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Rhizosheaths are sandy coatings covering ~ ~ entire length of the
roots of manygrass species~ .:They consLab of a mass of sand and
silica particles en4?eddedin a mucilaginous layer and are matted
togethel.· by a meahwozk of prolific epidermal had.ns,

A study of the phenomenonof zhd aosheat.ha in South African
grasses was undertaken. Aspects which were invest.igated include
the occurrence of rhizosheaths amongSouth African grasses and
the influence of environmental ccndftions on th.e presenc~ and,
extent of rhizosheath development. In addition, information was
~fsll!led on their possible functions in terms of their
contribution (s ) to plant vigour, through their influence on

(1

nutrient and water uptake, particularly in low nutrient soil~ in
'~\

;'';-''>"\\arid areas.

An extensive surv,sy of herbal:"iul!lspecimens was conducted at the ..
National Herbarium in Pretoria. It Wasfound that the presence"
of rhizosheaths is a genetically fixed trait, occurring in the
majority of gra~s species in south Africa. The extent to which
sheaths develop (the thickness of the sheat.h and the degree 'to
which the soil particles are bound to the sheath), varies
between, and sometimes wi thin;) species.

~<
Ii'

Seeds of three sheath forming grass spccf.es which occur in South
Africa, Anthephora pubescens Nees, Digitaria ex ientib« Steud and
Eragrostis pallens Hade, were gr.ownundez different condi.t.Lona
of soil texture and different conditions of water and nutrient
(nitrogen (N') and phosphorus: (P) aVailability. Sheath
development was found to be more extensive the higher the sand
(relative/.: to clay) content in the soil. In addition,
rhizoFlheaths developed to a greater extent in sandy soil with
high watsr and nutrient availabilityu Therefore, the extent to
whi;chsheaths develop is a facultative response directly to sandy
soil, rather than toe resulting lower water and nutrient
availability in this snil.

1



A:fter \: Jtudying a number of physiological and morphological
factors of the indiv~dua.ls in the different water and uutrient
treatments it appeared that rhizosheaths compensate",dfor low
water availability. In additionq sheaths appeared to «compensate

-. I.'

for low N availability when this 101;1T availability was a result
of low soil water contentc

The influence of sheath thickness on immobile nutrient ion uptake
was investigated.. 'l'his was achieved by stimulating within-
speoies variation in sheath thiokness and mea.suring the
difference in P uptake. The individuals with thick sheaths
extracted more p from the. soil, and ~rom a greater volume of
soil, than individuals with thin sheaths. This was particularly
evident in conditi.ons of low P availabili,;ty i thereby highlighting

, the important influence of thick rhizoshea,ths in soils with a low

"""" p status.

1/

The microbial biomass (as indicat;ed by t.he microbial Nand carbon
concentrations) in the sheath soil was compared to that in the
l?}y_k soil and the rliizosphe:r.e/out.er ,rhizosphere soil of
r{

tinsheathed/sheathep, roots. Fromthi~ study it w~s concluded that
rhj..zosheaths influence the"mic;:roorganisms in the soil ~djacent,

\,

to the root surface, since the l.hizosheath I')oil had a
sigl,.ificantly higher microbial biomass than the soil .1:romthe
other regions. "

Fron\.the study it was concluded that the pzeaence of rhj.z6sheaths
:maybe a mechanismemployed byce~tain grass species in order to
enhance their ability to t.olera,te dry soil, which has J.owNand
P availability. This mechanismmaybe a. sUbstitute for increased
root production and root branching as well a~ increased
mycorrhizal associations in plants in arid, low nutrient status
soils~

2



INTRODUCTION
:~.J

,iINTRODUCTION TO RHr~OSHEATHS.

The angiosperms (flowering plants) are divided into t~woclasses:
the dicotyledon:s and the monoootiy'l.edons, The two c~,/asses differ

. . ~
in root and shoot morphology and anatomy. ~hr"diffe:rences,
pertaining to roots will be highlighted si:nce th~!~s"study· deals
''lith a.' specialized .root morphology typical!l\ .of c~~rtain
monocotyledonous plants, namely in the family cl?oac:~at?"'l'hl~ main
differences between the two classes i'S that dic5ibtYlecl.onspzoduce

J.\ : _.:, i

a primary root which grows directly do~'mwards, becotp.es the
predominant root of the system (the ta[''''root), and .gi'fl'9s r~Lse,t~C)
lateral roots. In monocotyledons the primary root is (llilhort-lived
and the root system is fibrous, consisting of adveIJtitious ibots
which develop from the stem and give rise te, lateral X'<;Jots. This
form of zoot; system, characteristically found ira grasses
(Poaceae) t provides a larger surface area per total pl.ant; biomass
than roat systems characterised by a tap-root ..

The depth to which tl1e root system is able to p~netrat:e -che soil
and spread laterally depends on several factors, inc.l'\ld.i.ngthe
moisture, tpmperature and texture of the soil. The ahallowness
of fibrous root systems and the degree to which the~t oling to
soil particles make them especially good ground cover plants for
the prevention of soil erosion.

Another difference between the t\'lO .angiospe:t'Inclasse~~ involves
the internal structure of the root., The di~ltributicln of cell
types within the ,stelar region differ~ between the two classes.

;1,

3



Many zoot; system modifications occur depending on the
environmental ccndd,tiona in which the plants grow. For ex:ample,
pneumabophozes are ro?ts whiph a're. produced by oertain
dicotyledonous plants which grcM Ln anael~obic muddy soil.. These
roots ext.end l,lpwards out of. the slcd~p and pxov Lde adequate
aeration :Eor the pLant;, AnotrAer adapcatd.cn is :Eor food storage

. ,'. . .'. i, jand is ClolltlmonJ.yfound in both monocotyledoI1!S ryfld dicotyl,sdons.
The deve~~bpment Of rhizoE1~h~lathsaround the, Jr100ts of c.~rtain

1/ ,/ I,
mOllocotyl~~donousflpecies ,(mainly i,'1 the ,poa.c~5lar;~and some Ln the
CyperaceaE~ f.[tUnilies., h"~l>een observed and;\na~ be an ".daptation
tq, )certain. E/:llVironmentii condit~ons. Tr~iei S~Udy "" ;)init,iated
to ',invest:iLgi~te thi:,s pJi~nlomeno'nand" the p')~3s;tbleC environmen'tal

f; ii .,, ./i
influences, on the deVjd.0pi.tl.entof these sbea:th7i and any functional
role (a ) that they mar have in terms of il11cr(aasing plant

Ii . . ! it'
and tolera.nce, to st.~l€!:.ssfulenvironmental cot'lditions.

t Q U
If

'I'he "rhi.ZOSheath~ '~,look like sandy c'.jati~,gs covering tb;~1entire
length of each !:/oo1,:.,v (Figure 1. ~))• ;rh1ay?b.ave beep desc1:ibed as
thick soi'1 OY1'~f\der~~formed by mOdifi("a:~ions t.jf the rhl.zospPlare
(AtlafJ and :t3ar~lpa.lQ(87 h hence the name '(,ril,izoaheath" <I ~rheyhave

.I' \1 ri . I"~' . ii . I

also been ref~'ikred to as "sand gr{~il1x;6ot sh,aaths II (l'oiullst.ein,:/,. ';

Bruerling ahd ..a'bllen ,,1979 f Marnewec'kJJ.99/) d\l~i)·tothe pr,edominance
of Sand part,;i,bles in the sheathsV. . 'J:het~ede\l,criptioll's imply that

.;' . . l,

the "aheatihs." are separate from· the l'roots, b"'t-1re:Vr,sl; jt they have
i' l!

been shown /0 b:'l attached to the st~lar region o,:E*iving roots
i« » " '0(M,,,rne'll'reck,i1990'•

/J
if
'/!/

'f

RHIZOrStIEAT~iS•
,;

/f ':

,if

I

ahizoshe¢/chs consist of a mass ¢/f' aand" and silica particles
.'; .1

matrt.ad tl;')gether by a meshwor'k afJ ~o11fic c-hair-like apidermi.'l.1
// . ",.. ..'

structu:r,:es t mucilage (Marnerl1eck~/990) and,iother products relea~Jed
from tbJ$ rocts (Wuilstein and l?P9:tt 1981) (Figure 1.2). Altb.0t.19h
at firr~t it may appear that rbizosheaths could" be the resul/i: of
myco:r:r..hizal associations I ·tQ~se have not been. fbund t.o occur in

"rhizo,sheaths (Wullstein and Pratt 1981 i BJJckley 1982 and

4



),

Goodchild and Myers 1987). Therefore fungal hyphae do not
contribute to sheath f()rmation or functioning.

Figure 1.2. The mass of sand and si lica pa.rticles mC'.l.tted
together by the meshworkof ep!dermal hairs (a), m'Ucilag',9 and
other subat.ances released from the roots of Erag:rostis pa.llens.

5
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In dried specimens the cortex of the root disintegrates leaving
a large g~p between the stelar region and :'the epidermis. This
3:.esults in the apparent sand grain lish~ath" which is observed,on
dried grass spec'imens and which reta~ln$ its shape even wheii'!~he
roots shrivel (price 1911). Henrici, (1929) reported that the
cortex of certain xeromorphic grasses, remains intact for only
a short distance behind the'meriste:m .. :Beyondthis the cedIs of
the mid-cortex die and rapidly disintegrate leaving the outer
corticg.l ring connected to the stele only by ce,ll ....threadS
composed of broken and" collapsed cell walls. During the,5e
changes occurring in the roots, the sheaths maintain their
'\;Istrength ¢

II

Initially rhizosheaths were thought to be sand grains cemented
together by root .JFI.!~ilage and that epli:~rll1lfilhairs functioneq, t;

only 'in absorpti~) ~;(price 1911). Later it was found that the
epidermal hairs were directly involved in sheath formation
(Oppenheimer 1960), primarily by mechanical bonding (Wullstein
and :Pratt 1991). This bonding appeared to be the main factbr
responsible for the sheath strength. Epidermal hairs 1 and often
roots themselves d break easier than the bonding between (the
epidermal hairs and the sand grains~ Therefore, it can be seen
that grass specil;':lsw'hich develop rhizosheaths pzovd.de an even
more suitable gr()ul.ldcover ~'for the prevent.Lon of soil erosion
tihan other monocotyledon species ',''tITith fihrous zoot; systems.

1.3 DISTRIBUTION OF RaIZOSHEA~a FOPMXNG GRASS SPECIES.

A revie\'\r of the literature showed that the development of
rhizoStheaths is typj_cal of xeromorphic grasses (priCe 1911;
Oppenheimer 1960; Leistner 1967; Wullstein et a1 1979; ~vullstein
and Pratt 1981 and Buckley 1982) growing on oandy soil (Price
1911; Oppenheimer 1960; Leistner 1.967; Wullstein ei: 8.1 1979;
Wullstein and Pratt 19E1l; :Buckley 1982; Goodchild and Myers 1987

,~:

and Marneweck 1990)~ Some studies have reported sheath
occurrence in somemesomorphic grass species (Duell. and Peacock
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1985, Goo'dchi).dand Myars 19B7) and in clay loam soil (Duell and
peacock 1985)0

On.commencingthi,~ study a pilot investigation 'iwas conducted ~
prestSJed~erbarium' specimens of grasses occurring ill southern
Afrjba ,\'iTerebd.etly surveyed and it appeared that if sheaths were
present on one individual of a species than all individuals Of
that species exhibited sheath development,:: In addition, if one
ape-pies eXhibited Sheath. development then all the specie8 of that
genus deveLopedsheaths r somemore distinct/obvious t~an others.
These findings suggested that sheath presence is a genetically
fixed trait, expressed in all individuals of ,certain genera.
Whet.her the grass specimens were collected from ;I:'egionshaving
sdm.l.Laz soil and/or climatic conditions Was not corisd.dezed and'
therefpre, there was a ,possibility th,at these environmental

I'

condi~~iollS.couLd affect sheath development. ,Marneweck (1990)
showed that species which e}th.ibited rhizQsheaths when growing in
sandy soils are not restricted in their distrip}ltions to sandy
soil areas. However, it was not investigated Whether individualso }
on the non-sandy soil develop rhizoSheatns.

1.4 RATIONALS

Information available on rhizosheaths is 1.1,mited, especially with
\

respeot to south African grass species~ .Manyhypotheses have
been pr:oposed but little is known about: their development in
response to the environment or their functions.

Of the studies conduct~d on rhizosheaths, most were anatomical
(Price 1911, Wullstein and Pratt 1981: Buckley 1992; Vermeer and
~icCully 1982 and Marnewe"k 1990). One study investigated
nitrogen fixation associated with rhizosheaths (Wullstein et al
1979), another the occurrence of sheaths on mesic grasses (Duell

'.1.' 1

and Peacock 1985) and another investigated xyLemvessels and
their functioning in J:::F-lationto rhizosheath presence (McCully
and Canny 1986)0 only one detailed study on sheaths occ~rring

7



on grass species in South ~:frica (Marnewecls1990\~) had been
undertaken, although sheaths had previously peen teported on some
south African grasses (Leistner :°1967).

From the studies it'. appeared that rhizosheaths occun mainly on
grasses growing on sandy soil in aria areas.. This imglied that
sheath development isLa facm1tative.response t.o sandy a~d/6r arid

,. C/

conditiona. whether t.his La. a species characteristic or an
individual response to the environment had n,~ver been
investigated 0 No study had been done to determine the:r')'\~sib1e
functional role (s) of rhizosheaths. C;'I:; r

u

A study was undertaken tel investigate rhizosheat'.hs on South
Africa.n grasses. The aim of this stUdy was to gain i:nformation

\'i

on ··Eheoccurrence of sheaths amongSouth Afrioan grass species,
the influence of environmental conditions on the extent of their
devel.opment, and the possible funqtions of tllizosheaths.

',\1

.!

Determination of which species exhibit sheath development would
give an indication of whether sheath presence may b~. used in
Poaceae field identification keys as an easily recognisable
characteristic of certain species I genera" or tribes. Tl!e
capacity to develop sh\l~athsmust be undar soma level of genetic
cont.ro l , if the trait is expressed in all individuals of a
species then this trait may be one which would differentiate
between speoies which might be easily confused with one another t

especially whenonly vegetative m.ateria1 is available. if the
sheaths are not present on all individuals of a species it would
not be possible to use the characteristic in field identification
keys.

Information on how rhizosheaths function to increase plant
fitness/vigour would lead to an understanding of why certain
grass species develop these sheaths and how these species are
suited for survival on sandy soil and/or in semi-arid arease A
large percentage of South Africa is semi-arid to arid, as well
as being sandy. Therefore, if rhizosheaths do increase the
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vigour of grass pla~ts and enable them to tolerate cond1t~ons ~~
low nutrient and low water availability, and if the pres§-'nce Cot~ . ~
sheaths is a genetically fixed trait, then crop plan~9rdwth in
dry, sandy a~eas may b~" significantly increa'"')ed,- proyided they
could be g~~~CallY manipulated to develop rhiaosheaths.

The researc~ !5+l,hdywas divided into three main sections~ The
first j.nvestiqated rhizosheath distribution among grassEtsc 11'1
South Africa. The second section considered the influence. of
envf.ronmerrcaf conditions o:p. sheath development. The. final
section investigated 1:he possible functions of the sheaths ~ The

o

thesis has been divided' into four main pa:r:ts, as shown in" :!i'igu\r~
1.3.

o

G

I
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II

201 RHIZOSHEATH PRESENCE ON SPECIES OTHER THAN TROSS IN THE
-.

FAMILY l?OACEAE.

Investigati.ons into whioh plant species exhibit rhizosheaths have
been conducted to a limited degree (Leiser 1968f Duell and
Peacock 1985) and it has been found that the distinct
rhizosheaths describe~ in chapter 1 are characteristic of the

,\_

l?oaceae (DUell and Peab~ck 1985). Certain members of the
{I

Cyperaceae produce a type of rhiz3sheath however, it has not been
investigated whether the ,structurft end-compos Lt.Lon of this sheath
are the same as those in the poaCeae.

Mucilage sheaths occur on the roots of a range of
monocotyledonous and dicotyledonous plant specf.es , Thes.einclude
er..ici:.s(Leiser 1968) I certain citrus species (BramS1969), rldish
(DaWesand Bowler 1959), maize (Leech, Mollenhauer and Whaley
1963; McCullyand Canny1986) ( wheat (Northcote and picket:t ...Heap$
1966; Pickett-Heaps 1967 .and Buc,kley 1982)r and oats (Namibiar
19'16),. In most cases ,the presence of a mucilage layer does not
resul t in the' :formation of a distinct, hardy sheath of sand
grains as described in chapter 1. The precise function of the
mucilage sheath is nvt yet ~nown and tpe cross Sectional
structure of the sheaths and roots has not been investigated.
However, similar functions to those proposed for the sand grain
sheaths have been proposed for these sheaths, because of the
resulting intimate proxiIllity of soil particles to the root due
to binding by the mucilage~ It has also been hypothesised that
the sheaths may increase root gro~~h in some way, since roots
with the most we.;I.Ideveloped sheaths appeared to be the most
vigorous I rapidly growing roots (Leiser 1968)~ According to

11



Leiser (lQ68\( these sheaths maybe used to assess the status of
root growth in the family Ericaceae~

Rhizosheaths develop as the roots grow through the soil and
probably begin developing as the primary J;oot begins to growdown
through the soil. It has been proposed that rhizosheath
development is If response by perennial graSIl)'species' to dry,
sandy soil conditions (Leistner 1967).

The tip of the root is covered by a root cap, which is a mass of·
cells that protects the apical meristem, and through the
secretion of a mucilage layer, aids the root in. its penetration

/' ....,_

of the soil" As the root 9£oWf) the root cap is pushed fonta::rd
! .' '~.-_-, .

and thE:.!cells IOnthe periphery of the cap becomedetached.? ""If'c"
periphera,l tissue OVer the entire cap synthesises and. rel~oas'ts
mucilage into the adjacent soil (Guinel and McCully 1987). Th~
secreted mucilage and detached cells I which carry with them some

il

root. cap mucilage I are left behind by the growing root 0 As d~~
mucilage comes into, contact with the soil, sand and sri-lica (j

particles adhere to the mucila9'e and becomeembeddedin it. The
mucilage carries numerouscarboxyl groups, and therefore negative
charges (.Miki, Clarke and 11ccul1y1980) 1 which are able to bind
to positively charged minerals and :soil particles (Jenny and
Grossenbacher 1963). The mucilage secreted by the root cap,
disintegratLlg cortical cells and the detached living cells t as
well as the dead detached cells are involved in soil binding and
formation of a sand grain sheath around the length of the ;root.
As the root expands and an increasing numberof epidermal hairs
are produced so more particles becomeembeddedin the mucilage
and are bound together with the aid of. the epide:r:mal hairs

\,

(Wullstein and Pratt t981). In sheath forming species the
epidermal hairs are often exceptio) ally long relative to those
on non-sheath formillg species (Marneweck1990). 'l'he epiclermal
hairs maynot only be responsible for mechanical b;l.ndingof th~.

12
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iJ
sbe(~th, since in certain species, for example stipagrostis
uniplumis var uniplumis, some of the hairs have been shown tio

exhibit terminal swellings which r;Areprobably vesicles which
secrete mucilag~ that binds the sheath particles toge'ther
(Marneweck1990).

The extent to which the sheaths deVelop, i.e. the thickness of
the sheath around the root and the degree to which the sand
par'ticles are bound to the sheath, var~es within and between
species. It has been found that different grass species exhibit
different ratios of root hairs tI;.lmucilage and the size ,of the
sheaths depend on the plant species size (Du~ll and Peacock
1985). Anability to increase the production of root hairs often
corresponds to the ability to colonize arid habitats (Kutschera
1960 in Leistner 1967). The Ii;oreroot hairs pre,sent the greater
the number of soil particles which maybe held and the tighter
they',<maybe held. The,tighter the particl(,?s are held, the morre

consolidated the sheath, the greater the degree "of soil
stabilization around the plant roots.

An important phenoplenonin gJ:'asslands is the high below-ground
product.L vi ty (section 2.3). This may be as a result of the
relationship between the grass roots at 'the soil biota which is
unique to rhizo.sheath forming grass species due to rhizosphere
modifications by sheath development (section 2.4).

(.::.:~';\

2.3 GRASSLANDS AND THEIR BELOW-GROUND PRODUCTIVITY

Compared to other terrestrial ecosystems, grasslands are
structurally simple and appear tq be relativ~ly homogeneous.
IHoweverI they are rich, functionally complex systems,
particularly the below-ground component, which is often
underestimated. Sixty to ninety percent of the net primary
productivity in grass lands often occurs a13roots and often n;i-nety

"percent of secondary productivity occurs below...groun~ as soil
microorganisms (Coleman, AndreWS, Ellis and singh 19'16; Stanton
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1988).

In the belo'itt-ground sy,stem there ate at least two trophic
pathways: herb-ivory and decomposition. The pathways are
regulated by the primary resource, roots, as well as by many
species of secondary decomposers. All growing roots provide a
diverse chemical 6l.11dmorphological a.rray of pulsed and
temporarily varying resourceS for consumption by microorganisms,
and are the preferred foraging sites for a variety of soil
microorganisms. Roots, particularly in the region of the root
cap, are surrounded by a mucigel, which consists 6'f substances
secreted by the root cap tissue and by the mioroorganisms which
rapidly ~olonise the root secreted mucilage.

Rhizosheaths may contribute substantially to the below-ground
productivity in grass\\_ands. This would however depend on how
commonthese sheaths a~': aml.)nggrass specie::. and howthey affect
gr_ass root functioning. as well as, the adjacent rhizosphere
microorganism populations and their activities.

'\)

The soil ,zone in~ediat~Ry adjacent to the roots is different from
the bulk soil in te "",.$ of microbial populations I chemical
properties, and physical properties (as in the case of
rhizosheaths). This zone is termed the rhizosphere and since it
is a physic,,1.1y and chemically vilLriable zone its boundaries are
ill-defined. The rhizosphere EnA.vironmentis influenced by
pr.ocesses such as root uptake of water and nutrients and the
release of products from the roots (Rovira p Foster and ,Martin
1979) as well as from detached living root cells (Guinal and
McCully 1987) and alteration qf oxygen...carbon dioxide levels.
Many of the releas(~d products stimUlate growth of microbial
populations which in turn affect the rhizosphere environment
through the release of produ~ts ,such as plant growth hormones
and muca Laqe , as '\"6:11as through microbial mineralization and



fi:lt:ation if m.ine:r:a 1 nutrients"

Although t'he chemical properties of the bulk" soi1., such as pH,
are import:a~t for root growth and mineral nutrient ava.ilability,
tfte conditions in the rhizosphere and the degree' to 'tI'lhichroots
can modify them, 111timately determ,tne mineral mrtris'nt uptake
(Marschl<ser 1996.)~ Root.s alter the pH of the thizospilsI'e tb.rough
the release of carbon dioxide, hydrogen ions. ~nd hydrogen
carbonate Lons, or through a greater u~take of water. than ions q

'l'he solubility, and hence availability r of certain riutrien:~s is
regUlated by soil pH.. For exampleI the amount of available
phosphorus in the soil increases as the rhizosphere soil .becomes-
moreoaci-dic (Boero and IThien 1~?9).

The rhizosphere does not represent a fixed distance from the root
.,

,surface but is c. thought to be a corrtd.nuumof activity from a
maximumat the root surface, decreasing gradually to a}?oint of
no influence in the soil matrix fwoilum. 1992) .' Gener:dlly it
exten9.s from. the root surfa.ce to between Imm,alla lOmmf:t'om the
surface (Jenny alld Grossenbecher 196:3)" !t is often divided \~nto
three region's: the rhizoplcihl'!\I which is the root surface; the

(/

inner rhizosQhere, which is generally considered to extend 1.smm
- 2.0mmfrom the root surface; and the outer rhizosphere, which
can be as much as lOnunfrom the root sur.face.. i.I

The description of rhizosheaths as modifj,cations of the
rhizosphere (Atlas and Bartha 1987) was indeed. accurate since
sheaths include the root surface and may e*~end up to 3mmfroIn

'\:--\

the surface, and therefore include at '-'least the inner
rhizosphere.
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2 • 5 SOIL ';r2;XTURF.; SANDY VS CLAY SOIL,.

Alt~?ugh some soils are nearly 100%sand or 100%clay these are
rare 0 Usually soils are a combination .,f sand (par.ticles 2 Q 0-
Oo05mm in diameter) Q silt (particles 00 ()S...O.002mm ill dirunet~r)
and c:).ay (~articles less' than o. 002mmin diam~ater)JI the relative
proportions of which dictate the te)tture of the soil Q A
combination of sand, silt and clay would be the most favourable
soil environment for plant gro,,~,h.,since~ach has properties which
are favourable and. somewhich are unfavourablE~for plan:~ growth.
Each soil type provides specific conditipns (for example water
availability, nutrient status and soil texturle) for root growth.
Therefore, sheath development :maybe a facul tati ve response .to
one or more of 'these conditions in the soil <>

/}
Sandy soil has a low bulk density (dry mass per unit bulk ,'Volume)
whereas clay soil has a high bulk density~ Sandy soil has aclow
surface tension and a high infiltration rate and thereforeJ

drail'ls fast and holds Ii ttle water relati ye to Clay soil i' whicl1
has a high surface tension. In semi-arid and arid regions the

soilrapid draining creates a problem fo'~ plant growthcpince the
if) not ,,~requentlr rewetted, and,is therefore mostly dry.

~.

Unfavourable characteristics of clay soils include the small"
';'inter-part;tcle spaces (pores) I and this may impede root

~ I

penetration through the soil because ;roots only grow
unrestrictedly in pores of diameters' greater than/their own
diameter (Greenlanci 1979)" Another cJ:laracteristic of certain
Clay soils which impedes plant growth is the high swell ...shrinlc

,.. ',. !i
capac! t:\T, ,due to the presence of swelling' clay miJ:le!i',alssuch as
smectites. This phenomenoncauses the soil to sw~ll whenwet a:q.d
shrink and cxack when dry and in "'so doing disturb the roots ~~ ..' . ' '.. 0
Soil as a Wholehas no net cHarge, but at a molecular scale,· the
distribution df charges is uneven. A soil patch with a net

I

nega:tive charge is said to have a cation exchange capacity (CEC) Q

and one with ~ net positive charge, art anion eXChangecapacity
(AEC).. In moi~t soils ithe CEC is muchgreater than the AEC. The
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"CECis a measu;:e. of thla soils abili'ty to hold nutrients against
lea\ching. The CEC, when measure'::" at soil pH and ionic strength (
may be used as ai;~"r1-,ndic\ationof the soil fertility. Sandy soil

,~.

has a "low esc and thel:r:eforeQ has a limited ability to hold
nut:t:ient cations against. leachinq~ ~his, together with the fact
that water drains rapidly throtlgh sandy soil, means that the time
available for roots to t:al(:e nutrients up from the soil is short
relative to the time ava,ilable in clay soil. Clay is generally
more f~~tile than sandy ~pil because it has a high CEC and
thereio:t"G holds nutl~ient!3 against leaching, thereby allowing "cha

1'1 •• II(,roots a. longer perl-ad for nut.rl.ent upt.ake ,

'- :;'" ,_Jl .'

