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CHAPTER I

I N T R O O U C T I O M  •

L .
Tbd Cyparus species, Cvoerua asculantus |yellow nutgraes) 

end Cyparua rotundue.(pucpIb nutgrasa) are recognised sa serious 

mseds in the Republic of South Africa. Yallow nutgraaa is generally 

•segarded as the moat tssoublbsorae weed competing uiith dryland field 

crops in the high summer rainfalJ areas of South Africa. An 

ubiquitous warm season sedge, adapted to a midp variety of aoil . . 

types, yellow nutgrase has exhibited a remarkable capacity to inwude 

and proliferate those agricultural soils beet suited fop ffim production 

of grain and fodder crops. Yellow nutgraaa ie not only difficult 

to control but, dua to a unique subterranean reproductive tiiBchania?tj : - 

field eradication is almost impossible to achieve. As ii result}. 

even when only small, isolated packets survive in a field', the rapitf ;' 

regenerative end colonising habit of the spesies ensures a aavate . . 

infestation within one or teno eeaaons. (Figures 1 and 2). ‘

The phenomenal gains in ita invasion of and distribution 

throughout the high summer rainfail areas Of South Africa, especially ’ 

within the Highvelt! Region ie, indeed, a striking fee turn of arable . 

production within the Region. The Highvsld Region is one of esvan 

egro-ecologicel regions into which tha Republic'of South Africa -is ~ ' 

sub-divided. This Region , formerly known as the "Maize Triangle11, 

ie ths principsl field crop producing area of South Africa, account­

ing for 77 percent of the Republic’s total maize production. The 

Highvsld Region is sub-divided into four principal sub-regions 

(Baisr 1963), namely, tha Eastern Highvsld, Eastern Free Stats,

Western Transvaal and North-western Free State. Illithin the Region, 

yellow nutgraes ia almost exclusively confined to the £aatern.&ec^‘on 

of the inland plateau at altitudes below 6 ,0 0 0 feet and receiving 

an annual rainfall between 650 -  700 mm.
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Do9pits tha fact that yellow nutgraas is generally regarded 

as a noxioU3 ma d ,  it is noteworthy that relatively little is known 

about its geology and life history in South Africa. Ou^r tha past 3(5 

yoac9, 3 scientific papers, Rheinhold (1942 a and b) and fflss (1951), and ■

2 general papers by Du JJroez (1914) and Sollschop and Hattingh (1956)., have . 

appearud. The dovslopment ana introduction of suitable control msasures ,. 

has conaequcintly.been greatly hampered by this paucity of basic: information 

The accent an increased agricultural production and demand for mors- ■ h. 

effective control maasifcas has emphasised the importance, of a critical: 

axaminatian of this meed species. Such invoatigations could assist in -.- '--­

establishing a sound basis for an intelligent approach to both cultural 

and chemical control. . . .

A study was- therefore undertaken with a view to in.veatigafcitig 

life history, method of competition, diapereal and control- of. yeiroai.'V'?-4; ^ ^  

nutgrass. A knowledge of the life history and r

simulated agronomic practicss could serve as a basis for the. efficient-.--; 

implementation and judicious timing of e o r t e m  cultural prac£: 

and glasshouse investigations could assist* in clarifying certaipi.re 

features peculiar to tha dispersal and'distribution pattern, of. tha weedLV-vr::̂ .-; 

species, finally, tha continual appearance of new 

improved herbicidal eff-icacy-and groator -or.op. se

periodic field evaluation against this weed problem. - x

L  T
Because of the marked differences between C.osculentus and C.rotundua >— 

uiith rogard to growth habit, morphological features, reproduction and disr.. . 1 

tribution, it ia important that these distinctions bo clearly defined- i. 

and understood. To obviate the confusion urtiicfi has oftan arisen in tho v .•• 

past, a comparative description of both species has been presented, • ■



is necessary to elucidate ths exact origin and describe the current 

distribution of the species.

The earliest authentic records are to be.Found in Che 

"Flats Capensia" in which Thiselton-Dyet (1900) lists, a number of . 

the early botanists mho had recorded Cvoerue eacul8htua7 Baaed ojv •. ■ , 

information obtained from the Division of Sotany, Pretoria, the ;; ' ■ 

chronological agquancs of these collectors mere as folltjwaj- .

a) Krauss (1839). Near Umleas River, Natal. . : -y

b) Buchanan (1675). Between Herrismith and Leribs, Orange .'v-
Tree state. . '

c) Ri -i«nn (1875-1B80). Pretoria and Houtboech, Trafteweai*’ I' :.

d) Wood (1880). Kaffir Kraal. - ' . . 1

e) Tyson (1882-1886). tflarahee near Clyedale (Urozumkulu) end ~
Griqualand East. "/;•

It is pertinent to note that in his "Flora of Tropical Africa",_■ . . 

Thiaalton-Dyer (1902) also mentions that CVoetue eaoulentue'is eoiiiiaon ■. 

to moot warm countries in Africa.

Based on -the records of the early collectors, there is 

littla doubt that yalloui nutgrass is indigenous to South.Africa • ' / 

and that the initial source of infestation, unlike most introduced'';.' ''; . 

uiaed species, is of internal origin. There is sons room for speculation 

. .-Rs.’.teN. ths introduction end migration of yellow nutgrass. .. 

in South Africa. Tha tuber, because of its valuable food reaervea, - 

served a? famine reserua for most African tribes* For thia reason, 

it is possible that the original introduction of the species may 

have been associated with the former migratory movements of the Bantu 

in Southern Africa.

The earliest warnings of the dangers of nutgrass invasions 

into cultivated sites are attributed to Burtt Davy (1904) who, 

in his report to ths Transvaal Department of Agriculture, mentions



In his description of the South African Cyperaceea, Schonland 
L.

(1922) briefly mentions that Cvoarus asculentus Schrad. is a troublesome

weed in the coastal districts of Natal. For sotne inexplicable reason)
' L. C. .
Schonland has not described both C.asculentus and C.rotundaCin his

publication.

Listing the plants to be found at f rankenioald, Glover (1937} 

has grouped these according to their respective habitats. Under , 

disturbed areas (old roads and old ploughed lands), he mentiDne that. • •

. ' *-• • C . ■ •
the first floral inhabitants are uieede such aa Taoetes. flmaranthus.-'etdii'

but makes no reference to Cvperua esculantus invading such aitae'.

On moist sites, water holes and ujater courses, Glover states that

C.esculentus is frequent to abundant, shooting in September,-floaiering'

in December to January end setting fruits and seeds in January to - .■

February. The moist sites, which are qiiita-rfaniiliar'.atn-Ftenkenufal’d^ :ar.qv

caused by the approach of oukiip (iron sesquioxade or nodular irofr)/;---'*:. .,

to within a fem inches of the 8urface of the soil.' In-eeiny.'.Maawwj-’"-;;

the impervious layer acts as a reservoir and kssps the soil vary, moist,:

almost throughout the year. . : ■

In his subdivision of the early stages of secondary succession. ..

(subsere) on the sandy soils of tho Transvaal, Davidson (I960 b), .- >'V

states that the Ruderal Stage consists of annual weeds,mainly--.. • '
■ • - - CiatA*. - • ' r.;>H3ctr,v
dicotyledons, but also includes Eleusine indlca, Panlsuia laeuifollunu . •

Setaria palllda^fueca^and Cvoerus ssculsntusA.- • • -

In an attempt to explain the reasons for the reatrictad confines of

nutgrass infestations in the Highveld Region, a number of pertinent -

climatic and edaphie factors have been investigated. Cyparaceae ere

generally a hydrophytic group (Holman and Robbins 1947), which have '

suffered a considerable morphological reduction and specialization

in acquiring their present amphibious xerophytic mode of lifa

(Plowman 1906). Schonland (1922), mentiorj that the South African

Cyperaceae are particularly rich in apecies which grow in localities

that are subject to periodic intense drought.



from the anatomical studies of Rheinhold (1942 b), it would appear

L . :
that Cvoerua esculferttue laofts protection Par the stomata in the leaves i

and the pellisade tissue in the leaves is not difPorantietad. This

indicates that this species is a shade plant adapted to molat regions* :

The epidermis of tha leaf is modified to act as an efficient water

jacket, enabling the plant to survive in drier habitats. Rheinhold

(1942 b) found that the outBr tangential ujalls of epidermal cells 1

are cuticularised. The radial and inner tangential malls are very

thin - a necessary condition where an important function of the epidermis

is to act as a water Jacket.

Notwithstanding theae mesophytic modifications, yellow 

nutgraes ie primarily a hydrophyte (Glover 1937), and a cursory glance . -i'i 

at the principal areas of infestation in South Africa reveals a ■ . 

tendency for concentrated distribution in the higher rainfall areas- ■ . , 

(figure 35 ). These include the Eastern Highveld and Eastern Orange•• 

free State,sections of Natal and Griqualand East, as well as the Natal" . 

Sugar Belt. This distribution pattern is confirmed by Sellschop and 

HatUngh (1956).

In his description of the macra-climatse of the Highveld Hegioft, >-i 

Baier (1963) ha® dealt extensively with the principal climatologleal 

variations betuiBsn tha four sub-regions. Saisr has established that .

39 percent of the Highveld Region lies at an altituda of -above- 5*000 ..... -

feet, and that the climate, particularly the distribution of rainfall 

and temperature, is closely related to the pattern of topography.

Lowest maximum and mean air temperatures oocur in the south-sqet 

and the highest maximum and mean sir temperatures in the west, 

furthermore, 38,2j£ of the Highveld receives mors than 700 mm annuel 

rainfall. It: is, therefore, evident that the climate of the Eastern 

free Stata (altitude 5,000 - 6,000 feet above sea level and average 

annual rainfall 634 mm), shoes a strong similarity to that of the 

eastern Highvsld (altitude 5,000 - 5,500 feet above sea level and 

average annual rainfall 596 mm). I

-5- . !



The climate of both these sub-regions, however, differs very markedly 

from that of the remainder of the Highi'sld-iRegiOB. The areas of 

severe nutgrass infestations would tharefore appear to be mainly 

confined to the elevated, cooler, high summer rainfall sub-regions 

of the Highvsld, Whereas climatic fsctora would appaar to be mainly 

responsible far the adaptation of the species, evidence will also be 

presented at a later stage (Chapter VIII C) indicating that costmufiiiie 

of yellow nutgrass have extended their areas of distribution1' largely- 

as a result Of certain biotic factors .(See Figuro 35), :

From an sdaphic point of view, yellow nutgraae revaela remarkable; - 

adaptability to soils rnith divergent texture and structure. This rang 

includes sands (Eastern Free State), loam Sands (Frenkentoald) sandy.- 

loams (Sethel)flasms (Bapsfontein) and heavy black clays (Stsyidectfln)?,



CHAPTER III 

MEDICINAL. NUTRITIONAL ftND ECONOMIC USES.

It ia not frequently appreciated that, despits its troublesome 

behaviour in cultivated fields, nutgrass - particularly the tubers • 

has been, and still ia, extensively cultivated by numerous societies 

and communities. Watt and Breyer-Brandwijk (1962), Killingar and.

Stokes (1946), Pomer and Chesnut (1923) and Baughtnan end Jamieson

(1923) have reviewed ro'ich of the pertinent literature with regard to. 

medicinal and dietetic value, composition, human food or animal 

feed, bBverage and economic uses. The references, all of which rsfer 

to the tuber, are voluminous) and no attempt has been meds'to reproduce 

the entire survey. A brief 8'’:.imary of the literature has therefore. • 

been compiled and to simplify the presentation, the details havs W e n 1-^ 

grouped according to specific end-usage. . .••••• • 7- • c

A. ARTICLE OF FOOD.

Ths tubers of nutgrass, with a flavour somewhat like-thet-of :: 

almonds, are commonly known under the Spanish name of ''chufas" but 

also as "sarth almond" and "rush nut", and in French as "Souchet • 

comestible" or 'bmande de terre". The edible tubers ars said to have .. 

bssn cultivated from the earliest times in Italy and North Africa.

In Southern Europe, the tubers ars used as a vegetable. Roasted and - 

ground, nutgrass tubers were used as a substitute for coffss and cocoa. 

Such a preparation waa known in Germany towards ths middle of the 19th 

Century as "mandBlkaffee" ( almond coffee). The nutgrass tubers 

contain no alkaloids, caffeine or asparagine.

On ths Gold Coast markets, ths tubers, known as "tiger nuts1', 

are sold for ohsuiing, or in preparing the whits, jelly-like tiger 

nut milk pap, and as a famine food. In Ulsst Africa the tuber is 

cultivated as a sweetmeat. In Northern Nigeria, the fresh nut is 

eaten rat*, if of rich quality, but usually iv ia roasted on 0 pan with 

sand.

-7-



B. s BEVERAGE

Power and Chssnut (1923) refer to an illustrated article 

vihich deals with tha development of a sizeable industry in Spain to 

exploit a summer beverage mads from chufae. This industry is alleged 

to have been of such importance that thousands of persons gained tholr 

living thereby in those regions inhere the material for ita manufacture 

tee* cultivated and collected. The beverage ie isade at a chuferia 

and sold at horchata stands and by many ambulatory salesmen. Fas 

tha preparation of tha beverage, the nutgrass tubers are first washed 

in cylinders at wire netting by means of a continuous flow of water* 

then subjected to pressure and the expressed milky liquid,.which .

apparently contains the fatty oil in an emulsified state is finally . 

cooled or frozen. According to the Spanish Commercial Office in South 

Africa, the popularity af this drink has not waned during present tinea 

Dn the Gold Coast, the roastsd nuts era ground and served to -' 

produce a fine meal, which is added along with sugar to water as a 

beverage, or even eaten dry. .

C. IBEOICINAL UftLUE

Watt and Breyer-Brandwijk (1962) cite the benefits of - 

utiiizeting the root. The 7,ulus cheui the root for rslief of 

indigestion, especially when the condition is accompanied by foul 

breath. Ths Chinese have used the plant as a stimulant, stomachic, 

sedative and tonic. The absence of alkaloid end caffeine in the 

tubers suggests that the value of the tubers is dietetic rather than 

medicinal.

0. ANIIBftL FEED

Power and Chssnut (1923) cits a reference which indicates that the 

chufa mas introduced into the U.S.A towards tha last quarter of ths 

19th Century as a hog feed.



Chufas ate uaad to fatten swing, but produce a soft carcaaa 

which must ha hardened by feeding earn. During 1941, 172 acres of 

chufes mere dug and 7,072 acres left in the fialn for hogging off in 

Florida (Killinger and Stokes, 1946). The chufas are not regarded as 

a problem as they are easily eradicated by hogging off and then by ■■ - 

tillage of the auci 'saive crop. Poinar (1964) reports, that C.aeculsnt 

is regarded as a valuable source of food and shelter far tuild life in. 

the U.S.A. ■ ' . .

G, COMPOSITION . 1

l) Tubers . • •1

The tubers we re analysed by Power and Chesnufc (1923) tthd rsuealed’',:../ 

that tha moat important constituent of.tha chufa la unquestionably-. - -~:r. 

the fatty oil which, as extracted by light petroleum, uies’- obfcaineii tea; 

tha sxtsnt of 26.9$. Starch end sucrose uisrs also present in conSit 

amounts. An enzyme, present in only very small quantities capable,.of?, 

alaisly hydrolyzing amygdalin, mas aleo reported. . . :

2) Chufa Oil ■■ ; ■;■ '

Baughman and 3amieaon C1923} report, that tha oi-l.cofiialne - 

principally the glysecid of oleic acid 73.3^, followed hy-thavglycat 

of palmitic acid 11.6%, The yellow-gold, practically odourless, 

drying ail can be obtained from tha tuber by cold expression and 

resembles olive oil in quality, 1

f. MISCELLANEOUS USES

From the aforegoing, it is evident that the chufa oil, 

known as sedge oil and, in Germany, as earth almond oil (ErdmendelHl) 

could be used for the same purposes ae olive oil, both aa food end fc 

the manufacture of soap. In Italy and Egypt, the fatty oil has been 

employed for this purpose. . '

I., non- >%.
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COMPARATIVE QUTLIWE OF C.ESCULEMTUS flNP C. ROTONDUS

Considerable confusion exists regarding the identification of and 

differentiation betweso the two roost important nutgrass weed species. 

Because the two Cyperus species are so often mistaken end confused in 

the field, a comparative guide has been compiled, outlining'major ■

differences relative to nomenclature, morphological features# Eathofts'-
■ I

of reproduction and distribution zones. The classification is based-,--.. 

on local obsertfstione end relevant literature. TMselton-Dyer.'^lSQOW 

Rheinhold (1942 a and b), Ou.Praez (1544), Bellue (1946) Killingac..-’'^ 

and Sfcofess (1946),Day (1953 &), Day and Rufeaell. (1955)f rild' (1955)V '•'= 

Sallschop and Hattingh (1956) and Rahn et al (1952). .
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FIGURE 5: Cvperus esculentus Umbel subtended by bracts

FIGURE 6: C/perus esculentus Spikelet

Note: Figurea5,6,17 & 18 drawn byr C, Chappell
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FIGURE 7: Cypsrus aaculentus - dormant tubsr.

FIGURE S: Cyperua eapuXentus - Smollsn tuber 

with double vertical rhizomes.
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Cleiasi'fication of the Underground Organs of Nutgrass.

Ths nomenclature usBd by certain authors in respect of the 

t- . . L.
underground organs of C.asculentua and C.rotundus is confusing.

A number of aut h o r  refer to nuts, nutlets, cbrms and bulbs uhan

describing one and the sams Underground org^ni For example, Canes 

rtfferc , s
(l94€r<9£ees to corma; Du Pr9S2 (1944} mention^ bulbs, while Killings:

and Stokes (1946) describe the organa as nuts. To obtain a correct-

classification, the descriptions of uaraoua underground organs as- -

presented by Holman and Robbins (1947) are given below;

!• Shlzomae. These are elongated, undergr nd, horizontal stem,

generally acting as storage organs. .

2. Bulbs. ft bulb consists of a short, flattened or disc-shaped 

underground stem upon urhich are borne fleshy scale leaves filled iuith 

stored Pood. Ths reserve carbohydrate of mast bulbs is not-starcH,-., 

but sugsrs. •

3. corm. A corm is a short, solid, vertical, enlarged, underground 

stem in uihich food is stored. Corns arB usually flattened from-"top t 

bottom and bear a cluster of thick fibrous roots at the lcuiar.side- en 

a tuft of leaves on the upper side. They differ from bulbs principal 

in being almost entirely made up of stem tissue with relatively few.., 

soalB leaves. . ■ ■ •

4. Tubers. A tuber is.a much-enlarged short, fleshy,underground: 

stem. Tubers differ from rhizomes in their stouter form, their . vj 

generally shorter internodes and the usual absence of roots. They- 

are commonly produced at the ands of rhizomes.

The swollen underground organs of nutgrass should thus be 

regarded as tubers , and not ae bulb* or cortna. . .

-13-
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CHAPTER \1 

REVIEBI OF LITERATURE * .

A. LIFE HISTORIES STUDIES

1, Sasd. . . .

e) Viability.

