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Abstract

T effects of water stress on growth and water relations of Kenaf (Hibiscus cannabinus L. were investigaeed  The
plakis were grown on a loose-textured sandy soil in the greenhouse at CERAAS., Bambey. Senegal. Three watering
regimes representing well watered control. moderate stress and severe stress were imposed on the plants. Bach
wiluring treatment was replicated four times in a completely randomized design. Soil moisture styoss significantly
retarded vegetative growth as analysed by plant height, collar diameter growth. leaf development. brunching.
flowerng. and biomass accumulation. Water stress had no effects on biomass allocation. in terms of root-shoo: and
bark - wood ratios. Kena! tried to avoid drought by leaf rolling and stomatal closure. The water poieanal {i, b went
as low as - 2,53 MPa under severe stress. and - 0.50 MPa was bracketed as the most critical #.,. belosy which
stonaatal condactance and transpiration ceased and leaf-air temperature differential became positive. = 199% Thovier
Science B.V. Al rights reserved.

Kevieords: Growth: Hibrseus cannabinus: Kenaf: Water-deficit; Water relations

1. Iatroduction and high yielding pulp is casily obwained (Clark

et al., 1962). It is also an important source of

Kenal (Hibiscus  cannabinus, 1) is a herba- textile fibres for the manufacture of 1wines,

ceons annual and a source of raw material for ropes, burlap bags and carpet backings wsing

pulps and paper production. It is fast-growing, traditional retting ponds in Afria, Asa and

Latin America (Wilson et al.. 1965; Boulanger.

*Coresponding author - baxs - 220 TI6I9T. - email: 1990). The plant tops. when grouad, have high

hwalciedsonatel senet.nel . o digestibility and can be used as feed for catile
Fresent address: Plant Feology Unit. School of Biological e ) )

Scienes, Abi State Univer-iny. PMB 2000, Uturu. Abia State,  @nd sheep (Killinger. 1969; Swingle et ai. 1978

Nige 1 Hays. 1989).
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Kenaf is being introduced into arid regions
(Francois et a., 1992), and is increasiugly being
grown in other dry, light-textured, marginal soils
with the probability of water deficits developing
during growth. The adverse effects of water deficit
on growth and metabolism arc well known. Water
deficits affect many plant specics, and drought
stress is an important factor limiting crop produc-
tion even in the rainy season for soils in  the humid
and sub-humid tropics. The high incidence of
drought stress may be attributed to a number of
causes, such as erratic rainfall distribution, high
evaporation rate, and shallow rooting (Enu-Kwes
et d., 1986).

In general. as water defcit increases in the sail,
leaf water potential declines, leading to stomatal
closure, decline in CO, uptake and limitations in
photosynthetic activities, wilting. and tlramatic
impairment of many metabolic functions (Kramer,
1983). Prolonged drought leads to retarded
growth, reduced yield, and may cause death.

However, kenaf has been shown to respond in a
manner that is typica of a moderately salt tolerant
non-halophyte (Curtis and Lauchli, 1985, 1986;
Francois et d., 1992). There has been some debate
as to whether kenaf avoids, tolerates or escapes
drought. The present study was undertaken not
only to characterize, but aso to quantify the
whole growth response of kenaf to water deficit on
a sandy soil.

2. Materials and methods
2.1. Seed collection

Certified seeds of Kenaf ( Hibiscus cannabinus
L.) were obtained from the Obafemi Awolowo
University, Institute of Agricultural Research,
Moore Plantation, Ibadan, Nigeria Cuba 108
cultivar was used on the basis of its high bark
wood core ratio (Webber, 1993), since the harvest
index for this experiment was the bast fibre.

