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The sprays ware applied as blanket treatments batiuesn tha »&iiB i W -  . 

and aa direct basal sprays in tha touis to prevent axcseeivo drift-ttrifct) ■

{he maize plants. A spray volume of 50 gallotva par acts was edaquata' - 

to ensure thorough wetting, Tha uoathst «aB aunryy srid hob. No-raift-^all ' 

durif'9 the 24 hour period Following spraying.

Trial (b) was sprayed on 22/1/65. The tnai2s plants uisre.approximately;

IB" high and the weeds ware almost of similar height.- The'8ptay8‘-iUeta -i- ! 

applied in the same icanrrar aa soove, using a  lughs£ i/oloma-refce of/;. i 

oateti namely, 100 gallons per acre to ensure adequate uefcting.-''1 

Directed basal spraying of the maize u>as difficult- jio -achieus** >Tha . v-. 

Baafcher during spiaying was very hot and aunny. H e w  rains .fJiVpverj',.-. 

the site approximately 4 hours aftec apraying. • ,

Results s . • . - , •

Bo assessment of the treatsenfc -effects on fche maize 

maize stand in both trials was Irregular. It -mas. oba^jpd,;>:fio«w«!v 

that tho maize plants which had been contacted by tha apcay. - , 

killed. The appearance and gromth of tha surviving watia, hoaewe?.,.. _-;.V£ 

mas markedly superior to tha ufvsprayed plants. • .

Bleed con tie 1. latinoa. .

Weed controls which includes kill of nutgrass, annual gEassee : 

and bnoadleaf uieeda, w s  assessed by rating thfl apraysdfllDts twice sftbr 

spraying. Results Fur both trial# Sre given in .flppand^ Table sa... . . -, 

and the mean values in Table1Q1 • . . .. ... . , .. .

TABLE 1018 BEEP CONTROL flfiTlMGS.

Trial (a)
Trial (bj .



Tun uoad counts Meta mads on Trial (a), ths first On 20/1/65 (16 days 

aftiar spraying) and the second 10/2/65 (Z9 days aftes apt-ayihg). fdt 

the firafc counts ths totai weeds p's! 2 square foot frame were counted, 

taking two frames par plot. Results ata given in Appendix Table 54- 

end the means in Table LQ2 . The second seed count consisted at counting. 

the number- of weeds pet quadrat frame and recording respective-aer-shfes. . 

iiwimiiatalv after cutting. Ths quadrat frame measuring 2 squase test* y  : 

luas placed at random four times along the ceatitsl.-iina of each-plotv,-- - j - 

The rBBults are tabulated in Appendix Table SS and the means ara^given. 

in Tableld2 . An analysis of variance in. reeosct. of nufegreBe counts-’;,.. •. 

ass made on tha Log. transformation. The results :are i .-••• gAVen ift';.--• 

Table 103 .

TA8LE 1D2: 1ST 1HEED COUNT (IS-OfSYS AfTEft SPRAYING) : •: 'I'jf.'.S‘- W
_ ___________fflSfili Kfl)lil6£R OF flEEO-. PER 2  SQUARE F£ET /QUADRAT). -•>' •

TREATMENT . .. U1EED -SPECIES.- NLMSEfi

1. 1 lb Linuton * 0.5$ Agral Gyperus ... , 44
- Craases*

Ssoarileaf 0.5
TOTAL • ' V-5Q-.5 V\

Z. 2 lb Linuxon * 0.5^ Agral Cyperus 17 '
Brasses .
Qiwadlsaf 0.8
TOTAL . '• 21.5

Cyparus 231
Grasses ' .
SroatJlaaf 13& \C

TOTAL 408

* ftnnusis. . . . .  . .

. Ths ffiefed apecies in ardor af abuiwfaoca twsat- , ... • . . _ 4

1. Cyperus asoulentua t. 6. Eraqrosfci^.aga-.. . .. - s.

!. TaostBa . i ^ t e  L  ’■ P o r t a s a a a s s s s i

3. E1.U.1H. ma t e .  »• a m i a S i a a i l S a E ^  . ■ i

». Cvnnbpn f a  9 E « s U ! «  i S i S S S *  . , . .. .: V

5. Amaranthus tefccoflaxua L. . •

*„ or a ,  trt.l 7/2/®, 1... 3 « * •  * « « " « ! . ,  .

r n U M  . 1M .  * * * * * *

fwtrty sprouted U b . n  « *  « •  “th »r

m w t u a l r  arf.ot.o pl.nt.. Tbs * » ■  «f r«»Pr"',“"9 ‘

nounood on the i lb linuson than o
s Z ib linuton plata- Observations

i« r n , i  « , )  „ h » .«  m  a n  S s S S S  a f f l ®  ’
J SppX>
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TA8LE 103 :  2ND WEED COUNT (29 DAYS AFTER SPRAYING 
HEAR, NUftPER ANO HEIGHT (GGS OF tBEEDS 

..__________PER 2 50 .  FEET _________  ~ '

TREATMENT (jgiG
WUHBER

>ASS
ilFlGHTl

GRftS
HUMBER

ES ' SSOSDLEflf.

1 .1 lb Linuron +0.^5 flgr.

2.2 lb Linuron + 0.5^ Ag.

3, Control

32.4

10.6

53.0

i i . e
2.0

74.6

3.S 

3.1 . 

15.3 .

3.7

1.7 

3q.s

4.6 

. 0.2 

30.9 .

6 ,1

0.07

136.1

LOG MUfilgCft OF MTGnflSS PER'2 SPOARE FEEr'cUAORftT

1 .  1 lb  Linuron + 0 . 5?i Ags 2.076

2 , 2 lb  Linuron +• 0 . 5^ ftgs 1.624

3 .  Control 2.292

L.S .D  d = o.as t l.364

Saoad on the data in respect of nufcgraes numbsrSln .TabieltS3' >  

it is evident that 2 lbs of linuron ues- significantly better tftan ths •. . 

control and 1 lb with no difference betideen the iattec‘tso.-. •

Post-emergence applications of 1 a n d 2 I b s  linuEorfper-acre, ... 

ehen applied in conjunction with a surfactant (flgrel), :at .a ennsentration. 

of 0,5/S gaue a high percentage kill of nutgrfiaa as ateli as BxoSilent con­

trol of a number of common annual weeds. Ths herbicidal aotiuiiy of ■H1'- 

linuron appeared to be of a systemic nature. This treatment didrtot 

exercise a residual effect asain9t nsuily eraerging nutgrass shoots ... - . 

sprouting fratf dormant tubers-.-- Regrotstfi of-aPfected nutgrass-'-Plants.a^s,-.,!, 

not observed-. Il'here e height differential between the maize .crop and . 

nutgrass prevailed toactod basal ro» treatment permitted satectiue, 

used control.



6. Hutoiasg Control in Turf . .

a) 2,4-1) and t8CPft ' "

Selective control of nutgraas in turf Is a problem of primary 

importance. Several briale were conducted to aualueta a nuB&BX' of'- 

prawising herbicides. The experiments u/ere conducted at fctia Fi-Jiksouiald 

Turf Research Station. . .

2,4-D (flmina salt) and IflCPA were applied in incrsasingi'conoan- 

trations from 2 lbs to 10 lbs acid Equivalent per acrff to 4: turf- uasioti^e 

severely infasted with nufcgrass. The pates amt> 2,^,6, a and 10 Ibe-acid 

equivalent per acre. Treatments ware applied at the end of ̂aomoec tci . 

L/LOOth acta plots attaogeti in 3 randomised blocks aotosa ’-t-rf i -turf --.
•

varieties, namely, Digi.taria auazilandenela, Stedley, -TIoridBiand 

Selection. foliar chlorosis folloisad Uy a ay□ tamic nacrQai.a: nfs ■

nutgraaa shoot/obaetved tiro a?eks aftec spraying, - After, die^bad^f; the; ; .,, 

stem, a separation of shoots from the stem basa was possible. .\R.fc?-tb? •/ 

sewered surface there luae evidence of a dark concentric ring. . fill ... 

concentration of troth 2,4-D and C1CPA mare phytotoxic to the nuty^aae. . 

but proved non-injurtoue to the 4 turf uarietlee. The hsrbicidal affects^ 

isere sortsiiMst masked by the loa prevailing temperatures euosequertt to 

spraying. . . . . . .  ■ -

h) Scteenlno Trial - 1962. .. .  . ■ :.

FGV* harbictdae* aach at t«w concanUaEwit.3, Jiiera .appLisd.fcc-,

. i».ly M U W  S k w » l . . »  t»rf *>••«» W - W  » “« ? "  «*»’?

.r „,t,ra„, Th, t a l l  —  * ■ « « “ *» *"■»"“• “• i” 1" " * 1

m m m  »f « h » i  < m » m .  «■  ■»•»“* * *•— ???;.

» t l c tomon. m u d *  . - r M — W d . d  * •  • ? * ”* * .  - :

nutgraaB i„ a.t.Wl.h.d tarf. ™  *" " ‘“”d , .

h o w .  of th.Jr particularly high dagr.a s,’ «°U«“v ■"« ,

...ar of „.idu,l loxloity *  p.r.nni.l I *  « - * - f  ^

i . » « .  m « p u -  -  * n m  *  ““ pl“u

randomised blorfts Bitti 3 repHaati.ana. The site 

laying. Ursa (200 lbe per acre) wa 

The WBather at spraying w

n 14 days eftor 

5 applied 18 days aFtes spraying.

, u-arm and humid and the eoii .

surface moiet, the site having t 

Ro«n prior to harbicidal application.

n mall irrrgai
ited and subaequently



Control of nutgraaa and phytotaxicity to the turf mas dutarrainad- 

by visual assessment of percentage turf covet and nufcgrasa infaatatioru 

The residual effect of the herbicide uiaa evaluated by recording the twmbes 

0f surviving nutgrase plants in 3, 20" x 20" quadrats* Counts uses made ' 

55 days (26/2/62) and 90 daya (2/4/62) aftu): splaying. Raaulia of 

ratings and nutgrass counts are given in appendix Tablas 56 find 5 ? \  vv  

The mean values are recorded in Table 104 and Table 105 respectively./- \
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. * . « - TURF . . : - v NlJTGfiMSS

PHYTOTGX CITY y. coyen
4P Days 
11/2/62

- • - COP)TfiOL!-: £  COt/CR . 

40 Pays 
: 11/2/62 /

2 Days 
4/1/62 .10/1/62

•22 Days r 
24/1/62

i.Oinoaat* 2<r76i Uijj 6.7 1 .3 3 .7 7;3 3 .V ' 6 .3  „

£ .Canos ab S .52 '' 9 .0 1.3 2.7 8 .3 6 .3

i.XSPH -  4 lb s  s>t 1 .3 1.3 6.7 ' • - 3 ,0 " 7i.3 1 -ii.53

MlCPA -  e " '..3 4 .0 7 .3  . . 4.3 9 .0 2 .£  '

5 ,Lmuron -  2 lbe 3 .0  ■ . 4.3. 5.3 • Z<7. S .7

tr.linuran -  4 ” tf .? 8 .3  ■ 4 .0 4.13 ■ - .3 .3  • ■ • 6,Q -.

7 .fflonolmuron. 
- 2 lb s 2; 0 .3 4.7 : 6.0 2 .7  ' S .3

S . monolmuron
7 .0 0.3 3 .7 . ■ e.o 3.3 6 ,3

J  9. Coatto l Q 0 a . 7 Q ' o -

s l U m m  H f l T c a s t ^ w - P B T f w n B L :

^t.iOICIDES

1. Dinoseb 2.76 lbs

2. Omassb 5.51; 11

3 . l?ICPfi -  4 IBs a .e  

<5.  SSCPft -  B 16s  a .a

5. Lmuron - 2 lbs

6. Lmuron - 4 lbs

7. (llonolinuron 2 lbs

8. lilonolinuron 4 lbs

9. Control

24/4/62

50-9 56.7

47.9 S2.0

46.1 52.6

35.3 ... 41.7

44.0 <“3.?

52.2. S4.7

42.0 49.1

SO.O • 62.3

42-.Q 46.S



Results.

Mutorasa Control. ••

Of the four compounds tested, dinoseb gave the moat effective 

initial control of nutgraes followed cloaaly by monolmuron at the 

higher rate of application. An assessment made three weeks aftsr . • - • 

spraying revealed that the high dosage D1CPA treatment gave excellent-"' • 

control of the we«d, despite poor initial performance. Similarly, .tfî . c-i 

lour filCPA rate alao gave good control. This pattarn of.ccntrbl uas ipairt- 

tainsd Foe a further IB days when the percentage atae mfostad by nutgrsss 

*uas estimated. Ploha receiving 9 lbs of G1CPA shooed the grealast . . .. 

reduction in nutgrase infestation. Assessments mads one /ear effcsr.«:/ • .<• 

spraying revaalsd that nutgraes had reinvadad all the .sprayed-plots*:, iiitkft 

indications of an increase in nutgraes population dervaity, ppesihiy; •• ... .. . 

induced by previous herbicide! toxicity to the turf. . - •

Phytotoxicity to turf. •

fill the treatments with the exception of fflCPA- and tba lower , . Y • 

tnonolinuron application were injurious to the turf. Toxisixy, of dinoseb.. 

oea of a transient natura. . .,

Saasd on the above results, IflCPft applied at aerate of ,fl;ibs.aci«l.. , 

aquivalant psr acre provsd to be safe for use on a SkSapplaas turf .

giving effective nutgrass.control for e period of 6 (jeote after treatjsnt. 

To ensure complete sradication, repaeted spraying during t h e . a c t i v e . . 

growing period mould probably be necessary, . . ...

c) TC A trial.

M M  M M f f M W t o  (TO) 11 » * * * * *  W

u »  control „r . ™ ~ *  -  l » a — w  * » » « * » »  *»»»■

« *  « . s a m m a f c  ™  « « . . ■ « * » « *  —

tolerance to low dosage iauela of this hsroiclde and ia onaffac d V 

rates belots 40 lbs pec

susceptibility and turf tolerance. , .

or. . ,c ih* oer sore, fflara applied to. e
• Three I svbI b of TCfl, 15, 25 sn - .

, „ Hnval cape turf, infested with s • 
M U  established and actively groining « ye
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Herbieidal traatinonta uero applied on 25/1/60,arranged in 

randamizsd blocks, interspersed oiith unaprayad chack plots and rapli- 

cated three times. Plot size uies l/300Wi acta. (Sea Fig, 59).

Hot, humid conditions prevailed at spraying. The soil mas moiai, 

light rain haying Fallen the day prior to treatment,

Results.

1) Pye- and peat-treatment counts of nutgrass plants u/sre carried 

out 1 day prior to and 15 days after spraying. Total number of living 

mjfcgreas per 20" x 20” quadrat was recorded. The nutgrasa population 

per 3 quadrats ars given in Appendix Table SB and the mean values in 

Table 106 .

2)a Post treatment rating of tierbicidal efficaay was made 35 days 

after spraying. Results are given in Appendix Table 58 and the mean 

values in Table 106,

2)b Phytotoxicity to turf uias assssssd 35 days after spraying anc ths 

Bubjaotiva ratings are given in Appendix Table 59 and ths mean values in 

Table 1Q7 .

3) Control of nutoraaB and phvtotoxlcltv to turf. Approximately 

12 months after 9praying, the plots were examined and rated both in 

respect of turf survival and nutgraae control. Results are given in 

Appendix Tatila 60 and the means in Table 108.

19.6 

13.8

12.6

x 2Q,'i:Uft0nftT.

25 " 

35 11 

CDrtTROL.

54.2

GS.3

53.5 46.2
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TABLE 107 ! POST-TREflTEEl!T RVTING OF NUTGRASS CONTROL 
---------------- — — ^-RF PXYTOTOXICtTV (35 PAYS AFTgFt SPMVTM^.

TREATMENT WUTGRAS5 CONTROL* . TURFvPHYTOTQXICITY1

' 10 = Complete kill of nutgrass 

‘ 10 = Complete kill of turf.

r RATING OF ft 
rD T W F  (49 li

.
: ' '
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The granules were raked into the plots aeseuting 9' x 1' and the 

treatments were arranged at random with untreated strips serving ae

controls.

Four months after application, the number of nutgrass plants per

3, 18" x 6" quadrats were recorded* The plants uere clipped and the 

green aerial nutgrass weight per 3 frames determined. Results are given 

in Appendix Table 60 and the means ir> Tsbla 109 .

4 soil corse, 6“ diameter aid 5H deep mere rsraoved from each 

plot. The soil was removed by washing end the total turf Height per 4 

cores recorded. Results are given in Appendix Table Si and TablelO?. 

respectively. These weights include roots, rhizomes und stolons. .

TABLE 109 • CONTROL OF NUTGRASS IN TURF UXTH EPTC 
______________ Sti GRANULES. MEAMS OF 4 REPLICATIONS.

3ATE OF APPLI­
CATION PER

NinTR.tSS PER 3fl8"x6" TUfiF

F AI3IESJ !REE8 tDEIGHT
GREEN HIT.

1 . oz 10 9.50 13.55

2. 4 GZ 0 6.65

3. oz 0.3 S.15

4. Control 4H.25 q?.5n 29.30

EPTC granules were highly effective in controlling nu-graas

’t a S )  « m M  »  tmt, pMttoutomr •* **• “■h “*• “r

.pplloation. ,U thl. l.»«l, ho.euer, EPTC ... « « . » . «  toxlo to lb. 

turf and pr.o.nt.d r.gro.th .f th. gro.a. Th. l....t r.t. .r appllo.Uon 

..ddc.d the infestation of nutgr... bot ,r.». 9 ™ »  •»< *“U  

c.tardad. .U1 oatae or5 EPTC gaua good control of annual isoed.. 

a) EPTC trial - 1964.

EPTC 5^ Granules uiora applied to a well prepared seedbed, y

lnr..t.d .1 th « t , r..., a. pre-planting .oil » — ■ Th. g a m U -

n* and 1.5 oz per 25 square feat, 
were appHed at two rates, namely, J  oz

,-h incorporated into the soil.
equivalent to 75 and 150 lbs per acre, and in rp

Tuo turf varieties, Skaapplaas end Royal Cape, were planted a<

. n 1 2 and 4 weeks after planting.
Planting dates after treatment viz. » <

, „ »rranoad in randomized blocks
Plot size wae 8' x 5 '. The treatments aere

. Kf f»p orass runners u#re planted 
and replicated 3 times. The same weight of 9

,.ori 5/3/64 and the plots, received
in each plot. Treatments mare appli

P



cy. Periodic nbsatuattone of the

■ora tha rasulfce obtained, it was evident; that tha high tsts of 

i injurious to both grass varieties ohsraas the ifu application





a) Eregrost.