~', r-,{I. n
PLANT RO(JTiS AND !t'ItEXR l:NTERn.C':flQ!/ ; \!" :~, ·sb-:a:t. .•

I . '>u

r t-. 'Z;
\\. __ __. _ _. !~, 0.';.-;' (_\">_,_I"'! _t._, _ II

Pl.ant zoot.s l'~ve a numper 0:1:: funct.iol'!s d; .' .fl'Se.~U~\S]..j.;onsLnc), \tt"le
anchoring te.:rr~$.trial \blants itl the ~oifi-~actj_rt9' ill3 food stor~~e

\' .' ... "/\
'organs and they ~tte the site of sYlltn'~"'ei~'of. a nflmb;~~rof plant
hozmonea ~ ~he function most relevant \;0 thi!3 study is the
absorption of water and nutrients from the t::pil which i.s followed"
by tl).~ir transport to the above .....ground plant parts. ji~ ./

AbsorptiOl'l and transport of nutrient ions and wat.er by ..t.he roots
of intact plants are complex processesQ These processes 'iepend

"not only ~::>n the properties of the cell ri\Eilmbranes,but also on the
structu~al organization of th~ root as it ag~s t the requirements
of the plant, as well as t~,.e numerous soil factors whj.ch
continuous],y influence the growth and function of the root
syl::1t,em.

The main soil factor.s which influence the growth and fun(:;ltion of
roots in soil are the soil water potential, oxygen concentration,
mecnanical resistance, and the concentration ()f nutrient ions and
other solutes. For eal~h factor the range favourable for root
metabolism is narrow, so that roots are almost always subject to
some d.egree of stress (Dre,., 1979).
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:2 • 1 SOIL :WATERAND ITS UPTAKE BY, P~l'.r ROOTS"

Water can be held by the soil either in the pores between the
$oil part.icles or by adsorption on the surfaces of the clay and
organic m.atter particles (Childs 1969).

The intensity with which water is held by a soil c:an be measured
in tl:nits based on the concept of suction (Russell 1973). Soil
water suction increases as the water content of the soil
decreases, therefore q the suet.Lonforce requi:red by thf! roots to
e:u:tract 'trTaterfrom the soil must increase correspondingly. The
soil will deliver water to the roots proviq.ed the suction exert.ed

\_\ by the roots is greater than t'he soil suction (Hillel 1971).

Water in a sandy soil, :'whichhas recently been wetted" is held
at a low suction level and only the last 6...7%of soil water is
held at a high suction level (Russell 1973). Water drains
rapidly through sandy soil. Therefore, in semi"'arid and arid
areas t where the soil ''lateX' is notefrequentl(l'j:'eplenished, soil
water suction in sandy soils :mustgenerally>,J~ at high levels.
In hot, dry areas this is further eXacerbated by the high soil
temperatures. Soil temperature aff~cts the rate of water
movement,through the soil under given suction gradienti::3due to
the effect on its viscosity. Increasing soil temperatures
;~~\crease t.he speed at which water can leak out of the soil
profile. This leak is oft.en large enough to cause the suction
of :tesidual wa'ter to rise despite the fact that an increase ill
temperature would have lowered the suction of water if the water
content had remai.ned consrcarrt (Russell J.973). Con;.;equentlyt
plants growing on these soils must generally exert high sucti{\n
pressures at the soil-root. interface in order (~o absorb water ~\\

"

In clay soil, wat"?'l::"drains more gradually and therefore suction
increares gradually. At any particular root s11ction pressure,
clay soil retains more mois:ture than a sandy soil (Hillel 1971)"
'In the unsaturated state a clay soil has a higher '~ater content
and hydraulic conductivity than a sandy soil and plants growing
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Oll this soil can tl~e:refore rnai.ntain a high .tranSPir~tip ...,n rate "tor
longer (Hillel 1971) than t.hose on unsat.t:p;:atedsalf, dy'I, soi! •
" , ,{iI- (I \,

~ ','.

The rate· of wdter ..~}ptake from a given volume of wat'er, depends on
rooting density, adil conductivity and the difference b~~tweenthe

') .,. ;~
average soil water \suotion and root suction (Hillel 197:~) •..' water
a.bsorption takes pi~ace directly through tlJ,e epidermis of the
zoot;, The epiderm~ll root hairs provide an enormous area for
absorption~ More than 90%of the wa.ter absorbed by the roots is
lost from t. .19 leaves ..to the atmosphere as water'; vapour I through
the process of t:ranslpiration. As water is lost fr·omt.he leaves
so more water moves into the leaves and more water must move into

,:;::-1

the roots and up the plant, through' the xylem, to the .leaves.
A transpiration stream. through the plant is created. During
periods of rapid tranlspiration, water maybe removed from around
the roots so fast th,a.t the soil becomes depleted ~ Water will
then move from somectlstance away tow'ards the root hairs through
the soil pores.

2. 8 SOIL NtP.t'RIEN~f; AND ~Hl'W~~'.UPTAKE BY PLANT ROOTS..

The availability of nutrient ions t.o plants depends on their
mobility and proximity to adsorbing!, surfaces. Dissociated ions

, \

in the soil solution and the majority of exchangeable ions
adsorbed onto colloidal surfaces are generally readily available
:for root uptake. Non-exchangeable ions in primary minerals and '1

1

\(1

org~nic matter are usually not readily available (Richards 1987).
The mobility of ions is determined principally by mass flow and
diffusion, the two processes which govern the rate at which
solutes move from the bulk soil towards uptake sites on the root
surface. The rate of mass flow. of a solute is proportional to
the volume of water flow and the concentration of the solute in

c'the soil water (Singer and Munns 1987). Diffusion is thE~
movement of individual ions f even \'lithout water movement, when
differences in ion concentration develop in the soii (Singer and
Munns1987). The rate of diffusion of a solute depends on, among
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other . fat:::JtorsI
II

(driving force) and the ion's diffusion r.!oefficient (ease of
movement) in the soil (Singe:r.and Mtlnns1997). Nutrient elements
such as nitrogen .:andphosphorus are often so dilute in the soil
solution that mass flow of soil water to meet transpiration
losses Pl~ovides only a small percent, of the total plant
requi:remeJilt.. Consequently t the hulk of these elements moves to
the root surface by diffusion (Frenzel 1979; Chapin 1980).
Highly mobd.Le cations, such as cal<!jiulnand maqnes Lum, move
readily to! the root surface by both n:tss flo'ltJand diffusion and
often accumulate aroun.d the root wJ:.ffn supply exceeds absorption

~" _/

the magnitude of the concerrt.eat.Lon gradient

(Nye 1977).
<',

The rate of uptake of nutrients by the :toot sys~emdepends partly
on the rate that they are brought from the bulk soil to the root
surface, which is predominantly dependent on soil factors, and
also on the rate at which they can be transferred from the root
surface into the root. Somei0ns (usually anions) are taken up
by active transport processesv using membranecarrier proteins,
While others (cations) move into the root passivelyy for example
by ion exchange I or by diffusion due to the water potential
across the plasma membranethat is created by the ions which ate
moving in actively. The relative significance of active and
passive upt~ke mechanisms varies with soil conditions and plant
species (Richards 1987). The rate at Which nutrient ions are
transferred from the root surface into the root is in turn
pz'edemfnant.Lydependent on p;tant factors such as size of the root
system, growth rate and demandof the above-ground plant parts
for the nutrients (Russell 19.73).

Nutrient ions may ei.ther be mobile or immobile. U10ns showing
mobile behaviour are those Whichare supplied to the root by mass
flow alone, in sufficient quantities to meet the plants
requir'ements. Ions show immobile behaviour if rhizosphere
depletion makes diffusion an essential supply mechanism (Singer
and Munns19S7) I every nutrient ion species becomest . immobile When
it is deficient 0 Some nutrients, such as phoephorus ,» show

20



immobile behaviour even under ~orm~~,..nondeficient, COllditiC~ns.
jr

In fertile so,;i.lcthe rate of moblle nutrient ion uptake,
especiallY" nitrate (NOJ-), is often limited by the rate at ","hieh
the ions move from the soil iilto the root (Russell 1973). The
rate of uptake in less fertile so.il (for example sandy relati''V'e
to clayey soil), and uptake of immobile ions, is limited by the
rate at which' the ions are tr~nsported to the root (Russell
1973) •

If a solute is absorbed fasmr than water, as happens with
phosphate, then its concuntration in the soil solution at the
root surface will fall. This change is buffered by ,the releaSl,e
of ions adsorbed onto' soil particles. ff h(.)wever, water is
absorbed faster than the solute then the solute collects at the
root l3urface and will then tend to diffuse aTtlayfrom the root.
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Nitrogen; its uptake :by roots and fUlu:t:i.onal role in
plants.

Most of the n,itroge.n (N) in soils :is derived from the atmosphere.
Atmospheric nitrogen is converted to a plal'lt available forltl.by
certair:. lt1.icroorganisms living in the soil. This process is
termed "nitrogen fixationot• once fixed, N is ..recycled through
the systel'it by a complex array of processes and the functioning
of manynatl.lral ecosystems depends on the ,bacterial fixation of
atmospheric N (Atlas and Bartha 1987).

The N content in soils varies widely and is an important factor
in determining the geographical distribution of plant species

I (Bradshaw, Chad~Tick,.;rowett and snaydon 1964). High soil N
concentrations are often considered indicative of high nutrient
status soils. Similarly, the total N concentration in plant
tissue is indicativa of -the nutritional value of the plant.

Approximately 99% of all N in terrestrial ecosystems is
organically .bound and thus an accumu'l.at.Lon of soil N closely
follows that of soil organic matte.r. organic N is mineralized
into plant available forms, for example 'ammonium(NH4+), 1:Iy
microbial processes (Anderson and Ingram 1993) .. organic matter
binds to clay partioles and therefore soils rich" in olay have a
higher ol:ganic matter content than loamy and sanqy soils, except
when clay minerals occlude organic matter.

Nitrogen is an essential macronutrient, required for the growth
of all plant species. It can be taken up by the roots in the
form of nitrate (NO;3·) or ammondum (NH4+). Nitrate moves into the
root" by active transport mechanisms. The transpol: t system
releases an hYdroxyl ion (Off) to the soil from the root while
simultaneously mov.i.nga N0;3- ion into the root (Haynes 1990).

Ammonium(NH4+)has only been observed to mOVe passively into the
root. Nitrogen is essential for amino....acid synthesis and
therefore the prodl.1oticn of proteins as well as prroductzion of
nucleotides, nucleic acids, coenzymesand chloJ:,·ophyll. The bulk
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of leaf N is ~irectly invotved in photosynthesis as a component
of photosynf.~tic enzymesand chlorophyll (Chapin 1980). Thus,
over a broad range, photosynthetio rate is proportional to .tkaf
N concentration.

The most commonvisual Si(}IlSof N deficiency in plants is
chlorosis of the Leaves and an etiolated habit (Epstein 1972).

The older plant parts are affected first heoauae, whe~lgrowing
in conditions of low N availability, plants may trans locate N
from these leaves into the developing plC:).ntparts (Ma:t'schner
1986).

Phosphorus: it.sUptake :by roots and funct.ional role in
plants.

Phosphorus (P) in the soil is derived from th6 parent material.
While P is not an abundant element in the soil its availability
is further restricted by its tendency to precipitate in the
presence of divalent metals (ca24, Mg2+) and ferric (Fe3+)ions,
at neu'eral to alkaline pH (Atlas and Bartha 1987). Thi's
precipitation renders P unavailable for plant uptake.

The immediate sourCe of phosphate for plant uptake is probably
that:. of the inorganic phosphate ions in the soil solution, the
concentration of which varies widely for different soils (Russell
1973). organic phosphor~s is also present in the soil solution
and in soil organic matter. P is cycled through the system via
a number of tl;'ansfers (Atlas and Bartha 1987). Microorganisms
are essential mediators of such transfers, for example between
insoluble, immobileforms and soluble t mobile fornlSI or inorganic
and organic phosphate.

Phosphorus is an essential macronu,trient, required for the 9rowth
of all pLant; species, al though it is needed in much smaller
quantitios than nitrogen;. It. is taken up by plant roots in the
form of H2pof and H2pol, depending on the soil pH. The
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availability of both these forms varies with changes in the soil
pH. since both forms of phosphate are anions they are probably
,taken up by acti ve uptake mechanisms. Phosphorus moves to the
\root surface pri:marily/(by diffusion!' but also by mass flow. The
l? depletion zone around the root is muchnarrower than that of
ammon.InmN (Jianguo and Shuman1991) •

Phosphorus is required for the synthesis of adenosine tri- (and
di-) phosphate (AT)? and AOI?)I' essential for the transfer of
energy within calls. In addition, it is required for the
formation of phospholipids t nucleic acids I coenzymes and 1=-he
phosphorylation of sugars.

The uptake of P is affected by a number of factors. These
"include the p,resence of other i011sin the soil, for example the
presence of amnonfumions may assist l? uptake since <) their
presence would increase the soil pH thereby altering ..)::b.e, ,

. availability of P. The rate of l? uptake also depends on the soil
temperature, being lower in Cold Weather (Russell 1973). Root
exudates and the presence of products of microbial metaloolism
also affect l? uptake since they may function to inorease P

solubilization, due to the organic anions present in these~,
produots which have been shown to be effective in reducing P
adsorption to clay mineral surfaces (Bhat, Nyeand Baldwin 1976) •
Another factor influencing the, rate of i.) P uptake is the
ooncentration of l? close to. the root surface and' the rate at
which the extracted l? can loe replenished by diffu,_sion from the
bulk soil (Russell 1973). Th~rate of E uptake, 1$::, limited by the
rate at which it is lorought to the rgot ~l.::.::t 't,ather than the
rate of its transfe.r into the root.," At tlitt,..{"t ;in",p deficient
soils I i:nsufficient P is brought to the root ;;sut"facesto meet the
plant requiremen.ts. Under 'these oondd,tions, platr!:s loenefit fr011\
the increased exposure to P provided loya rapi~lY deVeloping and
finely divided root system (Gerloff and Gabel:man1983).

The preSence of microorganisms, especially myco:L"l"hizalfungi
(Kothari, Marschner and Romheld1990), on plant roots has been



shown (BOlrlen>a'fldRovira 1966 in Richards 1987; Barber 1969) to
greatly modify the absorption and utilh:ation of phosphate by
roots, especially wilen the supplY' of phosphate is low. Plant
roots infected with vesicular-arl:ni1:>eular my,-'orrhizal fungi have
a higher phosphoxue absorption capacity compared to non....
mycorrhizal roots (:Kothari ~t al 1990). Mycorrh.izal hyphae are
able to absorb and translQc~te P from distant areas which
otherwi~e are not accessible to plant roots (Rhodes and Gerdemann
1975). It has been shown that associatJjons bet,.,een plant roots

1/and mycorrhizal fungi influence nutrie~t uptake by roots. This
is particularly true for P upta~e.

Common..signs of P deficiency in plants is the development of
purple, red or ,brownpigments in the leaves, especiall.y along the
veins. Growth may be reduced and under severe d(?'ficiency the
plants beco;m.estunted (Epstein 1972).

2.9 l?OSSIl3LEFUNCTIONS OF RHIZOSHEATHS ..

The occurrence of rhizosheaths was reported as early as 1887 by
Volkens (Wullstein et al 1979). Since then some research has
been carried out 011 rhizosheaths, bu.t most; of the wOl'k has been
concerned with their structure. 'Many possible functions have
been proposed by those whohave stl.ldied sheaths, but few of these
have been fully investigated. Below is a list of ,the functions
t1hich rhiZQsheaths mayperform.

i) The sheaths mayenhance water retention at the root surft~Ce
(Price 1911; WU.llstein ei: al 1979) and. protect root hairs
from desicoation in hot, arid environments (Price 1'911;
Marneweck 1990) since roots with mucilage sheaths
plasmolys~ much slower than roots ,,,ithout sheaths (Leiser
1968).

ii) Theymay, together with the hypel'.'dermis, inSUlate the stele
against moisture loss (Leistner .1967; Clarkson and Hanson

:1
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1980 and Buckley 1982).

.... )l.l.l, The sheaths may form a physical barrier which t.>ffers
protection to the root ag~-}nst: a) or~~~,aismsand their
enzymes (cades 1~)78); and b} mechanical abrasion and soil
c,":)rnpre'ssion(Thomas 1922; Oppenheimer .19(0) f especially on
roots with thicl(, ~rell consolidated sheaths •

."

iv) They may promot.ewater absorption in arid condi't;,ions (Price
Hrl1i Henrici 1929 and Marneweck1990).

,.

v) The sheaths may reduce moisture 1(I,$s in roots during "rater
translocation from roots in dampsoil to plant; parts in dry
soil (Buckley 1982).

vi) Due to the incI'eas~d production of root ha.i.rs the sheaths
may increase wa';:er and nutr.ien't uptake (Goodchild and Myers
1987).

vii) Rhizosheat.hs :lIlay increase nitrogen fh~ation rates
illl1llediately a~dacent to the ,root S1u,'race ('Vlullstein eu') al
1979).

TheSe hy'00theses have not E?!eenadequately tested, except perhaps
the cnE.' concerning nlllcrobial nitroG€n fixatioll( since nitrogen
fixatic.n har been shown to be associated with rhizos'he;at.'hs on
cert,a:in grasses (Wullstein at al 1979.). However, the uptake of
fixed N was not investigated ..

All plant species differ in their responsE7!to nutrient stress.
Detailed rese.t;l.rchhas been done on respons1'§ ~'I1chas modification
of the root/shoot ratio (Whiteaker, Gerloff r Gabelman and
Lindgren 1976; Chapin 1980lt modification' of root division
(Haolcett 1969) I modification of Lon uptc.ke mechanxsms (Lauchli
1976) and increased mycorrhizal associations (Mosse\1973; Chapin

'_"'--. ,\

1980 and Kothari at al 191;)0). Howe'(,ler,iit;,.:) investigation of II

rhizosheaths as a reSpoll-Sa to nutrient stress has, been



undertaken.

Different plant species S1'1("'l'" different response meohanislns to
l'lutrient stress. Somewill di vert an il1.Creasedproportion of
plant reserVeS into root production at the. expense of shoot
producti"m (e.il!her into more lateral roots (Hac}t;ett1969) and/or
root hair gro'ltlth (Sarber 1973) or into eJctremely lonq'tap roots)
~'lhengrowinCjunder stressful conditions (Ulrich and Berry 1961
and Schenk and Barber 19'79in Gerloff and Gabelman1983). This
creates a greater area of root surface that can comeinto contact
\'Tith any available nutrient ions (Whiteaker at a1 1976).

There. is a low degree of branching (price 1911; Goodchi_ldand
Myers .,1987) in root systems which e::-{hibit extensive ;/sheath
development. This suggests that the development of rhizosheaths
maybe a SUbstitute for increased lateral root production due to
factors N'b,iohwill be discussed in seotions 2.9.2 and 2.9.:3.

Due to its pectio constituents the sheath mucilage binds readily
to cations and may thus serve to proteot the roots against

<-,I

penetration of heavy metal cations to'tl7ardst"e apical meristem
prior to the development of the Casparian strip (Barlow 1975).

Similarly t the sand grain sheath mayoffer a physical barrier to
allelochemicals produoed by neighbouring plants and/or organisms
which may otherwise adversely affect the plant through enzyme
synthesis and penetration of the roots.

Price (1911) hypothesised that the sand-mucilage sheath serves
to prevent desiccation of root hai.rs which, under conditions, of
e::-ctremeheat and drought, would shrivel as they extend through
the soil if unprotected. As the soil dries the roots may shrink
slightly t the layer of soil around the root would be drawn close~~

\
to the root. \'hiS layer contains '\-Iater-filled pores 't'lhich forrii
a protecti ve buffer against further desiccation and help preserve



a moisture film aroul'),dthe rooJc (Greenland :1.979). "Since thf~
$heath mucilage has a high affinity for '{'later abs.orption (Price
1911) it may be all important method of conserving wate.J:."fot' tJ:le
roots. This hypothesis is supported by the f9,-ct tha..t Wullstein
at 8.1 (1979) found a higher mOisture content (on a dry t'leight
basis) in the sheath (:12-25%) of certairl xeromorphic gra$s
spe(.!ies than in tbe surrounding b1.Ulcsoil (3-8%). This high
:moisture content tl10uldalso promote luicrobial activity (Wullstein
at al 1!=)79).

Price (1911) reporte.d the presence of the rhizosheatJls on a
number of perennial grasses which are indigenous in North Africa.
Fr9"~ the results of his anatomical {<lorkon rhi~osheaths he
hypothesised that the intimate relationship between sand,
nluc.ilage and. root hair promotes water absorption in the arid,
permeable surfaoe soil of the sandy desert areas in which the
species he studied greW.

(!

A close contact be.tween roots and suf~icient soil. material can
lead to so1t~bilization. of enouqh micronutrients in the mucila~'e
for the plant's requirements (Marschner 1986). In support of

r-,

this, there is evidence that in dry soils there may be an
increased production of 1\luci1.t,igeby the roots (DreW19'78). The

m.ucilage may also ~ave a role as ion exchanger betWeen·soil and
root and is probably of value to the plant for nutrient uptake
from dry soils. Nutrient ions dis sol va in 'i::hesheath mucilage
(Leiser 19G5) and thus becomemor~ readily available for up-cake
by the root.

'1!hedevelopment ot prolific epidermal hairs, which are o~ten of
substantial length (~rarneweck 1990), and which oorrespond to
sheath devel.:>pment, may significantly increase the uptake
capacity of roots growing under conditions of low water/nutrient
availability (Buckley 1982). In addition, the close proximity
of the prolific epidermal hairs, soil particles, water, mucilage
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and dissolved nut'rients l,Uayfacilitate easier absorption of water
and nutrients by the root system. tn addition, sheaths :may,also
~rovide an Lncceaaed supply of nitrogen due to increased nitrogen
fix~tion associated with the sheath~ (Wullstein at al 1979).

"

These factors i,<louldreduce the need for sheathed plants· growing
in conditions of lO'Vl nutrient and water availability, to channel
Lnczeased proportions of their reserves into root product.Lon in,
order to increase the +,oot absorptive surfac9.'area.

1\11 plant roots ,influence the rhizQsphere, which is an area of «

intense microbial activity since ',t is an environment;: which
st..im,ulates .bacterial and fungal 9.. .Jwth. 'Fhe miorobial biolTiasS
it; normally about ten times higher in th~ rhizcsphere than Ln the
bulk soil (singer and Munns 1987) • The numbers of
microorganisms, the most abundant of which are bacteria (109 per
gram soil), in th~ rhizosphere can be up to .100 times greater
than in the bulk soil (Katznelson 1965; Gray and Parkinson 1968) ~

rl'here is a posi tive feedbaok ;relationship between· rhizosphere
I' .. 1\· . .}

processes and the roots. The interactions of plants and
ll1ic:r;'oorganisl\\sare based largely on interacti ve modificatio:p.s Clf

'_)

the soil environment by processes such as root uptake of water
and nutrients, the release of,; organic products (exudates,
seoretions, lysates and gases) to "c.hesoil by roots, as well as
the microbial production of plant 9..rowth factors and microb~.al
mediated availability of mineral nutrients~

Produots released from the root may inhibit (throt'tgp tOlCioity to
certain microorgani~m~) or stimulf";lte (provide 'energy for
mic17o);dal activity) ~rowth of c€lt'tain ~~crobial populatioXls.
Plant roots therefore have a direct effect on the composition and
divefsity of the rhi:2:osphere microbial oommunity. On the other
hand, in ttt(:~absence of appropriate micI!obial populations, plant
growth maybe impaired (I,ynch 1976; DQmm~rguesand l{rupa 1978 and

--(-, "_ ,
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Campbell :1.98,5).