2.2. Growth conditions

Sandy soil was used a3 the potting medium. The
chardcteristics of the soil werc previously de-

scribed by Annerose { 1990). The soif was sun-dried
and undccomposcd plant materials were removed
by sieving. Twenty-eight kilograms of soil was
packed in plastic pots (height, 40 cm; diameter. 25
cm) with drainage holes at the bottom, to a bulk
density of 1.5852 g cm  *. Ten kenaf seeds were
planted a 05 cm depth and the resulting seedlings

were later thinned down to one plant per pot at
two-leaf stage. to obtain plants with uniform
growth vigour. To remove nutrient deficiency as a
limiting factor. the plants were fertilized at the
beginning of thc experiment and 2 months later
with compound N.P.K. (15-10-1 5) fertilizer at the
rate of 3.0 g/plant, eyuivalent to 200 kg/ha of
70000 stands (White et al.. 1970). The pots were
placed in a grecnhousc at CERAAS. Rambey.
Senegal (latitude 14°.42'N and longitude
16°.28'W). At midday, the maximum temperature
was 35.5 + 0.95°C; relative humidity was 46.25 +

2.27%, while Photosynthetic Photon Hux Density
(PPFD) was 690.55 + 175.44 gmol s ' m -,

2.3. Soil moisture treatment

Two weeks after germination (at the four-leaf
stage), the {oflowing treatments were imposed:

1. Control (W1) soil water was maintained at
field capacity by daly watcring. The daily
water requirements Of thc plants were deter-
mined as the difference between the weight of
afully irrigated pot and the weight of the pot
24 h later, after the day’s evapotranspiration.
This determination was done weekly to take
care of changing water demands of the plants
with age.

2. Moderate stress (W2) the plants were wa-
tered to field capacity at 3-week intervals.

3. Severe stress (W3) thc plants were watered
t o ficld capacity at 4-week intervals. The
choice Of these watering regimes was based on
the duration of short-term drought usually
experienced hy this crop in the field.

2.4. Experimental design and statistical analysis

The experimental design was a completely ran-
domizcd one with three watering treatments repli-
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cale d four times to give 4 total of 12 experimental
unics. Each experimental unit wys composcd of
nin. pots, is destructive measurements Were con-
ducied on some pots during thc course of the
experiment. The experimental layout was sur-
rounded with u single row of border plants to
pratect the experimental plants trom external infl-
ucnices. Data collected were subjected to analysis
of v ariance and Duncan’s multiple range test was
used i partitioning thc means. SAS/STAT statis-
tica! software was used for data analysis. The age
effect was considered as a repeated effect. and
repeated  measurement analysis was  conducted
with Proc GLM to test the effects of watering on
the w hole plant growth cycle.

2.5 Measurenients

2.3 1 Physiclogical measurements

23 1.1 Growth. Height growth was measured
weckly with the aid of a meter rule from the base
of the stem at the soil level to the terminal bud of

the main stem Root-collar diameter Was mea-
sured at the collar with g calliper gauge
(FACOM. §13A) to thc nearest 0.001 mm. Dry
mat ter production was obtained by carefully up-
rooting the seedlings from the pot. Each plant
was separated into roots. leaves. bark. wood core
and the floral parts when available. The bark was
seprated from the central wood core by pedling.

The total weight of the stalk (bark and the wood),
the shoot and the total plant matter were also
obt vned. The plants were oven-dried at 88°C
unt:l constant weights were ohtained. The dry

weight of each component was determined to the
nearest 0.01 g on a top-loading meter balance
(Mettler P-120). Leal area was measured with a
leal area meter (model MK2, AT Area Meter
Dev ices. UK). The ieal’ area ratio (LAR) was
obt.ined us the ratio of total area of leaf to whole

plant dry weight. Root shoot ratio was obtained
as 1 he ratio of the dry weight of root to thc dry

wetsht of the shoot, while bark wood ratio was
obtined as the ratio of the dry weight of the bark

to he dry weight of the wood. These measure-
ments were made every 2 wecks starting from the
date of the application of thc treatments.

