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ABSTRACT. The effects of nitrogen fertilizers on the growth of Sorghum vulgare
(Pers) and Striga hermonthica (Benth) were investigated in relation to parasitism.
Addition of nitrogen fertilizers resulted in an increase in the growth of both infected
and non-infected Sorghum plants. Application of either complete nutrient solutions
or ammonium sulphate solutions to plants with split-root systems resulted in an
increase in the growth of the root system which received high concentrations of the
fertilizers compared to the other half of the root system which received only water.
The shoot weights of the plants increased whether the fertilizer solution was added to
one half of the root system or shared between the two halves, and also with or
without infection. The number of Striga plants that emerged per pot was
substantially reduced with increase of fertilizer especially by early application.
Measurements of the plant growth promoting substances as “gibberelic acid or
kinetin equivalents” in the xylem exudates of Sorghum vulgare revealed an increase
in the concentration of both growth substances whether the plant was infected or
non-infected with Striga hermonthica. These findings together with the more
vigorous growth of Sorghum plants and the suppression of the growth of the Striga
plants with the addition of nitrogen fertilizers are discussed and the usefulness of
nitrogen fertilizers for control of Striga hermonthica parasitism confirmed.

The family scrophulariaceae includes both facultative and obligate parasites and 26
genera are known to be root parasites. Among the obligate parasites, the genus
Striga is well known as the most serious root parasite. The economical importance
of this parasite is due to its ability to parasitize a wide range of cereal crops and
more than 60 other plant species belonging to the family gramineae including sugar

cane and many wild grasses. Moreover, parasitism on plants other than grasses has
also been observed (Andrews 1947).
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The life history of the genus Striga is best known for S. asiatica described by
Saunders (1933). Initially the seeds require an after repening period varying from a
few month to several years depending on the range of temperature and humidity
during storage. Also a pretreatment period of at least two weeks in presence of a
stimulant exuded from young roots of host plants also are essential (Saunders 1933,
Williams 1961a).

Vallance in 1950 reported that addition of the germination stimulant to
pretreated Striga seeds increased their respiration rate and metabolism of proteins.
The addition of germination stimulant tc air dry seeds, on the other hand,
increased metabolism of sugars but no germination occured. Williams 1961c, 1961b
suggested that a kinin like substance which stimulated both germination and
morphogenesis of Striga seedlings was present in the exudate.

Cook et al. in 1972 used ray crystallography to determine the structure of the
stimulant and named it “Strigol”. Mc-Alpine et al. (1976), Dolby and Hanson
(1976) and Johnson et al. (1976) working independently prepared a variety of
simpler compounds from the strigol structure. These chemical compounds were
used to control the parasite by promotion of seed germination in the absence of
host roots. The seedlings without a host eventually died. Ethylene also promotes
germination of the parasite seeds (Eplee 1975).

The use of germination stimulants e.g. ethylene or strigol, for control of Striga
parasitism was tried successfully in America. The use of these chemicals for control
of Striga is too expensive for practical use by farmers. Chemical herbicides which
can be used either before or after planting and supplemented by handweeding or
hand weeding alone also can be very effective. Chemical herbicides and
hand-weeding, when labour is available, also are expensive, however, chemicals
such as nitrogen fertilizers are known to increase the growth of the host and also to
suppress the growth and development of the parasite (Tarr 1961, Younis &
Agabawi 1965). This has been attributed to the competitive effects between the
host and Striga as a result of increased availability of nutrients. Generally,
however, infection by Striga in poorer sandier soils is much more severe than in
richer cultivateds soils (Wilson Jones 1953, Williams 1961c¢ and Tarr 1961). In the
U.S.A. rates as high as 200 and 400 kg/ha of nitrogen as ammonium nitrate
completely suppressed S. asiatica in maize without harming the crop (Shaw et al.
1962). How nitrogenous fertilizers interfere with Striga parasitism is not known,
however, in this paper attempts were made to study the effects of nitrogen
fertilizers in relations to the paratism by S. hermonthica. Another objective of
these studies was to examine changes in the growth promoting substances with
activities similar to cytokinins and gibberellins in the xylem exudates from plants
infected or non-infected with S. hermonthica. Further examinations of the
mechanism by which nitrogenous fertilizers influence the effects of S. hermonthica
infection on growth of the host plant and particularly on the growth promoting
substances was also examined.
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Experiment 1

