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ABSTRACY

Rhizosheaths are sandy éoatinge covering . ~ entire Ienéth of the =
roots of" many grass species.. They:Cbneiﬁﬁ of a mass of sand end'_
gilica particles ‘empedded in a mucllaglnous layer and are matted-f
together by a meshwork of prolific epidermal haxre. -

‘A study of the phenomenon of rhizosheaths in~ South ~African
grassea‘was undertaken. Aspects Whlch were lnvestigated 1nc1ude'

the occurrence of rhlzosheaths among South African grassee and.V o

 the 1nfluence of envmronmental conditions on the presence and

- extent of rhlzosheath development. In éﬁdltlon, informatlon‘was
7 axged on thexr poselble £uncticns in terms of thelre
_;contributlon(e) to. plant vmgour, threugh their 1nf1uence ‘on

. nutxient and water uptake, partlcularly in low nutrlent seilgxln“
arld dreas. AN

An eXteneive'eu:vey bf_herbariﬁmfepeeimens_wes ébnductedfatfthe}a
‘National Herbarium in Pretoria. It was found that thé presence
of rhlzoeheathe is'a genetleally flxed trait, occurring in. the,f
majority of graes species in South Africa. The extent to which
sheaths develop (the thickness of ‘the sheath and the degree‘%o-
which the soil particles - are bound to the- sheath), varies
between, and sometimee wuthi?§.specles. ' '
. y -

' Seeds of three sheath forming §ra$s"epecies which ogcur in South

~ Africa, Anthephora pubescens. Nees, Digitaria eriantha Steud and
. Eragrostis pallens Hack, were grown under dlfferent condltiors _
of soll texture and dlfferent condltlons of water and nutrient
{nitrogen (N) and ‘phosphorus (P)) avallabllity. Sheath
development was found to be more extensive the ‘highier the sand
(relative - to clay) content in the nsoil.  In addition, .
rhizosheaths developed to a greater extent in sandy soil with
high water and nutrient availability. Therefore, the extent to

whlch,sheaths develop is a facultative response dlrectly‘to sandyﬁ’Jﬁfh“

_3011, rather than the resultlng lower water and rutrlent
'avallability in this snil.



.-f.' oL

o:E lcw ao:.]. water content

. The ;Lnfluanca of sheath th:l.ckness on 1mobile nutr:.ent ion uptaka' _

. was J.nveatz.gated. . This wae acmaved by stinmlatmg withm-'
- Bpecies . Varlatlon ‘in sheath thickness and measuring the
---_difference J.n P uptake The individuals w;l.th thick sheaths .

 extracted more P from the . aoil, and from a gréatér volume of.

scu.l, than individuals Wa.t.h thin sheaths. This was part:.cularly

. evident in conditions of low B availability, thereby hlghl:.ghtmg_" -

“the important :Lnfluenca of thick rhizashea,ths in soils w:.th a 1ow.
_ 'F statua‘ C . :

~‘-:=~'.'

'I'he mcroba.al bmmass {aa J.nci:.cated by the m:i.crob:.al N and carhcm

. concentrations) in the sheath ‘50il was c:ompa.red to that in the
bylk soil an.d the rhz.zosphez:a!outer a:hizosphere aqll of.._ -
unsheathed/sheathed roots, From this study it was concluded that -
'rh;.zosheaths influence the migroorganisms in the soil adja.cent:

-A:Ete:r s%udying a numbar of physiolcgical a.mi morpholagical '.
- _-'facztars of the inda.va.duals in the different water and nutr:.ent -
treatments it appeared. that rh:l.zosheaths compensated for low -
g water. availab:.l:.ty. In addition, sheaths appeared to @’compansate B R
 for low K. ava:.labilz.ty when th:Ls low ava:.lab;.lity was a result

TR

to. the root surface, since the L‘u.zasheath soil. had a

may be a mechanism employed by cez;tam grass species in-order to

o 'Bignifz.cantly higher m:.crohial bmmass than ‘the. soa.l i-rcm the_
: e‘thar xegions.. ' . >

‘enhance their'ability to tolerate dry soil, which has low N and
P ava:.lability This mechanism may be a substitute for’ anreased _ .
" root. production and root branch:.ng as well as increased
mycorrhizal associata.ona in plants in arid, Low nutrmnt stat.us-

aaila.-- S L SRR =y : S Ly

i

_From 1-113 ﬂtudY 2'-t was cancluded that the presence of rhizosheaths- B
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INTRODUCTION O RHIZOSHEATHS.

Yy

El

The angiosperms {flowemng pla.nts) are div:.ded J.n'l.a tWO classess' -
the d:.c.oty}.edons and the monouotyledona. ‘The two c],asaes di.ff.e::_
in root and shoot morpholbgy  and anatomy. The‘-___:: _d:.fferenaea" .

pertam:.nq to roots w:.lI be h:.ghlmgh'l.ed si*nce th; s‘: study! deals;*“_

with - a'*specialized root morpholegy typ:,.calq of certain
'monoc.otyledonous plants, namely in the fanu.ly Poaceag.’ Thna main
 differences between the two classes ik ‘that d:;éf&tyledans pq:oduce ’

a primary root which grows d:.rectly dawnwarda, bacopes “the

predominant ‘root of the system {tha tag“-root), a.nd gives riae o

lateral z:oots. In monocotyledons the primary root is fjahortu-J.}.VBa-" .

~and the rapt system is E£ibrous r cons:.sting of adven,t.ti'wus r,%ots - E

“which. develop from the stem and give rise te lateral Twots, This

form ' of  yoot - aystem,_ cha:r:a.ctamstwally found in grasses

(Poaceae), ‘provides a larger surface area per total plant biomaas
than romt systems characterised by a tap—root. )

~ The depth to wh:.ch the Toot system is able to penetra‘a.e 'E.he B8Oil .
‘and spread laterally depends on several factors, includmg the
moisture, temperature and texture of the so:Ll. The ahallawness_

of fibrous root systems. and the degree to which tha‘( cl:.ng to
soil parta.cles make them espec:.ally good ground cover plants for
the prevention of so:u.l exosion. o ' e

Another difference between the two 'angiaspam classes involves

 the internal structure of the root.; 'I'he dmtmbutinn of cell
types within the, stelar reglon dJ.:E:Eer between: the two classes.



- roots extend ﬁpwards out. of tha goll
_ aeration for the plan‘t:.' Anothar adaptatlc;n is for food storage o
 and is cmmnonly found in both mnocctyledoqs ha d:u.cntyladons.. .

- The devélopment of rh:.zasrha:aths around tk}e 7 _
: m@nocotyledonous apecies e mainly h the Pﬁacea, and same 'ln the .
';Cyperaceae fanilies, hasg/ been- obsez:ved and ;ma b- a,n adaptatlon-

_ to certain ﬂrironmntgfi conditicms. Thm 8 udy was initiated 1I

_to irxvestigéate thig” p;mnomenon ‘and’ the pbasj.ble enviranﬂental -
lopuent of these sheathy and any functmnal ]‘ N

' role(s)’ tHat they
. and talerance to st#eﬁasful env:.roamental c:a;,’idz.tmns.- AR Jf."

T mxzosmﬁs

I . e : R : o : - - . -
a L o : : . : : - : . B

.q_

d:.cofyledonous ,plants which gmw in anae fohic muddy soil; - These

oots oOf cex‘tamn :

J.nfluencas

n the devé'
" have in terms of :Lﬂmréasing plant vi.gour |

. o

. .r; '-;
Ey

The " rhizosheathﬁ’”“ look like sandy coatin@s cover:l.ng tb;er entire

length of each 'E':oc;g,,, {Figure 1.4. i'htay‘ !}llave -been &esnﬁ‘lbed as

: th:.ck soi’l t:yl.'i?,’ldef formed by modifiaa'bp.ons of - the ::hmospﬁare '
' (Atlaa and Barﬂ 18, 19@7) X henca the pame !r}u.zosheath“ - :.‘['hey have
.~ also been ref. cred to as "sand grain root sheaths" (Wullstein,
Bruenlng dhd HZ 1len ;9‘«79 Maxneweck 1999) d\@ to the prédomnance P
‘of sand pa:rtiﬂles in the lhaaths. 'l'hepe dehcr:.ptions imply that .
the - "sheathar" are separate from the/roots, .swever; they have

been shown ¥o b a.t.tachad to the sta/lar region of ;I.J.v:mg roots =
'(Marnewackf‘l%m I S S

4 |

at. f:.mt it may appear that rha.zcasheaths could” be the reault af

_myc:o:y:r ha.zal associatz.cns, tb;aa- hava not. haen found to occﬁr in

Many rbct' system mud:.ficatmns accur dependz.ng cm the o o
B amr:.ranmanta}. conditions in"which the plants grow. For example,
'pneuma%ophores ‘are  roots wh:t.;:h are ' produced by. dertain

e

and prov:.de adaquate' -

Rh::.zoshmj:hs cmnsmt of a mass df sandj and szl.i.ca part:.cle{a;_ .

- matted tbgetber by a meshwork of prolific halr-like epidermil
_ structums, mucilage (Max:neweck ;’990) and jother products .releas;ed _

- from the Yocts (Wullstein and-Pyatt 1981) (Figure 1.2). Althobgh

rh:.zoaheaths (Wullsteln a‘nd Pratt 1991, Buckley 1982 and .



Goodchild and Myers 198?) . Thérefore fungal hyphae' do '-ngf.-. -
cantribuxe to shaath farmatlon or functlonlng._- -

:_Figure 1.“ . 'Thmk rhizosheaths cover:mg' the ent:tre length of
- each root of ) "

'Figure 1 2.  The mass. bi:?' sanc'i and silica particles matted
together by the meahwork of epidemal hairs (a), mucilage and
other aubstances released from the z:oots of Eragrostw pallens.

oo : 5
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CIn drxed specxmens tha ccrtex of the root disﬁntegratas 1eav1ng'=

a 1arge gap between the stelar reglon and ‘the epidermls._ This -~ -

xesults in the apparent sand grain “aheath" which is, observed on *
drled grasa specimens and which ret@;na its ahape even wham the -
 roots shrivel (Price 1911), Henrici (1929) reported that the
 cortex of certain xeromorphic grasses, remains imtact for only
. A short ‘distance behind the meristem. Beyond thxs the calla of
.. the mldmcortex die and rapldly disintegrate 1eav1ng the outer

e cortlcgl ring connected to the stele ~only by. calldthreads |

 composed of broken and c:ollapsed ‘cell walla. Dur:l_.ng these
.changes occurrlng in ‘the ‘ruota, the gheaphsf ‘maintain  their
latrength. g ' B g o B
i

“_ In:tlalgy rhlzashaaths ware thought to be sand gralns cemented

G

'tcgether by root,mugllage and that epmdarmal hairs functioned-}iﬂt,

. ondy “in’ absnrptld R;Price i911). Later ' it was faund that the'

epidermal. hairs were directly involved in sheath formation

{Oppenheimer 1960), p:xmarlly by mechanical bonding (Wullstezn a
and Pratt 1981).'”Thls bonding appeared to be the main factér

3 *_ respons;bla for the sheath strength. . Epmdermal hairs, and often
roots . themselves, break easier than the bonding between the

'_epmdermal hairs and the. aand gralnsq ‘fherefore, it can be seen
that grass species which develop rhlzoahaatha provide ad even

- more suitablé graund cover “for the prevention of soil erosion-'

than other mpnocotyledon species with ilbrous root systems.

RET N nrsmmm:cou OF RHIZOSHENTH FORNTNG GRASS SPECIES.

A review of the 11terature showed 'that the ‘development of
rhizosheaths is- typ.u:al of xeromorph:.c grasses (Price 1911;
Oppenheimer 1960; Leistner 1967; Wullstein et al 1979,_Wullste1n”
and Pratt 1981 and_Bucklay_19a2) growing on sandy.so;l {Price
1911; Oppenheimer 1960; Leistner 1967; Wullstein et al 19757
‘Wullstein and Pratt 1981; Buckley 1982; Goodchild and Myers 1987 |
and - Marneweck - 1990}  Some gtudies have reported  sheath
occurrence in some mesomorphic grass species {(Duell and Peacock
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g _1985, c:::;dchz.ld and Myars 1987) and in clay 1aam. am.l (Duall and
o Peacock 1985) o : : : . C :
-On comencmg thJ.s study a pJ.lot 1nvest.1.gatwn ‘fwas conducted. -
Pres sed %arbarium specimna of grasses occurring in southern
' _Afr:l,éa wez:e b::...afly suxvayed and ‘it appeared that :Lf sheaths were
" present on one individual of a species then all individuals of
.that apeci@s exbibited sheath development. In addition, if cna -
 spepies exhibited sheath devalopmant then all the species of that

. genus developed sheaths, same more diat:.nct/abvmus than others.

‘These fmdings suggested that shaath pxeéance is a genet;l.cally
_ fixed trait, ~expressed in all individuals of certain’ ganera.
- Whether the " grass specimena were collected from regions having '
smu.lar sail and/or clmat:.e ccmd:.t:.ons was not cons::.de:ced and
’ therefpre, there was a. cposs::.bllity that these enviranmental |
"i_ccmd:.fpinm xould affect shaath development. - Marneweck (1990)
showad that species whn.ch GXhlbl‘ted rhlzoaheaths when growing in
sandy soils are not restricted in 'l:heir dlstrlbutions to sandy
- soil areas. fHoweverz, it was not invest:.gated whether z.nd.w:n.duala
' on the nogmsandy sail develop rh:.zosheaths..__ '
o -\\_r:?_. L o | q e
‘1.4 RATIONALE | L el
: Informat:mn avan.lable on rh:l.zosheaths is l‘j,m:.ted eapeca.ally with
- respect to South African grass spec:.es.'__‘hiany hypotheses have
been proposed but little jis known about their development :Ln _
résponse to the environment or tha.u: :Eunct:.ons. -

_ 'O:E the studies condictad on rh: zogheaths, most were ana.tomical
_ (Price 1911; Wullstein and Pratt 1981; Buckley 1982; ‘Verméer and
McCully 1982 and Marnewerck 1990)., - One study. :anestlgated -
‘nitrogen fixation assoc:.ated with rhizosheaths (Wallstein ef al
1879y, another the cceurrence of sheaths on megic grasses (Duell
" and Peacock 1985) and another i-nifeétigaté;d' xylem vessels. and
‘their functioning in relation to rhizosheath presence (McCully
and Canny 1986). Only one detailed study on sheaths ocerrring

T



an grass spacles 1n Sputh afrlca (Marneweck 199&9 had been

undertaken, although sheaths had.pravmnualy béen,reported,an same f 

3 South Afrlcan grassas (Le13tner*lﬂ€7).“"__  S -.,” -
C . 5 Q .:3 . ..,} ) o . . o .,; .w.{.l . C}

From the studmes 1t appeared that rhizoaheatha oceun mainly nn;~_ﬂf'v

_ grasses growing on Bandy soil 1n ariﬁ areas.' Thla 1mgllad that

aheathrdevalopment is.a ﬁaaultatlve'responae to s&ndy'and!&r arld_
condltiona._ ﬁhether this is. a speclas characteristlc or an

- individual rmsponae to_ ‘the ‘environment ‘had | ngver been

lnvestlgated . No study had been done to- determlne the Wgslble;..

. functional role(s) of rhlzosheaths. S _j wg‘mh-_._

R S

A study was undertakan ta investlgate rhizosreatha on South_

Afrlcan grasaea.' The aim of this’ study was to g&ln lnformatlon

- on-the occurrence of sheaths amnng South‘Afrlcan grass sgeales,f

_tbe influence of environmental conditions on the extent of thelrl'   

development, and tha'posslblé functions of rhiznsheaths.__;

Detérminaﬁioh'df'whiCh’apeciés EXﬁibit"shéafh'deﬁélobment'ﬁﬁuld'
give an indlcatxon of whether sheath présence may be used in -
Poaceae field 1dent1flcatian keya as ‘an eaaxly recognlsable“"
characterlatlc .of certain species, ‘genera” or tribes. The

capacity to develop sﬂbaths mnst be under some level of genetic

control. If the traxt 13 expressed in all: individuals of a
apecles than this trait may be one whlch would dlfferentiate'
between species which might be easily confused with one another,
especially when only vegetative material 13 available. - 1If the
sheaths are not present on all 1nd1v1duals of a species it would.
" not be-posaible to*uae the characterlstlc in field identificatlon =

keys.

A

Fas

Infarmatlon on how rhlzoaheaths function tc lncraasa ‘plant'

fitnesa/vlgour ‘would lead to an underatandmng of why certain

grass species develop these sheaths ‘and how these species are
suited for survival on sandy_so;l and/er in- gemi-arid areas. 37
large percentage of South Africa is semi-arid to arid, as well
~as being sandy.  Therefore, if rhizosheaths do increase the

o
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_ viqaur of grass plants and enable them to tala?:ate. can&ﬂ.tj.ona gf

| low. nutriént and low wate.r availability, and if the presgnce c:E

o 'sheaths is a ganetmally fixed trait, then crop planﬁ’ ngWth in L
. ary, aandy & eas may be sn.gm.f:.ca.ntly ins::rea Jad v provi&ad they

. _could be. gex( :l.cally manipulated t;cs develop rhz.aﬁsheai;hs. S

'.Ehe research s"yhdy Was dw::.ded ;.nta th:?ee mam s&eﬁiqnm B '.I‘he s

'first é.nvastlgatad rhizcsheath ‘distribution among g'rasse.‘é inc
-'__-Santh Af:t:wa. The second section considered the influehce r:)f

S environuental conditianb on shaath development. “The fmal

section investigated the puss:u.ble functmns of *!:he sheaths; ‘I‘he

_thesj.ﬂ haa heen dividad into fnur main parts, as shown m E':i.guc.'e

_-:._11311
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CHAPTER 2

a ¢

 REVIEW OF ‘RELSVANY LITERATURE

R/

T
o

"J

2.1 *TRHIZOSHEATH pnaszucg ou spmcxgs ‘CTHER mnan mnosm IN mns_'[

: .raner ?OACEBE

InVestLgatJ.ons J.nto wh:.ch plant spec:.es exh:.b:.t rhizosheaths have-
' been aonducted to a limited degree {Leiser 1968- Duell ‘and” ;
- peacock 1985 and it . haa been found that the dx.stmct B
'rh:l.zcsheaths descnbed in chapter 1 are characterutlc of the
. Poaceae (Duell and Peagéck '1985).  Certain membera of the
_cYperaceae produce a type of rh:.zﬁsheath however, it haa not been S

.x.nVestJ.gated whether the structure and: composa,tmn of thls shea‘.th

| are the same as.’ thnse :Ln the Poace&ae. T

JS-"

N Mumlage aheaths ocour: '_on.'_ the ;roats of'-' a range 'o:E--
. monocotyledonous and dlcotyledonous plant ﬂpecles. These J.nclude
. erices (Leiser 1968), certain citrus species (Brams 1969), radish
(Dawea and - Boﬁler 1959), maize {Leech, Mollenhauer and Whaley".'_
1963; McCu'Lly and. Canny 1986), wheat (Northcote and PJ.Ckett—Hraaps'
1966; Plckett—Heaps 1967  and Buckley 1982)," and -oats (Namibiar

19‘!6). -In mcst cases i.ha presence of a mucilage layer daes not
“result in ‘the formation of & distinct, hardy sheath of sand
grains as. descr:._bed in chapter 1. The precise fun_ctq.on of the

mcilage sheath is not yet known and the crose . sectional

~structure of the sheaths and roots has not been investigated.

However, ss.mlar functlons to those propoaed for the sand grain
'sheaths have beea proposed for these shaa.ths, because of the:
resulting intimate proximz.ty of soil particles to the root due
to binding by the mucilage. It has also been hypothesised that

thF‘ sheaths may J.ncrease root growth in some way, s:l.n,ca roots
~with the most - well developed sheaths appeared to be the most

vigorous, rap:.dly_ growing roots (Leiser 1968), Accordl_ng to

1
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| Leiser (1968; these sheeths may be used to assess the etatue of”e

'root gz:ewth in the :Eam.ly Ers.caceae. s

» o
J-

2.2 TaE ?eannmxom AND nonpaoneew oF emnss nnzzosaammae.“;_*f~

3

_ :Rhizbsheatha develep'ae the'rdets grew'throﬁgh the"eeil ‘and -
‘ probably'begln developlng as the primary rmot begina to graw down . - :
. through "the 3011.”_- It has_ ‘been propeeed ‘that rhlzosheath---gjf

development is a response by perennial greee epecles to. dry,
' sandy 3011 condltlone (Leistner 196?) - i - .

| The tlp ef the raot is covered by a roet cap, which is a mass ofge:.f'
_ ‘ealls that protects' the apleal. meristem, and through the
'”;-secretlon of a muc11age layer, #ide the root in its penetratloni

of ‘the soili As: the root graha the foot -oap’ is pushed ferWerdi T

and. the cells on the perlphery of the cap becomea detached s *Nefn;f'"
_ _perlpheral tissue over the entire cap syntheelees ‘and rel agﬁegfi
- mueilage into the adjacent soil (Guinel and McCully 1987). The
secreted.mucllage and detached cells, which carry with them aame;_

'eremt cap mncllage, are left’ behmnd by the grcwing rcot. As - tﬁe

mncalage comea into, contact with the soil, sand and smllca.

I partlclee adhere to the mucilage and become embedded in it. The
-'mucx.lage carries numeroua cerhoxyl groupa, and there;fore negative
o charges (Miki, Clarke and HcCullY 1980) , which are able to bind

to peeltlvely charged minerals and Boil particles (Jenny and -

Grqeeeehacher_1963). The mmcllage secreted by the root cap,
disintegratiug cortical cells and the detached living cells, as

well as the dead detached cells are involved in soil binding and -

formation of a sand grain s&eath around the length of the root.

" As the root expande and an indreaging number of epidermal halre;f:'

~ are produced so more partlcles become embedded in-the mucilage

.and - are bound together with the aid qﬁ ‘the epidermal hairs =
(Wullstein and Pratt 1981). In sheath forming species tThe

-epidermal hairs are often exceptiol ally long relative to those
on non-gheath forming epeclee (Marneweck 1990) The epldermal

hairs may not only be reaponsiole for mechanlcal bpndzng of thee"'

iy
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_'sheath, since in certain species,  for example Stipagrostis.

uniplumis var uniplumis, some of the halra h&ve ‘been shown to'_ ;L;-'

‘exhibit terminal swellings which are probably vesicles which -
' secrete. mncllaga that blnda the sheath particles together LT

' _(Marnewack 1990).__. e T 0 R

a ;The extent to wh;ch the sheathl dEVelop, i e._the thlckneas of
tha sheath around the root and the degres to which ‘the - sand*”'

' partxcles are hound to the sheath, varies w1th1n and batwean

‘species. It has been found that different grass species exhibit -

different ratios of root hairs tu mucilage and the size of the

_ sheaths dapand on tha plant spec;es size ‘(Duell and. Peacock

~ 1985). An ability to increase the produdtlon of root hairs oftan " '
V'corresponds to the ability to colonize arid habitats (Kutschera-
- 1960 in Leistner 1967) The more root hairs present the greater .

'_,the numher of 5011 partlcle: wh;ch may be leld and tha tlghter'
theynmay be held. - The tlghter the partlcles are held, the mnra' .
'-consolldated the sheath, the greatar tha degree ‘of soil - '

;stablllzatlon around the plant roots.

an mportant_phe'n_omﬁan' in grasslands is the high belov-ground

- productivity (section 2.3). This mav be as a result of the -
._relatlonshlp between the grass roots ax_ ‘the soil biota which is
';y:uniqua to rhizoshaath forming grass species: due to rhlzosphare

mndiflaatlons by aheath development (sectlon 2. 4)

2.3 GRASSLANDS AND THEIR BELOW-GROUND FRDDUCTIVITY '

‘However, ‘they are. rich, funct ionally complex - systems,

. particularly the below-ground  component, - which  is often’
underestimated. Sixty to ninety percent of the net primary
- productivity in grasslands often ccours as roots and often ninety .
percent of secondary produatx#mty ocours beloWagroun@ as soil

mmcroorganlsms (Coleman, Andrews, Ellls and Slngh 1976, Stanton

'Compared to. othér terrestfial eéoaYBteﬁs, grasslands are_
'structurally aimple and appear tg, be relatxvaly homogeneons.
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| In the balow—ground aystem there afe a.t least " two troph:l.c'

pathways s herbivory and ‘decomposition. The pathways are

- regulated by the primary - resource, roots, as. well ‘ag. by many
.spacies of aecondary dacompoaers.l all growing roots prov;de a

diverse _chemical -and morphologlcal array of pulsed and

B tempararlﬁy'varylng resources for consumption by microorganlsma,_
‘and are the preferred foraging sites for. a varjety of soil -
| microorganmama. Roots, particularly in the region of the root
. cap, are surraunded by a muc1ge1; Which con31sts ST substances

sacreted by the root cap tissue and by tha micraorganisms whlch__
rapldly gclonlse the root aecreted mucllage. I :

RhizoshéathsvmainOntribute.Substantially £o=the'BeLOWhground 

'productivity in'grassxgnds. This wuuld'hewevér'depend on how -
" wommon these sheaths ar amwng grass. spacie» and how thay affect
grass root- functmnmg as well as the adjacent rhmasph&re_-_-{_

‘m;croorganiam.pOpulatlons and their activitiea.

: %
2.4 THE RH_IE:OSPBERE o

" The ébildznne'immadiatéﬁf*adjacént.to the roots ia'differeﬁt from

the bulk soil in te*us of microbial populations, chemical

- properties, and'iphysidal properties (as in the case of:

rhizosheaths). This 2one is termed the rhizosphere apd since it
iz a phyalc.ily and chemlcally variable zone its boundaries are

ill-defined. The rhizosphere enviromment is influenced by
-processes such as root uptake of’water and nutrients and the
“release of products from the roots (RDV1ra, Foater.and Martin

1979) as well as from detached living root cells (Guinel and

MeCully 1987) and alteration of oxygen-carbon dioxide levels.

Many of the released products stimulate growth of microbial

_populations which in turn affect the rhizosphere environment

through the releasafof produgts ,such as piant &rnwth hormones
and mucilage, as well as through microbial mineralization and

14
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_'flxatlons;f mxnaral nutrlents,. : _
| Womee T S R %__: P

'Although the ehammcal prcpert;aa of the bulk’ sal Ly sﬁéh'as'pﬁalun'

are 1mportant fur root growth.anﬂ.minaral autrient availabillty,
the candltmons in the rhizosphere and the degree %o which roots

- can modify them, ultimately determine mineral nutrient uptake .
' (Marschher 1986), Rocts alter the pH of the rhizosphere through o

 -the ‘reledase of carhon dloxide,_ ‘hydrogen ;ans and bydrogen

.'carbonata 1cns! or through a greater uptake of watar “than ions. . .

whe aolub;lity, and hénce availablllty, of certain nutrlants is
~ regulated by .soil pH. For example, ‘the "amount of availabla :

_ n'phesphorua 1n tha goil increases as tha rhxzosphara sellzbecomas
}mnra acidic {Boaro and Fhlen 1279).. - g

o
b

  The rhizosphere ﬂoea not reprasent a flxad,dlstance frcnltha root

- maximum at the root surface, decxaasmng qradually o a-pnlnt of
ho influence in the soil matrix {Wallum 1982y, Generally lt

surface (Janny anﬂ ‘Grossenbacher 1963), It is. often diVldEdﬁéntn
“three regmoﬁb: the :hxzapiahp, which is the root aurfaca--the
1nner rhlzosghe*e, which is genexally con91derad to extend 1 .5mm, .

= 2.0mm £rom the root surface; and theotter rhizoaphare, whmch
”;_nan be as much as 10mn from the root auriace. LY T

o

"hThe des&ription of rhlzosheaths ag mndxfmcationa ‘of the

rhizoapbere (Atlas and Bartha 1987) was 1ndeeﬁ accurate sxnca

~ sheaths include the root. surface and may exqgnd tp to 3mm. from

the _surface, and tharefore include cab’ 1eaat the inner
_:hizasphere. : : _

15

o extengs fram the roat surface’ to batwean 1mm and IOmm from tha -

- sdrface but is thought to be a" continuum of antiv1ty frmm a ..
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2.5 fson_.,__-mxtwﬁh{_ SRNDY _irs.-f'cm!ﬁs‘bm; o

B Although some goile are nearly 100% sand or 100% clay these are

rare. Usually sa:.ls are a combimation of sand (partmles 2.0

‘0.05mm in diameter), silt (particles 0,05-0.002mn in diameter) = .
o and c;.a.y (partlcles less than 0. 002mm in dz.am@te::], the relative__._

proportians of which dictate the texture of the Boil. A

"_combmat:l.on of sand, silt and clay would be the moa'l: favourable
. aail env::.ranmant for p.l.ant growt,h since each has properties which =
~are favourable and some which are unfavourable for: plam; growth.

Each soil type p:rovides specific cond:.tmns (for example water

B ava:.laba.ln.ty, nutrient status and soil texture) for root growth.
' _'rherefore ' _aheath development may be A facultativa rasponsa to
. ome or moye of theae condit:(.ons in the 30.1.1., o :

.(__ E

.San'dy-scil' h‘ais a-ldw-buik«fdehaii‘-y {dry masé'pé_r'_uhi'li Bgl_k- wolume)
 whereas clay soil has & 'Iiigh' bulk density. Sandy soil has a.low |
 surface tension and a high infiltration rate and therefore,
N drains fast and holds little water relative to clay soily'which
" has a high surfac*e tengion. Im sem:.—arz.d and arid regions the

rapid draining creates a problem fcﬁr plant growth gince the soil -
in not afrequent"l{ rewetted ’ amd is therefora mostly dry.

[ I

) -.Unfavourable character:.stics of clay sm.ls inaluda the amall’-"

*inter-particle spaces (po::es), snd’ this may impede root

- . penetration: through the soil because mc;t.s only grc:w -

unrestrictedly in pores of diameters greater . than/their " own
diametar (Greenland 1979) 3 Annther characteristic of certain

_. clay soild which impedes pla.nt. growth is the high swall-—shrxnk
- capa.cs.ty, \dua to the presence of swelling. clay m:l.neqals éuch as
- smectites, This phenomenon causes the soil ko swell when wet. and

shrink and crack when dry and in'do doing d:l.sturb the roots.
soil ag a whole has no net charge, but at a mclecu.z.ar scale, ‘the
distrlbutlon o charges is uneven. A soil patch with a net

.» negative chargp is said to have a eation exchange capacity {CEC) ,
. and one with a net positive charge, an am.on exchange capacity

AEC) o In m.oist soa_ls }:he CEC ia much greate:r: than the AEC. The"" |

)};.

16



]

" anchoring ter

CE{: is & measu;a af thma aoils ability to hold’ nutrients aga:.nat_ ’
- leach:.ng. The CEC, when measuvel at soil pH and ionic strength,
- may be used as ai\*-‘mdmation of the soil ferta.la.ty. Sandy soil
has a "low. CE& and therefore, has a limited ability to hold'_

nutrient cat:.ons against leaching. a‘his, together with the fact

- that water drains rapidly thrnugh sandy goil, means that the tme_
ava:.lable for roots to take nutrients up from the soil is ahq:rt'

relative to the ‘l:.:t.me a.va:l.lable in clay. soil.  Clay is generally

. more fertile. “than sandy goil because *it has a high CEC and
§ 'thereforca holds nutr:.entna against leaching, therahy allaw:.ug -i:he

\\x:oota a .Ii.nngar permd for nutrient uptake.

o= . . . R i . o=

.. . s . . --:- . iI* - .
2.6 PLANT RoUES AND THEER xmmmm?/ “f e s'm‘ .