ErBaroatiB curuiila

: found in the Purple Vald or gca 

found in both the Hyparhenia as 

joes, but only mhe^e disturbance 

In the oaae of Hypartiharita communities, it mas found ns 

(presumably ggrbillss) workings and in the Eragrostis- 

only at old kraaling sites,uhere build up of duns had 

watering or feeding points. In tha Hyfjarrhonia ca"P> : 

of ̂ continuous grass .denudetiori) tne gr 

Sia-baok, becoming completely necrotic 

«ith a thick gcaaa Uttar and colonise 

from tubers. These nutgrass infsstati

from tubara, probably introduced by tha rodsnts

Stnebe uulgarie Jfoy*s.

No ovidancs of nutgress could be fou™1

groining vigorously 

i have originated 

a fodder rsserws.

'f e v f

■ ' ‘

li ,

I

_ _ y < 3 5

L . \  '  '
*\  V



numbsr of yaats and subjected to heavy grazing pressure, the soil was

compacted and no evidence oF nutgrass -Quid be found, Where disturbance

had occurred and heavy deng deposits more evident, e.g. near feeding

racks, dense colonies of nutgrass isare found. In one particular camp where

recent activity uisa vary pronounced, nutgrgas had invaded and occupied

the . denuded, areas, fla a resuU of rodent activity an unbroken bait af

denudation ivas evident. Th.'s belt consisted of a  oystam of interconnecting

subteaeanean tunnels and neats, the soil subsiding readily when subjected

to alight pressure. (Figures 60 and 61),

in one camp (Spacement Studie8 - ft Camp), 9 large number o f  . 
k , •

Cvperus rotundua colonies mere located. The colonies ssere aiibhln class

proximity of eeoh ofcheri occupying the inter spaces batosen the Esagroetis

tussocks. It ia pertinent to mention that this mould appear to be the

L
first time that Cvperus rotundua has bean recorded at Frankenaald.

Glovsr (1937) in his survey of the flora at Frankentsald, refers solely 

ta >• C.asculentusL, It is possible that the 9ead of the Eraoroetis 

eurvuXa^jusad in the Spacement Trial, may hsve Seen contaminated with 

C.rotundusL.

From the observations mads at Frankenwald, it oould therefore appear 

that nutgrass is confined solely to the early stages of succession 

and in disturbed areas within plant communities higher in the succession.

S. HELflTIOWSHIP BETIUEEW MUTGRfl5S ftHO DUNG.

The presence cf nutgrass adjacent to or within decomposed dung 

Patches poses thin question as to whether the need had bean introduced 

by 1 -sans of an animal agent or mhethet it was wore tolerant to h*.gh

nitrogen levels than the competing gr&93Rs.

E.M.no. ±rt .opport or the «.oon0 1*

»  »  « « .  i, a„il,bl. r.frtf n, th. .f ■>" ! » « «  "■*>»■■

■ win, to » 0„„p.„t™tiphp. op n »  « > “ •“  °'z?1

»«» .t sl,(1962) h.». ahown ■ 66 p.ro.ht ,.r„in.ti»n rf « * * • "  •»«<'

* 1 .  and „o„x (»55) h a »  » « . —  « *  “*  "f ^

'’iFFacent grass aeedlinge to ammonium sulphate diminishes as t P 

*p the eueceasion advancea.

in the Eraqrostie curvula camps which had been established for a



This evidence would seem to feuout tha supposition that most ruderale 

tolerate high nitrogen concentrations. This indeed has been confirmed 

uitiare industrial water effluents,containing high concentrations of It, 

haub been applied to cultivated land. Ih one project undertaken by 

Messrs. African Elxplaeivea & Chemical. Industries* Ltd., the aquiualerifc 

of 20QQ lbs W acre eaa applied to a plantation of fcsaea wht.cfi, after 

the affluent trf tMiapetad and seeded to mai?a. The principal

used proble® an this site usaa nutgraas (SeKenzie 1965). .

In an attempt to establish the reaeon f w  the absanoe of fiut- 

§taae in roaat of tha plent cwnouTiities at .FrankBnuield» a number of pot 

BSjj^rifcente mere carried out. In ths expsriraente, nutgrass tubers os 

soad wars respectively planted pr s o w  in aoilB- sampled from a number of 

raprassr'tativa plant cominitiee. . . ■

-195- . -



A secies of pot experiments wets conducted in the glaoahauss to 

compare the growth and development of sprouted and unsprouted nutgrass 

tubers pianfcad in soils removed from different grassland communities at 

FranKanit9ld. The standard comparison in all thaae teete consieted of . 

an arable eoil sample which had bean removed from a. continuously 

cultivated site. £ach soil sample consisted of ?, 6" oores taken at 

random in each community. The Bamplss «jsre ci?iked> passed through a 2 mm 

screen and sub-sampled. The pots or trays were theft fill*1? «!> e^ual 

volume of soil. All the experiments were conducted in the glaeahtiuas. . .

Test 1. '

12 clay pots were f’U s d  uiith soils from 4 communities (3 repli­

cations per community), namely,

1. Trachypogon - Dther Species. .

2. Themeda trlandra (Sampled at Oothal)

3. Arable.

4. Eragrostis ley,

15 grams of unsprouted nutgraos tubers C- 75 - 100 tubers) mere 

planted in each pot 10/1/62. Nutgrass sffleraeliee.was. recorded over a . 

perind of 13 daye and the ateme clipped U  weeks after planting. The 

number of nutgrass plants the number of inflotsscenoes and vhe freeh 

aerial weights of nutgraes are given in Appendix-Table L.

Green aerial uioights have Seen subjected to a

Iflean values era giuen in TablellO .

T.« ,..n. I.T.U .N.nm M O  WIGHTS OF W K ^ g B i

DATE
------------- PLANI

j^«r.hYrtr.f7on jrheoeda .

1. 25/1/62
2. 26/1/62 
3. 20/1/62

0.7 °*7
1.7 3-D
7.7 I 9 -3

94. n 12 1.0—

12/3/62 1 b____ _ L i i Z ----1

; r  

; f .

A  V

C, GROWTH AND OEUELOP'fiEiiT OF HUTGRhSS If.1 SOILS FROIil DIFFERENT PLANT
_____________comsKJinnes.



r
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•n» g n >  night. of mJljr... ln „ u , „ w l < a  4

different camniunitiea,did not diff.r a ^ M ,  „ ch oltar>

Test 2 .

IB white polythene pots were filled with soil ftQm the f o l d i n g  3 sites.

• 1, Arable

2. Trachypogon

3. Eragrostis

S aprouted and 35 unsprouted tubers mere planted in each soil type 

and replioatsd three times.

a) Sorouted tubers tast. .

All pots received a fertilizer dressing of 2 graisa of Campleeal per pot 

to cancel out nutrient variations between ths 3 sail samples. The stems 

mere clipped 8 weeks after planting and ait-dried, Weight of stems, 

roots, tuber weights and tuber numbers are given in Appendix Table 62 

and the means in Table ill .

Tflfll.E r n  s AIR DRY UlSIGHTf- OF MUTGRAS3

Arable
Eragrostis
Trachypogon

STEjil

HEIGHT

2.36
2.74
2.91

TU3ER

3.41
2.55
3.65

ROOT + TUBER 

WEIGHT

b) Unsorouted tuber tast.

The final number of shoots, inflorescences and foreign species 

Invading ths pots are given in Appendix Table 63 and the means in Table 

112 .
TA9LE112 8 flTR-ORV HEIGHTS OF MtlTCRASS

TftEftTTteWT
STE ROOT TU

HUfilBER

W R  FORCIGH 
—innr.HT \ GR&3SES

SPP.
mmftirt..

Arable
Eragrostis
Tranhvoonnn

3
7

5.7

1.51
1.75
0.ii9

1.05
1.41
n.53

4.7
3.7

0.51 1 6.7 
0.83 14.7 
n.4fl 1 0

0
a .  7 
0

Id 9 a  on.prout.d tuber t..t, » .  . « - « »  “r ">*>“<•

tnrn, on Trachypogon .oil ... ri«ririmtl, loeer. B.o.o.e of the

. .u _ms.i t nlj.bBr of degrees of freedom for error* 
experimental variation and the sm2ii nu,,°

yield differences are not reliable.

A  v



• Test 3

Itfhita polythene pots were Fill=H . -n. ,,
H t,s u,0re ruled With soils from the following

3 sites:-

1 . .liable

2. Eragroetie

3. Trach'/pogon.

Hblf the pots were planted to lo sprouted and the remainder to 20 

unsprautad nutgrass tubers. Treatments aisre rep.Uistpd 3 times. The pots 

uetB harvested 8 seeks later and the green aerial anights of nutgraes recorded, 

riesults are given in Appendix Tabta64 and tha means in Tablell3 .

TABLE 113 r SiEAN GREEK STEIil HEIGHTS OF KUTGRflSS. .

-196-

TRFitTr.lEWT 5PRDUTFT)
WEIGHT
STE8S

WEIGHT
STEfRS

KUK3ER
STEWS

HO.fTQREIGN
BEC0S.

I. Arable 6.5 4.0 2.7 '

2. Eragrostia 5.5 0.3 1.3 24,0

3. Trachypogon 9.2 3.9 2.7 -

There were no significant differences '-among, the different treatments.

Uhsre unsprouted tubacs were planted in the Eraginstis soil, annual grasaea

marged in considerable numbers. These annual aisads consisted primarily 

P.Beai/v- 'juvt*'
of Sstaria verticlllata and Eleuelne indioa. Sprouted nutgrass tubers

appeared to grow tacre vigorously on the Trashypogon soil* . : .

Test 4.

The soils and method of sampling uisra similar to those described for 

the preceding experiment) Test 3. Galvanised sheet rastal fcraye tssra 

flUed with equal volumes of soil and aouin to Sldens pilosa 'and notgrass sood. 

The trays uiqre subdivided into two seotiane and the seeds sown uniformly 

over each section.

The seedB were sown and covered with ,-n of soil and placed on 

kborato.v tables adjacent to a window. 3idens germinated within 2 days. 

fil*9«es was considerably alo^r to e^rge. Due to the rapid growth of 

th* Siriens, the seedlings were counted 5 days after aowing. Three gemination 

counts of enlarged nutgrass seedlings are presented in Table 114



TtfWTf.tEMT WU’otu ut atuFHR trnfw:
OF HUTGflASi AFTES

Trachypogon 214 23 3B 240
Eragsostis 224 11 25 ISO
Arable 226 13 25 204

Nutgrass and ji.dans pllosa germinated in all 3 

The results confirm that seeds of ruderal meads can, if present, germinate 

under a wide range of edaphic conditions.

Test 5.

Tussocks of similar ctiamekar of Eraqrostie curuula and

0 ■ KUv<h. . .
TrachvaoQon apinatus siere removed from thsir respeotiva communities aith

adhering soil. Tuio tussocUs of each grass mare planted during mid- . 

Ctenuary ' in . deep asbestos trays. Tha grasses ware trimmed back to a • • . 

height of 2" and 30 nutgrass tubers planted in 3 rows between the grass 

tussocks in each tray. Growth and development of the nutgraae use com­

pared with that of nutgrass grown on arable soil. Tha treatments were . 

replicated three times and the pots arranged at random in the open.

HbsjU s .

Emergence of nutgrass shoots mas recorded one month after

plantingThroe months - after planting, the nutgrass and grass herbage tuae

clipped, air-dried and weighed. Underground fraBtions were, washed .out,... . .

dried and weighed. Results of shoot emergence and weights af plant

fractions are given in Table U S  .

TABLE 115 s i'EAIJ AIK DRY WEIGHTS AMD NUMBER OF NUTGRASS 
____________ * fl,VO GftASS STEB5. GRAfHS PER. TBAY.----------- .

..... (KFfGHT Of

COWhflTY ifloat emergence Grass + Nutgrass 
Ronts stems.

Trachypogon
t'ragrostie
Cultivated

31.0 
31.3
35.0

48.-1
92.1

129,2
222.5

1.6
0.3 ' 

11.4
-Cultivated 36.0 ~ . " * ■ ■■■

Tta at.i. gro.th of notSr.>. in tbo Er.jro.U. •"< T r m d i w w "  tr.y.

markedly loiuBr than in the control trays.

s u _ r, From th. results obtain.* in thi P ™ > « K n 9 * *  « -

H M . ,  it i, evident th.t th. g.o«tn "f nuUr... i. not »«».r..ly 

affected .han planted or ao.n in .oil. '« •  « »  «■*“ “*«“

plant aoco.ai.h th. Highv.ld. Th. .b..n=. of *" «” •

"— mttie. not appear to b. dP. to a relational*.

all.lop.thy. It i. concluded th.t ad.phio f.otora, . »- ...U.bility,



“hSoh i:,f'iue"ce the CBU3a and "»*«■ of tha aub8« s ( t o ^ s o n  I960 b), 
may fas responsible,

6* WUTG^ASS POPUtrtTIOfl DEKSITSES IK rap ADJACENT ARABLE FIELDS. '

Sn inspection during mid-Dacsmbar li65 of tuo adjacent fields

(Site 1 and Site II) at Frankonuiald, rausaled a marked difference in .

nutgrass infestation leuele. Tbo tan campa mere formerly s^edsd to 
tk*£

Eraorostis curvula. Siio I had baen under continuous cultivation since

1958. An Eragrastis nursery establishad an Site II* was ploughed quqc

for tha first time during 1964, 3oth sites mere ploughed and disced

during Ootober 1964, Fertilised with 150 lbs of superphosphate per morgen 
S M -

and sown to babala (Ponnisstuni fcyphoidas I. Uubgrase infestations 

almost entirely absent on Site 1, mere widely distributed an Sits II. . 

Furthermore, it mas evident thst in the nutgrass infested zones within 

Site II inhere the uieed had formed unbroken, continuous colonies, -the 

babala and/or annual ased species had been completely suppressed. llJhere 

babala or dicotyledonous tuaad spscies mere present, nutgrass uias totally 

absent. An analysis of plant density* osighfc and composition mas under­

taken during inid-3anuary 1965, Sits II sras eub-diuided into two 2onssr 

viz. a babala-dominated zone and a nan-bshala zone. B, 20" x 20" 

square quadrats mere sampled at random in each site and zone.

A further tmo zones within Site II uiera also selectee and „a*>pled 

These consisted of almost complete stantte of PhysBlis sngulata anci

C t u n  .t.a.onlu.'r  Th. ...n to*l tutor .r . U  pi**.. n~lt ■«<

Heights of stains and roots per B, 'iD*1 x 20“ framae are gisiep* in 

Table 116 .

« oh-t..l of “  ■“■»« f»

...pi.. .P b.rb.,. and »rrl«l «*. «■»“• ’« “« " «  * »

» V . l l l . n  of th. ..rl.l .nd t»»g».*«l f.a o t i m  « •  . h w  W  ™»»«

117 . Th. t.t.l .f ^  ''i9“ "

Per quadrat is given in Table 118 •

-200-



,33
oe

si i im

1 II is laisss

1 31 52 332223

I

liii
»

s|Sl||lli1n

p i l l !



118 ‘ "ST-PIR 20" x 20" SUflhBar ■

ORIGIN OF SAMPLE: GRAMS
PKOTFTM

UKATflS GRAIitS ok a ms

Site I. Cult, 7 yearn

Nutgrass stems 
Nutgrass ruots

3.SO 
.704

175
.□396

.220

.132
5.99 •

Total 4.204 .2146 .352

Site II. Cult. 1 vsar 

a) Babala zone

Nutgrase stems S9.4 19S 99
Nutgress roots 9.36 .324 .336

Total 60.76 3.734 .3.796

b) Non-3abala zone

Nutgrase stems 844.56 29.808
Nutgrass Roots 140.SO 4.40 7.92. 2547.60

Total 905.36 34.209 74.26 4576.20

Phyealis stems 791,44 30.44 130.892
Phy3alia roots • 63.94 2.363 5.004. ■' 210.445 .

Total Physali8 655.36 32.803 135.896 1330.533

Datura stems 457.60 44.33 155.85 1103.96
Datura roots 46.58 3.014 10.001 154.262

Total Datura 504.18 47.344 145.851 1258.222

Plant numbers.

It mill bo notad that the number of nutgrass ahoots recorded in 

Site I (continuous cultivation) irae extremely lo« whan compered to the 

population density on' rtoriibatjaliS/* (303 par quadrat frame), Wutgrcss, 

drops sharply on the babala zona of Site II indicating that atfrHce babela ■ 

ib able to compete* nutgress invasion has bean restricted. Also of 

interest is the fact that for a giuan area, tha numbar of nutgrase ahoots 

is much larger than that of both dicotyledonous m o d  epsciea.

32i9 i!t.

Fresh air-dry uiaights of stems of both dicotylsdonoua Deeds 

are higher than those of nutgrass on non-babaia zones aithin Site II,

Tt» di(T.,.„o, c w n U n g  »ir ^  » » > « «  ”  Th*

situation i, euidsnt f.r .. m i  >»>«■  " •  t"“

“sight pgj. givsn ars0 j5 approximately 3 times hi5'' 39 Df bath

dicotyledonous species.



rhamloal Composition,

B.,.a on the results 1„ T i U . U 1 ,  it i. Po»,ibl. te o o » » .  th. 

composition of nutgrass when growr, undar conditions of inter or intra 

species competition. Generally, the percentage of protein, phosphorus and 

calcium in the roote remained lorn, while ash content m s  very high.

Thera were no marked differences between the three nutgraas root samples. 

In the cass of nutgra9s stems, houiausr, the highest protoin, calcium and 

ash contents mere located in nutgraas sampled in the rwn-ha&als toftea., 

UJhora nutgrass uias growing in competition isith babala, i.a. babala zone 

Site II or Sits I, tha quality of the nutgrass herbage with the exception 

of phosphorus, decreaead vary markedly. .

Comparing the composition of three meed apeoies sampled in the 

non-babala zones, it is quite clear that the percentage of protein, 

phosphorus and ash ia of a much higher order in the stems of nutgraes 

than in those of Physalia or I'atura. 7he calcium content of Datura is 

particularly high, ttlith the exception of ash> the roots of Physalie 

and Datura are higher in phosphorus, calcium and to a lessei degree in 

protein.

Total nutrient uptake. -

Differences between the thras weed epaoies with regard to: the 

total nutrient uptake are again very striking. Of interset is the high 

concsntratian of plant foods in the aerial fractions of all three epeoies. 

The high nutrient uptake by nutyrass plants growing in the absence of 

competition is clearly demonstrated.



CHAPTEH XtIT 

DISCUSSION

From an ecological point of i/ieuj, an aaBontiai feature of man's 

activities in agriculture is tho production of open or at least disturbed 

habitats (3unting,1960). The weeds invading these habitats aro pioneers 

of secondary succession, tn order to establish, groa end reproduce in • 

such an environment, clearly rsquires a degree of apacializafcion. fin 

efficient mods of vegetative reproduction Etay therefore be as valuable as 

the production of viable esadjsince it' makes the species lese dependent 

on the chances of gsrrain?tion and greatly assists irr invading neui habitats. 

