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I.

AN BECOLOGICAL STUDY OF RUSHES IN PASTURE. THi SPECIES

OBSERVED, THE ENVIR QUIENT, AND THE INFLUENCEH

OF MANAGEMENT IN RUSH CONTROL.

INTRODUCTION :

The Dominion of New Zealand is deperdent on
its primary products. There is no need to statistizally
prove .this fact, it is obvious to anyoune who troubles to
read and thiok.

The marketavle value of the Dominion's Dairy
Produce, Wool and Frozen lleat, largely determines the econ-
omic welfare of the Country.

The significant feature is that these primary
products are all of grassland origin. Home Counsumption of
primary products is limited, and the prosperity of the
Dominion depends almost entirely on its exportable balance.
Attractive markets are distant and competition keen.

The marketiang of Lominion products suffers
disability through distance and transportation, but this
is compensated largely by natural climatic advantages, the
climate being exceedingly mild and eyuable, so that de-
pasturing of stock may be continued throughout the year
on grassland, or with the assistance of supplements of hay
and ensilage conserved in springtime from surplus grass
growths.

It is vitally important that the greatest
care and attention should be devoted to maintaining clean
and nourishing pasture if increased productivity and in-
cidentally prosperity is to result.

Much research work has been conducted along
the lines of selectioun, and, latterly, of breeding superior
pasture grasses, but there does not seem to have been the
same attentiou paid to tlie control or eradication of weeds,
soma of which are slowly but surely iacreasing in existing
pastures, in many pastoral cdistricts.

Weed growth in grassland pasture is a curse
to the average farmer, and among the most common weeds are
rushes.

The control of rushes in pasture is a very
serious problem affecting many districts in the Dominion.
The late Dr. L. Cockayne, an eminent ecologist, realised
the damaging effects of weeds in pastoral lands. In ad-
vocating measures for weed coutrol (L)% he emphasises
the point thus, "The better known are its habits, its
"likes and its dislikes in relation to soil and climate,
"its special plant and animal enemies, its methods of dis-
"semination, its seasonal changes, ana last but not least
"its actual distribution, the ewsier will it be to set up
"satisfuctor By means for its downfall."

In Nature plants flourish according to en-
viroonment. Rushes are no exception. Their enviroument

must be made uncongenial, they must be controlled, and if
possible eradicated.

With this purpose in view the writer has

ID b amnrman by narher is to Literature Cited



given the subject close study and the following detail is
tlie result of such careful observance.

OBJECTS AND AINS OF THE INVUSTIGATION :

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

ey A description of Juncus species noted in their
pasture habitets.

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

4, A review of probeb le effects induced Dy systems
of management, considered with the aim of rush
control.

GENERAL NOTE:

In the classificatiocn and notes on general dis-
tribution of the species observed, Cheesman's work (3 & 4)
has been freely consulted. The deccriptions following on
after classification of the species are purely the result
of personal observation within the stated arecas.



SECTION I.

£ REVIEW OF GENERAL INFORILATION RELATING TO THE

STUDY OF RUSHES.

LITERATURE :

In this country there is little direct information
bearing on the problem of rush control. In countries of tie
Old Wworld the study of rushes, more particularly from & purely
botanical aspect, has received some attention. Thus recourse
for present infommation has been mainly from the following
sources:

I. GScientific Feriodicals. These have been chiefly
of New Zealand publication,

2. Agricultural College Records.

CLASSIFICATION :

A recent study of the Juncaceae by the Plant
Research Station, Palmerston North, has added 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 Zealarnd, has been observed in
the later descriptions of the species Juncus effusus, and
Juncus luxurians.

REFERENCES OF INTERKST TROL PERIVDICALS:

The transactions of The New Zealand Insti tute
have often contained references o1 historical interest, re=-
lating to the occurrence of Juncus species in this country.
Short extracts of the most interesting portions have Dbeen
used to precede species descriptions in Section II. Anothier
source of frequent reference has been The New Zealand Journal
of Lgriculture, whence the originals of the following extracts
are located.

(a) Myers (%) in an article dealing with the

cattle t ick, Haemaphysalis bispinosa, which is

found in thie North Auckland district, believes
that in the particular fiela to which he refers,
rushes shelterdd a heavy population of nymph

ticks througiout the winter, and provided a

vantage poiut from which they could climb on

to cattle in the spring.

(b) Replying to a correspondent, the Fields
Division of the Lepartment of #Agriculture (6)
advised drainage, manuring and cattle control
for the elimination of rushes.

(¢) The Marton Experimental Farm of the Depart-
ment of Agriculture (7) has been the source of
an interesting result. This will be described
more completely in a later section.

(d) Deem (8) has given the results of experi-
mental evidence which show the killing power of
Sodium anda Calcium Chlorates, when applied for
weed control. He also mentioned the possibility
of similar applications to the control of such
weeds ag rushes.
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In » communization with Deem (27) on this point

the information was obtained that to that date, the Depart-
ment of Agriculture had not proceeded with experimental work
to the stage where aay pronouancement zould be made as to the

efficacy of
rush.

a guestion
the Tol.owi

sodium chlorste, ia the eradization of the common

From a record of a meeting of sheep-breeders (9)
from a member of the audience to the lecturer drew
ng reply, concerning methods to adopt for rush

contruvl. The speaker adavisea stroung pasture competition,

effected by
grasses, d4dr

contributed

(a)

(v)

(c)

(a)

REFERAENCES

top dressing, the sowing of suitable strains of
ainage and the cutting of rushes by mower.

The most notable of overseas authorities who have
to a knowledge of the Juncaceae are:

Irmisch (12) who in 1859 described the morphology
of the common rush.

Buchensu (13) a systemitist to whom some specimens
of the New Zealand species of Juncus were forwarded

by Cheesman . for indentification.

Blau (14) who has studied aad described the anatim-
ical structure of Burc.ean species of Juncus.

Laurent {(15) who studied the erbryology and anatom-
ical structure of germinating Juncus seeds. His
work is of interest in that he shows that the first
formed leaf is similar in all species, and that the
internal structure of the Juncus seed, by virtue of
its iuternal and externzl integument, exercises an
essentially protective function in development. He
also states that the reserve material and the mus-
cilagenous coat of the germianating Juncus seed, are
each of considerable oshysiological importance.

Lrs. Arber (16) has studied the morphology of the
monocotyledon leaf, aud councludes that in many mono-
cotyledons it is a phyllode structure. OShe regards
the ¢ylindrical radially symmetrical leaf found in
meny Liliaceae and Iridaceae, as a petiolar
phyllode. In support of her theory, lirs. Arber re-
fers to certaiu species of Juncus figured by
Buchenau (17, in which she stated phyllode leaf
anatomy has been observed.

Adamson (1L) has made a detailed anatomical study
of the leal structure of a number of species of
Juncus.

Professor i'Alpine, an emineat authority on weeds,
has made the following observations, in a special
article (18) dealing witi rushes. He states that
the air shoots originate either from an elougated
horizontal underground stem, as in creeping rushes,
J. lamprozarpus, or frum a contracted underground
stem, tufted rusles, and that this underground stem
is often as much as 3 feet deep. He has also stated
that sprott rushes (jointed rushes) are often cut
and turned to good account for litter and winter
feed.

FROK COLLEGE RECORUS:

The Field degister (1Y) has been employed to obtain

information of the treatment and results of cultivations de-



-signed to eliminate rush growtn.

GENERAL INMPORTANCZ OF RUSHES:

In the past, rushes have been of some slight in-
dustrial use. On the authority of the Zncyclopaedia Britannica
(20) they have been used for the weaving of mats, the manufacture
of rush hats, and for the fashioning of articles of apparel for
primitive peoples. Baskets and chair bottoms have been coustruct-
ed from rush stems, while the pith of a certain species has been
used for wicks in open oil vessles, and tallow candles. from
this uni ue application the term rushlight was derived.

While in New Zealand rushes are believed to have
no industrial application, they have scmetimes been put to con-
siderable use by enterprising larmers. Lhne main scope of their
employment has been for thatching, a practice now largely super-
ceded by tne use of more permauent roofing, such as prefed canvas
or iron.

Lo the sheepfarmer rushes have still some small
utility. It is considered that auriug the lambing period, the
presence of tufts of rushes affords very unecessary shelter,
egpeclally in times of adverse weather.

In addition the writer has noted that rushes have
been put to use by dairy farmers. The complete plants, together
with the adherent soil retained by their tufted roots, have been
used to form a barrier ring, by which the earth coverage for
pressure in the case of stack silage, could be effectively re-
tained.

SULMARY :

It is apparent that rushes have attracted very
little attention ia the past, other than frum purely botanical
interests. 1he need for further iaforretion which can be applied
in their control has been sought. Hushes are of little or no
economic value. srurther, the flower is both unattractive, and
without smell or honey.
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(a)* Infloresceace of Juncus polyanthemos.

(b) <@eed of Juncus polyanthemos.

( This illustration, and subseguent illustratiouns of the species |
described, have been photograiked from the one position, so tha
size relationships would be comparable. ) y






RUSH _ SPECIZS RECORDED _IN  PASTURE.

GENERAL NOTE:

Other than where particular reference is made,
the following observations refer to the presence of the res-
pective species in the lianawatu:

JUNCUS POLYANTHELOS: Buchen.

FAMILY: JUNCACHAR:

This family is of world wide distribution, In
all, there are about =00 species, comprisiug 7 or 8 genera.
Many of the species are widely distributed in temperate, and
extropical regious. '

GENUS: JUNCUS:

I'nese are pereanial or more rarely annual herbs,
of which there are about 200 species, 17/ of which are said to
exist in New Zealand. Four have a wide range in the Northern
Hemisphere. oSeveral are founa only in Australasia, while others
extend throughout Asia, to China, Japan aund South America.

“'hose species whichh have been recorded in
pastoral land in this locality are relatively few, while those
of econumic importance number no more than 7 or 8.

GROUP: GENUINI:

Plants with tall 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.

SPECIES: JUNCUS POLYANTHENMOS:

This species is also of world wide distribution.
AUTECULOGY :

LIFTE TORM:
Individual plants examiuned were found to be
closely tuf'ted. Ln masse, the steus of apparently youug plants
were a uniform deepy green colour. In other plants, apparently
older, the impression gained was that the stems were of a
brownish, or yellowish green appearance, and this character
was due to the large number oi completely dead, or dying stems,
encompassed by the livins growth. Oftea tie central portion of
a plant, especially when it was growing in a very wet habitat,
had an interior clump of completely dead stems. In some cir-
cumatances more or less symmetrical Juncus communities were
formed, evidently by radial migratiou of tne rhizames. The
interior of these communities was then usually of ungrazed
pasture, and this was encircled by the extending rud.

SHOOT 3YSTEM:

Sho aiing was seen to take place from the
upper surface of the underground rhizomes. ochoots were stiff,

erect, green, and when young, needle-like. On development
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they formed a clump of mature stems, of which the parent plants
had many hgndreds. shooting was almost entirely confined to the
outer margins of plants, thus facilitating an outward spread.

ROOT Y5 TN

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. 1lhe entire root system
was eXxtensive, and root penetration was deep. A later des-
griptiou covers the root structure of J. polanthemos in more

etail. -

REPRODUCTIVE SYJSTEM:

————

The reproductive system was composed of an un-
attractive inflorescence, laterally borane, auna at a short
distance below the stems apical tip. There was wide variation
in the character of the inflorescence, both as regards distance
from the stem tip, and density, or number of flowers per head.
The individual flowers were borne on much branched cymes. lhey
were approximately 1/10th. of an inch loug, pale chestnut, and
were scattered along the branches of tue cyme. Of the perianth
segmen ts, these were noted to be apiculate, acute, green wuen
immature, and equalled by, or slightly longer than the seed capsule
in leungth. The seed capsule, or fruit, was giobose, trigonous,
of ten bluntly obtuse at the tip, and of pale brown colour. <The
seeds were numerous, small yellowish brown, obovoid, and roughly
apiculsate.

DISTRIBUTION

In New Zealand plants of this species have wide
distrioution. <Lhey are confined neither to one soil type, nor
to one geographical location. Though undoubtedly most common
in low lying, damp and swampy areas, they have been observed
at cousiderable elevation. On the Hast Zoast route, (North
Gisborne) J. polyanthemos has becn observed growing freely
on undulating to hilly sheep country. Similar conditious pre-
vail on the area of regrassing experiments of the Depar tment
of sAgriculture, which were carried out in the wangamomona
Country, Taranaki. These experiments have been reported
on from time to time in New Zealand Journal of Agriculture,
and together with the accompanying iliustrations, show some
cases where rushes ar: growing freely on this hilly country
after the pasture swards have been subjected to iatensive
grazing Ly sheep anu cattle.

In the lanawatu district, J. polyanthemos is a
freyuent pasture weed, particularly on poorly draiced land
of heavy soil type.

Iu the waikato tiiere is a marked prevalence of
this rush on the extensive peat and other swamp land, where
it appears to follow in tne succession after the land 1is
cleared of its manuka association. In this situation the
control of J. polyanthemos is often difficult.

Conversely to the general opinion that only wet
habitats will support Juncus species, the occurrence of
J. polyanthemos has been noted on a llght,_ weatpered,. '
pumaceous soil, Tright on the ridge of a hlll,“ vnere it 1is
considered most improbable that the roots could pene?ratg
to any layer of subsoil water. To sum up, the d1§§;1but10n
of this species is often wider than one might anticipate,



poth climatologically and edaprically.

MORPEOLOGY :

SThlw
(a) Zxternal features:

Tne stems examined were
cylindrical, green, 1y - 3 feet in length, and tapered
to a sharp, necdle-like point. Messured one inch fram
their basal rhyzome attachment (all stem measurements
given for subsequent species have been made fron this
point) the average diameter of a number of stems was
8 inches. They viere erect, stiff and wiry, with fine
parallel striatious over their entire length. Lhe
basal sheaths, of which there viere 4 - 5, enfolded tune
lower portion of each stem. The colour ranged from a
straw tint in the upper portioun, through glossy red
tinged browns, to ebuny black below. Oczcasionally
sheatls of green colour above grounc, similar to the
stem, were noted. The inilorescence was borne later-
ally from the uppermost portion of the stem, thoug.

a number of stems hau no inilorescence.

(b) Internal features:
when split open, the iu-
terior portion of eaci stew cou tainew a spongy white
pith. LThis was interrupted by ictercellular air spsces,
a condition which was observea to be = general character-
istic of J. polyantriemos.
ROOT :

As later described under
Section IV.

SPECIAL FEATURES:

(i) Date of flowering:

While under observation in
the season 1933 - 34, flowering of J. polyanthemos zcan-
menced late in t e month of september. The maiun body of
anthers viere excerted iu November, and flowering continued
on to early Jaunuary. Occasional odd flowers occurred
throughout the year, even in winter.

(2) Bffect of cutting on flowering:

From sugust, and exterding
over the summer months, stems cut to the ground level
were found tc make a rapid regrowth. so free was the
growth at this periovu, that after ouly one moaths in-
terval, these cut stews hau oftea groduced 1 foot of
new growth. oSome even hau aeveloped a fresh inflor-
escence which was just coimieucing to open at the end
of that time.

{3, Beed aund sSeed dispersal:

Towards thhe midale of
FTebruary the fruit ripened. The capsule segments,
under the drying iuflueuce of the summer sun, gradually
parted. ‘Lhe minute, yellowish brovn seed could theun be
readily shaken from the seed head with the slightest
breeze. In quantity, the seed appeared to be a unitorm
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brick brownu colour. When viewed beneath a leas, each
seed was obovoid, aud finely patierned, The apical end
was roughly tippea, whiie to the basal region a tew
adherent, ashy grey scales, of membranous tissue,
marked the region of previous attachment within the
capsule. The central porti on of the seed surtace was
of'ten a bright canary yellow colour, and this merged
imperceptible into darker shades of brown, near the
seed extremities, Of a number of seeds measured,
there was noted variation iu leagth. Average seed
Size was approximately 0.4 mm. The maximum width

Was usually half the length. The seed was so small
that it could be readily wind borne, and thus have

a wide radius of effective aispersal.

(4) wuantity of seed shed:

From an averauge silzed
seed heaa matured under iudoor cunditions and from
whichh the seed was cowpletely thresheu, ana an esti-
mate made by counting 500 seeds in a weighed fraction
of the total sample, it was revealed that tinere were
no Tewer than 0,000 individual seeds preseat. VWhen
this evideuce is taken in conjunction with the vast
nurmber of seed heads porue per plaut, it is wmore tioau
probable that each plant disperses aunually several
milliion seeds.

(5) Hybridisation:

Cockayne (z) states
thaat J. polyanthemos hybridises witnh J. vaginatus,
but he adds that there 1s need for further genetic
study to substantiate this point.

It is probable that
hyoridisation was the cause of noted variation of
the specimens examined frow the general type of J.
polyanthemos, as defined ian such botanical work as
recorded by “hee sman.