The vlay$:.~:~:;inwhich microbial populations may benefi t plants
include the (;'synthesis of vitamins, amino acids g auxins and
gibbere11ins, which stimulate plant grovlth. The microorgs,nisms
also influence t.he availability of l'llineral nu'trients to plants.
For example, the microbial biomass is an important reg~lator of
labile nit.rogen in the soil (Campbell 1976 in D.oran 1980) 1 since
the mic:t'9f>:l:ganismscarry out Nmineralization and inuuobilization
(section'\~ .10) •

It may be speculated that the rhizosheaths provide an even more
suitable rhizosphere. envj.ronment for microbial activity than an
unaltered rhizosphere. This more favourable anvdzonmsrrc oloser
to the root surface may be a result of the higher water content
in the sbeath relative to the" aQ.jaqent soil (l?~ice 1911)'~

There is an ongoing debate as to whet.her. it :ls ..beneficiial or
detrimental to the plaut to have a high concentration of
microo):gani~.ms in close proximity to the roots. There is
evidence that the rhizosphere ol.·ganism~ can help mob.tlize plant
nutrients, such as, iron, zinc andc'copper (Singer and,Munns 19(7)"
and nitrogen, through increased l*ecycling and solubilizatic;m.
Nitrogen is dften a limiting factor in soils and free-livil'lg'
nitror;ren fixing b(aoteria perform a vital fll;notion for certain
plant speoies by providing t.heir roots t'lith nitrogen. WUllstein
et al (.1979) showeu that in addition to th~ sheath serving as a
repository for mois.ture, it is a sink for org-artic energy souX'C!,es
r(~t.~uiredfor nitrogen fb{ation, "lhich they proved was associated
with the sheaths of the grasses they studied. 'l'hese researcher$
concluded that the rates of fixation in the sheaths lnt\y be

!! . \'

significant t.o the l'litrogen economy of' these grasses.
1\

C' \\
\\ 1 ;.,/.\_

on the., other hand, mioroorganisms may, through the 'utilIzation
of the soil nutrients for metabolism, inunobilizt:a l~>ltiting
concentrratd.ons of the nutl:"ients and render them unavaila.ble to
the. plan+- (Nicholas 1965; Barber 1978). In addition, many
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microorganisms 9-repathogenic and thus detrimental to the plant.
( ,

other harmful microorganisms inolude those whioh ca.n alter the
permeability of root cells, the presence of t.hese organisms,would
increase the organic product 10$s from the roots (Rovira and
MoDougall1967; Bowenand Rovira 1976). This rate of loss of
organic substrates from tba roots ~o the soil maybe dOUbledby
the presence of microorganisms at the root surfaoe (~nderson apd
Ingram 1993). If the losses becoliletoo great they may retard
plant growth. However, the effeot of such losses are probably
outweighed by the benefits accrued to the plant by the
development of an efficient nutril:)l1t: turn over by the
microorganismpopulation in the rhizosheath, particularly if the
plant is limited by environmental or nutritional fac1~or$rather
than carbol~. f\

'\\,
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An j,nterestin~ phenomenonW'hichoccurs in oertain rhizosphere
l')acteria is tl'ie proQuction of sticky coat.i.ngs which help them
adhe:t:'eto one another',! root cells and.soil particles (Singer ann
Munns1987). certain microorganisms, which have been isolated
from rhizosheaths, produce mucilage (Wullstein at al 1979), this
together with th.e mucilage secreted blr the ro~¢:s 'is referred to
as mucigel (Jenny and Grossenbacher 1963; ~ovira at al 1979).
Since the population~ of bacteria maybe in higher"concentrations
in the rhizosheat.hs than in the rhizosphere of unsheathed roots t

they maybe partly responsible for the :formation of the shea.th.
The mucilage secreted bYthe grass root and the epidermal hairs
may initiate sheath dli.ilvelopmentand the conditions created
therein "would promote micr~~bial ooloni20ati('Jn. Some
microorganisms exhibit positive chemo,t,c:,xisto root exudatsas,
Which·enables them to moverapidly to the ,roots (Rovira '1965) arId
colonize the rhizosheath. ,];lhecolonizing mucilage-seoreting

•.. .. _ _ _ _ _ \\ _., l..-"", _ _ - _ _ .~) _ •:bacterl.a would consequently'assl.st ':I._j further conSOll.datrP~ of
,.1

the sheath. HotV'ever,beljJ;tusethere is a h:.L,ghdegree of spatial
hetel~ogeneity of bacterial distribut:i.ol\ in the soil the root is
n ,~. unifol;'mly in contact with bacteri~; (AnderF.lonand :tngram
1993) • since sheaths aze of uniform. t~iokness and .extend the
entire length of the rQots it wouldtherefore seemthat products

)/
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released £3:omthe roots are more important than micrqbial
lnucilfl,ge in sheath formation. HO,"lever,the importance of the
cementing effect of microbial mucilage must not be
underestimated. It was found (Wullstedn and Prat.t ],981) that
sheath sand grains began s~parating towards ti{~ end of sUlnluer,
't'lhenthe 0size of the active microbial populations probably
decreased. Th~s indicates that du& to a decroase in
mioroorganisms there was a decrease in cementing agents between
sand grain interfaces further from the root at distances where,
the root mucilage Was less abundant and therefore less effectiVe

,-,

in binding sand grains. ",
o

2.10 THE ROI~ OF MIOROORGANISMS IN NUTRIENT CYCLING.
iff

Availability of nutrients markedly influences plant vigour and
consequently productivity. 'l'herefore, microbial processes
affect.ing nutrient availability have a vital r9le in. ecosystem-
functioning. Although microbe~ may adversely affeot :plant
growth, by competing for nutrients, thGYgenerally affect plants
favourably, by making nutrients available for root uptake.
Nutrients :tieqomeavailable as by~products of -'the microbial'

i;. . - c

respirat'ion of "organic suJost.rates (Richards 1987). When
inorganic ions are produced by the oxidation of organic compounds
toe process is te.rme<imineralization. Wheninorganic moleCUles
are assimilated into nll.crobial protoplasm the process is termed

i!-

immobilization. l<ricrobial mineralization and ixnnlobilization
~ ),1 . •

occur concurrel)tlY such that there is a continual b1010gioa1'
turnover in the soil. 'lihe energy required to" m~i:ntain this

{\hat released during the
\)

mineralizati~!n ...inu,nobilizatioll cycle is
oxidation ofJorganic compounds.
)\

/i
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2Ql0.1 Nitrogen, carbon and phosphorus.

Ammonieis a waste product of microbial metabolism and any
am,tnonium'Nthat accumulates in the soil represents the quant.Ltry
of substrate N in excess of microbial requirement. Organic
matter added to the soil normally contains both C and NI the
relative proporti.ons of which determines whether ammoniumN will
accumulate in the soil. Genera.lly, net mineralization occurs in
a system where the C:N ratio is 20:1 or less, while net
immobilization for a period of weeks or months may occur in a
sy.stem where the organic matter has a C:N ratio of 30:1 or
greater (.Richards 1987).

microbial activity.
fcC1ns and is not
utilization. The.

Plants are an important source of C for many ecosystems. The'
breakdown of C and the recycling of this element is dependent on

• ,j ••C :ISS :rz.l.'esent~n d~fferent
available for microbial

within the soil,
always readily
soluble, readily available soil C, occurs

gen :"all~l'within the rhizosphere as a result of both root release
of primary products and microbial activity. This C is recycled
relatively rapidly and some is released to the environment as

.,
carbon dioxide. carbon may also be present in humic form which
is broken dOl'7Uby microbes at a muchSlower rate than soluble C.
Carbon that is incorporated in 2;1 clay layers of silicon and
aluminium is almost unavailable to soil microbes and this stable
C pool turns over extremely slowly.
~?ile muchof the phosphate taken Up,byplants is provided by the
~3athering of primary materials r the microbial oxidation of
organic suhstrates is au" important supplementary source of
'iinorganic phosphate" Phospholipids, nucleic acids and sugar
phosphates undergo rapid degradation to inorganic phosphate, but
the mineralization of other phosphates (inositol polyphosphates)
is relatively slow (Richards 1987). Small actively cycled l?

reservoirs' occur as dissolved. phosphate in soil and water and
phofPhate in organic .matter. 'l'he polyphosphates ar~ however all
important source of phosphate f!)r plants. Mineralization by
rhizospheric microbeS'.maynot lead to increased phosphate upt ake
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by roots, especially in soils with low phosphate levels, wh~re
rhi.zosphere mi.crobes may a:ccumulate phosphace to the detriment
of plant roots (Barber and Loughman1970). This is a situation

;0.' .. ~."

of net l? immobilization. As for N/ inorganic .P derived from
organic substrates will only be available for root hptake when
there is net mineralization.
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THE DISTRIBUTION O~ RHIZOSHEATH FORMING
GMSS SPECIES ANt, ~HE ENV:tROlD!ENTAL
INFLUENCE ON THEIR D~~LOPMEN~

\\ q

o

'i"
Little is known about which grass. species develoJ? rnizosheaths
since only a minute peroentage of the .world ' s grass speoies ha.ve
been recorded to exhibit rhizQsheath deveLopmerrt, A l,imited.,

(,amount 'of research has been done on the phenomenc..'!lof
rhizosheaths" especially with respect to South African grasses.
It is not known for certain under what environmental conditlons
the sheaths develop, al though t,hey have been rec.·o:c:ded m~)s,t
'f~\e(':fqent~¥in sandy soil ,i, (Qividuals and in arid oonditions. 10\

,/

Chapt~l:"3 ,.,ill discuss which South African grass, species eXhiEi~\
orhizosheaths and; in what soil type and rainffil.ll Qondi,tions they \~
most commonly occur in South Af:rica. The influence that these ,\
environmental conditions have on the. development of rhl.zpsh~aths
will be dealt with .:in chapter 4.

o o

o o
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'rUE OCC~NCE OF lUlIZOSHEATHS AMONG SOUTa AFRICAN

GRASS~S r 'raE DISTRIBUTION OF SHEATH FORM!NG", SPECIES,
AND ~aE INF~UEHCE OF RAINFALL AND SOIL ~EXTURE ON THE
Et~ENT OF RHIZOSHEA~H DEVELOPMENT.

301 INTRODUCTION 0

r!'hefirst detailed stt~dy of rhizosheaths was undertaken by price
(1911). He studied; the root and sheath anatomy of a few North
African grass species, collected from arid sandy areas. Two of
) these species, )3romus tectorum and Hordeummurinum, have l:::!~come_.. \~ <r
naturalized in South .Africa and develop sheaths.

Little is knownabout which species develop sheaths and whether
the phenomenonof sheath development is restricted to perennial
species, or \vhether it is InOX'eprevalent in cert\ain tribes,
genera or species. A limited amount of research has been done
on :rhizosheaths whd.ohcoeur- on grass species in SoutH Africa.
Leistner (1967) recorded the presence of "sand coats" on the
roots of five species (which ~,ncompassedonly four tx:ibes):

,',

Anthephora argentea (in the tribe Paniceae); Aristida stipitata
(in the tribe AristideaCl) ~ E:ragrostis lebmanniana, pogt;:marthria
sqaexrosa (in the 'tribe Chlorideae,; and Lolium multiflorum (in
the tribe l'oeae). Leistner (1967) also stated that all perennial
grass species growing' in the southern Kalahari exhibited the "
sheaths, while they were absent in almost all annual species.
Leistner (1967) did not howe\rer, investigate the rhizosheaths
much further.

only recently has detailed work on rhizosheaths of grasses
occurring in South Africa been done. This detailed work
(Marp.eweck1990) involved morphological and anatomical studies
of the sheaths of seven species (which encompass' only three
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different tribes}; Anthephora pubescens; D:igitr5lria eriantha (in
the 'tribe Pa.nic@ae); Eragrostis aristita; Eo lehmannian.a; E.
pallens; Sporobolus range! (in the tribe Chlorideae): and
stlpagrostis uniplumis var uniplumis (in the tribe Aristideae)."
Although all the specimens used in this study were collected fro:m
sandy soils, distinct variation in the anatomict:) atructure
between the species was foundq especially with respect to number
and structure of epidermal hairs. Marneweck(1990) stated that
the modifications and structural features of the sheath forming
roots which t.hase species ..exhibited (.)uld be related t6 water
stress and soil properties.

An important fa.ct highlighted by the stuc1y (Marlle'{ji)"eck1990) was
that although the specimens stUdied were all collected from sandy
soil r the species dist:ributioi.1 ranges ~\]'erg(not restricted to
sandy soil areas Q A detailed investigati5il and stud}t of the
distribution of sheath forming indi viduaj') was not hewever
undertaken. l-'(

I)
(/

Since most of the studies conducted on rhizoslieaths have looked
at specimens collected from sandy soil areas and generally·. from
dry, regions, it appeared that rhizosbeaths a.re more pr~valent in
xeromorphic species growing in sandy soil areas. However,.the
distribution. of sheath forming indiv:j.dua1.s in relation to
climatic regiol1s and soil types has never been adequately
investigated.

Apal~t from a brief study '~(Leistner 1967) on the thickness of
rhizosheaths in relation to rainfall conditions, no studies on
the inflUence of environmental conditions on sheath development,
and the extent (thickness and consolidation) therePJ~.. have been
recorded~ Similarly, although the funct~on(s) of rhizosheaths
have been hyp&thesised (section 2.9) tf~l'Jsehave also not been3~c
adequately investigated. G

37



As a reSlJlt of this lack b....knowledge two fundament;l\f,tu~stions
'\ ;.~,It:' <

were addressed in this part of the study. \~! \~):\

i} Which south African grass species exhibit rhizosheath
d&y,%,lopment'(

\..1
ii) Is "l::hizoSheath development a genetically fixed trait or is

it a facultative response to environmental coxjtlitionstt

3.2 HYPOTHESIS
Ii

Following on from.the second queat.Lon, it was hypothesised that
the development of rhizosheaths Ls a faculta·tive response to
environmental conditions and that individuals of a species would
only develop sheaths when growing in low rainfall and/or. sandy
soil conditions.

3.3 MATERIALS P,NDME'I'HODS

A detailed study of pressed specimens Was conducted at th~
National Herbarium in pretoria. Due to their hard~t nature
sheatns are not ea.sily removed from the roots When the plant is
extracted from the soil nor whenthe roots are shaken or lightly
washed. They also press well.

A total of 130 species from fj.fteen different )?oaceae tribes was
studied. These tribes are Andropogoneae, Aristideae,
Arundinelleae, Aveneae, Brachypodieae, Bromeae, chlorideae,
Bhrharteae, Meliceae, Oryzeae, Paniceae, Pappophoreae, Poeae,
Stipeae and Triticeae. Six tribes which are represented in South
,Africa were not studied due "CCr .t~isufficielUt numbers of herbarium

(I

specimens of their representative species. Wherepossible, five
gen9ra per tribe were studied. The species were chosen on the
basis of their distributions within South Africa. Those WJ..th
wide distributions were preferably selected and whene'll'er
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jossible, at le~~t five sBsciee per genus were s\ud/~ep. All
specimens which had recordi!l£ls of ;the soil type in\~hich they
were growin'g fit the ,time Of" t;:lollection were used .. /)'A tots.f' of
1620 specimens was studied, moza t!l~m half (~f.~lhiG'.hhad extensiVe
','distribution, rcing~,':)wi1[~inrSouth ~~.r~cab '1';herecordings Q,l: soi:
type were reqni:t'ed sinda an individuiiil mf)?y ;!i6.~:eOGcurred "ill a
ao'i1 pocket which dif_fered in texture to the (k]ene:r.alsoil textur~
of the area 0 Ther~:t1Jre '(;,hesoil type co'U{fcr~'llotbe determined
using /the coordinates recordl~d for the" plao\ of collection and

" ' ,', II
the generq,I soil map~;Lof South Africa. /

" Q
»:

For each specimen three factors were recorded,.

o

L) Soil type. Three cate~1ories were used , 'relating to the
soil texture in which th~ specimen was growing.
Sand.

Loam.
Clay.

ii) Rainfall ~ Three categories were usedi' relating to the,
average rainfall of "the re'giozf in whioh the sp~c,;i.men was

'hcollected.
Arid: less t.li1.an 400:mm/annu.m.
Semi-arid: 400mm- 900mfu/annum.
Temperate: more.tihan 900mm/a.nnum.

II
it

iii) Extent of shea~h development Six categories Were "oused,
and depended' ~ttainly on the thickness and consolfda:tion of
the sheaths. The thickhess o:t the sheat.hs is not related
to the "age of the root nor the position along the root
since, when present r sheaths (in contrast to the recordings
of Leistner 1967 and McCully and Canny ~9a6) develop\)
uniformly along the length pi the root~
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~ - Thi<;::Jt (9reate:t .tihan 3 ~5nundiameter) I well conElolid~.ted
slleath (Fi9'ut>~3 Q 1 a). Prolific root hair developlMmt which

II is not au-sily visible with the naked eye due to th~,
"Ef1we.ssive ,quanti-ties off sand itl the sheath.. No secondary

branohing of the roots.
r/; \'

(2 • ~,I _- 3. 5mm diameter), often less4 - Thick sJ~eaths
Ii

consolidat.ed,/ Root hairs and seoondary branohing as for 5.
~ - 'J'hinn.er./ sheaths (1 2,. 5mm dialU2ter), even less

I

oo:usolidate~ (Fig'@i1l:~;?3 I> 1 b), 'tlTi'ch.more obvious root hairs.
S01l1e seconq.arybranching of the roots.

, . /1
2 ... Very jthin sheaths (0..75 If l:tnIn diameter) which. are

\)

easily rel'llr~>ved. Prolific root hairs visible with the nakeq-'\
\_/'

eye. se.c1ondary branching more"ell:tensive trhan in cate<jory3.!· ,I

:1 - The heginnin9 of sheath deveLopmerrt;, with some sand
I.

particle~i held by the prolific root. hairs.
'/secondarW' branching of the roots.
,I

I) ... Non~iof the above sheath characteristics.

Elctensive

Figura 3~1" (a) Th~Ck,
Eragrost:i.s pallen!:;. (b)

sheaths I of E. pallens.
remaining.

well ,-)consolidat ..Jd rhizos~sa.ths of
Thinner, l11uchless well Qonsolidated
(0) Sheath removed with root stele
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Since the number of. specimens perospecies varied, a number of
classes had to be used to distinguish what proportion Qf the
individuaLs in each speci~s WeI'Sin each rain:i;,all, soil type or
e,'Ktentcategory. Six classes \'.rereused, and Weredetermined. by
the perc~,ntage of the total number of" specimens within the
categnry. c: .'

Class % of the individuals------~----~'~--------------1-9
2

3

4

5

6

10...29
30-49
50-69
70-99
100__ ..0.- - __ ......- ,........

:tn order to determine any pattern in extent of (tiheathdeveiopmen.t
within the tribes a similarity table was constructed u.sing th~

r.

data on tb~ percentage of individuals 'tITithineach sheath extent
clasS. (Table 3•.1. L.. The tapls was oonstauctied such that the
general trend down-the table ~ from group 1 through to group 6,
as well as within each group, ,is towards more individuals of each
speoies w'ith thinuer sheaths • Within each group the species were
arranged according to their tribes (spe(tes from the same tr..ibe
were placed together).

The aim of this study Was not to determine ca'Qseand effect, but
rather a relationship between sheath occurrence and one or more
environmental condition (s )• '1'. ~refore, by using the
environmental and sheath data, a figure (Figure 3.2) was
constructed to depict the relationship between the extent of

I",

sheath deve~opmentand the soil and ralnfall conditions.
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3.4"

\~.~.
-c, 0

Trl;t1l4s in tnf! iii'jt>oruc!lloeQf rhizo$heaths and tbe extent
"of their d~v®l©~ment within South African grasses.

only tribes about it*;i.ch conclusions may be drawn cpncern5pg
rh;i,zosh19athdevelopment or presence will be. discussed." For
exalltple, 't'll'hereonly orl.~spe.cies of "the tribe was studied;' (due ,to
the lack of col1eotedO specimens), no conclusions about ,this tribe
:may be reache<i 1'101:' any trend In sheath presence detected and this
tribe will not be. included in this report (section 3.4/1). The
description of the trend in each tribe can be further understood
by ref~ring to Table 3..1 in each case; The symbols in
pare,ntheses in the text correspond to the symbols used' i:p. ~\a.ble
lo1.

Subfamily: Arundinoideae
~ribe: Aristideae (@)
All speoies of th~ two genera t,lithi:n this tribe ha~ sheath
development. More than 50% of the individuals of eaolf species

" had mediumor well developed sheaths (with a rank of at least 3) •
Within both\genera there is a species ~ltich is div:[d.ed into two

" () " '

varieties t both of which had similar variation in extent. of
sheath develt!)pmentamongst their individuals. ,',

subfamily: Il~mbusoideae
Tribe: Elbrhatteae (1)
Of the fom: speoies of A ~barta stud;l.ed three did not exhibi t
sheath develcpment. There was large variatio'n in extent of
sheath development between intlividuals of E. calyci:nlt.
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Subfamily~ Chloridoideae
~l.t'ibe; Chlorideae (*)
Membersof the tribe Chlorideae formed two distinct groups. In
the first group all individuals of the species had rhizosheaths
and at least half the individuals had well developed sheat.hs
(with a rank of 4 or 5) ~ None of these species had thi.nly
sheathed individuals.. More than 70%of all individuals of lIthe
species in the second group (refer to ~able 3.1 groups 3-6) were
thinly sheathed (with a rank of 1 or 2), Jhile two species did

;/

not have any sheath developing indi v'iduals •

trhere was a limited pattern of ex\tent of sheath development.
within ths genera of this tribe. All three Of the T.rirapbis

r:

species occurxed ~lithin the latter group, with two specie£;
exhj"biting no. sheath development. Five of the six Eragrostis
sp~~~~ occuzred within the. first group.

<:~)~~,

Tribe: Pappophoreae (&)
All individuals t.)f both genera within this tribE.: had sheaths"
Bqth Sobmidt;~a species had well developed sheaths (rank 4 or 5)
in all indiividuals, al though the specie:s have different
distribution ranges in terms of soil type and rain;e:all. All
individuals of the ii1nneapogon species had Edther thin ox:medium
thickness, she.aths. The fome specij~s of this genus were
represen1;ed on all three soi.l types!!' However, three of the

f ,. ..i

species had more than half their indi'Y'iduals; occu.rring in areas
with an annual rainfall of 4oOnun·*SOn,nun, while E. sourbox only
occurred in areas with an annual rainfall of <400mrn.

SubfaNily: Panicoideae
Tribe; 1W.dropogoneae (1)
This tribe had representatives withi.n the full range of extent
of sheath ~evelopment, except extent 5 (refer to Table 3.1 - in
all groups except group one). The sub-tribe Andropogonineae was
represented by species within this large range. Genera of thc
sub-tri,be Rottboellinei9.e had either no sheaths (Elionurus and
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Ureletrum) or what appeared to be the start of sheath.development.. -

(Hemartl1ia) e, Sheaths were only weJ.1 develoged, in Cymbopogon
marginatus (rank 4), al..though more than 50%of the individuals
had mediumthickness sheaths. All the indi victuals of 'tbe other
species had either thin or mediumthickness sheaths. All, except
three ot the species (incl\lding c. .marginatus -which OGouti's in

. ",,;.

arid and semi....arid areas), occur. in semi-arid to high rainfall
areas (400mm/annumto >900mm/annum).. This indicates that in
d.rier areas the extent of sheath development is greater ..

~lt"ibe; Arundittelleae (...)
All the species e)'h,ibib:~dvery +..hinsheaths I except two Polypogon
species, which had no sheath dE.:velopment.~·It was interesting to

,.I

note that these two species w'et:emostly represented in semi-arid
I.'

to arid areas.

~rib$: Panieeae (~)
There Wasgreat variation in extent of sheatih development within
this tribe, ranging from all individuals of a species wi'th well
developed sheaths (illc1uding mainly th~ Bra.chia.:ria species),
through species Which had a range of sheath thicknesses,) 011.

different individuals, to species which did ~not have ar~:l
individuals which exhibited sheaths. At "the genus l~vel, the
only other trend which could be found was'-in Setaria. More than
half the individuals of each Setaria species had thin sheaths
(rarlk 2).. 'and the re~'t of tha\~,individuals exhibited medium
thickness sheaths (refer to ~a~le 301 - group 3).

Subfamily: Pooideae
Tribe; AVeneae ($)
None of the species studied in this 'cribe had 'l;1e11developed
sheaths and 70% or more of the individuals of each species which
exhibited sheath development, had only thin sheaths (extent class
2) •
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'.1!ribe; Poeae ({ )
None Qf these snecies studied had extensive sheath deve],opment(') t:'

(extent class 5). However, the rahge of extent of deve).o~ft\ent
was great "" from no sheath development t ill five' species I' to
fairly '!tlell developed sheaths in l?estuca ecebre (extent class 4).,
Both Poa species" had no sheath,~ ,development" 'l'here,~orei
rhizosheaths appear to be a characteristic 6at ,the species level
in this tribe. i01

All the genera studied in the other ttribes in this subfaf!l.ily~
:aromeae, (A), Meiiceae ([) and Triticeae (-)," exhibited shea.th
development. Brachypod.iumbolusii of the tribe Brachypodieae
( %), waa an ex~eption.. "

From the above description Lt," is ,\clear that rhizosheath
development' is not 1\ a,. characteristic qt anyone particular

) ~~.

taxonomic level, but varies between, as well e<.;within, al\'L,
tribes and genera.

o

~·ii

\;:i
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within the range of grass species studied six groups may be
distinguished in terms of the presence pf z'hd.zoahaatihs "and the
extent of their development (Table 3.1)..

i) The first group' consists of species which had at least half
their individuals exhibiting t'ITelldeveloped rhizosheaths
(rank 4, or 5).

It is essential to note here that the species within this
group have 'Vlidedistribution ranges i,\Tithrespect to, so'i.L
and rainfall conditions~

ii) The species in the second group had at least half, if not
all, theil:' individuals exhibiting a mediumdegree ofc, sheath
development (rank 3).

I)
I(

iii) In the third group at least half, if not alIt the
c

individuals of the species had thin rhizosheaths (rank 2).

iv) In. the fourth group at least half the individuals of each'. . ()"apeca.es had what appeared to be the start, of rh~zosheath
development (rank 1). In this and all of the above groups I
non~ 'Of the species had non...sheath fooong individuals.

The individuals Ln this group (Lv) usually grew in sandy
soil.

v)

I,
I'
Ii

The species in the fifth grottp had a varied distributioh of
exte t of sheath 4e"qI~)lt'1pxnel:llt amongst their individu~~ls t
including a high pJrcentage (jf individuals of some spe~des
'-lith no sheath de,velopment.

vi) 'rha sixth group corlsists of species in which sheath
devQlopmentwas completely absent.

It is importa,nt to nobe here, that most of the species in
this group (vi) did not have representative individuals in
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arid areas. Those that do, ha'te only less' t.han ~O%of
their individuals in these areas.

It is evident that sheath develqpment is not restricted to
pere~p.ial species (l? in Table 3.1), since over a quarter of the
sheath form±ng species studied were annuals (A in ~able 3~1) •
Eight.y two pezcent; "of the perennial species were sheath forming
and the same percent of the annual species 1J'lere sheath forming ~

REY
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EX'l'ENT OF
SBEATil

DEVELOPMENT

«}900001 anDWliI)
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<\
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Figure 3.2. General distribution of species in tetms of soil and
rainfall conditions and extent of sheath deveJ"opmJ'nt.

;'i. .,\
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Figure 3.2 shows 1;,hat the development of rhizosheaths is not
restricted to sandy soil nor to arid areas.

There is a high representation of species in sandy I arit:,
(rainfall less than 400mm/annum)areas and in these speciE'ls the
extent of sheath development :~s generally large. There is also
a high representation of species in semi-arid areas (rainfall
400-900mm/annum)i especially on cIa:.,.' soil. Xn both these
rainfall areas the individuals in the sandy soil regions
generally have more extensive sheath development than those in
olay soil. These" trends indicate a relationship between the
extent of sheath de~elopment and soil texture.

The avel."ageextent of sheath development in sandy soil in high
rainfall (rainfall exceeds 900mm/annum)areas is lbwer than that
in arid and semi-arid areas. Within high rainfall areas, there
is a similar extent of sheath development between individua.ls on
the different £:'oil types,r and a high number of species without
sheaths. These trends show that a relationship between extent
of sheath development and railtfall conditions\\exists, especially
with,in individuals in sandy soil.

