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Comparison of indices of plant water status in two
(Celosia argentea L. and Amaranthus dubius Mart.
ex Thell) tropical leaf vegetables.

Hesumen. Se estudio a relacion entre los indices de con-
tenido de humedad foliar concceida como contenido de hume-
dad relativa (RWC}, potencial osmotico, potencial dg hume-
dad foliar v ia resistencia a la difusidn de vapor de aguaen la
hoja {LDR) . Las comparaciones entre (ndices se hicieron en-
tre A dubius y C. argentea creciendo la humedad de campo
{lujuria) y humedad restringida {inadecuada).

t as relaciones fueron diferentes entre hejas jovenss {supe-
riores} v maduras (inferiores} y entre las dos hortalizas cre-
ciendo a diferentes contenide de humedad,

El potencial de humedad foliar en fas hojas jovenas es
menor gue en las maduras de A. dubius, proceso inverso
cuando la planta crece con poca sgua. Las hojas de C. argen-
tea presentan un comportamients similar, cuando crecen a
capacidad de campo, incrementando significativamente en ias
hojas iovenes baio humedad restringida Por cada unidad de
descenso en el RWC en ambas especies, A. dubius sufrid una
pérdida mayor en #l potencial de humedad foliar que C ar-
gentea

Para un vaior dado de RWC, e LDR en plantas creciendo
a humedad de campo mostrd ligeros aumentos en A dubius y
ninguna en . argentea tanto en heojas jdvenes como maduras
El L.DR fue mayor en lss hojas jdvenes de ambas especies
sometidas g déficit de humedad.

Several researchers (5, 6, 7, 8, 12, 13), have
studied the effect of plant water status on physio-
logical processes. Four indices of water stalus are
often used: leal relative water content (RWC), sap
osmotic potential (7}, leaf tissue water potential {\),
and leaf water vapour diffusion resistance (LDR}.

Shepherd (6, 7, 8). reported that the relationships
between the indices and transpiration are not simple.
However, it is worthwhile trying to elucidate the rela-
tionships because of their relevance to study of water
movement in plants, plant growth analysis and
modeiling, and resistance to drought.

This paper compares the response of two tropical
leaf vegetables. Amaranthus dubins and Celosia ar-
genteq, grown under conditions of field capacity and
at fimited water supply. The comparisons of relation-
ships between the indices are made within and
between the plant species.

Material and methods

Seeds of 4 dubins and C argenteq were sown in
sandy clay loam soil (20 6% clay) at the University of
Ife Agricultural Farm. lle-lle

The indices of plant water status considered sre:

— leaf relative water content (RWC), which is the
moisture content as a percentage of the fully satu-
rated moisture content, was estimated according to
Barrs (1 ):

sap osmotic potential and leaf tfissue water
potential were determined using a simple termo-
couple psychrometer as described by Shepherd {8):
and

~ Jeaf water vapour diffusion resistance (LDR)
was measured between 0900-1600 hours on young
{upper) and old {lower) leaves attached to the parent
plant, using an aspirated diffusion prometer as
described by Byme et al (2)

The first three indices were determined at 0%00
and 1200 hours each day: and at two other times on
three days per week on detached leaves Fach deter-
mination was carried cut on young (upper) and old
{lower) leaves, excluding damaged and senescent
ones

The experimental period for both species extended
from the first week to the tenth week after germina-
tion, when the plants were harvested

The two species were supplied with water at two
leveis. The treatments were imposed on two replicates
of each species. One replicate of each species was
watered so that the soii was approximately kept at
field capacity, which will be referred to as ‘huxury’
plants. The other replicate was supplied water at one
week intervals, resulting in frequent wilting, which
will be referred to as ‘inadequate’ plants
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Linear regression analysis was used in {itting
straight line relationships, and curves were fitted by
inspection since this paper is concerned with their
relative locations rather than with their shapes.

