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SUMMARY

The control of nutgrass (Cyperus rotundus L,) with three

herbicides = glyphosate, paraquat and cyperquat was investigated,

Glyphosate gave 100% kill of aerial growth of nutgrass at
8 and 16 litres/ha 20 days after application although 97,2% kill
of aerial growth was achieved at a lower rate of 4 litres/ha
after the same time,

100% kill of aerial growth was achieved by paraquat at
2 litres/ha rate of application within 4 to 8 days after sprayinag.
All higher rates of application gave similar results and there
was no measurable difference in activity of the herbicide between
the lowest rate of 2 litres/ha and the highest rate of 16
litres/ha.

Cyperquat achieved 50% kill of aerial growth at 16 litres/
ha 20 days after spraying. From this result, cyperquat appears
to be much less effective than the other herbicides in controlling
the aerial growth of nutgrass.

The plants exposed to light in all the three herbicide
treatments had higher per cent kill of aerial growth of nutgrass
than the plants in the dark. This shows that light has an
effect on the activities of these herbicides in nutgrass.

In experiments designed to investigate the time taken for
glyphosate to translocate and prevent regrowth of nutgrass tubers,
it was found that the number of days after sprayving had a signi-
ficant effect on the per cent regrowth of tubers. The longer
the treated plants are left for translocation to occur, the less
are the chances of regrowth of the tubers.

Statistically, there was no significant effect between rates
of application of glyphosate and the per cent regrowth of tubers,
However, rates of application have some influence on the effect
of days after spraying on the per cent regrowth of nutgrass

tubers,
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INTRODUCTI ON

Cyperus rotundus L. which ia commonly cailed nutgrass, nutsedge or purple
nutsedge belongs to the family Cyperaceae. It is now recognised as one

of the most seriocus perennial weed species in world agriculture. Ita
distridbution is pantropical extending inte sub-tropical and other warmer
regions of the world. It is now a problem in Central and South America,
Euro-pediterranean, Africa, India, Austrélia and the Far Eest (Holm, 1968).
See figure l. Its range at increasing latitudes in both hemispheres ia
limited by cold and 1t is intolerant of sub zero temperatures. Apart from
this limitation, it grows vigorously in almost every soil type, elsvation,
humidity, soil moisture and pH and can survive the highest temperatures
encountered in egriculture. It is found in ocultivated flelds, on rcad-
sides, in neglected areas and the edges of woods and it may cover the
banks of irrigation ocanals snd streama.

C; rotundus is reported to be a weed 1ln 52 grops in 92 countries
(Holm et al, 1977). Where it is found, nutgress competes seriocusly with
gotton, rice, maize, sorghum, soyabean, vegetables, sugarcane t¢ mention
a few., Nutgrass was found to have reduced cotton yiseld by 3% during a
groﬁng season (Keeley and Thullen, 1975). Similer adverse effects were
also obmerved in upland rice which gave 4l and 43% reduction in grain yield
in drilled and broadoast sowings respectively (sierre and Mercado, 1975).
Williams end Warren (1975) found that crop losses due to purple nutsedge
competition with some vegetables during the entire cropping sesson were
ap follows -~ okra 62%, green bean 41J., oabbage 35%, tomato $53% and
cuoumber 43%. Attention has been drawn to the way in whioh a plant of
such amall stature as C, rotundus cen csuse severe harm by competition to
a larger plant such as sugarcane = & crop which may grow to L meters in
height and which at harvest ylelds a greater bulk tonnage than any other
world orop. Experimenta in Argentina, for example, showed that in extrems

oases the weed caused a reduction in cane harvest of 75% and augar ylelds



of 65%. It was suggested that the cause of the yield reduction was
conpetition for moisture at stooling time so that fewsr canes are produced
~ {Chapman, 1966). In Panama, vegetable culture in the area is extremsly
difficult because the rhizomes of nutgrass which pilerocs the roots and
underground storage organs of orops, In some arens of Australia and Italy
tobacco growing has been discontinusd because the costs of hend weeding and
orop yield reduction due to nutgréaa haz made it unprofitable. In Kenya,
the weed is very competitive in ooffee and some scisntists believe that
1t way cause the death of coffee trees (Holw et al, 1977). In addition to
competing for moisture, tha weed withdraws and holds larges quantities of
nutrients in ite massive underground aystem and these are not available

to a compsting crop {Bhardwa} and Verma, 1968).

Apart from its direct oompetitive effeots, subtatances toxic to other
plants may be produced by decay of dead residuss of C. rotundus (Horowits
and Friedman, 1971)., Nutgrass serves as a nematode reservoir. Examination
of the nutgrass roots by Bird and Hogger (1973) indiocated that it is a host
for Meloidogyne incognits and Hoplolaimus ¢olumbus. Both of these nematode
specias are aerlious pathogens of c¢otton. In China, the weed has been
traditionally used for medicinal purposes snd a recent report from that
pountry concerns its use in landscaping (Holm et al, 1977).

Nutgrass is a partioularly ssrious weed ln row crops because oany
common husbandry preotioss appear to stimulate growth and spread of the weed.
For example, hand weeding or meohanical cultivation and most pre-plant
incorporated and pre-smsrgence herbloides currently used for weed control in
vegetables and fisld cropas appesr to reduce competition from other weeds end
often allow a more rapld increases in nutgrass population. Lack of succeas
with manual, mechanical and cultural methods, has focussed attention on the
use of translocated herbicides that will move to all parts of the plant.

In this thesls the propsrties and uses of such harbicides will be examined

in detail.



Figure 1 —The distribution of Cyperus rotundus L, across the world (after Holm et al,1977)
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Figure 2 - Diagram of purple nutsedge developing from a single tuber
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BIOLOGY OF GYPERUS ROTUNDUS L.

Before considering herbleide performance it ias neceasary to understand
the biology of nutgrass. -

Norphology

C. rotundus is an erect, persistent, glatrous perennial monocotyledonous
hexrb which is capable of vegetative propsgation indefinitely under
favourable conditiona. See figure 2. Tha roota are fibrous, extensively
branched and clothed with hairs. The weed apreads by extensive
horisontal, slender rhizomes which are white and flashy and covered with
soale leaves when young but whioh become brown, fitrous or wiry when

old., Axillary buds are not present on the rhigomes. Rhizomes give rise
at intervals of 5 to 25 om to underground tubers whioh continus to
proliferats forming tuber chains that extend to & considerable length
and depth in the soil. The tubers are variable in shaps, up to 2.5 om
in dlameter, white and suoculent when young turning coarse fitrous brown
or almoet black with age. Aboveground stem arises from a swelling on

the rhisoms described as s tasal bulb or a tubsrous bulb and this
structure later forms a swollsn or thickensd plant bess. The stexm is
erect, untranched, 10 to 60 om high and usually taller than the basal
leaves. The lesaves are grasslike, linear, up to 50 om long and 8 mm widae,
smooth, shiny and dark green. The upper lsaf surfaoce consists of a
single layer of large opidermal cells covered by a thdok outicle,

Stomata oocour only in the lower smurface. The vascular hundles vary from
collateral to amphivasal as they pass from the leaves through the
tuberous bulb into the rhisomes and tubers. The inflorescence is a
loose umbel on the stem apex subtended by two to four leaflike bracts.
There are three to nine slender, three~sided peduncles of unegqual iength
near the ends of which are olustered the narrow spikelets. The apikelets

consist of 10 to 40 florets which are a reddish btrown or purple brown
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coloure. 1t is from this that the weed derives its name purple nutsedge.