I o .
. S =+ v\, ’ . 5‘5:. ° . J] [\ "Q'l .
Plant oots ]-{;: a numbaz: of :Eunc:tiorsw " dse ﬁuhﬁ_jaians \nel

Ahsorpta.on and transpart cf nutr:;.ent mna and water by, tha rDotS §
of - :Lntact, plants are complex processes. These procésses -depend RN
not only on the properties of the cell menbranes, but also on the .

atruciﬁifal organization of ‘the root as it ages, the- raquirements
of the plant‘, as well -as £.@ ‘numerous soil factors - which

cont:.nuoualy ‘influence tzha growth and .ﬁuncta.on of tha ‘root

.BYEtamc R

-!L'he main soil factors which :Lnfluence tha grcawth and fum..tion of _
roots in soil are the soil watex potential, oxygen concenL::atwn, o
~ mecHanical resistance, and the concentration of nutrient ions and

other solutes. For eath factor the range favourable for root

‘metabolism is narrow, s that roots are almost always subject to
some dagrea of thass (Drew . 19‘?9). :

. \ ‘
L .__’: . A
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trial slants in the sol 1, “actd ng 48 food stor: xj

_ __:_;?-‘éj'organs and: thay \:e the site of syntb‘:*& i. of a faumb 23 of plant
* hormones. The function most relevant %o this study is the
~ absorption of water and, nutrients from the $pi1 which is fallowed"
- _by their transpart to. the abmrengrnund plant: pa‘"ts. ' ﬁ j |



2.7  SOIL WATER AND IFS UPFAKE BY PLANT ROOTS. LR

‘Water can be held by the soil either in the pores betwééh the:
- soil particlas or by adsorption on the aurfaﬁea of the clay and'
organ:l.c matter paJ:tJ.claB (Ch:lea 1969) ) :

The intenslty thh which water is held by a Bcll van ba measured
in unlta ‘based on the concept of suctlan {Russell 1973) Soil
water . suction increases as the water content of 'the soil |
decreases, therefore, ‘the suction force required by the roots to
‘extract water from the goil-must increase correspondingly. The
80il will deliver water‘to the roots provided the suction exerted

by the roots is greater than the so;l suction (H;llel 1971). :

Water 1n a sandy soml, whlch has recently been wetted, is held
at a low suction level and only the last 6-7% of soil water is _
held -at a high suctior level (Russell ;973).”m Water.dra;ns -

- rapidly through sandy soil. f#herefore, in semi-arid and arid

areas, whare the soml water is noto frequant ?replenishad, goil
water suctlon in sandy soils must generallyg B
In bot,. dry areas this 13 further axacerbated by the hlgh soil
temperatures. . 8011 temperature affacts ‘the rate of watar:
mevement through the soil under given suction gradients due ta_n
the effeoct on its vmscoslty. Increasing soil . tamperatures
ivcraase the speed at which water can leak uut of the smoil
profile. Thxs leak ig often lakge. encugh to cause the suction
of residual water to rise despite the fact that an increase in
temperatura would have lowgred the suction of water if the water
content had remained conﬂtant'(nussell 1973). Consequently,.
plants growing on these sails must generally exert high suctx\?
pressures at the soil-root 1nterface in ordar(to absorb water.s

”In.clay’soil,'watar draingjmore gradually and therefore suction
increaras gradually.' At any particular root &nction pressura;
glay soil retains more moisture than a sandy soil (Hillel 1971).
In the unaaturated state a clay soil has a higher water content
‘and hydraulic conductivxty than a sandy soil and plants growmng o

i
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o on th:.s soil ca,n therefore main.ta:.n a h:.gh transmr t:upn rate ,,f.o:r: :
- 1ongar (m.llel 19‘?1) ‘than thpse on unaat?;;ated sa d}rrsm.l. .

'I-.

The rate- -of wtex thake f:mm a given volume of ‘water deppnds r:m'f L
-root:.ng dana:l.ty, sd,z.l conduct:u.v:r.ty and the d:t.fference bﬁtween the -

average s‘cil water :suct:mn and root’ ‘suction (H:Lllal 1974) - Watex

absorgtion takes pﬂ.ace directly through tbe epicfermms of the

" the volume of water f:tow and. the concentration of the solute in

2.8 sézﬁ-gurkzgsrs”3nnf¢nﬁ£g@0Pmnngggfpﬂnﬁi'ﬁoows.

It

xroot. The epidemt;l root hairs ‘provide an enormous- :,area for

absorption, More than 90% of the Water.-_absorbad by the'roots is .
'lost from L & leaves to:the atmosphere as water:vepouxr, through |
- the process of - tranapira.t:l.on. As water is lost from the leaves _'

. 80 mora water rioves into the leaves and more water. muat move into

the roots and up the plant, through “the xylem, to the lea.ves.

A transplration stream through the plant is created. - During
_ permds of rapid. transpiratian, water may be x:amoved fram around
. the rpots so fast that the soil becomes depleted. . Water will
. then move from some ﬁistance away towards the root hairs Lhrough' "
: _the so:.l pores. L : ' : :

Lot

) 'I'he ava:l.lability of nutrzen'r ions to plants depends on their_ .
_ -mobila.ty and p::oxm:.t;v to adsorb:.nge surfaces. Dimsociated ions
_in the soil solution and the maffority of exchangeable ions

~ adsorbed onto colloidal sm:facas are generally readily available
for root uptaka. Non—exchangeable :Lcms in pr:,mary minerals and
organic matter are usually not rea,dily available (R:.chards 1987y

The mobility of ions is determined pr:.nce:l.pally by mass flow and |
'diffuaicn, the two processea which govern the rate at wh:.ch '

solutes move from the bulk soil tawards upt.ake sites. on the root

surface; 'The rate of mass flow, of a solute is praporta.onal to

the seil water (slnger and Munnz- 1987). Diffusion is the

movement of individual inns, even without water mavement, when_ -

differences in ion concaentration daVelop in the sos.:l. (Smger and
M.unna 1987) . The rate of d:l.ffusion of a soluta depends on, among
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other :Eabtora, the magnitude of the concentration gf&dienﬁ: -
(driving forca) and the ion’s ﬂ::.ffusion roeffic:.ant (ease of .
" _muvcament) in the soil {Siﬁge* and Munns 198?) = Nutra.ent elements ’
such as na.trogan and phosphorus are often 80 dilute in the. 8011'_
solution that mass  flow of soil water to meet transpiration" -

 losses px.'ovidas only & small perc:ent of t.he total plant

requirememt. Consequantly, the bulk of these alemanta moves to

the root Isurface by dlffus:.on (Prenzel 1979' Chap:.n 1990}

H:Lghly mobi:l.e cations, such: as calg ium and magnes:.um, move:' o
)Zss flow and diffusion and

readily to, the root Burfaca by both 1
- often accumulate around the root wkdﬁ supply exceeds absorpt:.on
"(Nye 1977) - - - : -

:'rhe rate of upi:ake of nutra.ents by the root system depends partly. |

on the rate that they are brought from the bulk seil to the root

| 'surface, which is predomnant.ly dependent on soil’ :Eactors, and

also on the rate at which they can ba transferred from the root

‘surface into. the root. Some iéne (uaually am.ons) are taken’ up

by active transport proceaaesg using membrane parrier prate:.ns,'- o
wh:l.le others (cat:.ons) move :Lnto the root pass:wely, fcrr example '
by 'ion exchange, or by da.ffusian due to tha water potential . - .

across the plasma, membrane that is created by the ions which are

moving in actively. The relative significance of active and

passive uptake mechanisms varies with soil condit.wns and plant

species (Richards 1987). 'The rate at which nutriant ions are

transferred from the root surface into the root is in turn
predominantly dapendent on plant factors auch as s:.ze of the root

~ system, growth rate and demand of the above-ground plant’ parts

for the nutrients (Ruasell 1933}. S

Nutrient ions may either be mobile or immobile. . Tons - showing

‘mobile behaviour are those which are supplied to the root by mass
flow alons, :|.n sufficient quantitz.es to meet. the plants
recjﬁiﬁement's. _ Ions show immobile behaviour if ‘rhizosphere
depletibn makes diffusion an essential supply mechaniem (Singer -

and Munns 1987), every nutrient ion species becomes immobile when

it is deficient. Some nutr:l.ents, guch as phosphorus, show
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”-;immbhilé“bahaviour-é#anfﬁndér'gorwg-

: If a aolute s absorbed fastar than water, as happens w;th__f
fphaaphate, ‘then. lts aoncuntratian in the gail salution at ‘the

This change is buffered by'tha raleaaefg L

water is;rm_f:”"

 of ions’ adaorbed onto saal particles._ S
.; ahsnrbad faster: than the solute then the: soluta collects &t the';}f
- xoot suriace and Wlll then tend to dszuse away from the root. ffV

-unonqeticiéﬁtz¢aﬁditisﬁﬁt_ o

In fertmle ao;l the rate of mob;&e nutrient Lon uptake,_

-:eapec;ally°nntrate {NOaj, is often Aimited by the rate at whichl
;_the jons move from the goil inhto the roqt (Russell 1973}
rate of uptake in lgss fertile soil (far example sanay ralatxve“

Tha

o clayey soil), and uptake of immobide ions; is limited by the

rate at whlch “the ions ‘are transpcrted te the. raot - (Rusaeil;‘-“
S 1973)‘.@; T e e A

IR a

roct surfaca will fall.
;f hmwever,

Cal ,
; s
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- certain microorganisms 1.w:|.ng in the soil. This procesa is_
' termed "m‘hrogen fixation®, . oOnce fixed, N is. recycled thrnugh-
~ the syatam by a complex array of processes and ths functioning
of many r‘atural euosystems depends on t:he hactenial fixat.:.on of

. 2.&'.1 Nitragon. :l.ts uptaka by roota a.nd f.mnctimal rols in o

plants. IR

Host of the nitrogen {N) in soils is derived from.the atmosPhere._:“

Atmusz:her:.c nitrogen ig converted to a plant . availabla form by

atmosphariu N {Atlaa and Bartha 1987). A

The N content in soils varies widely and is an important factor
in determining the geographical d:.stribution of plant species'

(Bradshaw, Chadwick, Jowett and Snaydon 1964).  High soil N

_concentratians are often considered indicative of high nutrient
status soila. ' simllarly, the total N cdncentration in plant
_i:lssue 15 indiaatwe of the nutrit.l.onal value of the’ plant.

y Approximately 99% of all N in terrestrial acoﬁystems
'organically bound and thus an accumulation of soll N clnsely_
. follows that bf soil organic matter.- Organic ¥ ia mine.ralized_

into plant available forms, for exampla ammanmm (NI-L‘*‘) .

} microbial prc:cesses {Anderson and Ingram 1993) . Organic matte;:
binds to clay particles and therefors soils rich' in clay have &
higher organic matter content than luamy and sanqy soils, except

when clay mnerals oeclude organic matter. o

Nitrcsgén is an e_sential nacronutrient, ‘::eqiiired for the growth

of all plant species. It can be taken up by the roots in the

form of nitrata (Ho,) or ammonium (NH*) . Nitrate moves into the
root’ by active. transport . mac;hanisms. - © The ‘transpart éyatem '

releages an hydroxyl fon (OH) to the 20il From the raat while

. simultaneously moving a Noy ion into the root (Haynes 1990).

Ammonium (an) has only been observed to move paggi«valy into the o
root. Nz.trogen is easentlal for amino-acid synthesis and .

therafc:re ‘the- prodvctn.on of proteins as ‘well as production of
nucleot:.des, nucleic acids, coenzymes and ahloxophyll. . The bulk
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of leaf N is directly 1nvo1ved in- phntosynthe31s ag a component':

 _of photosynt.‘stic enzymes and chlorophyll (Chapin 1980). Thus,

- over a hroad range, phctasynthetm rate is proportional to feaf )
N cancentratiann a B ' :

S ,. *"‘\-..
The most common visual s:.ghs of N deficiency in plants is

" chlorosa.s of the 1eaves and an etiolated hab;u: {Epstein 1972) .

The older‘plant parts are affected first because, ‘when growing :
:in conditions of low N availability, plants may translocata'n_'
. from these leaves into the developing plant parts (Harsahner

_ 1936) - !

'2;8_.2\" ' Phospho:uss its upi:alta hy :mots and functionni que in

'"phbaphar‘us (B) in the soll is derived from the parent material,
While P is not an abundant element in the soil its availability

g is fur‘t:her restr:.cted by its tendency to precipitate in the
presence of divalent metals (ca’, Mg?*) and ferric (Fa“) ions,

_at neutral to alkal:me PH (Atlas and Bartha 1987).  This
_pracipitation renders P unavailable for plant uptake._

'.I'he immediate source of phosphate for plant uptake is prohably
_that; of - the inorganic phosphate ions in the soil solutinn, the
concantration of which varies widsly for dlfferent soils (Russell' .
1973) » Organic phosphorys is also present in the soil snlutmn--
and :I..'_t‘l ‘soll organic matter, ‘P is cycled throuqh the system via
a number of transfers (itl‘as and Bartha 1987). Microorganisms'_
‘are essential medlators of suah transfers s Eor exampla batween
_insoluble, immabile forms and solublé, mobile fo::ms /or :Lnnrga.nic -

and organic phosphate. - e B

' Phosphé;xus is a'n essential macronytrient, required for the growth
of all plaat species, although it is needed in much smaller
guantitios than nitrogen: It is taken up by plant roots in the
form of HPO; and HPO/, depending on the sail pH.  The
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evaii'abiiit jbf.!‘aoﬂ; these f.brﬁs'vafies With"changee in the soil . | s
pH. S.’mce both forms of phosphate are anions they are pro:bably '
- taken up by actwe uptake mechanisme. : Phosphorus mmres to. the

root. surface prmarlly' by d:n.ffusz.on, but alsc: by mase Flow. Th,e _
P depletion zore around the root is much- narrower than that of

o ammonitm N (Jianguo and Shuman, 1991)

Phbsphorue is "required for 'th'e“eynthesis of 'aaénosiﬁé tri- (and

ai~) phosphate {ATP  and AIJP) ’ essent:.al for - the transfer of

phosphorylatian of sugarsa .

CThe upt".ak'e ‘of P' :i.s affected' by a"'numher of factore; © These .
include the gresence of other icna in the so:,l, for example the
presence nf ‘ammonium - J,O!'ls may assist P uptake since their-'
prese.nc:e “would increase “the s0il . pH. thereby altering the -
.‘availability of P. The :r:ate of P uptake also. depends on the sail
' temperature, bemq loweyr' in eold weather (Russell 1973} . ‘.Root
exudatee. and the presence of products of microhial metabolism
also affect P uptake ‘since they may function to increase P_'

| energy within- t:elle,. . In addition, it 15 req\.l:l.red for - the
formata.on of phospholip:.da ' nuclaie acida, coenzymes and vi:he{_ ]

solubilizat:.on, due- to the orqam.c anions present in these "

products which have been shown to be effective in ‘reducing P -

adsorptn.on to clay m:.neral surfaces (Bhat, Ny‘e and Baldw:m 1976) .

Another factor 1nf1manc1ng the,. rate of P upi:ake is the
concentratmn of P close to- the root surface and- the rate at
~ which the extracted P can be replenished by diffagion from the
bulk soil (Russell 1973) . The rate of & uptake i¢ limited by the

_gate at which it is brought to the rqot, ém'g F»ather than the

rate of its transfer into the root',. At ’c:l e 4n,P defieient

eoils, insufficient P is brought to the root: esu :Eacas to meet the :

plant requirements. Under these conditmna, planl-s henefit froi
the increased expoeure to P provided by a raplg;.ly developing and
. f.mely divided root system (Gerloff and Gabei*nan 1983).

The p‘_r-esence o:f' microorganisme, eSpecially .mycorrhizal fungi'- '
~ (Kothari, Marschner-and Romheld 1930), on plant roots has been
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~ ghown’ (Bowe.ri rmd Rovira 1966 in Ra.ahar:is 198?, Barber 1959) ta-
graatly madify the absorption and u'hilizatian of phosphata by
roots, especially t-f'hen the supply of phas;phata is low. Plant:

&

_roots infected with veslcular-arhu*scular m,rt.‘orrh:.zal fung:u. hava._-_-_' '

& higher phosphorus ‘absorption aapac:.ty compared to none
'myuorrhizal roots (Kotha:r:i et al 1990) . Mycorrhizal hyphae are
__-‘abla to a.baorh and translocute P frcm dlstant areas which
: otherwi%e are not accessible to plant mots (Rhodes and Gerdemann
. 1875). It has been Shown that asscciatinns between plant roots -
and mycorrhiz:al fungi influence nutrie {l: uptake by raots. This

is particularly true fnr P uptake. ;

. _'cmmon signs of B defm:.ency in plants is i:he development of_i'
- purple, red o:r: Srown pa.gments in the leaves v .especsia.l.ly along the

veins. Growth may be: reduced - and under severse def:.ciency the
plants become. atunted (Epsta:m 1972) '

oo

| 29 o Pﬁssﬁiabf_"_FUﬁCTIoﬁs__ oi‘ mz'zoéﬁﬁnﬁnsf .

| Tha occurrence of rhizosheaths was rapc:rtad as ear:l.y as 1887 by |

Volkens {Wullst.ein et al 1979). Smce then some research has
heen carried out-on rhizoshaaths, but most of the’ ‘work has been

_concerned with the.lr structure. *Many posuble functir.ms have'

been proposed by those whd have studied sheaths, but iew of these_
- have been fully :.nvaatigated. Below is a 1ist uf the functz.ons-

_ which rhizosheaths may perfom. _.
i)  The sheaths may enhanc’e water retention at the root surface

(Price 1911; Wyllstein et al 1973) and protect root: halrs

 from desa.ct,ation in hot, -arid environments (Price 1911;
'Marne.weck 1990) since roots with mucila.ge ‘gheaths

plasmolys-é muc:h slawer than roots without sheaths (Le:i.ser :

1968) .

_ _ii) . They may, tagether thh the hype:.dermis, msulate the stele
. #gainst mo:.sture loss (Leistner 1967; c]arkson and Hahson
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1980 and Buckley 1982). __
: 115,)' The sheaths may form a physical barr-ief'- which offers
- protection tu the raoct agejnst. a) orgme yiisms and  their
enzynes (oades 197&), and b) meahanical abrasion and soml];'”
conpression (Thomas 1922; Oppenhe1mer 1960), especially on
f'roots with thick, well consolidated ahaaths.
”iV)~~Thsv'may~promote water absorptian in arid cnnditians (Pr;ce_
o 1§11, Hanrlci 1929 and Marneweck 1990). - SR

.iJ

R Thé”éheaths may réducé moisture 1055 in rcots'during water
: 'translacation from roots in damp 5011 to plant_parts in dry
“Sﬂia (Buckley 1982).

vi) Due'to'the increaaad-prbduction of root hairs the sheaths
~ may increase water and nutrient uptake JGoodcnild and Myers
| '1987) IR | | |

e
'.v11) Rhizoahaaths ihaY'- increase n;trogen Tixation rates _
| A:ﬂ;immediately a&jacent ta the root surface (Wulxstein aﬁaal'
'.ﬁ* 1979) .
These hynatheses have not hwen adequately*tested, axcept*perhaps -~¥
‘the o3¢ concerning mlcrobial nltroﬁén flxatlon, since nltrogen 
" fixatien har been shown to be associated with rhizosheaths on
aert&in grasees (Wullstein et al 1979) Howéver, the uptake of
fixed N was not investigatad.- o

A1l plant speciea diffar in their r93P°n52/i° nutrient stress;
-'Detailed research has bean done on respons such as modification
of the rqot/shoot ratio (Whiteaker,_ Gerloff;- Gabelman and

. Lindgren 1976; Chapin - 1980},' modlfjcation “of root division

(Hackett 1969}, modlficatiqn of jon uptake mechanisms (Lauchli .
1976) and indreased mycorrhizal associations (Masse\1973; Chapin _
1980 and Kothari et al 1990). - However, n&>inyest1gation of '
rhizosheaths as a responae to nutrient stress has been .

TS | .
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undertaken.
Diffarent plant speaies show ‘differsnt respnnse meuhanisma ta '
nutrient._ stress. Some will divert an increased proportion of
plant reserves into root production at. the expense of shoot
productien (aix.her into more lateral roots (Hackett 1969) and/for .
root hair growth (Barber 1973) or into extremely iong’ tap rootg)
when growing under stressful conditions (Ulrich and Berxy 1961
' and Schenk and Barbe.r 1979 in Gerloff and Gabelman 1983) . This
" oreates a graater area of root surface that can come into contact
w::.th any availahle nutrient iona (WhltEaker at a.z 1976) .

'I‘here is a low degree of hranchmg (Prme. 1911, Goodch:.ld and
Myers 1987} in root systems which exhibit extensive sheath h
development. This suggests that the davelopment of rhizogheaths :
tHay be a subst:n.tuta for increased lateral root praduction due to
factors which will be discussed in sections 2.9.2 .ar_xd 2.9.3.

o

2.9.1 Protection of 'r_obts and root hairs,

Due to its pectic constituente the sheath musilage binds readily
to ecations and wmay thus serve to protact the roots against
panetration of heavy metal cat:.ona towards t™e apical meristen
prior to the development of the Casparian strip (Barlow 1975).

‘Similarly, the sand grain sheath may offax a pl:_iysical barrier to
allelochemicals produced by neighbouring plants and/or organisms
. which may otherwise adversely affect the. plant through aﬂzyme
synthesis and penetration of the roots. - -

“Price { 1911) hypothaéised that 'the gsand-mucilage sheath serves
to prevent desicoation of root hairs which, under conditions. of
extreme heat and drought, would shrivel as they extend through
the soll if unprotected. As the soil dries the rooks may shrink
slightly, the layer of soil around the root would be drawn closey
to the root. This layer contains water-filled pores which fonil
a protective buffer against further. dasiccatl_q;x and help preserve

oy
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a moistura £ilm arounﬂ, the root (Graenland 1979) * gince thi -~

- sheath muuilage has a mgh at‘fma.ty for watar ab&orptiun (Pric:e o ;

1911) it may be an impoftant method of conaerving water for the.
roots. ‘This hypnthesis is aupportad by the f@.ct that Wullste:.n
st al (1979) found a higher maiature 'conten-i: (on a dry weight"
basis) ‘in the sheath ¢12-25%) of certam xeromarphic grass
spedies than in the surroundinq bulk soil (3-8%).  This ‘high
noisture anta"‘l‘t would ‘also promcxte miczrob:l.al activity (wullstein B

et al 1@?9) T : : :

) 'am:«z- wiatér' and nuts_iafie'nt uptake

Price (1911) reportad the presence of the rhizosheaths on a’

aunber of perennial gragses which are imiigenous in Noxrth Africay. - - |

Fres the results of his anatomical Work on. rhmogheaths he
hypothesn.sed ‘that the intimate ralatinnship betwean sand,
mucilage anhd root hair promotes water absorption in the aria,

permaable surfac:e. soll of the sandy desert. areas’ in wh:;ch 'l:ha o

=1

' species he s‘l:udiecl grew. -

_-A close contaut batweem roots and sufhc:.ent abil matemal can - °

lead to aolubllization of enouih. micranutrxants in the mucilage
for the plant’s requirements (Marschner 1986). 1In ?upport of
this, there is wevidence that in dry soils there may be an
increased production of mucilsge by the roots (Drew 1978). The
- mucilage may also have a role as ion exchanger between soil and
root and is probably of value to the plant for nutrient uptake
‘from dry soils. Nutrient ione dissoiveé in the sheath mucilage
(Leiser. 1968) and thus become more readily availabla for uptake
by the root. ' - : |

The development of prolific epidermal hairs, 'which_ are often _oi’:
- substantial length (Marneweck 1990), and which correspond to
sheath development, may significantly increase the L,ﬁpi;ake
capacity of roots growing under conditions of low -'waéer/nutrient_ .
availability (Buckley 1982). In aiddition’, the close proximity -

of the prolific epidermal hairs, soil particles, water, mucilage o

e
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__ and dissolved nutrients may facilitate easier absorptmn of water
and nutrients by the root system. n addition, 3heaths may also

'provide an :‘.,nccreaaed supply of n:.tragen due to increaaed nitrogen St

-fi::ation assaciated m.th the sheaths (Wullatem et al 1979)

'I'hese :Eaators would reduce the nead for sheathed plants growing
in concimtions of low nutrient and water availablla.ty, o channel
"-incraased propcsrtmns of theix reserves into root products.on :I.n
-order 0 incraase the root absc,rptive surface area. - I

- 2.9..3 mgmbial aativi.t-.y-.n:

Coawl plant roota influe.nce the rhizaaphere, which is an area of

: intense ‘microbial ackivity since "t:is an erm.runmeni; which

stimilates hacterial and fungal g‘«. ,.m-l:h The microbial bionass

is normally about ten times ‘higher in the rh;zusphere than in the -
‘bulk soll (Singer and Munns .« 1987). = The numbers of
wicroorganisus, the mogt abundant of which are bacteria (10° p’er'
- gram soil) , dn the rhizaaphere can be up to 100 times graater

. than :.n the bulk so:.l (Katznelson 1965, Gray anc'l Parkinson 1963)
) Thare is a pos:.tive feedback ralat:.onshlp petween rhizosphere
processes. and the roots. ':Dhe interactians of plants and
s micrnorganiams are based largely on 1nteractwe modificatibns 6f
the soil environment by prac:esses such as a:'oat uptake-. of Water:
ang nutrianta, the release ‘of; organic products (exudates,

searetions, lysates and gases} to the soil by roots, as well as

the microbial production of plani:’ ‘growth factors and microbial S

o

medlated avallability of ma.neral mitrients.

Praducts released from tha roo'l: may mh:.hit (thrcmgh taxicity to
cartam micraorgan;ﬁmm ur stimulate (provide ‘energy . for -

micropial ’ aativ:.ty) growth of eextain ‘pierobial populations:
- Plant roots therefore have a direct éffect on the composition and

'dn.versity of the rhizosphara microbial conmun.i.ty. on. t:he nthar
hand, in thie absence of a.pproprmte nic¥obial populations, plant
growth may ke impaired (Lynch 1976; memgrgues and Krupa 1978 and
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'éampha'l-l_ '198’5)

) The t-:ay& H,.m which microbial populat:.ons may henefit: plants
include the synthesis of vitamins, ammo ~acids, auxins and
gibberellins, which stimnlate plant growth The microorganisms _
also influence the avamlability of Wineral nutrients to plants.
 For exawple, the microbial biowasg is an i:npcrtant rvegylator of

' _'1abile m.tragen in the soil (Campbell 19'?6 in Doran 1980}, gince

the micrqprganisma csarry out H mineralizatian and immcbilizaticn __
(sec:tian 13*10) - : - : _

It 'may be. apecuiatéd' that the rhizoshaaths provide an even more
‘suitable rhizoaphera env] ronment £or microbial activity than an
unaltered rhizoaphare. . This more favcurable environment closer -
to the root surface may be a result of the higher water cnntant

. _ :Ln the sl:teath relat:we to the adjaqent soil (P::ice 1911y -

There is an :angoing debate as to whether. it is benaficial or’

g detrimental to ‘the. plant ko hava a h:;.gh taoncantrat.inn of

' m:.c;rodrqam.sms in. wlose proximity to the roots. 'I‘here is
evidence that the rhizosphere ma:ganiam% can help mobtl:.ze plant
~ nutrients, such as: iron, zine and” copper (Singer and, Munns 1987)°

~and nit;ragen, through incr:eased recycling and soluhilizatlon.

| Nitrogen is ‘dften a limiting factor in sails and free-living

nitrogen fixing bpctarma perforn. a vital functicn for certain -
_plant sper.uea By prwiding their roots with nitrmgen. Wullstein

et al (1979) showed that in addition to the sheath serving as a o

_repositcry for moisture, it is a sink for nrganic energy soua:‘c:aa '
raquirad for nitrogen fixation, which they proved was associated

with the sheaths of the grasses they studied. These regearchers -

canclnded ‘that the rates uf Fixation. in the ahea’@s way be
slgm.fmant to the’ nitrogan aconomy ni' these grassea. SO

On the other hand, mi’c‘:roorganis‘ms 'may, through' the "{"i’tiJ.“ization
--of the goil nutrients for metabolism, immobilige limiting
oncentrations of the nutrients and render then unavailahle to
. the plank (Nicholas 1965; Barber 1978). .In addition, ‘many
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-microarganisms are pathugenlc and.thus detrimental to tha‘plant.._

‘Other harmful mlcraorganlams lnclude those which can alter the
permeability of root cells, the presence of these organi_ams:“_woul_d

increase the organi¢ product lose from the roots (Rovira and

 McDougall 1967; Bowen and Rovira 1976). This rate of loss of

' organia substrates from tha roota ﬁo the aoml nay be doubled by

the presence of microorganlsms at the root surface {Anderson apd

Ingram 1993). . If the losses become too great ‘they nay retard-ﬂ
plant growth. Howaver, the effect of suuh losses are probably .
" outweighad hy the - benefits accrued to  the plankt . by the
. development of an efficient nutrient turn over by the
'-'microqrganism;population in the rhizosheath, partiaularly if the
piant is 1imited by environmental or nutritional factora rather :

than carhan.

hffAﬂ.interestin phenomenon which ‘occurs in certain rhizosphere
bacteria is the production of sticky coatings which help them
~ adhere to one anothewy root cells.and soil particles (S8inger and .
Munng 198?). Certaan_microorganlsms, which have been 1se1ated  _
from rhizoshaaths, produce mucilage {wullstein et al 1979), this_:'
" together with the mucilage secreted by the roq§a is referred to

as mucigel (Jenny and Grossenkacher 1963* Rovira et al 1979)

Since the papulationa of bacteria may be in higher’ concentrations .
~ in the rhizosheatha than in the rhizosphere of uhsheathed.roots,_
they may be partly rasponsibla for the formation of the sheath. -
The mucilage secretad by the grass root and the epidermal ‘hairs -

may initiste sheath development and the ‘conditions created

 thereiln - would - promote  microbial calonizatimn. - gome

microorganisns axnibit positive chemotaxis to root e?udatas,

which-enables them to move rapidly to the roots (Rovira 1965) and .
_colénize the rhizosheath. The calonizing mucilage-secreting

. bacteria would consequently assist &J further consnlidatipn of

the sheath. Howsver, bavause there is a high degree of spatial

heterogeneity of bacterial distribution in the soil the Toot is

n% uniformly in contact with bacteris (Anderson and Ingram”-

1983}, Since sheaths are of uniform tLiaknesa and extend the

entire length of the roots it would therefore seem that products
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. -.relaaaed ﬁnam the roots are mnre important than 'mlcrghlaln

o ucilage in: sHeath fnrmation. However, ‘the importance of the -

. cementing effact ' df; microbial mucilage = must ‘not . be

_funderastimated._ It was found (Wullsﬁain and Pratt 1981) that _r

‘sheath sand grains began separating towards tﬁe end of summer,

when the ‘size of ‘the active ‘microbial: populations probably .
| decreased. .. This indicates that: dué to a  decrease in

'micnporganisms there was a decreaSB Ain cementing aqents between

‘sand grain interfaces further frem the Yoot at distances whers, =~

' the root mucllage was leas abundant and t:herefore less affectiVe
_' in bimimq sand. graips. 5 | :
. 2,30 NHE ROLE OF MICROORGANISHS IN NUTRIENT CYCLING, -
AT ST
Availability of nutrients markedly influences plant vigour and
ggconsequently productivity, Tharefore, mlcrabial processes
' affecting nutrient availahility have a vital role in ecnsystemQ

'functioning. - Althoﬂgh. microbea ‘may advarsely affect plant o
grewth, by competing for nutrients, ‘they generally affect plants
favourah&y, by making nutriénts available for root uptake.;"'”

3 ‘Nutrients Yegome available as by«products of ‘the microbialf;
* respization of ‘organic substrates  (Richards 1987).  Vhen
. 1norganic iona are produced by the oxidatiun.of organic aompaunds'_
=_the pracasa is termed mineralization.' Whan inorganic molacules_
are assimilated Anto. wicrobial protoplasm the procegs is termed
immubillzation. _ Nicrobial mlnerallzatlun and immobllizatian
eoour concurrent;y such” that there iz a ¢ontinual biologioam
turnover in ‘the soil. The energy required to’ mgintain this
; mineralxzat17n~immnbilization oycle is kPat released durmng the
ox;datxon ofuarganlc compnunds.__- S :

S
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'2.'.10;1 - ﬁitﬁdgen,‘ 'ce’t‘i-l'ion _- end phusphoms. o

Amem.e is a waste product e:E microb:.al metabol:.sm and any

 anmonium N that accumulates in the soil represents- the quant:.ty' o
' of substrate E in excess of microbial requirement. ~ Organia
‘matter added to the soil: normally conta:l.ns both € and N, the

‘relative proport:;.one of which detemmes whether ammonium N w:..ll'
accumulate in the soil. Generally, net minerala.zatz.on oceure in
- a, ‘system where the C:N :r:atic- is 20:1 or less, wh:Lle netf
 immobilization for a peried of weeks or months may occur in a

system where the erganz.c matter has a C: N ratio of 30 1 oxr "

- 'greater (Rmhards 198?). R

. 'Plants are an J.mportant gource of € fo:: meny ecosystems. :The*- )

L breakdown of ¢ and the recycl:.n;g of ths,s element is dependent on .

:nicrobial activz.ty.- Wa.thin the ao:.l, ¢ im g;‘,esent in d:.fferent'

"f¢liie and. is ‘not always read;l.ly avm_leble fox ‘microbial

_ utzl.lizatmn, . The soluble, ‘readily available soil o ‘ogours

- gen =ally. with:.n the rha.zaaphere as a result of bofh root releaee- o
of primary products and microbial actw:.ty._ This C is recycled o

‘relatively zapidly and some is released to the environment as

carbon dioxide. - Carbon may also be present in humic form which
is broken down by microbes at a much slower rate than eeluble C.

.Carbon that is incorporated in 2:1. clay. layers of e::.l:n.ean and

_ alum:l.nium is almoet unavailable to so:.l microbes and thia eta.hle

C peol turns ovexr extreme ly s]owly. S -
'B{"\xile much of the phosphate taken up by plants is provided by the

ﬂeathermg ‘of primary mater:.als, ‘Lhe microbial oxidation of
organic subet:c_ates ~is an_ important supplementa:;y source of.

inorganic phosphate, Phospholipids, nucleic acids and sugar
phosphates undexrgo rapid degradation to inorganic phesphate, but

" the mineralization of other phoephates {inositol po:t.yphesphates)

is ralat:.vely slow {Richards 1987). Small actively cydied P
reeervm.rs occur as dissolved phosphate in scul and water and_ :

phogibhate in organic mat.ter. ~Yhe poly_phosphates are however an
important source of _phosphate for plants. Mineralization by

- rhizospheric microbes may not lead to inc¢reased phosphate uptike |

33



A

o

e

i

._o_ . - .

o

(3_.\.. .

