61
=t
9pTO u
=Tqaey SPTOTaIY
Te30L  °*ToA Te39L

80°8 896 BL°6T Q@ £0°%
669 LL8 LSt sh q® 't
Ls*9 963 €L qe %2
10°6 L8 L6 q® 2p°2
) 964 00'0 qQe 22
06°6 Lhg T™°e Qe Te*z
88°L 806 86°¢ ® T0°2
87°9 866 LL* LT ® T6°1
T6°L L8 82*9 ® 68°T
08°9 984 0$'T ® 27T
02*9 98L GE*TT ® OY7°T
6L*9 8eb 88°0 ® 2T°T
Ye's 999 90°2 ® TI°T
oL 8201 000 ® £2°0
sT5e]

TET e vl v
o0l uresay  eStagg e31a38

3SeAgTY 3® SqTNS9Y

70
2*0
T'0
%*0
¢°0
20
20
£'0
€0
§*0
£°0
2'0
2°0

2'0

prwoxdLy
I~¢''2
qenlexed
ddWo
I=Tox3 Uy
(eN) a=%‘2
euTZRI}Y
uonupy
uoInuoy
dI~¢‘v‘z
ovuSy
Jenbiq
VIO
sulxyeury

# 98esop/



191b

nsearey qe quesald squerd wSTase prep X0 FATATT TTe SOPNTOUT +

156+ LB 2% 6°99Z%  68E° 0% 268" T+
- €1'9 qLs 82" 84 9 L9°0T
o5 - TE®O A LL*9 964 009 q e £8'Y
apToTaLIY 2108 EXTEY
*qy/ apTo uoTTe ql 0001 ‘*oefar  ‘ov/ar o8 /000T
esuodgol ~jadey  9PIOTQULY W' WETem T qudTtem Nmod
Te30L  ToA TEY0L Te10L  UyexD  BETIIE e31238

uread

- pegeaIqul

2°Q LN

U EILY,

TIU03) of oLaed



192

stages of the crop was dependent on host crop vigour
and showed the effects of herbicidal applications
earlier in the season.

ve Profitability of the spot apraying method

Considerable responses in grain yield were ob-
served in this experiment using a striga susceptible
sorghum strain. 0.25 1lb. ametryne costing 50/« per
ilb. increased yields hy 453 1lb, of grain, The tbreak
even'! price of grain was therefore 0,33 pence per 1lhb,

" The farmer's labour need not be charged against the
control method becanse handpulling of striga has to

be done in any case if spot spraying is not used,
Depreciation or hire of a knapsack sprayer would have

to be charged in addition €to the cost of the herbicide.
A precise estimate of this latter cost is outside the
scope of the present enquiry but a comparison with the
inisecticidal spraving of cotton indicates that it

would be unlikely to exceed 10/- per sprayed acre per
year, The control method would still remain profitablé.

vi. Conclusions

10, This experiment demonstrated that weekly
spot spraying was a technically sound method of sup-

pressing vegetative striga and completely preventing
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striga flowering.
1%, The grain responses from ametryne and other
contact herbicide treatments would have been profitable

under the conditions of this experiment.

(b} Tolerance of sorghum intercrops

States experiments, 1968

In order to obtain some information abount the
practicability of foliar applications to striga growing
in mixed crops, a series of five trials was laid down
using a formalised mixed crop of sorghum, groundnuts
and cowpeas,

The design of the experiment was a 2 x 4 factorial
twice replicated.

The treatments were as follows;:-

Striga control treatments . Symbol

70,6 1b fertiliser N + 47.0 1b fertiliser P,

broadcast as 21~14-0 compound at thinning NT
Monuron Q0,5 #5 aprayed at first striga flower MS
Atrazine 0,5 # sprayed at first striga flower Ats,
Untreated -

Fertiliser treatments

23.5 1lb fertiligser N + 15.7 1lb fertiliser P

placed as 21-14-0 compound hefore sowing P
Nil -



The herbicides were applied with a knapsack spraver
and directed at emerged striga. So far as possible
the intercrops were not sprayed with herbicide,

Two rather non~selective herbicides which were
active against striga were selected in order to maxi-
mise possible damage to intercrops from the spray

application.

l_.

Plot size: Gross 6 x 9 yad = 556 acre

e

acre

ft

Net 5 x 8 vyd =7
Bach net plet contained 3 rows of sorghum inter-
planted with 1 row of groundnuts and 1 row of cowpeas.

For fuller details see the experimental proposal

in Appendix 20,
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Results

Table 35: Foliar application to mixed crops, 1968

Detailed Sorghum results

No. of experiments:

5 | 2 5
Sorghum Sorghum total Striga total
Treatment grain dry matter dry matter
1b/ac. 1000 1lb/ac, 1b/ac,
- - 620 b 8.8 b ¢ 1,7
- NT 1119 = 13.4 a 375
- MS 527 a b 8.5 ¢ h3e1
- Ats 892 a b 9,2 b oe 47.0
o - 1099 a 124 2 b 5143
¥ NT 1198 a 1.1 a 23.2
r MS 853 a b Gl b c 5943
r Ats 1048 a b 13.1 a 30.%7

+138.7 +1.411 +15.04
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Table 36: Mean treatment effects on yields of
sorghum and intercrons

No. of experiments

5 ‘ 2 2 2

Sorghum Sorghum total Cowpea Groundnut
Treatment grain dry matter grain kernels

ib/ac. 1000 lb/ac, lb/ac, 1b/ac.
- . 860 b 10,6 b 132,9 778
NT 1158 a 13.8 a 106.9 2.9
Ms 990 a b 8.8 c 89,6 96,5
Ats 970 a b 11.1 b 604 83.8
S.E., diff. 98,1 +0,78 +27.51 +22 47
- 889 e 10,0 e 971 74,8
r 1049 d 12.2 d 102,5 90,"
S.E.diff. +69.3 + +56 +19.39 £15.89

Atrazine and monuron gave small increases in grain.
vield while 3 cwt of compound fertiliser applied at
thinning produced a large and significant increase
in the absence of seedbed Ffertiliser. The overall
effect of placed fertiliser was a significant increase.

