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Phytotoxicity Tests with the Molluscicide
N-Tritylmorpholine

T. CHAPMAN '

N-Tritylmorpholine (Frescon, WL 8008) has been applied as an emulsifiable concen-
trate (FX 28) to cotton and rice in glasshouse experiments without any adverse effects.
The compound was applied in the irrigation water at S and 10 times the rates usedfor snail
control. The experiment on cotton was terminated after 60 days, when the plants became
pot-bound. The treatments did not affect the leaf area or the fresh weight ofplants. The
rice (Oryza sativa ssp. japonica) was harvested and no differences in growth, time of ear
emergence or total plant weight were noted.

A further experiment using the same formulation of N-tritylmorpholine in an overhead
spray on young cotton and rice, at rates up to 48.5 kg/ha ofFX 28, resulted in no adverse
effects.

In many areas where bilharziasis is endemic, the
water that provides the habitat for the intermediate
snail hosts of schistosomes is often used for irrigating
crops of economic value. It was therefore necessary
to know whether N-tritylmorpholine in irrigation
water, when applied for long periods, would cause
harmful effects to such crops.

Earlier work had shown that young plants were
remarkably tolerant to N-tritylmorpholine applied as
a 16.5% emulsifiable concentrate (FX 28) in an
overhead spray. The GID60 (the dose needed to give
a 50% reduction in shoot fresh weight) exceeded
10 kg/ha active material (am) for sweet corn, oats,
rye, peas, linseed and mustard seed and exceeded
9 kg/ha am for sugar beet. In spite of this tolerance
it was decided to ascertain that no damage occurred
when plants were grown for long periods with
treated irrigation water.

Cotton and rice were chosen as indicator crops,
since it was thought that both, and especially cotton,
would be sensitive to phytotoxicity. The experiments
are described in the order in-which they were carried
out.

EXPERIMENTS ON COTTON

Procedure
Two experiments were carried out in the glass-

houses at the Woodstock Agricultural Research

1 Head, Plant Physiology Division, " Shell " Research Ltd,
Woodstock Agricultural Research Centre, Sittingbourne,
Kent, England.

Centre. In the first, pots of diameter 5 in (13 cm)
containing 2 cotton plants were used and in the
second pots of diameter 10 in (25 cm) containing
3 cotton plants. In both cases an excess of seeds was
planted in a John Innes potting compost and
selective thinning was done after emergence so that
at the start of the trials all the cotton plants were of
approximately the same size and at the same stage of
growth. The cotton was a short-staple type of un-
known origin.

In both experiments the plants were treated with
irrigation water containing 0.125 .ppm or 0.25 ppm
N-tritylmorpholine, applied as the emulsifiable con-
centrate FX 28, and, as a control, with irrigation
water containing no N-tritylmorpholine. A dose of
0.25 ppm was chosen as being 10 times that required
for snail control in the field. There were 5 replica-
tions of each treatment.
From the start of the trial until its termination, the

plants treated with irrigation water containing
N-tritylmorpholine received no untreated water.
The trial was terminated after 45 days in the case of
the 5-in (13-cm) pots and after 61 days in the case
of the 10-in (25-cm) pots. By this time the plants
were too large for the containers.
The plants were watered according to their res-

pective treatments on alternate days, and fresh
N-tritylmorpholine solutions were made up at each
watering, using ordinary tap water (pH 7.6-7.8).
A proprietary liquid fertilizer was added to all pots
at weekly intervals.
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TABLE 1
LEAF AREA AND FINAL HARVEST WEIGHTS OF TREATED AND UNTREATED COTTON

Leaf area (cm2/plant) Final harvest weight (g) a
Treatment TpRotTta11 March 1965 17 March 1965 23 March 1965 (Topost) (R/oots) (pOt)

5-in (13-cm) pots (2 plants per pot)

Control 55.2 144.6 254.6 27.2 3.9 31.1

0.125 ppm N-tritylmorpholine 59.2 158.0 269.4 27.7 3.7 31.4

0.25 ppm N-tritylmorpholine 45.7 131.8 250.1 28.3 4.1 32.4

Mean 53.4 144.8 258.0 27.7 3.9 31.6

SE treatment mean 5.70 12.00 14.25 1.72 0.26 2.03

Coefficient of variation (%) 33.1 18.5 12.4 13.9 20.6 14.4

10-in (25-cm) pots (3 plants per pot)