- 34

‘Thls is a smtuatmbn _
A8’ for N, lnargantc - derlved from
_ organic substrates will only ba avallabla for root hptake whenf

.-.there 13 net m;nerallzatlon." :

_*by rocts, aspacxally 1n soils with low phosphate leVels, wh@re:¥__*“'

-rhizoSphere mmcrobea may aecnmnlate phaaphate to the detrlmant_~

‘of plant roots (Barber and Loughman 19703,
. of net P immebilization,

S
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. PART IT . -.ene nzsmnnmmn ok m:zosm'm Fomna

- | GKASS  SPECIES Wl% m envmomemm

___Imueﬁce ON THEIR DEY R

o Ll s e . . . .
o La.ttle is kn&wn ebout wh:i.ch grass epeciea develep rhmeeheathe :
' since only a minute percentage of the’world's grass species have

: !.'jbeen ‘recorded to exhibit rh:.zeehea.th development. A lelted

o -amaunt -of - ::esearc:h has been done on . the phenemenep nf

B -:F“equent:!.‘y :Ln sendy eoi’L H id:.v:.duale and in as:a.d cenr.h&mne. &

A3

e

- rh:.zosheathe, eePeez.ally with respect te South A:Erican greeeee. A
It is not knewn for certez.n under what envlronmentel eonda.ti.ene~ L
' -:'-_the ‘sheaths develop, eltheugh they heve been. rec‘erded mchet

'\_\\'.
T

R chapte:r: 3 will dz.ec!tms wh:.eh Seuth Afr:w.en graee epec:.ea exhibit)
: _-*’rhlzosheaths and. in. whai: sml type and rainfall cond;l.tmns they\

most conmonly oacur in SOuth Afr;.ca. The influence that these ’[ L
. envi::enmentel cond:.tiena heﬂ?e on the development of ::ha.zpeheathe P
. will'be dealt with An chapter'*&:'_g S - o

[

o

12 - .

. 'L,_I“;“: . o . “c .
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3.1  INTRODUCTION..

'genera or species. A limited amount.of research has been done -

_canp&uﬁ's-“;

fmnm accuaaaucn oF nnxzosannmns auonc souTa AFRICAK
“enassﬁs, THE DISTRIBUTION OF -SHEATH wanmxuexspaczns,

'EﬁmENﬁ or nn:zosnnnmn Dzvznonnsum

L <n

O..

::'thtle is known about whxch spacles develop sheaths and whather
“the phanomenon of ‘sheath develapment is restrlcted to Perennlal“'“_g

species, or. Whether it is more prevalent in. - cerﬁhln tribes,

AND THE INFLUENCE OF RAINFALL AND SOIL maxmunm on mnm‘”'

S

' The first detailed study of rhizosheaths WES'undertakeﬁ by Price
(1911). He studleq the root and sheath anatomy of a few North _
:“Afrlcan qrass specmes, collected from arid sandy areas. Two of_?.“
these species, pramus tectorum ‘and Hordeum murlnum, have qgcomef
’ naturallzed in South Afrlca and develop sheaths.

- on. rhlzosheatha whlch occur . on grass species -in South Afrlﬁa.'

_Lelstner (1967) recorded the presence of “sand coats” on the  -..
raoks of five- apeczaa {which qpcampaased only four: tribes)- -
' Anthephora argentea (in the tribe Paniceae), Azuatida atlpatata

(in the tribe Aristldeae), Eragrostis lehmannlana, Pagonarthrla_

the tribe Poeae), ILeistner (1967) also stated that all perennlal

grass. . species grow;nq in the southern Kalahari exbibited the’

-squarrosa (in the tribe. Chlorldeae,, and Dolium multiflorum (in

sheaths, while they. were absent in almost all. annual species,

Leistner (1967) did not however,. lnvesthate tha rhizosheaths

" much further.

_' Gnly rece_ntiy has detailed woxfk_ on  rhizosheaths of grasses
occurring in South Africa been done. » . This detalled work
- +(Marneweck 1990) involved morphologlcal and anatomlcal gtudies

of the sheatha of seven species (whlch ancompass only three

36
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3 'd1fferen$ tribea)z Anthephara pubescens; Digzta ria eriantha (Ln_
‘the tribe . Panic&ae), Eragrostls aristitas E. lehmannlana,-E._f
;pallens- 3porvbalus rangei (ln the - tribe  Chlorideas); and
-'Stipag:bstis uniplumis var un;plumms (1n the tribe Arlatldeae)x

2

Although all the specimens used in this study were collected from

 eandy soils, distinct variation in the ‘anatomicp} structure

~ between the lpecies was found, especlallj‘with respect to number
- and. structure of epidermal hairs, Marnawack {1990) stated that -
the modifications: and structural faatures of the sheath formlng_
roots which these species exhlbited tuuld be related to watexr
:stress and soil propertxes. S ' h ' ’

- An 1mportant fact highllghtad by - the stud (Marneweek 1990) was o
. "that although the speclmana atudmed'were all collected from sandy
.t.:BOLl, the sgpecies dlstrlbution ranges werg. not tastrlctad to
:'sandy soil arear. A detalled investigatloﬂ and study of the
_ : “dlstrlbutxon of sheath formlng 1nd1viduaf _waas not hgweverf
undertaken. . - o . . R ot e

A

o

" Siﬁce,mnat o£ the studies conducted on rhizosheaths have looked
. at apécimens'calléatad from sandy soil areas and generally from
‘dry regions, it appeared that rhlzaahaatha are more prgvalent in -
_'xaramnrphlc spec;es growmng 1n sandy 3011 areas. However, the

distribution of sheath - farmlng 1nd1v;dua1a in relation to

climatic regloﬁs and saml types has nevex been adaquataly.
'-1nvest1gated. = _ o _ .

”__Apa*t frdm a brief atudy'ﬁieistner 1967) on the thicknéSs:cf'

rhigzosheaths in relatlon to rainfall conditions, no studies on

~ the influence of environmental conditions on aheath development,
-and the extent (thickness and canaolidatlon) therbﬂ *+ have been_:
__recorded SlMllarlY; aithough the functﬁnn(s) of rhizosheaths
have. been hyp&thesised {section 2. 9} tf;he have alsa nat been.'
adequately investlgated. - T

b
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" As a result of thls 1ack o; knowledge two fundamenta \questlons'

k were addressed xn th;s part of the study, o _'g ' n\
i) wiich south African grasa SpeclES exhiblt rhizoaheath i
dév loyment? L N | T

11) Is rh;zcsheath davelopmant a genetlcally flxed trait or is

lt a facultatlva respanse to environmental coudlticns?

N B

3.2 -H!Pbﬂzstd |

.\'

Followlng on from the secnnd question, it was hypatheslsed that E

£

~ the development of rh;zosheaths Is .a facultative response to o

- environmental conditmons and that individuals of a specles would

only develap sheaths when growing in 1ow ralnfall and/or aandy’ “

- goil conditlons.

&

¥

3.3 MATERIALS PND METHODE

A ;_létai'l_-.éd gtudy of pressed specimens was ‘conducted at the

National Herbarium -in Pretoria. Due to their hardy nature -

sheatds are not easily removed from. the roots when the plant is

extracted from the soil nor when the roots are shaken or llghtly
washed. They also presa well._

A total of 130-spacies'from-fifteen different Poacéae tribes was
studied. . These tribes are AndrOpogoneae, Aristideae,
Arundinelleae, Aveneae, Brachypodieae, Bromeae, Chlorideae,
- Fhrharteae, Meliceae, Oryzeae, Paniceae, Pappophoreae, Poeae,

Stipeae and Triticeae. Six tribes which are represented in South

V"Africa were not studied due ta-musufflclent numbers of herbarium "

specimens of their repreaentatlva spaecles. Where posszble, flve_

- genera per tribe were studied. The species were chosan on the

. bagisg of thexr distributions wmthin South Africa. Those w;th

 wide distrlbutlona_ wete preferably selectsd and whene?ar_

&
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nqao%sxble, at 1eaat ﬁive sgecxes per genua WEra 8 uu_ed. “3113-
:Lapaclmena ‘which had recordlnga of the soil *type 1m:'h1ch they'” f
A total’of ¢
;162& speclmana was studied, mnre than balf ﬂi‘whlah hadraxtensive.;-
:ndlstrlbution rnngas w;ﬂﬁln south Aﬁr;cas The recordlngs aﬁjaolﬁ |
_ type were raqun:ed 'sinde an individusl mé" aave ogourred in.a o
soil pocket.which dlffezéd 1n'textura'to‘thetgeneral 801l textﬁraf.
faof the area. Theréf@re the soil type: could ot be determined:
: uslng the caardlnates raaorded fo; the' plaijof cullectian and"

_:For_each specxmen'three factgrs-were :ecorded,j'

were growiﬁq at the time of coliéctlon werd used.

P!

the general soil maps of- SOuth Africa, A
" . . Q

. soil texture in whlch tha apeclmsn was growing., K -
-Sandu -. ._ e f " _ o . :
o Clay. 3 “ kf%ﬂ'

r ' S Ll ’

e

'fii}_iﬁainfallm Three categaries w@ra used; relating to . thef

SR

‘i) Soil type. Three categories were used, ralatzng to the  o

- average rainfall of the rﬁgion in whmch the spec;man was

colliected. ;
N arid: less tﬁan 400mm/annam. RURE o
© Semi-arid: 400mm - 900mk/snnum. LT

."_Temperate: mcre ﬁhan 900mm/annum_ o

| iii) Extent of sha&sh davelapmant six categorles ware used,[“

and depended mainly on the thickness and conaolidahmon of

”the shaatha. The thickiess of. the sheaths is not relatedf

to the “age of the roat nor the position along the root
. since, when prasent, sheatha (ln contraat to the recordlngs

of Leisther 1967 and McCully and Canny 1986) develop,

'unlformly along tha length 9f thé rout.



B - Th;::k (greatex than 3 S diameter) , well csonsoli@ated' :
'shéath (Figum 3 1 a).. Pralific root hair develapmant which
¢ is . not easily viegible with the - ‘naked - eye due to the
. excessive [uantities of sand in° the sheath. No secondary
~  branching of the xoots. . e e
4 = Thick meeaths (2. ﬁ{ - 3 Sm diameter), often 1e.ss'
conselidated,’ g Root hairs and sacondary branching as for B..
'3 - Thinnex sheaths (1 - z.5mm dizwaster); even less:
' uonaol:l.dategf (Fa.gmx?/ 3.1 b), wich nore c:bvmus root hairs‘
Sone sec:onc;ary branching of the rcots. 8 S
.2 = Very fl:hin sheathe (0,75 ( & 2y diametar) Which ara
) aasil id re:qbvea. Prol:.fic root hairgé visible with the naked hoy
' eye:.. Secf ndary branching ore; extensive than  in category
AR Th'a j egmm.ng of sheath deVelopment, w:.th sone’ sand B
parta.aleql held by the prolific root haira- :  Extensive
secandar}y brant*hinq of the roots, -' - '
o - Non of the ahova sheath charactern.stics. .

S

0 B T S "
L a?n.-ﬁ’_. ..‘,.ﬁ' B e e,

_ Figure 3.1.° {a) Thick, wallw GQhSDliﬂﬁtdd rhizosbaatha of
Eragrostis palleng. {b) Thinner, much less well ccnsolidated
. sheaths, bE E.. pallens.  {c) Sheath temoved with root stele
> _ramaining._ ¥ o o R

[
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_ _ " 7‘_». '}_"'_ f o ]V 'j" :' ¢ N N -
'VTSinaa the number of specimens per “species varied, a numbéx of*ﬂ'
“classes had to be used to dlstlngulsh what proport;an of the '
1ndmv1duala in each apecles were in each ralnﬂall, soil type or

o : 'extent r:atagory.. _ Six classes Wena uaad, a.nd were datarm:.ned by |

~ the pamssntage of the total number af specimena ws.i:h:.n the
categr)zy‘ . o . i ) . . . . =3 .

. s .
2 do-2 B
3. 3oea | |
e s e
50 ogoeen o e e

6 '_.10_9_ |

i

_ In arder to. detemne any pa‘ttex:n in extent of fshea.th davelapment Lo
" within the tribes a sim;iarity table was constructed A using the

_3data on the Percantage of individuals w;thln each aheath axtent
‘ class (Table 3.1.), -The table was constiucted suah that the
general trend down the table, Lrom group i1 through to - group 6,

- as well as within each greup, “is towards more: 1nd1v1duals of each

- apeties wmth*thinrer gheaths. Within sach group the BPEG&EB were
arranged according to their. trlbes (speifes from the same tnibe'
were placed together) ) :
Q - : : .
'Tha aim af this study Was not to determine cause and effect, hutn'
rather a relatlonshlp between aheath occurrence and one or more
environmental  condition(s). = T irefore, by uamng_ﬁ_the "
énvifonménﬁél' and sheath data,: a. figure (Figura 3.2) was
constructad to depict the relationshlp betwaan the extent af
. sheath dQVeLopment and the soil and rélnfall conditlons,_:

==
R

4l



" subfamilys mdiﬁéideaa S T e
 mribe:  Aristideae (@) AR e .
A1l species of the .two genera within ‘this triba had aheath,.‘

'~ development. More’ than 50% of tha 1ndiv:.duals of each species
», nad fiadium or well developed sheatha (w:.th a rank of at least 3). .

of their d&vempment within Bouth Mm.can graaaaa. o

'-J

: only tribes aboa‘b which conclusions may ba dragm ccmcarn:i;zg'f

" 73.-4_.'."1’“ Txmnda in t-.ha pmeamsa @f rhizcahaatha a.m! tlw extent'. o

rh:l,zashaath devalopment ox. preseme will be .discussed.” TFor |

the lack of collected specimens), no conclusions about thie tribe

o

Within botle genera there is a Uspecies which is divided into two

o

# . .
o . . : . : - tox
. " . .
L

gubfamily: Baubasoideae  ° ﬁf'['.f ;' -?_%

- Tribes Enrha:rtaae 152 I : : :
of the four speca.es of i mharta stud;j.ed three d.i.d not: exh:.bit- _
sheath develcpment. . There was large variaticn in extent of
shr-*ath deve 1opment batwean in&ividuals of E, aalycina. o "

4z

| varieties, both of which had eimilar variatioh in extent nf
-- sheath develmpment amongst: thelr individuals. o

M

e::ample, ‘where only o specias of the tribe was studiea‘ (dueto -

" ) may be r&ached nor any trand in sheath presence dete.cted and this -
o cbrdbe wildl nr.:t be. 1nc1uded in this report. (sectim 3.471). The . .
"deseription of the tremi in each tribi-:-. oin be further uriderstood S
o by refbdring o !.'ab:l.s 3.1 in each case. The symbols in
o parentheses in the text aorrasponﬁ tu the aymbols used in #abl.a -
L _ 3 1‘ ) __ . . : . .

a



Subfamilys Chloridoidese
‘ribe:r Chlorideae (*)

Members of the tribe Chlotideae formed two dlstinct graups_ 1
- the first group all individuals of the species had rhizosheaths -

and - at least half. the 1nd1v1duala had wall davﬁlopad Bheatha

.-(with a rank of 4 or 5). None of these species had thlnhy_

_ sheathed indxv;duals. More than 70% of all 1ndlv1duals of - “the

'--apecies in the second group (refer to Table 3.1 groups 3~6) wexe._
thinly sheatbed (with a rank of 1 or 2), while two species did: .

-“not have any shaath developlng lndlviduaia,

W

'r-_nhera s a Limited ;;aattem of extent of sheath development .

within the genera of ‘this tribe. All three of the Triraphis

fspaaiea qccurred wuth;n the 1attar group, with two speclas

M“gexh;bltlng no. sheath development. - Five of the six E&agroatls_; R
'u_apecm\s occurred wmthln the first qrpup. ' Ly -

\.

B

mribe: Pappophqreae (&)

ALl 1ndlviduals of both gahera wmthmn thls tribe had shaaths,_ 
" Bath Schmidﬂga species had. well developed aheaths (rank 4 or 5)_.

in all. individuals, although the species have different
distribution ranges. in terms. of soxl ‘type and rainfall, ~All
_xndividuals of the Enneapogon apaales had eithar thin or medium

thicknesg sheaths. The four specu  of *this genus were

'*ﬂrepresented on all three’ acil’ typesf However, three of the

species had more than half thalr lndSWLduala ogeurring in areasf
- with an annual rainfall of 400mm»80ﬁmm, while E._scurber only_

occurred in areas with an annual rainfall of <400mm.' ;
ﬂ

Euhfamily. 'Panicbideae_:”
Tribe: nndropogoneaa (5.

.-_This tribe had representatives within the full range of extent :

_of sheath development, except extent 5 (refer to Table 3.1 - in
all groups except group one). The sub-tribe Andropcgonlnaaa was

represented by_specleg_wlthln thia large range. Genera of the
sub-tribe Rottboelline#e had either no sheaths (Elionurus and
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- Ureletrum) or what appaa:ced to be the start af. aheath deve:l.npment -

(Hemarf:hia) . Sheaths were - only’ well develnped in c'mbopag’on
marginatus (rvank 4), although more than’ 504 of the individuals

“had medium thicknéss sheaths.: ALl the individuals of ‘the other

species had e;l.ther th.i.n or medium thickness sheaths. Aall, éxcept
three of the ﬁpec;es (mcluda.ng c. marg.matus whmh occufs in
arid and ‘semi-arid areas), occuy in semi-arid to h;,gh ra:f.n.fali
areas (4ﬂﬂmm/annum to >900m/annum) . This ind:u.cates ‘that in’
' d:::.er. a:_:ea,s the exten__t of shea_th dexrelapment is .grea:ten o

__:"_-‘.I'rx.he: Mundinallaae A=) S e .l =
~ All the apec:::.as exhibz.ted ve::y ﬂnn sheaztha, excapt two Polypogon

N speciea, which had no sheath deyelopment.a it was interesting to -

:__'_note that theae two spec:.es wez:a moatly rapmsentad in senu,-arid
[to arid areas. - o | |

| ':I:;cibea Panicaau (%) | : . . \
There was. great variation in axtent of aheath develcpment w:l.thin
this tra.be, rangmg friom all J.ndwiduals of & species with- well

o _developad sheaths (mcluda.ng mainly the Brachiaria . apac:uaa),
through - species which had a range of shdath thicknesseso on, |

da.:l:‘f@rent ::.ndividuals, to species which did _not. have an;
_individuals®which exhibited sheaths. At. the genus 1ével, the

- only other trend whicsh could ba found was, :Ln Setar.la. . More than
~ half the ind:.viduala o:E Each Setaria species had thin sheaths
-(rarak 2). sand the ::est of - tha ind.wmduals exhibited medium

th_:;.cknesa sheaths (refer to mapl_a 3.1 g.group\_ 3).

| -Subf;ﬁilys -'Euuidé'ae
Tribe 3 Aveneas (§$)

None .of the npaca.es atudn.ed in this tribe had we»ll developad_ '

- sheaths and 70% or more of the :Lnﬂ:widuals of each species which
exh:.h:.ted sheath development, had only thn.n ahaat.hs (extent class
2} - . ’
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1 \}'

| 'J!riha. Poaae ({) o _ ..
‘None of these species atud:.ed had axtansive shaath deva;a;;ﬂemf;.

(extent class 5), Hwever, the range of extenf of developpent

" was great < from no ahaath devalopment ¢ in five species, . tq’-"’-.-_

airly well ﬂaVampad sheaths in Festuca scabra (extent class 4ye -
Both .Poa spem.as -had no - aheath»m devalop:men‘t:. . 'I'harafoxe,,, L

" rhizosheaths appsar tc be a characteriatic at the spacias 1eve1 .

@

in th:l.s tribe., T 9\ L

A .. . i . d .

zm.‘ the 'ge'nera studiéd in the othar tzibes 'in this subfamily,
. -Bromeae (") Melmaa.a ([J and Tr.'i.t:l.éeae ( Yy exhibited sheath s
_ devalapmant. ; Brachypad.wm bal us.u af the t-r:.ha Brachypods.aae- o
- {%); Wa.a an ex@ebtion. T T e e S

a8

'_From t.he above descriptmn it is mlaar tha,t rhiausheath |
. "davelapment is not.a charaaterist:.c @1: _any one particular
__taxonomir 1eve1, but va,r:l.es between . as we-.l:l. er= withm, al» o
'txibes and ganara. U S

=
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'w1thin the ranga af grass SpECles studled slx groups mny ber-

- ,‘!”I. . L

fdlstlngulshed Ln tarms of the: preaence af rhlzosheaths and the_:f.

_axtant of thelr develapmant (Table 3. 1)

3 . B )
o = R v

- {rank 4 ar 5)._ 

_The first”grbup cansiats'df apEGiea Which'haﬂ at'leaat:haifj ;
their lnleLdualS exhib;tlng well developed rhmzasheatha”f

_._'I$ is. eséantlal to note here that the: specmes withln this_.f
. f_group have w1de dlstrlhutlon ranges w1th raanect tu soil

.ni) o ‘the thixd group at 1933'6 half, if not ali, the
o ind;vmduals of the specles haﬁ *hin rhizosheaths {rank 2).

iv)

g

v)

vi)

-_and ralnfall canditiona.

E~d

Tha speclea in the second group had at least halfp 1f not .-
| 'all, theixr 1nd1v1duala exhlblting a medlum.dagree of-shaa*hfﬂ'-”
__developmant (rank 3). ' '

'-In the fourth group at least half the lndiVLduals of aach?i'
- species bad what appeared.to be the start of rhxzosheath! '
| deVelopment (rank 1). In this and all of the above groups;
"*none of the apeclas had non~sheath erming indiVlduals. '

'.‘J'

" The, lndlviduals ln thzs group (1v) usually grew in sandy. 
'5°11°"‘ L e S b _””?.

Is

The specias 1n the flfth group had a varied dlstrlbuﬁmon of
exta t of: -gheath devsThpment amongst their 1nd1v1duhlst

lncludlng a high p rcentage- af individuals of some Bpa¢lBS :

thh na aheath davelopmentq

o 1l

- The sixth group coﬂsmsts of - species 1n ‘which sheath
,ﬁdevelopment was completely absent.'

'v~1t la important to nove hexe, that mpst of the species in -

thls graup {vi) did nnt ‘have rapxasentatiVe ind1v1&uals in
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arld areas. hose that do, hava only 1es@ than 30% of_ 
thelf 1ndividuals in theaa areas. : ?

e

'fh is evident that sheath developmant im not reatrzcted taf'
perannlal species. . (P in Pable 3. 1), since over a quarter of the

‘sheath fo*ming spec;ea Btuﬁxad were annuals (& in Tahle 3. 1)._4--

.Emghty two percent of ‘the perenn1a1 specles wara sheath formlng 
:and the sdme percent of the annual Bpe¢1es ware sheath formlng. _

. “‘.. )

:;_nnz."

5 (400*900mm/annum)
RXTENT OF = 3 knxmeann
1
)

sVELOOMENT = BT R -
DEVELOPHENT . e == (< A00ue/annum)

Fignra 3.2, General dxstributlcn of apec;e- in terms of soil and

rainfall canditions and extent of sheath dEVElopméPt, e
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_ ”Fxgure 3. 2 ahaws that the development of rhizcsheaths is. not
) restr:.cted to sa.ndy soi}. nor tc ar:..d areas, o ' '

There is a. h:l.gh xepresentation of spem.es in sandy, arie,
(ralnfall less than 400mm/annum) areas and in these spacies the;.

extent of aheath daVelopment is generally 1arge. '.Phere is also o
@ high rapreaantatmn of species in. semi-arid areas (ra:.nfall

400-—900nun/annum)y especdially on clg ' soil. In both these
rainfall  areas ‘the indur:.duals in the sandy soil regions

| generally have more extensive sheath development. than those in

clay goil, - These, trenda indicate a relats.onship between the_ :
extent of_sheath developmant and soil texture. -

The average axtent”of sheath- dévelbpmant'in sandy soil in high |

‘vainfall (rainfall exceeds BE}Orfun/annum) areas is léwer than that |
'in arid and semi-axid areas. Within high rainfail aveas, there
iz a a:.m:.lar extant of gheath develcpment between ind:.v;duals on
~ the d:.f_f_erent_ coil types:-’ ﬁnd.___a_ _hlgh _n_umbar of _species_withoutl
:'Bhéaths.' These trends show that a relationship between extent
_of sheath developmerxt and rair{ﬁall condltz.ons\exxsts, aspae:.ally :

' w:;.tiun J.ndiv.v:iuals :Ln ss.ndy goil, - : :

B

3.5 b:sdussxon'a; e o
) : fe ‘a : o o

"3.5 :I. !?rasenca ot ngzosheaths in Stmth M‘rican grasses. o

Rh:.zcshea‘l:h developmant occura ‘in most South Africem grasa |
gpecies. Only 18% of the apecies studied did not axha.hit

rhizosheaths, but these specles are d:l.str:.huted within more than

half the tribes. In contrast to Le:.stner 8 (1967) recordings,
but in agreement with Duell and Peacnckfs (1985) recordmgs,

" rhizosheath development is not restricted to perennial species

and only 18% of the annual spem.es considered in this study did
not exhibit. sheath development. Also im” ‘contradiction to

. previous recordings (McCully and Canny 1986), the sheaths extend.

over -the entire 1ength of all tha roots of any sheath :Eorm:,ng
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“grads plant.

Assuming that sheaths influence root functioning and microbial
 activity (vefer to chapter 2, section.2.9) the below-ground -
‘productivity<df gragslands would be influencud by rhizosheaths -
‘gince, the sheaths are common in grasses and the distributions
- of sheath fnxming species are'w1de, encompasslng all ralnfali and

75&11 condltlons.. R

Shaaxh préséncé d&es'nat distinguish any specific tfibé(S) since

each tr;ba has representatlve sheath forming speaiea‘_ The data_ -
do suggest that sheaths may. be a characteristic of the trlbaa_

"Arlstide&e, Bromaae, Meliceae, Pappophoreae and . Trltlceae._ In

other'wurds sheaths are present on-all individuals of-all species_ '

within these tribas. HoWEVer, in oxder to state this as a

_definmte conclusion:more speulmans would hava to ba collectéd for -

3':each apecies..'_

.'Excépt fér-érﬁndiﬁella, Eiionﬁrus;iTiichdptéﬁfxfanﬁ'brElytram,fff
each of which has only one speaies,'and'ﬂeérsia, of which onlY}

one species was studied, all the genera caﬁsldarad in this study

had representatlve sheath forming species. Therafore, a8 is thevﬁﬁﬁ

j'case for trlbes, sheath presence LB not a eharacteriatlc which .

b ean . ‘ba used to distingulsh betwaen dlffgrent ‘genera. . In

addition, sheath preaence does not dlsting"‘ h between dlffaxent

'varleties, becayse when two varieties of a spéales were studisd -

no difference in the presence or extent of sheath develapmant
occurred. ' ' o '

thhough it has Bean ghown that sheaths are present in most grass

species, the extent of development varies greatly between species

- and. aomatlmes ‘even within species. " The -most extensive

development of rhizosheaths occurs in species within. only fgur__ff

- tribes - Aristmdaaa, Chlorldeae, Paniceae and Pappophoreae, two
of which, Chlorideaa and Paniceae, have cons;derahle v&rlatlon
'in extent of. deVelopment hatween their genera. .

[
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'Unfortuﬁataly. due tc the lank of a suff:.c:.ent numher oil'-_ R
- '-.'_”herba.rium specimens. with adequa.te information on soil. ccmd:;tmne' o
~ in which the speeimen grew, only l:l.lllltﬁ‘d congalueions may be. drawnr-

with reapect to whether she.at:hs are a d:.st:.ngu:.shmg feature of -
‘any generd or apecias. - It was im.t.ially theught that the ‘sheath
forming. characterist:.c may- be J.ncluded as an important, easa.ly -

observed tra:.t in Poaceae speca.ee field identa.fication keys.
However , this would ‘have been po_ 4 ible only if the development

a

on “the emriranmental conditmnm : '.I'he constancy ‘with wh:.rh'- '

sheaths are found within a genus or a 1aﬂ;;_)a-zcie.e.t ‘variea betwen

' genera and- apeuiea. In certain genera the differem species

- develop sheaths to .different extents but - the extent of =

 develcpment i uni.formt ‘between all individuals within - the

o 'reapactiVe spec:l.es. Within sugl’ geners, for example cymbopogon,

. Festuca, Pénicum and Schizachyrium, sheath presence may be a

I diat‘.tnguishmg feature between species, within a genua, which may ©
 be confused oninitial examination of field specimens or whem .
- enly vegetetz.ve mater:.al ig available for' J,dentlfmation. e
\as@e of this method of species J.dentifwatmn will vary

'betwaen gener:a._ ‘Piatinction between spacies wh:.ch develepf:-'--- E

extensive sheaths under all envxranmental t:end:.tmns (e:;tent i, .
5 and poaaibly 3), and those without ‘sheaths will ‘be the most
" . useful. 'rhia diatn.nction may be meet eueeesaful . between
C‘ymbotaogan excavatug (no sheath development) and C. marginatus
(extent 3 or 4), where the Vegetative and reproduatwe structures .

are similar.. Sheath prasencza on C, prol:.xus (extent 3) may make

- the digtinction ‘between this epeciea and C. extavatus eaa:l.er,-'_

: eepecially ‘'when. om.y vegetat:we material is available for

identification. Likawmse, ‘Panicum maximum and P. natalense {no-

B sheath develcpment) may be d:.at:mgu:l,shed by the extensive eheath .

" ‘development, on P, maximum (extent 3, 4 or B5), whan only
- vegetative material is available for identification.

81

. of ‘the sheaths was gene‘tica]:ly ﬁx&d and dld not vary depenrp.ngﬂ



: /,--,-4“3-;-5.'.3. _ ﬁnaath, presanaa as a ganatically :Eixed tra;l.t as opposed- 5
/ to the extent of &avelopment as @ faculi:ah:ve :caspsmae '
to the eznv:.ronmeut. E — o

'It mugt be emphasiaed thaﬁ: there is Y d:.fférenca batwaen the
. presence of sheaths and the extent to Wnich fhey develops 1o
relationship betwesn the presence of rhizosheaths ' and
environmental canditz.ona was found. If sheaths oc¢curred on. one .
_ind;w:.dual of a species then all mdiw.duals of that spec:ies
'exhibited shea.th development irrespectivé of where hewf L
' J.ndlviduals grew (with the exception of six spec:uas, and tl:u.é
© will be discussed 1ater) It can be cancluded that the presence
of rhizosheatha is a genetwally f.zxed tra it. However, as
apposed to what the p...lot survey 1nd1cated, sheath presence on S
_one spec:i.aa of a r* ;:ticular genus does not guarantee shaatn o

'presence on ali tke spaca.es of that genus. e . /J/

'Although presant in the majora.ty e:f South P:E:cman ,g:r:a.as spma.es,- '

~the - shea.th -;la’&elopa.ng trait is appss ent‘ .y abse\ T ,Ln aai.tain R

*  species: . The species which do not have this trait ooy Wi éi,hin
" group 6 of 'J.'ahla 3.1, :L.e. \uhnse hich never daveloq rhmuqheakhs .
| regardless oﬁ’ the anvigonmental {cand:.ta.ans; and - it1\ hudeg, ﬁyambqars :
of mnre tham halﬁ of the r.Lbas stucl:l.ed. _ o "
' m.thm tha range o:[: apecmes in which ‘the s:heath forming trait is
present, two conditions exist in terms of the extent tb whioh the
gheaths develop., - o - _ "“ |

y
E !
# i
|

i) The extent to which sheaths devgldp_ is fa%.rly unifc:r’,hn
. between = individuals within each separate 'épéciezi%,
'i::raspact.we of Ahé environmental conditions in which theay}

grow {groups l-4 in Pable a3, 1y, This ig not to say that

the extent to which the sheaths dEVelop does net differ

between species. Most of:tiese apecues had representative
individuals in all the ran.nfa'i.l and soil type categories,
This is an indication that the extent to which sheaths
develop in these species is possibly also a. ge_netz.cally '

L
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- fixed tr_a':i._t;_-' _. -

_:‘ii-)' ” ':l!ha extent to whmh sheaths develop varias greatly between _
' 'individuals of the same species (group 5 in Table 3.1).
. Therefore, while the sheath forming trait is present in all

; indiv:.duala, the extent to wh:.ch it is manifest is’ prcbably n
~ a facultative reaponse to the envxronmental conditions in
©  which the -individual grows“ - The degree of plasticity of
o this response variﬂs between species, to the extent that
J.nd.wa.,duals of some’ *%pem.aﬁ (namely those :Ln the Chlorz_daae-
- and. ;’an:u.ceae tribeﬁ\\) i may ngt exhlbit any rhizosheath . -
_ charactéra.stias when\*{ gx'om.ng undaa: carta:.n environmantal :
| .-cqndltiona, SR \\\ ke N ' - '
. ; : _"f-. : \

' The deta:l.led genet:..c contral pv&m sheath development has not been

'.--1nvest1ga.ted. | Wlthm the . spec:ues xwhmh always have the same

extent of shea"bh demlcapmentt, ‘the sheath forming trait maym :
influence the pumber of . epldermal hai.rs produced and. ‘thereby .M\__‘““‘*?
'contrnl aﬁeath development. ﬁputher poss:l.hn.la_ty is that the
numbe:r of: épideml ha.ia:rs prodmd\ad dis: cﬁntrol}.ad separately and
_thus -l:he genatxc control mrex: ahéath demlopment is :r.ndiraci;}. _

'I.- .