(6) 3tock injury:

Iittle or no stock
injury, on the particular fields which were kept
under close observation, was apparent. Sheep
browsed right to the base of plants, but seldom
nibbled developiug stems, eveu ia tiie heart of
winter, when herbage was extremely scarce. Lhe
writer was inforiied that horses would freguently
graze rush shoots, especially if confined to one
small area. No opportunity to observe this eitect
vas presented. Ou occaslonal farms, even where
feed was not par ticularly scarce, 1t was noted
that dairy cattle had ofteu grazea rusues of tnis
species. oSuch plants, it was evident, uau been
frequently nibovleu, but the plants wWere unever
denuded to grouud level. However, this desire
oti the part of sume few animals for rush vege-
tation does not appear to pe of sufficient moment
as a likely means ian rusi coantrol.

(7) Insect injury:

: It was noted that
many stems had anall perforations above ground and
visible externally, near their basal portioans .
when these stems were split open, they were found
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to contain a number of small white grubs attacking tie
central pith. The resistaunce to iujury of the affected
stems and plants was such that no noticeable aiiferecuce
could be detected between normal and affected growtl.
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Inflorescence of Juricus effusus.






II.

JUNCUS EFPFUSUS: Lina.

FAMILY: Juncaceae.
GENUS : Juncus.

GROUP : Genuini.
SPECIES: Juncus efrusus.

Although this species is
credited with a wiae distribution, 1ts prescuce iu lew Zealaud .
has only recently been confirmed from studies by the Plant
Research Station. Cheesman (3 & 4) while recognising tue
presence of an aberrent form (Appendix; found iansufficient
evidence to allow of the separation ot what are now classified
as two distinct species, J. etius and J. polyanthemos. In his
first work (3) Cheesman established the identity of J. eftusus
under which classification Mew Zealand specimens latterly found
to belong to the species J. polanthemos were also included. 1In
the later work of the same author (4) this order was reversed
and the species present ia llew Zealand was classified as J.
polyanthemos, from which it was then [cund impossibie to
separate the species J. effusus. 1his apparently anomalous
gituation is beliesved to have been caused by a misunderstanding
on tiie part of Buchenau, to whum New Zealand specimens of
Juncus were sent ior indentification, He had evidently over-
looked some specimens, which eventuzlly lead to a coufusion in
nomenclature.

AUTHSULOGY @

LIFL FOi:

A feature of plants or this
gpecies is the uniform dark c¢live greeun colour ol their stems.
Fregquently these have rusty uvrowu surface markings. Perennial,
and tufted, most plauts have been found singly rather than in
communi ties of the one species. In height a variation of frum
Iz - 4 feet was noted.

SHOOT SYoTh:

Nurierous shoots, apparently
similar to those of J. polyanthemos, were densely crowded on
the rhizome.

ROOT SYSTHN :

In all essentials this
appeared to be also similar to that of J. polyanthemos.

REPRUDUCTI Vs 5YS ThE:

The lateral inflorescetce
was of ten very effuse. A striking feature was the extra-
ordinary length of stem top above the ianflorescence, this
being as much as Iy feet in same specimens. Lax cymes,
much branched, and of uneyual lengtii, bore large numbers of
small chestnut coloured flovers. These were slightly smaller
thhian those of J. polyanthemos. Tne periaanth segments when
young, were green. They exceedeua the capsule in length. The
capsule was ovoia, trigonous and obtuse, browanish in colour
and contained few small brown sSecu. +this appeared to be a
contrasting feature to related specles.
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DISTRIBUTION @

lnough local specimeus
only have been gathered, a gerneral distribution is indicated by

specimens obtained from varicus parts of New Zealand and pre-

served in the Flaut Resear:zh Herbarium. In this locality J.

e1irus

occurs to minor extent compared witi: the presence of J. pulyan-

themos.

LORPHOZLOGY :

(a) External reatures.

I'ne stems examined

had a dull dark green colour. <They were l: to 4% feet

in length, and were approximately - in. in diameter.
LThey were erect, stitff but not wiry, and had fine
parallel striations. Basally each stem had 3 - 5 en-

folding sheaths. These were straw coloured above, and

dull reddish brown or black below, in coutrast to the
shiny sheaths of J. polanthemos.

(b) Internal features.

Vihile the stems were

easily split, the interior was filled with white, sof't,

uninterrupted pith.

ROUT :

Iu character and form

individual roots were apgparently similar to those of
J. polyvanthemos.

D2ECIATL FEATURES:
1. bate of floweriug.

altiiough 1lowering
cormenced early iu lovember, the main flowering ex-
tended later into the summer tuan did that of any
other species,

2. Seed and seed dispersal.

Very little seed was
obtained from heads examined even as late as March.
There appears to have been a high degree of sterility
in the specimens examined. 3eed length was approxi-
mately 0.45 mm. <The seed was of pale yellowish brown
colour, apiculate and obovoid.

3. Stock injury.

Although the shoots
were soft and succulent, they were nibbled but little,
either by grazing sheep or by cattle. In effect, only
slight injury, iusufficient to check plant development,
was noted.




Inflorescernice of Juncus luxuriauns.
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JUNCUS LUXURIANGS: Col.

TAMTLY : Jurnicaceae.

GENUS : Jutzus.

GROUP : Genuilnil .

SEECIHS: Junéus luxuriaus.

Thi 3 species which has
recently been established as occurring in New Zealand, has
also been recorded in BEuropean countries.

BEISTORICAL:

The presence of Juncus
luxurians was first recorded in Yew Teaiand by Colenso (z1).
In reference to the specimens he observed, south of Norse-
wood, County of Waipawa, iu 1655, <Colenso states that he was
led to suspect a species nova on first az ualntance. 'Lhe
plants he observed had an extreme softness am teanderne ss,
uriusual in a rush, a great height, and a prostrate habit,
features which were in contrast to otlier species whizh he
haa noted. The situatiou where they were found, and where
they were growing plentilully, was an undisturved forest
swanmp, and also iu the hollows between the afforested hills.
Owing to the softness and tenderness of tiie stems, they had
been much browsed on by cattle.

Though Cheesman (3 & 4)
refers to J. luxurians ownly under the description of J.
polyantinemos, a recent ianvestigation of tihe rlant Aesearch
Station has establisred thhe identity or, anu separated tuis
species as distinet from the above named species.

As tnis classification
is based on the most recent work the present description
relates to J. luxurians.

AUTECOLOGY :

LITE TORM:

The extremely prostrate
habit as described by Colenso has not been noted in field
specimens, probably due to a changed enviroument, though the
long stems ranging up to 43 feet in length, have of ten snhown
a flexed coundition. J. luxurians shows a close similarity in
general features to(those o@ J. polyanthemos. OStriking points
of differeace in the former “species from the latter species are
in the colour of the stem, which in J. luxurians is a light
bluish green, and the iuflorescence also notable for its extreme
density, and the large numver of capsules borne to each seed
head.

SHOOT SYSTHM:

A8 1n related species
the shoot s developlug rrom the underground rhizome are botn
Vigor ous and numerous.

ROOT SYo Tl :

An extensive root system
whiich originates frowm the under surface of tne rhizome appears
to be identizal in geueral structure, to that of J. polanthemos.
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REPRCDUCTIVE SYS3THEN:

Of the morphological.
characters, the inflorescence is easily the most striking feature
of this species. Typical to name, it is luxuriant, dense and
composed ¢f a large number of rlowers, borne on much branched
cymes, of unegual length. The branches of the cyme ranged in
length to 3 inches, and were 1Z to 15 ianches below the stem tip.
The individual flowers were numerous, l/10th. ia. long, pale
che stnut, and freely distributed along the branches of the cyme.
Singly, their perianth segmeatsz were straw coloured, acute,
equalling or being slightly louger than the seed capsule. The
capsule was globuse or obovoid, slightly obtuse and of brownish
colour. a4 large number of yellowish brown seeas were matured.

DISTRIBUTTION :

Sspecimens of this species
are by no means uncommou, yvet so0 far as has been observea, they
favour the damper situatious, wnere tihey are tuneu able to
develop their typical luxuriant growti. That the species has
a general distrivution io New Zealana is also iudicated from
specimens in the Plaut Researci. Heroariun.

ORPHOLOGY :

(a) External features.

Stems were cylindrical,
of light bluish green colour, especially when young, and were
17 - 4 feet in length. Young stems were soft and papery, so
easily would theyv tear. when fully grown their diameter was
approXimately § inch. DLven at this mature stage stems were
mucl: less wiry than those of J. polyanthemos, while both
species had fiue, parallel external striations. The sheaths,
of which there were 4 - 5, eucircled the basal portions of the
stems for distances up to 103z inches from the rhizome. They
were straw coloured above, gradually and imperceptibly chang-
ing shade, to a dark, shiuy ebony black below ground.

(b) Internal features.

The pith was So open anda
interrupted that little mechanical support tc the stems coqld
be afforded. This provably was the reason why stems of this

-

gpecies were more flexed than the stems of J. polyanthemos.
ROOT:

The roots were wiry,
brown iu colour, and approximately 1/10th. in. in diameter.
(This measurement was made at g in. from the rhizome, at a
point at which all root meusuremeuts have beeu made.)

SPECIAL FEATURES:

1. Date of flowering.

Tre general period of
flowering was from early iun November tc early December.
2. Injury.

o .

wittle injury by
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grazing stock was observed, though the plants zould be
easily cut with sharpened shears. where this species
occurs in pasture, it could be cut without difficulty
by mower, so teunder are the stems.

3. ©Seed and seed dispersal.

Specimens of the
matured secd were collected late iu “ebruary. When ex-
amined under a lens, the seea was seen to be longer armd
narrower than that of J. polyanthiemos, thiough in culour
and other external characteristics a general similarity
was fouund. Average lengtii ol measured seed was 0.57 mm.
and width 0.16 mm.




Inflorescence of Juncus vaginatus.
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JUNCUS VAGINATUS: R. Br.

FAILILY : Juricaceae.

GENUS : Juancus.

GROUP: Genuini.

SPLECIES: Juncus vaginatus.

this species is not coutiaed
to New Zealand, but has a geueral and wide distributiou.

AUTECOLOGY @

LIFL FORM:

Plants usually form densely
tuf ted groups, < - 3 feet in height, with stiff ,erect green
stems. Individual plants, or groups of plants, were freyuently
distributed amongst tre Juncus vegetation iu the rields examined.
The general size of tie plaut, diameter ol stems, and character
of inflorescence, were founa to be reatures which would readily
distinguish this species from J. polyanthemos

SHOOT SYSTEN:
This was strongly developed,
and shooting appeared tc be directly favoured in the wetter
positions, where there was little or no pasture.

ROOT SY3TEM:

Numerous wiry roots, or
apparently the same general charactser as those of J. polyanthemos
were noted.

REPRODUCTIVE JY STl ¢

Ihe iuf'lorescence was borne
at an approximate distaace of 9 inches from the stem tip. It
was lateral, composed of grouped, globouse, many Iflowered heads,
borne on a branched cyne. [Flowers were nuaerous, and s:ightly
larger than those of the J. pulyanthemos iufloresceuce. The
perianth segments were lanceolate, acute and were eyual to,
or slightly less in length tnan tie capsule. 1he capsule was
globose, triguuous, ana ouvtuse at ti:e tip. The seed was
aumerous, and dusty browo in colour.

DISTRIBUTIUN &

This species was found to
be less abundant than J. polyantiemus, Cheesman states tnat
it has a wide distribution in New Zealand. In relative im-
portance J. vaginatus was considered second only to J. poly-
antliemos. ‘Lhe writer has observed J. varinatus growing 1in a
number of districts in the North Island, while in the Manawatu
it is particularly prevalent. Its preseance in the South
Island has becn established from herbarium specimens collected
from that source.

MURAPHOLOGY :

STEM :

(a) BExternal features.

: o ) ) Stems measured - - 3 feet
in length, were'green, wiry and 1/6th. in. ig diame ter
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Fine parallel striaticns ran the length of the stem.
Basally the stem was euncircled by 4 - 6 straw coloured
papery sheaths, which merged in zolour through stages
oI brown, to a shiny, dark reddish brown, in their
lower limits.

(b) Interual features.

The s tems were hollow,
or nearly so, there beiung a characteristic absence of in-
ternal pith. This 1s a teature contrasting witn that of
J. polyanthemos.

R00T:

The rhizome was approx-
imately § in. in diameter. It was woouy, and wiry. Roots
from this rhizome were numerous, and averaged 1/16th. in.
in diameter. lhey extended a cousiderable distance from
tiie parent plant before narrowine, and branching. In-
dividual rhizomes nave been traced back from a short
living portioun, for a distance of several yards. This
indicates the power uf advancement, and spread of the
plants, where couditions are favourable.

SPROI AL FEATURZS:

(L.) Date of flowering.

November was the month
of priacipal flowering. oJcattereu stems, however, were
noted to flower throughiout tie year.

(2., Jeed ana seed dispersal.

Mature seed was ou-
tained in cuantity in the second week iu February, A
measure of individual seed sitowed an average seed length
of 0.35 mm.

(3.) Hybridisation.

Cockayne (<) has
stated, as previously noted, that this species is ve-
lieved to hybridise with J. polyauthemos. an internal
variation in the stem structure was observed, in which
some stems showed a couplete abseuce of pith, while in
others pith occurred in slight measure. It is believed
that this feature could be an effect of hybridisation.

(4., 3tock injury.

There has been no
noted stock injury to this species, gtems are tough,
and would thus resist injury.
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Inflorescence of Juncus palliidus.
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JUNCUS PALLIDUS: iy B

FAMT LY : Juncaceae.

GENUS : Juncus.

GROUP : Genuinl .
SPECING: Juncus palliaus.

HISTORICAL:

Colenso (22) in 1885
noted the occurrences of a rush to which he gave the name Juncus
macrostigma. His observatiouns iu the County ol «aipara in 1882,
led him to state that this species was uot numerous, as were
others of the Juncaceae. ILater Cheesman found that Juncus
macrostigma could not be separated from the species Juncus
pallidus to which it was found to bear a close similarity.

AUTECOLOGY :

Features wiiich most
readily distiaguish this plant from related species are its
comparative tallness, thickuess of stems, ana general sturdiness.
In pasture specimens stauad out iwn bolu derinitiou, contrasting
with other species of smaller stature, and less robust growth.

SHOOT SYSTHiL:

Ihis is strongly
developed. oShoots were stifi, erect and hardy.

ROOT SYS1Hi :

1ilie roots were numerous,
long, wiry and woody.

REPRODUCTIVE 3YSTELN:

The lateral inflorescence
carried on the stroung stem vwas often compact, rather than erfl'use.
In corparison with J. polyanthemos, indivicual flowers were much
larger, being approximately § in. in length, vwhile the lanceolate
perianth segments were exceeded by the brown, ovoid, trigonous,
and bluntly obtuse capsule. Each capsule matured a large number
of minute dusty brown seed.

DISTRIBUTION :

‘ It has been common to note
isolated plants in pasture, in contrast to groups of lants of
other species. while itu aistribution is general, J. pallidus
is by no means asg common as J. polyanthenos.

MORFPHOLOGY :

STEM @

(a) External reatures.
The mature stems were
of dull greeu colour, fineiy striated, cylinarical, approx-
imately ¢ in. in diameter. Their range of length Was Up 1O
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5 feet. ZEacn . was strong, erect and tapered ort to a
sharp point. Basally 4 - 5 membranous sheaths of pale green
colour, or straw coloured above, and dark brownisn olack
below, enfolded the stern.

(b) Internal Teatures.

When split open the 1n-
ternal features of the stem disclosed a soft, white and
continuous pith.

RGOT:

Individual roots o1 whnich
there were many were brown, tough and wiry, and approximately
1/12th. io. iv diameter. Uhe rhizane from which they took
origin was also extremely hard and Vipody, and approximately
% iv. in diameter.

SPECIAL FEATURES :

I. Flowering.

Although the main period
of flowering was in November, plants of the species J.pallidus
were the first in which flowering was noted.

2. Seed.

, sarly in February 1t was
possible to collect seed, whicih. was (uite numerous. liatured
seed was of yellowish brown colour, spiculate and obovoid.
The approximate average length of a number of measured seeds
was C.5 mm.

3. 2tock injury.

The extremely rubust,
and woody character of plants of tiis species, adewuately
brotected then agaiust auy in,ury which was liable to e
caused through thie agency oi stock.
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Inrlorescence of Juncus pauclfjorus.






JUNCUS PAUCIFLORUS: R. Br.

FAMI LY : Juncaceae.

GENUS ¢ Juncus.

GRCUP : Genuini.

SEECIES : Juncus pauziflorus.

i inese plants have no leaves
lhe capsule is ovoid, trigonous, anu cousplcucusly louger than the
rerianth.

