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SOME ASPECTS OF 1159UE hATER'RELAfIONS IN CASSAVA
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PLANT (Manihot esculenta cm\_ ) mn THEIR ﬁ
FCOLOGICAL INTERPRETATION
J. A. Paltal)
INTRODUCTION

To understand how plarits respond to drought stress it is necessary to
know the relationship between tissuc water content and tissuce water poten-
tial and its osmotic and rugor components (Weatherley, 1970: Wiche, 1972),

especially since it allows the estimation of some additional water rclations

S,

characteristics, such as the ‘cell wall water content and its elasticity
(Tyrce et al 1973). Cheung and Tyrce (1975) found out that the osmotic pres-

sure at full turgor, as well'as at 1nciplent plasmolisis, and c¢nll water
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clasticity are all closely relatcd to the p01nt where the leaf may osmoregula-
te or conserve water within a defined range of changes in the environmental

water potential, and therefore, my have an adaptative Vialtie. “Tyice and 'am:
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mel (13972) found out recently that these parameters may be detemined by the

-
s

usc of the pressure chamber technigue developed by Scholander et al (1064-

an

1965) . This technique may be usel in elaborating pressure-velune CLIVOS

relating the osrotic pressure, turgor pressure amd water potential of 1he
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lcaves or branches, with the relative water content.
Effects and differences in response to drought stress in two varictics
of cassava (Manihot csculenta Crantz), have been suggested and correluted

with low capacity water retention soils (CIAT, Annual Report, 1079).

The physiological basis of these intra and intec-varietal differences
needs to be established in order to explain selection for drought resistan-
ce. Comparative studies of tissuc water reiations of woody species (Jar

vis and Jarvis, 19063), Lucalyptus (Ladiges, 1978B) and in pasturcs (Wilson

et al, 1979) have provided useful data.

.

More recently, attention has been focussed on the contribution that

water contained in the tissues may have on the response to drought stress

and the quantification of such reserves as an important part on the correla-

tion of water stress cffects.

Two experiments were conducted: 1) To examine the application and other
implications of the pressure/volume technique in the study of water stress
in cassava plant. 2) To determine the relation of the water content in the

tissuc and its water potential.

MATERIALS AND METHODS

Branches of cassava plant, (Manihot esculenta Crantz), varicties M (ol

-

22 and M Mex 59 were sampled from irrigated plots and also from plots with

plastic covered the soil to prevent rain entering the s0il during the growing

-

pericd.  Water relations in the field and laboratory were estimated for cach

variety.

S



- luz -

l The pressure-voliume tc-duuquc was used in the determination of characte-
! ristics of water relations, based on the use of the pressure chamber (1/V)

Q ) of Tyree and Hammel (1972) Tyree, Dainty and Beins (1973).

| The tranches were collected between 07:30 and 8:30 in the merming, pla-
! ced in water, recut whilst immersed in water and again hydrated for two fur-
l ther heurs, but some branches taken to the lahoratory were hydrated tor 15
hours. Dmmediately after cutting, the leaf was covered with a plastic sy
and inserted in the pressure chamber, lcaving only a 1 an lenght of the pe-
tiole outside. Gas pressurc in the chamber was initially increased until the
balancing pressure of the water in the Xylem was obtained. Later, it was in-
casily vollected using a vial connnected to a glass-tube (5 - 6 cm. long), and
the changes in the weight of the tube-bottle gave the reasurcment of water

expressed at that balancing pressure. This procedure was repeated several ti-

e
_ i creased and kept at 5 bars for 20 minutes. Water exuded from this cut was
! mes and each time the pressure was increased a further 5 baves until pressures

i f:gﬁaﬁ%éﬁgmmﬁﬁ}%fﬂ%@f%?imdmmw b R e
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ll"‘llnf‘d]'llgl\ thor I‘CﬂIO\'lnj‘ the leaf{ f]‘om t]u, pressure chamber, the fi-

)

nal fresh weight of ‘the leaf was obtained (FWL). Fresh weight of r}iu lcaf
at a given balancing pressure was estimated by the addition of the weight of
exudated water below that pressure,with the final fresh weipht of the leaf.