Reproduction and gpread
Nutgrass is perpetuated in the short term by lateral growth of shoot

forming rhizomes and in the longer term by the production and
dissemination of tubers. Reproduction by ssed iz of little signifiocance
a3 few viable sesds are produced. Justice and Whitehead (1946) tested
seeds of nutgrass in an inocubator with ealternating temperaturss
iumediately after harvest but the seeds did not geruwinate for 3 to 4
months. Germination continued to increass during the 13 month test. The
highast gerndnation recorded was 15 per cent but most lots averasged only
3 to 5 per cent. Hammerton (1975) supperted thias claim.

Speed and numbers of tubers produced are of major importance in
putgrass spread. Rao (1968) in India found that one tuber eould praduce
99 new tubers in 90 days and caloulated that on this basis, the weed could
produce B million tubers per hectare in cultivated areas and 4.8 million
per hectare in uncultivated areas. Work by Hammerton {197 ) showed that
new tubers were produced as soon as 16 days after shoots appeared above-
ground. At this tioe shoots had only six leaves. From then on a new tuber
was formed approximately every 4 days. His data suggests that no more
than 14 days should elapse between shoot ewmergence and cultivation or
chemical treatment if tuber formation is to be prevented, It is believed
that there are no buds at the nodes of the rhisomes of nutgress and that
little or no propagation is possible from fragments of these organs. The
apical bud of a tuber inhibits growth of any other bud. The tuber at the
morphological apex of & rhisome tuber chain prevents sprouting of others
in the chain but this contrcl is not as strong as the dominance cf buds

within one tubsr (Smith and Flck, 1937; Holm et al, 1977). The breaking
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of apicel dominance explsins in part why cultivation frequanily appears
%o inorease the infestation of nutgrass. The plough and other implements
break many conmecting rhisomss and free the proximal tubers of the aystem
from the suppressing effects of the terminal tubers. Mulligan and
Junkins (1976) noted that the spread of nutgrass from uncultivated areas
to agrieultural ficlds. ssems to be largely dus to tubers carried by
cultivation implementa. |

Man and his agricultural eotivities are the major diaposal agents for
weeds but naturel sgencies and appropriate modifiocations of the plant which
aid disposal are also importent. The tubers are moved in mud on the feet
of men and enimels and by transport on ocultivation maohinery. They may
be seen floating and drifting with wind propulsion in flooded rice.
They are slso brought into new areas when atreams flood after atorms and
they are dlstributed in surface irrigetion water.
Effect of Temperature
Temperature 1s one of the important faotors controlling germination of
tubers. Japan is one of the coolest areas of nutsedge infestation and Uekl
(1969), in experiments, cbtained 95 per oent germination of tubers at 30°
to 35°C with no sprouting above 45°C or below 10°C. Horowits (1972),
working in lsrael, found that the seasonal growth variationa of C, rotundus
obasrved in sxperiments appear closely related to temperatures changes. e
noted that assrial and subterranean growth was very rapld in the warm season.
During cool season most serial shoots of established plants withered but
moat of their subterranesn organs reminsd alive and active regrowth took
place in the following spring, He found minimum tempsrature for tuber
formation to be approximately 20°C.

Stoller (1973) obssrved that less than 10 per cent C. rotundus tubers
survived at 2°C for 12 weeks wheres2 more than 95 per cent of the closely

related C. gaculentua tubers survived this treatment. Exposiure to -2°C for
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L4 hours or longer killed 50 per cent C, rotundus tubers whereas =6.5°C
was required to kill 50 per oent of C, esculentus tubers. Therefore
C. rotundus distribution is restricted to regiona where the s0il seldom
freeszes. 3Jurvival of (. esoulentus tubsrs in soil which frequently
freeses probably accvunts for its distribution in colder regions like
Canada and northern parts of Amerioa.

The possibility that tillage operations can raise the dormant tubere
of nutgrass to the surface where thsy are aubject to extremes of
temperaturs and drying has attreoted the attention of many workers. (thers
have attempted simply to desiocate the tubers by allowing fields to become
as dry as possidle. (3Smith and Fiok, 1937; Andrews, 1940 and Ueki, 1969).
Smith and Pick (1937) placed tubers on the surface of dry scil in full
sun. They found that the tubers were desicated beyond recovery in 4 days
in the sun. 1n experiments approximating to field conditiona, tubers were
planted at 5 and 10 om in dry aoll that was protected from rain but was
exposed to direct sunlighte At 5 om 80 per cent of the tubers were kllled
in 8 days and all were dead at 12 days. All of the tubers at 10 ca were

killed in 16 days.

Photoperiodic sffescts
Light haa been found to influence several stages of nutsedge growth and

development. Musik and Cruzado (1953) found extensive sprouting of
nutsedge tubers in the light but littls in darkneas. Ueki (1969) in Japan
obtained results whioch showed that sprouting was about the same whether
the light provided was red, green, blus or white. Berger and Day (1969)
applied short {10 hour) and long (18 hour) photoperiods to nutsedge. They
found that short photoperiods induced flowering and tuber production,
stinulated formation of aalicylioc acid, imhibited bud growth of %tubers and
reduced follage growth causing the foliage to grow horiszontally. Long
photoperiods inhibited flowering, reduced tuber production and formation

of salicylic acid, enhanced tuber bud growth and induced vertiocal foliage
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growth., Salicyclic acid, isclated from foliage and sprouted tubers is
thought to be the major controlling sgent of seasonal dormancy in
nutsedge. In a recent study, Williams (1978) found that flowe.'ing
ocouwrred only at the 12 hour photopericd. Thus, purple nutsedge ia
intermediate in flowering response to daylength. He alsoc showed that
although the total dry weight varied with amount of light, the relative
amount of dry weight (as per cent of total weight) partiticned betwsen
shocts, roots, rhisomea and tubers was constant.

Purple nutsedge ia very sensitlve to low light intensity. Hauser
(1962) found that continuous shading geve a 10 to 57 per cent redustion
in the numbers of tubers and bulbs formed. In tree orchards and
plantations, top growth of C. rotundus begins to deoline as heavy shading
develops due to tree growth. Thia doss not mean that the infestation has
besn destroyed. For, as soon as openings are orested by digesses or trees
felling, the weed infestation quickly regensrates. Similarly, in sugar-
cane, the tall crop plants eventuslly shade out the top growth of
C. rotundus but the tubers become quiescent and foliage quickly reappears
after harvest and during tillage of the fislds.