Rheinhoid (1942 a) and tiles (19S1) stats that tha fruit

oUttr ' -
of nutgraea is ceusred eith an extremely hard, thick Medcoat. Dormancy

of the saed may be broken artificially by acid treatment of .the seeds, ..

a four-minute immersion in concentrated sulphuric acid yielding. " ;

90 percent germination* Rheinhold concludee that the poor 'germihation. :

obtained when the seeds ere soaked only in mater is due to tha: eXtretna-- -

hardness of the coet and not to any leok of viability in tha ■Bmb*yo;v : .v.o;

iteelf. . . ■ . • .

Results published by Justice and Bhitehead (1946) reveal ;tbst «■

nutgrass eeed sown in sterilized soil and kept ir a grsanhoLse at

20°C to 30°C failed to emerge within a period of 3 months. Seeds placed

bete/een blatters ant} kept in the greenhouse under similar,.conditions-, v

gave. 79 percent germination within 4 months. These workers hai/e.alao.v ■ :

shown that while large numbera of viable yalleuj. nutgrass .seeds1 .assr,-^

. - '■ - • 
produced, reproduction of Cyperus- rotundue seed is .relatively <,unira~.:.. j

portent. . . ■

A comprehensive study of the germination of ysllow .fiutgraes-’seed.....

was made by Rshn et al.(lS62).« Their, results show, that,- • .; - ; ...

1) There waa a highly positive correlation. betwaer; seed - - 

germination and lu-aight. ... ...

2) Germination did hot take place when temperatures remained . 

constant. Germination of the eeed ie favoured by . 

alternating daily temperatures of 85 - 95° for S hours and "  

70°F for iSSAewe- .

3) Acid treatment (concentrated sulphuric acid 2 - 1 0  minutes)

’ increased the germination from 72 - 90 percent.

K
N.9, In several cases references in respect of•C.rotundue have 

been cited where corresponding data for C.eBculentus/.. 
is leaking. '

I



4) Exposure of seed to 0,2% ethylene chloth^drin and 

potassium gibbersllats increased germination. Germination 

also took piece without special traa truant.

5) Seed germinated better on soil than on Filter paper.

6) Light or abeenee of light had little effect on gemination 

when temperature conditions were optimal.

7) Seed BKposed to EPIC vapour, germinated well but ahoaed 

. damage shortly thereafter (Sae Table ?).

C) Late harvested seed gave a higher percentage germination*

9) Dry seeds refrigerated at 36 F for 3 ysare, germinated as 

ursll as a comparable group held at room - temperature. .

J>) Production. . .

The reproductive potential of yellcui nutgraae by seed lies been- 

reported by a number of investigators. Hill et al»(1563a)reports that- 

a single seedling developed into a stand of plants that produced . . • ■ •

90,000 seeds uiith a germination of 51 High seed production.appeared ; 

to be associated fflith young, rapidly growing plants and aiaa very low . 

in denss, undisturbed etande. 3uatice and Whitehead (1946) found ... 

that tuentyfivs inflorescences of yellow nufcgraaa yielded 50,200 - 

seeds with an average germination of 75.6 percent, or the equivalent . 

of 1521 seedlings per inflorescence,

c) Lonoevitv

Baliii*^(1946) furnished data as to the longevity of : 

certain weed seeds stored under ordinary laboratory conditions.. The . 

longevity of yellow nutgrata is given as 20 years.

2. Tuber

Rahn et al.(1962) have made a systematic study of yellow nutgrase 

tubers. Their results may bs summarised ae follows:-

(i) The tubers are confined mainly to the top 6 inches of soil.

Shoots RQlflly emerge from tubere located in the top 2 inch:' 

layer.

(ii) Freshly harvested tubere appeared to be dormant and neither

constant r-r daily alteratione of temperature induced germination. 

Storage for 1 month at 50 F increased the germination, from 4'. .•to



aft* -16-

(iii) "tubers uv m w l n fcarlng germinated satisfactorily. .

(iv) PotDeaium thiocyanate and thiourea brake the tuber dormancy, 

resulting in up to four vegetative sprouts par tuber, but root 

and shoot growth were retarded after germinatiom EPTC 

presented germinatiori of the tubers without killing then, while 

atrazins did not stop germination but eventually killed young 

plants, Herbioidal chBmicals did not kill dormant tubers,

(u) Rate and percentage of germination of nutgraas tubsre ma# greatly 

redwood by heauily compacted soils. .

(vi) Exposure of nutgrass on the soil -surface to freezing and- laying

during winter reduced ths percentage germination but did not -. . 

kill the tubers. ' ,

(uii) Tubers lost their viability betumsn 13 - 22 months. Observations 

however suggest that some tubers remain viable m  the soil for -r. 

mpre than twe years.

(viii) Tuber production wee hastened by a short photoperiod at the -

expense of topgrowth. Tubers are produoed during plant v. ; ri 

maturation.

Reduced light intercity reduced plant size, formation of iubSrs"-',- 

and vegetative shoots. .

When light intensity was high, lowering of ths soil temperature v ’- 

fcom 85°F to 65°F reduced tuber formation greatly, but had.little 

effect on vegetative shoots,

Increased soil moisture levels increased the growth of. both, tops ’ 

and tubers. :

Nutgrass produced squally well at pH levels of 5, 6 end 7, .. • 

Fertilizer applications increased the production of nutgrass.

Hiss (1951) reports a case of fully mature tubers wnich mere removed 

from flowering plants at ths end of October and kept on moist filter 

paper in a petri-dish in the laboratory. The tubers remained dormant 

till the end of February, after iuhich S5j£ of the tubers sproutsd.

Rhelnhold (1542 a) found that plants grown in the greenhouse did not 

produce tubars till five weeks after shooting above ths ground whereas 

tuber production in ths field was much more rapid. Investigations by 

'this author revealed that the majority of ths tubsrs lie in the top 5 

inoh layer of the soil? that the tubers contained food reserves

(ix)

(*}

(*i)

(xll)

(xiii)



FIGURE 10: Nutgrass rhizones infesting potatoe tuber.

FIGURE ll!) nut,™ .. tutT.rs Upl.nted In pot.tm tou.r.



sufficient for the production of an average of four shoots tuhan 

subjected to repeated clipping; that exposure a? the tubers to 

laboratory air for 10 days killed the tubers,while direct exposure to 

the direct sunlight killed the tubers after 5 days; e temperature

of SO c far B hours killed the tubers after turo hours.

I- C.
The effect of exposure of C.eaculBntus and C.rotundua tubara

to dry air and dry soil in the laboratory end under field conditions tira'a 

studied by Day and Russell (195S). C.rottindus tubers mere readily - 

killed by drying in the open but yellow nutgrass tubers survived -

prolonged storage.

Tumbleson and Kommendahl (i960) stucUsd the reproductive: potential 

of nutgrass plants derived from tubers. The population density varied 

From 13 million plants and 38 million tubers (05^ of thase tubac' in the . 

uppar 6 inches of soil) to 000,000 plants par acre. One -tuber in oneiyeas 

produced 1,900 plants e.ni3 6,90D tubers to1 a depth of 10. obi in'a^pateh ;

7 feet in diameter. Tubers harvested. in September gertiinatod.12 ;psroW)kv-rf.- 

but tubers harvested from the earns plots in the next June, germinated:- .

95 percent. Tubers plantedir silt loflst-a^at depths of l£ inches • t- 

prcduced more tubers per plant than tubers planted in sand or ot  a. . < 

depth of 3 inches.

The response of nutgrass to spacemen^ and fertilizer mas •

investigated by Killingsr and Sfcokea (1945). Chufaa yielded most when, 

groan in 2 ft rows with 12 inch spacing or in 3 ft rows with a 6 inch. 1 

spacing, marked yield increased in both' tuber and hay-.'Wers obtained .. 

when certain fertiliser mixtures uiera applied. -

Hall at al.(19ftS) report that on an unllmad Cvnodon dactvlon b s  . : 

turf plot at r^ankenurald, where the continuous use of ammonium •; 

sulphate had greatly increased the acidity (in some cades to a pH of 

4.0), the grass formed a poor cover and iiatergrase (Cvperua spp) 

invaded the stand, tllhera Hibb was applied and- tha pH maintained 

above 6.0, 'me Cvnodon dactylon^was able to keep the metis in cheek.

Hall ■Qt al. (1955)attributea the survival of the nutgrass to the fact that 

nutgreee ia able to grow in an extremely acid soil. Under field conditions 

nutgrass rhizomes and tubers penetrate potato tubers, rondoring then 

unfit for marketing. 7hs grading of nutgrass infoeted potatoas in South 

Africa is described in ths Government Gazatto (1945).





8. CDfflPETITIOM

-1 . Inflosrm of.Nutgresa in.the:Field.

A number of field ts9ts hava been conducted under Highvaid 

conditions, et Frenkanuraid and Bapafontain, to establish tha critical 

period during which weeds exert thair most depressing effect on maize>

The uised papulation in these trials consisted of a nutgrass-annual, 

grass complex, and the experiments were conducted under favourable soil. ' 

moisture conditions* The results .of these trials may be briefly 

summarized as follows;-

Fisher (195? a) working at Frankenwald, showed that lack of.weed 

control during the first seven weeks after planting, did not reduce, grain 

yield but, as from the 8th week, lack of weed control brought about, a ■ 

steady decline in grain production. •

Similar results mere obtained in an additional trial (Fisher . .• 

19S7 b). Results showed that despite the. apparent effect, of airmitfed. 

population of nutgress and annual grasses on the growth of mai*e, ureeds >■ 

permitted to compete with maize in the rows for the first 6 aeeko -/.• . .. 

after planting and thsn removed, did not influence the gx-airf ytfelW}..-”'’■■-Ji 

cob number, protein composition, etc,, In the absence of nitrogen- ' - 

applications, ths weed population did have some detrimental effect On ■ 

grain yield. . . ■

Ths above results were confirmed in subsequent trials conducted, ■./i- 

at Bepsfontsin (Fisher and Stiven 1958). Weeded and unweeded mSiza_ . . ^ ■ 

competing with a mixed stand of annual grasses and nutgrasa produced 

about the same amount of dry matter up to ths sixth week after . . 

emergence, after which time the production of dry matte; in the unweeded 

maize dropped sharply. Furthermore, between the fifth and sixth weeks, 

the weeds began to make their greatest demands on food nutrients. A 

highly significant correlation was found between the depressed maize dry 

weights after the sixth week and the ampunts of nutrients which the 

weeds took up after the sixth week. The importance of nitrogen to the 

maize plant uses also demonstrated, fot nhereae or.iy one pound of 

phosphate was found in every 5D0 lbs of dry matter, 5 lbs of nitrogen 

was found in the seme quantity of dry matter.
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2. Plant Toxins.

Literature on tha role of taxlo substances in tha compstition 

between higher plants has bean aSM/leujDd by Oonner (1950), Borner 

(1960) end Crafts and Robbins (1962), In tha caaa oP such mutual effects, 

far which products of plant metabolism might be held responsible, the 

teem "allelopathy" has been proposed by Martin end Redamachar (i960) 

and the term "kcline" by Grummer end Bayer (1960) for the substances 

formed by higher plants which ere toxic to other species of higher 

plants.

The evidence that has accumulated on the ncaloglcal significance 

of these plant toxins, and the role that they play in the distribution - 

of certain species, has bean largely circumstantial. Although many . ■ 

observations have been made and hypotheses erected on the nature of . - .= ■.-. 

''allelopathy", eomparativaly few well-founded experimental results - ; 

are available. (Martin and Radamacher I960). ,

In the majority of reported cases, it has baan ahonsn that..the - 

roots and ether organs in the aai.’ give off eubstances which are.toxic‘to 

other plants. The release of toxic substances above the soil, however, ‘ 

has been reported by Grummet and Beyer s’l96D). Their 'invaafcigations - • /■; 

revealed that toxic substances are washed out of Camelina by rain' uifiichy;> 

in turn, reduce the yield of flax. . ■ ■

The investigations of Le Tournaau et al«(1956) revealed that - . 

sterilized, filtered aatar axtrects of 23 apaciea ,rapraaarttirtg 16 

families, were effective in inhibiting wheat germination cut usually . . 

did not inhibit pea germination. Extracts of crop species (maize and . 

wheat) appeared to be as inhibiting as extracts of uaad species. In 

ffloet cases, increasing t<’£ amount of materiel extracted, resulted in 

increased inhibition.

Lg .Toucnoau ,anci'H955«njac(195?) proved that aqueous extracts cf 

leafy spurge Foliage and quaefcgraes rhizomes contained inhibitors 

affective on wheat and pea seedlings. Treatment of the aqueous extracts 

aith Worit (activated carbon) removed most oP the inhibitors from the 

solution. Results showed that neither pH nor oattotic pressure ’aoa 

responsible fot the inhibition.
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pH*s of the extracts mere 8lJ in the range of 4.9 - 6.B with the 

majority ftop. 5.1 - 6,Q» furthermore, the atnount o? inhibitor may 

depend an the stags of maturity of the collected plants.
o

The deleterious effects of quackgrasa (ftoroavron repena) on 

other plants ha9 been widely studied end the relevant literature la re­

viewed by Crafts and Robbins (1962) and Ohman and Kommedahl (1964)4 ■ ■ • 

Considerable evidence has bean published on the deleterious effect of 

quackgrasa, or its residues, on the growth of certain plants. However, 

no one has Isolated end Identified chemically any substance that can- 

reproduce ths effect of quackgrasa or illustrate that live quackgrass '■  

effects other plants by ths production of a phytotoxic substance."

Ohman and. K«nmsdehi (1964). The latter state that the early reports /  ' 

were concerned uilth phytotoxic results obtained from dead fnaterial-mhioh 

roay have resulted in wrong inferences. . . >. \

□evald (1948) wae the first to suggest that the deleterious effecti 

of quackgrasa u/are due to toxic exudates from the roots of quackgrassy 

Kommedahl st al. (1959) concluded that the effect on crop plants may-be- ' 

due to a combination of toxic components produced by the quackgrass" etid v 

invasion of the crop plants by soil nicra^organisrns. Results preesnfcsd 

by thees authors showed that living queckgraas plants and. residues. from \ 

dead ones, severely injured the young seedlings of crop plants, , Ohman - 

and Kommedahl (1961) confirmed the presence of toxic substances in the . 

roots, stems and rhizomes which reduced the-~eeedling-length ofalfalfia.'‘p- 

UJalbank (1960), however, could find no evidence of any 

appreciable growth Inhibition when applying leachates of roots end ■

rhizomes of quackgreee to young plants of barlsy, wheat, kale and tomato,

or when groining seedlings of raps and turnip in close contact with 

P. heaou.
living ft.repens rootg. Sometimes growth was stimulatsd by the 

leschates. '

□hgan end Kommedahl (1964) were later able to demonatrats that . 

when quackgrass was grown in association with lu.jrne or oats in a 

root solution exchange apparatus,which allowed both plants to compete , 

for nutrients, but eliminated competition for light, water end space, 

chlorosis and stunting of the crop occurrsd. This was dus to ths 

greater ability of quackgraas tD withdraw available nutrients, especially 

nitrogen, and to a less extent phosphorus and potassium from the nutrient
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lilhsn U was added in combination with Por K,or both, no chlorosis or

significant reduction in dry insight of lucerne occurred. Oioeaaaya

i'ailed to reveal a phytotoxic,' substance in the nutrient solution or

living rhizomes or roots. lilslbank (1-S6EJJ reported that although there

is no secretion of a toxin, inhibitors may arise When root and rhizome 
P.fteaai .

residues of A.repens arc incubated with soil. Ohman and Kommedahl (1964)

explain this phenomenon in terms of a high C s N ratio, with consequent

temporary deficiency of available nitrogen. ..

L, '
The influence of root gxadetse of Cyoeeua rotundas on the growth -

and chemical composition of certain plants uias. investigated by Boshoff ■

(1965). He reports that whan cultivating the plant in fchs asme geowth _ 

i_ ' - 
medium ae C.rotundue or by culturing the plent in a. cultural ipedium;

L.
containing root exudates from C.rotundua, strong evidence uias .gained

C. v : ':
that thB root exudates of C.rotundus moBt probably contained a substance

Lr - ' .
or substances toxic for the growth of Zee mays entf Vigrta.sinensis

L. . ■ -v.-v,-;
The C.rotundus plants ware replaced every 14 days and the cultures ,■

fed with Hoagland's solution. 1 . •
' L  ’ *'

Furthermore, it uias found that C.rotundus hada. retarding affeot’ 1

on the absorption of phosphorus and magnesium by Zea mays in mater - -r:-..

culture, and on the absorption of nitrogen, potassium and magnesium by ■ 

L. ■ . ■ : ' .
Zea mave in sand culture. The gromth and chemical .composition of ■.

Solanum lycopersicum was only slightly influenced-by C^rotunduo£  .■

‘ L,
Boshoff also found that when Viona sinensis and Zea .mays..mere. ,

• '• ' - c\ V'
cultured together in the same medium, tns growth of the Zea mays uiae - , • 

retarded. If cultured together in sand culture, Ulona slnaneta • . 

stimulated the groisth of Zea mays/..

The only available record of 'growth inhibition studies with - 

yellow nutgtaas s/ere reported by Tujjbleson (1960) f who fcund that . • 

mashing of fall harvested tubers in cold water, increased thB sprouting . 

percsntags of the tubers from 10. to 7S$. The mater extracts inhibited 

the germination of nutgrase tubers and seeds of alfalfa, red clover, peas 

soybeans, barley and oats.



The influence of field tillage practices on tha survival of

C.rotundua has been investigated by numerous workers (Andrews 1940,

Smith and Slayton 1936, 1942 and Day and Ruasall 1955), Weed control •

uas achieved by severing ths tubers, ensuring that the latter remain in

the dry soil for at least one month (Andrew 1940). Ploughing at

intervals of three tveeks during two successive growing seasons eradicated 

L  -
C.rofcundUs (Smith and IBayton 2.942), Day and Russell (1955), established; • >

that, diacing at intervals of three to four weeks under dry. conditions ■

uias highly effective in killing tha tubers, whereas moist tillage-did

not give control. Thie tillage programme aimed at control by drying '

out the tubers, would not appear to be applicable to C-.ssculentus in. ■

view of the reaietsnce of the latter to prolonged storage under ajjt-• ■:

dry conditions (Day and Ruasall, 2955).

In South Africa, both D« Preez (1944) and Sellschop and1 Hatfcingtj v 

(1355) approached the nutgraas control programme from tha tuber-deaiccAE®. 

ing and exposure point of view. Du .Preez (1944) is of che opiniont-that,. 

the critical stage of C.esculentus^is reached when the young tubers .a?&;'.„ 

ImatilrG and tender, and ths old tuber has lost Its sprouting, capacity... .; 

Thie period, iiihioh lasta from December until lata, in January,'ia-Regarded 

as the weak link in the life cycle of yellow nutgrass. According 

Du Preez, uprooting and exposure to ths sun "would*result- in~a~HIgfi" “ 

mortality. Disturbance at flouiering is also recommended in Swaziland. - 

( Anon. 1963) and by Sellschop and Hattingh (1955) . ,

Sellschop and Hattingh (195S) however, see the solution in terms 

of dry uiinter ploughing and the exposure of the tubers to the cold and % 

drought. Rheinhold. (1942) however, found that uiinter fallowing 

(ploughing at monthly intervals) did not prove beneficial. In the - 

successive summer fallowing on ths winter treatments, there uisre no 

appreciable differences in the nutgrass papulation between stripe 

ploughed twice in uiinter (May and September), once a month throughout . 

the winter and unploughed.
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Rhsinhold found that these winter practices increased the incidence 

of the nutgrass when compared with tha density of the previous season.