Results

The relationships of RWC to sap osmotic potential
and leaf water potential

For a given RWC in A. dubius, osmotic potentiai
was significantly lower for young than for old leaves
of the luxury plants (P < 0.01) with means -25 and
-19 bars respectively. The difference was not signi-
ficant in the inadequate plants, although the osmotic
potential was slightly lower for younger leaves than
for older leaves. The corresponding leaf water poten-
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tial values (Figures la and 1b) were significantly
lower in young leaves than in old ones in the luxury
plants (P < 0.01), whereas the reverse is true for the
inadequate.

The osmotic potential of C argentea young leaves
at all times was generally about 1 bars lower in the
old leaves for both the luxury plants (P < 0.01) and
the inadequate plants (P < 0.01). The corresponding
values of leaf water potential (Figures lc and 1d)
were similar for the young and old leaves of the
luxury plants, whereas in the inadequate plants the
values were significantly higher (P < 0.01) for young
leaves as compared to oid leaves. As with 4 dubius
plants, reversal of the relationships of osmotic poten-
tial and leaf water potential to RWC was greater for
the inadequate than for the luxury plants
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The relationships of RWC to leaf water vapour
diffusion resistance (LDR)

In the luxury 4. dubius plants, at a given RWC, the
LDR of the young leaves was less than for the old
leaves (P < 0.01), whereas in the inadeguate plants,
LDR was greater for the young leaves (Figures 2a and
2b).

In O argenrea at a given level of RWC, the values
of LDR for young and old leaves were similar in the
Juxury and inadequate plants, but the LDR was
greater for young than for old leaves ol the in-
adequate plants (Figures 2¢ and 2d).

Discussion

Although the water potential of a cell at a given
transpiration rate is directly determined outside its
boundaries (by upstream resistances) each cell does
directly determine its corresponding turgor pressure
through the concentration of the free solution in its
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vacuole and cyloplasm Movement of water within
plant tissues is normally along gradients of decreasing
leaf water potential. Therelore, since transpiration is
mainly from the more exposed parts of the plants.
jower leaf water potential might be expected in the
younger leaves. In the ‘luxury’ C argentes plants
{(Figure lc). there was no difference between the leal
waler potential of young and old leaves for u given
RWC, whereas in the luxury A dubitey plants (Figure
1a), the leaf water potential was lower in young
leaves than in old ones lor a given RWC. On the other
hand, in the inadequate A dubivs and C argentea
plants. a decrease in leaf water potential from old to
young leaves oceurred only if the RWC of the young
leaves was appreciably lower than that of the oid
leaves (Figures 1b and 1d). Thus the requirement for
lower RWC of young (upper) leaves to easure the
gradient of leal water potential necessary for transpi-
ration, appeared to be more stringent in inzdequate
plants. In Figure 2a and b, smaller values of LDR
were observed in young (upper) than in lower {old)
leaves at corresponding RWC, inluxury A. diehius but
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rantus dubius: (¢) and (d) Celosia argentea
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not in inadequate A dubius Similarly, with the in-
adequate C argenrea the young leaves had higher
IDR values thun the old ones at the same RWC.
although this effect might only be sufficient to
nullify the generally smaller LDR of the old leaves of
the inadequate C argenrea, compared with the luxury
plants (Figures 2e and d)

Per unit decrease of RWC in the two species, 4.
dubius recorded greater decrease of leaf water poten-
tial than ¢ wgentea plants (Figure 1} Several re-
searchers (3.4, 9, 11, 12, 13) have claimed that larger
decreases of feafl water potential per unit decrease of
RWC. asobserved in 4 dubius and ¢ argenten, confer
drought resistance. Warren Wilson (10}, Wenkert ef af
(13) and Wenkert {12) suggested that the loss of cell
wall elasticity, which could promote this relationship,
is likely to result from drought conditions. Wenkert
{I2) went further to suggest that water loss in
canjunction with an increase in replacement of water
volume with insoluble compounds could lead to large
changes in leal water potentia! without changes in the
clastic modulus and total volume of the ceil And
that, this may be the mechanism for the decreased
leal water potentinl as per unit decrease in RWC in
stressed plants Such drought-tolerance has significant
phiysiotogical and agronomic consequences, During
crop production, and in plant-nursery practice, it may
resutt either from inavoidable or from intentionally
imposed water stress. During crop production in the
tropics this situation may arise as a result of prolong
dry season The present study shows little change of
the generul RWC- feal water potential of each species
as a result of inadequate water supply Also in both
species, physiological process was affected indirectly
by sudden closing of stomata at RWC gregter than
974 in the inadequate plants