Bffects of Oxygen and GCarbon Dioxide

The importance of an optimum lsvel of oxygen and its signifioance in
controlling morphological development are often implied in the literature,
but, apart from general agreemsnt on the need for some oxygen in the soll,
thers ia very little information available. Palmer and Porter (1959)
investigeted the possibility that dormancy of tubers in the soll was due
to lack of assration. They found that tuber asprouting was moat active at
high oxygen and low sarbon dioxide concentration. Low oxygen and high
carbon dloxide levels inhibited gerwmination.

Relationship to soil type and soll moisturs

Nutgrass grows actively in almost every soil type and at widely variable

Boll moistures and pH. Ranade and Burns {1925) reported that it cannot
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tolerate soils with high salt content, Ueki (1969) found no germination
in fields whioh were under water anéd suggested that, at the latitude of
Japan, fislds must be quite dry to obtain tuber sprouting. Hovever, excess
woisture does not necessarily destroy the tubers, for some that had been
held in water for 200 days gave satisfactory germination when removed
from the water and placed in sultable growing conditions. Fuentes and
Doll {1976) observed that highest aerial dry matter production, shoot,
inflorescence and tuber nuabers wers obtained with aoil moisture levels
above 75 per cent of field capacity. Results of soil moisture trisls they
conducted varied with different scil textures. 81 per cent more aerial
dry matter was produced on heavy soils with high water holding capacity

than on light soils with low water holding capecity.

Effect of oultivation on nuigrass

In the tropics and sub-tropics weed prcblems are in many ways more severs
than in temperate rones. Some meaaure of thia is sesn by compering the
differences in the speed and aisze of regrowth of vegetation on bare ground
in the two types of climatic sones. The effeoct of this difference on the growth
of a crop ia very mrked and it makes weed control very eseential if any crop
is to give an economic return (Ashby end Pfeiffer, 1956).

Peremnial weeds like nutgrass present a more difficult problem becauae
their tenscious raturs is dus to their effiolent methods of vegetative
propagation by means of both overground and underground organs snd also,
because they may reproduce by fertile seeds.

The habit of growth of perennials ideally fits them to resist
eradication bty conventional cultivation methods. The different cultivation
practices in operation in a orop particularly that of mechanical
oultivation ocould aggravate the problem of perennial weeds such as
nutgrasé. In fact by this method the perennating organa are out into

pieces and disseminated in the rield by the agricultural implement. The
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practice of hand weeding perennial wmeeds ias a costly and ineffective
method. It has the dlsadvantage of disturbing and damaging the developing
root system of the crop. MNoreover, the encrocachment of freshl:- wesded
arsas soon become re=infested by the underground and overground organs of
the psrennial from the edges of the unweeded aresas. For satisfactory
results frequent weedings are necessary and this can be schieved only in

countries where cheap lebour is availabls {Kechecouste, 1969),



111

12

LITERATURS REVIEW OF HERBICIDES PERFORMANCE

Past work
A lot of work had been done in the past two deocades in trying to find

herbicides which can effectively control Cyperus rotundus. rarker et al
{1969) reported that sinoce 1958 fifty experiments had been conducted
first by the A.R.C. Unit of Experimental Agronomy and later by the A.R.C.
VWeed Research Urganization. A total of 174 compounds hsd been tested for
their effects on nutgrase as pre and/or post-emsrgence treatments. Many
of the chemioals used are now obsolete but some of thoss which are
currsntly available as commercial or experimentsl herbicides will be
mentioned.

Experiments with bensonitriles and related compounds namely
dichlobenil and chlorthiamid showed that they were highly active as
incorporated soil treatments. Very prolonged control can be obtained
under glesshouas conditions but tubers were not ususily killed and the
continued effect may depend upon persistence of the berdicides in the soil,
These herbloldes were not usually peraistent encugh under tropical
conditiona to give this prolonged effect. In any case selectivity would
not be poaaible in annual orops. The hydroxybengonitriles, ioxynll and
bromoxynil, which have a oontact, foliar mode of action were virtually
inactive.

Parker et al (1969) also tried ths bipyridiliium herbicides - diquat
and paragquat for controlling nutgrass. Diquat was introduced by ICI in
1957 and paraquat in the following yesr. Diquat and paraquat are mainly
post-emergance compounds with no soll getivity under normal circumstances.
This 1s due to their strong absorption on to socll particles, particularly
the olay minerels. They are generally non~selective and act within the
plant by redustion to a free radicalduring photesynthesis. This is

oxidised in the pressence cf oxygen to hydrogen peroxide, which destroys
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the plant tissue and the free ion is thua recycled to repeat the process,
Under low light intensity some t{ranalor~*ion may cocur but in darkness no
symptoms develop. Symptoms of paraquat and diquat treatment ace e
characteristio raplid scotch and desication of sprayed lsaves. Mammalian
toxieity is high (Fryer and Makspeace, 1977). Parker et al (1969) found
that diquat had some scorching action but paraguat is much more active and
capable of killing young plents inoluding their underground parts. The
gensral experisnce of paraquat under field conditions is that C. rotundus
makess very rapid recovery and the repested spreyings required are
uneconomic in most situations.

Amongat the phenoxye-sliphatic ecida, Parker et al (1969) reported
thet 2, 4~D and MCPA were not very thoroughly tested in this series of
experiments but limited results suggest compersble performance to that
expected in the field, that is, temporary control by 1l.12 kgae./ha poat-
emergence or st rather higher doses pre-smsrgence. Hammerton (1974) found
that treatment with 2, L-D ar paraquat at 3 days after emergence severely
checked shoot growth but tuber production appesared to bs only temporarily
checked. He noted that the impact on tuber production was comparatively
small and a delay in tuber production of 10 days or sc appeared to be
followed by resumption of production at a rate simllar to the original. A
somewvhat aimilar sequence followed treatment with paraguat. Musik and
Crusado (1953) reported very slow movemsnt of 2, L=D in nutgrass systems
resulting in a limited kill. Standifer {(1974) reported that emrged plants
of nutgrass and their parent tubers were killed by four or five
epplications of paraquat and up to three applications of 2, L<D afforded
almost complete control.

In bensoic and phenylecetic acids, Parksr et al (1969) found that
2, 3, 6aTBA had only mild effects as a post-emergence treatment but were
active pre-emergence. The dose of 1.12 to 2.24 XKg/ha whioch is required

limits their selectivity and the period of control was alac rather
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variabls. Chlorfenac, on the cther hand, gave consistently prolonged
control as & pre-psowlng treatment but tubers were not killed even at wery
high doses although root development was inhibited and shoots »ere
greatly makened at low doses for perlods of up to several montha. Dicamba
and ohloramben cen be affective but only at rather high dosss pre=sowing.