She postulates that this trend is due to a scattering of tubers through 

the field and the stimulation of more tubers to shoot. The same 

results «iers obtained by hand digging of infested plots during winter, . 

in wftidh cage, plots which mere dug over monthly throughout the winter 

were mtits heavily infested than the dbntrql plots. ' -

' Early, shallow and relatively frequanc cultivation - at intervals 

of about three weeks - preferably when the soil ia dry, by teens of - 

superficial cultivators, is advocated by Wes (i95l). This programme 

is based on severing the vertical rhizome below the soil surface. . ■

The significance of tuber formation with short pbotoperiode-. 

and its influence on tillage control in nutgrass, is emphasised-by ; 

Rahn et al«(19S2). In a programme of tillage eradication* it *8. ...• 

important to prevent growth of nutgrass plants during the fall months* - 

Hahn et el* report that tubers aihich germinated late in the seasop.., . 

produced 1 to 3 new tubers within three Weeks. • '  .

2. Cultivation Practices. .

a) Cover and emothsr crops. . .

In the sel'octionof field crops which can compste with nutgrase. - 

it is advisabls to choose crops which are planted, in rows and yet afford', 

ths soil ample shade (Sellschop and Battingh 1955). Accordingly, ; .. 

they recommend an increased planting population of maize, soybeans, • - 

babala, sunflowers and the erect growing cowpaa types. A 3 ft rout 

spacsment has a detrimental shading effect on the nutgrass, whereas 

a 7 ft row spacsment dees not. Ths latter, however, lends itself 

mors ' uitably to spsady and timely mechanical cultivation. Furthermore, 

they state that unless measures are successfully spplisd to eradicats 

nutgrass before seeding, broadcast methods of sowing cannot be regarded 

as suitable control measures. Buckwheat, lucerne and perennial ley 

crops grow with the nutgraas with ths result that when the grass is 

ploughed up end followed up with s cash crop, a aevere infestation of 

nutgrass may be expectBd.



Rheinhold (1942 a) reports encouraging reaulta with lucerna, 

whereas buckwheat and sunhemp did not affurd suitable control of nut­

grass i Rheinhold suggest "that the lom level of nitrates which 

lucerne is stated to maintain in the soil is a more affective weapon 

against nutgrass than tha cutting down af light achieved by smother crops 

Preller and Van Wyk (1958) describe an experiment in which

fertilizer treatments sere applied pre-planting to a lay grass,
/Ifew .• . : .

(Eragroatls curaulal. Tffiis site uias ploughed and planted to maize ,

four years later. They conclude thafc it is poseible to control nutgraefi

(gpeciee unspecified, but aresumablv C.rotundus) in.arable fields by -•

utilising crops which aro well managed and fertilized. . .

b) Smctherino. . •

The use of straw, manure, sawdust and papor mulch as a tneaW^af'v- < 

eradicating yellow and purple nutgrass on a email scale- have boflfi . . . .. . 

investigated by Rheinhold (1942 a) and Pollock (1925)* Rheinhold. '.-1, ;. 

deecribes an experiment aith double layer sacking between row& .of . .. . .. . 

Paspalum. After hsavy rains, the sedges sprouted through .the seeking. - - 

With which they were covered. . ■ >---

c) Grazing. . . -.-■

Pollock (1925) and Wild (1955) suggest that pigs be used for the > 

control of nutgrass. The influence of poultry on purple-nutgrass has.- ;, 

been invaetigated by fflaytcm et al.(1945). . . ..• , ■

0. CHElMCAl CONTROL ■ ■■■■•"■

Prior to the advent of selective herbicides, the use of chemical* 

for the oontrol of nutgrass was confined to a small range of compounds.-., 

with restricted use. Dua to lo® activity, short residual or soil .

etBClising action, these chemicals were never widely used.. Polioofc •• . 

(1925) recommended the application of salt or'aBBinic, both of uihich 

render the soil unfit for crop production. Sodium chloratB 10 - 15^ 

proved effective for the control of nutgrass, but phytotoxio to. 

subsequer'ty seeded maize and Rhodes grass. (Rheinhold 1942 a ).

• -24-



1/ .
Coal tar derivative mere in&Ffective (Rheinhoid 1942 a). Tillage,

end a simultaneous application of a 2 N Thiocyanate solution (Ca salt)

gave control of nutgrasa (unspecified) - (Fromm 1942).

1, Soil fumigation.

For the complete eradication of purple nutgrass, a number of 

soil fumigants provide an effective means of spot treatment of small 

infestations; chloropicrin (Godfrey 1947), methyl bromide (Leonard 

and Harris 1950) and 1,chloro-3,bromopropane (CBP) (Day 1953)0) • ■

The application of brominated and chlorinated hydrocarbons, DD,' 

chlorobromopropane, ethylene dibromide and methyl bromide as Used 

in the tobacco nematode control programmes in Southern Rhodesia, are 

regarded as being the beat cnathad of caftStalling r..aacalan{A^'(«iHji 

1955). Rahn et al .(1962), however, report that methyl bromide did not - ■- 

kill dormant nutgrass tubers. •

2. Phenoxyallphatic Acid Derivatives. ' 1

Numerous reports are available which indicate that nutgrase can a-; 

be killed by 2,4-D or MCPA applications. It Siould seem, however, 

that the doses recommended ere too high to give economic control 

(Ulild 195S). 2,4-D, in combination with aromatic oils fortified' - ■■ - 

with PCP, has been rscommsnded as a pdst-eraercjence cuntrol measure 

for nutgrass in sugar cane (Steiuart 1955). Stofflart racommenda that for- 

maximum benefit from ons application a full flush of aerial nutgrasa 

shoots should have developed above' tfie soii surface; Tttiortreatment-—~~ 

gives complete kill of the succulent yellow nutgrass bulb, flltona and . 

IBontz (1953) state that a pre-emergence application of 2,4-0 or TCPA 

will control nutgrass for approximately ons month. After this period, 

ons or two cultivations appear to be necessary to produce a good crop 

yield. Post emergence applications of the weedkillers had no effect 

on an aetablished crop of nutgrass (flltona 1950).

Both 2,4-D and HCPA may be successfully used to check nutgrs 

if applied at rates of 2 to 3 lbs of acid equivalent per morgen £ 

after maize, soyabsans or couipaas have bean planted. (Ssllschup 

and Hattingh 1955). This treatment destroys a large percentage o 

the seedlings and retards the formation of secondary tubers, rhiz ''m  

and roots. The first applications may be followed by a second af1-'.:-



six weeks. ueing l£ lb acid equivalent per Rot’gen (1 morgen *

2.116 acres), and spraying by means of drop arms to prevent injury 

to the maize.

In Natal, howeuer, Birch (1964) found that 2,4-D did not affect 

nutgraee, except in the eecond season of treatment whan it increased 

the population density.

The effect of 2,4-D applications on the anatomical modifications 

of Cvoerue ratunclua/-, ie described by Eames (1949). He found.that • - 

leaves are stimulated to mature at onoe in abnormal form, and ateme 

become abnormally msristemic under the stimulus, forming abnormal. : . 

tissues continuously for some time or as long as the organ of pZent 

lives. . ■ . . .

Applications of 0 - 3.5 lbs acid equivalent per acre of: 2t_4-D:.- . , \ 

(Goanell 1964 a) to yellQU nutgjaae growing in treys ,reei)lted in, . iiV-' ’ 

a slight reduction of both foliage and tuber production but .did not-- 

significantly reduce the weight of foliage or number of tubfcrq*- - •

3. Contact Herbicides. . • • .

The effect of herbicidal oils on purple nutgrase bee been reported 

by Day (1953 a) and Rhem (1955), and that of activated oil emulaiqne.- v:’• 

containing PCP or dinoseb in diasel oil, by Bobineon (1959),and, ,

Gosnell (1364 b). Paraquat has been successfully introduced into the _kj:,

t , fi-Jl ' • .•
Natal Sugar Belt}^ Thompson and Gosnell (1963), Gosnell and?. - 

(1965 a). Rates '3f 2/5tde to 1 pint per acre, applied. ae= 

treatment, glue a oompleta scorch of the well developed .«nufcgraaa,

The subsequent regromth of nutgrass is comparable with that, occurring- 

after more expensive hand weeding. Tns period of effective control . ..... 

has been increassd in irrigated cane by adding DCfilU and/or bramacil 

depending on the eoil tyRa (Gosnell 195S a ) pesaquat/TCA mixture - 

hoe aleb proved effective (Goenell 1964 b), .

4. Subetltuted Ursae. . '

Early testa with CHIU (Dotzenko 1952 and''0JhltUiorth’'1952) revealed

• • i U  Iac-rt-
Cau a t -16 'p/acpq , highly effective for controlling established -

stance of nutgrass.
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Evaluating tsto netu euhatitutad Uraaa in rotsiza, • .Fisher.1355) found 

a differential behaviour on two eites using similar concentrations, 

fit Osimaa (33 percent soil clay content) the weed population shamed 

na pattern of susceptibility to increased herbicidal concentration, 

uhetBBs at Frankenwald the increased dosages increased meed oonttc-1 

but proved phytotoxic to the maize at the high levels• Shasta (1958) 

hosever, showed a positive correlation between hsrbicidal toxicity o'' 

substituted ureas end organic natter of the eoil, cation exchange. - 

capacity end percent clay, with organic matter contributing mora-'to - . 

toxicity reduction. The reduction in phytotaxicity is explained. - . 

in terms of adsorption ©f ths charaical onto the colloidal complex-- 

(Harris and Warren, lSffJ). Linuron, a substitute urea with a short.- 

persistence, was reported to be -active Against ths foliage of*.yellow.. 

nutgrass plants 20 - 24 inches tall, giving a full season’s  kiil ofi ■ .. . 

the tops, blit ths effectiveness of the chemical was nullified . • 

by as little ae l/3rd inch of bt-’.’-t baing applied to the foliage 

immediately aftar spraying (Hargan et al . 1962).

5» Chlorinated aiiahatlc ftcids .

TCA and dalapon are both well .known and effective grass killers :. ...

with a mors limited action on Cyperacea.-i (Thompson and" Gognell 1963).. . -

Both compounds have been in use fo£ some years mith father variable . -.

results, fi/hen soil.moisture is-adequate, -TCA effectively controls — ----

grass weeds and to a certain extent nutgrass (Goansll 1954 b). figuroa- • 
12 and 13.
6. PronVlthlol Carbamates.

One of ths moat effective compounds against nutgrese, to have. fcraen 

devolopsd during the past decade, is undoubtedly EPTC (EPTAM).

This nompounrf is mOBt effective if incorporated into the soil, 

dacompoeirsg aftai incorporatinn to release e volatile toxic vapour 

(Crafts and Robbins 1962). In pot experiments, EPTC incorporated, 

into the soil at rates of 6 and 9 lbs psr acre, prevented the 

of yellow nutgrass tubsra for 6 weeks sifter ifhich half of the tubers 

were removed and ueshsd.



These tubers sprouted readily (Rahn et' al ,1962).

Ine selective action of EPTC has been extensively investigated 

in South Africa. Visssr (I960) demonstrated that a blanket applicat­

ion of 3 lbs active ingredient EPTC applied at the last discing of 

seed bed preparation, uiill prevent the sprouting of the tubera for the 

tshole season. When maize is to be planted on an EPTC-treated field, 

a delay of one week between EPTC applications and planting appears 

to be sufficient to reduce to a isininum, any possible deleterious 

effect on the germination and groaith of the maize. EPTC appli&d in a \

12 Inch band along the rows at planting resultsd in delayed damage '. 

to ths young plants. Up to 6^ damage was recorded but. moat of the ' ■ 

plants recovered completely end grain yields eera not fBducsed njheft. ‘ 

as much as 9 lbs active ingredient pec morgen urns applied. '-Tfi£s V  -.: 

problsm of toxicity to maize is alleged to have been overcome : ''■''■ifyX 

{ Anon. 1965 e) by fitting specially modified shoes to the cultivators.

Birch (1964), also reported excellent control of nutgrSas^ with 

pre-planting soil incorporation of 3 - 12 lbs EPIC per acre, iaitft no- . 

noticeable .Jstrimentsl sffsct to the crop. . • - ' . ',::-

The safe U9e of EPTC in potatoes at planting has beSn ;

demonstrated by Vieeer (1960). Sst'ea' of 12 Iba active ingredient par 

morgen, which is rnoro than double the racunwiandsd rata,did. not'reduce - 

yislda (Visser 19S1). Nel and Vantsr (1964) have repotted excellent . r 

control of C.rotundus^r: mhen applying 6  lbs of-EPTC-pac-motgen-tb-.--- 

potatoes tuio weeks before planting.

7. Symmetrical Trlazinas. :

Atrazine uisa roadily translocated through nutgrass plants following' 

soil applications to plants, measuring 2 - 1 2 .  inches, but did Hot enter '• 

ungerminated tubera (Oonnslly and Rahn 1961). .

Under favourable moisture conditions, 2 lbs of otrazina per acre . 

provided practical nutgrass control on a sandy loam (Vengris 1963).

Ths recommended rats for nutgraaa control, however, is 3 - 4 Iba PBr 

acre* preferably incorporated to a dspth of 3 - 5 inches at planting 

if dry weather or dry soil conditions are anticipated.



Kitohin et el. (.1962) found that on a fine, sandy loam, good eontrol of 

nutgrass could be achieved with 4 lbs of atrazine pec acre, applied 

pra- or post-emergence. Tuio lbs, followed by %  lbs post-emergence IB 

days lStsr also gave excellent; nutgrase control. Hargan at al. (1952) 

reported that pre-planting applications of atrazine to a bare soil 

were ineffective but post-smergence foliage applications, ooupled with 

discing were most effective. Fettig (1963) reported poor control of 

nutgrase w:eh poat-ewerganoe applications of 3 lbs per acre. '

Sell and Gardner (1962) found that on a silt loam, nutgrass . 

exhibited remarkable tolerance towards atrazine, growing luxuriantly 

in arsaa which one year before had received 12.5 lbs per. acre of this ! 

material, while red clover and timothy were completely eliminated.. ..At; 

21 lbs per acrB, nutgrass still survived. Ample .moisture .supply.seemed 

necessary for tha aceivatior of atrazine. When moistute conditions, are 

idaal, atrazine complements ths depressing effect, of corn on. nutgrass’ 

yield and therefore contributes to the control of the used. Use of. - 

5 or more lbs of atrazine per acre could influence the establishment,.oP,l,, 

forage orops. ■ . . . . . .  ,v

In order to obtain satisfactory nutgraes control With atrazine, 

rata of 4 lbs per acre pre-emergence or post-emefcgencB le- necessary,;.. _ 

(Sentelman and Meade 1962). Atrazine at rates above: 2 lba however, 

precludes the growing of anything but. corn, the folloiuing j?aar._

Fink and5‘Pl'otoM&l'l ('1963) provide data on the rs-eidual effects of . . 

atrazine and simazins. Four forage grasses end five forage legumes . 

showed adverse effects when planted in April on eoil treated with aimazi 

or atrazine in fflay of the preceding year. Significant yield reductions 

occurred with all crops following treatment of 2 end 6 lbs par acre . 

of both chemicals.

The influence of simezine on nutgrass waa investigated by Birch 

(1964) in Natal on soils with a clay content of 28,8$. He found that 

t!~n nutsedge was not controlled by normal application rates of simazine 

used in maize.
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Applications of simazine actually increased the nuteedge percentage. 

Simazine applications ere considered to havB prevented the establish­

ment of nutsedga from seed and to have adversely affected the establish­

ment of nuteadge from tubere located in the zone of high simazinB 

content.

In Natal, Gosnell (1964fc)statea that atrazine and eimazine under 

moist conditions or irrigation, have not given adequate control of ' 

nutgrase when applied pro-emergence.

Q. flmino triazole (Smitrala).

This compound has proved yasy affactius as a translocated herbicide 

on a great variety of uieeriB.

Dormally and Rahn (1961) demonstrated that amitrole waa • - . 

translocated acropefcally end bssipatelly in nutgrase when applied to - - 

plants bearing tubers, the labeled compound accumulating in the tubers* : 

Similarly, Hill et el.(1963b)uiere able to demonstrate that anufcrdle isâ v- - 

readily translocated from the point of application to the seed and . . 

that seed germination uias significantly reduced following emitrole ■ -■.! 

applications. The physiological maturity of the plant did not .influence,-. •. 

the direction of translocation to any extent. The most effective poiij’t- 

of application appeared to be Just below the umbel. . . ...

Of the herbicides screened by Rahn ot al .(1962) emitrole mas^Che^ • 

outstanding chemical tested. The viability of small and large tubers - 

from plants sprayad »ith amitrole 5 Iba per acre waa markedly-reduced..—

9. Surfactants.

The addition of a surfactant to a herbicide may either increase,^- - 

decrease or have no effect on the phyfcotoxic properties of that herbi-cida 

. The addition of ethoxylated, nonionic surfactants, 

in aqueous spray mixtures Df DCfflU, greatly increased its toxicity to • 

Dloitaria sanoulnalla [ClcWharter 1963). Bayer and Brevet (1965) found 

that enhancement of DCfiiU toxicity, applied ae a foliar spray to oet 

plant?, uias not dependent on type of surfactant - anionic, cationic or 

nonionic - but that the spscific surfactant and the concentration of the 

surfactant were important.



Temple arid Hilfcun (J963) 3tats that the apparent solubility in water 

of etiaiine and diuron was increased whon a surfactant uias added to the *'• 

sates <i

Hill et aX. (1964) studied the ability of surfactants to enhance 

the hsrbioidal effect of diuron, llnuron end bromaoil. Temperature, 

humidity, drought stress and concentration of surfactant Influenced the ■■ 

foliar activity of the, spray mixtures containing a dodecyl sther of’ , . 

polyethylene glycol (Surfactant Ul.K./ncnionic) and diuron or linuron, -

The efficacy of soil acting herbicides auch as diuron, lirjurdn,-: 

atrazine, eimezine and bromacil are dependent on prevail! . -■*

conditions. Applied as a foliar spray in conjunction aith .surfactants',• ••• 

diuron proved more useful as a post-emergence thBn as a pro-^eiaergencB •• • . 

spray end was effective at loser rates than when used post-cmergonce, 

(Gosnell 1965 a). • ' . . . ■ :

Control, of yellow nutgrass in corn ait! .

plus surfactant, hae been reported by Shear (1965), Gosnell (l96S'-b^ 

and Hebblethwaite (1965), . ,. >.

E. BIOLOGICAL COHTROL. 1 . . 1 .

Insects attacking nutorses. ' '

Because chemical control measures, acainet. C.lotundus .are- liraitod
• .• ■ .-.I'/VVS3

in effectiwenesB4or expansive^several attempts have been made towards.:-.: 

biological control, Poinar (1964) reports that of the.insoLCs discovordd 

attacking C.ssculontus~‘and C.rotundus in Southern California, Bactra.'.~:" 

vb?utana var. chryeos appears to be the most likely agent for. the ■ - 

biological control of both Cvperus species. It attacks and destroys.bpth-; 

yellow end purple nutgraee and seems to be epeoific to nutgrass,at least 

in Southern California, -

Other attempts towards biological control of nutgrass have: not 

resulted in satisfactory control. Of these, the Hawaiian introduction - 

in 1925 of Bactra truculenta and Athesapouta cvosrl. gave a fair measure; 

of success (Poinar (1964).

