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AN ECOLOGIJ I~L dTUDY OJ!, RUSHEd I N PAJTU'rtE . THt.~ 3PECI ES 

OBSERVED, THE ENVIRO'.lllvlENT> AND THE I :NFLUENCE 

OF l\IIAN.A.GE1ViliNT I N RUSH CiliTROL . 

INTRODUCTION : 

The Dominion of New Ze a l a nd is dep errl. ent on 
its primary products. There is no need to statisti ·:rnlly 
prove .: this fact,· it is obvious to anyone who troubles to 
read and think. 

The marketable value of the Dominion's Dairy 
Produce, Wool and Frozen 1·ea t, largely determines the econ ­
omic welfare of the Country. 

The si g nific ant feature is that these primary 
products are all of grassland origin. Home Consumption of 
primary products is limited, and the prosperity of the 
Dominion depends almost entirely on its exportable balance. 
Attractive markets are distant and competition k een. 

The marketing of Domini o n products suffers 
disability through distance and tr~nspo rtation, but this 
is compensated largely by natural climatic advantages, the 
climate being exceedingly mild and e ~u able, s o that de­
pasturing of stock may be continue d throughout the year 
on grass land, or with the assistance of supv lements of hczy 
and ensilage ~onserved in spring time froM surp lus grass 
growths. 

It is vitally important t.r.ia t the greatest 
care and attenti on should be devoted to maintaining clean 

and nourishing pasture if increased productivity and in­
cident~lly prvsperity is to result. 

Much research work has been conducted along 
the lines of selection, and, latterly , of breeding superior 
pasture grasses, but there does not seem to have been the 
same attentio ti paid to t he control or eradication of wee d s, 
soma of which are slowly but surely increasine in existing 
pasture s , in many pastoral d istricts. 

Weed growth in grassland pasture is a curse 
to the average f ar me r, and among the most c omm on weeds are 
rushe s . 

The control of rushe s in pas ture is a very 
seri ous :problem affecting many distri cts in the Dominion. 
The late Dr. L. Cocka yne, a n eminent ecolog i s t, re a lised 
the d amaging effect s of vrne d,_; in pa s t oral lands. In ad­
vo ca ting me r:i.s ure s for weed coritr o l (l )* he emphasises 
the point tl'ms, "The better known are its habits, its 
"like s and it s dislike s in rela ti on to soi l a nd climate, 
"its special plant and an imal enemie f; , it s me thod s of dis­
"seminat ion, it s seasonal changes, c:mO. l a,s t but not least 
"its actua :i distribution , the e<~l.5ier vii 11 it be to se t up 
"satief .:~ctorfily means for its downfall." 

In Na tur e plan tG fl ourish acco r d i ng to en­
vironment. Rushes are no exc ep ti on . Their envir onre n t 
must be made unc ongenial, the y mus t be controlled, arrl if 
p oss ible erad ica ted. 

Vith this purpose in view the v1ri ter bas 
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given the subject close study a nd the following detail is 
the result of such careful observance. 

OB.JECTi:> AND AIMS OF THE I NVZ3TIGATION : 

1. A short review of the information connected 
with a s tudy of rushes. 

2. A descript i on of .Juncus species noted in their 
pasture mbi tats. 

3. An experimental examination, and analysis of 
some observed environmental features relating 
to ru £h growth. 

4. A revie w of probable effects incu ced by systems 
of management, considered with the aim of ru ::h 
control. 

GENERAL NOTE : 

· In the classificati o n and notes on general dis-
tribution of t he specie s observed, Cheesman's work (3 & 4) 
has been freely consulted. The de scriptions following on 
after classification of tr.e species a re purely the result 
of personal observation within the stated areas. 
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SECTION I. 

A REVIEvv OF GENEHAL I NFOH1v1ATI ON RELATING TO THE! 

STUDY OF RUdHE l3 . 

I .I TERATU?..E : 

In tli..i s country there is little direct information 
bearing on the problem of rush con tro 1. In countries of tl:e 
Old v~ or ld the study of rushes, more par tic ularl y from a· purely 
botanical aspect, has received some attention. Thus recourse 
for present information bas been mainly fro n-.~ the following 
sources: 

I. Scientific Periodicals. These have been chiefly 
of New Zealand publication, 

2. Agricultural College Records. 

CLASSIFICATION: 

A recent study of the Juncaceae by ti1e Plant 
Research Station, Palmerston North, bas adde d considerably 
to the previous knowledge of this family. The establishment 
of the identity of several new species not recorded by 

Cheesman as occurring in New Zealani, bas been observed in 
the later descriptions of the species Juncus e.ffusus, and 
June us luxurian s. 

REFERENCEG OF INTEJ:f b.: o T FROLi :PERI JDICALS: 

The transactions of Th<a New Zealand Institute 
have often contained references 01· historical interest, re­
lating to the occurrence of Juncus species in this coo ntry. 
Short extracts of the most interesting portions have been 
u:sed to precede species descriptions in Section II. Another 
source of frequent reference has been The New Zealand .Journal 
of 11..griculture, wb.ence the originals of the following extracts 
are located. 

(a) Myers ( 5) in an article dealing with the 
cattle tick , Haemaphysalis bispinosa, which is 
found in tlie North Auckland di stria t, be1ieves 
that in the particular fielci to which he refers, 
rushes sheltered a heavy p opulation of nymph 
ticks throuftl out the winter, a,nd provided a 
vantage point from which they could climb on 
to cattle in the spring. 

(b) Replyin g to a corresf ondent, the Fields 
Division of the Department of Agriculture (6) 
advised drainage, manu~ing and cattle control 
for the elimination of rus11e s. 

( c) The Ma·c ten Experimental Farm of the De part­
ment of Agriculture (7) has been the source of 
an interesting result. This will be described 
more completely in a later section. 

(d) Deem {()) bas given the results of experi­
mental evidence which show the killing power of 
Sodium and Calcium Chlorates, when applied for 
weed control. He also mentioned the possibility 
of similar applications to tbe control of such 
weeds as rushes. 
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In a commu ni::::d ti on with Deem ( 27) on this point 
tne informa ti or, was obtained that t o t.l:1at da t e , the Depar t­
ment of ~gricultur e had not p roceeded with experimental work 
to the stage wh ere any pr onounc eme n t c: ou ld be made as to t h e 
efficacy of sodium chlor a t e , in t he eradicatL)1 , of t he common 
rush. 

Frorn a re cord of a mee ti rig of shee p-bree de rs t 9) 
a question fr om a member of the aud i ence to th e lecturer drew 
the fol~owing reply, concerning methods t o ado9 t for rush 
contrul. The speake r a d.visen strong pasture c omJ.Jetition, 
effected by top dre ssing, t he sowing of sui t a .ble strains of 
grasses, drainage a nd the cutting of rushe s by mower. 

The most not ab le of over s e a:.3 auth or ities who have 
contributed to a knowledge of t he Jun caceae a re : 

lq,) Irmisch ll2) who in 1055 describell the morphology 
of the common rus h. 

{ b) Buchen a u l 13) a sy s temi ti s t to whora some s :.;Jecimen s 
of the Hew Ze a.land specie s of June us were forw a rded 
by 1~heesman . for indentification. 

(c) Blau (14) who has studi .ed and described the anat,Jm­
ica l structur e of Eur 0~ ean species of J uncus. 

(d.) Laurent \15 ) who studie d the e mbryology and anatom ­
ical structure of g erminating Juncus see ds. His 
work is of intere 3t in that he shows t ha t the first 
for med leaf is similar in a ll spec ies, and that the 
interna l structure of t he Juncus seed, by virtue of 
its internal and extern ::t. l integwnent, ex ercises an 
e ssen tially protective func tion in deve lopment. He 
also states tha t th e re s erve m:--.:i.terial a nd the mus­
ci lagenous coat of t l:1e g ermi na ti 11g Juncus seed, are 
each of con side raole .Jhysi ol ogi Gal i mpo rt ance. 

Mrs. Arber (16 ) has studied t he morphology of the 
mo n o cotyledon leaf, aud con clude s that in many mon0-
coty led0ns it is a phyllode structure. She regards 
the cylindr ical rad ially syrmnetrical leaf found in 
many Liliaceae and Iridaceae, as a petio lar 
phyllode. In support of her theory, Mrs. Arber re­
fers to certa in species of Juncus figured by 
Buchenau (l? ~ in which she stated ph:yllode leaf 
anatomy has been ob servecl. 

Adamson ll l) h a s made a detailed anat omioal study 
of the lea1' structure of a nur:iber of speGies of 
Juncus. 

Profe ssor :i<I,'Alp ine, an eminent authority on weeds, 
h a s made the following· observations, in a special 
article (1 () ) dealing witJ1 rushes. He states that 
the air shoots orig inat e either fr oM an elongated 
hori zon tal underground stem, as in creeping rushes, 
J. lampro ·..:arrms , or fr ·.J m a contracted underground 
stem, tLifte Ll. rusre s, a nd tha t thi s underground stem 
is often as much as 3 feet deep. He has also stated 
tbat sprott rushes , lj ointe ll rushes) ar e often cut 
and turned t u good ace ount f or litter and winter 
feed . 

The 11'ield .-l e giBter (1 9 ) b.as been em9 loye d to obta in 
inf orma ti on of t he tr eu. t men t and r e oul t s of cul ti vati on s de-
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- signed t o eliminate ru &l gro wttl. 

In the past, rushes have been or s ome slignt in ­
dus t rial use. On the auth or ity of the Encyclopaedia Britannicq. 
t20) t hey have ·been use d for the weaving of ma t s, t ne manufac ture 
of Ttph hats, and for t he fashioning of a rti '.)les of apparel for 
primitive peoples. Baske t s <:md. chair bo tt •)ms have been construct­
ed ±'r0r11 rusll s t ems , while the p.ith of a certain species has been 
used fo r wicks in open oil vessles , and tallow candles . _tj'rom 
tlil!:3 uni _ue applicati•)n the ter1!l rushlight was de rived. 

d.hile in 1\ ew Zealand rushe .s a r e believed to have 
no i ndustrial ap.i_)li.::ation, t.1'1ey have s0rn.etimes been put to con­
siderable use by enter.Jri:3ing l'ar mers. rne main scope of their 
e1111)loyr:1ent has been for thatching , a practice now l a rgely super­
ceded by tne use of more perma1i en t roofing , such as pi;@fed canvas 
or iron. 

1'0 t he sheepfarmer rus11es have still some small 
utility. It is co11sidereu that l..1.uriug the la.rnbine period, t he 
presence of tufts of rushe ;;; affords very neceosary shelter, 
especially in ti •'1 es of adverse weather. 

In adui ti on the wr iter has noted that rush es have 
been pu t to use by dairy farmers . The complete plants, together 
with t he adherent soi l retainecl by their tufted roots , have been 
used t o form a barrier ring , by whi ·::h th ·.: earth coverage fo r 
pre~sure in t he case of stack silage, could be effec ti vely re­
tained. 

;)tn~fM.ARY: 

It is apparent that rusheo have at t racted very 
little attention i n t he ) ast, other than fr ,.; m purely botanical 
interests. The need for further informtion which can be applied 
in t heir control has been sought. 1{usl1en are of little or no 
economic value. l)'ur ther, tl'le f l ower is both unattractive, and 
without srne 11 or honey . 
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(a/~· Inflor escence of Juncus polyan the mos. 

(b) •eed of Juncus polyan t il8Ill o s. 

·ii.· 
This illustrati Jn , and subsequent illustrations of the species 
described, have been photogra) r1e d fr or'l the one pos ition, so tha 
si ze relationsh ips wo u ld be c,Jmparable. ) 
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SEC T 1 0 \'f lI. 

RUSH SPECIES RESORDED IN PASTUHE. 

GE1~AL NOTE : 

Other than wl1ere particular reference is made, 
tne foll OVI ing ob serva ti o ns ref er to the presence of the res­
pec tiv e species in the llanawatu: 

JUNCUS POLYANTHEMO::>: Buchen. 

JUNCAJJ!.:AE: 

This family is of world wide distribution, In 
all, there are about ;....:80 species, com9risi r1g 7 or ()genera. 
Many of the species are widely distributed in temperate, and 
extrJpical regions. 

GENUt>: JlJNCUS: 

~nese are perennial or more rarely annual herbs, 
of which there are about 200 species, 1'7 or ·which are said to 
exist in New Zealand. .Four .nave a wide range in the Northern 
Hemisphere. Several are found only in Australasia, w.hile others 
extend throughout Asia, to Ghina, Japan and 3outh America. 

· 'l'hose species which have been recorded in 
p a storal land in this locality a re r e l a tive ly few, while those 
of econ omic importance ntunber no more than 7 or d. 

GROUP : GENUINI: 

Plants with t all stems produced beyond the 
cyme to an acute point, and with sheaths encircling the stem 
base . True leaves are wanting, or, if present, they are terete 
like the stem. 

SPECIE3: JUNGU.:3 POLY.AHTHEJl1i:CJ::l : 

This species is also of world wide distribution • 

.AUTEC,)LOGY: 

LI:?E FORM: 

I ndi vi dual .fl lan t s exaiu ned. were found to 'be 
closely tutted. En mas0e, the ote::1 0 of apparently young plants 
were a uniform dee~ green colour. In other plants, apparently 
older, the impressi .::rn gained. was that the stems were of a 
brownish, or yellowi s.1:'1 green appearance, and this character 
was due t o the large number of completely dead, or dying stems, 
encompassed by t.11.e living g row th . Of te n ti1e central par ti on of 
a plant, especially when it was growing in a very wet habitat, 
had an interior clump of comvle te ly dead sterns. In some cir­
.::u!Tistanc es more or less symmetrical J·uncus communities were 
formed, evident l y by r adial mi g ra t i o ti of t he rhiz ane s. 'l'he 
interior of these cormmni ties was then usually of ungrazed 
pasture, and this was encircled by the extending rum. 

SHOOT SYSTEM: 

Sh a ct.in g was seen to take place from the 
upper surface of the underground rhizome s. .3hoot s were stiff, 
erect, greei1, and when young, needle-like. On development 
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they 1' orme d a clump of mature stems, of which t h e parent :plants 
had many hundreds. Shooting was a lmost entirely confined to the 
outer margins of plants, thus faci l itating an outward spread. 

ROOT SYSTEM : 

From the lower surface of tre rhizome a large 
number of small diameter roots were found. In the subsoil 
these were observed to branch freely. The entire root system 
was extensive, and root :penetration was deep. A l a ter des­
cription covers the root structure of J. polanthemos in more 
detail. 

REPRODUCTI VE SY3TEM : 

The re1)roductive syster:1 was composed of an u n­
attractive inflorescence, laterally borne, a nd at a short 
distance below the s tems apiJal tip. There v~a s wide variation 
in the character of the inflorescence, both as regards di stance 
from the stem tip, and density, or nwnber of flowers per head. 
The individual flowers were borne on much branched cyme s. 'l'hey 
were approximately l/lOth. of an inch long, pale chestnut, and 
were seat tere d a long the bran ches of t h e cy.me. Of t11e pe rianth 
se gments, the se were noted to be ap ic ula te, acute, green when 
immature, and equalled by, or sli ghtly 1 ong er than tne seed capsule 
in length. 'i'he seed capsule, or fruit, was globose, tri gonous, 
often bluntly obtuse at the tip, and of pale brown colour. ~he 
seed s were numer ous, small yellowish brown, obovoid, and roughly 
a p icul ate. 

:OISTRIEUTI ·JN : 

In New Zealand plants of this species have wide 
di s tribution. 'l'hey are con f ined neither t o one soil type, nor 
to one geographical loca ti on. Though undoubtedly most common 
in low lying , damp and swampy areas, they have been observed 
at consid.era.ble eleva tion. On the East :joas t route, (North 
Gisborne) J. polyanthemos has be e n observed g ro win g freely 
on undulating to hilly sheep country. Similar conditions pre­
vail on the are a of regrass i ng ex_perimen ts of the Department 
of Agri C L.i. l tu re , which were carried out i n the '·1iangamomona 
Country , Tara naki. These e x:perirnen ts have been reported 
on from time to time in .New ZeaJa nd J ournal of Agric LA lture, 
and together with the accompanying il J.ustra.tioos, . show some 
ca ses where rushes a r •.: growing fre ely on this hilly country 
after the pasture sward s have been subjected to intensive 
g razing by sheep anu cattle. 

In the J.ii:c.i. nawatu district, J. 1J olyanthemos is a 
frey_uent pasture weed, particu larly on poorly drained land 
of heavy soil type. 

In the 11aikato t h ere is a marked prev a lence of 
this rush on the extensive peat and other swam) land, where 
it appears to follow in t he succession after t lie land is 
cleared of its manuka associ ation. In thi s situation the 
contr t)l of J. polyanthemo s is oft e n difficult. 

Q,onversely to the g enera l op inio n that only wet 
habitats will .. support Juncus species, the occurrence of 
J. p olya nth emos has been noted on a light .. weathe red,_ . 
pumaceous soi 1, ri ght on the ri dge of a h111, wh ere 1 t 1 s 
considered mo st improbable that t he roots could ~ene ~ra t~ 
to any layer of subsoil water. To sum up! t he d1~t~1but1on 
of this species is often wider than one might a nt1c1:pate, 
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oo tli c li ma to logically and eda1J.t.i cal 1 y. 

l't!.0.RPhULOGY: 

ST:b;lv1 : 

( a) 2xternal i·ea tur es~ 

Tne stems examiried were 
cylindric a l, green, 1 ~ - 3 feet in len g th, and tapered 
to a sharp, needle-like point. Me asured one incn :rran 
their ·basal rhyz orn e a ttachmen it (all stern measurements 
given for subsey_uent S~) ec ie shave been mad e fro r) t.t.is 
vo~nt ; the average dL"rne ter of a number of stems was 
a inche s . They were erect, stiff and wiry, witn fine 
parallel striations over their entire length. 'l 'he 
ba sal sheaths, of wbicl:i there v1ere 4 - 5, enfolded the 
lower portion of each ster.L The c o lour ranged from a 
stravv tint iri tbe upper portioti, U.u ougb glossy red 
tinged browns , to ebony black below. Occasionally 
sheatLs of green colour above ground. , similar to the 
ste~ . were noted. The inflorescence was borne later­
ally fr om the uppermos t po rti on of the stem, thougL 
a number of stems hau no inflore scence . 

(b) Internal features: 

li.!len split open, the iu­
teri o r por ti on of eaclL stern coc. tai rieu. a spo ngy vvhi te 
pit.ti. 'l'his was interrupte d by i ntercellular air s_t; aces, 
a conditi on wlii cl1 v1as ob se1·ved to be c-;. general crlax-ac ter­
is tic of J. polyanthemos. 

ROOT : 

As later described under 
Secti on IV . 

.:JPECIA.L FEATUHE3: 

(l ) Date o f flowering: 

\'/hi 4.e under observation in 
the se aso n 1933 - 34, floweri ng of J. polyanthemos c:an­
menced late in tl: . e montb of ..:lep tember. The main body of 
anthers were ex6erted in ~ovember, and flowering continued 
on to early January. Occasional odd flowers occurred 
throug1out the ye ar, even in winter. 

l 2) Erfect of cutting un fl ower ing : 

From Aug ust , and exter.ding 
ov er the suruuer months, ste rn .:; cut t o th e ground level 
were found to make a r ap id regrowtb. ....io free wao the 
growth at thi s :peri\.J1..t, that af ter on.i.y one i'lo nths in­
terva l , the .;:le cut s t e t1 1:;; hac.i. of tell pro duced 1 foot of 
new gro'-;rth . .)ome even }lli(.L u.eve loi1e u a fresh inflor­
escence wh i:::L Has j ..... ot :::oi : ,, e nci ng t o opeo at the end 
of that ti we . 

TowarJ0 tb e mi.dale of 
February the fruit ri_pened. The capt>ule segments, 
under t he dry in g irifluen .:::e .J f t!,e suruner ;3un, g r adual ly 
parted. 'l'he r.i inute, yelloVJish broVin seed could then be 
reauily shaken fr9m the seed head wi t b the slightest 
breeze . In quantity, the seed appeared to be a uni1·orm 
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brick brown colour. 'v/hen viewe<l beneath a lens each , 
see d was obovoia, atid finely pat Lerned, 1'he apical em 
was roughly ti _::Jp ea, wJi.iJ..e t v the basal region a 1ew 
adherent, ashy grey scales, of rnemoranous tissue, 
marked t he regi on of previous a ttachme nt witnin the 
cap sule. 'l'he central i-i orti :Jn o f t he seed surf' ace was 
often a bri ght '."! <Wary ye l low colour, and t his merged 
h 11)err.)e9tible i nto darker stiades of brown, near the 
seed extremitie s , Of a nuMber of seeds me asure d , 
there was note d v :-iriation i n leo g t ll . 1~verage seed 
sL~ e was approxima t ely 0 . 4 mm . The maximum width 
wa~ usually half' t he l ength. The seed was so small 
t hat it cou ld be reauily wind borne, and t hus have 
a wiue radius of effective c1ispersal. 

l4) ~uaatity of see d shed : 

F r om a n a veru.ge s i z ed 
seed heau ma. ture J urwer iu ci.01n c0n ui ti o ns and from 
whj_ch the seed wa:.J col!11J letely t lir e :..:;he u , ana an esti­
ma te mad e by countin g 500 seeds in a wei ghed fractio n 
of t he total sar.i l")le , it was reveale d that tnere were 
no fewer than o , 000 individual seeds p resent. 1Jhen 
this evidence is t ake n in conjunction with the vast 
nu1'!1.b er of seed heacis borrie _per _plaLI t, it is more tl1ai1 
probable t ha t each plan t U.i s9er ;:;;es arn1 uall y several 
million seeds. 

(5 ) Hybridisation: 

Co c.k ay ne ( ~) state s 
t hat J . p 0 lyantl1emo s l1ybr id1ses with J. vag1natus, 
but he adds that there is nee d for furth er gene tic 
study to subst an ti ate t h is point . 

It is pro babl e that 
hyorid i s a ti on wa s the cause of no tecl v ar ia ti on of 
the specimens exarnined fr (;n t:b e ge ner a l type of J. 
p o lya nthemo s, as defin ed in suc.r-1 b o t an ical work as 
r ecorde d by Ch eesma n. 

(6) Stock injury: 

Little or no stock 
injury, on the par ti cular fields wh ich were kept 
under close observati on , was apparen t. Sheep 
browsed right t o t he base of pla nts, but seldom 
nibbled dev elo9ing ::i t em s, even i n tl1e heart of 
winter, wh en herbcige was extremely sc a rce . 1'he 
wr it er wa:s i nfo r i:ied tha. t }:i.or se s wou l d freq_uen tly 
graze rush shoo t .s , es_i:}ec i al ly if confined t o one 
smG..1 1 area. No opportunity t o observe t h is e1'1'ect 
was _presente u . 0 t"1 oc casL:inal :f '-;trmo , e ven where 
feed was oo t :par ti cu la1·ly scarce, it was no teci 
that dairy cattle had of t el'i graz e a rushes of t n 1s 
spec ie s . 0u ch plant;:), it was eviaeot , riau. be en 
frequently ni-bble a , but the :plant;;; were never 
denuded. to ground level. l1owever, t h is desire 
on tl1e _par t o f s ume few animals for rush vege­
t at i o n d oe s not appear to be of sufficient moment 
as a likely means in ru~h con tr ol. 