2.5.1.2. Plant water relations. All water wolavons
measurements were made on the fullv expanded
leaf at the fifth node from the apex Transpir wion
rate. ambient air temperature. leal tempera: ures.
and leaf conductance were measured using
steady state porometer (Model LI- | 600, 1.ICOR
Lincoln, Nebraska). Total water potential { y,,
was determined in the greenhouse asing Scholan-
der pressure chamber (Model 3000, Plant Wate
Status Console, Santa Barbara. CA 1 All measure.
ments were made weekly betucen | [:00 34 h

Leaf relative water content (LRWC s wis deter-
mined gravimetricaly on a leaf” disc and caleu-
lated from  the following  relatonship
[(Wiiesh = War) /AW igegia - W )] X 100, w here
Wi 1S the weight of freshly harvested sample.
Wureia 1S the turgid weight after flouting the sam.
ple for 4 h in water, and i, is the oven-dry
(85°C for 24 h) weight of the sumple tJensen.
1989). The same leaf was sampled for ali the
water relations measurements.

2.5.2. Soil moisture measurements

Gravimetric measurements Of sol moisture
content were taken at weekly intervals after mea-
suring the plant water Stress parameters. Soit
moisture content was determined at four depth
intervals, 0 7, 7 13. 14 - 21. und 2 {28 cm The
gravimetric soil water contenta weie obtained as
(Wi = War)/ Wy )] where Wy o s the fresh
weight of soil sample, and Wy, is the oven-dry
weight. These were converted to volumeiric soii
water contents by multiplying with the bulk den-
sty. 15852 g cm * of the potted soil. The aver
age volumetric moisture content of the iour soi
levels was then obtained.

3. Results

3.1 Physical growth

The effect of water stress on height oliar
diameter growth. leaf area, number of br anches
leaves and flowers are shown in Fig. | Water
deficit reduced the cumulative heighi grow:l of
kenaf plants when compared with + he <ontrol
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Kenaf plants under continuous irrigation vigor-
oudy increased plant height from the beginning of
the experiment to its termination at the 10th
week. Height increased dowly with the plants
under stress, and severe stress had the most  detri-
mental effect on height increases (Fig. 1A). At the
end of the growth period, the control had attained
a mean height of 2.47 m, moderate stress 1.3 1 m
and severe stress 0.94 m. Moderate stress there-
fore reduced height by 47% and severe stress by
62% of the control.

Collar diameter growth was significantly re-
tarded by water stress. Moderatc stress reduced
growth by 32% and the plants attained a radia
diameter of 1.3 cm. while severely stressed plants
were retarded by 45% having attained a basal
diameter growth of 1.05 cm when compared with
1.94 cm growth recorded with thc control at the
end of the experimental period (Fig. 1 B).
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Fig. 1. Mean plant height. root-collar diameter. leal atea,
number of primary leaves, branches and flowers of kenaf
under water stress. Within age, means followed by thc same
letter are not significantly different according to Duncan’s
multiple range test. W2 was watered at the 5th and 8th weeks.
and W3 at the 6th week.

Leaf area growth (Fig. 1C) nnd primary leaf
production (Fig. 1 E)werc equally affccted by
water st ress. Primary Icaf number production
sowed down at the 7th week of growthi.e. during
flowering. while that of the lcuf area growth
sowed after thc 4th week. Moderate stress re-
duced primary leaf number by 43" and leaf arca
by 55%. whereas severe stress affected primary
leaf initiation and lea f area development by a 66%
and 82% reduction. respectively.

Branching did not commence until about the
6th week. and thesc were profuse in the control
plants before flowering, after which all the axillary
buds were converted to flower buds. Moderate
stress drastically reduced branching by 75% while
severe stress completely inhibitetl it (Fig. 1 E).
Flowering in all the treatments started at the 7th
week of growth, and was adversely affected by
moderate and severe stress by 72 and 85% respec-
tively. The flower buds that were formed before
the onset of stress withered and dehisced. How-
ever, flower production recommenced whenever
the plants were relieved of dress (Fig. 1 F).

Fig. 2 shows the effects of the treatments on the
number of nodes and the length of internodes at
the end of the experimental period. With node
numbers of 41 and 27, moderate and Severe stress
reduced node initiation by 28 and 53% respec-
tively, when compared with 57 nodcs produced by
the adequately watered control. Internode length
decreased with age in all the treatments. The
effect of stress on the internode length for W2 and
W3 were similar until about the 15th node when
moderately stressed plants started branching due
to earlier release of stress. The severe stress on the
other hand continued a downward decline. The
first flower buds were formed on the 29th nodes
of the control and the moderatcly stressed plants.
while that of the severely stressed plants were on
the 25th node. In the well watered control, long
internodes alternated with short internodes more
vigoroudly after the commencement of flowering.