3 ~5,. DISCUSSION
c:

Presence of ~l;,izosheaths in south African grasSes.
l_,~)

Rhizosheath development occurs in most South African grass
species. only 18% of the species studied did not exhibit;
rhizosheaths, but
half the tribes.
but in agJ:'eement

these species are distribu·ted within more than
In contrast to Leistner's (1967) recordings,
with Duell and peacock (s (1985) recordings,

rhizosheath development is not restricted to perennial species
and only 18%of the annual species considered in this study did
not exhibit sheath developmentw Also in contradiction to
previous recordings (McCullyand canny 1986), the sheaths extend
over the entire length of all the roots of any sheath forming
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gra~s plant.

Assuming that sheaths influence root functioning and microbial
activity (refer to chapter 2t section 2.9) the below-groulld
productivityC:::of grasslands would be influenc-Jd by rhizosheaths
since, the sheaths are commonin grasses and the dist~ibutions
of sheath forming species are \tlide, encompassing all rainfall and
soil conditions.

Sheath presence dces not distinguish any specific trihe{s) sin0e
each tribe has r&]?resentative sheath forming species. The data
do suggest that sheaths may be a characteristic of the'=>tribes
Aristidea:~f Bromeae, Meliceae, pappophoreae and Triticeae. In
other words sheaths are present on all individuals of all species
within these tribes. HOVleVer,in order to state this as a
definite conclusion more specimens would have to be collected for
each species.

~xcept for Arundinella, Elionurus. Trichopt~pYX and Urelytrum,
each of Which has only one species, and Leersia, of which only
one species waslstudied, all the genera coiisidered in this study
had representative sheath forming species. Therefore r as is the
case l~or tribes, sheath presence i:;;-not a characteristic which
can be used to distinguish between diffyrent genera.. In
addition: sheath pi':esence does not disting~;tsh between different
varieties, because When, two varieties of a sp~bies were studied

1:\

no difference i:~. the .presence or extent of sheath development
occurred.

Although it has :beenshownthat sheaths are present in most grass
species I the extent of development varies greatly between species
and sometimes even within species. The most extensive
development of .r.hizosheaths occurs in species within only four
tribes - Aristideae, chlorideae, Paniceae and Pappophoreae, two
of which, chlorideae and Paniceae, have considerable v~riation
in extent of development betWeentheir genera.
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Unfortutiately, due to the lack of a sUfficient number of
herbarium apecamens with auequate information on soil condit'ions
in .which the specdmen (;p:oew,only limite'd. con(~.lusionsmaybe drawn
"lith respect to whether sheaths are a distinguishing fea,ture of
any genera' or species. It was in! tially thought that the sheath
forming,. characteristic may be included as an impbrtant, easily~ ,

observed trait in J?oaceae specd.ae, field identification keys.
Ho'tieverI this would have be,~n"po~ie only if the development I';~,
oi; the sheaths was genetically f.i~x~d and did not vary depenriing'
on 'the environmental 'Jcondi;tions\, The constancy with ",hiah
sheaths are 'found with~.n va gellus or a ~pecies varies betwe~~h
genera and species. In certain genera the differen't,. species
develop shea'!;p,s to different extents but the extent of
develcpment is uniform between all individuals within the
respective species. Within suq,ti' gener~;1 for example Cymbopogon,

: /l"
Festuaa, Panicum and Schizacbyrium, sheath presence may be a
distinguishing feature between species, within a genus I which may
be confused on>initial examination of field specimens or when

~ o~)ly vegetative material is available for identification. TJle
~t'l...~<;s of this met~lod of speoies identification wilJ. vary
between genera" Distinction between species which develop
extensive sheaths under all environmental conditions (e~;tent 4,
5 and possibly ,p), and those without 'sheaths wil:~ be the most,
useful ~ This distinction may be most sudcessful between
cymboibogon exceveiuu: (no sheath development) and C. ,marginatus
(extent 3 or 4) I where the vegetative and reproductiJ.ve structures
are similar. Sheath presence on c. prolixus (extent 3) maymake
the distinction between this spe?ies and c. ext5avatus easier,
especially when only vegetative material is availabli::!i for
identification" Likewise I l?a.nicummaximumand P. natalense (no
sheath development) maybe di~tinguished by the extensive sheath
development" on l? maximum (extent 3, 4 or 5) , when only
'V'egetative material is available for identification.
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uueath presence as a genetically fixed trait as oPl'0sed
to the extent of development as a facultative )response
to the environment.

It mu~t be emphasised tha\t: there is ,i, difference between the
presence of sheaths and the extent to which they develop. l~o
relationship between the presence of rhizosheatha and
environmental. condi tiona was found. If -sheatihs occuz-red on one
individual of: a species then all i'ndividuals of that species
"exhibitE;P. sheath development ir.respectiv~ of ,...rhere thei/'

.<~ \j

individuals grew (With the exception of six species t and this
will b¢. discussed later). It can be co.ncluded that the presence

- '(J

of rhizosheaths is a genetically fixed tra it. Howe'\rer, as
opposed to what the pilot survey indicated, sheath presiance on
one species of a r..~ticular gE;1nusdoes not guarantee sheat.ri
presence on all the .species of that genus. <) J

" \
Although present in the majority Sf South ]\:t:rican\\grass spG'Qies1
the sheath ',r;leveloping trait is a'PP&;.:ent;:.y'abse¥t i~ hSl:tain
species. The s.pecies which do not have this traii\. oc<.~~.;:r-wit;J~l.in
group 6 of Table 301, L,e ~<~hose~hic.~ never develo~\ ddZo?J:1ea'~hS
regardless Ol: the envir-onmental(iconditions, and il1~tnd~, ~}flmb~\I:r.S

, .. I\"!

of moxe than natf o~ the(ribes ~tudied. ! i!i

Wit.hin the rainge of specie~~-i~ which the ~:'\:;I.eathfOrl~iJl9 trait \i..s
present, two condf,tiona exist in terms of the eXbEm~r tb which ·dbe

11 .1'

sheaths develop. II 'i'\

1\

i} The eJt'tent to which sheaths develop is f;;;lJ~rly unifcdbm
:\ u

between individuals within eC',l,ch separa1:e sp~cie1I!1,
il:respecti ve of the env:ironmente\l conditions in which th~~y
grow (groups 1-4 Ln 1'able 3.1). This is not to sey tha·t
the extent to which the sheaths develop does nt""'tdiffer

((

between sp!Tcies. Most. o~~t~fese species had l"~p:r:esentative
individuals in all the rainfall. and soil. type catego.rilas.
r.rhis is an indication that the extent to which sheaths
develop in these species is possibly also a genetically
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fixed trait~

ii) The extent to which shea.ths develop vat-ies greatly between
individuals of the same species (group 5 in ~able 3.1) Q

Therefore, while, the sheath forming trait is present in all
individuals, the extent to which it is manifest is probably
a facultative response to t.he environmental conditions in
which the individ~.i'al growsi'. The degree of plasticity of
this response var:b:.\s bebJeen species, to the extent that
individuals of somei~pecie~\(namely those in the Chlorideae

"1

and .l,?aniceae tribe.s\) I rna]' net; exhibit any rhizosheath
charaoteristics \'1h~~n\\.gl~owingunder certain environmental
condf t.Lons .~

\,
"\
I.
II

The data.iled gel1stic cont.rof \~pv~rslteath deveLopment; has not been
investig,ated. withill the· Elpecies\which\always have the same
extent of sheatsh deV'f.\lopmeJrt.'~the sheath forming trait may,.~
influence. the numhez ~')i epid~~~t'malhall's produced and t.hereby·'·'-"""'''>'oc,--c
control sheath developlu,ent. .ttrothe~\7 l?ossibility is 'that t;he
number of ~Ipide~-malhaii.'s prod\\ldrd is cq;rtrolled separately and
thus the gei'letic cont.ro.L\ove:c sh~,ath d\;\r~~lopmentis indi:r:ect;l•

', . ,', '. ';' ', \., o

3.5.3 T.hel .t'I~lationS',hip b~'atween Eii)vi.i~on41l1(~lntalcl.,">nditions·· an.d
sheath p,;r\'asen.clelext~~nt of II31,eat;b \d\~w'elopm~nt.

" . '.... ; \

\i'

Sheaths ocoun en ~ndividuals w'hi\bh \gtl':)t¢ in semi-~r.f.d and
telIlper~.te co:tldi~~pnsas well as thQs.e\th,oatg::t:·owin c;tay and .Loam
s('1i1. Therefo±te':'~he X'lypothe~\l.sI ••t.hat th~~ develop'" 'C .....of a
rhizosheath is ';~ t;fiouJ'tative ;tesp~'m~~eto arid ant, .J:t' sandy
(.ot,\dit:i.ons, mu,~t\):>e;\ tejet:l·ted. Howev(:}]1'"the extent to which the
s'~e',)tll~ deve10t' jj~ G\~par~~ntlyoften a "-faculta.tive response to
eri\:v.i.rc\l~nental('l;.;>n~i.~dt\ns* species found in dry, &andy areas
uS~lallY have ~'J~b~\ns~t\\7e~,heath development .relative to the average
sheat~ develo.tm~eht(;')f s~\lacies found in more teznperate ar~M:\ and

\ !.•..

cl.il.l"eys\':)i1s. 'l'h:}..s l\'la\)" aeoount, for whyrhizosheaths have mainly
bee.'nr~\co.1:dedin xli.~romorphicspecies growing in sandy soil. The
les~l consolidated sheaths on any specimens studied in the higher

53



~~:"

rain:eall/clay soils may not hay€! haem observed or may have been
removed by the collector before pressing.

"

Species with consistently well developed sheaths have 'wide
distribution ranges with respect to soil and rainfall (ronditions.
This may be a rel:nllt of their increased tolerance (dt1~\to sheath

\\ '" ...

presence) of low 't'ITateravailability. This idea :;,)13 furthet
sUbstantiated by the fact that most of the lspecies ~ll\~);:h do not.

\
develop rhizosheaths are CiJise'r·t in arid azeas , \

i~
!j

\
Many individuals in which sheath development was ot~\'y just

~ . ,

detected, occurred in sandy soil. Thin sugg~~~;tS,~"some
"~" \\.\

relationship between the initiation of the e~~press:iion\.\~l:f the
\:~\"

,'; \
\.\\\

\\\".
'.,.\

Although extensive sheath dev6'lopment if,l not, ex(,~lu~dvely ;)~\'»'l1nd

on individuals in sandy soil the relation~lhip l~etween ex,tt:m,t~.\of
i . ..... . ".... ,I'

development and soil te1Xture is ~~vident fr'JJmFigui~e l.,2:,.. :r~1\is
proposed that there maY'be a resl(H:mse,ill t\erms Oli an ..··ind:t7ea~~I,~d
extent of sheath develC.)pm~n'tjto increased sandy s,?il. condit.i(.mi\\~
In order to subst:anti\a\t,\~ ,thi$ hypothesis , contr611~~d gl~o~tth

sheath trait and soil texture.

The average extent of ~3hea:tl~dev~lopm~mt. on sandy' 5,\i1 \\
indiv:tdt~V~ls~,n hi-gh rainfall areas is smalHtt t.han in low~~r'\~;:\
rainfall ','axeas s- A simil~l.~(reH\t.ionsh.ip bet'Y'e~mrc:tinfall\ and
sheath th,ickness was t)bse:r:v"edby 'tJei~?tne:r (196't) in the s~ndy
Kalahari a'.re~'iS"Thi,. r,~latic~.r)i~hipbet.~leen,~xtent !;If d~~ve;topmellt
and rainf~lll suggests that ~...(assp.mil'lg' sheaths funct~ton ~t;.o
oompensatie ..for low water and i~utriet.~t ,availability as will h~,
discussed ih chapter 5), in hi~~hraihfa:U areas tlul! frl~qt\entl:y

\'. ',. ,

replenished. ;'$011 water de~?rea~~l\~the I~eed for bett,s:t,:.deveJ.oped
sheaths. Th.is X'1c\uldbe parti6~~\1.arlyPPlrtinent to s~\\hdy ~?,oil,

'.1.

where the ~·u;l.terretention and" 'llutrier;tt availl.'ibiU.ty is l(')w
relative to clay sQlil. In order to ta'st \th:Ls t.hC':lry c(,)1\:j:1.70L\e'd
growth expezdmsnt,a were conduct.ed,

\
\.

\
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CHAPTER 4

DEVELOPMENT •

It has thus far been established that the presence of sheaths i'6
" . . . ~ .. .

a genetical.lY fx.\Xedtrait, present in m.~.'';,t sout.h African grasll)
sp~';lcias. On the other hand, the axten\'\ to which the sheaths'
d~Velop is ~\ften a. facul tativ~f response to the environment ..
Tl%;flrefol;'e,the following studies will deal with; the extent of

\;" - -- --- -. - ._._ - - 'devteloplllent, .rather t.han the presence, of sheaths.
.:

\
UlldeQ:' nat.urul, condf.t.Ions plants are subjected to different

"\ c
ed~\pl~icand cl.imatic factors. The most obvio~lS factors which

,1 1/

af~,edr root gro~rtb .are t.hoae in. the. soil, and primarily include
tex~7,u~~fwater and nutrient availability. Different so.il t.ypes
(te~tJ~6IS) have inherently different water and nutrient
avai~.a~ility. Since it thus far appears that there is' a» 1,\\

relatw.0t\s.hip between extent of \,shea.th development &nd
envirc\nnt\~ntalr,conditions , particularl~'{ soil texture ~.;na...water
availa~7i~ity, it was decided to conduct; dbntroll~d growth
experinf,eni\,s\to determine whether this relationship was based on
a facUl\ta~:fve response directly to soil. textl.\re or to wateJ;:
~\:nd/orntltx\ient availability.

,";(,

\\. \\
With r~~sp~~ctto t:his I ..;twoimportant questions wer~~~1addressed in
l..'1.hiss€\ction \of thl~ study.

i) Is the extent. t(.')which sheaths deveLop a facultative
l~'ef3~ponsedirecl:.ly to soil texture?

Is the ext.ent; 1..,0 Which sheaths develop a facultative
:r.esponse to soil water andlor ,nutrient availabi:l.ity?

55



It is diff:i,;~\~t to separa't<a the effects of soil texture and the"
correspo~~~ water and nutrient availability_ The mora sandy

~. ' v "
the soil tl;\e shorter the period of water and nutrient
availability. \ The greater the clay content the stronger the
attractive fOrlces between soil particles and the water" ~lhich
.i.nc,t'easesthe difficulty with which the water is extr(;\cted. The
higher the sand content in the s0il'the ,lower the cation exchange
cm.p'acity (CEC ) and the higher the degree of n.utrient ~eaching
from the soil, but the easi.erthe roots are ablato extract any
remaining nutrient ions fro~1tthe soil.

(/

In'\\,o~defrto separate the effe(~ts, of soil texture and the effects
o~~~,;oilwa~r Inut:~ient status two growth experiments wer~ carried',' & " '
out~' The' :first experiment wat.lconcerned with the response to

\\\, rj 0 , , ,', ,.' , " " ,,' ,,'/

soil';;\texturs, and therefore t1).ewater availability was controlled
\\\ ' . .-' '" \)

whilJ\;\the, texture w~s varied. The nutrient availability could
'\

notb~, controlled due to the different CEC in the different soil
text,gr~'atreatmen·cs.. The second grQwth ,exper;iment was .ccncez-ned

':::.\

with walter and nutrient availability i and therefor~ these factors
ware '\ra.ried while the soil textute was kept constant.

I)

1'BE EX~.ENT OF ItHIZOS~EATH DEVELOPI-lENtt' AS A RESPONSE ~o
SOIt. 'l'EX~URE. JJ

c.....,

\~

.' 4.2.1 XiYPO'rHESIS

It was:)..hypot.nesi!Jed
., ,01

be more extens~vEi\the
that the development of: rhizosheaths would

fi'

higher the sand content in tp_e soil~

\
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4.2.2 MATERIALS AND ME'J!HODS
c-

Three indigenous grass species were used in this sElldy,
Eragros:tis pa1:1ensHaole, Anthephora pubescens Neesr and Digitarj,a
eria.ntha Staude The first t'w'Ospecies were found, during the
herbarium study, to consistently develop distinct rhizosheaths,
while the latter was found to have greater ,"ariaJ:nl:ity in the
extent of sheath development depending on the soil \ n 1 ra;~.n:Eall
conditions under which the individuals"grew.

Experimental design

Seeds of these species were grown in 11 pots, in a contrGlled-
climate growth chamber using a 14 hour gaYCi(65...90 umol/m2/s
quantum..flux rate,) at approximately 2SoC followed by 10 hour-s of
daJ:;'knessat approximately 16°C. Th;Fpots were zandomi.sedweekly
to elIminate difterencf-'s;due to position in the growth chamber.

Five sets of pJl1allts were used, each set was grown in a different
soil texture treatment.

Treatment % sand % c1&.y
1 SO 20

1\ 2 70 30
\\ :3 60 40

4 50 50
5 30 70

Each treatment consisted of five pots/replicates, of between ten
and sixteen individuals per replicate. The sand (wit.h a 80%sand
20%clay content) was COllected from a broad1eaf -savanna area in

'.__r'

which E. pallens and D. eriantba grow. Kaolin powde,rwas added
to the sand to make up the clay fractio~. The textu!e Was
accurately determined using a Bouyoueos hydlfomet'er,(Day'196~~.

.. • 0

/~ " " '-~'.-'

The field capacity for each soil treatment was'calculated ..prior
to the experiment and the plants were watered regularly euch that
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the soil ",as }!;eptat 70% field capacity. !t was 1'1eCesSaryto
"'Tater the,· sandy soil pots more frequently than the clayey soil
pots because the l<;rtter drained faster. The plants were not<r
supplied with nutrients in the water. Thenutrient concentration
in the different soil treatm('m.ts could not be controlled, since
t.!.leameuntis of nutrients remaining in the soi.;I.after the water
had drained through couLd not easily be monitored. The
..difference in nutrient availability het'ltleenthe soil textures due
to the different CE!C could not be controlled.

I'

After \~welve weeks growth the plant$i)\'{.'I1ereuprooted and the
presende and extent of rhizosheath deVe.1.ppmentwas scored for
each ind-ividual using the same scale as in the herparium study
(section 3. ',3). Differences Ln extent of sheath development were
not physically quantified by weighing the sheath soil since it
was not possible to extract all the roots of the inCl.ividuals.\ in
the Clayey soil. Therefore"the data coulu not be statistically
analyzed.

4 ~2 • 3 RESULTS AND DJ:SC'O.SSION

The responses to the different soil treatment:s varied between
species I but the"general trends were similar (Table ~~1 and Table
4.2). The variability in the extent of sheath development t·dthin
the species wasvery low. The texture of the soil inflUenced the
extent of rhizosheath development. Thi~ is in contrast to Duell
and Peacock's (1985) recordings, where .the soil texture did not
appear to affect rhizosheath deVelopment.

sand). In A. pubescens and D.

ext~nt of sheath development
the ~~9hest sand content (89%
eriantl'la the extent of sheatih

In each species, the greatest
occurred in the treatment with

development. -ieqreased with decreasing sand content until 60%
aand! with further decrease in sand content the extent. of
development did not decrease. The extent of sheath development
in E. pallens continued to decrease with the de':!rease in sand
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content below 6.0% ~ In A. pl1boscens and Do eriantha, similar
numbers of ep;idermal hairs werl= pnoduced in the .soi1' trea:t:.ments·
containing 30-60% sand (\'table 4.1). !n rJio palJJms individuals
the humber of epip.er.lnal hairs decreased frOlno"'the 40% sand

o

'treatment to t~e 30% sand tpeatment. A~ explained previoul:!,ly
(chapter 2) i the similar numbers of epidermaL, hairs woUld result

" . .
in simiiar numbers of partie] es bei:ng, incorporated into the

\~ c

sheath, anq(being held equally S':t.rongly. 'l'his tvould explain why i)

"'::-

the sheaths(, of A. pu.bescens and' D. eriantha. do not :f11rther
deczease in ex~~nt in soil containing less than 60% -aand, while
E. pallens individuals in the" last treatment had thinner sheaths <I

(! 0' 0

\\

\\

I(

/I

o
(;>

S9
\\



Table 4~.1. The extent of rhizosheath (tevelopment, average number
of epidermal hairs and average number of eoccndary root branches,
which occurred in A) A. pubescens, B) D. eriantlfa, and C) E.

pallens under the diffe!:ent soil texture treatments"

A)

:~~. pubeecetis DescI;iption
Tr~atment 1 (~O% sand)

Extent 70% with extent 5 - root and sheath at least
5.5mm,thick. Well consolidated sheaths.
30% with extent 4 - sheaths less consolidated.

Epidermal
hairs

Secondary
branches

---'"Tr~atment 2 (70% sand) ,'_,

Prolific. Average length: 0.2tt~
Average number per cent.imetre of root: 75"

Average number per o....nt.imetre I.)froot; B

Extent 4 ...root and sheath 4 ..S.Smm.
Epidermal

hairs
Prolific.
Average number per centimetre of root:
Ave:rage length: 0 • 2mm.--------itl-- ...........:;........,..---=:;-----------~--------

Secondary AVerage number per centimetre of root:
branches I------~.........----~,----~~--~......,..------.---------\', .;',J <,Treatrnen,t 3 (60% sand)
Extent 2 ... averag~ root and sheath thickness') 2.7Srom.........------~----1---------~.--......,..---------------------------------Epidermal
hairs

11

Average nUmber per centimetre oj root: 55
r>
/

Secondary
branches

Average nun1ber pex' centimetre of root: 10

Treatment 4 (SO%_,....s_a_n_d...;.)_-- ~ _
E'xtent As for treatment 3, except less sand and

silica particles were held
Epidermal As for treatment 3.

ha.irs,..._---+-------_ .........-_...:....._--_.,..'"-------,-----
Secondary (AS for treatment 3.
branches I
Treatment 5 (30% sand)

Extent As for treatment "4
Epidermal As for treatment 3.

hairs
Secondary
branches

Average number per centimetre of root: 13
,



Table 4~1 dont _

D. eriantha :1'" ·t:
Treatment 1 (BO%

Description.
sand)

Extent 20% with extent 4 ~ average root and sheath
tb,.;'ckness =, 4., 5rnm thick.SO% with extent 3 - average root and sheaththickness: 3mm. thick.
Sheaths not well consolidatedo

Epidermal
hairs

Less prolific than in other two species.
Av~rage number per centimetre of root: 11.
Average length: 0 .2mm..

Secondary
branches

More prolific than in the ot.her two species.
Average number per centimetre of root: 20.
(70% sand)Treatment 2

.Extent 2 - root and sheath 2.7~ - 2.9mm tpick"
Epidermal

hairs
Average number'per centimetre of root: B.

,,~econda:tybranches~~~'--~------~--------------------------------------~--------~
Average number per ceptimetre of root: 27

Treatment 3 (60% sand)
Extent 1. - average root and sheath thickness: 2mm~~~.,,--~~~-+----------~----------~--------------------------Epidermal Sparse.
'bait'S Average number per centimetre of root: 5.

Secondary Average 'numberper centimetre of root:
branches TE¥rtiarybranching.
Treatment 4 (50'% sand)

------------------r~Extent 1 - not manYDsand or silica pa.rticles held.-----~--------~...._--------~-- "Epidermal As for treat.mentr3.
hairs

15.

Secondary
bra1'l:Ghes

As for treatment 3.

(30% sand)Treatment 5

Extent As for treatment 4.
Epidermal

hairs
As for treatment 4.

\\.Secondary
branches

MOl':e:prolific.
Average number per centimetre of ,root: z~.
Tertiary branching.

61



C)

Table 4.1 cont _

j. pallens
Treatment 1 (80% sand)

Extent 5 - root,a.nd sheath at least S.5nun thick.
Sheaths well consolidated.

Epidermal
hairs

Prolific~
Average number per ~centimetre of root.:: lO 0 •
Average length~ O.66nun.

Secondary
brf3,nches

Sparse.
Average number per centimetre of root: 3.

Extent
T:o..:eatment2 (70% sand)

Epidermal
hairs

4 - average root and sheath thickness: 4mm.
Less consolidated than in treatment 1.------
prolific.
As for treat.ment 1.

Secondar.y
branches

None.

Treatment 3 (60% sand)
Extent I·' 3 . - average root. and sheath thicl{ness: 3mm.

Less consolidat ..~'l than in treatment 2.

F~pidennal
hairs

Average number per. centimetre of root: 60

Secondary
branches

None.
--------------_.----------------------------------

Extent
'l'rea:tment14 (50% sand)

AS for treatment 3.
Epidermal

hairs----------+------------------------.".0----· ,,-
Secondary
branches-:

As for treatment 3.

None.

Extent.
\ '

Treatment 5 (30%. sand)
2 ... average root. and sheath thick:n:ess: .2. 5mm.
Sheaths not well consolidated.

Epidermal
hairs

Average number per centimetre of root: 45.

Secondary
branches

Average nUmber per centimetre of root: 10.
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Table -4.2. Summaryof the differences in extent of sheath
development between the five different soil texture treatments;

6 r,_/.?

Treatment Ex·te~,tof sheath development

~~
1t ~,1,}:j\ 20

2 ) 70 30
l;if'

3) 60 40

4 } 50 50

5) 30 70

A. pubescens /). eriantha E. pal1ens

5 3 5

4 2 4
!)

2 1 3

2 1 3

2 1 2

% sand % clay

The trend with regard to the change in numberof epidermal hairs
in response to the sand content of the soil is similar to the
trend in extent of sheath development. In all three species
(except E. pal1ens individuals in trea~ment 2), where the extent
of sheath development deczeaaedJ there was a corresponding
decrease in the number of epiderJal hairs (Table 4.1). This
finding is in accor-dancewith previous findings Whichshow the
density of epidermal hair,s to be greater in dry, sandy soil
(l(utschera 1960 in Leistner 1961). It has been observed that
roots in sandy soil produce more epidermal hairs than roots, of
the same species in less sandy soil. The sand particles may
mechanically stimulate the prodUction of root hairs by abrasion
of the epidermis (M. Fey._personal ccmmund.cat,....'m). A'>'I( ther
possi.bility is that the rapid filtration of water througl. the
soil maynecessitate an increased .root; surface area for adequate
water absorption, hence the increased .,root hair production. The
general trend in the change in nUlnberof secondary branches was
that the smaller the extent of sheath development, the more
secondary branches that were produced.

The relationship between extent of sheath development alld sand
content in the soil is evidence to support hypothesis 4~2.1, that
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the more sandy the soil the greater the extent of sheath.
development.
As explained in section 4.1,. these results maybe confounded by
the different nutrient availabilitie.s Lnhe rent; in the different
soil treatments. To determine whether the extent of development
was a response to soil condd't.Lons other t.han texture another
growth study was conducted wherein the soil texture effect was
standardized.