('?) I nsec t in,)ury: 

It was n o ted that 
many stems had miall per forati ons above g round and 
v isib l e exte r nall y , near t heir basal portions. 
When these s tems were sp lit open, they wer e :round 
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to contain a number of smdl white grubs attacking tlie 
central :pith. 'l'.he resi3tarice t o injury of the affectea. 
stems and _plants was such that cw r10ticea-ble a.H·feret1ce 
could be detected betwe en normal and affec te d growth. 
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Inf lore see nee of Juncus effusus. 
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JlJNC!Ud .li:F~1 U:::>U;:>: Linn . 

..1!'.AMILY: Juncacea.e . 

GENUS: June us . 

GROUP: Genui rn . 

SPEC I.H: .3 : Ju ne us ei·r·usus. 

Al though th1 s spe 01e s is 
credited. with a wiae a istri butl u[J, it s _presecice i11 l, ew Ze aland . 
has only recently ""ueen cor11"irmea. f r om stuaie o by t he P lant 
Reseat'cl:J. -=> t ation . Jnee oman l3 & 4) whi J_ e recognising t i :i.e 
presence of an aberreot f ::.i rm lAy_p e11dix 1 1·ou nd insu:t' fi cient 
evi dence to allow of t.Le se _para.tion 0 1· w.Lat are now classified 
as t wo d i s ti n ct specie s , J . e!·r'us a nd J . polyanthemos . In h is 
fir s t work l 3) :::nee sman e ~t ab li sl1e c. t .ite i den t i ty of J . e!'fu su s 
u nder wLi ch class ifi ca tioc. ;! ev1 ~enland specimens l a tt e rly f ou nd 
t o bel on g to t he spe-::ie;> J. polan t her.ios wer e also inc luded . In 
the later work of t he s:une auth ur t·i) this order was re versed 
and t he species p resent io J: ew ~ealand was c:las..iif i ed as J . 
p olyan tlte rnos , fr uia wliich i t was tl.Lell fG uml i m_posoib.te to 
se.1.Jarat e the species J. ei·rusus . ·.1.·ni ::.; a}.lp:tre t1tly C:t.t1 J ITlal ous 
situation is be li e vea to h::i.ve been cau:::>e a. by a misund ers t and i ng 
on t .. e par t uf :Juchenau , t o \,}Lm Nevi 3 ealanct specimens 01· 
Juncus v. er e sent .t'or i r1ue11ti 1'ica t ioL1, he .!'1ad. evi dently over­
looked some s_pecimeo s , Vdti ..: .t. even t u u.lly le au. t o a coc. fusion in 
nome c10l a tur e . 

. ;.UT~..; _,LOGY: 

LI !!1.c; FO.r'U' .. : 

Ji.. I'ea tu.r e of plan ts of this 
spe . ..: i es i s t he uniforr.i a a.1·k u live green colour o r' t l.eir stems . 
Frequently t hese have rusty l>r o\.r1 surface mark ing::>. lle rennial , 
and tuftetl , mos t platib> h a ve been fou nd sing ly r a t her t .nan ic1 
communi ti es of the one specie~ . I n .t1eigbt a variati on of fr..m 
I~ - 4 feet was notea . 

.:ihOO'l' 3Y .:> i'.b:~.t : 

1 un e r o us shoot s , a 9paren t ly 
similar t o those of J . polyan t hemos , were densely crowded on 
t he rhi z ome. 

RO OT 3YSTI!!JJ. : 

In a ll essentials this 
appeared to b e also simila r to t!J.a. t of .J . p olyant hemos . 

The la teral i nflorescence 
was of t en very effuse . -1. striking fea t u r e was the extr a -
ordi t1ary leng th of stem top above the i nfl orescence , t his 
being as much as I -2 feet in some S_:Je ci me ri s . Lax cymes , 
much branchea., and of une '-:! ual length, bore l arge numbers of 
small che :::>tnut coloured f lowers. These were sli ghtly smal.ter 
t han t hose of J . pulyanthuous . •r11e pe riaDth segmen t s when 
young, were green. They excet;deu the cap s ule in l eng t h . The 
capsule v1as ovoiu. , tri g .... n ou :.:i ~na obtuse, bro'l-.nish i n colour 
atld c0uta i. nea. few ~n 1.1.ll bro\111 se.J ....i.. .t'lii ;;:; appeared t o be a 
con trasti ng featu r e to r elat e u speci e;;:; . 
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DI"3TrlI 3lJ'l' I vN : 

l'.houg h local specimetis 
only nave been g a. ti1ereu, a general ai s tri ·b u ti on is i ndi ca ted by 
specimens obtained. fr om v a ri ·J U::> ~ar t ~ of :New Zealand and p re­
served in the P latit Resear~1 1 He rbc.i.rium. In thi s local ity J. el'rus 
occur::> to mi r10 r exte,1 t com.Jared 'ivi ti ~ t he presence of J . p u lyan ­
themos. 

l,.ORPHOI..OGY: 

, T"Q •• • 
~· 

(a) External features. 

l'ne s t ems exam1 oed 
had a dull dark g reen c olour. '1'.hey wer e l ·::: to 4·2 1'ee t 
i n len gth , and were a~prox1mat ely .~ in. in diameter. 
L'hey were erect, stiff out riot wiry, an d had fine 
parallel striati ,1ns. Basa ll y eac:r. s tem had 3 - 5 en­
fold i ng sheatid:;. The se were straw coloured above, and 
dull redd i sh brown or black below , in contrast to the 
shiny sheaths of J. p o ].'flnthemos. 

(b) Internal featur ds . 

~bile t he s tems were 
easi ly split, t he interi J r Vias f illed wi th white, so:t't, 
uni n t e rr up t e d _p i t h . 

.tlQ,)T: 

In character and form 
individual roo t s were a pparent l y s imilar t o t hose of 
J. polyanthemos . 

d:PEC IA.i:, l?..t£A.TUilli~ : 
1 . .lJate of f l ov1eriug . 

Al though 1·1 owering 
co1m1e need early i n 1. ovember, t he r:iai n 1'lovie ring ex­
tended later in t J t lle sumrn er t11an ai a tl.u t of any 
other specie ::; ! 

~ . See d and seeu a.i spersal. 

Very l it t le seed was 
obtained from heads exar.iined even as l a te as March. 
There appears to have been a h i gh d e g ree of sterility 
in the specimens examined. 3eed leng th was app roxi­
mately 0.45 mm . The seed wa~ of pal e yel l owi s h brown 
co lour , apicula t e and obovoi d . 

3 . J to ck i n j u r y . 

Although the shoots 
were sof t and suc ~ulent , t hey were ni bbl ed but little , 
either by g r az in g nheep or by cattle . In effect, only 
sligh t injury , i 1i suff ici en t t o check plan t d evelopment, 
was no t ed . 



In1·1 ore scence of Juncus luxurians. 
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JUrlOUS LUXUHIANS: Col. 

FAJvi ILY: Juncaceae. 

G:h:NUt>: 

GROUP: G~nuini. 

SFECIE;:) : Ju.nous luxuriaus. 

This species whi ch has 
r ecen tly be en established as occurring in J-; ew Zealand, nas 
also been r ecorded in Europ ean countrie s . 

JH.3TOctI CAL: 

fhe p r esence of Junc us 
luxurians was firs t r ecorded i n Kew ,...eaiand by Co l enso ( ~ l ) . 
In r eference to the specimens h e obs erved, s ou th of Norse ­
wood , County of 11i a ipawa , i rJ 1055 . :::olensu s t a t es that he wa s 
le d t o suspect a specie :3 nova on first ac,uaintac1 ce. Tne 
p l an tG he ob servea hnd a n extr.e·ne so:t' tn e:s0 nrn tenderue ss , 
ur1U:5Ua L in a ru0h, a g r e:1t he.igr~t , a t1Q u pr '.)s t r;i t e habit, 
fe atures wLich were in co nt rao t t :) u tl1er spe :;ie l:3 whiJh ne 
haa no ted . The ::3i r.uatiuri vd1e re they were 1'ouna, a nd ~.here 
t t.ey wer e g r ·.)V1ing p l en ti n .. .i.ly , wa.:; an undis turu ect. forest 
swamp, and a l so ir1 the holl ows between th e affore s t ed hill s . 
Owing t o t he softness ana tenderne ss of fa e s t erns , they t1ad 
bee n ~uch browsed on by ca ttl e . 

Though Gheesman l3 & 4) 
refers to J . luxur i a ns ocdy una er t Le u.e scr i p ti on of J . 
yo l yanthemos , a rece t1t i1.v t:o ti;::;at. i.;u of tl~e .t' lan t ..tesear c.n 
.::> t at ion has es tab.Lisi.e a. tLE: identi t y or· , ar.u .separa te d. t.rus 
spe cies as disti rict fro m the a ·bov e narµed species . 

• .\.s tlii s classi f ie a t1on 
is base ct on the mos t r ecent v.ork t t1e present descripti on 
rel a te s t o J. luxurians . 

AUTE:;OLOGY: 

LI lf.C FORM : 

The extreme l y pro stra te 
habi t as descri bed by ~o lenso has no t been no ted in field 
spec imen s , probably due t o a changed enviro11ment , though tne 
long sterns ran ging up to 4 ·:.. feet in length, have of ten sn ow n 
a flexed condi ti on . J . luxurians sl1ows a close s i milarity in 
general fe a tur es t 1JLt h ose o~ J . p o lyanthemos. d triking p oint s 
of difference in t he for rner spec ie s i· r om t11e l atter species a r e 
in the colour of t he s t em , whi cl1 in J . luxurians i s a l i ght 
bluish gr een , a nd t he Llflor esce nce als o no t able for its extreire 
densi t y , and th e l a rge numuer of ca~sules born e t o each see d 
head . 

JHOOT dYS'.CE.i\. : 

AS in re l a t ed speci es 
t he shoots a.evelo_p i c1g r' r olll tile und. ergro~.na. rhizome are oo tn 
vigor ou s arm n ur.ie rou s . 

..-..n extec1siv e root system 
w}1ich ori gi na t e s f r ot'.i t}',e t.rncier su r f::i.ce 01· t ne rhizo me a v pears 
t o be i d enti cal in geue r a l s t ruc t ur e , to t ha t of J . polanthemos . 
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REPRODUC TIVE SYSTEM: 

Of tb e morphologic al . 
characters, t he inflorescence i s e asily t b e mos t s triking f eat ure 
of this spec ies. Typ ic a l to nar1e , it is luxuri an t, dense and 
composed o f a large nur.1b er of flowers, borne on much branched 
cymes, of une c1 ual length. The brancbe s o f t he cyme ranged in 
length to 3 inclle s , and were E . to 15 inches below the stern tip. 
The individual flowers were nur1erous, l /l C, th. i rL long, pal e 
chestnut, and freely distributed along t he br a nches of the cyme. 
Singly , t heir peri an th segme o t 3 were s traw coloured, acute, 
e y_ualling o-r being slightly longer t han th e seed capsule. The 
capsule was glob use or obovoi d, slightly obtuse and of brownish 
colour. a large number of yellowish b rown seeO. s were matured. 

DIS THI BUTI ON : 

opeci mens of t h is species 
a re by no means uricommon , yet oo .tar as has b een ob servea., they 
favour the damper oituatiotis, wr: .. ere t hey a re t heu able to 
develop t l1e ir typical luxuriant gr owtl:i . 'l'lu t the species has 
a general distrib utL_,n ir1 New Zealarw i s also i r1dic a ted from 
specimens in t h e P lati t .ilesearcl1 Heroar iu.r:L 

STEH : 

(a) External feature s . 

3 t ems were cylindrical, 
of light bluish gree n c olour, especially when young, and were 
l~- - 4 feet in leng t h. Yo ung stems were sof t and papery, so 
easi l y would the y tear. ·i~hen fully grown their diamete-r was 
approximately-~ inch . Even at t h is P.Jr::i. tur e s tage ste ms were 
much le so wiry than t hose of J . polyac1 t h emos , while b oth 
species had fine, :parallel exterm:u. s triations. The sh eat ris , 
of which there were 4 - 5, eticircled t he basal portions of the 
stems for ciistances u p t o 1 0 "~ in ches fr um the r h i zom e. They 
were st~: aw co l oured. above, g r adu ally and. impe rce p ti bly cl"lang ­
in g shade, to a dark, sh iny ebony b l a ck be low ground. 

( b ) Intern al feature s. 

Tl1e p i th wo.s so open and 
interrupted that little mechan ical support t c tbe stems could 
be afforded. This pro·r,ably was the r eason why stems of this 
spec i eu vr t3 r c I'."lore flo.cci than the s t ems of J . p o lya rit bemos. 

ROO T: 

1'he roots were wiry, 
brown in col our, and approximat,ely l/lOtL. it , . in diameter. 

(Tt.is measurement v1as mad e at Ef in. fr om t.Le rlliz 0 rne, at a 
point at whicL all root l:leasurernents have b een made .) 

SPECI AL FEATUR~S: 

1. Date of flowering. 

'rl .e . gene ral period of 
flowering v1as fr om early i n November t o early Decembe r . 

2 . I n~ ury. 

1,i tt le injury by 



graz ing stock was observed, tl1ougl1 th e plants :::ould be 
e a sily cut with sharpened shears. ·~111e re t .hi s species 
occurs in pastur e , it co uld be cut without difficulty 
by mower , so tender are tl:le s terns . 

3. Seed and seed dispe r sal. 

3pe ci mens of tile 
matured se ed wer e collected late i n ~'e uruary. lhen ex­
a mil18 d under a lens, the seea. was seen to be longer am 
narrow er than that of J' . p .1 lyan t Lemos , t11 ough in c o lour 
and other ex tern a l char ac teristic s a general similarity 
was f ound . Average lengtl1 of measured see Li was 0.57 mm. 
and width 0 .16 mm. 
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Inflorescence of Juncus vaginatus. 
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.TUNCUS VAGI WATU3: .H. . Br . 

FA.lilILY : Junc a ceae. 

GEN US: Juncus. 

GHOUP: Genuini. 

3P.1WIES : Juncus v a.gi natu s. 

~his specie s is no t con fi ned 
to New Zealan d , but llas a gerie ral and wide distributi on . 

AU TECOLOGY: 

LI FE .FO.d..!Vi : 

P lant s usually f o rm densely 
tufted grou.1-JS,;:: • 3 r·eet in hei ght, with stif1',erect green 
stems. Indiviaual plants,_ or grou~s of plants, we r e fre~uent!y 
distributea ar.J.on gs t ti~e Juncus vegetation i r, t he r·ields examined. 
·r.11e general size of t l:.e ;i lan t, d i ameter o :::' sterns, and character 
of inflorescence, were found to be f eatures w.tu ch would readily 
dis ti ngui sh t YLis species fro m J . polyanthemos 

SHOOT ~lSTEM : 

This was stro ng l y developed, 
and shooti ng appeare d t o be directly f avo ured in the wetter 
po si ti on s, v1here t her e was little o r no pasture. 

ROOT .JYSTEM : 

Numer ous wi ry root s , or 
a pparently the same g eneral character as tb ot>e of J. polyanth~mos 
were noted. 

llliPHODLCTIVE JY 3T:BJ,.: 

'l'he i r1florescence was oorne 
at a n approximate distaoce of 9 i nches from the stem tip. It 
was lateral, co mpo se d of g ro uped , g lob o se, many flowered heads, 
borne o n a branche d cyne . Flowers were numerous, and s -1.. i ghtly 
l arg er than those of the J. :pulyanthemos iuflor e l::lcence. 'l'he 
perianth segment s were lan~eolate, acute a na we r e e -i ual to, 
or sli ghtly less iu length tl.i.ar; t11E: ca1., sule. The capsule was 
globose, trigot",ous, ano. ou tu.se at t11e tip. The seed was 
nurp.erous, and dusty brown in colour. 

DISTRIBUTI 1JN : 

This species was fo und to 
be less abundant than J. polyant11em0s. Cheesman states that 
it has a wide d istributi ·') n in New Zealand . In relative i m­
por tan ce J. vag in a tus was consider e d second only to J. poly­
a ntllemos. 'l'he wri ter has observed J. v~-i; inatus g rowing in a 
number of d istricts i .n the North Isla nd, while i n the Manawatu 
it is particularly preV!ilent. Its presence in the South 
I :3 land has been e stabll shed from he rba ri um specimens collected 
from tha t s ource. 

l.~ 1JJ.PHOLOGY: 

STEM: 

( a ) Ex ternal features. 

in length, ~ tems measured 2 - 3 :t'ee t 
were · gr een, wiry a ria I /6 th. in. in diameter. 
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Fine parallel striati o ns ran the lengtL of the stem . 
Basally the stem was encircled by 4 - 6 straw coloured 
papery sheaths, which merged in ~olour thr .Ju.gh stages 
01· brown, to a shiny, dark redaish brown, in their 
lower limits. 

(b) Internal features. 

The stems were hollow, 
or nearly so, tl·~ere beirig a characteristic absence of in­
ternal pith. This is a r·eature con t rast i ng wit.l'l that or· 
J . p o lyan tliemo s. 

ROOT: 

Tr1e rhi z ome was appro x ­
i mate ly ! in. in diameter. It was wo oay, and wiry. tloots 
rrom this r.t1iz ome were nu merous, and averaged l/16th. in. 
i n diaCTeter. ~hey extende d a considerab~ distance fro m 
U1e parent plant be f ore narrowing , a nd branchi ng. In­
divid ual rhizo~es nave be e n traced back from a short 
living porti o n, for a distance of several yards. This 
indic a tes the p ower of adv an cement , and spread of the 
plan ts, where c ondi ti ons a r e f a v ourab le . 

dPECIAL J?i~ATUR~S : 

ll.) Date of flo wering. 

November was the month 
of principal flo~ eria g. J cKttereu stems, however, were 
noted to flower throu~1out the year. 

( ~ . ) deed and seed dispersal . 

Mature seed was oo­
tained in ~uantity in t.tit seco nd week in :B'ebruary, A 
measure of ir:ia.ividual seed sltoweu an average seed length 
of 0.35 mm. 

l3· ) Hybridisati on. 

Co ck ay n e l ~ ) has 
stated, as previously no ted, t ha t this species is oe­
lieved to hybriC!.is e with J. polyanthemos. An internal 
variati on in the stem struct-:..ire was observed, in which 
s ome ster.is showe d a co nplete absence of pitl1, w:hile in 
others p ith occurred in sligh t measu re . It is believed 
that this feature· could be an effect of hybridisation. 

l4. ~ Stock injury. 

noted stock injury to thi~ specie s , 
and would thus resist injury. 

'l'h ere ha s been no 
stems are tough. 



P J, A 'I' l!: V. 

Iaflore scence of Juncus pallid.us. 
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JUNCUS PALLIDUS : .n.. Br . 

..l!'Al IJX: Juncaceae. 

GENUS: Juncus. 

GROUP : Genui ni. 

;:>P:ii! C I ii; 3 : J u n cu s pall i a. u s . 

HI S TO~ICAL: 

Cole nso (22 ) in lbb5 
noted the occurrences of a rusn to whi-::h he gave the name Juncus 
macrostigma. His observations i n the ·~ ounty ol' .1 aipara in lbb~. 
led him to state that this s p ecies was no t rminer ous, as were 
others of the Junca ce a e. Later CheeSI!'lr'.:l.n found that Juncus 
macrostigma could not be se para te d from the species Juncus 
pallidus to ~ hich it was found t o be a r a close similarity . 

. UTEG;.":)LOGY: 

LI::!'E ''.i'O.lD!i. : 

Fe a tures which most 
reaaily distinguish this plant from related species are its 
comparative tallnes ;.;; , thicki1ess 0 1" s tems, and general sturdiness. 
In pasture specimens stand out it , bol o. ciefi nit ion , con tr as ting 
with other species of smaller 3tatur e , and les ..;; r obust growtb~ 

SHOOT ..:5YS TE1,i: : 

l'.t1i 3 is strongly 
developed. Shoots were stifr', erect and li.ardy. 

tlOO T SY 31'E1~l : 

1'.he root 3 were numerous, 
long, wiry and woody. 

REPRODUCTIVE SYSTEM : 

The lateral inflorescence 
carrie d on the strong stem 1. as of ten co tYJ.iJ ac t , ra t11er than effuse . 
I n cou1 i:i.r is c•tJ \» itb J . p c1 lya ntl1enos , i ncH vic.~ li.al flo wer s were muc.h 
l a r g er, being a pproxima t e ly i iri. iri leng th, while the lanc eolate 
peTiant:b segment s were ex ceed e d by t:Le brown, ovoid, trigo nous, 
and 'bluntly obtuse capsule. Each c upsule ma tured a large number 
or minute dusty brown see d . 

DI STRI:B UTI ON : 

I t ha s ·be e n c orrr.io n to note 
isolated. plants in pasture, in contra st to groups of ;0•lants of 
ot11er species. .1hile it :..; distributi o r1 i s gener a l, J. pallidus 
is by no means a s common as J. p oly an th.ef'io s . 

MORPHOLOGY: 

(a) External r·ea ture s . 

The ma ture stems were 
of dull green colour, fi ne.Ly s triated, cylina.rical, approx­
imately i in. in d iameter. Their r a.ne;e of leng th was up to 
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5 feet. EacL - was strong, erect and tapered arr to a 
sJ:ia r p point. Basally 4 - 5 membranous sheaths of pale green 
colour, or straw coloured above, o.nd dark browrii sr~ blacK 
be 1 o v1 , e n f o 1 o e d tL e !:3 t em . 

(b) Internal features. 

'ilhe n split open t.t1e in­
t errial fe a ture!:3 of tL E steri. disclosed a soft , v,l1i te anu 
cc.,ntinuous pitl1. 

In dividual ro ots 01 wructi 
there were rr.any WE:rE: brovn, tough and wi ry, a.nd approximately 
l/12th. io. in diameter. 'l'.be rhizor1. e from wlJich tney took 
origir1 was also extremely ha :rd and woody, atJd approxi mately 
~- in. iri diameter. 

SPECIAL FEATURES: 

I. Flowerint,. 

Al th ough the main i;e riod. 
of flowering was in Novembe r, plantG of the species J .pa l l 1 dus 
were U .. e fir st in whidi flowerirJf: 1,·,as note d . 

2. 3ee d. 

~arly in February it was 
possible to collect seed , wliicL \H:t.6 l_uite nuL"l.erous . iliatured 
seed v,as of yellovvisl1 br uv.n colour, -·.p icula te and obovo1d . 
The approxima te average leng th of a nwnber of measured seeds 
we:.~ O. 5 mm. 

3. ~tock injury . 

'.l'he extremely rubust, 
a rid woo<.i.y cha.racter of i->l u.t.tu of tLi;;; sJ:"el:ie::; , acte~uately 

_pro t ected the r.: agai1,st aoy it1..,ury ~JLic.t, wa B liable to oe 
caused tiir uue;b tl!E ager,cy 01' i:;tock. 



P L A T E VI. 

Inrlore~cence or Juncus paucifiorus. 
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J UNCUS PAuCIJLOHUS: rt . Br. 

Juncuc.:eae . 

GENUS: Ju.ncu •:>-

GnOUP: Genui ni . 

S:t-ECI :h;t> : Juucu s pau.:::iflorus. 

'l'hese .iJlauts have no leavec 
'l'he caysule is ovo1ci, trigLrious, ariu coti~1ncuuusly lOtiger tllan tJ'.1e 
periari t11. 

liI STORICAL: 

The first reference to t . .t'Je 
occ urrence of Juncus pauciflorus in New Zealan d was give n by K1r.k 
( 24) in U>76. He had collected specimen s in t.he uouth Islan<l. a t 
Broken River, Canterbury , at an altitude of 2,000 feet. In 16~~ 
Kirk ( 26) propo sed to change the name of t :he plants he .had. o o­
served to Juncus brevifolius, as t he rrnr.1e he had previ ously 
applieci had been used by Bentham t o \,ha t Kirk believed, was 
ar10 ther distinct species, Howe ver , it was l ate r found tna t 
ooth collections v1er e of the same specie s . Iu 18C$2 furtner 
spe .:: i mens of Juncus pauciflorus "li':ere observed by a s wamp in 
tlle 1homas .diver JJistrict, Ca11ter'tury, a.l8o at an altitude or 
~000 feet . 