3.2, Biomass accumulation
Biomass accumulation (Fig. 3) was also signifi-

cantly affected by water stress. Leaf and root dry
matter productions were highest after the 4th
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week of growth in the controel plants. The differ-
ence between the moderate siress and the severe
stress responses were not significant. The pattern
ot yrowth in bark. wood. stalk, shoot and the
overall plant production were similar. With re-
spect to the control, there were steep increases in
biomass accumulation after the 6th week of
arowth. At the end of the experimental period,
maderate stress reduced dry matter production of
the feall rooi bark. wood, stalk, shoot and total
biomass (Fig. 4A) by 74%, and severe stress by
86"

33 Biomasy aflocation

Root- shoot ratio (Fig. 4B) and bark- wood
vall generally decreased with increase in age. and
the steepest decline was at the 4th week of
growth, Wuter stress had no effects on root -
shoot ratio and bark wood ratio (Fig. 4B.D).
Lea avea ratic {(LAR) increased by the 4th week
hetore w downward decline (Fig. 4C). The stressed
plarts maintained relatevely higher LAR through-
out the experimental period.

3.4, Plant waier relations

3.1 Leaf gus exchange

Stomatal conductance declined with age in the
control treatment, and all the treatinents began a
drastic decline after the 4th week of growth All
the levels of stress brought stomatul conductance
to zero when watering was withheld, Upon yowa-
tering there were rapid increases in stemaial con-
ductance with a dramatic increase above the
control by the severely stressed plants (Frz SA).

Simitarty. transpiration rate fairly declinad with
maturity i n the well watered control plants. wier
an initial increase by the 4th week of g wih,
Among the sressed plants. there w.is a steep fall
in trangpirdtion rate after the 4th week. thit is
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Fig. 3. Effect of water stress on dry maiter accumslitiog of
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Fig. 4. Total dry matter accum ulation, root shoot ratio. leaf
area ratio and bark wood ratio ol kenaf as influenced hy
water stress. Within age, means followed by thc same letter are
not significantly different according to Duncan’s multiple
range test. WC was watered at the 5th and sth weeks, and w3
at the 6th week.

after only 2 weeks of stress. It reached 0.59 ug
cm ~*s ' for both stressed plants as compared to
14.25 ug cm %5 ! recorded with thc control at
the same period. Upon rehydration, transpiration
rate rose rapidly, and in severely stressed plants
transpiration went above the correspondiag con-
trol value, only to fall sharply soon afterwards
(Fig. 5B).

3.4.2. Water status and microclimate

LRWC* began to drop 2 weeks after the initial
withdrawal of watering, and moderate stress
LRWC rcached a value of 76% wfter 2 weeks of
stress, and in severely stressed plants 67% after 3
weeks of stress (Fig. SC). At the end of the
experimental period, the LRWC of thc moderate
and severe stress had dropped to 58.57% and
55. 10%. thereby representing 20.10% and 24.80%
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Fig. 5. Stomatal conductance, transpirition rate. LRWC and
water polential of kenaf as influenced by water stress. Within
age, means followed by the letter arc not significantly different
according to Duncan’s multiple range test. W2 was watered at
the 5th and 8th wceks. and W3 at the 6th week.
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redactions of the LRWC of the corresponding
control, respectively.

The leaf water potentials (i) during the drying
and recovery cvcles are show in Fig. 5D. The v,
m the control plants tairly decreased as the plants
age:d. while droughted plants began to show sharp
decrease in i, after 2 weeks of stress. Before the
first watering session at the 6th week. the severely
droughted plants had reached ., of — 1.21 MPa.
Upon rewatering, the recovery of ¢, of the leaves
was almost as rapid as the rate of drying, in that
. got very close to the control value of 0.4
MPa.