HISTORICAL:

The first reference to tue
occurrence of Juncus pauciflorus in New Zealand was given by Kirk
(24) in 1876. PBe had collected specimens in the oSouth Island at
Broken River, Canterbury, at an altitude of 2,000 feet. In 1lubz
Kirk (26) proposed to change the name of the plants he had ob-
served to Juncus brevifolius, as the name he had previously
applied had been used by Bentham to what Kirk believed, was
ano ther distinct species, Fowever, it was later found that
both collections were of the same species. In 1882 furtner
specimens of Juncus pauciflorus were observed by a swamp 1in
thie lhomas River Listrict, Cauterbury, also at an altitude of
<000 feet.

AUTECOLOGY @

Communities of this species
have been found on lowland, and unaulating sheep pasture country
where its presence is relatively freguent. In general, such
plarnts have not grown to a greater height than I foot. Viewed
in their entirety, they were of yellowiszsl greeun appearance, wWitn
large numbers of individual smail wiry stems.

SHOOT SYSTEN :

Ihere was a copious growin
of shoots, though individual shoots differed from the larger
species on the score of size and roubustness.

ROOT SYSTHL:

As an allied specles of
Juncus there was copious root attachment to the under surtface ot
the rhiizome. ‘the rh:izome was approximately # in. in diameter.

REPRODUCTIVY SYS THL ;

A lateral inflorescence
vwas borne below the stem tip. This had but few branches, while
tle cymes vere open, lax and spreadivg. Of thie few flowers,
each was approximately 1/10th in. loug, pale chestnut, or brown.
Ine capsule which formed a readily distinguishable feature
because of its length, was ovoid, trigonous, zud usually bluntly
cbtuse. Invariably it was much longer than the perianth.
segments of the perianth were brown, acute and lanceolate.
Within the capsule numerous seeds were matured.

DISTRIBUTION :

Cheesman is of the opinlon



2I.

that this species was iutroduced with grass seed 1in the early
days of colonizatiou, so wide is its present distribution.
In this district it is frequeutly seen even on land of relat-
ively light soil type, and its presence has alsoc been noted
as a frequent weed of the heavier scil types.

HORPHOLOGY ;

[ 42 i) s T
2 LLulil

(a) External features.

In isolated clumps
measured stems of 3 feet in leugil have teen secured,
though it is usual for the p.ant's stature to be con=-
siderably less. Ipdividual stems, because of their
small diameter in comparison tu their length, were often
flexed. 'They were wiry. and ripvely striated. The stems
tapered to a needle like poiut. Basally there were 4 --H
ensheathing membranes, of & shiny red brown colour, being
of lighter colour above grouund. These sheaths were finely
grooved.

(b) Internal features.
«hile the majority of

stems were practical !y solid, some few had a small tinely
interrupted pith.

ROOT:

Individual roots were
approximately 1/10tn. in. ip diameter. Lhey were yellow-
ish brown. Iu the suriace scil there were few fibrous
secondary rootlets, thoughk deeper in tue scil there was
free division, giviung rise to an extensive root system,

SPECIAL FEATURES:

(1.) Date of flowering.

The main phase of the
flowering was in Movember.

(2.) seed.

There was variation in
geed length. Lhe approximately average length was 0.4 mm.
The seed was obovoid, apically tipped, and of predominately
brownish yellow colour.

(3.) Flant ingury.

To all intents, there
was little or no injury inflicted Ly grazing animals.
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Intlorescence of Juncus tenius.
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JUNCUS TENUIS: willd.

FAMILY : Juncaceae .
GENUS: ' Juncus.
GROUP: Graminifolii .

Ihe plants of this group
have leary stems, the leaves being 1lat, or serkterete within.

SPECIES: Juncus tenuls.

Cheesman considered this
species as a doubtful native of New Zealand. It is also abun-
dant in parts of smerica acd Europe.

HISTORICAL:

Ihe first recorded des-
cription of Juncus tenuis falls to Kirk. Iu 1876 he described
an apparently similar plant, under the name of Juncus involu-
cratus. Later, in the year 1876 Cleesman (27) gave notice of
the occurrerice of Juncus tenuis withion New 7ealand. Cheesman's
specimens had been collected iu January, 1075, near Cmano,
borderiung tie Northern Wairoa river. according to Cheesman,
plants were found on marshy ground, not far from the banks of
the river.

AUTECOLOGY :

LIFE FORMM:

Ite plant is a small
laxly tufted perennial. It occurs siugly, or i small groups,
thouglhi its preseuce might easily be overlooked, through the
plant's dinminutive form.

SHOOT SYS TEM :

Numer ous shoots are
torne from the upper surface of tle rhizome. The stems are
leafy about their base. Lthe stems themselves bear leaves.
Shoots thus belong to two systems, thne first from the rhizome
giving rise to the stems, and those on the stems, giviug rise
to the leaves.

ROOT SYSTER:

As the rhizome is very short
and tufted the roots are fine, though numerous. The extent of
the root system appears to be in keepiug with the general size
of the plant. <Lhe size of the roots is thus much less than
tliose of the taller growing species of Juncus, while there
appears also to be a greater number of ribrous roots within
the surface soil.

REPRODUCTIVL SYSTHI:

Terrinal cymes, laX,
and overtopped by < - 3 leaiy bracts, bore the flowers, wnlcn
were single, or clustered. olugly tLie se r;owers reasurea ‘
approximately & in., and were reaturec by Laﬂceolate‘perlagth
segments, exceeding the capsule l1u length. Thne capsule was
ovoid, or more nearly globuse, and obtuse. Numerous Ml nNULE
seeds were matured within, sna were later freed when the
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capsule segments parted.

JuORPHOLOGY

(a) External reatures.

Stems of thnis
species were laterally compressed, veitg more or
less ovoid, 1/16th - 1/20th. ins=. in the shorter
diameter, and with deli cate parallel striations.
In length they were from 1 to lz feet, bore wiry
leaves, and were basally enshesthed. DBoth stems
and leaves were a uniform dark green colour.

(b) Internal rfeatures.

Stems when split
were nearly solid, but had a small quantity of un-
interrupted white pith.

IEAVES :

The 1leaves were
long and narrow, flat or more generally involute.
They were approximately 6 ins. long, and their gen-
eral shape wa: somewhat similar to that of a blade
of grass.

ROOT:

The roots were ol
chrome-yellow colour. They were Ifiunely fibrous, and
extremely wiry. But for this latter feature, they
bore a close resemblance to the roots of a fibrous
rootecd grass.

SPECTAL FHATURES:

1. Date of flowering.

November was the
month in which floweritg occurred.

<. Seed.

Ifhis was numerous
of yellowish brown colour, obovoid, apiculate and
seeds were approximately 0.45 mm. in length.

3. Injury.

Yo apparent injury
from stock was manifest. Growth in pasture appeareq
to be weakened by shading from the taller species of
Juncus.
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Inflorescence of Juncus lamprocarpus.
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JUNCUS LANPROCARFPUS: Enr.
FALILY: Juncaceae.
GENUS: Juncus.
GROUP : Articulati.

Plants ot this group
are chgracterised with stems leafy at the base, these often
extending upwards. Lhe leaves are terete, and are septate
within.

SPECIES : Juncus lamprocarpus.

Although a common
plant in many parts of the North lemperate Zone, in the
Southern Hemisphere it is apparently restricted to New
Zealand. Cheesman considers that it may not be truly ic-
digenous, though it is now of widespread distribution within
this country.

HISTORICAL:

Tne occurrence of
this species in New Lealiand was 1irst notea by Lhirk (23) in
1674. He found specimens growiung uear wellington, wiere it
occurred only in wet swampy places. At Invercargill the
same writer found specimens not only in swamps, but also
in places where it was scarcely moist. Its occurrence on
railway tracks, was a habitat peculiarity whick this. Dbout-
anist attributea as being due to the greater amount of
atmospheric moisture available there. In noting the
occurrerice of the New Zealand specimens, Kirk concluded that
the reason why the plant kad been so long overlooked in this
country, was due to the avidity with which it was eaten by
cattle.

AUTECOILOGY :

LIFE FORM:

VWhile individual
plants were less strompgly tufted than other Juncus species
the most ususl distribution was for a number of plants to
be found together, rather than single plants. In a group
of plants, the numercus, succulenti, and decumbent stems,
formed a dense mat of growth, almost like a sward of grass.
When tne iuflorescence of the plent was borne in summer,
it provided an easily indentifiable and characteristic
feature.

SHOOT SYSTEL :

The shiooting systemw
developing basally from a creepiug rootstock, produced both
stems and leaves. oShoots were green, soft, and tubular.
¥rom the nodes of the stems aud about tuneir base, leaves

were borne.

ROOT SYSTEM:

From the creeping
rootstock a large number of succulent roots, of creamy white
hue, took form. Root development was also observed from the
nodes of decumbent stems in contact with the moist soil sur-

face.
REPRCDUCTIVE 3YS THEM:

The reproduction
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system was strikingly distinct from that of related species of
Juncus. Lhe upper portion ot the stem was branched, and
bore compound terminal cymes, each of whicn carried up to Y
small, brown flower heads, elther terminsily or axiliary.
Individual rlowers were dark wrownish black, and approximately
¥ 1n. 1n lengthn. the lanceolate perianth segments were of
lighter shade, and were exceeded by the dark brown coloured
capsule. This was trigonous, atd unilocular. The seeu ripened
was much less numerous than the amount which was found iun tue
capsules of the species J. polyvantiLemos.

DISTRIBUTION :

' Wnile of minor iri-
portance in connection with pasture problems, this weed has
been found confined almost solely to bogegy drains, and border-
ing small valley streams. Oun river alluvium it appears to
have'a habitat admirable suited to its uneeds and the plants
of this species flourish there in practically pure assotiatiou.
In evidence of its now widespread distribution, the writer
collected specimens at an elevation of 3,000 feet, near a
roadside, in the heart of the Urewera forest, (Waikaremocana -
Rotorua main route.)

MORPHCLOGY :

(a) External features.

Examination showed
that the stems were dark greeu, aud of approXimately
1/12th. in. in diameter. Of the leaves, these were
borune from positious near the nodes ol stems, and were
usually about 3 ius. 1n length. ikey were tubular, awm
strongly septate internally. The leafl sheaths enrolaed
thie stems, and eaclhi had two auricles. at thie base o
thie stem, 3 - 4 membranous sheatns, each of distinctly
reduish colour, entolded the stems for upwards of L1z
ins.

(b) Internal features.

1he rodes were of
solid structure, between wiich a succulent uninterrupt-
ed pith, was noted in the stem interior. The leaves
were septate internally.

ROOT:

The root system
conveyed the impression that it was of a surface type.
Ipndividual roots were of creamisk colour, 1/20th. 1n.
in diameter, and took origin from a creeping rootstock,
1/6th. in. in diameter. This was also of creamish
white colour, and was externally covered by small,
scale like merbranous sheatlis.

SPECIAT FEATURES:

1. rloweriug.

As a probable con-
sequence of their general moist habitat, 1t was oD-
served that the maiu floweriug occurred early in
November . The flowering period extended for ounly
a short time.



<. Seed.

Of the comparatively
1ew seed produced, an exXamination in sebruary showed
eacli seed to be ol yellowiah brown colour, obovoid, and
externally finely patterned. <Lhe average seed length was
0.5 mm.

3. Stock injury.

Thnough hirk main tains
that the plant is relished by stock, t.e present 1undicatlion
has been tnat plants were left untouched, bothh Dy sheep and
cattle, even iu months of drought, when there was a general
scarcity of pasture.
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Inflorescence of Scirpus nodosus.






SCIRFUS LiuWDOSUS: Rottb.

SPECIAL NUTE:

Although Scirpus nodosus
is not a member of the Juucaceae it has been included in this
study because of its rusu like growti habit, and its pre sence
in pasture on the coastal belt of thne Lanawatu.

IAMILY : Cyperaceae .

§ A very large Tamily tfouna
in all parts of the world, botn temperate ana tropical, and
abundant in marsikes, or by the margius of lakes and rivers. ALt
is stated that in all, there are about 3,500 species, comprising
68 genera.

GENUS : seirpus.

The spikelets are usually
many flowered, ilat or compressed. lowers are hermaphrodite,
hypogenous, and have no bristles. <Jheesman states that ol tue
13 species found in New Zealand, 4 are generally distributed
in botn the Northern and Southern Hemisphreres. Two only are
endemic.

SFECIES: scirpus nodosus.
Lthis species has a

wide distribution. It is found iu the Pacific Islauds,
Australia, South Africa, <outh America and other countries.

AUTECOLOGY :

LIFn HORN:

rlants were tuited,
or freely spreading, lz - 4% Ieet in heignt, with uumerous
rigid, yellow green stems. Lhe plants showed almost a com=-
plete absence or aead stems, ana tie livaiwng stems made very
vigorous growth.

SHOOT SYS Thi :

Shooting from the
rhiizome was free. In the sandy soil type there was evidence
that plants of this species were capable of rapidly ianvading
the sparse pasture. 1In the early stages, shocts were creamy.
vhite. On further development they became extremely wiry,
anda rigid. In their earliest stages of development from tne
rhiizome, surface shoots were protected by furry, brown scale
like membranes.

ROOT SYSTEM:

The rinizome was
exceedingly woody, and gave rise to a large number ol wiry
roots of deep penetration.

REPRODUCTIVE SYSTEL:

Lne seed head was
solitary, globose, browa, 4+ - % iu. in diameter, and com-
posed of numerous, densely crowded spi.elets, laterally
porne. 1Lhe seed head was 1 to < 1us. below the stem tip,
the spikelets were ovoid, 1/5th. in. in length, and were
many tlowered. Lhe seeds, or more accurately nuts, were
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numerous, much larger, but fewer in nwsber per head, tnan tnat
of the Juncaceae.

DISTRIBUTION ;

In the coastal areas
of sandy soil, this species is found to the exclusion of
practical ly every other rusk, with the exception of J.tenuis,
in which assotiation it has been observed. The distrioution
of Scirpus nodusus on sandy soil seems to be a habitat
peculiarity, in that ite position there is one in whicn rush
growth might least be expecteu. There is an apparent lack of
free water, while the sandy soil itseli appears incapab.ie oI
water retention. This woula lead t¢ the assumpuion thnat tie
rooting system must be boti deep ana exXtensive, as tue more
shallow rooting pasture grasses have their growth severely
cliecked by swamer drought while that of thhe 3cirpus nodosus
appears to be little afiected. Scirpus nodosus has been
noted in esturies tlooded by brackisik water, Here also 1s
Tound Juncus maritimus which appears to be practically con-
fined to this habvitat.

JMORPHOLOGY :

(a) External features.

1lhe stems were
cylindrical, or nearly so, being sometimes slightly
flattened. their range of length was from 1li to 4L
feet. They were yellowish greec, finely striatea
and tapered to an acute ana firm point. otems ex-
amined were extremely wiry, stifi, erect and were
approximately s in. in aiameter. Lhere was a con-
piete absence of Leaves, though 4 - 5 sheatlis of
brownish colour encircled tre basal portion of each
stem for a distence of up to 4 ins. from the rhizome.
the stem tips were couspicuous, especially after
flowering, when their colour changed Irom a green
to a canary yellow colour.

(o) Iuternal features.

otems were completely
solid. Lhe central portion was filled with a watery
transluscent pith, yieldiug free liqguid when conipresseaq.

ROQT :

Phe rhizome had an
average diameter of & in. +From its under surface numercus
small roots approximately 1/16th. iu. were found. Lne root
colour was greyish brown. <Lhere was an abundance o1 root
hairs almost immediztely beneath thhe rkizome.

SPECTAL FEATURES:

1. Date of flowering.

Wwhen this locality was
visited early in November, the greatest proporticn ot tne
stems had flowers.

L. veea and seed aigpersal.

Mature seed was ob=
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-talned 1rn tle secound week 1u february. In length it
was approximately 1.3 mm. ana nad a widtn of approxi-
mately 0.75 mm. <The shape was obovoia. Lhe apical

end was pointed. BREach seeu was trigounous, the flat
faces haviug a light browu colour. Owing to its much
larger size than the seed of the Juncaceae, it is likely
that wind distribution over a wide area would be less
provable than with most species of Juncus.

3. wuantity of seed.

From a number of seed
heads ripened indoors, and whichi were later completely
threslied, a counted av:rage reveanled 1:0 seeds per head.

4. Stock injury.
The extremely wiry and

evidently unpalatable nature of tlhe plants has secured
for them complete immunity from aamage by stock.
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8 E C I 10N I
ENVIRONMENT AL FACTORS.
CLIMATIC
RAINFALL.