.AUTBCOLOGY : 

LI .L':c; FO.R.k: 

Commu nitie s of this species 
nave been found on lov1lanu, anu unaulatir,g sheep pasture country 
where its pr~sence i s relat ively fre 4ue~t. In geheral, s uch 

plants have not g rown to a greater heigli t tban I foo t. Viewed 
in t!~ eir entirety, t.bey v1er e 01' yellov1isL g reer1 appearC:tnce, witr1 
large numbers o:f iudiviuui.il :.:;r:;:oi.J..l v, i L'Y stems. 

::>BOOT ;:5YS TE11: : 

'l'i1ere was a copious g rowtt1 
of shoots, though iudiv1clual ::;hoot:::: d.1f1·ered fro rn tl1e larger 
species on t.he score of size ana rulJus tne su . 

ROOT JYS 1'EE: 

As a n allied species of 
Juncus there was copi ous root a tt achment to the under sur1·ace or 
the rhi zorne. The rl~ iz ome vvas approximate ly t in. in diameter. 

P..EPR ODlJC TIVh SYS TEI,. : 

A la teral inflorescence 
v.as borne belovv t be stem t iJJ . 'l'his h ad but few branches, wn i le 
tLe cyme s v1ere o per. , lax CJ. nd s_preatl itig . Of tlt e few flowers, 
e ach was app r oximately l /lO th in. lotig, pale chest nut, or nrown. 
T.t<e c apsule wbich forrneu a r eadily cii stinguisLable feature 
because o f it s leng tli , wa:o ovoid, tri g 0n ou;:; , at.<.i us ua lly bluntly 
obtuse . Invarial>ly it v1ao mud1 lon ger tha o tr1e ,pe riantn. 
~egment s of tl1e perianth were bro~\n, acute a nti lanceolate. 
~•i thin the capsule nume rous seeds were mat urea . 

DI ::;TRI ::3U'f I ul : 

0he e SIT'.<:Ln is of the opirn un 
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that this species was iritroduced with grass seed . in tr1_s early 
days of colonization, s o wide is it s present distributi on . 
In trils district it is fre c1 uently seen even on land of relat­
ively light soil type, and it s presence has also been noted 
as a fre \~uent weed of tbe heavier soil type s. 

lviOHPHOLOGY: 

STElV1 : 

(a) External fe a ture s . 

In isola te d clumps 
measured stems of 3 feet in leng-Vri have been secured, 
though it is usual for tl,e p.i.ant's stature to be con­
siderably less. Indivic.lt,;a.l stems, because of their 
small diameter in c ompariso n t 0 tl ie ir len g th, were 01·ten 
flexed. They were wiry. e.n u line l:'> stri a ted. 'l'he stems 
tapered to a needle like point. Basally there were 4 --~ 
enshe a tbine mer'1branes, of a shiny red brown colour, being 
of li @)l ter colour above ground. These sheatlls we re finely 
grooved. 

(b) Internal fe at ure s . 

·1,°f1 i le tlJ e majority of 
sterns were pr a c tic r-1.l J. y sol i d, s ome few had a small 1·i ne ly 
interrupted pit.ti. 

ROOT: 

Individual roots were 
approximately l / l OtL. iri. ir:i diameter. 'l'hey were yellow­
ish ·brown. In t he sur f e.ce s ui l there were :rew fibrous 
secor;dary roo tlets, t.bou gL deeper in t be soil tbere was 
free d i v ision, gi v iri g rise t o an ex tensive root sys tern . 

SPECIAL FEATURES: 

(1.) Date of flowerine. 

The ma in pbase of t h e 
flowerin g was in November. 

( ,.., ) C.' d c. . oee . 

There was v a riation in 
seed length. The approx ima tely average length was 0.4 mm. 
The see d was obov oid, ap ic c::1.lly ti pped, and of predominately. 
brownish yellow colour. 

(3.) Plant injury. 

'l'o all i ci tent s , ti1ere 
was little or no injury i rif li c te d l:.iy graz ing animals. 



---·-·--- -

P L A T E VII. 

Inrlore s cence of Juncus tenius. 
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Jill~ CU S T:B;N UIS : 'vdlld. 

FAMILY: Juncaceae . 

GENUS: Juncus. 

GROUP: Gramiriifv lii. 

The p lan ts of tni s group 
nave lear"y stems, t.r1e leave ;:; being r·1a t, or se~ terete wi t.t1i n. 

SPECIES : Juncu s tenui s. 

Cheesman considered this 
species as a doubtful native of New Zealand. It is also abun­
dant in parts of . .\mer:iaa a ad Europe. 

HISTORICAL: 

'l'he fir s t re corded des­
cript ion of Juncus tenuis falls to l:irk. I r. l d76 he described 
an apparently similar plant, under t Le name of Juncus involu­
cratus. Later, in tbe year 18'?6 Cr.eesman ( 27) gave notice of 
t.he occurrence of Juncus tenuis witbin New ? ealarid . Cheesman's 
specimens tiad been collected in Jan uary , l o'!5 , near Omano, 
borderir.g t .L e 1'i 0 rt11ern Viair oa river. According to Cheesm:i.n, 
plants were 1·ound on marshy ground, not 1·ar from the banks of 
the river. 

AUTECOLOGY: 

LI :l!~ FORM: 

The plant is a small 
laxly tufted perennial. It occurs oirigly, or ir. small groups, 
tlloug l1 its presetice might easily be overlooked., t . .bro ug.b t.be 
plant~ di n inutive form. 

SHOOT SYSTEM: : 

~ un~rous shoots are 
borne 1·rom tlie upp er surface of tlJe rhiz ome. 'l'he stems are 
leafy about their base. l'he stems t Lemselves bear leaves. 
Shoots tlrns belong to t wo systems, t.ne first fr om the rhizome 
giving rise t o t.be s ter::.s , and tbo se on the stems, giving rise 
t o the leaves. 

ROOT S YS TEM: 

As the rhizome is very short 
and tufted tbe roots ar e fine, though nume ro us. 'l'he extent of 
the root system appears to be i n keep i ug witl .1 t:he general size 
of the plant. l'he si z e of tl1e roots i s tlius much less than 
those of the taller growin g species of Jun cu s, wrLi le there 
appears also to be a g rea ter numl:>er of fibrous roots wit:bi1n 
the surface soil. 

EEPR ODU C TIV.0 ciY .::> 1'EM : 

Ter .rri. rial cymes, lax, 
and overtopped by ;,: - 3 leai y bracts, bore tbe flov•ers, w1U. cr1 
were single, or clustered. .:iingly tbes e r'l owers . r'.leasured 
ap_pro:;.r..imately i in., and were fea ture ci ·by l anceolate periant.b 
segments, exceeding the capsule iri l e ngtlJ. • T.t1e capsule was 
ovoid, or more nearly globuse, and obtuse. Nurnerou ::: riunute 
seeds were matured witliin, a.tJ<i were later freed when t.ne · 
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capsule segments _parted . 

.IVJ.vH.PHOLOGY: 

STEM: 

(a) External features. 

sterns of tni s 
species were laterally compresE>eei,, oei rg more or 
les;..;; ovoid, l/16t.tl - 1/~0th. in t: . in the shorter 
diwneter, and with delicate parallel striations. 
In length tiley were from 1 to 1-2 feet, bore wiry 
leaves, and were basally ensheathed. Botb stems 
and leaves were a uniform dark green colour. 

(b) Internal features. 

3 terns when split 
were nearly solid, but had a small quant ity or un­
interrup te d wLi te pi th. 

LEAVES : 

The le ave s were 
long and narrow, flat or more generally involute. 
They were approximately 6 ins. long, and fueir geD­
eral shape wa::; somewhat similar t o tbat of a blade 
of grass. 

HOOT: 

The roots were ot 
chrome-yellow colour. They were finely fibrous, and 
extremely wiry. But for this latter feature, they 
bore a close re senblan ce t o tb e roots of a fibrous 
rooted. grass. 

l. Date of flowering. 

Novem·b er was the 
mo nth in wl:iicb flowering occurred. 

~ . Seed. 

'l'hi s was numerous 
of yellowisl'J brown colour, obovoid, apiculate and 
seeds were approxinately 0.45 mm. in length. 

3. Injury . 

No apJ;B.rent injury 
:rr om stock was manifest. Growtl1 in pasture appeared 
to be weakened by shading from the taller species of 
.Jun cus. 



P L A T E VIII. 

Inflorescence of J u ncu s l arnpro carpus. 
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JU.NCUt) LAl,,.:PRQ~ARf'u::i: Ebr. 

FM .. ILY: Juncaceae. 

GENUS: .Juncus. 

GROUP: Arti culc:. ti. 

Plan ts 01· t.11 is group 
are characterised wit11 ster'.l s leafy at tbe base , t hese often 
extendirig upwards. The leaves are terete, arid are septate 
v.i tl1 it1. 

SPECIE~: Juncus lrunprocarpus. 

Al though a common 
plant in many parts of t Le l~ ort.b .1.'er.IjJerate :-'i otie, i n the 
oout.t1er ri Her:ii sphere it i:::; apparently re str1 cted to New 
ZE:<.dand . Cheesman c 0nsic.1 ers tlJat it rnay not be truly ic:­
digenous, though it is now 0f wici.eo1,read distribution within 
thi s country. 

HI::>TORIJAL: 

'1'.ne occurrence of 
this species ici Kew :..,,ea.Lb.l.a wa::> 1irst r10teu oy Lirl<: ( 23) i n 
1074. He 1'ound specimen::.> growic.g ciear wellington, wl;e re it 
occurred. only irJ wet swampy places. .h. t Inver ca.rgi 11 the 
sar.te writer found S.J:.1eci1::er.s not only i1. swamps, but also 
in places wliere it wa.:.; s~arcely moist . Its occurrence on 
railway tracks, ~.as a habitat !)eculiarit_y whicr. this bvt ­
anls t attri~uteu as being due to the greater amount of 
atmospheric moisture available t here . I n notin g the 
occurre nce of t iie .N ew Zen.lan d specimens . Kirk concluded that 
the reaso n wl1y tl.ie plant tad been so long overlooked in this 
country, was due t o the avidity wit11 wLicb it was eaten by 
cattle. 

AUTECOLOGY: 

LI 'b"'E FOHl!i : 

\ihile individual 
p lants we::.·e l ess stronr; ly tufted tr.an other J'uncus species 
the mo s t usual distri bution was for a number of plant s to 
be found together, rather than si~gl~ plants. In a group 
of plants, tbe numeruuc, succulent, and decumbent stems , 
1'urmed. a dense mat of grov.th, a lm ust like a sward of grass. 
When t.ne inflore scence of tlie plant was borne in summer, 
it provided an easily inder.tir' i able and characteristic 
feature . 

;:>HOOT 3Y'STEk: 

T.t.e si·~oo ti ri g sy steni 
dev el oping basally from a c reep i r1g roots to ck , produced both 
stems and leaves. ~hoots were g reen, soft, and tt...bular · 
.ll'rom tlie nodes of tlie stenis atid about tiieir base, leaves 
were borne. 

ROOT SYSTEM : 

From the creeping 
rootstock a large number of succulent roots, of cret:imy whi te 
hue, t ook form. Root development ~as also observed from the 
nodes of decumbent sterr.s in contact witl:t the moist soil sur ­
face. 

REPRCDUC 1'I VE JYS TE},1 
: 

The re1;roduc t1 on 
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system was strikingly dis ti nc t fror:t tlia t of related species or· 
Juncus. '.!'he up:per portion v:r tbe stem was brancheo. , and 
bore compound termirial cymeu, each of van Jh carried up to l 
small , brown flower heaci.:.s , e1 tlle1· terr:liri:.. . .J..ly or axil1ary. 
I ndiv i dua l flowers were aark uroV/lJiSiJ blaclc , aua. approximately 
8 i ri · i n lengtr1. ttie lanceoiate periar1 tti segments were or 
lighter shade, anct were exceeded by the dark brown coloured 
capsule. This was trig onous, a1.d unilocular. The seeu ripened 
was much less numerous t.ban the amotmt w.bic.b was 1·ou11a iri tile 
capsules of tile species J . polyant.r.er.1os . 

DISTRH1UTION: 

\~ile of minor i~­
portance in c onnec ti on VTi t r1 pas t ure prob le-ms. Uli s wee d r.ias 
been found confined almost solely to boggy drains. and border­
ing small v alley streams . Orj river alluvium it appears t o 
have· a habitat admirable suited to its t.ee ds and tbe plants 
of this species flourish there in prac tically pure assot i at1on. 
In evidence of it s nov- "vvidespread distribution, tbe wri t er 
collected specimens at an elevation of 3,000 feet, near a 
roadside , in tbe heart of tl;e Urewera forest , (Waikaremoana -
Rotorua main route. ) 

AWRPHOLOGY : 

S'l'E1l : 

(a) Ex terrJ& l 1' eat ure s . 

Exami~ation showea 
t llat t !1e sterns were dark greeu, at1d. of a!)1ff0Xi.ma t ely 
l/l;::t.b . ir... i n diameter . Of tlJe leave s , tbeue were 
b orne :from positio,,s near t.r1e node:o oi· ster:iS , ana were 
urually abou.t 3 iri::i. in lengtll . .l..tiey were tubular, am 
strungly septate inLernally . Tne leaf sheaths erir ola.e<l 
t11e stems, and eacL hau two auricles .. ~t tt1e base or 
tii.e ster.1 , 3 - 4 aer1br a nou.s sheau ... s, each of distinctly 
rea. ... ish colour, en1· (.ilc1.eu the s terrn for upwaru.s o!· i -2 
ins. 

(b) Internal features. 

'l'be r1odes wer e 01· 
solid st r uct ure, between wl .i cb a succulent uni nterrup t­
ed pi th , was noted in t he stem inte:::- ior. The leaves 
were sep t a t e intern al l y. 

ROOT: 

The root system 
conveyed t he impressi on that it was cf a surface t ype. 
Individual roots were of crearj ist c0lour , l/~Oth. in. 
in diame ter, ana. took origit1 from a creeping root s t ocK , 
l /6 th. in. in diameter. 1'.l:Ji s was a lso of creamis.h 
white c olour , and was externa.i. ly c overed by small, 
scale li.ke meI'.1branou.s sheatLs . 

...iPECIAL FEA'i'UHES : 

1. ~· 1ov.e1:in g . 

A::; a ~rubable con­
sequence 01' t.t1e ir general moist habi t a t , it V;as ob­
served that t he mair1 floweriri e· o ccurred e arly in 
November . T.l:l.e flowering per iou extenaed f ur ooly 
a short time. 
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~ . c ee d. 

Of t.t.1e compar a t1 vely 
rew see a produced, an eXW'Jina tion in ..!'ebruary showed 
eac11 seed to be 01· yello1·1ist, brown co lour, obovoid, a nd 
externally f i nely patterned. Tne average seed length was 
o. 5 mrn. 

3. St ock iti j ury. 

'l'.noue;h L.i r.k main t a1 ns 
t11a t th e p l ant i s r e lis1leu by !;;) to e.;,;., t.c: e presetit H ld1cat1on 
11as been t.r1at p l an t s wer e le1·t untoucl1ea, oot.h oy sneep ana 
ca ttl e , even ir, rnont11s o f droug.t1 t, wli.en t11ere was a gene ral 
scarcity of pasture . 

... 



P L A T E IX. 

Inflorescence of Scirpus nodosus. 
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SCIRl'US 1~ ~.mosus: .Kottb. 

ciPECIAL NOTE: 

Al th ough Scirpus nodosus 
is not a menbel' 01· the Juncaceae it .t.ia s be en included in this 
study bec a use ot its rus11 like grov, t11 nabit, anci its presence 
in pasture on the coastal be 1 t of tne k al1 awa tu. 

:H'.Aliii:I LY: Cyperaceae. 

A very large family 1'ouna 
in all parts of t..rie world, botn teu perate anci tropical, and. 
abundant in mars.tles, or by t.he mar g iti s oi' lakes and rivers . .Lt 
is stated that in all, there are about 3,~00 s pecies, comprising 
6b g e nera. 

GENUS: J c irpu s. 

'l'he spike lets are usually 
many flowered, f l a t or compre s sed. J.

11lowe rs are hermaphrodit e , 
hypogenous, and have no bri s tles. Cheesma n states that o!' tne 
13 species found in New Zeal a nd , 4 are generally distributea 
in both the NortLern an d o outhe rn Hemis p Jiere s . Two only are 
endemic. 

SPECIE.S: J cirpu s nod osus. 

This species r.ias a 
wide distribution. It is fo L< nci. ir1 the Pacific Islands, 
Australia, S ou th Ai'ri c a , .JOU th A.me ri ca a ri d other countries. 

AUTEC OLOGY: 

rlan t ;;; were tu1'ted, 
or freely spreading, 1 -2 - 42· leet in height, witb trnmerous 
rigici, yellow green stens. n 1e plan t s sh ow e d almost a c om ­
plete absence or· ci ead st ems, anci tLe li vi tig stems made very 
vi gorous growtlJ . 

SHOOT SYS 1':Elvi : 

Shooting from tne 
rhizome was free. In the sand y soil type there was evidence 
tnat plants of this species were capablE of rapidly invading 
tne sparse pasture. In the early s t ag es, shoo ts were creamy 
white. On further development t:bey became extremely Vliry, 
and. rigid. In their earlie st stag es of d evelopment f'rom tne 
rhizome, surface shoots wer e protected by furry, brown scale 
like membranes. 

ROOT SY:::> TEM : 

'l'he r.hizone was 
exceedingly woody, anci gave rise t o a. l a r g e number of wiry 
roots of deep penetration. 

RJ;;PR OlJU C T IVE .3Y i3 TEJv, : 

The seed head was 
solitary, glob ose, brown, t - tin. in diameter, and com­
posed of numerous, densely crowded sp i ~elet s , laterally 
oorne. 'l'he seed head was 1 to 2 ius. below tbe stem tip, 
J:ne spikelets were ovoid., l / 5tll. ir •. in lengti1, arid were 
many i'lowered. 'l'he seeds, or more accurately riuts, were 
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numerous, much larger, but fe we r in number per head, tnan tna t 
of the Juncace ae. 

DISTRIBUTION: 

In the coastal areas 
of sandy soil, t:r,_is specie:::; is found to the exclusion of 
practically every otlier rus.t1, with the exception of .r.tenu1s, 
in which assotiation it h as b e en observed. The distrioution 
or Scirpus n odusus on sandy so ii see ms to be a habitat 
peculi a rity, in that its position there is one in whleh rush 
growth might least be expecte ci. 'i'here is an apparent lac.k of 
!'ree vva ter, while the sandy soi 1 it se1r· appears incapable of 
water re ten ti on. This WOL..;lci lead to tl1e ast>urnp Li on tnat the 
root1ug system must be b o t h a.eep a.nu extensive, as the more 
Shallow roo-ting pasture grasses have t heir g rowth severely 
cl1ecked by swnm er droug11t w.t1ile that of the Sc irpuo nodosus 
appears to be little affected. Sci·rpus nod osus has been 
noted in esturies flooded by ·brac.k1s.h wa ter. Here also is 
found .runcus mari timus which appears to be practically con­
fined to thi s habi t c:,t . 

MOH.J?EOLOGY: 

(a) External features. 

The sterns were 
cylindrical, or nearly so, being some times slightly 
flattened. 'l'heir r ange of len g tl1 was from 1 -2 to 4-~ 
feet. They were yellowish gree n , finely striatea 
and tapered to an a cute and fir t1 point. ..:> terns ex­
amined were extremely wiry, stif.L, erect a nd were 
a ppr oxima t Ely -6 i r1 . in di ame t e r. l'her e was a co m­
ple te absence of l eaves , tllou gh 4 - 5 shea ths of 
brownish colour encircled t Le basal portion of each 
stem f or a dis t a nce of up to 4 i ns . from t h e r b i z ome. 
The stem ti ps were conspicuous, espec i a lly after 
flowering , when their colour changed f r oi!l a g reen 
to a ca nary yellow colour. 

t o ) Ititerria l rea tures. 

Stems were c ompletely 
solid. The central portion was fil led. witb a watery 
tr<rns lusce nt _p itb, yielditJ g free li l1 ui d. (ben compressea. 

ROOT: 

~he rhizome ha~ a n 
average di ar:te ter of i in. ..f:.,rom it s under surfac E~ nunerous 
small roots approximately l / 1 6 t :b. i t1 . were found. The root 
colour was g reyish brown. ·1·here was an abundance 01· ro ot 
hairs aJJriost imme di a tel y beneath the rr.izome. 

SPEC IAL ~EATu"RES : 

1. Date of flowering. 

~hen this locality was 
visited early in Novembe ::· , the g reatest proportion ol tne 
sterr.s h ad flowers. 

c.. • Seea and seed dispersal. 

Ma ture seed was ob-



-ta1ned i n t t .. e second. weeK iri ?eb ruary. In len g t.tJ. it 
was approximat e ly 1.3 mm. ana nad a w1dtn o!" approxi­
mately O.'/? mm. 'l'he stiape was obovo ic. . The apical 
end was pointed. ~ach seeu was tr1gonous, the flat 
faces havir1g a light brown colour. Ow iri g to its muc.n 
l a r ger size than t~e seed o!" t~e Juncaceae , it is likely 
that wind d istri buti on over a wide a re a would be less 
pro 0ab le t.rian with most s p ecies of Jun cus. 

3. ~uantity of seed. 

Fro m. a number of seed 
heads ripene d i ndo or s , and whicli were l ate r completely 
tlrres.hed, a counted av t r age reve o. le d L · O seeds per head. 

4. S tock i njury . 

The extremely wiry and 
evi de ntl y unpalatable nature of t lie plan ts has secured 
for them complete irmnuni ty fr on Qamage by stock. 
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S E C T I 0 N III 

ENVIRONl\lENT nL FACTOR3. ___ ..-;..._~~ 

CI..IivIATIC: 

RAI NFALI.. 

The situa ti o n from which 
these observati on s relating to rush g rowth have been r e corded 
has an annual rainfall lying between the limits of 30 - 45 ins. 
per annum. An exact a verage for any number of yea rs is un­
available, owing to incomplete me teorological da ta. Compared 
with many oti1er portions of New Zealand t he tot a l rainfall is 
low, though it i s well d i s t r i bute u over a large number of days 
per annum. The sw:1mer _;_.; eriod is one of sli ghtly les ::; pre-
dpation than the winter, but a r' a irly even di3t r ibuti on is 
maintained throughou t t he y ear . The;oe f ,eatures a re illustrated 
fro 'll t he wea t he r records of sea~30n 1')3j -34, ua t a being ubtained 
from th e Colleg e st a tion. 

MONTH 

Jan uary. 
Februa ry. 
March. 
Apri 1 . 
May. 
June. 
July. 
August. 
September. 
Octob er. 
November. 
Dec ember. 

TEM.PERATµHE : 

HAI N F .tl.J.J 

(Inches) 

1. 73 
2 . 59 
2. 88 
3. 58 
4. 62 
2.97 
3.09 
" 5') c... L -

~ . 69 
1. 76 
2.39 
2 .7B 

33.60 

NUlvIBER OF 
HAI NY DAYS . 

