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New Zealand 1s essentially a land of pastures, Greater
reliance is placed on pastures for the sustenanee of stoek by
the farmer in New Zealand than probably anywhere else in the
Worlds The study of pastures is therefore of paramount
importance to the national welfare of New Zealand and thetir
improvement will be reflected in raised living standards and
at the same time will provide more food for the hungry world
of today.

There is no doubt that New Zealand is favoured by an
eguable climate and well distributed reinfell whieh enables
her to derive a considersble portion of her wealth from
grasslands, Nevertheless we have had to adopt farming methods
to suilt the enviromment se that the greatest benefits may be
derived from the natural advantages with which New Zealand is
endoweds

Hew Zealand has proceeded a long way sinee the early days
of her farming when little was known of the envirommental
requirements of individual pasture epecies in order that they
may produce te their maximum. It 15 unguestionzble that much
of the progress already mode in grassland husbandry in this
country is due to the wide range of trials condueted by the
Department of Agriculture and Grasslands Division, D,S, and
I.Rs, particularly over the last guarter of a century, luch
has been learnt in the past and investigations being pursued
at the present time will no doudt be refleected by improved
methods of grassland husbardry with consequent inereased
pasture production in the future.

The original technigue of pasture establishment was %o
gow a wide ranpe of species in the hope that at least one
specie would persist and form a sward, This idea changed as
the farming community come to know the envirommental conditions
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necessary for the persistence and production of the individual
speciess In this vay seeds mixtures became simpler containing
those species suited to the particular eanviremment of the land
being laid down to pasture, However, despite the sowing of
the correet species there are numerous other factors warranting
consideration before high pasture production can be obtained,
Thus methods of pasture establishment and pasture management
have been investigated and improvements have been effected
through the application of the results obtained, Breeding
work on the more important pasture species has been performed
and resultant improved strains have been made available to the
farpey per medium of the Seced Certification Scheme,
Applications of artificial fertilizers have alpo played a

major part in the improvement of New Zealand's pastures.

It 1is evident from the above that most research in New
Zealsnd, directed towerds meximum yieldes of high quality
herbage, has considered only the sboveground parte of the
pasture plants, lHowever, it must be remembered that the
aboveground parts of planis are dependent on the underground
orgene for the supplying of water, nutrients and the stovage
of reserves 8s well as eeting &s & mechamieal support for the
plants lioreover, it has been demonstrated that there exists
significant ihterrelationships between leaf production and
underground development, When one considers that the main
aim of grassland husbandry is to produce and meintain
maximum profuction of high quality herbage this interrelation-
ship thus indicates the great importance of the underground
partss Therefore an understanding of the functione of roots,
their relationship to the sboveground organs and the response
of plante to the various envirommental factors affecting the
roots is practiecally indispensable.

We all realize that & ohild has to be nursed if 1t is
to survive and £it into plaece in this world, The same is
true also of pastures. In the establishment period of &
pasture it has to be nursed so that 1% will ultimately



S

produce $o a high level and in the case of permanent pastures,
be persistents In the past, and the seme even applies today,
poor pagtuve establishment has limited the @ﬁ%@mw%i@mkm%%&ﬁm%@&@
from pastuves in & grent number of instences. No matter how
good the seed, a pesture will not be very successful if
enviromnental conditions are not conducive to rapid and sugcessful
establishnent,

It is koown that, with wembers of the Grominese family,
the seminal roote @%@ the first roots to develop and support
the developing plant until sueh time as the modal root system
becomes functional. In view of this 1% is surprising that
1ittle work hapg been performed on the relatlonshlp betwsen this
seminal root systen and pesture establishment, Furiher
invegtigations on their importance in the early 1life of &
pasture, thelr response do envirormental counditions and the
relative value ¢f the varicus seminal reoba and the podal roots

to the plant are thue werthy of pursuang

Gy

In thie experiment, by means of root smputations, an
efrfort was made to evaluste the imporitance of the various
geminal roots and the nodal proote %o peremninl pyegrass

(Lolium peren
The degres of tilleoring, hevbage yields and the survival of

nel in the presence and absence of superphesphates

&

plants were used ss standards of Jud

ment of the plants’

regpense %o the varying treatmentso,
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When one reviews the literature it is moon seen that
mopt attention has been Locused on the aboveground parts.