In the two experiments for which the sorghum dry
mnatter weights were measured, monuron significantly
depressed yields and the 3 cwt of fertiliser gave a

large and significant increase,
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There were no significant differences in either
cowpea or groundnut yields though both herbicides
reduced the vield of cowpeas considerably and increased
the yield of groundnuts slightly. The reduced yield
of cowpezs on the NT treatment was almost certainiy
due to increased competitidn from the sorghum,

In future experiments, sorghum will have toc he
sown at an even lower stand in order tc allow adequate
light energy to reach the intercrops. This will also
encourage more vigeorous striga emergence,

In this series, atrazine lowered cowpea yields
considerably and though this depression was judged not
significant using Tukey's ftest, it would have been con-
sidered significant if the convenitlional T test had been
used, Pending confirmation of this result, atrezine
will not be used on non-experimental crop mixtures
containing cowpeas but even this sgcale of loss may well
be acr ' 7 - to farmers on badly striga infested land
in exchange for a considerably improved vield of

sorghum grain.

{c) Ametrvne toxicity observation plots, Samarn 1947

When the first results of the 1967 contact activity

screening trial indicated thal ametryne was a promising
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material for foliar application to striga, a number
of observation plots of cowpeas, groundnuts and sweet
potatoes were sprayed overall with ametryne at 0,2 # .
It was ftoo late in the season for meaningful yield
differences to be observed but no herbicide toxicity
symptoms were observed on the cowpeas or groundnuts.,

A slight and transient chlorosis was reported on one
sweet potato plot but this could not certainly be

attributed to the effect of the ametryne.
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CHAPTER 10 ¢

DISCUSSION

(a) Stage I testing

The results obtained during Stage I testing are
discussed in Chapters 6 and 7. In this section the
screening methods which were used are compared and
improvements are proposed for future use,

i. A comparison of screening methods

The arguments quoted in Chapter 3 (page 64) for
using pot tests to detect selective activity have not
all been justified, The variability.between pots was
not markedly smaller than in mini-log plots in the
field, Difficulties were also experienced in carry-
ing on pot tests during the dry season, In spite of
these defects however, selective activity against
striga parasitising sorghum was detected in many herb-
icides which were not previously reported to possess it.

In the absence of any other information, the
optimum dosages of herbicides indicated by pot tests
had to be used in field experiments in 1968, Their
performance in the 1968 granules experiments showed
that these dosages were of the correct order. The

pot tests therefore successfully detected selectivity
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and indicated the order of the dosages to be used in
the first field tests of herbicides,

The field screening tests used in 1967 and 1968
were not very informative, mainly because of the diffi;
culty of ensuring the presence of striga before treat-
ment. In 1969 the adoption of the principle of not
applying the herbicide until after emergence had
proved the presence of striga, removed practically all
of the difficulties of interpreting fthe results,

| The immature striga which was handpulled during
September and October in the 1968 granules experiment
at Samaru (page 173) invariably re-emerged within one
waek, Exactly the same behaviour was observed when
striga was tburnt-off' by sprays of paragquat or diguat.
In the 1969 screening test therefore, a delay of more
than one week before re~emergence after contact spray-
ing, unambiguously detected soil activity in the
herbicide under test. This technigque is therefore
regarded as positive and reliable, It is as easy to
perform as a pot test and is much easier to interpret.
The main disadvantage 1is that about 20 g. of herbicide
active ingredient avre reqguired for a single mini-log

plot, as compared wilith the milligram gunantities
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required for a well replicated pot test, Pot tesats
may therefore still be cccasionally required in future
to screen new herbicides which are only available in
gyram guantities,

Conclusion

12, In any method of ascreening herblcides to
detect activity against striga it is desirable thet
the presence of striga be confirmed by its amergence
above ground before the herbicide is applied.

ii, The selection of constant dosages foxr
initial screening tests

Activity which is potentially of practical use
has been observed at three levela of application.

Contact active materials gave good contrel of
emerged striga at 0.,1-0.3 1b a.i./sprayed acre in 1968
and 1569, There is therefore no need to test new herb-
icides for contact activity outside this range,

Soil acting herbicides giving an increased yield
of sorghum and partial control of striga were tested
in the 1968 granules experiments at a dosage of 1 # .,

Two well tolerated herbicides (meditonerb acetate
and atrazine) were applied at 3 # . At this dosage
at Samaru, atrazine gave good gquantitative centrol of

striga and almost perfect general weed control,
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It is possible that farmers might use this type of
application in future at high levels of anticipated
yvield in spite of the high cost of herbicide. The
- more sophisticated type of farming involved would per-
mit the use of a loweyr selectivity ratio,

When the investigation started, it was hoped that
a selectivity ratio of 3 to 1 would be safe for hand
farmers to use, Observations (see Appendix 20) were
made on the variations from the intended dosage which
occurred when inexperienced labourersa broadcast granu-
lar herbicides or made contact applications with a
knapsack sprayer, They shoued that a selectivity
ratio of at least 5 to 1 would be required to reduce
the chance of the herbicide damaging the sorghum to 5%.

The minilog ﬁlot covering much more than the
potentially useful range of dosages could therefore be
replaced in future tests by three constant dosage plotas
at 0.2 #, 1,0 # and 5,0 # respectively, The
function of each dosage would be as fellows,

At 0,2 # to test for contact activity and very

high so0il activity

At 1.0 # to test the selectivity ratio for the
0.2 # applications and to measure soil

activity on grain and striga production,
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At 5,0 # to test the selectivity ratio for
the 1 # dosage and to observe whether
complete striga and general weed
control occur without damage to the
sorghum.
The use of the 5 # dosage would also test the
selectivity ratio of a possible 3 # dosage for use
by sophisticated farmers at a value of 1,8 to 1,
This is close to the minimum selectivity ratio required
by skilled operators. (See Appendix 21)

Conclusion

13. In future, field screening tests the herbi-
cides should be tested at three constant dosages
instead of in minilog plots.

i1i., Quantitative measurement of selectivity
' during the initial screening

The adoption of constant test dosages applied after
the first strige emergence would make it possible to
measure the effect of the herbicide on the sorghum
guantitatively. Any herbicide which demonstrated soi;.
activity (see page 200) could be re-applied as soon
as any striga re-emerged, The emerged striga would
be pulled out, In this way the number and frequency

of the applications of a soil active dosage would be
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declded mainly by the persistence of the herbicide,
Under this herbicide regime, the interplot variatlon
in stpriga infestation would have small effect on
sorghum growih because herbicidal control would ensure
that there would be few active strigas present except
Just before re-emergence.