15 
14 
8 

17 
14 
13 
19 
14 
15 
13 
14 
11 

The tempe rature variati ons 
figured below have b een taken from t he N ,Z . Official Year Book 
( 2o ) and represent averages for t h is loca lity, from recordings 
which have extended over a numb er o f years. 

Mean daily maximum 61 . 2 F in shade. 
Mean dai l y minimum 46 . 3 }11 ti ti 

Approxima te mean Tempe rature 53.8 J? II II 

Abs·:i lute maximum 91.0 F II II 

Absolute minimum 2 3.0 F II II 

Tempera ture has a gener a l 
effect on practically every func ti on of the p l an t. The 
rp.o isture absorbing cap ar.:: i ty of t he air increases with i n ­
creasing temperature, though t he v v lume of ai r s a turated 
at any time is dependent also upo n wind. Though this par­
ticular region is not one of te mpera tur e extreme s, high 
winds are often exyerienced. Thi s is probably a factor 
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aiding pollination and hybridiaation, besides facilitating 
a large effective radius for seed dispersal. It is probable 
tha t Juncus communities can withstand rigoLirs of climate in 
far greater severity than exist in this district. Their diar 
triou.tion in the ciouth Island of' New Zealand, vmere greater 
temperature extremes are experienced would in itself lead to 
this co nclusion. 

LIGHT: 

From their pos ition in the 
f ield it is evident that Juncus vegetatio n is not tolerant 
of shade. \Yi nd, a nd hi e;h summer tempera tu r es, appear to 
have little drastic effect on J uncus foliage . Thi ~ is 
probable due to the restricted transpiration surface. Wilting 
has never been observed. Due t o th e clumped nature of the 
stem g rowth, i ndividual stems are always more or less shaded. 
They are thus p rot ec ted fr .Jm stru ng light and wind. 

1-'HYSI OGrt.A.PHI C: 

TOPOGRAPHICf\L FEATUREci : 

.ttushe s have been ob served 
growing both on wet swampy areas and on dry up1and situations. 
There is an undoubted preference for a wet habitat. Topo­
graphical features c ontrol to a large extent the soil water 
relationships. The appearance .._, f rutihes on apparently well 
drained soils, suggests t hat t h e popular belief that rushes 
are plants only of waterlogged lacw, is not entirely correct. 

EDAPHIC: 

THE PHY~ICAL l'l ATURE OF THE ::JOIL: 

This is not thought to be a 
primary factor c unditioning th e presence or absence of rum 
vegetation. The moisture retaining capacity of the soil, be 
it caused thr ough a high organic fractiot . , or a high colloid 
content, is believed to be of much more importance. There is 
an apparent anomaly however to any such hypothesis when Scirpus 
nodoaus is considered. It thrives on a free draining sandy 
soil. The clays, loams, organic and peaty soils, although of 
vastly different physical nature, all have a high water retain­
ing capacity. 

In illustration of the marked­
ly different habitats where J. polyanthemos has been observed, 
the following two mechanical analyses are inc luded. Although 
the second ana l ysi3 shows a rather high differetice figure, the 
point at issue, the marked difference io soil typ e , is quite 
well brought out. 

.Soil "A" is from the top 9 i ns . 
of the field from which, in a later section, t h e root structure 
of J. polyanthemos wao studied. .:Jamp le "B" was from a free 
draining upland soil, where .J. polyanthemos was seen, its 
occurrence in this position having already been noted. Both 
soil types supported Juncus c ummuni ties, though that of soil 
type "A", undoubtedly provided the superior habitat. 
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FRACTION: SOIL "A " SOIL "B" 

Gravel and coarse st on es1• 

% % 
Coarse sand remaining on 0 . 2 mm. sieve. 
Fine sand estimat ed by sedi men t a tio n . 
0ilt: estimatea b y pipette method. 
Clay: 11 11 11 

i.98 
4 1. 50 
21.75 
21.00 

33.52 
31.43 
10. 50 

3.60 
4.46 
5. 80 

Moisture retained in air dry soil. 
Loss by solution. 
Loss om ignition. 
Difference figure. 

SOIL DIF li'ERENC1'.: : 

2.74 
2 . 30 

12. 20 
3.47 

14.62 
6.07 

Al though these two soi ls 
both show a somewhat similar fi gur e for loss on ignition, that 
of the clay soil "A" was probably l a r ge ly due to the partial 
removal of the combineu wa ter of t.ne clay colloid, while that 
of type "B" was undoubteQly aue to a high organic content. 
This feature, which was ap.._Jaren t i'rom tiie soil texture, and 
colour, probably directly i nr luencea tne accuracy of the re­
su.l tan t analysis, anti he lpeci to cause a high d.ifferenc e 
figure in soi 1 "B". 

The wa ter content of so i l 
of type si milar to "A" has been examined at monthly intervals, 
results of which will be l ate r discu ssed. Tbe maximum water 
holding capacity of t b is soil was investiga ted by the "Sticky. 
point" method. The average of a nur1ber of de termina ti,ons gave 
a moisture content of 61.75~~ of moisture at sti~ky point, 
reckoned on the oven dry we ight of the soil. 

Coutts (29) studied a 
range of .:> outh Af rican soils, a nd found that their saturation 
capacity was almost identical with the cal cu l ated sticky 
points. If in this soil investiga tion the sticky point is 
assumed to be the approximate maximum soil water holding 
capacity, then it wi ll be p os s ible, by tbe monthly records 
of soil moisture, simi~arly reckuned, to compare the degree 
of soil saturation for moisture at any period of t h e year, 
with the experimentally obtained maximum water holding power. 
Field results show, that, even urider conditions where the soil 
appeared to be thoroughly waterlogged, no value as high as 
that of the sticky point aetermination was recorded, though, 
on several oc ~asions, a near value was shown for the 0 - 3 
in soil sampling. 

p H of soil. 
30IL "A II SOIL . 11B" 

4.48 

As boti1 soils had an 
acidic reaction, it was assumed that rushes and particularly 
the speci es J. :p o lyanther.1os , was toler an t of an acidic soil 
condition . 

BIOTIC: 

DUE TO IWT ' S I NF!_,UENCE . 

Management in all its 
phases is of the greatest importance in modifying a habitat 
so that it be come .:i t e na ble , or un teriub le, to any plant. The 
influence of management will be more fully discussed in Sec. v. 
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Field 11
11..

11 of rn.:nrc.. tive . J:tu:sli comr.iuni tie s on hill t op , 
wi t11 practically ru olile ss kr1oll s anu ::ilope s behind, a nd 
t o sides of figure. 

F L o t o : ·,, . l,_ • h ami l to t1 • 





p L :\. T ..!. AI. 

(a) Fielu "-n. " of ue:.1.1·rutive iu roregrounu . .1-\rea ".lJ" 
to ri g.t .. t oi' l'cnce li11e . 

l ho to: ,; . .1... . Hamil to r1 . 

(1.i } Fic:la "E" to l eft of fence line and "C" t o right 
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r I 0 l: IV. 

THE ENVIHJl~h~NT rJ: .u ~JuL0GICAL l.~TH;)D. 

HlTdODl.JC 'i'O.dY: 

Thougl! there are numerous 
rush covered areas in this aistrict, a comJ:'aratively small 
section of the College farm, c omprisi Dg some 4 0 - 50 acres, 
was selected for detailed observati onal stuaies of the growth 
phases, and other features, oi the Juncus flora . The obser­
vati ons were collected from a r ull seasons study. 

An exact knowle dge of the 
conditions t o which these particular fielas haa. been subjected 
was traceable for the 7 years of the pr e sen t tenure. T.L.e 

loca ti on was pe r:taps more suited than any oth er then available 
from this fact, toget11er with the no ted variati o n in rush 

density, peculiar to particular .,t:>ositiorrn in these fields , 
and t he adjacent lanu of yrivate OWL1enihip . . --1. number of 
strikicig fence line aiffereuces have been availed of, r e ­
flecting the effect of environr1ei,tal i rir"luerices , as they 
have so mod ifi eu. the ve g e ta ti uti . 

JOIL TYPE: 

.1hi le the analysi s alr ead.y 
cited in .Jection III is genera lly ir1di~ative of ti. e respective 
soil fracti.;us to a uepth 01' 7 in..;hes, the unuerlying )an 

influences drainag e over the v.hole urec... t.; !::)UCh an extent 
that, in th e wiuter, tl1i:3 heav:y l oc.un is .tJartic .... ..1.arly wet, 
arid apparently v.a terl oggeu. . I u s ummer, to t.t1e contrary, 
the soil dries o ut, wheti it bec ome ::> ex t remely haru and. ex­
hibits surface crackin g . 

PLAN~ JOVERING. GE~ErlaL: 

The pasture on this portion 
of the college l and. i s gerierally of poor y_uality, open and 
weedy. I n p os iti or. s wl1ere mois tur e aeterminations have shown 
to be usually drier am: where the re i s n o rush g rov1t h , Ryegrass 
a nd o ther of the more v a l ued pas t ure grasses are found. On 

the we t land. there i s a Darked. seas:; na.1. g ro VJ th of White Clover, 
and Trefoi 1. »!hen thes e clovers disappear in winter, t Le 

sward is often extremely open. l r ac ti ea.l l y t.be whole of this 
wet area supports a heavy ru sh p-rowth, in whi ..:h the fol.lowing 
species occur; J. p o lyantl1er!h.·S, J . effusus, J. pallidus, 
J. luxurians, J . pauc:if lorus, ,J . tenui a a na J . lamprocarpus. 
The first named 01' these specie::> h aci easi.ty the l a r ges t cover-
o..ge, wliile the o thers are i ·o uncl in minor pr op ortio n The 
aU.Jacent land uf priva te ov;nership, though s till i r. poo r 
pasture, ha::; been les:o intensively g razeu over a number of 
year::>, a nd. here much less ru::>h grow t h l!a l.:i u eve loJ:)ea . In 
several posi ti ons whi 0h have b ee n m . .>r·e or l eso inaccessible 
to g raz ing a nima.J..o , there i ::> a t a ll ral. k g roVlth of _pastur e , 
with an almost complete a b se nc e of ru :ohe ~. 

~ne history of §1~.:...J A 
which had no t bee r1 pre vi ou sly ploug neu, r1as l:lhovv c1 tna t over 
t he last 'l years it l!aS been heavily g r <:t.z eu , _9 rincipally by 
sheep, thou gh to les::> extent b y catt.J..e. It ha::J. been mole 
uraineu. a full seasoo ber·ore the c0mc.:en cemeut o:r t.ll ese oo ­
servati ons. ...'he g re a te r i:H' uJ.)Jrtiori 0 f the rus1 ... ei=l p r e sent 
were in symmetri cal cur:wiuni ti e t> , a.,J pe arir1g tu ue;"::.:.ti appar etJ t ­
ly stable form . A ver y c1 ._, ti ceat.Jle feature, a uo.. g e11e r a.J..ly 
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characterised over a very wide area of co untry in this locality, 
was the complete, or a lmu::>t com~, let e, absence of rushes on kn olls 
and the sl oping lanO. bordering gullies. Thi ci feature is visible 
to the left of, ana behind the figure, Plate X. 

dume seven months after the 
comr:1encer.J.ent of the collection of aata, .Field A was unexpected­
ly brought under cul ti va ti un, thu:s interrupting further study 
there. 

F IELD B illustrated as the 
left hand section of Plate .A.I u, is of a similar general soil 
type. It has neither ·beeti arai(iea., cleareu of timber nor cul-. 
tivated, though it ha::3 received a small to p -dres::>ing of phos­
phatic fertilizer in the past, equivalent to that also received 
by Field A. There is on .Field Ba dense rush growth and little 
pasture. The ground is sodaen ana wet in winter, and cuts up 
bauly. .::>heep and cattle have closely grazed the swara., though 
very little feed appears to be available at any period of the 
year. 

<IEJ,D C adjoining B, and 
divided by a fence line, has received no cultivation, but has 
been grazed almost solely by cattle for the last 14 years. It 
is of private owoership. The pasture is obviously undergrazed, 
a condition probably existant over a nurn.ber of years, and it 
shows a strikin g reduction in rush g rowth fr :.im that of Field 
B. . -

3EC TI 0N D appears to the 
right of the fence line in Plate XI a. It partly adjoins 
Field A on its northern b oundary, and is separated from A 
by a fence line. This particular secti on is bounded un the 
off side by a precipitiou~ cliff face. Being practically 
unuaed the sec ti on supports a rank g rowth of Brown Top, anci 
Tall Fescue, (F. auruCldenaceae), the ru sh growth being almost 
cc,mpletely smothereu. ana obliterated. There is a cont .cast in 
rush growth when dection D is compare u with the adjoining rield 
on the left of the fence, where the pasture has been continuously 
and closely grazed over a lot1g ..tJ€riocL 

On the above described fields 
and iu positions more accurately defined later, pasture analyses 
and soil moisture aeterminativns hav e been made. On portion of 
Field A an excaration was made to stuu.y the rooting habit of J. ' 
polyarrthemos, while o u 1<'i elu. B a serie o o:f cutting trials was 
commenced, in an endeavour t o trac e the period of maximum growth 
of the above narie d rush. 
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SOI L MO I 3 'l'UR:t;; l!ETERKI NAT I ONS : 

Tbat soil moisture is one of 
the major factors dete r mining tbe ex istence of a plant in any 
environment ba s universal recogniti on . Moisture is e s sential 
for tbe functi oning of U-.c e p la.n t' s vi tal p rocesses. An excess 
rnay be as detrime ntal a s an in suff ic i en cy , _pa. r ti c ula r ly to 
t h ose pla nt s n ot ad.apt eci to such mois tur e ext1·eme s . 

Of ru sb e s it l.1ad been noted 
tha t growth was p oss ibl e in a waterlogg ed h abitat. ~ith an 
excess of available wa t er, plants a s s umed a clumped appear­
ance, and showed little inclinatio n towa r ds a n outward spread , 
or radia l mi g r a tion, while whe re tL.e habi t at was but sea s on­
ally wet, extension wa s f re e , takin g the f or m of either a 
r apid r h iz ome growth i n one d ir ec ti on , o r t lle app a r ently more 
stable communitie s of ring app e a ranc e . P late XIIIb. 

The moisture relationships have 
been obtaine d f r om re s ult s of determinati on s o f moisture c o ntent 
of samp le s fr om fou r fi e l d lo cation s , a ltb ough of these, three 
only have bee n t aken to comp letion. 

OBJE CTS : 

Under a s ub section dealing 
wit h the location, hist ory ari d rush coverage of the experi­
mental f i e ld s , it has been showr. that a nunfner of diff erent 
conditions have evi d e n tly i nfluence d. t h e rur;:0ut. t and density 
of rus h coverag e o n t b ese v ari ou s s e cti ons. In fact, even 
where t wo fields have bee n s e para te Cl only b y a fence line, 
marked differences in rush g rowth a re vi s ible. It wa s with 
the ob ject o f d eterminin g th e i mportan ce of t he soil moisture 
factor in influe nciri g t b e se c o rwi ti o i i s , tha t the moisture de ­
terminatio n s wer e ma d e i ri tbe unae rmeriti oue d loc a tio n s. 

EXPERITulli:N T.AL: 

A strip 50 f eet in length was 
permanently pe gg e d in each of t:ne follo wing positions, 
for a st u uy of s oil moistur e r e l a ti on shi p s: 

(1 ) On F ie l d A, on mole drained 
land. 'Ihe g re a t es t p roporti o n of rushes here were in 
co r.u1rn nities of ring growth. This was no t taken to co m­
p letion, t h r ough the enforced interventi o n of a period 
of cultiva tio n . 

( 2 ) Al s o on F ie ld A, but on a 
co mp l e tely ru sl i free knoll. 

(3 ) On l a nd s easonall y wet, 
he avily ru s h covere d , i n Fi eld :S . Tb e ru she s here 
were showin g a n unmi s tak ab l e t end en cy to spread. 

( 4) vi/ i tlli n F i e l d C , p a ralle 1 
to S tri _p 3, and app r ox i ma t e l y 20 feet apart. 'I'his 
p osi ti ori wa s in d i c a ti ve of tl.1 e general condition of 
the field, wh icr ... was ligl1tly ru sh covered . 

S'AMP J:.IN G I TECHN h ,,UB I ANlJ DETERM I NATI 01~ OF RE.:lULTS : 

oamp le s we re ta.ken mon t.bly. 
The period of sampling exte nue ci ov e r t welv e months. Sample s 
were taken concurrently v1 i th pas tur e a na lyseo and from near­
by po s itio ns . 
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Ten representative soil cores 
were taken fr u«, each strip, at appr oximate Jy similar positions 
on eacb sampling date. The soil sampling tube had an internal 
diameter of i in. Duplicate samples from two dep tbs, O - 3 ins. 
and 3 - 6 ins. , were taken. They were irnmedi a tely removed in 
glass jars having close fitting stoppers; the soil was weighed 
and oven dried to constant weight, at 98 C. Results have been 
expressed as percentag e moisture on oven dried weight, and have 
been averaged from the duplisat e sampletes, either of which has 
shown a variation from tbe o tLer of up to 1 /;.. , or occasionally 
slightly over . 

SAMPLING DEPTHS: 

Except iri particular circumstances 
the usual depth of soil samplin g for moisture determinations is 
9 ins. the 0 - 3 in. level was cbosed for the following reasons: 

The rusL rhizomes had been f ounei 
usually within 3 ins. of the soil surface, and in winter 
an appreciable stem growth was seen to be taking place, 
which wa s probably aid.ea by the moistness and soft con­
dition of tl;e immeaiate soil coverirJg. Together with the 
fact that the tram}.iJ.ir.g of g r az ir .. g ard mals was noted to 
have mu::>t effe c t on t11e surr'ace soi..1., _particularly as 
regards retention of water throug.b puda.ling, it was 
believed investi gatiotJ of tt .. is O - 3 in. level would be 
fruitful. Conversely, beneatb the rliizome, root ex­
arninations had shown that bei'ore the vertical descent 
of the roots deep into the subsoil, the greater aggre­
gation of ne~ and o lti roo t s, was within 6 to 12 ins, of 
the soil surfac e . 'Hhen stem development from t:r ... e marginal 
shoots was occurrir.g , most of the new roots were within 
the first 6 ins. 'vihetl1er the immediate subsoil was wetter 
than tb.e surface soil, thro ug h the i mpedenc e of so akage, 
was a (iuestion also considered worthy of examination. 

IRREGULARITIES : 

In n o case has the observed re­
cordi ng s of moisture in t h e O - 3 ins. level given a result as 
high ar:; the maxi mum water h oldiug c a pacity of t:he soi 1, pre ­
viously determir1ed. by t.be s ticky p oi1 Jt method. Observations 
in the middle of wi u ter, a.ppeareu to i rJ di ca te that the surf ace 
soil ~as practic ully saturated, as free water was often present, · 
eopecially in pudulea hoof impres::>ions. On several occasions 
it became impossible to mak e a s a.ml.Jlir:i g from the exactly re­
quired posi tiori. 1 ~t thel:le ti me s yosi t iotib nearby were sample d. . 

RESU1:.T3: 

hS pr eviously stated, cL-ltivation 
in Field A was responsible for it1COD.i,; lete re:5ulto from this strip; 
the results of strips 2 ,3, & 4 are incluaeei., com.J:)lete, iri the 
soil moisture table, while results u f principal importance hav:e 
been grapllically illustrated. 

DISCUSSION OF K'd!.::H; I.,T 3 : 

The following points appear from 
the experimental results: 

(1) The 3 - 6 in. level is, at 
all periods, in each strip, of lower moisture con­
tent than the surface soil. 

( 2 ) From August to Novem·ber, (late 
_ ~iinter - early .::i umu er ) tlle s oil moisture of the rush­
free strip 2 , 0-3 ins. is nearly similar to that of the 
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rush-covered dtrip 3, but in every case is slightly less. 
In the summer, :Uecember to April, it is considerably drier. 

(3) Throughout the year the 
3 - 6 in. level of the rush free strip is drier than at 
the same level of tl,e rush covereu strip. This is very 
markedly so in the sumner. 

( 4 ) The 0 - 3 i ri. , c:.n d 3 - 6 i n . 
levels of the rush cove1·ed, and. t be lightly rush covered 
dtrips, (3 and 4) throug hout the year, do not show a 
sig~ificant difference in moisture content, although t h ere 
are minor fluctuations. 

(5 ) In so far as results have 
been ob tained for Strip 1 soil moistures did not differ 
greatly fr om t bo se of positions on S trips 3 and 4. 

A.lthough tlie precipitation 
over this who le area was like ly to be s i milar, or nearly so, 
the rush free portion, in virtue of its p osition, had better 
natural drainage, which would be c f adv an ta ge at periods of 
heavy downpour. 'I'he last sampling of this rush free portion 
has indicated a moisture value slightly above that of ei tber 
of the other strips. 'l'his may be accounted for by the longer 
growth of grass on t11is strip, through light grazing. There 
had beu1 heavy rain in the perioa. prior to the sampling. It 
is reasonable to ·believe that tlds surface sward checked the 
natural run off, thus retaining more moisture in the surface 
soil. 

The difference in moisture 
content between 3 trips 3 and 4, beside s being due in slight 
measure to experimental error, could be effected by the 
vege ta tio n sha.Qi ng, and 11r E: ve n ting evaJ:J oration after rainfall, 
and. alternatively by the roots d.rawin e- on mo isture reserves 
in the soil during periods of drought, thereby decreasing 
the soil moisture. 

COlWLlJ8IONS: 

From the evidence of the 
difference in moisture content between the rush free, and the 
rus L covered portions, it has been concluded that moisture is 
one of the major factors conditioning rush establishment, and 
successful growth. 'ifuen, however, the moistures of the rush 
covered strip are compared wi t L the moistures of the light Jy 
rush covered portion, wLich i s closely adjacent, and wh ich is 
separated merely by a few feet, although in a different field, 
it must be assumed, due t o their appare nt equaiity in moisture 
content, that factors other t:r,an moisture are responsible for 
this practically rusb-less conditio n . Here it is probably that 
the effect of grazing, and the density of the sward are com­
plementary factors, which partially obscure the moisture 
effect alone. 

·rh e re can be 1 i t t 1 e d ou b t 
that the moist condition of the surface so il i r.. .3 trip 3 was 
directly favourable to the shooting o.nd spread of rushes, as 
is apparent in tr.d. s field. 

The evidence obtained is 
interpreted to substa(itiate the need for drainage, so tbat the 
environmental conditions will become more favour able for 
pasture, and less favourable for rus.h grow th. 
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41.48 35 .01 

49 .14 4 9. 30 

jl .96 34 . 55 

52. 25 50. 63 

44 .91 41. 36 

55.32 51. 51 

44 .65 38 . 53 

SU1iftl\LARY OF SOIL MOI STURE DETERJfHiATI ONS 

Oct. 2 . Nuv.6. JJe c. 5. 

46. 21 Li 1 . lj4 ;:. 3.44 

30.92 26 .35 i9.75 

49 .1b 44. 61 14 . 96 

32 . 26 21. 32 i o.72 

52. 54 4 5. 68 22 .35 

36 . 37 28.40 17.44 

45. 52 41. 69 21. 37 

32.82 25.40 17.18 
. 

. 
% moisture reckoned on oven dry weight at 98 C. 

Average of duplicate determinations. 

Jan. iO . Feb .I ~ . kar.13. Apr.7. May 9. Ju n.8. Jul. 9. 