IBhere adaptability to diuersive environmental conditions is combined with 

efficient dispersal of aesd and tubers, the invasion of new habitats is . 

greatly accelerated and the spacias is capable of assuming pest status 

shortly after introduction. Such reproductive behaviour displayed by 

nutgrass, to a large extent accounts for the rapid spread of this specias 

throughout the llighveid Region of South Mfrioa.

In an attempt to define the ecological tecjuirssiente of nufcgtaas! 

a number of studies mere undertaken to investigate the response of this 

used to certain environmental factors and to critically axaninu those 

physiological adaptations concerned with survival, reproduction and 

competition. It is expected that the results from these investigations 

will ultimately contribute towards an improi/ed approach to and a fetter 

understanding of the control measurss uihich are essential x,a achieve 

ultimate eradication of the uieed.

::ESP0?!SE TP CNVIftOMEi'JTAL CONDITIONS. •

Plant fiufcrienta.

Nutgrass ...pond.d P«.iti».iy t„ .ppli-tlm. »r

i, in th. p....n~ «  r" ‘U 1 ”r “ ,’™ "  “

b.rb.,. yi.lds obtainsd in th. «  ““ ^  S1’" * " * '

■Mdl.s. .1 significant e.rr.l.ti.n b„t.».n M «  t »  "r

- b i t ,  ... ssteblisbsb> * « * » « *  « * * ’ " *  f

> « n  a « i a l  ,.l3bt. ... 1 . .  d.„sn.«.t.d.

_  , , lizor responses of nutgrass in the
“ay,thus be used for predicting fertilizer h

field.
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Thers mas evidence of a diffacantiai response t0 nitrogen 

CErrier, and a rsmarkable ability to tolerate hBauy drBEsins3 or nitrogan. 

Groisth response to nitrogen measured both in the glasshouse and the 

Field revealed that the herbage yialda increased with dressings up to 

200 lbe of f'f*r <"■*-

altering the edaphio conditions of turf plots which have been 

established for the past 32 years ware responsible Tor some interesting 

flora changes mhich epitomize fcfts response of nutgrass to certain sail 

nutrients. Annual applications of nitrogen and phosphate (?JP) end appli­

cations of nitrogen, phosphate arid potash (NPK) not only improved the 

growth and vigour of the grass, but psrraittsd a population of nutgrass to 

establish a psrfect co-ecesis with the turf. Unfertilized, or plots 

receiving only phosphates, supported poor turf growth and wars free of 

nutgrass. Dvsr a long term period it appears that an WPK interaction ' 

would be more fevourable for the growth and development of nutgrass. ; -

The results presented above suggest that the response of wSgrass . 

to fertilizers is similar to that of rudernl^ such aa annual grasses^ • 

which constitute the first stages of ths subsare. This response could 

appear to be independent of drastic changes in soil reaction* It asesta 

clear, therefore, that one-of ths principal edaphic factors influencing 

the distribution and, especially the growth of nutgrass, ie the soil 

nitrogen status. The dominance of nutg-ass in fcha ruderal stages of 

disturbed Eragrostis leys is explained in part by its ability to respond 

to relatively high concentrations of available nitrogen. The pattern. OF 

adaptation and survival of nutgrass are much the seme as those described 

by D a v i d s  (imo'b) for tynioal rudarals in ths subset*. It a°Uld 

al3o appear that the position occupied by nutgrass in the subset ia, 

to extent,determined by ths soil nutrient responds described &y

3cng and Rou* (1955) for typical r^r al*. The Isttsr have d e r a t e d  

t*«t as the succession advances ths seedling* of dominant specie 

exhibit « decreasing tolerance to aamohi™ B i* solution,. (

The ruderal.ElBusina Indica, and the dominant ̂ rachypojon sgicatus 

showing maximum and minimum tolerance respeefciv Y



' 1WC b> < ** sdaphic fretm  .tongl,

the csKirea and aatura of the su&sera and that annual oppH ^ M ^  of 

nitrogsncire Pertilizjcs influsnct both tha rate of and the

cOBpcaition cf sfis ssral stagea. In fact iha sarly ssssX species osy ba 

usas5 as ilteliceSsrs qF auailobLa nitrogen. Tha disappssrancB of cutgrass 

fcsn iiiass SFZssiaF.d ecffifflufufciea occupying adeanseii stsg=s In Use ssiasi 

caulsl rslstsd to the high ainarelisatier of nitrogen in Felli

arf tfee itat cste in tha grassland ciinax.

AKoSfcsr ails concept! eft ehicfc oaeranta clarification is the aDsenc 

rueareis, ifsclusiing rsatgraas, on sitae of disturbed gresslznid cl{neit»

Freat tft® ittttsstisations it ses evirfeot that fcite grtratft sod feselBpaetifc.' 

nutgrass is Rat aetesrsely aFPscisd aiisn nhsn ssssrt 02 plsstisd Sa 

rastoasS front a  getireaentafciwe TrscfcypcgKj - etfcar a  

nhssi congstifa: directly isi.tSi fcfce active gretsing cSisaae s 

cf fc&s neitareas fee gppggr iit sub-dicex grassland aits* iff afetei&afcKt. 

stis abasfica cf a prisery ecoroe of seed inecuios. . 51eAie S 

csjeiXles £insrsy ‘ iSS4» ursy produce drastic dsregas ia S s  et.kacgp fey . 

arfiH-tai tetradiffiticst ef the »iist3e8,partla«Url!f ^as cxswessity is 

sorreuneee by s  seKsee eS infestation*

. aonstinss cisioed tr.at a soil 3 iW=rtsV  ̂s  2iosssSas= ueswf 

gnarib ia for CTappia® jEKposes zi*E ffe£ tfce prflfSe osetf gscaiifc

SjKiEcslas ac: s&ecafence of minar®!. (KitrfonSs jEsasffe skcS i?oBSe» SS£2^ S *

W * t »  M  a h »  P « « I * *  « — • «  *>“» “”c“-

t e “laS*“

2. Sail -.aecmgtt-

C ™ * * * ! .  d.6. U  M l b U *  » » * «

____ , Csafe# «*{ Keeeaws gJssii stss an*
resefciera anfi tne ctetetxe at oesS gKSffltw.

—  « r  ^  * * *  to  « • » * » '  " > = * «  * ” raOTt®“*“fI
« t o  » » . « » » » « »  » " * * “

c t  daisncfe sfi *cl«f *042*
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Tha results in this study saBm t0 favour tha opposition that 

nutgraas is very adaptable in regard to aQil pH and consequently should not 

he used aa an indicator of soil reaction. The presence of nutgraas is 

frequently associated with acid soils but this relationship mould seen to 

be largely circumstantial in tha light of sedga affinity for favourable 

sail moisture relations.

Of interest uiee the response of nutgrass to lime. Heavy dressings 

of calcium hydroxide, applied in/field and to pots illustrated the 

adaptability of nutgrass to soil pH. Rates aa high as 7 tons of calcium 

hydroxide per acre had no measurable effect on the growth of nutgraas.

The majority of the soils on the Highveld are highly leeohed and 

generally acid, but on the li'toral sands of the Natal sugar belt where 

heavy dressings of filter preas have induced alkaline conditions, nutgrass 

is knoiun to constitute a serious threat to canB production on soils 

eufPering from Fa chlorosis. The evidence obtained in thia investigation 

that nutgrass ie capable of tolerating exaggerated dressings of lima and 

ammonium sulphate, confirms that soil reaction has no direct bearing on 

the grcsth of thia specisa.

Hall et al,(1948) found that where continuous use of ammonium 

sulphate had greatly f.nc.-eeaed the acidity of unlimed turf plots at 

Frankenwald, tr,„ '(rasa fowu’-d a poor cover and nutgrass species invaded . 

the stand. The present plant population occupying these plots do not - 

Orr.'.apond uiith tha data of Mali and oo-aorkers. « plant sarvay of 

th.„ plot. rera.l.d that l » i  despite an .xtr.o.ly lo. soil P», toth 

not,:,,, ,„d t„,r gro.th on the »P and »»* plot. l«P»«ed, a«d - »  aup.rior 

to that of th. u n f . jU l i .e d  ar P f.rtilissd plot*. t h « .  I. no ,a.,Uon 

of n„t9« . «  Busuiuing »* . =  = « « llt i .h . at th. opens. of t h . g»..

Buacd, in fact a fairly stable asaociation la apparent, th. balance f 

•hioh is not "readily di.tnrb.d by frW .nt »ttin, or inor.a.ed appliaeUan. 

nf> "acidic" nitrogenous fertilizers.



3. Herbicides.

There is ample evidence available thet the meed flora on cultivated . 

9ites can be drastically altered as a rasuit of harbicidal treatment.

The use of those Bgents .is rapidly becoming a factor in the artificial 

selection of certain species, a case in paint is the Mergence of nutgrass 

as a dominant on arable fislds inhere previously a mixed uteed population 

had prevailed. Two examples are the increase in grass annuals and nutnrass 

at the expanse of broadleaf species as a reeult of post-emergence 2,4-0 

applications and the replacement of annual grasses by nutgraes oith 

continuous applications of triazines on heavy soils. The role which 

selective hormone type herbicides have played In elevating nutgrass to its 

present position dominating position cannot be ouerlaQked. the Se^estating 

3ide effects this particular practice can create in an otherwise stable 

aiead population is not always apparent. "

4. .iorononic Practice.

from an agronomic point of vietu, th# response of nutgraaa to soil 

nutrients is of gteat importance urban considering Fertilizer applications for 

fisld crops. It is obvious that in order to restrict nutrient uptake by 

the nutgrass, certain modifications in regard to time and method of 

fertilizer placement wust be introduced. deep phosphate placwrarit at 

at planting appears to be important to reduce or retasd incipient nutgrass 

growth, while nitrogen dressings to the icrop should not be applied prior 

to removal of the meed, '

3. COMPETITION.

To approach the probls® of nutgrass control in a realistic manner, it 

is necessary that the fundamental factors connected with nutgrase 

competition be carefully sxamined. These rectors include direct competition 

lat.r, plant nutrients and po p u l a t e  daMity and s* appraisal 

antagonism of undefined origin, "allelopathy .

Th. » t „  upt.K. of nutgrase . .  « * - « *  * « •  “f * "  

w .  „h.„ „ » *  , » h  «  .ittout ™

nutgrass ™ . « . d  . » »  - w  «  • «*■“ <=*,1“d °F .
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According Bunting (I960), the tcanaptsatlon pat day from a given 

surface ir detarrained by factors which BtB not »psndant an the numbar *f 

plants or on their leaf eras. It fallows that provided ths plants are 

oil much the same size anti Uind and mors or lass covering the ground, 

there is no competition for sister avan in dasK>» stands. Further a crop 

does not in general auffar mors sevaraly from drought simply because 

it contains an unusually large number of individuals, though the effect 

of nutrient shortages are often mistaken for those of drought.

The results in the two water uptake atudias revealed fcbat shah 

the three weeds utgra grown in competition uith maite, ttis total uptake 

of arater for a specific period over a given surface ramaifisd constant, 

irrespective of the meed species concarned. The dapiessing effect of the . 

®esd on the maize, however, differed among the Mvcee wt 1 sfjBcles, . .

Ei-Busins indica. for example, was a far more serious competitor than an • • 

equal number of nutgraaa plants. .

Whore nutgrass mss grown in pure stands, and Its water Uptake 

compared aiith that of Taaataa and Eleuaine, fchare isas no evidence- So • 

suggest that oater uptake was greater in the caee of nutgrass. In these 

tests, the comparisons were drawn from identical population densities Bhich 

are not necessarily truly representative of field conditions. Recording 

to Bunting, however, population density mould not appear to be of primary 

importance.

Plant surveys have revealed that nutgraaa population deneitiee 

par area are higher than most other weeds. The results obtained in the

increasing plant populations studies showed that the aeclal weight, 

underground Btsight and number oF tubers produced per given area mas . 

significantly increased as the population of nutgrass increased.

Three competition studio wero conduct^ « «  »««**• °f •M o h  

partially axpiain nutgraea ^petition. * en sorghu* *  9^  '**' 

i r ^ i n ,  d - i t t -  of I * * ™  « * *  1 -  fertility l a ^ r a a u U

Bh0B9d that the weight of nutgrass incrbsaad, but t.» iuaight of a g . 

facrs-ascd Bith increasing numbers of nutgrass plants.



lihon nutgrass tine planted with cucumbers in a sond culture and 

supplied uiith adequate quantities of nutrient, there u/aa no depression 

in tho yiald of cucumbers.

In a third competition study, tho competition for nutrients between 

maize and nutgrase woe ones ogain clearly demonstrated, In this 

study, the total insight of groan materiul produced pet tray remained 

constant, irroepoctiuo of whether tho nutgeasa bos planted together with, 

or separated from, the maize. Tha competition effoot mas much more aovafce 

in tho fertilized trays than in tho unfertilized trays, Tho competing . 

action of nutgrass mould thBrefcre appear to be closely linked aith its 

response to nitrogen.

In turf plots, there m.s evidence that high nitrogen dressings had 

stabilised the turf-nutgrass papulation belance. Both epooios were eo-* 

existing as a mixed population, unaffected by each other's ptesonce 

and ahouiing no visual signs of competition. This suggsets thit, ahorocs 

teo species moy t>o compoting simultaneously for one and tho some jiutrionfci 

the ultimata suppression of one conpetitor Mill, ultimately, dspond on its 

ability to compote for cssentiol nutrients.

A striking morphological feature o' nutgrass is the troogndous 

concentration of root^and rhizomes in the soil. The root weight 

produced from £ gii/an croo cf nutgrass liras opproximafcoly three tieos 

that or tha root material produced by Datura stramoniUfl and Phyaalis 

enoulata. This high concentration of root end rhizoae in the aoiX, 

combined with tha liberal uptake of nitrogen, are undoubtedly tho t«» 

principal Factors ahouimg clearly the competitive behaviour of nutgrase.

The manner in which plonte compote siith ono another has 

subject of extensive study throughout tho uorld.
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ThB possible role of toxic substances produced by wesds in reducing 

crop growth has been widely investigated (3onnst 1950j -iorner 1960). 

Whereas highly concentrate aqueous extracts of dea.1 nutgrass under­

ground fractions m i s  responsible for marked growth inhibition of tast 

seedlings, tho results wars not always reproducible mhsn reducing ' 

the concentration of the plant material or changing the method of 

preparation. Similarly, leachates, percolates and exudates obtained 

from living nutgrass plants, or residues of nutgraee, failed to produce 

any retardation or reduction in the grouith of teat crops. In fabtj 

there ie repeated evidence of a stimulation of seedling growth when 

treated with sovoral of tho extracts and leachates.

Since Osvald'e (1942) publication on ftoropyron rapene. which . - 

suggested that toxic root substances by the grass '.’ere responeibls. for 

the deleterious effects of quackgrass, a large number of" publications . . 

have appeared which deal with the ecological role of quaokgrass in crops, 

[.tast of thB evidence which has accumulated has been circumstantial 

(0hman and Kommedahl 1964), and no-one has isolated and identified 

chemically any substance that can reproduos the ef.fBct of quackgrass » • • 

The findings of Ohman and Kommedahl may be applicable in ths case of 

nutgrass, namely, that a greater ability to withdrew available nutrients, 

especially nitrogen, and to a leaeer axtent phosphorus and potassium 

from a nutrient solution, is the deciding factor tuf>ich explains the 

highly competitive <ole of nutgraas in the field. . . .

Ih. recent .yid.no. p u t l l . M  by a - t o "  <1K5) ettrib.t.a r.doc.d 

Sro.B, of „ i „  and co.p... (*iob . »  odltor.d »lth >■> « »

«it.r or sand n,.dlu« ,to . toxio substanc. or substance. traduced 

by th. M .  Bo.boff, to„.».r, w * .  *» 3 “,UU” t”**' ta

obtained en incre.e. in the p ~ * »  °r “ *"d 

> in the , » i „  tta latter m .  cultured .ith C.rotundua.

It. ,.„d cultures th. » and P « * " >■  »r “»  ~ L“ 

increased respectively whan groiwi in competition isitb C.rcl

technique allccd'for the r—  »r tb. t ^ n f e  plant. 

...Ularl, ordar to obtain a continu.ua '« *
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Analysis of C.rotundugikr of the water medium supporting the two 

competitors aere not reported fay Boshoff.

Though a postulation at this stage may seam presumptuous, there is s o w  

reason to bolieve that a similar pattern of differential nutrient uptake 

from the Hoagland solution by the C.rotundus (as already doaoribod for . 

qir.ckgrcas) ia tha primary factor rcsponsibl" far thu nduo.d ̂ itoizo gromfclv

The response of nutgrass tubers to mashing indicates that there 

is a mechanism responsible for tuber dormancy and confirms the findings 

of Tumbleson (19GD). The effect of soiling taet crops at staggered 

intervals after planting of nutgrass tubers shoos that there is an . 

initial transitory stimulation uihich leter disappears. Whether this 

stimulation is in any uiay associated with the growth inhibitor present 

in the tuber warrants further investigation.

C. Lire HISTOIHV OF MUTGRJiSS IN RELfiTIOfl TD ITS COKTilOL .

If nutgrass ie to be effectively controlled or eradicated it ia 

sssential to study the two mechanisms of reproduction. The exploeive 

nature of colonieation by means of tubers, rhizowes and daughter plants 

all serve to emphasise the importar.es of effective control measures 

during tha primary stages of im/aoion. Physiological and morphological 

modifications of the tuber, .uch a. d.rmancy, .ultipl. bud d.uaicp.ent, 

ability to sprout under a wide temperature range, organic reserve*, 

resistance to in.ol.tian and h.rblcids. .11 c.ntribut, to.ards th. 

suruiual of nutgrass under «d»er.a condition..™... factors, in con­

junction „ith th. ra.i.t.nea cf th. - « . »  pl.»t t. « * - « « !  

end ...t „ « b ‘cid.., cr.ats. nu.erou. dirficultl.s in th. o.ntr.l

programme,

in arable field., nut,.... . " « •  * 

th. ...d.« field crop. .he- « . t  if nut,,... tuber

i. to - l e t  conditions it « - U -  » d

Th« vertical rhizoae therefore emerges abova
during the first 48 hours. The i/ertl .

*- f =„rine rains, Allowing for a lapse 
tha soil 5 - 7 daye after tha first spring

, to ensure suitable soil preparation,
of 2 - 3 days, uihich ia nsceseary t

it is clear that the germinating nut— . ‘nl”
i distinct



advantage over bhe field crop, soil temperatures during this time are 

favourable for tha spouting oF ths tuber. The smergenos of nutgraas 

shoots after the first spring rains is a tyoical featurs of infested 

arable fields on the llighveld. Where infestations ate knoicn to be 

present, growers should therefore attest aaily eoil preparation 

(autumn or minter ploughing) so that seeding may commence aa soon as 

possible after the first rains. Furthermore ths sowing of infested sitsa 

should be given priority over non-infestad sites.