4.3 THE EXTENT OF RHI~OSHEATH DEVELOPMENT AS A RESPONSE TO
WATER AND Ntrl'lUENT ~VAXL.ABILITY.

The findings;;. of the herbarium. study and the observations of
Leistner (1961) indicate that the extent of sheath development
may be a response to low water, rather than to soil texture.

4.3.1 -HYPOTHESIS

The second hypothesis, t'1ith respe(;.t to environmental influence
on the extent of rhizoli:lhea.th deveLopmentr; was that sheath
development would be more extensive on individuals growing in
conditions of lowwater and/or low nutrien.t availability than on
individuals grow.{hgin conditions of high water and high nutrient
availability.

4.3 • 2 ~fATERl:ALS AND METHODS

4.3.2.1 Experimental design

Seeds of the same th+ee species were grown in the same
temperature and light conditions as in the previ~ s experiment.
The plants were grownin 11 pots containing sandy evil (80%sand,
20% clay) collected from.the samearea as before. The Pqts were
randomised w·eeklyto eliminate differences due to position. Four
sets of plf'lots were used, each set was grown under different
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combinations of water and nutrient availability. Ten replicates
(between. ten and sixteen indiyiduals per replicatE!) in each
set/treatment were grown.

Treatment Water Nutrients'~) :h~ _____

1

2

3

+ , +

' ..,I,--------------f,;,~-~.-.---
4

Plants in treatments 1 ,rd'.2 were ('fatered with .CI. Long-Ashton
solution, containing all "essential micronutrients, iron, 40ppm
phosphorus (NaH2l?0402B20)and'i\:50ppmnitrogen {KN03and (NH,t)2S04.;
lNOs-:2NH/)~ Plants in treatments 3 and 4 were watered with a
similar Long-Ash'ton soJ...\':tiq~ excluding the phosphorus and

'-. I'Y· J . .. ... .... . ... .• <,-,i

nitrogen. Plants in treal ..p.I,f,n'l:ts1 and 3 were kep,t at 70%fuHd
capacity while those in treatments 2 and 4 were kept at 30%field
capaci'ty in order to subject the plant to some degree of water
stress. The l~q.ves of these plants" (in treatment 2 and 4) were
slightly cur(~ ,((but the plants did not appear to be. completely

~-~e-.-.~

drought stressed.

After the plants had grown for twelve weeks, and a su:f.ficiellt
root iUasshad developed, individuals frOmfive replicates of each
treatment were uprooted and the extent of sheath development and
the mass of 't:he sheath soil was recorded for each individual.
It Wi\S possible to do this in this ~~,:perimentbecause of the
aandy nature of the sod.L, This procedure was repeated on the
other five replicav.es after a further four weeks growth.

\' . ~
\

sta.tistical analyses

The sheath soil mass data were normally disltributed and therefore
analysis of variance tests were conducted on this data to
determine whether there was significant variation w.:Lthinthe
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data.
\\

In .order to determine }jf-t~Teenwhich treatm~nts the
differences occurred, and whether ~UffeI:'ences occurred wi thin a
treatment over time" Tukey tests \~e;r;eperformed em the data.
Tukey tests are multiple comparisonls ts'f~l....ch shot~which treatment

/.»

means are different from which oth~r treatment means (,Miller
19B1 i MilleI:' 198)5).

4...J 0 J lUllSULTS rum DISCUSSION

~able <30:3 • Differences in extElnt '.of sheath deve:lopment and
sheat.h soil mass b;~tweel);the different wat.er/nutrient. trec::.tment.s

-»
(mean values, X, and standard deviations" sd , of the five
replicates are given) •

Treatment. Extent of sheath Sheath soil S~gi.\P:E
development mass (g) mass

n

water nutrients 3mths 4mths 3mths 4mths change
e X sd X ad

Antbephora pubescens

+ + 3 '*
.os- .00 .ro- .00 **

+ 2 3 .04P 001 $ oap .00 **
+ 2 I .04b .01 .020 .00 **

1 \,:' 1 G .ci- .00 .010 eOO NS'.'Di.g:itari.a er:iantha I)
(\

+ + 3 Jj 4 .04a .01 .os- 001 ~'r*
+ 2 3 .l)2b ~OO .01P .00 NS ((

• 01b
II

+ 2 1 .010 .00 .00 NS II
1 3 .010' .00 .030 .01 **

E:ragrost.is pall ens
+ + 5 5 .56a .06 1.39a .07 **

.:- 3 5 .141:> .01 .74i) .OB **
+ 4 4 •2~·~ .01 .30e .01 NS

3 ('., 4: .rr- .02 .180 .03 .NS

Data in the table with different supersoripts are signifioantly (p<O.OS}-
.different from each other (this applies to only within-species comparisl."mscind
- '.1ithin each age group).

I)
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Indir:riduals of each species whd.chgr.~w in condd,tiona of high
water and nutrient" availability had the most extensive sheath
deveLopment;and si'gnif.i.cantly (p<Oi> 05) more soil incorporated i~
their sheaths than all the other indiv~duals 0 The exte~t 0\
sheath de,relopment in Eo pa.llel).s wa~s ranked the same ill'
ipdividuals in treatment 1 and :2 t, however if the de13ignated ranks
't'lent higher the indi victuals in treatment 1would have been ranked
more ..than 5 (as indicated by the soil mass data) 0 All the
individuals in the h1.ghnutrient treatments increased the extent
of sheath development during the four.th month and all these
individuals, (except D. eriantna. indi vi~':F-~.lsin treatment 2) ,e;

sigrlificant.ly (p<O.05) increased the amourrt;of soil incorporated
ino their sheaths OVer time. within the individuals in high
water r low nutrient treatments the extent of sheath deveLopment;
ai ther decreased over time or remained constant and no more soil
particles were incorporated into the sheatih; Within the
indii:ridual.}:lIin low water, 10''1nutrient treatments the extent of~
sheath development either >'increased over >time or remained
constant.

1\.1though there Ls a relationsh,ip between the extent of sheath
v

davelopl11e:gtand soil nutrient and water availab51ity, it is an
inverse relationship (to that expected at the out$~.;t of hhe
experiment. (I The hypothesis that individuals growing in
condd.t.Lcns of low water and/or .,low nutrien't availability would
exhibit the most extensive sheath development, must be rejected.
These 'resuJ:~s also conflict with the findings of Puell and
Peacock (1985), that soil. fertilitY has no effect on rhizosheath
development. However1 thes'e resea. ohers probably only considered
whether sheaths were present or absent.
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The re~ul ts of the t"JO experiments provide ev±dence for the
conclusion that, in the species studied, an i'h.crease in the

a ~)

extent of rhizosheath development is a direct response to an
Lnczease in sand' content in th~'\ soil. The greatest extent O~(
development occurred on individuals growing in soil with the"
highest sand content (fW%. sand), while variation in the -extent
of deveLopment; occurred bet'V'leenindi.~iduals grQwing'in tp.is soil

;') /

(90% sand) under gifferent conditions of nutrient and water
availability. 'JI;'heleast eJtt~nsive de")e),.opmentoccurred on
individuals in tne sand "'ith low water, low nutrient
availabili.ty. Therefore, the more extensive >:lheathdevf3lopment
in sanoy soil .is not a response to the lower water and lower
nutrient availability of this soil relative tC::::cl9Jl,.

~;:.>--

~J(._

\;..

Thes.~t)rends occur.t;'edin all three spe,~ies,C) including E. pal,lens,
i/· "

which has. only been colle~ted ffc;m sand:y,:>soil'~areas.. !t is
therefore proposed that similar trends would occur in all grass
species .which possess the sheavh forming trait. ,

D

f'

Non,1}of the individuals Whichwere grown in conditions \,~f h.igh
water, lot'" nutrient availability. increased the ext.ent; of their
sheath development over time. Onthe other hand, it is important.
to not'la that most of the individuals which ..were grown in
conditions of. low wat.er availabil~.ty generally increased the
ex~ent of sheath development and often significantl¥ inq~eased
the amount of s('Iil"incorporated in the sheath over ti,me. \,These
individuals probably grow slower than individuals in h:ll1hwater
conditions. The production of epidermal hairs and exudation of
mucd.Laqe would also probably be slower and therefore the
development of the rhizcsheath may be slower. 'llhe sheath may '.\
eventually develop to the same extent as on individuals in
conditions of high ""later, hiyh l1ut:cient availability, but over
a longer. time. These observations may, on the other hand, infer
that an increase in extent of sheath development over time may
be a response to ext.anded dry periods in sandy ,soi1'. The
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(\

incrEfased extent of sheath developntent in individuals in
) ~

conditions of high ,'later, high nutrient availabil;lty may be
explained by the heal.t-hy, rapid rOQtgrowth which would probably
result in increased sheath thickness.. . 'J),

3/
Onder each ,treatment condition individ~~lS of E. pallen!:.lhad more
e:;rtensive sheath development than individuals of the other two
species. If the sheaths function to increase the vigou:.t'of the
individuals t~~n it would.appe(i;t"that individQ,als of Ea pa.l1ens
would be at a competitive advantage over 'the other sl')ecies,
especially under stressful environmental conditions. 15. p,f3,11ens

r: was the only speoies found, durin.g the hezbaxLnmstudy, tel have
consistently well dev~loped sheaths. HO~.Tever,as highlighted in
chapter 3, indiviciuals of this species had been collected only
from sandy soil '1~ they are not commonon clay soil. ~?\ff
individuals had been collectecffrom other soil types and in higlh,
rainfall, areas, a variation,in extent of sheath development may
have been observed, as II ccurred :1.11, the eJtperimefl.ts Whi.ch
manipulated these factors. The possibility of E. pallens being
more comp'~titive than A., pubeecetis and D. eriantha under all
environll}erttal conditions, if they gre", sympatrically t will be
further, discuss~a in the follQwing chapter when.sheath funlctions
are considered.

It is ,+j' nteresting to note that individua,ls of A. pubeecene had
. l'

a greater extent of sheath devaLopment in treatment :1 of the
first experiment than individuals '.:)fthi' "lpecies in the second
experiment. IndividUals in these two experiment,s were grown in
soil ·of the.! sante textur~ (80% sand) r with Jlimilar,,80i;1. water

i" -.• < --<'"

contents. 1;he only difference between these two experimental
cond,' ;ions was the supply of micl;j;pnutrients and iron to
individuals in the second expefiment. The more ext.ensive
development may therefore be a response(~o low availability of
micronutrieJ'lts.1 and/or iron. This possibility was not
investigated in this study since the trend was n~t observed in
thE; other two species" It could be investigated by a
multi~~ctorial experiment in whiCh oeeds of A. pubescens and



other species are gl\~ownin similar conditions of. soil wate.:t",
nitrogen. and phosp~orus availability 1 but under different.
combinations of iron a~'ldmicronutrient availability. The result~
from 9 such an exper~~ment \'\1ould lead to an even better
understanding of the fa~cultative response of sheath development
to the environment.

o

((

1

C:.:
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PART III POSSIBLE FUNCTIONS OF RHIZOSHEATHS.

The key question addressed in pa~t :tIl of the study 'Vta~:
Do rhizosheaths funotion to increase. the plant vi~our and
survival, particularly in low nutrient environments? Although
a number of hypothese~ (section 2.9) have been put forward with
respect to rhizosheath functiof.!S, none of these have been
conclusively tested. The numerous hypotheses were sfunmarised
into four possible functions which \'{ere"then investigated iI', this
stUdy. -:

c i)
iif
iii)

iv)

compensation by sheaths for low wate:t.'availability.
compensation by sheaths for low nutrient availability.
Influence,,<~f the extent of she~th development on the uptake

.-. '. II IJ

of inun~ld ) n:u_trient ions,,· . u
;h ...,

Sheath influence on the nticroorganisms at the soil-root
. interface.

Although: it was found that increased shea'th development did not
occur in response tQ low water and/or nutrient availapility, the
possibili ty of the sheaths functioning ,to compensate for low
availahility Clould not be discarded. These functions may
increC':l.sep:lant vigour under all environmental conditiol1s not only
in conditions of 10\'11'nutrient availabilit.y.

'l'ha functioning of!roots is vital to the nelt primary productivity
(NPP) of all ecosystems. In grasslands in particular, roots may
be responsihle for more than 60%of the NPl' (Colemanet: al 1976) •

Rowthe roots alb~r the rhizosphere andi:nfluence the microbial
populations in the soil has a marked effect on the. secondary
productivity of a system. This is particulary important in
grassl.ands, where as much as 90% of the :s,econdaryproductivity
mayoccur as microorganislns (stanton 1988). Both the ~rimar:r and
secondary produn+:.ivity of an ecosystem rich in grasses may be
significantly affected by the widef~pread occurrence of
rhizosheaths and their influence on root functioning and
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~f all or someof these functions ~lere found to eltist, tAey would
explain 1l0Wtr,he pheathed species are sui ted for survival in

o 'U {)

jnvirO~ltl~nts ,:~her<a thea soil" ~later and nutrient availabilib:. i~
l:bw, suc.h as in the many sema....a:dd1 sandy areas of South Afr~oa.

o

Chapter 5 will deal with rhi.zosheath compensa:t;,ion ,for low water
f.\. ,_ .,

and low nutrient (nitrogen and phosphorus) availal~ility. Sheath
, '~

influence on the rate of phosphorus :uptake and on !aioroo:tganisms
at the soil-root. interface \lTi11be dealt 'i.l7itb.in chapters 6 and
7 respeotively.

o

c:
o

c
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SaUv.rH COMPEIiSA"J?ION FOR Loti liA'rER AliD LOW NU'r:RC::,NT

AVAILABILI~l:
"c C

5.1 INTRODUCTION

Xnsoils with a low water corrcent;and 10'11 nutr~~nt, status phmts
mayLricz'oaaethe proportion of their reserves that> a~:/\~hannelled
into root production. This is ,often at the expe'~i~~j'Ii'~Ofshoot
p:roduct:ipn (increasirl:g the root maass shoot;mass ratiO) D 'l'hemore
extensive the' root system the greater the volume of soil fx'om
~lThichnutrients and water may be taken up. Ano't;,her'method of

c' ''?,i1'1creasingnutrient uptake in low nutrient' soils is tp, increase
mycorrhizal association$ (Nye1977). No11iycotrhizal associations

• " ::;'-;-;:."'_'C-

occu.r in rhizosneaths (Wullste.i.nand Pratt '19'91; Buckley 1982 and
, '" " , ,,(I "Goodchil~ and Myers 1987), therefore, the prea~nce of s~egt.thsmay
eliminate the need' for roots to, form these associations. The
sheaths maye.Lsoreduce the :r..eed,for pIants in low nutrie':nt soils

o :

to increase their root production. Rhizosheaths may cact to
increase the .effective circumference 'Of the .t'G)ot and its
absorbing area by Ifacilitating easier W'ater and nutrrLerrt,uptake
from the soil. Ions from the bulk soil dissolve readily in the
sheath mucila.ge. This may facilitate 3'Easteruptake of the ions

. by the root since nutrients are taken up from solution. The
presence Of the slteath would 'increase the volume of soil from
which water and nutrients could be extracted, thereby reducing
the need for increased root production.

The compenaatd.onby rhizosheaths fo'," the 1Qwo availability of
water, nitrogen (N) and phosphorus (P) Was inVestigated.
Nitrogen and P 't~ere chosen as the nutrients to be investigated
since both are essential maczorurtrrd.ent.e for plant growtl1 (section
2.8) 0 It has been hypothesised that sheaths may develop in
response to nitrogen stress (Wullsbain and Pratt 1981).
Phosphorus is an inunobile nutrient ion in the soil and i.s
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therefore not readily available for root uptake ..
that sheaths compensate for Nand/or P stress.

o
It ,t'a por:;.$~ble

o

5.2 HYPOTHESIS

Through th~~i.:r'influence on the uptake of wate; and nuttients r tha
," \ \ . .. .. .. -.

presence .:of rhizosheaths would allow for eq:uivalent
.' ,

water/nut.rient uptake and growth rates in
'"stressft1.1 condf.t Lena and those in non-stressful

increase in the root/shoot biomass ratio
individuals" gro\'ring in stres'sful conditions.o

individuals in
conditions.

is exp~cted
No
in

?;he Anth~phoia plibescens, Digitaria
pall enS :iplants w~\iChwere grown for

\;

(4 ..3 .2) we1reused "in th.is $tudy'.

eriantl:la and Eragrostis
the previous experimefnt I>

5.3.1 !~aaS~lreltl'!':.,~fstaken on 1ive plants.
"ii "

o

On th? day prier to h.arvestiP9 p leaf parameters such as stomatal
r:conductance, temperatttrG," and relative .humidity at d\e c leafc\ -'_-' . . ~ ;;

surface; were collected using a porom.ete:r. Five leaves per
replicate were measured. From these data transpi:ration rates,

[)

were, 'calculated. These rates were used as an index of water
':'1 . . .. ... li.~'uptake. Water use efficiencies (WUB)were obtained by dividing

the total plant biomass by the transpiration rate \olhifh,gave,;,a. c-;

measurement;of the" amount of cClrbonfixed per mil.limoJJ ci'f water
e-. used. :ct: is recpgnised that biomass accumulation is an

integrated value over time whereas the transpiration recordings
were data obtained at only one point in time,.
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5.3.2 Parameters measured en the ha.rvested>plants'.

When the plants were harveat.od to assess the ext.ent; of sheath
development in t'he thitee and four month old plants for ths
previous experiment, four parameters were measured.

i) :Below-ground bd.omaan., The dry ~,eight o~ the roots was
de't-erminedby weighing the sheathed roots, t.hen ashing them

.,
in a furness at 100°Cand weighing 1;lri~~ema5..ningsoil. From

''.,'C,_/ -I

this a dry'mass for only the root matter *a.s calculated per
individual.

ii) 1IDove-groundbi,omass. The 'total weight of each plant was
mea'sured after the pl.antis had been air dried. The ratios

1/
of. -zoot; to shoot.. biomass \~E'recalpulated and used as an
indi'¢ation of \.,hether .individuals in stressful condd.cd.ons

r->

,channelled more~)reser·J!es into root') production (at the
\, c

expense 'of shoot production) I than individuals in non-
stressful conditions.

};

iii) Total nitrogen (N) and total phosphorus (P) contents in the
above-ground pl:.1.ntparts were d~termined using the methods
in Anderson and Ingram (1993)" Simce the l\~ots were ashed
in order to obtain root biomass there' was in\3\'1.ffj.cientroot

v,

material to analyze for Nand P content.

iv) lJ.'he average weekly growth rates of the individuals in each
treatment were determined using the differences in the
total plant biomass of the three and four month old plants.

5.3.3 Statistical 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 ~ Xf significant (p<O~05)
variation occurred within the overall dat.a set, then Tukey tests
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\" f~!t
~"".~c.::: " ,//. \'.. "

were used to determine the signifioant betwe,en....t,l~iffment (with:i.n-
If!

species) differ~lnces. \t
,,'

Similal; trendS!~,werefound in the three and four month·old plants.
, ~~::,

Therefore I . to make the interpretation and explanation of the
results clearer I' only the. data for the four month old plants will
be presented.

Within each {able the data with different superscripts .-,are
significantly (p<O.05) different from each other (this applies
only to within-species comparisons).
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Table 5.1.. Differences in root mass. between the indirriduals
growing in diffel'ent conditions of water and nutrient
availability_ Thew:k=slnvalue, X, and the standard dev''tation, ad ,
for the five rep\.i..~ates of each treatment are given)!

~reatment water nntrients.-----------------------------------------<-,-------
A. pubesaen~/

1 +
:2

3 +
4

D. eriantha
1 +
:2

+
+

Ii t ,

+~)

+
3

4
E. pal1ens

1
:2

3

4

+

+ +
+

+

Root mass
(g)

x

.0611

.09b

.04c

.03d

.03a

.04a

.02b

o 02b

.19"

.14b

.08c

.03(1.

sd

• (oJ!

.00

.01

.01

.01

.00

.00

.01

.01
.•.03
.01
.00

The average root mass per individu9,l growing in conditions of low
nutrient availability was significantly (p<0.05) lower than that
of individuals in conditions of high nutrient availability.
Individuals from all the spe9',~e@grownin low water conditiona,
(except those from A. pUbesafi~ls individuals in treatment 2), had
a similar or significantly (p<O.05) lower average root masa than

\\

those in conditions of high water, hi~h nutrient availability.
This indicates that ..the individuals in the low nutrient and/or
lot."water treatments did not iri~rease their root mass in order
to maintain suff,;i..:;:ientnutrient and water upt.ake for growth in
low nutrient conditions or dry conditions 0 Thes~~results suggest
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that the presence of rhizoshe,9.thsmay compensate for low nutrient
, (')

and low t'1ate:r:avaiJ.ability.

Table 5.2. Differences in shoot'hiomaGs ond total plant biomass
between the individuals growing in different conditions of water
and nutrient ava:ilability" Th,emean value, X, and tfiJ standard
deviation., ~d, for the five replicates of each treatment are
given.

Shoot mass Total plant
(g) mass (g)

~reatment water nutrielr':.s x sd x sd
A. pubescens

1 + + .14a .02 .21 a .03
,0 2 + .25b .01 .35b .02

3 + .060 • ()l .11.0 ,,02

4: .050 .01 .09° .01
D. eriantha

J + + .08a .01 .11a .02
2 + .14b .01 .19b .03
3 + .03' \ .01 .060 .02

4 .03c .02 .05° .01 ,,::- .-
E. pa-liens

1 + + .30a .03 .49a .02
:2 + .26a .02 .41 a .03
3 + .09b .'n e 1:~":;~~ .02
4: .03° .01 .07° 001

.----

Individuals growing in conditiql1s of low nutrient availability
had a significantly (p<0.05) lower average shoot mass and total
biomass per plant than Lnddv.ldual.sin conditions of high nutrient ,<

availability. It is suggested that t.hesmaller root systems in
low nutrient cond.i,tions 'o1e1)€!not able to achieve \\thenutrient
uptake and therefore growth exhibited by individuals in the high
nutrient conditions.

18



o

The shoot production in individuals in low water, ~:igh llutrient
Gonc.H.tions (treatment 2) was similar to or greateJ.'" ,r1(,pa.l'lthat in
individunln \\in conditions of high water aug hj.g,h ~\til,r~ent
availability. This ,high shoot production occurred ill D. ex ientztu:
and E: l> pal1ens deapd, te the fact that these speciel~ in the low

"water condd.t.Lons did not increase the size of their zoe systems
relati.ve to those in conditi(Sns of high water, h.i.gh nutrient
availa.bility. This suggests that compeneat.Lon for low wate~
availability oocurxed in treatment 2 individuals.. Compensat,"ion c:

"

for low c, water availability did not however 01.:1 C "11: when the
individuals were also nutrient stressed (tr.eatl'Q~nt,4) since the

" \ "

average plant biomass of these individua13 was Sigpificantly
(p<O~05)lower than that of all the other individuals.

/)

()
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Table 5 ..:3" Differences in root mass:shoot mass ratios be,t:~/~"een
th~ c!ndi,,:l.duals g'rowing in different conditions of ,,:rater and if

nutrient avcdlability" The :meanc"value pc X, and the standard
deviation, sd, for the five replicates of each treatment are
given.

-".------~---------------~
Root:$hoot masso

Treatment water nutrients sd
_r ""'

A. pubescens
1 .l ...
2

2 +

"D. ericllltha

+
+

• Boob .30
.403 .04
.991> .14
• 66~b .09

•478b .14
.29a .02 .":)

•59b .06 Q

'-
•52&b .15

.7611 .17

.77a .10

.978 .20

.894 .08

()

1

2

3

..
E. pallel'ls

1 +
2

+ " +
+

+

+
/I
+

:3

..
+

The root: shoot mass ratios are similarly, maintahled regardless
of treatment • Individuals in treatlnen~~ ~\"'4 cnannef Led similar
proportions of their reserves into ~'b~,t prcduction as did
individuals in high ''later" hIgh nutrient Condi1:ions. Although
A. pubeeaexu: individuals in treatment 2 had a h.igh average root/,
mass relative to 1::hatin treatntent 1 (Table 5.1) I the proportion
of the reserVes channelled il1to root productiort was similar to
that in treatment 1 individuals. These results suggest that
there may be compensation for low nutrient )knd low water
availability.



o
A':' pubescens and'D. erian.tba individ,uals in conditions of high
water,. lo\~nutrient conditions (treatment 3) channelled a ll:i.gher \)
proportion of their reserves into root prod.uction than did
individuals, in the 10\>7~1'ate+, high nutrient conditions (treatment
2). The av~rage shoot mase in the individuals of these species
in treatment 3 "."as"significantly lowel1! than i,n treatl~~nt 2
indiviauals (Table 5.2). This verifiei~ that: increased root

,I

production occurred at the expense of' shoot production in
treatment 3 ..

(j

(')

\)
c,

f(

1\
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'.X?ableS. 4.. Di.fferenpes in transpiration r~ltes and in ,,,ater use
efficiencies (WOE) between t~Ae indiv~.duals growing in di:fferE~Jlt
oonditions of water and nutrient availabiLtty. The mean value,
X, and th~ standard deviation, sd, for the five replicates of
each treatment are given.

~reatment 'I,.,aternut.rients

Transpiration ratll:llU WOE
(mmolH20/m2/s ) (g/mmolH20)
i 0 sd i sd

A. PffQr;3scens
I(

(J

1 + ... 1.35a .40 .l61l ·05
2 + .79u .,08 ..43b ·04 ~~

3' + l.141l' 0 /~, r: ~09~-i ·01J' \r ,.: ;),\-:'

4 o 1.31tlj '1,.0 15° ·02D. eriantna, r J" ~"
)

»<: - .i.
• Ci1!l.';:K,

r.

1 + + 1 ,5 /, '.iLl'lila .01,-.,_. ("
2 + 1• o ',!:t

/1 • 17 ~J 7° • 03\\

3 4- 1.4P ,24 < 03°,) • 01
'-' 1.as- ·.~lO ou4d • 01

E. pallens Ci

:I. + + 1.si« .06 ·34u ·01 r'~> J}
2 + 1.20b ·10 • 33° ~OS

:3 + 1 6Su :V lO~ .03• · " •
4: -- 1..43° • 13 • oeb .01

'..::

Ths,:a:halysis of vard.ance test showedthat the transpiration rates
wer~ similar in all ind.i"r.ri~'lals in all the treatments, except E.
pallens individuals in low waterp high nutrient conditions. This

\1
indicates tha.t the average water uptake rate must have been
similar in individual a in all the treatments. The individuals
in lot., wat.er conditions must have s'ustained similar water uptake
rates to individuals in high water condf.td.onswithout increasing
"the size of thei.r root systems. The WUlnwere significantly
(p<O.05) higher in the ",individuals in the treatments with low
water I high nutrien~: availability (treatment 2), than in all the
ot:b.er individuals I except E. pal1ens individuals t which had
simi),ar WUE in treatments 1 and 2.