At the second watering session at the 8th week,
the o, of moderately droughted plants also
dropped sharply to - 1.91 MPa after 2 weeks of
stress. The severely stressed plants dropped drasti-
cally to — 1.76 MPa after only 1 week of stress,
these are when compured with — 0.58 MPa at-
taised by the adequately watered control at the
san:e period. At the =nd of the experimental pe-
riod. y, of — 1.01. - 1.84, and --2.53 MPa had
been attained by the adequately watered control,
moderatelv and. severely stressed plants, respec-
uvely, There was no significant difference in the
values obtained with the stressed plants.

Plant leaf -uir temperature differential in the
control increased with time up to the 5th week
before a gradual dechne thercafier. Similar results
were obtained with the plants under stress, except
alter watering  sessions when  they  sharply
dropped. As stress increased. the temperature of
the stressed plant increased above air temperature
and temperature differential became positive, in-
dicisting that the leaves were hotter than the air,
The leal -air temperature differential of the well
watered control remained negative indicating that
the leaves were cooler than the ambient air (Fig.
OA:

Average volumetric water content (cm™ g ') of
the experimental sotl obtained at 0-7, 7 14, 14-
21 and 21 28 om sodl depths are shown in Fig.
AB. The soil water content was high after the 6th
woek i the well watered control, corresponding
W the period of commencement of flowering.
Vohunpetric soil water content i the stressed pots
rensained  relatively Jow even after the periodic
watering.
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An exponential regression of stomatal conduc-
tance (Fig. 7A) indicated 1that stomats stirted
closing at — 0.5 MPa, and finally closed «v 16
MPa. Similarly. transpiration nac (g 7B
started declining steeply below D5 AP leal
waler potential, and eventually ceased belew -
1.0 MPa. A polynomial regression of eal  ai
temperature  differential o water  poteniiat
showed that leaf temperature would rise above air

temperature at about ., > - 115 MPya (Fig. 7C)
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4. Discussion

4.1. Growth

Stern development and elongation are the criti-
cal components of the growth process (Schulze
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Fig. 7. Regression of watcr potential on (A ) Stomatal conduc-
Lance of kenaf (the curve was litted with an exponential
regression equation); (B) transpiration rate (the curve was
fitied with an exponential regression equation) and (C) leal
air temperature differential (the curve was fitted by a three-
term polynomial).

and Matthcw, 1993). Physiologicw! efficiency of
any particular fibre spccies is manifested in the
increment of plant height and increase in basal
diametcr. These parameters Which result from
the respective activities of apical growth and in-
tercalary growth are generally considered de-
pendable yield components of a bast fibre crop.

Water deficit was obscrved to have signifi-
cantly reduced height and collar diameter growth
of kenaf, That drought reduces plant height and
vigour is well known. Thc alteration of these
growth parameters under watcr deficits are due
in part to the role of water in turgidity mainte-
nance necessary for cell enlargement (Kramer.
1983). Cell division also decreases with increased
water deficits, because cells apparently must at-
tain a certain size before they can divide (Doley
and Leyton. 1968). As therc is no direct method
for assessing the fibre yield from a standing crop.
plant height and basal diameter are considered as
the general guiding criteria for efficient produc-
tion of fibres in a particular species (Maiti and
Chakravarty, 1977). 1t can thcrefore be con-
cluded (hat drought affects the efficient produc-
tion of fibres in kenaf.

Leaf growth is the most sengitive of plant pro-
cesses to water deficits and is frequently inhibited
in field crops (Hsaio, 1973; Schulze and
Matthew. 1993). For a given location and
growth duration, the amount of light intercepted
is primarily dependent on leaf arca development,
and thcsc have been shown to be directly linked
to leaf turpor (Bunce, 1977: Wenkert et al..
1978). Water deficit adverscly affected the num-
ber of nodes and leaves produced in kenaf, leaf
dry matter and leal arca due to poor leaf expan-
sion and defoliation.