As regarda the carbamates, Parker et al (1969) observed that the
non=-gulphur contalning cerbamates, for example, asulam are consistently
inactive both as pre and pest—emsrgence treatments. In their effects on
Cypsrus rotundus, the thiocarbamates are strikingly distinet from other
carbamates. EPTC activity had been oonfirmed in several pot tests at
doses down to 0.56 Kg/ha. Even at high doses of 6.72 Kg/ha however, tubers
weras not killed and there was eventually healthy recovery. Frolonged
oontrol appeared to depend on persistence in ths soil. Most ¢ the
related compounds had similar effects but nons were as active as EPTC
itself'. Di-allate and tri-allate were muh leas active at low dozes on &
short ternm basis. Hammerton (197%) reported that scil incorporated
butylate, EPTC and vernolate had only amsll effects on nutgrass shoot
nurbers and the germination of recovered tubera. However, Willisms et al
(1976) cbserved satisfactory control of (s rotundug st 2 Kg/ha EPTC during
the dry season and 4 Kg/ha or more during the wet season. They found that
EPTC persiated longer when applisd to air dry soll and incecrporated with a
rototiller than when incorporated into molst or wet scil.

Rincorn and Warren (1978) working on the effect of five thiocarbamates
ocn purple nutsadge found that the most effective redustion in the nuaber
of aprouts aboveground was given by butylate, EFTC and vernclate followed
by pebulate and molinate. Ko effect was obssrved on the number of tubers
which smouted. Current knowledge on the metabolism and mode of aotlion of
thioccarbamate herbicides is rather limitede. In general, theae herbticides

inhibit growth of shoots rather than roots. Prolonged control appears teo
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depend on persistence in the soil which is affected by volatility, leaching
and microbial breakdown. (Gray and Weicrvich, 1965, 1968).

C. rotundus had an apparent resistance to the majority of substituted
areas @.g. diuron and linuron which were tested on it (Parker et al, 1969).
The triazines iu general had only moderate activity on C, rotundus
and rather high doses were required for satisfactory control. Under ideal
conditions, 3.36 Kg of simaszine or atrasine per hectare were successful in
pot tests carried out by Parker et al (1969) but higher doses are likely to
be needed in the field. The methyl thiotriaszines (ametryne, rometryne)
had considerable post-emergence activity but again high doses were needed

and recovery usually occwrred (Parker et al, 1969).

Aminotriazole was well known to have some useful action against
Ce rotundus but high doses were required and kill was rarely schieved.
Among the miscellaneous group, dalapon gave some suppression but even at
high doses no lasting control was achieved (Parker et al, 1569).

Williams and Warren (1975) observed that night applications of
nitrofen (1, 2 and 4 Kg/ha) in water and an herbiecidal oil alome (100, 200
and 400 1/ha) suppressed C, rotundus foliage by 607 or more. ComLinations
of nitrofen in the herbicidal oil were more effective in suppressing
Ce rotundus than either herbicide applied alone. Generally night
applications were said to be more effective than day applications. It
should be noted, however, that the suppression of nutgrass referred only to
the foliage and no mention was made of the tubers which are vital organs of
regensration.

Recen in d bicides

Cyperquat (1-methylephenylepyridinium chloride) is a recent introduction by
Gulf Cil Companye. It belongs to the pyridines group and it is mainly a
posteemergence compound with no soil activity due to its strong absorption
on to soil particles. Cyperquat is apparently specific to a few species

with selectivity in & number of cropse. Cyperquat symptoms are less
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dramatic than those of cther members of its group like paraguat and
soorch is minimal and slower to develop. Palensss of foliage or
ohlorosis develops before death. This can also coour in the regrowth of
perennial weeds treated with oyperquat. Mammalian toxicity is high in
oyperquat {Fryer and Makepeace, 1977). _

Cyperguat has been suggested for post-smergence control of Cyperus
rotundus in a wide range of crops. Johnson (197} reported that purple
nutsedge was controlled during the initial year of treatment with single
applications of 3.4 and 5.6 Kp/ha rates of S ~ 21634 which is oyperquat.

He noted further that S = 21634 resulted in top kill of purple nutsedge when
applied at 3.4 Xg/ha rate. Hammerton (1975) reported that cyperquat killed
top growth and reduced germination of recovered tuberas in both field and
pot trlials but he andded that whether cyperquat eaused tuber death was not
clear from the reported warke.

b(41) Glyphosats |
Chemiosl methods of control of Cyperus rotundus were not very effective
before the discovery of glyphosate a few years ago. Glyphosate, the common
name of Ne(phoasphonomethyl) glycine is a relatively new postecmsrgence
translocated herbvicide discovered by Monsanto Company. Roundup is the
tradenmarked name for the formulation containing the isomropylamine salt of
glyphosate. It is formulated as a water soluble concentrate containing
L8O g/litre of the isopropylamine salt of glyphosats or 360 g aoid
squivalent per litre (Strbac, 1976).

Glyphosate oontrols a broad speotrum of annual, blsnnial and
perennial grasses, sedges and broadleaved weed species. It is applied as
a8 post-amergence foliar abscrbed material and it ia slowly tranaslocated
throughout the plant system giving out standing destruction of underground
roots and rhizomes thereby controlling many deep rooted perennial species
(Spurrier, 1973)., The isopropylamine salt of glyphosate is a non=

selective, broad spectrum herbicide. A moderate concentration of it will
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destroy desirable as well as undesgirable planta. Selective control of
weeds in certain agricultural or horticultural crops may be achieved by
direct sprey appllcations tut low orop selectivity is a problem that must
be considered (Spurrier, 1973). Soll persistence of the herbicide is
negligible. Sprankle et al (197:) postulated that the initial inactivation
of glyphosate in soil is by reversibls absorption to clay and organic
matter through the phoaphonic acid moiety. Thia assertion weaa later
supported by Hensley et al (1978) who found that minersl socils significently
reducad the inhidbitory effects of glyphosate on root growth.

Glyphosate, the parent compound, has a low mammalian toxicity and it is
olaasifisd as only slightly toxic by oral ingestion with an soute LD50 to
rats of 4320 mg/Xg. The isopropylamine salt of glyphosate has an mcute oral

LD_ . of 4900 mg/Kg to rats (Spurrier, 1973). Excelient handling

50
characteristics of the formulation make it very safe and convenlent to

apply with hand sprayers. Further strong evidence of low toxicity to bees
and wildlife should encourage acceptability under conditions where
environmental safety is important.

Based on limited inveatigations, Jaworski (1972) postulated that
glyphosate interferes with the bicsynthesis of phanylalanine and moras
specifically with the metabolism of chorismie eocld in the aromatio amine
acid biosymthesis pathway. Initial activity is fairly slow after application,
and depending on the apecles treated, obvious herbicldal response may not be
viaible for two to four days for annual species and up to ten days or longer
for peremnnials. Visible effects are manifested as gredusl wilting and
yollowlng of the treated plant which advances to complete browning,
detericration of plant tisaue and ultimts decomposition of the underground
root or rhizome system (Spurrier, 1973). Zandstras st al (1974) treated
purple nutsedge plants in the greenhouss and fleld with glyphosate. They
found that the fresh weight of leaves an¢ shoots per original tuber and

sprouts per new tuber were reduced by 4 Kg/he glyphosate in the greenhouss.
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In the field, after several applications, glyphosate at 2 and 4 ¥g/ha
reduced the number of plants per unit area. Abu=Irmailei end Jordan {1978)
reported that glyphosate caused significant reductions in the chlorophyll
and carotenoids content of purple nutsedge leaves. Based on levels in
untreated plants, carotanoid content was reduced more rapidly than chlorophyll
in glyphosate treated plants.

