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SECTICH I.

INTROGDUCTION

Any reader of the Amerdcan news magazine, "Time", will know
that the editors occasionally publiish a "grass roots report"” decling
with some current question of public interest, It takes the form
of a survey of the fundamental issues involved, and attempts to assess
their significance, in=so=far as those issues are know, It is a
tacit recognition by a nonegcientific body of opinion of the importance
of the wnderground organs to the well~being of a plant, and that these
oergang are more essential, despite thelir hidden and inaceessible
hebitat, than is commonly recognized,

In ay study of the growth of pasture plants, a realistic picture
will only be obtained if the plant 1s treated ss an entity. The
comaon pubdivision of plant tissues into either the aerial leaf and
stem portion, or the underground root gystem, is artificial, for cach
part of the plant both depends upon and services other parts in many
wayss In a discuasion of the relative lack of knowledge of leaf
chemical constituents, Melville (1954) has stated: "Of the dry tissue
of o plant only about 10% comes in through the roots; the remoining
90% is derived from the air through the leaves which, quantitatively,
are of very much greater importance as nutrdtional organs than are
rootss" A statement such as thls does not indicate that the root
system has 1ittle importance to the plant as a whole, Plont require-
menta for minerels and nitrogen are ab high lewvels in productive
pasturcs, and the uptake of these nutrients is effected solely through
the root aystems To a great oxtent, the 107 of the dry tissue taken
in by the roots serves as a pace=moker for the level of activity
producing the other 90%, For vigorcus leaf produstion, not only munt

Te



atrong root aystem copable of fully meeting the plent's nutritional
needs for minorals and niircgen.

Too offen, pasture plant studies completely ignore the underground
tissucs, despite the common knowledge that treatments applicd to the
lcaves can have spectacular effects also upon the root syoteme  The
concept of physlological balance between the merinl part and the root
system of tha plant is based on this interwdependence of the various
plant tissuess In rezatlon to the amount of literature published
about top growth in pasture plants, therc is a paucity of material
dealing with root behaviour. Probably the besteknovm work has been
that of J,E, Vieaver and his associates with range grassland in the U, S Ae
Yieinmann (1948) has written a comprehensive review of the underground
development and reserves of grasses, and a tobal of 125 references
exhausts the literature in this field, In New Zealand, Jacques and
a group of honours students at Massey College have published results
on gome aspects of root development in owr major grass species. The
experiment which is the subJect of this thesis, was designed to con~
tribute to this knowledge,

The seasonal nature of the growth of grass root systems is lorgely
wnknovn, yet from the facts that leaf growth follows a seasonal pattern,
and the whole plant 1s an entire unit with complete intcerdependence
between 1ts parts, it Lo safe to deduce that the root systems pass
through o seasonal growth oyelee The evidence for this, from other
studics, which is presented in the review of literature, iz based on
ceveral different techniquese Some workers have used wwelght of roota
in a {ixed volume of soil as thoir sole criterdon, but it is felt that
little uscful information ocan be gained in this wny, Although o mixed
pesture under normal grazing can be examined, it 1s not possible to
measure acocurately the contributions to the total weight made by the
roota of the component specles, while many environmental factors will

remadn unrecopmized in their effects, The logleal approach is tho
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study of single entire plants, and this is adopted in the present
experimente

The alm of this work can be stated very briefly. It is to
trace out the behaviour of the root gystems of certain important
grass specles over a period of one year, and to determine whether
or not this scascnal root behaviour can be related to persistency of
individual plants, 1% is thought that in some species and at cere=
tain times of the year, the root system may not be copoble of supply-
ing the nccessary nuirdients in adequate amounts, with a consequent
weakening of growth and a possibility of deaths It is realized that
an experiment of this nature, which is designed to survey a general
field rather than to cxamine some particular character isolated from
its complex in the plant, will pose more questicns than it answers,
and will open up new avenues for further study., Some of these avenues

will become evident, or will be indicated, in the texte



SECTION IX

REVIEW OF LITERATURE

This review will be presented in three sectiona, as follows:

(a) Literature relevant to the top cutting treatments
employed,

(b) Miterature descxribing the seasonal nature of growth
of grass rool gyatems, and

(o) literature dealing with the use of tetrazolium come
pounds for studying viability of plant tissues, other
than the sced,



A. TOP Gmh .

The scasonal nature of top growth in grasses, ond the control
which con be imposced by various envirommental factors, has been well
established by numerocus workerse It is correct to say that the
seasonal nature of pasture growth ds tﬁe baslia of pasture manngement
techniques, where the aim ia to provide and to utilize herbage in
the amounts and at the times when 1% is required by livestock,with a
mininum of wastage.

In New Zealand, the seasonal production ¢f pasture growth under
various experimentel conditions at Marton and at Ruakura was reported
by Hudson et al (1933)e  Department of Agriculture trials into grase-
land production levels, and the rate of growth and yield capacity of
some of the major pasture species, have been reported by Ellieott and
Ignch (1942) and more recently by ILynch (1949)s  In perennial rye-
grass at Morton, ILynch found that grewth usually commences in early
Sepiembery is at a maxdmum in October and November, falls away during
December, January and February, and recovers durdng Merch or Aprll to
levels largely conirolled by reinfalls Perennial rycgrass showed
great vardoability bebween yoars in its summer and autum production,
Coxldll (1950) has @iscusscd the charmcteristiecs of the improved strains
of grasses and clovers which have been released for commerclal use under
certification, He say8: Messses it will be reolized that the prime
objective in the plant improvement programme has been to obtain increase
in production and in the seasonal spread of that production.”

A study of the effects that cutting of top growbh has on root and
leaf growth in perennilal ryegrass and timothy wos made by Roberts and
Hunt (1936), who claimed that checks to root growth fellowing top cutting
wore due to removol of stored rescrves from roots to tops, cspecially
at flowering, and that premnial ryograss has its madn storage reservss
in the root system, Thoy suggested that this mny oxplain why perennial
rycgrass stands more defollation than timothy, where roporves are largely




stored in tho bases of stemse  Jaoques and Edmond (4952) studied

the effcot of vardoun treatments upon top growth ylelds of perenninl
ryograns and oocakafoot, and found that the yicld was greater from

(a) fortnightly cutting than weckly ocutting, (b) 2-inch height of
cutting than 1einch or d=inch heights, and (o) non-root-pruning than
root-pruning. The effoot upon yleld from root pruning was greater
than from height of ocubting, which in turn was greater than the offect
from frequency of cuttings These workers also found that, ia general,
the more lenient top treatments were assoclated with carlier spring
growth and with better growth on into the sumer, From a study of
the effects of clipping upon plants of cocksfoot, bromegrass, ladino
clover and alfelfa, Wagner (1952) concluded that damage to top and
root growth, and to {tiller, rhizome, stolon and leaf dewvelopment, from
grazing or clipping, could be more severe in older plants tha.ﬁ in
sccdlingse The top:iroot ratio is a direct expression of the amount
of top growbth that a given root quantity must supply with water and
nutrdents, so that plants with a lower ratio would be better eble to

withstand a.clwfse conditions than those with a higher ratilc,

e i i s e




B, Seasonnl Root Growth

An attenmpt to relate the scasonal root development of S5-year-
0ld stonds of Poa pratensis and Aprostis vulgards to acil conditions

in New Jeracy, was reported by Sprogue (1933)e He found that the
modmmm root weight in both specles vas about twice as great as the
quantity present at the start of the season, and concluded that at
leant one=half of the root pystem is newly gencerated cach spring.
Following the pardod of maximum root welights, a decrease occurred in
both specdes at tho timo of heavy top growth; while in Poa pratensis,

there was a gradual recovery in root welight as top growth become less
atundant,  Stoddart (1935) used a root banding technique to atudy
longevily in individual roocts of 5 range grass speales, subjected to
a wide range of soil teoperatures and molsture levels,  In each case,
banded roots lived for at least one yecar, and many were still clive
when observations cecased after two years.  Sowe new rools were pro-
duced cach seascne