/\c\
\\ '<
\co,
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~reatmen.t('water nutrients
Growth rate

(g dry mass/week)
i{ sd

\\

Table 5 ..5.. Dif:fere~cesin growth rates, between the individuals
growing in different conditions ,of water and nutrient
availability. The mean value, Xf and the standard deviation, ad,
for the five replicates of each treatment are given.

A. pubescens
1 + + .025a .003
2 + .. 0501> .001
:3 + ~009c ~OOl

4 oOO2d .001
D. eriantha

1 + + .. 00211 .001
2 4- .0201> .001

3
(h)

+ • OOla .001
4 /1'

e 0000 ""'000/1 / ~-,s. palleils (t (J
1 + + .12511 \:1003

'~i

\2 + ..0851> .004
3 + • 0170 .002

I

4 Q OOOd .000
I,

lndividuals in conditions of low nutrient availability grew
significantly (p<0.05) slower dUring the fourth month than the
individuals in conditions of high nutrient availability. The~e
results indicate that no compensation for low nutrient
availability occurred. lnctividuals of 1!J pubescens an\t D.
er:Lantha in the low 't'1ater,high nutri~nt condd.t.Lons '~rew

II ., .,

signifioantly (p<0.05) faster than all the other individuals of
these species~ This is also
wa~er availability occurred.
during the fourth month in

evidenoe that compensation for low
Little to no ~rowth was detected

individuals' in treatment 4 and

83

therefore compensation for low water availability did not occur
when the individuals were also nutrient stressed.
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!I!able 5. 6~ Differences In lea~\total nitroyen (N) concerrt.sat.Lons
between tJ.e indivi<luals yrowi ~ in diff!!rent conditions O.f WIlt,er
and nutrient availability. T ~e mean value, XI and the standard
deviation, ad, for the five \~ePlicates of' each treatment are
given. 0

~reatm.' ,,",:v:, water nutrients

N concentration
(mgN/g tissue)x sd

A ..pubescens
1 + + 15.22'" .39,...,
:2 .... 15.47"

v.,

.02
3 + 7.04)) 1.39

4 8.48b .87
D~., eriantha.

1 + + 14,,11a .71
2 i(., 12.6601 2.61'
3 + 7;;02b 1.4'9

4 6 ..78b 1.08
E. pallens

1 + + 20.40a .55
2 + 18. ssa 1.70

3 + 8.9Sb .46
'I

4: ... 10.2,g\' 2.67

The leaf NboncenilJ.'ationsof indi.viduals in the conditions of llgw
c"','

'N availability were significantly (p<0.05) lower than those of
the individuals in the conditions of high N availabilityo These
neauLt.s show that rhizosheaths do" not compenaatia for low N
) availability.. Individuals whichwere grown in conditions of high
N availability had si:milar leaf Nconcent.rations despite the two
different water cond,:i,tiona. The same trend occurred in the
conditions of low N avaiiability. Therefore, low water
availability did not affect N uptake by the rOGts.
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1.85a .23
1.10b .06
O. B1b .25
0486b .11

-It, 1.914 .18
1.16b .12
{).98b .06
O.64c .08

1.60Q .20
1.13b .40
o .67c .10
o .52c .09

~able 5.7. Differences in leaf total phosphorus (P)
}j

concentrations between the individu8..;,a growing in different
conditions of ''lJa,terand nutrient availability. The meanvalue,
x, and the standard deviation, sd, for the five replicates of
each treatml;mt are given.

P concentra:~ion
(mq l?/,9!1 tiSSUe)

X Jf sd------~-------------------------; .
~reatinent wa.ter nutrients

"A. pubeecens
1

2

3 +
4

D. eriantba

+
+

+

1

2

3

+ +
+

+
4

E. pallens
1 +
2

3

4

+
+

+

The average leaf P concentrations of individuals grown in
conditions of low' \'1ater and/or Low l? availability were
significantly (p<0.05) lower than those of ind~viduals grown in
condd.tid.ons of high i:tvailability. 'l'hese results ,it' as well as those
for Nt verify that :no compensation for low nutrient availability
occur-red, Under the conditions of high P a'\lailabili ty r the
individuals in the low water conditions had significantly
(p<O. 05) lov,yerleaf P concentrations than individuals in the
tr.eatments with hi'tJhwater content. 'l'herefore, the 10\'1]' water

o
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availability must affect?' l? up~~ke by the roots. In the
conditions of low P availability t,~'iA. pubesoene and E. pa.llells
individuals' in the two different col~i tions of soil water content
had similar concentrations of P in "the leaf tissue. The D~
eriant.ha individuals in the low water conditions had
Significantly (p<O.05) less leaf P than individuals in high water
conditions ..

(I

5.4.1 StJMM.ARYOF !rHE RESULTS AND WHEIR IMPLICATIONS

'rhe plant parameters' which (l:<1ere used as indic,ators of sheath
compensation for low water and/or low nutrient. availa.bilitY0 m~st
vary under differen'I; water and nutrient conditions as shown in
!I!able 5.8 if compensa.tion is to be assumed.

Table 5.8 Summary of the LeveLaof the paramet'7.ers expected when
compensation for 10\'1water and/or low IJlutrient availability
o,ccurs and when no compensat.ion ooouns ,«

Compensation " No compensation
....,~----------------------~-~-,....-~----
Plant parameter Levels relative to those of plants in

high water, high nutrient conditions
\',,'.1Root mass similar/low high----------,~,------~----~--------------------------~-~-------Shoot mass similar/high low

Root/shoot mass ratio similar/lot,; hi,gh
Water uptake rate.::__ sl._·In_. _i_l_a_r_l_h_i,::;.gh_ ___. l_o_w~_---
water use efficiency similar/high low
Growth rates similar/high low

:,.

Nutrient 1:e'Vels similar/high 10\,1
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Table 5.9 summarises the different levols found tor the plant
parameters. The results maybe comparedto the expected levels
shown in Table 5~8. The "high/low" levels indicate the average
levels reeorded in the low water, high nutrient treatm.ent ('1'2),
high water, low nutrient treatment ('1'3) and low water, low
nutrient treatmen't ('1'4) relative to the levels recor.ded in the
high water, high nutrient conditions (treatment. 1). Compensation
for low water avail~bili ty is indicat.ed by the # notation and
compensation for low nutrient availability is indicated by the
*

~able 5.9 Summaryof the relative Leve-Ls of the plants
parameters measured, indicating compensation (or lack of
compensation) for low water (lOWnutrient) availability.

Plant parameter Levels relative to those of the
plants in treatment 1

'1'2 '1'3 '1'4

Root mass similar /low# low"
Shoot mass high* low low
Root/Shoot mass ratio similar~ similar*
Transpiration rates similar# similar#
Water uptake rates similar~ similar~--------~------------~------------------~.~.~----------------water use efficiency h_:i..gh~ low low
Growth rates high# low low
Leaf N levels. similar#'* low low
Leaf P levels low low low------------------------------------~------------------- -----
Compensation for low water ava.ilabilit.y appar.eiltly due to
rhizosheath presence, is manifest in eight of the nine m~asured
parameters.. Also evident from ~able 5•9 is the limited
compensation for nutrient availability, but the possible
compensation for low nitrogen availability wben \,:the low
availa.bility is a result of low soil 'J'later content (tre~tment 2)
is apparent.
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505 ptSCUSSION"

The results of this experiment show that -the presence of
1--'.rhizosheaths compensate for low '~~~r availability. Thi.s

. ,'.... ~~",~~

conclusion is reached '\because the individual's in conditions of
low water availability did not increase the production of roots
at the expense df shoot production (2!able 5':;3)" I/Whilehaving
similar '01' smaller sized root systems (Talblio"l5.1) these
individuals sustained similar transpiration rate;; and therefore
water uptake rates to individuals in high water condition~ (!t'able
5..4) " More important than..the transpiration rates, in terms of
survival and vigour of ~he plants, is their ability to utilize
water efficiently. Although the individuals in the low water,
low nutrient conditions apparently took up similar amounts of
water, they were not able to utilize the water as efficiently as
those individuals which were provided with extra nutrients (~able
5.•4).. The individualS in conditions with lowwater availabiLl'ty
but high nutrient aVailability; had the highest water use
efficiencies (WE).. .E. pallemfJ individuals under these
conditions may have achieved this high WUEby restricting
transpiration (Table 5~4:) • The individuals in the low wat.er,
h~,gh nutrient conditions also maintained similar and sometimes

'._~ ,0)

greater growth rates to the individuals grown in conditions of
high water and high nutrient availabil;i.ty (~able 5.5). However,
the compensation for low water availability did not occur when
the nutrien.t availability was also low.

The compensation for low water availability may be a result of'
the facili tation of easier t'ITater extraction and therefore
Lnczeased water uptake by the roots as a result of the close
proximity of epidermal hairs, mucilage, water and soil particles
that results from rhizosheath formation.

It is proposed that if the individuals in the low water
availability conditions had developed more extensive sheaths,
t.hen the compensation woUldhave been even greater C;'ndpbssibly
alsc.·.have occurred iIi the individuals from the low\Jwater, low

88



nutrient conditions. A greater density of epidermal hairs would
occur- in a more extensively developed sheath and, therefore a
larger absorptive surface area would be in. close contact with
soil 'tJolater..Unfortunately this was 'Ot-')t tested since the oJ.11yway';/
to. alter sheath.thiokness (within a species, within:' a set water
availability condition) \-lQUldhave been to alter the soil texture ,',
and, as explained before, this would have oreated inherent
differences in plant water availability.

While suggesting compensation for low nutrient availability,
resuJ,ts reject the hypothesis that sheaths compensate for
nutrient availability. The shoot production, growth rates
nitrogen and phosphorus concentrations in the letlveS
individuals from low nutrient con;zlitions \oTerelower than in

the
low
and I

of
the

Why the A. pubeecetu: and D. eriantha individuals in the
conditions of high water, high nutrient availability (t:r.\latment
l) did not have the highest growth rates cannot easily be
explained. Possibly during the fourth month, with the
substantial increase in extent of sheath development the
compensation by the sheaths increased to such an extent t.hat the
individuals in treatment 2 were able to grott{fasterC than the
individuals in treatment 1, \'lhere compensationwas not r£'~uired.

individuals from high nutrient conditions. The lower root mass
l:ecorded for the individuals in condrrt.Lonsof low' nutrie,pt
availability w,asa result of lower overall plant growth due to
low nutrient uptake rather ~chancompenaat.Londue to sheath
presence, a.s initially' appeared "to h~' the case. These

',\ \ .\

individuals were stressed and no q;o'!tpey.l,o;\ Vby tho rhizosheaths
i '-.'

occurred since the concent.nat.Lonaof N al\~..Cl? te:ken up by these
individuals were significantly lower than \l1.ose taken up by thb
individuals in the conditions of high Nand P availa.bility.
These lower concentrations were not 'adequate to sustain
equ.ivalent growth to those of individuals from high nutrient
conditions . Therefore, it appear..~ that the sheaths did not
compensate for low nutrient availability.
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The N results (~able 5.6) give fm:ther evidence to support the
theory of sheath/compensation for low w'ater f!.vailability, and
.Lndd.cat.e that they may compensate for .,1~owN availability when
this low availability is a result of loW'soil water content. In
the condit.ions of low 1'1 availability the individuals in the two
different soil water conditions had similar concentrations of N
in the leaf tissue. The same holds true for individuals in
conditions of high 111availability. Thusq lowwater availability
did not restrict the uptake of No This could be because there
was sufficient IIlater in the soil of the low water treatments to
transport similar amountsof N '1;0 the zeot.s in the two different
water treatments. Another pos&ibility is that the she~ths
increase the movementof water and/or N to (and possibly into)
the roots whengrowing in conditions of low N availability. If
the latter is true, the:r: the sheath may compensate for low N
availability which results becau.se of low soil water content.

In cont.rast;: to -the treno:S found for N, in treatments with high
P, individuals of all three species in low water conditions
(treatment 2) had significantly lower P concentrations than those
in high water conditions (Table 5.7). The pr~sence of sheaths
in low wat.er conditions did not influence the rate of water
movementto the root surface sufficiently to facilitate similar
P uptake rates to those in individuals in high water treatments.
Therefore, the lower soil water content restricts P uptake in
soils with a high available P content$ This is also true for D.
eriantha individuals in loWP conditions~

The results of the leaf Nand P concentrations of individu.als in
the drier soil conditions were different probably because N is
a mobile element
strongly adaoxbed
(Singer and :r-1unns

and P is an ilnmobil.eelement. l' is more
to soil pa,rticles than are other nutrients
1987) and strong P gradients and diffusion

1:-
flows are required to moveP from the bUlk soil to the root
surface. In conditions of lowwater availability P movementto
the roots, and therefore P uptake by the r.oots, is lower than in
conditions of high water availability. The presence of sheaths
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woUld influen0e Nmovement;more 'than P movement since the amount
of any immobile ion brought to the root surface by mass. flow is
mU~hless than the amount;of aJ~lrmobile ion, c~,~:-ied b¥,~a~s floW: 'J

ThJ.cker sheaths may have habr more of an effect;, on P uptake'
because"these would have a higher numbe~ of epid.ermal hairs and
the:t:'efore a greater absorptive area in contact with soil P~ This
would .inorease p )hptalcteI thereby creating a steeper P gradient
from the bulk soil to the root sU1J.fac~Qthus increasing the rate
of (;1? diffusion to the root.

It i, 's concluded that Whil,e rhi2tifs~~at1tspresent on grass roots
do not appear to compensate for Jlo~l"nutrient availability, they
do compensate for low water' availability. ';0... The apparent.
compensation is evidence to support "the pred,ictions of ea-rlier
:researcher~ ( that sheaths ~10uldpromote watei\absorption in ariC{
areas (Price 1911; Henrici .19~9 and :f.rarnewect 199~) prohably due c

to the increased production of epidermal hairs (Goodchild' ~}1d
~iyers 1987) and the close proximity of these hairs to the

) 0
l1\ucilclgc and soil particles. The higher ,water uptake :cates
facilitated by the sheaths would increase the rate of water

i) i' .. q

(\d\ff~sion to the soil-root" interface. The high water content at
this interface would protect the root hairs from desiccation in

o
a~id ~reas (Price 1911; Marnewec}{1990)\1 as. well as insulate the

f/

stt:'1 ~ against moisture:~loss (Le2~tner 1967; Clarkson at'"dHa.nsol""
19LO and Buckley 1982).

'1:'11i9compensation would explain why the average extent of sheath
development on sandy soil individUals in low rainfall areas is
greater than in high rainfall ar~as (Chapter ~l q 'l'he :i,.!,\dividuals
in lower r.:linfall areas require more extensive she~'t~si in '=lrder;,

to take. up sUfficie.i'lt water to maint'l:dn co..ilparatively hig}),grO't'lth
rates under these eondd,t010ns.

I}
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As shown in chapter 4, E. paliens individuals had mot'!::)extensive
sheath development in aJ.l the treatments than both the other
species. Corresponding to this I the leaf total Nand P~
concentrations v grC\\·:rthrates and total plant biomass of E.

pal1ens individuals in treatlnents 1-3 were si9Tnific~n1;.ly (p<O 0 05)
hd.qhez'than in both other species. The conditions in treatment
4 are too stressiul .:for detectabla grot'Jth to occur even in E~

, . !",~

pall ens. The theory proposed in chapt.er 4 (sec:t.iotL 404) /I that 1\

Eo pallenri would probably be at a competitive adva,nt.age to A.•
pubescens and D. eriantl1a, when growing sympat,rically, is

() wabstantiated by the results of tn.is eltperiment. These results
show that. this t"1ou.:ldbe true particularly in arid Ell'lvironments.
This competitive advantage may be directly linked to the presence
of thicker rhizo.sheaths in E. pallens when growing under all
environmental cOildition&.

'l!his theory could b( tested by simple, cont:t"c)lled growth
e'tpex:ilnents" These would involve planting t~lO species, each with
a distinctly different ext€?,ntof sheath development, in the same
containars. Different sets of these contai11e'rs could be snpplied
\,,1ith dl -eterel1t combinations of water and nutrient levels. The'
plant biomass and growth rates could be used as an indication of
which species fax-ed better under each condit.ion.

In order to fUrther investigate the proposl:::ldrelationship betw~en
rhizosheath thickness and influence on l? uptake an additional
study Was conducted. W,ithin....species sheath thickness differences
were investigated in relation to P uptake and compensation for
low P av'ailabili t.y •

\,
ii
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As eJcplained in chapter 5, it was thought that sheaths act to
increase the area of soil from which roots are able to extract "
nutrients, ieQ the zone of depletion. The previous. experiment

1,\

expLad.nedthat no compensation for low nutrient availability
occurred due to sheath presence. A limitation of that experiment
was that only the compensation by thin' sheaths for low
availability could only be studied, since the soil teJc,ture could
not be vai-ied to stimulate different sheath thicknesses. It was
proposed that if individuals in conditions of low nutrient
availability developed thicker sheaths then compensation may
occur. It was ther~fore deci.ded_((to undertake the following
experiment i.n which the extent of sheath development was varied
and the effect of thicker sheaths on nutrient uptake studied.

It can be understood from the findings of the study thus far that
it is unfortunately not possible to study the within-species
differences in l.:Jot upt.akebet'lJlTeenindividuals with t.hd.oksheaths
and individuals with thin sheaths, .unless the, individuals are
grown in different conditions of soil texture or nutrient and
water availability. In this experiment, since nutrient uptake
was to be investigated, it was decided to grow individuals in
different soil textures in order to induce different extent of
sheath development within each species~

o
The rate of phosphorus (P) movementin most soils is slower than
that of other nutrients (Russell 1973). Most of the p taken up
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,:J
come,sfrom 'ltdthin a f:a:action of a millimetre of the root surface

c,

(Russell 1973).. The drier the soil the more difficult the
diffusion path for l? and tlie slower'the rate of dlffusiolil to the
zocrs , In deficient soils, diffusion and mass flow do not always

,. .,'

bring adequate P to the root surfaces to meet. plant needs.
Supply of P to the plant depends more on the size ,of 'the root
system, density of its root hairs and intensity of ramifications
through the ,soil than does the supply of any:l'ptber nutrient
(Russell 1913).. Rhi~osheaths may substitute fad/an increase in
production of roots and ~ncrreased ramification through 'the soil
by enh.ancing nutrient uptake (or rather by increasing the
effective epheze of nutrient uptake by the ·roots). This possible
.influence of the extent of sheath deVelopment/sheath thickness
on P uptake was investigated.

,Ei • 2 HYPO'rHESES

,
J:t was hypothesised that roots with thick sheaths would extract
1110re.phosphorus from a greater volume of. soil than roots ,'lith
't~hin aheat.hs , when ,growing under similar conditions of f?ioil
phospbozua levels.

o

6.3.1 Expe-rimental design

:3eeds of Anthephora pubeeceiis (hn.~ l)igi tar.ia. eria:ntha were grown
:Ln50mm diameter containers. Unfortunately seeds of Era.grostis
pallens were not avai.lable at the time of inCltiati,on 6:t; this

!)

sltudy and therefore E. pallens could not be ::includ~d in this
~tudy. The containers (a in Figut'Q 6..1} had pt~~hbases (h iI~.,
P'igure 6.1) whiGh'~)preventedroot penetration, but which allowed

,'; {'., , - ,,' " '", ,', " ') )'r'" ,oc)free water a.nd Dolute movement through the base.



Half the saeds of eaoh species were grown in soil containing 60%
sa.nd anQ.40%clay such that minimal sheath development oocurred
(refer to chapter 4, section 4 Q 2). The other half were gro~'1nLn.

o
f3oi};:~~~,wit.han 80%J/sand content, such that e:lctensive Sheath
development occurr~dc. Forty six cOlltainers of seeds per soil

~ ~ . . '
treatment were planted for each species.. To ensure that the
sheath development in the two 'different soil textures Was as
desired, plants in tw'O of the pots in each treatment were
harvested and the extent of rhizosheath developmant assessed
(Tab~o G.1) before the experiment was contid.nued~

\,\
')

The soil ip. all the containers was kept at 70%field capacity by"
watering with a Long-Ashton solution containing all essential
microU'lltrients and 50ppmnitrogen (KNO~and {NH4)2S0~i IN03-;2NH,tJ.
After 10 weeks growth, when the roots had formed a mat (IC! :ir..
Figure 6.1) at the surface of the mesh, another container (d in

r-

vigqro 6.1) with soil contajJ1i,ng 80% sand and a known l?
concentration, was joined to the :P~i?\seof the initial container
(a in Figure 6.1).

/J

Th'e containers" (d in Figure 6.1) were placed in a sand tray (e
in Figure 6.1) and the wat~e:r.'was sUJ:)pliedto the plants via this
tray. The plants were not watered from above as this would have
resul ted in le,aching of the P from the top l{~yers of sand in the
lower CPlltainers ~ The lower containers also had mesh bases such
that free movement;of water from the sand tra.y could occur.

"Similar soil T~asused in all the lowel: cClntainers in order to
eliminat.e differences ill the rate of P tkam,port 1:.0 the roots due
to diffe;r:ent diffusion coefficients and cation exchanqe
capacities (CEC) of. different soils.

During the initial ten \-leeksof growth no P was, s,?-pplie~ to the
,J .• \>

plants such that when the lower oontainers were ~added to the
experimental setup the p~antf$ were sufficient,ly r:; l? stressed to
'/ . . /".'\

, ensure P uptake by the roots from these conti\\ine:r:s,~)The P stre:ss
'lTas evident in the slight purple colour in the leC:lves

t
Which the

plants started showing to'lTatds the end of the ten weeks.
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o ,Using three different P concentrations on different plants the
effect of the sheath when grow'ing under different conce1.'),trations
of P availability was inVestigated. Fourteen
replicates\containers per species (bebleen ten and" fifteen
individuals per container) for each ~ concentration were used,
seven replicates with thick sheaths and seven with ~hin sheaths.'
The concentrations us~~ were: >~mg P /kg soil ~ 11Smg ')? 1]<:9' soil,

, \_

these are the P concentrations at the two extremes of the range
found in the different soils in which D.eriantha gro'Ylsnaturally;
and an intermediate concentration of 50m!l P Ikg soilo The P
concentrations liversobtaitled by adding the correct mass of s(')dium
dihydrogen orthophosphatE" (NaH2P04.,?HaO) to th<:;:1soil for the
requ'ired P concentration. S,odiumdi.hydrogen orthophosphate was
used because it is a primary phosphate and is highly water
soluble· and the l? is th~refore readily IJ.vailablefor uptake.

"",
b jc Legend
d aon:riia1nez 1/

a /1

filled withtreatment soil
b

b fine mesh base
e root mat

,. e 'd container
filled with
sandy soil

\\
with Jtnown [P]

e sand traY<i
II

LT'i.gura6.1. Diagrammatic representa-P,;i.on of the plant growing
h . f .. ,\ttee n.l.que used (a ter Gahoon.l.aand N.l.elsEi:!U 1991).
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6..3.2 Soil sectioning and analysis ..

After 14 days, the lower containers were removed and fi~te
consecutive 2mm layers of soil in these containers were
sectioned, as shown in Figure 602,. Thinner sections could not
be Used since an insuffioient amount of soil for the ana.lysis was
obtained" Afte17 removing the mesh base, the lower- container was
pushed onto a metal spilte on a base p}ate. A SOrumdiameter, 2.mm
thick di~k w&:s then slid under the oontainer, whichOresulted in
'2mmof soil being pushed out of t,he top of the container 0 After
collecting' this soil another 2mm thick disk was slid under the
container and the 2mmof soil that extrudecL from the top of the
container collected as the second sa.mple. Tnis was repeated five

o
times such that lOmm of soil was sectioned, since lOmm
corresponds to the probable maximumextent of the rhi2:osphere
(section ;'e'\4).

2mm of
sail

base plate second 2 rnrn
thick dilllk,

o

Figure 6.2.
1982).

soil sectioning method (after Kuchanbuch and Jllngk

91

second 2. mm
soil section



o

lower container
of soil

soil ~---~-r--l~~~2~------~----
sections -"""'_I---.!::.---x-3------1

I
\

I~
~.

\.

I'
" •. 1

Figure 6~3~ Soil sect.ions and the corresponding soil spheres
around the rooto

The soil sections were analyzed for inorganic phosphate
co~cent~ation using the resin-bag extractable phosphorus method
(Sibbensen 1978). The sections were used as a representation of
the soil spheres around the zoot; (Figure 6.3), since it waa. not

,- practical to study spheres of soil around the roots beoause the
plants had to be grownin soils of different textures. Different
textures have different CECand diffusion coefficients and \V'ould
therefore have resulted in different rates of m.ovemeritof P to
the roots. This would have resulted, in different p...uptake rates

Ii" "

.by the inG\d.vidualsin the different soils, which could not have
[!been attr~buted to different thickness sheaths.'



6•3.3 Statis1;ical ana,lyses.

The effective sphere of influence of thick she~ths on P uptake
was in:vestigated by comparirig the perce:t1'tiHJ,e of the total
supplied ];I that 'IrJ'astaken up from each layer of, soil by roots
with thiak sheaths a,nd roots with thin sheaths. Due =. the

J

thorough mixing of the soil it was assumed that the addeq ];I Was
evenly d,istributed throughout the soil..

\)

The data were normallYodistributed and analysis of variance was
uUed to indicate whether significant variation occurred in the
results for each species. Tukey tests Were then q..:edto

I) .. :,- .",'

determ:j.nesignificant differences in the percentage uptake of the
total supplied P between the thickly sheathed roots and the
thinly sheathed roots for each soil section/distance from the
roots.

6.4 RSSULTS

The desired diffe~~ndes in extent of sheath developm~nt (section
6.3.1) did occur between the soil treatments ('rable6.1).