,
extrapnalating the lincar relation of balancing pressure (below 20 bars! with
the fresh weight of the leafl, to obtain therefore the tresh weipht of the

Teaf at zero pressure (Fig. 1) and the dry weight (1) by dn ing 1t for 24

&
l The turgid weight of each leaf (IW) was estimated by Ladiges (1975 methixd

i hours.  Relative water contents (RWC) corresponding to cach balancing ;ios-
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sure (variable values of total water potential) were calculated by the fol-

lowing formula:

FWL, - DWL
RWC = ~————
™ - DWL

Parameters of osmotic potential at full turgor (uy'°%?), water potential
(v°), and water fraction on the cellular wall (8 wall) mav be derived from the
inverse plot of the balancing pressure (1/¢) against the relative water con-
teat (RWC), by the extrapolation of the straigh* line. Other values of
and Uy were calculated from the relations:

100
Yp = -———q—~—, : y U total = ¢ + ¥

’ Y e
RNC P

The module of the elasticity of leaf tissuc (e), was detemined as fol-

lows ;.. e SR N

RWC - RNC \n
§ P
RIC®

Yp

Where n is the slope of the linear relation between log. vp and the

RWC - RWwC®

RWC®

RESULTS AND DISCUSSTON

a) Application of the pressure/volume technique.
Almost all the pressure volune curves have been cade in studies of
woody species.  They usually present a certain curvilinear followed by a 1i-

near reclationship, but in 10% fo the determinations, deflections {rom the 1i-

near lines have been observed at balancing pressures higher than 30 hirs,




with relative contents of water lower than 60-55% (Wilson et al, 1974].

It is alsc poussible to observe the sharp decline in bhalineing pressure
in cassava, associated with small changes in the relative water cornent (Vi
1); reported by Tyree ¢t al (1973): ladiges (1975) and Wilson et al {iuaa)

This effcect was accepted initialiy, as an indicator of deuth of the tissuce

when over 50% of relativ water content is extracted (Tyrce et al

L] ll.”ll‘
ever, the effect on cassava was present only on stressced leaves of G varice-
ties (M Cel 22 and M Mex 59), which may also be the result of the wensibidy

ty of the tom PaTT of petiole to the contraction of the rubber pluy in the
pressure chamber.  Stressed leaves of M Col 22 (Fig. 1-A) showed a more se-
vere decrease, making the effect move outstanding than the one presented on

stressed leaves of M Mex 59 (Fig. 2-B), which may indicate a higher number

of dead cells in stressed leaves of M Col 22.

Some unclear and unconsistant differences were observed among data and
preliminary estimations obtained in the laboratory. Such differences may on-
ly be associated with the lenght of time of the day during which the leaves
were ¢ollected, and with the lenght of rchydratation period.  Godde (1970):
Powell and Blanchard (1976) huve noticed the same of fect in e lechnug
apple tree leaves sampled in the aftemoon.  Wilsen ot al (19791 vy
deficiency i the estimations of the relations of tistue witer reliations on
pastares during hydratation periods shorter than 8 hours. However, it is
important to consider the effect of latex in cassava, which flows when the
branch is cut, duc to the positive pressure on the vessles (Lsaua, 1975);

i

(The et al 1978} and thus selidifying the cut surface, covering the ol

vassels, and aveilding vehvdratat ien.
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WATER RELATIONS ON UN-3TRESSED LEAVES

The curves that relate the balancing pressure with the relialive water

content in the tissue and their deflections on un-stressed leaves ave pre-

sented on figures 3A and 3B, for M Col 22 and M Mox 59 respectively,

The two curves present an inflection point in the region of 0,04 “ !

hars
where the lirear part of the reiation begins. By the extrapolation of this |

near relationship to the ordinate, Uel®? at full turger is obtained, while
the extrapolation of the

abscissa gives the water fraction of the co!l wall

(0 wall). Calculated values

from these two estimations in the ficld amd the

Laborator are shown on Table 1.

