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INTRODUCTION

Indegenous to India black. pepper is one of the oldest and

best known sbices in the world. Black pepper (Piper nigrum L.)

belongs to the family PIPERACEAE. " It is a liane of perennial
vhabit. The fruits are berries formea in spikes and containsg
bleoregins and .essential oils ‘which impart the characteristic
pungency and flavour for which it is highly valued. Black pepper
vines starl yielding from the second year onwards, however, tlhe
yield stability is altained in the 4th or Sth year in most of lhe

popular cultivars.

Dptimum conditions for higher productivity of black

pepper are:

Rain fall : 125-250 cm annually and well distributed.
Temperature : 10-40°C

Altitude ¢ Sea level upto 1500 m.

Pepper vines thrive extremely well in the above_conditions. Most

of the popular cultivars yield upto 20-25 years.

Pepper is mainly cultivated in India, Brazil, Indonasia,
Malaysia, Thailand and Sri Lanka. India‘s contribution in the
world production of black pepper is 32% and that makes her one of

the largest pepper producers (Anon 1990).

‘Pepper is a rainfed crop aof humid tropics. In India,Kerala

accounts for 94% of area and production of this crop. However,
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productivity per unit area is poor compared Lo Malaysia. The low
productivity is attributed to low planting density (500-600
Vines/ha) in homested garden, cultivation of low yielding

cultivars and lack of proper scientific management.

The. rainfall pattern in Kerala is however, different; the
monsoon starts by June and ends by November followed by dry spell
for about 5-&6 months. The pot;ntial evaporation during the dry
period is about 3.4 mm per day (Sadanandan 1921). Drought is
regarded as one of the major constrainls 1in increasing the

productivity of black pepper (Ramadasan 1287).

The 1traditional &rought management programme comprises of
mulehing and growing cover crops like Calpagonium around the
basins. In pracltice, the above management pracltices may fail to
protect the crop from severe drought situations and also when
sensilive " cultivars are gJrown. Therefore, growing drought

tolerant cultivars, assumes importance as the occurence of

drought is a regular feature in Kerala.

The most importaﬁt phenophase of black pepper sensitive 1tlo
moisture stress is the flowering phase  Which commences in May-
June. The delayed monsoon postpaones the flowering process. After
the new flushing and flowering, the rainfall ghould be continous
till the fruit development, orelse the producltivity is reduced
drastically. Long spells of dry periods are detrimental for tlhe

crop (Anon 1982).
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With the scope of improving the productivity of black
" pepper, the study on cﬁaracterisation of drought tolerance was
tékenup ‘at National Research Centre for Spices, Calicut. The

~objectives of the present work is to:

#* Sludy various parameters and shortlist characters

related to drought tolerance.

* Develop drought index for screening large germplasm

materials based on the above characters.

* Identify drought tolerant cultivar from among the

cultivars studied.

# Understand the drought tolerance mechanism in black

pepper.



Review of Literature
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REVIEW OF LITERATURE

The numerous response of plants to moisture stress generally
vary with the severily as well as the duration of the stiress.
Only the most sensitive processes are altered by a very mild

stress. As the stress increases, these changes intensify and

‘additional processes become affected in accordance wilth their

relative sensipivities torthe stress. If the stress is prolonged
tﬁere is more time for the initial effects to lead to secondary
and ‘lertiary responses(Bradford and Hsiao 1982). Research 1is
needed to reduce the chances of crop failure by improving and
updating the crop and soil management, develop cultivars to
withstand drought and achieving basic understanding of tlhe

effects of drought stress on plants.

Research . on crap and soil management th}ough agronomic
#ratices is a short-term means of reducing tLhe effects of
drouéht, while developing drought tolerant line would fetch
permanant solution particulariy for traditionaln Arought prone
areas. Selection of drought tolerant lines is tried at wvarious

levels in crop species. The most common approaches are:

¥ Selecying for yield stabklity over dry areas and years.
As this apprdach underlines importance of yiefd criterion it
ofﬁeh has the drawback of missing dfought tolerant 1lines which
are poor yielders. e.g., most of the wild types of whealt are

drought telerant lines and poor yielders.(Sinha 1788).




# Seleclting directly for performance in controlled drought
stres§ nurseriesi The development of field techniques for direct
scéeening for drought resistance is more difficultl than screening
for pest or disease resistance. A repeatable screening in the
Fielq can help in obtaining consistant differences among

cultivars over years (0 Toole and Chang 1979).

# Selecting for physiological or biochemical characteristics
dir;ctly related to field tolerance. This is theoritically more
'rapid and effective than the first two approaches. 1t offers tlhe
possibility. of working direcltly with a small no., of characters
(whoéé inheritance can be determined), rather than & complex

procedure.

Drought resistance /tolerance is the term used to cover a
range of mechanisms whereby plants withstand periods of dry
weather. With most agricultural crops the seed is the economic
yield and mechanisms that maintain productiviltly and increase 1in
reproductive eFFiFiency under drought are important (Turner197%9).
By contrast in pasture system mechanisms that maintain leaf
produbtion and plant persistence through ﬁeriods of moisture
stress are mo}e important (Turner and Beggs 19785. In perennial
and. tree .- crops persistance overrides- production mechanisms
‘(Jones, Turner and Osmand 1981). The range of resistance
available in a particular crop is influenced Ey genetic and

environmental faclors.



Moisture stress has been a major gelective force in plant
evolution and ability to cope witﬁ drought situations is an
important determinant of natural distribution of plants and of
crop distribution and productivity (Fischer and Turner 1978).
Understanding of the mechanisms thal confer adaptation to dry
environments thus holds much theoritical and practical value.
Plant adaptatjons to such environmenls can be expressed at four
levels: |
phenological or developmental, morphological, physiological and

metabolic (Hanson 1980).

Phenological resgonses lo stress:

' Cell Division:

The growth and developmenlt of a plant depends basically on
continuing cell division, Qn the progressive initiation of
tissues and.organs and on the differentiation and enlargement of
cells Qntil the characteristic form of the plant is realised
(Slatyer 1973a). It has often been stated that cell division
appears less s?nsitive to moisture stress than cell enlargement
(Vaadia et. al., 1961 %alter and Goode 11967 Slatyer 1967 and
Hsiab 1973) .Evidence far this view is given by the observatlion
tha£ cell number is frequeﬁtly of the same general order in
plants expoéed to moisture stress comparea with controls,

although cell size is greater in the latter and by the phenomena



of more rapid growth on recovery from stress compared with

controls(Gates 1955 a,b). This could result from cell division

continuing during stress, though at a reduced rate and thus

providing an opportunity for a relatively rapid resumption of
growlh when stress is removed (Slatyer 1973b).

Cell enlargements :

The sensitivily of cell enlargemént to water deficits in
some species has been demonstréted by the work on maize. Leaf
‘enlargement ﬁeclined rapidly at leaf waler potential below -2
bars andA ceased at potentials of ~7 Lo~-9 bars (Boyer 1970a;
Acevado giégl.,1971). Reduction in leaf enlargement and the
declined rates o% leaf expansion with depleting soil moisture has

been well documented in several works (Karamonas et.al.1982,

Tanguiling et.al., 1987, Passioura 1288, Boyer 1988, Kemp
et.al., 1989 Hay and Janette 1988, Joly and Hahn 1989, Randall

‘and §inclair 1989, Kallarackal et.al.1990).

In general, there is a raﬁid and more gradual decline in the
rates  of cell enlargement as water stress deveiops. Passioura
(198&) attributes the declined leaf expansion rate to the
signals given by vrool system in drying soils in wheal. The
exceptional sensitivity of leaf enlargemenl was first shown by
Boyef (1968,1970a) ‘'who showed that leaf énlargement was first
reduced to 25% of the control or less when leaf water potlentials

decreased to -4 bars in maize, soybean and sunflower.




~

‘gA

One of the most important consequences of the sensitivity of
leaf enlargement to small moisture stresses is a.marked reduction
in - leaf area. Leaf growth is generally more sensitive to waler
stress than other physiological and biochemical paramelers.

Reduction in leaf area means reduced photosynthetically active

surface. The loss in leaf area and reduced photosynthetic

activity when taken together represent potentially large loss

"of photosynthate for crops. .Consequéntly, water deficiencies

decrease productivity.

Physiological response to stress:

Plant water status: plant water status is the quantification of

the condition of water in a plant relative to its requirement.
It is best characterised by a combination of its physicochemical
availability for plant functions, amount present and movement

through the system (Taylor 1968, Taylor and Slatyer 1261).

Physicochemical "avilability relates to absolute availability or

energy aspects of plant water status, whereas amount and movement
seem to relate more to logistical aspects although amount play
sublle roles in maintaining funcltional structure not related

directly to energy status (Barrs 1968). Water potential is the

" physicochemical availability of the water to participate in plant

furictions and determines the tendency for net water movement

within the system (Taylor 19468, Slatyer and Tayler 1960).



The conceplual development of water movemeni along the soil
plant étmosphere continuum, the development of a thermodynamic
framework for total water potential and ils components and
relatively simple methods of measuring total water potentials have
led 1to crop growth processes beinyg correlated with total water
potential. . Leaf water potential varies greally depending upon
the the type of plant and upon environmental conditions. For
m;sophytic plants leat water potential ranges from nearly 0.0 Mpa
for well walered plants having very low transpiralion rales 1o
" values of ;3 Mpa or lower when desiccalted nearly to the point of

death (Kaufmann 1981).

Hsiao et.al.(1976) outlined a no.of plant responses to water
stress which occur well before desiccation become lethal. Most
responsés(e.g. cell growth, photosynthesis, enzyme activities
etc.,) are affected by leaf water potential reductions of less
than 1.5 Mpa. Passive plant control of desiccation itself occurs
when stomatal c;osure results from reduced leaf water potentials.
Stomatal closure occurs at potentials as high as O.6.Mpa in Vicia
iggé(Kassam 1975). In contrast complete stomatal closure may not
occur unlé;s leaf water potential is below -2.5 Mpa in citrus
(Kaufmann and Levy 1976) and beiow -3.0 Mpa in cotton (Brown

et.al.1974&)

Variationé also exists in the lowest leaf water potential at

which different plants survivea. Sanchez~diaz and Kramer
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(1971) observed desiccation injury in corn at a leaf water
potential of ~-1.3 Mpa. A so0il water potential of -1.0 Mpa may be
considered & mild drought for woody species but a devaslating

;reatment for'herbaceous\plant.

ggﬁgi release curves and drought resistance: A relationship
between drought resistance anﬁ the slope of the water release
curve (RWC against waler p&tential) has been noted for
photosynthetic tissues (Jarvis and Jarvis 19263, Connor and
Tunstall 1968). A smaller slope of Lhe water release curve is
usually taken to indicate higher drought resistance. Since a
large. botential gradient for water uptaké resulls from a given
change in the tissue water content. A large value of osmotic
potential at full ‘turgor, a low 1tlissue elasticity and high
ability to accumulate solutes as tissue water conlents decline,
each contripute to small slope of the waler release curve. Il is
6bviops that evaluation of drought resisténce on the basis of
water release curves, is unlikely to be meaningful if different
1ife'forms of species differeing in droughtl res?stance mechanisms

are compared.:

Control of water potential: Diurual variations in leaf water
potential in fruil trees are similar to those in "other specise
and are explicable in terms of the mechanisms explained elsewhere

(Jone et;al.,1985).There are marked diurnal changes in leaf water
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poteﬁtial w;th minimum values of between' -1.0 and -2.5 Mpa
'usually occuking in the early afternoon at the time of highest
] irénspiration rates (Kriedemann .and - Barrs 1981; Chalmers
et.al.1983).8urprisingly, thefe is little difference between the
minimum watler potential achieved in well watere& humid and arid’
environments (Levy and S8Syvertsen 1981). This indicales an
effective physiological control of leaf waler polential largely
by means of control of transpiration rate under conditions of
higH evaporative demand (Schulze g1451;1974 and Jones 1983a).
Leaf water "potential has been used as an index for drought

tolerance in coconut(Rajagopal et.al. 1988).

" Stomatal resistance and lranspiration responses 1o moisture stress

Stomatél closure provides a mechanism for reducing water
loss. The résponse of stomata to leaf water potential and leaf
furgor is well recognised (Turner 1974 a,b) in the past decade.
The sensitivity of stomata to vapour pressure &eficit may provide
an important mechanism for restricting waler loss in the midday
wgen atmospheric humidities are low, while maintaining some
photosynthetic  activity at Atimes of day when 'humidities are

higher (Cowen and Farguher 1977}.

'Begg and Turner (1974) showed that stomata do not close until
a threshold value of leaf water potential or leaf turgor pressure

is reached. Subsequent work has shown in some cases no
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threshould response is observed, with stomatal conducltance
decreasing linearly or almost linearly withhleaf water potential
or 'leaf turgor pressure (Jones and Rawson 1979; Schulze and Hall

1982: Sobrado and Turner 1983b).

It is usé?ul to distinguish between the watler ltranspired by
the'leaveé and rest of the parts by a crop. Only the transpired
water is involved in the flux dependent lowering leaf watler
potential. This'can be shown by the fact that treatments(such as
wilting)  that  reduce the proportion of waler lost by
transﬁiration from a crop act directly to raise tissue water

potential.

Stomata of several crop species are sensitive to environment
'tending to close in dry air(Schulze'gLéél.1972; West and Gaff
’1976;. Hall et.al.1976). Stomatal response to humidity and
temperature genérally act to minimise the effect of changing
environment and hence leaf water potential via feed back and
feedforward control (Jones 1983b). This is therefore an
important mechanism gcting to maintain favdurable tissue water
potential even in sevefaly desiccating environment. The degree
of stomatal closure can vary among species (Davies and Koslowski
1974) for eg., Citrus stomata may reopen more slowly than stomata
"in several temperate tree species. Good stomatal control of leaf
water potential over a range of evaporative demand has also been

reported for citrus (Levy 1980a).
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Hygen (1953) has pointed ouP 3 distinct phases of water 1loss
from detached leaves 1. a constant rate phase when open stomatles
‘exefcise little control over watler. loss, £2.a decreasing rate
phase when stomatal closure progressibely reduces transpiration
and a phase when closed stomates 1limit waler loss to the

cuticular route.

Transpiration and net photosynthesis decreased as watler
stress increased in Douglasfir (Fry and Walker 1964} .
Unirrigated coconut palms showed reducedfrétes of transpiration
compared to various irrigation treatments (Rajagopal eglt.al.,1989)
Johnson et.al.,(1?74) has shown the linear declining of
transpiration and photosynthesis with the flag leaf water

potential.

Desiccation and heat tolerance tests have heen correlated
with drought tolerance in seQeral wofks (Havaux et.al.,1988:
Premachandra and Shimada 1988: Hanna oblog and - Alina Kacperska
1981 Venkata}amana et.al., 1983: Premachandra et.al., 1789). As
these teéts are based on membrane thermo/desiccation stability
the tolerant genotypes are expected to leach out . fewer solutes
and ions in the ieachate as damage to the membrane would be less
and higher solutes and ions in the case of sensitive lypes
(Tonuthi & Giulive 1987). Applicability of these tests
in ihe case of perennial and tree crops lérgely relies on ils

-confirmation with field tolerance.
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EIOMASS PARTITIONING: Reduction of growth in terms of dry matlter,

net. assimilation rate, and leaf area has been reported in many
crop species (Morton and Watlson 1948: Baker and Musgrave 1964:
Lehane‘ and Staplé 1262). In tomato Gates (1957) has shown the
influence of low soil moisture in reducing the total dry weight.
Partitioning in the stem was maximum while leaf and roots gJot
lesser photosynthates. Dry weight of leaf lamina also decreased
in meoisture stressed plants compared to‘control plants. This
has a direci bearing on specific leat weight under stress.
Silvius et.al.,(1977) using radio carbon study pointed out the
efficient distribution of drymatter and photosynthates in soybean
under moisture étress.Steinberg et.al., (192920) showed the dry
matter partitioning with respect vegetalive parls in peach 1lrees
suﬁjected to moisture stress. Effect of moisture stress and
nitrogen stress in dry matter distribution and water use
efficiency was reported in wheat (Heitholt 198%9). Regulation of
root/shoot ratio under moisture stress was studied in soybean
(Creedeman 198%),& Sweet potato (Clarence thnson Jr. 12%21).