3. 5. 3 The x'elationahxp hatween azhv:.::onmbmtal cqnditians aud

Sheaths ncdur csm J.nch.w.duals whx}};h 1gzn::rv»;‘ in semi-ﬁar.’ﬁd a.nd'
uemperate cond:.ta.pns as well as thca& that grow in c;l.ay and loam
' :‘.-:.,____sm.l. Therefo:i:re the Mpothes.f.s, t.ha.t the davelopr i of a
'-'rm.zoaheath ia ‘h ficultat.we xespnuae to arid ani. a:t': sandy

wr,-d:x.ta ons ;. must “bea ejeated, However,\ ‘the extent to wh:g_ch the

- s*he&tﬁ}a develcp :1.3 a;,\parantly often a; :Eacultatwe response to

"enm.ranmental ubnditmp-. " Species found in dry, aandy areas
 ushal 1y have ext@ns\lm é“heath development relative to the average
. sheath dexre.topmeht oF sgecz.aa ‘found in more temperate arsaz, and -

fria ) S

 clnyey soils. Th.hs may account for why rhizosheaths have mainly

been re\corrled in x@romarphic species grow:.ng in sandy soil. The
less consolidated sheatha on any specimens atudied in the h:r.gher -
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© This may be a resnlt of their :anreased tolerance (duei to sheath B
o presence) of low ‘water ava.:n.lab:.l:.ty. This idea &

oo subatant:.ated by t.he fact that moat of the 3pec:|.es wh:. h do- not
develop rh:.zoshaaths are %b&e‘i't in a.r:l.d areas. L )

s Many J.nd.wa.duals in whzl.ch sheath development was ofx y juat |
 detected,  odeurred in sand\} ao:z.l. .!E_hi'ag sug@agjﬁg ome
| _ralatn.onahly between the :mit:l.atmn of the expression &f the | %
:“.sheath trait and soil text.ure. - R S R | R

.'raln:fallfcla.y ao:l.ls may not have been obsarved o:: may haVe been- _' ) o
_ramoved by the col:l.ector bafore press:mg. ' '

__Specles with consistantly well daveloped sheaths hafre wide-

d:l.stmbutx.on *‘ang‘es with respecft to soil and rainfall qand:.t:.ona.'_ '

B furthe® :

' _'extent of sheath devel@lﬂgnt, to mcreased sandy sepil ccndimoné\x.'_'_ | 3_ ‘\

" In order to substantma\t& this . hypothem a, contrﬁlled grawth o

.__'.rhe avax:age axtent of. ,_ahea:t:h devalapmnt on sandy sc;::.‘l. k

| 'rainfall axeas. A aamla.'(: relatmnsh;.p betwaen ramfall* and
- sheath tmckness was abaewﬂéﬂ by’ ‘I:e:.atner {196‘?) in the sandy
' Ralahari areas.. This. atmqaha.p between extent o.f dava;l.opment
and rainfhll suggests that,t (assuming sheaths * :Eunction to L
o compensate | for low water and : ﬁutr:.ent avaa.lab:.l:.ty as will be -

. replem.shed ‘soil water decreaxés the need for bettezr Qevel oped
“sheaths. o Th:l.s would ba paztm&.arly part:.nent to sandy mo:.l
where the w&‘tar retent:mn and\' ‘nutr:l.erit availability 19 .mw
relative to clay 90.1.1. In order. to test ‘t;his the.nz:y cmntroll,ad

experimants were neceasm::g. T L IR AR AR

t“l'
5 [y

.

1nd1v:;.ti‘ua3.s J.n high raxnﬁall a;raaa is smallar than. in ;ower

discussged a.h chapter 5), - in hig;h ramfall areas the fraquently

gz:owth experlménts We::e conduated* BRI A R P
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cmmn s o T T .
" ENVIRONMENTAL ::nmmznce on mrm EX'.'IBEH'.'L' oF Rm'.( osamu
;o -'nmmmnm.
4.1 ENPRODUCEION '. TR SR

":l:t has. thus fa:c been establ:.ahed that t.he prasence of shea.ths J.s-" e
o al ganet:.cally f:l.(}!ed trait; ‘present J.n nf\ié{ South- Afrman graaa'-‘_ R
apkac:l.as. : on the-. othar hand, ‘the" axten to- which the . shaa*'hsir . _
dcwelcaﬁ» 1is often a. facultativq( response to the environment. = -,
-_Tm?rafore, the following studies will deal with ’che exten‘t of Lo
_ deﬁglapment, rather than ‘the présence, of: aheaths.-_ S R
B Uﬁdeg natural condltlons plants are. subJEGted to differant*f"iz
_e&aphm and clmatm factors. . 'J,‘hee most obvions factors which L ¢
. affec ‘root growth are those in theé soil,” and primarily mclude' Y
- ‘texyule, water snd nutvient availability. Different soil types ,
{teﬁt:ies) have :i.nharently different watar - and nutr:.ent'_ SR U
e avaﬂﬁa Bility,  Since it thus far . appears ‘that there is . a - - 1
relatﬁ.ar ship bet‘ween . extent of xghea.th de’igelcpment ,&nd-
'_envarqnﬁkntal candltlons, partlcularly soxl taxture apd Watern'

__ ' avallaﬁlikity, it was dec:.ded to conduct dbntrollea growth ° . . '//R;
- -experi an%& to determine. whether this relationsh:l.p waa based on - B -
A faaul‘r.a {ive response directly to soil texture. or to watex-'_-'_____
_ and/or nut::\i.ant availab:.l:.ty., S o o
'-‘\-}\ - ;With respact te t.hz.a, 1t.wo mportant quest:.ons were addressed :Ln_
N this sezctmn pf the study. | o E S )
o '-‘.-Is the extent ttb Wh:l.ch sheaths develop a facultat:wa T
. :x‘ekponse d:'m:actly to soil taxture? T :
'Is fhe ‘extent :.t:t w&ich sheaths deveiap a-facultative
J:uespon&e to sml."x. Water and/ox‘ rnutrz.ent ava.ilabi}.ity?
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o ‘2.2 '- 1 Htpmsxs

. whil__the texture was. Varied._

\'t to separate the effacts of soil texture and theo
water and nntrlent avallahillty._
t & ahurtar the perind of water - and nutiient

-~ the soil

avallabilltyui The greater the clay content the stronger the-ﬂ['
attractive fbﬁces between soll partlcles and the WEter, whmchfﬁf _
incraaSea the &ifflculty with.which the water is extracted. The_  '
higﬁar ‘the sand content in the soil the lowsr theé cation exchangé
ﬂaphaity (CEC) ‘and the hlgher the degree of nutrlent leachlng-__
frcm the ‘soil, but the eaaler-the rcata are able ta extract any' -

ramalning nutrlent Lons from.the anxl.

Tha more sandy:

sa:.:l:"texture, and therefore tgpe water availability wasg ccntrolled .
The nutrxent availablllty could_

nat b contralled due to the dlffezent CEC in the dlfferant so;l-

textuﬁp treatments._

ware varled whlle the soxl texture was. kept constanta

. ‘\

4.2

| R nxu.-m oF nnrzosmm 'nzvm.opuﬁm As A nssrousz wo
- PsoTL -.zmxmunn -

’ ﬂ :':.{a‘".
Y/

_?ff‘.._

s .,”a .

i«
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_ The second grqwth experlment was concernedi_ .
'-[‘thh*wdter and putrient availabilityv_and tharEer“'thESQ factors-q'q“'
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4.2.2 MATERIALS AND METHODS -~

Three indigenous grass species were used in this study,

. Eragxoef‘ls pallens Hack, Anthephora pubescens Nees, and ﬂlgltarla_: L

erdantha Steud. . The first two -specieg were found, during the -
- herbarx.um study, to congistently develop distn.nct rhizosheaths, _

| 4.2.-2.], ' _Expefimenta_l.dasign-"

while the latter was foubd to have greater vaz:iab'z.l;l.ty in the :
extent of sheath development depend:.ng on the soil . S ra*nfall :

-conditn.ons under which the md:wa.duals grew. .

Ll

Seeds of these species were grawn Adn i1 pote in a contrelled—-'__'

- climate growth chamber using a 14 hour c;iay,,(65~80 tmol/m2/s

-quantum ;Elux rate) at apprux:.mately 25°C . followed by 10 hours of .

darkness at approximately 16"0. ‘rh? pote were randomsed weekly-

to el:.mmat:e dlffe::eneee due to pos:l.tmn in the growth chamber. o

C Fz.ve sets a:r.t‘ p}iiants were ueed, each set was grown in a’ dz.fferent; 'Z'
"eoi:l. texture treatment. ¥ e

]

| __ mr.ea'l:ment”_' _.%_-_.eaﬁd % clag__; _ . .
2 70 - 30 o
S & —=
‘3 s0 40,
4 s om0

Each treatment cons:.sted of :E:we pote/repl:.cates, of between ten :

- and e:r.xteen ind:.vldue,ls per replicate, The sand {wii;h a 80% sand

20% clay eo'ltent) was colle-..ted from a broadleaf fsavqua area in
which E. pallene and D. erlantha grow. Kaol:n_n powder was’ ‘added”

_tm the sand to make up the clay. f::r:u‘.ﬂ:it:mgj ~ The texture wae

accurately determined ue:.ng a Bouyoucos hdeometer (Da;f 1965)

e "”\3.

. The field capacity for ‘each aail treatment was celculated prior

to the experz,ment and the plants were watered regularly #ach that

Caow
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the soil was kept at 70% field capacity. It was necessary to
water thessandy goil pots more frequently than the clayey soil
pots hecause the 1atter drained faster.__mha_plants were.nqg" 
supplied with nutrients in the vater. The hutrient conﬁehtration T

" in the different soil treatments cauld not be controlled, sinae

© tue amounts of nufriepts remaining in the soi) after the water
‘had - drained’ through could not easily be monitored. ° The
f “aifferance in nutrient. avallability'hetween'the soil textures due '“

'  to tha.different CEC could not be contrnlled. .

x.»l

hftar welve wudks grawth the plants were - upraoted and the |
presen and - extent of rhlzosheath deVelopment was scored for
each ind1v1dua1 using the . sama scale aS’in the heqharium study

(sectlon 3.3). Diffarences in extent of sheath development were

.-_not phy51ca11y quantlfled by w91gh1ng the sheath soil since it_-_j  

was not p0551hle to extract all the roats cf the 1nd1V1duals‘in

ﬁ the_clayey soil Therefore the data cauiu nut be statlstlca11y 

- analyzed. .
pooa

4.2.3 RESULTS AND DISCUSSION

The responses to the different soil treatments ﬁaried between

species, but the general trends were simi:l.ar (T&hle 4.1 and Table

_ 4.2). The Vdrlablllty in the extant of sheath devalopment'within- .

the species was‘very low. The texture of the soil 1nfluenced the

extent of rhizosheath development.. Thig is in contrast to Duell;z-
‘and Peacock’s’ (1985) recordings, where the soil texture dld not

'appear to affent rhizosheath development. .

Y

+. In each spéciesm'the -gréatest 'Extgnt bf sheath éevﬁlbpmént;-

occurred in the treatment with the ghest sand content (80%
sand) . In A, pubescens and D. eriam “ha the extent of sneath
development deqxeased wlth.decreasing sand content unt;l 60%

sand, with further decrease in sand content the extent of

devalopment did not decrease. The extent of sheath development

in B. pallans continued to decrease with the dauraasa Ln sand'

s :
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. mumbers of ep;darmal helre- wexe produced in the 3011 t::eai:mants, B
"contam:r.ng 30-60% ‘sand (zable 4.1). InF. paliéns J.nd::.v::.dua;s” AN

" the number of ep;demal ‘hairs decreased froms t.ha 40% sand .

 treatment to the 30% sand t;eatment., Ag explaxned prevmualyi

I (chapter 2y, the sm:l.la:: nunbers of epn.ﬂemaL hairs would result -
© in similar numbers of particles befng, incorporated inte the

-'aheath, an%he:l.ng held equaliy atrongly, “This would explain why -
the sheathsc of 4. pubescans and - I.J._ emantha dtJ ‘not further

[

g -

g -

'-_eontant below 60% I A. pubuscens and D, er:.antha, smila::'-

R

ﬂwmaaa in extent in Boil containing less than 60% -sand, whs.le_:-. -

..H\-'-

B pallens :Lndz.w.duals in :the last treatment had th:.nnar smaai:hsﬂr -



" which occurred in Ay A&, pubescens, B) D. eriantha,

Table 4. 1. Thefextant.cf rhlzmsheath ﬁevelopment, average number T
-;]of epldermal hairs and average number ox ﬂacondary root branchesfe'

': pallens under the dlfferent soil texture treatmenta,

and C) E.

ay o
A. pubeacens - ) : Deecriptidn
Treatment 1. (30% sand) S o |
Extent - .| 70% with extent 5 - root and sheath at 1aaat
R 5,.5mm:thick. Well consolidated sheaths.
| | 30% wikh extent 4 ~ sheaths less consclidated,
"Epidermal-:iprollflc._ Average length° 0. 2mm R
hairs | Average number per centimetre of root: 75.
 Secondary Ayerage number per cnntmmetre of ‘root: -8 .
~branches [ L _ e
'f”_Treatment 2 “(?0% sand) - B
_ Extent |4 = root and aheath 4 =~ 5, Smm m
' Epidermal ;Pxollflc. L - T
' halrs . | Average numher per centimetre nf root: 67,
_ o Average lengtha' 0.2mm. o
.Secondary E'Average number per centlmetre of root._-ll'-"
- branches i - . _ L
Treatmbpt 3 {6{1% sand) R n o
Extent | 2 = averages -Toot and sheath thicknaasa 2, 75mm
Eéideimal '5Average number per‘centimetre gf roots 55
hairs: .
Sacondary ﬂverage number pex centimetre of roots 10
Jbranches . :

_Treatment 4

{50% aand)

As for treatment 3, except less sand and -

Extent
=L | silica particles Were held
Epldermal | As for treatment 3.
- hairs: : : - "
Secondary" As for treatment 3. ’
_ branches > y

_ Treatment 5

(30% sand)

Extent As for treatment 4
Epmdermal As for treatment 3,
haivs - o o o - Y
- Secondary [ Bverage number per centimetre of rogt: 13

brancheg




’ Tahle 4 1 eont

“H .

branches

“B) 3;7_? o SIS |
D. erlentha Teoee ' pescription.. o
Treaxment 1 (80% eand) _ o
Extent | 20% with extent 4 - average roet and eheath o
S tg;ckneee- 4.5mm thick. -
s o % with extent 3 - average root and sheath.;-
| thickness:. 3mm thick. .
: o | sheaths not well. coneolrdeted.
Epidermal  Less prolific than in other two epecles. -
. hai¥s | Average number per centimetre of root: 11.
R | Average length: 0. 2mm¢_-, L o
:'Secondary? More prolific than in the other two SPeClBE.:':H.
branches . 'jAyerage number _per eentlmetre of rootz ~20. -
Treatment 2 =(70% sand) el _ Lo _
S gxtnt |2 - root and sheath' 2. 7% - 2. Qmm t.hick
37 Epidermal 'Average numbef per centimetre of rbot.; 8.
g hamrs--* o . _ o
cgecendary "Averageunumber per;ceatlmetre.ef-reet; 27
ranches o S :
g Treatment 3 _(60% sand) Lo o
0" Extent 1 - aVerage root and sheath thlcknese. 2mm
. Epidermal | sparse. = | o
_ halrs .. | Average. numhar per centlmetre of reot~jj5.“
R _3 Secondary nverage numher per centlmetre of root."ISQ
t ‘branches Tertlary branchlng. o .
Treatment 3 '(5@% sand) - _ _ _
Extent ' 1 ~ not’ many sand or 511103 particles held.
Epldermal  As for treatmenﬁ 3. C
. T halre et _
"¢ . secondary |[As for treatment-3. e
_ branches - | - - - v
Treatment 5 (30% sand) Y
Extent ' _As for treatment. 4°ﬂ
' Epidermal {As for treatment 4.
. hairs | .
k‘ Secondary More prOllflc. _ ' o
- | Average number per eentimetre af raot- 3.

“ Tertlary brenchlng.

-
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- mable 4.1 cont_ _ _

_"¢} rr

E, pallens |

Des_cript'ian' -

Treatment 1 -

(80% sand)

~Extént

'5 ~ root .and sheath at least 5 Smm.thlck.

-Sheaths well consolldated. L

Epldermhl
halrs

| prolific.
.| Average
_hverage length-

numbex per centimetre of root:
0 66mm._"- ; _

,_'_100..' -

'Seﬂondary_
branchaa

Sparse.
AVerage

number per centrmetre of root=1r3;

Tréatment 2

9(70% sand)

a ‘Extent .

4 ~ average root and sheath thlckness.f o
Less. conaolrdated than in treatmant lrn_ T

4mm.

" opidemal |

.'Q

hairs

PrOIific‘ L

As for trearmeﬁt 1.

.Secondary
© branches

-None.?'

ﬁﬁTreatm&nt 3

ﬂ(eu% sand)

_ Extent

S average roat and sheath thlckness:i
. -i'Less consolidat: - than in’ treatment 2.

' Epidermal
- halrs

. |I-<.}

'Average number per centlmetre of root.;

60

f;_SQGQndary'
. ‘branches .

Nene N

'ngreatmenﬁ;é

&(50% sanﬂ)

)

Extent

ignhs for traatment 3.

.Epldermal
harra

”aa for treatmant-atr

_ Secondary
branches -

' None.

'Treatment 5

.(30% sand) .  f:f, r_ r . - : qu —

Extan&,

2 - average root and shaath thlcknéssa

| Sheaths not well consolidated.

2.5mm.

Epldermalf=

hairs -

-Araragg_number per centimetre of root:

45,

Secondary

_ Bverggéchumber per centimetre Qﬁ'rod%=

~ branches = | -

10, -

8 -
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'J!able 4 2. Sumary of the differenc:-:s in extent ef aheath

deVelopment between the five dlfferent,soll tex%%fe treatments. :

.o
.G i

. Treetment;reﬁ e . N Extent of sheath development

 %sand clay A pubescens . erfantha  E. pallens

" The trend with fegard to the change in number of epidezmal hairs .
T_'Ln r-sponse to the sand content of the 8011 is slmilar to the_: L
'-,trend in extent of sheath develepment. In all three speeies

(exeept E. pallens LndiV1duals in treatment 2), where the extent

' of .sheath ‘development. deereese '*there was - a. cbrrespending
decrease in. the number of epide l halrs (mable 4.1y, Thls 5
- finding is in’ accordance with previous findings which show the
' density of epldermal halrs te be greater in dry, sandy 3011
e(Kutschera 1960 in Lelstner 1967) It has been observed rhat
" reots in 5andy goil produce more epidermal hairs than roeta of
‘the game species in less. sandy sall The sand particles may
'_meehanlcally stimulate the preductien of ‘root halrs by abrasion
”of the epidermis (M. Fey peraonal GOMNBRLCﬂtu?n) Aﬂrther

possjbillty is- that the. rapld filtration of water throuds the.
soil may necesaltate an lncreased root snrface area for adequate

water absorptlon, hence the increased.root hair prdﬂuctlen. ‘The*
_general trend in the change in number of secondary brenches was
. that the smaller ithe extent of sheath development, the more

seGOndary branches that were produeed._

'The relatlonshlp between extent of sheath develcpment and sand

contenr in the 3011 is evidence to euPport hypothesls 4, 2 1lr that

._&3

E .



o the moz:a sandy the soil the greater t.he extent nf ahaath,-

.

"'__deVelopment. S L e :
As expl&:.ned in sect.:l.on 4 1 these results may be confounded by

. "the dn.fferent hutr:!.ent ava:.la.hllz.t:u.es 1nherent ;m “the different

' soil trea.tments. L To detarmme whether the extent of davelopment

. was a response to soil cond:.ta.ons other than: text:ure another
growth study was conducted whe:r:em tl;;e so:.l texture effect wasg

: standaz:dlzed. '

.-(‘;.

- 4.3 - 'THE EX’IENT OF nnxzosnmun nmmmmr A8 A nzsmuse eo

wmn mm HUTRIEN!I.‘ KVMLABII;IT!.

l

o !I.’he fz.ndingm o:E the herbar:.um study and the observa.tmns of X _
' -Le:l.stner (1967‘) J.ndicate that ‘the extent nf sheath development SRR

. may ba a response . to 1ow water, rather than to soz.l taxture.- :

T

"fa;s;;"ﬁﬂfkoiﬂﬁngQL'g_ :h;af.f~-

. The second hypothea:.s, w:i.th respee.t to env:l.z:nnmental 1nf1uence U
" on the extent of rh:.zoaheath developmentﬂ was tha.t sheath L |

development would be more extensive. on individuals growing in .
"condz.t:l.ons of low. Wate:r: and/or low nutrient a.va:l.labz.l:l.ty than on s
:Lné:w:..duals grow:ifﬁg in conditmns of’ hJ.gh water and h:.gh nutr:.ant A

_ _ava:l.lab:l.llty .

 4.3.2 MATERIALS AND METHODS =

| 4.3.2.1 Experimental design

BT

Seeds * of ‘the same three species were 'gr'ov?m-_' in  the "eame-- _
' temperature and :l.ight conditions as in the. 'previr: '$ experiment., -

| - The plants were grown in 11 pots containing sandy suil (80% sand,

_-_20% clay) collected from the same area as before. The ths were-'
random:.sed weelcly to el:uruna.te d:l.fferences due to pos:.tmn. -Four
sats of plants were used, each set was grown under d:l.fferent'

‘1',_ ..
S
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combinations of wator and nutrlent availabllity. 'Ten répiioatés o
{between. ‘ten and aixteen 1nd1v1duals per raplloate) in each
set!traatment were grom o e :

=2

'_;oTxeétmgﬁtf “”Water_o Nut:ionté_g

T+ s

_ Y

- ?ianta"in tréétmonts i qnd 2 wore(yaterad with a Long—Ashton
aolhtion, oontainmng all. easentlal micxonutrlents,-iron, 4OPpm _
phosphorus (NaHzP04.2320) andﬁl 5Gppm m.trogen {!é:l\!c:'3 and (Hﬁ.i)zsoa,

1N03 ZNEf) Plants in. traatmanta 3" and 4 were watered with a__””o
similar - Long-Ashton solugiép excludlng the' phosphorus anﬁz-o |
. nltrogan,_ Plants in treauwﬁhEs 1 and 3 were kept: at 70% fléld,fﬁf

" '_ capacity while those in treatments 2 and 4 were kept At 30% field

capacity in order to subject thé plant to some degree of ‘water .
- stress. The 19avea of these plantsa(zn treatment 2 and 4) were
BllghtlY cur{*r/but the plants. dld not appear to be completelyl”;'
drought stresaed._ ' SR : : - : '

"After £he planté,had'grown_for tﬁélve weeks, and-a-suftioientt_
. root i¥ass had developed, individuals from five replicates of eath

treatment ware uprooted and the extent of sheath development and

the mass of the sheath: soil was reoorded for oach lndividual

It was poss;ble to do this in“this emparlment because of the

sandy nature of the soil. This procedure was repeated on the
other five replicates after a further four weeks growth. -
, 4.3.2.2 Statistical analyses

The sheath soil mass data were normally distributed and therefore

analysla of ‘Varianoo tests were oonductad on this data to_-'

determine whether there was signzfloant variatlon w;thln the

55 .....‘j |



- _data. '_ In order to datermme hptween which treatmants the'f o
 differences oc:curred,, and whether ﬁllfferencﬂs occurred. wn.thn.n a 7
3 traatment ovex time, . 'rukey tests we:r;e performed on the data,
Pukey tests are mult:.ple compansons w;mh show which trea.tment
means axe different from which ot.ha:r treatment means . (Ma.ller_" :

1981; Miller 199&).- - -

B 433 _mma awp mcﬂssm

A b

. '.’n.'abla 4.3, Diffarences in extént of she.ath development and._'_

_aheath sm.l mass bgtween the da.f:fe::ent water/nutrient treatment.s

" {mean vaiues, %, and standard deviat:.ons, 8d,, of the five'3
o raplmates are g:.ven) - |

_'mreatmaqu__ “Extent of sheath- _5 sheath"aa11' | Siguof
I R development  mass.(g). - " - mass '
e '--Watér nuti'ients 3mths 4mths . -3mEhs . 4mths changa

o o ' _-x._sd '-i_ sd L,

L .Anthephara pubesaens : Ce

C .05 L0007 .10 .00 ';**Z”h
.04 L01. 08" 00 Wk
L0488 ,01 C.02° .00 . A%

. e.01° ,00  .01° .00 NS

o B
-+

H_'N-Mw
O L

pigitaria eriantha
- e
+ -

W e W

.04® L,01 .09% LOL -

w2e 00 L,01* .00 NS F
.01° .00 .01® .00 WS .'ﬁ “
01F .00 .03° .01 kx

RN W

- Eragxastis_ j:;uens s _
% B s uBEY 06 1.39% .07 ok

- k3 s L4k 01 L8 08 e

e 0 w4 T4 L2687 L01 .30° .01 NS
- -3 4 1% .02 .18° .03 NS

Data in the table with diffarant supersexipts are- a;gn;fiaantly' (p<0.0515'” :
A fferent from each other {this appliaa to only with;n—apecies uompariscns dnd _%ﬁ\\\_

'x;aithin eauh age group).

sy
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.‘,' __1 Indirriduala of each spec;s.ea 1:«.h:mh graw ;i.n conditmns of h:.gh_.- N
-' _--Wa.’i:ar and nutrient ava:u.la.bility had - the mst extansa.ve sheath
' devalopm.ent and’ significantly (p<0.05) more soil incorporated in

~their sheaths than all the other mdividhals. - The extem: oi_ _
_ éheath development in. E. . pallens w&s ranked the same in
I :.pdwiduals in treatment 1 and 2, however if the designated ranks,
- went higher the ind:.viduals in treatment i wauld have heen ranked.; N

j_'mc:re than 5 (as J.nd:.cated by ‘the . sm.l ma.ss data) . A.‘Ll ‘the

. "indiwviduale in the high nutrient treatmnts increased the extent &

 -individnals, (except D. eriantha indiv:.dyals in treatment 2),.
smgn;fxcantly {p<0. 05) :mc:reasad the amodnt of soil inc-orporatedi_
ir their sheaths over “time. W:Lthin the individuals in high
water, 1ow nutr:l.ent treatments the extent of sh.eath davelopment | -~
‘@ither decreaaed over time or remeinéd conatant and no more soil

of sheath deVelopment durmg the - fourth month and all these

E _-part:l.clea were. :l.ncorporated J.nto the sheath._ " Within tha-

Lndlﬁldua],s in low water, J.ow nutrient treatmenta ‘the extent of

sheath development e:.ther increased over tim or. remamed_ )
“ccnstant S o . C

_""Although there ;l.s a relatmnshlp bet.wéen the exte:nt of ahe&th "
. development and soil nutrient and- water availab'i 13.1:3(, it J.s an

- inverse relatmnship “to. that expaatad at. the outsq,t of txhe
©. experiment. ’ The- hypothes:.s that indiw.duala gz:ow;.ng in

. Peacock (1985), that soll fert:u.l:,ty has no effect on rhizosheath

development@. However, these resea. chera probably only conaidered .
-whether sheaths ware presenl: or absent S
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‘conditlons . of low Water and/ar low: nutr:.ent ava.:.-.labilz.ty would
 exhibit the most extensive sheath development, must be rejected., - . .
; _These ‘results also con:El:.r-t with the fn.nd:mgs of Duell and ., . °
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'l‘ha z:esults of t:he tw“o expe:r::.ments provide evi*denca for the Do
conclusion that, in the spacies studmd, an - :l.hcr:aasc :Ln the S e
extent of rhlzoahaath devalopment is a direct response . to an ]'

- increase in sand" content in thee aoa.l. ‘The greatest extent of
: development occuired on J.ndlviduals growing in scs:.l with the
' highest sand content (80% sanci) ¢~ While variation ir the axtent

of development occurred.betwaen 1nd1q5duala grQW1ng‘&n thxs soil

. (80% sand) under different conditions of nutrient and water" R

__avaa.lability. Cwhe least ex‘tpnsive development occur:ced on

- 'ind::.viduals ‘in tde. sand . with low  water, low nut:c:.ent -
e _-availab:l_lity- Therefore, the. mure extenswe sheath develapment

" in sandy am.l :La not a responae to the lower water and lower
3 nutr:.ent a.va:.lah;.lz,ty of this scu.l rela.t:l.ve ﬁd:m],gﬁ. e

o -/ .’
1y .

I _ E'rheq;a urends oczcurrad .1.n all three ape,feies . :anlud:l.ng E. pallens ’

- which has. anly been cnllected f:com sandy soil “areas: . ‘It is
'tharefore proposed that sima.lar i.rends would- oceur in all grass

syec::.ea wh:a.ch possess the sheath forming tra:.t.
. ! . . - :lz g -:l‘&..

T

o _Nozm of the :Lndiv:.duals wh:n.ch ‘were grown in con&itmns of Iug.h
wate::, low nutrient avaa.labll:.ty, increaaed the ez'tant of their
' aheath development over time. On the other hand, it is mpartanr
. to. note that most of the individuals ‘which .were grown in
cand:.t:.ons af dow water aVailahz.l:Lty generally increased the

extent of sheath development and often smgnz.fmantly inq;:eased
the amount of soily » incoxporated in the sheath over time.  These

individuals probably grow slower than individuals in hfbh water .

" conditions. The production of  epidermal hairs and axudatlun of

mucilage would also probably be slower and therefore the
'development of the rhizcsahea.th may be slower. The sheath mey: |
~ aventually develop to the ‘game extent as on individuala in

‘conditions of high- water, h_:.gh nutrient availability, but over

‘a longer time. These observations may, on the other hand, infer

that an increase in extent of sheath development over. -tima may
'be a respomse to extended dry periods in sandy soil. - The
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.'_have _been  observed,

 first experment than individuals of tlu wpecies in the second"

are cons:l.dared. L

I:‘:Q"J/‘_ . &.

I
Coa

conditions. caf hiqh water, high nutrient ava:.lablln.ty way be

axpla:u.ned by ‘the haalthy, z:ap:.d roqt’ growth wh:l.ch wauld p;mbably =

result in inc:z'easad ahaath thickness.

7

h _Dnder ea,ch atreatmant condition :.ndividuala of E. pallena had more'

__incre%ased extent of aheath deveifopmant ;Ln indtbv:n.duals .m.. L

d:.ensi'ire sheath development ‘than. individuals of the cther two |

- species. If the sheaths function to increase tha vxgour of t‘.ha'
 individuals then it would appear that J.nd:l.w.duals of B. pallens '
."Wolild be .at, a' competﬂ.t:.ve adv‘antage over the other’ spec;u.as, )
. especially under stressful environmental conditions. E. pallens’
"*was the only specjes found, during the herbarizm study, to have
__ 'consmtently well devglcped ‘sheaths. However, as hz.ghlig‘h‘l.ed in )
B .chapte:: 3, 1nd3.v1duals of this specz.es had. been collected . only I
| from sandy soil qs they are n,ot co:mnon on clay soil '%f
' individuals ‘had been collected - from other soil types and in high
- rainfall az:aa.s, a varz.at:l.on in extent of sheath development may
ccurred iR the " experme:sts which . -
_manipulated these factors. The pOSSlblllty of E. pallens baJ.ng'
moxre compﬁta.tn.ve than A. pubescens and D.- er:.antha under all
environmental condit:.ona, if they grew sympatr:.cally ' w111 be |

:Eurther discusséc’i in the follown.ng chapter Wheﬁ sheath funct:t.ons

A

.o T

LTk is interesting to note that indz.viduals of A. _ pubescens had.

a greater extent of sheath development in treatment 1 of the

experiment. Indiv:l.duals in these two axper.unenta were grown in

so0il of the;same texturs (80% sand), with sim:.lar scu.l. water - |

contents. mhe only difference bet.ween these two axper:.mental .
- cond.” ions was " the supply of mic:;gnutrmnts and iron to

individuals in the. second  experiment, ~ The more ax’tensive

development may therefore be a re&ﬁ;onse to low availablllty of =

m:l.cronutmenta and/or - 1ron. - This poss.;.billty was not
investigated in this study since the trend was not cbsetved in

the. other two species. - It could be investigate-:l by a
multifactorial axpara.ment in wh:l.ch neada of A. pubes cens and'
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_other specie& are gmwn in s.m:.la.r condz.tmns of_ soil wate::,
© nitrogen ‘and phosph.eprua ava:.labl,llty, “but . ‘undsr dlfferent"‘_-’:'

o combinations of :Lron and mxcronutra.ent availahllity. “The ;cesulﬁs . .
:Erom such an’ Bxpariment wauld leéad  to &n even  better:
understanding’ of the facultat:.ve respanse of sheath development
-_'to the anvs.ranment. B AT : Loy o

T

v

e

i
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PaRr Iz .ffas:s:m" ﬁuﬁca:’mus “br_nn:-zosnsa'wns.;

The key quaai.inn addraased :l.n pa,ft: III o:E the study wa%

- Do rhizosheaths . funation to mcrease the “plant vigour and o

survival, particularly in low nutrn.ant emirnnmenta? Although
& number of hypotheses (sect:l.on 2. 9) ham-:-. been put forward with
) raspact to rhizosheath functions ’ ncne of . these hava ‘.been
uunclnsiveljr tested, 'I'he numarous hypotheaes werea - summarised
_ -into four poss:.ble funatians which were t,then inves%:.gatad in this

5*‘“'5&’-: e T ' '

i) ' -compensation by sheaths for low water availability.
' .1.1] compensat:.on by sheaths for low: nutrient avaxlab:.l:.ty,

'ili) ' Influence of the extent of shegth developmant on thé uptake

a o
s

° . of immoh{h }n;.ltrient ione,

iv) ' sheath influence on the microorganiams at tha sml-—raqt o "

interface.