3i. c:0 

21 .60 

24 . 66 24.60 ~'1·9~ 

14 .4 6 13. 6(.) 14 . 33 

31 .1 5 31 . 52 40 . 33 

20 . 64 21. 38 29 . 80 

33. 89 32.33 39. 53 

24.95 25.80 30 . 25 

F I EJJ) U1~DER c u :.TIVATI ON 

15.05 41. 34 4') . '/6 

11. 77 1'1.45 22.d3 

2d . 3d 46 .07 49.32 

22 .75 33. 23 34. 72 

25 . 93 46.09 48.83 

23. 50 33. 84 34.41 

60.05 

2b.90 

56.69 

39.74 

53.18 

38.90 
' 

VJ 
CD 
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lvIOI STUJ.m DETERMI NAUc·NS ~II THI N AND WITHOUT JUHC UJ COMMUN I TI ES : 

GENERAL: 

An endeavour was made to 
take soi 1 samples for moisture 'de terminati ons from the above 
locations, in rings of growth, where pasture analyses h ad 
previously been made. It wa s f'ouna. tba t the lar ge nurn.ber 
of dead roots encoun tereci w i thi ri the groLA.ps, materially 
aff" 6 C te d the re SUl t • l .See P1are JI.I(~) 

CONCLUSI ONS: 

wit h out direct experi­
mental evidence it has oee n concluaeci that t11e outer margir:.s, 
of spreading rush clumps are more favoured. as regards moisture, 
than within the clur.i.ps. This col,c lusion ha s been made from 
the following observations. 

1. ~he central portion of a 
ri Dg of g rowth i s u su a lly eleva ted, and contains 
nume r ous dead ro o ts i nl!Y,euiately u e neath the soil 
surfa ce. 

~ . Grazing animals tread 
around the margins of tl: e plants, in many cases 
cuasing noticeabl e d ep re ssions. Run off water 
is retained in the se na tura l de p r essions , atid 
als o in the hoof i mpressi o ns left by animals 
browsing a rouuu u , e rus.L. clum.J:)s. 



40. 

PASTUID: ANALYSES: 

"A". FHOlV: 1',IEIJ) POS ITI ONS . 

O:B.TECT: 

To trace any relationship 
which mi ght exist between the op enness of the sward and the 
rush veget a tion thereon. 

Frevious observation had 
estal>lished t11e fact that there was little spread of rush 
growth on Field A, whereas on Field B, there wad both a heavy 
rush coverage and every indi~a'c.i o n that t .tie habitat was favour­
ing rush extension. In the adjoining 1?ield C , which had been 
obviously undergraz ed, no attempt was made to .carry out a 
detailed pasture analysis. '1'his area had been lightly grazed 
by cattle for a number of years, a condition which was amply 
reflected in the rank growth of herbage, f ouna at all periods 
of the year. It wa.s considered 11ere, that g razing was provid­
ing no special influence likely to l"acili tate the development 
of an extremely open sward. 

METHODS OF PASTURE lvIEA~U,:U l.J!.:N T: 

The older methods employed 
in charting ve ge t a tion (33 & 34) have proved to be both tedious 
and slow, while in add ition the areas examined were often con­
siderable damaged. 

The Po int Method of Pasture 
Analysis (10) althou gh of com.paratively recent origin, has re­
ceived high co inmei-,datiori (32 ) by rec ogn ised authorities. It 
is admirable suited for em ploynen t on graz ed pastures, or those 
of dense down like swards. 

This metl10d has been employed 
for tracing the growtl1 changes and the comparative relationships 
of 3 strips of pasture. The method has pr oved e.r.ri.nently satis­
factory. 

TECHNL 1,UE, LOCATION AND B3TL1£ATI JN OF ;.{.c!::)ULTJ: 

Between t wo pegs, each 30ft. 
apart, monthly analyses of pasture h av e been made. The 3 
position~ chose n for a nalyses were near similar strips from 
which soil moisture determioationa were made. J.'hese have 
previously been descri~ed under heauio g G l, ~ ,3. in that sub~ 
section. Initially great care was exe~cisea ia choosing the 
pooi ti1ous for these pasture strips from whi oh analyses were 
to be made. This was neces;;;arv so that no abnormal condition 
would reault, such as pasture i.rijury which might be expected 
if the strips were crossed oy, or in proximity to sheep tracks. 

lih i le it was not desired to 
trar::e t h e detail of the finer pastur e constituents, about 300 
points were examined on each strip a t every analysis. This 
number of points was considered ade quate, as only the main 
pasture changes were re quired, and mor e particularly the con­
-dition of sward openness. Levy and Madden (10) have stated 
that analyses each of 100 points are sufficient, where only 
the major pasture constituents a re desired, but 400 - 500 
points are required for the detail of t he minor pasture con­
stituents. 

The metLo d of determing 
the percentage cover each species wa~ con tributing to the 
total coverage, a fi gur e in which the resu. l ts have been 
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derived from the formula employed for the standard 100 point 
analysis. i.e., 

Number of time :J a species is hit per 1 00 points 
e ream in e Q. X J J._QQ __ -:_...lliU_Q.~J1 t ci:g_~_Qf_ua .I.L.€i r ou n d ) • 
Total times ve getati on is hit per 100 points 
examined. 

fhe tabulated results of each 
section analysis have been separately listed, while the swara 
openness bas been graphically repre seriteu a lso. 

CONC LU3I ON3: 

I. The mo s t important result of 
the 3 pasture analyses is deri \red from a comparison of tbe 
sward openness of each strip at different _periods of t lle year. 
It is 'believed. that in their appliGatioo to rush control these 
results must be interpreted along with c on current soil moisture 
determinations. 

2 . The most striking difference 
between the heavily rush covered stri p and the rushless strip, 
is the comparative openness of the latter over t h e summer, This 
feature commenced in November and extended to May. 

3. 'l'he rush covered strip, 
probably due to its greater so il moisture, retained a close 
sward during the su.rmner. The se asonal g row th of e!lover and 
tref oi 1 aided this con di ti on . 

. 4· At the co im1e nc er.ie n t of 
pasture recordings in Au gust, both strips, rus h covered and 
non-rush covered, bad open pastures, while the former exceed­
ed the latter in t h is re sp e ct. 

5. In t he perio d from Jv arch to 
July, the sward openness on t h e nn;h f ree stril-1 be gan t o de­
crease, while that of the ru sll covered strip sh owed an increase. 

b The results from April for 
the rush free stri p , (dotte d li nes on gra.pll . ) are not com­
parable, because the strips were not the n under comparable 
g razing conditions. 

7. As far as results for 3trip 1 
have been obtaine d, where rush g rowth was present but not in an 

a ctively extending f orm, a some what intermediate condition be­
tween cltrips 2 and 3 was recorded. 

(3 . \Jhen the s wara openness of 
Strip 2 is compared with the corresponding soil moisture 
determinations it is seen that the very open swar d here during 

· tlie summer is most likely due to t h e dry soi 1 c oncli t ion. The 
comparative drynes s of this soil has b e en expe:ri. men tally shown. 
This strip analysis recor d s a predaninatel y Ryegrass p:lsture. 
In early spring tlle openness o f the pastur e f ell to half of the 
previous figure. ::!'urther falls oc '..) urred up to Novemb er. By 

-¥ . December,._ n ere were drier than in eith er of the other strips. 
The Rye gras s had made it s early summer fl usli of g row th, a nd 
from then to Niarch, :pasture growth wia: s r e tarded b y a lack of 
moisture. Continued g raz ins was probably a complementary 
f a ctor causing t his con di ti m . 

9 . .uisregardin g the periods of 
greatest growth of pasture g ras ~; es an d wee d s of each strip, 
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it is clear that the position s of most active rush growth were 
also those where pasture was open i n wi nter, and where the soil 
had the greatest moisture content. 

10. The actual pasture of 0 trip 2 
was superior to that of .::.ltrip 3 which showed a larger proportion 
of weeds. 

11 . • Interpreted in conjunction with 
the s0il moisture determinati ot is, it is believed that the non­
appearance of rushes on Jtrip 2 was due both to the drier con­
dition of the soil, and a closer sward of grass in winter, as 
opposed to a sward of flat weeds and g rass, gra ze d to its 
maximum. 



Bare gr ound . 
dPECIES: 
Br own Top. 
Perenni al Rye. 
Sweet Vernal. 
Crested Dog stai l. 
Yorks.hire Fog . 
Dan th onia pilosa. 
Poa ann ua. 
Timothy. 
Cock sf oo t. 
Fescue (fin e le ave< 
Whit e Cl over. 
Suckling Cl over. 
Ca t sear & Hawk bi t . 
Dandeli on . 
Field Dai sy. 
Butter cup . 
Piri -piri. 
Pl an tai n- N&B· l eavec 
Speedwell. 
Pennyroyal. 

Mouse-eared Chick-
Weed. 

Sco tch Thistle. 
Moss. 
Juncus 1amprocar puf 
CONDITIJN: 

~-

SUJiiliiARY 0:11, PASTURE ANALYSE::> : STRIP I 

Percentage cover contri-buted by each 
c ou sti tuen t to sward from approx. 300 
poin t s p er month. 

Aug .1 2 . dep .12 . 0ct.13.~ov.13.Dec. o . Jan l 2 

18 . 42 19.93 12 . 55 4 . 93 4 . 54 11.42 Field under cultiv a tio n . 
20. 24 19 .16 21. 22 21. 56 22.14 2g .19 17.04 13 . 19 11.62 8 . 58 9 . 24 . 40 
14.06 13. 19 1 3.28 17.74 12. 51 20 . 83 

8 . 31 11. 57 10.70 9 . 54 11. 9~ 8 .06 
5 . 76 1. 63 3.14 7.05 5.5 5 . 05 

0 .18 0 .34 
0 . 18 0. 1 9 
1. 29 1. 71 0 .19 

0 .18 o.1d 0 .18 0 .19 ) 0 .18 
. 2 .13 6. 20 7.46 6 .49 4.62 5 , 04 

1.70 3.20 4.34 9.35 8.86 0 .34 
9 .37 7 . 59 9 . 05 9 . 5g 17.13 13. 78 

0 .18 0.74 0 .1 0 .17 
1.06 o . 54 0 . 74 0 . 37 0 .19 0 .17 
0 . 21 0 . 37 0 . 37 0 .1 7 

.. 0 . H3 

;:)lJJv1fo.fA·tY OF PASTURE CONDITION 

a . Closely gr azed . 

b . Poorly grazed - r at,k growth . 

c . Green . 

d. Dried . 

0 . 21 1. 27 2 . 03 0 . 75 0.96 2 . 02 
0. 18 

o . 64 1. 45 0 . 95 i.73 o. 34 

0 . 42 0 .18 1.11 0.17 

0 . 42 
0 .36 

0. 18 
0 . 51 

a a a b b b 
c c c c d d 

-

~ 
w 



SUMMARY OF PAS Tu"rtE ANALYSES. . STRIP 2 

Sill!ilJARY OF PASTURE CONDI TI UN. 

a. Closely grazed. 1933 - 34. 

b. Poorly graze d - rank growth. 

c . Green. 

d . Drie d . 
- -

Aug.11. .:5e p .15 Oct.13 Nov.15 Dec.6 Jan.11 Feb .15 

Bare ground. 23.05 
SPEC IES: 

11. oO 9.2() 8 .27 21.15 27. 81 c_7 . 85 

Brown Top. 4.65 7.29 7.67 7.10 6.70 8. 77 9 .06 Perennial Rye. 45. 25 45,66 54 .23 47,98 47. 26 47.&3 4 9 . 86 
Sweet ve rnal. 0 .41 1.04 1.68 l.';3 1.34 0 .92 0; 57 Crested Dogstail. 1. 21 1. 39 0 .19 o. 77 0 . 77 0 ~ 92 0 . '16 Yorkshire Fog. 7.48 9 . 03 6.55 9 .60 9 .58 5.66 4 .16 
Dan t hon ia p ilosa. 0 . 52 0 .19 0 . ?f3 0 . 19 Poa annua. 3.30 3.55 2.11 0.19 O.ld 
Timothy. 0 .19 0.19 O.ld 
Bromus ho rdaceous. 0 .19 
Cocksfoot. 5.46 5.~8 4.86 5.18 4.98 4.75 . 5 .10 vihi te Clover. 2 . 0 2 3. 5 3.9~ 2 .69 0 .38 0. 37 1. 32 6ucklin g Clover. 0 . 20 0.52 0.3 5. 56 4.40 0.18 
Ca tsear & Hawkbit. 1.82 1.57 0.56 4.22 1.72 1.65 Field Daisy. 0 .61 0.17 0.19 
Buttercup. 1.42 1.04 ' 
:?:peedwell. 0.57 0.38 
Pennyroyal. 0.19 0;38 Mouse-eared Chickweed. 6.47 7.61 6 .36 3.46 0.58 0.73 0 . 57 Scotch Thistle. 0.38 0.19 0 .19 

CONDITION: a a a a a a a 
c c c c d d c 

- --- --- -

Percentage cover contributed by each 
constituent to sward from approXimately 
300 points per month. 

~ -~ ar .12 A c: p r. ,, }1T.ay 10 .Tun .7 Jul.10 

30. 54 21. 01 14.3d 11. 09 9.25 

8 . 57 9 .90 6. 30 5.93 5.6~ 
46.d5 52.55 52 ;75 54 .68 58.1d 
l.d2 1.62 1.08 o ; clo 0 . 8~-

0 .18 0.76 1.09 0 .63 
4 . 56 4 .84 .LO . 74 11.21 11.41 

0 .18 

3.28 3.23 6.29 5. 86 4.67 
1.20 1.62 2.61 2.10 1.83 

o ~ 54 o.66 
1. 09 2~34 2.73 2.46 2.09 

0.18 0.40 0.63 
..--. 

0.19 ~ 
~ 1.09 0. 54 0~ 38 1.69 l ~44 --

0.73 1.26 1.32 2 .42 3.50 
0.19 

a b b b b 
c c c c c 



SUMMARY OF PASTURE ANALYSES . STRI I' 3, 

.:>illiil•i.ARY OF I 'AJTUR.H; CONDITIONS. 

a. Closely grazed • . 

b. Poorly grazed. 

c. Green. 1933 34 

d. Dried . 
-

Aug .11 Sep.15 Oct.12 Eov.14 Dec. 7. Jan.13 Feb.15 

Bare ground. 
SPECIES : 

29 .43 22.12 10.0 6. 30 7,69 5.18 11.18 

Brown Top. 7.87 14.25 12.48 10. 59 8.84 8 .38 13. 23 Perennial Rye. 6.09 7. og 5.03 7.36 6.58 8 . 98 4, 9d 
Sweet Vernal. 2.16 2 .2 8 . 01 7.36 5. 26 9.58 10. 82 
Crested Dogstail. 16. 92 12.54 12.11 12.56 11.47 13.97 15. 29 Yorksili re Fog . 4.72 0 .57 1.49 1. bO 1.69 ~ . o - 2 . 07 Timothy. 0 .20 0.95 1.12 0 .18 0 .36 0 .17 
Bromus h ordace ous. 0.10 0.20 
White Clover. 15. 93 19.07 25 .15 26.92 22.75 27 . 08 19 . 56 
Suckling Clover. 0.40 6.18 8 .01 9.15 11.66 2.06 0 . 20 
Catsear and Hawkbit. 9 . 64 7.03 9 .51 12.56 1'1·30 17. 5'1 14. 78 
Field Daisy. 2.16 o. 57 -1. 86 1.08 1.15 0 . 60 l. d9 Pennyroyal. 2. 95 3. 80 2 . 24 l. oO 1. 88 2 . 60 3. 09 
Mouse-eared Chickweed 0.17 Self Heal. ' o. 20 0 .56 0.18 0. 94 
Dandelion. 0.59 0.95 0. 56 0'.36 0.'15 0. 00 0.51 
Moss. i. 97 0.38 0.19 0.17 
Juncus vaginatus. 0 .19 
Plantain N&L leaved. 0.79 . 2 . 09 1.68 1. bO i. 50 1.0 1. 89 

CONDITI ON : a a a a a a a 

c c c c c c c 

Percentage cover contributed by each 
constituent to sward fro m approximately 
300 points per month. 

M:ar. l~ Apr.4 May . lC 

7.27 5. 94 13.75 

14.29 18.67 16.71 
8 . 06 10 . ll·l 8~92 

10.08 7.90 4 . 2t 
12.46 10. 78 14.36 

2. 02 2 . 51 3.17 

18 . 87 19 . 95 17. 02 
2 . 56 2 . 31 1.03 

15. 94 i3. ~e 13. 77 
2 . 94 2 .33 2.21 
2.94 'c: . b7 r 6~ ~ • ..J 

0.37 
0. 54 

0.37 l.0'1 0.95 

1. 83 1.44 1.22 

a a a 
c c c 

Jun.7 

24 .1_ 

12.4] 
7. 6' 
3.15 

13.75 
4. 26 

15 .14 
0 . 42 

12.47 
i.89 
2.62 

0.36 
0.72 

1.08 

a 
c 

Jul. lC 

30.25 

11. 5t 
7.3 
3.97 

1 2 . '16 
4 . 81 . 

12. 37 

11.76 
1.8/ 
2 . 21 

0.36 

0 .95 

a 
c 

I 

. 

+:> 
\Jl. . 



STRIP 
NO . 

I 

2 

3 

CONDITI ON 

Little apparent spread 
of rush growth. 

No rush growth. 

Dense rush growth. 

SWARD 

Aug . .S ept. 

18 .42 19.93 

23. 05 11. 80 

29.43 22.12 

OPENNES3 

Oct. Nov. :Ue c. 

12. 55 4, 93 4. 54 

9 . 28 1 8 . 27 ~1.15 

10.0 6.30 'l. 69 

Jan. 

11.4 ~ 

27. 85 

5.18 

Summarised from pasture analys.es 1, .z, 3, 

of individual strips, i.e. % 
bar e ground. 

Feb. Mar. Apr. May June 

I 
FIE c.D UNDE1 CULT I TAT I ON 

I 
2?. 85 30.53 21. 01 14. 38 11.09 

11.18 7. 2'1 5.94 13.75 24.13 

July 

9. 25 

30.25 

I 

_p,. 

°' 
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PASTUHE ANALYSES : 

GENERAL: 

"B II C CJl,~ l<'H rED TO TL.I!; CENTB.AL AfillA3 ' 
AND EA'rE.H.NAL TO JlilJCU;:) cm:DvLUNITIES. 

A nui ,b er of more or less 
symmetrical communities 01' ru sh g rowtxi are often founci. on 
old pasture land (Plate XIIIo). An o u ter- rin g of rush g rowth 
t11en encloses a small circle of pasture. These rings of growth 
graa.ually e x tend. kany h a v e a a ian et er 01· 4 feet or more. 

In g r azing sheep invariably 
LJrefer to nibble close up t o the outer ma r gins 0f these growth 
rings of rushe s , rather than penetrate t o t b e less accessible 
pasture within. By their selective grazing they are probably 
a iding the outward rni g ra ti on of new rush g rowth. 

O:BJECT: 

EXPERIMENTAL: 

1. To deten:-iine the constituents 
of the pasture and tl1e openness of the sward within 
tr.cese c omm unitie s , and a t the ex ternal margins, as 
evidence for the likelilwod of a tendency towards 
the outward spread, rather than the inward growth 
of ne~ ru ch shoots. 

~ . A general ob se r vati on to note 
the grasses ac tu all y invad in g the rush and probably 
providir1g, by competi tiot., a check to its furtlier 
growth. 

Ten 100 point pasture analyses 
were made in each of t l~e two positiol1S , wi t h in and without com­
muni t ies of Jun cus .i:J Olyantl~emo s, on . .i!'ield .... . The communities 
se le cted were 3 - 4 f eet in dia.rn.et6r, io w11ich rush ve getation 
occurred orHy on the outer circumference, while the interior 
portion was in pasture. The inner iiasture was a nalysed 'in 
several directious acrosE; the diameter, while the pasture 
irrl.r.1ediately extenJa l to the rueh rin g was measured as near 
as possible to this outer margin , vv11e re new rush shoots were 
emerging. The s tate of t he yasture witl,in tl1e c ommunity, and 
that imme d. ia t ely w i tbou t, were thus secured. 

ESTI!HtTI ON OF RESUJ_,T J : 

Tbe re su lts of ti1e pasture 
a na ly ses have been expre sse d a s tbe percent ag e each species 
was car.tributing to t he tota l area , just a s with the previous 
stri p pasture a nalyses . 

.li.ESUI,T6 : 

Fr om the analyses summarised 
from these recording s the followi ng fa cts are presented: 

1. In every case a greater 
percentag e of Brown Toy was recorded within 
t h e communities th an with out. 

2 . In 8 of the 10 communities 
examined the percentaf:e of Sweet Vernal was 
greater wi tLin the ri rigs tban wit hcut, (ex­
ceptio n s, Cummunitie..B 6 & 8). 
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3. ohere 0 .Jcksf oot was re corded 
it was always witt.iri tbe oorru11unity. 

4 . In 7 of 10 examinati ons a great er 
percentage r., f bare g r ound was recorded externally. The 
average percentage of bare ground of the 10 communities 
was greater externally than internally. 

5 . Crested Dogs t ail occurred withiE 
com·nunitie s in only 3 cases, a nd 10 cases externally , each 
of which in tlie interi or posi ti 011 was le:.:;s than that in a 
correspoi :ding exteri.al position . 

6 . l'io ne of tb e minor consti tuents of 
t he pasture, sucL as 1\. oso , Poa anrJua or Dandelion , we r e re ­
co r ded irJ the central area of oommuni ti e n . 

7. The average occurrence of V'hite 
Clover was greater out side that1 wi tL i 11 the community, (ex­
ceptions, Co.rru:iunities 7 & 8.) 

o . I 11 all caoe s (po ssible exception 
Comm.u11ity 4) Cat::;eu.r a.tm }.awlcr.,it v.ere iii i ·a. r g reater pr opor­
tio r. on the out sia.e 01' th e c onl!otrni ti e..; . 

') . York:.JLire Fog wi'tliin was less ir1 
b of t.tie 10 corrJJ:1urJi tie:.:; exa.miued. Tlie a vera S$e oc currence of 
Yorkshire Fo g was treble exteroal l y t u tr .. c communit i es . 

I NTERPlLl 'fATI ON O:F l:illduLT0: 

'..'.'he followin g con cl us ions have 
been drawn: 

1. That s elective g razing has bad 
a markea. influe rice on t:he sward openness of t:t· .. e examined 
communitie ::; . In t.be outer positi on the sward was mo r e open 
t han in the inner position . 

~: . TLa t the more open condition 
extern a lly was probablj a fac t or favourable for the outward 
spread of th e 1Jlan t s . 

3. 'l'ba t selective g raz i ng had favour-
ed pasture elemento witliin the com.tUnities , a nd induce d a 
l arge pr opo rtion of weeds external t o the c 0mmunities. 

4 . That the spread of the p l an t s in 
an outward directi on wa. ~ also favoured by th e shading ef!'ect 
in the central portion, witb it:;) t a ller erass gr owth and 
closer sward . 

j . It wab nu t iced t:ba t Brown Top 
entered ir.to strorig cornpetitiotl \.it.b ti,e rush plant . liuany 
rush clumps were completely itivaae d. by Brown Top . In the 
summe r months ~~hi te Clov er l1ad sume _power of penetration, 
but it s grow tl. v.as seasonal. In win ter, Whit e Clover was 
usual ly in minor yroyortion iri t.be i;as ture , compared wi t h 
its practical durµinarice in surruner . 