The wvariation would still affect sorghum growth
before herbicide application commenced and a method
of estimatling and adjusting foxr the variation would

be required.

At harvest the yield of dry matter and grain
(1if any)} would be compared with the yields from a
control treatment receiving no herbicldes from which

all emerged striga would be pulled weekly,

The repeated application of non-selective
herbicides would produce dead or damaged sorghum
plants at harvest, A ranking analysis similar to
that used for pot tests could then be used to measure

treatment effects on sorghum vigour and maturity,
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The interpretation of these results in the absence
of emerged striga would be comparatively simple, A
Inegative deviation from the control weuld indicate
that the applied treatment was toxic to the sorghum,
- A positive deviation wonld indicate that the applied
. treatment was selactively soil active. The intensity
of the activity would be assessed by comparing the
deviation with the deviation produced by a herbicide
of known activity in the same experiment,

Conclusion

h, Future field screéening should be performed
at herbicide deaages and frequencies needed to prevent

striga emergence completely,

(b} Soil activity against striga

i, A standard soil application for Stage IJ teating

The herbicides which were Stage II tested in gran-
ular formulation in 1968 are discussed in Chapter 8,
It is clear that, though there is scope for increasing
their effect by alterations in dosage and timing of
applications, none of these materials provides a prac-
tical answer to the problem of profitable striga

control with a single application, The us=e of 69 ib,
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of fertiliser N and U6 1b, of fertiliser P did give
_yield increases which were profitable in some areas
and reduced striga almost as much ag the best herbi-
cide, Thia treatment will therefore be unsed as a
field standard for future comparisons with herbicides
in straight crop tall sorghum, There is no evidence
that this application has genuine herbicidal effects
or that it would reduce striga in widely spaced sor-
ghum growing in mixed crop, The reduction in striga
which occurred in the 1968 tolerance of sorghum inter=-
crops trials was at a much higher sorghum stand than
is usual in farmers' mixed crops,

Conelusion

15, An application of 69 1lb, of fertiliser N
and 46 1b, of fertiliser P per acre could be used as
a standard for comparisons with soil applied herbicides
in straight crop tall sorghum,.

1i. The completion of the testing process in
Stage TT

Before the testing of the granular herbicides now

in Stage II ceases, the dosages and frequencies of
application of the most selective materials which com-
pletely suppress striga emergence will be determined.
The cost of eradicétion by s2o0il application will then

be calculated,
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iii, The prospect for profitable striga control

A considerable number of selective herbicides
await Stage II testing in granular formulation
Amongst these, nitralin, pyrazon and tri-allate all
seem to be much more active against striga than the
materials tested earlier, Tri-allate is an interest-
ing example of a material which was more active in the
field than was indicated by the pot tests, This is
probably because it required incorporation when applied
as a spray. These more active herbicides can give
the same control of striga at lower dosages than the
materials tested in 1968, The possibility of profit-
able herbicidal control will therefore be increased
providing that the selectivity ratios are not

markedly lower,

iv. Methods of application

The method of applying herbicide granules by hand
broardcasting has proved satisfactory and may be ex-
pected to give goond control from a single application
when more active herbicides are used., Owing to the
variations in the application rate which occur with
this method (see Appendix 15), it is unlikely that

complete control of emergence would ever be obtained
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with a single application of herbicide granules.
Multiple applications would almost certainly be nece-~
ssary to produce the even herbicide cover which would
be required,

v, The best time for herbicide application

The 1limited information so far available (Chaper
B, page 167) has confirmed the findings of Wilson~
Jones (1952, 1953 and 1956) that a 2,4-D herbicide

" gpplication shortly after sowing gave better grain
yields and better striga control than a pre~sowing
epplication, Later applications further increased
the yield at Samaru (Chapter 8, page 164) or gave
yields of the same order as the post~sowing applica=
tions in the States experiment, The later applica-
tion markedly reduced the weight of striga at harvest
at Samaru but apparently inecreased it in the States
experiment, There are reasons Tor believing that
this result was misleading (page 168),

The only evidence for the best time of application
of residual herbicides was provided by the 1968 gran-~
ules experiment at Samaru, The application at
thinning time gave a slightly higher yield than the

pre~sowing application (page 171) but this difference
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was reversed if the ineffective herbicides fenuron and
.promatryne were axcluded from the calculation. The
vields were then 718 and 642 1b. of sorghum grain per
acre at the pre-sowing and thinning time applications
respectively. Three out of the five effective herb-

- dicides produced small inoreases and the remainder small
decreases when applied pre-sowing. It appears that

~ there was no marked advantage for either time of
application.

Bearing in mind the considerable proportional
yield increases obtained by contreolling strigs only
after emergence (page 191), with foliar application
it seems probable thail similar increases could be 0ba
tained with late applications of soil active herbicides,
These would also be active for a greater proportion
of the period of striga emergence than applications
made pre~sowing or at thinning.

vi. The value of general weed controil

Materials like atragine which appear only to be
active against striga at dosages high enough to give
general weed control could be applied pre-=sowing to
take advantage of the early general weed control,

Very few Nigerian hand farmers would be prepared to
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spend the £6 per acre which this would cost at éurrent
prices, even though the combined effects of the app-
lication might be profitable,.

In contrast, trie-allate appears to bhe toxic to
- sorghum when applied in the seedhed at normal general
‘ weed control dosages (see page 256) but is selectively
active against striga at low dosages (see page 14%4)
when applied after striga emergence,

This material and others like it will probably

be applied when the gtriga infestation first becomes

evident, This will either be when striga first emer-
zes or when clear foliar symptoms develop, (See
Appendix 1, b). It is anticipated that Nigerian
farmers would be prepared to pay the rather smaller
cost of applying a low dosage of an active herbicide
to rescue their crop,

Conclusion

16, S0il active herbicides should he tested in
Stage I1 by applying them in granular formulation at
the tinme of first striga emergernce.