The situation from which
these observations relating to rush growth have been recorded
has an anuual rainfall lying between the limits of 30 - 45 ins.
per annum. An exact average for auny unumber of years is un-
available, owing to incomplete meteorological data. Compared
with many otuer portions of New Zealaud the total rainfall is
low, though it is well distriouted over z large number of days
per annum. The summer _eriod is one of slichtly less pre-
cipation than the winter, but a rairly even distribution is
maintained throughout tlie year. These features are illustrated
I'ron the weather records ol season 1y33-34, aata being cobtained
from tne College station.

wONTH RATNFALL NULMBER OF
RaINY  DAYS.
(Inches)
January . 1..73 15
February. 2.g9 14
March. 2.88 3
April. 3.58 17
May . 4,62 14
June . 2.97 . 13
July. 3.09 19
August. 2.592 14
September. 2.69 15
October. 1476 13
November. - <+39 14
December. 2.78 1l
33.60 167
TEMPERATURE :

The temperature variations
figured below have been taken from the N,s. Official Year Book
(20) and represent averages for this locality, from recordings
which have extendued over a number ol years.

F in shade.

I“b " "

liean daily maximum
Mean daily minimum

Mol o
W Hw o+
SN ez UL\

approximate mean lemperature <o K O T
Absclute maximum OFr " J
Absolute minimum o 3 "

Temperature has a general
effect on practically every function of the plant. Thg
poisture absorbing capacity of the air increases with ia-
creasing temperature, though the vulume of air saturated
at any time is dependent also upon wind. Though this par-
ticular region is not one of temperature extremes, high
winds are often experienced. This is probably a factor



¥le

aiding pollination and hybridisation, besiaes facilitatiag

a large effective radius for seed dispersal. It is probable
that Juncus communities can withstand rigours of climate in
far greater severity than exist in this district. Their dise
trioution in the sSouth Island of New Zealand, wanere greater
temperature extremes are experieanced would in itself lead to
this conclusion.

LIGHT:

From their position in the
Tield it is evident that Juncus vegetation is not tolerant
of shade. VWind, and high summer temperatures, appear to
have little drastic effect on Juncus foliage. This is
probable due to the restricted transpiration surface. Wilting
has never been observed. Due to the clumped nature of the
stem growth, individual stems are always more or less shaded.
They are thus protected fr.m struug Light and wind.

FHYSI OGRAPHIC :

TOPOGRAPHICAL FEATURES:

Rfushes have been observed
growing both on wet swampy areas and on dry upland situations.
There is an undoubted prefereunce for a wet habitat. Topo-
graphical features control to a large extent the soil water
relationships. The appearance of rushes on apparently well
drained soils, suggests that the popular belief that rushes
are plants only of waterlogged lanu, is not entirely correct.

LDAPHIC :

THif PHYSICAL NATURE OF THE SOIL:

This is not thiought to be a
primary factor conditioning the presence or absence of rush
vegetation. The moisture retaining capacity of the soil, be
it caused through a high organic fractiown, 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
nodosus 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 roliowing two mechanical analyses are included. Although
the second analysis shows a rather high differeuce figure, the
point at issue, the marked difference in soil type, is quite
well brought out.

3oil "A"™ is from the top 9 ins.
of the field from which, in a later sectiou, tue root structure
of J. polyanthemos was studied. JSample "B" was from a free
draining upland soil, where J. polyanthemos was seen, its
occurrence in this position having already been noted. DBoth
soil types supported Juncus communities, though that of soil
type "A", undoubtedly provided the superior habitat.
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FRACTION : SOIL "A" SOIL "BY
e 7
(7] 0
Gravel and coarse stoues, - C-
Coarse sand remaining on 0.2 mm. sieve. 1.98 33.52
Fine sand estimated by sedimentation. - 41.50 31.43
©ilt: estimatea by pipette method. 21.75 10.50
Clay: " " L 21.00 3.60
Moisturc retained in air dry soil. 2.74 4.46
Loss by solution. 2.30 5.00
Loss om iganition. 12.20 14.62
Difference figure. 3.47 6.07

SOIL DIFVERENCH :

although these two solls
both show a somewhat similar figure for loss on ignition, that
of the clay soil "A" was probavly largely daue to the partial
removal of tne coumpbined water o1f the clay colloid, while tnat
of type "B" was undoubtealy aue to a high organic conteat.
This feature, which was ap.areunt r'rom tne soil texture, and
colour, probably directly iarluencea tune accuracy of the re-
sultant analysis, and heliped to cause a high aifference
tigure in soil "B".

WATHI CONTENT:

The water content of soil
of type similar to "A" has been examined at monthly intervals,
results of which will be later discussed. The maximum water
holding capacity of this soil was investigated by the "Sticky-
point" method. The average of a number of determinationsgave
a moisture content of 61.75% of moisture at sticky poiant,
reckoned on the oven dry weignt of the soil.

Coutts (79) studied a
range of osouth African soils, and found that their saturation
capacity was almost identical witkh the calculated sticky
points. If ia this soil investigation the sticky poiunt is
assumed to be the approximate maximum s0il water holding
capacity, then it will be possible, by the monthly records
of soil moisture, simi:arly reckovned, to compare the degree
of soil saturation for moisture at any period of tue year,
with the experimentally obtained maximum water holding power.
Field results show, that, even under conditions where the soil
appeared to be thoroughly waterlogged, no value as high as
that of the sticky point aetermiunation was recorded, though,
on several oc:asions, a near value was showa for the O - 3
in soil sampling.

p H of soil.

S0IL AT S0IL "BY
5.30 4.48

As both soils had an
acidic reaction, it was assumed that rushes and particularly
the species J. polyanthemos, was tolerant of an acidic soil
condition .

BIOTIC:
DUE TO MAN'S INFTUENCE.

Management in all its
phases is of the greatest importance in modifying a habitat
80 that it becomes tenable, or untenable, to any plant. The
inf luence of management will be more fully discussed in Sec. V.



Field "a" of narrative. Hush comrunities on hill top, |
with practically rushless knolls anu slopes behind, and
tc sides of figure. .

Photo: W.k., Hamilton.






(a) Field "a" of narrative iu foreground. aArea "bL"
to right of fence line.

Photo: W.iw. Hamilton.

(b Field "B" to lert of fence line and "C" to right!
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S I I 0N IV

THE BNVIRONMENT AND  BCULOGICAL MmTHOD.

e ——"

INTRODUCTORY :

Though there are numerous
rush covered areas in this district, a2 comparatively small
section of the College farm, comprisiug some 40 - 50 acres,
was selected for detailed observational studies of the growth
phases, and other features, of the Juncus flora. The obser-
vations were collected from a full seasons study.

An exact knowledge of the
conditions to which these particular fielas haa been subjected
was traceable for the 7 years of the present teanure. Tie
location was perhaps more sui ted than any other then availabie
from this fact, together with the noted variatiou in rush
density, peculiar to particular positious in these fields,
and the adjacent land of private owuership. 4 number of
striking fence line aiffereuces have been availed of, re-
flecting the effect of enviroumeutal iufluences, as they
have so modifieu the vegetatiou.

J01IL TYPE:

«while the analysis already

cited in Jection III is generally iudicative of tre respective

soil fractiovus to a aepth of 5 inches, the underlying pan
influences drainage over the whole area tu such an extent
that, in the winter, this lheavy loam is particu.arly wet,
and apparently waterlogged. lu summer, to the contrary,

the soil dries out, when it beccmes extremely hara and ex-
hivits surface cracking.

PLANT COVERING. GENERAL:

The pasture on this portion
of the college land is generally of poor guality, open and
weedy. In positious where moisture determinations have showu
to be usually drier and where there is no rush growth, Ryegrass

and other of the more valued pasture grasses are found. On
the wet land there is a marked seascunal grovth of White Clover,
and Trefoil. Vhen these clovers disappear in winter, the
sward is often extremely open. Ffractically the whole of this
wet area supports a heavy rush growth, in whi :h the following
species occur; J. polyanthemcs, J. effusus, J. pallidus,

J. luxurians, J. pauciflorus, J. tenuis and J. lamprocarpus.
The first named of these species has easily the largest cover-
age, while the others are tound in minor proportion. The
adjacent land of private ownership, though still iu poor
pasture, has been less intensively grazeda over a number of
years, and here much less rush growth has developea. In
several positions which have veen more or less inaccessible

to graziung animais, there is a tall rack growth of pasture,
with an almost complete absence of rushes.

PARTICULAR LOCATIONS. THuIg COVARING AnD HISTORY:

Tne history of FIsld A
which had not beeu previousliy ploughed, has shown that over
the last 7 years it has been heavily grazea, priucipally by
sheep, thougli to less extent by cattie. It had been mole
drained a full seasou before the com:encemeut of tlese oo-
servations. <ihe greater prouportion ur the rusLe s present
were in symmetrical communities, appeariug to vE, al apparent-
ly stable form . A very uosticeaple feature, and generally
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characterised over a very wide area of country in this locality,

was the complete, or almoust com.lete, abseuce ol rushes on knolls
and the slopiug lana bordering gullies. This feature is visible

to the lef't of, ana behind the iigure, Plate X.

Some seven months after the
comriencement of the collection of uata, i'ield A was unexpected-
ly brought under cultivatiou, thus interrupting further study
there.

FIELD B illustrated as the
left hand section of Piate &I w, is of a similar general soil
typoe. It has neither beeu draiueu, cieareu of timber nor cul-
tivated, though it has received a small top-dressing of phos-
phatic fertilizer iu the past, equivalent to that also received
by Field a. There is on Field B a dense rush growth and little
pasture. The ground is sodaen ana wet in winter, and cuts up
bauly. oheep and cattle have closely grazed the swara, though
very little feed appears to be availabie at any period of the
year.

"IETD C adjoining B, and
divided by a fence line, has received no cultivation, but has
been grazed almust solely by cattle for the last 14 years. It
is of private owuership. The pasture is obviously undergrazed,
a condition probably existaut over a number of years, and it
ghows a striking reduction in rush growth from that of Field

SECTION D appears to the
right of the ifence liune in Plate XI a. It partly adjoins
Field A on its northern boundary, and is separated from A
by a fence line. This particular section is bouunded un the
off side by a precipitious clift face. DZeing practiczally
urnused the section supports a rank growth of Brown Top, ana
Tall Fescue, (F. aurundenaceae), the rush growth being almost
completely smothered ana obliterated. There is a contrast in
rush growth when ocection D is compareu with the adjoiniug iield
ot the leit of the reuce, where the pasture lhas been contiuuously
and closely grazed over a .iotg periocd.

EXPERIMEN TAL:

_ On the above descrioved fielas
and in positions more acsurately defiued later, pasture analyses
and s0il moisture ceterminations have been made. On portion of
Field A an excaration was made to stuuy the rooting habit of J.
polyanthemos, while ou ¥ield B a series of cutting trials was
commenced, in an eudeavour to trace the period of maxXimum growth
of the above named rush.
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SOIL MOISTURE LVETERKINATIONS:

GINERAL:

That soil moisture is one of
the major factors determiniung the existence of a plant in any
enviroument has uuniversal recognition. lioisture is essential
for the functioning of the plant's vital processes. An excess
may be as detrimental as an insuificiency, particularly to
those plants not adapted to such moisture extremes.

0f rushes it had been noted
that growth was possible in a waterlogged habitat. With an
excess of available water, plants assumed a clumped appear-
ance, and showed little inclination towards an outward spread,
or radial migration, while where the habitat was but season-
ally wet, exteunsion was free, taking the form of either a
rapid rhizome growth iu one direction, or the apparently more
steble communities of ring appearance. Plate XIIID.

The moisture relationships have
been cbtained frum results of determinaticns of moisture content
of samples from four field locations, although of these, three
only have been taken to completion.

UBJECTS :

Under a subsection dealing
with the location, history and rush coverage of the experi-
men tal fields, it has been showt that a number of different
conditions have evidently influencec the amvunt and deunsity
of rush coverage on these various sections. In fact, eveu
where two fields have been separatea only by a fence line,
marked differences in rush growth are visible. It was with
the object of determining the importance of the soil moisture
factor in influencing thiese conuitious, that the moisture de-
terminations were made iu the unaermentioued locatiouns.

BEAPERTIEN TAT

A strip 50 feet in length was
permanently pegged in each of tue foliowing positions,
for a study of sovil moisture relationships:

(1) On Pield A, ou mole drained
land. The greatest proportion of rushes here were in
cormunities of ring growth. This was not taken to com-
pletion, throughk the enforced intervention of a period
of cultivation.

(¢£) Also on Tield A, but on a
completely rush free knoll.

(2) Ou land seasonally wet,
heavily rush covered, in Fie ld B. The rushes here
were showing an unmistakable tendency to spread.

(4) Within Field C, parallel
to Btrip 3, and approximately 20 feet apart. This
position was inaicative of the general condition of
the field, whick was lightly rush coverea.

SAMPLING, THECENIUE, ANU DETERMINATION OF RusULTS:

) Samples were taken monthly.
The period of sampling extenaea over tvelve months. oample s
were taken concurrently with pasture analyses and from near-
by posi tions.
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Ten represectative soil cores
were taken frum each strip, at apmroximately similar positions
on each sampling date. The soil sampling tube had an internal
diameter of § in. Duplicate samples from two depths, O - 3 ins.
and 3 - 6 ins., were taken. They were immediately 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 percentage moisture on oven dried weight, and have
been averaged from the duplicate sampletes, either of which has
ghiown a variation from the other of up to 1 %, or occasionally
slightly over.

SAMPLING LEPTES :

Ixcept in particular circumstances
tiie usual depth of soil sampling for moisture determinations is
9 ins. the O - 3 in. level was chosed for the following reasons:

The rush rhizomes had been fouuu
usually withiu 3 ius. of the soil surface, and in winter
an appreciable stem growth was seen to be taking place,
which was probably aided by tlhie moistness and soft con-
dition ot the immeaiate soil covering. Together with the
Tact that the trampling ol grazing animals was noted to-
have must effect on tuhe suriace soi., particularly as
regards reteution of water through pudaling, it was
believed investigation of this O - 3 in. level would De
fruitful. ©Jonversely, beneath the rhizome, root ex-
eminations had shown that teilore the vertical descent
of the roots deep into the subsoil, the greater aggre-
gation of new and old roots, was wWithin 6 to 12 ins, of
the soil surface. Vhen stem development from the marginal
shoots was occurring, most of the new roots were within
the first 6 ins. \Whether the immediate subsoil was wetter
than the surface soil, through the impedence of soakage,
was a question also considered worthy of examination.

IRREGULARITIES :

In no case has the observed re-
cordings of moisture in the O - 3 ins. level giveun a result as
high as the maximum water holdiug capacity of the soil, pre-
viously determined by the sticky poiut method. Observations
in the middle of winter, appeareu to indicate that the surface
s0il was practically saturated, as I'ree water was often present,
especially iu puduled hoof impressions. 0UOn several occasions
it became impossible to make a sampling from the exactly re-
guired position. ut these times positious nearby were samplea.

RESULTS :

As previously stated, cultivation
in Field A was respousible ror iuconplete results from this strip;
the results of strips 2,3, & 4 are incluaea, complete, iu the
s0il moisture table, while results of principal importance have
been graphically illustrated.

DISCUSSION OF fuolllo:

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.

(¢) From August to Novemver, (late
Wwinter - early oummuer) the soil moisture of the rush-
free 8trip 2, 0~3 ins. is nearly similar to that of the
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rush-covered Strip 3, but in every case is siightly less.
In the summer, Lecember 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 the rush covereu strip. This is very
markedly so in the summer.

(4) The O - 3 in., znd 3 = 6 in.
levels of the rusii covered, and the lightly rush covered
Strips, (3 and 4 throughout the year, do not show a
giguificant difference iu moisture content, although tlLere
are minor fluctuations.

(9) In so far as results have
been obtained for Strip 1 soil moistures did not differ
greatly from those of positions on Strips 3 and 4.

Although the precipitation
over this whole area was likely to be similar, or nearly so,
the rush free portion, in virtue of its position, had better
natural drainage, which would be cf advantage at periods of
heavy downpour. The last sampling of this rush free portion
has indicated a moisture value slightly above that of either
of the other strips. This may be accounted for by the longer
growth of grass on this strip, through light grazing. There
had been heavy rain in tke period prior to the sampling. It
is reasonable to believe that this surface sward checked the
natural run off, thus retazining more moisture in the surface
godls

The difference in moisture
countent between Strips 3 and 4, besides being due in slight
measure to experimental error, could be effected by the
vegetation shaaing, and preventing evaporation after raiufall,
and alternatively by the roots drawing on moisture reserves
in the soil during periocds of drought, thereby decreasing
the soil moisture.

CONCTLUSIUNS:

From thie evidence of the
difference in moisture content between the rush free, and the
rusl: covered portions, it has been councluded that moisture is
one of the major factors conditioning rush establishment, and
successful growth. When, however, the moistures of the rush
covered strip are compared witl. the moistures of the lightly
rush covered portion, which is closely adjacent, and which is
separated merely by a few feet, although in a different field,
it must be assumed, due to their apparent equality in moisture
content, that factorsother trhan moisture are responsible for
this practicaliy rush-less conditiou. Here it is probably that
the effect of grazing, and the densi ty of the sward are com-
rlementary factors, which partially otscure the moisture
effect alone.

There can be little doubt
that the moist condition of the surface soil ik oStrip 3 was
directly favourable to the shooting =nd spread of rushes, as
is apparent in tkis field.