Vbile it i s suggested from this 
study that t he extr~r.'.e openness of t he pas t ure at th e outer edg!3 . 
of t he rush g r ov. tb, caused by the cl os e g r az ing is one factor a1d1n~ 
tte1 rush in i t.s out.ward S1H' cuu ii wust not Dt:: consictt::rt::d to be thE: 
sole factor . Other and suppltw~ nthry factors ~ i ll bt discussed 
later. 



co:ddliN I TY: l\ 0 . I 

I 

Bare Ground. 23. 88 

SPEC I ES : j 

Br own Top . 28 . 85 
Perennial Rye . 26 .44 
Swee t Ver nal. 10 . 42 
Cock sfoo t. J. . 60 
Cres t ed Dogstail. I York sh ire Fog . 
Tall Fe s c ue . 
Poa annua . 
'Nh i te :aover & 

Trefoil . 1. 60 
8atsear & Hawkbit. 4 . 0 1 
Field Daisy . I 

6co tch Thistle. 
~ouse-e ared Chick -

weed . 1.60 
Self-heal. 1.60 
Moss. 
Dandeli on . 

.t~NALYSE8 OF GRASSES '11ITEi f A1'~D VIITH ~_ UT HU SE COl:fo:t.!1flT I ES 

~J I rr H I N ------

2 3 4 5 

23. 68 26 . 39 1 23 .1 91 29 . 73 

I 

54. 0 30 . 92 39 .32 39 . 52 
i 3 . 02 ~ . 2 7 7 . ~2 3.52 
3.72 2 . 20 24 . ~ I 25 . 3'1 

3 . 62 4 . 5s · 
0 . 90 

0 . 93 1. 76 
0 . 90 1 

0 . 93 
1 . 06 tL 90 0 . 91 

1. 86 0 . 90 

P ercentage cover each species contributes 
t o sward fr om a~proximately 100 poin t s at 
each 2 osition, within ana withou t. 

----- ·- --------------
6 7 d 9 10 TOTAL AVERAGE 

23 . 37 23. 07 26 . 46 20 . 03 29 . lt 249 . 76 24 . 98 ,, 

34 .14 44 . 08 3t3-. 52 49. 26 40 . 3,~ 398. 96 39 . 90 
13 . 85 5 . 1G 5 . 25 7.92 5.~ 9g .15 9 . 52 
15 . 70 15 . 56 11.38 14. 07 18 . 4 16 . 04 16. 80 

1 . 85 6 . 91 0 . '0 7 5 . 30 24 . 0 l 2 . 48 
4 . 62 2 . 63 0.801 0.891 8 .15 0 . 81 
l. b5 1 . 76 4 . 30 

(; . d6 I 1 . 76 0 . 10 

! 

0 . 92 1. 7 ~ 4 . 38 o .86 10 . 43 1.04 
l. b5 I 6 . 13 2 . 64 18 . 30 1. 33 

O. do O. od 0 . 09 
2 . 64 2 . 64 0 . 26 

~ 

1.85 o . 86 4.31 0 . 43 '° . 
4. 36 0 . 44 



cmu:~rnwrTY No : I 

Bare Ground. 29.4d 

3PECIE~: 

Brown Top. 18.08 
Pe re nn ial ~.lye. 16.27 
3weet Ve rnal. 8.14 
Crested Dogstail. 4. 52 
Tall Fescue. 
Poa annua. 
White Clover & 

Tref oi 1. 4. 52 
Ca tsear & Hawkbit. 17.18 
Fie ld Daisy . 
Mouse-eared Chi ck-

weed. 
Self heal. 
Moss. 
Dandelion. 

ANALYSES O? G&\.:3SES -~IITHDr AND "liITHOlJT JONJ1J.J1'T I T I ES . 

-,i I T n · 0 U T 

" c. 3 4 5 6 7 

29.26 22.39 26 .47 29 .05 2? . 2? 26.02 

24 .42 16.69 33.74 22.52 12.99 25.45 
21. 05 7. 51 11. 24 11. 26 12.12 10 . 34 
2. 53 4.17 9. 52 18 .19 16 .4 5 11.14 
8.42 5.85 5.19 5. ~o 6. 06 7.16 

2. 60 
1.73 

i.69 5. 0 4.3~ 4.32 o . 86 O. bO 
9.26 26 .70 O. b 5. 20 9 . 53 3.18 

7.51 

o .86 1. 59 
1.68 1. 73 

3.37 o.eo 
o. 86 

Percentage cover each species contri butes t. tb 
sward. fr or'.l approximately 100 points at each 
analysis, within and witliout. 

8 9 10 TOTAL ;,. \t"ErtAGE 

32.35 36 .67 23 . 2b 2b3 .04 20.30 

15.61 14.68 20 . 34 204 . 52 20 .46 
11. 27 18 . 54 6.47 126 .07 12. 61 
19.88 2 .32 6.47 

6. 07 6 .95 21. 26 76 .68 ?.67 
2. 60 0 . 26 

o. 7'1 2.50 0.25 

1. 73 2.32 i.85 27 .42 2.74 
'1·81 16.98 12.02 l Od.7 2 10.67 
0. 87 8 .38 o .84 

2.45 o. 24 
i. 85 g.26 0.53 
4.62 .79 o .88 

0.87 0.92 2.65 0.26 

V1. 
0 . 
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RUSH CUTTING EXPERilllili.N Ti:i: 

GENEI{A.L: 

In many of the better 
pastures where rushes occur, the feasibility of cutting by 
mower, as an aid in contro l, appeared to warrant a little 
considerati on. Yet when information from practical sources 
was sought on the probable results of this treatment, the 
conflict of op inion was such that no definite conclusion 
could be drawn. The general opinions were that one cutting 
could not be cm sidered eff ective, either in killing the 
plants or checking th eir de velopment, and that more freY.uent 
cutting would probably result in accelerating the growth of 
the cut plants, thus effecting a further spread in pastur~ . . 

OBJECT.3 OF HUSH CUTTING: 

METHuD: 

1. To determine the effects 
of one cutting or several cuttings o n rushes. 

2. To note the .Period of 
g re a te s t re growth of cut plants. here it was thought 
that by adopting a cutting tech ni"que, a. clue might be 
p roviaed to tbe period when rushe s were making their 
most active growth . 1,urtber it wa~ believed that tr...is 
evicience might also iric1icate just when uncut rushes 
were best capable of spreaaing in ~asture. 

3. To note whether cutting 
before the November flowering VJ01,,!ld. prevent stern de­
velopment in tbat ve ge t a tive season, so that a later 
flowerin g and seed setting might be cheeked. 

If it was found possible 
to cor1p letely check see d setting by one cutting, the 
possibility of checkiri g r u sh es tablishment from dis­
persea seed could then be considered by this treatment. 

4. To ascertain whether 
cutting alone could be considered a likely means of 
control, and whetller plants frequently cut would 
succumb as a result of their injury. 

In order to more definitely 
investiga t e the se cond object, a nd to c umpare the growth resp onse 
from month t o mont.b, a plan wa~ adop ted whereby the regrowths 
of cut rushes were me as ure a af ter in tervals each of 32 days. 
The planto chosen for experimental i rJvesti gatiot1 were all of 
the one specie 0 , Juncus polyantbemos, and in an apparently 
similar habitat. They were then cut wi tb sharpened hedge sl:e ars 

to a unifo rm l1eight above g r ound level, i.e., 2 - 3 ins. Two 
irnrneui ate di ff ic u l ties were re co gni sed. 

(a) That fresh plants would. ha~ 
to be cut at each :pe rio d , a:.; th e er·f'ect of tbe first cutting 
would pr obaol y affect re g r ow th after subse4uent cuttings. 

(b) 'i'.ha t if t h ere were large 
individual vari ations in regrowth of aif1'erent plants of the 
one s pecies, a l a r ge number would have to be cut, in order to 
obtain a r eliab le mean of their g ro wth, as it was proposed to 
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compare the re growths of separate g roups of cut plants . 

As a trial 30 mature plants 
of J. pulyantLernos 'here cut for the first time, in December. 
It was :founa th u. t by careful ff1aui.fJula tion the cutting of the 
regrown stems after a 32 a.ay iriterval, (early Jan u.ary) was 
posei-ble to within :t l/lOth . in. of the level of the first 
cutting. The many dead stems which had been sheared down to a 
uniform level by the first cut; ~r ovide a. a base for the second 
cutting of re grown stems. Only stems bearing marks of cutting 
a.t b o th ends were measured. Thus, any new stem growth wbi ch 
bad not been sheared at the first cutting was readily disting­
uishable and was consequerJtly r ej ected. 

The small errors introduced 
through the impossibility of cutting exa ctly to the first level, 
and the errors li kely in measurement, which was made to the 

nearest l / lOth. in. for each stem, have been re garded as can ­
celling out. 

The further important fact 
v.as demonstrated that tl1e fre quenc y curve of the regrowths of 
these cut rusries agreed witlJ what is know n as '' the normal curve 
of error, 11 and that ther efor e certain statistical formulae 
c ould be employed to entimate ti1e v a riance of the results. 

Of the 30 plants so cut, 
the stems of each plant v. er e kept sei:iarate. Fifty stems of 
each of 25 y lants were selected at rana om, and measured. 
Five plants were discarded from the t r ial because of a minor 
shortage in the re quired. number of s tem s . The data was ex-
aniined ::3tatistically, and the mean length of tbe regr=ow-n 
stems of each of ~5 pLants was determined. 

Th i o tech lliqu e was seen to 
inv o lve three pro blems: 

(a ) -1as the measurement of a 
sample of 50 stemo sufficiently r epresen tative on which 
to obtain a mean for each of the 25 plants examined? 

I I 

(b ) Was the measurement of the 
means from 25 plari ts a sufficient number on which to base 
conclusi ons for the whole populati on, under similar con ­
di ti on.s? 

( c) Vias a sample of 600 stems 
chosen at random from the mixed stems of the 25 plants 
in substa ntial agreement wi th the mean of the sum of the· 
means, of each of ;;:5 plants, from which the previous 50 
stems per plant had been taken for sampling? 

RESUI..To OF Pru; ID,. I NARY THIAL: 

The mean stem re growth of 
each of ;:5 plants of Juncus po lyan th emos are recorded . Fifty 
stem::; from eac:b. plant wer e measured. 

6 ' 'r) + 0.066 inches. '; .10 ! 0.136 inches . •LC:. 

6. 34 + 0 .138 II 7 . l b ... 0 .1'/2 II - -
6.42 + 0 . 074 II 7.24 .!:- 0.156 " -
6 . 44 + 0 .130 II 7. 24 :::. 0.165 " -
6 . 46 + 0 . 059 " 7. 24 ::!: 0.1'/0 II 

6 . 4b + 0 .110 " 7.26 ... 0.166 II --6.70 + 0.1~3 II 7.32 ... 0. 209 II - -6. 72 + 0.13<:5 II 7.50 !.. 0.170 II -
6 . 88 + 0.145 " 7. 54 + 0 . 20 II -6 . 92 + 0.16~ II 7 .64- :: 0.170 II 

7.02 + 0 .159 II 7. 94 + 0 .163 II - -'1·04 -t 0.165 II 8 .3~ ..... 0.107 fl -'1 ·Ob + 0 .155 II 
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'i':h e i rid iv id. ua 1 plants show an 
ex:pe c ted variation in re g r 0w t 11 r a. t e s. , -1. sam _tJ li ng of 50 stems per 
plant, appe a rs to have been a ~ufr icient number i'or the analysis 
of the me an of e a ch .J lan t. 

The me a surement of the re­
g row th of 25 plants has been ac c ep te d a s satisfactory, th uugh 
in each c a se of the following perioa e x a mi natious a minimum 
of 30 cut plants have b een t aken. 

The me a n of th e sum of the 
me a ns of tbese 25 indivi dual plants is 

7. 07 f 0. 07 3 ins . This 
represents a me a sure ment of a total of 1, 250 st ems. 

A r a nd om sample of 600 stems 
of the same group of ~5 p l a nts gav e a me an of 

7. 024 r 0.05 ins. 

The se two means were within 
the limits uf tbei r p r obably errors. The figure for the mean 
obtained from the measureme nt of 600 stems was thus taken as 
beirlg significa nt. 

:PRELIMI NARY TRI AL CONC ilJ,.H o:tiS: 

The above exyerimental evidence 
was viewed as confirmi ng t b e ability to compare the regrowth rates 
of each g rcup of rusb e s , witi. those of ariothe r group, cut after 
a definite time irlt erva.L, ·out in a ~ucceedi ng m0nth. 

PI :N .AL CUTTING R.!.'J oULTS : 

On the b asis of measuring stems 
of grou1Js, each havin g a minimum of 30 plants, and re-cut after an 
interval of 32 days, th e following r e sult s are presented:-

DATE OF 
FIRST CUT. 

29 :9:33 

31:10:33 

9:12:33 

10: 1: 34 

DATE OF CUT 
OF '.-\EGROWN 
STEKS . 
31: 10 : 33 

2 :1 2 : 33 

10 : 1:34 

11: 2 : 34 

Nill!i:BER STEMS 
MEASURED. 

1illAN . COEFFICIENT OF 
VARIAB I LITY. 

ins . 
400 

400 

600 

600 

ins. 
7. 570 ! 0 . 056 23. 20 ~ 0 . 55 

7.375:_ 0 .059 24.04 ~ 0.59 

7. 024 + 0 .05 26.11 + 0.51 

5.092 ~ 0.039 29 .36 + 0.57 

~v hen the fift h group of 30 
plants was cut in i arch , 1934 , i t wa s t hen fo u nd that the stems 
of all the cut plant s were considera bly less t h an the required 
number 600. Many individual p lants h ad made little or no growt h . 
Those whi ob had regrown st ems s bo wed wide v a riati on in t t~e 1 engths 
of these. Cutti ng was th e n a b a n cb ne Q a s a me a ns of furth er indi­
cating tbe g r owth r esponse . 

The g re a test r e growtb from 
cuttiti g appear 0 to b e i t1 th e fi r b t month , i.e. October to Novemb e r . 
There is no st a tistica l ui1·r'e 1· e t 1 ·~ e 1;e t wee ri the re g rowth for t h i s 
mon ti1 and the succee din g two month ci , alth ough the regrowth rates 
of the last month show a si g riif ic a n,t eiiff erence whe n comp ared with 
any previous m1J n th. 

1,r om the first cutting me as ure-
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- men ts to t he last, a ri::rn in tue coefr' i cit::nt or· v ariabi li ty is 
sh own . Tllis io L1uite consistent witi , the observati on at the last 
and unmeasured cut , when it was seen t11 a t a l thougp few st ems we re 
p rociuc ed , thei. r vari a ti lrn in l e rig th was g rea t. 

'£.he fact that it would be 
ultimately imposs ible to secure the requisite number of stems for 
measuremen t, might have been p red icted a t an e a r lie r period, when 
it was found fror.1 the 30 plants, t bat t he re was var iati on in the 
n u.111be rs of stems pro duced per plant, and t he ideal of 50 stems 
was met by only 25 of these . The fact t hat more p_ari ts might 
prod uce fewer st ems was a t that ti me over looked . 

i. The e xperimental evidence 
has been taken t o shov1 t lLat Juncus p olyant.1'1em0 s, in this habitat, 
made it s maximun re gr ow th after cu t tinf• betV1ee n the r.ionths of 
Nov eml) er and January . . '"\r'ter cu tting early i n J anuary further growth 
fell away rapidly . 

2 . That cutting would probably 
not completely pr ev ent seeu L 1rmati on. '1'his was noted f rom the 
f <J.ct t ha t af ter regr owth f.:ir a peri od of 3~ d.ays , cut stems 
greVv to a stage whe r e a second iti1'lore:5ce nc e wa s of ten borne. 
However, tl.e main seed cru.i:> could be prevented by early cuttin g . 
One cutting can1Jot t!1e CJ be t o.ken as com.i:Jletely checking seeding. 

3. vthe r _p lan t o fre4uently cut 
throughout the year, but a t n u set aate::>, have twt ·oeen killed 
by cutting , though aeveloiJment l ... as oeen severeiy checked. 

4. .:>ubsequent observation has 
shown tha t the .lJeriod of great es t vege t ative re g rowth detennined 
from cut plants , is nut necessarily t he pe rioa when tre most 
active shooti ne is takin g pla~e . In tlri.s connection only the 
r esul t s of ob serva tL:in a re available. It has been noted that 
shooting continues throughou t th e winter, when pasture growth 
is :practically at a s tands till. Frorn April to 3eptember on 
these wet open pastures, the rush plan t s are unobtrusively 
shooting at their outer margins. With the a dvent of warmer 
co ne.Ii tions , b o th pasture and r ush r.; ro~. th is s timulated, though 
the rush has a n undoubted u.dv antar-;e , as it has alr eady established 
a large number of shoo ts . 'fhese shoo ts , which r apidly develop 
into sturdy stems , can th en easily survive pasture com~et i tion. 
Thus t11e r ush h as made an aavance whiGh might be impossib le but 
for its v1in t er shoot grov1 th . The ne ed fo r careful pasture c ontrol 
in rush areas, especially in winte r, is t hen strongly advisable, 
otl.e r wi se their spr ead i s likely . 

5. Jut rush e :-:; we r e ob served to 
shoot actively at. tbe i r outer l'.!'lar g ins . Tb.is in e1'fec t sti mulates 
a n outward. spreau.. P late .AV I I a il lustra t es t!iis point. Here 
is seen t he re sult of an individual rush in a 1 ield which was 
subjected t o une cut by mower . 1'his par ticular a rea on the 
College farm had re g r J wn rus.bes a ft er a previous c...iltivation, 
from which it hau been s vwn auwn to 11ermane[j t pa::>ture. 

The re g row th of cut rushes 
is so rapid in the early summer mon ths t hat e ven if they were 
cut ·oy mower , and. the field closea 1'or hay , the pas ture com­
petition wot..ld be ir1sL1fficient t o exert cm tro l by possible 
s mo thering . .ihere yJ.ant.3 are re l a tively few i n number , it is 
beli eved t hat t..t:ie best expeaient would be t o chip them out , 
rather t11an attempt to c..,nt rol my r.iowing . C1·.ipping can be 
done at any peri od of ti1e year, anu i G a p8sitive means of 
eradicating individual planta. J.:owi ng, which confers an ex­
tr emely doubt fi... l benefit, requires to be do ne at t he height of 
the far mer ' s busy season. 
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( a) J.{ oot ~ystem of Juncuo _po lyau t LeP.Jos fror.1 a sketch 
showing t Le ~J0'3i ti or,s of r, ots ir: one plane . The 
co11tir1uity a riu r::oue of ue:scent of tl1e root sys t em 
i s illu::strate•1 . 

,, .1.1 Hamil t otl . 

( u) ExGavateu root :::;y;:,tt:Lt 01~ Ju.t • .!L-<Li 1'0lyuc;t1.:.er.10s . 
lortior,s of tLe Gai t: i·oot :::iystern are seen to 
t11e full ue~Jtl~ vf tli c c~::;,;_vat io ri. 

Pl1ot0: 'i1.r . Hamilton. 
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( a) Husbes , .1:irinci_t><iJ..ly J'-,ricus pu l ya11t11ernos , sh oviing 
t E:nQe llcy to ra.ei"- it1V ;__c;:;i J r, '-! '• .J

1iel c.t 1 E' . Uote 
free extension of rl.i 7~ J::-:eo ~oi~ic11 v.iil.L l a ter J:.I I' obably 
tHicken out to c:li...E . .iJ uevelu~.rl:iE:t1t . 

( u) 3ymEetrical corn.r:.unity, or e rowtl, ri1 ,g of Juncus 
l,olyatJ t ljerno.J, L1'i c lLi. " ... ~", t..t Uu.. rts ue~crib ed in 
nar1·ative. i,o t t: rie v: GTO~-tL u t the 0uter 1Jlan t 
mal(_!;itis particui.u.r l y ir1 left fore g roUL1G.. 
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ROOT AND STE11J. :UEV.ii:LOPl\ili:NT OF JUNCU0 POLYANTHh: 10S: 

ROOT STH.UCTUHE . GEHERAL. 

Juncus polyanthemos is the 
chief species of rush on these pastures, An excavation made to 
study the root structure is i ..!..lustrated. b y Pla,te A.II b. 

NATURE OF SOIL AND SU:B30IL: 

The surface soi 1 was a heavy 
clay loam as previ •)U sly described and analysed. On excavation 
it was revealed that this merged to an ashy g rey colour before . 
meeting t he true subsoil. The depth 0f surface soil w~s ab6~t 
1 foot. The subsoil was extremely hard, of general yellowish 
white co lour, and fissured. Tho ugh no gravelly pan was en­
countered here, nor within tre 6 fo ot deiJ th of excavation, 
water perc ol at ion was confined wi thiti the .subsoil to the 
fracture'S planes, which were filled with a soft interstitial 
clay, :probably leached from t he surface layers. These layers 
were streaked in charasteristic colou r s b y oxides of iron, and 
through this clay the roots pene trr..tte d, p rincipally vertically 
though , to a small extent, horizon tal ly. 

THE H.HIZOME: 

The surface nature of the 
rhizome was reve a le d -by its position 1 t o l~ ins. deep. Of 
other plants examined this was t 11e usual depth. The rhizome 
growth was in a horizotital plane. lvia ture anu living rhiz omes 
were approximately t i n . ir1 diameter, and tape red to tf in. 
behind the growing point. The whole structure was woody , and 
externally covered with membranou 8 scale like sheaths . Near 
the tip these were of light bro wn hue, smooth and glossy , while 
further back tliey deepened in c olour ana asswned a furry appear­
ance . The upper surr'ace of the r l.ii. zom.e was - thickly studded with 
ste ms, and shoot buds. The lower half gave rise to an equal 
number, or a larg er number of prir.iary roots than aerial stems. 
Ar ching of t he rhizome over some por tions of previous growth, 
was taken to indicat e eith er an adaption ot its depth below tbe 
surface, or of successive season's growth . 

In other positions than at 
the point of excavation, a single rhizome has been traced back 
from a small growin g po i nt for a distance of 6 feet. The dead 
portions to W!'.t ich t h e living segment was attached, indicated 
the power of advancement of t l'ie rhizome, under favoured conditions 
Near watercourses and i n wa t e rlogged 1)osi tions t he r h izomes were 

cl osely clumped . The abili ty to spr ead under these conditions 
appeared to be considerably constricted . 

Apart from the main, or 
_t)rimar y rhizome, the excavated p l an t s.1:rnwed considerable lateral 
rhizome development, w!u ch, together with stems borne from the 
main axes, gav e the plant a clumped appearance . Such lateral 
rhiz ·.)ffie growth appeared to be suhtended at a definite angle to 
the main rhizome axis . Besides givhig the complete rhizome 
system a clumped appearance, these se cond.ary extensions allowed 
a radial ou twarCi. growth from an as::mme u. central point, growth 
being more or less equal in every a.irection, or, as seen in some 
cases, a greater growth along one airection. Thus, . where the 
sward was open and the soil wet , it was proucb le that rhizomes 
from a parent plant wruld not extend to the same extent in every 
directio n. If one secti on of t l1e lii izome was particularly 
favoured it might make grea ter advance in its direction of growth. 
It was thus rao ving outward and ·forward from t .r1e point at which 
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the parent plant ori gi nally co rm·1ence d g rowth. If a number of 
rhizanes of any plant or p lant s extended i n this manner and 
did not thi ck en out to fonn clump ed growth, it was probable tbat 
the pasture would become rapidly invaded by t he rush species, 
P late XIII a. If development in each dire ction in which the 
rhiz ome was advancing was slow, it was li kely that the plant 
wo uld retain a clumped a ppearance. This condition was seen 
where the soil was con tit1u ouoly waterlogged. 'Nhen conditions 
seemed to become more favourable the plan t s still retained a 
clumpe d appeara nc: e , though the y we r e g r adually ex tending out­
wards in an ever wid en iing circle . In ti me the central st ems 
a ttached to tbe o ldest port ions of r hizo me :p erishe d , a n d a 
ring of g r ow th was t hen formed , Pla te XIII b. 