(¢} Selective contagt herbicides for the control of
emaersed strigpa in mixed crops

i; Ametryne
At 0,2 # ametryne appears toc be tolerated by
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groundnuts and cowpeas without visible damage, It
has a low mammalian toxicity, low volatility and
generally good storage properties &s a dry powder
formulation, The period of persistence in the soil
at the dosage applied seems to be ol the order of two
weeks at Samaru, Judging by the periodicity of striga
emergence at Samaru in -1968, (See Table 3, Appendix 7)
There is therefore little or no danger of residual
toxicity from this material, The characteristics of
this herbicide are so outstanding when it is used as
& foliar spray that it was nominated for Stage IIT
testing in 1969, even though its effects on the yield
of all the common mixed crops have not yet been fully
tested.

ii. Other contact active herbicides

Several of the other materlials which were applied
in the 1968 sprays experiment controlled striga well
but are not sultable for application by hand farmers
on mixed crops,

The 2,4«D group herbicides are too toxic to mammals
and some common mixed crops, Seeds and fertilisers
stored in farmers'! huts are easily contaminated by

vapour and leakage from containers of these herbicides,
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Diquat and paraquat not only damage other crops
but are hazardous if absorbed through the skin or in-
haled, They would be suitable for estate use in pure
stand,

Linuron, monuron and atrazine are all materials
which are contact active and may be of use in certain
crop mixtures where ametryne causes damage. Their
gelectivity and activity might be improved by additives,
As an example, an atrazine-oil emulsion has heen
received for test at Samaru,

 Conclusion

17. Enough herbicides have been shown to possess
contact activity against striga to suggest that a
suitable one should be available for use with any of
the main crop mixtures grown in the savanna ares,

(e) Evidence for stimulation of striga emergence by
a herbicide formulation

A subsidiaxry objective of this project was to
identify herbicldes which stimmlated striga emergence,

1. Pot test observations

A commercial formulation containing noruron (Nt=
{hexahydro-4,7-methancidan-5-yl)=NN~dimethylurea) 15%

a,i, and DSMA {disodium methanearsonate) 45% was tested
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in potes for striga control and was classed as moderately
selective, It was noticed that an unusually large
numiber of striga seedlings emerged in this treatment,
moat of which died shertly after emergsnce.

ii, Minilog field observations

The formulation was tested in the field in the
combined minilog screening test 1969 (see Appendix
section 3), In the field, the formulation showed medi-
ocre centact and soil activity but an unusual pattern
of striga emergence was observed, As can be =een in
Graph Iy, both moruron=DSMA and noruron alone produced
the highest total emergence hetween dosages of 4,0 to
0.3 # .

In contrast, a persistent so0il active material
like chloretin-pyridazone in a plot adjacent teo
noruron-~-DSMA suppressed emergence at these dosages and
the emergence only increased below a dosage of 0,3 # .

ijii, PEvidence from the 1969 contact applications
expeyiment

The formulation was also included in the 1969
contact sprays experiment, The full results of this
experiment were available too late for inclusion in
this thesis but some of the results obtained up to

30,10.196% appear to support the proposition that the
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noruron-DSMA formulation at least produced a real
increase in striga emergence.

Table 37: 19069 contact aprays axpariment

Estimated number of tgresn and turgid' striga stems
(10008 /acre) treated each week by spot spraying at a
dosage of 0,1 # .

Traeatment name 10,9.69 2.10.69 30.,10,69 Weekly

naan
Untreated 14,9 18,2 5.3 1342
Hand pulled 20,9 10,41 16,2 14,8
Noruron 15,5 16,8 2.4 12,9
Noruron-DSMA 20,0 7042 24,7 46,5
Ametyyne _ 24,7 4.8 1.0 9.1
S.E, diff, +15.21  £19,40 +8,60 112,21

Herbicide applications were started on 10,9,1969,
at which date noxruron-DSMA had a total emergence of the.
same order as the other treatments in the table,
Three weeks later (2.10,1969) the number of striga
plants was three and a half times the original emergence,
while the striga numbers on the other treatments had
changed little or had dropped considerably. Even by

30,.10,1969, when the number of green and turgid striga

Y

>



216

nt was still aver

n-DSMA treatme
en higher than the popu-~

was gtill in-

plants on the norura
r times a8 nighy and was €V

e hand pulled which

fou
plots,

1ation or th
g at this date.

ereasin
ne did not ap

peart to stimu

- Noruyon alo
nst the gtrigas.

¥ active agal
efore suggest

ate emergence,

nd wap mildl
s that

emergence a
a avidence ther

The availabl
n mwight stimul

mponent whic

so at dosage

and

DSMA is the c¢©
s between 4,0

yuron way do

though no
0.3 # » |
The gtimulating range OFf dosage jpaicated by the
p the total dosage

plots could easily overla
n the sprays

miniloé.
arged striga 1

1 areas of em
nce was 3¢ rapid

plied to smal
put the incre
ely that the

ap
ase in emerge

experiment
jcation

£ 18 MOTE 1lik method of appl
stimulating e

cation would b if

that 1
ffect.
ivity

'ncreased the
avour the act

i
contact appli
contact

The
activated by

h is rapidly in

1968). It seem
gence by DSMA

he DSMA whic

alm et aly

of t
s likely there-

with soil (P
pocours

1ation of emel

in emerged striga plants

that any stima

fore,
either through translocation
h translocation in the hosts '

or throug
a real

purther work is required to confirm that



217

gtimulation is produced by the noruron-DSMA formulation,
A considerable advance in control methods should then
be possible, If the stimumlation only ocecurs in the
presence of a susceptible host plant, the efficiency
of a contact active herbiclde could be increased by
combining it with the noruron-DSMA Tormilation so that
a larger number of striga would bhe exposed to the
contact spray during the croppling season,

Stimulation which eccurred in the absence of a
susceptible host would permit the rapid eradication
of striga by inducing all the viable seeds to germinate

abortively,
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CHAPTER 11

SUMMARY AND CONCLUSIONS

The economic and social importance of striga
infestation was described in Chapter 1, showing that
the discovery of a selective soil acting herbicide
to control it would pe a Tundamental advance.

The literature was roviewed in Chapters 2 and 3.
Many publications about the physiology off this para-
site were cited. Suggested methods of.controlling
it with catch crops oOr trap crops were referred to
but only the phenoxy-acetic acid group of herbicides
have been thoroughly tested for chemical control,
Thesé herbicides were shown to be unsuitable for use
by unsophisticated farmers.,

Tbe research objectives were listed in Chapter 3
as.fdlléwsa

Objective 1

To identify soil acting herbicldes for pre-
emergent controcl of striga in mixed crops.