Many researchers have reported that glyphosate activity is affected by
environmental factors including relative humidity, temperature, rainfall,
soil moisture, photoperiod and light intensity (Spwrrier, 1973; Jordan, 1977
and wills, 1978). The stage of maturity of weed species to be treated is
also a primary consideration for obtaining best results (Spurrier, 1973;
Zandstra and Nishimoto, 1977). Jordan (1977) observed that at both 22 and

U

)2°C translocation of the " 'C - glyphosate out of the treated '~af into the

plent was five to six times greater at 100f RH thar at 407 Ri. Likewise, he

L

found that more = C of glyphosate was translocated at 3200 than at 229C at

LO%.-RH. However, there was nc difference in the amount of translocation of

the X L

C label at 1005 RHe ¥Wills (1978) found in studies with ~ C-glyphosate
epplied to cotton under various combinations of temperature, relative

humidity and surfactant that absorption and translocation of ‘u‘c were affected
most by variations in RH. When temperature and surfectant remained constant,
an increase in RH from 40 to 100, resulted in approximately 3 to 6 fold

'u’c label. At constant RH,

increase in absorption and translocation of the
he stated that an increase in temperature from 22 to 32°C or in surfactant
from 0 to 1y resulted in either no significant effect or less than a l-fold
increase in absorption or translocation of 'u'c.

In an earlier work for the manufacturer of glyphosate, Spurrier (1973)
observed that rainfall occurring up to six hours after application reduced
the effectiveness of the treatment depending on the intensity and duration
of the rain. Thus to be certain of tenefit spraying should be avoided when

rain is imminent or forecast.
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Noosavi«Nia and Dore (1979) gave three different soil moisture regimes -
field capacity, modsrate stress and extrems atress to established greenhouse
grown plants of purple nutsedge followed & weeks later by glyphosate
applications to shoots at 1.12 Kg/ha. They found that glyphosats applied
at field capacity decreasad shoot dry weight and total number of tuber
bulbas in Cyperus rotundus. In contrast, at extreme scil moisture stress,
glyphcasate showed reduced activity which appeared to be related to the
physiclogleal and morphological behaviour of the plants arising from the
drought treatment. They stated further that application of water to the
roots of the plants grown at soll moisture streas, 1 week before and 1 week
after glyphosate apraying, enhanced glyphosate activity, probably because
of the recovery of procegses disturbed by the soil meoisture defioit.

Caseley(1972) found that if treatments ars made under shade or
extremely cloudy oonditions it may teke longer for visible effects on
- pertain weed apscies to appear but the ultimate results are normally
comparable to trestments made in sunlight,

As regards the stage of meturity of weed species, Spurrier (1973)
chssrved that the moat effective destrustion of certain deep rooted
perennizls appears tc be whan trestments are made at early bud or bloom
_#tage for broadleaved spsoies or at the late boot or early head etage for
grasses and sedges. Very early treatment of perennial vegetation is usually
loss effective as many plants will not have emerged suffloiently to receive
the apray« Perennial wesds must have adequate leaf ares eo.g. six to eight
leaves to permit absorption and translocatlon of glyphosate into the plant
tissus and root system. Zandstre and Nishimoto (1977) found that with
inoreasing plant age, specific activity of glyphosate decreased in both
tubers and leaves. As purple nutsedge grew older, total 1""'E: translocated
increased in tubers and decreased slightly in leaves. Thin layer
ohromatography showed no evidsnce of glyphosate mstabolism in purpls

nutasedge .
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Shaner (1978) reported that foliar application of glyphosate reduced
transpiration rates but the time required for the effect to take place
depended upon the species and the concentration of glyphosate used. First,
the lower the concentration of glyphosate sprayed on the leaves, the longer
the time required before transpiration was affected. Second, the age of
the treated leaves affected the length of time before transpiration began
to decrease after treatment. The younger plants responded before the older
plants but the ultimate decrease was nearly the same after 29 hours. The
three plant species used by Shaner (1978) in this experiment were pea
(Pisum sativum L.), sunflower (Helianthus annus L.) and bean (Phaseolus
vulgarig L.).

Published informetion have shown that certain herbicides can reduce
the activity of glyphosate when applied as a tank mix. Appleby and Somabhi
(1978) found antagonistic effect of atrasine and simasine on glyphosate
activity. This antagonism was more pronounced at threshold levels of
glyphosate and was overcome by increasing the glyphosate rate. Their
conclusion was that the reduction in glyphosate phytotoxieity from mixing
with atrasine or simazine wettable powders was due to a physical binding
within the spray solution rather than from biological interactions within
the plant. Therefore, manufacturer's instruotions must always be followed

before any tank mix is made.
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Effects of glyphosate, pargguat and cyperguat as influenced by rate of

applicati t t treatment on control the
i f rus rotund

as CObjective
This experiment was designed to investigate the effectiveness of the

three herbicides mentioned above on the control of the aerial growth
of nutgrass and to find out at what rates of application they are most
effective. The effects of covering some of the treated nutgrass plants
thereby reducing light entry on the activity of these herbicides was

also investigated.

be Methods and Materials
This work was carried out in a greenhouse with pot grown plants of

Cyperus rotundus. The original tubers came from the Chesterford Park
Research Station, Bssex, Bngland. Good growth was obtained in the
greenhouse and tuber development was typical of that obtained under
field conditions.

For this post-emergence spraying experiment, single unsprouted
tubers of nutgrass were planted in a sand/peat mixture in 20 cm
diameter pots and grown to the 6 to 12 leaf stage before spraying.

At this stage rhisome development is usually just beginning and no new
tubers have been formed so the plants are at a relatively very
susceptible stage. Greenhouse temperature ranged from 18 to 2%

(65 to 75°r). Supplementary light was provided at night by warm white
fluorescent tubes during this growth periode. Pots were placed on the
ground and spraying was carried out by walking over the pots with a
knap-sack sprayer using two overlapping noszles. Rates of application
of herbicide selected varied from O to 16 litres/ha. All the three
herbicides were applied in a volume of application equivalent to 600

litres of water per hectare. Standard commercial formulations of
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these herticldes were used. Randomised blook design with four
replications was used and comparisons made with untreated planta as
control. After post-emergence treatment, half of the plants were
oovered with nonetransparent polythens shests to reduce light. The
planta were grown on for thres weeks during which thay were sssessed
for damsge and to permit full symptoms and/or recovery to be shown.
Asseasments were mede visually on a 0 to 9 scals for leaf kill {aerial
growth) with O representing no control and 9 representing oomplste
death of foliage and other aerial parta., Assesaments were made at
i days interval from date of treatment to 3 weeks after treatment.
All assessments were talen into consideration in arriving at the

figures shown in the Tables. .-

Rasultg

" The analysis of variance of the date collected showed that effects of

harbiecide type, rates of application, light treatment and time after
apraying were significant at 0,14 level. Also, all the first and
second order interactions were significant at 0.1% hvci (see appendix
1). However, replicates wers found not to bs significant.