The evidence obtained is
interpreted tc substautiate the need for drainage, so that the
environmental conditions will become more favourable for
pasture, and less favourable for rusih growtul.
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SUNMIARY OF SOIL MOISTURE DETERIINATIONS

% moisture reckoned on oven dry weight at 98 C.
Average of duplicate determinations.

=
=
®
L

Sep.5. 0Oct.2., Nov.6. JLVec.H. Jan.l0. Feb.lZ. kar.l3. Apr.?. May 9. Jun.8. Jul.9.

51.42 54.06 46.21 41.84  c3.44 31l.28
FIETD UNDER CULTIVATION

41.485 35.01 30.92  26.35 19.75 21.60

49.14 49.30 49.18 44.61 14.96 24.66 24,60  27.92  15.065 41.3%  49.7€  60.05

51.96  34.55 32.26 21.3¢ 1072 14.46 1308 24.33 1177 17.45 22.83 26.90

—oc—wr—ow—m%—o DEPTH- INCHES

52.25 50.63 52.54 45.60

[
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(GF]
o

31.15  3l.52  40.33 28.38 46.07 49.32 56.69

44.91 41.36 36.37 28.40 17.44 20.64 21.38 29.80 22.75 33.23 34.72 39.74

19

55.32 51.51 45.52 41.69 21.37 33.89 32.33 39.53 25.93 46.09 48.83 53.18

44,65 38.53 32.82 25.40 17.18 24.95 25.80 30.25 23.50 33.84 34.41 38.90
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MOISTURE DETERMINATECONS WITHIN AND WITHOUT JUNCUS COMMUNITIES:

GENERAL:

An endeavour was made to
take soil samples Ior moisture determinatious from the above
locations, in riugs of growth, where pasture analyses hLaa
previously been made. It was found that the large nunmber
of dead roots encountered within the groups, materially
atfiected the result. (See Puare Yud )

CONCIUSIONS:

without direct experi-
mental evidence it has veen concluaed tnat tue outer margics,
of spreadiug rush clumps are more favoured as regards moisture,
than withiu the clumps. This cowclusion has been made from
the following observatious.

1. the central portion of a
riug of growth ig usually elevated, and contaius
numerous dead roots immediately beneath the soil
surrface.

¢. Grazing animals tread
around the margins of tre plantg, in many cases
cuasing noticeawble depressions. Run off water
is retained in these natural depressions, aud
also iu the hoof impressions left by animals
browsing arouna the rush clum.s.
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PASTURSL ANALY3:S3:

"A". FROM PIELD PO3ITIONS.

OBJECT:

o To trace any relatioanship
which might exist between the openness of the sward and the
rush vegetation thereon.

Frevious observation had
establistied the fact that there was little spread of rush
growth on Field A, whereas on Field B, there was both a heavy
rush coverage and every iudizatiou that the habitat was favour-
ing rush extension. In the adjoining Field <, which had been
obviously undergrazed, no attempt was made to carry out a
detailed pasture analysis. This area had been lightly grazed
by cattle for a number of years, a coudition which was amply
reflected in the rank growth of herbage, founa at all periods
of the year. It was counsidered unere, that grazing was provid-
ing no special influeunce Llikely to iracilitate the development
of an extremely open sward.

METHODS OF PASTURE MEASUSCILENT:

The older methods employed
in charting vegetation (33 & 34) have proved to be both tedious
and slow, while in addition the areas examined were often con-
siderable damaged.

The Point Method of Pasture
Analysis (10) although of comparatively recent origin, has re-
ceived high cormeudation (32) by recognised authorities. It
i5 admirable suited for employment oun grazed pastures, or those
of dense down like swards.

This methoa has been employed
for tracing the growth changes and the comparative relationships
of 3 strips of pasturs. The methou has proved eminently satis-
factory.

TECHNI(UE, TOCATION AND ESTIWATION OF RESULTLS:

Between two pegs, each 30ft.
apart, monthly analyses of pasture have been made. The 3
positions chogsen for analyses were near similar strips from
which so0il muisture determications were made. +hese have
previously been descrived under heauiugs 1,<,3, in that sub-
section. Initially great care was eXercisea iu choosing the
positious for these pasture strips rrom which analyses were
to be made. This was necessary so that no abnormal condition
would result, such as pasture ilajury which might be expected
if the strips were crossed by, or in proximity to sheep tracks.

While it was not desired to
trace the detail of the finer pasture constituents, about 300
points were examined ou each strip at every analysis. This
number of points was considered adeguate, as only the main
pasture changes were reguired, and more particularly the cou-
-dition of sward openness. Levy and Madden (10) have stated
that analyses each of 100 points are sufficient, where only
the major pasture constituents are desired, but 400 - 500
points are reguired for the detail of the minor pasture con-
stituents.

The meti.od of determing
the percentage cover each species was coutributing to the
total coverage, a figure in which the results have been
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derived from the forrmula employed for the standard 100 point
analysis. i.e.,

Number of times a species is hit per 100 points

——examined X (100 - percentage of bare ground).
Total times vegetation is hit per 100 points
examined.
AESULT S :

The tabulated results of each
section analysis have been separately listed, while the swara
openness has been graphically represeuteu also.

CONCLUSIONGS ;

: i The most important result of
the 3 pasture analyses is deriyed from a comparisou of tle
sward openness of each strip at difterent periods of tue year.
It is believed that in their application to rush control these
results must be interpreted along with concurrent soil moisture
determinations.

9. The most striking difference
be tween the heavily rush covered strip and the rushless strip,
is the comparative opennessof the latter over the summer, This
Tfeature commenced in November and extended to lay.

. The rush covered strip,
probably due to its greater soil moisture, retained a close
sward during the summer. The seasonal growth of clover and
trefoil aided this conditiou.

i At the commencement of
pasture recordings in Aaugust, both strips, rushi covered and
non-rush covered, had open pastures, while the former exceed-
ed the latter in this respect.

5 In the period from March to
July, the sward openness on tne rush free strip began to de=
crease, while that of the rusi covered strip showed an increase.

The results from April for
the rush free strip, (dotted lines on graphk. ) are not com=
parable, because the strips were not theu under comparable
grazing conditions.

7 As Tar as results for otrip 1

have been obtained, where rush growth was present but not in an

actively extending rorm, a somewhat intermediate condition be-
tween oStrips 2 and 3 was recorded.

8 e When the swara openness of
Strip < is compared with the corresponding soil moisture
determinations it is seen that the very open sward here during
the summer is most likely due to the dry soil condition. The
comparative dryness of this soil has been experi mentally shown.
This strip analysis records a predaninately Ryegrass msture.
In early spring the openness of the pasture fell to half of the
previous figure. Further falls occurred up to November. By
DecembéT,l.ere were drier than in either of the other strips.
The Ryegrass had made its early summer flush of growth, and
from then to March, pasture growth was retarded by a lack of
moisture. Contiaued grazinc was probably a complementary
factor causing this conditim.

9. visregarding the periods of
greatest growth of pasture grasses and weeds of each strip,
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it is clear that the positions of most active rush growth were
also those where pasture was open in winter, and where the soil
had the greatest moisture content.

Ly, The actual pasture of otrip 2
was superior to that of oStrip 3 which showed a larger proportion
of weeds.

Ll1.* Interpreted in conjunction with

the scil moisture determinatiocus, it is believed that the non-

appearance of rushes on JStrip ¢ was due both to the drier con-

dition of the soil, and a closer sward of grass iu wiuter, as
opposed to a sward of flat weeds ana grass, grazed to its

maximum.




SUMMARY OF PASTURE ANALYSES: STRIP I

Aug.lQ.dep.12.0ct.l3.ﬁov.l3.Dec.d.Janl2

Bare ground.
SPECIES:
Brown Top.
Perennial Rye.
Sweet Vernal.
Crested Dogstail.
Yorkshire Fog.
Danthonia pilosa.
Poa annua.
Timothy.
Cocksfoot.
Fescue (fine leaved)
White Clover.
Suckling Clover.
Catsear & Hawkbit.
Dandelion.
Field Daisy.
Buttercup.
Piri-piri.
Plantain-N&B- leaved
Speedwell.
Penuyroyal .
Mouse-eared Chick-
Weed.
scotch Thistle.
Moss.
Juncus dlamprocarpug
CONDITION: -

13.42

20. 24
17.04
14 .06
8.31
5.76

. 2.13

1.70
9.37

1.06
G+ 21

0.21
0.64
0.42
0.42

a
c

19.93

19.16
13.19
13.19
1105?

1,63

0.18
0.18
6.20
3.20
7459
0.18
0.54

L
1.45

0.18

0.36

12.55

21,22
11.62
13,58
10.70

Faulid

0.18
1.29
0,18

7.46
4.34
9.05
0.74
0.74
0.37
2.03

Q

4.93

21.56
8.58
17:74
7.3
0:18

4,54

22.14
9.24
12,51
11.93
5.59

0.19
0.19
0.19
4.62
8.86

17.13

0.19

0.96
173

1l.4cz

23.19
3.40
20.83
8.06
5.05
0.3¢

5.04
0.34
13.78
.17
0. 17
0.17

2,02
0.34
0.17
0.51

b
d

Percentage cover contributed by each
coustituent to sward from approx. 300
points per month.

Field under cultivation.

SUMMARY OF PASTURE CONDITION

a. Closely grazed.
b FPoorly grazed - rauk growth.
C. Green.

s Dried.

v



SUMMARY OF PASTURE ANALYSES. . STRIP 2 .
SUMMARY OF PASTURE CONDITION.
Percentage cover contributed by each
constituent to sward from approximately
ae Closely grazed. 1933 = 34 300 points per month.
. Foorly grazed - rank growth.
G Green.
. d. Dried.
dug.l1ll.| oSep.l5| Oct.1l3 | Nov.i5| Uec.b Jan.ll Feb.1l5| Mar.l2 Apr. May 10| Jun.7 Jul.1l0
Bare ground. 23.05 | 11.060 9.25 6.27 21.15 | 27.81 £7.065 30.54 | 21.01 14.30 | 11.09 9.25
SPECIES: , '
Brown Top. 4,65 7.29 2,07 7.10 6.70 8.77 9.06 8.57 | 9.90 6. 30 5.93 5. 63
Perennial Rye. 45.25 | 45.66 | 54.23 147.98 47.26 | 47.88 49,86 46 65 | 52.55 5¢ 75 54 .68 55 16
Sweet Vernal. 0.41 i1.04 1.68 1.73 1.34 0.92 0.57 1.82 | 1.62 0.86 .84
Crested Dogstail. 1.21 1.39 0.19 0.77 0.'77 0.92 C.76 | 8.38 o 76 1.09 0.63
Yorkshire Fog. 7.48 9.03 6.55 9.60 Y.506 5.66 4,16 4.56 | 4.04 10.74 11..23 11 .41
Danthonia pilosa. 0.52 0.19 0.30 _ G.19 0.108
Poa annua. 3. 30 3.55 2s 11 0.19 0.18
Timothy. U.19 0.19 0.10
Bromus hprdaceous. . _ _ 0.19 _
Cocksfoot. 5 .46 5.28 4.06 5.18 4.95 4.75 5.10 3.28 | 3.23 6.29 5.86 4.67
white Clover. 2.02 3.65 34 93 2.69 0.30 0.37 1.32 128 L.62 2.61 2.10 1+93
suckling Clover. 0.20 0.52 5.56 4.40 0.18 0.54 0.66
Catsear & Hawkbit. 1.82 14559 o 56 4,22 L2 1.65 1.09 | 2.34 273 2.46 2.09
Field Daisy. 0.61 0.17 0.19 0.18 0.40 0.63
Buttercup. 1.42 1.04 =
Speedwell. 0.57 0.38 0.19 %
Pennyroyal. 0.19 0.38 1.09 | 0.54 0.38 1.69 l.44 ~
Mouse-eared Chickweed. 6.47 T.6% 6.36 3.46 0.58 0.73 0.57 0.73 | 1.26 L« %2 2.42 3.50
Scotch Thistle. 0.306 0.19 0.19 0.19
CONDITION: a a a a a a a a b b b b
c - c ¢ d d c c (¢ c C c



SUIIARY OF FASTURE CONDITIONS.

SUMIKARY OF PASTURE ANALYSES. STRIY 3,

8. Closely grazed.

b. Poorly grazed.

Percentage cover contributed by each
constituent to sward from approximately
300 pointe per moenth.

"Gy

C. Green.
d. Dried.

Oct.l2| Lov.14] Dec.?7.| Jan.1l3| TFeb.15 lar.13 Apr.4| May.1d Jun.?7| Jul.1C
Bare ground. 10.0 6.30 7.69 5.18 11.18 727 5.94| 13.79 24.13% 30.25
SPECIES ; _
Brown Top. 12.48 | 10.59 8.84 8.38 13.23 | 14.29 18.67!1 16.7u 12.41 11.53
Perennial Rye. 5.03 | 7.36 6.56 | 8.98 .96 | 8.06 | 10.41| '8.92 7.67 7.3
Sweet Vernal. 3.01 7.36 5.26 9.58 10.02 10.08 7.90 4.2 3.1§ 3.97
Crested Dogstail. 12.31 .56 11.47 | 13.97 15.29 12.46 10.70 14.36 13.75 12.56
Yorksuire Fog. 1.49 .00 1.69 2.0 2,07 2.02 2.51 3.170 4.26] 4.81
Timotl‘iy- 1912 .10 0336 ) Oul?
Bromus hordaceous. _ .10 0.20 ) o o )
Vihite Clover. 25.15 €6.92 22,95 27.00 19.56 16.07 1?.95 17.0z2 lS.l& 12:3%7
Suckling Clover. 8.01 .15 11.66 2.06 0.20 2.56 .31 1.03] 0.42
Catsear and Hawkbit. 9.51 | 12.56 1730 } X757 14.7¢c | 15.94 13.28 ¢ 13.77 12.47 11,76
Field Daisy. -1.86 1.08 Y35 0.60 1.9 2.94 2.33 2.2l  1.89| 1.067
Pennyroyal. 2.24 .00 1,08 2.60 3.09 2.94 2«07 2.63 2.6z| 2.2
Mouse-eared Chickweed R 0.17 0.37
Self Heal. 0.56 0.18 0.94 0.54 0.36
Dandelion. 0.56 0436 0.75 0.60 0.51 0.37 1,07 0.951 0.721 0.36
lioss. 0.19 Ol
Juncus vaginatus. o y _ )
Plantain N&L leaved. 1.68 1.60 i.50 1.0 1.89 1.83 1.44 1.22] 1.08)0.95
CONDITION a a a a a a a

c c c c c E c ¢ o ©




SWARD OFENNZES3

Sumnarised from pasture analyses 123
of individual strips, i.e. %
bare ground.

STRIP
NoO, CONDITION Aug. Sept. et Xov. Dec. Jan. Feb. Mar. Apr. llay June July
[
I Little apparent spread )
of rush growth. 18.42 19.93 12.5% 4.93 4,54 11.4c2 FIELD UNDER CULTIVATION
2 No rush growth. 23.05 | 11.80 9.28 6.27| 21.15{( 27.85} 27.85( 30.53| 21.01| 14.38] 11.09] 9.25
)
3 Dense rush growth. 29.43 | 22.12} 10.0 .30 7.69 5.18| 11.18| 7.27 5.94| 13.75) 24.13} 30.25

ot
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PASTURE ANATYSES :

"B" CCNFINED TO Thii CENTRAL AREAS,
AND EATERWAL TO JUNCUS COMUNITIES.

GENERAL:

a nurber of more or less
symmetrical communities of rush growtn are often found on
old pasture land (Flate XIIIu). An outer ring of rush growth
then encloses a small circle of pasture. These rings of growth
gradually extend. lany have a diameter otf 4 feet or more.

Iu grazing sheep invariably
prefer to nibble close up to the outer margins of these growth
rings of rushes, rather than penetrate tu the less accessible
pasture within. By their selective grazing they are probably
aiding the outward migratiou of new rush growth.

OBJECT :

l. To determine the constituents
of the pasture and the openness of the sward within
these communities, and at the external margins, as
evidence for the likelihood of a tendency towards
the outward spread, rather than the inward growth
of nev rusch shoote.

2. A general observation to note
the grasses actuzlly invading the rush and probably
providing, by competitio., a check to its furtier
growth .

EXPERTMENTAL:

Ten 100 point pasture analyses
were made in each of the two positions, within and without com-
munities of Juncus polyantuemos, ou fieid a~. The comuunities
selected were 3 - 4 feet in diameter, in wiich rush vegetation
occurred only on the outer circumierence, while the interior
portion was in pasture. The inner pasture was analysed 'in
several directious across the diameter, while the pasture
immediately external to the rugh ring was measured as near
as possible to this outer margiu, where new rush shoots were
emerging. The state of the pasture within the community, and
that immediately without, were thus securead.