Control 102.3 207.3 74.6 11.7 86.3

0.125 ppm N-tritylmorpholine 111.4 222.4 75.0 12.2 87.2

0.25 ppm N-tritylmorpholine 98.3 195.8 80.5 12.4 92.9

Mean 109.0 208.5 76.7 12.1 88.8

SE treatment mean 3.71 7.58 3.71 0.54 3.89

Coefficient of variation (%) 8.0 8.1 10.8 8.1 9.8

a Determined on 5 April 1965 on plants in the 5-in pots; on 22 April 1965 for those in the 10-in pots.

Assessments of the effects of treatment were made
during the trial by measuring the length and breadth
of the leaves and at the end of the experiment by
determining the fresh weight of the above-ground
and below-ground parts of the plant.

Results

The results of both cotton trials are presented in
Table 1.

Discussion

The leaf-area estimates in Table 1 were derived
from multiplying length and breadth measurements
taken on the stated dates. The rapid method of
King & Lawes (1957) for estimating leaf area of
cotton requires only the measurement of leaf length,
but in order to use this method the prior calculation
of a constant is required and this constant differs
between cultivars.
However, it can be seen from Table 1 that in

neither trial was there a significant effect due to

treatment either on leaf area during the trial or on
weights of plant parts at the end of the trial, even at
a dosage 10 times that recommended for snail con-
trol in the field and for periods of time greatly in
excess of those used by Crossland 1 in his prolonged,
low-dosage technique.
The total amounts of water received by the cotton

plants during the trial were 234 mm and 267 mm
in 5-in (13-cm) and 10-in (25-cm) pots respectively.
Thus the amount of N-tritylmorpholine received
would have been 0.59 kg/ha and 0.67 kg/ha (am) at
the 0.25-ppm dose.

EXPERIMENTS ON RICE

Procedure
The treatments applied to the rice plants were

exactly the same as those used in the cotton trials,
namely-control and N-tritylmorpholine at 0.125
ppm or 0.25 ppm, each replicated 5 times.

' See the paper on page 23 of this issue.



PHYTOTOXICITY OF N-TRITYLMORPHOLINE

The rice was grown in tanks with a surface area of
0.68 m2 containing soil to a depth of 12.5 cm. Each
tank constituted a plot. Seven grams of rice seed
(Oryza sativa ssp. japonica, cultivar unknown) were
broadcast in each tank, covered with soil and
watered. After 17 days the plants were sufficiently
tall for the tanks to be flooded and the treatments to
be applied.
The water required to flood the tanks to a given

depth was measured and sufficient N-tritylmorphol-
ine was added to give the concentrations required.
At weekly intervals the depth of the water was made
up to the previous level and the requisite amounts of
N-tritylmorpholine (as FX 28) were added to main-
tain the correct concentration. In addition, a pro-
prietary liquid fertilizer was added at intervals
during the trial.
The rice was treated until the grain began to ripen.

The water was then drained from the tanks and the
soil allowed to dry. After a few days the plants were
cut at ground level and the total amount of straw
and grain weighed plot by plot. Later, when the rice
had dried out, the grain was separated and the un-
husked grain and straw were weighed.

Results
No differences due to treatment were observed

in the growth, date of flowering or maturation of
the rice. The weights of rice obtained are shown in
Table 2.

Discussion
Inspection of Table 2 shows that there were no

significant effects due to treatment on the weight of

rice at cutting or on the weights of straw and
unhusked grain at "threshing ". However, the
weight of unhusked grain did appear to have been
decreased by the treatments. This decrease, however,
is well within the limits of the variability of the
experiment. The coefficient of variation (16.3%) is
fairly high and this is probably due to uneven
maturation within the treatments. Although japo-
nica rice is not as sensitive to photoperiod as the
indica type in general, there is a possibility of a
slight effect of photoperiod in that flowering took
place during a time of increasing day-length. The
water was withdrawn and the plants cut when it was
thought that any further delay might lead to the
shedding of grain.