Increases in roots relative to shoots have often been observed

when water is limiting (El Nadi et.al., 19249: Pearson 1966).
While the change may be attributed mostly to reduction in shoot
growih, there are instances ' when water stress effected an
.increase in.’the absoluts root biomass (Hsiao and Acevedo 1974,

Sharp and Davies 1975). Poor partitioning of the dry matter has



~been vreported for moisture streséed toconul palm (Rajajgopal

et.al., 19288). The alteratiohs in the leaf thickness and

photosynlhesis 1o moisture stress was reported in soybean
varities (Sachie Kishitani and Tsunoda 1982). Indira and
Kabeerathumma (1986) reported reduced specific leaf weight as

moisture stress intensified.

M ———————_——Tlyy ST

METABOLIC RES?DNSES T0 MODISTURE STRESS: Metabolic responses of
plants to moisture stress can be viewed in two different ways: as
derangement that resull from stress induced leisions at
" vulnerable sites in metabolism, or as potentially adaplive
~changes that re?lect ordered operation of metabolic regulatory
mechanisms and which favours the performance of the plant as a
whole during or after siress (Stewart énd Hanson 1980: Wyn Jones

17272) .

Osmotic adjustment during moisture stress 1is based on
céllular metabolic changes associated with the accumlation of
organic solules and witlh increases in and ﬁaintenance of,
cellular ion gradients as well as with solule translocation
within the plént (Raven el.al.,1979: Turner and Jones 1980),
Generally, a range of solutes:accumlate during osmotic adjustment
in both fully expanded‘and growing tissues. The solutes include
.inorganic ions (K+, Cl1 , No3), organic anions, soluble

carbohydrates, amino acids and qua?ternary ammonium compounds

(Acevedo et.al., 1979:Boyer and Mayer 1972 : Jones gl.al., 1980 :

Munns et.al., 1979: Raven et.al., 1979 : Thornley 1977).
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An increase of the free proline content in the leaf tissues
is nbticed in many mesophytic plants during moisture stress.
Proline accumulation is favoured by high leaf carbohydrate status
and also by illumination. Various experimental methods of water
stre;s imposition can elicit proline accumulation in leaf tissues
of youny plants (Blﬁm‘and Ebercon 1976=.Hanson et.al., 1977 =
Huang and Cévalieri 1979: Iwai et.al.,1979: Munns et.al., 1979:

Singh et.al.,1973 ¢ Stewart 1278, 1281 : Rajagopal et.al., 1977;

. Parameshwara et.al.,1988. Chénan Itai et.al., (1988) showed a
high corrglatidn of proline accumulation with stomatal
‘regulation. - They concluded that elevated levels of proline under
méisture stress may play a role in stomatal regulation.
Incréased 1e§els of proline under moisture slress is reported in
_several crops Viz., cof%ee (Venkataramanan and Ramaiah 1986); Sweet

potato (Indira and Kabeerathumma 1986).

It has been advocated that this is advantagebus to the plant
in coping with drought and that proline accumulation be used as
an indiéator in selecting for drought tolerance in crop breeding
(Singh et.al.,1973). Recent work however, suggests that the
opposits may be true; proline accumulation is.indicative of the
stress damagé (Hanson glégl., 1977, 1979,5tewart and Hanson 1280) .
Prbline Acumulation generally_begins‘oniy after water deficit has
become severe enough to preven} growth and cause stomatal closure

(Mc.Micheal and Elmore 1977).
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Watler  stress may have both qualitative and quantitative
e?fe;ts on plant constituents. Probably the most direct effects
are on_carbohydra}es through the inhibition of photosynthesis.
Woodhams and Kozlowski (1954) noted the rapid conversion of
starch to sugars in fomato and bean plants. Increased
accumulation of soluble sugars has been reported in several
studies (Drossopoulos et.al.,1987: Garg et.al., 1981 Cortes and

Sinclair 1987: Fanjul and Rosher 1984).

JIncreased levels of alkaloids and phenolic compounds under
mpisture stress were reported (Salch et.al.,1278; Kubotla

et.al.,1988). Repofts are varied on the accumulation of lulin in

citrus and Nicotiana sp. (Salch gt.al., 1978).

Plant Pigments : There is a relationship between the severity of
water stress and the extent and.reversibility of structural and
functional Aamage (Nir 19469} Hsiao 1973; Crevecoeur
et.al.,1976).As moisture stress increases, Lhe structural changes
become more pronounced and following extreme loss of tlhe fresh
weight in higher plants (usualiy exceeding 30-60%) the changes
are irreversible.. Alberte et.al.,(1977) showed the loss of
chloropﬁyll from maize leaves upon water stregs which resulted in
chlorophyll content falling to aimost 460% of control 8 days afler
frrigatién. Bélakumar ét.al.,(1988) reported | reduction in
chlofophyli proportional to carotenoids in cotton and sorgham

subjected to moisture stress. However, Benes and'Houpis (128%)
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reported that chlorophyll reduction showed no significant

relation between -pigment levels and moisture stress.

Chlorophyll stability index has heen wused for jinvitro
screening for drought tolerance in cocoa (Ravindran & Menon
1981). Chlorophyll fluresence has been shown to have utility in

identifying heat and drought tolerant plants (Havaux et.al.,1988).

gngxmgg tEnzyme aclivities and enzyme systems are very sensitive
'to moisture stress as water forms the site for enzyme funcltions.
Therefore, moisture stress yat cellular level affects the enzyme
structures as well as activities. The following observations
have been generally noied in enzyme activitiers under moislure

stress by (Glenn W. Todd 1960):

# Severe water deficits generally cause an overall decrease

in enzyme level.

# l.evels of enzymes involving hydrolysis or degradation
usually either remain same or increase but they do not decrease

until fairly severs desiccation taken place.

#* Levels of some enzymes involved in synthesis are

-decreased and levels of others increase as a result of water

deficit.

Common enzymes studied under moisture siress include Nilrate
reductase, RUBP carboxylase, PEP carboxylase, sucrose synthetlase,

acid phosphatase, peroxidase etc., Amongy the lot, nitrate
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reductase has been studied to a-greater extent as it is sensitive
to even mild stress (Huffaker gt.al.,1970). Since proline
accumulation is one of the mador changes in the nitrogen
metabolism of water stressed plants, the vrelationship between
nitréte‘ reductase and - proline accumulétion was examined in
several ‘crop'species (8inha and Rajagopal, unpublished). There
was., a sharp decline in enzyme activity in response 1o water
.stress in wheat, barley,sorghum,maize,brassica and safflower.
Reduction in nitrate reductase activity Yo the tune of 75~87 % is
}epo(ted for drought spressed cotton (Ganésan 2t.al.1988). Vyas
g;;él.(1?88) reported improved activity of enzymes Viz., nitrate
reduétase,glﬁtamine synthatase, glutamatle dehydrogenase in
_prestressed sesame. Didrnal course of acltivily was maintained at

lower levels in stressed plants compared to unsltressed wheal

(Rajagopal et.al.,1977). A highly posilive correlation belween
leaf water potential and NRA was reporte& in sugarcane
(Venkataramana etl.al.1287).

,Reports on the effect of moisture stress on the activity of
acid phosphatase are varied. &ieira de silva (19468 &6%9), Takaoki
(1968) have bshown inc;eased activ}ty in the soulble fraction.
: Inéreased‘activity is shown in crops like cotton and swiss chard
(Nir and Poljakoff-mayher 194é6: Vieira de silva gl.al., 1974).
Thakur (1?91) reported increas;d activity during walter stress and

treatment with triacontanol and mixtaleol.
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Peroxidase 1is the mosl common eoxido-— reductase that gels
affgcted when the metabolic changes due to environment occurs.
In maize the inérease& peroxidase activity due to moisture stress
upto permenani wilting point is reported by Petinov and Malysheva
(1960). Emirnoff and Colombe (1988) showed the drought influence
on this enzyme. ‘Increased peroxidase activily has been vreported
for wheat _seediﬁgs (Li and Liang 1988).‘ Zhiec et.al., (128%9)

reported similar activities in several crop species.
Work on Black pepper:

Research reports on moisture stress is scarce in black
pepper. Pepper yield has  been correlated. wilh rainfall
(Sadanandan, 1986). Well distributed rains during May and June
enhances - higher spike intensity and berry set. The most
sensitive phenophase of black pepper to moisture stress 1is
Plowéring phase. The delayed 'monsoon postﬁones flowering also.

.However, afier new flusing and flowering the rainfall should be
continuous till the fruit developmeﬁt'or,else the productivily is
drastically reduced (Anonymous 1982). Lonj spells of dry periods
‘are .unfavourable for the <crop. Purseglove' et.al., (1281
highlighted the necessily of adequate moisture availability for

fruiting of pepper.

Report of Vijayakumar el.al., (1982) does not provide

conclusive result on the effect and respbnse of black pepper
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cultivars 1to moisture stress. Chlorophyll degradation due 1tlo
moisture siress is reported by Kurup and Vijayakumar (1987).
Ré&uction in chlarophyll end carotenoids pigment has been
répo?ted ?or'higher temperature treatments(Vasantha et.al., 1789)
Chlorophyll/ K carotenoids ratio has been sugéested for its
possible utility in screeing work. Vasantha gt.al., (1990)
reéorted the response of physiological parameters Viz., stomatal
resistance, transpiration raie and leaf water potential to
depleting soil moisture content and used them for screening

popular cultivars for moisture slress.

' Diurnal course of acltivity of nitrate reductase in the flay
leaf of Pasniyur—1 black pepper was reported by (Raju &
Rajagopal, 1989). Proline accumulation has been reported in the
leaf discs subjects to moisture stress induced by PEG, in black

pepper (Thomas el.al.,1990).

The reports available on drought studies in black pepper are
all isolated and not systematic. Response at cellular, tissue
level and whole plant level is necessary to indicate tlhe
impﬁrfance of character that regulate- and outline drought
tolerance mechanism, It is with this objective the present work

was initiated.




Materials & Methods
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MATERIALS AND METHODS

Brief note on methodology?

Inducing moisture stress in plant systems 1is a complex
procedure as soil moisture levels are influenced by various other
environmental factors. Careful steps for artificially regulating
moisture supply in the substrate need to be taken in order to
determine 1lhe effects of water stress on plant growth and
development. Methods for regulating water deficits in plant
tiésues are perhaps some of the most difficult of all

environmental variables to control experimentally because of the

dynamic naturfe of water in the plant and ils surrounding

substrate(Krizek, 1985). In order to conduct a thorough study of
water vrelalions of a particular plant jenotype, it_is essential
to investigate the relationships belween waler pgential of the
roolt medium,plant water potential, plant growith,transpiration

rate, stomatal activity and plant survival(Jarvis, 19463).

The easiest and most Pre&uently used method, especially,

‘under field conditions is withhelding irrigation 1till desired

results ‘are achieved. Any screening, wmaintaining similar

soil/edaphic conditions, where natural adaptations occur in plant
system to moisture slress, is'more meaningful as 1t gives a

chance for repealable testing in the field.



Outline of the experiment and treatment

The experiment was conducted during the months of Jan—-Mar,
1290, in a semipermanant waterproof shed at National, Research
“Centre For‘Shices, Calicut.anrthern pols (12") were filled with
forést soil, Rooted Euttings of sixty numbers of each of six
bopdlar cultivars were obtained from germplasm Nursery of NRCS,

farm Peruvannamuzhi.

The plants were allowed to establish for aboul four weeks.
The cuttings were ilrained .on bamboo poles of 1.3m height.
Moisture stress was imposed by withholding irrigation to a set of
plants (30 nos) while the other sel was irrigated regularly so as
to maintain the so0il moisture at +field capacity (FC). The
experiment was concluded when wilting was noticed in majority of

plants of any of the cultivars.

Méterials : Black pepper cullivars used for the study include
Aimpiriyan (856), Arakulam munda (14467}, HKalluvally (880,

Kariﬁunda (513, Narayakodi (263),Panniyur —1.

The sgeneral morphological, yield and quality characters of
these popular cultivars are as follows(Ravindran & Nair 1984:

Ravindran & Bahu 198&):

Aimpiriyan: It is a popular cultivar of wynad area of Kerala, a
good yielder and produce pepper of high jguality having oleoresin

of 15% piperine 4.7% and essential oil 2.6%. The 1leaves are
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.large,spikes medium to long with thick setting. The name is
derived from the fact that the berries are arranged in five rows

on, the spikes.

Arakulam munda: A maderétely jJood and regular bearer and comes tlo
maturity . earlier to most of other cultivars. The spikes are
medium—long, berries bold and heavy. This yields ?.8%

oleoresin,4.4% piperline and 4.7% essential oil.

Kalluvally: A p(omising norith Kerala cullivar, hgrdy and regular
yielder. L%&e 5 medium, ovate and elliptic. Regular bearer and
repdrtedly tolerant to moistuke stress and'diseases. More tLhan
one dultiv;r is known by this name and some of these are rather
‘poor yielders. They donot seem io‘be.as hardy as the name
indicates and foﬁnd to differ in gquality aspects also (Oleoresin

ranges from 8.4-10.9%: pipering 4.2-5.4% essentiél 0il 0.4-3.2%).

Karimunda: It is apopular cultivars of Kerala, good and regular
yielder. It is characterised by small ovale to elliplical leaves
with -short medium long spikes and high . getting, Karimunda 1is
relatively more tolerént to water stress and has good quality:

oleoresin 11%, piperine 4.4% and essential oil 4%.

Narayakodi: A popular cultivar of central part of Kerala Karimula
exhi'bits congiderabl ¢ variations in growth and productivity

It  has relativeiy short spikes‘and thick< setting of
berries. It's qualité attributes are oleoresin 10.85% piperine

5.42 and eséential oil 4%.
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Panniyur=1: A hybrid cultivar and a high yielder. It is a
vigorously growing climber with large leaves, long spikes and
lgood' setting. The pepper is of medium qualify having oleoresin
Z.5%, piperine 3.6% and essential oil 3.5%. It is found to give
excellent vield when trailed on coconul palms of about 30 years

or more, and expecially in the open without shade.

General observations and sampling intervals:

—

Aérometeorological data viz., relative humidity (RHZ%Z),
temperature and photosynthetical}y active radiation were recorded
on all sampling dates. Youngest fully matured leaf was used for
all physiological and biochemical parameters. For expansion
growth study youngest opened leaves were tagged and observations

were recorded.

For all physiological and biochemical studies the sampling

was done on every fifth day.

Observatipns on leaf expansion growlh were recorded on
alternate days.
‘Morphological and biomass observations were recorded when

the experiment were concluded.

Growth and Biomass observalions:

Youngest opened leaves were tagged (six numbers for each
cultivar for each of the treatments) for leaf expansion growth.

Observations on leaf length and leaf widtlh were recorded for the



same leaves on alternate days to the neafest mm. Leaf area was
estimated for thege leaves as per thé method of Shivasankar
éi;gl.;(1986). Leaf expansion rate {(mm/day) and leaf area
development (mmZ/day) were calculated for each of the treatment

and varielies.

Leaf discs of 1mm diameter (20 no., replicated six tlimes)
were oven dried to a constant weight and specific leaf weight
" was delermined using the formula
. Leaf weight
St =

Leaf area

and expressed as mg/mm2.

When the experiment was concluded the following morphological
observaltions were made; root lenglh, shoot length to the nearest

chm.,rool volume and leaf number.

- Far B?omass partioning study six randomly selected plants of
each cultivar under each treatment were wuprooted carefully
withoui loosing feeder rools, washed ihroughly and plant parts
viz.stem,leaves and roots were separaled and oven dried (at 80°C).
DrQ weight was recorded for different plant parts{(g) Rool shootl

ratio was calculated using the formula

rool weight

Shoot weight
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Eﬁysiologicgl paramelers:

Physioiogical paramelters studied include soil moisture
content (SMC),stomatal diffusive resistance (rs), transpiration
rate (ty, leat temperature (°C), leaf water potential(yL) and

relative water content (RWC).

Soil samples were taken at 15 cm depth Soil moisture content
was determined by conventional gravimetric method and expressed

in percentage throughoul the experiment.

Agrometerological data wviz. RHZl leaf temperature and
photosynthetically active vradiation were recorded with sleady
state porometer of LICOR, Model L1 14600, Lincoln, Nebraska USA.
Leaf stomatal diffusive resistance and transpiration rate were
recorded on the abaxial surface of Lhe leaves wusing tUthe same

equipment.

The Functioning'oﬁ the equipment is;based on the measurement
of diffusion of water vapour from the sub-stomatal cavities
through the sicmata. Dry gas is passed over an enclosed leaf
at a known flow rate and the humidity of the gas is measured. Of
all the methods used to measure stomatal resistance,diffusion
parametersl provide the most promising apﬁroach to wguantitative

measurements.