A lesser smount deals with the underpround orpgans end thexe
is a searciiy of material regarding the seminal roots of
plants, Further, there ls very 1little on the interrelaticn~
ships between the above- and belowground organs even though |
they have been shown to be c¢losely interrelated.

Thie stute of affaire is ne doubt due, to o large degree,
t¢ the pgreat difficultles whieh one has %mvmv@w@wmw when
adequate observations ore fo be made on reot development in
order that rellable resulis can be obiained apd covveot
interpretations of these resulte arvived ats Bome of the
more important difficulties that one ip liable to come up
against are -

(1) Variation in plent meterial,

{2) 8ol veriations under natural envirommental

&wm&&%%ww$g

{3) 4= o pesult of (1) and (2) large nuwbers of plants

have to be observeds

(&9' Tedious work involved in cbservations on root

&www&wg&wmﬁ&

{5) Lack of effiaient yet speedy %@@hﬁﬁ@m@%@

Hotwithstanding these diffleuvlties, many W@wm&ww have
made obeervetions on root development but there is still «
laypge field available for detaliled and periinent research
on underground developwent and lmpordance of roolss
B

I% is at ovee cbvious when the literature is perused
thet many synonymg ave used to denote the different $ypen
of reotse To prevent any misunderstanding 7 shall emumerate

these synonyms and also the terms that will be used throughend
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the remainder of this paper,

Jacques (1) discusses the types of roots of the nodal
root system of peremnial ryegrass. He liste thewm as followsie

(1) rurely sbsorptive roots.

{2) Storage as well as sbsorptive roots,

(3) A type intermediate between the above.

He states, however, that the funetiocning end significance of
these types is still 2 matter of conjeeture and requires to be
fully investigated, :

However, members of the Gramineae family possess two
distinet root systems and within these two there are distimeot
types of rootss Vhen the seed germinates the seminal op
primary root system develops and consists of ome to seversl
main roots and thei® branches, The primary seminal root
develops first end i’n some cages 1s the only seminal root
to develop, It im also Imown as temporary and primory roots
In the majority of cases, however, more seminal roots develop °
after the appearance of the primary seminal roots These are
known ag lateral rogts, Unfortunately the use of this tern
may lead to confusion in that brances of the nodal roots are
referred to as lateral rootes Thus for the purposes of
elarity the lateral roots of the seminal root system will be
referred to as the lateral seminal roots, Pilgure 1 illustrates
these various types of roota.

: Later on in Mslemﬁﬁ, more especially when the plante
begin to tiller, 2 root system begine to develop from the modes
at or near the soil surface, This root system is lmown as
‘the secondary root systeme Other terus given to these roots
are orown roots, adventitious roots and modal roots, Through
. the remainder of this paper I shall refer %o them ss nodal
roota.

To summarise then a list is given below of the terms used
and the synonyms met with in the literature on root systems,
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FICGURE X, Disgrammatic representation of the various roots
of the gramineae family,
As Todal roots.
B, Internode,
Ce Beed,
D, Lateral seminal roots.
B, Primepry seminal root,
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Term Used il Synonyme

| Noaal Roots | Crown, adventitious, secondary Tootos

“Primary Sominal Roots | Temporary, Primary Root ) HMake up the

: Létemi Seminal néojks Tateral, Temporary and ) Seminal op

Primary Roots Primary Root
Systen,

the seed is relessed, Plante of the grass family possess two
distinet root systems which develop at different periods, The
seminal root system develops immediately upon permination and
usually consists of several roots, the mmber of which depends
on the species of plant; |

Aaeomlmg to Pavlyéhanke (2) the mmber of seminal roots
varies within narrew limite and is apparently povermed by a
dafmtte penetie factor, The followings extracted from vesults
obtained by him, support hie statement:-

Grop | " Number
Avena fatus (Wild oats) 340
Avena sativa (Cultivated oats) Bel = 345
Triticum asestiviom (Wheat) 346 ~ 540
Seeale ecereale (Rye) beS « Da3
Hordeum distichon (Barley) 645 = BoB

B atior aaavgas |5 15 305 15 20 5 15 %
[A%: Wo. of seminal | i
Roots per plante 146 246 245|165 142 141 (203 240 240 |