Satterthwait (1932, 1942a and 1942b) describes a lsrge 

number of curculionids of the genus Calandra which feed on yellou 

nutgraee but also tend to oviposit and feed on forage or grain crops.
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fl coccid Antonina auatralis was first recorded, attacking 

rofcwxtoa in Ham South Weiss ant) later introduced into 

(Summerville 1933)• . The insect appeared to mark efficiently only- 

under dry soil conditions. Faure (195G) has reported a thripa 

collected on CVoerua saa.. uihile Poinar (1964) cites, the disoouc

an aphid, Carolinaia cvpsri. on yellow nutgrass by Ainslie*

' . • L. . .
Attempts, to eradicate C.rotundus with hens .and geese haui

described by. Slayton at al; (1945).. Tha. formar were.effatstive.in. ^

eradicating purple nutgrass from small a

habits, hens were Ineffective in aradiclno C.rotUr.-Us

■largS pens. Geese howevey utere only effective in^. at

to cotton^ • : . . - • -.■■■. '

L

iSSf!



CHAPTER VI 

' METHODS.AND MTERIflLS

A. EXPERIMENTAL SITES

. The experiments described in this study uiBre conducted at three 

locationsi situated on the Hiahveld.during the oetiod October 1953 to 

April 196S. . The field experiments mere concentrated on heavily infested 

nutgrass 9itas at Frankenuiald, Bapsfontein and 8ethai> Thn field' ttiels 

at Frankemuqld and Bapefontein uiots conducted on arable sites fflell - 

auifced for field cropping. The site at Bethal was unsuitable for. erf* a • 

production, being (Doorly drained and becoming waterlogged.after-heavy:,. ’ 

rains. The texture and composition of representative soil samples ■ . 

taken from each experimental site are given in Teble i. . •

TftSLE 1 s COMPOSITION AND TEXTURE QF SOILS OF THE ■ r . 5;
. . EXPERIMENTAL SITES. ________ ________

SOIL swaLvsrs rRMKEW/\LQ ' BfiPSFOlUTElN ■ B£THAl>-

Available phosphate 
{p.p.m P20s )

5 1
85

Available potash ($ K20) 0.010 0.004 : ■:‘0 M 7

Available calcium {% CaO) 0.042 0.031 . oaoe. •

Total nitrogen (% N) 0.046 0.066' : . C»I04:

Organic carbon C) 0.90 0.90 -

pH in neter 5.1 4.8 '• : 5.6 -

Clay(W. . . 7 • : 15 13 :

Silt {%) 6 • • 10 16 ■■

Coarse and fins sand (&) 67 75 ' •

The tuio extremely positioned sites< Fiankenuifjid and Bethal j. 

are approximately 100 miles distant, with Sapsfontsin some 20 miles 

from Frankenuiald. Ths three sites lie «t altitudes ranging between

5,000 - r. -300 feet above sea level. The winters are dry and cold 

with severe frosts occurring periodically during the months fitey to 

August. Not infrequently thB spring rains fail, ao that winter is 

followed by periods of drought, coupled with rising temperatures. 

During the summer months, ths mean monthly Mximum temperatures range 

between 25 - 28°C and the moan monthly minima between 12 - 14 C.
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Laboratory, glasshouse and open air pot axparime 

out at Frankenuiald. Seed germination studies u 

Sasd Tasting Station laboratories of the Dspartir 

Pretoria.

B. KIETEPROLOCICfll OflTfl

:onduetad a 

)f Agricult

L during 1964 and 

1 from 3q°C to 3?°C and th a .

3 April, 1964, hoaeuar, minimtttf.

. Husiidft? ..

1965. The mSximi 

minimum from 12°C to 1B°C. 

temperaturee of S  and 6°C uwra r 

in ths g.’asahouaa uias not controlled. Meteorological 46ta fat tha. 

summer months, October to April at frankenaald recorded overfche pari 

1961 - 1965 are giuan in Tabla 2 inhere R.rafera to-.rairtfall;- in. ■ • 

millimetre points, HS, daily houra of sunshine and MA and.,811. to.-, 

maximum end minimum air temperatures ih centigrades- respectively. -

.





The mean monthly temperaturse recorded et 10 cm depth at

Ftankenmald over the period 195? - 1964 ere shouin in Table 3.

TASLC 3 : SIEfifJ MONTHLY SOIL TEfilPERATURE fit FRANKEMilALD 
___________AT 10 cr.1 DEPTH (3.9'') PERIOD 1957 - 1964.
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fllQNTB

3ANUARY

FEBRUARY

fflARCH

APRIL

[ilAV

3UNE

3ULY

AUGUST

SEPTEfflBER

OCTOBER

NOVEMBER

DECEMBER

TEMPERATURE C

20.3

20.3 

IB.2 

14.7

16.9 

19.4 

20.2

Rainfall records in millimetres at Bapsfontein for the period -. 

1959 till 3une 1961, are given.in Table 4. Rainfall records for Bethal- 

are not availeble. , : 

TABLE 4 : RAINFALL RECOROS BAPSFONTEIN RESEARCH STATION- . .. 
______________________________ (BBS) '_______________ __ .V.-

IflONTH YEAH - .
1959/60 1960/61

3ULY 10.1 0

AUGUST ' 0 ' "7.1 -

SEPTEMBER 1.9 3.5 '

OCTOBER 34.6 56.2

NOVEMBER 135.0 114.3

DECEMBER 151.9 109.5

JANUARY 61.2 87.3

FEBRUARY 55.4 64.4

MARCH 75.1 90.1

APRIL 62.9 68.2

MAY 2.5 19.6

3UNE 3.7 19.3

SEASONAL TOTk ;. 594.3 638.8



C. IgXPERIIIIEWfAl DESIfiMS fitiO STATISTICAL PROCEDURES
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The experiiaafital designs employed in this study mere as

follows

1) Completely random designs. Laboratory, glasshouse and open air

experimental

2) Randomised blocks; Field experiments.

3} Factorials - Laboratory, pot and field experiments.

Host of ths statistical analyses were conducted on an IQItt 1&20 

computer according to standard statistical methods. >

The statistical tests and computations employee! In this study : 

u/ers as follows;- . . .  .

li Correlations - Fertilizer experiments, .

2) Regression - Fertilizer experiments,

3) t-Test - Inhibition studies - Variable squared .method -
. (Paterson 1939)

4) Transformations (Steel and Torris, 1963)* - -

a) finoular Transformations.Applied to binomial data expressed aa 

decimal fractions or percentages, e.g. percentage germination of seed: . 

or percentage of sprouted tubers, ratings of berbicidal efficacy. The ■ 

method of converting data to a percentage of maximum .and then trans-~ * >

farMing the percsntsges to degrees of an a.'.gls has eleo been used* .

b) Souare root transformation. This msthod of transformation • . 

mas engaged where the data consisted of small, whole numbers or shamed T 

limited variation, e.g. weed counts, plant numbers. .

c) Loo transformation. This transformation was applied to the - . 

data where treatments differed very markedly from one another, e.g.

weed counts. Where zero numbers occurred, the value Log (x + 1) was 

used.

F-Values.

The analysis of variance tables with respective F significance 

values, have been inserted together with the original data in the 

felgvanfc Appendix Tables. Ths calculated f values havs not been inserted, 

siginifioance has bean indirafc>-id fty means of single or double asterisks 

».i3rs treatment variance < -,;-.ater than error variance and the calcu­

lated F value exceeds ths theoretical values of F for probabilities of

0.05 and 0.01 respectively. N.S in main tables denotes "not significant".
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FIGi:-;C 15: Seed gerninatior. dutgrass sesdlirc;? cn Tilta^ 
paper. '

A  X



The L.S.D has not always bean calculated ujgsrg significance uias indicated 

by the F test.

Transformed data:

lllhsre cne analysis of variance has been carried out on the transit 

formed data, the transformed means have been tabulated and thB 

calculated L.S.D’s for the transformed data given, if applicable.

The latter means and l.S.D'a haue not been detransforthed, but are 

presented together with the original actual detu. .

Experimental deslon. ;

Simple field experimental designs have been preferred.in this 

study because of pussi;}*errors of execution involved with, complex 

experiments. Certain ex^stiusnte wiiich ware dependent on the co-operation- 

if growers were pu'cpoasly awdifiad and replication -^cluo'sd to permit' 

the UK,'-1 snanca and supervision of such trials without upsetting normal 

fewltjq routine* Biwausre of the standard field designs, t

wtpiaysd, factual layout of the* f lats has been omitted from.all - 

(WfusrirnewviS rapi.̂ rfced in thio study-. .

liisa-aftl j’-iui;. ■ ■ ■

Tu jjSt^rtain whether environments! ac.^Sitions puch ae soil t.ype- 

*>!• .climatic cinclitions ouuid ln.flsiBnce ths validity of experimental .: 

coiajlueions from a singlej expeiisssf.t, certain experiments were repeated 

over a number of years end on #a</eml aoli types. .

D, EXPERIMENTAL tOTSfllfll.

1. Wutpgaas Sijael» ' • .

Seed jiss collected in the field at Sathal and stored in air-tight.. . 

containvrs at team temperature. Seeds wsrer planted IOC to a diah on

petpnr moisteneii with tap water in etUflJteid ID cnt patri diah.BS, . 

'̂or the Jacobsen apparatus teete, the aaefYe placed on filter paper. - 

*«rV in disc? and fitted with bell-shaped ti'aiiajwraflt plastic covers*

^See Figures 14 and 15). .

2, Nutqrasa tubers. (Seo Figuro 16).

Pot experiments were planted with Bprout»tf Uftsrs at equidistant 

InterviHls unless specified otherwise. Tubers were selected for uniformity 

in size and planted from i  to 5  inch belom the surfaoe. Replacements 

Uiere imisrted ,when necessary »to ensure a uniform plant papulation per pot.
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3. Pot Studies.

Pots tiers fitted with equal amounts of unsteriiisad Frankenwald 

loam aand, removed from sn arable site which had bssn subjected to ■ . 

continuous cultivation.(Foe tha respective composition sas.Table i).

The soil was screened to remove the larger aggregates and foreign material - 

Where fertilizers were applied prior to planting, these were lightly 

forked into ths top 2" layer. All pots tueia fully randomized in the - 

glasshouse and open. Aecisl growth of all pots uraa clipped at ground : v 

level. •

4. Pot and Tray Sizes. ■ . . ■ ■,

1. Polyethylene pots - a) Small - 13 cms diameter:'

b) Medium - .16 v " • . i

c) Large buckets 24 "-. '* x . 28 cm.high.:

2. Clay pots - 15 cm diameter • .... .

■ 3. Deep Fibre asbestos • .
trays - 21 cm }< 45 cm (18 erne deep) a \:~x

4. terminating treys - 22 mm x 28 mm. . >

5. Fertj.AJ.zffi's. . ■ ... ... ■■ ■ ■

Standard grade fertilizers mere used. Compleasl Supra- was-. : . 

applied as a standard fertilizer treatment in most pot ejcperiments-'ae., -\i 

indicated and used in solution as a  drip fead. The composition of - :.... 

Comjilesal Supra is as follows:- . • - . ::

12% N Equal perts of Noland NH4+

12% *12DE  l/3rd water soluble and 2/rda citric acid s o luble.-.. o

17% «20 Equal parts of K£L and K2S04 • -• . . ' /•

2% Mgd • .

Furthermore, 100 kg of Complaaal Supra contains 900- gra borax, 280 gm . ... 

manganese sulphate, 16Q gm copper sulphate, 90 gm zinc eulpheie and 

2.5 gm cobalt sulphate. . . -

6. Crops.

Crop varieties which wsre used in this study wsxs obtained from 

the Ssed Testing Station oF the Department of Agriculture. The 

crop varieties were as fallows:- Sorghum (Martin); Sunflower 

(Jupiter); Radiah (Sparkler and Japanese); Hairy Vetch (Code 238);

Cowpeas (Witzanbarg,; TefF (Unie Bruin); Beetroot ; Lupine (Bitter)}

Beans (Contender)‘S Lucerne; Cucumbers (Longmarkst); Psas (Black Eys



E, /WflLVSIS OF PLr.'T BftTERIflL AND SOIi.S.

1.. Plant filater&al.

Chemical analyses uicrr bOBed on air-dried basis and u 

conducted according to the following methods! .

{i) Protein; modified KjeXdahl Gunning method with HgO (rBd) 

and Na^SgOj exoresaed directly as protein and not

(ii) Calciums Standard ammonium oxalate * Kft 0^ method.

fiii) Phoeohorus: Colorimetric Molybdenum Blue. . . •

(iv) ftehs Charring end ashing at 600 C to constant insight.

(v)'Fat; Standard Soxlet Method with Petroleum; ether*. :

(vi) Fibres Standard S.a. Eilaize Board mathod. - ••

(vii) (iloietures Drying at 100 C to constant weight.

viii) N free extracts By difference. - . . r-.j.w -r?

fix) Carbohvdrats: N free extract plus fibre.
S it

2. Soils.

Soil analyses mere conducted as follows!- • ■ ■■ • r.-.r.

(i) Nitrogens flicro-Kjeldahl. .

(ii) Phosphate: Brays Extract - Eel Portable C o l o r i m e t e r . . r... .

(iii) Potash; Flame photometef. • . . -

(iv) Calciums • Extraction mi.th NH^ acetate - evaporate to dryness.*.--

dissolve extract m  dilute Hcl and titrate-\uith

(u) Maoneaium: 

(vi) J3H:

(vii) Texturei

EDTft. .......... • ’ ■....—

By means of an atomic absorption apectror 

photoroster.

Soil suspension, allowirg slurry to stand foe .

1 hour. •

Hydrometer - Sodium oxalate -

F. HERBICIDfiL TRIALS. ■

1. Common Names and abbreviations used for Herbicides a .

Herbicide terminology used in this study is based on that approved 

by the British Standards Institution (BSI and the Weed Society of America 

v (gjSA), _ . Details of herbicides arB given in Table 5.
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2. UJaed Flora.

except where stated to the contrary, field experiments 

were conducted on arable sites, specifically selected for their uniform 

end dominant nutgrass populations. Generally speaking, annual grasses 

were of secondary or tertiary importaoce. In order of-awM-^ifhe annual 

grasses consisted of Eleualre indlca, Panicum laavifolmm. Plqitarla

sa»oulnali8.and Setari.e vertiolllata. . Dicotyledonous weeds (broadleaf

wseda) were very sporadic and scattered aa ieciatea* or clusters of
- q4-»«l»-«e • -

plants over the eites. The broadleaf species, iji order of aeU t , con- 
L. t.- (.. . ..

aisted of Taoetas mlnuta, flmaranthus spp. Sidena spp.

3. Spray Apparatus and method of Herblcldal application. * 1 :

Herbicides mare applied by means of a Holder, manually ■ 

operated knapsack sprayer, fitted with a hand lance end a modified - 

extended length of delivery tubing. By attaching this tubing to the- - ’ 

lance, spraying could be carried out by taro operators, thus ensuring < 

a fairly constant rats of delivery end,simultaneously, a favourable 

distribution spray pattern. The lance was equipped with a pressucjS gauge-- 

and a 3' spray boom containing 3 no2zlea arranged at IB" intervals. : ■ 

The nozzles mere fitted with ceramic tipped orifices, producing a fan. . 

spray pattern. Swath width mas controlled by adjusting the height • - 

of the boom.

Nursrous harbicide wettable powders and, particularly . 

mixtures of the powders, ae wall as mixtures of wettable powder and . 

miecible formulations, caused considerable blockage on the filter . 

screens, or in the nozzle Orifices. To overcome thia problem, single 

nozzles fitted with jets? delivering a cone spray pattern aiere employed. 

Thia single nozzle wae also employed for administering directed raw .

spray patterns.

Spray pressure in these trials, varied from 30 - 40 Ibe 

p.s.i and the volume of spray mixture from 40 - 50 gallons per acre. 

Calibration exercises and constant speed of walking ensured uniform 

spread Bnd delivery of the spray mixture. In spits of the limitations 

and criticisms levelled against the use of knapsack sprayers in field 

plot work, the relatively high volums rate permitted satisfactory coverage 

of the experimental plots.



i. Evaluation of Results.

Various criteria have been employed to evaluate the 

efficacy of the hevbicidal treatments. These included, 

a) lileeds

(i) Satinas: .

The degree of uieed control uias determined by aesssaing tha • 

experimental plots periodically during the active growing period end 

awarding subjective scores to each plbt. (Willard 1958; and Rise and / . 

3acob9, 1954). The scoring system uias based on the following scale. „

0 = No control of, or effect on, nutgrass gromth (Weed coverage ■ ■ 1

ae in controls). ........ /

10 = Complete kill of aerial nutgrass growth (no weed coverage; .-.t- •: 

bare ground).

Intermediate gradations refer to very slight, slight, few, moderate^-. • : 

severe etc., - .. • ■ ■ ..

(ii) Plant population density. . ... ... , .

Weed counts of treated plots uiers made at certain poet- i 

treatment intervals in quadrat frames measuring 20" x 26r,«. Frames’ v - ;,c. 

were placed at equidistant intervals along the plot centre or diagonals.-: 

Total numbers of living or surviving nutgrass stems ware recorded. ■■■„:

The dimensions of other quadrat frames employed in various trials-are . 

given in the text. The first and lest quadrats mere always-tafcsft 

approximately 3 ft from the plot border. Results are given as the number:., 

of nutgrass stems per quadrat.

(iii) Weights. . •

The reeults of clip quadrats are recorded as the weight of 

green herbage in grams per quadrat. Stems mere cut as near as possible 

to ground level, 

h). Crops

(i) Population

The influence of herbicidel treatment on the emergence or 

survival of the crop was established by recording the number of plants 

per given number of rows mithin each plat.
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<ii} Rating •

Tha influence of herbicidel treatment on crop growth 

astabli9hsd by au/arding eubjective scores to each plot. The scoring 

system was based d o  the Following scales-

D = No effect on or damage to the crop (growth aa that in ui 

controls).

10 = Complete kill of aerial groaith; ~ -

In aome trie la conaecutiya ratings for xhe duration: of 

Bare made, thus obtaining a record of both initial-and 

phytocidal effecte. .

(ill) Crop heights and yields uisre taken from the central -plot

H i
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fIGUfiE 17: Sprouted nutgrsss tubers showing various 
stages of growth.