) The assessment of visual xill on the O = 9 soale for leaf kill
(serial growth) were converted to per cent iill of serial growth for
the differsnt tables as followas

Table 1

divided Total accre x 100
by df + 1 of herticldes x rates

Treatoent score

Table 2

divided Total acore
by af + 1 of herbicides x dark/light x 100

Treatmnt soore

Tabls J
divided Total soors
Trestment score by df + 1 of herbiclides x dark/light x 100



Table 1

Effects of the rates of application on the activities of the three herbicides in purple nutsedge as influenced by time.

23

TIMES

(days
af ter

spraying)

RATES (litres/ha)

2 L 8 16

GLY PAR] GLY cYp PAR GLY cYp PAR GLY CYP PAR GLY CYP PAR
0 o 2 B 68 3 5 68 2 5 68 1 5 68
(247)%] (843) [(Shets) (bol) | (Ba3)[(mels)| (267)] (649)] (Shot)| (1e3) | (649)] (4 o]

2 20 72 5 20 T2 12 20 72 15 20 72

- 0 | (2.7) [(27.7) |(100) (649) |(27.7) [(200) | (1646) | (27.7) | (200) | (20.8) |(27.7)] (100)

0 0 16 20 72 32 20 72 32 20 72 32 20 72
(22.2) {(27.7) |(100) (4ot ) (2707) (200) J(akots) | (2747) ] (200) | (udots) |(27.7){ (200)

0 0 3, 2, 72 62 | 2 72 6L 2, 7 64 2, 72
(47.2) |(33.3) [(100) (86.1)(33.3) |(100) | (8848) | (33.3)] (100) | (88.8) |(33.3)] (100)

0 0 38 2 72 70 |32 72 72 32 72 72 36 72
(52.7) |(33.3) |(100) (97+2) |(4bet) [(200) | (200) | (4het)| (200) | (200) | (50) | (300)

0 0 92 9 356 172 102 356 182 101 356 184, 105 356

* Visual score for kill of serial parts (total of four replicates)

+ Per cent idll of aerial parts in brackets

4,02

608

2456



Table 2

Effects of dark and light treatments on the activity of the three herbicides
in pwrple nutsedge as affected by time.

HERBICIDE
Glyphosate Cyperquat Paraquat
dark light dark 1ight dark light
. ge a 6 16 128 Udy 302
(bet)* (3.3) | (8.8) (7.1) | (g0)
8 17 17 32 L8 Ui AN 402
(9e4) | (9a4) (17.7) | (26.6) (80) (80)
TIMES 12 28 8, 32 L8 Lly Uely 480
(days (15.5) |(u6.6) (17.7) |(26.6) (80) (80)
af ter
spraying) 16 104 120 L8 L8 §INA IV A 608
(577) |(6646) (26.6) | (26.6) (80) (80)
20 | 120 132 6L 60 TR TR 664
(66.6) ](73.3) (35.5) |(33.3) (€0) (80)
27 353 18 220 70 720 2,56
Table 3

Effects of dark and light treatments on the three herbicides and their rates
of application

HERBI CIDE
Glyphosate Cyperquat Paraguat
dark 1ight dark light dark Light

0 0 0 0 0 0 0 0

2 |.32° | €0 42 52 176 180 542
K17.7)" [(33.3) (23.3) |(28.8) (97.7) | (200)

™ 93 L6 56 176 180 630
ey ' fu3e8) |51:6) | (255) |Gra) | (97.7) | (200)

ba) s | &2 100 45 56 176 180 639
K&5.5) [(55.5) (25) (31.1) (97.7) | (100)

6 | & 100 L9 56 176 180 645
(46.6) [(5545) [(27.2) (31.1) (97.7) | (100)

277 353 182 220 704 720 2,56

* Visual score for kill of aerial parts (total of four replicates)

+ FPer cent kill of serial parts in btrackets
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Figure 3: Effects of the different rates of application of glyphosate on the control
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Figure 6: Effects of light and dark treatmenta on the activity of glyphosate in
Ge rotundus as affected by time '
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Figure 9: Effects of light and dark treatments on the rates of application of
glyphosate in killing the aerial growth of nutgrass
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Table 1 (Herdicides x rates x time)

This table shows the effect of herbicides and ratea of application
as influenced by time. Rate 1 was taken as the oontrol with no
herbicides used and other treatments were compared with it.
Glyphosate (Fig. 3)

In the case of thia herbicids, 100% kill of aerial growth was
achieved by rate 4 (8 litrea/ha) and rate 5 (16 litres/ha) at 20
days after spraying. BEven at rate 3 (4 litres/ha), 97.%  of serial
parts were killed at 20 days after applioation of herbiloldes
Paraquat (Fig. &)

1005 kill of aerial growth was achieved quiokly at rate 2 (2 litres/
ha) in 4 to 8 days after apraying. All highsr rates of application
gave simllar results and there was no measurable difference in
aotivity of the herbicide between the lowest rate of 2 litres/ha

and the higheat rate of 16 litres/ha.

Cyperguat (Fig. 5)

The highest per cent kill of asrial growth aohleved by this herbicide
was 50% at 16 litrea/ha rate 20 days after spraying, the loweat
being 8.3 idll at 4 litres/ha in 4 days. From this result,
cyperquat sppears to be much lsas effective than the other horbioidas

in controlling the aerial growth of nutgrass.

Table 2 (Herbicides x light/dark x time)

This table shows the interaction betwsen herbvicides and light/dark
treatrent aas arfected by time, |

Glyphosste (Fig. 6)

The effect of light did not atart to show until 8 days after spraying.
At 20 days after apraying, 73.3 of the asrisl growth of nutgrass

oxposed to light was killed compared with 66.6% in the dark treatmant.
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(34) Paraquat (Pig. 7)
There was 7l.1l5 kill of asrial growth of nutgrass under the dark
treatmwent 4 days after spraying compared with BOY kill of the light
treatment at the same time. However, there was no difference in the
per cent kill of dark end light treatments as from 8 days af ter
spraying. i

(141) cyperquat (Fig. 8)
The light treatment had 8.8 kill of serial growth sompared with
3.3% kill by the dark trestment 4 days after spraying. This trend
continued until 20 days af ter spraying when dark treatment hed a
slightly higher per cent kill of 35.5% against 33.3 kill of plants
under light.