THE ROOT d AND ROOT ~YSTElv : 

As t he apical shoot buds 
and shoots of t l1e rhiz ome were progre ;:;s ive l y developed, so also 
did the rooti ng system ex tend. The younges t root s appeared fr om 
t h e under surface of tlie foremoi;:l t aevelo_ped shoo t on the rhiz ome. 
The root bud was first visib.Le when the shoots were about i i n . 
long . On furt1:1er u evefopmen t t he se immature roots were see n to 
be of creamish wlii te colour i n t hei r e arly s t ages , and dark 
br o wn when fully mature. 'I'he 1'e were numerous new roots when 
this root examinatio t. was made i(J July. At t ha t time a number 
of these roots were found t o exte nd l foot in a h orizontal 
direction from t he r i i z ome , and were p ene tra ti ng in an oblique 
plane t o the soil surface , being then 6 inches deep. These 
young roots aver ag ed l /16 th. in. in diarmter. They were soft 
and succulent, and stron gly pointed at the tip, over which 
' the t ran >::>1Jare n t root cap ce 11 3 exte nded. At a distance of 
approxima t e ly 2 i n ches fro m t he tip, many minute root hairs, 
each no long er than l/20th. i n. ga ve the rootlet a woolly 
appearance. These root h air s were retaine d backwards from 
t heir ori g i ti behind the po i n t of the root for ~ - 3 ins. 

1he mature roots had 
a n a verage diameter of l / 1 2th in. at their pdint o f origin 
from t h e r h izome; they were woody, a nd curved outwards be­
fore desc ending ve rti ~ally. The roots e xtended l a ter al Jy 
on either side of t he lJ are nt p lant f'or 1 - 2 feet. Many 
ful l y develop ed ro ot s tracing back to th e :rhizome were li:t' e­
less , indicating a period probably analagous to that of the 
rhiz ome and stem life periods. vi i t h in t he first 2 feet of 
surface soi 1 little or no branch ing of the prirrary roots 
was observed. Of the few p ernanent adventitious roots noted 
here, the gener al lengt .i1 was only -i to t in. Below the . 2 ft. 
level there Was extensive l ater al root bran chin g , but a long 
the fissures of the subsoil clay only. In t h e s e po sitions 
roots were thickly clu s tered, many being strongly flattenea., 
a proba.ble adap tion cau;,:; e u by thci r pene tration bet ween the 
surfaces of the extrerrE ly hard clay. '~ numbe r of living and 
dead roots, followed the same clevage .Planes. Alth ough the 
exc avation was continued to 6 ft. the limit of the descent 
of the fine rootlets bad not been reached. 

The illustration, 
Plate XII a, is fr om a drawin g , sh ow in g in one plane the 
unbroken root structure f r om a soil face of about 2 in. 
depth . 

MODI F ICATIONS OF THE ROOT o YS TEM: 

Weaver a nd Clements 
(33) recor d wide v ar i a ti on in root systems according to the 
plant's habitat. They say t ho. t roo t de velopme nt is retarded 
by lack of aeration, and tl~a t th e characteristic root type 
on one situation may be so mod ifi ed on another th at the 
association of a IErticula r type of rooting system with that 
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of a plant of t he one species is almost impossible. It is 
probable that this was tbe case where Juncus plants were 
growing in waterlogg ed positions. The roots were then often 
closely clumped beneath the rhizome. This could have been 
due to insufficient soil aerati on which did not permit deeper 
penetration. 

STEM DEVELOPJJ~NT: 

The you nges t stems, and stem 
buds, were at the margins of the r h izome. Vvorking back from 
the terminal bud, stems were borne alternately in rows, The 
position of each stem appeared to be at a definite angle to 
the longti tudinal axis of the rhizome. On the young rhizome 
there were primarily 2 rows of stems with buds at tbe outer 
stem margins. On each piece of ma ture rhiz ome there was often 
a number of rows of sterns. In every case buds were borne at 
the outer tips, behind which were the younges t growth. The 
developing stems were protected by a number of papery white 
sheaths, which later appeared above ground, a long with the 
stelTl . 

3tem gr ow th was from the 
rhizome. A number of e~uidistant points were marked with 
Indian ink on youn g stems. In all cases these points remained 
as originally markea, definitely showing that additions were 
being made below the basal marking. 

I n 1<, i eld A the position of 
new stems on a number of plants \Vas marked . In seven months 
growth frorp. Au gust these p lants had pro due ed an average of 6 
new stems from each marked position. This was the extent of 
radial migration of these p lants for the above mentioned p eriod. 

While actual stem elot1€ation 
appeared to be most rapid in the early spring, shoot formation 
seemed to progress evenly and was particularly noticeable in 
the winter when the ground was soft, waterlogged and pasture 
was short. 

CONCLUSIONS: 

Examination has shown the 
rush to be a n 01:mal.Ly deep rooted p l an t, although the rhizome 
itself was at no g reat depth. It is from this rhizome that 
both stems and roots had their origin. Removal of the rhiz ome 
from the gro 1,,nd would thus bring to an end the vegetative means 
whereby the plant perpetuated its elf. Owing to the deep root­
ing system the rush was not likely to suffer through extremes 
of drought, which would provide a severe check to the devel ­
opment of less deeply rooted plants . 

The mechanism oi' stem de­
velopment was seen to allow plants to asswne either a tufted 
or a free growth, according to the en vi ronmen t. The first 
condition appeared in waterlogged soils. In more favourable 

· positions the rush slowly ext en cled to form i n time a symmetrical 
corm'.1un i ty. The most favourable conditions resulted in a rapid 
growth and the rh"izome could spread along any one or in a number 
of directions. The rush could t hus gain rµaximum coverage in the 
minimum of time. Later thick ening out to a tufte d growth fonn 
was probable. 

'iihe re new growth was smothered 
by the surroundin g pasture, only fe \·; etiolated rush stems per­
sisted at any time. These we re oft en atta~hed to a length of 
per ished rhizorre, as the plant was unable to thicken out and 
fonn a clumped g rowth. 
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Thus is obs erved t he i mportance 
of a close sward, moderat ely grazed , as opposed to an open 
pas ture , as a means i n rush control . 



P L n T E A I V. 

(a.) ·nLi :.:. r·ielu \,as ~.nn.t.1~11; .t-<lvu~_.1:,(;u , later re - !.3v»a.P.l.tJ ploughe 
tur·t1in p; tiL(; _,r-=vioLi ... ay uurit:~ rL1-.,;1.e:.; to tlJe ~urr'ace . 
l.o tc tL e auu11uu1,t ri....:.r, gro\. t.b. 

(b) TlLi..;. t...Cij(.,i11i1iv i'i t..l~ r,a:::; 1·il'::::t ::;wur:1_,,.1 p.Loughea and 
the ti r e - 1_lJup;b::a to tLc orulrJC ... ry v..e 1Jtn . ~~a t e sparse 
ru .. :.i1 gro\•t1, it. 1·....,rt:[l"JUc.1.1, out :.....;,11-Jt.~r<..1.r; ::: e i11 the 
buckgroutH ... , ut:J..it,eu.tit.('' t..:.·i:: ..... t1:1c:t1t _,,.., i.'e~oruea. in 
text . 





SECT IO N V. 

MANAGEMENT I N FLU EN Cl!: I N 1W .-:3H C (N TRO L. 

INTHODUCTOrtY : 

In order to gain a more 
detailed knowledge of t he problem of rus h control, the writer 
visited a number of farms in the J'.:anawatu d istrict. As a 
conse quence the opinion is ess ayed that a pre-eminent factor 
in rush control is f a r m rr.an c:i.ge men t. 

With the Jarger areas in­
cidental to most sheep holding s a g r eater d ifficulty was ex­
perienced in maintaining l and in a rus h free conditi on. On 
th€ coas tal areas, however, even where holdir.g s were of small 
acreage, a problem was _presented 4uite di fferent from those 
further inland, and on the heavier soil types. This sandy 
type bas not been i nvesti gated to t he stage where it might 
be held tha t r e commendati ons for h e avier s oil types rr.ay also 
apply to it. 

On the heavy loams and 
clay loams the op inions of farmers re gardin g t he best means 
to combat rushes, when once established, we re much divided. 
From the many farms where t here is no, or i nap vre ciable rush 
gro wth, it appears that were cul tiva ti on is p ossible and after 
manag ement suitable, rush grow t L can be eliminated . Alterna­
tively, where cultivati on l1as been a l ong incorrect lines, or 
where poor management bas al l owed. t11e open i ng up of the ;,a stur·e 
an abund.an t . rush coverage wa s e vi den t. 

I n swamp lana wh ere it is 
impossib l e to cultivate because of submerged timb er, free water, 
and lack of c o nso l idation, it i ~ also i mposs ible to apply any 
system aimed at rush control, until t l1e land can be brought 
within the sphere of a g ricultural p ractice . 

The following p ractical ill­
ustratio i1s will show the r esul ts obta ined by certain meth ods 
of procedure, toge t her wi t h some of t he factors whi :::h it is 
though t would be mos t l i ke l y o f bene f it in rush control. 

CULT IVATI ON AND CROPPING PERI OD ?HI O"K. TO TB:G PA3TURE LEY; THE 

EJ?FEC T3 ON ,:{D;.3H RE - GROWTH. 

In pursu anc e of a progressive 
policy of management, lamd in aan inant ru sh growth was being 
cultivated to pasturage on th e co l lege r·arm. By a trick of 
circumstance t h e original cul ti va ti on plan could not be f ol l owed, 
thereby a splendid example of th e effect of a variance in manjse­
ment was re f leeted i n tl1e subsequent developments, especially 
those leading t o a re-e s t ablishment .::, f ru shes . 

ciOI L TYPE. 

The heavy clay 1 oam of the 
surface so i l of t his area i s underlain by a still more impervious 
clay, drainag e being i mpeded by th e n a ture of t i£ soil, and the 
fact t hat a n ir on pan at no g r ea t d.ep t h , comp le tely prevents 
f urth er perc lation. 

PREVI OUS CCNDITI ON . 

'Nhen pos se s si on of the area 
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was fir st assumed by the Colleg e, rushes wer e t L e do mj_nan t 
g roVlth, with i rJ dicati o ns of rye- g rass, Tref oi 1 and Tugs tail. 
Timber had to be cleared be f ore cu lti va t i ~ 11 was possible. 

THEATl.El.'J T. 

To obtain clarity of des­
cription only essential treatments will be described . 

The complete block comprising 
36 acres was swamp ploughed in June, 1929, to a depth of 9 ins. 
Subdivision fences were l a ter erected and this large area was 
divided into a number of smaller areas, on each of which select­
-ed crops were g r own. One particular subdivisi o n, on which most 
attention has been f ocussed, was further cultivated and sown 
down in November, 1929, to rape, with a manuria l dressin g of 
phosphate and sulphate of ammonia. In April, 1930, after the 
rape had been fed off, it was decided t o recultivate and sow 
thi s section down to p ermanent p astur e . However, in the late 
autumn, the surface soil had become so h a rdene a afte r a drying 
sumr:1er, that ploughin g t o the ordina.ry d epth, . about 4 ins. 
be came impossible. The share of the ligLt p lough would neither 
penetrate, nor would it r e main b elow the hardened soil. When 
a section of ploug l:iing had been coVip lete cl with great difficulty, 
it was aecided to again bring int o use the heavy swamp plough, 
which was then used to com_p l e t e plough i rJg . 'l'here were thus two 
distinct sections, one turned to 4 in s by the light plough, and 
the other to the ori g inal 9 in. lev el by the swam p plough. The 
complete field was levelled., rolle d u isce cl. anJ harrowed, to 
provide a suitable seed bed for the followi ng first class 
mixture: 

No I 

Perennial Hye. Certified h avvke s Bay. 16 lbs. 
Italian rlye . 4 II 

Cocksfoot. AkaroC1.. 8 II 

Tiao thy. 3 II 

Meadow F oxtail. 2 II 

Dogsta.il. 2 " 
Cowgrass. 3 II 

White Cl over. 2 11 

Alsike. 2 II 

42 lbs per acre 
~ 

At this time eighteen a cres , . 
or half the ori ginal blo ck was sown. No manure was included at 
sowing. In June, 19 30 , a further s ubdi vi s io n of tU. s sown area 
into 4 se parate pa ddocks was effected . Two were used for con­
trols, and tw0 for manurial treatments, the manure beirg dis­
tributed over a year from the date of the sowing . These paddocks 
were mble drained. Although detailed investigation discloses 
that a.11 4 paddocks of this latter subdivision received differ­
ential ma.nurial treatments, no significant influence due to this 
difference al one could be determined on examination in November, 
1933· At that time, however, there was an appreciable and marked 
difference in the density and amount of rush g ro wth un those 
portions which h a d oe eti reploughed to re spective de:pth;.s of 9 ins. 
and 4 ins. This eff e ct wa s tra ceo.ble across the paddocks latterly 
subdivided, one of wllich wa s a co ntrc l, and the other a manurial 
trial. The illustrations show this effect. Plate XIV b shows 
the sec ti on ;, laughed to the aep th of 4 in p; l>la te XIV a the 
swarrw ploughe d secti on . 

The adjoinin g 18 acres, or the 
counterpart of t he :first su bdivision, was also cultivated. It 
was under cul ti v a ti en longer tl1an the pre vi ou s area, before being 
sown down to pasture. In ~ecember, 1929, it was sown in swedes, 

I 
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tllen afte r furtL.er cultivation p ortim s were s o wn in Chou-
Moell ier, Kale, Oa ts, Burley a rJQ Tares, a nd Oats alone. Each 
crop received a manure req~isite to its special re qui rement s . 
3ubd.ivi sion followed. One -·po-rti on vi a.:; work eu for t Le t hird time 
in Mar.ch, 1931, and about the middle oi' that month was sown down 
to ilasture . Two seed mix t ures were used on differ ent sections, 
these being drilled wi t h 3 cwt. of sup erphospt.ate per acres. The 
seed mixtures were: No·Z 

"A11 "B11 
Perennial Hye. Cer ti fi ed Eawke s ' B ay. 16 lbs . 8 lbs. 
I tali an Rye . 4 II 4 II 

Cocksfoo t. Akaroa. 8 II 16 II 

Timothy. 3 " 3 " Meadow Foxtail. 2 II 2 II 

Dogstai l . 2 II 2 II 

Cow grass. 3 II 3 II 

Alsike. 2 " 2 II 

Whi t e Cl over . N . Z . be s t. Cer tif ied. 2 II 2 ,, 

42 II 42 II 

PER ACRE. 

The field was mole-drained in 
July, 1932, and various surfa ce topdressing treatments we re applied 

The secon a sGbdivision or part 
of tbis block was in cultivation until JLarch , 1 932, when it was 
sown down witb the fo ll owing seed mixture . A0 a· 

Perennial Rye. Ce rt i fieci fi.r: s t h a rvest H .B . 
I tali an Rye . 
Timothy. 
Cowgrass. 
Cock sfoo t. 
Crested Dogstail. 
White Clover . 
Poa trivi alis. 

16 
4 
3 

~ 
2 
2 

_l 
4 

40t 

lbs. 
II 

II 

" 
" 
II 

It 

II 

" 
PER ACRE. 

Man ur e at th e rate of 3 cwt . 
superphosphate and 3 cv; t . carbonate of lime p er acres were sown 
concurrently. The field ha d. not been mule drained when the 
ob servations were made . 

DI SCDS~I ON OF .8.l!;dU LT6 : 

The entire block of 36 acres brok­
en from its uncultivate a rush - covere d st a te in June, 19 29, by 
swamp ploughin g has been v ar i o usl;y subdividedrc cropped , manured 
anci. eventuali.y re- sown to 1~ asture . The se e d mixtures in the final 
leys h a. ve varied, a s has also the time .J of inter-cultivation 
prior to sowing . After sowing, a further manurial programme has 
been c a rri ed out . The bulk of the are a has been mo le drained, 
only one small area remainiri5 undrained. Yet of a ll these treat ­
ments rushes are t o be found only on the one section re-sown 
after 1 0 months cultiv a tion . The portion cul tiva ted to the 
origi n al depth of swamp plou grii tit; , 9 i Lti. , has now a heavy ru oh 
g rowth, tlie other normally cultiv<:ct e a., a sparse rush gro -w th. 

cm~ CLUS I OK;:) : 

1. The evidence f avours the 
Lypothesis tllat rushes buried for a period of 10 months 
have re -e s t ablished. , probably by shooting from their 
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damaged rhizomes, a.fter beir.g returned to the sur1'ace. It 
would seem tbat a secoriQ g rowtli phase .nas been facilitated.. 

~ - ~•l1ile tl1e possibility of' 
establisl1ment fro l".1 see d. on botb sections cannot be overlooked 
the fact that ru shes are g rowing t v sli ght extent on the 
portion of the f ield cultivat ed according to intention, 
however e stabli sb e ci , woul d i r,di Gate that sowin g to g rass 
after one cropping p eriod , al l ows incomp lete and insuffic­
ient cultivation for the c omplete subsequent control of 
rushes. 

3. Tha t the various seeds 
mixtures used have been suitable where cultivation has been 
along correct lines, as even on the n on-mole - d rained area, 
no rusbes h a ve c ome a vv ay followin g several cu1tivations. 

4 . That the· v a ried manurial 
tr eatments a fter both efficient cultiva ~ ion and tl1e sowing 
of suitable see d s mixture::; have ;:;b ow n no efr'ects which of 
themselves would favour the c onclu::;i on that particular 
fertilizer treatme nt had inciuc e d subse4uent rush g rowth. 

~ somehwat parallel case 
of re g row th of rtAshe s a f ter c u. i. ti v a ti on was i c. ci de need from one ~. 
of the farms visited. TLe ow uer hu.o. fi l oughe a his heavily rush 
covered fielci by ordi nary p lough, cultiva teQ a ua sown the area 
down to a root crop. This was followed by u ~econu cultivatiom 
wi tbi ti the year, when the f ie l a was sown Qown to permanent pasture 
'I'he ultimate r e sult was t:r~at within tLre e ye a rs of cultivation 
the field was in as baci a c onditiou as prior to cultivation. 
This evideuce is taken as an aac.iitional support for the need of 
thorou gh ana continued cultivati ot, prior to t:be permanent pasture 
seed's ley. 

~r on successful measures 
of control by cultivati on the f ollowin g: r e co m.rr1 end ations are made: 

1. Rushes to be turned under 
by swamp plou ghing . 

2 . 3urfa ce cultivation and 
cropping for a peri od of a t le a st 2 y ears before sowing to 
permanent ~a sture. 

3. The sowing of a suitable 
and hi gh grade seeds mixture. 

4. After cultivation never 
to be to the original aept.h, so that rhiz omes ploughed uncier 
will no t be turnea a gain to t he surface. 
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(Pageb 60- 61 of narrative) 

as seen at November 19 33. 

* ~- Heavily rush covered. 
,. =- Spurcely II II 

-z, 5 acres swe.nro ul ou«:h e d June 1929. 

Sown seeds mixture 

No.2 

II Alt September. 1930 

Sown seeds mixture 

No.2 

II B" September. 1930 

Sown see els mixture 

No. 3 

March, i.932 

Small portion here 

not mole drained. 

The above section of 
18 acres was sown t'i rst 
in Swedes. Jn Septem­
ber 1930 it was plough­
ed to ordinary de _p th. 
Seeds mixtures No.2 "A" 
& 11 B" were s own in 
March 1930 on the top 
section. The bottom 
section wa s sown with 
Chou Moellier, Kale, 
oats, etc. and in March 
1932 to permanent 
pa sture with seeds 
mixture no.3. 
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18 acres sown seeds 
mixture NO .1 April 
1930 after Rape. 

Sub di vi de d June 1930 
by tempory and per­
manent fence lines 
making 4 separate 
areas: each ultimate­
ly having a different 
manurial treatment. 

The above section 
also of 18 a cres was 
cultiva ted and sown in 
Rape in November lg29. 
It wa s l ater re-swamp 
ploughed (where heaVJ 
rush g rowth is in­
dica ted) and by ord­
inary plough (where 
few rushes are shown.) · 
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l- L •• T ~ _,-..v. 

Hu;:;b euta"t:ili!:i}J.'.lerit o li a u.i;:; u.seo. pat.1'1'.\ay . 
of one seaso r,' 0 s~ r ov1 tli. 

The result 

'* ( b) 1i.u:.:;:rJ. e;Jta.t.Jlisr.u'.1 erit ori .i:-J.ot ovvm v<i t11 'i'yJ:Je 3 
1?erenLiial rtye gras ~ . 

*- Posit iori::3 01' ru.sb .3tt ni ;J are irnlicatei.... by rea i r.k crosses. 





1' L A T E :;{VI 

( a ) Free rusL e::;tablislJI1e r1t on .i:! lot ::;own witb Type 5 
Perennial Ryegr~ss . 

(b) ;:)bow ing t11e :t'ailure of r i.;.s}1es to es t ab li sh o n 
plo t sow ri with Type I 1:Je renriial Hyegrass . 
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..8F::7~CT 0 1•' ..:.>rrt ...... I~ L T}L _ _; Gd .... ..;i..:> UY n.ki.J IT.:. .rt ..... Ld'ION.jLIP TO RUSH 
C ·J-~TrtOL: 

Apart fr1Jm tlJe fact that i ucomple t e 
cultivation r'.lay have an effec t in aiairJg tl. e subsequent aevelop­
men t of a rusb f:t.ora , tLcr e appears to be sound evici.ence for be­
lieving tlJat U.e strains of the grass species sown , have some 
it1fluence in t:he pr0ble.rri of ru..:ih control . 

I n tbi:::; corir:e c ti on some strain 
trials wi t L ~yeerass will be discu3sed . 

The iJlo t trial::> from which this 
material has been collected are at the 1._, lall t .:te searcn .._, ta ti on, 
Palr .. erf:>tun l! ortl.. 'rl1e sitE: wa;,.; .:~·::~. u.1 red oy Lllt: pre .... er,t o.::cupi ers 
in 19~7 · -~t t ..r1at ti :.1c , pra~ tically tr.e entire blo::k was rush 
covereu . ..;lince t1 ~Pt1. tLe \'!Lole are~ 11as oeen cultivated, ar:.a t11ere 
have been r10 rut:>l'ie::> in eviaeuce for o.t least ;:;ix years. In 
addition, tbe sectiou ti uv, occupieu by tl!e.::;e ~{yegraf:>s plo ts was 
thoroup'!lly cult ivr:.teu ic. i93;: , vvlteu a root crop was g r own . In 
April, 1933, vari -.u.;;; 8tr ait1t:> v f 1tyegras.;; frvm many lo..;utions were 
::>ov~ri uow1. · in s1nall .!:'-LOt::; . -~t i 'r eL1ue rit icJterval::> cotit r J l plo ts of 
'l'ype I .dyegrass , tu:: m0st v~lueu. pre:.;et.t selection , were also in­
cludeu.. 'l'hrougbout, tbe co1n1Jlete serie::. 01 tric.1::> have t>een suD­
jecteu to s i milar treatme nt, ariu tlie i1Jiti a l !::>eeu.ir1g anei manur i ng 
\.a$ tl1€ saue i r, eacL ca::>e. 

l'hE: p1oto:3 were exar.iinea ana pho to­
grayhed iri A.pri L , 1934 , j u8t one yeu.r o.fter they had been sown 
down . ,..._ nun ~- er of striki11p differe11::es v1ere evident . It was 
noted tl. a t v;here there had been a poor take , throurh failure of 
the :t.yegra~rn t o establisL, tlJP swar .. was r::x tremely open. In many 
of tt ese p l o t~ wi t L the poore r strains of ~{yep-rasf.; , there was a 
liberal grow tl~ of youn~ rL< :Jl.1 . ._, , v1i.ile in t.rc: net ter quality 
strait.s tr..:ere was litt.Le or no ru...,ll rrr 0 •• \1th. '.l.t1e agris tologis t 
had clasoil~ieu t in: strair,s of {yee-r ass in t hese p lots into defi­
nite t yJ:)e~ . n i s true }·e rentJit:... l, '1';y9e 1 1.1lot::; (Plate AVI b) showed 
uu ruoh invasive,. 'l'he poon:£t type ( ... late AV! b) showed in every 
case a large number or' u.evcloyiu ,ri: ru0l1e:.c; . These plots were of 
Type 5 ..:{yegrass. 7Lc interF1euia te Type 3 p lots showed a sli ght 
rush invasiocJ especially iti positioc.:J vihcre plants were poo rly 
e statli ::;heu. (1? J.ate AV b). 