Effects of nutrient application on the growth of
Sorghum vulgare infected by Striga hermonthica

Procedure

Sorghum vulgare variety YE-90L seeds were sown in 8 cm square plastic pots
in 50% sand and clay soil mixture. Soil in half the pots was infected with Striga
hermonthica seeds (20 mg/pot) and an equal number of controls were non-infected.
The pots were kept in a warm glass house (25°-30°C). The nutrient treatments were
started one week after planting when the plants were thinned to 3 plants/pot.
Fison’s 211 soluble fertilizer was used as a source of nitrogen (composed of
nitrogen 25.0%; phosphoric acid soluble in water (P,0s) 12.0%; potash (K,O)
12.0%). 19.0 ml from this concentrate was diluted to 8.8 litres to make final
concentration of 50 ug/ml nitrogen, 24 ug/ml P,Os and 24 ug/ml (K,O). This
prepared Fison concentration is what recommended for use in glass house’s
experiments. From this Fison preparation 100 ml, 50 ml, 25 m! or 0 m] were used
per pot. Enough distilled water was added so that all pots received a total of 100
ml. Treatments were given every week for 8 weeks with supplementary watering as
required. Samples of 4 pots were taken at random from the infested and
non-infested treatments at 4, 6, and 8 weeks after starting the nutrient treatments.
Roots and shoots were seperated and their oven-dry weights were determined. The
number of S. hermonthica seedlings growing on S. vulgare roots and emerging
above the groundd were also recorded.

Experiment 2

Effects of nutrient application on split-root system on growth of
Striga non-infected S. vulgare

Procedure

Sorghum vulgare seeds were grown in 12.5 cm square pots in clay soil for 3
weeks. The plants were washed free of soil and two uniform seedlings transplanted
into paired 12.5 cm square pots with half of their adventitious roots on either side
of the common edge of the paired pots. The paired pots were filled with well
washed sand or vermiculite. Twenty four pairs of pots were prepared. The
seedlings were left to recover for one week after which twelve pairs were randomly
allocated to a treatment where one pot was given only water and the other half pair
was given 100 ml of normal concentration of Fisson soluble liquid fertilizer. Both
pots of the other twelve pairs were given 50 ml of the Fison nutrient solution.
Nutrient solutions were given every week for 8 weeks. Four pairs of pots were
harvested at 4, 6 and 8 weeks after the start of nutrient application. Root and shoot
portions were seperated and oven dry weights were determined.
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Experiment 3

Effects of application of ammonium sulphate to split-root of
S. vulgare with and without S. hermonthica infestation

Procedure

Sorghum vulgare seedlings were transfered into paired pots for split-root use
as described in experiment 2. Both pots, one pot or neither pot were infested with
seeds of S. hermonthica (30 mg/pot). Seven nutrient treatments were applied every
week starting on the 5th week after transplanting and continued up to the 13th
week. Equal volumes (100 ml) of 200 ug/ml, 100 ug/ml, or 0 ug/ml ammonium
sulphate were added to one or both pots so that each pair of pots had the same total
nitrogen supply (Fig. 1). Samples of 4 pots were harvested at 4, 6 and 8 weeks after
starting the treatments. Oven-dry weights of shoots and of half root systems were
determined for each sampling data. The number of S. hermonthica seedlings
parasatizing the plant roots either emerging above ground or remaining under the

ground were recorded.
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Fig. 1. Diagram showing distribution of Striga infection and fertilizer application on both halves of root
systems of the same plant split between a pair of two firmly joined pots (—) non-infected by
Striga hermonthica, (+) Striga infected half roots of Sorghum vulgare.
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Experiment 4

Effects of nutrient fertilizer on concentration of
endogenous plant growth promoting substances of
S. vulgare infected or non-infected by S. hermonthica