L. i3
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Farther, it will be observed that the number of seminal
roots was smaller in the pevennial grasses studied than in the
annual grain ereps. However, it must be realised that the
above figures apply only to the conditions under whieh the
experiments were conducted, Euvirommental factors such as
elimate and soll conditions modify the average Mbm of
seminal »oote but the variation within species 1s limited under
the same conditions,

leGall (3) with respect to wheat states that "When the
gseed i8 exposed to moisture water iz aboorbed and the seed
swells. At appropriate temperatures the embryo begins to push
out both the coleorhiza and the e¢oleoptile, the former somewhat
more repidly than the Jlatter, The seed coat is ruptured, the
coleoptile turns upwerd and the primary (seminel) root pilerces
the ecleorhiza snd turns downwards Shortly efter the primapry
(seminal) voot has piereed the coleorhiza the lower pair of
lateral (seminal) mroots emerge through the axis cortex, followed
soon after by the second pair of lateral {seminal) roots just
sbove the first paler.”

. The young seedling ls entirely dependent on this seminal
root mystem until later, during the peried of tillering, the
second root system, the nodel root system,; develops from the
lower nodes of the main stem and of the tillers, Once the
nodal yoot system is established the ceminal root system is mo
longer an ebsolute necessity, it finally dles and its place is
taken over by the modal meot system, '

Te appreciate fully the significance of seminal roote for the
purvival of a plant one must recognise that during developwent
prior to emergence the sime of the plant increases about four
times. This is supported by reeulte obtained in a study by
Paviychenko (4). The seminal roots of various crop plants at
emergence were of the following lengthie



De

Specie In Greenhouse In Pield ‘
luﬁuu wheat 12462 ins, " 2k ins. BPDTOXe
Hannehen barley a5 * o " "
‘Bammer oats 66 W "
Wild oats 685 v " "

With respect to later development, Weaver and Zink (5)
obtained the following figures working with various grasses.
At 21 days after planting when the plants were 1% to 5 inches
high the seminal roote were 6 to 10 inches deep, Ilodal roote
and tillere were only just beginning to develope At 41 days
the grasses were sbout 8 to 10 inches tall and well tillered,
At this stage the seminal roots resched a depth of 7¢ to 27
inches and the nodal roots were often equally deeps At 90 %o
123 days when the grasses were 9 to 19 inches tall, the seminal
roots, despite a large musber of modal roots, extended deeply
and frequently to 24 inches in depth. Microscopic examination
showed about half to two-~thirds of the seminal root system %o
be intacts (Based on the condition of the cortex)s

These figures then gerve to indieate the tremendous
development of the seminal roote and how important they are to
developing plante even until they reoch an age of three months
at which time the nodal root eystem is extensive and fully
functional, It will alse be realised that any serious damapge
to the seminal root system prior to the development pf the nodal
roots will cause the death of the plant, Purther, damege
ecaused to the seminal yoot system once the mnodal roots have
begun to develop may have serious effects on the development
of the plant depending, however, on the stage to which the

NG LIFE OF SEHMINAL ROOTE,

Since root etudy necessitates wmuch move difficult technique
due to their inaceessability, the length of life of the seminsl
roots, and also the nodal roots, remains a disputed question,

The seminal roots are often designated as temporery in
MJ. text books and even in special books on grasses of
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recent publication motwithstanding that experimental evidence
has proved this sonelusion to be incorrects, For example Robbins
(6) states: "The primary roots, those that arise divectly from
the seed, are temporary, dying after the pemanent roote are
eble to support the plants,” Hove recently Nelson (7) states:
"The funetion of the seminal root system is temporary and is %o
provide for the supply of the seedling stage onlys Later on
it dies,” Hitchoock (8) states: "The primary voot persiets only a
short time after gemmination, its place being taken by secondary
roots (nodal roots) produced from the nodes of the young culme"

However, observations and experimental trials have shown
that the seminal r»oot system ie by no means temporary in all
cages, HMNembers of the Gramineas family have been cobeerved as
reaching maturity while existing on ouly the seminal root systems