There was, in addition, an effect due to the posi-
tion of the tanks. These are permanent tanks set up
in lines of 4 across the glasshouse and are orientated
in an east-west direction. Since 3 plots constituted a
" block ", these were made up by choosing the three
closest tanks.- There was an obvious, although not
statistically significant, tendency to higher yields at
the southern end of the glasshouse, but 3 of the 5
replicates of the higher dose of N-tritylmorpholine
were in the two northern lines of tanks. Again, it
should be noted that the higher dose rate was 10
times that recommended for snail control in the field
and, further, that the rice was treated virtually from
planting to harvesting, a period of approximately
120 days' continuous exposure. During this period
600 mm of irrigation water were applied per tank
and at the 0.25 ppm dose this represents an applica-
tion of 1.5 kg/ha of N-tritylmorpholine.

TABLE 2

MEAN WEIGHT AT CUTTING AND MEAN WEIGHTS OF DRY GRAIN
AND DRY STRAW OF TREATED AND UNTREATED RICE

Mean weight of rice Mean weight Mean weight
Treatment plants at cutting of dry grain of rice of dry straw of rice

(kg/tank) (g/tank) (kg/tank)

Control 3.02 206.6 0.95

0.125 ppm N-tritylmorpholine 3.09 175.4 0.96

0.25 ppm N-tritylmorpholine 2.94 186.3 0.89

Mean 3.02 189.4 0.93

SE treatment mean 0.010 13.81 0.031

Coefficient of variation (%) 7.4 16.3 7.3
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TABLE 3
FRESH WEIGHTS OF COTTON AND RICE PLANTS AFTER
TREATMENT WITH N-TRITYLMORPHOLINE AS FX 28

Dosage of Weight of crop
N-trityl- (g/plot (mean of 5 replicates))

morpholine
(kg/ha am) Cotton Rice

O (control) 88.7 2.44 20.9 ± 1.06

1 92.1 17.7

2 94.5 18.6
4 3.44 +1.49

4 88.5 19.2

8 84.7 19.8

In addition, a further trial was carried out using
N-tritylmorpholine as an overhead spray at doses of
1, 2, 4 and 8 kg/ha am on both crops. The dose of
8 kg/ha am represents 48.5 kg/ha FX 28.

Apart from a few necrotic spots on the leaves at
the highest dose (8 kg/ha am), no damage was
observed; crop weights taken at harvest also indic-
ated no damage (see Table 3). The slight decrease
in fresh weight of the cotton plants at the highest
dose is not significant and it should be realized that
even this dose rate is far in excess of any likely to be
used in the field.

RJESUMIt

On a procede 'a trois essais en serre, deux sur plants de
coton, un sur plants de riz, afin de d6celer une action
phytotoxique eventuelle de la N-tritylmorpholine.
Le produit a 6t6 ajoute 'a l'eau d'irrigation de plants de

coton en pots sous la forme de concentre pour 6mulsion
a la concentration de 0,125 et 0,25 partie par million,
soit 5 et 10 fois la concentration molluscicide utilis&e sur
le terrain par la methode du faible dosage prolonge. Le
traitement a ete poursuivi pendant 45 'a 61 jours, moment
oii la taille des plants imposait le repiquage. Ses effets ont
ete evalues en mesurant la longueur et la largeur des
feuilles ainsi que le poids frais i la fin de l'experimenta-

tion. On n'a note aucune difference significative sous le
rapport de la croissance et du developpement entre plants
traites et plants temoins. Des essais similaires effectu6s
sur des plants de riz, Oryza sativa ssp. japonica, n'ont
montre aucune difference entre plants traites et plants
non traites en ce qui concerne la croissance, la floraison
et la maturation des fruits.

Ces resultats ont et6 confirmes par un troisieme essai
sur plants de riz et de coton, le concentre 6tant cette fois
applique par pulverisations a6riennes 'a raison de 48,5 kg
par hectare, concentration de loin superieure aux dosages
molluscicides utilises sur le terrain.
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