\

FIGURE 18: Sprouted nutgrass tuber with usrtioal



REPRODUCTION GROWTH AND RESPONSE TO FERTILISER 

ft. GROWTH AND REPRODUCTION

Life history atutii&s of rwtgraaa have been made by Rhainhold (1942 a 

(1942 b) and fiiaa (1951). Rhainhold has also given a detailed des­

cription of ths mocpholagy of the plant. Tha following is a brief 

suoimary of studies reposted by the above aorksisj together rnith 

obsarvationa made during tha present laboratory, glasshouse arid field 

investigations. This description .Is given in detail to facilitate tha 

interpretation sf subsequent euporisiantal data. t-v-

Nutgrass reproducea both by means of seed and tubers. - .... - 

Development from tubera: ■ •

In tha early spring, most plants found In the field develop from 

tubera uhich have overwintered in the joil. At the apex of- the; tubsVi 

4 - 6  buds ace clufVjred. Thaae can aucoeesively, or uecasionaliy: tmo 

or more simultaneously, grow.out to f'srm a vertical rhizome to tha.soil,., 

surface (Figure 8 ). The young shoot which emerges from the distal- 

entS of tha tuber is urhi.tg, very robust and appears to tie almost swollen: 

at its base- The roots which are fibrous, develop at the juncture 

the tuber and the new vertical rhizome. Tha length of ths vertical 

rhizome is determined by the depth of the tuber below the .soil surface* 

After emergence, the rhizome thickens slightly to form a tuberous . ■ - . 

enlargement termed the basal bulb from which leaves, roots and other 

rhizooe later develop* (Figures 17 and 16). . . -

The first roots of the plenfc are formed at the bass of the vertical 

rhizome where it, is embedded in the tuber tissues, and very often ■ '. .... 

on ths vertical rhizome itself, especially if tha tuber ie lying at e  .. 

considerable depth beloie the soil. Rudimentary non-functional roots . 

are frequently found on the surface of the tuber. . . -

The rhizomes arising from the basal bulb may appear from several . 

days to several weeks after tlie Issues and roots have developed.

'taung rhizomes are pale and succulent, becoming thin end dark with 

maturity. Ths lateral rhizomes may eleo develop on the vertical 

rhizome. Normally, roost tubers are formed at ths terminals of the 

thin lateral rhizomes radiating frosi the basal bulb.
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Undar optimum groining conditions or where low density population' 

are present in raid-aummar, the formation OP thicker, faster grouirri). 

lateral rhizomes ending in neui daughter plants et the surface of ttw 

soil, predominate over the formation of tha thinner rhizomes ending 

in new tubers. From an approximate horizontal position in the 

soil, tha rf-izomee turn upmarda, grosi vertically through the soil aint 

produce new basal bulbs from which leaves, roots and rhizomes einfirw 

The lateral rhizomes vary in length and in sosne cases msy raacK-u ,' : 

length of 2 feet. In thia way a chain of plafsts ie lihkiefj;

together by interconnecting rhizomes and presenting an  »s.'ialr 

habit not unlike that of Cvoerua i-aiunduat (See Figures 2 6 , . . -

In severely infested fields, where the plants are growing unde®, 

competitive conditions, lateral rhizomes ending in daughter piahtSiV

are not common, but short, tuber-boaring rhizomes predominate*;

t \ {
Leavee developing from tubers planted 2  .inches or dsepec: ite£<nir .

■ • . .• ■ 
aoil surface often developed lateral alternating yolloiuand .gree^ o-i'

This striping effect wae particularly evident when the tubers uier,e:|

planted during the cooler or cold months, but gradually dieappetftetfj

. i
as tha plant developed. ' t

Development Of tubere. . . .

Generally, adverse conditions euch as drought, lorn tampm 

tures, lout soil nutrient supply and high population .levelej ^Woh.._|.'" 

down the growth of the aerial part of the plant, favour the. develop^': 

of tubers (Rahn et al*1962). Under such conditions, tubers may 

develop on plants no higher then 2" iftoissAgtt. In t v  field, tuber; 

may be formed about 21 days after emergence of the parent plant afiov 

ground. Under Highveld oonditiona, tuber formation doBe not appear 

to be affected by seasonal influences. Tubere are formed from earj v 

spring to late summer, long after flowering has been completed. 

Viability of tuber. .

Young tubrra are yelloaish-whita, darkening in colour, 'faey -bseo 

viry hard and develop an outsr protective layer of cosfc or s 

sclersnohyma. Small, immature tubers which are not more than 2  mm 

diameter at the end'of a rhizome are capable of producing new plant­

ation dotaohdt!'from the mothor plant.



n
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Tubers planted in elsan river sand end watered daily, apart from being 

chloro tic, grew normally end developed normal umbels and daughter 

tubers. Food reserve in the tubers appeared to be adequate for 

reproduction, despite tbs absenca of nutrient supply.

Development of inflorescence.

In general, plants produce umbels one month after emergence.

Growth of saadline.

The plumule and not t!ie radicle is the first to emerge. The . < ■■ 

plumule is enclosed in the coleoptila. Approximately 4 days after. .. 

the start of germination, adventitious roots make their appearance.

The first leaf makes its appearance 12 - 14 days after sowing, ,9eBdlifiQ

* 1" high'., containing three leaves, reaches a height of 2.5,- 3.S . . 

inohes one month after sowing. Tarn months after sowing (4 leaf stage) . 

the seedling reaches a height of 4 - S inches. Tubers are formed only- 

late in the season. Seedling growth is depicted in Figure8'29» 30 Uttd .2J.

0. FERTILIZES RESPONSE . 1 ...

Field observations have indicated that nutgrass responds to . , : 

fertilizer dreeeinge. Such responses are particularly evident whan 

nutgrasa ie competing Bith row crope which have received fertilize* . 

treatment, eith6.' at planting or as a tde dressing. From the available- 

literature, it wou.Xd appear that no- critical work has bean- .undertaken -. 

previously in regard to ths response of nutgrass fco fertilizer treatment.

To establish which plant nutrients influence nutgrasa growth, a aeries. . 

of fertilizer experiments were conducted both in the glasshouse and. . 

in the field. The results from such experiments could assist in . .. 

explaining certain problems relative to the ecology pf the epecias 

and clarify the factors responsible for competition betoesn nutgrass .. 

end field crops. Furthermore, the data obtained from such investi- . 

gations would permit certain fertilizer recommendations which sight 

obviate sevsrs competition during the critical stagse of crop growth.

The initial trials consisted of a field and pot experiment in which 

identical treatments were used. Taw lovala of N, p and K were applied 

to nutgrasa in 2^ factorially designed experiments.





• M.P«K Pot Experiment.

Clay pots were filled with soil, ramoved from the site selected for the 

corresponding field trial. The top S'1 (.oil layer tuaa sampled and sieved. 

Fertilizers uisre uniformly distributed over thB soil surface and lightly 

forked into tha top 2" layst. Treatments, details of uihich ace given 

in Table 6 below, were replicated three times. Fifteen tubers mere . 

planted in each pot. The aerial growth uiaB clipped 51 days after 

planting. ■ . • .

TABLE .6 FERTILIZER TREATMENTS: .ANP RATES OF APPLICATION.

Po Ko No - D

2. Po Ko N'i - N

Po Ki No - K

Po Ki Ni -NK

5. PI Ko No - P

6. Pi No Ni -NP 

Pi Ki No ~PK 

B. Pi Ki Ni-NPK

9. 12*12:17:2

UREA

MURIATE OF POTASH

SUPERPHOSPHATE

COfilPLESAL SUPRA

19*
Soluble

1 7 'K^O • 

254 RgQ

Lbs N

■ - A

' V s

Tha Complesal Supra (12 s 12 : 17 : 2) treatment was included ,t 

test the response of nutgrass to a N.P.K mixture containing a trace 

element mixture (See Methods end materials,Page 39 for relevant . 

composition). Total macro-elements applied mith the Cnmplesal treat 

unco approximatoly of tho samo trdsr as that of the NPK factorial 

treatment, mith the exception of potash. .



RESULTS

Green end air-dry herbage yields ate recorded in Appendix Table 1. 

ThB mean' herbage weights are given in Table 7.

GREEN WEIGHT

10.61

20.10

14.43

14.00

46.81

24.56

13.10

44.66

51.07

flIR-PRY WEIGHT

3.00 

5.29 

3.79 

3.77 

13.21:.• 

16.34 

3.49 

11.74­

13.35

GREEN (HEIGHT AIR-DRY WEIGHT ' '•<
No <je Ni No ve Ni

i3;o3 34.53 ■' PJ . -3.51 - 9.14

Po 6 Pi • Po . us Pi

17.31 .30.25 P • 4.60 ■ . BtQS -'

NxP No 8 Ki NxP N o " ve - Mi:

Pa 12.30 22.33 Po 3.38 5.81

Pi 13.76 46.73 Pi -3.63 12.47

Ko s Ki Ko W8 •Ki;

K 23.49 24.07- X . 6.32 6.33-

NxK No 8 Ni NxK No ’ VB • si.

Ko 12.52 34.45 Ko 3.39 . 9.25

Ki 13.54 34.60 Ki 3.63 9.04 -

PxK Po 8 Pi PxK Po vs -Pi .

Ko 15.35 31.62 Ko 4.14 8(49

K' 19.28 28*87 Ki 5.05 7.61

NxPxK No Vs Ni NxPxK No vs Ni

PoKo 10.61 20.10 Poko 3.00 5.29

PiKo 14.44 46.81 PiKo 3.78 . 13.21

PoKi 14.00 24.56 PoKi 3.77 6.34

PiKi 13.09 44.65 PiKi. 3.49 . 11.73



’Treatment 9, (Complesal) gave similar yields as Treatment 5(MP)ar 

B(NPK), and uias therefore excluded from the analysis, the remaining 

8 treatments being analysed as a 23 factorial.
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The two vari&feius, viz. green weights and sir-dry weights gaue very 81 

similar results. The main Bffacta of M and P aers positive and highly as 

significant. There was, however, also a significant interaction between Jjj 

N and P. The NxP table shows the effect Df N to be 10.03 and 32.97 . •: j| 

gms per pot green weight in the abeende and presence of P application . • jj| 

respectively; the effect of P in the absence end presence of K was 1.46 >^i| 

and 24.40 gms per pot respectively, Ulhersae H had sane effect in the 

absence of P, P had no effect on ffisighta of herbage when po N gas applied..’/® 

K had no Bffect on yields. There wae no apparent response tooths micro-- S|| 

elements when applied as a Complesal treatment. •■■■■. v j

2. N.P.K field Experiment. • . r •• i?J|

Treatments mere identical to those employed in the fertilizer, pot 

experiment (Table S), and were arranged in randomized blocks with. 3  ' 

replications. The trial was designed to furnish complementary data, to . 

the pot experiment. . . .

The site consisted of a uniform infestation' of nutgrass which had;. 

invaded a disturbed site at the Frankenaald Turf Research Station. J

Fertilizer treatments mere applied by hand to plots measuring. 11*. K 4>. . .•■..'1 

The soil, deficient in organic matter arid low in base exchange capao£ty7 ,"TJ 

ie representative of disturbed sites at Frankenwald, tha composition.of. ,v| 

which has been described (Sea Page 33 ). : 1

Fertilizer treatments were applied to nutgraes measuring 3 - 4" .. -,| 

high and in the 5 -6 leaf stage. Rainfall, during ths growing period., . 

wae augmented when neoeasary by additional overhead irrigation. The J

plots were mown by meane of a manually operated oylinder-typs of lawn . 1 

mower fitted with a catchment bin. . j

RESULTS • . I

a) Green herbane weiohte Clip quadrat yields. ,[

In order to aeaess the rapidity of response to fertilizer treatment, 

a probe analyeis mas oarried out one uisek after application of the 

fertilizers. j



Or.s clip quadrat (i square metis} was removed Prom the centre of each

plot ■ The green hechaga weights per square metre quadrat are given

in Appendix Table 2  and the means in Table B,

TABLE 6 S GREEK HEIGHTS OP NUTGRASS HERBAGE IK GRftfflS .
. PER i SQUARE fflETRE QUADRAT. . .

32.7

34.2

67.4

46.8

■ 34.5

61.9

63.4 •

N 35.41 ■ VC 55>69.

P 41,9? .ye - 49.13

NxP Po 37.25 ■ V0 46.70

Pi 33.se us .■64*63

K 46. ̂ 5 ..ve ■ 44.35

NxK Ko - 36.48 vs ' 57.01

Ki 34,33. ' vs . 54.36

PxK Ko . 43,45 : vs ~ S 0 , 2 5

m 40.50 -vs • 49.21

NxPxK PaKo 40.30 .. vs. . 46.60

PiKo 32*66 ■ vs. 67.43

PoKi 34.20 vs 46.80

PiKi 34.50 vs fit .93

The ePPeot of nitrogen uias highly significant. Application of ft . 

on the average increased the green aeight of nutgrass by approximately . 

57$ one week after application. The U P  interaction mas not •

significant, though the indications of an interaction at this efcage . 

aca very strong.

b) Green herbage ntelflhts ~ Plot yields. .

The yields of thtf cutting^ made on 18, 42 and 77 daye efterfortili 

application,were combined for the enalysas. .



Results of the respective cuttings ere given in Appendix Table-3.

The Bean seasonal green herbage insights are shown in Table 9,

TABLE 9 s KEAN SEASONAL GREEN WEIGHTS OF NUTGRASS HCRBAGE .
IN GRAtiiS PER PLOT________________________

YIELD

1033,2

1912.9 

1369.6

1114.9

2777.0

2222.1 

.1346.8 

2842,0

2723.4

. . Ki 

NxPXK PnKo 

PiKo 

PoKi 

PiKi

1222.35

1572.00

1075.52 - 

1368.20 

1779.40 

1213.06 

1230.BS 

1475.51 

166S.S0. 

103B.16 

13B9.56 

1114.90

1346.53

2436*49 .

2000.85 . 

2067.48. .

... 2809.50, . 

1681.45., ,

2344.95 

. 2532.03

2083.30 

'2094.40- .

1912.86 

2777.03 

2222. 10.
2841.96

Soth N and P significantly increased weights. The action.cf.PJ- 

Just about doubled the yiBld.while ths phosphate dressing increased the ... 

herbage waists by approximate!/ 35^. Despite strong indications of an .

N x P interaction, the significance af this treatment was not substantiated, 

by the analyses of variance. .

3, Correlation between Gresn and flir-drv Herbage Sleights. . • .

Two corrBlations were roads, one on the 9reen and air-dry weights • 

of individual pots (27 observations) and one on the treatment totals (.9 

observation). The corrections »era 0.9954 and 0.9994 respectively, 

shotting a nearly perfect linear relationship between the tiro.



A regression line y = 0.14 + 0,26s: cas calculated from the data.

. The calculations above mere based on data collated from a

pot experiment which night be easier to handle than in the field ttheri 

the relationship between green and air-dry herbage weights might not 

be eo does. The high cortdlationo suggest that the fertilizer did n< 

significantly influence the moisture content of the herbage,

4, Correlation between Results obtained from Field and Pot 
Experiments. -

Several calculations mere made, all based on treatment tota.

(9 observations). Tito correlation between total green weights1 in tha

field experiment and total green weight and total air-dry weight in the

pot experiment were 0.9503 and 0.9<i49 respectively, both significant

at p<(0.D0lJ. A regression line, y = 731 + 4S.23x use calculated, fra

the data. . . .

The high corrslatione indicate tnat the pot exporinant has

rspreaented fairly accuretely the results obtained, under field conditions.

It should however be 'remembered that the pot experiment showed a highly

significant NP interaction, which uas not significant in the enrrespoi -

ing field experiment, the relationship between the' result? obtained: I -

the pot and field experiment is confirmed in Figure 24 , suggestin'

that pot experiments offer an effective means of predicting field •

behaviour of nutgrasa. ■■

5. Mltrooen Carriers. .

It was evident that nitrogen wee the principal plant nutrient ■ 

responsible for merited increases in the aerial growth of nutgseaa, . 

particularly when applied in the presence of phosphate. Two further 

pot studies were thca initiated to eeteblish, (a) the nitrogen carrier . 

tuhich would yield maximum increases in aerial and underground growth, 

and (b) the optimum leva! of response to nutgrass dressings. .

To evaluate ths relative efficacy of a number of nitrogenous

a**s * *
carriers, six r m m .ii.nf nitrogen u/ere applied at ths equivalent rate of . . 

100 lbs N per acre, and combined with a standard dressing of KH2P04 

which was applied to all pots at the squivalant rats of 600 Ibe per 

acre. The pots mere kept in the glasshouse^ •• . - - • . • '•

• '• Eight tubers were plantsd in each . pot.
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►loriol harbogo h o b  ciippod twico, tho first clipping on 39 

da>sand rograuith 68 days oftor planting. Tho underground fractions woro 

utashod,. separated and u/sighod. Treatments wars replicated 4 times oe shown 

in Table 10.

TflSlE 10 8 NITROGEN CARRIERS AND PERGEUTAGE NITROGEN CONTENT.

N CARHTFR % NITROGEN

1. Calcium nitrato 15.5

2. Potassium nitrato 14.0

3. flijwiorriunr sulphate 2 1.Q

4, Limestone oiwonium nitrato 2l.O

5. Uroa 46.0

6. Ammonium nitrate . 35.0

7. Contrnl.

Green aerial weights of rcutgrase for tho individual and combined clippings’;

and tubar numbsrs and raapae »ivo tuaightB are given in Appendix Table S. «-t- ;

Bloan voluea for the results are given in Toble 11. . . . . .  .

TABLE 11 s WEIGHTS OF GREEN NUTGRASS HERBAGE AND TUBERS • . ■..'■a.-­
____________ IN GRAMS. . •: - .

TREATRENT
2ND COMBINED ■ TUi -ft'.

CUTTING CLIPPING NUMBER • (HEIGHT .

14.22 11.25 25.47 ■28.7 -2.97'.

20.22 17.72 37.75 . 41.2

3. Ammonium aulphat i 15.75 11.32 27.07 44.7 .

4. Limeatono
10.90 13.97 32.07 47.7 6.25- •

23.20 15.77 38.97 49.0 4»SS ;:-

i 18.25 14.32 32.57 41.7

7. Control 3.60 6.02 9.62 26.2

L.S.D p = 0.05 5.35 3.92 7.94 13.D 1.40 ,

tireon moighfcs of nutgross horbogo.

All the nitrogan carriers incraasod green weights. Uroa and 

Potassium nitrate producod higher incraoeoa than Calcium nitrato ond 

Ammonium aulphato, uiith Limoetono ammonium nitrato and Ammonium nitrate 

intermediato.



mass!

Humber of tubers.

All carriers except Calcium nitrate increased the number of tubers 

significantly above the control. 

iileicht of tubars.

Calcium nitrate and potassium nitrate did not affect the' weight of tube 

significantly. All other treatments did. -

6. Levels of Nitroaan ■ • . • .

Prom the preceding data, it appeared that Urea produced the 

most significant increases m  the serial growth of nutgrass. To 

establish ths optimum levels of response to rtnfrgtaae, increasing 

rates of urea equivalent to 0 , 50, 100 , 200.400 aivi 600 16s urea: pep 

acre were applied to nutgrass tubers planted in email polyethylene, 

pats, A basal dressing of KH^PO^,equivalent to QDO-lbe peE -acre'-tiao.’ 

applied to all pots. Eight nutgrass tubers uiers plantedr-ln each' pot. -- 

Trcub.ionta were replicacod <4 cfwee.: The-aerial growth was'out after 

42 days.

RESULTS .

The results of the green aerial weights a 

Table 5 and the mean values in Table 1 &

TABLE 12

a given' In  Appendix-.

TREftTIBENT PER ACRE

L.S.D p = 0.0S

YIELD

6. 0?
13.50

10.80

23.25

23.85

25.4-7

3.15

The effect of nitrogen on the green weight of stems uias highly 

significant. The weights increased rapidly with increasing appli­

cations of N up to 200 lbs urea per acre, and thers&fter tBmained 

fairly constant. Based on tlie aforegoing, nutgi-ass appears to tolei 

high; nitrogen dressings in the form of urea.
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Raaults of H.P.K Experiments.