Table 3 (Herbicides x rates x light/dark)

When the interaoctions between herbdloldes, light and deark treatments
a8 wll es rates of appliostion were talen into acoount, & different
picture emergea. Hare, the planta expesed to light in all the thres
hervicide treatments had higher per cent kill of asrial growth of '
nutgrass than the plants under the dark. This showa that light has
an effect on the activities of these herbicides in nutgrass (Figs.

9, 10 and 11).

E

de Discussion and conclusion

The slow initiel activity of glyphosate after apraying and the fact
that it took 20 days for necrosis to be complete in nutgrass was
supported by Spurrier (1973) who observed that herbicidal responss
of glyphoaate may not be viaible for up to 10 days or longer in
perennial weeds,

The nsed for the high rate of application of 8 litres/ha to
achlsve complete control of the serial parts of nutgrass may be dus
to environmental factors especiklly temperature and relative humidity.

Jordan {1977) and Wills (19768) reported that glyphosate activity is
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affected by temperature and relative humidity. Jordan {(1977) observed

further that less than 104 of ths applied L

C~glyphosate penetrated the
treated bermudagrass leaf at 22°C and 407 RH whereas more than 70¥
penetrated the treated leaf at 32°c and 1005 RH. This experiment was
oarried out in the greenhouse at a temperature range of 18 to 2%

(65 to 75°F) and 90 to 1007 RH. During the night time temperature often
dropped below 18°C before the completion of this works Thls conditien
probably resulted in less glyphosats penetrating the lsaves of nutgrass
and therefore caused reductlion in activity of the herblcide. Another
reason why it took a high rate of application of glypheosate to be effective
is that nutgrass plants used in this sxperiment were at least 5 weeks oid
before spraying atarted. In fact shoots did not emerge untll 12 days

af ter planting on the average because of low hmpofsture at that time.
This olaim is in sgreemnt with Zandstra and Nishimoto (1977) who reported

that with inoreasing plant age spscific activity decreased in both tubers

u’c translocated

end leaves and that as purpls nutsedge grew colder total
inoreased in tubers and decreased slightly in lsavea. It is probably more
economic to apply glyphosate at 4 litres/ha aa the 97.2% kill of earial
growth achieved at this rate of applicetion is just & little lesa than
100% kill produced by 8 litres/ha rate (Fig. 3). |

The low differsnce vetmeen per cent kill of asrial growth of
nutgrass in the dark and light treatments {Table 2) agresd with the
observation of Caselsy (1972) who mald that if treatments were made under
shads or extremsly cloudy conditlionas 1t may take longer for visible
effects on certain weed species to appear but the ultimete results are
normally comparabls te treatments made under sunlight.

In the case of paraquat whioh is guiock acting, the complete kill of
the asrial growth of nutgrass within i days after spraying agreed with

Fryer and Mekepeace (1977) description of its symptoms as being a
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characteristic rapld sceech and desicoation of spreyed lesves. The rate
of application of 2 litres/ha is as effective in killing the aerial growth
of nutgrass as any other higher rate (Fig. &4). This is contrary to the
findings of Zandstra et al (197;) who said that paraquat had no effect on
nutsedge stand. The reason why nutgrass plants sprayed with paraguat

and then oovered with non-treansparent polythens sheets gave the same

per cent kill of asrial growth as those uncovered may be that the covering
dld not totally prevent the entry of light but may Just have succeeded in
reduoing the 1light intensity. ¥ryer and Malepeace (1977) msaid that light
is essential for the activity of paraquat but under low light intensity
some transloocation may ooowr but in darkness no symptome develop.

From the low 50% Kdll of the a.eri;l growth of nutgrass by cyperquat
in this experiment, it is clear that this herbioide cannot bring about
an effective control of nutgrass. This claim sgrees with the observation
of Fryer and Makspeace (1977) that oyperquat symptoms are less dramatic
and scorch is minimal and alower to develop, On the contrary, Johnson
(197%) sald that cyperqust resulted in top kill of purpls nutsedge which
was supported by Heumerton (1975) who reported that oyperquat killed the
top growth of nutgress in both field and pot trials.

It should be noted that this expsriment concerns itself with the
effeotivensss of the three hsrbiclides in killing the aeerial growth of
nutgrass, Whether they are capable of kllling the underground tubers was
not investigated but with the known properties of both paraguat and
cyperquat as contact herbicides, it is highly unlikely that they can have
any considerabls effect on the abillty of the tubers to regensrate.
However, glyphosate being a translocated herbioide is expeoted to reach the
tubers and kill them (Spurrier, 1973; Johnson, 1974 end Hammerton, 1975)
but how long it takes glyphoasate to reach the tubars given the verious
environmental factors is the subject of consideration in the next

experiment.
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EXPERIMENT 2

Cbjective

To investigate whether different rates of application of glyphosate
is able to translocate into and prevent regrowth of nutgraas tubers
21 days after apraying. ~

Materials and methods

In this experiment, nutgrass plants were sprayed with glyphosate at
2, 4 and 8 litres/ha and left at a temperature of 21°C (70°F) and
60% relative humidity in the laboratory. Untreated nutgrass plants
serve as control. The plants were lifted from the pots 21 days after
this post-smergence treatmsent and ten randomly selected tubers from

esach of the treatments and control were replanted in pots oontaining

sand/peat mixture.

Regults and dliscuasion

All the tubers from the treated planta except the control falled to
regensrate 21 days after treatment. This shows that glyphosate has
translocated into the underground tubers of nutgrass plants thereby
preventing their regrowth. fThe next experiment tries to find out
whether glyphosate translocation and prevention of regrowth of

underground tubers ocourred within 7 days after spraying.
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BEXPERIMENT 3

Objective
To inveatigete whether glyphosate applied at different rates on

nutgrass lsaves prevents the regrowth of the undsrground tubers 1lifted
within 7 days after treatment.

Methods and materials

Nutgrass plants grown in und};olt mixture in 20 om diameter pots for
at least 3 montha were used in this experiment. By this tims the
plants hed & lot of foliage and tubers were well developed.

Randomdsed block deslgn was used and compariscn made with
untreated plants as oontrols. Pots were placed on the ground and
spraying was oarried out by wallkdng over the pots with a knapesack
sprayer using two overlapping nogzzles. Rates of application of
glyphosate varied from 0 to 8 litrea/ha. The herbicide was applied in
8 volume of application equivaisnt to 600 litrea of water per hectare.
A standard commercial formulation of glyphosate was used. Greenhouse
temperature was sabout 15°C {59°F) end 100% relative humidity.

After this post-emergence treatment, the plants were lifted from
the pots at 24 hour intervals for 7 days and ten randomly seleoted
tubers from each of the treatments wers replanted in pots containing
sand/peat mixture. The percentage of the tubers whieh prodused shoots
was calculated and recorded as shown in Table 4.

Results

Table 4 shows that not all the tubers in the control treatment grew
during the 7 days when thsy wers .undor observation and there was wide
day to day variation. At the rate of application of B litres/ha, LO%
of the tubers regenerated 4 days after apraying compersd with 100% on
the 7th day. 507 regrowth of tubers was recorded on the 4th day widle

X regrowth ocourred on the 7th day at 4 litres/ha rate of application



of glyphosate. At 2 litres/ha rate, LOX regrowth of the tubers on the
Lth day compared with 30% on the 7th day.