(llith regard to the control of the underground organs, there appears . 

to be limited susceptible periods In the life historv of the Diant. Tha 

two important considerations are obviouely the restrintion of daughter 

tuber formation and ths exposure of the plant to insolation* The 

distribution of tubers is primarily confined to the top 6 inch soil layer, 

which to some extent simplifies the tillage programme, but the susceas 

of the programme will be dependent on judicious tinung. .

In contrast to the versatile tubers, tha climatic requirements of . 

nutgrass seedlings are exacting and fcboirinitial aurt/ival dependent upon 

optimal soil moieture conditions. Despita the high seed production, 

seedlings are not frequently found in infested fields. Thair absence 

may be attributed to several factors, namely, sewers intraepecfes. 

competition, absence of critical light conditions or poeai' a 

germination M W  .hinh ..y origln.t. f . «  tte tub,,. On unlnf.ted 

.it.., ...dling. .ill emerge raedily and caua. Initial fool or lnr.rt.t- 

ion. Production of 2 - 3 tub.ra from «ne .eadllng «lthih » •  flret .

y.ar of introduction 1. .officiant to P«olif«.t. ad .ntlt. arable 

field ..thin . period of 2 year.- I**®*"*” “f »"•»«’“"« “■

Production of ...d end th. mo.e.ent of seed ™ »  »"* >«■ “ 

irr.gp.ctiuo of th. mechaniem -  « =  '»"*»“ d”" “

attention in the implementation of a ccottol programs.

Th. 01.,.™.! af nutgr... «  »« " •  • -  « * ”* “ h‘“* b“" 

generally dl.r.g.rd.d in « » t  agronomic c i r c l e  attitude ■ *»*.

to ,.i„.d oonaidarable * »  *" “»

Th. .Bt.i„.d in thi. in-..ti,.ti.n c.nfir. the finding, of

s that the seeds of yellow nutgrass
Justice and Whitehead (1946), namely,

. = in the presence of light, appear
are utabla. 'Uteroating tampsrature

to be a sine qua non for germination. ...  ^ .... _ _ .......



in w u »  * m « *  <■"» t9So « 8 differ from tho.. obtained by fiahn et al. . 

(1962). Depending Qn the advent af th9 ,i M t  5pring rains on the HighveXtf, 

seeds may be viable by mid summer, i,a January. Furthermore* the 

laboratory studien have ehoun that nutgrass SB9tj tolerates exposure to 

chilling temperatures aver protracted porioda and retaina'lta.viability 

for numerous eaasons (Belius 1946). Once introduced the seed i*. 

capable of initiating foci of infestation oyer b period of at least 20 ' . 

years irrespective oF the severity of the winter conditions,

U. COHTROL OF WTSflftSS ■

i. Tillage

a) Discing

The results of three discing experiments conducted on heavily

infested sites, havs been reported. In ths three trials, repetitive .■: ..

disturbance of the nutg^-ass stand, ranging from 3 - 5  treatments, gaver

excellent control of the weeS. The benefits accruing from these treatments

mere particularly noticeable in the season following treatment. Nutgraaa.

populations mere reduced to such an extent that crop production could

once again be considered. The aifce and the season obviously play a •

dominant role in determining the final result. .

ftt Bathal 1 and 2 diaclnge applied to a poorly drained site

gai/s s measure of control which involved, no .residual fceneftta,,. Q.asRtfce ..... ...

slight reductions in stand following discing, the treatment effact uiee

disoppoarod by „  , -
not persistent and had / /. tRe^foMowisg.’.spring. slhs.ielgnif’icanh

f.atHe. «  .oofiiinual di.cing Firstly, the te.por.c* l u n - m

Of nutgrass and inuaeion by annual grasses during the season oF trsatment

and, ..candly, th, t.ilur. ef th. nutgrs.s to «.ra« O n * *  » »

spring.

The r.aulba at S.p.f.nt.tn also Illustrated th. advantage, of 

™»l» and repatltlu. tr.et.ant, Earl, d u o  p U W V  W ° “ hr « « *  

dlscings, which mere concentrated into the firs* half of tho eunraar 

saaann, restricted nos daughter tuber formation, the result nf ahich maa

*  -pp..™t U A . W  or th. ...d fro. th. eoltl««ted ««..



Ths discing treatments which mere introduced at Frankenwald 

late in the season, illustrate the importance of coiamsncing tho first 

disturbance prior to the formation of daughter tubers. In this trial, the 

first discing took place on 6/1/65 when the plants had already reechBri 

the 8 - 1 0  leaf stags, - 1. ;* ;

The final analysis of tuber population at the end of the seaeon showed 

that in epite of a marked reduction In nutgrass root weight with ona 

discing, tuber populations were not significantly reduced by this fcreatmont. 

All three discing treatments, ’ ->oever, reduced thB mttgraee plant 

populations in the following spring. In other words, even one discing 

at Frankenwald had a pronounced influence, on the survival of the weed.

There appease to be an interaction between frequency of discing and site, 

BJharees at Frankentaald one or two diaoings gavs extsemely.goad control,. 

the same number of treatments made little impression on tha weed population 

at Bethal. The reasons for this differential response Bay be associated . 

uith three important faotors. Firstly, tha nutgrass tuber population density 

par unit area at Bethel was far greater then thBt of Frsnkenirald. Secondly, 

tha Bsthal site was poorly drained, the soil remaining raoist almost 

throughout tha gummar seaaon and unsuitaole for cultivation sft&r heavy 

rainfall. Cultivation at any stagB was thus not aa sfPeetiwa ae when . 

applisd to a well drained sits at Frankenwald. Finally, the first two . 

discinge at Bethal were applied to nutgrase plants in a more advanced 

growth stage.

The point .bich « t ™ «  be clearly sxpl.ined i* «»*. """ “d ® “

— . pro,r— »  .ill not necessarily yi.ld « »  •■■» *““« •  -ta" ”" ,U-d **

too diff.r.nt loo.tions or on »  r i M .  *  » *  l»«>-«y. »

order to achi... .rn.il.. control, “”,“I “ Sl"*"

to sd.phio conditions .. - U  ~  *  « -

.. „ intimately associated aith tha growth 
of the plant. SincB eradication is ineima* i .

, . nh„thm for a nutgrase plant theoretically
stage, of the plant, a growth rhythm ror a a r

.. . haan compiled. The chronological
growing in the field on the Highueld has b .

u ^ „n the advent 'A the first summer rein 
sequence and intervals are based on .

1 .atterr. of rainfall distribution.
Sy tha 15th October, Policed by a nor.al
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GROUTH At® DEUELOPHENT INTERVAL iw oav

1. Sprouting 1 16th Oct.
2. Emergence 7 22nd Oct.
3. 4 leaf stage ID 25th Oct.
4. 6 leaf stage 14 29th Get.
5. 8 leaf stage 17 1st Nov.
7 10 leaf stage 21 5th Nov.
Sc 12 leaf stage 27 11th Nov,
9. 15 laof ■■•tage 38 12th -Nov.
10. InfJoroscenca emerging 42 26th Bov.

11, Inforescence emerged 45 2Sth Nov.

12. Flowering 53 7th Nov.

13, Seeding 68 22nd Dec-.

Initiation of daughter 
plants aftor 

Initiation of tubere

21

3 0 - 9 0

The first tillage operation should preferably oomman 

leaf stags (29th October) and should not be delayed until later

10 leaf stage (5th November). •

The dangers attendant to the late summer or autumn -. - 

cultivations should be brought to the attention of growers ssho i 

under a false impression that this particular treatment is advai 

from a meed control and soil preparation point of uiew. Indeed, a . 

disturbance of the nutgrass population, uhich visually appears to haua 

reached a dormant stage late in the suraier, may produce an explosive 

distribution and fresh smergenca of nutgrass shoots during the late . 

autumn,if favourable soil moisture and temperature conditions prevail.

In visa of tha fact that tubers produced during the late summar are 

dormant (Tunfaleson I960), it is postulated that cultivation at the snd 

or th» season disturb, th. tub.™ bi.sk. th. dormnoy, sod results 

In ext.n.iuB sprouting. Th. h.mrd. »t this sppro.oh «.t. vsririsd in 

th. sssson sob.sdu.nt to di.oinn- Th. ss»s»..t nut,t«s population d.nsity 

“as evident on the lato summer cultivated plots.

To sumrnsrizs th...f«. it 1. b.tts. *> 1—  * 

inf.ststisn undisturbsd th.n to .tf.pt • h,ph.z.rt 1st. .u— r t.s.tmsnt-



b) Cultural Practlcaa.

The problem of abdicating nutgrasa under arable conditions 

Is not a simple one. The moat logical approach would be to investigate tfis 

life history of the plant in ordar to establish critical perioda at uihich 

it is moat vulnerable. Accordingly, the eradication studies by aeana 

of tillags practices must ba governed by the following facta.

1) Tha initiation and production of daughter tubers 3 - 4  masks after 

oppoaranco -o-f -tho- vorticol rhizoma above ground.

2) The resistance of tubers to insolation, low temperature end repeated 

clipping.

3) )Qcmer'cy and delayed sprouting of newly produced tubers..

4) longevity of the tubar. .

5) Viability of undersized tubers (2 mro diameter),

6. rood reeervea and multiple buds in tha tuber.

I. Extensive production of nutgsssa tuBsrs. .

S. Distribution in tha soil,

9. The susceptibility of the nutgrass plant to insolation, . .

from the eboVB it is obvious that any tillage programme which 

is to be advocated f*or tha eradication of nutgreBS,. must be based on. 

maximum exposure of the young nutgraes plant and minimum production.of 

deughtet tubers. To achieve this, it ie recommended that the infeated 

field ba disturbed immediately after emergence of the aerial eboote above 

tb, ground. Severing of the vertical > B U »  belo. lb. M a e  ot tb, plant >» 

probably on, of th. mo.t .ffioi.bt method. or control. Tb. ....rod serial 

part, of tb. plant .re tbu. expo.ed to d.aicc.tion end a n  unable to . 

survive. at tbi. Stag., daughter tuber. .111 not have been formed. 

...booting „u.t commence fro. tb. disrupted tuber .bicb, in t o m  oortriKts. 

tc.ard. the depletion of tuber ree.rv.., Let. eu-.r di.turb.no, a.

•Ir.ad, indicated, 1. fr.ugbt .ith numerous dimoulti... Disturbance 

Of tbB plant at tbis stage permits shooting from the old tubers, ne 

tubers and from the basal bulb.
1L . one fact emerges from the

Irrespective of tb. m.tbod adopted, on. race *

i - vK«t the initiation and development of new 
life hiatory studies, namely, that

daughter tubers roust be avoided at ail costs.
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iecause of its characteristic behaviour and raeiatance to most external 

influences, the principal object in any control or eradication programme 

should be aimed at tha reduction and eshauetion of tuber populations.

In practice, this means early, shallow and relatively frequent 

cultivation, preferably every 2 tueeks, and when the soil is dry.

The choice of implement alao warrants consideration. Tractor- 

mounted or tractor-drawn cultivators, fitted oath sweeps and not vertical 

tines, may be used effectively for inter-row treatments ■ Hand hoeing 

between, or in the row, though not the moat efficient, ia also an 

effective method of control. To support this statement it is pertinent 

to refer to Dirch's findings (1964). The latter reports that shallow 

hand hoeings were adequate to give good control of yellosr nutgrase and 

other weeds. He found that once the maize had completed its veqetative 

growth, the shading effect of maize appeared to adversely effect the- •. . 

development of nutgrass. Furthermore, the hand hoeing treatments reduced, 

the nuts edge potential of the soil to such an extant that only isolated 

nutsedge plants developed rapidly on such areaa in the Pollening spring,. 

prior to planting

The approach of Sellechop and Hattingh ( 1956 ),ia to obtain . 

maximum exposure of the tuber and not naxinun disruption of tha vertical 

rhizome. They emphasise that shallow hoeing leaves tha root portions . . 

undisturbed, thus aggravating the infestation. They advocate that the 

soil be loosened to a depth of 3 inches, for which hoes with 2§ inch 

Hide tines ure the most suitable. - .

Notwithstanding tha reConwandaUen of tha abova, it ia still 

fait that th. severing apgro.ob by ...n. of bmrt ■« l - l  * » » »

.ill, in th. long run, b. th. *"st affioiant ■rttod of oontrol. Th, 

disadvantages of h.ving to r.«.t to . « « . . • !  d»oght «• <*»»*•

»..p instead of tin. ooltiv.to.a, o.H b. av.toa.a by oain, . die. 

th. first mechanical ap.retion. » » »  1 *  «■* -P " * 1"" “ P'”*1**'1' 

..p.et.0 discing .ill, a. ha. I * - *  b.en di.oos.ed, ala. » i »  a » . U . n t

-’ntral. This „.thed ha. .««•!" dl..d..nl...=- P “•

.. *. ameros from thra buried basal
covered by the operation and neui shoots may

. t „ f(oldE tu5Br movement end distribution may
bulb, in severely infested fields,



provoke fresh outbreaks. It should h8 pointed out that all thrae aethods 

of cultivation mill simulkansously control saadlinga and obviate ssad

formation. •

The question is often rsiasd as to whether rotavation, which 

has proved successful for destroying rhizomatous wood species (Fail 1963), 

could not he employed for eradicating nutgrass. fiotavatdrs furnish 

segments of 2 inch to 6 inches in length* Such a treatment would fsil to 

exert an influence ort the tuhsr, uhile tha cuttina affscs on ths rhizomes 

and roots could b<9 as easily achieved 'aith atanoarS faiming equipment 

aithout erabodying thp ancillary disadvantages to soil structure* -

It is perhaps appropriate to clarify the control programmes . 

suggested by several workers* Ths recommendations made by Du Preez (1544) 

and Sellschop and Nettingh (1956) - vide Paga 22 - do not appeae to be 

satisfactory solutions to ths problem, Rheinhold (1942 a) reported that 

wintsr ploughing at month intervals increased the infestation level and,, 

furthermore, grouith studies have revealed that tubers are olroodyi produced 

fflhen ths plant commences flowering.

There is nc doubt that both mid-ptmunef discing and winter 

ploughing contribute to a marked reduction in population density. Whether 

thess two nrogrammee can be regarded as efficient nistb?!te. £T control is . 

somenhat doubtful.

The conclusions of Rheinhold (1942 a) that nutgrass tubers are__ 

destroyed by direct sunlight after 5 days or after eight hours exposure - 

to S0°c are somewhat disputable. Dormancy characteristics are peculiar . 

la the tutor, of nut,....- F.ilur. to eprout or . reduction In eproutlng 

I. orton erroneously r.g.rd.d .. the d.struetl.n of the organ. Indeed, tad 

nut,,,., tuber, been .uln.rabl. to short-Urm d.aloo.tion end ln.ol.tion, 

...dioetlon „ „ l d  h... t ™  ■ “■* “ > [

reaohed and maintained ite present peat ststus.

The recommendations oF 0*. U » >  « *  « = *

«  being sound, e.ph.sl.in, a judiolou.l, d.ntrol pro...... *1.1.

1. baaed on the life history oF the plent.

3„ . d on the ...liable Inf— U ™ .  *" ■ «*** h"  *”

Formulata , cultural pr.gra.m. -U*li*hlra annual » * «  W  ™ .  

tecoonienda'tions are as follows*"
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1. in h.e.ily infe.t.d rieia, u  i, „ m , „ na,a b- 

until at least t.o till.,. w M l n  at int.ral, or 2 ...k. h..e been 

naputad. This results to « „ * • * ! = „  in plant pppui.tien d.nsity, 

prsvents nsu; tuber formation and permits the souring of a ahort-cyols crop, 

preferably a fodder crop, which mould not be subject to severe nutgrass 

competition during mid-summer.

2. In lioht or moderately infested fislda. aide roui crop spacement should 

be used, e.g. 6' or 7' depending on available equipment. In the case of * 

Bids inter row spacement, great care should be given to the plant: 

populations in the row. Nutgrass mill generally not grow ohsre it is uiell 

shaded, ft danaa, shade-producing roa crop should therefore be aoim. . 

The central 3' or S'S" strip should receive repeated srneep cultivation

or discing at the recommended stages and intervals. A late summer cover . 

crop or uiinter cereal may be introduced on thaae stripe later in the season. 

The important consideration, however, is that the wide 6paeement practice 

ba continued during the successive summer ssasons ensuring that the crop 

rouis are annually positioned on the previously inter-rooi culttvatad stripe.

Thsie ie little doubt that nutgrass can be greatly reduced, 

if not entirely eradicated, by implementing a rigidly controlled 

cultivation programme which extends over two sueceseive growing season. 

During the first season, the first treatment should commence as noon as- 

possible after emergence of the vertical rhizome folleued by a second or 

third cultivation at 2-aiBskly intervals. There is ample evidence to. 

suggest that late summer, autumn, or uintar ploughing are potentially 

dangerous, and are consequently not recommended. indiscriminate 

l a m e n t  of i m p l a n t s  From infested fields should also be carsfully 

controlled. The ploughing over .f f a g o g i i  .

precipitates a serioua nutgrass problem, # o d i o u s  -ppr-oh ie b e f o r e  

advocated uihen converting grass leys tD arable sitae. .

2. Grass Levs.

The severe nutgrass infestations u-hich W  ths ^ ^ a n c e  

°r .n a .„c„ t i ,  curyula W

« .  pr-pt.d „» the rent th.t .it.s, nUt„... I- vi.u.Uy

®tsent during the period of grass ley occupa ’



This is by no means an isolated case and tho problem is one that has b u n  

repeatedly obsarved throughout tha Highveld luhara Eragwetis lays ace 

established and finally brought back to annual cropping. The moat striking . 

fsaturs of such disturbed grass leys is the serious infestation level reach­

ed shortly after tha advent of the first spring rains. The situation is 

further complicated by thi, Paot that tha vertical rhizomes,arhen inspoctcd, 

originate from young tubers. The short interval between the onaefc of 

the first spring rains and tha widespread emergence of the nutgrass shoots 

rules out any possibility of tubera having originated from current, early 

season seedlings. from the seedling studies it ia apparent that tubers 

are not produced during the first ten weeka after emergence.