=

Although it vas found ‘that increased sheath deve,..cpment d:zd not =
“eucur in response to low water and,‘c-r mutrient ava:.lapz.l:l.ty, the'-

poss:.bility of the" sheaths functionmg to compensate for low
" availability could not ba discarded. ‘These Ffunctions may

increase p:‘l.ani‘ vignur under all environmental condit:.ous not only o

. in conditions of :Low nutrn.ent availability.

iha functwning of roats is vital to the net primary productivity
~ {NPP) of all ecosystems. In grasslands in particular, roots may
~ be reaponsmle for more than 60% of the NPP (Coleman ek al 19‘?6) »
 How the roots alter the rhizoaphere and’ influenae the microbial

populatmns in the soil has a marked effect on the ‘secondary .

producta.vity ‘of a system. | This is particulary important in
graaalands, where as much as 20% of the aecondary prcsductiv:.ty
may occur as microorganisms (Stanton 1938) Both ths qrimary and

~ secondary produt**iw.ty of an ecosystem rich in graases may be
'significantly affected by ‘the mdeapraad accurrence of
-'rhizosheaths and their influence on root funct:.oning and ’
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: "‘f all or some of thesa funct:..ons were found to amstz, _they would

- at the am.l—-rcaot interface will be daalt with :m cha,p*'era 6 a.nd_ N

W

explain’ how the Sheathed species are sulted for survival in =

lvironmgnts where the soil water and nutr.uant avm.lahilihy is

W, such as in tha many semi—agid, sandy areas. of s::uth :Africa.___ o

. e

fi. . : . o

chapter 5 mll deal with rhmosheath ¢omper;sataiqn :m- low wate:r'-' S
‘and low nutrient (nitragen and phcsphorus) ava:u.lahg;i.l:.ty. Sheath

influence on thea rate of phasphorus uptake and on’ mmroorganisms'_-' -

? respectively

o« T2
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In sm..]s with a 1ow wa.ter cuntaut and low nutngnh ‘status planta
©  may indcrcase the propartmn p:E their raserves that ar;.,e ri:hemne}.'.‘.r:ud.

..;,_nta root, product:.on. “This is ccaften at the axpeﬁ,, gdgf Shoot'_'_' S

: '_productaﬂon (::.ncreasing tha root mass: ahaot maas rat:.o) . 'I'he more
_extensive the:root sys‘hem the qreater the ‘volume of ‘soil from

which nutrlents and water may be taken up. Another method of_" -

o ﬁmcreaa:.ng nutr:.en‘l: uptake in low: mztxiento sm.ls EX-3 to. m.crease

mycorrh:.za.l assoc:u.a.tmns {Nye 1977) . No myeorrhs.zal assoc:.ations'

ogeur in rhlzoaheaths (Wullste:,n and Pratt 1981 Buckley 1982 and'.

a Cfoadahllgi apd Myers 193?), thaxefare, the preaence of . BhEP.'thB may - |

S ,_;:el:l..mmate the need for roots: to, form these assoc:iat:mns. The .

- sheaths may also reduce the peed: for p]:’ants in low nutr:.ent sails .

" to incraase the:.r root production. Rhizasheaﬁ'hs may ‘act ‘to

* increase the effective circumference of -tha root and its
o _absorbmg area by ifaeilltaa:ing eagier Wa.ter and nutrient uptake
. from the soil. Ions from the bulk so:n.l dx.sscalve read:l.ly in the'_;'_ "

"sheath muc:-..}.aga. This may facil:.tate faster uptake of the ieons

"by the root since nutrients are taken up from solution, The
 presence of the sheath would “ncrease the ‘volume of soil from:

which water amd nutrients could be extracted, thereby reduc::.ng_ -

-_ the need :Eor :anreasad root: productz.on.

f'.t.'he compengatmn by rh:.zoshaaths for tha 1aw ava:.lability of o
‘water, nitrogen (M) © and phosphorus (P) ‘was :.nvest:.gated,'
-N:Ltrogen and P were chosen &s the. nutr:.ents to be investigated
__ since both are essential macronutrs.anta for pJ.ant growth (aeat;i.on-"'

2.8). It has been hypothes:l,aed that ,sheaths may develop. in

~ response to nitrogen stress (Wullsté;.n and Pratt 1981)
- Phoaphorus is an imuob;.le nutrient :.on in the soil and is
L . . . o



g therefara not. r&adily available :Eor mot uptakm Itga-«apnaaa.hlf
..-.that shaaths cnmpensate for N anclfor P stresa. T

'_:'“o .. T

L

Through théhr lnfluenva on. Lhe uptake af'water and nntﬁlents, tha';9 ﬁ

‘presence Sf: rhizashaaths . would : allow ~ for équa.valant' BRI

N :Lnd:w:.dualsh grat-nng J.,l'l stresst‘ul clt:md:i.t.:¢.cms.r

| 53 msmm mmnons . S

b-_

_ .- 'J;'he Authepbara pubascens, Dig,ltaria eriantha and Eragrost.zs _
pallans planta wl{u.ch we:ce grown:. for the prev:.ous exparime‘xit'-f‘- o

(4 3 2) we.u:e used m tha.s study. T
531 :saasurégﬁais';'ia-k-en on 1iva&-'_-piants;'-'__,' PRI A

cm the day prmr ta ha:weatmg, 1aa.f parameters such as atomatal _' T
-_'_f'.monductanca, temperature, and relat:n.ve humid;u.fy at - the 1ea:E.i_ o
surface, were collect-.ed us:mg ‘a porometex:.. Five leaves per . o
replicdte were measirsd..' From these data transpiration rates = =
o ware calculated. These rates were uaad as an J.néiax of watar"
. uptake. Water use efficiencies (WUE) were obtained by diw.dmg.
“ the total p.‘!.ant h:.omaas by the tranapa.ratmn rate which gaves a o '

]zozﬁ wa.te:r: -

: meaauremant. of the’ amqunt of ca;:hon fixed per millma

used. I, ia” recggm.aed that bmmaas : accumula‘t;ion is an

:.ntegra.ted Valua over time whereas the transpa,ratmn x:acordings
' were data cbta.med at‘. only one poz.nt :|.n t:l.me.. -

e

. B

Watarz’nui.rz.ent uptakée . and . grﬂ'ﬂ’th rates J-n i“di"idu&ls in oo
o strasaful cond:.tmns and thasa in ncn—stressful ﬂond:.t:.ona. _ Na S
L 1,ngreasa “in. “the - root{shoot biomass rat:m :LS expected ;:.n' T
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5 3 2 l?aramete::s measured on - tha hmaste&\ plants..

o When tha pla.nts were hartreated to assess the extent o:E sheath |
. development  in the th¥ee and four month old plants fc:r tha
""previous experiment, four parametera were measumd. -

SN

EEE)

5.3.3

iidy

) _.

T .

-_Balow—ground h:l.omass.  The. dry we:.ght of . thé roots was B
_ -de.,.armned by weighing tha sheathed raots, then ashing them _
. ih a furness at 100"0 and weiglung i}?ﬁ’é‘ ;remaining soil. - From .
‘this a dry’ mass for only the root matter %as calc:ulated per
: J.ndJ.v:Ldual : : -

'. tbov'

Hnove—grdund bmmass._ The total weight of each plant was

' mea‘sured afte;l: the plants }?ad been air dried. The ra"t'i'os

ek ~root to ahect, blomass vere calpulatad and used as an

" indiSation of, whether individuals in stressful conditions
"-'.i._channélled mote :ceserv}ea [into root’ production (at the
axpense o:E shc:ot production) ' than_ ._.md;w:n_.duals_. in non-
"stressful condltlons. P S e g

b

'I'otal nitxogen {N) and t:otal phosphorus (P) contenta in the | _
above-grcmnd pb*mt parts wera deternu.ned us;Lng tha methods :
in Andarson and IngraJu (1993). S.vnce tha nﬁnots were ashed
in oxrder to obta:n.n root bmmass there« was m\&‘tgfﬁ cient :r:oot -
_ material to analyze for N and P content. | o

The averdge weekly growth rates of the J.nd:.w.duals in each' _
treatment were determined ua:l.:ng the differences ~in the =
total plant. biomass of the three and fom: mom:.h old pla.nts. :

Btatistical analyses.

' The data were normally distributed and therefore analysis of
variance tests were used to determine any significant variation
. in the data set for each species. If significant (p<0.05)

variation occurred within the overall datu set, then Tukey tests

. 15
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o '_'spec:.es) differences. L

(1A )

. C#
’ .“‘ ’ H

LR 'msﬁma ".a*mn. 1mmmaﬁ'xon

.
S

Similar trendsg{g;e ;Eound in the three and four montli old plants.

:'l'herefore, to make the mterpretation and axplanation of the-
© results clearer,\only t.he data fm: tha four m.onth o;.d plants m.ll
'be presented . - '

Wi tliin 'each uable the data with dxfferant superseripts .are
_s:.gnif:.cantly {p<0 05) different from each other (th:.s appl:.es g

'only to w:l.th:l.n-speciea compar:.sans)
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- ‘gable 5.1, leferences in root mass between ‘the indlvlduals
5grow;ng in  diffepent condatlons- of water and nutrient"
'availaba.lz.ty. 'J:'heigan valua, %, and the standard dew.ation, sd,

i
. for the flwe reﬁii&atas of each traatment are glven.,

o=

Root maaa

R - R . “{g).
~ Treatment = water nmntrients @ X . osd

_ A. pubescens. . - B ”fir
_ =§.- S _.;-.,  ﬂ .-+ o aﬂQh ::f ;00
3 > e = 08 L01

4 - - - - .03 .01
D. eriantha = VEMFH_ T -: -
N T i R TR < LN & SR
2 _   {+,_J.ﬁ e :00_  R
3 .+ - .;bzh .00 B =
X _g   _ L R '1-.'-W'ﬁ" .,ozg_f' f.o1 R
'E, palleps - - -~ i - o | B o
B  1 R  :1"+ ' 'a;19§' .01 :" o |
,.3_-.ff o + - R " . ;na{l 01  _. o .

a4

The averaga rnnt.mass per indivlduql grow1nq 1n condltiona of lew .
nutrient avallabllity was slgniflcantly (p<0.05) lower than that
of individuals in chdltlonB of high nutrient avamlabxlity.
Indlvlduala from all the speq}eﬁ grown in low water conﬂlﬁlons,
 {except those ircm‘A.,pubesceUs individuals in treatment 2), had
L a s;m11a1°or sxgnmflcantly (p<0.05) lower average raot maa§ than

those in condltlons of hlgh water, high nutrient ava;lablllty.ﬁ‘gn
This 1ndicates that. the 1nd1viduals in the low nutr;ent and/or-g'

low Water treatments dld not ir lrease thelr :oot mass Ln order
“to malntain suffmulent nutrient and water uptake for growth in

' IOW'nutrlent condltions or'dry'condltlona. Thaa@ results suggest'
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that‘the presenca af‘rhlzoshegths may compensa te fd;ilqﬁ'ﬁutfient o
and 1ow water avallablllty. - S R

Table 5, 2.-D1f£arences in shoot biamaaa and total plant blﬁﬁassl‘

between the 1nd1v1duals grow;ng ln.dlfferenf conditions of water'-ﬂf

and nutrient availability. - The mean value, %, and tﬁé standard"
dEV1at;onr ‘wd, for the five repl;cates_of each treatment. are__
__(f_ ==

Shoot mass Total plant

1_ = L ) o - (g) mass (9).
Treatment. water nutrlen.s __x 8d - sd

A¢ pubescens o S . S S _
T e e e 02 i21° .03
@ .= 4 .28% L0l .35 .02
, .3 : SRR - S oe .f,ﬁ11=_.11?  .£92 -
& e e gse _';01-...09=H,.{bi“

D. eriantha =~~~ : o SR
R S .08 L0l .11% . ,02
2 - C.14b 01 .19 03
3 Sk =03 .01 L06° 7 D2

g T L - .03 7,02 .05° 01
B, palleng = - ' R T e T
A+ w300 .03 490 .02
2 -+ 7 .26 02 .41* .03
- J N P 1S5 S £ EY b
4 - = .03 .01 .07° .01

-

1ndiv1duals growan in condlthns of 1ow nutrient avallablllty
had a significantly (p<0.05) lower average shoot mass and total
biomass per plant than individuals in condmtions of high nutrient{ﬂ

'w'avallabllity. It is suggested that the smaller yoot systems in.

low nutrient conditions weje not able to achieve the nutrient
uptake and therefore grcwth exhibited by 1nd1viduals in the high -
nutrient conditions,

_' 6o
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ﬁ . . .. . o ) : } 0“ q1__ 1 _. S . 0;.
'I'he s‘hoot pruduction in mdw:.duala in low water, h;Lgh nutr:n.ent "
condﬁ:icns (traatmant 2) wasg Bimilar to or greatez"ﬂtgmnil}at in -

J.ndz.va.duals in conditions of high Water and = hi ghb r.'m'z::.ent 3
-availabi.ln.ty. This. 11:Lgh shoot production occurred if De. er.za.ntba’ :

 and B paliens despite the fact that these spec:.eis in the low - .
water conditions did. not increase ‘the size of their roui systems.

. relative to those . in conda.tmns of ‘high water, high nutr:.ant' _
availability, This suggests that compensation for .low water'

L availability oc’curred in treatment 2 indw:.duals._ L‘nmpensation

for low, water availability did not however occltr when the
' -J.ndivz.duals were also nutrient stressed (tz:aatrggnt 4) since the

-average plant biomass of these individuals was s:l.gnifmantly_*

'(p<0 05) - 1ower than that af all the ather inciividue;la,

.|"
7. . . Y S
" . . . - gf

. "“;&j

8
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-wabla 5.3% Differences in root mass: shoat nass. ratios batwaen o

Y

Toom

- J?.-

~ the individuals growing in. digferent conditions of water and

- putrient availabilityw' Tha - mean value,‘x, and tha standard'__
f_deviation, sd, for the fiVé raplicates of each treatmant ara'

restment water ~nutriemts % . sa

‘A. pubesvens individuals in treatment 2 had a high average root, S

s

givan.

'Root:Bhoot masg,

A. pupescaﬁs:_  . Ff;:ﬂ_ Lo
I T R Cuso® L300
s s e e
4 e e e, 66% 08

e a4
- .|;. g "29, ‘02 .
R
- e s as

L=t

llens ) _ : S _
R L7617
H N S (e

S S D

|
_ ot o :
e W S e 'g# w N
e

The root:shoot mass ratios ara simllarly mazntained regardless

of treatment. Individuals in treatment% f~4 channelled similar
_ proportians of their reserves into roat ‘preduction as did -

individuals in hlgh water, high nutrient banditions.'_A1thpugh

mass relative to that in treatment 1 (Table 5.1), the proportion

of the raserves ahannelled into root’ praduction was similar ta‘i
that in txaatment 1 1ndividuals.- These reaults guggest that_
there nay be aompensatlon for low nutrient Jhnd 1ow *water"

availabilzty.
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Au pubesaens and D ar;a,ntha indwiduals in conditians of hiqh -

4}.

: “... ,

o

watez‘, low nutriant conditwns (treatment 3) channelled a higher

The average shoot masg in the indwiauale of these speciles

. in” treatment 3 wad.. significantly lawa:q“ than in treatmant 2
' This varifieb tha,ﬁ inc'reaaed roat

1ndivi&uals (Tabls 5.2).

productiun accurred at the expense. oﬂ' 'shoot producticm in
treatment 3 LR T 2':_ g
) o . vj | . .: . _.-,"'_ . n:._ . :._' -
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D

o
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qa ot
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proportwn of their reserves into root production t:han dia
individuala in the low watax;, high nutrient conditions (treatmant L




wable 5.4. Differences in transpiration rates and in water use
- efficiencies (WUE) betwaen the individuals growing in differept
conditions of water and nutrient availability. The mean value,
x, " and thé standard daviat:n.on, sd, for the five repl:.c:ates of.

each treatment are gwen.

. “

o Y, i —
'  Transpiration rates = WUE
{mnolH;0/m*/8) {g/mmolH,O)

B Tres.tmant water nutrienta F emd gd
2. ppbescens . S ™
S T U R 3 1-LEN - I VL - |
R 1.14% oAy wer
S L. 319« / e .02
D. eria’ntﬁau' o * o j\ ‘\{ o
N R R A B R
2 s ok e / A7 AT 03 T
IR S W L PR Y L I TR
B e e 1,290 00 . (.04 01
. E., pallens -~ _ . n o o
N + L1t .06 34 L0 ]
2 -+ l.200 .10 . .33 08
3 + = 1,68 .26 .10 .03
8 - - 1.43° ,13 088 o

The- analys:.s of variance teat showed that tha transpiration rates

. weré smilar in all ind:wa.n.‘tals in ail the treatments, except B,

pallend individuals in low water, high nutrz,ent conds,t:.an-. Thig
 indicates .that the average water uptake rate must “have been
‘similar in individuals in all the treatments. 'I'he md:..va.duala
in low watnr conda.t:.ons must have a‘uatainad sa.m:.lar water uptake
rates to individuals in high water cnnd:u.tmna without increasing

«the size of their root pystems, The WUE were algnifwantly'

(p<0.05) highex in the Andividuals in the treatments with low
water, high nutriens availability (treatment 27y than in all the
other individuals, except E‘. pallens incln.v;.dua.la, wh:u.ch had
.'sim.i ar WUE :l.n treatmenta 1 and 2.
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- for. the five repln.cates of each treatment are giVen. e e
Growth rate
o T (g dry maasfw«aek)
 Treatment’ water nuttients & sd
A-‘_ Pub'?écens“ o e R R o
1+ 4+ .02 ,003
‘2 - o L00° - .00l
3 4+ - o0 | 001
& = = . L002¢ [ .001
- - D, eriantha o o L L
1 o+« T ooz oo
. 2__"_- - &7 lo2b 001
|     _ o ¥ , _.~ ) '¥“"ﬂf.i49°1i'5 :5aooi*l*;"¢
5 opantebs © T o 0 g;?"".
1w & 125 joos
@ = w085 004
3w sl L0170 002
BV - = 000 . 000

. i’ahla "5”5. leferanc:es in growth ra.tea, betwean the indlviduals _' -
‘growing - in - different candit.mns .aof water = and nutriant_
_availa.bil:.ty. 2he mean va.lue, X, and the st.andard deviat:l.on, sd

_Inda.viduals in cand:.tians of low nutriant ava:.lab:.l:.ty grew
'aignific:antly (p<0.05) slower during the fourth month than the
individuals in conditior_xs of high nutrient avamlab:.lity. Theae '
results indicate ‘that no cnmpansation for low nuctr:n.ant
availability occurred. . Individuals of A, pubescens ani D.

eriantha in the low water, high nutr:. nt conplit:.ons Yrew
signa.ficantly (p<{) 05) faster than all the other individuals of

" these species. This is also ev:.dence t_hat. compensation for low
- water availabllity occurred. Eittle to no ~rowth was deétected

during the fourth month in individuals in treatment 4 and

therefore compensation for low water availability did not occur :

when the individuals were also nutrient stressed.
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o

| A pubesaens

D, eriaptha

‘batween the lndeLduals growi
- and nutr;ant avallabillty. 3

. N concentration

 (mg N/g tissue) .
X+ =sd

¥

mreatmrwt water nutrlents _

E. pallens |

2 - |

15.22%
15,478
.'.?;.041’
‘g.48b

18,110
. 12.66°
7.020
: 6¢78§
20,800 -
- 18,584
o8.98
10, iﬁ*

:_402 _

S
(261
1,49
- 1.08

.55

[

pesults show that rhizosheatha do*th CQmpansabe for low N
’aVallabillty. Indiv;duala which.were grown in conditions of hxgh

N availability had similar leaf M cancentratlnns despite the two

~different water condxtlons.' The same trend occurred in the

‘conditions - of low N avallab111ty.

‘availability did not affect N uptake by the roots.

a4

Therefore,

low water

| _‘mable 5. Gu Dxffa:encaa in 1ea' total nitrogen (N) concentmationsl o
in dlffgrent canditlons of water .

rhe mean valua, X, and the standard
devmatlan, 8d,. for the flVaf%epllcatas af‘aaeh treatment ara
given.a_ : L :

Thé 1eaf N Eoncengxatlons of indmv;dnals in the condltlons of lﬂw N
"N availabllity were signmficantly (p<0 05) lower than those of -
~the individuals in the conditions of high N availablllty. These

¥, o




Dow

"-';Eabla 5."?'.." o biffarendés in leaf tdt'é.i' ' phdaphi:irua ey

. _cb’ncantrat:.ons ‘between the individuals growing in different
conditions: of water and nutrient avaxlab:al:.ty.  The mean value,

‘%, and the standard deviation, sd, for the five xepl;.cates of

each treatment are give.n. :

P concentravion _
. (mg P/g tissue)
_Yreatment water nutrients X 7} gd

-

"
. ({../

A pubescens | | | )
P S ST B 1, 85‘_ S &
R _ e - 105‘ g
oy + e T oeam oz

e e~ 0486 - L1l
D. eriantha - : |

1 _*, o G4 e 41,918 .18 < e
2 s+ 138 a2

3w = 08 .06

B TR 7 N

_EB. pallens WL

1+ 4 1800 .20

ooz e+ et 40

.3 v = 0.67 .10

The . ave:r:age leaf P cancentrations of individuals grown in’

- conditions of low water and/or low P avaa.laba.lmy were

s:.gnxficantly (p<(} 05) lower than ‘those of indq,,v:nduals grown in

_ conditions of h:l.gh ava,i].abila.ty. These rasulta, as well as those -
for N, verify that ao. campensat:mn for low nutrient availability'
_ _occturred. Undar the conditions- of - high P a\raa.labz.lz.ty, the -

individuals in the low water conditions had s:.gnJ_:Eicantly
 (pR0.05) lower leaf P concentratlons than . J.nd:l.vn.duals in ‘the
- treatmen’ts m_.th high water content., Therefore, the low water

85

T et 1 = T ey o

rhm e g smeenbe o




L availabillty' muat affectzﬂp upﬁ ke by the roots. "In the

-conditions of low P availahlllty A pubesaens and E. palleas3l~

individwals in the two different con! itians of soil water content
" had slmllar cancentratxnns of P 1n=the leaf ﬂl:.is.su:a:.a The I,

eriantha LndiVLduals in.'the 1ow ‘wakexr condltiona ‘had

_*_"aigniflcantlv {p<U- 05) less 1eaf‘P than 1ndiV1duala in hlgh'water o
"-lcondltlona. N : - : :
. 5.4.1 -smr- OF -_rm;_ nmsum]m mm:n._ mmxmmﬁs?

_Tha plant garamﬂters whlch gare ‘used as 1nd1catora oﬁ sheath

‘compensation for lnw*water and/ar low nutrzent ava;lablllty;must- R

_'.vary under diiferent watar and nutrient: ccndltlons as shawn 1n_*':
"Mable 5. 8 if compenaatlon is to be aasumed.v-: : - '

=

=~Tahla 5, 8 summary of tha levels .of the paramaters expacted-when'

campenaatlon for 1ww watar and/or . lcw 6mmrlant avallabillty'*'

‘ocaurs and when no oompensatmcn occurat\;

ot

_r3¥ . L: o o 'Cdmpehsétionr - No. cqﬁpeﬁSation*-'
'_?iéhtfpgrametef" - : ,ﬁLevels relativa to those of- planta in
. . high water, high nutrient conditions

_ ':“hndt mass'f f@-;f ; ;_5,.11 similar/low °  high
o Shoot mass o slmilar/high ” ;: . low.
Rootfshoot mass ratlo""' ' slmllarflow o high
" Water uptake ratas - .-similar/high e Vc-"iow:'.fﬁjf]
__Watar use eﬁficlency - _'_similar/high.- o luw: ;i'_
Growth rates - gimilac/high . lew
Nutrlent leﬂéls ' _3.  _ Bimilarfhiéh B  low B
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"Tahle 5 9 summarlaes the dlfferent levels found for the plant:_;f5
parameters._ The resulte may be compared to the expected levels ”
- shown in Pable 5. 8. The "high/low™ levels 1nd1cata the avarage*

lavels recorded in the low water,: high nutrient traatmant (r2),
‘high vater; low nutrient treatment (73) and low water, low
nutrlent treatment (14) ralatlve to ‘the levels recorded in the
_ high*watar, hmgh nutrlent condltlons (treatment. 1) Compensaticn'_

. for low water availahillty is ind;cated by the * ‘potation and
.cqmpanaatiun for 1aw nutrlant avallabllmty is 1md1cated by tha_:;:”

*
PO

’ wabla 5.8 f Summary of tha ralaﬁiva 1evels of the plants'_
'-'paramaters meaaured,_ ndlcatxng compensadion (or lack of

o nmmpensation) for 1ow water (1ow nutriant) avallabllity._

""Piantrparamatéff‘zl.° Levels relatLVe to thoae of the.l
L e plants 1n treatment 1
- L o -Tz“ R < N . T
;Rout masa “Q:' ':' _aimi1arf1bw?fg f.:ioﬁf*f_f,F* Low?*
~ Shoot mass _'~  . nigh®  low  low
' Root/shoot mass ratlo' aimilart similar*-f"siﬁilaf”'_
ﬁngranaplratlon ratev' . gimilax* 0 0 = similar*
" Water uptaka :ataa_ 'ii:_gimilam#  =:._ ) -:., » simiiax*
Water use efficiency = high* - low . low .
Growth rates high* low.  low
Leaf N levels = similar®™  low  low
| I.éa.f P 1évé:1.a R ;Lowf:_- O lew . law
- .

COmpensatlon for low water avamlablllty apparently dua to '
rhizosheath presence, is manifest in Elght of ‘the nine meaaured )
parameters,  Also evident from Table 5.9 is the limited
. compensation - for " nutrient availabllity, but - the poasxblE__

compensatiun for 1ow nltrogen availahxlmty when . the low
~availability 19 a result of low soil water content (treatmant 2)
is apparent. o : :
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C _rhlz‘)sheaths compansate for lGW N

o

5.5 -,,niSCUSSION:; SR

The - reaulta “of this experiment shaw that the preaence “of

-'conclusion is reached:because the inleldualB in conditions of
_ low water avallabilxty did not increasa the praductlan of roots
at the expense 6f shoot. praductlon (Table 5‘3);- Jhile hav1ng'

aramlabllity. . ‘Thig . -

| :slmllax ‘or smaller sized root systems (Table 5.1) these
[-indlvmduals suatained slmilar'transpxratmun zatas and. therafore;:

_watar'uptake rates to individuals in high water ccnditionﬁ (Table
5.4). Mnre important than, the trangpiration rates, in: terms of

B survival and vigour of the plants, is the1r ability to utilize
’ water efflclently. Although the indivmduals in the low water,

low nutrient candltions apparently took up siwmilar amounts of
~ water, they were not able to utilize the water as afficlantly as
- those md:.viduals wha.ch wera provz.dad with extra nutrients (Table
.~ B.&). The individuals in conditions with low water availabilisty
~_'but high nutrient aVailabillty, had the hlghest ‘water. usaf
efficiencies (WUE). B. pallens indLVLduals under these

-+ conditions may - have achieved this . high - WUE. by rastxlctlng_a

_transpiration (Table 5. 4). The individuals in the low water,

B high nutrient condltlons also maintained similar and sometimes -

~ greatex- growth ‘rates to the indivlduals grown in conditions of
~high water and hlgh nutrient aVailahlL;ty (Tabla 5. 5). However,

-, the compensatlon for low water availabxlzty did not: oceur when '

| " the nntrlent avamlah;lity was also low.

The.compenaation for 1uﬁrﬁater availability may be a result of *
the facilitation -of easier water extraction and therefore

increased water uptake by the roots as a result of the close

K proxzmity of epidermal hairs, mucilage, water and soil particles
that results from rhmzoaheath formation. . '

_ Tt is proposed that lf the indlvlduals in tha 1aw water _
aVailabillty QondlthnS had developed more. extensive sheatha,
then the compensatldn wo&ld have been even greater Q?d pbssibly .
l_alwc have occurred iR the 1nd1v1duala fraom the 1ow water, low .
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Q"ocaur in a more exten91ve1y develapad sheatn ‘and . thexafere a
larger abso,rpt.we surface area would. bs in close. contact w;.th
8Oil water. ; Unfortunately this wa.s nr.st tested since: ‘the anly way/

mitrieni: copditions, - 2 greaiter deﬁsity of 'epi‘démal hairs t#oﬁld' '

ta, alter sheath thickness (wlthin ‘a species, within a set water B
R avan.labz.l:.ty condition) would have been to alter the soil texture.

~ and, as. axplalned‘ before, this would- have craated inherent
| dlfferences in plant water aVallabllltY o |

Why the A. pubes‘aens a.nd D. er.zantha :.nd:.v:.duals in the
. c:andita.ons of high water, h::.gh nutment avallability (tn\atment
_ '_'1} dJ.d not ‘have the highest growth rates -cannot aas:l.ly be
- explained, = Possibly during the fourth month, with the
- substant:.al increase in -extent - of sheath developmant the .
compensation by the sheaths increased to such an extent that the
individuals. in treatment 2 were- able to- grow faster than the '
:e.nd:widuals in treatmant 1, where oompensat:mn wag not. ré..gu:u.red

'While suggasting compensatn.on for low nutr:.ent ava:.labilx.ty, the
: :t:esults reject the. hypothem.s that sheaths compensate for low.
nutrient ava:.lab:.l:.ty, The . ahoot productmm growth rates anc‘l
nitrcgen and phosphorus concentratmm in  the" .,emres - af
dndividuals from low nutrient coﬁd:.tions were lower than in: the

 individuals from hn.gh nutrient cond:.tmns. Tha lower root mass

. recorded for. ‘the :Lndividua.ls ‘in- condftions of low nutrz.ept
availabn.ln.ty w.as a result of lower overall plant growth due \L.o
low nutrient uptake rather than com@ansatlon due to’ sheath
 presence, 48 initially. appaared to b the case. These

mdn.v:l.dua.ls wera stressed and no Q’O“"penﬂi ;bx the. rhzzosheaths _

‘oocurred since ‘the concentraticns of N a g tdken up by theae
J.ndivz.duala were s:.gn:.fmantly 1nwer than-_\‘hose taken up hy the
individuals in the coaditions of high N and P availability._
These lower canc‘éntrations_ were not mdequate to sustain
equivalent growth to those of indiw,duals from high nutrient
conditions. ‘l‘herefore, it appears that the sheaths dld not
_ compansata for low nutrient avaxlahn.l:l.ty._

89

it e S A, GAR~ 8 Lyt




The N results (mahle 5. 6) grve further av;§Z;ce to- suppart the
theory of sheath: compensatlon for. 1aw watar avallabllltj, and
~sindicate that they may compensate for Law N avallablllty whan:
 this low avallabllihy ig a result of low soll water content. _
. the conditions of low N availability the individuale in the two

different gsoil water ccnditxons had similar concentratlcns of N

in the leaf tissua. = The. same holds . true for individuals -in
o condltlona of h;gh | avallabllltyi Thus, lbw'watar avallabilltyi

 did not restrmct tha uptake of N. This. could be becauae there
was ‘sufficient water in the aoll of the low water treatments to
. transport similar amounts of\N *o the roota in the two dszarent
sfwater 'treatments.- Another- posalbillty is that the sheatha”
“slncrease the movament ,of water and/or: ¥ to (and, possibly into)

‘the roots when grnwing in conditions. of low N avallabllity.  I£] ':f

the. latter is true,. then ‘the sheath may eompensate for low N

-avamlabillty which resultl because of low 3011 Water content._.-h ;.