The stomatal response curve was drawn for ‘the depleting soil

moisture cbntent and this facilitated the determination of
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critical moistue content (CMC) (Vasantha et.al.-—-1990). Stomatal
‘rgsistan;e was expressed as © ;cm~1, transpiration rate in
rg/cm2/5~1 and pholosynihetically active radiation as

‘Nmole, S~1,H~2‘

Leaf water polential

The establishment of plant water status on a sound
thermodynamic basis by the introduction of the concepts of water
potential (Slétyer and Taylor 1260) and possibility of its

" measuremenlt by thermocouple psychrometry and the pressure chamber
techinique lead to the adoption of total waler potential as the
major measure of plant waler status. Because of the difficultly
in measuring watér pontential of other plant parts, leaf water

potential has become the primary index of crop water status.

The pressure chamber described by Scholander gl.al., (1964 &
&5) is the‘most popular method used lo measure.water polential.
The method congisls of increasing the pressure around & single
leaf or leafy shoot until sap from lhe xylem appears at the cul
end of the shqot. Leaf water poiential was 'deiermined using
pressure chamber ltechinique wiih plant water status console model
3005 oé Soil Moisture Equipment Corporation, U.5.A. The leaf

waler potential was expressed as — bars.

Relative wafer content:.

Relative water content is a direct measure of tissue water
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content and besl measure among the waler - content measurements.
It indicatés walter content relaltive Lo the maximum possible (100%
relative turgidity or Zero waler deficit) and it therefore, easily

relates the degree of water deficit.

Leaf discs (20 MNos. of 2 cm diameter) 'were floated in
distilied water for 2 hours immediately after vrecording fresh
weight.After incubation turgid weight was recorded. The samples
were then oven dried to constant weight and dry weight was

recorded. RWC ‘was determined using theffbllowing formula:

Fr. Wt — Dr.Wt

and expressed in percentage.

Big chemical paramelers:

For all assays youngesi fully matured leaf was used. All
absorbance measurements wevre recorded wilh 8SICO, GLIUV-VIS)
Spectrophotometer.Incubations wherever, apporpriate was done with

EB.0.D. Incubator (Calton wilh a temperature range from 5-50°C).

Weighing was done wiih an electronic balance(SARTORIUS -

Germany). chemicals used were of standard analytical grade.

Plant pigments:?

Plant pigmenls viz. 'chlorophylls and Carotenoids were

extracted and estimafed as per Weybrew (1957),
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One g'of leaf tissue was extraclted with 95% Ethonol to which
0.5 gm of calcium carbonate (to neutralise plant acids) and 0.5
guw of polyvinly pyrrolidone (to remove phenolics) was added. The
extract was filtered and the‘residue was extracted with acetone
and filtered. The filtrates were combined. This was repeated

till the residue became colourless (pigment free).

The combined extrace was tlhen transferred‘to a separating
funnel and peroxide free ather added to it. After shaking, the
pigmenls were forced into the elher layer by flushing with dist
water. The elther layer was then collected and made upto 40 ml
with ether and absorbance were recorded at &65,649,642.5,485,474
~and 470 nm. The readings were -computed with the following

formula to calculate pigmenl content.

Tot. chl = 5566.% A
i (649)
Chl.a = 1994.5 A - 173.4 A
(665) (64Z2.5)
Chl.b = 3528 A - &07 A
(642 .5) (bbS)
Total Car = 982.1 A - 0.0255% chl.(a) - 0.235 chl.(b)
: (475
Caro. = 2518.2 A - 1198.5 A - 3.0298 chl.(3) + 0.33%6 chl.(b)
: (48%5) 4709
Xan 2026.1 A — 2288.6 A4 + 0.0036 chl(a) — 0.6518 chl (b}

B

(470 485>
The pigment content was expressed as mg/g9-1 fr.wt.

"Proline content:

Free proline estimation was done as per Bates et.al.,(1973).

Leaf Sample of 500 mg was homogenised with 10 ml of 3%
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_sulphosalicylic acid. Homogenate was filtered and the filterate

was used for the assay. & ml of filtrate was added to 2 ml of
acid Ninhyﬁrin (1.25 gm Ninhydrin dissolved in 30 ml of 4glacial
acetic acid ). The tubes containing the mixtlure was incubated for
1 hr at 100°C in a water bath. After the incqbapion period the
tubes were then transferred to an ice bath to teriminate the
reaction. To each of the tubes 4 ml toluene was added and shaked
thoroughly to bring the chromophore to toluene layed using a test
tube saker for 15 to 20 secorids. The pigﬁented Ltoluene layer was

then separated in a seperating funnel and "absorbance of the

‘ chromophore toluene layer was recorded at 520 nm. A standard

curve was prepared using guantities of authentic proline and the

proline content in the sample was calculated using the formula:-

/19 proline x ml toluene x 4x5
——————————————————————————————————— = f4mole of proline/g

Total sugargs *

Faor iotal sugar estimation 100 mg of leaf 1lissue was
homogenised with 10 ml ethanol and the homogenate filtered. The
filtrate was then passed through magnesium oxide column lo remove
plant pigmenis. The extract thus _obtained was used for
estimation of Sugars (Dubois et.al.1951). Total sugars was
estimated_ using anthrone réagent. To ong ml of extract 4 ml of

anthrone reagent was added (2 gm. of Anthrone dissolved in 1L of



conc. Hp S503). The tubes were placed in boiling waterbath for
one minute_and cooled in running water. Absorbance was recorded
at 625 nm; A standard curve was prepa?ed using known amount of
g3lucose and the sugar content of the samples was calculated from

the standard curve.

Total phenols

Total phénol content was estimated as per Bray and Thorp
'(1954). To 1 ml of alcohol extract 1 ml of Folin-ciocalteds
- reagent was added followe& by 2 mi of 204 sodium carbonatle
solution. The blue rgsultani solution was centrifuged to remove
the prcipitate and made wup to 25ml and the absorbance was
recordéd at 650 nm. A standard was prepared using catechol and
phenolic content was <calculated from the standard curve and

expressed as mg/g as equivalent of catechol.

Nitrate reductase!

Nitrate reductase activity was estimated spectrophotomet—
ricaily using sulphamilamide and N-— (1.naphthyl) ethylene diamine
dihyrochloride reagenls, as pef Hageman and Hucklesby (1971).
About 200 m3g of leaf tissue was cut into 2 to 3 mm pieces and
suspended in 5 ml of 0.1 M Fhosphate Buffer pH 7.0 containing 0.1
M KNO3. The tubes were kepl in desiccator and vaccum infiltrated
for 3 minutes. It was then incubuated for 2 hours at 35°C. At
the end of the incubation period the extraclt was filtered through
activated charcoal (to remove pigments) and the filtrate was used

for assay of enzyme activity.
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Enzyme acltivity assay:

To 0.4 ml of extract was added 0.2 ml of 1% sulphanilamide
in SNHCL and 0.2 wml of 0.24 M.napthyl ethylene diamine
dihydrochloride. After 20 minutes 4 ml of distilled watler was
added aﬁd the absorbance was measured at 540 nm. A standard
‘cﬁrve was prepared dsing known amount of Pottasium nitrite and
nitrate formed in the samplg was calculated from standard curve.
The NR  activity -~ was expressed as ,{moles of Nitrate

formed/hr/g.(fr.wtl.
Peroxidase acltivitys

Peroxidase was extracted and assayed as per Ujwal Kumar
(19825. Leaf tissue of 100 mg was homogenised in 10 ml (50mm)
phosphate buffer PH 6.0, containing 1MNacl and polyvinyl
pyrrollidone. The homogenate was centrifuged for 13 mts. at

10000 rpm at 5°C. The supernatent was used for enzyme activily.

Enzyme acltivily assay:

To 4.5 ml of citrate buffer (10 mm) PH 5.5 containing .0.52
Guaicol (substract) was added 0.25 ml of O0.1% hydrogenperoxide
and the absorbance adjusted to O. To this cuvette was added 0.25
ml of enzyme extract, shaked throughly and increase in absor
bance was ‘recor&ed for every 30 se?onds for 3 minules. The

velocity of reaction was calculated from the linear portion of
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the‘ curve (at 470 nm) and peroxidase activily was expressed as
unit activity/hr/g of tissue (1 unit of peroxidase activity is
~defined as the amount of enzyme required to cause an absorbance

of 0.1 per minute at 470 nm).

Acid phosphatase activity:

Acid phosphatase acltivilty was assayed as per Jones
(196%7) .one hundred mg leaf tissue was homogenised wilh 0.853% Nacl
in an ice bath. The homogenate was filtered and centrifuged at

4

10000 Rpm for 20 minutes at 4 C. The supernatant was used for

enzymeréctivity AS8AY.

o wemen  cmt— o vesscptamenia ettt tapssamasssrss of o

Too 1 ml QF extract, 1 ml of substirate solution was added
(p.nitrophenyl phosphate, 5Sm3/10ml) 0.1 M Magnesium chloride 1ml;
0.1 M Acetate buffer pH 4.8 30ml). The m&xture was kept in an
incubator at 37°C for 30 minutes. After incubation 5 ml of O.1N
‘NaDH was added and the resultlant yellow colour was read at 410
. A standard curve was prepared with known amount of
p.nitrophenol .and p.nitrophenol content of ihe samples were
calcul&ted from the standard curve. Acid phosphatase activity

was expressed as Mmoles of p.nitrophenol formed/hr/g (fr.wt).

Statistical analysis was done for all the characters studied

using randomised complete block design; Individual characters
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significance and interaction of various faclors were worked outl
in computer using Irristat program. Correlation matrix for all
the twently four characlters was prepared using tlhe above

programme .
Indexing of characters

Characters which has shown very high correlation with soil
‘moisture content were shortlisted for indexing for drought
tolerance. The indexing ig based on stomatal resislance. eg.
stomatal ;esistance was taken in x axis and each of the other
charaCtérs selected in y axis. Half-max line was drawn for both
stomatal resistance and respective characlers selected. The
half-max lines'divided the graph into four blocks. The cultivars
“studied were fitted to whichever block it belongs. Block

numbering and scoring was done &s follows:

]

eg. Stomatal resistance vs leaf water potential

" Character . Block Score

High Stomatal resistance and high leaf

water potential I 1
High stomatal resistance and low leaf
leaf water potential 11 2
Low Stomatal resistance and high
leaf water potential I11 3
Low stomatal resistance and low

v 4

leaf water potential
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The scoring is in the ascending order from block I. The

lowest score for each of the character is the most preferred.

Screening of promising lines:

Five promising genotypes (viz. ‘Acc. no.1495,K546%,KS88
Pancﬁami and Acc no.931 were screened in pot culture experiment.
Moisture stress was imposed py withholding watering to & set of
plants. The methodology was similar to prévious experiment.
Observations on short listed characters viz., stomatal
reéistance, transpiration rate, leaf water potential, relative
water content,specific leaf Qeight,proline coritent,total SUJAars
and nitrate reductase activity,were vrecorded at four days
intervai till- the plants of anyone of the genolypes showed
wilting symptoms. Each of the above paramelers were recorded as
explained -in the first experiment using standardised

methodology.

Indexingy methodology proposed in the first experiment was

used. to classify the genotypes for drought tolerance.

Field experiment: The two promising lines (for drought
tolerance) viz Acc.no.1495 and K869 were planted in the

field (12nos each) to test their field tolerance. Recommended
ajronomic préctices were followed whilé planting and irrigation

" was given in the first year (1991) during summer months, for the
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establishment of plants. In the following years the planls were
maintained as rainfed crop. Physiological parameters were
recorded, at monthly intervals included, stomatal resistance,
‘transpiration }ate,leaf water potential and soil moisture

content. Resultls are presented in graphic mode.



Results




RESULTS

Relative Humidity (RHZ), temperature and radiation inteception
' duéing the experiment

.Maﬁy crop species experience detrimental effects during some
part of their life cycle due to soil and atmospheric drought (
Hall 1981 ). The important aspect of moisture stress studies is
the agroclimatic conditions wviz., Relative humidity (RH%Z),

temperature (°C) and radiation interception, prevailed during the

experiment. Several of the plant responses are ‘influenced by
climatic faclors especially under soil moisture stress. Higher
temperature and radiation interception coupled with lower

relative humidity (RHZ) increased the intensity of moisture
stress in coconut ECETE T T -+ (Rajagopal et.al, 1989)

and Cocoa (Balasimha & Rajagopal 1984).

Relative Humidity (RHZ%)

Relative humidity (%) recorded on different sampling dates
both for control and stress treatment is presented in Fig.t.
Relative humidity ranged from 40-45% in control and moisture
stress treatment indicating the higher ;gVaporative damand
irrespective of the treatment. Variations between trealments and
di?ferent dates of sampling were insignificant. The lower RHZ
recorded increased the intensity of soil moisture stress through

' hiéher evaporative demand of the atmosphere.



- RH %

Fig.1 = Relative humidity (%) during different
sampling dates

Days after water
[n] Control + 9 Treotment
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Temperature

Temperalure recorded of different sampling dates both for
control and moisture stress ranged from 29-33 ® ¢ during the
experiment ( Fig.2). . The higher temperature increased tlhe
avaporative demand thereby iﬁtensifying snil moisture stress.
Temperature variations were 'little for treatment as well as

different daies of sampling.

Radiation Interception

Radiation intercepltion recorded for control and moisture
étressed plants on different sampling dates 1is presented in
Fig.3. Photosynthetically active radiation (PAR) ranged from
1300-1400 gﬁmole/S/mB).‘ Variations due to treatment as well as
differenp dates of sampling were negligible with regard 1lo

radiation interception.

Higher radiation interception and higher temperature coupled
with low relative humidity creates an atmosphere,demanding higher
evaporation which in turn intensifies the soil moisture stress
(Rajagopal et,al. 1989). Daily pan Vevaporation during the
experimental périod Qas about 4.5 to 5.2 mm (unpublished data ).
This indicaies the higher intensity of moisture stress prevailed

during the experiment.
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Fig.2 : Temperature recorded during different
sampling dates
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Soil moisture depletion pattern in relation to stress development

The intensity of so0il moisture depletion is high when
atmospheric drought exists alongwith soil drought (Rajagopal
et.al. 198%.). This highlights the importance of environmental

1

influence on production of moisture stress and soil moisture

depletion pattern through soil plant-atmosphere continwum.

Soil moisture depletion pattern ¢

' The field capacity of fhe s0il ranged from 24-26%. Soil
moisture depletion pattern for both control and moisture stress
tretment is presented in Fig.4. Soil moisture depleted by 564 in
stress treatment in about 20 days after watering and the decline
was sharp.A S0il moisture conlent on diffe}ent sampling dates 1is
presented in table 1. In control plants the soil moisture varied
fram 24-26%4 while in moisture stress lreatment the soil moislure
content wvaried from 24.0 to 10.4 % from, O days till the last
sampling. The soil moisture content declined moisture‘stress

reached «clitical 1limits (visual wilting symptoms observed) at

‘about twenty days after Watering was withheld in the treatment

-plants. Interaction between cultivars and treatments (control &

M.8) was significant only at the last samplihg date, while at
first and second gsampling stages soil moisture content did not

differ significantly between treatments or cultivars.
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Table 1. Soil moisture gcontent on different samgliﬁg dates.

S5.NO. CULTIVAR

SOIL MOISTURE CDNTENT (%)

CONTROL MOISTURE STRESS
1. 2 3 1 2 3
1. Aimpiriyan 25.93 25.68 24.97 25.53 15.30 12.53
2. Arakulam munda 24.81 24.34 23.98 24.32 14.97 - 10.69
3. Kalluvally 25.5% 24.99 24 .34 25.15 14.16 10.43
4. Karimunda 25.50 - 26.00 25.42 25.33 15.41 12.37
5. Narayakodi 24.68 24.467 24.52 25.04 15.56 11.15
b. Panniyur—1 25.49 25.87 25.47 25.62 15.15 13.37
NS NS NS NS NS $#
NS : Not Significant, # Singnificant at 5% level 1 4.79
Interactions :
Cultivar x Stages = Not significant
Cultivar x Treatment = Not significant
Stages x Treatment = Significant at 54 level L.S.D. =0.85

1, 2 and 3 Corresponds O,

10th and 146th day after watering
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Cultivafs differéd in soil moisture.extraction capacity and
also in various responses to depleting soil moisture content. cv.
Ralluvally recorded lowest soil moisture content of 10.4%4 in the
last sampling date while cv. panniyur—1 recorded highest Soil

Moisture Content of 13.4% and showed willing symptoms.