Procedure

Seeds of S. vulgare variety Dobbs were used in this experiment. About 150
pots of S. vulgare in sterilized non-infested clay soil were prepared. Clay soil
infested with 30 mg S. hermonthica seeds per 12.5 cm diameter plastic pots were
used to prepare an equal number of pots with infected S. vulgare. S. hermonthica
seeds were of the Gezira Sudan strain. All plants received the soluble nutrient
mixture normally used for the glass house plants but 75 pots from each group
received in addition 2 mg/pot of nitrochalk (12% N) at 3 weeks and again at 6
weeks of age. When the plants were 8 weeks old, shoots were cut off just above the
soil and the xylem exudate was collected as described by Elhiweris (1979). The
collected exudate was bulked and freeze dried. Plant growth promoting substances
in the exudate samples were extracted and purified using a solvent partition
method (Hill 1975). Cytokinins collected in the final aqueous phase while
gibberelins are in the final organic phase. The two hormones were purified and
determined by thin layer chromatography and tobacco pith callus or barley
endosperm bioassay.

a. Thin layer chromatography (TLC)

Ready-made 250 mm thick silica gel 20 X 20 cm thin layer chromatography
plates (G/500/Ls-250), E. Merck, Darmstadt, West Germany, were used. Known
volume of the final alcoholic solution corresponding to a known weight of the
original freeze-dried material was streaked a few cm from the edge of the plate.
Marker spots of known concentrations of the expected substances were spotted on
both sides of the plates. Solvents used were ethyl acetate - chloroform - acetric acid
(15:5:1 V/V) for the detection of gibberellins or n-butanol-28%, 0.88 ammonium
hydroxide (4:1 V/V) for the detection of cytokinins. The solvent front was allowed
to move exactly 15 cm from the starting line. The plates were dried and examined
under U.V. light (ultra violet light) at wave length 253 n m for cytokinis or 356 n m
for gibberellins and flourescent spots were noted and marked. The silica gel was
then devided into 15X 1 cm equal strips marked parallel to the starting line. The
material from each strip was scrapped into seperate test tubes and eluted with
ethanol. Cytokinins were eluted with the absolute ethanol in a water bath at 50°C
for 1 hour (Ross 1970). The eluent was sieved through non-absorbant glass wool
and was evaporated to dryness under vacuum. The residue was kept in dark at
—15°C until required for the biological tests.
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b. Tobacco pith callus bioassay

This method used by many research workers for the quantifiation of cytokinins
measures the increase in both fresh and oven-dry weights of tobacco callus over a
period of a few weeks of growth (Miller and Skoog 1953, Miller et al. 1955a, 1955b
and 1956).

The dried residues of the eluents or standard amount of cytokinins were
dissolved in 3 ml of distilled water and added to a 100 ml conical flask containing 27
ml of warm concentration of tobacco tissue culture medium. This was the modified
preparation of Murashing and Skoog (1962) described by Witham et al. (1971).
The flaks were then plugged with cotton pluggs covered with metal caps and
autoclaved for 15 minutes at 121°C and 1.05 kg/cm?® pressure. Nicotiana tabacum
plants, variety “xanthi” were the source of the pith tissue. In a U.V. sterile room
equal sized pieces of 5X5X4 mm from pith of the tobacco stem were prepared as
described by witham et al. (1971). Three such pieces were transfered to each 100 mi
Erlermayer conical flask containing autoclaved basal medium with the eluant from
the chromatogram strips or the standard kinetin solutions (10 °M to 107'°M). All
handling was carefuly conducted under sterilized conditions. The flasks were
incubated in a growth room at 27+2°C and continuously illuminated at 40 ft. c. for
four weeks. Three replicates from every solution on blank were prepared. The
mean callus fresh weights per flask gave a response curve for the log. kinetin
concentration of the known standards. Kinetin activity in the unknown solutions
were then determined from this response curve.

c. Barley endosperm bioassay

This method been used commonly for the determination of gibberellins. The
procedure used was that of Nicholls and Paleg (1963) as described by Witham et al.
(1971). The amounts of reducing sugar in the vials were determined iodemetrically
using alkaline copper reagent used by Hodge and Hafreiter (1962). These amounts
were expressed as mg glucose equivalent per g initial dry weight. A typical dose
response curve was drawn for different concentrations of G A3 (107¢ g/ml — 107'°
g/ml) in the incubation medium and the amount of reducing sugars released in the
medium. This dose response curve was then used to estimate the amount of G A3
equivalent activity in the plant extracts been examined.