Also in this study, it was observed that the
vsmotic potential of € agentes young leaves at all
times was generally sbout 2 bars lower than in the old
leaves far both luxwry and inadequate plants: and the
corresponding leal water potential was similar for
the young and old leaves of the luxury plants but
higher for young leaves of the inadequate plants
(Figures 1c and 1d). Shepherd (8) noted that the
difference in this relationship for osmotic potentiat
and leal” water potential is due to the ability of the
more elastic cells of the young leaves to sustain wall
pressure as RWC decreases. With the luxury ¢ mrgen-
fea plants in this experiment. it appears that the con-
traction or stiffening of cell wall in the oid leaves was
only enough to nuliify but not to reverse, the effect
of osmotic potential difference in the two leaf
regions

It is observed in this study, as was noted by
Shepherd (9). Cutler and Rains (3)., Wenkert er al

(13). Wenkert (12), that the refationships betwaen
RWC and both leaf water potential and LDR suggest
that plants raised with insufficient or limited water
supply developed in ways that tend to restrict transpi-
ration during subsequent dry or drought periods.

Summary

The relationships between four indices of water
status of plants-relative water content (RWC), sap
osmotic potential, leal tissue water potential and leafl
water vapour diffusion resistance (LDR), were consi-
dered between and within A, dubius and C argentea
at field capacity (luxury} and at limited water supply
(inadequate).

The relationships were different for young (upper)
and old (lower) leaves of plants, and for different leaf
vegetabies grown under various water treatments.

The leaf water potentiai is lower for young than
old leaves of luxury A dubius plants, whereas the
reverse is true for inadequate plants. That of € argen-
rea was similar for young and old leaves of the luxury
plants and sigrificantly increased for young leaves of
the inadequate plants Per unit decrease of RWC in
the two species, A dubius recorded greater decrease
of leal water potential than C argentea

For a given RWC, the LDR of luxury plants,
showed small increases in 4 dubius and no difference
in C argentea from old to young leaves. The LDR of
inadequate plants was greater for the young leaves in
both species

The possible rclevance of these relationships to
drought resistance is bricfly considered

December 9, 1983

F O, ADEDEJ*

*  Department of Botany, University of Ife, Ile-lfe, Nigeria

Literature cited

I. BARRS, H D Determination of water deficits in
plant tissues. Water Deficits and Plant
Growth, Vol. [ ed T. T Kozlowski
Academic Press, New York. pp. 235-379.
1968

3

- BYRNE. G F., ROSE, C W.and SLATYER. R
0. Agricultural Meteorclogy. 7:39-44 1970

3. CUTLER, }. M. AND JARVIS. M. 8 Physiology
Plantarun. 42:261-268 1978,



COMUNICACION 391

4. JARVIS. P. G. and JARVIS, M. 5. Physiology
Plantarun. 16:501-316 1963

5. KOZLOWSKI. T. T. Water Deficits and Plant
Growth, Vols I Academic Press, New
York. 1968,

6. SHEPHERD, W. Water Resources Res.
8:1092-1 095, 1972

7. SHEPHERD, W Agricultural Meteorology
11:213-222.1973a.

8. SHEPHERD, W. lournal of Experiments] Botany
24:1 003-1 013 1973h.

9. SHEPHERD, W. Journal of Applied Ecology.
13:205-209. 1976,

10, WARREN WILSON, Journul Aust. J. Biology
Sci. 20:349-357. 1967.