‘Growth responses under moisture stress:

The most sensitive response of plants to moisture stress is
the developmental/growth response, as the growlh of a species
éntirely depend on the moisture supply( Passiouia and Anne
gardner 1990, Kallarackal gi;_al. 19920, Kemp ét;al. 1989). Amony
growtﬁ paramelers leaf expansion rate and leaf produclion rate
are important as these determine the canopy structure and crop
stand. Leaf production reduced when the moisture supply becomes a
limiting “factor, « . --» : Poor biomass production and
partit;onihg has been attributed to moisture stress in coconut

(Rajagopal et. al. 1789).

Leaf expansion rate :

Leaf expansion rate hoth length and widthwise is presented in
Figs.é and 7. The leaf expansion rate declined with the onset of
moisture stress in-'all the cultivars studied. The expansion ratle
was negliigible from Sth day (after commencement of Moisture

Stress trealment) onwards and ceased completely thereafter on 8th
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day. The leaf expansion rate was very low when the soil moisture

content was 19.5% and as the soil moisture content declined to

174 the leaf expgnsion ceased. This indicaltes the sensitivily of
leaf expansion growth to even mild stress. Leaf area increment

(mmEYday) is presenled in table 2, which shows similar trend. The
decline in leaf expansion rate is refleclted upon the leaf area

incremenl. The decline in leaf area incremenlt was sharp and leaf

area increment ceased as leaf expansion ceased.

Morphological characlers @

Morphological characters viz., rool length, shoot length and
leaf.No; did nbt correlate with moisture stress (table 15). Root
length, shoot length and leaf No., for control and stress
treatment for the cultivars studied is presented in table 3. Root
‘length varied from Z21.4 to 32.0 cm in control plants and from
21.8 to 35.7 cm in moisture stressed'plants. Root length did net
show significant difference due~to moisture stress. The lowest
and highest rgat length recorded for control was in cv.,

Aimpiriyan (21.4 cm) and cv. Kalluvally (32 cm) respeclively.

In moisture gtress treatment the lowest roolt length was
recorded in cv. Panniyﬁr -1 and highest in cv. Kalluvally. Shoot
length ranged from 38.5 - 51.4 cm in control plants and from 21.8
to 6b4.6 cm in stressed plants. The lowest shool length in both

control and moisture stress tLreatment was recorded in cv.



e o R an. e ———— A S ———e———— i Bt c———————————————

2
LEAF AREA INCREMENT mm / day
S.ND. CULTIVAR '
: CONTRDL MOISTURE STRESS
25.00 25.06 24.23 24.8% 22.20 19.60 17.0 14.2
1. Aimpiriyan 8.8 5.3 4.7 3.2 4.7 0.8 - -
2. Arakulam munda 3.0 5.1 5.0 2.7 4.0 1.2 - -
3. Kglluvally 4.1 4.8 S5 5.0 3.4 0.8 - -
4. Karimunda 5.8 2.5 1.9 1.9 3.9 0.9 - -
5. Narayakodi 3.7 2.0 3.1 2.7 3.0 1.5 ~ -
. Panniyur—1 b.2 2.8 2.5 | 6.3 3.3 0.5 - -

# Cultivar X Treatment X Stages interaction significant at 5% level by DMRT

LSsSDpD = 1.8
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Panniyur -1 (38.5 & 21.8 cm respectively). The highest shoot
lgngth for controllwas recorded in Cv. Arakulamunda (537.4 cm) and
fOf moislure stress treatment in cv. Kalluvally (64.6 cm). Leaf
nos. varied from 5.8 to 12.2 iﬁ control‘plants highest being in
Cv. Arakulamunda and loqest in Cv. Karimunda & Panniyur -1. 1In
moisture stress treatment leaf no. varied from 4.2 to 11.0,
highest béing in Cv. Kall uvally and lowest in Panniyur -1.
Genolypic variation as well as treatment variations were not

statistically significant.

Biomass allocation :

Biomass partitioning into stem, leaf and root is presented in
table 4. Dry Eatter allocation towards leaf was highest followed
by stem. Stem weight varied from 3.7‘tp 5.29 in control,  highest
being in Cv. Arakulamunda and lowest in Cv. Aimpiriyan. In
hoisture stress . treatment stem weight ranged frﬁm 3.4 to 5.4y
highest in Kalluvally and lowest in Cv. Panniyur -1. Cultivar x
treatment interaction was statistically significant at 5% level
for stem weight. Dry matter content of leaves varied from 4.1 tlo
5.83 in control plants, highest being in Cv. Arakulammunda and
lowest in Cv.-Karimunda. In moisture stressed plants the biomass
allocation towards leaves varied from 3.8 to 5.63, highest being
in ‘Cv. Kalluvally and lowest in Cv. Karimunda. Cultivar x

treatment interaction was significant ( at 5% level) with
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}espect to leaf biomass allocation. Specific leaf weight and
root/shoot ratio recorded for various cultivars are presented in
table S. specific leaf weight decreased in all the cullivars in
the - last . stage of sampling. Specific leaf weight
varied from 5.0 to 6.6 mg/cmzin.control plants while in treatment
‘plants i; ranges from 2.9 to 4.7 mg/cm% Specific leaf weight
showed a significant and positive correlation with depleting soil

moisture content (r=0.695)

Root/Shoot ratio varied from 0.39 te 0.43 in control plants
and 0.3% to 0.45 in stress treated plants. It remained more or
less the same with slight increase in someé of the cullivars.
~Root/Shoot ratio showed neautive correlation with depletling
moisture | coﬁtent, though ndt highly significant. However,
cultivars variation due to moisture-stress treatment was not

significant.

The results recorded on growtlh responses show the influence
of depleting soil moisture content at the rool region on Jgeneral
biomass production, allocation and expansion growtlh. However,
the results, do not warrent the wutilisation of tUthe above
parameters for indexing for drought tolerance, as leaf expansion
is’ very sensitive to even mild stress and has nolt expressed

variations due to genotypes and biomass partitioning among




>
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TABLE 5 : Gpecific leaf weight and Root/Shoot ratio as affected by moisture stress#

. : ’ Specific Leaf Weight Root /" Shoot Ratio
S.NO. CULTIVAR _

C Mms | C _ . MSs

1. Aimpiriyan 5.21 4.56 0.43 0.43
2. Arakulam munda 5.04 2.87 ‘0.35 0.39
3. Kalluvally b.62 4.22 0.41 0.41
4, Karimunda &.51 4.72 . : - 0.441 0.43
5. Narayakodi 6.05 3.01 0.40 0.45
b, Panniyur—1 5.47 3.16 : | 0.39 0.44

# Values are means of six replications
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cultivars were not significantly different.

" Stomatal resistance, transpiraltion rate, leaf water potential and

relative water content (water release curve.)}

Physiological paramaelers viz. Stomatal resistance,
transpifation rate, leaf waler polential and relalive water
conteﬁt have been shown to respond not on}y to, soil moisture
stress but also to atmosphe}ic drought(Rajagopal E£;§1'1989)'

| ;:- . Qi Stomatal responge to humidity,
temperatdre aids the plant to minimise the effect of changing
~almosphere. Hence, stomatal régulation is an important mechanism
to mainiain turgidity. The deéree of stomatal closure with the

detection of stress varies wilh crop species.

Stomatal resistance:

Stomatal resistance showed a highly significant and negative
correlation with depleting moisture content (r = -0.8%4).

Stomatal resistance recorded on different sampling dates for
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control and moisture stressed plants is presented in table 6. In
control plants, the stomatal resistance ranged from 1.12 to 1.63
S.cﬁl, throughout the experiment and was not significantly
different among the cultivars or different dates of sampling. In
moisture stressed plants, stomatal resistance varied from 1.41 to
20.66 - (S,cm—-1) from o day till the conclusion of the experiment
(the experiment was concluded when majority of plants of a
cultivar wilted). Cultivars difference was highly significant
(At 1% lével) during 2nd and 3rd sampling " dates in moisture
stress . treatment. Further, treatment x stages interaction was

highly significant.

Transpiraltion rate:

Transpiration rate recorded for the cultlivars on
different sampling dates both in control and stress treatment is
presented in table 7f The transpiration rate ranged from 12.77
to 13.09 (Mg cm2, 1) in control plants while in moisture stlress
treatment the range was from 0.26 to 13.21 949, cm2, s1) during
;ntire period of the experiment. In moisture stressedplants tlhe
highest transpiration rate record during last stage of sampling
was 2.16 (Cv.Aimpiriyan) and lowest was 0.269Mg ,émz , st
: (Cv.Panniyur—1). Transpiration rate has shown, highly significant
and positive correlation gith depleting soil moisture content
(r=0.932, table 15). Statistical analysis. showed significant
difference with respect to transpiration rate in the last two
Etages of moisture stress treatment. Cultivar x Treatment x

Stages interaction was also significant (at 1% level).




Table 7. Transpiration rate on different sampling dates

TRANSPIRATION RATES gﬂg,Cm“? 81)
S.NO. CULTIVAR .
) CONTROL : MOISTURE STRESS

1 2 3 1 2
1. Aimpiriyan , 12.92 13.09 13.08 13.15 &.02
2. Arakulam munda 13.02 13.04 12.88 13.19 5.23
- S Kalluvally 12.83 13.03 13.02 13.21 3.460
4. Karimunda 12.77 12.82 12.90 ' 13.18 3.43
5. Narayakodi 12.83 13.06 13.05 13.04 3.42
b Panniyur—1 12.88 13.14 13.083 13€O7 5.58

NS NéA NS NS #
cDn = . - = 0.57

#* Significant at 5% level

Interactions @
Cultivar x Treatment x Stages ! Significant at 1% level

by DMRT L S D : 0.75



Leaf Water Potential:

Leaf water potential recorded on different sampling dates is
presented in table 8. In c&ntrol plants, wheﬁ AOisture supply is
not a limiting factor, the leaf water potential ranged from -5.6
to ~46.5 bars. 'However, with the development of stress leaf water
potential lowered in all the cultivars. 1In stressed plants leaf
water potential ranged from -5.8 to —-20 bars.. Cultivars differed
significantly with regard to leaf waler potential in 2nd and 3rd
sampling dates in moisture stress tfeatment(1% level). Cultivar
X treatment X stages interacltions were also ' significant. Leaf
water - potent;al showed a significant and positive correlation

with depleting soil moisture content (r = 0.833, table 15).
Water release curve:

Toe obtain watef release curve for the cultivars studied,
relative water content recorded was plolted against leaf water
botential. The water release curve for the six cultivars is
presented in fig.B. Cultivars having a smaller slope represent
the better osmo-regulation than one showing larger slope. Cvs.
Kalluvally, Karimunda and Narayakodi_showed a smaller slope than

Cvs.Aimpiriyan, Arakulam munda and Panniyur -1.

The - physiological responses studied viz. stomatal
resistance, transpiration rate, leaf water potential, and water

release curves present meaningful data that can be utilised for




Table 8. Leaf water potential on different sampling Qatés

TEAF WATER POTENTIAL ( - bars)

S .NO . CULTIVAR
CONTROL MOISTURE STRESS

1 2 -3 ] 2 3
1. Aimpiriyan 5.67 5.77 6.50 5.97 10.87 18.77
2. Arakulam munda © 5.60 6£.37  6.20 5.83 10.53 19.20
3. Kalluvally b.47 6.50 b.23 6.23 9.73 13.43
4. Karimunda : - 627 6.03 b.43 6.10 - 9.23  12.27
5. Narayakodi &.43 &.30 &.43 b.60 2.23 13.27
% Panniyur—1 b.43 5,90 6.53 b.63 11,17 20.00

NS NS NS NS # #
cD ~ - - - 1.19 . 0.97

N.S ¢ Not Significant, # Significant at 1% level.
Interaction ¢
Cultivar x Treatment x Stlages Significant at 14 level

by DMRT : L S D = 1.28
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scoring for drought tolerance, apart from being realistic(these
responses are ‘considered a line response to moderate stress,
Hanson, 1980).

Photgggnthetxc pigments, sugars, phenols and free proline changes
due to moisture stress:

Responses at biochemical level are expected only when the
stress attains critical proportions (Bradford & Hsiap 1982).

Total chlorophyll content and pigment level were reported 1to

alter due to moisture stress(Alberte et.al.1977). Sufficient
volumes of vreporls are available on the accumulation of
proline(Stewart 1981. , Channan Itai gt.al.1988. Venkataramana
et.al.1988) and sugars (Drossopoulos giégl?1?87, Garg et.al. 17981,

Cortes & Sinclair 1987, Fénjul & Rosher . 1984) in different crop

species.

Chlorophyll Pigments:

Pigments viz. total rchlorophylls, chlorophyll a and b
‘con;ents for various_cultivars in contrél and moisture stress
?reatment is presented in table 9. Total chlorophyll ranged from
E.Ol to 4.75 (mg/g fr.wt) and ‘1.1 to 2.6 in control and moisture
stressed plants respeétively. Chlorophylla ranged from 1.7 1lo

B.j (@g/g)in control plants and in moisture stress lreatment it
ranged from 0.7 to 1.75(@9/@} Chlorophyll b ranged from 0.6 1lo
1.2 and 0.3 to 0.7(mg3g/g) in control and moistuée stressed plants

respectively. Total chlorophylls, chlorophyll a and b declined



Q§;

“(mg/g)
: ~ Tot. Chi. # Chl. a Chi. b a/b
S.NO. CULTIVAR

c M S C M S c M S C M S
1. Aimpiriyan " 2.95 1.81 2.07  1.22  0.79 0.43 2.72 2.90
2. Arakulam munda 2.60 1.14 1.72 0.72  0.73 0.3 2.41 2.18
3. Kalluvally £.00  1.13 1.28 0.71  0.62 -0.32 2.11 ~ 2.26
a. Karimunda 3.09 1.58 2.18 1.11  0.82 0.45 2.72  2.47
5. Narayakodi 2.55 1.27 1.76 0.86 0.70 0.36 2.56 2.43

&, Panniyur—1 4.76 2.60 3.10 1.75 1.24 0.73 2.51 2.42

* Cultivar x treatmenl Interaction significant at 5% Level by DMRT

LS D : 0.54

i

et

g
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in moisture stressed plants compared to control in all the
cultivars. The reduction in total chlorophylls ranged from 38.6
po 5&.2%. Cultivar x treatments interaction was significant with
respect to total chlorophyll }at 5% level). However, chlorophyll
»a/b ratio ldid not dﬁ?er significantly bethen treatments or

cdltivaés.
Carotenoid Pigments:

Carotenoid pigments, viz., total carolenoids, carolenes and
xanthophylls estimated for various cultivars for both control and
moisture stress treatment are presented in table 10. Total
cafotenoids ranged from 0.57 to 1.19 (hg)g) and 0.32 to 0.37 in
control and moisture stress plants respectively. Carotenes
ranged from 0.25 to O.43(@g/g>in control plants while stress
treatment it varied from 0.11 to 0.17 (mg/g). Xanthrophylls
ranged from 0.29 to 0.72 and 0.16 to 0.42(mg/3) in control and
moisture slressed plants respectively.‘ Cultivar x treatlment
.interaction was significant (at 5% level)with respect to total

carotenoid content.