J:>late ..t...Va il.Lustrates t he abuna.ant 
rusL. · rowtli w1ii cl. }1au sr1rung up on a little used pa th Ud.J oi ning 
tlJe i.:;e plot~ . 

COl'! C.:J.i . .Hd.J : 

1. It1 tJ.e itJtt-rl.J1·etation vf tr.i~ evi -
dence t he coric.LUSL.J t1 t Lat oul: t1 .. e ue...;t ty..t:-1e::; v i · .l:'ererwial rt.ye­
grass shoulu be :::> o~; tJ, has been urawn. This must become increas­
irigly important where it is 1ic;ces::;u ry L e:3 tao ... i sl1 a c lo ~e , dense 
swaro. , to check inva::>i.HJ 01" e1tiJ(:;r r..,.::;1,t:~ or weea.s . 

~. l'1:at tlic seeu irvi:l •.-h i cL these rush 
plants have estaol i...,1 .. ec. lw.::; .t-'rouably lair. u.ormant in tLe so il for 
no less than l. - '1 years . '.!.'his asol~ption has been d rawn from 
the tw o f~tcts tk:i. t t l i::. particular area is now r emo t e fr om otl1er 
areas of rush r" ror; tL, makir.r- the • .1ossihili ty of establishment 
from \,ir.d. borne seec:. l es..:; l ikely , an .... also, tr.at no rush seeding 

has occurred here in 



that t iJ.,e . 

Of the tw o syecies of rush p resent 
the talle r, though be u.rin ~: l•u i r,flor 1.. :;;:::er;cc , i ~ beli e v eci t o be .J . 
poLyantl.er.J.os , ana ~LE r:1it io:· !::ipec i es , J . l arn_procarpus . 

l'i. e ::>UyE:.rivr !::ltrair,s of ~ erenl, i al 
J.{yegras ti of hi gh prou~. cti uli a r e al~o oi' hi gh .£.le r::;i~tancy. Low 
producti on rather tl_an low persistancy of g r asses , especially 
duri r, g the wi t1 t e r, wou la p r obably b e a n i !!tlJO r t a n t factor a iding 
weed and ru~h invasion. 

n.r1 aa.L.i ti 0iia.l !"ac to r which must not 
be overlook iJd i n stra i t.s of a ny g ra:;;..., iti t11e a.uili t y of tl'ie se ea t o 
ge rmi nate:. 1'11at is rey_uireei a r e s t r Li. i11s of .hi gr1 g ermi 1.1uti0u 
capa.c i ty , r a piu e ::> tab li slJ.i n g ..t.Jowe r , _t)t. r s i s t a riCY anu reasor.ab le 
p a l a t ability . TLough t1, i ::; la tter iiv int i s of ten uverlo uked , tl.1.e 
funuar.iental import a n ce of .i:Jas ture to t l,e g r az i ri c a nimal must merit 
close att.er1ti o ri. 

h .B . l'o f a:: ili t a t e ic iaen ti1'ication of 
rush shoots in t he .::i. cc om1Jarjyi n i:: iL.u strat i ins tLeir po si ti ons hav e 
been l oca te a by a ~mall r ed ~ross . 



AVI I 

( a) Tl.ii~ ru~L .tJlaut wL1cL .Lut.. r~ - e::itauJ..J.::ilJea af t er t h e 
fielu he.a.a bet11 ::;o\.i1 t o i-Jermarien t pa::iture ba.s bee n 
cut u n~e c.,y 1:1ower . :nJte LLe .L

1 endett·:::. to\,ards an 
ou tv1ara i1.v.::t.:siur •. 

( u) 1'1.~ :::e1.t :n ...... o:>t1·i.1/ t n.1V1 ~0vereu. '-'J ru .:d1e.;; \.,al:> !;;>OWr, wit.tJ. 
Jariar y- gH.t.:.:i.:i U:.1:.a..Lu1·i., uu J. bo,:;a). .l.

111'01.i t .tie J1.a.r t o r.1 
Exye r irnerit·:. ... _·'a r •.. , ....... tva.rtr11e11t ol' Hg_·.Lc ... ~ tL.rE:. 

l 'Lot ....1 uy co1...r t t:...:y .L.Jirector, .b' i elus 1.1 i v i s i on ; 
1-.ew ....,E:u.Lai.u ..Je}lurtr.1er.t v.r' ~ ~gricultur e . 





----- ------

} L A T .C: . .-.. VII I 

.H. s c r ub ·burni ng a evi ce wL i cll has a l so been appli ed to the 
des tr uc ti orJ of ru s1ies . 

Au ck la rw J t ar : 14/4/34. 



SCRUB BURNING IN THE MARLBOROUGH DISTRICT.-This d evice, quite new to New Zealand and 
particularly auitable to our scrub conditions, ia being used in the Marlborough district for burning off acrub 

country, It ia aet in operation in about two minutes and throws a flame of from 10 to 15 feet. 
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Tl-J..E Grl.ASl:S SOiv:N AND I TJ P1WBA.Bil~ H . .ii:L,,TI01'L::>1iIP TO P1~LA.l'ABILITY Ad 
A FACTOR H : rtu..:.h 0 0N7itO.:. : 

The expe rimen tal ma terial 
bear in g on thi o aspect of t he gen er a l ~ rob l em of rusb c ontrol 
has previou s ly been published by t lie .uepartrnen t of Agr iculture 
(7) fr om result s ob tain ed a t U_e I·tu· t on ::.::xperimental ·~'arm. 

The rush covere d strip in the 
central porti on of the illu s tr a ti on (P l a te XVII b) bad been sown 
down in 1924 with C:anary Gr ass , Fh ·; l ar i s b ulbosa . On eith er 
side a r e s tr ips s own wi t L 'lihi t e Cl ov e r. 

The exp lana tion g ive n by 
the De partme n t or -~gri cu .1.tur ewa!:> t o tlle efr·ect that rus}, es ­
t abli shme nt vvas c onditi ou eu by t he lack of pal ::i. t abi lity of the 
Canary Grass. 

TL e writ er visiteQ t he 
area i n li ovemt.Jer, 1933· .at t ha t time t1"e fi e lu bad been close a 
for hay . ~i.u shes v1e r e still presen t o n tLe stri J,.J wl1ere they had 
ori e;i rw.l ly corne away s o 11r e e ly, t l ou Eh the r e had been n o cul-
ti v a t i on in t he ir"tervenit.g per i od . Tliere was much less rush 
g row th t han ori g i r~al ly, a na matiy of tne clumps per s i s ti tig had 
a central ue ad mass of ::; t erns , ;:3Urr ou t.u.ea. by a i·ew e ti ala t ed and 
living stems . The spE:cie;:> t hen ,t-lrt:;.;e tiL we r e J. pauciflorus, 
a nd J. p ~ lyanthemos . 

CON CLU3 I O:N .S: 

l . ihe exp l aaa tion aa.v a nced 
offers a i·easi Li l e a ria likely Ly po t1.Le s i s or" the r easo n 
for t he occurr ence of rusLeu iri t i.a t pas ture. With 
it s 2. ccep t a nc e t he des i rab ility of J)rec luu i ng such 
u np.c. l a t ab le gras..:ies in t he seeds mi xture , must ·be 
seri ous l~ c ons i de re d . 

2. . 'l'l1at when onc e rush es are 
est ab lisbe i:i it i s ri e-::e ~ sary t 0 aaopt cu lti va ti on or otr1er 
measu~~e:::. ~ or thei r c .. r.tr o .L. Over a perioc of 10 years, 
without t li<:: a.o ·...J.t:; ti J t of .3~e.:::i:...l nc:asure..:; , n_e ru~hes 
es t abli..:;h.::G. li ave nut bee n e li min.:i.te.:i . 

~ ~~nary g r ::1SS is a '' top " 
g rass . I n t his iJa r ti c ,, . ..i. -.:Lr s tri p it is prob ab le that i n t he 
ear l y s t a gea of it s g rowth it was comp l e t e ly ungraz ed o~ in g 
t o it s l ack of l)al atau ili t y, .-;.s g raz il1 ;1• ir,cL·eases t h e t il lering 
ca~a :::ity of gra s:::;es , the likely ei'i'<:o.::: t •_,c. t h i s une;raz ea section 
wo 1.dli. be ar i open ;JWar d . Th i o L:i.c tor to ge t h(r with t h e lack of 
t rampling of g raz in g an i nal s , \'iOLll6. , it is -oelie v eu , f aci lita te 
t he growt h of t lle r1..<sh seeG. li ng.:. . 

~ nwrn:.;er of rush p lants in 
a n ope n pai::i tur e were r're 4ue n t ly cut t :C1rv ui;11ou t t he per i od u 1· a 
year. No set time for cutti (ig wc.i. .;; aa.11e r cd to, and up to fifteen 
r e-.:::uts pe r p l an t we r e effected. for t he year. This injury wa s 
no t sufficiently d r astic t o k i l l sucl1 c ~ t ~lants . a lthough V( ry 
mu ch weak12neu , t hey s ti ll _t.!el'.:3 ioted. , v1l1ile nevv sLo o t .3 were 
a ctiv e l y p r Jduced a t t Le r;,are; i1•S oi' t1"c ,Jlan t;;j. 

As s u cb -se v ere injury t :hr ou g11 
frequ en t cutti ng would be an i mpr acticab l e ~eans of control in t he 
farme r' s h a nds , t he c u t-c: l us ion has oe en r eache d t hat t he only 



useful purpose of t11is metLoCi w0 t...ld be i n the c ontr ol of seed 
fo rmati on . One cutt i i.g iL1 1 .. ove1:.ber r:oul::i. largely a chi eve tllis 
r e:.rn l t . 

'l'he method. of 11 chipping' i..as 
bee n prac t iced with succe:o.rn on a r.umtier of the smalle r holdings 
where this has been practicable. n sharp spade is r un beneat h 
t lie rbizorne , arid t he cor.1,t:>lete rush clump lifted . These clumps 
;;hould be collected and burn t i ri or der to des troy vi able see a. . 
It is advisable t o surface ';5uW g r as:.> seect u1' t:ucse bare pa tcbes , 
otL.erwi se weed::; , o r r utihe:.3 es taolisl1i c1g fru r.1 seea , wi .LJ. y_uickly 
colonize su~h spo t s . 

.d. aevice calleu. a "Fire - Gun," 
Illustra t ion AVIII has r e~ ently been r.'.la.rke te d for t::ue purpose 
of burning vf'f sc rub and. sur f ace g row tll . .ilii le the writer has 
not seen t his apparat u s ir. u::;e, it was l e a rr.e a ti1at it had b ee n 
applied in the '.laikato i11 the c ontr0 l of rushes. The results 
were disappointing, as it was found that the seare d p lant s 
h ad not been k iled , but were still capab l e of actively shoo ting , 
and thus c ou l a redevelo) new growth. 

:!hen it is realized t ha t new 
g r owth i s fr •_,P.J. tLe rhizome i n ru.sli plants , t he fu tility of sur­
face dest ructi on as a means t u com)letely el i mina te t h em will 
show t ha t suc11 mean~ a';j tl1 c abov e carwo t be JJrac t i cably em­
p loyed t o kil l rushes . 

]iii.Al UnING. .L::: lu.i:LY .;l:FIBJT.:> Il, J.tl.;JH crnnaOL: 

I ti t he sho rt time a vailab le 
it has no t been possible to experiment i u t .t,is d ire cti on . I t 
i s qu i t e obvious , nevertheless, t:.a t where fer t il i ze r s will 
s t imula t e pas t ur e growth , e ithe r io the establi shmen t of pasture , 
or on eatablishea pas tur e , c onsiderable bene f it wi ll be derived. 
li.anu r i ng aids the deve lo_pr:ient ol' a close grass sviard , and excludes 
weed invasion , or grea tly 1aic1iui.::Jes tLe v.eea. deve l opmen t . 

00 close~) c ro~pea areas, 
such as bowli ng gree ns, s~ecial mea~ures a r e used t o eliminate 
um1a(ite d i" l a t weeds . Heci.VY et..t),tHicatiJns of nitrogenous f er t i l ­
izers sear t ln; lear~ foliag e of tr.1e \:ec:u , .. h i le t he grass con ­
s titu en ts are li t ~ le afiecteu and a re s tim~late a to g r eater 
g r ow th . 

The applic<.J.t i on of n i trates 
under f i eld condi ti otis for t l, is :Jurpose is i r:iprac ticable, b o t h 
or1 the score of expense and be~'1.use of undesirable se condar y 
r eacti on s whicL are likely t o deve l op . Eowever t h e applica t i on 
of :phosphate fertil i zera and o tl.er st..i table manures , will , by 
their g rowth stir:iu l a 1. i nf e.J:'J'ect <; n t } e pas t ure, i t.d irectly help 
t o smother wee d g r owt h . 

On clay soi ls U,e desi rability 
of liming mu~t be seri ously considered . The mPchanica l conditi on 
of a h eavy soil can oft en b e impr oved . Besides drainage and 
aeratio n c an be imp roved by .L imi ne , a rid t i1e hab ita t made more 
sui t able for pas ture grow t h .:rnu. le :;;;J s uitable for r u sh g rowt h . 
It may be nec e!:l::;ary to ~1ork i tito heavy soil~ heavy .appli ca ti ons 
of lime , to proviae rnarkeu mE: ,~l1at1ic al a l teru.tiot1 . 

DRAIN AGl!: : 

Previously it has been shown 
that rusries c a n g row in botL uraineu. anu. i... ndrained _positior,s . 
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.:>ucc essful pasture g rowth is iupossi .ole unue1: wa terlogge d con­
di tiotis. The first step i rJ any system of rush control must 
be to provide adequa te a.raitJag e . ,...,n imweaiate effect 0 1· 
drainag e is to f a cilit a te soil ae r a ti on, a uecessary c onu. ition 
for pasture g rowth. ~annon (35) who has studiea. the question 
of soil aeration has found t ha t when t he :;oncen tra tion of oxyg en 
was reduce d to 2% in t he soil, g rowth ceased , or was r e tarded 
in most s pec i es of p l ants , wherea;;; wi t h plant;:; i nhabit a ting 
wet so i ls such as Jun cus, g r ow t h was but sli gh tly affected. 

Lund er garad.h ( 31) shows that 
as the wa ter t ab1e rec edes on certain continental areas during 
t~e dry seaso n, so also does t h e rush ve ge talon decline. This 
also is :probabll'' to i ncreased aerati on or drainage. 

~ . 

It i s of intere st t o note that 
in Ce ntra l Ot a g o wher e irri gation has been prac tice d , over-
wa ter ing of t hL3 arid s o il has in so me p laces 1J11.used the appear-
an ce of rushe :s . ...:; s pe c i ally is t LiS no ticeab le iri p or ti on s of 
the I ·da . Valley, (30) . 

.iha t eve r is t he c a use favour­
i ng t h e i rJcoming of ru shed t o pas tur e 111.uct, t h e ne ed for drai n­
a ge is one of tlie biotic f.:J.ctor::; wbich i s .i) l a i nly nec essary, 
where r ush c on trol i s at tem:µ te a. . In ti1is manner the habitat 
is made rp.ore sui tab :)..e f'or t:r,e desirable plar, b arid. le ss favour­
able for weeds , under wLicL .c:lassific:ation ri...shes fal.L. 

G.i:L\Z I NG: 

}u:c; t ure a tialyses h a ve shown 
that in t he more ope n ;ias t ures , Vd.ere ove r g :.· az il Jg has been 
practicec.i, tlie gre a t e s t rut;l1 s1ffead io to be seen. 

Tbe d.esiraGility of careful l y 
contro ll ing graz ing , espec:ia..1..ly in t he wirit er, when t hE: swara 
is liable to op en, and surf ace puddl ing from stock tramp ling 
is likely, is of gre a t i mpor t a nce. 
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1. Rushes occurring in pasture 
may be considered as weeds . They have little or no agricultural 
or ec onomic value; they occupy spac e at the exp ense of pasture, 
and may aid in the sp r ead of stock parasi tes. 

2 . Little evi dence for measures 
in rush control is available, th ough t he b o tanical character an d 
ana tomical structure of t he spe cie s ha s been ~ revi ously studied 
an d described. 

3. The sp ecies of r ush common in 
pasture i ri t his locality are J. polyan t l1euos, J. effusus, J. 
luxurians, J. vaginatus, J . pallidus, J . paucifl orus, J. teouis, 
and , to mi nor ex t en t, J. l ampr ocarp us . ~cirpus nodosus has been 
observed only on coas t al belts. 

4 . The effect of environment on 
rush growth }1as bee n u isc:uose d fr om recorded resul ts. 

5. .!.!.CO lo gical factors have been 
studied. Experimental moisture uetern1ina ti on s, and pas ture 
analys e s have s:bown t hat t wo facto c .5 a~;;so ci a te d with free rush 
growth ir1 ;iasture, a re , abun Qan t mois ture and an open sward. 

6. Pasture analyses within and 
without symmetrica l communitie s , 11ave shown the respec tive growth , 
t he c ompetitive grasses, an ci fac t or::> likely to favour extensi o n 
of growth . 

• 7. A roo t examination has dis-
closed that the rush i s a deep r oo ti ng plant. The position of 
t he rhi z ome, it s dep t h , and the mechanism of stem development 
have b een examin e d in r e l a tionshi p to the ability of the plant 
to spread. 

d . The ef1'ect of cutting as a 
possible weapon i n contr ol has been trieu. The con clusi Jn that 
it is of little use in tilis re sp e c t h as been of fered. 

Facton of managemen t, illustra ted 
whe re possible by ac tual exarnple5 , have been given . The effect 
of cultivation prior t .) the s ee ds ley, the effect of strain, dn.d 
pal a tability of grass sown, have been examined also . Conclusions 
have b ee n drawn of the JJTO uab le effect s of manurial tr eatments, 
drainage, grazing, cutting and chipv i ng . 
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The writer is par ticular ly grateful to k r. E . B . Levy, 
Agri s tolog i st, .uepartmen t or n.gri cu 1 t ur e who initially 
suggested t h is study, t o other me1nb er s of the Department 
for their response to sever-d enc1uiries, arm also to 
},.r . ~v.lvl. Hami 1 ton for pho tograplli c assistance, ( w11e re 
s pe cially acknowledged. 

The illustration of rush g rowt h on the k arton ~xpe ri­
men tal £:'arm, Plate XVI I b, ha.s been included with 
the k i tid p ermission of The Director of Fields Divis ion 
of the De .partn1en t of Agriculture (Deem). It h a s 
previously appeare d in the New ~ ealand Jou rnal of 
:..gr iculture. (? ) . 
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I. 
2 . 

3. 
4. 
5. 
6 . 
'1. 
8 . 
9. 

10 . 

11. 
1 2 . 

13. 

14 . 

1 5 . 

1 6 . 
17. 

18 . 

19. 
20 . 
21. 
22 . 
23. 
24 . 
25 . 
26 . 
27. 
2t\ . 
29 . 

30. 

31. 
3 2 . 
33. 
34 . 

3 5 . 
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APPENDI X 

In c onnec ti on wi t h the change of 
n~~e of the species previously ca lle d J. ~ffus to tha t of J 
p olyanthemos ~heesman (3) st i..J.. t es :- "Under the name of J. effusu s 
ti I have for the p resent place d sev e r a l farms, though not exactly 
ti agreeing witL the typical J. effusus, appea r to be too close to 
"it to be c unsidere o as d istinct s pe cie s . One of t h ese has the 
t1 t a ll soft stems, with co n ti nuous pi t h , lax, pale inflorescence, 
" and small, broadly ob ovoi d , a lmos t retuse capsule of t he typical 
" state, ancl to my mi no. ·"J a rrnot possibly be s ep a rated from it. 
11 A s ec orid and more ab utiaci.nt variety has more slender, ri g id and 
" wiry sterns, with in terr up t ed pi th arm tl1e capsule is rounded 
11 and imperfectly t hree - ce 11 ed . This I t ake to be the J. poly-
11 -an themos of Buchenau. Closely alli ed to it i s a still mo re 
11 slender form, wiU1 the iti florescen"Je spl it u p into small rounded 
11 glomerules, alr.iost af t er t he fashi on of J. vaginatus, (australis 
" Hook .f.), but a.if!'erin g al to getl1e r in habit in the ;:;mall capsule. 
11 Buchenau in his mouograph of tlle or a.er, placea. it under J. 
11 pau ci f lorus, as var. C.ne E; .sman i i , a l thou gh wanting t he ovoid 
" exser te o. capsule of .that S.t)e cie s . He now r efers it to 111 s 
" J. polyan t11emos. Hov. far I am correct in merging the above, 
11 t ogether with other less prominent v c:tri e ti es, under one species, 
" can orily be determined by a l e isurely ana. c om.i:nehensive study of 
11 tr.le whole of the N . 2. . foruo , baset.... upon mo re numerous specimens 
" than h a v e h ithe rto been collected ano. checked by observations 
11 in t he field • .J. effus, as ord inarily understood, is almost 
11 co smopolitan in its d i st ribution. 11 

Cheesman (4 ) s t a tes in de s cribing 
.J. p olyanthenu s:-

"The most ab undant speci es of the 
" genus in H . 7 . . , everywhere to b e seen by the ma rgins of swamp s, 
11 or in un drained soils tha t are wet in winte r. \ihether it is 
1
' identi cal wi t b Buchenau ' t> plan t is not '-iuit e certain; but the 

11 c ommon N. :'.. . form , easi l y distiugui shed by the s lender, rigi d 
11 and wiry s t ems , with interrupted. p i tl:1 .• nd wi t 11 t he capsule 
' r ounde d., auo. i r1pe r1'ectly tlir e e-Gelled, agrees s o closely with 
11 his description , t ha t I a.m unable to separ a t e t hem. But 
" apparentl y :·, uc.henau lia.s dou.bts ori the s u1Jject, for, i n h is 
' recent mono g ra,tJh of tl .l e family (.LJa.::5 . ? . f l a nz enre ich , He f t. 25 
1
' p . 1 42 ) he remci._'ks tha t .J. p0 l yanthemu s is a bundant in most of 

11 the Australian c o lonies, anu espe ci a lly s o it i ,0ueen sland , while 
" in N . Z . on ly v a riety Cheesrnan ii i s known . Hi s position on 
11 this poitit i s puzz li rig , se e in g that he was i:.ffovided with abµnd an t 
" specimens, a tiu c10es not a llud e to t heEi , eitrie r in his des-
" crip ti on of J. p oly a n t :.tiemo s , or unuer any of the a llied species. " 