According to Rahn et al (1962) tubera completely lose their '

viability when buried for periods exceeding 13 - 22 months in Delaware,

U.S..\, out at Cornell and Rhode Island ebssrvatione suggest that some tubers 

remained viable in the soil for more than two years. Sprouting tests with • 

tubers stored for 4 years in the laboratory at Frankenuald confirmed that 

tabsrs did not lose their viability during this period, giving esproufcing 

percentage of Laboratory results in this respect are nat necessarily

applicable to field conditions. Under field conditions, microbial and . 

fungal pressure, exposure to low, fluctuating temperatures could 

accelerate tuber decomposition, thus influencing longevity. The source of 

the tuber i n P w t a U w ,  in nwly disturbed Er^ro?tt» attffflS . ....

not explicable and warrants further investigation. It appease that the , 

Bourco of rsfiabilitatlon originates from a quiescent tubsr population.

Growers in the Highveld constantly report that ahen heavily fertilized.

-ragrostis leys are ploughed over.
the aits is overrun by nutgrase ohich.

aithin one. .p i n  f™

.....biini™ bra,lt"
, __in fact,lost and in

namely, the suppression of nc<ious meed p

»^ j -rhs Bmothering action which 
"any cases the meed situation is aggra •

, • the sumaer following establishment
the grass ley exerts over nur.gtass in

, „,nllnhad over. The above situation 
is thus nullified when thB grass Isy i® P

. fhafc the disturbance of a grass ley 
is further complicated by the fact tha

active growth of the nutgrase ia

Wwi the attendant soil mineralisati i

Promoted.
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This indeed was borne out by the vigorous growth and development of 

nutgrass plants and tubers on a former Eragroatis nursery site at 

Frankenuiald during tha first season after cultivation.

Current thought an tho rehabilitation of lotu producing arable f ialda. 

centres around Eraoroatis curvula. The advantages af this practice 

are unquestionable, it is, however* only appropriate to emphaise some 

of the definite hazards which the grower must ultimately face when the 

lay is piewghed over. Although it may not bs passible et this stage to 

offer a suitable explanation in respect of the process of reinvasion, 

it mould appear that the disturbance of Eraorostis curvula lays does . 

bring about in its atoka certain disadvantages ah' eft could readily out­

weigh the benefits of grass ley.

It is also pertinent to draw attention to the case hiefcdriea of.ttia 

t«o adjacent campeT^age^Shich wars used to illustrate the problem of 

(iPogo BOO).
spreading of nutgrass populations/ In recent months, the camps nave

undergone considerable change. . Both camps have been linked by common

contour lines. Cultivation is carried out simultaneously across both

camps in one direction. The cultivated site inhich, after 7 years of

cultivation - haa been free of nutgrass, Is once again several* infested..

It waa obvious that tubers had been transported from the infested cwvp

by means of mechanical cultivation.

3. Smother Crooa.

Th. t.a of ...the, crops « < *  »  f f f  l»* <“•« “

.. ,n effective ..thod of controlling !**«*■—  Thl* tall,f

mainly th. f.ot that t.ff In " « « » . .  *"'“*«> *1 U

oltimat.lv .opor... « »  n u t , ™  ■"* <* »  *

nrnweM is that taff is the moat suitable 
The ooncenaus of opinion aitong grow

i. „ nosni states that aioet weedy apeoiee 
crop for this purpose. Thurston ( >

„ . « „ . t .  .t • definite « -  -  *  -  -  “ * »  <19M’ — ^  

that in region, of aeasonal gro.th, ■»/ —  « —  ™  “

in th. .«1V Tb‘ *“*
establish, gro® and even reproduce

hava already been described in
aspects and growth rhythm of nufcgra®8



,.fc the beginning of the season, nutgrass emerges wary rapidly 

secluding and ansothering the teff. Gradually, the taff makes its 

appearance, overshadowing the nutgrass, the lattor fading into obscurity 

by the tima ths teff is ready for harvesting, Teff height is a function 

of the prevailing seasonal aoil moLatuia conditions. In a favourable 

season, ths teff will overshadow tha nutgrass, In a poor season* however, 

height differences are not pronounced, tahich results.in the aimultanaaua 

harvesting of nutgraas and teff aaed. Ths biggest aisadvarttaqe of broad­

casting smother crops in nutgraaa infsataS sites is the fact that production 

of fresh daughter tubers cttc\'fceka plooo . before the smother crop 

is capable of exercising a suppressing influence on ths nutgrass. In a 

not; al season,ths rate af oosrgenca aroS growth of nutgrass is m  rapid - 

that the smother crop can only exaicise a delayed Infloenos. Growers 

mould be better sdviasd to apply mechanical cultivation to infested 

sites than to raeort to broadcasting inefficient smother crops*. . ' 

fl. Biological. Control.

Tha avidenco obtained from local colleofciona and those of 

avatsoas uotk^ra auggaat that soma advantages oould be derived from certain 

insects and fungi mhi^n are kn o w  to attack nutgrass. Tha latter appears 

to attack ths plant only in the post flouering stags and mould thus have 

limited application in an integrated biological control programme., 

furthermore, its specificity has not beBn^detawaned. . _ . _ ... u

The introduction of certain entomophagous pests, specific 

»  mjt9r»a= (Pninar 1964) a.rt.lply » « 1 «  M « B « «  li»»tt»rtl«n- S ■ »  

datailad .xalh.tl.p of l.o.l . - M  *■

»  Qosthiiizen (196«) th. m U  “t M» l » ala.l » " « » !  *• “

1. mrt aimed at »»pl.t. 6ot th. t.d^tl.n of »n m t o l M M .

sp.ol.a t. auoh „  ifiaignificant W  that I f  » » • * •  "  "" "

any moniBnt. Thia praauppaaea that a programme of control an

. u, i_ i-ho case of nutgrass aiould not . 
eradication should be aimed at, uthich w  ' .

t>s dssireble.

5* Chemical Control.

Compared .1th . « • !  *“ ”*“* ,

throughout South Africa, nutgraas appears to be E-e(ror!«. V 

to . S t  tho d*gr9* -r  resistance being a n a l l y  not.sahle
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towards the standard rates, or rates considered to ba economic,for ’ 

obtaining satisfactory control lilhllst in numerous cases, the initial 

control achieved with herbicides uiqs very promising, rsaidual herbicide 

action uiss particularly lacking when treating dense stands invading loui 

lying or poorly drained sites.

Of the fain promising treatments, the chsm'cal or the rate 

in question mas such as to neoessitsts automatic preclusion from a 

selective spray programme on the Highveld, A case in point is brosnscil 

uihich, of ell the compounds tested, uras the oily chemical to give a . 

degree of control uihich could be regard' d as satisfactory. Because 

of its persistent qualities and high level of toxicity to most annual 

crops, bromacil cannot be considered for the Highveld.

From the experimental evidence obtained in this study, 

it is clear that a distinction should bB made betuieSn light, moderate, 

or severe nutgrasa infestation Isvels. Secondly, at is necessary to 

differentiate betmean retardation (i.e, foliage®r initial top kill)* 

control and eradication. When assessing the value of a particular . 

treatment uiith a particulas herbicide, final judgment should not depend 

anti rely on effectiveness of the top kill even .though this may is 

■triking •» or on observations concerning tcrfcicity to the crop even 

thpugh they ,.y be abaent. In tb. cae. ot ortw... the true Picture oa, 

M l  b. rull, ml.r.lood • »'■»“«" «f <**

and unattached underground fractlona of the treated plants has bean 

ee.pl.ted. Th. Ultl.et. ....... ef tb. compound .111 d.p.nd on It.

effect. orv - tha dormant tuber population.

oPeieu. W « « “  f'“ ”“lt* ^  " "

inuestigation. 1. that th. different

influence th. nutgraes punt. *  “  °nl' * “

..d, e, ectlon and phyt„t.*Ic » * “'»* 6“' “*'*

1. . remarkable d l „ r S. n »  In th. N a t i o n  of h.rbldd.l effete- _

.hll.t man, herblcld.l e.mblnatlon. » y  -  ‘ ’

growth which may or may not lead to systemic die back of 6,10 affected

mixtures .ill not neo.e.arlly * " *  “* 
plant, these chemicals or mixtu

treated site fres froa. nutgrass.



a) tfton-selective control.

Based on tlia present findings, it is posqibla to classify 

ttis hexbicltisa or herbicidal mixtures into various cstsgorisa. This 

classification rsfiacta initial and rasiduel toxicity to nutgrass uihan 

applied as poet-amergsnce treatmants on hsauily infested sites. The 

harbicidal ‘orPatmanta have baen inserted into thair specific categories 

mften shoeing rating ualuas of 8 or more for tha proscribed paridxle*

Hates ara all expressed as ftotit/a . ’ materiel per acre,

1) initial kill.

Only tha aerial parts of the plants are affacted. .Expanding 

on the chemical, raahouting may occur within b short intesual after . 

troafcment.

1. Paraquat 1.5 lbs .

■I. .-inoaab 5,52 lbs end 11.4 lbs. . . ...

3. PCP 5£ in oil 5 gallons

2) initial * moderate taaldual plant kill. aesidual sffuot on fcllQp ĵ 

paraiating for at least 21 days.

1. Paraquat, 1 lb and 1.5 lbs + surfactant

2. r.mitrole 4.8 lbs * dslapon IS Iba.

Paraquat 1.5 lbs + diuron 4 lbs + surfactant.

4. paraquat 1.5 lbs * monolinuron 2.5 lbs * surfactant. .

5. Paraquat t.S iba + linuron 2.5 lbs * sucfaatant. .

6. Mnltrola 9.6 lbs ♦ atrszine 4 lba. _.

?. rlnitrols 9.6 lbs ♦ wWOllrmron 2.S lbe. ......—  -

Q. ..mitrole 9.6 lbs + linuron 2.5 lbs. . . .

5. .■.mitrclB 9.6 Iba.

3. initial + w t * » J  itiU * mnrierafce soil paraistance.

afFect «. th. Pl» t P.r.i.t.™» »  th.

soil for at laast 10 weeks.

1. TCrf 100 168

2. t>alapon aQ lbs

3. >«friuron’> 100 ibs

4, HaBidual plant kill,

. m « *  «. th. * » w  » > » «  «“

in the aoil for at least 4 uieeks*

1. Btomaoil 6.4 lba lh8.
2. aromacil 6." ■' 0roniacil 3.2 lba
3. Double spsev* Qf ĉ lepon 4Q t t *

( c ) Paraquat 1-5 Ib s  * di0Ecn 4 1
♦ surfactant. ___ _
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F.o, tb-.b.™ =1„ „ m „ llon, u  M  > u t

„r.oti«. ...pound, o, .ixtur», a,,,, 1|)eludi , >oll m U n s

t o i M o M .  . M r t  p r a m t ,  tho ro.pr.utm,, „  „ th„

rf dorsicnt tubct. rnd th. production of n., *,u,ht.<. tub.,,, d.u.u,, 

of thoir ra.tri.t.d Boloctiulty .o.t ot th»„ „ u  ..tinj h.riiuid,. .r. 

arc not suited for uso in the production of annual crops on the Highvsld 

Region.

From tho aforegoing list, hooovor, it is passible to oxtrant 

chcmical treatments with short residual affects, 0.9. ‘mine trlazois, 

paraquat and linuron. Theso could bo ussd so ohomical summer fallotu 

trsaimonta on haavily infaated sites. Thaso choaicale have a short 

residual action, ■' are knoun to dsgrado very rapidly in the soil snri 

could bo amployod during ths first half of the growing Season for 

controlling nutgrass infestations on aiteB doatinad for tsff production, 

•onally uhd Rahn (1961) and Hill et al.(laS2) have shown that Amino 

triazole Is translocated aero- and basipete.'. , in nutgrass, and that the 

seed germination is significantly reduced following application. In 

tho sama isey /staggsrod cultivations havo bBon suggested for efficient 

tillage programmes eplit horfclcidal applications would prove to be far 

more bonafioial then a single spray of a persistant chemical.

Tho most obvious method oP controlling nutgrass Beuld be to 

toxify tho tubers. Theso ae Hahn efc al,(l962) have found, rasia* . . 

chemical treatment. While uptake of herbicide, during the initial growth 

stagos prosonta a weak link In tho plant, th. Pbility of thatubor in 

ito dorpant gtagn to withstand homicidal applications randara th» . 

completo eradication of nutgrass an impossible fcaak. .



Sgl.Boti.us control.

The ideal herbicide for controlling nutgrass in arable

crops siauid ba an inexpensive CDmpoiir-j which ie effeotivs under a

wide range of aoil moisture conditions and controlling not only

nutgrass, but other annual weeds as usll. The recent introduction 
1961. .

of EPTC into the (Jotato industry (Vlsser/ has mads possible the ' 

selective control of nutgraaa and annual grasses without any 

deleterious effect to the crop. On raaizeaolcsotivo control of nutgraaa 

ia possible but certain modifications in tha planting technique and 

careful supervision ate necessary to prevent lpju?y to the crop, 

li’here heavy infestations occur, grouars mould still enjoy tremendous . 

benefits from EPTC applications despite tha attendant hazards. The 

relatively high coat and difficulties associated in application, have 

militated to some extent against the general use of CnTC.

The current extensive usage of iriazina derivatives in the 

maize grouiing areas has met with great success in. regard to the 

control of annual msedsi The results on nutgraes ate somewhat con- . 

flictirtg and deeerve further consideration. The results reported by 

American workers concerning the efficacy of triazine against nutgrass . 

have not been confirmed in South Africa. Boat of the. overseas trials 

appear to have been conducted on loam sands which may account for 

greater harbicidal movement. In South Africa, the efficacy of 

atrazine against nutgrass appears to be confined mainly to sandy erw 

loess soils. To obtain satisfactory control of nutgrass nith atrazine, 

a rata af 4 lb. pat . = »  la n.o.....» (S.nt.1-" »"1 *■>'“ “«>• 

i>tr,«i„. .t a t .  of 2 lb. P «  *»"” *" *hV

growing of .11 or.p. bat • *  « *  ^  

far, b. confined ta »r... »«■  oontlnu.o, praduotion Of ..l»a or . 

aarghum t.ka. placa. «  pr..«* « »  >■" °f " *  “" 1“ 

in , , i „  in th. U.S.A do., not p.r.lt » .  plantln, of any ar.p bat

t during the season of treatment c
9 following season



The residues of aHuer0l Boil acting herhicidaa ^  bs ^  

liwron, monuron end TCA as measures in terms of plant response, 

rtile not conclusive, suggest 0 rapid daterioration of monolinucon 

in a loaiossoil at Bapefontain. The detoxification rata appsars to fas 

fairly rapid. The results demonstrated that certain crops such as 

beans and maize may be planted uithin a short period after spraying 

Df M e h hatbicidal concentrations. These results aleo confirm the 

findings of Danielson (1956) with regatd to CTOp toxicity period of 

nonuron, and illustrate that under high ultra violet irradiation a 

feature of tha Highvsld Region's summer climate, rapid photochemical • 

degradation of substitute urea end triazine derivatives moy be 

expected ( ardan et al .[,1964 - and Comes and Timmons 1965). Generally, 

tha use of pre-planting treatments necessitate-- fairly high rates- of. 

application .rendering the treatment uneconomical, from an agconocti-c 

and economic point of view, Judicious tillage, followed by a single 

spray of a short rasidualharbicide, mould probably be far more beneficial 

than a single preplenting treatment.

In secant yea 1-9, the application of directed band sprays in row 

crops has enjoyed considerable interest in the U.S.A* particularly 'Bhstv 

conditions more unfavourable for pre-emergence spraying, fflhare the meed 

flora, e.g. nutgrass shours resistance fc pre-emergence treatments or 

eihere the prs-eRiergencs treatment had

Tha incorporation of s u r f a c e s  in the hnbtefcW. spray hoe 

9m t l y  chanced tha efficacy of the treatment and, in 'ias9a* w®4s 

Possible the control of epaoias which are normally resistant to the aem* 

chemical when applied pre-emergence. A good example le that.of Iinuron 

*i«h, if used prs-smsrgan<& on wit*, exerts little effect against 

"Utoraaa at the recommended dosages (l lb - •2 lb a.i per acre). Uh n 

■*11* in conjunction .1th a surfactant as » * « * ,  ™fc9rae3

«n  be controlled. Shear (1968) »  that apart f t «  H »  kill, an 

=. , , , „„„ acr8) resulted in reduced numbsrs
aPPUcation of iinuron (1*3 l&a a,i P 
. . a el active oontsol in 8>alze
°f tubers and reduced viability. txcel

___ „fBrl hy Hebblethuaite (136S).
«ith 2 It,g iinuron * surfactant has been tBP°r
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control of the nutgrass in e*op rooa

Saaa.a.fal application I ,  a , „ na„ t „  t[|,  W U U I l I  ^  ^

.pp.t.to., aapecially ,h « »  , M1 topojr.ph, 4, 

diffsrsntial exists between the maize and nutgrase.

To avoid phytoxlcifcy to the maizs, it is easential to direct 

the spray under the maize leaves at tha base of the plant and ansura ttefc 

na spray be deposited on the upper foliage or in the runnel. Sofcton- 

leaves which are sprayed mill ultimately become necrotio but nill not 

retard the Drouth of the maize plant.

ns previously stated, high ultra violet irradiation, particularly 

during the summer months, is a contributing factor to flerbicidal cfegradstion. 

Photochemical decomposition of linuron is considerably ratfueecf

by applying the herbicide sobs A weeks after sowing, ifterefcy extefleflJig 

tha longevity of herbicidal control up and until the crop canopy stags.

From this stage onwards, shading mill reduce or exclude meed eocpetftior*, 

particularly under- conditions of high plant populations and nutrient

Contact herbicides such aa dinoaetJ, PEP antf paraquat nay also 

be considered' fox. directed, sow aprayirtQ if? fc£i20«) TEtesff chest£c^» tend 

to produce aei/ere pfiytotoxioifey and tfrsir use in grsirf crops I* there­

fore not recommended.

Harmane regulator herbicides ars seldatffir If sube, used pts— 

a mergence for control of nutgrass in mairs* Oespite W » sftortcooirrgs 

of !EPh and 2,4-C under adueras soli moisture conditions,! botfr ctiandcals 

exercise a degree of inhibition and retard tt» gtMtft of notgeeaa oh** 

applied sc relatively ttglw rates la a aei»t seedbetf.

nu^bex of selective terUirf*» tfifaft »hw 4*V*~

of toxicity to nutgsess, Have mad* Jhe£r m « w  *" EBcant S’B8CS‘

supply.

site® fas crop- production* Ths use 

infaabad- aesae is not advocated b#fobrfp» « * * « « • » ■ » “  “|» “ £



!" "B “  measures, as listed aaslisi, have baen successfully applied.

Selective control of wtgraes ln turf rsmaina g prQblem 

deserving further investigation, Either the selectivity or the residual 

effect appears to be lacking In raoat chemicals (fiahsr and riachielse 

195?) • Uith the exception of hos®nne type herbicides, no herbicide 

upas found which offered a suitable selective control, fttrazine is well 

tolerated by moat turf species and nay be a future candidate for this 

type of problem on sandy soil, Repeated eprays of high concentrations 

□ f 2,4-D and iilCPA are wall tolssataij by turf, giving excellent suppression

, Qf ' 
of nutgrass and control#p. aids spectrum of most troublesome brostilesf

and annual grasses. From an economic point of view, thia treatment la

extremely low in price

Tha use of EPTC as a pre-planting treatment in turf daW'.not

appaar~to„ba' aefa< even mheia planting is delayed after treatment.