ESTIMATICN OF RESULTS:

The results of the pasture
analyses have been expressed a2s the percentage each species
was contributing to the total area, just as with the previous
strip pasture analyses.

ABSULTS :

From the analyses summarised
from these recordings the following facts are presented:

1. In every case a greater
percentage of Brown Top was recorded within
thhe communities than without.

2, In 8 of the 10 communities
examined the percentage of Sweet Vernal was
greater within the rings than without, (ex-
ceptions, Cummunities 6 & 8).



. 2. where Cocksfoot was recorded
it was always within the community.

4, In 7 of 10 examinations a greater
percentage of bare ground was recorded externally. The
average percentage of bare ground of the 10 communities
was greater externally than internally.

5 Crested Dogstail occurred withim
comaunities in only 3 cases, and 10 cases externally, each
of which in the interior positiou was less than that in a
correspounding external position.

G . None of the minor constituents of
the pasture, such as loss, Foa annua or Dandelion, were re-
corded iu the central area of communities.

Ps The average occurrence of Wwhite
Clover was greater outside than within the community, (ex-
ceptions, Communities 7 & 8.)

B In ali cases (possible exception
Community 4) Catsear ana Hawkuit were in iar greater propor-
tion on the outside of the comuuuities.

9. Yorksiiire Fog within was less in
¢ of the 10 communities examined. The average occurrence of
Yorkshire Fog was treble exteraally to the communities.

INTERPROTATION OF RESULTS:

The following conclusions have
been drawn:

L That selective grazing has had
a markea iufluence on the sward openness of the examined
cormunities. In the outer position the sward waws more open
than in the inner position.

. That the more open condition
externally was probably a factor favourable for the outward
spread of the plants.

2. That selective grazing had favour-
ed pasture elements within the comiunities, and iuduced a
lamge proportion of weeds external to the coummunities.

4, That the spread of the plants in
an outward direction was also favoured by the shading effect
in the central portion, with its taller pgrass growth and
closer sward.

5. It was noticed that Brown Top
entered into strong competition with the rush plant. lany
rush clumps were completely iuvadeda by Brown Top. In the
summer months White Clover had suvme power of penetration,
but its growth was seasonal. In winter, White Clover was
usually in minor proportion iu the pasture, compared wWith
its practical dominance in summer.

While it is suggested from this

study that the extreme openness of the pasture at the outer edge
of the rush growth, caused by the close grazing is one factor alding

the rush in its outward spread it wust not pe considered to be tpe
sole factor. Other and suppleuwentary factors will be discussed

later.



ANALYSES OF GRASSES WITHIN AND WITHCUT RUSE  COMMUNITIES
Percentage cover each species contributes
¥WITHIN to sward from approximately 100 points at
each position, within ana without.
CORMUNITY: XO. I 2 3 4 5 6 7 o 9 10 TOTAL AVERAGE
Bare Ground. 23.88| 23.68| 26.39| 23.19] 29.73] 23.37] 23.07] 26.46| 20.33] 29.16 249.76 24 .93
SPECIES: ]
Brown Top. 28.85| 54.0 | 30.92) 39.32] 39.52{ 34.14| 44.08) 38.52| 49.26 40.3§ 396.96 39.90
Pereunial Rye. 26.441 13.02} 7.27{ 7.32 3.5 13.65 5.1y 5.25| 7.92 5°88 9g.15 9.52
Sweet Vernal. 10.42 3.72] 23.20| 24.68] 25.37| 15.70| 15.56] 11.38]| 14.07{ 18.04 163.04 16.30
Cocksfoot. 1.60 3.62) 4.58 1.85( 6.91] 0.87 5.30 24.81 2.48
Crested Dogstail. 0.90 4.62 2.63 ) _ 8.15% O.81
Yorkshire Fog. 0.93 1.76! 1.05| 1.76] 4.33| 0.80} 0.89
Tall Fescue. 0.90 G086 1.76 0.18
Poa annua.
White Clover & ;

Trefoil. 1.60 0.93 0.92] 1.72] 4.38] 0.80 10.43 1.04
Catsear & Hawkbit. 4.01 1.86| 6.90( 0.91 L.05% i 6.13 z.64 18. 30 1.83
Field Daisy. 0.00 0.80 .09
Scotch Thistle. .64 .64 0.26
lougse~eared vhick- s

weed. 1.60 1.85] 0.86 4,31 0.43 o
Self-heal. 1.60) 1.86 0.90 4,36 0.44
Moss.
Dandelion.




ANATYSES OF GRasSoES WITEIN AWD WITHOUT SOMMUNITIES.

Percentage cover each species contributes:. to
sward from approximately 100 points at each

#w I THODT analysis, within and without.
COMMUNITY NO: I 2 3 4 5 6 7 o 9 10 TOTAL AVERAGE
Bare Ground. 29.48 | 29.26 | 22.39 | 26.47 | 29.05 | 27.27 | 26.02 | 32.35 | 36.67 | 23.25 c03 .04 26.30
SPECIES
Browa Top. 13.08 [24.42 | 16.69 | 33.74 | 22.52 | 12.99 | 25.45 | 15.61 | 14.68 | 20.34 204 .52 20.46
Perenuial ye. 16.27 |21.05| 7.51 | 11.24 |11.26 | 12.12| 10.34 | 11.27 | 18.54 | 6.47 126.07 12.61
3weet Vernal. 8.14 | 2.53| 4.17| 9.52|13.19] 16.45| 11.14 | 19.82 | 2.32] 6.47
Crested Dogstail. 4.52 | 8.42| 5.85| 5.19| 5.20| 6.06| 7.1 6.07 | 6.95| 21.26 76 .68 7.67
Tall Fescue. 2.60 2.60 0.26
Poa annua. 1.73 0477 2.50 0.25
White Clover & ;
Trefoil. 4.5 | 1.69| 5.0 4,33 | 4.32( 0.8 | 0.80| 1.73}| 2.32| 1.85 27 .42 2.74
Catsear & Hawkbit.| 17.18 | 9.26 | 26.70| 0.6 | 5.20)| 9.53| 3.18| 7.81 |16.96 | 12.02 108.72 10.87
Field Daisy. 7.51 0.57 6.33 0.84
liouse-earea Chick~
weed. | 0.86 1.59 . 2.45 0.24 3
Self heal. 1.68| 1.73 1.85 5.26 0.53 :
Moss. 2237 0.80 ) 4,62 3.79 0.306
Dandelion. 0.66 0.87 0.92 2.65 0.26
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RUSH CUTTING BAPERRIMENTS:

GENERAL:

In many of the better
pastures where rushes occur, the feasibility of cutting by
mower, as an aid in contrcl, appeared to warrant a little
consideration. Yet when information from practical sources
was sought on the probable results of this treatment, the
conflict of ouvpinion was such that no definite conclusiou
could be drawn. The general opinions were that one cutting
could not be cm sidered effective, either in kiliing the
plants or checking their development, and that more freguent
cutting would probably result in accelerating the growth of
the cut plants, thus effectiug a further spread in pasture.

OBJECTS OF RUSH CUTTING:

1, To determine the effects
of one cutting or several cuttings on rushes.

2, To note the period of
greatest regrowth of cut plants. Here it was thought
that by adopting a cutting teciniqgue, a clue might be
proviaed to the period when rushes were making their
most active growth. Further it was believed that this
evicence might also inaicate just when uncut rushnes
were best capable or spreaaing iu pasture.

3 To note whether cutting
berfore the November flowering would prevent stem de=-
velopmeut in that vegetative season, so that a later
flowering and seed setting might be checked.

If it was found possible
to completely check seed setting by one cutting, the
possibility of checking rush establishment from dis-
persed seed could then be considered by this treatment.

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

METHUD

In order to more definitely
investigate the second object, and to cumpare the growth respocnse
from month to month, a plan was adopted whereby the regrowths
of cut rughes vere measureu after intervals each of 32 days.

The plants chosen for experimental iuvestigatiou were all of

thhe one specie.:, Juncus polyanthemos, and in an apparently

similar habitat. They were then cut with sharpened hedge she ars
to a uniform height above ground level, i.e., 2 - 3 ins. Two

immediate difficulties were recognised.

(a) That fresh plants would hae
to be cut at each period, as the erfect of the first cutting
would probacly affect regrowth after subsequent cuttings.

(b) That if there were large
individual variations in regrowth of aifi'erent plants of the
one species, a large number would have to be cut, in order to
obtain a reliable mean of their growth, as it was proposed fto



52.

compare the regrowtlis of separate groups of cut plants.

as a trial 30 mature plants
of J. poulyantlemos were cut for the first time, in December.
It was founa that by careful macvipulation the cutting of the
regrown stems after a 3z day iuterval, (early January) was
possible to within % 1/10th. in. of the level of the first
cutting. The many dead stems which had been sheared down to a
uniform level by the ifirst cut, provided a base for the second
cutting of regrown stems. Only stems bearing marks of cutting
at both ends were measured. Thus, any new stem growth which
had not been sheared at the first cutting vwas readily disting-
uishable and was conseguently rejected.

The small errors introduced
through the impossibility of cutting exactly to the first level,
and the errors likely in measurement, which was made to the
nearest 1/10th. in. for each stem, have been regarded as can-
celling out.

The further important fact
was demonstrated that the frequency curve of the regrowths of
these cut rusnes agreed with vwhat is known as "the normal curve
of error," and that therefore certain statistical formulae
could be employed to estimate the variance of the results.

Of the 30 plants so cut,
the stems of each plant were kept separate. Fifty stems of
each of 25 plants were selected at ranaom, and measured.
Five plants were discarded from the trial because of a minor
shortage in the required number of stems. The data was ex-
amined statistically, and the mean length of the regrown
stems of each of z5 piants was determined.

This techunigue was seen to
involve thkree problems:
(a) Was the measurement of a
sample of 50 stems sufiiciently representative on which
to obtain a mean for each of the 29 plants eXamined?

(b) Was the measurement of the
means from 25 plaunts a sufficient number on which to base
conclusions for the whole population, under similar con-
ditions? :

(¢) Was a sample of 600 stems
chosen at random from the mixed stems of the 25 plants
in substantial agreement with the mean of thhe sum of the
means, of each of 75 plants, from which the previous 50
stems per plant had been taken for sampling?

RESULTS OF PRELIMINARY TRIAL:

The mean stem re growth of
each of 25 plants of Juncus pulyantliemos are recorded. Fifty
stems from each plant were measured.

2.%2 { o.ggg inches. 7.16 ¥ 0.136 inches.
34 * 0. u 18 ¥ 0.172 ¥
6.42 * 0.074 . ;.2: > O.léé ;
6.44 * 0.130 9 7.24 = 0.165 !
6.46€ £ 0.059 " F.24 5 0.170 .
2‘?‘5 7 Eilo ) 7.22 > o.%éé ;
R iiig v nEiom
6.08 * 0.145 " 7.54 £ .20 N
6.92 * 0.16Z ‘ 7.804 % 0.170 kL
7.02 * 0.1%9 g 7.94 + 0.163 #
7 .04 i 0.1%5 . 8.32 * 0.107 )
7.08 * 0.159 .
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The indiv idual plants show an
expected variation in regruwth rates. s sampling of 50 stems per
plant, appears to have veen a suiriclent number i1or the analysis
of the mean of each ylaut.

The measurement of the re-
growth of 25 plants has been accepted as satisfactory, though
in each case of the following perioa examinatious a minimum
of 30 cut plants have veen taken.

The mean of the sum of the
means of these 25 individual plants is

7.07 -~ 0.073 ins. This
represents a measurement of a total of 1,250 stems.

A random sample of 600 stems
of the same group of 25 plants gave a mean of

7.024 ¥ 0.05 ins.

These two means were within
the limits of their probably errors. The figure for the mean
obtained from the measurement of 600 stems was thus taken as
being significant.

FRELIMINARY TRIAL CONCIUSION:S :

The above experimental evidence
was viewed as confirmiung thhe ability to campare the regrowth rates
of each group of rusues, with. those of zuother group, cut after
a definite time iunterval, out in a succeeadaing mon th.

FINAL CUTTING RusULTS:

On the basis of measuring stems
of groups, each having a minimum of 30 plants, anda re-cut after an
interval of 32 days, the following results are presented:-

DATE OF DATE OF CUT NUMBER STHMS  MEAN. COEFFICIENT QF
FIRST CUT. OF <EGROWN MEASURED. VARIAETLITY.
STHLS . ins. ins.
29:9:33 31:10:33 400 7.570% 0.056 23.20% 0.55
31:10:33 2:12:33 400 7.375+ 0.059 24.04 * 0.59
9:12:33 10: 1:34 600 7.024 ¥ 0.05 26.11 % 0.51
10: 1:34 11: 2:34 600 5.092 £ 0.039 29.36 % 0.57

when the fifth group of 30
plants was cut in karch, 1934, it was then found that the stems
of all the cut plants were considerably less than the required
number 600. Many indiviaual plants had made little or no growth.
Those which had regrown stems showed wide variation in the lengths
of these. Cutting was then abandwnea as a means of further indi-
cating the g rowth respouse.

DISCUSSION OF iwsULLS:

The greatest regrowth from -
cutting appears to be in thhe first month, i.e. October to November.
There is no statistical diff'ercuce wvetween the regrowth for this
month and the succecding two mouthis, although thne regrowth rates
of the last month show a siguirficant aifference when compared with
any previous montl.

From the first cutting measure-
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-ments to the last, a rise in the coefricient of variability is
ghiown. This is yuite consistent wit: the observation at the last
and unmeasured cut, when it was seen that although few stems were
produced, the r variation in leugth was great.

The fact that it would be
ultimately impossible to secure the requisite number of stems for
measurement, might have been predicted at an earlier period, when
it was found from the 30 plants, that there was variation in the
numbers of stems produced per plant, and the ideal of 50 stems
was met by only 25 of these. The fact that more p.ants might
produce fewer stems was at that time overlooked.

GNERAL COXCT,USIONS:

i. The experimental evidence
has been taken to show that Juuncus polyanthemus, in this habitat,
made its maximum regrowth after cutting between the months of
November and January. After cutting early in January {fur ther growth
fell away rapidly.

Z. That cutting would probably
not completely prevent seed formation. This was noted from the
fact that after regrowth for a period of 3= days, cut stems
grew to a stage where a second iuflorescence was often borne.
However, the main seed crup could be prevented by early cutting.
One cutting canuot then be taken as canpletely checking seeding.

3o Other plants freyuently cut
throughout the year, but at no set aates, have unot been killed
by cutting, though development has been severdy checked.

4. Ssubsequent observation has
shown that the period of greatest vegetative regrowth determined
from cut plants, is not necessarily thie perioa when the most
active shooting is taking place. In this conunection only the
results of observation are available. It has been noted that
shooting continues throughout the winter, when pasture growth
is practically at a standstill. From April to September on
these wet open pastures, the rush plants are unobtrusively
shooting at their outer margins. With the advent of warmer
conditions , both pasture and rush growth is stimulated, though
the rush has an undoubted advantage, as it has already established
a large number of shoots. These shoots, which rapidly develop
into s turdy stems, can then easily survive pasture camgetition.
Thus the rush has made an aavance which might be impossible but
for its winter shoot growth. The need for careful pasture control
in rush areas, especially in winter, is then strongly advisable,
otle rwise their spread is likely.

B Cut rushes were observed to
shoot actively at their outer margins. This iu etrfect stimulates
an outward spreau. Plate AVII a illustrates this point. Here
is seen the result of an individual rush in a 1tield which was
subjected to vue cut by mower. This particular area on the
College farm had regrown rushes after a previous cultivation,
from which it had been suwn aown to permanent pasture.

The regrowth of cut rushes
is so rapid in the early summer months that even if they were
cut by mower, and the field closed {or hay, tne pasture com-
petition would be iusufficient to exert control by possible
smothering. where piants are relatively few iun number, it is
believed that the best expedient would be to chip them out,
rather than attempt to cuntrol my mowing. Chipping can be
done at any period of the year, ana is a positive means of
eradicating individual plants. Nowing, which confers an ex-
treme ly doubtful benefit, reguires to be done at the height of
the farmer's busy season.
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(a) Root system of Juncus polvanthemos from a sketch
showing the positious of ruvots in oue plane. The
continuity ana mode of ueuscent of the root system
is illustrated.

Prioto : wedt Hamiltoti.

(v) Excavateu root syster of Juncus polyacntiemos.
Fortions of the naiu root system are seen to
the full aeptl of the exsavatiou.

Photo: W.X. Hamilton.
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Rushes, pritcipaily Juncus poulyantuemos, showiag
tengeney fo rapie luvasion va rigla 'B'. HNote

free exteusion ol rhizomes widieh will later probably
tuicken out to clukp usvelonient.

Symmetrical community, or crowth ricg of Juncus
polyaotlemos, fielu "a'", ana as aescribed in
narrative. Lote new growth aut the ocuter plant
marpgins particularly iu lef't foregrouud.
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ROOT AND STEM DEVELOPLENT OF JUNCUs POIYAN THEMOS :

ROOT STRUCTURE. GENERAL.