Using both perennial ryegrass and timothy, Roberts and Humt (1936)
showed that root weight increased in spring and sumer, and that mox-~
imm root length wms attained some time before maximum root weight was
reached, During flowering in perenniel ryegrass, shoot formation
apparcntly took place at the expensc of the rcots, since root weight
docreased durdng this period, Stuckey (1941) used mitosis as the
criterion of root growth, and found that root tip cells wore dividing
actively at temperatures close to 32°F, vhile cessation of root growth
during the summer months coincided with periods of high soil temperatures,
Over 2 years, shs observed that in unclipped timothy, meadow fescue,

Poa trivielis, porennial ryegress, Agrosbis vulgeris, and redtop, the

vhole root system wes regencrated annunlly, new growth commeneing in
auturmm and inorcasing rapidly in spring,  Most of tho old rootn dip~
intogratod ohwrtly rftor the now onos devolopeds With Poo pratonnin,
cackafoot, Poa compronsa and Agropyron aristatun, only a fow new rootn
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were formed after the first gpring, and only a smll percentage

of roota disintegrateds Stuckey's conclucions about Poa pratensis

and Agrostis vulgaris, based on evidence of cell division, are not

in agreement with those of Sprogue in the sane species, based on root
welghts

In a study of the effect of fertilizer placement on the yield
of roots and herboge, Jacques (1943) found two periods during his
sarpling times when root weights decrcased in perennial ryegrass.

The first during June and July voa of small dimensions and the cause
was not determined, The seccond period fellowed a ropld increase in
root weight lasting until the end of November, and continued to the
ond of Februnrys. This loss in welght was due to the death of some

of the carliecst-formed roois, and to the loss of cortical tissue (rom
the older part of the roots, Weaver and Zink (4946) used a root
banding technique on 3,424 roota on 184 plants of 10 range grass specics,
over a 3=year periods  Root condition was determined by visual exnme-
inntion, livirg roots having a yellowiah-white or bromish colour with
good tensile strengthe In all species, there wms a high rate of root
survival over at least the first 12 months, vhile even at the end of
3 years, many of the banded roots were still in good condition.

The effects of defoliation and root~pruning in cocksfoot and
perennial ryegrass wos studied by Edmond (1949), who found that tha
maximm production of herbeage and new roots did not coincide, Following
planting in March, root initiation was at its lowest inearly June as
herboge production wes felling, but root numbers increased from June
as herbege continued to decline, Maximum root inltiation was reached
in October at a time when a decided increase in herbage growth was
becoming apporent, Root mumbers then foll avay shwrply until the
lovest point was reached in Deoembexs Thore vas a slight recovery
of root nmubors in January, as horbage growth doclined, Scasonal
flustuntions wore greater in perermial ryograss than in cocknfoot,

Evidenco on tho physiologionl behaviowr of the blenninl nodiim




- red clover and the short-lived perennial mammoth red clover, vos
sought by Smith (1950)s Coxbohydrate root reserves were diminished
during winter dermency, and both carbohydrate and nitrogen root
reserves were reduced by early spring growth as well as by new top
growth after cach cutting, Resioration of root reserves ocowrred
vhenever the photoegynthetic area wos sufficlent to allow storage,
The posscssion of a toproot by legumes should make the sioinge and
movement of rcserve meteabolites a more prominent feature of plant
growth than it is in the monocotyledonous grasses. Troughton (1954)
cxamined the seasanal root development in permanent pastures containing
perennial rycgrass, Poa trivialls and Agrostis spp., with smller

amounts of timothy, Yorkshire fog and white clover, in three heavy
clay fields at Aberystwith, The amount of root material was lowest
in Novenber with a consistent incrcase, witil May or June, followed by
o grodanl decrease, partly due to root death amd decay, from July to
Hovember, This genersl trend was modified in one field where there
was a decrease from Decexber to Februsxy while the pasture was under
heavy grazingy while in a second field, a decrcase in root weight
from Moy to June was thought to be due to heavy calls on root reserves

as the pasture was closed for hay and came inte flower.
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Ce Tetrazolium Staining
of Plant Tissucso,