The application of EPTC to disturbed turf awards inhere sods are

being periodically tsurovatis appears to hold out considerable promise

cgainst invading nutgrass,

). DISPERSAL ft UP DISSEEtlHaTIOIJ OF C.E5CULEMTUS .

A knowledge of the manner of reproduction of meeds and of the 

agencies responsible for dispereal, forms a basis for the prevention of 

thig introduction arid tha spread, (Crafts and Hobbine 1952), 0y means 

of efficient dispersal or dormancy, weed species are able to invade and 

colonise new areas at a distance and persist through acts of cultivation 

or meed control, although tha seed output from any given year may be 

destroyed (Harper 1960). Furthermore, there is a close relationship 

between the seeds of certain meeds and the kind of crop in ohich they 

occur (Wellington 1960).

Sell.chop ,„d Hattingh (I** ) h.». « » » «  “ *

■r nutgrass r.sult. principal/ r « .  th, u.s of nutgrass o.ot-in.t.d 

frr ssed. Th. author. »r. .r the opinion u»t »»■ •*  * »  l“ a 

».ni.h-Uk.  nutnr.s. »“ dU,U>' * "“ b"  ° P 

>»». .nd . .  .  ..nfir.ation W  <»■ ™ ”“ ** " f * * * * * " ’  U m >  

studies on th. .old tr«ti.«H of nutgrw* • • •“■ <1S6l) 

attributed ths leek of germination to ths hard seed
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control measures, as listed w l l n ,  hsVS been successfully epplied.

Selective control of nutgrass io turf remains a problem

deseri/ing furthor investigation. Either the selectivity or the residual

effect appears to be lacking in most chemicals (Fisher and Qaohielse

1957). Kith the exception of hormone type herbicidee, no herbicide

use found which offered a auitabie selective control, litrazine is well

tolerated by most turf species and may be a future candidate for this

type of problem on sandy soil. Repeated sprays of high concentrations

of 2,4-0 and 1S!CPH are well tolerated by turf, giving excellent suppression 

of
of nutgrass and control*^ wide spectrum of moat troublesome brfladleaf. 

and annual qcasaas. From an economic point of visu» this treatment ia 

extremely low in price

The uae of EPTC ss a pre-planting traatoent -in tur? dBatKnot 

appear'to-be.'safe, even inhere planting is delayed affcet treatment* .

The application of EPTC to disturbed turf ewards where sods are 

being periodically removed, appeals to hold cut considerable promise 

against invading nutgrass.

J. DISPERSAL A HP DISSSflilMJiTIQ!. OF1 C.ESCULENTijS. . .

A knowledge of the manner of reproduction of weeds and of tha . 

agencies responsible for dispersal, forms a basis for the prevention pf 

this introduction and the spread, (Crafts and Robbins 1952). By means • 

of efficient dispersal or dormancy,weed apeciee are sble to invade and 

colonize new areas st a distance and persist through ecte of cultivation . 

or weed control, although the seed output frois any given year my be 

destroyed (Harper I960). Furthermore, there is a oleee relationship 

betuiaen the eeads of certain weeds and the kind of crop in whitsh they 

occur (Wellington ISM ).

S-,laptop and H.Uiagh IMM) t »»  Jndl-tel U»t <*• dl.pa.aol

«  ~t9™ .  p«inpip.uy « »  * *  ““  "r

w r  Th,  M  * .  .pini." «■“  <”* * “** "r Mia ■

mniBh-like couar, r.utgt*- ~ aead garminatse gradually °,J4r a "tjmber ° r

. re,BL,its of Rheinhold'e {1942}
years and aa a confirmation they uuote the results a •

studies on the ecid treatment of nutgrass seed. Oes ( )

attributed the lack of germination ts the hard seed c



The present Sesd Purity Act prohibits the sale of tsff seed 

containing a total of mere than 50 weed seeds per 1 ox of tsff eaed.

Decause llhsinhold (1942 a) and Rea (1S51) failed to obtain nutgrass seed 

germination, it aiaa postulated that tha sale of nutgraaa-contarainated 

teff seed did not contribute an agronomic hazard. From the evidence 

prgsentad in Appendix Table 20 and Figure 32 it is quite --iperent -

that most of the toff seed aampLss S'jbmitted to the Seed Testing Station- 

of the Department of Agriculture arg infested with nutgrasa seed. The 

analysis of the data accumulated over three years reuealed that in regard 

to nutgrasr seed contaminationi 42 percent of the teff seed samples 

submitted for approval contained more than the permissible contamination 

level. It ie therefore quite inexplicable that the regulations gcverrcir.j 

the purity of t8ff seed uier& oficially reduced during 1964/65. Due to 

a temporatfy shortage of "clean" teff -seed, the permissible contamination 

level uiaa increased fcom 50 to 500 Bead seeds pai 1 oi of tsff aaed 

sample'.. The impli^tione of reduced standards of seed purity are fairly 

obvious, influencing the rats of dispersal and extending the sones o'f 

infestation. On the other hand the leniency oith regard to the reduced 

purity atandards may have been influenced by the information previously 

available. Firstly, it uiaa generally accepted that nutgrass ssed uras not 

viable, no distinction fefiing made tstuiaen the relative viability of. 

C.esculentus and C.rotundus. Secondly, germination of C.eseulgnfaja

could only b . .ohiowd by «*»>» »r » 1“ *tw to»S*«* “ •*> 

lh, scarcity of n „t„ .» . i" «■“  «“

to verify low seed viability.

(m ote salient f.atur. - »»M> Fro. th. .oaly.i. of «,» S.ad 

Tasting Station.. r.c.rd. . . .  « «  »»*■ "f *ta * * "

oitl»« contaminated or
J _ . .f j-K, atSBs uihich ate currently . 

areas or districts, If> othsr words? "to t

employed for tn. p ,option of t.ff —  ~  « " * * “ '

i . ur.ent „..d to „ « »  « - ™  -  *"“ * W ‘ "
_ri t Bxclora the possibilities of . 

of teff production in South Africa, an
- Tha lattes Uiould have to

product, pure t.ff ..od in • • * » *  *
- and the production confined to fieids

conf6*o to specific requitsmanta and P
. „yiatant, inhere need population

inhere nutgrass infestation i>» either n -
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density .r . 1 .. „„d ,h . „  fl, la u  , UnM I„,d.

,t .hould S. borne in «iM  th.t th. _ j „  „ , d

marketed in th. a.publie dlr „ tly r„

the commercial grosier without any seed certification.

From the evidence presented in Chapter UIII there io little doubt 

that ths cultivation of toff is the tfschanism of introduction ami dispersal 

of nutgrass in the eastern sections of the Highvald. The conditions 

necessary for the successful establishmsnt ares-

a) fi high potential sasding rata;

b) early maturation of the nutgrass seed prior to harvesting of 

the companion crop;

c) dormancy and longevity of the seed;

d) Adaptation of seedling end mature plant to ths prevailing 

environmental conditions.

In the case of nutgrass it is not essential to haua available a 

continual source of seed inoculum. The longevity (Bellue 19*6)

as uibII as the dormancy of seed, permit extended survival of the 

seed. The sensitivity of the seedling during the early stagea to adverse 

meather conditions is more than compensated for by the rate of pro­

liferation from tubers and the rapid distribution by means of mechanical 

implements. While it is impossible to achieve complete eradication 

of every nutgrass site, it is generally agreed that the elimination 

of the source of inoculum mill be in the greatest interests of the entire 

agricultural ccmrjnity. It is perhaps advisable to reiterate the 

findings of Ousfcice and BJhitehead (1946), wfdoh are confirmed by the 

present experimental data, namely, that one inflorescence is able to 

furnish the equivalent of 1521 seedlings. It i* therefor rescinded 

that the permissible contamination level 0f t.ff seed should be drastically 

reduced and a more etrirgent legislation enforcad.

Th. St.nd.rtoo Oi.tri.ot, „ * » —  »  -  « •  — ‘

Infested „r.,.,pr.s.nt= .  m W  P »“ “  ■ ™  *'

_ . pe enfid crop in South Africa. In 
for the production of 4S.9£ of the

. raaervoirs for the Ulitoatersranc
common with that of many milk producing reservoirs

, rN strict hae developed a marked dsgrt
complex, the milk industry in this 03 -

.. . therefore assumed considerable 
of specialisation. Fodder proioot.on k .  W " ” * _  ...



promin.na. in thi, type ,f agrloultura. ty

• oil, topography and altitude, th. agriculture of th... area, i, 

necessarily r.atricted in „ a « y. pr.de.inate, „  tb.

eoitiuated crop. Th. practice b„ „  ^  ^  ^

rapid a.tcb urap rollo.ing an earl, „ „ „  m 1>m

rasidual f.rtili,,, ban.fit, utLU.^J, «  „  , lto,  ta„, „ur|, „ , a

crop loeaes aarlier in tha season. Though teff ia often sown prior to 

. .id-Daoslnber, the majority 0f plantings are aanfinad to the aeoond half 

of the season.

A further aggravating featura of the teff seed industry is that not 

much effort has bean made to implement sound cultural practices or to 

introduce a systematic seed cleaning programme. Precautionary measures 

such as early summer tillage, selection of non-infeated fields,utilising

the first cut for fodder and the second for ae.ed are not common practice.
(1957) ■

Du Plooy/states that if teff seed ia to be harvested, every possible

precaution should be taken to eradicate watargrsss (uintjies) before the 

tsff seed is scrim,as teff and uratargrasa seed ace difficult to eeparete. 

Generally, growers are reluctant to utilize second outs for seed purposes 

because of the lower yields* Where teff is eooift on nufcQrasa-infested , 

sites, mature nutgrass sesd is available two months after the tuber has 

sprouted. If no prbcautions Ere taken to reduce the fiutgrass inf33tBfcion 

as is often the casa on the heavy, black turfs in-.Staijdetton, .teff seed... . 

produced from the first cut mill be severely infastBd. .

Similarly, the introduction of selective hormone type herbicides 

in maize, e.g. 2,4-D and ftCPA approximately 10 years 990 has also' .

aggravated the problem. By selectively eliminating or reducing annupl 

seed competition, the spread of nutgrass- has been promoted.

■Hthough many . ..d  . ..d . .«■ 1" P " ' “ «

and more are destroyed by atorags in manure, atill a considerable numbar 

•f uiebls , ..d  . . .d .  reach tt» M U  <«■«• •«< ««Mr*  1952>’ 10 

*b. o ,„  of nutgraae th. Hard ...d.aat .auld probably aot «• a prot.ot.nt,

M  it i .  po.tul.t.d that dig ..«». ■*"“  ® “ n°y

germination. Uieparaal by means af animals ia morB reatricted than h

lament of contaminated seed.
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The* non.th.l... represent .  further link. j„ (1„ tll,>K„  ■

especially on ons nnd . the same farm.

The development of techniques for removing ^  aeads ftom 

agricultural seed has laggad behind tha development of nethods far 

abdicating the plants themselves (Wellington 1960). In recent years 

several local co-oparatiues and seed rnocchants have installed seed 

cleansing machinery, capable of separating teff and nutgrass seed vary 

efficiently. The unit, known as tha "Kipp Kelly", Fitted with a canvas 

deck, is allegsd to deliver teff- seed free frusi weeds and may prove to 

be a valuable tool in confining.; tha future spread of nutgrase seed.

uniform size. During drought periods, houevef, the nutgrass aedds are of

irregular size and the teff growth ie retarded. Teff and nutgraes seat?

are thus harvested simultaneously making seed separation difficult. The

Kipp Kally unit, howeyer, appears to ha abla to cops isith all tne

situations. '

The economic eradication of nutgrass over an extended area ia a

problem which has not yet been solved and which does not appear possible

of solution. However, in recent years, omising means of control and
that

sven eradication have become available. It would appear/the implementation 

of control measures are the best approach.in the production of wed-fre* 

teff seed. In order to implement such a scheme, the following ie 

advocated t-

1. Eii.in.tien er nutSr .. .  in th. fi.ld prior to ...din,. Pn- 

treetment .r th, .oil t» « « »  “ U *S« ”  • »  ‘

2. Appointment of o.rtifi.d teff « .d  producer. .he Mil «rai».

. During normal seasons, nutgrase produce seed of

herbici-da.

their certified end. Suoh f —  »■
the first-.

premiums on their certified seed, 

cut early before the nutgrass sesd 

second outs for seed production.

has matured, and utilise only

3. liaising of the weed contaoinat3 

example an arbitrary figure of 

per ounce of teff seed. •



4. Stringent sanitary field ifiBpsotion.

5. Sa.Mot by l.» th. . .1 .  „ « tttlia t, „  „ >d ^  „ „ thorJ„ d 

growers,

6. Confin. tho produotl.n t,ff „  tta< ^  ^

Infastation is of a loui level,

7. Explain and faring to the notlw «rf taff produces the seriousness 0r 

tha pest and emphasise the urgency of material control* '

E. JIST^ISUTIO:.1 OF CYPERU3 rtOTU.'OUS

Having defined the nutgrass infested areas of South Sfrica, and 

poatulatod a tentative reason fos the specific distribution of C.eaoulsntus, 

tha 'ueation which poses itself is ohy tha absentia of C.rotundusin tha high 

rainfall areas of the Hiqhveld? C.ratunttoB. by nature of its graatet • 

ramified underground system would, at b first glance appear to ba note 

resistant to adverse conditions, and should therefore have readily 

established itself on the Highvald. Day and rlussall (1035) havo. ahouirt . 

that despita a larges and mots robust 'tuber, t.asculentus is aarB tolerant. 

of desiccating conditions than C.rctundos In California, both apaciss . 

are know to occur, while on tha Natal sugar belt isotVi species often occur 

simultaneously in the same field with some evidence of seasonal aspect* 

Conerally, there appears to Ba a tsndopcy for C.rotundus to assume the . 

dominant rale.

On the Highueld, C.rotundus is conspicuous by its absence and 

occurs in vary isolated gases. Share C.rotundus occurs, on the Highyeld, 

its presence is UBUSlly iinkBd uiith infested manure or planting material, 

ncootdlng to Sallschop and H'tttngh (1956), C.rrtaga  la f6md P^wlpaUy 

on irrigated lands and or tha dry lands in aroas with an annual rainfall 

of 20 ~ 25 inches.

3»l.r (1963), summarising Hi. tn.p.r.tur. di.trlbutlon or tti. 

Highueld R.pipn, point, put W l  i ™ t  « a »  « * *  in th. «u«i and 

part of Harrianiith and B.thlahao district., and the h^ghaat ma 

in an . . . .  uihich .Kt.nd. fro. th. K,toh.f.tr..» dl.tri.’. to th. « . « . . »  

torda, of ,h . Higfiueld » .1 » .  '» “r * « « » ' ”

or . . . h . ub. „ gl,„  f„  th. period S.pt.mb.r tiU » »

folloujingj-



Hlean maxima Been Winima mean Highest

Esstsrn Free 
State 21.7 - 27.2°c S.l - 13.0°C 32.1°C

Eastern Highvelo 23.S - 27.2°C 4.8 - 13.2°C 32.2°C

NJU.Frae State 24.2 - 30.3°c 6.3 - 1S.6°C 35.6°G

Pl.Ui. Tranevaal 25.1 - 2g.6DC 7.1 - 15.7°C 34.3°C

Fio» a temperature point of view there Hoes not appear fco be 

aarked differences between the four sub-regions. CUjtwSitiotWi in the 

eastern half of tha Highueld.-.era'theotsWc&lltywtiwl.’ .suited for the growth 

and development of C.rotundus.

Teats carried out by 3ustioe and Whitehead (194&> proved that 

4.77 inflorescences should be required to yield a single seedling, (compare 

yellow nutgraas uiith 1 inflorascence capable of ps&ducing 1521 seedlings). 

From a total of 13,430 haauy seeds, they obtained a ntsro 4,12 percent - 

normal and 1.69 percent abnormal seedlings. C, coturvdua AuB&lihBrafora 

propagate esfes6tiallj byMneana of tubers. Seed dispersal is tbereforo . 

practically at na significance.

Although teff may be grown ttwoughaut tha euaaer rainfall area, 

it does best in the cooler districts and in those areas having a well 

distributed rainfall. Tha young teff plants are readily scorched by the 

sui where protracted dry periods are the rule (Du Plooy 19S7). It is 

therefore quitB plausible to suggest that the eastern His weld hae baen 

protected against the uidaapready invasion of C.rotundus principally 

bacausB thia species fails to Bet viable sesd.

F. UTILIZATION OF NUTGRASS.

It ha. baen eugge.t.d that an afflol** *W  mil adapted m<*

&;y find itaalf taken up and aonuorted into a crop. {Bunting I960).

Indeed ttin. .ppe.re to »  aoffloiant data M U U  to reflect an tto 

Potential of nutgi.aa, ..p.ol-W *  *'“ *

1. pcacticeily 1W . , 1W .  «  s » *  ot p o « «

tolnad, at, generally not eiHt.Hle f"« ™ “ *

I  TO

HI

i

.

■  
Ilf 
•Si

1
^  \





Cyp«£!& ^culantus (nutgrass) is an indiqonous 8pocie8 which has 

extensively invaded and proliferated the most valuable arable land within 

the Highuold Region of bauth Africa. Tho origin and presont distribution 

of. Q,e«ctflSnfcus tft South Africa has bean dsscrilbod, and tha literature 

roleuant to tho medicinal, nutritional and economic uses of this spcoios 

has been summarized.

The idontification of, and differentiation between C.esculantus and 

C.rntundus, haws beon listad and illustrated. The life history at 

C.esculentus has boon described in dotail and a study* mads of its growth 

and spread.

Uitarocuro relevant to tho morphology, physiology, ns well as tho .

cultural, chemical and biological mothoda of control has beerr reviaurad,

Tho ouidonco on tho ecological significance of cojiic subetaneas in tha . 

competition between higher plants has also bpen includod. . . .

flothods and materials employed in tho study have beon described in •

detail*

. The influenco of fertilizer on the growth of nutgrass, rr.-olod a . • 

positive nitrogen and phosphate response, ft higiiiy posi-tve correlation 

mss obtained between tha results obtained from field and pot experi­

ments.

Of tha nitrogen w.triow tested, uro«o gsue tho highest yields. Nutgrass' 

growth was not rt î'esaed when fortiiiied with high dressings of-uroa.

On old establi-bod <mvT plots at Fiwvkatmld, ,«w tiroE and nutgeass. gtsuM. 

more vigorously on tU  than on the ^fertilized plots,

dospito a sharp declino in soiS pH.