Sunars:

Total soluble sugars eslimated for both .control and moisture
stressed plants is presented in table 11. Sugars ranged from
13.23 to 29.38(@9/9 Fr.wi) in control plants while in stressed

plants it ranged from 27.82 to 52" (mg/g fr.wt). Accumulalion of



\

Table 10: Carotenoid pigments as affected by moisture stress

mg[3)
, Tot. car * - Carotenes Xanthophylls
c MS c MS c MS
1. Aimpiriyan 0.78 0.51 0.34 0.13 0.42 0.38
2. _ Arakulam munda 0.74 0.32 0.43 0.14 0.39 0.16.
3. Kalluvally 0.57 0.32 0.25 0.11 0.29 0.23
. 4. Karimunda . 0.92 0.46 0.34 0.17 0.54 . 0.28
5. Narayakodi 0.74 0.32 0.28 0.12 0.43 0.19
6.  Panniyur—1 1.19 0.57 0.34 0.14 0.72 0.42
* ‘Cultivar x Treatment interaction significant at 5% level by

DMRT LSD : O.11




Téble 44: Free proline

and total sugars

in blackigegger cultivars

. Prolineg¢moles /) Sugars (mg3/93)
5.NO. CULTIVAR
C M.S ¢ M.S
1. Qimpiriyan 4.14 7.52 26.43 43.13
+(0.46) +(1.14) *(5.68) £(11.38)
2. Arakulam munda 4,10 b.16 13.23 31.40
+(0.38) 1(0,81) +{1.97) +{4.89)
. 3. Kalluvally 4.29 12.11 29.38 44,68
+(0.36) +(1.257 +{(1.88) +(5.30)
4. Karimunda 4,25 2.58 27 .41 52.00
+(0.45) +(0.60) +13.89) +(4.06)
S - NMarayakodi 3.72 11.53 17.03 27.82
2(0.61) +(1.56) +(2.70) +(2.3%)
b, Panniyut—1 4.14 5.61 25.42 32,32
+(0.52) +(0.67) +(4.07) +(6.53)
#* Values are means of gix replications each
& Standard deviation
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sugars was highest in Cv.Karimunda followed by Kalluvally. Cv.
~ Narayakodi,  recorded lowest sugar contenti. Total sugars showed
significant and negative correiation wiph depleting so0il moisture
content (table 15). The higher acc@mulation of sugars occurred
~when the soil.moisture content reached critical limit (SMC =

11.75%).

Proline content:

Free proline content for control "and moislure slress
treatment is presented in table 11. In control plants proline
content ranged from 3.72 to 4.29 f&moles/g fr.wt of leaf tlissue
wﬁile in treatment plants it ranged from 5.61 to 12.11 (Mmoles/y3)
under stress <conditions. Cv. Kalluvally accumulated maximum
. proline (1Z.11) followed by Cv.Narayakodi (11.53). The increase
in ‘proline content was threefold in the above cultivars while
Cv.Panniyur. -1 the increase was little. Proline content showed
significant anq negative cor;elatian with s0il moisture content

(table 15).

The biochemical paramelers studied viz., total sugars,
proline content and pigments were found to altér due to moisture
stress. These parameters were found to correlate with stress and
showed significént difference among genotypes studied. Parametlers
that showed high significance (ltotal sugars and proline level)
with 'moisfure were used in scoring cultivars for drought

"tolerance.
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Nitrate reductase, peroxidase and acid phosphatase activity:

Several enzyme syslems were reﬁorted to undergo changes due
to ' moisture stress. Hydrolases activity  increase while
carboxylases/reductases decrease due to moisture
stress (Glenn.W.todd 19460). Nitrate reductase activity is reduced
due 1o moisture stress (Paleg & Aspinall 1981) both acid
phosphatase apd peroxidase actlivity increased as an influence of

moisture slress, - P -

Nitrate reductase activitys

Nitrate reductase activity declined at a rapid pace in
moisture stress trealtment in all the cultivars studied. However,
the degree of reduction varigd with cultivars. Fig.13 shows the
-decline paltern of nitrate reductase activity for different black
pepper, cultivars. _NR aciivity was lowest in Cv.Panniyur—1
followed Sy Cv.Aimpiriyan. Cvs. Kalluvally, Karimunda and
Narayaﬁodi showed slightly higher NR acltivity. Nitrate reductlase
activity showed positive correlation with depleting soil moisture

content. (table 15).

Acid phosphatase aclivily:

Enzyme acid phosphatase activity increased in all the
cultivars Astudied i}respective of their degree of drought
tolerance (table 12). Acid phosphatase activity ranged from 11.4

to18.% (Hmoles/g of p.nitrophenol formed) in ;ontrol plants and

NB-DbbT \ Gy
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Fig.13 : NR activity as influenced by M.S. in
different cultivars
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‘Table 12: Acid phosphatase and Peroxidase activity as influenced by
moisture stress
PEROXIDASE ACTIVITY # ACID PHOSPHATASE ACTIVITY *
(Unit/g) (M.mole p.nitrophenol/g/30min)
5.NO. CULTIVAR .
c M8 c MS

1. Aimpiriyvan 101 (16.6) 125 (5.0) 13.67 (2.4) 45.17(4.2)
2. Arakulam munda 114 (2.6&) 124 (7.53) 15.07 (1.5) 30.12¢1.3)
3. Kalluvally 102 (3.2) 123 (19.2) 11.40 (2.0) 47.07(2.6)
4, Karimunda 164 (7.2) 179 (14.1) 15.00 (&6.0) 34.87(2.7)
5. Narayakodi 128 (5.7) 1946 (11.0) 18.90 (1.0) 49.66(5,7)
6. Panniyur-1 83 (5.3 7 (3.5 15.00 (1.1) 12.05¢(1.7)

are means of siux
deviation

* Values

replicationsiValues in parenthesis standard



maxiﬁum acpivity was recorded in Cv.Nar%yakodi. In moisture
stressed plants the acid phosphatase activity'ranged from 12.05
iq' 42.06 (Mmoles/g/30 min) the‘ highest again recorded in
Cv.Narayakodi. In general mdst of the cultivars recorded a 2-3
Fold'in;rease in the activity SP acid phosphatase due to moisture

stress.
Peroxidase activily:

' Enzyme peroxidade activity recorded:iﬁ control and moisture
stressed plant 1is presented in table 12. Peroxidase activity
inFreased in almost all the cullivars exceptl Cv. Narayakodi.

Peroxidase activity ranged from 83-198 and 97 to 196 unils/3/min
in control and moisture stressed plants vrespectively. Although

‘the general trend indicated an increased activity the increase

was only marginal.

Alterations in the enzyme activity is an expression of
plants subjeclted to moisture slress. Black pepper cultivars
sh;wed decreased activity of Nitrate reductase and higher
activity of peroxidase and aéid phosphatase siﬁilar to earlier
reports on otlher plant species (Paleg & Aspinall, 19815,

Among the three enzymes studied enzyme
nitrate reductase has shown differences due to genotypes under
moisture stress condition which was significant. Hence, this

enzyme activity has hbeen used for scoring for drought tolerance.
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Plani resgénse at critical mositure level:

" The main objective of ?ixiné critical soil moisture level 1is
to test the repeatability of the trend aof responses at
developmental, physiological and metabolic Ilevel. Generally
~acceplable method of fixing crilical soil moisture contenl was
followed in t1he preéent work. For tﬁis purpose stomatal
resistance (means of all the cultivars studied) was plotted
against soil moisture content. Half max of stomalal resistance
facilitated fixing of critical moisture content(CMC) Fig.5.8ince the
critical mo@sturé content determined was belween two sampling
détes_ (10th and 146th day after watering),~ data for different
plént response were fitted for the critical moisture content.
Fittiﬁg of reéponse curves al critical moisture gontent was done
pnly for the characters fhat had shown very high correlation witlh

depleting moisture content.
Response of physiological paramelers:

The bhase character used for fixing critical moisture content
was stomatal resi;tance recorded on different dates of sampling.
Fig.?a shows the stomalal response for depleting soil moisture
_conteni and CMC thus determinded was 14.5%., At CMC the stomatal
resistance fitted for various cultivars is presented in table 13.
-Stomatal resistance ranged from 7.27 té 16.74 5, cm . This range
at  CMC clearly qf?ers better points for discussuion on stomatal
regulatioh mechanism and the relationship of stomatal resistance

with the degree of droughtl tolerance.
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Table 13: Stomatal diffusive resistance, transpiration rate and leaf water
potential at critical mpisture content

SO0IL MOISTURE CONTENT (14.5%) %

S.NO. CULTIVAR
. -Btomatal Resistance Transpiration rate L.eaf water
-\ - W Potential
(8 ,/Cm ) gqg /Cm /8 ) (- bars)
;1 Aimpiriyan 7.27 ' 5.77 _ 15.21
2. Arakulam munda 16.66 5.01 15.55
e I Kalluvally ' 10.55% - : - 3.45 10.88
4. Karimunda 10.14 3.29 .94
5. Narayakodi 10.59 3.28 10.75
b, Panniyur—1 16.74 5.35 _ 16.20
#* Values obtained by fitting reponse curve for depleting soil moisture

content

A
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Response curve for transpiration rate (Fig.9b) shows the
optimum transpiration rate desirable for drought tolerant
cdltivars at CMC. This optimum transpiration rate was used as
cul  off rate for indexing for drought toleran;e ! (3.7’Ag/cé5§).
Transpiration rate fitted for various cultivars is presented 1in

; 21
table 13. Transpiration rate ranged from 3.28 to 5.77 (M3/cm/s),

Optimum leaf watler potential determined using CMC was -11.2
bars (Fig.108). Leaf waler potential fitted for various cultivars
alt threshold 1level of stress ranged from -2.94 to -16.2 Dbars.

(table 13).,

.Desirable relative waler content of leaf lissues obtained at

CMC was 70% (Fig.10B) and same fitted for the cultivars ranged

from &0-746% (table 14).

Responses of biochemical paramelters:

Response of biochemical parameters viz. total sugars and
free proline are, presented in figs. 11 a & b. The desired level
o% sugars and, proline determined was 31 m3/g9 and &5 fAmoles/g
fr.wt. vrespectively. Total sugars ranged from 22.53 to 42.13
mi3/ g Fr.wi. and free proiine ranged from 4.5 to 9.8 ,4moles/g

fr.&t at critical moisture content (table 14).

Nitrate reductase activity in response to depleting soil

moisture content is presented in Fig.12a. The optimum level of




Table 14: Relativg water content, proline,total sugars and nitrate reductase
activity at critical moisture content
SOIL MOISTURE CONTENT (14:.5%) +#
S.NO. CULTIVAR ‘ '
" RWC (%) Proline " SugarsWMg/g) NR Activity
(Fmole/g) (Mumole/g/hr)
1. Aimpiriyan b62.17 &.09 34.95 2.40
2. Arakulam munda 651.89 4,99 25.44 1.19
3. " Kalluvally 76.09 .81 36.20 1.95
4. Karimunda 75.21 7.76 42 .13 2.59
Sim Narayakodi 75.59 Q.34 82.53 1.81
b Panniyur-—+1 592.75 4.54 26,19 1.20

Values obtained by fitting response curve for depleting soil moisture

content
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NR activity ‘was 1.7 FWOle/g/ht/ NR activity +fitted for the
cultivars - at critical moisture content varied from 1.19 to 2.5%9

ﬁmoles/g/hr.

The response of the above parameters delermined viz.
stomatal resistance, transpiration rate, RUWC, Leaf water
potential, total sugars, proline content and NR activity at
critical moisture content were’utilised for indexing of drought
iolerange. These paéameters showed highiy significant
correlation (positive as well as neéativé) with depleting soil

moisture content.

Plant response correlatjon with moisture stress:

Plant response to moisture stress vary with the severily as
well as the duration of the stress. Only the most sensitive
procéssv are altered by mild stress. As the stress increases
these changes intensify and additional processes become affected
depending on their sensitivity to the stress (Bradford & Hsiao

1982) .
Correlation matrix :

Among the twenty four characters studied, eight characters
showed higﬁly significant correlation with depleting soil

moisture content (table 153.




TABLE 13 : Plant Response Correlation with

Correglation Matrix

x4 = | @eil weistare content X473 -
- Xp . — lTotal Chlorophyll x14' e
K7 = Chlorophyll a K45 T
g '~  Chlorophyll b - X416 T
Ke - Chl. a/b ratio X47 T
X4 = Tolal carotenoids X418 -
K7 - Caroé@es X4Q -
X8 i Xanthophyllé K20>. T
Ko - Chl /Car K2 i
X410 - R.W.C Xpp i
X4 = S.L.W. K23 0

X4p - Feaf ¥ K24 vl

moisture stress

N R A

Proline
Sugar
Phenole
Sugar

Shoot Wt.
Leaf WtL.

R/S Ratlio
Root length
Shoot length
Leaf No.

No. of nodes




Table 15 (contd)

x1
e
®3
x4
xS
wh
x7
x&
X7
x10
<11
x12
x13
x14
®15
x1é
%17
x1&
x19
X220
xe
X222
x&23
x24
X9
K10
x11
K12
K13
214
X115
x1b6
17
x18
®19
r20
%21
xee
%23
xZ4

w1

1.00000
69236
69844
62371
07242
. 70110
- 68906
60709
07180
22707
- 62485
85777
86743

-.77784
52866

. 16446,

. 09207
02621
. 18971
. 302533
09582
04402
- 108720
09999
1.00000
-« 17993
—-.34215

. 19108,

17941
. 08384
.064%94
. 12812
09507
. 06886
0?2112
. 02555
05279
-.21504
-.24100
-, 234660

xe

1.00000
. 28004
26414
. 12945
90260
67009
89791
086364
57766
. 392087

—. 52067
. 58152

~. 59521
38791
» 19759

- . 36330

-~ 26941

-~ 07244

~. 12164

~. 23854

~. 18099

-.2548%

~. 24511

1.00000
72045
. 95780
. 38382
63425
60246
. 18795
. 02674
.09071
27477
-.33260
-.00758

. 18822

.20074

. 20450

1

x3

1.00000
. 73860
. 23994
. 71084
72925
. 88288
.03774
59705
. 40625
. 233598
61371
-.61525
. 38516
121466
-.39838
-.31056
~. 11747
~. 16247
-.25495
« 16879
27745
26970

b

§-

-

. 00000
73712
68615
AbbLE
17312
. 13768
05397
05171
. 02007
~. 159646
049212
05444
. 06943
.05312

i

{

x4

1.00000
~.08324
1. 90525
71686
87658
04414
.58333
40229
. 53341
57158
-.539835
- 39317
. 18153
-.31983
-.23303
-.01810
-.2110%9
—.20835
~. 18172
~-.18783

1.00000
-.84%972
50919
-47453
-. 12925
06132
.09854
26621
.28028
02122
-.20155
~-. 19530
-. 12038

{

. 16900

1.00000
.09514
07690
12967

-.04591
07429
. 09392

-.04246
- 13408

-. 115384
00569
.01291

-.27855

—.246468
~-.2938%9

- 11037
- 17667
-.06314
~-.28238
-.31266

1.00000
-.572468
- 40940
< 19478
-. 09276
-.04%83
. 10884
-.22378
-.00522
. 15669
.03865
. 04307

1.00000
85293
89979

—. 27464
63163
. 50057

-.37368
63397

-. 60822
. 35702
20852

~.35718

~. 23912
-.07024
-. 21978
-.23196
-. 10574
-.13152
~.12203

1.00000
~.6089%
~.23058
. 15001
. 02932
-.12516
30624
.23%74
.. 05904
-.07787
-.04315

%7

1.00000
© 58705
-.3203%
. 71542
48037
67388
67678
-.58825
42478

13811,

~-. 15536
~-.01334
15717
~. 33698
-. 15936
. 05449
05360
07286

1.00000
-. 12787
-.06231

. 17955
~.30247

. 33506

- 14068
~.01631
-.22373
-.22605

1.00000
-. 16144

47937

.43273
~.42184

.50210
~.52241

.28123
-.15387
~.45834
~. 34491
.20326
. 13737
-. 24924
.20383
24071
.23154

I A |

1

-k

. 00000
. 11044
. 118466
04134
. 12357
14731
. 23387
093467
. 08349

'
i



X17
x17 1.00000
X118 80279
X119 . 74895
x20 - 06374
waZi . 382568
xaa JA5712
xa3 = H0O135.
xZ4 55201

CRITICAL VALUE

"CRITICAL VALUE

1
PXS

3 1. 00000
y -.83000
21 ~. 82407
Ke 73248

CRITICAL VALUE
CRITICAL VALUE

<
i

w1
e

HI

" Table 15 (contd)

*«
X18 ‘ X19 . X20 Xz1 X2z
1.00000
82149 1.00000
~.55267 — . 63541 1.00000
.34246 - .29704 ~.05936 " 1.00000 -
56598 49552 -~ . 38059 . 18582 1.00000
67748 . 66308 ~. 427664 .34473, . 65547
. HA03G L L2BLZ ~. 415464 .32782 67126
(1-TAIL, .05) =  +0r - .19551
(Z-tail, .0%) = +/- 23172
¥ %1 HeA
1.00000
.81b6bb 1.00000
—-. 84161 - . 93955 1.00000
(1-TAIL, .0%) = +0r - .11225
(E~tail, .0%) =

+/- 13352

So1il Moisture Content

lLeaf water polential
Stomatal resistance
Transpiration

T X23

1.00000
95273

1.00000
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i) Biomass Characters

Components of biomass viz. leaf weight, stem weight and root

weight did not correlate with moisture stress.