The results obtained in these investigations showed clearly that 

nutgrass responded favourably to nitrogen, especially when applied 

oitti phosphate* Qf tha N carriers used, urea gave the best response. 

Furthermore* it was evident that nutgrsse responded to increasing levels 

of nitrogen and that, growth tsas not depressed by hsavy dressings, 0.9. - 

8bd lbs N per acre. The results obtained in pot studied stained a 

positive correlation to identical field experiments.

7. Response of Mutaraas to Fertilizer flpplicatlon in Tuvf.. . . . .

During the past fiue seasons, field inspections of a longterm - 

turf experiment at'the Frenkanmld Turf Station, revealed that the . . . ; 

plots receiving annual nitrogen dressings for the pset 32 years, were 

heavily infested with nutgrass. Turf plots receiving no fertilizerjor. - 

only phosphate, supported poor turf growth and were not infested oith ■ • 

nutorass. In vies of the response to nitrogen which had been established, 

in the earlier teets, attempts ware made, to record the influence of : 

fertilizer treatment on the spread of nutgrass* (Figure 25). - - ■ ,

According to IBeredith (1948) this turf grass experinent-Baa . - . 

begun in the 1933/34 season at Frankanuiald on a level terrace with two . 

rows oP twenty-eight plots each. Numerous «urf grasses sere plantsd in 

these plots, most of them being types or strains of Cynoonn- dactylon. ̂  ^  

Each plot was divided into four 5 ft strips, and on the strips N.P.K, 0, - 

P, and N.P fertilizer treatments tuera applied annuelly. . . .

Three of the grass plots, namely, Oclara filouth, Halls Selection!. 

and Royal Cape have remained undisturbed sines inception of the trial. . 

Ths remaining plots were replanted in 1955. Details of fertilizer 

treatments and management have benn decribBd by fileredith (1948). At . 

the end of Oanuaty 1965, the numbsr of nutgrass shoots per 3, circular . 

frames, measuring 7.5 inches in diameter mas recorded. The frame 1103 

placed at random at equidistant intervals along the plot centres.

Counts were made in 15 turf plots. Composite soil samples mere taken 

from each of the 15 plota and analysed. Results are given in Appendix 

Table 6. Nutgrass counts are givo.i in Appendix Table 7. The soil 

reaction p,K,Ca gnd nig status of the four fertiliser Ploto 1 with



respective number of nutgrass shoots per frame,are giuan in Table

13. The data has riot been statistically analysed.

TABLE 13 s (BEAN M 8 E R  OF NUTGRASS SHOOTS AND SOIL ANALYSIS 
OF TURF PLOTS. SHOOTS PER 7.5 INCH CIRCULAR 
FRAME._______________________

■■■■•________________-_______________________________________________________
FERTILIZER
trM thient

NUTGRASS
SHOOTS

SOIL / (ALYSIS :n jp .p .h u .
X

1.6 ‘ 6.3 35.5 93.3 610.0 71.

2.2 6.2 59.5 59.3 643.1 . 62.

NP 25.3 4.5 63.1 47.3 363.3 -V 46

NPK 36.9 4.5 90.3 79.3 480,0. ,"46.

The results show claarly that annual nitrogen dressings ‘if> 

farm af ammonium sulphate over the past thirty years markedly deprea 

the soil pH and decreased the calcium and magnesium contents'of the' . 

Phosphate soil levels mere increased by ell the f .

especially in the case of the N.P.K treatment; Additions Of po’taph . 

not increase the K status of'the soil. ; • •

The results reveal that the population density of nutgrass 

per frame uiae directly related to fertilizer treatment. The increaa 

density of nutgrass on the N.P.K plots could perhaps be ascribed $p 

long term potash effect, a response which could not be measured, ip t 

short term fertilizer pot and field studies described earlier.; Nutg 

uibb almost antirsly absent - and grass growth - on the control and. 

eub-plote. •

The results from the above experiment confirmed that nutgr 

is able to invade and survive in turf which hae received annual dre 

of nitrogen. Despite the feet that the pH of thB aoil had declined 

nutgrass and tliB 15 turf varietiee greui more vigorously. On the. N.P.K 

and N.P plots than on the P or control plots. The response of nutgrass . 

to long term applications of nitrogen in the presence of phosphate • 

or phosphate and potash, uias tisinly in agreement with the short term .. 

fertilizer trials which were- conducted in pots or. in the field.

In the early fertilizer experiments on turf, Hall at al.(1955) 

had drawn attention to the nutgrass invasion of the turf plots which 

had received heavy dressings of ammonium sulphate over a long term



According to the authors, tha turf covet became "thin and 

unhealthy", and the poor growth of the turf uias attributed to a 

narked change .in the soil reaction. On these acid soils, however, 

fs/j^rass tifla seen to thrive. A popular opinion held fay many grosses 

is that nutgrase prefere 3tfi.d sitae, ite habitat being mainly 

associated with low lying, poorly drained areas. Consequently, it has 

often been postulated that an increased soil pH could have a deleterious 

influence on the growth end survival of the species and might offer 

a suitable method of control.

To test the validity of this hypothesis, eeveral- experiments 

eere conducted in which attempts were made to alter tha soil pH and . 

oaeauto the response of nutgraaa to these changes. The trials, con-- r . :. 

slated of two field trials which mere conducted at two-different aitfes, •

(a) Bapefontein and (b) Bethel, and during different seasons. A more, -

critical pot experiment isaa alaa conducted in the glasshouse. Attempts .

mere made to increase the eoil pH by means of calcium hydroxide or , ..

calcium-carbonate, while for soil acidification, ammonium aulphata“aras . ■

used. . ■ . •

B. Response of Nutgrass to increased dressings of tins and . ■ 
flnaioniua Sulphate - Field Experiments. ........

Increasing levels of ammonium sulphate and agricultural . ..

lloe were fxpplied to nutgrass in tha 4 - 5  leaf etagef The following .

treatments were applied during mid-December, 1959. (fletae per acre). •

(b) Bapsfonteini
1. Ammonium aulphete A1 -• 300 lbe :

2. " ■> A2 - lfiOO ” -

3. " » A3 - 2800 " .

4. " " A4 - 4000 " .

5. Hydrated liiiie Cl B(1n »
(06^ Ca(0H)2)

6 . «

?. 11

6. "

1600 « 

2300 " 

3000 11

10.  "

11. Control

12. Control

13. Control

C£ - 4500



Treatments were arranged in randomized block deeigna uiith 3 

replications and three untreated controls per block. Plot size uias 

1/200th of an acre. '

. Prevailing sail moisture conditions at the time of and 

subsequent to ths application of the treatments ware favourable.

Where heavy dressings of lime mere applied, residues on ths soil urere 

BV'ident even twelve months after application. The following data vas

recorded.

(i) SsUUfi*
Eleven monthe after applying the treatments, the top 6n soil layer from 

each plot was sampled along a transect diagonal line at equidistant v  - 

intervals. Four soil cores ware removed, bulked and the pH datnrtrdned.. 

Results are given in Appendix Table 6 and ths means in Table 14. . ■

(ii) Weight of nutgcass herbaoe . . ■

The green weight of nutgrass herbage ose slipped froin A». (20" x 20'*)'- .. 

quadrats equidiatantly spread within each plot ,9t3V9C\ maltha, after.. .. 

application of the treatments. Ths weights wore bulked and the results 

ere given in. Appendix Table 9 and the mean? in Table, .. .... ....;

(iii)ftiiaber and green aerial walohte of nutgrass, herbage. ..... . - .

The experimental site was disc ploughed end disced 3. times »one yeas .. 

after spplication of the treatments. ThB site was then repegged.and the . 

number of nutgraas plants and the respective aerial weight per 2,. .

(31 x.31) quadrats within each plot mas recorded. Results are gi»/en . 

in Appendix Table ID and the means in\Tsble 14» . .
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nFSULTS:

TABLE 14 s SOIL pH AND NUTGRASS COUNTS AMD GREEN HERBAGE 
. WEIGHTS. M A N  MUI3BER AND (HEIGHT PCfl QUADRAT.

TREATMENTS pH 21/11/60 HERBAGE • HERBAGE NUTGRASS COUNTS 23/I/SI •
WEIGHTS
30/ll/fjQ

WEIGHTS
23/1/61 ACTUAL SQ.RT TRANS •

1. A1 4.63 356,2 241.0 171 12.8

2. A2 4.53 335.1 329.(1 250 ■ 15.6 :

3. A3 4.60 400.1 426.3 271 16.3-

it M . 4.7D 365.1 40^.6 305 . 17.0..

S. LI 5.23 192.3 265.3 133 11.5

6. 12 5.43 169.9 227.3 134 . 11.5 -

7. L3 S. BO 149.0 372.0 105 - 15..4

B. L4 . 5.36 1SB.6 321.3 226 ■ , 14*7

9. L5 S.90 191.2 360.3 253 15.4 "

10. L6 H . 5 *55 160.2 433.6 302 16.7 ,•

11. Control k 5.40 206.5 237.3 252 ■ 15.7 •

12. Control 5.03 139. B 255.3 211 - 14.3

13. Control 5.06 195.2 285.3 210 13.9 -

, L.S.D D s O.cd 0.42 13B.5 N.S .. N.S. ..

OMEfiALL FERTILIZER litEANS

l.« Am.Sulph. 4.62 . 364.1 349.6 . 174 : • 15.4

2. Lima 5.55 170.2 329.9 . 192 ;, •- 14.2 "

3. Control 5.i6 160.5 259.3' ' , • 224 .V ,14,6 ,

' NOTE: IhB controls mere excluded from analyses of variance.

Soil pH. - ' ■••• - .

The nitrogen treatments decreased and the liming treatments increase 

tha pH of the soil significantly in comparison with the control. The . 

afreets of the different levels of liming tended to be rathe? erratic. 

£?een. aerial weights of nutarasa after 11 montha. . .

The four ammonium eulphatB treatments did not differ significantly among . 

themaelves, neither did the six liming treatments. The mean of nitrogen 

“a® about tmiee as high as those of the lime and control treatments. . 

Umifig had no effect on yield.

Jfatoraea count.a ̂ nr^jirpan aerial UBiohts after 12 months.

There wars no significant differences bBtuieen treatments with regard to 

h°th nutgresa counts and aerial weights.
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(b } Bethel.

This trial differed principally from the previous trial at •

Bapsfontein in that twsuier dressings of lime ware employed and tha 

Influence of soil incorporation (discing) of ths fertilizer treatments 

maa examined. Ths Following treatments tiers applied to nutgrass It) the 

10 - 12 leaf stage during November, 1963. (Rates per acre). -

1. Ammonium sulphate a lbs AO

2. " " 100 “ fil . .

3. " ■* 200 " .. ft2

4. " " 400 •' A3 . - » :

5. " ” 000 " ft4 . -

6. » " 1600 ” ftS . - ■ ■

7. Hydrated Lime
(86$S Co»0H)z) 0 » C O . . -

8. n 500 " - ci .

9. " 1000 " C2 •••': ..-O'.

10. •' , 2000 " E3 ■ -

11. . " 4000 '• . •' C4 .

12. " aooo " . . C5 - . •

Treatments were arranged in randomized blocks with 4 replications. 

Plot size, was l/200th acre. Each block wea split fac discing s o d n o  

discing. The fertilizers were incorporated into the aoil .immediataly^. 

after application by insane of an offset disc which traversed the . . ; 

disced sub-plots 6 tinea.

Soil samples,within the undi3ced strip from the top 4" layer - - 

of each plot,were removed too months after application of the treatments 

Three soil eoree par plot were taken across the plot diagonal and bulked 

Results are shown in Appendix Table 11 and tha means in Table E-» ,

Clip puadrRfcH; Turn clip quadrate from the plot centres of both un­

placed and disced sub-plots mere taken 9 weeks and 9 uieaks after 

aPPlication of the treatments, respectively. The gtean aerial growth 

*®a air-dried and weighed. The results are given in Appendix Tabla 

*2 and the means in Table 16.
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(b ) Bethgl.

This trial differed principally from the previous trial-at ■

Bapafontein in that heavier dressings of lime u>are employed sort the 

influence of soil incorporation (discing) of the fertilizer treatments 

uias examined. The following treatments wars applied to nutgrass in the

12 leaf stage during Noverabei, 1963. (Rafcsa par sera).'

1. Ammonium sulphate) 0 lbs - ftff
2. " " . 100 " . ■ «!'. ;•

3. " " 200 " . fl2 -•

4. " ”■ 400 " A3

5. n " BOD " . • fl4

6. ” " 160D-" fl5 ;.... •;

7. Hydrated Lime 
' ( e #  c c w o n y 0 " . ■ . co ;

8. " • 500 H ci •

9. " 1000 " • C2

10. " . 2Q00 . : . c3 , •. ,

11. " 4300 » ■ C4\ ; . -

12. " 8000 " • . • C5 ..

Treatments mere arranged in randomized blocks with A  raplicafciorfa*. 

Plot Pizo wbb l/200th acre. Each M o c k  wae.«pl.it far discing 

discing. The fertilizers weca incorporated. into tha. soil,. immediately. 

after application by wsans of ptv offset disc which traversed the 

disced sub-plots b  times.

Soil samples,within the undisced atrip from the top. 4" laysr. 

of each plot,sere removed two months after application of the treatments. 

■Hires soil cores per plot uiere taken across the plot diagonal and bulked. 

Results are shown in Appendix Table 11 and the means in Table £•..

Clip quadrats; Two clip quadrate from tha plot centres of both .on-. . 

disced and disced sub-plots mere taken 8 weeks and 9 weeks after . 

application of the treatments, respectively. The green aerial growth 

was air-dtied and weighed. The reaulte a?“s given in Appendix Table . 

1? and the weens in Table 16.



TABLE 16 t SOIL ANALYSTS
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TREATMENT BSAGHESIUfil 
CONTENT nnm

CAICI-JK 
CONTENT *

TOTAL
n i t r o g e n s! PH

1. A0 165.0 0.100 0.104 5.77

2. A1 159.0 0.098 0.111 5.72

3. A2 181.7 0.091 0.102 5.75

4. A3 186.5 0.091 0.108 5.62

5. A4 1 U . S 0.088 0.113 4.97

6. AS 86.2 0.071 0.119 4.92

7. CO 179.0 0.108 0.104 5.70

8. El 185.7 0.128 0.081 6.00

9. C2 196.0 0.164 0.103 6.27

10. C3 198.0 0.120 0.106 ' S.05

11. C4 209.2 0.155 0.105 6.40

12. CS 246.0 0.338 0.103 7.27

L.S .D p== 0.05 56.0 0.052- N.S 0.-35.

OVERALL FERTILIZER fUSANS

Ammonium sulphate 147 0.088 0.111 5.40

Lime 2Q7 0.183 0.098 . 6.40

Control 172 0.104 0.104 - 5i?4 .

i) magnesium Content of tha Soil.

The high nitrogen applications viz. 800 lbs and 1600 lb9 < . 

ammonium sulphate per acre,, decreased magnesium.content significantly-,._'.v 

whereas the lower levels had no effect# Liming on the average inorseaed , 

the Eilg content significantly. Liming gradually increased tha . 

magnesium content of the soil with increasing levels of application. > 

2) Calcium Content of the Soil. • ■■

Ammonium sulphate decreased the Cs-eontpftt significantly, the 

negative effect increasing aherply with the very high applications . 

of ammonium sulphate. Liming increased the calcium content, a very 

high value being obtained with the highest dressing (80Q0 lbs hydrated 

lime per acre).

3) pH of the Soil.

Ammonium sulphate applications up to 400 lbs per aCrs, had no 

"1899U. M e  effect on pH, applications of BOO Iba and 1600 lbs per '©re 

decreased the pH by about 0.3 unitfca compared to the control.



timing increased the pH as expected, 8000 lbs of hydrated lima per 

acre increasing the pH by approximately 1.5 units.

4) Total Nitrogen Content.

Treatments did not affect the total N content of the soil 

significantly. This might be partly due to the response of the nufcgi 

to nitrogen applications, the additional nitrogen being used by the- 

nutgrass for increased growth.

TABLE 16 : AIR-DRY WEIGHT OF AERIAL NUTGRASS HERBAGE•Gi ' -
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OVERALL FERTILIZER WEANS

Ammonium sulphate 2.56 3.91 6.49 .

Lime 1.23 2.06 3.31

Control 0.76 1.83 2.59

Air-drv melohts of aerial nutgrass grouith. ..

a) Disced sub-alots.

All nitrogen levels except the lowest (100 lbe ammonium sulphate 

per acts) increased weights significantly above, the control. The 

weights increased mith increasing amounts of nitrogen up to 800 lbB 

ammonium au .viate per acre and then apparently showed a downward trend

GRAMS PER 1» x 1' CLIP QUADRAT.

TREATMENT DISCED NDN"0ISC£D DISCED + NON-DISCED

2. A1

3. A2

10. C3

11. C4

0,74 

1.44 

2.22 

2.65 

3.7S - 

2.83 

0.78 

1.16 

D.90 

1.12 

1.81 

1.25

1.47

3.17

3.32

4.31

4.55

4.19

2.19 

1.88 

2.39 

1.93 

2,57 

1.54

5.54 

. 6 .97 

B.31 

7.02 

2.97 

-3*04 ’.

3.29 

3.05

4.30 

2.79'





TABLE 17 • WEIGHTS OF GREEN HERBAGE AND UNDERGROUND NUTGRASS 
_______  GROWTH IN GRAMS PER EOT. ________

THEATfilCMf 1ST CUPPING 2ND CLIPPING COMBINED
CLIPPING

UNDERGROUND
WEIGHT

1 . 5.56 6.13 11.70 2.SO

2 5.36 5.66 11.03 3.60

3 6.50 S.53 15.03 4.50

4 9.23 a.66 17.90 7.43, . '

5 5.90 6.i 06 11.96 <5,86

6 4.56 7.20 11.76 3,83 ■

4.10 S.63 9v2o .. ■14.46 ..

4.10 5.10 9.20 5.83'

5.06 6.36 11.43 3.80 '

Increasing levels of agricultural lime had no. significant effect, 

on the green weights of nutgraaa herbage or on the .root Weights. . . 

Haaulta of lime and ammonium sulphate experiments. . . . - ..

Attempts to change the soil reaction by means of heavy dressings.- 

of lime did not reduce the growth of the nutgrass. fttfiuranium sulphate.

decreased' the soil pH, but these nitrogen dreeeinge eeusfed ©afked 

incraasos in -fmrbago'yicflda.' • The results from the investigation

confirm ad the response of nutgrass to iiitrogsn and a .tolerance. to a .
’ and * • .

range of soil pH (4.5 - 7.3)/divergent aoil nutriant levels. The, results

obtained from the field experiments at teo different aite9 and during ,

tiuo different seasons, were similar. UJhere the heavily .limed nutgrass, .

infdstntion urns ploughed over and seadud to a row. crop, .there uias ho

evidence of a decreased nutgrasa population density. .

c - GROWTH AMD SPREAD OF NUTGRASS. .

In order fco investigate the control and possible eradication of . 

'‘Utgraea, it urns important to etudy the groaith rate and spread of 

the weed. An experiment was accordingly carried out in ishich sprouted 

tubers were planted in plota (3’ * 2') on a aisturoea oite at 

^rankenwald. (Sao Figure 26).