Crdirect determination in the Dield, the vsmotic poLont 1o

at full turgor (2 %%) ) showed o difTefonce of 1.7 bars hetwe

rictics, the lower values of 12, corresponding to M (ol 22. On

g
L.t

hand, estimated values for water [raction on the cellular wall and the dry
3

weight relations and turgid weight for the leaves (DWL/DTL) are also vers

similar,

relative vwater contents at incipient plasmolisis (¢

both varietics (y «2h havs), but they are also relatively high §r

comparad with the values reportad by Guardner and Ehlig (1965) for of

cies (0 o = J.60). Duta indicates that excluding the original osmot ic

ili)'

tential, estizations in the [ield do not show large differences among the o

Wi

un-stressed varicties caused by drought, even though there exists o tendeney

of Tower values from M <ol 22, Although the two varieties prow tewder ti

me conditions, the tendency of M Col 22 to present a lower original oar

Py
L K

¢ o) were the same for
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potential, reflects a genotypic difference. It is expected, . theorically,
that the cellular elongation should not persist under water stress conditions,

(Cleland, 1971) on cells with under ¢y'°°,

Laboratory determined values shown en Table 1 were not taken hecause in
their estinmation, the pressure-volume technique was substantially medified

with the time of collecting day and the lenght of hydration periad.
WATER RELATIONS ON STRESSED LEAVES

Curves relating the balancing pressure with the relative water content
in the tissue of drought stressed lecaves in both M Col 22 and M Mex 59, ave

shown on
At

»

figures 4A and 4R rcspcctivcly.\ The shape and trends of the curves

B PRI S Y, et N N R e P
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are similar to those shown before on un-stressed leaves. Osmotic potentials

l1o0¢

of the cells at full turgor . , are similar for both stressed varietics, in

a range of -14.2 and -14.6 bars, but were 3.9 and 1.8 bhars lower than the csmo-
10 e

tic. poteatials g= of the un-stressed leaves of M Mex 59 and M- Col 22, The

values for the water fraction on the wall cell. (6 wall), for stressed leaves,

raised 5% for M Mex 59 and 1.0% for M Col 22, with respect to un-siressed lea-
ves, The same occurrad in the values of the relation bhetween dry weipht and
turgld weight (DWL/TWY.  On stressed leaves the increment for both vaviet res
was 0.01. At incipient plasmolysis the water fractions on the cellular wilj
(8 wall) were ecqual for stressed and un-stressed leaves of M Mex 59, however

the incipicent plasmolysis took place at higher water contents in the wall

(0 o) for M Col 22.

Stressed Jeaves of M Mex 59 and M Col 22 had a tendency to veach a lower

osmotic potential ¢.'%% with a lower reduction of relative water content,
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than for wn-stressed leaves. This tendency is more remarkable on M Mox 59
and sugpests tant when the soil drics it establishes a potent ol vradion: he
tween soil water in the Teaf. This ability scems to confer vertain g s

tive value to M Mex 59 grown under water stress conditions over M o)l 22 duy

ing the growing period.

The minimun ncrease of water content in the cellular wal) [fo el 1 dop
stressed M Col 22 leaves correlates well with the blight and dought sensiti-
vity observed in the leaves during the later wecks of stress. Garl and Carr
(1961), sugpest that low values of water content on the cell wall -+ wall)
during adverse conditions, ‘indicute a drying up of the wull and subsequent
water absorbtion from the most available site. If the water content on the
cell wall (0 woll) works as a regulator of the water loss from the protoplast
it may be suggested that the maximum estimated volue of the stressed leaves

of M Mex 59 (70% approx.) function in the same way during drought stress.

The lack of considerable differences between the values of the relation
between dry weight and turgid weight for the strcsnvd dnd UH-QIIC"‘(J ]v'\c
et st g
of M Mex 59 and M Col 22, - aggest that the amount of water in the LU]l wills
is closely reluted to the different proportions or the micionolecul e (hemi -
celluloses and pectic substances), rather than the thickness of cell wall

(Ladiges, 19758),

1 = .
v 0P "o shows that M Mex 59 prescent  lower vaiaes

The differences
than M Coi 22 under nomal water conditions, which indicate & inighor rigndity
in the celluiar walils of M Mex 9. However, in water stress condil o,

M Mex 58 showed hicker vatues, which indicate a higher Flesihility ot g

walls, more than M Cel 22, This condition of Keepiog an addequate Wl Ulexi-
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bility at nigher water deficits secms to have certain adaptative value for

species which grow well under dry coridition's (Cheuhg 'c‘t al 1975). Additional
estimations conducted 15 days after the L.nd of the dry period (Fig. 5a and {

5b) showed that the osmotic potcntmls of the cells at full tur gor returned

. relutively fast to the lcvels of un-stré‘ss}ed lea\_'e_s, in a rccovery range of
3.3 and 3.9 bars for M Mex 59 and M Col 22 The téndcncy of M'Col 22 to recach
osmotic potentials with less increase of Lﬁe 1'élati1'e water content suggests

a better ability to recover compared to M Mex 59 plants. As a contrast to

the estimates of osmotic potential v,';“‘”, M Mex 58 recached lower levels of

the water fraction in the cell wall (6 wall) faster than M Col 22.