Table ($.1 Differen~es in extent of sheath develO'pment, "1ithin
the two species t bet",een the two soi+ textures 0

.-

Species % sand content Sheath extent
A. pubescens 80 4

60 3

3
"

D. eriant:.ha so
1------~--~.--------------~-

o
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Similar results were obtained for both species. At low levels
of P availabi~,j. ty (5mgpIkg soil) significantly (p<O.05) more -R

(

was extraCted by thiokly sheathed ro.)ts, from each soil section,
than by thinly sheathed roots (Figure G.4, a and b). '.At medium
and high levels of P availability (50mg1>/.1<:g soil and 115mgp;lkg

\\ "
soil respectively) similar amounts of l? were taken up from the
soil close to tpe roots (up to 6mmfrom the root surface), by
roots .with thiCK and thin sheaths 0 Howeverf at distanoes furtp~r
from. the root, thickly sheathed roots extracted s·ignific;J.ntly
(p<O.05) ~ore P from the soil than thinly sheathed roots.

<l

il

o (1

J/

lOt)
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Figure (;.4. Amount of pho!~)phorus(as a percentage of the total
, ,.i

amount of phosphorus supplied in the soil) taken up from each
soil section by roots of 1\. pubescells (a, c, e) and D. eriantha
(b, d, f), with sheaths of different thicknesses. The standard
deviation bars are shown for each set of results. The different
letters on the graphs indicate significant differences between
the amounts of, phosphorus extracted by the thickly and thinly
sheathed roots and only apply within each soil section and to
within-species comparisons.



6.5 DISCUSSION.

It is clear from the graphs in Figure 6.4 that sheath thickness
has a marked influence on P upt.ake by roots 0 The results support
the hypothesis since they show that the greater the extent of
rhizosheath development the greater the amount of P that is
extracted from each soil zone (the more extensive the e~fective
depletion zone).

At low P availability the amount i...f. P elc'C.ractedfrom each soil
section was sign:l.ficantly greater by thickly sheathed roots than
by thinly sheathed roots. This occurred even close to the root
surface, where soluble P availabilit"tT tl)'ouldhave b~'~ngreatest ..

.{. '" )
At mediumand high levels of P availability f similar amounts of
P Were extracted by the thickly and thi~lY sheathed roots, from
soil up to 6mmfrom the root surface. At\tiistances further from
the root the difference in amounts extr,~cted was significant,
while being smaller than in low l? sod.Ls.,'tJThe difference between
the results from the J.:owand higher :P availability treatments

(I

shows that the presence of thick sheaths is particularly
important in soils with a low P status.

"
In the treatment wi·th the highest levels of supplied P (Figure
6.4, e and f) f the thick sheaths m~y have facilitated luxury
uptake (absurption of nutrients in excess of the inunediate growth
requirements (Chapin 1980» of P. This is because, judging by
the plant vigour in the three treatments, \'1hio.happeared to be
similar, the amount of 'available P near the root surface in the
high P treatment would probably be SUfficient for the plant' s
requirements.. The amount of l' extracted from th~ soil at the
greater distances from the root would not need ''''.0 be increased
relative to that extracted by the thin¥'Sheathed'roots in order
to auatiaf.n.,equivalent growth rat€:s a~1 plan.t vigour.

~/'

The results support 'chose of :ahat c;l:~~ ·t'~Ye (1974 fl.; b I t.hat. the
width of the depletion zone around roots increa.ses wi'!:,hincr~ased
root hair produotii.on , DUeto the close pro:l{ill'l.ity of the root
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s:::::._~~;} \) t,';:('

hail'J'3( soil par:ticles I soil solution an9 n~l~~I~ents, .. the
rhizosheath environment may facilitate eVen easihlr ~ uptake by
the roots. .'The results in chapter 5 indicate that ~n ~pe same
way the rhizosheath environment facilitates easier wat~~:,uptake..

() ... , ,<,' . ',,",'

Thp-,.\th~ckerthe sheath, the more epii:le9}al".hairs ;,nd the cj.ceater
thtsoot adsorptive azea i.\1close oont.act;with Sl-011 nutrients and
wa:t;;er.. The higher the ra'te of 1" absQt"ptio~ :from the inner

,". . /i ." .;1rhizosphere the steeper the P coZl.cen.trat~onp$frad~ent fl.'omthe
bulk soil" to the root surface" and there~iore (t~i :easter available
p will diffuse to the root £lurface fl:om ~he adjacent soil.
Another in:Cluence, but of less significanceg on P uptake is
sheath influ.~nce on trlater uptakeo The highl.t th~, rate of water

. . /)

uptake the faster water .will move to the rhizosphere, bringing
with 1:t"P from the bulk soil. However, the amount of l? carried
to the root by mass flow is low compated to the amount wQich
diffuses to the root (Frenzel 1979~ Chapin\t\1980). The thicker

\.

the rhizosheath the greater the .voLumeof soil it will influence.
Since)? is an immobile nutrient, the ra'te at wh:.i.chit is taken
up :is limitep by the rate at which it moves to the root surface
rather than ('by the rate of transfer into the root. These results

',) -'. - - - - - - _iI _ _ ".

clearly highlight tne important effect of thick shaaths on root
uptake of P (and possibly other immobile nutrients).

:tt is prO?S~d.t~a: if individuals.develoP~d t~i~ker sheaths in
response ,to condl.tl.ons of low nutrl.ent aval.labJ.l.1_ty(treatments
3 and 4 of the experiment in chapter 5), then compensation for
the low availability may occur.

Whether it is possible to genetically manipulate species to
develop sheaths is unknown. The possibility of manipulating
species to develop thick sheaths when growing under stressful
environmental conditions could become an importaIlt technique
employed in agriculture't'Q<,lncrease crop nutrient content, as

. .~.

will be discussed irl cha~ter 8.
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The LnfLuencoof the sheath on P availaDi~ity maY:"fe li\or~complt::i~
than initially thought and iQyestigated in this e)xperiment. \'\lij

addition to facilitating ,easier abacrpt.Lon of available P, the
sheaths may also have all indirect ~fff.!ct on P availability>
through th~ir, influence on rhi2ospher'i~ mic::obial populations ~
The roots affect the rhizosphere ~nvtrqnkent ltlhich affeqt~ the
microorganisms (t~ the soi.l-root interface which in tJ1rn influence

-, 'I

root functioning~" since rhizosheaths are modifications of the',
zh.i.zoaphexe environment, they mayalter the microbial popu.li.it.ion"

" " " " "\ \1

in the rhizosphe:i79.. The amount of r.1ant available" P depends »on
micrObial'\nineralization of organic P into inorganic)? Ah.s.ghei
proportion of l? ,mineralizing microbes may occur in sheath \-;0.i1
relative t? that in unaltered rhiZOSPire,eso~l6 This theory will
be dealt with in chapter 8 since thi~ experiment consida~ed only

~: .., ,~:f/

plant available p while t.he 'fOllowing c~rpter deals with
rhizosheath influence on the microbial population.

fJ

Another indirect effect on P 'I:'lp'i:,~)I$.emayresult through chemical
alteration of the rhizosphere soiil due to rhizosheath presence.
The most important chemical change, with' respect to P uptake,.:

would be a pHchange. Different forms of phosphate are taken up
by the roots under dlfferent soil pHconditions. Plant roots may
also increase P solubility in t~le rhizosphere by releasing
certain substances which chelate P sorbents, such as iron and
aluminium compounds (Gardner, Barber and l?a:rbery 1983). The

(.

microorganisms at the. soil··root interface LnfLuence root
exudation. Any~~,alteration in the microbial popu+at;J_ondue to
sheath presence mayalter root exudatLonand increase the release
of substances that chelate P aozbentis, thereby increasing P
availability.

It has been stated (Singe!. and Munns1981) that in orcler,\to
efficiently extract inunobile rutrients, roots must rapidly extend
the rhizosphere depletion zone with minimal cost in terms of
enel:gy and resources. Since the presence of thick sheaths has
now been shown to si.gt\. ...:i::icar!tly increase the amount of P

extJ:acted from the .!3oil, the development of a rhizosheath must.
\\
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be a good '!flay of J.ncreasin.g the rhlzosphe:i:e depletion zone ;;1ith
'~)

r(i:!latively'little cost to the plant in terms of resources for the
production of additional plant tissue.
discussed fu~ther in chapter S.

This theory will also be

I',

(I

v
" IJ
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"
'.'fHE ·lNFLUENCE OF :RUIZOSHEATHS Oll !CHE MICROBIAL BIOMASS

~T THE SOIL-aOO~ INTERFACE.

1.1 I~~ODUC~ION.

;Plant roots have a direct inflUence on the composition and
o

density of the soil microbial community (Atlas and Bartha 1997;
Richards 1997) • The numbers and activities of soil
microorganisms decrease with Lncreased distance from the roots
and the effect of the roots on the microorganisms decreases
proportiopally as the di~tance in space from the root £b.creases
(Atlas and Bartha 1981). Them:i.crobial groWth,in the rhizosphere
is stimulated by the continual input o:e;,readily assimilated
,prganic substrates from th~ rootf':'l-;Jand m9!rl also be affected by
al terat.ion.. of the oxygen-carb~n dio~ide levels I nutl:ient
availability (which in turn maybe cont:rol!led by acidity), plant
species, stage of growth· and soil moisture content. since
rhizosheaths are modifications of the rhizosphere and probably
alte!. "these conditions ;-\it was proposed thau,' they 'rlill affect
t.he rh!zosphere microhiaV)pOpu.lation (biomass and composition).
Recognition that ·t.he biomass of soil microorganisms, namely
bact$ria and fungi, consti1:utes a major nutrient source-sink has
highlighted 'the nee~ to quantify th~( soil microbial biomass and
to understand the ~ynamics of soil populations. It. is not, easy
to quanti:fy the xrd.crobial biomass due to their small size and1\ •

metabolic taiversity as well as the complexity of their
environment. However,. several methods have been devised,
involving direct and indirect measurements of microbial biomass
(Page, Miller and Keeney 1982).

,""

The direct methods include the cultural method, the microscope
method and the most probable' number method. In the cultural
method the soil sample is incubated on specific media and the
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different :microbial colonies that develop are counted ('Wollum
19S2) " Thief :methoet oft.en great ly underestimates the soil
population since many cells fail to developOinto cplonies under

y

the conditions provided. In the microscope methods the microbes
from a soil sample are" aJ.lowed to invade a glass slide or

" q

polycarbona:te fil·tet and are then counted wi,.th the aid of an,
eleotron microscope or a light microscope (Schmidt and Paul
1982) 0 The most. probable numbez method pel."l1litsestimation of
population density without an actual count of single cells or
colonies (Aleltandar 19~.2)0 This method dilutes the soil samp.les
and measures the microbial growth in each dilution after a
certain time.

;~:-,:>

The direct observation methods described above are tame consumi.nq
)\ "

and it is never ,certain whether ali the microbes present have
been countsed; More easily appli.cable, non-SUbjective ~!ld
replicable methods include the physiological and chemil.;al met.hods

"(parkinson and Paul 1982). In the physiological methods the soil
,~ .

sam.ple is fumigated and then incubated. The flush of' carbon.
di(.:>xide from the fumigi;'Lted.soil which 17e9u1ts from th.e
deeomposLt.Lon of microbifl qells killed by the ii.amigation is
measured as well as the 102 r(.Ueased from unf.Uluiga.tedsoil. The

./
microbial biomass. in the soil is calculated from the amounts of

II

CO2 evolved from the fun\igated and unfumign·ted soil and the
fraction of the biomass capbon that is mineLt-alized to cO2 during
the fumigation period.

The cihemical methods of de~ermJ.ningmicfobial biomass involve the
quantitCltive extraotion 9:C a. particular compound"(for exampLe
ATP) found in all cc "'ponents of the microbial community bt'!.t in
no othel" soil componerrcs. H~gh concentrations imply high

q

microbia) biomass. All t~e above \~ethods have short comings and
i t ~;i';U:; decided that the best metlhod to use was the indirect
method, whereby the microbial carbon (C) and ni trog-en «~,(N)

concentirat Lons in the soil Were chemically d(?termili:ed ~,:Gid~aed(;
as an index of microbial biomass.
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It is often more infor·mative to knowthe activity of the micro~s
than their biomaos. The activity Can be measured by ATP
techniques, or .indirectly 1.\ by determining the rate of N

mineraliza:tion. J The ratio of c=~ in the substra.te may be used
as an indication of the microbial biomass but is a: better
.indicator of microbial activity. A high C;N :r;atio" in. the
substrate indicates a potentially lowmicrobial N m~,neralization
rate .. A C;N ratio greater than 20z1"in the substrate indicates
net N immobilization (Richards 1987).G' The ratio of microbi;cq, C
to N may be used as an indication· of the microbial nutritionc:il

. c.' .... ~ . .

status~ Each class of microbrganism has a 'different C:N ratio
and in arable soil these ratios can range from 5.;1 (in ba.cteria')

o •

to 10:1 (in fungi) (Miller 'and Donahue1990) •

.In this e6tperiment the effect of rhizosheath formation on the
/c

!'::_~~,m.1,crohialpopUlation 'Iras investigated H !t bad previously ~he~n
fict\~d that the development 01. a microenvironment which is
particularly favourable to microorganisms, :i.n.close proximity to
grass roots," m.aybe a more important function of. rhizosheaths
than that of overcoming drought stress (DuelL.,and 'Peacock 1985).

o

It ,,,as hypothesised tha,t t\1e microbial biomass, as .indicated by
the microbia.l carbon ar,d nitrogen ,concentra.tions, in the
rhizQsheaths would be significantly higher than that in the
rhizosphere and hulk soil.
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Within species comparisons of root characteristics and related
phenomena (such as rhizospheric mi.crobial populations); betw'een
individuals with and without sheaths can not be achieved' since
whep. the sheath forming trait is present sheath de\relopment '

r
always occura I except in the silt species q found du:r.ing -the
herbarium study to occasionally not develop sheaths. The
conditions under which these species do not develop sheaths is
not clear and 'therefore a mat}ipulative stUdy could not be
undertaken to stimulate sheath deVel()pm~Jltand no development
within a specieSo It was 'decided in this experiment to compare
the mi~:robial biomass bett'leen. species (sheath forming and non-
sheath .forming species), whichl grew in close proximity 0 to one
another in the same soil type, with the same conditions of Ttlater
and llutrient ..availability. The :microbial C and N concentrations
in the soil around roots of shea-th fonning and non-sheath forming
species were used as an indication of the ,microbial biomass.

SQil. COlleclion.

The soil, surrounding the zoojis of individuals of three t ~4~ath
forming grass species and 'three non-sheath forming~~ass species
growing in a sandy soil environment iI, a setni-.a~(idsavanna ill the
northern Transvaa1v waS studied.

SHEA~H FOru4ING SPECIES
Eragrosti.g pallens Racko
Pogonarthria squarrosa (ROem.&Schult) Plig.
Schmidtia pappophoroides Steud.

NON-GaEA~H rORMING SPECIES
Cymbopogonexcavatus (Rochat.) Stapf ex Burtt. Davy
l1yparrh.enia 11irta (L.) Stapf
'.l'riraphis andropogonoides (Staud.) Phill.
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Unfortunately no Antll~pho.r.a pubescens or Digi taria eriantha.
oocuzzed in the area chosen for ,this study. This area was chosen ,)
because it had a ridh grass species diversity.

Soil from three zones around the :toots was collected in March
1993. Seven plants per specie~ ",ere randomly chosen. A block

c:
of soil 160O:mm2 around each plant\ was dug out. Approximately

<:
100g of soil from 1::11e following zO:des t<fa,,;collected and analyzed.

i) The rh.i2osheath~ soil particles in the rhizosheaths were
carefully removed from the roots such that as little plant
material as possible Was" included in the sampleso

ii)
, ~r~;~ .,

The rhizosphere: soi ~ithin O-lOmm from 'the ;root
(non-eheabh :forming "1' ",ias) Q'r rhi~osheath (.h~ath forming
species) sur~ace was 1)lrefUllY collected and as little
plant material as poa'Slble WaS included 1.0 the samples.

iii) The bulk soil: this W~s collected at a distance of 300mrn
from the outer roots of the plant.

soil around seven individuals per species was collected. Sub...
samples of the soil were analyzed to determine the mic:uobial C
and N content in the three soil zones.

1.3.2 Soil analysis~

ChloroformL·fumigation-indhbat.ion followed by colorimetricfinethods
I'

were used to determine microbial C and N concentr~tions. The
methods in Anderson and Ingram (1993) were altered for use in
this study.. The chloroform ...fum.igatioll-inoubation method that was
used is applic~le to most soils (1J:1ate 1991) and allows realistic
measurements of soil microbial biomass (Bondet Schnurer and
Rosswall 1988).
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109 of each soil sample ware we'i<?;hedinto a centrifuge tube and
-: /r

approximately 259 of each sample were placed intq. small glass
beakers $ The samples in the oentrifuge tubes ''bonstituted the
"time zero" samples and those )jin the beakers the "time (m.e"
samples. I::;';)

\)
1\

The beakers were placed into a desiccator containing a s:mall
beaker o;f chloroform.. ehlorofonn saturated filter paper was
positioned around the inside of the desiocator. The desiccatox
was closed, evacuated and left :e.. , 5 days.

Aft.er five days the desicc~(' (, was opened and 109 of each soil
sample were weighed into c\.. l'..rifuge t.ubes , 'rhe following
p~ocedure I which had already been done on the "time zero"
samples, was ..then conducted on these "time one" samples •

30mIs of 0.5 M potassium sulpha.te (K2S04) Were added to each
centrifuge tube ~ The samples were shaken fOr 30 minutes then
centrifu:ged at 3000rpm for It' ,utes &

a) M.ierobial e:' ~bon

i) standard solutions •.'

To make up the standard solutions 2.377g sucrose were dissQlved
in 500ml of water, which made a 2mg e/ml stock solution. 0I
2.5ml, Sml, 10mlv 20ml, and 30ml of the st.ock solution were
.t.>ipetted into l~Qinlvolumetric'" flask" and made up to volume with
water.. ~~hisgave at.andaxd solutioDrt " ! 0I 50, J.OO, 200, 400 and
600~g c/sample respectively.

c:_,

ii) Digestion preparation. II

10mia ot the supernatant of ~ach sample (and standard) were
pipetted into a digestion tube. After this,. 2mls of sodium
dd.chromatie (95g Na2Cr207 in 21 of,! water) were added to each
digestio.n tube ar.,2 t.ht; ,:i:)~,.t.:~n;~~were well mixed. lOmla of 95%
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sulphuric acd.d (H2S04) were added carefully to each tube, such
that no localized boiling occurred, 'and the contents of the tubes
were \I1'ellmixed. "

All the digestion tubes were then placed into a preheated (13?oC)
digestion block. After 60 mi.nrtes the tubes were removed and
allowed'to cool.

iii) colorimetric determination

Whenthe samples were cooL the sbsccbancee were read at 600nmand
the C concentrations estimated from the standard curve.
The microbial C concerrtarat.Lona Werecalculated by subtracting th(¢
"time zero" C ooncentrations from the "timl!:! one" C

ooncentrations.

i) Standard solutions

Microbial nitr.ogen

(')

To make up the standard solut;i.ons 4. 714g of dry ammoniumsulpha.te
\'lere dissolved in 1000ml of water, which made a_ lOOO,ug!ml
atmtLQlfiiumnitrogen stool< sol1rtio:lH SOml of this solution Were
pipetj:.ed into a SOOmlvolumetric flask and the solution made UP\\

to volume with 't'1ater. 'll,\hisgave a lOO,ug/mlN solutio~l. ,0, '5,
10', 15 f 20 and 25ml of th~ lOO,ug/ml N solution were pipetted into
lOOml flasks and the contents were made up to volume with o. 5M
K;)SO.. and then mixed well. This gave standard solutions of 0, 5,
10, 5, 20 and 25).1gammonf.um N/ml respectively ~

<"~=~
ii) Dige'stion .,pr4paration

lOmIa of the supernatant of each sample (and st.andard) were
pipe;tted into a conical flask. Thereafter 2~5ml of concent.cat.ed
SUlphuric acid wet's added to each flask to maintain a~:jacidic
environment to prevent'N volatilizationo The contents in each
flask was then taken to near d.r:yness on a hot plate in a T.ume
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lOml of sulphuric acid t"1ereadded (in two 5ml quantities) to each
flask and the contents qUa,ntiti;l,tively transferred into a
digestion t.ube, A v:ery ,small quantity of seleniufu. catalyst mi.x
was added to each tube. 'Phe tubes were then placed into a
digestipn block and digested at 250°C until the samples were
clear ..

iii) Colorimetric Ueter.mination

Whenthe tubes were cool the contents of each tUbe were made up
to 50m1with water.

o .lm1 of eacf standard and sample was pipetted into a tes't t.ube,
Sml o:f;c/J:eagentNl (34g ~odiumsalicylate, 2.5gsodium citrate 25g

(.

sodium\:tartrate and 0.12g sodium nitroprusside in 11 of water)
were added to each test tube and the contents were mixed well.
After this, 5ml ot reagent N2 (309 sodium hydroxide and 10m1
sodium hypochlorite in 11 of water) were added to each test tube
and the contents were mixed well. After 60 minutes the
a.bso:rbanceswere read at 655nmand the Nconcentrations estimated
from 'the standard curve. The microbial N concentrations were
calculated by subtracti.ng the "time zero" N concentrations from
the "time one" N conceilltrations.

7.3.3 Statistical analyses J(

Data from the three non..sheath forming species were pooled and
the datia from.the three sheath forming stll':!Cieswere pooled. The
data were normally distributed and therefore non-parametric
statistical ana].yses were not needed. Analysis of variance tests
Wereused to determine any significant variation in the data set.
This a~a1ysis showed that there was significant variation in the

\\
results. Tukey tests were t.hen used to detelmine between which
soil zones the microbial C and til' concentrations were
significantly dj.fferent.
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'l'able '1.1. The differences in microbial carbon and nitrogen
"\ -,

concentrations between the sheath soil and rhizosphere and bulk
soil -zones around the (i j' sheath forming species and (l.i) non-
sheath forming species. The mean value, X, and the standard
deviaj:.ion; sd , for the seven rer',icates of each soil zone are
given.

Soil zone Concentrations (ug/g soil)

i sheathed
Microbial Cx sd

Microbial N
x sd

Sheath
Rhizosphere

BuIlt

5.52<.\ 0.37 0.2sa
3.81P (_'! 0.43 O. lOP

3.83P 0.58 0" OSP

\,

4.05b 0.45 0.111:1
2 .88b 9·56 0.07))

0.07
0.04
On04

ii unsheathed

Both the microbial C and ~h~ microbial N concentrations in the
sheath soil are significan~~,y (p<O u 05) higher than those in the
other soil zones. ,'~

1\
I:
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Table 1 .2 • The differences in the average microbial
carbon:nitrogen ratios between the sheath soil and rhizosphere
and bulk soil zones around the sheath forming species (1) and
.non-sheath forming species (ii).

Soil zone Microbial
ClM ratio

i sheathed

Sheath
Rhizosphere

Bulk

16:11l

21; l~
39 :1e

ii t!lsheathed

Rhizosphere
Bulk

26: Id

39: 1e

Data in the table with diffe~ent~upersc~iptp a~e significantly
(p<o.OS) diffe~ent f~olll.each othe:r..

'rhe average C:N ratio in the sheath soil is significantly
(p<O.05) lower than in the other sci1 zones.

Unfortunatelyv due to the intim.fli;.ephysical association between
the :r.oo.ttissue srid the sheath sUi111 unintentional incorporat~on
of root tissue in Ute sheath soil samples was unavoida91~e.
Incorporation of some root material may flso have occasiomilly __

\ ...._;
occurred in the rtlizosphere soil. 'llhe daro~gedroots mayre1eeLse
organic C (Norvell and Cary 1992) laading to overestimations' of
the C content in: this soil. Root matter was mostly extra'cted
from the soil prior to analysis. In this study the Clbso1ute
values are not imp«;)rtant, and compazd.sons were madebetween the
relative concentrations of microbial C in the three soil zones.
In additiong the tf)tal C concerrcrat.Lons in the soil \iere not
considered and it is assumedthat these were similar in each soil
zone..
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Another confounding effect may be that part of the buLk soil
cOlleq/ted around one individual may be part of the rhizosphere
of another. individual.. This could not however be avoided due to
the spatial distribution of the plants in the field.

1.5 DISCUSSION
.~ i

The higher microbial C and N....concentrations in the sheairf, soil
relative to the rhizosphere soil of non"::sheathforming s~ecies
indicate that there is a higher number and great, r density of
microbes at the rOOLsurface in sheath forming species than at
the root surface of non-sheath forming species. While it has
been shownthat fungal hyphae do not occur in large numbers in

,:J ~ i ~:

rhizosheaths (Wullstein licmdPratt 1981; Buckley 1982 and
Goodchild and Myers 1987) it is shown here, in support of the
hypothesis I that other microorganisms, mainly bacteria, are
pr~sent in higher densities .in the sheath soil than in other soil
zones.

The higher microbial Cconcentrations Ln the sheath soil indicate
that the roots of sheath forming species may release more
assimilable carbon substrat~~s than roo·ts of non-sheath forming
species, thus fac!li ta.ting II highe1' nucrobia.l acti:vi ty in the
rhizosheath than in unal te\~tedrhizosphere so~:~~ The sheaths
therefore provide an envir9nment more sui table for microbial
activity than the other soil:: zones, including the rhizosphere of
non....sheath forming species. There is a positive feedbc..)keffect
of the larger microbial populations in the sheath since they
would stimulate a greater release of substrates from the roots,
fo:r. example by changing i'oot cell"'membrallepermeability (Rovira
and McDougall 1967; Bowenand Rovira 1976) which would in tu~n
facilitate further microbial colonization and activity in this
zone.

The substrates which are released from the roots are the products
of photosynthesis" They include amino acids, ~d.mplesugars and
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polymeric carbohydrates, all of which have a narYo't'?'C:Nrati,) and
are easily decomposed0 The utilization of these substrates hi·;
microorganisms results ill secondary productivity and recycling
of the nutrients 0 The\tefore, thes,~,~icrobrganisms can in turn
influence ·t.he plant as a. primary producer (Ilynchand Whipps 1990)
through their influence on the a.va.i1ability Of plant l'l.Utrients
such as nitrog~n.

Due ~o the compaction of the soil partich~s in the rhizoSh~.F:\ch,
the diffusion of soluble carbon products from the soil-rootI .

the bulk soil Inaybe restricted by the presence of
it)

The soluble carbon products would therefore
interface to
a sheath.
concentrate in the rhizosheath soil, thus providing mo;pe
substrate for tbr-tud.crobes and facilitating increased microbial
colonization, act.'ivity and thus Nminerarl.zation. Dif~itsion of
these products from the surface of non...sheathec{ roots would be
easier since the s~~ces betwe~"lnthe soil particles arc larger,
allowing inser movement..