The site uras forked over sevsral times, sieved and raked and the 

“sed growth removed.
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Ten micro plot9 each measuring 3* x 2', arranged as 5 randomised 

blockB sere laid out, half of the plots receiving a fertilizer • 

dressing of Complesal Supra at the equivalent rate of 600 ltjs per 

aero. Fertilizer treatments uiera fully randomized, applied and 

forked in. Tuio sprouted tubers uiBrs planted in each of the plot .

centres, thinning out to one singls mjtqrass plant oar olot.' The 

plots ware watered twice daily during the first week after planting.' ’ 

The plots received additional irrigation whenever nacaasory. Volunteer 

seeds were removed immediately after emergence. Records in respect of 

growth end development were made at regular intervals. The data ie 

given in Appendix Table 14 -and summeiizeti in Table IS. The plots 

were harvested after 5 months,after the first frost. Aerial and under-• 

ground fractions were.removed, separated, weighed and counted. ••• ’

The results are givon in Appendix Table 14 and the means in Table 19." v  

RESULTS:

The sprouted tubers emerged 6 days after planting. The mother . ' 

plants commenced to produce daughter plants within 2.weeks after - : - 

emr.'genoe. Thereafter the micro plots oera rapidly colonised. Daughter, 

plants and inflorescences emerged,refer to numbers derived from the . 

original mother plant. Leaf counts per mother plant oars discontinued 

after the emergence of’the inflorescunoe.(Soq Fiurss 27 and 20) -

TABLE 18 j LEAF HUMBER, DAUGHTER PLANTS AND UMBELS .
____________ EMERGING FR0I3 A SINGLE BOTHER PLAMT.

TREATfilENT DAYS AFT r Fin RGEN E

7 in 14 3.7 20 31 3bl 45 52 49 70

Leaf Mo.” o 4.6 6.0

fi.?

7.2

7.H

9.4

m . n

11.2

1(1.4

11.8

VI .4

15.2

15.2

- - - -

Daughter D 
Plants

0.8

n,R

0.8

1.7S

1.0

2.2

3.6

5.2

5.0

10

10.4

16.4

18.0

27.4

25.8

36.8

33.4 ■ 

45.2

Infloreannnrn
0

N.P.K

1.0

0.8

1.4

0.8

1.6

l.S

-2.6

3.6

3.0

3.8

Based on growth of original mother plants.
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r.rnmth and sarsad of t.utciress.

In the absana a of alien iraed eompetition, this trial furnished valusbls 

information on the growth behaviour of nutgrass grown under two levels 

of fertility* The plants produced IS leaves prior to the emergence 

of i::3 inflorescence, the lafctat being first observed 36 days after 

the vertical rhizome had afflarQedi Daughter plants were produced Within -

14 days after emergence of the vertical rhizome.

With the exception of rtUfibare of daughter plants pCadUcea, fertilized 

treatment appeared ts exert little influence on the -nuraber of leaves and ' 

inflorescence produced per plant. The rate sf leaf emergence tops also . . 

not apparently influenced by the fertilizer traatrisnt. . ..

The number of daughter plants produced 70 days aftsr w«rgance oaa ■ 

statistically analysed. Treatment differences,- though largeyuisra. not. • . -v> 

significant. Inadsquate replications (5) may have been a contributory • 

factor, It should be noted that at the termination of the trial, / . 

the daughter plants had practically completely overrun -the total, ares .. : . 

of each plot. • .

TA0LE 19 s BEAM AIR-DRY WEIGHT AND NUGtBER OF AERIAL . • ... . • ■.
RND USOERGROUNO NUTGRASS FRACTIONS. I3EIGHT - "  ; • .

_____________ IN C R M S  PER PLOT ■ ~ -. • - . ;
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PLANT FRACTION 0 N.P.K

Stem weight - 

Number of tubers 

Weight of tubsrs 

Bleight of roots

20(8

79

10.60

13.40

• 26.0­

161.0 

23.2D 

14.75

The data in respect of the abov? were analysed and ths following 

conclusions may be made.

fertilizer had no significant effect on the weight of the nutgraaH. 

stems or roots.

fertilizer application increased the number of tubers as well as 

thsir corresponding insights.



The spread and growth of an invading sprouted nutgrass tuber 

groffling in tha abosnca of competition mas examined during tha second 

half of the summer season. Despite the restricted growing period, 

the results showed clearly that tha rata of proliferation of this 

species is quite remarkable. Given favourable nutrient and soil 

nioiature conditional the plant will colonies and produce a crop of 

underground tubers which, in turn, are capable of invading and infeetifig 

new areas if mechanically disturbed. Sinoe Bach individual .laughter . 

plant is capable of generating its own crop of tubers, -it is necessary • - 

to apply control measures at the critical stags. Eradication of the v

mother plant within the first two weeks after emergence is thus of tha-■ 

utmost importance. from the results in Tabid £  t it will be noted. . ■ > 

that a mall fertili2ad tuber produces 161 tubers within a period of - "

3 months or possibly 320 tuOers over a full summer saaeon, Fufctfiarraorsi 

sach tuber could give ties to a system of daughter plants which are-'.. .. ■­

capable of ooloniaing an area 3* x 2' square feet-within t n a -3 month . 

period, flfsauming that each tuber is capable of producing a colony - 

eihich will cover 9 square feat over an entire summer aeaeon, it is ..v .. v- 

possible to theoretically calculate the period, required t)y nutgrass . •• . 

to achieve pest status in an arable field. . . - .

After the primary introduction of the feuOer and completion o f . . . <«! 

the first season, w b have 320 tubers. The latter are then distributed. . . 

and each gives rise to 320 square yards of colonised nutgrass pockets* .

During, the sacond season, these colonies would again be distributed, 

coalescing to form unbroken stands of nutg^uea during the third or . . ■

fourth season. Control during thB primary stages of colonisation ie . 

therefore essential.





- \

^aasiM

CHflPTE" JI.n 

5EE.J ««D SEEOLiWS STUDIES

ii. 5££0
Both fihoinhold (1942 a) arid Uos (19S1) hauo rapartad that nutgrass s00cl

poaooeso® on oxtromoly hard scodcaat and that germination is stimulated •

by a injecting tho aaod to sulphuric acid treatment. In: preliminary trials

at fronkonmald, it mas round that nutgrass scied placod in an ovien, kept .

constantly at 28°C, Foiled to gurminctc. Seeds kept moist in petri dishas

at room tarapotaturo and placed on a north-facicvj ulndem eilL during ths . -v

sintor months, gave approximately a 60 pcircsnt germination. Under those- •

eonditionSj tho eeod ibos subject to considerable diurnal tomporature : / '■;-•

fluctuations and exposed to dirjot light. Those results suggested that:'
sood germination, . . . ;

certain footers more responsibla for promoting/ lha influence of light,-.'

substrate end sulphuric acid traatmant on the condition of nutgrass Sesd.s-.vtk./."

*28 thoraforo inuostigated in a number of experiments. . - . • -

1. Subatfate. ficid and Environment. . - .

freshly harvested soacf was soiim on a number of substrates: and

subjoctod to acid treatment and different temperature exposures, .Singls.. r.. ,.

roplicotea of 100 soods oach tuorc placed on soil, sand and Pli.tor 'paper

aftsr oxposuro to 0, 5 and ID rainuto concentrated sulphuric acid t r e a t m e n t . .

Tho- sood was then ujoshod under tap mater to remove acid residues and. ...

subjected to a series of temperature and light oonditiansi designated os . ..

fij Cj 0 -and E, ojhara . . i!

A = Oooobson apparatus - 16 hours ot 20°C end B hours ot.§0 C.. - 
Light supplied For Q hours at 30 C . . - .

fl = Germination chombor -Constant tomporaturo of 20 c, . . ...
Constant darkness. .

C - Loutonschlagor Apparatus - Constant temperature of 30°C... .

Constant darkness.

D = Germination Chetnbar - 16 hours at 20° C end e hours at 30^0.

E = termination M e r  - 16 hours at 15°€ and 8 hours at 30 C.

B°9ulot- germination counts moru mado over a period of 1‘ masks. Tho

^Kunt&gj garnination at various intaruals after ecu/ing is pivon in
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SU8STRATC
DAYS AFTEf 
SOWING UNTREATED

E

FILTER PAPER 10 l.S

14 5.0

27 11.S

36 > 21,0

54 31

71 3fi.S -

Substrata?

Nutgrass seed gave constantly higher germination percentages'on - 

filter paper. This, uias valid for untreated and-acid tfsated rsesdi.

Bold treatment? - . ... • ..,•••

A brief acid treatment (5 minutes) generally doubled-the.germination 

for every substrata employed in the test. The IQ-minute-treatment* . 

homever, proved to be too drastic, reducing the germination . ;

irrespective of the substrate used. . •

Temperature-Light: • .

The beet results mere obtained when germinating the seed> 

irrespective of tha acid treatment or substrate* on the 3acobsen 

appaiatua (ft), or in the germinating otwmbet It). ftltamatirig twiperatVisa. 

wider. dark conditions gave poor seed germination. It was therefore.... •. 

quits evident that nufcgraes seed uias very sensitive to light» BeoaUss . . • 

"utgraas germinated best on filter paper on the Jacobean apparatus, ... .. 

the subsequent germination studies mere carried out by means of thie • . 

raathod,

2* Substrata and flcld ... -

To test the influence of room storage on the viability of nutgraee .

"ed, s replicated teBt was conducted oti sesd which had been harvested 

fluU n g  the late autumn of 1961 (April) and stored at room tempsreturs 

for approximately 5 months. Each treatment consisted of A replications 

Of 10(j aa0tje>
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Acid-treated and untreated seeds liters sown on 3 substrates. Germination 

uas recordad on threB dates. Ths final percentage germination uiaa 

analysed after the data had been converted to an angular transformation. 

Ths results are given in Appe.id.ix Table 15 ana the mean (Angular •. 

transformation) in Table 21. .

TABLE 21 : INFLUENCE DF ACID TREATMENT ANO SUBSTRATE DN THE
GERMINATION OF NUTGRASS SEED. (flEAN PERCENTAGE - 

_____________ GERMINATION. .__________  .

SOIL

SAND

FILTER PAPER

53.28

50.40

53.73

64.1

59.1 

65.0

TRANSFORM- 

21.08 

19,97 - 

. 34.55

..13.1 -. 

12.0,_ 

32.1,

L.S.D for transformed data = 4.23

IRsan percent germination (ftnguler transformation) of

1) Substrates SOIL

. SAND 

FILTER

2) Acid trsatments-

TREATED

UNTREATED

37.10

35.19 

44.14

52.47

25.20

A higher average germination uiaa obtainad on filter paper than .on soil 

and sand uith no difference between soil an S sand substrates. Acid ... 

treetmer.. doubled the average percent germination. The interaction - 

bstuean acid treatments and substrates eras significant. The acid treated, . 

sesd was not affected by the substrata.oihsreas untrsated aasd germinated 

much batter on filter paper than in soil and sand.

Th. germination ta.t M l  tor S ...k. oniy. Th... r.ault. indicia 

that the uiability af ths aaed did not det.ri.rata, .ith .toraga.

To sstallish th. su.c.ptihility of nutgraa. aa.d to la. taj r p . m t ™  

»»po.u„, nutgraa. s.ad h.r»..t.d in tl>. lata autarn ... ina.rtad in a 

r.frig.rator .hioh ... ..intoin.d ooo.t.ntly at 5°C. Sa.pi.. e a M r t U V  

«  100 aa.ds,.era d r u m  and aa.n at r.rtnljhly lnt.ry.1. a. aho.n in 

fable 22 .
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TABLET 22 i INFLUENCE OF LOW TEIHPERATURE STORAGE ON THE 
GERBIINATION OF NUTGRASS SEEO. (PERCENTAGE 
CERIHINAT I O M  .____________ ____________________

prolonged low temperature .storage. In fact the results suggest that -V ‘ 

prolonged chilling periods (3 months) tend to improUs the-germinafcion of 

the nutgrese seed, . . . .. <

A. Sead Maturation. _ :

Nutgraee seed was harueeted in the Field at different stages. .

The harvesting dates end corresponding eornmencemeilt date of the germination 

teat are given in Table 23 • The first sample of ssad mas hasi'estetf. as., 

soon es seed was available. Each sample consisted of 4  y .lbti seeds, . 

acid-treated and untreated. The angular transformation was applied .to 

the rseulte before analysis. Paraent germination of tho' seed-, ie given 

in Appendix Table 16 and the mean9 (angular trenefdrmation) after 40 days 

in Table 23.



TABLET 23 t INFLUENCE OF SEED fnftTWttfY 014 THE GERMINATION OF .
NUTCRASS SEED. BEAN PERCENT GERMINATION AFTER 40 DAYS.

. TREATMENT UNTREATFD ACID TREATED

SEED

HARVESTED SOWN TRANSFORMED ACTUAL TRANSFORMED ACTIAL

.,30/12/638 4/1/64 43.55 46 54.83 66.6 - -

'8/1/64 b 30/1/64 25.49 19 34.26 . 31.6

24/1/64 c 30/1/64 51.20 61 46.25 56.0 :

. .31/1/64 d 12/2/64 34.71 33 48.28 . 56.0.

14/2/64 b 4/3/64 42.64 46 50.66 60 . •

, ,27/2/64 f 4/3/64 23.17 16 27.49 - 22' - . •

i Percent Germination (Angular Transformation)

a) 30/12/63 - 49.19

b) 18/1/64 - 29.88

c) 24/1/64 - 49.72

d) 31/1/64 - 4l;5D

e) 14/2/64 - 46.75

f) 27/2/64 - 25.33
ng dates 4.3§

*.) Acid treatment ' . •

a) Untreated - 36.82

b) Treated‘' .» 43.96!--

j highest end d)

3 on 27/2/64 ueta Ufcht and-..

^tet the 31/1/64 uras c

ttoh for the lets (■

rf—

e),c) end e)

V “



-75-

Tha viability of nutgrasa seed which had Been stored under 

laboratory conditions for periods tanging Pram 3 to IB months mas 

investigated. 4  x 100 seeds of each harvesting data were planted 29/6/65. 

The seed samples sera harvested according to the sohadula given below.

1. 30/12/63

2. 18/1/64

3. 24/1/64

4. 31/1/64

5. 14/2/64

6. 27/2/64

7. 13/3/64

S. 12/3/65

Sample 6 germinated poorly and gas excluded -from the enalysia of ■.

uaclance. Percent germination for each date are given in. Appendix Table '

17. The final percent germination has been converted to an. angular

transformation. The means of the percent elimination actual and singular.

transformation ate given in Table 24 . 4 x 100 seeds1 wars-planted

29/B/55. ■■ ' ■ ■ : ;

TABLE 24 ! INFLUENCE OF SEED MATURITY OS TOE GEfflillMATJON DF .
NUTGRASS SEEO WEAN PERCENT GEfimlNATIOfll AFTER . '

_ • ___________ 91. Dft̂ fS.___________________  , • _________

TSEATISENT- . 
(HARVEST DATE)

PFRCENT G£RIftTNAT-IOJ
TRANSFORMED ACTUAL.

1. 30/12/63 34.72 33

2, 18/1/64 55.70 68

3. 24/1/64 55.94 68

4. 31/1/64 56.30 69

5. 14/2/64 62.17 ?B

6. 27/2/64 49.78 SB ■

7. 13/3/64 35.01 33

L.S.lr o = 0.05 5.41

There were significant differences antcrtg «',E0Btms^te. Conparod 

with the percent germination ^at. if> - 2 3  the overall germination 

laboratory stored seed a/as of a ru«ner order then that,of tftatoriginal 

harvested saterial.



The results Profit the various germination et-jdies confirmed the . 

findings of Justice and Whitehead (1946). Tha viability of untieated 

nutgrese seed generally vatied between SO - 60 percent if kept under 

alternating temperatures 20 - 30°C, and given light at 30°C for a period 

of 6 hours. Contrary to the findings of ffaftro -»iii t A , ?19S2) light uraa v 

critical factor*

In a  normal season, viable nutgrass seed aae available by.-the • •. ■ 

beginning of January at Bethal. Naturally,, the production of viable ' - v  

seed, atoUld be dependent on the rainfall distribution pattern for any - ■ 

particular season. F 10m  a diapeseal point of view it mas, hoBever,' - ■ > 

important to know that viable seed, was freely available approximately ..

2^ months after emergence of the nutgrass. The dangers of drawing- -­

incorrect, conclusions from a faulty sampling technique seta also, 1 

highlighted. .

The fact that stored' nutgr > seed >did not afi>oa* -to datarloraio with- 

storage and ths* «eSd temperature exposure had no detrimental affect. 

on the seed, indicate® that the seed of nutgrass could survive under.-. .. 

adverse conditions. ■ ■ .

For these reasons it oas apparent fci'it two additional InveatigatiofiB . 

be undertaken. Firstly, to satat-U^ the eaed producing potential-of - , 

fiutgsaes and secondly the presence of seedlings under dfylfifid Condition®..

♦ Seed production ,

To determine the seed production per plant, a number of examinations 

of fully mature nutgraee plants ,gamplad at 9.'thal and Frankenoald ,were . . 

wads several seeks after flowering. .

Jte* • . ■■ ■ ■

Ten plants examined. Average number of spikes per umbel and the 

number of epikelets par epike ®ere recorded 15/1/62, Seed production. . 

is based on an average number of 12 eeede per spikelet. Results are shown 

in Appendix Table 19 -mb the rosons ̂ in Issfclfo 25- .
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filEAN NUMBER OF SPIKES, SP1KELETS AND CALCULATED 
. SEEPS PER NUTGRASS UMBEL . 10 PLANTS rxAmTMrn.

NUI9BER OF SPIKELETS 
___ PEfl SPIKE

1495.2

Teat (b) .

Plant height at flowering, number of spikes and total numbs# of

eplkelstn per umbel mere recorded foe 20 plagts on 26/1/65. Seed

production is based on an average number of 12 seeds per epiks. -

Results are shown In Appendix Table 19 ant) the weans in Table 26, . -

TABLE 26 5 I5EAN HEIGHT, NUNIBER Of SPIKES .AND SPIKELETS ANCt
CALCULATED SEEOS PER NUTGRASS UMBEL « 2Q PLANTS - 

. EXAMINED._________________ ;______________ - '

2062.2

Te3t (c)

"otal number of seeds on one epiks was eounted. Tins atcounted to. 

102. The Number of spikes per umbel from 25 nutgrass flowers mere, 

counted 30/12/63. Calculated eaotis.'per umbel ara given in Table 27.

TABLE 27 i fflEAK NUMBER Of SPIKES AND CALCULATED SEEDS . 
_________ PER MUTGRASS UMBEL - 25 PLANTS EXAWINED.

NUIfflER OF SPIKES PER U U E l TOTAL SEED PER IMI3EL

Seed production p b c  plant thua varied between 700 to 2,000 per ymbel. 

Allowing for a SO percent germination of the aeed, 1 iJffloreocence 

could thua yield between 33F to 1,000 seedlinge. Theas figurea are in 

agreement with results obtained by Justice and Ulhitehaad (1946) and 

Hill st al (1963 s). .