Ctang., i» lh. « .U  pH «  n.Ui.nt 1 « 1  ™  "  *»“ "  

of ammonium «  l i » .  “  a<" ' ~  » '  " ~ t'' “

Urn, (calcium W d „ , U .  «  d e l -  « * ■ » « .)  o « « ^ . »  

as nitrogen increased the grooth. . .

.  1. i. nvorciEfld a pronounced influencs on wa

“  ^  -  c « n »  -  «  -  «  -germination of ni.t  ̂ • ,a 

offoot on germir •-

, Li-» established, in ^ ^rmol. season,
. A seasonal offcct on garmirwtion «aa .

. . t o .  . . . d . . .  ™ n .w *  “ * b"11"u”"



u .  The production of saQd p8t urabel oraa established and ths prasenco of 

soodlings in arable fields investigated.

12. /in examination of several hundred toff sead aamplas reusalod that a 

hiQh psrcentaga mors heavily contaminated with nutgrass ssod.

13. ’in analysis of the principal teff producing araes, confirmed e striking 

similarity in tho pattern or distribution bstuieon the farmer and tho 

nutgrass infostod areas of South /Ifrics. Tho cultivation of toff 

appears to be Mainly responsible for tho introduction and diaporaai

of nutgrass in tha eastern sub-regions of ths Highvold. A suggested 

pathway for tho introduction and dispersal of nutgrass seed hae beerr

compiled.

14..in investigation of nutgrass tubers, ahowad that thu tubais mere present 

in large numbers, confined principally to the top 6 inch layer of soil,. 

sproutad from specific depths under a wide tempsraturo ranQS* Washing 

and insolation of the tubera He(3 s pronounced influence on tha sprouting 

of the tuber. .

15. In tho prosanco of adequate fertilizer, nutgrass plants showed . • • . 

exceptional tolaranco to frequent clipping, yielding herbaga of . . 

remarkably high quality. Sprouted tubaee mere eapeblo of rsaproutin  ̂

repeatedly if the vertical rhizome mas clipped back. . . . .

16. insolation of the plant reduced tha Vigour of the exposed plants. . ,

17. Competition studi.s ra.o.lod «»t  M  H »W  d.o.aina. of fsrUliwr 

».r. applied to a mixed papulation of outgr.ss and main, th, nut9»ss  

utiliad th. nutrients m.ro .fKoi.ntt, than th. mU„- TO  uu.patiti™ 

.ff.ct of nutgrass W W  *t*'“

IB. Tha seasonal » t .r  an.iaption of nutgnn »■ .Hnifloahtly 

higher than on „ u .l  n,«»r of snnu.1 — . — •  «  « - *  *“  

i„ conjunction ,ith - l,o, th, t.t.l -t.r apt*, of th. unit » «  

„ i „ )  r.m.ln.d constant, irr.s.ootiu. th. ,..d  ^  I^ ”*h 

•oi.turo studios, h o W ,  « .  ui.d.r9round 1
... _ j.k»f of fch'j two oee<5 specie®* 

comparatively heavier than tha

,  4 to axaftina the li*i«9 nutgrass
19. Th. ih.usti8.Uoh, d..i iMin w M -  of loUUliot

liboratae .  ph,.»ol.l|i<»l« ^  auW r...»<i

or retarding growth, produce axtracts snd homogonates depending

aras, however, obtainscS oith aquaeus alJo0> 3 Qromth stimulation 

on th. concentrati.o and ” “ ^ " ” " ‘ ' , . , , 10.1105 .o.ds, tM *li« 

of a transitory nature mas ob

mith nutgrass tubers.

■M&
a



Oiscing proved to bo an officiant method of controlling nutgrass, 

the degree of control being dependent on the time of treatment and the 

particular nature of tha site.

Biological control by means of iantomophagoua insects deserves further 

investigatian,

Df the uiide range of herbicides tosted, several gava excellent control, 

but persistence uas lacking in most of tho chemicals, Sromaoil was 

one of the most promising compounds tested but, because of its extended 

residual action, cannot be considered far the Highveld Region.

Of the selective control measures t-'stod in arable crops, contact 

herbicides gave a very short residual effect, mheroae high dosages of 

pro-planting herbicidel treatments appear to be uneconomical, uiracted 

sprays containing linuron plus surfactant, ahotued considerable promise.

In turf, repeated applications of hormcine herbicides gave tho most . 

economical and satisfactory control.

Trom tho acologicel studies undertaken at Frankerwiald, it mould appear 

that nutgrass is confined solely to tho early stages of succession, 

and in disturbed aroae within plant communities higher in the succession. 

Sprouted nutgrass tubsrs mere, homaver, able to grom and develop in 

soils removed from sitse representing the advanced stages of succession.

The significance of the reeulte has been discuesad in relation to the 

presont findings and these reported by previous morkere.
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MTOJIX T.BLE 5 , GREENHEfiSAGElUEIGHtS „r MTOMS J, 5W B

TREATMENT GREEN
BEIRUT

0 - 1- • 5.0

?- 7.9

IK 5.7

14. 4.7

Tntal
12

24.3

50 2 11.4

B 15.2

13 13.4

as 14.0

Total 54.0

100 ' 3 23.3

2 17.6

15 17.0

22 17.3 .

Total 75.2

200 i 23.0

IB 23.2

18 24.G

28 22.8

Total 93.0

400 £ 26.0

It 23.7

13 26.7

23 19.0

Total 95.4

800 ‘ 4 25.0

12 24.6

15 26.7

24 25.6

Total. 101.9

ftHMVSIS OF VftBlBSCE

Nitrogen ley&Ie 5 223.4446

ggr°t . I 18 I -i.425?





APPENDIX TABLE 7

VARIETY NPK . “ T *
1 2 3 1 ? „

.... ^

1. IHagennis 9 14 IS 0 Q n_
41

" ■■

2. Bloupan 50 49 36 20 0 0 11 . 4 25
3, Tiffins

4. Hall's

35 25 11 7
0

• 5 6..: 0 40 3

Selection

S.Swaziland-

42 2 a 4 3 0 0 0 • 1G ' 0 Q

6.5olora

42 bO 35 0 n 6 4 O’. i: 30 1?

mouth

7,Skaapplaaa

21 4U 55 D 4 a ■ 2
°

0 It as

medium

S.Skaapplaas

31 24 35 4 D ■ 1 • .0 .■3 ’ X ,.'B 18

fine 38 3 12 0 0 ■ B 0 •• B . a {28 6

9.Florida 32 54 5B 0 0 ■ 0 n 0, : D 40' 39

10. Tiflauin

11.Royal

51 63 57 0 2 0 - 0. 0 a •39 33

Capa 23 6 10 s 6 if ■ 4 0 «0 31

12.Uganda 79 48 69 0 0 ■ff . 0- ■ -o,; 0 ■2S 44

13.Windsor 

U.Bradley

35 33 59 e 1 0 i Q 0 22. 16

v Balen 36 bl 71 6 0 . ■■ i 2

15 Zoysia 63 9 15 0 0 2 O'. ' 3' 3 5ft: 3?

55a SB 23 ' 19 .31' IS 24- 4R0 330

RtEAN 36.9 22 1.6



TRFflTfH£NT

LI

5

PLOT

1
2
3

5.5
5.1
5.1.

. TREATfflrMT 

(11 

I

purr

i
■’ 4.5 ;' ....

Total 15.?
5.2

12

6

1
2
3

5.6
5.fi
5.1

A2 

2 /

i "
2
■3 '

.4.3 - •....

Total
Mean

16.3
5.4'

13.S ;■

L3

'

1
2- - 
3

5.7
5.2
6.5 ■ 3' .

1 '
.2..

■ -4,,5. 
i.B .. '

fflaSf
tt.4 -
s.e ■ • 4.e v . .

L4 1
2
3

5.5
5.3
5.3 ' 4 ’

' 1 '' 
r  

•

• • a*?-­

... •. 4.9'':

Total 16.1 
■ 5.4

■: U&:- 
: 4V? ■

L5 1
2
3

5.8
5,5
6.3

CONTROL

. Total 
lltasa .

- i v 
z. ' 
•3-

"... s.3 V 
V’ S.E •• .. 

5.4' •

Total 17.7.
5.9

-' 1 
. 2

' 5 4  - 
s a  ..

L6
10

1
2
3

5.8 .
5.4
5.5

.. H:
■z-

*  s!i :-' 
'fe| . .

Total 16.7 
' 5*7 - 46.5.

B.? • ■ -

DF tnESH SD» , ’ f

Slocks 2 0,0933 .

TraatmenHa 12 0.6300

24 . 0.0627 . •

(MU 4.04?S

— T  
&<* it-«i

iMMm
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APPENDIX TflBLE 10 , WMER W  «BIC««S5 » »  G»H3I M«E«Dt
BISIGH fs opa o puflDRft-re ■.

TREATMENTS PLOT NUTGhASS POPULATIONS PER GREEK WEIGHT Of. HUT- v

T o m ‘ TOTAL '
1
2

140 1
7. 255 . ■

m

12 1 158 . 1 • 236 -
2 U 'i • ? z a - - ' ’

90 . 403. 3 195 fiH2

U3 1 256 - 1 330 . -
2 123 ■ 2 20B
3 36? . 41-6 . - sSe TU6 .

U 1 325 ■ •£• 360
2 124 ? 219 - -
3 228 ‘ , • 67? - . ft 385 9 64

L5 1 220 >293
2 120 :.. 270
3 420 ■ ' 76t) ; 51& IfiBl

L6 • 365 • • 4S8
m

3 413 . " 506-- BOO 1301

fi.1 • ' 13S ' .150  . ■
365

•■112 . 523 196

A2 . 320--

315 749 a .402:

A3 1
2

•221  ' 
241 ■ 
asn -B12- -

•i
..a
3

398 • 
•435 ' • . 
•450.- 1219

A 4
-  -• - t "  4ZB '

2 134 ’ 
d?n S U  - ■3 .- S05 ■ .■ l 5BS ",

321 . 256 • -• (Sean.
CQM1R0L 1

2 3 246

1 144 '1 291

2 168 ■ 233 - • • ■ ■ :■

1 372
2
3 1F12 - 2019 •3 130 . •

Blocks
Tteatments ____  _ 9,73.

C.V. 21.21*

isr . HEftMS'SQ.

2 ■ 2979S.5S

12 16338.64

24. 10751.33 .

C.y 32.39*

T=r:





ftlT-fltv Rerial 'Selghba.

A. DISCED

Blocks

Treatments

Error

1.6300

3.6511

Blocks i 

Treatments

C,V. 22.09^ 

TOTAL N %

Treatments

fflEflM SO. 

0.000376

0.000322 

33 1 0-000186.

1. 12.!

2.19S0

4.8131

0.4910

T.1805- 

1&.1098 

, 1.0170- |

C.V,31.n%

2. Soil Analysis

A. 1!.mU»ES1UIH COHTEM.T P.P.Iil . S.- CftLCIUin COKTEtfT.' %

OF ' SCAN SB,



A, DISCED SUB-PLOTS.

treatments

1. N O

2. N 1

I

.58

1.78

11

.84

III

.64

TW

.9

. Tnrai

2.sa

OIEflN

0.74 ' " ■

I

1

4 92 ,76

2.74

• 1.48 •• 5.*76 ; . ' 1-44 .. .1 rvf

4. N 3 3.24 2.46 .
1,39 

. 2.18 .

■ --a-.gg - 

10.62..

: ’ 2,22s

1
4.82 3.39 . .3.18 ' 15.0b.: .. 3^65 .

6. N 5 4 <04 2.25 2.30 ■ 2.54- '-.2.83 1?
7..C 0 .04 1.00 .62 ' . . ■ VS6 ; - -342 ;0,7&A Ir'l

B, C l 1.3 l.fl .46 ’ r 1.138 • 4iS4 ’ . -ias-v'/ I f

9. C 2 •• .68 1.02 .46. ' 1. 44; . : 3i62 ' ; 0.90s ‘ 1-
10. C 3 | 1.46 1.29 .72' •’ ; ' ,-4.48 -1.12 ■ 1 i
11. C 4 j 1.12 2.42 2.24. 1.46. ' •' 7.24 '■ • 1 ^1 n  .
12. C S 1 1.2 1.62 1 •: -54 .... .'jsar; . 5.00 - 1.25 r ;* wS

0. NON-OISCED V. '

- J

I I .

P
TREfiTNENTS I PER SCREl ' I II • Til ' iuv . : TOIfll. • isaM-:-

1.Ammonium sulphate, 0 lbs
NO

2. " '■ 100 lbs

1.32 1.63, o.efr- • ' i«S6 ..s,8a ' **r>'

NI
3. " '» 200 lbs

4,06 . • 3.02 1.57 ■ ..^‘74 ■ 12.69 .'

N2
4. " ■' 400 lbs

3.26 4.33 .1.18.: •4.52 - ; 13.Z3-,

f  -N3
5. " " 800 lbs

4.19 4.43 4,96 . Sie? '■ J.7.27-

N4 4.36 5.37, ‘ ’3.6S, • 4.01 18.21 • . ^ s „ :
6. ” . » 160Q lbs 

.#  K.5 ’ 4.13"" ’ "4.84' ' 'r-'S-Sifg:'-':
_ •■■sj

7.Hydratad Lima 0 lbs CO 2.02 ; 1-31 • ■ 2;7S. .- 8.7B

3. " " 500 lbsjM 1.56 3.01 . 1.56 . 1.31 7.54' ■:ii6Sg

9. " 1000 lbs C2 2.94. 3.04 2,37 ' 1.24 ' 9.S9 ..

10. " 2000 lbs C3 3^04 1.01 ’ 1.56 ■; A.33-■ 7.74 • ' ■ '-i.essi

11, » 4000 lbs C4 3.32 2.26 2.69 ■ 2.Q1' . lO^B-' ''

12. " 8000 lbs C5
1

2.SO 1.43 0.76 1.50 - 5.19 '

_ ± f d

PIUSsms











APPEITOIX TflSLE 15 » INFLUENCE; OF ACID TREftTHEfiff ON THE GERmiNATIOM ' 
.------- — QF NUTGB ŝ s k c , -pfcRCEtnftEE SEMIKftTIQN.

DATE ACID ffifflTF •

1 nr

SOIL 28/9/61 47 49 43 41 S ’ .' 1,1: -X
12/ 1Q/6X 65 65 64 .62 .7 IS ' -Vf- .-■e. ■■

24/10/61 65 • 66 64 fi? is j

6S 66 64 6? 257. A. 18 -S • !

SAW 2B/9/61 42 ai 29 52 e ' -9' " ■ % 6 -.

12/lo/51 66 60 41 64 is 16-' ■& ■ 1}. -■

24/10/65. 66 -SI 42 fiB 13 -17 • ■ ■ ■(?' ;■ 3».V

66 fil ■ 42 fiB 237.- W-' 17 • -1-2 -'" «  .

FILTER 28/9/61 55 54 51 . 51 ;& '' 13- VlQ; >2:

PAPER 12/10/61 66 65 SB 61 23' -;-m • Z6 ;.

P? 63 ft3‘ ?7 • ■3ft- '33. 3iJ

67 67 ■63 63 ; 200- ’ 27V* 33 "S'3 'SS'*

MiftUSlS Of MftBlStiCE

176.5390 

4460.5540 - 

9?«60?&.' 

16.0419



^ P I r'I dtHc PFBTnnER(lllWft̂ -  °F MWSRASS HARVESTED AT^SRIOUS S nilBTfW TH6 Wffl»IHfa..PSBHiD .̂w . . . .. Mimam Of GEftffllHiifrrfr w iEna.’

.Nunuoarmt̂ ated ■utty*

14 !21 28 -35- 
• days ,

.30/12/53 : W s 4

8 18 13 
iff I? 13 
IS 11.
12 ID -16

1 10 IS 12 
0- 16 14 13 
1 7 «  M

2.18/ 3/64 30/1/64

.24/1/64 30/1/64
•23 33 ? . 3
23 la 14' 9
11 23 IB 2
12 22 10 S 3

12/2/54

5.14/ 2/64 4 ^ 6 4
12 IB . S 6, :
• S 14 -9 10

, 9 20 n- ?
5 • 16 .13... 6-

0 27 30 , fr 3 
_ __________

4 ' '.'B 
15 12 .7 
33 12 . 2

;42 17- 
■ 47 12 

33 .12 '

m

ck*2£

im a Nurabar
= 70 nutgEBBs seeds per replication

fk/msa. . F

HRRVetiTIHS OATES 
ACID TSSATlftEMT 

HxA
FBBDR ------

.1
• 5 
36

369.5752

611*6950
68-5176
ia.fln30

*  *  
*  *
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MWEHHX T m t la  NOniBEH OF SEEDS pE« NUTGKAS9
______ /  inflcircbcfuce:. - ■ ' ■ _•

INFLORESCENCE
. 3PIKES PER 

li&IRfS
•, spiKaer. m  spike f.1 2 3 t 5 fi n ft

' TOTBte SEEDS 
'PER- uaSEb*.'

1 ? 6 • 612■xz 613--,14 - 72
■I USS-—-

.  9642 6 20. 62S 24-232210is , 141 1692 .

3 5 2&-23 7271421 120 1440 ~

4 6 162123•20 • 2530 ~3BA
s- . •• • a 212614-S.12Z2, 28so1 » I7S8- "

. .5 i' S 23. 21■26T 14' *2ifi. 21;€/*&?'

7 7. 152610■ 16in&22
a B- 1421.16 ■S 241* St

g .. 7 23 712, 16. 222319 122 .

10 & 18 92025 ■8' n m ,12 ■123 ivn

TOTftL . 71 r. ...■ ...■ _

* Based on 12 seed* par. spikalsj'-.

l l l l i
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APPENDIX TABLEia NUniBES OF SEEDS PER WUTGBRSS 
-- ----— -̂' IMFlOHESETHrr, .

iHFtORESCENCe
SPIKES PER

IlfflftFI.
MWKaET PER 5PIK 

1 . 2 ’ 4 . s' Terst fPTAI, SEEDS!

a ? ' 6 13 12 .6 13 14 712-'

. a 20 6 25 24 2S 22 10 IS 1»L 1692 1
3 fi Z8 23 . ? 27 14 21 120 1440 J

. ■ ■ ■ 6 16 21 23 2£I 26 3tt lift ' 163* 1
S .- 8 21 26 14 • 6- 1Z 22: 2B 20 M*

a 2B 21 25 14' 22 1& 21 /AiS?

' . 7 . lb IQ 16. 27. 6 22 J& . »

' 6 14 21 IS . 6 24 16 $1

9 ■ . .7 23 12 ie 22. 25 IS | 12/

6 • 1ft ■P q ?7>

TOTAL 11

* Based on 12 seeds pet spikelst.