#* Specific leaf weight showed significant and positive

correlation with depleting moisture content (r= 0.4694).

#  Root/shoot ratio showed negative correlation though not highly

significant (r=-0.302).

#* Morphologiéal characters viz. root length, shoot length and

no.of leaves did not correlate with moisture stress.
ii) Physiological Paramelers:

All the physiological parameters studied were found

"to correlate with depleting moisture content.

#* Stomatal resistance showed significant and negative

correlation (r= —-0.894).

L Transpiration rate, leaf water potential and relative
water content showed highly significant and positive

correlation with depleting moisture content (r=

0.932,0.830,0.927 respectively).
iii) Biochemical Parameters:

* Free ﬁroline and total sugars showed significant and
negative correlation with depleting moisture content

(r= ~0.777 and —-0.598 respectively).
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#* Pigments wviz.lotal chlorophylls, chl. a and chl. b,
total carotenoids, carotenes and xanthophylls showed
significant and positive correlation with soil moisture

- content (r= 0.692,0.698,0.693,0.701,0.4689 and 0.6%7

respecltivelyl).

# Mitrate reductase aclivily showed a highly significant
and pogitive correlalion with depleiing moisture

content (r=0.867).

Indexing for drought tolerance:

Characters which .hgd shown very high correlation with
moisture stress were selected for indexing for drought tolerance.
The indexing is based mainly on stomatal resistance, eg: Stomatal
resi;tance was taken in x axis and each of the other characlers
sélected in y axis (one character at a time.) Half-max line was
drawn for both stomatal resistance and respecltive charaﬁters

selectéd.

Hélf—max ‘For each charactetrs was determined from response
curves (Fig &-12). The.half max lines divided the graph into
four blocks. The cultivars stﬁdied were fitted for the data to
whichever block 11 belongs (Fig.14a-3). Elock numbering and

scoring was done as follows:
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Leal water potentlol (—bors)
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Specific leaf weight {(mg/Cm )

Fig.11la : Response curve : SLU / SMC
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Fig.12a : Response curve : Sugars / SHMC
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Fig.14 : Indexing for drought tolerance
a) Sfomatal regsistance Vs. transpiration
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Fig.14(Contd.)

b) Stomatal resiatancé Vs. leaf water potential
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Fig.14 (Contd.)
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Fig.14 (Contd.)

£) Stomatal resistance Vs. sugar content
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Character' Block Score

High sotmatal resistance and high leaf water

potential 1 1
High, stomatal resistance and low leaf water
potential i 11 2

. Low stomatal resistance and high leaf
water potential ) 111 3
Low stomatal resistance and low leaf
water potential 1V 4

The  scoring 1is in the ascending order from Block I. The

lowest score for each character is the most preferred. Table 16
shows the score details for each of the character and aggrejgate

for each of the cultivars studied.

The cultivars which scored least (7) is considered drought

tolerant and the relative tolerance is given as follows:

Score Aggregate Degree of Tolerance
. 7 Drought Tolerant
8~-14 ‘ : : Moderately tolerant
15-21 , Moderatlely sensitive
22-28 : Highiy sensitive

Cultivars Karimunda and Kalluvally scored 7 and Narayakodi
(%) are found to be relatively tolerant ovder the rest. Cullivar

Aimpiriyan is found to be very sensitive.



cultivars — scoring for drought

Table 14&: Pepper tolerance
: SCORING OF CHARQCTERS ve STOMATAL RESISTANCE Drought

S.No. CULTIVAR ' Index
‘ ) 1 2 3 4 5 b 7 Score
1. Qimpiriyan 4 4 4 3 4. 3 3 25
2. Arakulam munda 2 2 2 2 2 2 2 14
3. Halluvally 1 1 1 1 1 1 1 7
4. Karimunda 1 1 1 1 1 1 1. 7
= Naravakodi 1 1 1 1 1 z 2 Q
b Panniyur-1 2 2 2 2 z2 z2 2 14

Characters 1-7
water content,

and specific leaf weight respectively.

represent transpiration ralte, leaf water potential, relative
Nitrate reductase acitivity, proline content, sujgar content

For relative drought tolerance of cullivars see text pagesg#

N
RN
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Screening of promising genotypes:

Screen;ng of germplasm for drought toierance in most of tLhe
agricuiturall crops is based on their vield lper?ormance under
rainfed ' conditions. However, .screening based on
yield performance takes sevefal vears in perennial crops as the
aclual yield potential is realised only after 4 or 5 years after
planting. Hence, methodologies Lo screen al an early stage would
enable breeders to identify lolerant lines and test tolerance in
the field in & shorter period. Hence, characters 1lhat showed
high correlation with depleting soil ﬁoisture content were
studied in- ' few promising genolypes of pepper viz. Acc.no.1495
(Kottanadan), Keé&7,Ks88 (Karimundal, Panchami (Aimpiriyan)
Acc.No.?231(Kalluvally). Were screened for droughtl tolerance based
on the short listed character i.e., stomatal resistance,
transpirat;on rate, leaf wéter potential,.relative water content,
specific leaf weight,-total suigars, proline content and nitréte

reductase activity.

Screening of promising jgenotypes : Soil moisture contlenl as
inFluenEed by moisture stress is presented in Fig 15. Soil
moisture content depleted by about 50% when most.of the plants of
showed wiltiﬁg symptoms. Fig. 1é picltures the response
curve of stomatal resistance for depleling soil moisture content.
This formed the basis for fixing critical moisture

content.(CMC=s0il moisture <content at half-max of stomatal
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Fig.16 : Stomatal resistance against soil
moisture depletion
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resistance)l. The critical moisture content in this experiment

was 13.8%.

Stomatal resistance incfeased in all genotypes when the soil
moisture showed depleting frend: however, the response of
jenolypes varied as realised in the previous experiment.
Genotypes 1493, K567, KS88 responded quickly by showing higher
stomatal resistance while genotypes Panchami and Acc.No.931
resbonded at latter 'stage only. Stomat31 resistance recorded on
last sampling stage ranged from 17.3 to 26.75 Scm—1. At critical
mpisture content Acecno. 1492 & K86? recorded higher stomatal
resistance (tablei1?7), this helped the above genolypes to reduce

waler loss by reducing lranspiration rate.

Leaf water potential reduced (reached more negative values)

as  the so0il moisture depleted. Genolypes KSE6% and Acc.No.11495

recorded higher leaf waler potential compared to KS88, Panchami
and Acc.No.?31. This indicated the higher turgidity retained by

K569 and 1495 (table 17).

Relative .water conteni worked oul for. critical moisture
content varied from 56-72% and genolypes KB&7,14%5 and Acc.No.731
showed higher'RNC(Z) indicating their turgid nature (table 18).
Specific leaf weight did not show much variation due to moisture

stress. Specific leaf weight ranged from 3.0-4.2 my3/cm2.

Proline content estimated showed the genotypes’ differential

response to soil moisture stress (tablei8). Genotypes K&&F, 1495



Table

17: Stomatal resistance, transpiration rate, leaf water
potential at critical moisture content (13.8%)

Stomatal resistance Transpiration rate Leaf water potential

Variely
. ) " -2 .
(s ,Cmh (M3, Cm 5 8) (~bars)

Acc.no. 1495 12.28 1.92 ' 12.60

K 69 13.65 1.98 10.86

KS 88 10.58 2.14 14.20

Panchami &.38 2.31 15.60
10.05 2.31 14.80

Acc.no. 931




Tahle 18: RWC, Shgars, proline, nitrate reductase activity and sgecific'
leaf weight at critical moisture content

Varjety . RWC (%) SLW SUGARS  PROLINE NITRATE REDUCTASE ACTIVITY

2 ,

(mg/cm ) (mg/9q) (Mmole/q) (umole/g/h)
Acc.no. 1495 &8 3.8 Pb.b68 10.26 ©1.34
K3 69 72 4.2 22.32 11,06 1.24
KS 88 60 3.2 24,14 ?.36 1.06
Panchami S 3.6 22,44 C O 7.44 0.88

Acc.no. 931 62 3.0 23.38 ?.16 0.%6

%09
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and KS88 vrecorded higher proline content compared to other
gjenotypes. Total sugars varied from 22-2é6 myg/3g and genolypic
differences were meager. HNitrate reductase activity showed a
&eclining trend with depleting moisture content. The lowest
acpivity deteclted was in Genotypes Panchami(0.88 pmole/g/h) and

highest in .Acc.no.1495 (1.36pmole/g/h) .

Scoring for the above jgenotypes for shortlisted characters
is presented in table 19. The geﬁotypes that showed tolerant
reactions are Qcc.no.1495 (Kottanadan) and KS49 (Karimunda).

Data on screening work has indicated the suitability of the
indexing methodology proposed in this work. Genotlypes(1495 and
K56%) that showed better drought tolerant reaction in pol culture
experiment, were planted in the field to test their field

tolerance.

Field 1lolerance ¢ Field tolerance to stress conditions would

largely reflect upon the genotypic potential and its response to
the env;ronmeht. The response of a Jenolype in the field to -

stress situation would remain unaltered if the trend of slress

development as well as agroclimatic conditions remain (unaltered)

similar in potl culture experiment.

Field observations recorded : Soil moisture depletion pattern, on
monthly basis is presented in fig 17(1990-21). Soil moisture
content was at field capacity in Lhe months of May 1o October

with a dip in sepetember. This corresponded with rainfall




Table 19: Scoring of promising lines for drought tolerance

SCORING OF CHARACTERS vs STOMATAL RESISTANCE

Drought

5.No. Genotlype Index
. 1 2 3 4 5 b . 7 Score

1 Rcc. no.1495% 1 1 1 1 . 1 1 1 7
2 KE &% ' 1 1 1 1 2 1 1 8
3 KS 88 4 4 3 4 3 3 3 24

- 4 Panchami 4 4 4 3 4 3 4 26
5 Acc no.931 4 4 3 4 3 3 4 25

1-7 represenls lranspiration rate, leaf wéter potential, relative
water content, Nitrate reductase acitivity, sugars,proline and
specific leaf weight respectively,

Cys
Y




Fig.17

Soil moiatﬁra depleation pattern
in the field

Soll melature content (%)
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patiern. Soil moisture depleted steadily from the month of
November and reached. Critical limits during Feb-April (SMC 14.0-

12.0%4).

The trend of physiological responses viz., stomatal
resistance, transpiration rate.and leaf water pgtential recorded,
indicated similarity to thalt recorded in pot culture experiment.
'St&matal }esistance recorded in the fielﬁ plants is presented in
.Fig 18. The stomatal resistaqce increased as the soil moisture
depleied. Both the genotypes responded in similar way with the

development of stress.

Transpiration rate recorded in the field is presented 1in
Fig19. Transpiration was high (7.2 - 9.0 mg/sVecm) during the
month of May and decreased wilh the onset of stress to record
minimum during the months of Feb— April (2.0-3.0 mg/Q/c$3. The
re;ponse was similar in both the genotype (KS8469& Acc.No.1495).
.The reduced transpiration during Feb—-April helped the plants 1o

‘tide over fhe adverse situation of less moisture availability.

Fig 20 shows the trend b# leaf .water potential recorded
during the year in genotypes KS 69 and 1493, when so0il moisture
_was not a limiting factor (May-August) the leaf water potential
was as high as -3 to -5 bars and with the scnsing of soil
moisture stress the leaf water potential attaiﬁed more negative
values(-11.8 to -12.0 bars). Response of both the genotypes

remained similar with respect of leaf water potential.




Fig.18 : Stomatal resistance response to
depleting SMC in the field
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The field data on physialogical response% .viz, stomatal
resistance, transpiration rate and leaf water potential indicate
the., similaritly of trend of the genolypic responses realised in
pol culture experiment. Further, the study indicated the
suitability of the physiological parameters proposed for indexing

for drought tolerance.
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DISCUSSION

Agroclimatic factors and soil moisture stress development:

t

The imporlant aspect of (drought) stress study 1is the
ggroclimatic' conditiong prevailed during st;ess stages. The
numerous physiological responses of plants to mositure stress
vary with the severity as well as the duration of the stlress.
Dnly' the most’ sensitive pre;ess are allered by wmild stress.

However, at critical siress conditions even the basic metabalism

is affected. It is between lhese two stages t1hat most of
the plant responses are indicative of the genic tolerance to
less moisture supply. Hence, drought studies involving the

- plants 'resbonses essentially includes all responses viz, growth

responses, physiological responses and metabolic responses. The
growlh responses become positive only when the resources are
unlimited fwateF, nutrients elc). Therefore, invariably in most
of the plants the growth responses expécted would be nil or

negative.

Several of the plant responses are influenced by

agroclimatic factors especially under soil moisture stress. Higher

temperature and radiation interception coupled with the higher

evaporative demand increased the severity of soil moisture stress
in coconut . - - . —- 2~ (Rajagopal et.al.1989) and in

cocoa (Balasimha and Rajagopal 1986).

7}

vk
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In  the présent sludy & similar situation 1is realised in
black pepper also. Higher temperature and high evaporative
demand has intensi?ied.the stress and it is reflected by plants
responses within fifteen days, in polculture experiment, while in
the field the stress development has'been slow and steady. The
difference in phe stress development between potted plants and
field plants can be attributed to the resource limitations of

respective studies.

Soil moisture depletion pattern in pol experiment and in

field experiment when compared indicates the above fact (Fig 4

and 17). The intensity of so0il mositure stress is high when
atmospheric drought exists along with soil drought. (Rajagopal
et. al., 1928%). The resulls agree wilh the above statement as

evidenced is pot experiment where the severity was vrealised in

first two weeks (without watering).

In the present study, relaltive humidity (40-43%) and
temperature (29-33 °C) -indicate the higher evaporative demand of
the atomosphere. It is obvious from the figures (1-4) that
climatic factors played a significant role in increasing lhe
intensity of slress. Statistical analysis -of soil moisture
content (tabel 1) showed significant differences due to stlress,
stages of samplings. Difference due to cultivars was significant
only. in the last sampling date. This indirectly indicales 1Llhe

tultivars capability to extract moisture from the soil.
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Critical moisture content fixed 1is based on a widely
accepted method.(Rajagopal et.al.198%9). S0il moisture content at
half maxX of stomatal diffusive -resistance is considered critical
_be&ond which‘the diffusive resistance would show a steep increase,
an . indication of plants complete <closure of stomata and

negligible metabolic activity,

Response of arowth characters:

S0il moisture stress reduces Lhe number, rate of expansion
and final size of leaves. In species whose entire leaves persisi
for over an year, walter stress of the pre;éeding year regulatles
the no., of leaf primardia that form in the succeeding year
(Kozlowski 1964 al). Developmental processes viz., expansion
gréwth, leat production and reproduclive development are very

sensitive to moisture stress.

Leaf expansion growths?

- Biomass production and ultimate productivily of crop species
are influencgd by expansion growth of the leaves, as it is the
" means of developing leaf area for light interception,
phbtosynthesis process and canopy stand. In many «crop species
the process mogt sensitive to mogSture stress appears to be the
expansive growth (Hsiao 1973, Bayer 1970 Passioura & Anne

Gardner 1990: Kallarackal egt.al.1990: Karamonas 1982 and Kemp

et.al. 1989).
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Reduction in leaf enlargeﬁent and the declined rates of leaf
expansion with depletfng s0il moisture is well documented in
. seyeral works (Karamonas et.al.1982: Tanguiling et. al.,1987:

Passioura 1988, Boyer 1988 Hay & Janette 1988, Joly & Hahn 1989,

Randall & Sinclair 1789).

Leaf expansion rate bolh length and widthwise ( Fig & and 7)
declined with the onset of moisture stress in all the cultivar
studied. LeaF'expansion rate was negligibléig;h day onwards and
ceased completely tlhereafter on 8th day. This indicate the
.sensitivity of expansion growih to even mild stress. The leaf
exbansion rate was very low when the soil moisture contenlt was
" 19.5%  and as Lhe soil moisture content declined to 174 the leaf
expansion ‘ceased. Leaf area incremenl shows a similar trend
{(table 2). The decline in leaf expansion rate is reflecled wupon

the leaf area increment. Cultivars difference in leaf expansion

growth under moisture silress is not significant.