Objective 2

To search for gelective contact herhicides for

the contrel of emerged striga in mixed crops.
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Obiective 3

To develop simple methods of applicatiaon,

Objective 4

To identify herbicideswhich promote striga

emergence .,

Three stages were defined for developing a new
.herbicidé practice;

Stage T
The detection of desirable aectivity in a herbicide,.

Stage IT.

Evaluation in the environment,

Stage ITT

The development of a practicable recommendation,

Obsefvatiohs in Stage I, Objectives 1 and 2

The selectivity of 60 herbicides was determined
in pot tests and others were partially tested,
Tnocontrollable variahility made it necesgary tﬁ
develop complicated methods of assessment, Selective
activity against striga was observed in 11 chemical
groups of herbicides,

Screening tests using the minilog sprayer were

also performed in the field, The large well replicatad
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noriuron~DSMA formulation at least produced a weal
increase in striga emergence,

Table 37: 1969 contact sprays experiment

Estimated mumber of tgreen and turgid' striga stems
{(10008/acre) treated each week by spot spraying at a

dosage of 0,1 # .

Treatment name 100,69 2.10,69 30.,10.6 Weekly
mesn
Untreated | 14,9 18,2 5.3 | 13.2
Hand pulled 20,9 10,1 16.2 / 14,8
Noruron | 1545 16,8 2.0 12,9
Noruron-DSMA 20,0 70«2 24,7 | ké,5
Ametryne 24,7 h.8 1.0 G,
S,E, 4iff, +£15.21  £19,40 +8.60 12,21

|

Herbicide applications were started on 10.9,1969,
at which date noruron«DSMA had a total emergence of the‘
same order as the other treatments in the &able.
Three weeks later (2.10,1969) the number of striga
plants was three and a half times the origInal emergence,
while the striga numbers on the other treatments had
changed little or had dropped considerably, Even by

30.10.,1969, when the number of green and turgid striga
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I

plants on the noruvron=DSMA treatmeht was still over
four times éa high, and was even higher than the popu-
lation on the hand pulled plots, which was siill in-
creasing at this date.

Noruron alone did not appear to stimullte
emergence and was mildly active against fhe striga.
| The available evidence therefore suggeits that
ﬁSMA is the component which might stimulate;emergence,
though noruron may do so at dosages between 4,0 and .
0.3 #. |

The stimulating range of dosage indicated by the
ninilog plots could easily overlap the tot@l dosage
applled to small areas of emerged ztriga iﬁ the sprays
experiment b;t the increase in emergence wés so rapid
that it is more likely that the method of ppplication
increased the stimulating effect,

The contact application would favour the activity
of the DSMA which is rapidly inactivated bWy contact
with soil {Palm et al, 1968), It seems likely there~
fore, that any stimulation of emergence bf DSMA ocours
either through translocation in emerged striga plants
or through translocaticon in the host,

[ad

Further work is required to confirm that a veal
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stimulation is produced by the noruron-DSMA formulation.
A consideraﬁie advance in control methods should then
be possible, If the stimalation only oceurs in the
presence of a susceptible host plant, the ef%iciency
of a contact active herbicide could be increased by
combining it with the noruron-DSMA formulatijon so that
a larger number of striga would be exposed to the
contact spray during the cropping scason. J
Stimulation which occurred in the ahsence of a
susceptible host would permit the rapid eradication
of satriga by inducing all the viable seeds fto germinate

abortively.
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CHAPTER 11

SUMMARY AND CONCLUSIONS

The economic and social importance of st&iga
infestation was described in Chapter 1, showing that
f
the discovery of a selective s0il acting her?icide

to control it would be z Tundamental advance

[
The literature was veviewed in Chapters; 2 and 3,

Many publications about the physioclogy of t;is pariw
site were cited, Suggested methods of conzrolling
it with catch crops or trap crops were refe?red to

but only the phenoxy~acetic acid group of zirbicides

have been thoroughly tested for chemical control,

i
These herbicides were shown to be unsuitable for use
by unsaphisticated farmers.
The research objectives were listed in Chapter 3

as Follows:

Ohjective 1

To identify seil acting herbicides for pre-
emergent control of striga in mixed crops'

Objective 2

To search for selective contact herbicides for

the control of emerged stiriga in mixed crops.
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Objective 3

To develop simple methods of application.

Objective 4

To identify herbicideswhich promote striga

emMergence .,

Three stages were defined for developing a new
herhicide practice:

Stage T

The detection of desirable activity in a helbicide.

Stage IT

Evaluation in the environment,

Stage IIT

The development of a practicable recommendation,

Obserﬁﬂtions in Stage I, Objectives 1 and

The selectivity of 60 herbicides was qetermined
in pot tests and others were partially tested.
Uncontrollable variability made it necessary to
develop complicated methods of assessment, Selective
activity against striga was observed in 11 chemical
groups of herbicides, ' {

Screening tests using the minilog sprayer were

also performed in the field, The large Jell replicated

A
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tests in 1967 and 1968 were not very informative
becaunse of variability in striga emergence. This
difficulty was overcome in 1969 by applying the herbi=-
cide after the presence of striga had been proved DY
emergence.

Results were reported for 20 herbicides screened
in 1967, 30 acreenad in 1968, and 42 screemed in 1969,

The results from the field tests generally con=
firmed the indications of the pot tests.

A preliminary test in 1067 showed that 12 out of
25 herbicides killed striga DY contact at dosages of
0.3 # or less. several of the active herbicides
were raported to be tolerated by crops commonly grown

in mixture with sorghun,

Abstract of conclusions jn Stage I

—_—

1. The pot tests were a gsatislactory pfimavy
sereen for detecting selective activity against atriga.
2, The use of a parameter based on objective
ranks gave a good measure of herbicidal activity.
3, Future development of the pot test method
should measure the dosage of herbicide completely
ling

control /striga emergence.