Locke and Clarke (9) observed that in twe different
instances where extrewmely dry surface eoil; packing or erusting
of the soil prevented normal development of the nodal roots,
the seminal roots furnished sufficient woilsture to maintain
growth of wheat plants to maturity or until rain occcurred and
the permenent roote developed normally, Simmonde and S8allans
(10) found through smputation studies that the wheat plant may
produce seed when dependent alwost entirely upon the seminal
voots, Simmonds (11) at a later date stoted that the seminal
roots remain functional throughout the life of the plant,
Krassovsky (12) working on the physiologleal activity of
seminal roote demonstrated that the seminal roots of wheat,
barley and rye were active up to the time of harvest, Resultis
obtained by Paviychenke (4) in studies over a period of nine
years gives conclusive evidence that, in anmel grasses in
arid olimates, seminal roots function throughout the entire
growing season, and what is more important, my are
frequently the only roots supporting the plant from emergence
o maturity. :

The above deal with annual specieses >Studies on the
geminal roots of perennial gragses are very ueagre.



Stoddart (13) in 1935 found that the seminal roots of Androposo:
furcatus all lived %o an age of 18 monthe and some were still
funetioning at the end of two years. This indicates then that
the seminal roo%e may live in excees of two yearss Rapport
(1h) reports that the tap root (primary seminal root) of

Lol jum wag discernable after three months and growth
was atill proceedings Weaver and Zink (5) obserwed that the
seminal roots of fourteen perennial grasses were ususlly deep
and spread widely whilst they remained alive and active as
ébsorbing organs for 3% to 4 montha,

Prow the above evidence then, onc can conelude that where
the climate and soil conditions are favourable for nodal root
development the seminal roots die, once the former are capable
of supporting the plant, This has apparently led to the
conelusion that the seminal roots are temporary, However,
where climate and soll conditions are unfavourable, or where
artifieially indueed conditions have retarded nodal root
development then the length of life of the seminal roots is
inereased,

To sum up then one may say that the seminal root system is
noymally short-lived but under adverse conditione it may
persint for longer perieds and may even allow the plant to
reach maturity. : |

2 e t.;-...

tillering have not been thoroughly investigated, Results
obtained on this sspect by various workers are usually mentioned
more or less incidentally to the main theme of the various
PapOrds

Olmeted {15) observed that plants with no nodal roots
weve retarded in growth as compared with plamte bearing
functionsl nodal voots, Glendinning (16) found that tillering
was closely assveiated with the establisiment of the nodal
root syetem in HeBeropogoms MeCall {3) mentlous that wheve
the nodal roots fall to develop the wheat plant does not tiller

to any extent even though the seminal root eysten is capable of
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earrying the plant to maturitys Accowding to Weaver (17) the
production of tillers iz successful only when the nodal root
aystem penetrates into the molst 201l and meets the increased
demand for water,

Krassoveky (12) determined thet the seminal roote supply
prineipally the main stem and the nodal roots the tillers.
The removal of the seminal roots during the period of stalking
depressed the development of the main stem and lengthened the
period of vegetation whereas the removal of the nodal roots
cheeked tillering and hastened maturity, One can, on the bagis
of Krassoveky's resulis, draw the conclusion thet the seminal
roots serve the main stem whilst the nodel roote supply the
tilleras

It {e evident then from the above that the removal of
nodal roote or the failure of nodal roots to develop, has s
definite effect on tillering, in that tiller produetion is
suppresseds b
IHE JTMPORTANCE OF THE VARIOUS ROOTS
It is of importance here %o consider the developmental
anatomy of the Graminese family in relation to the importance
of the various rootss It has been alrveady etated that the
primapy seminal root is the first root to appear followed by
the firet and second pair of lateral seminal woots, At a
later date the nodal roots make &n asppearance and finally tend
to take over the funetions of the seminal rootse

MeCall (3) states: "As the food supply from the endosperm
is conveyed slong the scutellum traces its mout direct route
leads to the first node and into the colecptiles The portion
of the scutellum trace passing on the first node is much larger
than the branches lesding to the coleoptile. Thus it appears
that the connection of this lapge trace to the node insures that
the primary seminal root 18 well supplied with materials for
growths" This is supported by the fuct that most workers have
observed the growth of the primary seminal root to be most
vapide MeCall (3) showed this %o be due to a most efficient

condueting system which comnects the first node to 211 the
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bundles of the root axis, The coleoptile, in wheat, is
somewhat slower in growth even though it is commected directly
to the food supply and is probably due to the faet that the
eoleoptile has only two bundles supplying it and depends on
diffusion to a large extent, '