There is & stoaldily growing literature on the use of tetrozolium
salts as Indientors of reduction~oxidation potentinls in biological
mterial, Its mjor use has 8o far been as a rapid indicator of
ceed germination capaclity, and nearly a1l the papers examined dealt
cither with the application of the compound to sced germination problens,
or vith the chemistry of the reactions involved, Very little inform=
atim is available yot from studics made on other plant tissucs,

The redustlon of 2, 3, 5 =~ triphenyl tetrazoliun chloride at the
sites of plant meristematic tissue was exnmined by Roberts (1951),
with the conalusion that the lack of specificity for this reaction
ankes 1t probable that a9 ane reductase gysten is responsible for the
reductian of the salt by plant tissucse She says: "It scems more
1ilely that a gereral redox potontinl level, mintained by the oper—
atlon of ocveral physiologleally active gystenms, brings about the
reduction of tetrazoliume™ In an earlicr poper, Roberts (1950} pointed
it tnat totracolium differed from the majority of redox indicators
since it forms an insoluble formazan in its reduced state, and the
reaction is therefore irreversible; it is visible in minute quantities
s0 that the reaction is very sensitive; it rcadily penetratcs plant
tissues and is not adsorbed; nor does it diffuse from the site of its
precipitation, Hicroscopic sections of fresh material were used for
staining, while weak or slugglsh reactions were improved by putting the
sections into a dessicator atiached to a vacuum purp to ald penetration
of the tissuen by the test esolution. The freezing microtome was une
suitable, since ths charecierlstic reductlion was elther greatly changed
or completoly ebsont after freezing.

Actively growing root tips in o1l the plant speooies (Alldum copa,

Capnioum anmm, Cuourbita maxima, Phascolus vulgoxdn, Raphanmus sativus,
Rlelms oorrzmin, and Vieda £ativa) cxaminod Ly Roborts (1950) showred
somn degree of meducing activity, Tho strongest reduction wasn in tho
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zone of cell dlvislon, with continuing reduction of progressively
less intensity from the spex back, in the cutermost and innermost
reglons of the ocortex, Reductlion by the perlcyole at the sites
of sccondary root origin, but before there was any histological
evidence of secondary root initlation, wmas alsoc observed in the
nonocetyledon, Zea mayss Such reductlon pattems offer a means of
determining physiologicael differentintion which may exist within
tisoucs, by detecting reglonas of high metabolic activitye

The influcnce of tetrazolium salts upon the growth and cytology
of onion root tips was studied by Sonncnblick et al (1950)e Reduckion
of 2, 3, 5 = triphenyl tetrazolium chloride occaurred in excised root
tips, but the effect vms not 80 opecdfic as from the nower tetrozdium
salts that were also examined, With the chloride, the entire roct
is colowred pink {to red with the meristenm staining deeply, and forme
azan began to diffuse out of the cells sooe one to two hours after
the start of a teste Ordinary dehydraticn and clearing procedures
with mloroscopio sections resulted in the loss of most of the pre=-
cipitated granules,

As a result of a study of tetrazolium staining patterns in pea
secedlings, Stafford (1951) suggested that selective adsorption by
certain tissues may be involved in the spparent localization of red-
uced tetrazolium salts, A major source of error in enzymatic
cybochemistry is due to diffusion of the coloured indicator compounds
after their formation to other sites with a high selective affinity
for theme Dyar (1953), using rapidiy-acting, light-steble "blue
tetrazolium®™ in a study of the Hill photo-chemlcal reaction in green
plant tissues; clalmed that it is improbable that an eppreciable amount
of such an insoluble compound as reduced "blue tetrazolium® could diffuse

from the site of 1its formation to localized reglons within the matter
of mimutos involved in the reastlon. This arpuscnt wouldd not opply
to tho oarlicr~lmom tvoftruzoliun salts, such an 2, 3, 5 = triphonyl

tetrmzoliun chlorido, bocause tho mpoed of tho roaction £s 8o mich clowxy