Juncus polyanthemos is the
chief species of rush on these pastures, an excavation made to
study the root structure is i.lustratea by Plate AII D.

NATURE OF 30IL AND 3UBSOIL:

The surface soil was a heavy
clay loam as previously described and analysed. On excavation
it was revealed that this merged to an ashy grey colour before.
mee ting the true subsoil. The depth of surface soil was about
1 foot. The subsoil was extremely hard, of general yellowish
white colour, and fissured. Though no gravelly pan was en-
countered here, nor within the ¢ foot depth of excavation,
water percolation was confined withiu the subsoil to the
fractured planes, which were filled with a soft interstitial
clay, probably leached from the surface layers. These layers
were streaked in characteristic colours by oxides of irou, and
through this clay the roots penetrated, principally vertically
though, to a small extent, horizantally.

THE RHIZOLE :

The surface nature of the
rhizome was revealed by its position 1 to 1z ins. deep. OFf
otihher plants examined this was tue usual depth. The rhizome
growth was in a horizontal plane. lature and living rhizomes
were approximately ¢ in. iu diameter, and tapered to g in.
behind the growing point. 1IThe whole structure was woody, and
externally covered with membranous scale like sneaths. Near
the tip these were of light brown hue, smooth and glossy, while
furthier back they deepened in colour ana assumed a furry appear-
ance. The upper surrace of tue rii zome was thickly studded with
stems, and shoot buds. The lower half gave rise to an equal
number, or a larger number of primary roots than aerial stems.
Arching of the rhizome over some portions of previous growth,
was taken to indicate eithier an adaption ot its depth below the
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 growing point for a distance of 6 feet., The dead
portions to whichh the living segment was attached, iundicated
the power of advancement of tle rhizome, under favoured conditiouns
Near watercourses and in waterlogged positions the rhizomes were
closely clumped. The ability to spread under these conditions
appeared to be considerably coanstricted.

Apart from the main, or

Srimary rhizome, the excavated plant snowed considerable lateral
rhizome development, wuich, together with stems borne from the
main axes, gave the plant a clumped appearance. oSuch lateral
rhiz.me growth appeared to be suhtended at a definite angle to
the main rhizome axis. Besides giviang the complete rhizome
system a clumped appearance, these secondary exteusions allowed
a radial outward growth rrom an assumed central poiat, growth
being more or less egual in every dairection, or, as seen in some
cases, a greater growtn along one airection. Thus , . where the
sward was open and the soil wet, it was proud le that rhizomes
from a parent plant would not extend to the same extent in every
direction. If one section of the 1 izome was particularly
favoured it might make greater advance in its direction of growth.
It was thus moving outward and forward from the point at which
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the parent plant origiually comrmenced growth. If a number of
rhizomes of any plant or plants extended in this manner and
did not thicken out to form clumped growth, it was probable that
the pasture would become rapidly invaded by the rush species,
Plate XIII a. If development in each direction in which the
rhizome was advancing was slow, it was likely that the plant
would retain a clumped appearance. This condition was seen
where the soil was contiuuously waterlogged. VWhen conditions
seemed to become more favourable the plants still retained a
clumped appearance, though they were gradually extending out-
wards in an ever wid enimgcircle. In time the central stems
attached to the oldest portious of rhizome perished, and a
ring of growth was then formed, Flate XIII Db.

THE ROOTS AND ROOT SYo THu:

As the apical shoot buds
and shoots of tue rhizome were progressively developed, so also
did the rootiug sys tem extend. The youngest roots appeared from
thie under surface of tlhie roremost ueveloped shoot on the rhizome.
The root bud was rirst visibie when the shoots were about 7 in.
long. On furtiier devePopment thnese imuature roots were seen to
be of creamish wii te coiour in thel r early stages, and dark
brown when fully mature. There were numerous new roots when
this root examinatio. was made ian July. At that time a number
of thiese roots were found to extend 1 foot in a horizontal
direction from the riizome, and were penetrating in an obligue
plane to the soil surface, being then 6 inches deep. These
young roots averaged 1/16th. in. in diame ter. They were soft
and succulent, and strongly pointed at the tip, over which
‘the trancparent root zap cells extended. At a distance of
approximately 2 iaches from the tip, many minute root hairs,
each no longer than 1/20th. in. gave the rootlet a woolly
appearance. These root hairs were retained backwards from
their origiu bekind the point of the root for ¢ - 3 iuns.

Ihe mature roots had
an average diameter of 1/12th in. at their pdint of origin
from the rhizome; they were woody, and curved outwards be-
fore descending vertically. The roots extended lateral ly
on either side of the parent plant for 1 - 2 feet. lany
fully developed roots tracing back to the m izome were life-
less, indicating a period probably analagous to that of the
rhizome and stem 1life periods. within the first 2 feet of
surface soil 1little or no branching of the primary roots
was observed. Of the few permmnent aaventitious roots noted
here, the general lengtu was only § to 5 in. Below the z ft.
level there was extensive lateral root branching, but along
the fissures of the subsoil clay only. In these positions
roots were thickly clustered, many beiung strongly rlattenea,
a probable adaption causea by their penetration between the
surfaces of the extrerely hard clay. « number of living and
dead roots, followed the same clevage plane s. Although the
excavation was continued to 6 ft. the limit of the descent
of the fine rootlets had not been reached.

The illustration,
Plate XII a, is from a drawing, showing in one plane the
unbroken root s tructure from a soil face of about 2 in.
depth.

MODIFICATIONS OF THE ROOT U¥YS TEM:

Weaver and Clements
(33) record wide variation in root systems according to the
plant's habitat. They say that root development is retarded
by lack of aeration, and that the characteristic root type
on one situation may be so modified on another that the
association of a particular type of rooting system with that
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of a plant of the oue species is almost impossible. It is
probable that this was the case where Juncus plants were
growing in waterlogged positions. The roots were then often
closely clumped beneath the rhizome. This could have been
due to insufficient soil aeration which did not permit deeper
penetration.

STEM DEVELOPLENT:

_ The youngest stems, and stem
buds, were at the margins of the rhizome. ‘working 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 longtitudinal axis of the rhizome. On the young rhizome
there were primarily 2 rows of stems with buds at the outer
stem margins. On each piece of mature rhizome there was of ten
a number of rows of stems. In every case buds were borne at
the outer tips, behind which were the youngest growth. The
developing stems were protected by a number of papery white
s?eat}s, which later appeared above ground, along with the
stem.

stem growth was from the
rhizome. A number of eguidistant poiunts were marked with
Indian ink on young stems. In all cases these points remained
as originally markea, definitely showing that additions were
being made below the basal marking.

In Field A the position of
new stems on a number of plants was marked. In seven months
growth from August these plants had produced an average of 6
new stems from each marked position. This was the extent of
radial migration of these plants for the above mentioned period.

While actual stem elongation
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, waterloggzed and pasture
was short.

CONCLUSIONS:

Examination has shown the
rush to be a nuimal.iy deep rooted plant, although the rhizome
itself was at no great depth. It is from this rhizome that
both stems and roots had their origin. gfRemoval of the rhizoume
from the ground would thus bring to an end the vegetative means
whereby the plant perpetuated itself. 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 assume either a tufted
or a free growth, accordiug to the environment. The first
conditiou appeared in waterlogged soils. In more favourable
'positions the rush slowly exteuued to form iu time a symmetrical
comaunity. The most favourable conditions resulted in a rapid
growth and the rhizome could spread aloug auy one or in a number
of directions. The rush could thus gain maximum coverage in the
minimum of time. Later thickening out to a tufted growth fomm
was probable.

Vihere new growth was smothered
by the surrounding pasture, only few etiolated rush stems per-
sisted at any time. These were often attached to a length of
perished rhizome, as the plant was unable to thicken out and
form a clumped growth.
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Thus is observed the importance
of a close sward, moderately grazed, as opposed to an open
pasture, as a means in rush control.




This riela was swamp ploughcu, later re-swamp plough
turuing the previously buried rusnes to the surface.|
Note the avunaant rusi growth.

This adjeiniug rield was first swamp ploughed and
thien re-ploughed to the oruinary deptli. Note sparse
rusin growth in Ioregrouna, out awppearance in the
backgrounu, ueliteating treatment ws recorded in
text.






MANAGEMENT INFLUBNCH IN KRUSH CONTROL.

INTRODUCTORY :

In order to gain a more
detailed knowledge of the problem of rush control, the writer
visited a number of farms in the llamawatu district. As a
consequence the opinion is essayed that a pre-eminent factor
in rush control is farm management.

With the larger areas in-
cidental to most sheep holdings a greater difficulty was ex-
perienced in main taining land in o rush free condition. On
the coastal areas, however, even where holdiig s were of small
acreage, & problem was presented quite different from those
further inland, and on the heavier soil types. This sandy
type has not been investigated to the stage where it might
be held that recommendations for hLeavier soil types may also
apply to it.

On the heavy loams and
clay loams the opinions of farmers regarding the best means
to combat rushes, when ouce established, were much divided.
From the many farms where there is no, or iuappreciable rush
growth, it appears that were cultivation is possible and af ter
management suitable, rush growth can be eliminated. 4alterna-
tively, where cultivatiou has been aloug incorrect lines, or
where poor management has allowea the opening up of the pasture
an abundant rush coverage was evident.

In swamp land where it is
impossinle to cultivate because oif submerged timber, free water,
and lack of consglidation, it is also impossible to apply any
system aimed at rush control, until tihe land can be brought
within the sphere of agricultural practice.

The following practical ill-
ustrations will show the results obtained by certain methods
of procedure, together with some of the factors which it is
thought would be most likely of benerit in rush control.

CULTIVATION AND CROPPING PERICDU PRIOR TO THE PASTURE LEY; THE

EFFECTS ON (USH RE-GROWTH.

GEN B AL.

In pursuance of a progressive
policy of management, lamd in aaninant rush growth was being
cultivated to pasturage on the college rarm. By a trick of
circumstance the original cultivation plan could not be followed,
thereby a splendid example of the effect of a variance in maﬁ@en
ment was reflected iu the subsequent developments, especially
those leading to a re-establishment .1 rushes.

oUL L TYPh.

The heavy clay loam of the
surface soil of this area is uunderlain by a still more impervious
clay, drainage being impeded by the nature of tie soil, and the
fact thhat an iron pan at no great aeptin, completely prevents
further perc lation.

PREVIOUS CAQVDITION.

When possession of the area
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was first assumed by the College, rushes were tie dominant
growth, with indicatiouns of rye-grass, Trefuil and Iogstail.
Timber had to be cleared berfore cultivati.u was possible.

TREATIENT .

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

The compliete block comprising
36 acres was swamp ploughed in June, 1929, to a depth of 9 ins.
Subdivision fences were later erected and this large area was
divided into a number of smaller areas, on each of which select-
-ed crops were grown. One particular subdivision, on which most
attention has been focussed, was further cultivated and sown
down in November, 1929, to rape, with a manurial dressing of
phosphate and sulphate of ammonia. In April, 1930, after the
rape had been fed off, it was decided to recultivate and sow
this section dowa to permanent pasture. However, in the late
autumn, the surface soil had become so hardenead after a drying
summer, that ploughing to the ordiwmary depth, about 4 iuns.
became impossible. The share of the ligit plough would neither
penetrate, nor would it remain be Llow the hardened soil. ‘when
a section of ploughing had been complieted with great difficulty,
it was decided to agaiu bring iuntc use the heavy swamp plough,
which was then used to complete ploughiug. There were thus two
distinct sections, one turned to 4 ins by the light plough, and
the other to the original 9 in. level by the swamp plougli. The
complete I'ield was levellea, rolled uiscea anua harrowed, to
provide a sui table seed bed for the following first class
mixture:

%
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Perennial Rye. Certified Hawkes Bay.
Italian ntye.

Cocksfoot. Akaroa.

Tinothy.

Meadow Foxtail.

Dogstail.

Cowgrass.

White Clover.

Alsike.

42 1lbs per acre

At this time eighteen acres,.

or half the original block was sown. No manure was included at
sowing. In Jyne, 1930, a further subdivision of tiis sown area
into 4 separate paddocks was effected. Two were used for con-
trols, and twu for manurial treatments, the manure beirg dis-
tributed over a year from the date of the sowing. These paddocks
were mole drained. Although detailed investigation discloses
that all 4 paddocks of this latter subdivision received differ-
enti a1 manurial treatments, no significant influence due to this
difference alone 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 growth oun those
portions which had Dbeen reploughed to respective depthe of 9 ins.
and 4 ins. This effect was traceable across the paddocks latterly
subdivided, one of which was a contrcl, and the other a manurial
trial. The illustrations show this effect. ©Plate XIV b shows
the section _.loughed to the aepth of 4 ing, Plate XIV & the
swarp ploughea section

The adjoining 16 acres, or the
counterpart of the first subdivision, was alsocultivated. It
was under cultivation longer than the previous area, before being
sown down to pasture. In Lecember, 1929, it was sown in swedes,



6I.

then arfter further cultivation portiai s were sown in Chou-
loellier, Kale, Oats, Burley aua Tares, and Oats alone. Each
crop received a manure reguisite to its special reqguirements.
Subdivision followed. One portiou was workeu for the third time
in March, 1931, and about the riddle of that month was sown down
to pasture. Two seed mixtures were used on different sectious,
these being drilled with 3 cwt. of superphosplate per acres. The

seed mixtures were: No- 2
IJA 1] "B n
Perennial Rye. Certified Eawkes' Buay. 16 1bs. 8 1lbs.
Italian Rye. 4 M 4 v
Cocksfoot. Akaroa. 8 " 16 "
Timothy. 3 " 3 "
Meadow Foxtail. 2 " 2 It
Dogstai. b v 2 "
Cowgrass. 3 o 3 .
Alsike. 2 - 2 .
White Clover. N.Z, best. Certified. b L bl "

4.2 1 42 ]

) The field was noledrained in
July, 1932, and various surface topdressing treatments were applied

The second subdivision or part
of this block was in cultivation unti 1 lwarch, 1932, when it was
sown aown with the followiug seed mixture. V6.3

lbs.

1]

Perennial Rye. Certifiec first harvest H.B. L
Italian Rye.

Timothy.

Cowgrass.

Cocksfoot.

Crested Logstail.

wWhite Clover.

Poa trivialis.

N ol & O

S
ry "

40f "
PER ACRE.

Manure at the rate of 3 cwt.
superphospha te and 3 cwt. carbonate of lime per acres were sown
concurrently. The field had rnot been mule drained when the
observations were made.

DISCUSSION OF RESULTS:

The entire block of 36 acres brok-
en from its uncultivated rush-covered state ia June, 1929, by
swamp ploughing has been variously subdividedr. cropped, manured
ana eventualry re-sown to pasture. The seed mixtures in the final
leys have varied, as has also the times of inter-cultivation
prior to sowing. After sowing,a further manurial pro gramme has
been carried out. The bulk of the area has been mole drained,
only one small area remaining undrained. Yet of all these treat-
ments rushes are to be found onuly on the one section re-sown
after 10 months cultivation. The portion cultivated to fthe
original depth of swamp plougniug, ¥ lus., has now a heavy rush
growth, the other normally cultivatea, & sparse rush growth.

COMNCILUSIONS :

i The evidence favours the
Lypothesis that rushes buried for a period of 10 months
have re-established, probab ly by shooting from their
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damaged ruizomes, after being returned to the surface. It
would seem thiat a secoua growti: phase has been facilitated.

s while the possibility of
establishment Irom seed on both sections cannot be overlooked
the fact that rushes are growing tu slight extent on the
portion of the field cultivated according to intention,
however establisheda, would irdicate that sowing to grass
after one cropping period, allows incomplete and insuffic-
ient cultivation for the complete subsequent control of
rushes.

o That the various seeds
mixtures used have been suitable where cultivation has been
along correct lines, as even on the nou-mole-drained area,
no rushes have come away following several cultivations.

4. That the varied manurial
treatments after both efficient cultiva.ion and the sowing
of suitable seeds mixtures have shown no efrects which of
themselves would favour the conclusioa that particular
fertilizer treatmecunt had inauced subsegyuent rush growth.

A somehwat parallel case
of regrowth of rushes after cultivation was iicidenced from one
of the farms visited. The owuer huae ploughiea his heavily rush
covered field by ordinary plough, cultivatea auu sown the area
down to a root crop. This was rolloweu by a secouu cultivatiom
withiu the year, when the fiela was sown aown to permanent pasture
the ultimate result was that within three years of cultivation
the field was in as baa a condition as prior to cultivation.

This evideuce is taken as an acaitional support for the need of
thorough ana continued cultivation prior to the permanent pasture
seed's ley.

Trom successful measures
of control by cultivation the following recorriendations are made:

2 1 Rushes to be turned under
by swamp ploughing.

e surface cultivation and
cropping for a period of at least £ years before sowing to
permanent Jasture.