(\.
d

The carbon compounds1(', th~ ,bulk soil have a highet. '9; 1'1 ratio,
and are more resistant to decompo§it,iol,and the ov.~ratJ::1:~~idrobial
a,ctivity is low'er than in t.he subatrates in the rt~iz~~heath or
rhizosphere. ThE,:!compounds iil ·th~*hulk soil irlclude cellulose
and lignin. The recycling of thi.i) 'car};l5>nand the min~aralization
of the N is slowe:c"than in the rhizosheath and less N is. ~'$leascd
per unit of C than in the rhizosheath.

The high microbial N oonoent.rat;ton ih the sheath may indicate
that 'there is a high concent.r'at.Lonof N iw:::d\-porate:;1in the
microbes, and therefore unavailable for zoot; uptake. This woul.d
suggest that the large microbial povu1ation is not beneficial to
the p.l.ant, However, although the microbes initi~lly immobilize
the N, as the microbial pop~li:l-'Fionttib'1s over, 151is released .and
becomes available for upta#~ riy 'the roots. The rates of soil N
,minera1izai:ion and immobilizatj~on must be understood (linee the
availability of N is the reSUlt of these two opposing p~ocesses~
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The C: N ratios in the mi.ci ...:>org'anismsdiffar between the three
::;\

soil zones (Table 1.2)" All the ratios are higher than.·the range
recorded in microbes in arable so.i.L (5 ; 1 - 10: 1 ) (Mille,~ and
Donahue1990) 0 This is a reflection of the 10'1.'1N status of the
seil in the study site since the amountof C and N immqbilized'
within the microbial populaticn is related to the scil N levels
(Wardle 1992) 0 The micrQ,bi.alC:N ratio in the sheath microbes
is lewer than in the ether zones which suggests that as this
micrebial populatian turns ever, mere N will be released te the
scil per unit of c , than will be released in the ether sod I
zones G Themicrebial c~Nmayaf.so be inqicati.ve of the ease with
which the substrate is decomposed,the lewer the C:lt, the higher
the petential N mineralization rats (Richards 1987). Therefare,
as expected, the C:N ratie res;ults indicate that the substrates
in the sheath are morereadily decomposed than those in the other
seil zenes•

.1'he condi.t.Lona in the rhizoS-heath, such as the high saluble C

availability and the high water cont.errt , may be SUch that
decompesition rates are increased, resulting in rapid tiuznovez'
of the microbial population and rapid N release to the aod.L, ;~'he
higher the micropial density, the higher the decampesitienrate,
previded the ..envf.ronmenca L conditions are suitable (maist, wal;:m
soil and. small particle sizes (Miller and Denahue 1990», the
higher the mineralization rate and the greater the overall ON

i/

availability.

An impertant point to nate is that the cyclic curnov.
\

<lhrough
organic and inorganic::;!fOl:ms,mediated by the microorganism's,
minimises losses thraugh leaching and provides a continual supply
of ions at the root surface. It is therefore concluded tihat; the
high concentration of micrccrganisms at the soi+-roet int~rface
of sheathed reets is beneficial to the plant.

The results ef this study and these in chapter 6 indicate that
if the individuals in the experiment in. chapter 5 had developed
thicl~er sheaths Whengrowing in conditions of low nutrient
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availability, then the concentrations of N t.aken up would have
been greater ,than those 1;-1hichwere recorded ~ The thicker the
sheaths the larger the suitable environment for· microbial
activity and the. higher the rate of Nm:i.neralization~ Thehigher~ .... / . if

concentrations 'Of available :til at the soil-root iIijterface would
probably have reBulted in higher concentration; '-6fN being take31
up by the roots. A limitation of the experiment in chapter 5 was
·that only compensation by thin sheaths for low nutrien·t
availability could be studied; for reasons explained earlier.

A higher concentration of'mic\fobial N does not necessarily mean
that a higher Pr'ffPor'tion Of 'the totai soil N is i{i!i&obilized
w.l.thinthe microbes and therefore unavai.Lahl.eto the roots. The
higher microbial N concentrations may indicate a higher
concentration of· total N in the soil. Therefore, although a
higher concentratiop of Nis incorporated in the sheath microbes,
this maybe as a result of a higher amountof total Npresent in
the sheath soil relative to that in the other soil zones,

It must be 'rememberedthat, rather 'than the density of the
microbes, the composition of the microbial popUlation and
relative propont.Lonsof the different types of microbes is more
important in determining whether a high microbial concentration
at the soil-root interface is beneficial to the plant. Some
microorganisms may exist in low numbers l?ut may have a
considerable influence on the soil biological processes such as
Nmineralization. The theory that r.hizosheaths aftei'ct microbj,!al
population, .initially pl'oposed in chapter 6, is sUIjp~n:tedby the
results of this experiment and will be elaborated on in chapter
B.

Rovira (1979) stated that the ultimate goal in stUdies of the
biology of the soil-root interface must be the manipulation of
microorganisms in this zone to increase plant growth~ He also
indicated that there was a lack of information relating to this.
The resul ts of this stud.~, indicate that t,he presence of

~~
rhizosheaths on grass roots alters the microbial density and/or
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possibly the microbial c01Il;positionat the soil"';root interface.
If this is true and if it is possible to genetically"manipulate
9roP plants to develop uniformly thick sheaths undf~§tresSfUl
environmental conditions, then the microbial PoPU11,~tionat the
soil-root interface of these roots maybe favou;r:ablyaltered such

,)

that plant ,growthwould"be enhanced.

'Further studies are I."squired to determine the relative
proportions of functionally different micrObes in the sheaths"
The micJ:obial population, inoludes i.Jacte:;}a, Actinomycetes ~'~nd
fungi, each of which are responsible l(or the recycling 0:11,( a
diffel,7snt, range of elements. The actu~l microbial composit~~n
of rhi:zosheaths m(~stbe investi~ated and comparedto tha·t in the
rhizosphere soil of unsheathed roots" ;)The manipUlation of
microorganisms at the soil-root interface 'is possi.bly an
important technique which could be employed to enhance crop
growtp, as well as ,,J?, N and protein contient., This wil!' be>
discussed in more detail in chapter 8. 'J.'hecomposition of the
micr.oorganism population in this zone must first be determ.ined
before it can be manipulated.

i)
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SUl·lMARt AND OVJt:RALL..CONCLUSIONS

OVERALL PERSrEC~IVE OF RHt~OSHEATH OCCURRENCE AND
FtmC'rIOlIING

S.l I.~ROPUCTION

This ~tudy generated unique information on rhizGsheath$ muchof
\~ ... I~-"\

';~t.l.~iChLs \iundamental to any future studies I and relevant to a ..
number ?f aspects in ecological ..studies and agri~?l tural
biotechnology. The distribution of rhizosheaths among gI:'ass
species indigenous 1:0 South Africa and the distribution of the
sheath forming species in relation to soil and rainfall
conditions has been shown. 'l'ge s.tudy also. highlights a... . ;!
fUndamental difference between the presence of rhizoshe'aths and
the extent to which they dey~l.or. Insight into rhizosheath
functioning has also be.en 9ail\~d from th,;i.sexperimental work.~..)

I)

The proposed system of rhizQsheath d.evelopmentand functioning,
as well as the feedback ~,ffeclls, between soil properties an~
composition, and the n~izosheath, is shownin Fig~re 8.1~ This
conceptual fratneworkwill be used as the basis f·or dis.cussing the
results of this study. The letters in parentheses in the text
corre~l?ond to those in Figure 8.1.

->:
)
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Figure 8.1 Overall perspeotive of rhizosheath functioning and
the interactions between rhizosheaths t plants and the
ellvironment. Each phenomenonor condition that nffeots another
phenomenon or oondition is indicated by the arrows. The
symbol indicates that the phenomenon/condition beZora th[~<:~arrow

It,_ /\
controls the :following phenomenon/oondition. 11'The ,bloOksindic~t~
pools (of nutrients, water or microorganisms) bUI?their 'siie::{SaL~)
no indication of the pool sizes.
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Rhizosbeaths axe sandy ooatings cOVering the entire length ofc
each root"ancl are found on the fibrous root systems Of manygrass

1.1

species. They are ,;I. genetically fixed trait (A) occurring iI~)
1T.o:r;ethan ninety five percent of the grass species in Sout.h
Africa. HO\ileVer,Leas than five percent of the species have
consistent.ly thick, 'l.>lel·ldeveloped sheaths Whengrowingunder all
environmental conditions. The "extent to which the sheaths
develop, i.e. the thickness of the sheaths and the degree to
which the sand particles are held in the sheath, varies between,.
and so~times within, species.

Tn" snekhS consist of a mass of sand and silica partioles lnatt~d
together in mucigel by a meshworkof prolific epid~.rm.alhairs.
The epidermal hairs pr'ov.Ldemecha~ical binding (Wullstein and
Pratt 1981) (£I), the med.n.factor risponsible for the strength of
the sheath. The mucigel aroun« the rO("It is important for
consolidation of the sheath. Themucigel consists of substances
released by the roots (Cl and el) (Wullstein and ~ratt 1981;
Guin.el and/~cCully 1.987) and from the microbes in the rhizosphere

l-r) '--,,'

(Rovira.et al 1979) (C3). The .release of substrates from the
roots enhances the coloni2:ation of the sheat.h by microbes (D) f

which require the organic carbon substrates for their metabolism.
These microbes at the root surface often enhancElroot exudation
of substrates ($.), for example b:y altering the permeability of
the root cells (Rovira and McDougall 1967~ Bowenand Rovira
1976). Sheath :formingspecies have be~n shown (Henrici 1929) to
be particularly prone to cortical cell db~integratio:n, especially
when exposed to dry condi, ti~'ns • Therefore a large amount of
aubst.ancea are released by the roots of these species, regardless
of the microbial affect on root exudaticm. The enhanced release
of organic carbon products in turn stimulates microbial activity.
The more pzoduct.s there are availabl~.:::-.in the t'hizosphere fo~
microbial decomposition, the greater thE~colonization bymicrobes

I· (~

(1), Which"le€ids to a greater release of mucigel SUbstances in
the rhizosphere. Themoremllcigel the more sand particles which
can be incorporated into the sheath and the thicker f more
consolidated the rhizosheath,. The th,i,lckerthe sheath the higher
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the number of m±crobes which "'~h colonize the sheatih; Althoug-h
- ~ ~

bacteria are ,prolific ih the sheath" fung~l hyphae do not occur
in large numbers (Buckley 1982; GoodChi'.h:dand ~yers 1987 and
wUllstein and Pratt. 19~1} and therefore do not 'contribute to
sheath formation~

c

The sheaths m.ayextend up to 3mm.f~om.t:he root surfa,ce" They are
therefore x:~odifications of ~t.herhizosphere (Atlas and Bartha
1987) or part thereof e since the rhizosphere ,generally extends
from the root s,urface to between lmmand lOmmfrom the surface
(Jenny' and Grossenbacher 1963).

Manyroot :features characteristically val;Ywith the presence of
rhizosheaths and ext~nt of their deyelopmen~,. Th~,more epid~rmal
hairs ,.that are pro<i~:;1cedthe more extensive tha rhizoElheath
development (8). Ths mor!3extensive the sheatn development the
J o~rer the degree of root branching and 'the smaller the root
system (F) e" This is because sheaths compensate for loW'water
availability (ltl and R2) and low phosphorus availability (t.l and
L2).. Extensive, sheath development probably lo~lers the need for
increas::d root prpduction, by maintaining sufficient ~ater and
uutrien~ uptake (Y).

()

8.2 RHIZOSHE:ATH OCCURRENCE AND FtJNC~IONING

While the ability to develop rhizosheatbs ie:\a genetically fixecl
trait, tqe ex~cent to which the. sheatns deve.Lop is also a
genetically fixed trait within :manyof these species. The extent

:J

of siieath deveIopment; in these species is uniform betwe~nc.all
individuals within a specie's j although it differs between
species. W,tthin the rest of the sheath fo:r:mingspecies the

I, '.'
extent to w}f:idilthe sheaths develop is a facultative respons.e to

i
environmentAl conditions (G) • The condition which has the .mt.~'t
marked influence on the extent of development is :~oil texture.
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Manyspeoies in whi'chthe aheat.h formin\~trait is present do not
.have :r:e~tricted distribution ranges'. As predicted by Marneweck
(1990) and Duell and Peacock (1985), rhizosheaths are
geographically ubiquitous, (~lithin south Africa), since sheathed
indiviquals are found in all soil types and also in all rainfall
regions.. However, although extensive sheath development' is not
exclusive to individuals in sandy soil, a relationship 'bebJ'een
Qxtent of development and soil texture is evident c This is
because individuals growing in' sandy soil often have more
extensiv'e sheath deve-lo;,bentthan individuals of tlie samespecies

f r
growing in clayey ~.jiJ.•

It is proposed that there may be a r(isponse, in terms of an
increased exten,t of sheath developmenti to Lnczeaaed sand concent,
in the: soil.. sandy soi:b has a lower water retention capacity

'J'.-, 'I

(Hillel 1,9,71)I lbwer catioll exchange capacity and hence a greater
degree of· nutrient leaching than clay soil (Singer and Munns
1987).. Sandy soil th~,refore has a. lower Water and nutrie,nt
content t.hail claY$y soil on. Thicker sheaths in sandy soil

"

appear to compenaat.e , as predicted by Goodchild and Myerl;l (1987),

fot low availah.Llity of water and nutriento, particularly. P, by
facilitating increased water and nut.rient movementto the root
surface. o

A relationShip between extent of dc:rvelopmen.J!:'and rainfall."
conditions also exists, with the average extent of sheath
development on sandy soil individuals in aria and semi-arid areas
being greater than 1rhat in higher rainfall:, areas. This is
possib'ly because thee sheaths compensate for low watet
availaBility, as predicted by Price (1911) t aenriei (1929),
Goodchild and Myers (1987) and Ma.rnew~ck('1990). <'Moreex·tensive
sheath d~velopll1:entin '\ow rainfall areas ,·maymaintain water

" " '"i' '.. ,'-,

uptake rates by roots (Xl), and consequentl~ growth rates (J),o . . .

similar to those in individuala growing in high rainfall areas~
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The compensation for lowwat.er av-ailability probably occurs due
o

to facilitation of·;,water extraction by the roots as a result of
the close pro;)iimit~\ of epidermal l),airst mucilage, {..raterand soil
particles (Xl). It is hypothesised that the more extensive the
·development·of the sheath the greater the compensation would be

:7

(K2), since a greater density of epidermal hairs wouldoccur and
therefore a large~ absorptive surface area would be in close~ . ..~
contact with soil' 'lrlater. Increased water uptake ratas have
implications for nutrient uptake (L2). PhosphorusI being an
immobile ion, is restricted more by its rate of movementto the
root surface, than by its transfer into the root (Russell 1973).
The thicker the sheaths the greater the effect on phosphorus
uptake 0 The enhanced water movement into the roots, and
therefora to the root surface, ,,,ouldincrease phosphorusmovement
to the roots. Since mass flow only provides a small percent of

<'

the total phosphorus requirement of the plant'; phosphorus
diffusion to the root is more importa':lt (prenzel 1979; Chapin

'.l
1980). Therefore, moze influential witl~-it;e,gardto enhanced
phosphorusUptake is the close proximity of ths\bsorbing surface
(ro~t. hairs) and the soil phosphorus. This intimate relationship
facilitates phosphorus uptake (I2). The faster the uptake the
steep~r the phosphorus concentration gradient from the bulk soil
to the root surface and the faster phosphoruswill diffuse to the
root. It has been shownthat enhancedphosphorus uptake # due to
the presence of thick sheaths ~ is particularly influential in
plants growing in sOils with low phosphorus availability. The
higher phosphorus uptake enhances plant phosphorus and nitrogen

\1

nutritional status, plant biomass "production and th(~ overall
pLant.. growth rates (oJ) •

Since tbickly sheathed roots extract"more soil phosphorus than
thinly sheathed roots, the phosphorus concentrzat.Lons will be
higher in the thickly sheathed plants. Consequently; levels of
substances such as phospholipids, r.:aclelc acids, coenzymes, ATl?
andADPwill be higher in these plants. It is hypotihesLsed that,
'~ - .,

b~sides increasing the phosphorus nutritional value of the
:'iplants, the higher levels of phosphorus compounds,such akATl?,

j\
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.will result in a higher nitrogen content in the crop. The high
AT]? levels will .facili,tate greater uptake 'of nitrate (N03-),

which is taken into roots by aotive uptake mechanismsrequiring
the energy liberated by the hydrolysis of ATP to ADP (Haynes
1990) • The Lnczeased nitrogen content in the plant woUld
ihcrease amino acid sYhthesis and hence the overall protein
content of the plants (U).

8 e 3 LARGE SCALE EFP'ECTSOF RHIZOSHEATHS.

The :Lrtportanceof rhizosheaths must not; be underestimated. Their
influence is not restricted to the individual plant, but probably
has large scale effects ~n terms of species distribution ranges,
soil microbial activity and prevention of soil erosion.

B,,3 ..1 Distribution ranges

Theapparent compensationfor lowwater and nutrient availability
suggests a methodwherebythe sheath forming specie~ are suited
for survJval (S) in low rainfa ~.lregions and in nutrient poor
(eg. sandy) soils. 'The non-sheath forming species which exist
under these conditions must either tolerate the low availability
of water/nutrients or compensate for it by someother means of
extending the rhizosphere depletion zone, f""r example by
increasing the size of the root system.

The developmentof thick sheaths must be a cost effeotive wayof
increasing (widening) the nutrient and water deDle~ion ;:;;one
(relative to other methods employed by plants to deal with
stressful conditions. Under stressful conditions the carbon
allocation p~ttern in plants changes and more carbon is
channel Lec; to beloTN-groundplant parts (Chapin 1980), both fClr

the increased production of epidermal hairs and for Lnc.reaaed
root exudates~ Species without rhizosheath development would
probably increase the carbon allocation into root production to
an even larger degree, since not only root hairs but also r'oot.s,
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must be produced in, ord~r. to maintain water/nutrient upt.ake
rates. Therefore, sheath development is probably a cost
effective mechanism,for tolerating arid~ 10vI nutrient conditions

"and avoiding water or nutrient deficiency. Tne C?oduction of.
l\tore roots to extend the depletion zone is :moree.xpensive in
terms of resources, since they require production of protective I

a:bsorptive and conductive tissue, in addition to epiderm.alhairs.
,,I't is possible that sheathed roots, (J being more resistant to
I' ,',,', ' '" ,-
'adv~rse\CR~'ld.itions,such as dry soil ar Ii· soil compressioll (Thomas
1922; oppenheimer 1960), maysurvive longer than the fine roots
of non~sheath forming species.. These fine roots, being
unprotected, would.be more vulnel(,able under these conditions.
Altho?.l9h sheath,' development requix-es release of ~?re carbon

, ,
products to the soil and e~tensive root hair I_>rodubtion,the
continual production of manyfine Unsheathed roots maybe more
expensive to the plant in terms of resources, than the fewerj
less frequently produced sheathed roots. The presence of
rhizosheaths may also ):)e less expensive to the roots th,an the
formation of mycorrhizal associations, since manynutrients are
absorbed from the host plan.;tby the myctlrrhizae (Atlas and Bartha
1987) • ii

\\'

The development of rhizosheaths occur-s as the root develops,
facilitating uptake of water and nutrients frol\t a larger soil
volume as the root extends through the soil. Therefore, an
increase in the width as well as the extent of the depletion zone
is simultaneously accomplished in sheath forIhing plants.

AS has been' discussed, the microbial populations in the
rhizosphere influence the extent of sheath development (C3 and
E). The relationship between roots and microbes contributes to
rhizosheath formation. It appears that the rhizosheath creates
an environment more suitable for microbial activity than the
rhizospher~ environment az-oundan unsheathed root, since the
microbial biomass in the rhizosheath is significantly higher than



in the rhizosphere as well as the hulk soil. It is hypothesised
that since rtiizosheaths are modif~cations of the rhizosphere, the
formation of a rhizosheath~-;:c.affectsthe composition of the
microbial population at the soil-root interface due to the
altered rl1i~osphere enviromnent. The results of the '''studydone
by WUllstein at al (1979) support tIde. theory of sheath
alteration of the rhizosphere microbial composition. Their
:t'esults showedthat increased nitrogen fiXation was associated
t-rith rhizosheaths, thus indicating a higher nUmbe!of active
nitrogen fixing bacteria in the sheath soil relatiVe to that in
unaltered rhizQsphere soil.

The size, as.well as the composition, of the microbial population
in the'rhizosheath influences the oV/~~~ilactivity occurring in

.'>'

the sheath (P). ~ high proporti9!/of the microbial population
at the rhizosheath $oil--root interface may be constituted hy
those microbes which are responsible for nitrogen
mineralizatioIl/recyc'ling (M.) and phosphate mineralization!
solubilization (N). This high density of microbes in the
rhizosheath may result in a higher concentration of plant
available nitrogen andphosphorusat the soil-root interfaCe than
at this interface of unsheathed roots in a similar environment.
The higher availability facilitates greater uptake of these
nutrients (12.).

Increased uptoke of phosphorus (I2) by thickly sheathed roots
relative to thinly sheathed roots has been shownconclusivel.y in
this study. :rt is attributed to the enhanceduptake"due to the
close proximity 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. Ro'l.lTever,the influence of sheaths on the overall
availability of phosphorus must not be overlooked. 'l'hrough
sheath influence on microorgg.nisms (0), solu' phosphorus
concentrations maybe affected since certain microbial species
solubilize phosphate.fromcompoundsof lowsolubility and thereby
increase plant available phosphorus(Russell 1973; Richards 19B7)
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(N). Assuming that the' sheaths do in~rease the proportic1'Usand
density" of ;rvOul..'able microorganisms, the rhizosheaths could
contaill high!Jr concentrations of the -phosphozua solubilizing
a,pecles of microorganisms than those spec~es which compete with
the roots fer p;hospho;rus.,

The effect of rhizosheathf.'l on soil microbial populat.ions maybe
influential in the overall':below ...ground productivity (2) of emy

"" ~
system rich in' grass sPl~i;es • .' Both pril\\j3.ry (foot) (R) and
,secondary (microo1,'ganislIl.s)'JQ) below-groundproductivity "Till be
affected. ' This hypothes~!'ilis proposed since, as explained
earlier, it is thought l;!'~hat the sh'e'atho' may change the

1'/4",', _" _ ',_ _ _ _ _ _ ,' __ __ '''' ,',', "._ _ _ '

composLtd.onof the microbiai'ipopulation through their affect on
',),1 , ' ,

the soil emviron.menta.lc;:dhdi:,tions. <-":Themicrobial activity in
1\ .,

turn, a,f,.fects root producti,V~t-Y,,and therefore root uptake <Y,,).
The increased below-ground p~~oductivity would be reflected :in
increased above...ground plant growth (T) and overall plant vigour
(8). c{)
If this is true and if it is possible to genetically manipulate

\\

crop plants such that the trait for the development of thick
sheaths could,,}t':7:fixedin the genome/,this would have significant
importance i~).,~Jgricultllre. The P, N, and therefore protein,
content of crops could be increased through the ma.'nipulation of
rhizosheath development. This would be particularly relevant in
crops (),rowingin nutrient poor soils and in semi-arid to ari.d
are~~{tb sout.hAfr~?a. The influence on the microbial popUlation ~
would be of particular importance in the l~w nutrien~ status
soils s:i.ncein. addition to affecting the availability of nitrogen
and phosphorus through recycling and solubilizing, the
microorganisms also minimise losses through leaching (TIf)' by

temporarily immob~~~zingthe nutrient ions within their bodies.
Ther'c;f.o;re"the mid:t'f~bialutilization of the nutrients affects the
overall, availability of the ions at thEfso11-rpot interface (X).
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8.3.3 Soil erasion

It has been recogn.:i "~q ,that grass" plants are espeoia1ly go~d
ground cover plants f(.J.i'" -Cheprevention of soil erosion. Species
Irhich have extensive sheath development, for example Stipagrostis
namaquensis (~abl(J) :3. 1), have been recognised as useful soil
bipding plants and have been used to control soil erosion in

'.,~

overgrazed areas (Gibbs Russel:j.., Watson, Koekemoer, Smook,
:Barker, Anderson and Dal1witz 1990). The ability to preven~ soil
()erosion has however on};y been attrihuted to the shallowness Of
t.heir fibrous root ~ystems and the degree with whioh the roots
oling to soil partic:}es. The phenomenon of rhiz'~">Jheath formation
and ,its relevance to soil binding t.hrough modification of the
rhizosphe:ce soil has not been adequately recognised in terms of

c

its contribution to the prevention of soil erosion~ The root
:, ' . . .!)

systems in which sheaths occur are fib~?US, lat.eral spreading
systems and therefore much of the SCii1 intHe top horizon may be
bound into rhizosheaths rendering it less susceptible ,to erosion
forces.

Grasslands rich in thick-rhizosheath forming species maybe less
prone to soil erosion losses due to the .additional binding effect
that rhizosheath forI ation has on"thE! soil. This makes..these
species marticularly useful in r~lvegetation and soil erosion

~\ I

preventi~~ projects.
, lJ

fj

c?

f)
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805 CONCLUSIONS

Rhizosheaths occur in the majority of grass species incligenous
to south Africa. The distribution 'bf sheath forming indi'1Tiduals...•. If i\·,
is not rf,;lstricted to sandy soil nor semi-arid to '\arid areas. The
extent of sheath; developmentwithin somespecies varies dep,~nding
on the soil conditions. The higher the sand content in the soil
the 9reater the extent of sheath deveLcpmerrt, The difference in
extent of sheath development is a. direct response to the sand

/'
corttent in the soil, and not in response to the low water or .'.!row
nu:~rient conditions of the sandy soil. However,,::::the presence o,f
rhizosheaths appears to compensate for lowwater availability and
thick sheaths Lncnease phosphorus uptake from soil, especial~y
when the phosphorus content is lowo In addition to this direct
influenCe on phosphorus uptake I :thizosheaths indirectly inf;tuence
nutrient uptake * The. sheaths affect the. microbes and. the,~r
activities adjacent t? t;ne root and thereby influe~ce phosphprus 1)

and nitrogen ayailability at- the" soil-root interface ~ 1

The preSence of rhi:z;osheaths, especially thick sheat~s, not only
substantially influences plant growth and survival in stressful
conditiona but thick sheaths also enhance the phosphorus,
nitrogen and probably the protein content of the tissue.

. .". \\

\\

\j
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