Kenaf usualy grows straight and unbranched
in dense Stands. In this experiment, branching
started at the 6th week of growth. However, it
stopped when flowcring fully commenced at the
8th weck. since all the axillary buds had become
flower buds. It was highly reduced by moderate
stress and completely inhibited by severe mois-
ture stress. High branching is an unwanted lux-
ury under drought because it would be wasteful
of soil moisture (Keim and Kronstad. 1981). In-
hibition of branching under drought conditions
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abseived in kenal could thercfore be considered
an adaptive mechanism. as it tried to conserve
water which could be needed in the more criti-
cab seages of development. like flowering.

Flowering of kenal in the greenhouse started
ant thie 7th week of growth o all the treatments,
Water stress, however. reduced flower produce-
on by more than 70%. Within a4 range of
sermplasms. most of the drought resistance of
high vielding crops under drought stress could
he aitributed to earliness (Chinoy, 19612 Dercra
et al. 1969). This charucteristic would allow a
genoype e escape. in relative terms. o gradu-
ally ncreasing drought stress. Kenaf did not
cmploy this escape mechantsm in order to resist
drought. since flowering started at the same tme
it all the treatments.

Sol maeisture stress reduced biomass accuniu-
Litiois i all components of kenaf that were in-
vestivaned. namely: the feal, root, bark. wood
core. stalk. shoot and consequently. total dry
matter. It is hypothesized that an important re-
sult of mild drought stress would be a decrease
in the efficiency with which solar radiation is
used 1o accumulate biomass. The loss of accu-
mulation efficiency is associated with a decline
in photosvathetic capacity which might have ve-
sulted from decreases 1 leal” gas conductances
{Muchow ¢t al.. 1986). It has been shown in this
study that kenat closes its stomata almost com-
pletelv at the onset of drought (Fig. SAB).
Though this was an efficient drought avoidance
mechanism. it was at the expense of carbon uc-
cumulation (Nwalozie and Annerose. 1996).

Higzh root shoot ratios are generally a re-
sponse to water stress in the rooting zone. The
roet shoot ratio i kenat decrcased with age.
and 1+ was not influenced by water deficit. Root
growth depends on supply of carbohydrate from
the shoot and reduction in leaf area usually re-
duces root growth (Keamer. 1983): this would
lave been the case with kenaf. LAR in kenaf
decreased with maturnts. However.  the vana-
tons  ameng the stress treatments were not
stutistically significant o the end of the experi-
mentsb pertod. but were significantly  reduced
with respect to the coatrol. The importance ol

leafiness as a component ol overall grewtdy s
well known. For most plants the LAR decreises
with age as the plant size increases (Blackman
and Wilson. 1951). A reduction of LAR with
age has been observed as a commoen [ealure ia
annuals (Higgs and James, 1969), and this can
be related to their shorter life span iSharma aad
Ogbonnaya, 1990). The reduced LAR wath
stress would have been caused. w part. by the
high defoliation observed with stressed plants
Bark -wood ratio. like root shoot ratio was
not affected by water deficit in kenaf, and dus
decreased with maturity. Fibre wood ratic s
generally considered a dependable vield compo-
nent and selective index of bust fibre crops
(Maiti and Chakravarty, 1977). These two com-
ponents are direct derivatives of secondary cam-
bium. A higher fibre -wood ratio ndicates the
plant’s efficiency in the production of higher
vield of fibres than of wood. Thix criterion is
used as a measuring stick in the production of
fibres of different species or vuricties. This fiad-
ing agrees with the report of Francois ¢t al.
(1992). that salinity had no significant effcet on
the proportion of the stem that is bark in kenal.
They reported that bast fibres accounted for ap-
proximately 36% of the stem weight at all safin-
ity treatments. This percentage also agrees with
bast fibre percentage reported v Muchow
(1979) in Australia. Cuba 108 has been shown
to have the least percentage wood core miderial
(62°0), and greatest bark to wood rato (.61},
among all the kenafl varieties (Webber, 1993,

4.2, Plant water relations

Drought tolerance levels in plants vary widely
among species. Dehydration of sunflower plants
o - [.5 MPa, for example, caused injury o
about 10% of the cells. while dchydraton below

2.0 MPa caused so much injury 1o organeiles
and membranes that recovery was impossible
(Fellows and Boyer, 1978). Giles ¢t al. (1975)
observed irreversible changes in cell structure of
23% of maize mesophyll cells at 1.8 MPa
Injury has been ascribed to mechanical rupture
of protoplasm. degradation of cell membranes.

o W
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protein denaturation, and accelerated gene muta-
tions (Kramer, 1983: Roy-Macauley et al.. 1992).