* K -»5- I

S » « t » W W S



NUfflSER S P E IG H T SPIKES TOM5 BRIRELCTB 
PFR llfWS-l . .

TDTfiL SEttlS. 
PER IKSftF! ’♦

1 44 . ■s ■ 117 .• ' . £4tI4 ' :
2 3? 9 .198 - • • ••• 2376
3 39 ; 7 142- : KQ 4 . : •
4 45 ' 7 ' 103 - . 1236

5 33 3 47S - . , 5700

6 50 . 6 ••• IIS' "■ 1416

44 .".7 . - .99... '■ ■' aaa - '

39 - 6 131.- •• 1S72 ‘

45 7 ' US 1392

10 48 - - 7 • v 135 163Z

11 45 5 : • - • S5 ' •.=•: *020 t

12 44 ' 6 114 - 136$

13 44 ■ S ' ■ •• : 203 . - 2436

14 50 ,  • ■ ■-B . 234 2BQ3

15 34 -.7: . • m  ■ :-v 2S44

16 . 45 B . '217 • • 2S04

17 45 ■8. . 145 1740 ‘

ia • 46 • - 7- ■ • 18Q " 2l6p

19 40 • / 7 •. J.9B 4376

20 50 • •9 214 2566

TOTAL J B6.7 ' 147 3437 • • : 41244-



A
PP

EM
DI

X 
T
A
B
L
E
1.
20

-
-

-
-

-
-

-
i

J
M

.
 
OF
 

TE
FF

 
SE

EP
 

S
M
P
L
E
S
 

S
U
B
M
T
T
E
P
 

TO
 

TH
E 

DE
PA

R
TM

EN
T 

OF
 

ft
G
H
IC

H
LT

U
B
E
. 

PR
?.

TQ
R
If

t.
 

PU
RI

KK
 

TH
E 

PE
RI

OD
 

1
9
6
3
/6

5

MU
.8
1B

EF
! 

OF
 

TE
FF

 
SE

ED
 

Sf
li
li
PL

ES
 

(2
8
.3

 
GR

ft
m
s)
 

C0
W
TA

II
1I

HA
TE

D 
H/
IT
H 

N
UT

GR
AS

S 
S
E
E
D

'N v





vS???
■ ■ ::



PERCEWT SPROttTtD TUBERS (ANGULAR TRAHSrPRlBftTION)- -  29/12/61.

or HfcAN SO. p '

TREATMENTS

ERROR

5

12

42?*97 

12,55

PERCEHT SPROUTED TUBEHS'f AftfGUf.flf? rfiAHSFOfifMTI'lMV..

DF . dlEAN SQ. F

jTfiEATttlESTS 

| ERROR 14

546.76
11.36











J



J

MTOOtx m x  a , cuP'|»« t#s
AIR-ORY WEIGHT OF THE UNOERGROUNtl 

--- -—  ’■• ■ ■- ■ FRflcri:QMs or myomas. (craws per pott.

TftEftT»F.N7 .WEIGHT of finn-rc NUIIIBEB OF TUBEBfi 

126 ■ 

S3 :

10 Clippings 1

2

3

32.1 

"  S?.3 

39,n

13.3

l^fi

TOTAL

(DEAN

IQS.4 

364.

44§ - AZ,l

S Clippings 1 41,6 ;f 190 ... 13,7

2 3B«D • • J2at .: 1>,S

a

TOTAL 694 S5.tr

36 Q isa

4 Clippings i 61.4 • ' 37S: ' >:- 23.?

2 40.3 ■ 259 • . 16.3

3 43.2 .406- .• 28.0

TOTAL 144.9 ' • 1D42 ■ • 62.0

• 347 . . S0*9._..... :

3 Clippings i 65,7 : ' 367 . £S«0

2 SS.3 23? . 20,1

’ 36? •■■23.fi ■

■ TOTAL 192.1 366 .

32? ... .

n jt  '.■■■ :■

2 clippings 1 70.1 - 443 -■ 45,3-.';

? S4.3 ' 633

- -SIS as.6 .

70TRL . 

SlEftM '

11B.9 . 1394

464- .

144.5



flIP-DRY BIEIGHT OF MUTGR9S3 RCQTS

r
DF

TREATMENTS • 
ERROR 10

• .504,16 • 
\ 63.fl? •

^89.4

AIR-DRV WEIGHT OF TUBFIRS ' .

DF . .SERft-SQi-
TREATKENTS

ERROR 10
S3&.97 

129.09 "

NUI119ER OF TUBERS ' ' "A;

i DF . HEANSfl. F . .

TREATMENTS j  4 

ERROR I1Q-

. 333.32 
: .. 120.711 ;  ,
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APPENDIX TABLE »  nF 
___________ _ -■ fflftize AND MlTCftass. ' ..._

Trsy Number of 
(fiaiza

Number of 
nutgrasa

ll/eight of 
Illai2e Saight o’ 

fiutgra39
; Haight o? maize plants in :.

ionbaft •' ' . • • # » i j

1- 26 ' 135 160.2 241 it- M>2V22-22 2l 22 23 js 20 . IS .206 I

Citt 2, 30 187 J45.6 '274.6, 2fl 2C 10 20 2j • 19 -24 24. S3'. 20 ,2dr|

27 179 130.4 -283.3 18 17 23 23 21 2J.-A9 ‘23: 4?:
Total 83 SOI 436,4 !. 799.0—

1. 27 3i 66,S • 1H4 12. lo. il .u  ii; itt- il is. is • ■;?a

CiFo 2. 27 90 47,S 127.1 uL u  lij g U  ii  9 \u„MV

3. 29 95 60,0 138.0.. ■;iSi

53 267 174»a '42173'“ " .*P "j

U25 125 244,3 ‘ 197*7 . b  251? 22 SB i? £J 21 ?12

con 2. 31 94 253,5-' l$S'3~ • feS 20 20 23 IS IB IS 26 :2B;. "$6

240.6: '197,4: ’M 3 «  sff-M'he. 512?; if•as- ,4s 26fc

"j 1- 73B.8

27 77 : ■ 93,6 UD.i]jtQ:9 13 IL.il ;&•;■

fflFn 30 . 96 : 62.a; .131,2. W o s i i  B i l l ! 15.. -ja us;

ZS ; 82 ; [ 104.1;. 15B;2. tt5'17 17. iS 16 j£ig;ifr

Total 82 24S . | 260,5' 399.6 IjsZI

' '-'ST;'

-J T̂Jl
A v I



O T O u a X J M B ^ S H  rats* m n  w w r a  dp M u a M W  n a a n *
_ IB GRSmS PER TBItT. . . . .  ■

TRFATMENT MAIZE RG(1T5 HUTGRRRR. RMVT* •

1 5B.6 S8UT 640.5 .

CiFi . 2 44.0 ■ 813 «2 •• . . B62.2
3 SB.T 633,1

TOTAL 161.3 2D33«o"

1 51.9 549,4 " 631 ,.3 i

CiFo 2 47,0 ■ 440,e : •. 435,4

3 35.2 S44*2~""" T '

TOTftL ' . 134.9 • 1S34«2. •• ’

1 213.6 S2C.7 V 734.3 "

CoFi 2 220,2 •. - .. 4S9.-0 • 674.?

3 191*5 521.S 7X2.& . .

TOTAL

CoFO

a

2

625-3 

126,7. 

131,3 

145.1 ■■

. 1501,0 •:

. 512,2 ■ 1 • • 

■ . 470.2. : 

35SJ ' .

ij 630*9 

5G3,Q

att.4. .

TOTAL 404.6 .1337,7





HMftLYSIS or VAfiTMinr

r.BFC.N BIEIGHT OF fflfln z  stepb

DF HEAN SO. F
planting 1 12551.79 ' **
Fertilizer 45620.96 **
p x F 3913.27 **

a 204.91

planting
Fertilizer

9*7
Error

FRESH UJEIGHT

DF MEfcN SQ. F

5. FRESH WEIGHT OP

i
1
1
3

1369.6(1
135277.50

548,16

**•

OF SfllZE ROOTS

DF BEftti sa. f : DF-
planting 44859.53 s# . Planting •• 1
fsrtilizer 1 5088.20 ** . fsrtlliisi-J \

1 3146.05 1 P x " - V
Error B IJ.&.S9 8-.

WUTGHftSS RQQTS

57200.9G- j 
.25323.60 ;
" 46Z1.6Q 1 
5452.77

FRFSH ROOT WEIGHT OF BAIZE AMD NUTGRftSS COffiBlNtD
ni- IDCAN SQ. F .f  .

planting 1 749.00
FortilizBr

141.00 : i ■ v" - -
7136.32 . 1  .

?. SIR-DRY 1BEI5HT OF MAIZE SPOTS

OF KEAN SQ.. F
15776.Q01D *  *

li

679.5080
57.6393

AIH-MY -«n HT ns WUTSBA'fc ROOTS

OF . KEftN SQ. ■ ■ f ..
Planting •. 24888.50 •
fertilizer 1 22417.20 -

Esroi • - . 4590.84-

II. MAIZE HEIGHTS



LuiriPLTITIDN BETWEEN KUTSRftSa ftHO INDICATOR CRDt*S 
jPPF»ir>TV TABLE --WEIGHT Of AERIAL FRACTTQS - MUTCH63S - SRfllfiS/POT

nWftLVSlS OF WfilflNCE

DF..\ SEAft St}* .. '  >

TOTftl. H  . 2Z,95 -

TREATRIENTS •2 : lfr.54 "

F.RROR -11 - . |»&52 _ L - a -



J

T ~

nPPEMOlX TABLE 31B SOmpgTmnw t 

BllTIGHI OF AERIAL F8fietlOH •- CUeUntfiERg-

5 -Mil n&iCftTDR CHOPS.

efPt.TCATION TREAT .ft TREAI.R*

1 39.2 53.7 ' ' ' 33.6

2 43.3 56.3 ■ 42,2

3 44.5 38 .S.

4 44.3 4£t.3 . V-. 39.7

37.4 45.9 ' -43r?—;

TOTAL 214.3 243.7 . ' .. 20573f. "663'SS

SSEftN 42.B5 48.74 '-ijiUs- ■: MiSZ

* Combined weights of botfr cesipartrasntsi- .

ANALYSIS OF VARIANCE

TOTAL

TfiEflHJIEHTS 

ERROR_______

i,

i M 

f\ \



C09PET1TICR SSBBEEH RUTCHSiJS unt ItotTATiTH E 
ftPPENOIX TftBLE 31C » TOTAU lINDn?raoUH0.
 ̂ -... -  (BEIGBTS orutoiteftTga cans am  «anati£s>;'

REPUCftTISN TREAE .ft
. • "i 
TRSfil.S ffilftllc TREST.®"1-

. • IS.B '26.S ■ • ■ : -I'

.2 12.7 ' 21.4 UiS.

3 31.4 13,2 .ai>3 ■VS^A ■■

A IS .3 . ; n  ,u. ' •. aa-6; r - S.1

. 5 i?.i ■ 25*5 .VL£

totrl . 93 .3 ■ 28.3*9. 53**

H3TKL :

• TREaTaisns





nppENDlX TABLE 33 i IHfVUENCE OF PLANT POPUUTIOH OEttSlTf ON THE: 
_____ _ SROtfTH OF NOTGRfiSS. " A  . - ■ •

HO. or SPROUTED 
TUBCRS per pot

SitH ' ROOT • W0£fffiR. ,

NUfflSER AtR-ORY NW8ER
W T UEIkHT _ (

1 Plant p«>r pot 

“ (1 i 
1 (-3 2

1
I
1

CU . 
O.M- •• 
o.a .

13 v . . 
• 12 .

o,ooS
0,006.
a .m .

o m  '
Q.Q3 , ^

.. ft H — a

TOTAL 0.95 
■ . 0.32

32 
, 11 .....p.fffiL ;s

2 Plants pec po

S \.S - 2d 0.09 u s  ^  '

2 ,  tf 2 
(12 • 3 | ^

O.S 14 o mi
s i  ,

2,1 • ss r r . !

Plants pet pot

„• a
3 (5 

(16

- D.6S' 
1.46 
D,t3

6 Plants per pot 

;<*
4 (IS 

U7

16 plante par pot 
.  (T 1 
5 (8 .. 2 

CIO 3 

TOTAL '
HIEHN

?4 plants' gar pot 

?

TOTRL 
fflSM

ja



5353SSS3255'

3353S33J3533383355S533
33353333355335S3533353
S5S!OT3»OT33.35333333355532333335
SS3SSS*,
R s a s / s i p -

s u i i a s s n3333533535333533533338
IS252|g||i|||||i|i|IL5535333313335531333533
s s a s a a R S s s S  J S J B 8 S S » P * s

I S P i S i i i
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,MEf!'5lX TABLE 39C i HEIGM BF 1^5(3 (StUMg.flOar '^ K  
____  . . ...........TflABsraaaftTtfwa % . /•••■■■-• . ' J 1 

1 * *

JTW6WKKL .. REpt.i; ■ REW....2- - JSSbO-
*SS1 T  "

t Otscittg 2-M. ■• u m - * . « %es

2 Discing iac. r-07' 1,61 4.SB ,

3 Discing 1.32 1 . 1*S? •' 1,4a  -i S,<& ^  n

Control 6,72 ■:-va.3$.. 3.s?

Contral 2,16 , * * * J s * ik*
r.f,:.sni . 5-16. ’ 3.8? ► 1 i| -  ,i ' 21,43 1 IfiJB’i, 1».M iiPiJ f̂ 5*rt s

TOTAL i1 

nUJCKS i; 

TREfl'rWENi® |

error j _

l|?5.s

^2.72

23.41

z&m-
M ifc■Si*!

(m e »bi, 1 i

x r r T *  *****

& £ l ~ £

’V  i,40 1=_

0.7361 

- 2.5

m
ipH
fr ‘  ' - V f  

. a ± L
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jPPEWP.I>LJ,^S. 

int PUHTlWB_SEHj.ES.

beans SEANS - BF

Blocks 9
Tieatsmta
Eb k 10

. G.V-••Sl.SgS

SOWFtaiBER . w

Bltfsfca •
Trestnwrtu. 5

• -Etsdt. .- .m

C,V * '3 3 .7 #  . .

wmfiEft 0F JM3L  

1ST PUMTIMG 3EP_1.ES

f f i S  »
£$8stef
TpeeUefiis •—  .

S L-
z
s

1,02 l'( 1 
U »  ' {  1

satE~ s r s i » 2 S T -T - - ► |

i5«1
ipw«ite
JrfeabnWts

zu"2 5 ,« V |  1 
23*# i I
WU8 ' _ L J

'TteatiWRta.
2

( 4 -

I M &  
a.iogS 
£:2£&----------



RESIDUAL HER31CIDM, ftCUGS.. . . 

£PPEWPlQgBkg-4 a j -M«9.E8..0f gBTOWgg.Pgt-W* x 16" TfiftlUE







APPENDIX TABLE 4f3 t KSmmL # <  K__-_sesssk-*̂ «- «>■
llonolifiuron 4 lha

lionolinuron 0 lbs

spl. itrrfli flKBN . | • TOTAL,

1 1547 .
1499 . 5S-.96 -
X3R7 . 43.42 '

X 1595 63.8IJ
1057 ' A' ' 74.28-
113? • 47.BS

i 1694 57,76 •=--
'2 1407 SU2S
3 90S '• -35,44. •: . <00?

i 1464 SSiSS-' '
2 1752. ,70.43
3 1036 41.44 ... « 8 2 . .

1 16SZ •' • .66.08';
2 1S94 75.7c
3 377. : . 35.28 ■\ 4 m ' }>

,1350 34,32 -
1442 57.68-

• ttea 4Tv5£

, 1611 64.44
2 • 1162 . ■ A&Mr

• 44 SB
1660 . - 65,40-

im- 63,04

■1212 4&.A8. r j

K S 70.04

■14S3 B9,72 ■
53.44

957 ■ 36.58 '■

11
12 '

1I6D
1336 ss.’sa , 163rftl
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APPENDIX TABLE 49 i 

---------------  _ ----

•mraTfflENTSACRE . - ; ; t : . i i ? '-

1. ionolinuron 0*4 Ike 

1, ifiooolinuron 0,6 lbs

3. BohBllnotdh D«8'tt»».

4, fflonolinuron 4«0 lbs

j 5, BcmaUnuion 1.2 ifaa '

1 1  
is;s •

. 3i,B v :' 

■27.6 ’

46.4 

3Z.2 ' 

3B*8

;:K v f  1;

« „ M l

’ i a . i  IS.*

W S m

W m S m

1 s . [fionuron 0.4 Iba .. | . 23-fi'... .: 

| 7 . fflontiron D.6 16s - •

6» Wofiuwrn 0»S It® . .1

9, ffiofluion 1.0 lbs .

10. RtattU=MV I-2 ibs • « A. -

• U M  '1 .  I?-?.’ 

M ,  \

S i M p t

wmgssa
Control 1 1 ^  , 
Control : 2>.j 35e,°:-':V , . . . -  J

BW«ta» ■

. •• tEeatWW^ i;’-

S9UME W  TaRMSFOttWtJOf ;. Sioote .'- ..

trtt.twAls*

e*£g£-H ■- • • :„*•

Blocks .

•freefcnisntB

Frrot —

I



APPENDIX TABLE Efl GREEN (CEIGH1S DF WEEDS P 
—1H..0Z8 PE!? QUADSaf.

i I

“ ■■ 1

’ «-i . TfiMt ‘

28.7S • : •' n . it  ' 36.0 311,7s

a.75 ' • v&by ' . : i3.0-> Ct.TS

30.50 ' ; ' -28 .ft; •' ' 3 5 #  ' c'33,50-

19*5 ••  • 44- ' " ’* , &

$8,0 ai.¥' 0 . 9S,Q

ai?s':. ;

32^0 •• .r 53^;' :: . v-^u.Mr • 57 .CD

. 7«Q .

' 26.0 M.0 & & & & !6,J1

I' 35,0, . 6.& j. l .Z ' ’ * .S S

■I". k m m . . W a

»: k m
- 2fii(2- ' zivo ̂ I « I ■*"

TREATfnCNT

1. CONTftQt .

2. DfJBfi £0*

3. CONTROL

4. DNBP 50$

5. CONTROL

6. ONBP 50^

7. COfiTRCU

6, DNBP 

9. CONTROL 

3.0, PCP S£

U » CONTROL '

12* POP 5* 40 pts 

13. CONTROL

M r ]

£k\
* * * r t

U A  I

SI
ISSl

ssasjaiaĉ sj'
1, QttBP SO* 4 P*a

S.B

^  r. 6 pts 19.5.,

3> n w 8 p£8 - a.a

4, • «» » iO pte ■ 7,0

5, PCP S5t 8. pka 38.0.

6> i> ’> 40 pts 10,$;

TOTAL -- *
j M A
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