It WEATHERLEY, P E and SLATYER, R O.
Nature, London 179-1 085. 1957

12, WENKERT. W. Environmental Experimental
Botany 21:231. 1981

13, WENKERT, W, LEMON. E. R and SINCLAIR,
T R Annals of Botany 42:295.307. 1978,

Changes in the hormonal balance during seedling
growth under salt stress in pigeon pea (Ciujarus
cafan, L.).

Resumen. Se estudid la variacion del nivel de reguiadores
del erecimiento en los primeros estadios de crecimiento de
plantulas de C cajan. bajo concentraciones ispidnicas de Na
Cl y Na, S0, Ambas sales redujeron inicialmente et nivel de
los promotores del crecimients, con un sumento simuitines
en inhibidores del tipo ABA . Posteriormente se observé un
incrermento gradual en sustancias del tipo de fa giberalina y la
citoquinina y una reduccitn en sustancias del tipo ABA con
el crecimiento de las piantulas, ias cuales maostraron una recu-
peracion en los perfodos posteriores. Sin embargo, la inhibi-
cién se perpetud durante todo el estudiao. con un efecta més
marcade del Na, SO, gue del Na Ci

Salinity affect plant growth and influence several
facets of plant metabolism. Several reports indicate
changes in the levels of endogenous growth regulators

under stress conditions. Ramana (11) observed
measurable reduction in gibberellin activity under
saline conditions in groundnut, and a reduced cyto-
kinin activity in root exudate was observed when
plants were subjected to water delicits (4) or to salt
stress {5,9). Increased levels of ABA were reported to
accumulate under water stress (8) Most of the earlier
studies indicate that changes in hormonal balance
during saline conditions depend more on the {otal
concentration of soluble salts than on specific ions
{7). Nevertheless this by no means rules out the possi-
bility of a direct effect of salt on hormone levels (6).

The effect of salinity on plants varies depending
on the phase of development. There is a lack of gener-
al relationship between the relative salt effect on ger-
minztior and later phases of seedling growth. Studies
onr the influence of specific ions on the hormonal
balance during a period of growth are scanty. Hence
the present investigation is designed to study the
effect of isotonic concentrations of NaCl and
Nz, SO, salis on initial and subsequent changes in the
endogenous levels of growth regulators during carly
seedling growth in pipeon pea {Cajenus cajan 1),

Material and methods

Plan Material: Healthy sceds of pigeon pea
{Cajanus cajan 1) were surface sterilized with 0.1%
HgCly for 2-3 min and thoroughly washed with dis-
tilled water. Petridishes containing the seeds were
lined with filterpaper and were divided into three
sets. The first two sets were separately treated with
iso-tonic solutions of NaCl and Na, 80, (2.9 atmo-
spheric pressure) and the third set which served as
control, received distilled water. Five replicate
samples were maintained for each treatment. Fifty
germinated seeds were allowed to grow at 19 + 2°C
in cach petridish, The salt solutions were renewed
daily to prevent cevaporation losses and contaming-
tion. The endogenous levels of gibberellin and cyto-
kinin-like substances and ABA-like inhibitors and
growth patterns relating to fresh and dry weights and
root and shoot lengths were determined in zero-, 3-,
6-, and 9- day old seedlings.

Extraction and purification

Growth regulators were extracted and chromato-
graphed according to the method of Rudnicki and
Nowak (14}, Filty grams of plant material (whole of
seedling) were homogenized in 200 ml of 80% (v/v)
methanol. The water residuce was acidified to pH 2.5
and extracted with ethyl acetate. The combined ethyl
acetale extracts were washed with 4% {(w/v) sodium
bicarbonate. The bicarbonate phase was readjusted to
pH 2.5 and apgain extracted with cthyl acetate. The
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