4, Striga control by repealed spot spraying



was potentially possible in crop mixtures,

5. Selective activity against Striga hermontheca

occurs in many chemical groups of herhbicides,

Observations in Stage J1I, Objective 1

At Samaru, 92 and 138 1b, of fertiliser N applied
to tall sole crop sorghum at thinning time decreased
striga and gave relatively large increases in grain
yield per unit N as compared with 40 1b, fertiliser N
in 1968, The same high rates of fertiliser N per
acre failed to decrease striga in dwarf sole crop
sorghum in 1969,

69 1b, of fertiliser N applied to tall sole crop
sorghum at thinning time in two series of experiments
in the States gave marginally profitable grain yield
increases and reduced striga,

At Samaru and in the States in 1967 and 1968,
granular formilations containing 2,4-D at 1 # reduced
striga and gave some yield increases, There were
indications that 2,4<D applied at sowing and thinning
time damaged sorghum more than applications after
striga emergence.,

Other soil acting herbicides applied in granular
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formulation in 1968 increased sorghum yields and
raduced the above ground growth of striga. ;

None of the yield increases were profitable,
No testing of gramilar formulations was donf in
mixed crops, _ . /
o This type of control is potentially profitable

i

when more active herbicides are discoveredJ

Abgtract of conclusions in Stage IYT, Objective 1

&, The evidence supports the view th?.t the
reduction of striga by high fertiliser N a%plications_
is mainly due to the interception of light by the croﬁs.

7¢ Seoil applied striga control treatmenis of
. fertiliser or 2,4-D granules gave increasls in yield
of grain but no effective reduction of striga, *Pra~
sowing" was not fhe best time of application of 2,4-D,

| 8. At Samaru, residues of granular 'striga
control herbicides were not harmful to following crops.

9. Single applications of soil active granular

herbicides increased sorghum grain yieldé but did not

prevent striga emergehce.

Observations in Stage II, Oblective 2

| .
In stralght crep sorghum, the herbiclde ametryne
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was outstandingly active against striga in 1968,

10 weekly spot spraved applications totalling 0.252 #{
reduced striga emergence from 28.3 to 19.4 thousand
per acre and killed all emerged striga. |

A profitable yield inerease of 453 1b, of gfain
per acre was obtained.,

The herbicides monurcon, linuron, and atrazine
were also active and may be useful in crop mixtures
containing crops which are damaged by ametryne.

Contact applications of monuron and Qtrazine at
0,5 # did not significantly lowerx yieldaiof cowpeas
or groundnuts in two States expefimenta in 1968,

No toxieity symptoms were observed féom a late

season contact application of ametryne at 0.2 # on

cowpeas, groundnuts and sweet potatoes in 1967,
|

Abstract of concliuaions in Stase IT, Objective 2

10. Weekly contact herbicide applications werse
a technically soumd method of striga control,
11. Profitable grain responses were cdoltained

from ametryne and other contact herbicidé treatments,

Objective 1

The manual application of granules used in
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Stage TIT is suitable for use by hand farmers.
The spot spraying technique used in Stage II is
technically sudtable for use by hand farmerL.

No other work was necessary for this objective,

Observations in Stage I, Objective 4

A noruron-DSMA formulation produced abnermally
high numbers of emerged striga in pot tests. In
mindlog screening plots the emergence was greatest
at dosages between 4,0 and 0,3 # .

ITn 1969 noruron-DSMA spot-sprayed produced hé6,5
thousand styriga emergence per acre as compared with

an tuntreated! wvalue of 13.2 thousand.

The available evidence indicates thatl the DSMA
component of the formulation is most active in

promoting emergences,

Abstract of conclusions in the final discussion

12, In any primary screening test it is
desirable that the presence of striga be confirmed
by emergence before a herbicide is applieﬁ.

13. In future field screening tests the herbi-
cides should be tested at three constant dosages

instead of in minilog plots,



1%, Future field screening should be performed
at hervhicide dosages and frequencies needed to prevent
strign emergence completely,

15. An opplication of 6% 1b, of Tertiliser N
and 4G 1b, of fertiliser P per acre shounld be used as
a standard for comparisons with soil applied herbicides
in straight crop tall sorghum.

16, Soil active herbicides should be tested in
Stage I1 by applying them in granular Tormmlation at
the time of first striga emergence,

17. Striga control by contact herbicides shonld

be possible Ln any common savanna crop mixture,
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APPENDIX 1

striga hermomtheca in BKorthern Nigeria.

Batanical Observations on striga hermontheca in Northern

Nigeria. ' - .‘”

a, The botanical jgentification of striga 8sp, growing

ﬁarasiticallx in sorghum fields at Samaru
1. Collection of specimens _ - ».

Specimens were collected during September and

Dctober in 1966, 1967 and 1968, |

The overwhelming majority of the!biaﬁfs sppoared
to be Striga hermontheca but because of the extreme
variability of this species, not all specimens agreed
completely with the flore descriptions.

Two other parasitic members of %the family Scroph-

ulariaceae were found in mo st sorghum fields. These

were the white flowered Strigae biiabiata sub species

rowlandii and the mauve flowered Buchnera hispida.

Buch-Ham, ex D. Dan Prod, Fl. ¥epal 1.91 (1925) (engl)
Hepper in Kew Bull., 143411 (1960}, ‘

ii. Identification of Striga hermentheca, 8. bila-

biata and Buchnera hispide using the Flora of

West Tropical Africa. ‘

1, The flowers were no? spurred.
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24 The lower leaves weTe opposite

3. Phere were four gstamens. This was often
gifficult to see but could be confirmed because
none of the two stamened tribes agreed with the
rest of tae description

da The leaves WeIe not radicel

5e The calyx lobes gere equal

6, The stamens were inserted in the corolla tube

Te The leaves were entire

8, Phe anthers wele 1-celled. The plante dried
dark and were parasitic ‘i

.9. Phe calyx teeth wele not woolly inside

| Phe sequence identified Siriga 8Pe: Rhamphicarpa
8p., Buchoera SP. or Cycnium sﬁ. SRR

IO; Phe long corolla tube was curved in the middle
and the lobes were unequal "
This sequence identified Striga 8p.
g, Hermontheca
1., The calyx was D ribbed
24 The indumentum of the stems was erect and
scabrid.