The lowest and slowest decreases of water content in the cell wall were

in M Col 22 (3.5%) rather than M Mex 59 (3G.), suggesting that the repulator
! capacity of the cell wall in M Col 22 muy be an indicative factor of tough-
ness or acclimatization to drought, which is due te the highor increase in

the hemicellulose and pectic substances production (Gaff and Cary, 1001).

P, This dcclumtlzatmn factor correlates well w1th the low values of the y,'?°
L
- wp estimated for M Col 22, durmg both st.ress am] recovery cycle, which in- 11

dicate more cell wall rigidity.

The values of the elastic wodule on the cellular wall (£) which were :
RWC - P\\"‘

p !{“r 0
1975), showed that the values are higher in M Col 22 than in M Mex 49

obtained for each leaf by using the ¢, = €

) equation (Ladiges
, for
stressed as well as for un-stressed leaves., lHowever, there are no signifi-
cant differences between the values for stressed and un-stressed leaves of
the two varietirs., The values calculated during the recovery period did not

show any dilferences for M Mex 59, but the values were significantly lower
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for M Col 22. The data indicates a higher intra-varictal variation rather

than a variation between the two varictics, although M Col 22 leaves tended

towards higher ¢ levels. The clastic module of the cell wall may be a limit-

ed chavacteristic in limited intra-varictal studies, due to a variation he-
tween the leaves or branches used, The precise values of ¢ and n may he af-
fected by error sources such as the equilibrium pressure which could only be
read around + 5 bars and the RNC percentage which makes an cxact determina-

tion difficult.
Estimations of osmotic potential at full turgor ¢,'%% fraction of wa
«er 12 the cell wall (8 wall) and relative water content, RWC at 40 bars in

stressed Teaves, nen-stressad leaves, and leaves in recovery [rom drouehi

stress, bLidicate thut the ability of the leaves in both of the variet ies « Li-

died is more associated with the recovery of folinr area disminished unler

stress conditions,

P
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Table 1.- Values of the osmotic potential {(,'°°) of cells at or neur .ull

turgor, fraction of the total water content residing in the wall

(h will) und \nc bulk rmdulgs of cldstlcjt\ (L ) ef stressed, un-
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Values of osmotic potential (¢,'%°) of cells at or near fuil turgor, fraction of the total -«

water centent residing in the wall {2 wall) and the bulk modulog elasticity (£ ) of stressed,

un-stressod and stressed-recover leaves of cassava.

wp © ¢ total IWL/TWL

Lab. : 3 i 2 -32.4 .28

Field . & 8215 - . ..=23.6
Recov. - | [ ' 5% -- . =281

ab o ST 52 .60 c17.3 8.5

. Field. - 4. . _ " i <2 -32-6
Recex- 3 AT E 05416, T 2.

5 23,0 580

-27.4
~-23.0

-24.6

-30.9
-23.4
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Fig. 1. Derivation of physical parameters from the relation between rola-

live water content in percent (RWC) and the reciprocal ui totul

water potential (1/y) and pressure potentiai (op}.

Fig. 2A - Degencration of the linear phase as observed in some stressed lea-

2B ves of (A) M. MEX S9 and (B) M. COL 22.

Fig. 3A - Relation between inverse balancing pressure and tissue rclative

3B water content for leaves of A(A_) M COL 22 and (B) M Mix 59.

Fig. 4A - Relation between inverse balancing pressure and tissue rclutive wa-
ter content for stressed cassava leaves of (A) M COL 22 and (B)

M MEX 59,

Fig. 5A - Relation between inverse balancing pressure and tissue relative wa-
SB - ter content for stressed-recovery cassava leaves of (A) M COL 22

and (B) M MEX 59.
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FIG. SA

Relacién de presion de bulonce y contenido relativo de ogua en telidos de hojas de M Col 22,

dos semanas después de terminarse el ciclo de stress.
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FIG. 58
Relacidn de presion de balance y contenido relotivo de agua en tejidas de hojas de M Mex 59,
dos semanas después de lerminarse el ciclo de stress,