In contrastd 'to"i.he 'tren&*s found for N, in treatments with high L

P,-lndlviduals of all three species in- low water conditlons
' (treatment 2) had,a;gnlflcantly'lower'r concentrations than those
~_in high water conditions (table 5.7). The presence of sheaths

. in low water condltlcns «did not influence the rate of water'
_ movament to the root surfaca sufflcmently to facilitate similar
' P uptake rates to those in individuals in. high water'txeatments."
Therefore, the lower soil water ‘content restricts P uptake in
solls with a high available P content. This is also true for D.

vlantha 1nd1VLduals in low P conditions. e o
| | - . :i
The résulté of the leaf N and'P'concéhtrations'df individvals in
 the-drier soil candltians ware different probably bgcause N is
a mobile element and P is an immobi].e ‘element, P is morxe
~ strongly aﬁaurbed to. aoil p&rthIEB than are other nutrients
* (8inger and Munns 1987) and strong P gradients and dlffuaion
flows are reguired to move B from the bulk soil to the root
surface. In conditions of low water availab;llty P mnvement to
the roots, and therefore P uptake by the xoots, is lowexr than in
conditions of high water availability. The presence of sheaths
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-ﬁwould.influénua N mﬁvement more‘ihan P movement since tha amﬁunt ‘”F*-“
- of any immobile ion ‘brought to the root surfaca by mass flov; is _
_":.mw:sh léss than tha amount of an?r mob:.le ion ca.w-med By mass flow. "
'Thidkar ‘sheaths - may - have h&h more of an effect off P uptake f
'beaause thesa wnuld have a higher number of epidermal hazrs and '
'therefore a greater abaorptive area in,contaet with sbil P, This f"_ 
. would increase P jpteake,. thereby areating a steeper P qradlant4  o
o  from,ﬁhe bulk soil to the root surface, thus incraasing'tha rate
'35_ 0f&J ﬂlffuslon to tha raot.a_ S T :,__;j'ﬁ;  f;f
Tt de cuncluded ‘that whz.le rhiz ﬁhgat’hs present on graaa rcmts'f
. do not appear o compensata for| 1ow nutrient: avaiiabiﬁity, they” _
_ﬁ; d¢ ‘compensate for: “low water availabllity..j_ The - apparants_ R
+ compensation is evidence to ‘support .the predictions of earlier.
'-researchera, that sheaths WQuld promote water’ absorptioﬁ in arid
areas (price 1911, Hanrici 1929 -and Marnaweck 1990) pmbably due '
S ko the ‘increased proﬁuction of epidermdl. hairs (Gaodehllﬁﬁapd &
EE Myers 198‘?) and - the .close prozcmity of. these hairs to the
mucil "and moil partic:l es, ‘I’he higher wate.r up‘Lake .cates
- famlitated by: the sheaths would  increase ‘the rate nf water
gffuaion to the sailmrout interface._ The hlgh water annﬁent at
; t'.his interfaca would protect the root haira from dasiacation in:
" avig greas (Price 1911; Marneweck 1990), as well as insulate the; |
sted 3 against moisture” mas (Le{rstner 1967 Llar]cson aﬁd Haﬁsan' :
19*0 and Buckley 1982). :

: '*rhi_a 'campé’nsatian_would explain why the average extent of sheath
‘development on sandy soil individuals ix low rainfall areas is
greater than in high rainfall areas (chapter 3}, The individvals i’
in 1oWer rainfall areas. require noxre e.xtensive sheatﬁ‘s in »::rderfr'l-_;_f_;_\;'_
to take up sufficient water to ma:.ntam cdﬂparatxvely high qrowth

' ratas under these canditicns

= Lo . ) o P . S
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ks shown in chapter 4, E. pallens individuals had wore extensive
sheath “dev‘el‘opmnt ‘in- all the treatments than both the other
 specles. Caz:resspondmg to this, the leaf total - N and P

éonc’eh’tratn.ons, ‘growth rates and ‘total plant bicmass of B.

pallens individuals in treatments 1~3 ware ss.qm.fwam* ly (p<0. {15)

highesx than in’ lmth ‘other species. The conditions in treatmant

4 are toa streasiul Jfor detectable growth to occur even in By

- _pa.llens. The theory proposed in chapter 4 (sec\..mn 4.4), that
B pallmw’ would probably be at a compet:.tive advantage to &,
pubescens and D, eriantha, when grom.ng sympatrz.cally, is
- ..,abstantiatad by the results of thia experiment. ' These results, |
-~ show that this would be true parucularly in arid e*ws.ronmanta.
This compet;.tive advantage may be directly linked to tha presence.

- of thicker rhizosheaths in E'.. pallens When grow:u.ng under a.ll
o _env:.ronmental conﬁitmns. R - Coe e

i
i

This theory could br tested by aimPle, contrc:lled grawth
g experiments, . Theae would immlve planting two species, each with -

a ;‘li’s_ti'nctly different extent of sheath davalopment, in the same
contalners. Dz.fferant sets of these containets could be aup;;}.:l.ed '

g :_with ditferent combinations of water and nutrient levels. The'
__ plant biomass and growth rates could be used as an indicatj.bn of,
o wh:l.ch species fa.a:ed better tmder each cond:.tmn.,

Q@ .

o In _o_rder t_(:: _furthe_r investigate the._.prbpoéeil__ ralati‘.ons’hip between
' rhizosheath thickness and influence on P uptake an additiomal
- study was conducted. Wlth:.n-speuies sheath ;.hickness differences

were investigated in relatmn to P uptake and compensatian for -

: :Low P mra:l.lahility. : B L

]
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..THE INF&UEHCE D? EXEEKQ GF RHIEOSHEAEH DEVELOP&ENT GN

_fmns Upmaﬁa OF SOIL WUIRIERTS.

[

6.1 xnmnnﬁucﬁaam :

:.As explainad in ahapfer 5, it. was thought that aheaths act ta-
- increase the area of 80il from which roots are. able to extract
'nutr::.ents ; ig. the zone of depletion.. The prev:u.ou: axper:l.ment
- e'tplamad that no compensation for low nutr:.ent ava,:.labllity : i
_ _occurx:ed due to sheath presence. A 1:.mtat:|.on of thaz experiment - _
was that only the compensation by thin: sheaths for low

-availlability could only be studied, since the soil texture couldf‘

not be vatied to stimuilate dlffaarent sheath thicknesses. It waa

- proposed that if individvals in conditions of low futrient

avaa.labil:.ty deval.oped thicker shaaths then’ compensation may

occur. It was therefore dec;l.deﬁ/‘- to undertake the follow:.ng' Lo

[

el

experiment ‘in which the extent of sheath developmient was varied

~and the effect aof th:l.cker aheaths on nutrient uptake stud:.ed.

-

. Tt can be understaod £rom the flndlng‘B of the study thus far tha.t

it is un:ﬁortunately not possibla to study . the withlnnspeaies
differences in oot uptake between individwals with thick sheaths
and individuals with thin sheaths, unless the. individuals are
grown in different conditions of soil texture or nutrient and
water avail'ébility.' In ‘this éxpériment, since nutrient uptake

was to be investigated, it was decided to grow individuals in

different soll textures in order to _induce dJ.:Eferent extent of

sheath development within aach apac&es;

o

The rate of phoaphorus (P) movement :.n mc:st sm.ls is slover than

that of other nutrmnta (Russell 1973) Most of the P taken up
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- system, dans:.ty of its root hairs and mtensity of ramificatwns_
thraugh the ao:.l than does the supply of any, ther nutment-

(Russell 1973 ye Rh:.mshaaths may subata.tute for; jan. J.ncrease in -

product:.on of roots and increased ra,m:.f.:l.cat:l.on th:r:ough the soil
by enhanc:.ng nutrient uptake (or rather by J.rareasing the
effectiva sphaz:a of nutrient uptake by the roots). This pasm.bla"

influence of the axtent of shaath developmant/sheath thmkness
cm P uptake was :u.nvaatigated.

xt waa hypathes:.aad that roota w:.th thick shaa‘ths would extract

niora phosphorus from a grea.ter volume of soil than roots- with =
1thin ahea.ths, when growa.ng under similar cond:l.tions of sm.l__”

phosnhorus 1evela .
6.3  MATERIALS AND METHODS - . . a

5. 3 1 Experi-mental design

cnmas from w:.thm B, f:caction u:E a. mll:l.matre of the. root surface' :
(Russell 1973). = The drier the soil the more difficult’ tha-_ '
 diffusion path for 1= and tha slower’ the rate of diffua.wh to the
' roots. In dafmient soils, dlffus:.on and mass flow do not aIWays_
bring adequate P to the root surfaces to meet’ plant needs, - o
Supply of P to- the plant depends more on the size of the root ~ = -

aaeeds of Anthephora pubescens &mgl Digitaria er:.antha were grown -

Cin. 50mm diameter containers. Unfortunately seads of Eragrost.w'
~ pallens were not available at the time of irfitiation of this
gtudy and ‘therefore E» pallens could’ not be oincludﬁed :.n thJ.s
study. Thé containers (& in Figure 81}, had ;nés!h bases (b in
. Figure 6.1) whigh" :prevented rout penetrg.rion, but which allcmed_ '

i:zt:ée water: and aolute movement: through the base.

. 940‘
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 Half the seeds of each spécies'wefe'grde in soil containing 60%

" sand and 40% clay such that minimal. sheath development occurred 3
-(rafar to chapter 4, section 4.2). 'I'ha other half were grown J.nc_' B
solEFw ;th Aan 80% sand content, auch ‘that extensive sheath
'development occurty d. Ebrty 8l containers of seeds par soil
”treatmant were planted for each specmes. ‘To ensure ‘that the
'sheath development 1n the twe differant goil textures was as |

des:.red plants in two of the pots in each treatment were

harvested and the axtant of rhizosheath devalopmant assessed
~(mah{g 6.1) before the axperiment wag continued.

R

The soil in all the don'l..a:l.ners was kept at 70% ;Eield capac::l.ty by

__jwatering with. a Long-Ashton solution contazning all essential -
o micronutr:l.enta and 50ppm nitrogen (KNOa and {NH,),50,; 1NO, zZNH.i }a
 After 10 weeks growth, when the roots had formed a mat {e in

Figure 6. 1) at the surface of the mesh; another contamner (d 1n

:'Figqre 6 1) with soil conta;ning 80% ‘sand and a " known P
_ ;concentration, wag jained to tha haae of the in;t;al contalnar
- {a in Figure 6. 1) o : S .

- The contdinErs (4 in Figure 6, 1) were plﬁvéd.in a san& tray (e

inm Figura—ﬁ 1) and the water was supplied to ‘the plants via this

_ _tray. The plants were not watared,fxom above as.this would have .
- resulted 'in laachlng of the P from the top lfiyers of sand in the

lower contaxnera. The Lowex containers also had mesh bases such
that - free movement of water from the sand tray could ocaur.

Similar aoil %as uaed in all the lowexr containers in order to
eliminate dlfferances in the rate of P E&anaport to the roots due |
" to different” diffusion coefficients ‘and ~cation exchange
Wﬁ_capacities (CEC) of different saila. -

i

'Durlng the initial ten webks of grawth ne P was sgpplied to the
plants such that’ when the lower Sontainers were added to the ;

expermmental ‘setup the plantg were. sufficiently&? stressed to

" ensure P uptake by the roots from these containexss The P stress
- was evident in the alight purple colour in the 1eamas .which the

plants started showxng tawakds the end of the ten weeks.
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- Using three different P concentrations on different plants the

. effect of the sheath when grawing under d:l.fferent cancentra.tz.ons -

“of P availability was :.nvasta.gatad.__; " Fourteem

_xeplic&tas\cnntamera ‘pex . species (between ten - and fifteen -

© individuals per container) for each ? concentration were used,

seven replicates with thick sheaths and seven with tha.n sheaths."

The c-oncentrations used were: Smg ?/kq snil*' 115mg~'?/ky soil,

‘these are the P concentratmna ‘at the i:wo extremes of the ranga'
found in the d:l.f_:ﬁarent soils in which D.eriantha grows naturally; -

and an intermediate concentratidn of 50my P/kg soil. The P

_ concentrations were obtained by adding the correct mass of sudium

dihydrogen orthophosphate (NaﬂgPoq.gﬂao) to the soil for the

- reqfired P, concentration. Spdium dihydrcgen orthophosphate was
used because it is a prz.ma.ry phosphate and is bhighly water.

soluble and tha P is thgrafare readz.ly available for uptak&. :

Legend

a confainer
filled with o "

~ treatment soil

b fine mesh base

& root mat .

‘d - container
filled with.
‘gandy soil
with kwown [P]

. ® sand trayo

Figure 6 X. niagrammatic representaﬁ\;ton of the plant gmwing
tachnique usad (after Gahoom.a and Niélsen 1991)
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“ L . . T
: -Figu:io‘ -_6.2. so:.l sectmning mthod (after Kur-henbuch and Jungk r\ﬁ
1882). PR SN .

times such that 1Dmm of so:.l was sé‘atiohéd,. since. ~ 10mm

" corresponds to the pmbable maximum extent o:E t:.he rh:.zoaphare |
o (sectwn 2‘\\4). ' '

second 2'mm
- s0ii gection

§ . thiek disk -}
) S

) :'.I . ' ,:
Sl e . : i 2 s

%

3 e .
- .

¥ After 14 daya, the 1ower containara were removed and f;.ve_. o
. _ ccnseaut.we . 2mm - layers of soil in these containers were'
' aect;mned, as shown in F‘:Lgux:e 6.2. Thinnar sact:mna eould not
be uaed s:.nca an insufficu.ent amount nf soil mr the analys:as was
' obta.:med. After removing the mesh base, the lowen conta:.ner was
' pushed onto a metal spike on a base plate. A 50mm diameter, 2mm
_ thick disk wis then slid under the container, whichoresulted in
 2mm of soil being pushed out of the top of the container. After
. collectmg this soil armther 2mm thick disk was slid under the
cantainer and the 2mm. of soil that extz:uded f:mm the top of the -
- container collected as the second sample. This was repeated five

) \
second 2mm . - 4.
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- -sections

S

e !

b

_. rg}-ot |
— )

lower container
of soil

- soil
“spherss.

F:l.gura 6 3 Soil sections and tha correspandmg ao:(.l sPheres"

round the root.

_ ffhe goll sections were analyzad fcr J.norganm phosphate -
' concenttation us:l.ng the res:.n—bag extractable phosphorus method

(8ibbensen 1978) . The sections were used as a represantatian of

the soii spheres a,round ‘the root (Figure 6.3), since it was.not .
- practical to study sphéres of soil around the roots because the
plants had to be grown in soils of different textures. Different
textures have different CEC and diffusion coefﬁca.ants and would

_therefore have resulted in different rates of movemert of P to

the roots. ‘This would have resulted in different P uptake rates

,by ‘the J.nc{\,i.viduals in the different soils, which cauld not. ha\re

i ’been attr:l.ﬁuted to different thickness shéatha. ' poo
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s;s.sm statistiéél“anélyses;__' :

L. . - -

: The effectlve sphare of influence of thick sheaths on- P uptake
“was- investlgated by comparlﬂg the 'pEICEﬁfﬁgE ‘of - the tntalg -
- supplisd P that was taken up trom each 1ayer of soil by rootsﬂ;'

o with thick shaatha and roots With ‘thin sheaths. . Due to, the

v@

__-thorough mixing of ‘the soil it was assumed that the added P Waag
'“-fevenly d;strmbuted throughout the aoil. |

Tha data were noxmally distrihuted and analysms of variance. was _

. ibed to lndlcata whether significant variation occurred in the”_s_
 -resu1ta for each JSpecies, - Tukey testes were then uqed to

- detexmine significant differences in the peﬁrc*entage ugtake of the . . -
 'tntal suppliad P hatwean tha thickly shaathed roots | and the -
. thinly sheathed roots far aach sail sactmon/distance from the  Sl
- roots. ' : ' ' s '

L=

6.4 RESUI;:;:B_

e._Tha daBlIEd diffarenbes in extent of sheath develnpment (sectlan_”'
6.3.1) did accur betwaen the aoll traatmanta (wabla 6. 1).

. wable §. 1 leferencaa in extent of ahaath develépmant, w;thlnf:
' the twv species, batween the tyo Bal% texture-. .

v

| _SPécf;éf ’ %’Band:cSnteﬁt . Shﬁﬁﬁﬁ extent j ”* o
© TA. pubescems -+ 80. ¢ 4
| T e 3
E Du-ériaéﬁhg e 80€:-r' ;* | 3

- 99:_'

9



'.s';'_z' ) K

| imllar rasults were: obtaxned for both apecles._ At low levels
Cof P avamlahi%.ty (5my P/kg sa:u.l) signifmantly (p<0 05) mare ﬁ
'.waa axtxacted by thlckly sheathed roots, from.each soil sactlnn,

”than by th:mly sheathad :coots (Figure 6.4, a and b). .- &L medium

.. and hlgh 1evala of P availabllxty (50mg P/kg 3911 and 115mg P}kg

| ‘soil respectz,valy) ‘similar amounts of P were taken up from' t‘he

- seoil close o the roots (up to 6mm- frqm the. r&nt aurface), by

- - roets. wlth thick and thin sheaths, However, at dlstances.furthar B

" :Eram the root, tha.ckly sheathed roots extracted sign:.ficantiy
_ -'(p<0 05) more P fram the SOll than thinly sheathed rnots. g
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phosphorus supplied to the roots. =~

. Ambunt of phaphorus taken up as a percentags of the total smoust of

& |-

o \\\&;\'\g\\\\@

-y
-

_ ul-un'u- wam u-n;nn team)

. 8 Blstanas tearrs oot (mml

Figuru.ﬁ 4. Ampunt of phqﬁphorus (as a percantaga of the total

amount of phoaphorus supplied in the soil) taken up from each'
. soil section by roots of A. pubescens {as c, e) and D. er.:.antha-

'(b,_d, f)t with. sheaths of different thzcknasaes. ‘The standard

déviatioﬁ bars are shown for each set. é'f' results. The differént.-

letters on the grapha indicate s:.gm.fmant differences between

the amounts of. phosphorus axtractad by the thickly and thlnly-

sheathed roots and only apply wmthln eaah soil section and to
Wlthlnbapaclea comparlaans.
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ﬁ.s"l: ﬁxchSSION,

o

fﬁfIt is cledr fram the graphs in. Fzgure 6. & that shaath thicknesafﬁ
" has a marked influence on P uptake by roots. The results support

the hypothesms since thay show that the greater ‘the extent of

'_rh;znsheath davalopmant the greater the amousns of P that is
- esttracted from each soil zone (the more extensive the éffective '

depletlon zone).

f_At'low P'availaﬁilityfﬁhé ampunt'bf'P'ext;acted_froﬁ'éach aoil'_
section was significantly greater by thickly sheathed roots than
by thinly sheathed roots. This occurred even close to the root.
surface, - where soluble P availability would have hgen greatestn'
_ IAt medium and hlgh levals of P avallablllty, gimllar ‘amounts of
SP were extracted by ‘the thlckly and’ thiu&y sheathed roota, from
soil up to 6mm from the root surface, Atwhistancas further from
the root the difference in amounts extricted was algnlflcant,[w
-while'baing smaller than in: low'P SOilS{{kThe diiference between
‘the results from the Law and higher B availability treatmants,
- shows - that the presence of —thick sheaths - is particularly'_
;lmportant 1n so;la with a low P status. Y |

_\In the traatment with the hlghest 1eVels of suppl;ed P (Figure:
6.4, @ and £), the thick sheaths may have facmlltatad luxuny
- uptake (absurpt;on of nutrients in excess of the immediate growthg
requirements (Chapin 1980)) of P. This ig because,_judglng by

the plant vigour in the three treatments, which appeared to be
similar, the amount of wvailable P nsar the root surfacé.in the
high P tzeatmant would probably be sufficient for the plant'’s

‘regquirements, The amount of P extracted from the soil at the
greater distances from the root would not nead *o be inﬂreased:”
. relatlve to that extracted by the thlﬁby sheathed ‘roots in order
to- austaingequivalent growth rates a5 plant vigaur.

e
At

The results support thosa of Bhat and ﬁye (l974 aj; . b}. Lh&t the_ 
width of the depletion zone around roots iner&aaes w;th mncraased-
~ root hair production. Due to the clnae prasimity mf the root ©
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hamrs, 801l particles, 5011 aolution and  nuby ants, tha

g

'lrhlzcsheath environment may facllit&te aven easlﬂr\§ uptake by
~ the roots. The results in chapter 5 indicate that#in the same -
way‘the rhizoaheath.env;ronment facmlltatea aasler‘waxexpuptake. ;

| The- thicker the sheath, the mors epmdermal -halrs and the chater'-f

thi. foot adeorptive area in close contadt with s<€1 nutrients and

water. ‘Tha highar the rate of P ahaorptlo% from the inmner =

rhizosphere the steeper the P cofcentration g%adlent from the

bulk soil‘to the root surfacd, and therefaracghqﬁfastar avaxlabla R
P w111 diffuse’ to the . xoot surface fxam the adjacent soil. -
~ Another influence, put of less’ aigniflcance, on P uptake iz .

sheath influenne on watexr uptaka. The hlger th@ rate of wat%g

i uptake tha fagter water will move to the rhizosphere, bringing

~ with it P from the bulk soil. - However, the amount of P carried .
" to the root. hy mass flow is low campared to the amount whiah”f5'
. diffuses to the root (Prenzel 1979; Chapin]|1980). The thicker

the rhizosheath'tha greatex the, volume of soil 1t*wm11 1nf1uen¢e.

_"Slnce P is an immobile nutrient; the rate at which it ia taken o
up is 11m1ted by the rate at whiah it movaa to the root surface
‘rather than“by’the rate of. tranafer Lnto the root. ‘These resulta-_

claarly highlmght the lmportant effect of thick shaatha on oot

ff«uptake of 3 (and pOBSlblY other immobzle nutrients).~

Ty

1 is prfgysed that if 1ndivmduala davalaped ‘thicker sheaths ln-"
. response

conditions of low nutrient availability- (treatments.'
3 and 4 of the experiment in. chapter 5), then campensatlon for
tha low ava;lahility may ocour. : :

whether it is poaalbbe to ganetmcally mmnlpulate apecies to
develop sheaths is unknown. The posslhllity of manipulatlng
species to develop thick sheaths when growing under stressful

env;ronmental conditions could become an important technique

'employed in agriculture- tua%ncrease crop nutrmant cnntent, aa‘ ? .

w;ll be discuased i chapter 8

e . 4
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\.- ~ The J.nfluencmr of the sheath on P avaxlab:n.l:l.ty ma.Y\ e :ﬁtore compld/i’c

than J.n:.t:.ally +hought and :n.xgves:tz.gated :|.n this ¢ perlment. \\In,

"adda.t::l.on to facilitating -easief abserpt:l.on o:l: available P, the

sheaths ‘may also have an indirect af:fezct on P avai 1ab:|,1j.ty,-'
through . thc-:.r influence on rhuosphem micu.obia.l populatmnm

microorgan:u.ama 2% the soil-root interfacé which in turn mfluence}““

- root :Eunct:.on;.ng. Since rha.zcsheaths are modifications of the.
_rh:.zosphere enw.ronment ; they may alter the microbial popu‘m*:ian{
" in the rhizospheve, Thé amount of plant available P depends s:m

microbiall‘\minéralization of orgauic P iniio inorganic P, A hz,ghe:.

B proportz.on of P mnerala.zmg microbes ma.y cccur in sheath ﬁo'l.l

raelative to that in unaltered rhizos e éo:t.lu This theory will -

| be dealt with in chapter g8 since thi experlment considered only
 plant available P while the
. rhizasheath :Ln,fluence on tha mn.cmbial population. o

ollowing cha.pta;r deals with

Ancsther J.nda.rect effect on P upugf.ke ma.y resn..lt. through chemical “

” a.l'l..aration of the’ rh:.zosphere soii' due to rh:.zosheath presence. o

The most J.mportant chemical changa, with' respact. to P uptake, _'

would be a pH change," Different forms of phoapha.te are taken up -

by the roots under different soil pH conditions. Plant rocts may
also increase P solub;llty in - the rhizosphere by releaa:u.ng
certain substancea which chelate P sorbents, such as iron and

aluminium compounds (Gardner, Barber "and Parbery 1983). _The-
-microorgana.sms at the ~soil.root interface influence root

The roots affect the rhizosphere env';romnt which affects the. B

exudstion. Any\alteration in the microbial population due to

sheath presence may alter root exudation and increase the rolease

‘of substances that chelate P sorbents; thereby increasing P
availability. - '

It has been stated (Singer and Munng 1987) that in brder ~to
ef:ﬁ;l.c;,ently extract immobile rn‘t:r.:l.ants , roata must rapidly extend

‘the rhizosphere diapletz.on zone with mimmal cost in terma of

energy and rescurces. = Since the presence of thick sheaths has

now been shown to signa¥icantly increase the amount of P =
extracted f:p‘r:om the goil, the development of a rhizosheath must:

LANEE.
\ 13
"l
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" be a good way of incraaslng the rhxzosphera deplefion zone  with
r$13t1V31Y little cost to'tha plant in terms of reaourcaa for the

. . production of additional plant. tlsaua.
dlacussed further in chapter 8. A

& - o=

‘I'his thaory* will alsu be
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" the rhizosphere microbia

¥
~

';f) el e T
c%hﬁﬁﬂn 7 S
 WHE INFLUERCE OF RHIZOSHEATHS on THE MICROBIAL BIOMASE

. M THE SOIL-ROOT INTERFACE.

7.1 rn&nanﬁcwxas.

.'Plant roota have a direct infltzence on the compos:.tmn and
dena:.ty of the ‘soil m:l,cz:obml c-ommun:.ty (Atlas and Bartha 1987*

- Richards = 1987). The - numbers and activities . of soil

" microorganisms décraa;se with inereaséd distance from the roots

. and the effect of the roots on the microovrganisms dacreases_' |
. proportiopally &s the distance in space from the root increases

" - (Atlas and Bartha 198‘?) The microbial grot-rth in the rhiaoaphe::e. '
is stmulated by the ‘continual input of read:.ly assimilated

_ prganic substrates from the rooty, -and mg,j also be affecfed by
“alteration. of the oxygen-carbon dmx’ide levels, nutx.:.ent

o avam.labil:.ty (which in turn may be- controlﬁed by acida.ty) ¢ plant
' species, stage of growth- and soil moisture cofitent... Since
"rhs.zasheatha are modz.f:.cations of the rh:.zosphare and pmbably o
altexr ‘theae conditions - \:Lt was proposed that they will affect -

Dpomlatz.on (biomass and composition).
Recogriition that the biomass of soil. microorganismd, namely

bacteria and fungi, const:.tutea a major nutrmnt gource-gink has
- highlighted the need to guantify thql soil microbial biomass and

to understand the fynmas of soil populat:l.ona. Tt is not ‘easy -

 to quantffy the microbial biomass due to their small size and

etabolic ivei:s.a.ty as well as the complexity of their o

environment.  However, several methods have been devised,

involving direct and indirect maasuremeni's o:E microb:.al bmmass-'

. (Page,- Miller and Keeney 1982).

The direct methods include the cu_ltural methed, the microscope

method and the most probable number method. In the cultural

method the goil sample is incubated on lpecif:{.t‘ media and the
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diffefeht miernbial' col’orfies Eha;‘t develop are counted (Wdllum

1982),  This’ methu& often greatly underastimates “the soil
2 populatian since many ‘Swllae fail to develop :Lnto colonies under

the conditions prov:.ded. In the microscope methods the microbes

from a so;.l sample. ave allowed to invade a glass slide or

* polycarbonate £iltet and are then counted with the aid of an
electron ‘microscope  or & light microscope (Sc‘hmidt and Paul »

1982). The most, probable nufmber method pemxts estimation of

| :populati.on density without an aetual eount of singla vells or' .
colonies (Alexander 1982) . This method dilutes the soil samples
:_and measurea the microbial growth in each da.lut:mn after 8

cart;a:.n t:.me.

N

. The. da.'r.-ect observation methods deacrz.bed abowm are 'ba.ma qonaumng

and :.t is- never, cartain whethar all tha nicrobes present have

been coun‘ted. More eas:.ly appl:mable, non-subjactwe and_

| replicable methods J.nclude the physiologmal and chemival methods

: _(Parkinson and Paul 1982) In the physiologmal methods the soil -
sample is fumigated and then dncubated.  fThe f£lugh. of carbon -
dioxide from the :Eumgatadrx soil - which results from. the
'decompositinn of microbigl cblls killed by the fimigation is ,.
/ 0, rzeleased from unfumigated soil, The:
_ microbial biomasa in thé sofl 1s calculated frem the amounts of

measurad as well ‘as the

“COyp - avglved from the fum:.ga.tad and’ unfumigatéd soil and the

fraction of the b:l.omaas ca;:hon that; J.s minel&:al:.zed to co, durmg '

- i:he fum:.gation pez:ind .

(l

The c:hemical methods of dei;emming mm;:oblal biomass inw:lve the

quant:.tat:.we extraction of a. particular compoqnd (foz: example

- ATR) foind. in all aq “ponants of the. microbial comum.ty but in
- no other soil comp&ﬂents.. Hg.gh concentrations imply high "
microbia} biomass. ALl thg abave’ \methods have short com:.ngs and -
it wae decided that the best method to use was the ind;.rect:_

method, whereby the micrcb:l.al caxbon (C) and nitrogen @,{N) o

concentrations in the soil were. chemn.cally determined &hd used’ |

as an- J.ndex of m:.croba.al bl.omass‘

403



K It m nften nore ;l,nformat:l.ve to know tha hctivity of the micro@s :

o

(J

than their - binmass. ~The act:l,\n.ty can be meaaured by ATP

‘techniques, | Qr Lndirectlyu by - deteminin& tha rata of W
mineralmatmn. 8 '.['he ratio of C:lN in the substra.te ma.y be used -
~ as an :.nd:.cation of the mit:robml biomags but ‘is & better
h _J.nd:.czatcr of mcrohi&l aatn.v:.ty. A high eI xat.:n.o -in_ the
. gubstrate mdicates a pot:entmlly Llow microbial - mmnex‘alizatian
“rate. A C:N ra.t:.o greater than 26:1 in the substrate indic:atas' _
net N a,nmcrbn.lizatx.on {Richards 1987).% The ratio of microbial C -

" to N may be used as an indicatioh of the microbial nutritional

o atatus. = “Bach clasa of mx.crdbrganxam has a different CaN ratio .-
) ancl in arable soil ‘these ratios can range from - 5:1 (J.n baci:er:.ayé '
to 10:1 {in fung:l.) (MJ.lle:r and Donahue 1990), __ -

o this ﬁtperiment the effect of rh:.zosheath farmat:.on on the-
"/\\microhial population was imneatigatedn It had prev:.ously ‘heen_ .
‘“l:sad that the development oi a. mcroenw.ronmant which is -
pa.rticularly favuurable to miurocrganiams, in close prox:.m:.ty to
 grass roots, may be a more important function of . rhizosheaths

: than that af overcoming drought stress (IJualL and Peacock 1935)

o

-

9 .
R S

It waa hypatheaised that tpe microb::.al biomass, as :Lnda.catad by
the microbial chrbon ard nitrogen. mncantratiana, in the
- r:h:.zuaheatha ‘would be s:.gn:uf:.cantly h:l.gher than that in the -

_'-rhizesphere and hulk so:.l. o : -

iy

4
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7.3 _nmmzarams;3nn'nnmﬁ¢ns; SV

'Within lpecles comparisnns of roat characteristics and related
_phencmana (much as rhlrospheric mlcroblal papulat;@ns), between -

individuals with and without sheaths can not be achieved since

when the shEath forming trait is pmasent ‘sheath de%alapm&nt |

i
-1

always occura, except in the six- species, ‘found durmn@ the

herbaxlum1 study to occasionally not develop sheaths.. The
conditions under ‘which these species do not. deVanp shaatha isg. .
not clear “and therefore a  manipulative study gould not be”

:'undertakan to stimnlata sheath develcpment and no HeVElbpmant

within a species. It was deaided in this exparlmant to. compare

~the microbial biomass between ‘species (sheath forming and non-
" sheath forming species), whichfgrew in close proximity-to ome, =
:another in the same 9011 type, with the eame conditions of water .

and nutrient availability.  The mlcrobial C and N cqncentrations
in the soil around roots of sheahh forming and non-sheath forming

"EPECIEB were uaed as an mndleation of the mlcrnblal binmass.

-

i_ forming grass. specles and- hhree nan-sheath forming hr:aas syecies

_Schmzdtla pappqphorb;dea Steud.

growing in a sandy soml enwlronment ix a seml-aqu savanna in tha

: northerh Transvaal, was studied.

aF

fsannmn ronﬁxne aPECTES
Eragrostis pallens Hack.

Pagonartbxua squarroga (Roem. & Schult) Pl;t,gn

'NONasnEamn FORMING SPECIES

Cymbopogon. excavatus (Hochst, ) Stapf ex Burtt Davy

- Hyparrhenia hirta (L. ) Stapf .
mriraphms andrqpogonozdha (Steud.) Phlll.
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'Unfortunately nc: Anthaphora pubascens or’ ng.ztaria er.zantha

'fo,ccurred in the area c.hasan for this study. Thz.s ared was chnsen_ .

| because it had a :t:idh grass speciea diversity.

La

Soil - from three zones around the .roots was collectad in March

1993. Seven plants per species were randomly chosen, A block

‘of soil 1600mm* around each ,t;:lauml;.s was dug out. Approximately

| 100g af scoil from €he following zoﬁes w‘ars c;ollected and dnalyzed. T

Com

| < i)  fhe rhizosheathz' soil particles in the rh:.zosheatha ware_ S
. carefully removed from the roots guch that as little plant

o ma't:er:l.al as poss:.bla wag: mcluded :Ln ‘the aamplaa,_ _

Lo e

. ;Ei) -The rha.zosphere: - soil with:,n O-lOm from l:ha root

- (non-sheath forming spegies) or rhizosheath (sheath farmng_ o

e spacz.es) aurfaca was
‘plant n_lata__rj_.al as. po_’.

: bl_e_ wag’ J.nt:.]._uded_.m the._samplas__ .
' ii_.i) The bulk soil: this was aollectad at & d:natanc:a of 300m
:Erom the vuter rauts of the planm R :

| Snil aruund seven individuals per spac:.as was. collect;ed. 'sub.;.""'

irefully collected and as’ little -

v

samples of the moil were analyzed o determne tha m:.cmbial c . o

: anc‘l N com:ent :Ln the three so:.l zones. '
' . W

a.

| 7,3;2 .Saii-analysiﬁ;

'_chloa:oformqfuma.ga.tion-inc:‘i:bat.icm :Enlluwed by colorimetr:.t? méthc:c!a R

. were naad tc: determine mmrah:.al c and N concentrat,n.ons. '.l‘he

methods in Anderson and Ingram (1993) ware altered for uge in ; _
this study. The chlorofc:mwfumigatlon-mcubatlon method that wai¥

used iz applmable to most soils (Tate 1991) and allows realistm'.'

measurements of snil mmrobml biomass (Bonde, St:hnurer and /

-Rosswall 1988). A

. ‘ﬁl
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" _10g of aach scu.l sample were weighad :u.nta a centr;.fuge tube and__" '
approximately. 25¢ of each sample. were. p‘iaczed :.ntq small glass_

' beakers. The samples in the. centr:t.fuge 'l‘:ubes *const:.tuted the
"time ‘zerc” samples and those in tha beakars the “tme"nm"_'- S

]

samples. T . &

4 . -
Tha haakers were . placed into a deaiccator conta:.ning a small _

:_:beaker of chloroform. Chloroform saturated fJ.lter paper was oo

’positianad around the inside of the des:.ccator. The dea:.cc:atox- .

yas closed, evacuatad and left T - "5 da.ys.