Morpholongical/Biomass characlers

Increase in roolt mass relative to shool 'mass has been
reported for moisture stressed plants (El.Nadi et.al.1969 and
Pearsanh 1964} .There are reports of increased absolutle rool mass
irregpective of reduction in shootl growth' ({Hsiao and Acevado
19743 Sharp and Devies ﬂ975): Rajagopal et.al.(1989) reported

poor partitioning of dry matter in moisture stressed conconut.
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Morphological characters viz., root length, shoot length and
Iea#vno., for control and stress treatmenﬁ is presented in table
5. Differences due to moisture s@ress is not significant for root
length ' and shodt length. Leaf number showed significant
difference due to moisture stress. However, cultivar x treatment
interaction was nol significant. PRartitioning of dry matter tlo
.leaf’vstem and roolt shows higher share .allocated for leaves
followed by stém an& root. None of thése characters showed
significant csrrelation with moisture stress. Rool/shool vratio
showed correlation with moisture stress though notl highly
gignificant (table 15). However, difference within cultivars is
not significant. The insignificant variation among cultivars and
treatment for morphological and biomass partitioning may be due
to‘ihe fact that the whole expefiment’s duration was 20~25 days.
In such a short duration ﬁrastié differences may nol be plausible

in growth, mofphological and biomass characlers.

Response of physiological characlters:

The first kphysiological) adaptive response of any plant
species, * to sqil moisture depletion is checking water
loss/reducing transpiration through stomatal closure. In this
regar&» it is desirable to identify, cultivaés having moderately
high stomatal resistance ‘and not complete closure or irresponsive
phening of stomata (lo check transpirational loss as well as 1lo
continue with basic metabolic activity). Such a cultivar, would

have a.better water use efficiency under adverse environments.
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Stomatal closure providés a mechanism for reducing water
loss. A general observation in most b? the crop species 1is the
'increged stomatal resistance under moisture stiress. In black
pebper the incre;se in stomatal resistance (lable &) in different
cultivars has different trends. With the onset of moisture
slress a sel of cultivars responded quickly to reduce water loss
by stomatal regulation (cvs Karimunda, Kalluvally and Narayakodi)
The initial increase in-stomatal resistance helped the plants 1teo
‘cope up with increasing intensily of stress, while the other
group (cvs. Arakulam munda, Panniyur—-1 & Aimpiriyan) did not
"respond till the.stress attained critical level, lhereafler these
cultvars, cut down walter loss drastically by stomatal vregulation
only to wilt,. The latter group showed Llhe willing symploms
first. Higher rates of transpiration is a common oaccurrence in
crop species under adequate Qoisture supply. = However, plantls
‘ experiencing. moisture sliress tend to cul down the transpiration
ta: tide. over stress period. Higher transpiration rates in
control plants indicate the active growth of cultivars under
adejuate moisture availability {(table 7). Transpiration rate
declined in most of the cultivars studied. As moisture stress
inteﬁsified transpiration rale was almost'nil in two cultivars
wher; in all probaglity the melabolic activity has come Lo stand
still .(cvs 'Arakulam mﬁnda & Panniyur—-1). Few cultivars have
;hbwn controlled stomatal regulation whereby necessary metabolic

activities continue, though at a minimum level to susltain drought

period.




70

Similar trend was recorded in conconut. The reduced rates of
transpiration in unirrigated palms was attributed to stomatal
regulation . (Rajagopal et.al.198%9), It appears that an approach
does occur in plant systems as shown by Hygen(1953). A rapid
réduction phase in the rate of transpiration may occur at
critical stage of stress beyond which stomatal regulation no more

saves the plant.

‘Leaf water potential and relgtive gétér content

Leaf water potential varies greatly depending upon the type
of plant and upon environmental conditions. Hsiao et.al.(1276)
outlined a number of plant responses to moisture stress which
occur well bgfore desiccation becomes lethal. Most responses
(eg.cell growth, protein synthesis, enzyme activilies etc.) are

affected by leaf water potential reduction of less thanm 1.5 Mpa.

In the present study cultivars difference was significant
with regar&-to leaf water potential. Cultivars which showed the
" wilting symptoms first reﬁordeﬂ a more negative leaf water
potential on last sampling date. In stressed plants leaf water
potential vranged from -3.8 to -20 bars (table—B);leaf water
potential showed a significant and positive correlation with

depleting moisture content (table 15 r=0.833).

Water release curve has been shown to have relation with

drought tolerance (Jarvis & Jarvis 1963, Connor & Tunslatt 1948).
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‘Cdltivars- with a smaller slope of'the water vrelease curve is
considered to have better lolerance. Since a larger potential
-gradient may resull from either due to large osmdtic potential at
full tufgor, a low tissue elasticity or a high ability te
accumulate sloutes as Lissues waler content decline (Aspinall &
Paleg 1981).Cultivars Kalluvally, Karimunda and Narayakodi showed

a smaller slope than .cvs Aimpiriyan, Arakulam munda and Panniyur-—

1 (fig 8).

Responses alt metabolic level:

Osmotlic adjustment during moisture stress is considered as a
‘phenomenon " of whole plant water relations, it must be based on
celldlar metabolic changes associated with accumulation of
various solutes, amiono acids, ions etc(Raven 8t.al.1979; Turner
& Jones 1980). Apartl from accumulation of osmoreéulants, pigments
' appear to be affected by moisture stress. Chlorophyll stability
index has been used in screening for heat & drought tlolerance

(Ravindran gt.al. )} in cocoa..

In- the pfesent study chlorophyll and carotlenoid pigments
showed significant difference due to moisture stress as evidenced
from table 9 & 10. Vasantha’gLLgl.(1?89)’has reported similar
effaects dué' to vmoisture strass in black pépper. Effects on
moisture: stress on thlorophyll deéradation has been reported by

Kurup and Vijayakumar (198%) in pepper.

Moisture stress may have bolh gualitative and gquantitative
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effects on plant constituents. Total sugars estimated in
différent cultivars is presenied in table 11. Total sugars has
shown significant and negative correlation (table 15) with
depleting moisture content. Proline content showed similar trend
(table 11)_ and cultivars differences were also significant.
Proiiﬁe content showed a significant éﬁd negative correlation
~with depleting moisture content (table 15 ), The results agree

with the literature available and reviwed in this work.

Enzyme (s) activily under moisture stress:

Activities of enzymes are very sensitive lto moisture stress
as water molecules forms the medium for all enzyme activities.
Enzyme nitréte reductase has been studied to a greater extent as
it 1is sensilive to eQen mild stress (Huffakar et.al. (1270).
Reduction in nitralte reductase activity to the line of 75-85% has
been reported for cotton supjected to moisture stress. (Ganesan
2l.al.1988). Diurnal course of NR activity was maintained at
lower levels in stressed plants compared to unstressed wheat. A
similar reductinn in NR activity is recorded in (black pepper)
the present study. Fig 13. shows the decline pattern of NR
actiﬁity in different. black pepper cultivars. NR activily was
‘lowest in Panniyur—1 and Aimﬁiriyan. Cvs Kalluvally, Karimunda
and Narayakodi showed slightly higher activity. Nitrate
redu;tase actigity showed a significant and positive correlation

with depleting moisture content (Table 15 ),
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Enzyme acid phosphatase activity is shown to increase under
moisture stress condition (Vierra de silva 19468 & 19469, 1974, Nir
& Polijakoff- Mayber 1944, Thakkur 1921) In the present study
acid.phosphatasg activily increased in all the cultivars. (table

12).

Peroxidase aclivity ranged from 83-1928 and 97-196 units
/3/min ih control and moisture stress treatment <(table 12),
Increase ip peroxidase activity due to moisture stress (Zbiec
et.al.1986, Li & Liang 1988). However, both these enzymes Viz
acid phosphaltase and peroxidase activity alleralions occured in
the 'last sahpling stage when most of the plants showed visible

witting symptoms.

The characters studied and discussed so far, has helped 1tlo
evolve methodology for screeninyg promising genotypes. DOut of the
twenty four characters studied, seven characters were found to
have sigﬁificant-correlation with soil moisture content. Hence,
the Eharacters were shorlt listed based on their statistical
significance. The characters i&entified are stomatal resistance,
‘ transpiratioﬁ rate, lea% water potential, relative waler content,
spécific. leaf weight, total sugars; proline content and nitrate
reductase activity. All ihese characters ghawed varietal

significance at critical moisture content and enabled to classify

them for scoring purpose.

Based on the indexing method evolved comparing characters
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with stomatal }esistance al  critical moisture content, five
promising lines were screened. The short listed characters were
studied, in tlhese varities. Response curves were fitted for
various characters and response at «critical moisture content
revealed tLhe .varietal'response to moisture stress. Amonig the
promising lines Acc.No.1495 (Kottanadan) and KS&9 (Karimunda)
performed betiler and scored 7 and 8 indicating higher degree of
"drought tolerance compared to KE88 (Karimunda), Panchami
(ARimpiriyan) and Acc.No.731 (Kalluvally). Data on stomatal
rgsistance, transpiration rate, leaf water potential, RWC,
Proline content, total suga}s and 'enzyme nitrate reductase
activity support the above statement regarding their tolerance tlo
. moisture stress (table 17,18 & 19). To elucidate whelher, these
varietieé (1495 and KS549) show similar response in the field,
both these varieties in sufficienl no,were tested in the field.
The field evafuation data (Fig.18,1%9,20) has indicaled lhe
similarity in their response to siress in the field also. These
planté were maintained as rainfed crop, and the physiological
resanse vyz, stomatal resistance, leaf ‘water potential and
transpiratioﬁ rate recorded on monthly intervalé reveal that the

plants easily adapt to moisture stress situation.

Further, the stress development itself is very gradual and
intensifies only durinjg summer months, so also the physiological

responses. The field data suggest that both varieties have hbetter
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adaptability to rainfed situfations. The same' conclusion was
arrivedvin the pot culture experiment also (See chapler screening
of promising lines.), Since the indications are positive the
scoring and indexing methodology explained in the first
experiment would enable the breeders- io indentify drought

tolerant lines at early stages of growth itself.
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ABSTRACT

Plants response’ to undesirable environments i.e, drought, can be
expressed at different levels; developmental, morphological,
physiological and biochemical. Among the 1listed levels of

adaptations mthological and phenological adaptations are more

sensitive and ekpress: itself at an early stage of sliress.
Whereas, physiological and biochemical responses are less
sensitive and show repidity when stress attains critical

proporlions.

The objective of the present study is 1o record vresponses of
various physiological, ogrowth and biochemical paramelers o
moisture stress and to arrive at drought index (DI) for screening

large germplasm lines.

The 'various characlters studied include;

‘Growth parameters: Leaf expansion growth, root length, shoot
vleﬁgth, leaf no., biomass partitioninyg specific leaf weight and

‘Root / Shoot ratio.

Physiological Parameters : Stomatal diffusive resistance

transpiration rate, leaf water potential and vrelative waler

content.

Biochemical parametérs : Pigmenls wviz., cthlorophylls and

cartenoids, total sugars, free proline, phenols. Enzyme

76
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~activilies viz., nitrate reductase, peroxidase and acid

phosphatase.

O0f the 1lwenty four characters studied eight characters showed
highly significant correlation with depleting soil moisture

éontent.

#* Stomatal resistance showed highly significant and
negative correlation with soil moisture depletion

( r= -.8%94 )

* Leaf waler potential showed significant and positive

correlation ( r=0.830 )

3* Transpiration rate and relative water content showed
highly significant and positive correlation

(r=0.932,0.927 respectively)

* Specific leaf weight showed highly significant and

positive correlation (r=.6%4)

# Components of biomass did not correlate with moisture
stress
# Among the biochemical parameters studied total free

sugars and proline content showed a significant and
negative correlation with depleting moisture

content (r= —0.598, -0.777 respectively)
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# - Nitrate reductase activity showed signigicant and

posilive correlation (r=.8467)

Based on the study a drought index is proposed for

screening/identifying drought tolerant pepper cultivars.

The short listed characters were used for indexing purpose with

stomatal resistance as basic character.

Based.on the ébove study five promising (high yielde¥Slines were
screened for ' drought iolerance. (Acc.No. 1495 K& 69, K& a8,
Panchami and Acc. No.?31).The shortlisted characters were studied
in the above jenolypes, subjecling them tlo moistgre‘stress in pot
culture experiment. The resulls established the wusefulness of
these characters (viz., stomalal resistance, leat water
potential,transpifation rate, RWC, SLW proline content, sugars
and nitrate reductase aclivity), Among the genotypes studied
Acc.No. 1495 énd KS &% performed better (Scoring 7 & &). Hence,
these two. lines were planted in the field and their field

tolerance was studied.

#  Genotypes 1495 (Kottanadan) and KS 649 (Karimunda)
responded in the similar fashion in the field also. as in the pot
culture experiment. Fig 18-20 shows physiological responses from

adequate moisture available situation to drogght situations.

* Stomatal resistance increased gradually from the month

of september and continues to increase up to April corresponding
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with the depleting moisture contenlt. A reverse lrend was observed
in the case of tranpiration rate while leaf water potential

reached more negative values during summer months.

The study has established the importance of the shortlisted

characters and methodology (indexing for drought tolerance} thatl

would aid in screening for droughl tolerance.



References



REFERENCES

Acevedo, E., Hsiao,T.C., and Henderson,D.W(1971}). Immediate and

subsequent growtlh responses of maize leaves to changes in

water status. Plant Physiol 48: 631-4636.

Acevedo, E., Fereres, E., Hsiao,T.C., and Henderson, H.W.(1979),
Diurnal growtlh trends water potential and osmolic adjustment
of maize and sorghum leaves in the field.Plant Physiol b4;

480.

Alberte, R.5., Thornber,J.P and Fiscus,E.L.(1977), Waler stress
effects on the content énd organisation of éhlorophyll in

mesaphyll and bundlesheath chloroplasts of maize. Plant

Physiol.5%; 351-353.

Anonymous (1986), Package of '‘practices, éecommendations, Kerala

Agriculture university P.102.

Anonymous (1990), Status paper on spices, March 1990, spices

Board, Ministry of Commerce, Govi. of India. pp 10-17.

Baker, D.N. and Musgrave, R.B.(1964),The effect of low level
moisture stress on the rate of apparent pholosynthesis in

Corn.Crop. S5cid4; 249-253.

Balakumar, T;, Selvaraj,A., and Damayanihi, N.(1988), Growth and
pﬁ%iological responses of cotton and sorghum to flooding

stress. Absl.No.9.54. Intern. Conngress of plant physiology,

Feb.15-20, 1788 ,New Delhi.

476




Balasimha, D.and Rajagopal,V.(1286), Stomatal responses of Cocoa

—

to climatic facltors.Indian. J.Agri.Sci. 58(3) 213-215.

Barrs, H;D.(1968). Determination of water deficits in plant

tissues, In.“ﬂgfer deficits  and plant growth (ed)

T.T.Kozlowski,Academic press, New york, p.367.

Bates, L.S., Waldren, R.P and Teare, I1.D.(1973), Rapid
determination of free proline for water stress studies.

Plant & $o0il 39; 205-207.

Begg,J.E and Turnsr, N.C.(1976),Crop water deficits. Advan,

Agron; 52;161—217.

Eenes and Houpis (198%9) Effects of water stress on chlorophyll

and carotenoid contents on seedlings from three seed sources

of Pinus ponderosa. Plant Qﬂyéiol 82(4) (sup) Abst No.739.

Blum,A.and Ebercon, A.(1976), Genotype responses in sorghym to
drought stress. 111 free proline accumulation and drought

resistance. Crop.Sci. 14: 428-431.

Boyer. J.5.(1968), Relationship of waler potential 1o growth of

leaves. Plant Physiol 43: 1056-1062.

Boyer,J.S5.(1970a). Leaf enlargement and metabolic rates in
corn,soybean and sunflower at various leafwater

potentials.Plant Physiol.4é; 233-235.

6"




S
£

Boyer, J.S5. and Meyer, R.F.(1979). Bsmoregulation in plants during

Lot

- . 0 3 ke
drought.In “"Genetlic engineering of osmorqulatlon)

(eds)Rains,D.W.,Valentine, R.C and Hollaender.A., pni199-202.

New york plenum.

Boyér, J.5.(1988). Cell enlargement and growth induced water

potentials.Physiologia Plantarum 73(2); 311-316.

Bradford, K.J.and Hsiao,T.C.(1982). Physiological responses 1lo

moderatle water stress. In"Physiolongical plant ecology II
it

water relations and carbon assimilation (eds)

O.L:Lange,P.5.Nobel, C.B.Osmond and H.Ziegler Springer—

Verlag. Berlin pp 264-324.

Bray.,H.G.and Thorpe, W.V.(1954), Analysis of phenolic compounds of

interest in metabolism. Meth Biochem Anal 1;27-52.