Results and Discussion

From the results of experiment 1, it is clear that there was a regular and
generally consistant increase in shoot weights as nutrient was increased (Fig. 2).
The shoot weights of non-infected Sorghum plants were 2-3 times greater than the
infected. The relative response of the infected plants to nitrogen application was
greater than in the non-infected control plants. The corresponding root systems of
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Sorghum plants infected or non-infected with Striga showed a fairly similar pattern
as shoot weights. The dry weights of roots generally increased as nutrient amount
increased, but the root weights of the infected plants were more similar to those of
the non-infected plants particularly with the greater amount of nutrient (Fig. 2).
Addition of nutrient solution to infected plants, however, did not compensate for
the decreased weights of shoots caused by infection. This is clear from the higher
root/shoot ratio of the infected plants compared to the control (Table 1). Increase
in nutrient concentration did not change the ratio in control plants very much but a
decrease in the ratio of the infected plants with increased nutrient concentration
was evident in the three harvests. This means that better shoot growth of infected
plants was achieved with addition of nutrient solution.
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Fig. 2. Effects of Fison 211 nutrient solutions at 100, 50, 25 and 0 ml/pot/week on dry weights of shoots
(a, b) and roots (c, d) of S. vulgare infected (b, d) and non-infected (a, ¢) with S. hermonthica.
Vertical bars represent L.S.D. (p. 0.05).
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Table 1. RooUshoot ratio of Sorghum vulgare infected or non-infected with Striga hermonthica
and with different applications of Fison 211 nutrient solution.

Striga infection Non-infected infected

Weeks after start of treatment 4 6 8 4 6 8

ml. nutrient solution

0 0.68 0.68 0.59 1.60 1.59 2.94
25 0.63 0.61 0.40 2.60 4.41 1.61
50 0.25 0.64 0.55 1.06 2.76 1.58
100 0.35 0.97 0.51 0.89 2.18 1.34

Addition of nutrient solution to the split-root system of non-infected plants
(Exp. 2) resulted in an increase in shoot weights whether both halves of the root
system were given half the amounts of nutrient solution or one half of the root
system was all of a similar total nutrient solution. In contrast, half root system
weights reflected their immediate nutrient supply with a very large and a very small
root weight, when all the nutrients were given only to one half. Two intermediate
sized roots with similar total weights were obtained when each half root system had
half share of the nutrient supply (Fig. 3). This proved that a half root system
lacking an immediate supply of nutrients can be strongly supported by a better
supplied other half. The better supplied half is able to increase its growth to make
up the deficiency of its deprived other half.
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Fig. 3. Dry weights of shoots and half-root systems of S. vulgare plants given different nutrient
treatments to split root systems. Arrow indicates time when Fison 211 nutrient used as
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Application of nitrogen from ammonium sulphate to split-root systems of
Sorghum vulgare infected or non-infected with Striga hermonthica, provided
similar results as that obtained from experiment 2. From the results shown in table
2, it is clear however, that the increase in nitrogen resulted in an increase in plant
weights. However, non-infected plants receiving 200 ug/m! of the fertilizer to one
half of the root system and 0 ug/ml to the other half were significartly heavier than
those receiving 100 ug/ml to both root halves. This effect was not clear in plants
that had Striga infection on both halves or on one half of the root system. Although
non-infected plants had shoot dry weights that averaged 27 at eight weeks, those
with infected half root system showed an averaged shoot weight of only 17.5 g.
Infection on both halves of the root system reduced the plant shoot dry weights to
only 10 g. Differences in dry weights between root halves were statistically
non-significant at the 4 and 6 weeks after the start of ammonium sulphate
application. By 8 weeks, root halves receiving 200 ug/ml fertilizers were
significantly larger than their unfertilized other half. When only half of a root
system was infected with S. hermonthica, infected halves tended to be smaller than
uninfected halves. But differences were only significant when infected halves had
received 0 ug/ml ammonium sulphate and non-infected halves had received 200
ug/ml (Table 2).