3. The corolla-tube was glabrous in most cases

though some slightly pubescent specimens WeTe



4o

228

Baen, At Samaru the flowers were usually
opposite or sub-opposite, The Plora statea
that these are alternate, The stems were
square but not sharply angular. The leaf-
bases were not decurrent, %

The bracts were lanceolate-elliptic usually
with acuminate tips. The shape of the bract
appears to be a very important distinguishing
feature of this gpecies, The bracts were
¢iliate on the margin. According %o the Flora
the bracis may also be ciliate on the putside
of the midribd but this was not observed, The
length of the bract varied from about 5 mm, to
15 mm. &t Samaru and was not a good recognition
feature, The leaves were linesar, scabrid and

very wariable in length,

The tips were usually obtuse.J
Yery cousiderable variations in the compactness
of the inflorescence were observed at Samaru.
Plants were seen to flower when only 5 om. high
while some vigoreoug specimens were over 40 cm,

high before the first floweX opened. The

plant dried bluish black, There are several
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local specimens in the Samaru herbarium,

The flower colour varied from bright pink to a
more bluish tint in older or wmoribund plants,

It is doubtful whether there are strains with

characteristic differences in flower colour,

S, bilabiata, subsp. rowlandii,

1.

2.

3

4.

Se

The calyx was 5-ribbed

The indumentum of the stem was erect and the
stems were scabrid, ‘

The corolla tube was tomentose, (This elim-
inated §, aspera] [

The hracts were linear lanceolate, not acuminate
and not imbricate,

The stems were square,. The Flora deascribes

it as being 'sharply angular' but only one out
of three specimens had this charactveristio,

The leaf bases were decurrent, This was &

good ﬁistinguishing feature of the species.

The leaves were linear with acute tips. They
were usually less than the 5.5cm. maximum length
given by the Flora. The plant dried greenish
black, 1t has prewiously been reported from

the area but there are no herbarium specimens,
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The flower colour of this species ocan be mauve,

pink or white. Only white flowered speciemns

were observed at Samaru. f

s e e i et R

of West Tropical Africa

The corolla tube was straight |

The fruits were straight and ellipscid,. The
calyx was tubular

The corolla was small and always about 5 mm,
long with subequal lobes, The fruits were drf

and dehiscent,

This sequence identified Buchnera sp,

Buchuera hispida

1.

2,

Je

4.
5

The gpikes were elongate

The leaves weXrse linear-lanceoiate

Phe plant was hispid, The calyx wag densely
hispid. The Flora states that the corolla
tube is sparsely villous outside but at Samarw
it was usually glabrous i

The leaves were coarsely dentate

TPhe flowers were mauve and the plant'dried black,

This éequence confirmed the identification of

Buchners hispida, There are saeveral local specimens
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in the Sama»u herbarium,
lv. Other Strige spp. which have been collected in

the Samgeru-Zaria area

S. _brachycalyx. It is recorded in the Ploxrse

and there is a local specimen in the Samaru herbarium,

Ss macrantha. Thexre is a local herbarium

specimen but %the species is not recorded froum the area
in the Flora. ) |

S._aspera. It is recorded inlthe Flora but
there is no local 5pe¢imen. o {

S, papsargei. It is recorded in the Flor#
but there is no local sgpecimen, j'

None of these species was collected during the

current investighations,

v.' Other host plants,

Strigs hermontheca and Buchnera hispide were

also observed growing parasitically on grasses in

fallow land. The S. hermontheca planis were usuwally

much reduced in size and often less than 10 om, high at
flowering. B, hispida usually grew to its normal slze
o fallow land. S0 far it has not been possible to

distinguish which grasses were the sugceptible hosts,
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with S, hermonthca and no sub-spesies of this name is

recognised by the 1963 ediftion of the Flora of West
Tropical Africa,

b. A Note on the foliar sympioms caused by siriga

infestation of sorghum and maize.

These symptoms were described to the writer by
Curtis (1966). A text with coloured photographs of
the symptoms was prepared for publication by him at
this time, but does not appear to have been published
yet. The texi is not availabdle at Samaru at the moment
and the following description is baged on the writer's
own observations,
Stage I

Pale green 'blotcheﬁ' appear on the older leaf
laminae, They usually appear at about two thirds
of the length toward the tips, Curtis said that they
were usually olose to the mid-rid when they first
started to develop but this has not been observed con
the susceptible varieties B57 and Al89. In thege, the
bPlotches are fairly svenly spaced over the whole aurface
of the leaf, Though the earliest stages of development
are not easy %o spot in the field they are very charact-

eristic and difficult o confuse with any other foliax
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symptome once they have beconme familiar to an observer,
The blotches are not sharp edged and are usually about
three times as long as they are broagd, Tnlike most
deficiency symptoms the whole leaf does not change
colour nor are the veins made more prominent by devel-
oping different colour from the rest of the leaf sur-
face, This stage of the syuptoms can appear as early
as twenty days after sowing, on the susceptidle varieties
growing in pots in a greenhouse. On variety Al89 they
were ohserved three weeks before striga emergence but
on variety BB57 they developed ag much as eight weeks
before emergence of striga. Qn resistant or tolerant
local Nigerian varieties in the field the syuptoms nay
net appear until after striga emergence but almost
always develop within the week before or after the
emergence,

Stage II

The tip of an affected leaf becomes necrotic
(Curtis called this 'tip-burn') shortly after striga
emergence and this is followed by the rapid development
of neorotic strips down the edges of the leaf starting
from near the tip but offen not initially connected to

the area of fthe tip burn. In the field, strips of



234

necrotic material may develop next 1o thé midrib.. The
blotching on the remainder of the leaf surface becomes
more intense until eventually the whole leaf appears to
have changed colour, Usually three or four leaves
will show some symptoms in a badly affected plant,
Stage IIT

Eventually the whole plant hécomes covared with.
chlerotic blofches and necrotic strips, The speed at
which the finsl stage of the gymptoms develops depends
on the severiiy of the striga sttack and the tolerancs
of the sorghum variety, Though growih may be severely
stunted by sirige parasitism without emergence the mosi
severe symptoms only develop if the strigae eumerges and :
is allowed to grow undisturbed. A badly attacked
soTghum plant is unable o produce an Inflorescence

or seed.,
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APPENDIX 2
. w
List of plants ﬂhose root exudates cause the germine

ation of Strigs hermontheca seed |

|

. Dhis list is hased om a 1igt in USDA (1357). A
very large number‘of Gramineae are quoted in the table
but only those commonly occurring in northern Nigeria

are included here, }

Gramineae : ' Authority Ho st
- ' _— : status
Cenchrus'biflorus Roxb Wilson-Jones (195?) )11