The first pair of lateral seminal roots are also direetly
connected to the firet nodal plate and as a result they are in
& position to drew directly on the labile food supply.
Conseguently they emerge almost immediately after the primary
seminal root and the growth of them is almost as rapid as that
of the primary seminal root,

The second pair of lateral seminal roote frequently do not
develop or if they do so they are much slower in growth and do
not become as extensive as the primary ond firet pair of lateral
seminal rootss In the case of wheat KcCall (3) says that this
is the result of the less favourable placement of them in
-relation to the food stored in the endosperm, To resch them
the food must pass either from the first node or through the
relatively smaller conncetlons from the coleoptile bundles,

In the former case they have to compete with the primary and
first pair of lateral seminzl roots snd in the latter case with
such structures as the coleoptile and the plumule. That the
amount of food material available through these channels is

not alwsys adequate is shown by the fact that in 8 large mumber
of cases this pair does not develop or if it does develop
their slower growth shows the result of their less favourable
posit ione

From the above, some basis is thus given for the relative
development and extent of the various seminal rootes As a
result, the value of the various seminal reots to the plant
varies secording to their obility to develop quickly and
extensively.

sallens (18) found that the various roots of the wheat
plant contribute independently of emch other to the water and
mineral supply of the plant o wes indiecated by the fimal yleld

of grein., His data given below illustrates that, of the
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seminal roote,; the primary seminal root contributes most to the
final yields The first pair of lateral seminal roote ave of
approximately equal imporfance whilet the secomd pair of lateral
seminal roote are of wmuch less importances

Ampatation Treatments  DFy tgs 33" ights Yield of grain
Nome T 5135 | 24075
Primary seminal root 3u5§§ 14605
18t pair lateral seminal roots 34602 . 1885
2nd pair lateral seminal roote 3792 . 14860
All seminal roots 14535 18220

Thus we see that the value of the semipal roots is closely
linked with their development,

The eontribution of the nedal roote to the wheat plants'
yield of grain {s mueh more variable than is the case with the
individual seminal roots, Sallaps (18) states: "At Saskatoon
in 1939 the nodal roots individuslly were less valuable than
the other classes taken singlys In the aggregate, however,
they contributed 61% of the total yields At Indian Head in
1938 they contributed 63.6% of the total yileld,” With
respeet to variability in 1929 at Indien Head the modal rools
produced 65,5% of the cheek yield whilet in 1930 they produced
only 3%6% as much grain,

The importance of the seminal roots im the early stages
of development was supported by further date of Simmonds and
sallans(40)s In their work, amputations of seminal roots
on 218t July resulted in no reduction of yield whereas
amputetions on June 9th eaused a loss of 64% in yield as shown
in the controls, At the latter date the nodal roots were
just develeping and were not in a position to take over the
supplying of water =and minerals to the plamnits Hence the earlier
in the developmental stage of the nodal roots that the seminal
roote are smputated the more marked is the loss of these wootse

Kragsovsky (12) found that in wheat, barley and rye that

the seminal roots were wore effective in water sheorpt lon,



15

abeorbing almost double the amount of waler per unit of dey
weight in comparison to the nodal reotes This further
emphasises the importance of the seminal root system in amnnual
grain eropa,

With prespeet to peremnial grasses very little ie known
about the imporiance of the various yootss DNuch contradictory
evidence has been put forward concerning the persistency of
the seminal roots and this has no doubt led to the belief that
they are of no great importance %o a plant onee it has
established, Vork employing amputation studies would no doubt
help to elarify the position.

Fs

CONCLUSIONS,
e have seen that the seminal roots are of great importance
to anmual grain crops often enabling them to reach maturity in
the absence of nodal roots due to unfavourable conditions,
However, reduction in yileld and tillering results with the
non-development of the nodal rootss Work by Simmonds and
gallang hes illustrated the relative importance of the variocus
roots to the wheat plant,

Work on perennisl grasses is somewhat scarce but it has
been shown that they are important at least until the nodal
roots have developed,