In experiments 1 and 3 where S. hermonthica infested soils were used, the
number of Striga seedlings parasatizing the host plants was determined (Fig. 4).
Results from experiment 1 showed fewer Striga seedlings in pots receiving 100 ml
nutrient solution (14 Striga seedlings emerged per pot) compared with 18-24
seedlings in other treatments. In control pots where only water was added (0 ug/ml
nutrient solution) the number of Striga seedlings that emerged increased
continuously over the 8 weeks and reached 60 seedlings/pot at the end of the
experiment compared with 14-24 seedlings in the other treatments (Fig. 4-A). The
application of nitrogen fertilizers at this early stage of the host growth i.e. one week
after planting, resulted in a very vigorous growth. This however, supported fewer
S. hermonthica parasites possibly by making host plant shoots use more of their
own photosyenthate and depriving the parasite of adequate food during its early
stage of establishment. This was confirmed by the results obtained from
experiment 3 wherein there were considerable differences in the numbers of
attached Striga seedlings below the ground and also of seedlings emerged above
the ground (Fig. 4-B). When both root halves were infected there were more Striga
shoots on half root systems given water than on other halves given 200 ug/ml
ammonium sulphate. A fact which proves the severe effects of Striga parasitism
under poor soils. When only one half root system was infected the number of Striga
seedlings parasatizing on the host roots per pot was more than both half root
systems were infected. This could be due to mere competition between Striga
seedlings.
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Table 2. Effcts of application of ammonium sulphate fertilizer on the dry weights (g) of shoots and root
portions of Sorghum vulgare infected (+) or non-infected (—) with Striga hermonthica.

Ammonium Weeks after
Striga infection on Sulphate (ppm)
root halves and Striga start of treatment
infection
4 6 8
-A- 200~ 0.61 1.66 4.08
Both root halves 0” 0.46 1.18 2.36
non-infected Shoot 4.57 14.36 29.69
100~ 0.65 1.69 2.10
100~ 0.71 1.95 2.88
Shoot 5.58 12.01 24.87
-B- 200" 0.57 2.43 3.78
Both root halves 0" 0.55 0.91 3.31
infected Shoot 4.40 5.59 11.69
100* 0.82 1.97 3.01
100" 0.57 1.41 3.19
Shoot 4.69 6.69 8.23
-C- 200™ 0.59 3.26 3.86
One root half infected 0" 0.70 2.29 4.35
Shoot 4.47 10.14 16.06
200~ 0.50 3.99 4.56
0r 0.62 1.18 2.73
Shoot 5.59 8.78 19.06
100~ 0.41 3.46 5.97
100 0.81 2.13 2.70
Shoot S.13 8.80 17.40
L.S.D. (p 0.05) between root portions 6 weeks = 0.527
L.S.D. (p 0.05) between root portions 8§ weeks = 1.540

L.S.D. (p 0.05) between shoot portions 6 weeks = 1.390
L.S.D. (p 0.05) between shoot portions 8 weeks = 3.460

The significant increase in Sorghum shoot growth with nitrogen fertilizer
application was partially explained from the results obtained from experiment 4. In
this experiment the concentration of the growth promoting substances calculated as
“G Aj or kinetin equivalent” was increased with the addition of nitrogen fertilizer
to both infected or non-infected S. vulgare (Fig. 5). There was no kinetin apparent
activity in the low levels of nitrogen treatments. At high levels of nitrogen
fertilizers, activity increased at zone I & III and new activity peaks were evident at
zones [V and V. With Striga infection however, addition of low nitrogen levels to
plants resulted in much lower activities especially at zone 111, IV, V. The calculated
amounts of cytokinis as “kinetin equivalents” are given in Table 3. From this table
it is clear that infection lowered the concentration of cytokinin per ml of exudate to
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14% of that in non-infected plants. With added nitrogen, infection exerted less
effect on the concentration of cytokinis but reduced it to 8% of the non-infected
control. Addition of nitrogen fertilizer however, doubled the amount of cytokinin
in infected plants and triplied it in non-infected plants. This resulted in a better
growth of the host plant even in the presence of the parasite.
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Fig. 4. Numbers of S. hermonthica (A) on non-split root system of S. vulgare treated with Fison 211
soluble nutrient solution; (B) on roots of S. vulgare (a) when both half-roots were infected and
(b) when one half root system is infected and treated with ammonium sulphate shoots below
ground (open columns) and shoots above ground (hatched columns) and total number per half
root given above columns.
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Fig. 5. Cytokinin activity assayed by tobacco callus growth of TLC Samples of xylem exudate of S.
vulgare, non-infected (a) and infected (b) by S. hermonthica. Positions of Kinetin (K) and
Kinetin reiboside (Kr), indicated by horizontal bars. Solid horizontal line represents the mean
callus response to blank segments. Shaded areas indicate significant response at 5% confidence
limits,