Cynodon dactylon {Linn) . |
Pers N Andrews (1945) H
Digitaria exilis (Kippiest) ' ’
‘ Stapt - Porteres  (1948) 4
Echinochloa colonum {Linn) { - |
Link _ Wilson-Jones (1957) K

Il

Eleusine coracans (Linn) |

Gaertn, - Wilson-Jones (1957) H
Oryza glaberrima Steud. Porteres (1948) B
Oryzae sativa Linn, Andrevs (1945) B
Paspalum orbiculare Forst, Andrews {1945) E
Pennisetum $typhoideun, Andrews {1945) E

H

Sasccharum officinarum Linn, Wilson-Jonea (1957)



Sorghum erundinaceun (Des¥y)

Stapt.
S, sudanense
S« vulgare
Zea nays
Legumino 888
Arachis hypogaea L.
Cajanus cajan Millspe.
Cassia ashrek, Forsk
C¢icer arietinum L.
Crotalaria Jjuncea L.
Dolichos lab-lab L.
Glycine max (L.) Merr.
Lupinus terai Forskd
Medicago sativa Linn.
Phaseolus vulgaris Linn,
pioum sativum Linn.
Vicia faba Linn.
Vigna unguiculata Walp.
other families

v

Cucumis melis L.

Gossypium barbadense Linua

Gossypium hirsutum Linn,

Wilson-Jones (1957)

wilson-ioneé (1957)

Andrevsn

Andrews

Andrews
Andrews
Andrews
Andrews
Andrews
Andrewa
Andrews
Andrews
Andrews
Andrews
Andrews
Andrews

Andrews

Andrews

Andrews

Doggetd i

(1945)
(1945)

(1945)
(1945)
(1945)
(1945)
(1945)
(1945)
(1945)
(1945)
(1945)
(1945)
(1945)
(1945)
(1945)

{1945)
(1945)
(1954a)
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|

Eelianthus annuus Liaxn, Andrews | (1945) I

Linum usitatissimum Sunderland (1960) I

Ho st Status

'H' o (Host) indicates that Stiriga hermontheca is

feported to parasitise the species and to develop
fertile seed, ;

15" = (Susceptible) indicates that Striga hermontheca

is known to parasitise the species and reduce its
vegetative vigour but has not been observed to develop
aerial stems or fertile seed. |

1! o (Immune) indicates that though Striga hermontheca

is stimulated to germinate it is unable to parasitise

the species.
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APPENDIX 3 !
i
Striga Pot Tests. Experimental Instructions

Object
' To measure the toxioity of herbicides %o sorghum
and striga when %the herbicides are applied post-emergent

to the sorghum and pre-emergent to the striga,

|

DBBigE f
Triple square lattice of 16 treatments and 48

pots. f

Procedure f
Weigh 11 Xg. of soil into 48 polythene bags
18" x 12" uging transparent polythene bags with drainage
hoies. aad 2 l. of water over night, Sow 5 seeds of
sorghum variety Al89 on to the soil surface, Press the
seed firmly into the s0il and Just cover with dry soil.
Sub-irrigate immediately. One week afler sorghum
emergence thin the soxghum to one plant per pot, Then
sow a 'pinch' (enough to cover a penny) of the oldest
available prévenance of striga seed round the base of
the sorghum plant. Cover the striga xery lighily with
fine soil. P

When striga foliar symptoms are observedf or the

4 This normally ccourred two weeks after strige application.
f

|
|
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first striga emergence occurs the pots ghould be ranked
in order of size of gsorghum plant, numbéred and arranged
in experimental order. Phe herbicides should be app-
lied to a sub-block in 140 ml of water as & soil drench
whenewer foliar symploms oT striga emergence are ob-
gerved in 1t. i
The experiment should be terminated when at

least one serghum plant has neadod and one striga plant
has flowered, 411 sub-blocks should grow foT the same
period after treatment.
Qbgervation

1, Germination date of each pot.

2. Treatment date of each sub~-block.

3. Note for each pot the sbtate of the sorghum and

striga plents every week on Monday.

state Sorghum gtriga
Dead or absent | D -
4 Strigs symptoms N.&e _ 4
Vegetative  J i : §
Head visible : . . n.a.
Flowering | lpl

4. At termination, determine the total serial

D.W. of sorghum
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Se At termination, determine the total aerial D.W.

of striga

6, On pots with striga state " - " only.

Wash

cut the roots %o confirm the piesence or absence

of striga. i
T» Group photograph of median pots in each
treatment.

Somment

The potting soll was obtained from a high fertility

plot of a long term cotton experiment. This en
low natural striga infestation and permitted bet

early growth of the sorghum plants.

sured a

ter
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APPENDIX 5,

Specimens of Computer output

(1) Computer output.

Ranking coefficients

PROGRAM PARB (PROGRAMMER J. 0GBORN)

EXPERTMENT No,AM2(67)R68 PT 18

AM2(67)R68 PTL8 LOG 10 TR. RANKITS

DATA VALUES

~0.030 -0.240 =0.340

~-1.3l0 -0.580 0.2J70
1.090 1,440 -1.840
0.640 ~1.610 0.460
0,240 0.130 -0.920
ANALYSI S OF VARIANCE

REPLI CATIONS
TREATNMENTS

BLOCKS

EFFECTIVE ERROR

0.840
0.180
1.840
0.080

-0.840

RANDOMI SED BLOCKS ERROR

CONVERSION FACTOR = 1.,0000

RANKED ADJUSTED TREATMENTS

NUMBER
11
2

0.520
-0.770
-0.290

-OITOO

2l

30

MEAN
1.1900
0.9367

0. 340
0. 580
“1- 44’0

1.000

S. 5.
2.8594
17.0971
4.7539
21.4483
26,2023

276

'10190
1.090
-1.090

0.400

0.528215
1.021350

0.873409
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NUMBER MEAN
14 0.7233
| 0.5533
i ! 0.4367
15 0.1200
2 -0.0333
6 -0.0600
4 -0.0900
8 -0.2300
2 -0.2400
3 -0.4267
16 -0.5433
12 -0.54617
10 -0.7333
13 -0.9667

EPFECTIVE ERROR OF DIFFERENCE OF 2 MEANS
IN SAME BLOCK 4- 0.825167

IN DI PFERENT BLOCKS 4-  0.825167

(AS RANDOMISED BLOCKS) 4- 0.763068

EPFICIENCY = 83.4 PER CENT.