“y o o T
\

. m:'ter five da}rs the desiccay v waa openad a.nd 109 of eac:h soil
' gample weré we:.qhed into cwi‘...rifuge tubes. _' ‘The fallowing-_

'precedure ‘o wh:.ch had already been done on the "time 7erc>" o

samples ’ ‘was then conducted on these "t:.me one" samples .

" 30mls of 0.5 M potass;.um sulphate (K,SG,,) Were added to eac:h"
‘ centr:ufuge tube, The. samples were shaken . for 30 minutes then? .

S centrlfuged at BODOrpm for lﬂ . ates, |

| a) ; '-"Hi#:':'ﬁbié_'l' ¢ .vbi:n e o

SRy e _S'l;anidé;:d «sgl'uti_cns .

To make ap thes standard soluuons 2. 3?7g aucrosa were diss:;:tved-
in 500ml of water, which made a 2mg ‘C/ml stml: ‘solution.. 0,
2.5ml, 5mi, 10m1j 20ml, and 30ml of the stock .8olution were._-

‘ p:l.petted into 100ml volumetric flask" and made up to volume with

‘water. This gave standard solutione v 10 , 50, 100, 209' 200 and
_sou,ug c;‘sample x:eapectwe:l‘.y, S - S

ii)  Digestion 'prepaxat_imn. S Y
- lomls. oF 'thé- '__supe::natant. of \é‘aqh sanple {and Si:andard_} _wéx:e
pipetted into a digestion tube. After this, 2mls of sodium

dichromate (959 Nazcr:,o., in 21 of.. water} were added to eauh E

digestion tube ami thw - u ﬁmwa were well m:t.xad. 10mla o:E 854
C . o .

11



oiidy 'cgiaéimet_m determination

sulphur:..c acid (sto,,) were: atidsd carefully tc each tuha, such
that no localized bail:l.ng occurrad, vand the contents of tha tubes -

]

were well mixad.__.

All the dz.gestion tubaa were then placed into a preheated {135"0)-

'dq.gest:.on bleck. Afte:c 60 mi.utes the tubes’ were removed and )
- allowed to cool. ' - o

[+

When the samnples were cool the absorbances were raad at Gonnm and-

- the € com:entra.tmns estmated from the standard curve.

i

. The m:.erob:.al ¢ concentrations were ca,lculatad by suthtractlng the
Teime ze_r_o"_ e concantrat:mns :Er_om _tha_ ' '_“t:l_.me _one" c

 concentrations. -
by " Microbial nitrogem | \
i)  sStandard solutioms ~ . o

o make up the standard solutions 4.714¢ of dry ammonium sulphate

were dissolved in 1000ml of water, which made a 1000ug/ml

"a:nmmﬂwm nitrogen stock ‘solution: 50ml of this solution were. §_
pipetfed into a 500ml vc;lumetr.m flask and the solution made upu.

to voluma with water. - 'Ilha.s gave a 100ug/ml N. solution. 0,5, \

10, 15, 20 and 25ml of the 100ug/ml 1"! solution were pipetted into 1
100ml flasks and the contanta Wa.re made up. to volume with 0.5M

_K3504 and then mixed well. This gave standard aolutions of 0, 5,

' '10, -3, 20 -and 2519 ammonium N/ml- reapectively.

44y .bige'shioﬁ‘ ;pr_é/paration __

10mls of the s‘upérnatant of each sample (and si-andard'} were

- pipefted into a conical flask. Thereafter 2.5ml of concgptratad

sulphuric’ acid were added to each flask to mamtain an-‘acidic |

N environment to prevent N volatilization. The contents in each

flask was then taken to near dx.yness on a hot plate in a Fuma' .
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10m1 of sulphuric aCJ.d Were added {;Ln twu 5m1 quant:,tn.es) to each W |

 flask and the contents —quantitatively transferred into. a

'---digestmn tube, ' A very small quantity of selenium cataly_st weise
‘was- added to each tube. The tubes were then placed into a
_d:.gestmn blc:ck and digested at 250“8 unta.l the samples were
clea.r. : ' o

:Lii_) ' 'colorimeti:ic' }iet@rminatian

- 'Whem the, tubes ‘were coal the contents of each tube were mada up 2
~ to 50ml ‘with water, N |
i 0 1m1 of each 3tandard and sample was p:l.petted :Lnta a teat tube. "
- 5mb m‘;»reagent N1 (349 sod:.um salmylate, 25g sod:l.um citrate 25g._i s
_ aodlmk\tﬁrtra.ta and. 0. 12g sod:t.um nitroprusside in 11 of. water)
- were added to each test tube and the contents were mixed well.
. Bfter this, 5ml of reagent W2 (309 sodium hydroxide and 10ml.
o aad:l.um hypachlor:.ta :m 1.1 of Wa.ter) were. added to each test tube
‘and the contents were mixed well.  Aftexr 60 minutes the
absorbam.as were read at 655nm and the N concentrations estimated '
from the standard curve.  The m:l.crob:'..al N concentrations were
'calculatad by subtracting the "time zexo" N concentratians from

the “time one" N canc:eﬂltrations. _
"?'.3_,.3. __Stai_::l.stical anaﬁys'ex o o

"~ Data from the three nnn-sheath fom:n.ng spec:l.es were paoled and_
the data from the three sheath forming Bpec:n.ea were pooled. The
data were normally distributed and therefore non-parametric
statistical analyses were not needed. Analys:.s of variance tests
ware used to determina any s:Lqm.:Eicant vari.ation in tha data set.
 This analysis showe,d that there was significant vatriation in the
J:esults_\a. - Tukey tests were then uséd to' determine betwsen which
. moil zones the microbial C 4nd N concentrations were
'sJ.gnJ.fJ.cantly &J,:Eferent. | FER

i



1.4 nnsunms

'mabla 7.1. The differences 1n micrebial carbon and nltrogen
o concentratinna between the sheath soil and rhizosphere and “bulk
* soil zones arcund the (i) shedth forming species and {ii) non-
- sheath’ farmlng spaaiaa.f The mean value, ¥, and the standard

-.p'deviatian# ad, for tha seVen rep‘aaatea of each ao11 zone ara
”;given._ S e

-

@

B Soil_zane  “ _ Gonceﬁtratlons (ug/g soil)
o -7 mMicrobial C = Microbfal N

i; ahaakhed.:-: X AR sd X . ad _
 Sheath . 5.52* 0. 37;;*0,25&' 0407
Rhizusphere_- _‘.-_3_.81b -.00.43 0.10 0.04

C Bulk  3.83"  0.58 0.08" . 0.04
il unaheuthad i _' ;. " ._"":  _.;,  1 ;_. o
Rh.‘l.z::sphere' | -4-;053‘ 045 0,11 0.04
Bnlk T 2.88° 0, 56 0. o7 Qﬂ 02
Data in the tabla with diffarent superacripta are Lignxfiaantly

! (pco 05) different from each other. N

Both the mlarabial C-and she microbial N concentrationa ln the

: sheath seil are amgnificanfly gpfn 05} higher than those in the
E othex soil ZQnea._ _ _ o
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Taﬁl& '7'2.', “The dlffarences in_'the avexage ﬁicrdbiai J_; 

icarban'nitrogen ratics ‘between the sheath - soil and rhxzoaphere o
 and bulk soll zones around. the sheath formlng apecies (i) and o

f_fnan*shaath forming sped1e5 (il)

Soil zcne . "Micrabial_"';-'g
: : GiN ratio~ -~
. 1 eheathad N T, )
' Sheath :1_    f 16=1a -
Rhizoaphera o 21s12
~ Bulk 39217 - o
' li tﬁaheathad c
 5_ Rhlzasphere   gf'-26,1d .
o Bulk o 38:1“'-.. o

'nata in the tabla with diﬁfarant o o R S
. pupersoripts are significantly R o S
(p<0 05) different frnm eanh other.- ST - ' S

| _The averaga - Cs N ratio in the sheath anll is s;gnificantly'_-
..(p<0 05) 1ower than in the' other soml zones. S '

-Unfartunataly, due to the intimate physical assbciatibn between |
the raoot tissue and the sheath suil, unlntentional incorporat. on
- of root t:.ssue in the sheath so:v,l samplea was unavoida.qﬁ
Incorporation 'of some root mater1a1 may &¢lsc have occaa;ona;lyhg
occurred in the rﬁmzosphere ao;l. The damaged. raots'may ralaaaa
'nrganic e (ﬂbrvell and Cary 1992) 1aading to ovarestlmatmons of -
. the C conteht im this soil. Root matter was mostly extracted

e

from the soil prior to analysis. In this study the absolute =~
values are not important, and cumparasons were made between the

4 relative concentratians of microbial C in the three soil zones.

o In additioh, the total ‘¢ concentratians in the soil were not
"con31dered and it is asaumed that these were srmxlar 1n each 3011
".zone. ' '



i

Another confound;ng effect may be that part of tha bulk soml

jcollaqxed around ona individual way be part of the rhizosphere

of anbther 1ndivldna1. This ‘could not hawever be avo;ded due to
the spatial diatribution of the plants in the fleld a

par

PR

7.5;_- 91scusgtan_-:_ o _a;;g§_;'” oo LJs

o
i . T _
f : : F‘I

._fTha higher m;croblal R ol and'N cancentratlans in the aheath seil

 relative to the rhizoSphere soil of non<sheath forming. s@%cies

'-1ndicate that there is a higher number and great T dansmty of -

‘microbes at the roof surface in sheath forming species than at

L the root surface Of non-sheath formlng 39301es. While it has
- been. shown that fungal hyphae do not. occux Ln large: numhars in.

- rhizosheaths (Wullstein ‘end Pratt 1981- Buckley 1962 and
_Goodchild and Myers 1987} it is. shown here, in support of the -

hypotheals, that other mi¢roorganlsms, mainly' bacterla, are -

. present in higher densltxea in the sheath soil than in- othar soil
"'zanes._ : S -

=

“_The highax'mlczoblal c concantratlons in the shaath 3011 indicatag_

“that the roots of sheath forming - species nay. . relaase nore
'a551mmlable ‘carbon substratés than roots of non-sheath forming

_ speciles, thugs :Eac:ilitat:.nga highel. microb:i.al act;wii:y in the

- rhizogheath than in unalte#ed rhizosphera so%}n The sheaths
'_therefore provide an anvirqnment more suitable for microbial
-activity ‘than the other soil’zones, including the rhizosphere of

non~sheath forming speciea. i There is a 9931t1ve feedbn k effect _

of the largern microblal populatmons in the sheath since they.

‘would stimulate a greater release of substrates from the roots,
for example by changing rdot cell—mambrane permeability (Rovira
and McDéugall 1967;. Bowen: and Rmvira 1976) which. wonld in turn

'facllltate furthar microbial calonizatlon and acth1ty in thls -

- zone. o ' S R

The substrates which are released from the roots_are_the_pidducta'

“of photosynthesis. They include amino acids, simple sugars and
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”f polymerlc carbohydrates, a11 of'whmch hava a n&fbe'C N ratlo and-'
are eaaxly deaomposed._ The utlllzatlcn of these substrates by
l'mlcroorganlsms resulta in secandary productxv;ty and recycling -

_ _of the nutrients. . Thegafore, thesetmlcrobrganiams can in turn

o 1nfluenca'the plant as a prlmary prcdﬂber (Lynch and'whlyps 1990)

~through their influence on the availabilxty of plant nutrients
such as nitrogan, e B = :

- Due to tﬁe Lompactlon of the soil. partlclea in the rhmzoahag%h,

the daffualam of soluble éarbon products from the soxl—rcab

_ xnterfaca to ﬁha\hulk soml may be restrictad by the presence oF

ca sheath.z* The_ soluble . carbon products “would therefore
concentrate: in - the xh;zosheath doil; thus prov1d1ng more

substrata for tha microbes and facllltatlng increased microbial

colonlzatmon, acLiv;ty and thus N miner&iizatmqn. leﬁ%slon of ..

these produats from tha surface of non»aheathed roots would be

‘easier since the spaces betwemn the sq¢1 particles arc 1argar,_ -

: allowmng fnaer movement.i. 3 i;hcﬁf L _¢ﬁ;&,m Loy

'_The carbon compuunds s thﬁ bulk so;l have a hlghex T N ratlo, :

‘and are moxe resistant to ﬂecompuéitim and the overall jriicrohial

activity is lower than in ‘the substrates in- ‘the riiizosheath or
- rhizosphere. The compounds ih tha bulk soil. include cellulaae;.
&and lignin._ The recycling of this’ carbpn and tha%mlnerailzatlon

&f the N ig slower-than in the rhlzoaheath and &aas N is 1eleased
per unit of ¢ than Ln the rhizosheath.

[

'The ‘high micrdbial N concentration fn the sheath may indicate

that “here is a high concentration of N and&pdrataa in the

microbes, and therefnme unavalilable fcr root uptaka. This. would'?

‘suggest that the large microbial populatlon is not benaficial to
- the pJant. However, although the. m&crobes initialiy immobilize
the N, as the microbial popa;pylon tﬁrns over, N is réleased and
becomes availabla for uptaﬁé”by the roots. The rates of soil N

mineralization and 1mmobilizatlon muat be undarstocd OLHGE the o

. availablllty of N is the result of these twn opposing processash_

\'] .
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'The C:N ratios in the micz.oorg‘amsms d:l.ffPr between the threa

soil zonas {Table 7.2). All the ratios are h:l.gher than the range

recorded .in__m:l._crobea in a:r:ab_le goil (5:l - 10 1) (M:Llleg: and

Donahué 1990). This is a reflection of the low N status of the

soil in the study site since the amount of C and ¥ immobilized-
- within the microbial population is related to the soil N levels
{Wardle 1992). The micxqbial ¢:N ratio in the sheath microbes

is lower than in the other zones which 's'tig_gests ‘that as this'

" microbial }jopulation'tui‘ns ovex, mors N will be released to the
'so:l.l per unit of C, than will be released  in the other soll
'zanes. The mc:robJ.al £:N may also be indicative of the ease with
 which the substrate is dacompnaed, the lowexr the C:N, the higher
“the potant;.al N mneral:.za.tion rate (R:n,charda 1987). Therefore, .
ag expected, the C:N ratioc resulta ind:.cate that the substrates
in the sheath are more reada.ly decomposed than- those in the. other -

"aoml zonea.

_,;Tha condx.tmns in the rhuoé‘nea.th, such as ‘the . high soluble C

ava:.lab:.lz.ty and the h:.gh water content, may be auch that
decomposlta.on rates are . ulcreasnd, result:a.ng a.n rap:.d turnover

of the m:.crob:.a.l. population and rapid N releasa to the soil.. lI'hte'. |

- higher the miérobial density, the higher the dec:mnpos:.tlon rate,
. provided the, envn.ronmgntal conditions are suitable (moist, warm

soil and small particle sizes (Miller and Donahue 1990)), the . -
higher the mneralxzata.on rate and the greater the' overall N-

availabil :Lty .

" An important'ppiﬁt to note is that the cyelic turnew uhrough
organic and inorganic -forms, mediated by the microorganisms,

minimises losses through leaching and provides a continual supply

‘of i—ozis at the root surface. It is therefore concluded that the

high concentration of microorganlsms at the an.J.-root interface .

of sheathed roots is benefmla.l to the plant.

The results of this study and those :i.n chapter 6 indu:ate that "
- if the individuals in the experlment in chapter 5 had developed -

thicker sheaths when growa.ng in cond:.tions of low nutrient

'118



L TR,

2

.f . 3}.

' availablllty, then the concentrationa of ‘N takan up would havo -
bEen gre&ter~than those whloh were xeoordedr The. thicker. the
sheaths the 1arger the suitable environment for\ microbial :'_
aot;vxty and th_}hmgher the rate of N*mineralxzatlon The hmghar.lf '
_ concentnations of available N at the soil-root idkerfaoe would

" ‘probably: have rasulted in hmgher concantrations‘ﬁf N being takanf'
up by the roots A llmltatlon of the expexiMent in chapter 5 was '

that only oompenaation by - thin sheatha_ for low nutrlent

availabllity could. be studzed, for raaaons explalnad earller. L

A higher oonoantratxon ot mionohxal N does not necessarily mean .
‘that. a higher proportlon of the total soil N is imﬁbbllizad_

- wathin the'mlcrobes and therefora unavallable to: the roots. The

higher microblal N conoentratlons may 1ndlcate. a hlgher,
concentration of total N in tha soil. Therefore, although a
higher conoentratn.on oL N J.a J.noorporated in the aheath mlcrobea, '

this: may be as a result of a8 hlgher ‘amount of: ‘total N present .in

tho Bheath 8011 relat;ve to that 1n tha other aoil zones., .

It must be Temembered that, rather ‘than 't‘hé 'dansity of .the

miorobea,_ the composltlon of - the mlcroblal populatlon and fv

.relative propqrtlonﬂ of the dlfferant types of microbes is more

_ important in determlnlng whather a high microbial ooncentrat;on’_

_ at the sfoll-root interface is beneficial to the plant. Some
'~ migroorganisms mdy exist in low numbers but may have a

- considerable lnfluence on the 5011 biological processes such as

N mineralization. The thaory that rhizosheaths affébt mlcrob%alj

population, 1n1t1a11y pzopoaad in chapter 6, is suﬂpovted by the
results of this- oxperlmont and will be elaborated on in chapter

' Rovira (1979) stated that the ultimate goal in studies of the
biolegy of the goil-root in;erface must be the manxpulation of
microorganisms in this zone to 1ncrease plant growth. He also

indicated that there was a 1ack of lnformation relatlng to this.

' fhe yesults of this study indicate that the presence  of
rhlzasheaths on grass roots aitera the m;oroblal density and/or
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possibly the mj.cz:oba.al compoaita.on at. the ao:l.}.-root J.nterfaca..\,t . _
3L this -is true and if it is possible to ganetic:ally man:.pulate_ NS
. grop plants to develop. un:l.fomly thick sheaths. und ﬁtrassful .

-environmautal cond:.tiona, then the mcrobial population at the

so:l.l—root interface of thesa roots may be. :Eavou;:ably a.ltered such
. that plan:t growth would be enhamed. : : '

.on

"°Flix'thei' 'a‘EudiéB are e..' retjﬁiféd to "'.dét'efmine' ""t'l.m télatii}e' _
: proport:.ons af functlonally dx.f:ﬁerent mcr@bes in the .sheaths,:«

fungi, each of whieh a.re ' responsible {éor - ‘the recyc}.ing o

The microbial populaticm -ingludes uacten_:;;a, Act:u.nnmycet.es j\
_d1fie§ant. range. of elements. . The actu mcrohia.l compositi

rhz_zasphera sa:.l of unaheathed roots, - The' ﬁampulatmn of.

N .-mlcr&nrgam.ams at the so:l.l--:r:oct J.ntex,face ,i.s PQBB...bly an
) important ter:hnique which .could: be emglayed té enhance crop - "
_- ._...growth, as well as P, N and protein content. This will’ be
. ..\_d:l.scmssad in more deta:.l in chapte;c 8. .The ::empositian of the R
mcruorganx.sm population in this zone muat f:Lrst be determined.“
- _'bafora it ean he mana.pulated._ BRI _ _

-~

R T

B

e

B

- of r_,hizoshea'ths must be invest:.l&ated and aampared to that in the

A
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_PART IV SUMMARY AND OVERALL CONCLUSIONS -

| i-ém' ' n's&"

QVERALL pnnsracmvz oF nn:xosnmn nccumcﬁ AND.
| mcmxon:m‘e -

] ©

":This Btudy ganarated unlque 1nformatlon on rh;zasheathg much of _<
ch is iundamental to any future studies, and relevant to a

 __number of. aspects in ecological .studies and agrl%?ltural.:"

iatachnnlagy. ' The dlstrlbution of ‘rhizosheaths among grass
species indigenous to South Africa and the distribution of the
'f_ghaath formlng species in - re]ation to - soil and ralnfallx*’
3condxtlons has been shawn._ The ‘gtudy also . 1hxgh11ghts a
_fundamental dlfference betmeen the presence of rhizashé;ths and

T.Ethe extent to which they de elqpi Inaight into rhizosheath

&

functloning haa a&so been ga;n&d fxom this axperimental wbrk.__]':

The propnaed Bystam ot rhlzosheath davelopmant and functionlng,u.

i
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" as weill as the feedback: affecﬂs between soil properties and =
campasmtlon, ‘and the n@izoaheath, is ghown in Figura 8.1. ‘This -
. conceptual framework.W111 be used as the basis for dl&GUSSLHQ the:
 %resu1ta of this study. The letters ln parenthesms in the text_

'correQPOnd to those in Figura 8. 1.
) " . . . \}’1 .
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F:.gure 8. 1 Overall perspeutive t:!:‘ rha.zosheath functioning a,nd
the intaractiona between - rhizosheaths, plants “apnd the

: ém?ironment. Bach phenamenon or condition that affec‘ts another_ L

‘phenamenon or cond:.t:.on is indicated by the arrows. The
symbol indicates that the phenomenon/conditlon before thg‘—arraw .

controls the following phenomenon/aond:.tmn. ﬁ‘rhe blocks indica:!;‘e cw
pools {of nutrients, water or mcroorgan:.sms) bubthaz.r siées‘-"&w
no indication of the pool sizes. : - J
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o : 'I'he she
'_together in. mucigel by & meshwork. of prolJ.:E:Lc epidermal hairs.

the  sheath. ~ The mucigel avound
e coﬁénl'idatiah of the sheath., The mucigel Consists of substances
‘released by the roots (C‘.J. a.nd €2) (Wullste:.n and. Pratt: 1981-'

o

[ .
.

Rh:.zosheatha are sandy c.oatz.ngs co?ermg the ent:n.m langth of

| -.each root' anq} are: :Eound on the ‘fibrous root systems of many grass-

specles. 'I'hay are ,& genat:.cally f:l.xed trait (n) oceurxmg J.:o;‘
more than nmety fwe percent. of the gra% speczes Cin South_-_
A:Erwa. However, y less than five percent of ‘the species have -

- consisﬁ”ently th:.czc , weFl developed aheaths when growing under all
" envirommental conditions. The ‘extent to which -the sheaths
-devalqp, i.e. the thmknesa of the shea.tha and the degre.a to
* which the sand partmles are held a.n the shaath, varies between,'
~and aoag‘t:unes w:.th:.n, spec:.es. ' :

A

hs conls‘ist c'::E"a mas'a of éé.nd'and silica particles matted -

Pratt 19_91) (B), the_main, factor rgsponsible fo:r: ‘the Bt::ength of

Theepidermal hairs provide mech}lcal binding (Wullstein and ..
the yoot is  important fox

Guinel and:}dccullg 1987) and from the microbes in the rhizosphere

(Rov.l.ra et al 1978) (€3). The release of substrates from the

[ R

roots enhances the colonization of the sheath. by microbes (b},
| which require the orgam.c carbon subatrates for their metabolisii.
‘These microbes at the root surface often enhancé root exudation
of substrates (E), for example by altermg the pemaabillty of
the root. cells (Rovira and McDougall 19674 Bowen and Rovira
- 1976), &heath torming species have 'beeh' shown (Henrici 1929) to
- be particularly prona to cort;l.cal call d:l.ss:.ntegra.tmn, espec:.ally |
whern expoaad to dry conditiona. 'I'he:t.afore a 1arge amount ' of - _
 substances are released by the roots of these gpecies, ragazdlass' _
of the m:.crobial affect on root exudation. The anhanc:ed release
of organ:.c. carban products in turn sta.mu'i.atas m:.crobn.al actzv:u.ty. _
The more products there are avaa.lable in the rhlzosphere for_ o

microbial deaompos:.tmn, the greata;: tha colanxza.t;.on by mcrabes

(D), whmh. laads to a greater ralease of muc::.gel substances in
the rhizbsphere. The more mucigel the more sand particles wh::.ch o
can be incorporated into the sheath and  the th:l.cker, more'
consol:.dated the rhizosheath. The th: ckar the sheath the h:n.gher.

. ;.”
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the number of mlcrohes whlch ran colonize the eheath.- Although_.' ')

bacteria dre prozlflo in the eheath, fungal hyphee do not ooour-az;

:1n lerge numbere (Buckley 1982; Gooddh;&d and’ ﬁyers 1937 en&__'__
J_.ﬂulletein and Pratt 1931} and therefone do ‘not contribute toa_'
-'eheath formatmon.' : : : : o

. : @
. :’.c .- ‘:-'_-..

The sheaths may. extend.up to- 3mm from,fhe root.surfaoe. They are -

therefore @odifications of the’ rhizaephere (Atlae and Bartha

; 1987) or paﬁt thereof, since ‘the rhlzosphere generally extends .
o £rom the root: surface to between lmm ‘and - 10mm from the eurface B
o '(Jenny end Grossenbaoher 1963) : SR

LoL.

8.2 *nHrZosﬁeamﬂ'occunaeacE nnﬁ FnuchOﬁan:

o

While the. abillty to develop rhlzosheaths iq a genetlcally fixed |
trait, the extent to which the sheatns develop is also a

genetd cally f:l.xed trait within many of these species. The extent

of sﬁeath development in these species is unxform between all
indiv;duale W1th1n a speoies, although it differs between :
species. Within the rest of the sheath forming species the
- extent ‘to wk ich the sheathl ‘develop is a Facultative response to
" environmenthl condztions (G}. The oondltion which has the-muet
' marked influence on the extent of development is %o&l texture.

o

fptets) B
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_'Many root features charaoteristlcally vary with the presence of”. -
':-rhlzosheaths and extent of their development. The;more epldermai
~" hairs.that are prodyced. the mors . extenere the rhizoaheathu”

~development (B). The more extensive the sheath detelopuent the
)  lower the deqree of root. brenchlng end‘%he smaller the root

' system (F). -This is because sheaths compensate for low water.

]1avai1eb11ity (Kl and KZ) and 1OW'phosphorne evailability (Ll and  _' _
L2). Extensiwe=sheath development probably lovers the need for._g 3

°-”increaeed roct p:pductlon, hy malntalning suffioient Water ande
.nutrlent uptake (!).;_. o S =l

_‘:K*
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" have. restx:ic:ted dmstrlbutmn ranges. : A&wh*edicted by Marnewack
o :'{1990) ‘and I.luell and - . Peacock (1985) . rhizoshaatha "'a.x;e-
- igaographically ublqu:.tons (within South africa), ‘since sheathed v

L

N e -

-Many species in which the sheath fbrminkq traa.t is present do not _

o

-'individuals ave found in all soil: types and alao in all rainfall'-_;:'-- "
E regions. However, although extens:we sheath develc:pment ig mot -

:.‘___axcluaz.ve to ind:widuals in sandy soil, a’ relata.onsh:u.p ‘between N e
' -_extent of devalopment ‘and soil texture :i.s avident. Thz.s ia .

be-.,ause x.nd:.viduals grawmg i aand,y sml often hava more' . 9‘

extensive sheath. develahent than J.nd:t.v:l.duals of the same specn.es"

o grnw:.ng in clayey %m.l.. S

E It, isg- propased that the.re may be a re“syanae, in ter:ms af an ;

o

- inc:reased extent. of sheath develnpment, to increased sand conent -

in the SO:L].« _Sandy soil hie a lower water retantion capacity o
- ‘lbwer cation exuhange s capacity and hénce a greater - .
. degrae of. nutrient leaching than clay soil (aiﬁger and - Munns'

. (Billel 3871},

1087).  sandy- sml theretnre has ‘& 1ower water and nutr:e.ent’

° content than clayey ao;Ll . Thicker sheaths in sa.ndy soil
- -'appear to compensate, as pveﬂ:.cted by Goodchild and Myers (1987),
| fok Low availab.i.ls.ty of water and nutriants, partmularly ¥, by'_

-facil:.taj::l.ng J.ncraased wa.te:: and nucnent mOVament o the root

.-surfa.ce. e T L T e e

! ) .
. :c.r_'

A ralat:.onsha.p between extent* of davelopmen% a':;d"‘ ra'i'nfa]_j_' o
conditions also ex:.sts, with the average extent of sheath
' :development on sandy aail indiw.duals in aridl and aami-ar;l.d areas -

baing greater than that in ha.ghe-.r rainfall, areas. ) mhis is

pass:.b?ly because - the sheaths compensate " for 1ow wata:;:-- ;

_ availéii’ilx.ty, as pre&mted by Price (1911;, Henm.q1 {1929y,
Goodehild and Myara (1987) and Marneweck (199(:‘) \\loz:e extens:we- R
‘sheath developn;ent in “low rainfall areas my maintain water
‘uptake rates by roots (Ii) ’ -and conSequently ga:owth rates { f:r) r o '
_ am:tar ta those in md:w:.duala growa,ng in h:l.gh rainfall araaa, o

AT
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”_ﬁThe componaatlon for 1ow Water avallahxllty probably ocours dueo _

 to fagilitation ofiwater extraction by. the roots as a result of

 the close proﬁimity of epldermal hairs, muollago, ‘Water -and BOll:” :
' partmoles (Kl) “It i8 hypoth351aad that the nore extonalve the
fdavolopment of the sheath the greater the cogpensation would be
_o(KZ), since a greater denaity of epldarmal hairs would,oocur and’

therefore a 1argex absorptive surface” ared " ‘woyld. be in close

hcontact with 5011 water. - Increased water uptake rates have
zlmplluatlons for . nntrient uptako (LZ} : Phosphorus, beLng an .
immobile iom, is rastrxctad more by its rate of movement to the
- root'surface, than by its transfer into the root (Russall 1973)._

' Thé thicker the sheéaths the greater the effect on phosphozus'

. uptake. . The enhanced water movement into the roots, and

. thEIEfGIE‘tQ‘the root,snrfaco,‘would lncxease phosphorus.movement;
tothe rgots.- Since mass £low only. prov;des a small percent of -
the total phosphorus requlrement of \tho plant} phosphorus-

N fdlffusion to the ‘xoot is more 1mport it (Prenzel 1979~ Chapln"3 o
 :_1980} Therefone; more influentlal Itﬁ%k jard to enhanced::-
) -phoéphorus uptake is the close proximlty of the® absorblng surfaoe-

{root hairs) and the soll,phosphorus._ Yhis 1nt1matezrelat1onship" N
 ‘facilitates phoaphorusmuptake_(IZ) The faster the uptake the -

: 'steeper the phosphorus concentration gradient from the bulk soil
" to the root surface and the faster phosphorus will diffuse to the =
" root. It has'héeﬁéshownfthat-enhanoéd_phosphorus uptake, due to

the presence of thick: sheathsg is particularly influential in

plants growing in goils with low phosphozus availability. The
higher phosphorus uptake enhanoes plant phosphorus and nitrogen

nutr1t1onal status, plant blomassmproductlon and the overall
' plant growth rates (J). ° - . S

[ Fs \

_S;ncé thickly sheathed roots extractwmore soil phosphorus than'
ﬂthinly sheathed roots, the phosphoris ‘concentrations will be
_ higher in-the thlckly sheathed plants. conaequently; levels of

substancaa ‘such as phoapholiplds, ruclelc acids, coenzymes, ATP

d ADP will be hlgher in these plants. It.is hypotheszsed that,
b sides incraasing‘ tha phosphorus nutrltional value of the
plants, the hlgher 1evels of phosphorus compounds, 5uoh as'th,

126
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E .'.m'r.:.li result in a- higher.'nitfbgen content in the 'cmp. 'i‘he h:l.gh

BTP 1evela will facilitate greater uptake of- nitrate {NOy ),,_-_ Y
which is taken into roots by active uptake mechem.ems requ:.r:.ng- :

- the energy l:l.berated by the- hydrolys:.s of A‘I‘P to ADP. (Haynes
1990) . The mereased nltrogen content in the plant would
. increase amino acid synthes:.a and hence the overell protein‘

_ content of the plante (U) - _ oo v_x - CopEe '

8.3 m@n }scm'-grrms' OF RHIZOSHEATHS .