Figure 6 shows the gibberelin activities in plant samples determined by the
barley endospem test. There was at least five zones of activities in plants grown
under lower nitrogen levels and in the absence of Striga infection. Addition of
nitrogen fertilizer increased the activity of zone V. The total amount of gibberellins
calculated as “G A equivalent”, increased with the increase of nitrogen fertilizer in
both infected and non-infected plants. The increase in gibberellin activities was
substantial and 53 and 67 times more in control plants per exudate concentration
and per plant respectively (Table 3). In the infected plants, however, the
comparable figures were 15 and 24 times more.
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Fig. 6. Gibberellin activity assayed by barley endosperm response of TLC samples of xylem exudate of
S. vulgare (a) non-infected (b) infected by S. hermonthica. The position of GA3 is indicated by

horizontal bars. Other information is as given in Fig. S.

Table 3. Concentrations of plant growth promoting substances (ng GA3 equivalent and ng kinetin
equivalent) in the xylem exudates of Sorghum vulgare infected (+) or non-infected (—) with
Striga hermonthica and receiving nitrogen fertilizer (duplicate samples and triplicate
determinational sample).

Nitrogen level and

Kinetin equivalent

Gibberellic acid equivalent

Striga infection ng/ml ng/plant ng/ml ng/plant
exudate exudate
1-
a) Low nitrogen
+ 4.155 5.001 0.491 0.651
- 29.779 65.887 4.173 9.181
b) High nitrogen
+ 5.950 11.407 7.383 15.604
= 65.397 205.823 223.698 698.066
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The promoting effects of these two growth substances are well known from the
work of many research workes. The stimulation of cell elongation and the
transformation of dwarf plants into normal ones and the elongation of leaf growth
are some of the effects of gibberellins on plant growth (e.g. Wright 1966, Harade
and Vergara 1972 and Soni and Kaufman 1972). Cytokinins on the other hand are
well known for their promotion of plant growth by cell devision (Skoog and
Armstrong 1970). The increase in both gibberellins and cytokinins resulting from
added nitrogen fertilizer suggests that the vigorous growth of the nitrogen treated
plants was due in part to these growth factors. These results confirm that use of
nitrogen fertilizers is effective for control of S. hermonthica parasitism on S.
vulgare plants.

Conclusions

1. Application of nitrogen fertilizer to both Striga hermonthica infected and
non-infected Sorghum vulgare plants resulted in an increase growth of plants.

2. The increase in shoot weights and root weights from addition of nitrogen to
infected S. vulgare plants was relatively more than that of non-infected plants.

3. Early application of nutrient solution lowered the number of parasatizing
Striga plants and increased the growth of the host plant substantially.

4. Fewer S. hermonthica plants were established with the Jargest nutrient
treatment given to infected half-root system when the other half-root system
was also infected.

5. Substances with similar activities to cytokinins and gibberellins are present in
the xylem exudates of S. vulgare.

6. Infection with S. hermonthica severely decreased the amount of cytokinin and
gibberellin like substances in the xylem exudates of S. vulgare plants.

7. Addition of nitrogen increased the amount of cytokinins and gibberellins in the
xylem exudate of S. vulgare plants infected or non-infected by S. hermonthica.

8. The reduction of emerged S. hermonthica seedlings associated with the
increase in growth of roots and shoots of S. vulgare plants that received
nitrogen fertilizer proved the recommendation for the use of nitrogen
fertilizers in the control of S. hermonthica parasitism on S. vulgare plants.
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