Dehydration is usually accompaniecl by severe
damage and disorganization of membranes and
organelles. However, desiccation-tolerants retain
most of their structure and capacity for physio-
logicd activities, and resume normal growth pro-
cesses soon after rehydration (Kramer, 1983). The
results presented in this study showed that kenaf
was able to recover dter a deficit of — 2.54 MPa,
after 4 weeks of drought. In addition, it retained
more than 50% of its LRWC . The fact that kenaf
was able to recover after 4 water deficit corre-
sponding to - 2.54 MPa indicates that it is rela-
tivety desiccation-toterant. The results of this
dudy are not at variance witlr thc reports of Maas
and Hoffman (1977). Curtis and Lauchli (1985,
1986), Francois et a. (1992) that placed kenaf as
a moderately salt-tolerant non-halophyte. on the
basis of its response to salt stress.

A common response to water stress is s'tomata
closure, which reduces hoth flux of CO, and wates
vapour. Alternatively, stomates may remain open
while turgor is maintained through osmotic ad-
justment. Stomatal conductance and transpiration
rate in kenaf progressively declincd with age in
the adequately watered control. All the levels of
stress brought stomatal conductance and transpi-
ration to zero. Kenaf was also observed to roll its
leaves during drought. These two mechanisms
could be described as drought tolerance by dehy-
dration postponement (Kramer, 1983). equivalent
to drought avoidance by Levitt (1980). Upon
rewatering, there were rapid increases, with a
dramatic increase above thc control observed in
the severdly stressed plants (Fig. 5A). This but-
tresses the hypothesized desiccation tolerance of
kenaf. The exponential regression of stomatal
conductance and transpiration rate on leaf water
potential bracketed - 0.5 MPa as the most criti-
cal water potential, below which, diffusion resis-
tance increased, stomata conductance and
transpiration became zero

Cowpea shows a similar response (Hall and
Schulze, 1980: Nagargah and Schulze. 1983). This
response enables plants to avoid desiccation by
maintaining leaf water potentia at relatively high
levels. While osmotic adjustment is minimal in

such species (Shackel and Hall. 1983). it cannot be
ruled out for kenaf which has been hypothesized
to have a high desiccation tolerance capacity. This
might be due to membrane resistance and/or os-
motic adjustment mechanisms triggcred when wa-
ter deficit surpasse:< thc critical point of 0.5
MPa.

Kenaf could therefore be dcscribed as oppor-
tunistic in relation to water availability, with a
high rate of stomatal conductance and transpira-
tion when soit water is availablc but with
markedly reduccd Icaf conductance and transpira
tion ratc when water is limited. This contrasts
with wheat, which utilizes water sparingly when it
is availablc but has only a gradual decrease in
photosynthesis as water deficits develop (Henson
et d., 1989).

Leaf temperature relationships are used to esti-
mate water stress in plants, because leaf tempera-
ture and ambicnt air temperature differentials are
functions of transpiration rates (Halim et al.,
1989). Thc tcmperature of the stressed plants in-
crcased above air tcmperature and leaf- air tem-
perature differential becamc positive, indicating
when thc plants were stressed. At this point, the
leaf was hotter than thc ambient air. This could
be linked to thc stomatal closurc. poor gas ex-
change and dccreased transpirational cooling of
the plants. A watcr pntcntial of — 0.5 MPa was
bracketcd as thc critical water potential, below
which the plant would be strcssed and the leaf
temperat ure would rise above ambient air temper-
ature.

The stressed plants, therefore. began to face
another kind of stress, heat stress, and that is why
breedcrs seldom attempt to separate heat from
drought tolerances, probably because drought is
usually accompanicd by high tcmperature. High
tcmperaturc  accompanying drought causes release
of ammonia from decomposition of protein that
injures; plant tissues (Weiland and Stuttle. 1980).
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