Nutgrasa seedlings ora not commonly fount) In infostsd Fields on ths - ■ 

Throughout ths course of this study, ottampte aero made to locate 

nutgrass aoodlmgs. Despite '.ho liboral dissemination of ssod from mid- •

January onuiardB by mature plants, and the high aocd donaity deposit on tho s  ■■ 

soil surface, inapoctions failed to retool seedlings on the shaded soil.. -- • 

surface. Seedlings wore, homovar, found, but this,proved-to bs more-of an •; 

sxcapfcian than the rulo. Tho appearance of nutgrass seedlings uiasconfined v' t. 

to the first half of ths summer season. Seedlings were, seldom- found 

dense nutgrasa colony, but mainly adjacent to tho infested sl-teav •The-.-".:.'-,.-. 

nutgrass saddling colonies mere usually small and could bs .found prDwingiJV:. ■-> 

isolated local artificial depressions. Seodlings Uiere.loceted a t  Bethiil.,.- 

Oogies, Frankanweld and Bopsfontsin in severely infested fields. 'Nutgreaa .... 

seedlings in tho 4 - 5  leaf stage with small attaahed tubaes* mere found;,on:,,<; . 

tha Turf Stotion at Frankenaald during. February. - - >

ft fallow site at Franksnuald was disturbed dusing the later;svt«!ipt--flfv<-3''K

1964,. raplaughed during the 1964/65 summer and disced.prior to planting.:of- 

maize in mid-December. Nutgrass seedlings, wera observed 3 jueoka after plant, 

ing. ( 2 - 3  loaf stage), and tho population density ef tho nutgreoaaoodling 

calony uas established. Tho number of nutgrass seedlings per ?<S inches . 

diorastor circular Ptamo wee 40.3. .

From tho germination studioa it is clour that under favourable . ... .. 

conditions, nutgrass saod is viable by tho third week in January, end. . . ,  

shatters roadily by ths end of January. Under a dense canopy.of manure. : : 

nutgrasa (400 - 600 sterna per 2d" x 20" quadrat), soil moisture conditions , 

are auitablo for germination. Failure on tho poet of seeds to germinate . . 

under such conditions must bar attributed ta ,ono or other factor,, namely, . 

Qithsr the exclusion of adequate light, or a possible inhibitory toxin 

oxcrated in the rhizosphera. .



tITSPERSAL. AND DISSEMINATION

Having n«a demonstrated the viability or nutgrass sesd in tha 

laboratory and established the presence of seedlings in ths field, it 

was logical to seek an efficient dispersal mechanism, other than - 

natural agents, which could be held responsible for the widespread 

nutgrass invasion of thB Highveld. It is mell-knomrt that teff seed- . - 

(Eracrostis tef Trtftf ] has, ausr since the promulgation of the seed pujity 

laws in South Africa, been contaminated with nutgrcss seed (Sellachnp- and . 

Hsttingh 1955). The preaent seed regulations (Government Gazette* 

Regulation -Gazette 215. 26th July, 1963 (Mo.563)) etatsB that "Seed . . . 

shall not be 9old if it contains weed seed in excess of 50 per Qtinoe .of .... 

teff seed”. In the absence of supporting evidence' regarding, sead^ ■.; . 

viability and seedling emergence, the Department of Agriculture has;*-vift • 

recent years, granted extraordinary concessions to tsffeeed prodycet®, .■■■ 

and permitted the sale of teff seed with contamination levels of up:.to- 

SOD weed seeds per 1 oz of teff seed. . . . . .  .. - .v

In an effort to elucidate the problem of seed dispersal, three, a s * . 

pacts of the problem mere investigated^ . . .. -

1. Pollutlor. of Teff Saad. . : .

A total of 207 teff seed samples ohich had been submitted to the ,. 

Department of Agriculture's Seed Testing Station at Pretoria, for ■ • . 

purity anfl viability tests, during the years 1963, 1964 and 196.5, . . •

ware examined. Teff seed impurities were converted to a uniform basis . . . 

and classified into various groups in reaped of ths number of nutgpsss . . 

seeds par 28.3 gme of teff seed. The classes ssleoted mere 0, 0-10, 10-. 

20, 20-30 nutgrasa seeds, eto., Tha resulta for each year ouer the • • 

thrs-.year period appear-in Appendix Table 20.The data has been summarised 

in Table 20 . The analysis is only concerned with nutgrass .

contamination. The total number of foreign usads per taff sseC sample 

has been excluded. Also rofor to Figuro 32.



TABLE 28 t fiUBBCR OF TEFF SEED SAfflPLES CONTAINING 
_________________NUTGRASS SEEDS._________________________

CQHTABINATEO UlITH
YEAR TOTAL .

1963 1954 1965 NUfflSER PERCENT

1, Less then 50
nutgrass seeds per 
23.3 grama teff 37 25 se 120 56# ’

2. (Dora than 50
nufcgraas aeeds oar 
28.3 grams of teff 26 10 51 - 87 42%

Referring to tha data presentsa in Figure 32 end Table' 28.. ■

it will be noted that over the past three yaara, 4:

t^ich have been submitted to tha Department of Agriculture for approval,, 

contained more than the prescribed SO nutgraes seeds per 28.3gtama ‘ 

of teff sample. There also appears to be an inter-seasonal uariatifcn^--. 

the percentage or heavily congejninaied Bead being particularly :high..i 

during tha 1965 season. Another salient feature of the-analyeis-^£cb ' 

is not reflected in the above tuio tables, .was the fsot-tha# •—

the heavily infested teff seed samples originated mainly. frofnt - •­

specific areas. The latter includedStandsrtofi. Platrandi Holtnedene^’.-- 

VbI, Perdakopi Endicotj Bethal, Reitz, fickebusg Vrade, and Pietermarit^- 

burg. .

2. Areas of Teff Production in South Africa. -

From the aforegoing analysis, it was evident, that teff seed . 

production »as mainly concentrated in specific areas. From the latest . 

agricultural statistics supplied by the Department of Agriculture ,• 

(Agricultural Ceneue No.34 19S9-6Q for the Republic of South Africa), 

it Bra a possible to extract; ths principal teff groining and teff eeed .. ... 

producing magisterial districts. The latter have bsen arranged in .. 

descending order .acopcding"fcolfSfs^e sown ^nnbeily to teff (Table 29 )• . 

The data for the entire Republic is summarized in Table if) .. . . •
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T A B U  29 s AREA SOtUN AND THE NUMBER OF BAGS DF TEFF SEED 
PRODUCED IN THE KA30R TEFF SEED GRGUMiG 

____________DISTRICTS IN THE REPUBLIC OF SOUTH AFRICA.

Area = Fodder and seed in morgen;
Bags in 200 lb nett weight;
Baaed on Agricultural Census - 1959/GO.

TRANSVAAL AREA SOU/N NUIDBER OF BAGS'

1. STANDERTON
a)

15,529
b) - . 

13,488 •

2, BETHAL ' 6,656 756 , ..

3. HEIDELBERG 5,823 1,087 .

4. VOLKSBUST 3,513 / 714' • •-

5. ER81EL0 -3,346 <468 " '

5. IBItSOELBUflG 3,244 -197. ' -

7, NIGEL 3,141 '. 500

8. DELIAS 2,2X7 • 27.

9. WlteftNK 1,525 49' ‘ - • ’

10. UEREENIGING 1,740 88

11. BRONKHDP.STSPRUIT 1,455. 5 .

12. WflERSFDORl • 1,402 •: ' 259' ■: - •

13. CAROLINA 650 11 ■

14. KCIBPTON PARK 635 ' V-2-

15. GEsraiSTON 573 ' 4' •; . .

16. BRAKPAN 529 31

17. POTCHEFSTROOffl 500. 2

18. VAH DER BIOL PARK 411 . 1 8  - V  '

19. BELFAST 405 •106 '

20, BENONI ..... - ■ '398' • - -

21. UtAKKESSTROOlS 310 .1 B ■ :

22. PfiETORIA 299 • r - - ■

23. RANDFONTEIN 293 . -  . ■■ ;
24. SPRINGS 292

25. ROOOEPOORT 234 34 . '

2S. VENTERSDDRP 232 S '

27. KRUGERSDORP 228 . -. . . . . . . . .

28. -<USTENBURG . 22B 6 • .

TOTAL FOR ZB DISTRICTS 66,121 17,897 ■

TOTAI FnR TBflMRWflAL 57.1,22 1?.9(1fl ...

% Of s o u ™  AFRICA 46.4£ SP.fWS!

a}= 12.8/5 Of S.A b)= 45.9^ of S.A
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TfiBLE 29 . f CON * T),

MOUNT cum re

HIATfiTIELe

ELLIOT

VAN RHYNSOORP 

HUIfiANSDORP

4,529

1,797

HUMBER OF.BAGS

TOTAL FOR 6 DI-TRICTS 

TOTAL FOR CAPE PROVINCE

B , 0 U

9,383

S. aiACLEAR

QRANRF FREE STflTF AREA SOWN NUfSBER OF BAGS-

1. VREDE 10,963 2,270 •
0

2'. HARftlSfillfH 10,915 3,523 (

3, BETHLEHEffl 6,366 1,953 •• - •

4. FRANKFORT 4,359 - 135 . " i

5. REITZ 3,764 : 343 --

6. LINDLCY 2,821 ■ 225 , • '.'c •• •

7. HEIL8R0N 1,847 - '114' - -

8. SENEKAL 1,591 ' - ' - 510 •

9. THABA NCHU 1,224 . 151- •

10. FICKSaURG 980 • ' 667 . '

11, LADYBRAND • ■ :S24.. ■ 36D ---- -

12. FOURIESSURG 83S as? - •

13. CLOCQLAN 702 95 .

14. KROOMSTAD 534 - .
15. SHINSURG 477 90 •

16. fflARQUATO 257 25

17. BLOE01FONTEIN 266 -

IS, SAsnLBUT.C. 203 n

TOTAL FOR 18 DISTRICTS 49,161 11,125 •

TOTAL FDR O.F.S sri.376 . 11.165

% of o.F.S 97.6J* 99.6^

% o f SOUTH AFRICA 38#

o) *  9 .86JS o f  5 , d) ** W*T3t  o f S.ft



HATAL

1. UNDERBERG 

2 C- ESTCDORT

2. KLIPRIVER

4. BERGl/ILLE

5. NEWCASTLE

6. UTRECHT

7. LIONS RIVER

NIJ81NER Of BAGS

TOTAL FDR 7 DISTRICTS 

TOTAL FOR NATAL

3553

4189

r TEFF IM THE REPUBLIC OF SOUTH AFRICA 1959/60.

PRODUCTION S.A CAPE NATAL TRANStfAS!?. O.F.S ‘ v.
(7.76%) <3.46*J- 147.2$) ( « . « )

Area soen - morgen 121,070 9,383 4,189 57,122 50,376. '

Hay reaped - tens 245,389 23,639 11,093 126,2X3 84,254 ’•

■|ey marketed- tone 19,142 105 ■i •. 106 ■ 4,721 ■

Seed production, 200 
Ibe

29,413 237

(0»8tf)

103

<0.36#)

17,9fr8" . 

(60.38#) ■

21,165- 

(37i9(5^) -

Ths analysis Is concerned solely with those magisterial districts 

in which more than 200 bags (200 lbs) of teff seed:ia -producad..ar.-.aoie..-. 

then 200 morgen of teff is sown annually.

Ths Transvaal end Orange Free State tank as the principal tef'r, . . 

producing areas of South Africa, tha area sown being 47.2* and 41.6* . •

r, 4155 of the plantings are confined to 5 . -

1 the Highveld Region, namely, Standerton, 

Vtede, Hsrrismith, Bethal and Bethlehem.UJithim Bach Province ouar 

s0? of the ares sotun to taff is restricted to the districts lietad 

in Table 29 , most of urhf.eh fall uiithin the limit* of the Htghveld 

Region. m  the Transvaal, taff assumes a minor t-ole in the western 

sections of the province, suggesting a ralaticmehip betufeen teff 

production and rainfall pattern , In fact the production of teff 

throughout South Africa appeals to be closely allied to total rainfall, 

and distribution.





Bith rogani to toff 9006, tne aroa of production is for moto 

restricted, tho Transvaal and Qrango Froo State accounting foe 9656 

of tho total sood produced. Standorton features 03 tho primacy producer 

(46$) followed by Vrodo (17.7$) and Karrismith (12.0JO, with Bothlohow ' 

ond piiddolburg shotuing somo prominence. All tho five siagiatorAol' districts-• 

fall within tho Highvold Region.

3. Distribution Of Nutgraes-infostod and Tof P-producing flroas in • .
South Africa. , 1 . - . 1 ••

Tram tho above analysis, it was possible to compile tujo distribution : 

mops illustrating aioae soion to toff, ond areas producing-"toff good, . «t. .. 

comparing thoao mops uiith tho nutgroae-ir’ifosted arose of South Africa • • : 

(Figures 23 , 34 and 35 roapoctiusly). 8y auporifiiposing'-tha nUt’gr&aa- ; ■ , 

infostod area? oufr thoso of tho respective toff groining oroaa, it. -is'.1-,-. . 

possible to dram sound conclusions relative to tho diaporsai seohanieffl •-. 

of nutgrass. . -

While tho accompanying map shoe® nufegrass as gonorally seattorod... ... . . 

throughout tha atce, fctio tocovda on which this distribution utap is bosod, ••.. 

ara confinad primarily to cultivated dryland orablo fialda. Tho jnap is . 

not intended ta convoy the iifprosi’or that all crops in tfiis.arpe are- 

Senorslly in Posted, but ratiior that C.oBCUlsntus can end doos oceur. aa. a.- • ,j 

principal mood problem, With the axcoption of tho sugar, cane producing .. 

aroas in Natal (flnon.1965 b)s tho infestations reported for tha various 

field cropping oreas in South Africa are Dosed on observations of the. author 

°nd information obtained Prow yarioua technical officers sttachod .to . . 

Government Ooportmonts.

4. Pathuayg of Introduction and Olscoraal. ' • . -

frora tho obovotnonUoncd statistics, experimental ovidanco and field - 

observations, it aaa elao possiblo to dompila a suggested pathway for 

kho introduction and dispersal of m/tgtese into non-infoatod and infostod. 

«ablo fields (Figw, 36). The scheme is based on the atsutnpWon that 

‘he sood of nut&vi -*sos through tho digostivo tract of the animal 

Wthout having its viability impaired. .
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' Teff seed producing areas in ths Republit 
of South Africa. Cach unit represents 
50 bags of teff seed.





n TlfflER STUDIES

The principal method of nutgrasi disparaal in an stable field 

is by means of tubers. It is essential that every effort be made to 

prsvant the development of thesB organs. Experiments uisce carried oufc 

to oBtain information regarding the distribution of tubaca in tha' soil, 

factors influencing the sprouting of the tubass end the affect of. - 

different treatments on the viability and survival of the tubers. -

1. Distribution of Tubers In the Soil Profile. f ■

From a control point of view, particularly where.-tillage irrethoda . 

ere employed, it is easonfcial to establish the infestation level of . - 

nutgsaas tubers in tha soil profile.

Ths nutgrass population in each soil layer, mas "Therefore . 

established by screening out and counting the fitra ano> depleted tubere 

from 20” x 2Q" cjuadsats. Sample blocks were excavated to a da^fch of 9” 

from tea locations, both of which are representative of heavily infested, 

poorly drained sites. The samples mere removed and eraahad through at? .-mm 

screen. The tubers mere then classified as firm or depleted of . 

mssvea. Tubers which could be crushed with moderate pressure were 

classified as depleted. .

In the first experiment (Qapafontein), the sell samples mere . 

removed during the sinter month?, follqeino 8 heavy rainfall. The tubers 

Par soil layer were recordecU The second series of tubers were removed 

during mid-January (Sethal). In this case tha entire soil block wee 

excavated and no attempt was made to establish positional distribution. 

Results of tuber numbers are given in fippendi**Tables2i end tho moans 

In Tabloe 31 and 3?,



TABLE 31 s DISTRIBUTION Of NUTGRASS TU8ERS IN THE SOIL
________ PROFILE AT BftPSFQKTEIK. WEftHS 0?' 6 FRAMES M-'xin".

■""s o i l d e p t h
IN INCHES

FIRfil TUBERS DEPLETED
TIIRFRS

PERCENTAGE

0 - 3" SIS 128 61,84$

3 - 6" 316 70 25,31$ -

6 - 9" 139 57 12.85$ '

Tntal 0 - 9" 1269 255

TABLE 32 s DISTRIBUTION DF NUTGRASS TUBERS IN THE TOP 9” ! 
SOIL LAYER AT 8ETHAL. MEANS OF a FSflfllFS

Number of nutgrass plants - 534 .

Number of firm tubers - 643 .. : \ . >

The seeulta In Tables 31 and 32 reflect ths distribution1 snd . . ■ 

concentration of nutgrass tubers on two heavily infested sites* ■" 

Approximately 87# of the tubers are concentrated in the tap 5" layer* - 

The ratio of nutgraee tubers to nutgrass plants on heavily infested . 

sites uias almost of the order 1 s 1, The number of firm tubers found 

below the 9" layar was negligible and it may therefore be assumed that 

the principal infestation is confined to the 0 - 9 "  horizon. From the 

cseults it would appear that where tillage control measures are applied 

disturbance below the 9" layer would not enhance the efficacy of these

'•reatnants. 1

2> iMber Population par Plant. '

To gain further Information with regard to the tuber population 

dW8tty the soil, the number of nutgraee tuSsrs per plant mas . 

^^bliehed.

a) * total of 27 inuividual plants uisrs removed at random from a 

i rately iiiPoatad arable field towards the termination of the groining 

8B9*on. The plants were carefully removed and the tuber population 

Sar Plant recorded. Resulta are given in Table 33 .
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NUIilBER Of TU9ERS PER NUTGRfiSS PLANT 
(27 PLANTS) ■

NUH18ER OF PLANTS

Ths average number of tubers per plant appears to-fall u

principally in the class of 2 - 7 mith the norm around 3- -,*>/■

b) Tiuenty plants mere removed et the end of summer from arvmodsratBl.y.- 

infested site at Frankenuiald and the number of tubers per- plant recorded^ 

No distinction ©as made between firm and depleted tubers. • .There mere . 

approximately 4.5 tubers per nutgrass plant . , . >•. •

Tuber number per plant uas ires apparently dependant -on intra-. ■ • - 

speciss competition. In tha earlier plant dispersal, studies-; one.. - • • 

sprouted tuber could produce IGi tubers uiitfun 3 months rasultiog.an.-the.-_... ... 

formation of. a neui. nutgrass. .colony. .Where nutgrasa infestationlevels 

#sre very high, i.e. 500 - 600 plants per 20" x 20lr frame, the number . 

of tubers per plant dropped very sharply. . • . .

ft population level of 500 tubers per 20" x 20" frame is equivalent to
1 Konwiodahl

0 Population of 7,840,800 tubers per acre. 3y comparison, Turablason ahd /  

(196C) , recorded from 13 million plants end 38 million tubers per 

sctB in various eoils. The tuber populations given in.Table 31 .

^ w e t ,  ars equivalent to a population of 20 million-firm tubera and a 

of 23.5 million firm and depleted tubers. .

3‘ ol&onmant ■ fr~THhriy ^">°Monce. ,•

The depth from mhich tubers sprout is of importance in a control 

Proaramne. Since the tubers are mainly confined to the top 9” layere, 

B*PeHmants u.ere conducted to ascertain whether the tubers emerge .

^oughout this depth. .
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