3 The sowing of a suitable
ana high grade seeds mixture.

4. af'ter cultivation never
to be to the original uepth, so that rhizomes ploughed under
will not be turnea again to the surface.
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P AN OF TREATMuNTS ANL oSUBLIVILIuNS: (Pages ¢60-61 of narrative)

as seen at November 1YJ3.

¥ = Heavily rush covered.

» == Sparcely "

26 sgres swamp pi

it

oupzhed June 1929.
]

Sown seeds mixture
No.Z2

uAt September, 1230

Sown seeds mixture
No.2

"B" September, 1930

\:5'_.

1 | . 18 acres sown seeds
: , mixture No.l April
[N 1930 after Rape.

| b Subdivi ded June 1930
by tempory and per-
manent fence lines

Sown seeds mixture
No.&

March, 198

Small portion here

not mole drained.

_ making 4 separate
o areas: each ultimate-
J ) ly having a different
7 manurial treatment.

=
.

TREATMENTS :

The above section of
18 acres was sown rirst
in Swedes. In Septem-
ber 1930 it was plough-
ed to ordinary depth.
Seeds mixtures No.2 "A"
& "B" were sown 1n
March 1930 on the top
section. The bottom
section was sown with
Chou Moellier, FKale,
oats, etc. and in March
1932 to permanent

pasture with seeds
mixture No.Z.

The above section
al1s0 of 1B acres was
cultivated and sown 1n
Rape 1n November 1923.
It was later re-swamp
ploughed (where heavy
rush growth 1s in-
dicated) and by orad-
inary plough (where
tew rushes are shown.)



(a)" Rush establiskmeut ou a uisuseu pathway. The result
of one seasou's growth.

(b) Rush establismment on plot sown witu Type 3
Perenuial Ryegrass.

Positions of rush stems are iusdicatew by red iunk crosses.
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(a) Free rush establishrment ou plot sown with Type §
Perennial Ryegrass.

(b) oShowing ti:e railure of rushes to establish omn
plot sown with Type I Ferennial Ayegrass.
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WFFECT OF STRAIN I THY GRASS LEY aND ITS RGLATIONSEIP TO RUSH
COLTROL:

Apart from the fact that incomplete
cultivation may have an effect iu aidiug the subseguent deve lop-
ment of a rush flora, there appears to be sound evidence for be-
lieving that thie strains of the grass species sown, have some
influence in the problem of rush control.

In this conrection some gtrain
trials with Ryegrass will be discussed.

LOCATION, oS0IT, AND PREVI:Us TREATWANT:

The plot trials from which this
material has been collected are at the Plant Research otation,
Palmerston North. The site was acyuired by the present occupiers
in 1927. At tiat time, practically the entire block was rush
covered. oSince then the whole arez has been cultivated, and there
have been no rushes in evideuce for at least =ix years. In
addition, the sectiou uow occupied by these Ayegrass plots was
thoroughly cultivated iu 193, wheu a root crop was grown. In
April, 1933, wvaricus straius of dyegrass from many locations were
sown aown in small plots. ot ireyuent iutervals coutr.l plots of
Type I Ryegrass, tie most valued presel.t selection, were also iu-
cluded. Throughout, the complete series oi trials have been sub-
jected to similar treatment, and the initial seeaing and manuring
was the sawe iu eaci. case.

Ihe plots were examined and photo-
graphed in April, 1934, just one year after they had been sown
down. & numoer of striking differences were evident. It was
noted that where there had been a poor take, throusgh failure of
the Ryegrass to establisk, the swari was extremely open. In many
of tlese plots with the poorer strains of dyegrass, there was a
liberal growtl: of young rushes, while in the better quality
straius there was littie or no rush prowth. The agristologist
had classifiea the strains of Ryegrass iu these plots into defi-
uite types. His true Pereunnial, Type 1 plots (Plate AVI b) showed
no rush invasiou. The poorest type (rlate XVI b) showed in every
case a large number of developiung rushes. These plots were of
Type 5 Ryegrass. The intermeuiate Type 3 plots showed a slight
rush invasion especially iu positions where plants were poorly
establishea. (Plate AV b).

Plate sVa iliustrates the abundant
rush srowth which had spruung up on a little used path adjoining
thege plots.

CONCIUSIONS :

L I the interpretation of this evi-
dence the conciusicn that onl, the best types ol Perennial Rye-
grass shoulu be sown, has been arawn. This must become iucreas-
ingly important wiiere it is uecessary to estab.ish a close, dense
sward, to check invasion oi eitier Trushies or wWeeds.

o Tiiat thie seed 1rom which these rush
plants have establisinec has probably lain dormant in the soil for
no less than ¢ - 7 years. This asswaption has been drawn from
the two facts that this particular area is now remote from other
areas of rush ecrowth, makine the possihility of establishment
from wind borne seed less likely, and also, that no rush seeding

has occurred here in
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that time.

Of the two species of rush present
the taller, though bearing uno inllorcscencc, is believed to be J.
poiyanthemos, ana the minor species, J. lamprocarpus.

The supericr straius of rferenuial
Hyegrass of high proauction are also of high persistancy. Low
production rather than low persistancy of grasses, especially
during the winter, would probably be an important factor aiding
weed and rush invasion.

Au auuitional factor which must not
be overlooked in straius of any grass is the avility of the seea to
germinate. what is required are straius of high germinatioun
capacity, rapid establishing power, persistancy and reascvuable
palatability. Though this latter point is often overlooked, tlie
funaamental importance of pasture to the grazing animal must merit
close attention.

N.B. fo facilitate indentitication of
rush shoots in the accompanying illustrations their positions have
been located by a small red zross.
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(a) This rusk plant which Lad re-establisliea after the
field haa been sowu to permauent pasture has been
cut once Ly mower. liote the Tendeunzy towards an
outward iuvasion.

(b) Tue ceutral strip wuw covered wy rushes was sown wWith
4 - 5 T
Canary-grass (Phalaris vulbosa,. From the kartou
Experimenta. fars, Lepartnent ol agricullure.

Yhoty by courtesy bLirector, Fields Livision,
hew sealand Lepartment o agriculture.







A scrub burning device which has also been applied to the
destruction of rushes.

Aucklana Star: l4/4/34.



SCRUB BURNING IN THE MARLBOROUGH DISTRICT.—This device, quite new to New Zealand and
particularly suitable to our scrub conditions, is being used in the Marlborough district for burning off scrub
country. It is set in operation in about two minutes and throws a flame of from 10 to 15 feet.
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Hi GRaSS SUWN AND ITS PROBABLE RuLaTIUNSHIP T0 PALATABILITY AS
ACTOR Il wUsSH CUNTKOL:

!
b

The experimental material
bearing on this aspect of the general problem of rush control
has previously been publishea by the wepartment of Agriculture
(7) from results obtained at tke Jarton Lxperimental Tarm.

The rush covered strip in the
central portion of the illustration (Plate AVII b) had been sown
down in 1924 with Canary Grass, Th:laris bulbosa. On either
side are strips sown witl. White Clover.

: The explanation given oy
the bLepartment o1 «griculturewas to the efrect that rush es-
tablishment was conditioued by the Llack of palatability of the
Canary Grass.

The writer visitea the
area in Liovenmver, 1933. 4t that time trne field had been closed
for hay. ZHushes vere still preseut on the strip where they had
originally come away so i'reely, though there had been no cul-
tivetion in the iuterveniug period. There was much less rush
growth than originally, ana mauny of the clumps persistiug had
a central aead mass of stems, surrouuuca by a 1ew etidated and
living stems. The species then present were J. pauciflorus,
and J. pclyanthemos.

CONCLUSIONS :

_ L. The exXplauation aavanced
offers a reasivle ana likely Lypotuesis o1l the reason
for the occurrence of ruskes in that pasture. Vith
its acceptance the desirability of precluding such
unpalatable grasses in the seeds mixture, must be
seriously cousidered.

2 That when once rushes are
establishea it is uecessary to aaopt cultivation or other
measures .or their control. Over a period of 10 years,
without thie acuption of s.eciul measures, the rushes
estavlished have not been eliminated.

Sanary grass is a "top"
grass. In this particuiar strip it is probable that ia the
early stages of its growth it was completely ungrazed owing
to its lack of palatavility, as graziuy iucreases the tillering
capasity of grasses, the likely efiect uu this ungrazed section
would be au open sward. This factor together with the lack of
trampling of grazing animals, woula, it is believea, facilitate
the growth of the rush seealings.

R & Tt i

THL EFFECT OF CUTTING woTAD LISE-. RUSHWG:

A numoer of rush plants in
an open pasture were rrequeatly zut througnout the period ol a
year. No set time for cutting was aanercd to, and up to fifteen
re-cuts per plant were effected ror the year. This injury was
not sufficiently drastiz to kill such cut plants. 4&lthough very
much wealkeneu, they still persisted, while new sioots Were
actively produced at the margius oi tue plants.

As such -severe injury througu
frequent cutting would be an impracticable meaus of control in the
farmer's hands, the couclusion has veen reached that the only
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useful purpose of this metiod wuuld be in the control of seed
formation. One cuttiug in November would largely achieve this
result,

The method of "chipping" uas
been practiced with success on a number of the smaller holdings
where this has been practicable. A sharp spade is run beneath
tihe rhizome, and the complete rush clump lifted. These clumps
should be collected and burnt in order to destroy viable seed.
It is advisable to surface sow grass seed ou these bare patches,
otlierwise weeds, or rushes establishiug from seed, wil: guickly
colonize suczh spots.

OTEnR kaalis JF RUSH CONTROL:

A device called a "Fire-Gun,"
Illustration AVIII has recently been marketed for tlhe purpose
of burning off scrub and surface growth. while the writer has
not seen this apparatus iu use, it was learned that it had been
applied in the Waikato iu the control of rushes. The results
were disappointing, as it was found that the seared plaats
had not been kiled, but were still czapable of actively shooting,
and thus could redevelop new growth.

When it is realized that new
growth is frum the rhizome in rush plants, the futility of sur-
face destruction as a means to completely eliminate them will
show that such means as tlic above cancaot be practicably em-
ployed to kill rushes.

MANURING, LIKELY SFFECTS IN RUSH CONTROL:

It the short time available
it has not been possible to experiment iu this direction. It
is quite obvious, unevertheless, tuat where fertilizers will
stimulate pasture growtlh, either in the establishment of pasture,
or on established pasture, ccusiderable benefit will be derived.
lanuring aids the developuent of a close grass sward, and excludes
weed lnvasion, or greatly minimises the weed development.

On closely cropped areas,
such as bowling greens, special measures are used to eliminate
unwaiited 1lat weeds. Heavy appiications of uitrogenous fertil-
izers sear the leaf foliage of tune weea, while the grass con-
stituents are lit.le afrecteu and are stimulated to greater
growth.

The application of nitrates
under field conditious for this purpose is impracticable, both
on the score of expense and because of undesirable secondary
reactions which are likely to develop. Lowever the application
of phosphate fertilizers and other suitable manures, will, Dby
their growth stimulating eiriect on the pasture, indirectly help
to smother weed growth.

On clay soils thie desirability
of liming must be seriously considered. The mechanical conditioun
of a heavy soil can often be improved. Besides drainage and
aeration can be improved by Liming, and the habitat made more
suitable for pasture growth anu iess suitable for rush growth.

It may be necessary to work into heavy soils heavy applicatioas
of lime, to provide markeu mechanical alteration.

DRAINAGI ¢

Freviously it has been shown
that rushes can grow iu both drained and undrained positicus.
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successful pasture growth is inpossible uuuer waterlogged con-
ditious. The first step iu any system of rush control must

be to provide adeguate drainage. an immeuiate effect of
drainage is to facilitate soil aeration, a uecessary conuition
for pasture growth. Jannon (35) who has studied the guestion

of so0il aeration has found that when the concentration of oxygen
was reduced to 2% in the soil, growth ceased, or was retarded

in most species of plants, whereas with plantzs inhabitating

wet solls such as Juncus, growth was but slightly affected.

Lundergaradh (31) shows that
as the water table recedes on certain continental areas during
the dry season, so also does the rush vegetaion decline. This
also is probdbljfto increased aeration or drainage.

It is of interest tu note that
in Central Otago where irrigation has been practiced, over-
watering of this arid soil has in some places caused the appear-
ance of rushes. wspecially is tris noticeable in portions of
the Ida . Valley, (390).

whatever is the cause favour-
ing the iuncomiug of rushes to pasture laud, the need for drain-
age is one of the biotic fuctors which is plainly uecessary,
where rush control is attemptea . In this manner the habitat
is made more suitable for tie desirable plauntsaud less favour-
able for weeds, under which zlassification rushes fall.

GRAZING:

Fusture analyses have shown
that in the more open pastures, viuere overgraziug has been
practiceu, the greatest rush spread 1s to be seen.

The desirawvility of carefully
controlliiung grazing, especia.ly in the wiuter, when the sward
is liable to open, and surface puddling from stock trampling
is likely, is of great importance.




GELERAL SUlMaRY .

1. Rushes occurring in pasture
may be cousidered as weeds. They have little or no agricultural
or economic value; they occupy space at the expense of pasture,
and may aid in the spread of stock parasites.

2. ILittle evidence for measures
in rush control is available, though the botanical character and
anatomical structure of the species has veen previously studied
and described.

3. The species of rush common in
pasture iu this locality are J. polyantierios, J. effusus, J.
luxurians, J. vaginatus, J. pallidus, J. pauciflorus, J. tenuis,
and, to minor exteut, J. lamprocarpus. oScirpus nodosus has been
observed only on coastal belts.

4. The effect of environment on
rush growth nas veen discussed from recorded results.

5. wcological factors have been
studied. Experimental moisture aeterminatious, and pasture
analyses have shown that two factors associated with free rush
growth in pasture, are, abuncant moisture and an open sward.

6. Pasture analyses within ana
without symmetrical communities, hLave shown the respective growth,
the competitive grasses, ana factors likely to favour extension
of growth. '

2 7. A root examination has dis-
closed that the rush is a deep rooting plant. The position of
the rhizome, its depth, and the mechanism of stem development
have been examined in relationship to the ability of the plant
to spreaqa.

e The effect of cutting as a
possible weapon in control has been trieu. The conclusion that
it is of little use in this respect has been otfered.

Pactors of management, illustrated
where possible by actual examples, have been given. The effect
of cultivation prior to the seeds ley, the effect of strain, and
palatability of grass sown, have been examined also. Conclusious
have been drawn of tlhie crovable effects of manurial treatments,
drainage, grazing, cutting aund chippiug.
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APPLE DIX

In conaection with the change of
na:e of the species previously called J. effus to that of J
polyanthemos Zheesman (3) states:- "Under the name of J. effusus
"I have for the present placed several farms, though not exactly
" agreeing with the typical J. effusus, appear to be too close to
" it to be cunsiderea as distinct species. One of these has the
" tall soft stems, with coutinuous pith, lax, pale inflorescence,
" and small, broadly obovoid, almost retuse capsule of the typical
" state, and to my mind cannot possibly be separated from it.
" A second and more abuuuant variety has more slender, rigid and
" wiry stems, with iunterrupted pith ana the capsule is rounded
" and imperfectly three-celled. This I take to be the J. poly-
"-anthemos of Buchenau. Closely allied to it is a still more
" slender form, with the iuflorescence split up into small rounded
" glomerules, almost after the fashion of J. vaginatus, (australis
" Hook.f.), but aiffering altogetuer in habit in the small capsule.
" Buchenau in his monograpl of the oraer, placea it under J.
" pauciflorus, as var. cneesmanii, although wantiang the ovoid
" exsertea capsule of that species. He now refers it to his
" J. polyantiemos. How far I am correct in merging the above,
" together with other less promineunt varieties, under one species,
" can only be determined by a leisurely and compreheusive study of
" the whole o:f the N.4. feorus, basew upon more numerous specimens
" than have hitherto been zollected anu checked by observations
" in the field. J. effus, as ordicarily understood, is almost
" cosmopolitan in its distribution."

Cheesman (4) states in describing
J. polyanthenos:-

"The most abundant species of the
" genus iu M.7., everywhere to be seen by the margins of swamps,
" or in undrained soils that are wet in winter. \Vwhether it is
" identical with Buchenau's plaut is aot wuite certain; but the
" common N.Z, form, easily distiuguished by the slender, rigid
and wiry stems, with interruptea pitn wnd with the capsule
rounded, auna imperrectly three-czelled, agrees so closely with
" his description, that I am unable to separate them. But
apparently “uchenau lLas douvts on the subject, for, iu his
recent monograph of the Tamily (Uas. P.flanzenreich, Heft. 25
" p. 142) he rema ks that J. polyanthemos is abundant in most of
" the Australian colonies, anu especially so in gueensland, while
" in N. Z. ounly variety Cheesmanii is knowu. His position on
" this poiat is puzzling, seeing that he was provided with abundant
" specimens, aua aoes unot allude to them, either in his des-
cription of J. pulyanthemos, or unuer any of the allied species.’
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