The #iportance of rhizosheaths must not be underestimated. Their
- inﬂuence is not restr:.cted to the individual plant, hut probab]_y s

~has large’ scale effects dn terms of speems distribution ranges, .

scu.l mwroblal act:w:.ty and pravention ef soz.l erosion. _
8\:3.1 Distribution t'anges - - . : ) ‘3

The apparent compeneation f.o:: 1ow water and nutrz.ent availabil:.ty

. suggests a method whereby the sheath formng apec:.eé are guited -

for surv;.val (S) :.n low rainfa.l. reg:.ons and in nutra.ent poor
(eg. sandy) soils. 'The nen-—sheath forming specles which exist
under these conditions must either tolerate the low avai]ab:l.l:l.ty
' of water/nutrients or compensate for it by some other means of.
extending the rhizosphere depletion zone, fur example by
increasing the size of the root system, . S

| The development of thick sheaths must be a cost effective way of
increas'in'g' ('widening) the nutrient and Water depletion '?ohe _
wrelative to other methods employed by plants to deal with

stressful conditions. Under stressful conditions the carbon
allocation  pattern in- ‘plants changes and more carbcm is
channelled: to below-ground plant parts (Chapm 1980) s both for
the J.ncreased products.on ‘of epidermal hairs and for J.nereased '
root exudates, Species without rhizosheath developient would
probably increase the carbon allocatmn into root preduction to
an even larger degree, since not only root hairs but also roots,

o
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must be produced in .ordér to maintain water/mutrient uptake

‘rates. - ' Therefore, sheath development is prabably a cost
effective mechanisn for tolerating ar:n.d, low nutra.snt conditicns . -

and’ avoid:.ng water or nutrient dsficlsncy. the {Eoduction of .
more roots to sxtsnd the depletion zone is more expensive in -
 terms of rsssurces , since they rsqulre production of protective,
ahsorptws and conductive tissue, J.n addition to sp:.dermal hairs.
: ;t is posslbls that sheathed roots, “bemq ‘more resistant to._"

3 aatrsrss%ssaitmns, suc:h as dry soill af q- soil compression (Thonas - N
1922; Oppsnheimar 1960}, may survive longer than the fine roots =

_:of nan-shsath forming spsc:iss - .Thege fms roots, bsing ’ -
-unprotected, Wauld be ' more Vulnepable under thess cond;tions. N
 Although sheath- devslopmsnt reguires rslsass of mnrs carbon_'

 products to the soil and extensive. root haxr produt:t:.sn, the
- continual production of many f£ine unshsathed roots may be more
_ expensive to the plant in terms of resources, than the- fewer,- '

1ess frsquently producsd shsathed roots. ' Ths prsssncs “of _
: rhizsshsaths may also_be less ‘expensive to the . roots than the

formation of mycorrhizal asscoiations, since many nutrients are .
-absorbed frcm the host p:l.ant by the mycsrrhizas (Atlas and Bartha -

1987) L T

_'The dsvslopmeﬁt ‘of rhizosheaths occurs as the root -develsps-, R

facilitating uptake of water and nutrients from a larger soil i~
volume as the root extends through the soil. Therefore, an
' int_:rsass in the width as Weli as the ‘extent of the depletion zone -
is _simultaneousiy accomplished in sheath fbrfﬁing plante, . |

8.3.2 Microbial mctivity L BN
Ag has been - discussed, ‘the microbial populations in  the |
rhizosphere influence the extent of sheath development (03 and
B). The relationship between roots and Imicrobss contributes to
rhizosheath formation. It appears that the rhizsshsath crsates -
an environment more suitable for: microb:l.al activity than the
rhlzosphsre environment around an unsheathed root, sincs_. the

micr_ohial biomase in the rhizosheath is significantly higher than o
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| in the rhiz'o'sphere'as well as the .bu]:k..gﬂiia It is "'hypothéais"éd B
_that since rhizosheaths are modif*tcatn.ons of the rhizZosphere, the
formation of a. rhizosheath-:naffects the composn.twn of the

._micrabial popua.atu.on ‘at the aoil—rocﬂ: interfaca due to- the
altered rhizosphera enviromment,  The resuits of the study done
by Wullstein et al (1979) support this theory of sheath

alteration of the rhizosphere ‘microbial ‘composition, Their

results shnwed that increased nitrogen flxatmn was assocz.ated

with rhizosheaths, thus indicating a higher number of active

. nitrogen fixing bac:ter:.a in 't:he sheath aoil relatz.va to th.at in
- una].tere& rhlzosphere soil.. T '

_ he size, as m:ll as the compos;;,t:.on, of 'I;ha ma.crob;xal population
‘in the rhizosheath influences the cn;o,fa,ll activity occurring in’

. the sheatk. (P), A high proportig /{ of the microbial population .
. at’ the rhizosheath aoil-raot interface may ‘be constitutad wy

‘those - microbes  which are  responsible for - nitrogen
_ mlneralizatibn/rmyc‘ling (M) and"'phosphate mine.ralizatianf_
_.solubilizatmn (N). mhis high density of microbes in the .

o rhizoshaath may result in a hlgher cnncentratian of " plant
" available nitrogen and phoapherus at the soil—-root interface than

at this interface of. unsheathed roots in a similar env:.ronment. .

The higher ava:.laba.l:jzy facilitates greatar upta]ra of these'_
-nutriants (Iz) C : '

3 Increasad ﬁptake. of phosphorus (I2) ky thickly sheathed roots
ralative to th:l.nly sheathed roots haa heen shown conc:lusi\reLy .m _
this study. It is attributed to the enha.ncea uptake, due to the
close p_ro‘x:i.m.ty of the epidermal hairs, soil solution and soluble |
‘phosphorus and to the increased P diffusion, and to a lesser |
degree water movement (and thus.phosphorus movement), to. the
roots. ' However, the. :Lnfluenc:e of sheaths on the overall
availability of phosphorus must not be overlooked. Through
sheath influence on. microor’g‘gniams (0), solu .. phaspharua
concentrations may be affected since certain microbial- species
. solubilize phnsphate. from compounds of low solub:l.l:l.ty and thereby
increase plant available phasphorus (Russell 1973 Ri\..hards 1987) "

S
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s o® 'ﬂ..,_f;-_"'$  N
. e E : ST L
(M) Aasnmmg tha’a thre sheatha do increasp the proportlcms and
__'déns:l.ty of: vou:.:able microorgann.sma, ‘the rhizosheaths could
- 'cantam ‘highliz concentrations of -the -phosphorus aolubil:.zing
:%pECJ.ES &E meroorganisms than those spec%as which compete m.th
the. rcmts for phosphorus,., - : : :

. . . 1
- l_|\.

N '_The effect of rh:.zashaa.tha -on soil miurcb:.al populations nay be _
'_ -'J.nfluant.:l.al a.n the overal!.. f’below-ground product:.w.ty Q) of any
. -_.;systam :r::.ch in graas ape‘gﬁi*ea._ “Both primary (root} (RY and -

- sacondary (ma_croorganisms) Q) belaw—ground producta.v:.ty will be
- affected.c _This hypothes_ ig proposed since, as expla:.ned

__earller, it is thought

‘ta
+

st the sh&aths may change the_

'_'_compoﬁ it:.on ‘of the microblai populatmn throuuh tha:.r affact on-

‘the  soil env%rcmnental cdhdf;tmns. OThe - m:l.croh:.al activity :m

_ turn ‘affects root productiv Ly and tharatora root uptake (\r)
o -'-_tt'he :mcreasad belc:w—ground Pl oductwlty wculd be re:l:‘lected J.n
_ J.ncreasad abnve-ground plant growth ('1!) a.nd ovez:all plant va.g&ur
'.fﬁ.;(s}- = "”3T T”“"”3Ti_ ﬂk\\?lT:' : . o . :

B

L

e
['k

'-'11:' th:.s is. trua and :L:E it is p'ossn.ble o gene“t:l.cally mampula'l:e . S
crap plants guch that the +trait for the development ‘of thick » e

sheaths could V"’*f::.xed in the genome,ﬂ this’ would have s:.gm.flcant
| ""mpartance iﬁMgriculture. The P, N, and therefore protam,
content of crops could be. J.ncreasad through the manlpulata.on of
a rh:.znsheath development.- Th:.s would be partit:ularly relevant in
cro;as rrrowing in nutrient poor soilg and in semi-»-arid to a::.d

‘areas im Routh Afriga. The influence on the microbial pcpulatmno R

~ would be of partmular importance in the 1w nutrient wtatus -
soils since’ in a.ddition to affect:.ng the avaa.lab:.lity of m.tx:ogen
- and phosphozus through, recyéling and salubs.liz:.ng, _the -
microorganisms also mi.n:i.m:.se 1&5535 i:hrough leach:l.ng (W} by
_' temporar:!.ly Ammobi ‘l'f;g.zing the nutrient :.ona within their bod:.ea. _
; _'Therefarep the mlj{ﬁi}lal util;.zatmn o;f:‘ the nutr.z.ents affects the
e mreralil avallabilz.ty of the :Lons at the Boil-rgot :Lnterface (X).

W
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. 3..3-.3_}._565.1 am_aiah o

S P -

It has bean racogm ‘-mi that grass plants are espac:r.ally gccxd-« -
ground cover plants: 1:;:{}6 “the prevant:l.on of so:n,l erosion.. Spec:ies. o
_ Hwhic:h have extena:wa sheath davelcpment, for example Stzpagrostz.s oo
‘namaquensis (wable 3.1), have been racagnisad as useful soil
 bipditg plants ‘and have baen used to control soil erosion in
' ovargrasad aréas ( Gibbs Russell, -Watacon, Kaakemoer, Smoo}c,-
Barker, Anderaon and Dallmtz 1990) . The ab:s.lity to prevent. soil
_ “erosion has however on}y been attributed to the shallowness of
- their :Ez.brous robt systems and the degrae with which the roots
~ eling to soil garticles. . The phenomenon of rhiz«sheath formation
and Jts ralevance to. 8011 bindmg thx:augh mod:.fmata.on of the
_rhs.zosphera soil has not been adequately recognised J.n te:cms of
o dts contr:abution to the. preveq’tlon of soil erasion. -The root'[r'-'

systema ‘in which sheaths oveur are Fib: -::us, lateral spreadmg

. systems and ‘therefore much of the scil in tHe top horizon may be
" bound’ inta rhiznsheaths randemng it leas susceptihla to eroaz.on'_."

' forces. - e S o

«™

Grasalands r:!.ch in th:.ck—rhizosheath form:Lng species may be lass_
prone to soil erosion losses due to the additional binding sffect

- that rhizosheath forration has on'the soil. This makes .these
‘species marticularly useful in re([vegetatmn and soa.l erosmn

_.'preventiq% projacts. -
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| 'l‘he preSance of rhizashenths, especxallg tha,ck shaaths, ndt only L
,,_3subatant:mlly influendes plant grc:wth and aurvival in: Btrasaful'_“ o
conditions but ‘thick sheaths - also anhance the - pbosphazus,

8.5 -emmm R

"_"ha.zoaheaths oceur in the majora.ty_ of grass speciea indiqenous

to South Africa._ The da.stﬁ::.hut:.on&jbf sheath farm:.ng indiwviduals
is not rastra.cted to .sandy soil nor sema.-ar:.d tn ¥id areas. El'.'he -

| __extent of sheath, davelopment within some species varies depandmg o

., on the soil conditions. The higher the sand content in'the soil

tha greatax: the extant of sheath davelcpment. _ The difference in

L exte t of Bhaath development is a diract renponse to tha sand”_

: content in the soil, and not in xesponsa to the low water o ]mw

’nut,rient cond:.tions of the sandy soil, Hr:ts\faaw)‘es:r:,c2 the presence of
o rhizosheaths appears to compensate for low water. avallabz.lx.ty and
L _.th:.ck sheaths :mcrease plmsphoz:us uptake from soil, espaclally ;.'
when the phospharua wontent .is low. In addition to this direct
“influsnce on phosphoa:us uptake rh:.zosheatha inda.rectly inﬂuence B
nutrient uptake. - The shéaths affect the microbes and fhag,r B

_activz,t:.ea adjacent to the root and: thereby influance phosphprus
.'and nitrogen availaba.la.ty ai. the so:.l-root mterface. : :

=

_nitragen and p:.obably the protein content of, tha tissue. '

-

“a

132 v

L o
- N
k] 3 .
- ke




S o
 REFERENCES

Blexander, M. -"198'.:?;. Cultural mathods for so:.l m.wroorgam.sms.

Ins -~ Methods soil analysis. Part 2. Chemical .and

" microbiological prqpert;es. 2™ edition. Pa§§' A.T., Mlller,i

- R.H., and Reeney, D.R. (Eds). Amer, Soco Agro
'301. Soc. Awmer, Inc. USA._ _ o

anderson, J. M., and Ingram, J.5.I. 1993. (Eds.); Tropical Boil

omy , Inc. Soil

Biology and fértilzty. _a__han oak of methods.,_ C A.B. o

Internatlonal.

hulas, R. M., and Bart@a S Ra 193?. _ Microblal Hualogy,
Fundamentala and4App11catlans. Benjamln/Cummings Publishlng Co.,
USA. . _

':Barber, D A. | 1969. Eme 1nfluence af the aucrvflona on the1w
accumulation of ions by plants.,  In: Ecological aspects of

mineral nutrltion of plants.izﬁgison, . H. {(Bd.). Blackwell.
'Oxford. , _ o o o

Barber, D.A. 19?8. Nutr;ent qptake. In; Interactldné between
non-pathogenie soil microorganisns and plants. Dommergues, Y.R,, -

' and Krupaﬁ 8.V (Eda | Elaevier puhlishlng CG. Amsterdam._“

Barber, D.A., and Laughman, B C. 1970. - The effects of :
. microorganisms on the absorption of isorganic nutrxents by intact
plants. II. Up ake and utilizatiofi of«phosphate by Barley .

plants grown under Bterlla and nonsterlle sonditions. J. Exp.

Bot. 18: 170-176.

IS . '-‘.t\ '

Barber, S.A. 1973,  Growth .?equremgnte;'fbr‘ nutrients in .
relation to demand at the root surface., In: Soil conditions and
plant growth. 10% edltlona Russell, E.J, (id.). - Longman.

-London.

Barlow, P.W. 19’7“5. The root cap. In: The development and

function of roots. Torrey, S.G;“and flarkson, D.T..{Eds.).
Aﬂ@ﬁhmic Pressd, London._ co ' . .

A L .
Bﬂat, K.R. S., and Nye, P.H., 19%4a. Diffusion of phogphate to
plant roots iun soil, II, Uptake along the roots at different

times and the effect of dlfferent levels of phosphorus. Plant

and Soil, 41: 365-382. | __ |
Bhat, K. X. 8. and Wye, P.H. 1974b | fusxbn“af pﬁosphate o

plant roots in soil, III. Depletion. around cnlan ‘roots without

root ha:l.:l:a. Plant and Soil. 41 383-384,

~ Bhat, K.K.S., Nye, P.H., and BaldWIn, 3.2,  1976. niffuaiqn of
phosphate to plant roots in soil. IV. The concentration distance

profile in the rhizosphere of roots with root hairs in a 1ow-p,[

aoxl. Plant and Soil. 44. 63-72.

133

o



LY E

© Plant and Soil. 66: 417-421. | v

 Campbell, R. . 1985, Piant Mlcwnbzolagy;* "Edward Arnold
:Publmshera._ London,. - R

T

_-Boero, ¢., and Thien, S. 3979.'aPhbsphataie activity and o
phosphorns availability in the rhlzetghere of corn rxoots., In:

Soil conditions and plant growth. 10

edltlnn. Rnsaell,' E.J.
(Bd. )‘ Longmantf Yondon. . S

biomass as a fractionjpf potentially mineralizable nitrogen in
soils from‘long-term ﬁield experimants. -Soll Biol. B;ochem. 20-

'447~452.

'Bowen, G.Dy, and Rovira, A. D.. 1976.: Microblal cplonlzatiot o*.

plant ToOTE. Ann. Rev. Phytopath. 14: 121-144. _ -
mwmw,nmxwmmw,Mm,hmu,m,mmsmwm,mm

1964. Experimental investigations into mineral nutrition of
several grass species..Iv. Nitrogen 1evels. T Ecal. 52: 665--

676- : : # ) % : ¢ .

W

f_Brama, E. 1969. The mucllaginous layLr of citrus roota - its
delineation in the rhlzasphare and removal from.roons. Plant and
'Sazl. 30: ‘105-108. . I . S '

Bucklay, R[."iQSZ - sand rhlzosheath of a@x

.»Childs, B.C. 1969. . Introduction to tbe physical b%sis of ¢ soil_
*water phenomena. wiley. New York. g

'_clarkson, D,T., and Hanson, J B. 1980. The Mineral nutrltxon'

of" hlgher p;ants. Anfi. Rev. Plant Phys, 31: 239-298.

Coleman, D.C., Andrews, Ry Ellie, J.BE., and Singh, J.8.. 1976,
"~ Enerqy flow. ani partltzonlng in selected man—managed and natural

acosystems. Agrn. Ecouvstams. 3: 45-54,

_-Dawes, C.J.; and Bowlar, ﬂ. 195%. Light and electrnn,microsuopﬁ
studies of the cell wall structure of the root haiLs of Raphanus
 pativus, Am. J. Bot, 46: 551-565.a- b

i

Day, P.R.  1965. Particle fractionatmn and partxclea-sise |

analysig. 1In: Methods of soil analysis. Part 1. Physical and
mineralogical properties. Black, C.A.; Evans, D.D., Ensminger

L.E., White, J. L.7 and Glaxrke, F.E, (Eds). Amer, Soc, Agronomy,

Inc. Sﬁll Scl. Soc._nmer, Inc. US&._

nommergues, Y.R., and Krupa, 8.\ 1979. Interactions between.

non-pathogenic soil mxcruorganiams énd plants. -Elaavier

' Publishlng Co., Amsterdam.

. Doran, J.W. 1980, Soil mlcroblal ‘and bluchemical changas'
' asgouiatedywith reduced tlllaga;- Soil Sed. Soc.,Am. J. 44 765-
771. . .

1d zone grass.

' Bonde, AL, ‘Schniirer J., and’ Rnsswa]l, T. 1988. Mlcroblaig;_

_Chapin, F.5. 1980. The m&naral nutrltlon of wild plants. ﬁnn. '
 "Rev. Ecol. Syst. 11: 233-260. ' _ :

G



& B

o

Drew, M.C. :1..9"?5"8,r Root devglopment amd activ:.t:.as. 'Ih'- Arid- -

land’ ecosystems.. Perty, R,A. and Goodall, D,W. (Eds.). Vol.l, |

. International Bizplogical Prngramma. Cambriﬂge University Press. -

cambr:l.dge. L | _ .
Drew, M.C. 1979. Propertles of roots ‘which J.nf,tuent:a Pates of

absorption., In: The soil-root interface. Harley, .:r L. and Scott-

- Russell, R, (Eds) Acad.e:mic P;l:ess. London.-

 puell, R.W., and Peacock, G.R. 1985. Rhizoaheaths on mesnphytic '

‘grasses. Crdp SL‘:J. 25 880-883

Epstein, E* - 1972.. Mineral nutrition of plants., Principles ana B

perSpeat.!.Ves. John Wilpy. New York.

Gahoonia, T. s., and Nie n, N.E. 1991. - method to study

rhizosphere processes in thin soil layers of different proximity
to rauts. ' P.Iant and Soil 1353 143-146.

' Gardner, W.K.;. Barher, BLAL and Parbary, D.G. . 1933. - The

- . acguisition of phosphorus by Lup:.nus albus L. IiI. '.I:'he probable
. nechanism by which phosphorus movement in the soil/rnat interzrace-=- :

L ie enhanced. Plant and Soll 703 107—124‘

'Garloff G. c., and Gahelman, WoH. - 1983. 'Genétw'aa's;s' of

Inorganic Plant Nutrition. - ITha Inorga;nia Plant Nutrition.

o "_.E’ncycloped;a of Plant ﬂhys._iol Ney series, wol 15B.. Lauchli, A., |
~and Bieleski, R.L. (2ds.) sPringer Verlyg. Berlin. '

- Gibba Russell, GE. ; Watson, Ty ‘Koekemoer, M., Smook, L.,

Barker, N,P., Anderson, H.M., and Da.llw:.tz M.J. 1980. Grasses

of southern Africa. Memo:.r. Bot. Survey s. Afri L:1: T L

Goodehild, D.J., and Myers, L.F. | 198?. _ Rh:.zosheaths - 'a_'
- neglected phenomenon in Australian Agrlculture. Aust. J. Agriec.

Res. 33. 5£9-563. ,}
Gray, T. R G., and Pa:rkinso-a, D. (Eds.}. 1968. The ecoclogy of
soll bacteria. University of Toronto Press. Toronto.

Greehlla_nd_, D.5. 1979._ The physics and chem:.stry of the soil-
root interface: some comments. = In: The soll-root interface.
Harley, J.L. and Scott Russell, R. (Eds.) Academiu_Press.
London. S S B . .

Guinel, F. C., and Mgéully, M.E, 198"7.-. 'I'he cells shed by the

voot. cap of fZea: their origin and some structural  and

physiolagical properties. Plant, aql.z and Envmm,,ent 10’ 565 .

578.

Ha_ckett,' C. 1969. Quantitat.ure aspects of the g.rowth of cereal

root systems. In: Root Growth. Whittington, W.J, (Ed.)., 15%
Easter Sch Agrw. sci. Unw. Nottingham 1968. Butterworth.
' London. . : _ _ _

Haynes, R.J. 1990. “Active ion uptaka and mamtenance of caticsn-
anion balance: A critileal examination of their role in regulatmq
rhizosphere pH. Plant and Soil 1263 247-264.



Chr gy

I

Henrlcl, M, . 1929, Structure of the cortex of grass roots jn the

‘more -arid .regions of Sauth Africa. -Uniqn of~SQuth\Afrigai.ﬂ'
'Depart. Agr. sei. Bull 8% g T

B

 millel, D. 1931; Soil and water pmysical ;umnc;ples and'=

o ‘proceases. ‘Acadamic Press. London. 3

“.,—'

- Jenny, H¢, and Grasaenbauhar, K‘ 1963, Rmot-soll boundary zangs

as seen in the electron microscope. Praa. Sozl sc;. Soc, Aner,
27:273*277._ : : L _

| 'Jlanguo, H., and Bhuman, L M. 1991. Bhosphorus utllizatlon 1n :

the rhmzasphere of rlce,. Sq;l Sei,. 1523 360—364 w

. Katznelson, H. 1965..1Nature and 1mportance of the rhizosphere.
' IniEcology of Boil~borne Plant Pathogens. Bakeix, K.F and snyder,

W.C. (Eds ); Univarsity nt callfornla Press. Berkley.

Kotharm, S. K., Marschner, H.,”and Romheld, V. 1830, D;rect and‘-
indirect .effects of VA mycorrhizal fungi and rhizosphere

microorganisms on acqulsxtionkéf mineral nutrients by maize {Zea
mays L.) in a calcareous goll. NBW‘Phytol. 11632 637-645.
. i ﬂ Ij

Euchenbuc.h, R., and Jungk, A.. 1982. A method fer datemina.ng
concentration profiles at the soil—root 1nterface by-thin slxcing

_rhizospharlc soil, Plant and. Soil. 68:.391-394.,

Lauchli, A. 1976. . Genotxpla var1at1on ;n trandport, In:
Trangport in Plants II. Encyclopedia of Plant Phys. new series,
vol II. Luttga, - Pltman, M.G, (Hds,.). . Springer VErlag.
_Berlxn. ' : : . _

Laech, -J¢H.;Q Mollenhauér, H.H,,-'and=‘Whaley; .W.Gﬁ- .'1963.

Ultrastrugtiiral changes in the ' root apex. - In: Call |

d;ffErentlathn,,Symp. Scc. exgl B;ol. 17: 74~ 84.-

Lemser, A T. 1968, A mncilaginaus rcot sheath in ericaceae,=

MEr- Ja Bota 55(3)3 391""3981

-_Lelstner 0.A. 1967. The plant ecology of the southern

Kalaharl. Bot. Survqy 8. Afr. Memoir. 38.

'Lynch, FM. 1976. "Products of soil microorganlsms in relatmon

107.

to plant growth. CRC Critical Revuews 1n Mlcroblology. 5: 67~

',Lynch, J.M., and Whipps, J.M. 1990 'suhstra_te flow' in the

_-'rhizosphera. Plant and SQil. 129: 1-10.

Marneweck, @.C. 1990. Tﬁe structure and d;strubution of sand

grazn root sheaths in certain southern African grasses, Honours
thesis. University of the Wltwatararand, B

Marachnar, H.  1986.  Mineral ‘NUtritiah af .nghez- Plants{

Academic Press, New York.



N _ff';f T

. Mccully, M. E., ané Cénﬁy,'m j; 1986{ The . 1arqa metaxylam _
‘vessels  of corn roots in relation to the presenca nf a -, -
rhlzoshaath. Amer. T Bot. 73(5): 635—635._ _ _ .

- Miki, N.K., c1arka, K. J.; and,Mbcully, M.E . 1980, A historical
., and histochemical comparison of the muc:.lages on the rnnt tigs -
j"of several grassas.' Can. J. Bot, 58: 2581—2593. t' LI o
Miller, R.G. Jr.. 1981, Simultansous statistical inference. g
- Ed._ springer-Verlayg. USA. N _ _ _

_ M;llar, R.G. Jr. 1963. MUltipae compar:sons._ -Inz. Enqyclqpedia _
of statistical sciences. Vc:l p K_otz, 8., and. Johnson,_N L."
. (Eds). Wiley. WSA. . - o R

'Hiller, R.W., and Danahue, R L. 1990. : s::._ils, an .introduation _
to sa.i.zs and plant growt'h. gt eaition o Prentice-ﬁall Inc. _
London. _ . L 7

Mosse, B. 1973 | Advances in the study af vesicuz,ar—arhuscular
-_mycorrh.i.za. Ann Rev. Phytauathol. 11: 171*-196.:' St

' Namib:.ar, E.K.S. 1976. ']Jhe uptake of zinc-65 by oats in
- relation to soil water cantent and root growth. Aust J Soil.
Res., 14r 67-74. | R

"Nicholas, B.K.D, 1965 14&. Influence o.f the rhizosphere on the

. mineral nutrition of thg plant. In: Ecology of soil-borne plant

.pathagens. Bakexr, K.F.j and Snyder, W C. (Eds.);w University of =
'-"___.Califorma Prass. Ber]c,lem _ P

Northaote, D.H., and Pmkett—-Heaps, J.D. 1966. A function 6f
 the golgi apparatus in polysaccharide synthesis and transport in
the root-ipap cel is of wheat.- Bioahem« J. 98: 159-167. -

Norve.ll W, A., anri qﬁry, E E. ‘1892, Potential Arrors caused by
roots in analyses of rhizosphere soil. ,Plant anr:.’ Soil. _143 _ 22_3--

231. . . \“ R O\‘ ’

Nye, P.H. 1977. 'I'he rate-lm:.tinq step in plant nutrient
‘absorption from aoil Soil Sci 123: 292-297. : o

oades, J.M. 1978, Mucilagea at the root surface. J. S6il Sci.
29: 1-16. S S T RS

Oppenheimer, H.R. . 1960, ﬁdaptatianato dfdﬁght:'XErophyﬁisﬁ.
Arid Zoneé Res. 15: 105-138. o - B

‘Page, k.L., I-Iiller, R, H., and Keeney, D. R. (Eds) 1982, Methods .
of soll analnaysis “Part 2. Chemical and microbiological .
~ properties. edition. Amer. Soa. Agronomy, Inc. Soil Soi..
Soc. Amer, I_nc_ "USA. . v :

Parkinson, D., and Paul, E.A. 1982. Cultural methods f’:ar soll

microorganisms. In: Methods of so.il analysis. Part 2. Chemlcal

- and microbiological properties. 2™ edition. Page, A.L., Miller,
" R.H., and Keeney, D.R. (Eds). A&mer. Soc. Agronomy, Inc. Soil
Sci. Soc. Amer, Inc., USA, o



o ’ e T - : B . SR B : . - . : . . S

B

v.ﬁickgtt-neaps, J.D. 1967. Eur er cbsérvatléﬁé'oh'tha gﬁlgi. .

apparatus "and its function in cells af the whaat saedliﬁg. _

'v_UItrastruct. Res.-lat 297—303.

© R : ’
Pranzel, Js 1970 M&aa flow to the .root system.aand mneral '
uptale “of a beach stand &alcula?\:ed from“’i%yaa.r f:!.eld data. Plant -

3 and So.i.l 51: 39-&9. '

Price, S.R.. -19¥l. The roots of\soma north A:Erzl.can desert o
grasses. - New Bhytol. 10: 326-339. O A sert

» 'Rhodes, L.H., and Gardemann, T W 19'75.. Phosphate uptake zanes.
. of mycorrh;.qu -and - non-mycwr:::h:l.zal om.ons. h!ew Pbytal. 7Bg. 555~— '
561. - = _ o S

v

:\j -

 Richards, B.N.  1987..  The ‘mi Bhiology of ter:astr;a;;_.A’

 egosystems. Longman sc:t.antn.f:(.c and.! ‘échnical. USA.

 Rovira;,A.D. 1965. Plant root. exudates and their inf}.uence upon. S

soil microorganisms. In: Ecology of Soil-borne Plant Pathogens.
Baker, K.F., and Snyder, W. Cy (Bds,.). University of Calmforma
Preas. Berkely. o e P - . .

_Rov:.ra, A.D. 19785 B.wlogy af the’ soanl—-root interface.' Im !I'he-._ o
~ goil-root interraca, Iiar;.ey, F. L. and Scott Russall ’ R. (Eds ). o
Academ:l.c Presg. Gl e,

Ravira,, AD. , Foater, R Oy and Martin, .:r.K. 1979 ' A fote. on
termino.lagy. -Origin, nature and nomenclature of the organic

- materials in the rhizosphere. Ini The soil-roét interface. -

-Harlsy, J.L. and Scott Russell, R. (Eds }~ Academm Press.

'Rovs.ra, A D.,, and Mcnougall, B.M. \1967. erob;ological and.
biochemical aspects of the rhizoasphere, 1In: Soil biochemistry.

Mcﬂaren, A.D., and Petez:sen, G.H. _(Eds ) M. Dekker Inc. New

"_Ruasell,- 'E.-.:r-'_. '19_73 . Soil aand.ttions and plant growth. 10t
edition. Longman. ILondon, _ _

| schmidt, B.L., and Paul, E.A. 1982, Cultural methods far'sail”
_mcroorganisms. Ins Methods of soll analysis. Part 2. Chemical
and microbiological prc:perta,as. 2™ edition.. Page, A.L., .
- Miller, R.H., and Keeney, D.R. (Rds). Am;er. -So_c. Agronomy, Inc. :
Soil Scz,. Soc:, mner, Inc. USA. o ' o

. s:.bbensen, E. 1978. An J.nvast:i.gatmn of the anion axchange_'
resin method for soil phosphate extractmn.' Plant and Soil 50:
305-321. - S -

Es:l..'rlge'm;r M. J., and Munns, 'D.-N"." 1987, Soils. An infrodudtion.' -
Macm:l.llan Publ:l.slu.ng Co. . New York. - _

Stanton, N.L, 1988. The underground in grasslanda. Ann. Rev.
.E'C-'Ola Syﬁtn 19 5?3"589. : E . ) o



1991.' M:Lcrobiaa
‘effect of fungalsbacterial t:wity ratios anii of ,scu.l amendtrgpnt, e
50il Sc.'.z. 152: 220-225._ e ‘} N _

= Thms, H Ho ’
'daaert.

.Wardle, D.A. o
. influence microbial h:.omasa carbon a.nd m.trogan levels in ao:l.l. o
_Bicl.,Rev. 6‘? 321458. . : S

X Whiteakex:, c” Gea:lof.f, GuCufy Gabalman, W, E., and I.indgran, D. L
Intraspecific differences in growth of ‘beans at. stretss e

©_Ins

' . R.H., and Keeney, D.R.: (Eds).
I '_'.SCf’ S&‘JG« mrf e

;_j-WuLlstein, Lof., Bruen:.ng, M. L. and Bollen, W,B.
- fixation associated with sanc

. _.r}'-'
w ___.?1

- |

'«\:n .

Pate; R.L,

1922,
Js Bcols 9: 75w B?

n..

Varmeer, gy and McCully, M. E. _ 1982.a-

6l. - . T g e e

1992._ A comparatwe assessment of factors which

0

1976,
levels df phnsphorus.

1982 .
cof  sgoil

Jn Am. SOG- Hprmav ﬁci. 101 472-475-

Cultural methods far scul m.iaromr

‘analysis. Part 2, - Chemical

micrebiological -properties. - 2“" edition.
Am&r . SOc& Agmnbmy; IBCa

Wollum II, A.G.
Methods

.I._EIRS.

9011
USA. _ _
1979.
“grain root sheaths (Rhlzasheaths)

of wertain xerz.c grassaa. B ys:.al Plant 45:

Wullste:.n, L H., : and Pratt;' S.A; 1981 scanmng electron
- microscopy and rhn.znaheaths of Oryzopm Iunnenoidas. . Ameri. J,
Bot. - 69: 408-419,_ _ L S o e

' T g

Ry

S

_ ¢ 'I‘he rh:l,zoaphere 11‘1 zaa'-"'
. new J.ns:l.ght J.n'to :Lts structure”® and devea.epment. ,leta 156+ 45-

N:Ltrogen

PO \ .

b:l.nmaas measurement in acidic so:u.}.- e

_ Some Qbservations one plants in oci:he. I.ihy&n e

and .
Pa.ge, ‘A.La, Miller, N

S0y




e : o . .

E .
) £
.
" o . )
N e o
L
@
” -
- .
= (L] .
. . .
3 ,
T
it .
. . - \
it ;
g o = &
I
N
o
T
. i+
A I
3] . .
J -
u
A _
) A =
)
N
) 4 ,}\
: )
w7
v .
L
- B
* "
T =

1

.(_'_\

o




Author: Bailey Catherine Lara.
Name of thesis: The distribution and functioning of rhizosheaths among South African grass species.

PUBLISHER:
University of the Witwatersrand, Johannesburg
©2015

LEGALNOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed or otherwise published
in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material {(one machine readable copy and one print copy per page)for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or omissions from the information on the Library website.