Analysis of variance showed that days after spraying were significant
at 5/ level. This means that the longer nutgrass plants are left after
spraying the lower the per oent regrowth of the tubers (Fig. 12). It was
also established that rates of application have no significant effect on
the regrowth of tubers.

The orthogonal polynomial method showed that the response curve of
the relationship between days after spraying and per cent regrowth of
tubers was linear (Fig. 12). Correlation coefficient analysis alsc showed
that rates of application of glyphosate was siguificant and therefore
closely correlated with the per cent regrowth of the tubers up to 4 days
after spraying. The interactive effects between days after spraying and
the rates of application of glyphosate was found to bte significant by

partial correlation coefficient analysis.

Table &4
Effects of the rates of application of glyphosate and days after spraying

on the per cent regrowth of nutgrass tubers.

Per cent regrowth

DAYS AFTER
SFRAYING 1 P 3 L 5 6 7
0 70 30 80 LO 50 0 €0 330
2 100 60 70 WO L0 |40 30 380
Rates of
application N 9% 20 50 50 70 |10 30 320
(litres/ha)
8 30 LO 80 L0 80 0 |100 370
290 150 280 170 240 50 220 1400
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Analysia of variance of experiment 2

3ource D¢ ss M VR(F)
Days 6 10600 1766.7 337
Rates 3 3714k 123.8 0¢24 NS
Rates x Days 8 94.208.6 ) 523.8

Total 27 20,00 |

Urthogonal polynomial analysia

x 1l 2 3 N 5 é 7
y 290 150 280 170 24,0 50 220
Linear -3 -2 -1 0 1 2 3
Quadratio 5 0 -3 =4 -3 0 5
Cubloe ~] 1 1 0 =} -1 1

Linear Quadratie

= 450 50

K = 28 &
R = 4 4
5 = ¢ 180804 . 28640

Kok
VR 8L s 0455 NS

Correlation coefficient snalysis
X, = Days after spraying

x Rates of application

2 =
r = ﬂ
=2)(y%)

=0.4130*

ryx,

Iyx, = +0.3315 NS
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Days  § 2 3 4 IN 5 6
Total % regrowth 290 150 280 120 170 240 50
Rates o 2 4 8 o 2 &
Total % regrowth 220 270 210 190 150 150 160
l'yl = "0.‘}082‘ -0 .%06 NS
+0. 92754- LY

ry, = -0.6165%*

rie2 v ~0.3534 NS +0.2672 NS

Fartial correlation coefficient

ryle2 = ryp = (ryp)(rl.2)

(1-r232)(1-r21.2)

ryl.2 = =0.4082 ~ (~0.6165)(=0.3534)

{0.6199)(0.8751)

626
= 1365

ryle2 = =0.8501%%¢

T

ryle2 = =0 0606 = !O.EZIG H 0426 ZZI
(0.1396)( 0,9286)

= -D. 8
0.3601

1'3102 = -008567‘..

= significant at 5% level
s significant at 0,1% lavel

= not significant
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Fig, 12 - Effect of days after spraying on the total per cent regrowth
of nutgrass tubers



de Discugslon and conolusion

The feot that not all the tubera in the oontrol treatment gzrew waas
probably dus to dormancy of the buds and environmental factors
easpescially temperature. Temperature is one of the important factors
controlling sprouting of tubers of nutgrass. Uski (1969) cbtained
95 per cent regrowth of tubers at 30 to 35°c with no sprouting sbove
45°C or below 10°C. The low temperature of 15°C prevailing at the
time of this experiment may have reduced the chances of regrowth of
these tubers,

There is a suggestion of a progressive decline in viabillty of
tubers at 2 and 4 litres/ha. The results at £ litres/ha seen
anomalous but may be dws to rapid kill of ahoots and fallure of
translocation (Table 4). However, from the above mnalysis, it was
found that the relationship between days after epraying and the regrowth
of tubers depended on how long the treated plants wers left for the
herticide to be translocated down to the underground parts of nutgrass.
This shows that the longer the treated plants are left for trans=-
location to occur the less are the chances of regrowth of the tubers.

The correlation coafficient analysis (Page 42) showed that the
higher the rate of application the lower is the per cent regrowth at
a shorter period of time of 4 days. At 2, 4 and & litres/ha rates of
application of glyphosete only 40, 50 and 40% regrowth respectively
was cbserved 4 days after spraying. Thias observation agrees with the
work of Chase and Appleby (1979) who observed that after two
applications of 2 Kg/ha of glyphosate to non-tilled nutgrass plants
only L0% reduction in germination of the tubers ocowrred.

The partlal occrrelation ccefficlent showed that the intersotive
effect of days after spraying and rates of application are significant

at 0.1% level after the data has been partitioned into two groups of



days 1 to 4 and 4 to 7. From this analysis it could be sald that effect
of days after spraying on the regrowth of nutgrass tubers is influenced
by the rates of spplication of glyphosate. Thsrefore, it oould be
concluded that using high rate of application of glyphosate, short
nusber of days will be required to aohieve low per ocent regrowth while
application of low rate of glyphesate will require long number of days

{0 achleve low per oent regrowth of nutgress tubers.
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VI1 Gensral discusasion and conclusions

It is cglear from published work and the experiments described in
thls thesis that glyphosate is an extremely promising herbicide far the
non~se lective oontrol of nutsedge. 1t is capable of killing both the
asrial parts and the underground tubers which is essentisl if more
than temporary control is to be achieved. Absorption and translocation
is rapid under favourable conditions especlally high temperature and
relative humidity which should make it more suitable for tropicel
than temperate conditions. It seems likely that soil oultivation
oan take place as soon am seven days after applicetion without losa
of tuber kill which means that little time is lost in preparaticn of
the ground for the next orop. The absence of soll persistence is
another charecteristic of glyphosate of great value in crop production.

A serious Arawbeck to effective control with glyphoaate is ita
relatively slow adaorption by plant leaves which results in poor
control when heavy rain followa soon after spplication or where
impermeabls cuticle is present. The addition of extra surface active
agent or inorganic salts has been shown to sometimes have beneficiel
effects.

Already glyphosate is being used in weed contreol in tropical
sountries such as Nigeria although thias iz restricted msinly to
research stationa and other agricultural institutes. The limiting
faotor to the widespread use of this herbioide is the high coat of
application. In Britain it costs £30 per hectare to apply glyphosate
and thare is no doubt that it will coat at least twice this amount in
the developing countries of the tropics. Wwith the satablishment of
Agricultural Credit Bank in Nigerie to give loans to farmers together

with government subasidy cof fertilisera, seeda and cther agrioultural
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inputs, it is hoped that more farmers will be able to afford the
purohase of glyphosste and other relatively costly herbicides whioh

are esssntial for improved and high output crop productlon.
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