Brown, K.W Jordan,W.R. and Thomas, J.C.(1974), Water stress
induced alterations of the stomatal responsé to decreases in

leat water potential Physiologia Plantarum 37; 1-5.

Chalmers,D.J.,0lsson, K.A and Jones, T.R.(1%283), Waler relations

~of peach trees and orchards, In "Water deficits and plant

nrowth" (ed) T.T. Kozlowski, Academic press, New York, PP

197-232.

oo

S




Chanan Itai, Avivaklein and Ali Nejidat (1988). 1Is proline
involved in the regulation of stomatal movement.
International congress of plant physiology, Feb 15-20,1988

Abst No.9.8 P131 New Delhi.

Clarénce Joknson Jr.(1991). Responses of sweel potatoes to 1two
soil water potential ranges under green house conditions

Hort Science. 24(&) p.710. Abst no.207.

Connor, D.J. and Tunstall, B.R.{(1968), Tissue water relations for

brigalow and,mulga. Aust. J.Bot. 1é&; 487-4%0.

Cortes, P.M and Sinclair, T.R.(1987) Osmotic potential and starch
accumulation in leaves of field grown soybean.Crop. Sci

27(1)80-84.

Cowan, I.R and Farguher, G.D.(1977),8tomatal function in relation

to leaf metabolism and environment. In "Integration of

activity in higher plants', (ed) Jennings, D.H. Vol
31.Symp.Soc.Exp. Biol.Cambridge Universily press, London. pp

471-505.

Cre'vecoeur, M., Deltour, R and Brouchart, R.(1976), Cytological

study on water stress during germination of Zea mays. Planta

132; 31-41.

Davies, W.J. and Kozlowski, T.T(1974), Short and longlterm effecls

of antitranspirants on water relations and photosynthesis of

Woody plants. J. Am. Sec Hortic sci_iﬁ; 297-304.

b1



Drossopoulos, J.B., Karamanos, A.J. and Niavis, C.A(1987), Changes

in the ethanol soluble carbohydrates during the development
~of 2 wheat cultivars subjected to different degrees of water

strees. Annals of Botany 59(2); 173-180.

e eovomam————f . St

Dubois, M.K., Gilles, J.K., Hamilton,P.A. Rebers and Sonith,
Fo(1951). A colorimetric method for the determination of

sugars. Nature. 168: 1467.

Fanjul,L and 'Rosher, P.H. (1984), Effects of water stress on
internal waler vrelations of apple leaves. Physiologia

‘Plantarum &2; 321-328.

Fischer, R.A. and Turner, N.C.(1978), Plant productivity in the

arid and semi arid zones. Annu Rev. Plant Physiol 2%9; 277-

317.

Fry, K.E. and Walker, R.B.(1944). Relation of needle water stress

and relative stomatal aperture to transpiration and net

photosynthesis in douglas fir(FPseudotsuga menziesiril). Planl

Physiol 39 (suppl) 39, xiii.

Ganesan, V.,Balakuﬁar, T and Krishna Réo, R.(1288). Biochemical
chéracierisation of retrieval from drought in cotton Abst
No.?.24. Intern congress of plant physiology, Feb 15-20 1988,

New Delhi.



0

Garg, B.K.Kathju,S8.Lahiri,A.N.Vyas.S.P.(19281) Drought resistance

in pearl millet. Biologia Plantarum 23(37):182-185.

Gétes, C.T(195%5a), The response'of Lhe young tomato plant to brief

period of Water shorlage. 1. The whole plant and its

principal parts. Ausiralian J.Biol. Sci & :196.

Gates C.T.(1955b), The response of Lhe young tomato plant to brief

period of water shortage II1. The individual leaves.

Australian.J. Biol. Sci. 8:215.

Gales,C.T.(1937), The response of lhe young tomato plant to brief

‘period of water shortage III. Drifts in nitrogen and

phosphorus. Australian J.Biol. Sci 10;125.°

Glenn.W.Todd (19260), Water deficits “and enzymatic activity 1In

“Water deficits and plant growlh', (ed) Kozlowski, Academic

‘press, (1972) New York. P.477-210.

Hageman, R.H and Hucklesby, D.P.(1971}, Nitrate reductase in

higher plants. In'" Methods in enzymology' (ed’ San Pielro,

‘Academic Press, New York, P-491-503.

"Hall,A.E., Schulze, E.D,Lange D.L.(1976).Current perspective of
steady state stomatal responses to environment. In "water and

plant life” (eds) Lange, O.L.,Kappen, L.,Schulze, E-

D,Ecol,Sh&ﬁi voli®? Springer, Be rlin.pp 169-188.

wli




!
The

&

. Hanna oblog and Alina Kacperska (1981). Desiccation tolerance

‘changes in winter rape leaves grown under different

cenvironmental conditions. Biol. Plantarum. 23(3) 209-213.

Hanson, A.D. Nelsen, C;E., and Everson, E.H.(1977), Evaluation of

free. proline accumulation as an index of drought resistance

using two contrasting barley cultivars. Crop. Sci. 17 720-726.

Hanson, aA.D., NMelson, C.E., Pedersen, A.R.and Everson,
E.Hl(1979).,Capacity for proline accumulation during water
étress in barley and its implication for breeding for drought

resistance. Crop. Sci. 19; 489-493,

‘Hansan, A.D.(1980), Interpreting the metabelic responses of plants

to waler stress. Horl science 1;} 623-62%.

Havaux, M.,Ernez, M and Lanno&e, R.(1988), Correlalion belween
heat tolerance and drought tolerance in cereals demonstratled
by rapid chlorophyll fluorescence test. J. Plant. Physiol

133(5); 555~ 540.

Hay, R.K.M. and Jaﬁette, R.B.(1988), Field studies of leaf

development and expansion in the leak (Allium porum) AnDN.

Applied Biol. 113 &17-425.

Heitholt, J.J.(19B9), Water wuse efficiency and dry matter

distribution in nitrogen stressed and water stressed wintler

wheat. Agron J 81(3); 4644467

T2




‘Hsiao T.C (1973).Plant responses to waler stress. Ann Rev Plant

Physiol 24; 519-570.

Hsiao, T.C. Fereres, E., Acevedo, E and Henderson, D.W.(19746).
Water stress and dynamics of growth and yield of crop plants,

In “Water and plant life". Problems and modern

gpproaches;(Eds),Lange, O.L.M @chulze E-D, Ecol. Stud.vol.119.

Springer, Berlin,pp 281-305.
Huang, A.H.C and Cavalieri, A.J.(1979), Proline Oxidase and water

stress induced proline accumulation in spinach leaves.

B

lant. Physial 63§{531-5335.

Huffaker, R.C. Radin,T., Kleinkopf, G.E. and Cox. E.L.(1970).
Effects of mild waler stress on enzymes of nitrate
assimilation and the caroboxylative phase of pholosynthesis

in barley. Crop. Sci 10; 471-474.

oov——
—

Hygen, G.(1933). On the transpiration decline in excised plant
sample, skriflter Norske videnskaps.>Akad Oslo. I. MatNaturv

1. *t.1.

Indira, P and Kabeerathumma, S.(198&), Effect of waler slress
during different phases of tuberisation in sweel potato.
Summary of papers of the workshop on “Impact of drought on

plantation crops" 26—-27th May 19286. P 47.

lwai,S5., Kawashima, N., Matsuyama, S5.(1979). Effecls of watler
stressg an proline catabolism in tobacco leaves.

Phytochemistry 18; 1155-1157.

15




3 W

b

Jarvis, P.G.(1963). Comparative studies in plant water vrelations.

Acta Universitatis Upsalieﬁsis, Abst. UppsalaDiss Sci.27.

Jarvis, P.G. and Jarvis M.5.(1963), The water relations of 1lree
seedlings. III transpiration in relation to osmotic

potential of the root medium. Physiolonia ?lantarum 163 269 -

275.
Johnson, R.R. Ffey, N.M and Moss. D.N.(1974). Effect waler stress
on photosynthesis and transpiration of flag leaves and spikes

of barley and wheat. Crop Sci 14; 728-731. .

Joly, R.J.and Hahn, D.T.(1989). An empirical model for leaf
expansion in cocae in relation to planl water deficit.

Ann. Bot. &4;1-8.

Jones, K.C.(1946%9). Similaritlies between gibberellins and related
compounds in inducing acid phosphatase and reducing sugar

release from barley endosperm. Plant Physiol. 44; 1695-1700.

Jones, M.M and Rawson, H.M.(197%2), Influence of rate of
development of leaf water deficits upeon photosyntesis, leaf

conductance, water use efficiency and osmoltic potential 1in

sorghum.théioloqia Plantarum 45; 103~111.

Jones, M.M. Turner, N.C. and osmond, C.B.(1981). Mechanisms of

(L8
~droughl resistance. In The physiology and Biochemistry of

rought resistance in plants ‘(Eds) - Paleg, L.G and
drought resistance  in plantes

Aspinall,D. Academic press, London, ppl6-17.




EEE N

Jones, H.G.(1983 a). Estimation of an effeclive so0il waler

potential at the root surface of transpiring plants. Plant,

.Cell & Environ. &; &671-674.

Jones, H.G.(1983 b) Plants and microclimate, cambridge University
Press, Cambridge. PP 143-147.
Jones, H.G. Kakso, A.N and Syversten, J.P.(1985). Physiological

control of water status in temperate and sublropical fruit

trees.Horticultural Review 7; 301-344.

Jones,C.A. Pena, D and Carabalf, A. (1280}, Effeclts of plant water
‘potentiaI' leaf diffusive resistance, roofing density and
"water use on the dry matter production in several tiropical

grasses during short periods of drought stress. Tropical

Agriculture 573211-220.

Karamonas, A.J. Elston, J and Wads worth, R.M. (1982) . Water
stress and leaf growth of field beans (Vicia faba L.) in the
field water potential and laminar expansion. Ann. Bot 4; 815~

824.

Ka{larackal, J.Milburn, J.A and Baker, D.A (1990), Water relations
of banana Il1I Effects of controlled water stress on water

potential, transpiration, photosynthesis and leaf growth.

Aust. J.Plant Physiol. 17(1); 79-90.

Kassam, A.H.(1975). Wilting in leaves of Vicia faba L. Ann. Bot

32: 265-271.

15



" Kaufman, M.R. and Levy y.(1974).Stomatal response of gilrus

jambhini to water. stress and humidity. Physiologia Plantarum

38; 105 -108.

Kaufman, M.R.(19281). Water relations during drought.In "Physiology

and Biochemistry of drought resistance in plants” (Eds)

Paleg, L.G. and Aspinall, D.Academic press, Australia pp55-

70.

Kemp, D.R. Eagles, C.F. and Humphreys, M.0.(1989).Leaf growth and
apex development of perennial ryegrass during winter and

spring Ann.Bol 6£3; 349-355.

Kriedemann, P.E.and Barrs, -H.D.(19281). Citrus orchards. In “"Water

deficits and gplant growth" wvol.VI (Ed) Kozlowski, T.7T

Academic press, New York. PP 325-417.

Krizek, D.T.(1985),Methods of inducing water stress 1in plants.

Hortscience 20(&4) : 1028-1038.

Kubota, N.Mimura, H and Shimamura,K.(1988), The effect of drought
and flooding on the contents of phenolic compounds in peach
fruits. scientific vreporis of the faculty of Agriculture,

Dkayama University 71 pp 17-21.

Kurup, 8.5. and Vijayakumér, N.K.(1987}).Relative degradation of

chlorophyll content in black pepper (P.pnigrum.lL.) varielies

during moisture stress."Proc. of National Seminar on
i
dégrometecrology of plantation crops, (Eds) G 5 L HV Prasada

Rao and R.N.Nair pp 47-51.



5

Y

it
3

Lehane, J.J. and staple N.J.(19462). Effect of soil moisture

tensions on growth of wheat. Can J. Soil. Sci. 4Z; 180-138.

"lLevy,y. (19280 a), Planls and microclimate, Cambridge University

press Cambridge pp.120.

Levy, Y and Syvertsen, J.P.(1981). Water relations of cirtus 1in

climales with different evaporalive demands. Proc. Intern

Soc. Citriculture 2; 501-503.

Li,G@.B; and Liang, H.G.(1988) Changes in the activities of some

eﬁzymes related to respiration in slighlly water stressed

seedlings. Acta. Phylophysiologica Sinica 14(3) 217-222.

Marton, A.G. and Watson, D.J.{(1948). A Physiological study of leaf

growth. Ann Bot 12; 281-283.

Mattlas, R.E. and Pauli, A.W(19463). Trends in nitratle reductltion and
nitrogen fractions in young corn(Zea mays L.) plants during

heat and moisture stress. Crop. S¢ci 5; 181-184.

s

Mc.Micheal,B.L and Elmore, C.D.(1977). Proline accumulation in

water stressed cotllon leaves. Crop. Sci

173 2053-508.

Munns, R.,Brady, C.d., and Barlow, E.W.R(1979}). Solute
accumulation in the épex and ieaves of wheal during water

stress. Aust, J.Planl Physiol &: 379-38%9.

Nir, I and Polijakoff-Mayber, A.(1246). The effecls of watler

stress on the activity of phosphatases from swiss chard

chloroplasts. Isr J. Bot 15; 12-16.

o~

Y



" ¥ Nir,1(1946%9). Changes in ultrastructure and biochemical activity
which occur in planlt tissues as a result of dehydration.

Ph. D. Thesio, Hebrew University, Jerusalem-.

3' Toole, J.C.and Chanyg, T.T,(197%). Drought resistance in cereals;

rice a case study In “Stress physiology in craop plants' (eds)

Mussell, H and Staples, R.C.Wiley interscience, New york pp

373-405. .

Paramesh&ara, G.,Paleg, L.G. Aspinall, D. and Jones, G.P(1988),
Solute accumulation in alfalfa in response to environmental
stresses. Abst.No.?.3. International congress of plant

physiology, Feb 15-20 1988 New Delhi. p 128.

Passioura, J.B.(1988), Rool signals control 1leaf expansion in
wheatl seedling growing in drying soil. Aust J. Plant Physiol

i t— totor——————— s f e sl

15; 687-693.

Pramachandra, G.5. and Shimada, T(1288). Evaluation of
polyethylene glycol test for measuring cell membrane
stability as a drought tolerance test in wheat J. af Agri

Sci. U.K 110(3); 429-433.

Premachandra, G.S5. Saneoka, H and Ogata, 5.(1987). Nulrio-
physiological evaluation of cell membrane stability in maize.

Crop. Sci 23; 1287-1292.

Furseglove, J.W. Brown, E.G. Green C.L. and Robbins, B5.R.J.

(1981 Pepper In "Sgiceg’Vol I Longman, bLondon pp 10-100.

1€

""-‘h\\-‘. b

gy




Rajagopal, V Balasubramaniam, V and Sinha,. S$.K.(1977). Diurnal
fluctuations in RWC, Nitrate reductase and proline content in

water stressed and non-stressed wheat. Physiolagia Plantarum

405 69-71.
Rajagopal, V. Kasturibai,K.V.Voleti, S.R and Shivasankar,S.
(1988 a). Water stress in coconut palms.: Abst No.9.16

International Congress of plant physiology New Delhi. P-135.

Rajagopal, V. Sivashankar,S.Kasturibai, K.V and Voleti, S5.R. (1988
b). Leaf water potential as an index of droughl tolerance in

coconut. Plant physiologry and Biochemistry 13(1) 80-86.

Rajagopal, V.,Ramadasan, A., Kasturi bai, K.V and Balasimha D.,
(128%). Influence of irigation on leaf water relations and dry

matter production in coconutl palms. Irrig sci 10; 73-81.

Raju, K and Rajagopal, V (1988), Age—dependant changes in invitro
Nitrate reductase activity in black pepper (P.nigrum L)

Journal of Plantation Crops. 16(1) 26-30.

o oY st ————riett ettty oS imarmterem [ asspirs st

‘Ramadasan, * A., (1987). Canopy development and yield of adult

pepper vines in relation to light interception Indian Cocoa

Arecanul and Spices Journal Xi (2); 43-44.

Randall, H.C. and Sinclair, T.R(198%) Relative growth rates of

leaves from soybean grown under droughlt stressed and
irrigated +field conditions. Plant, Cell and gnvironment

12(3); 317-321.

pesostey

79




Raven, J.A., Smith F.A and Smith &S.E (1979). lons and

osmoregulation In “Genetic engineering of osmoregulation®.

(Eds) Rains, D.W., Valentine, R.C. and Hollaender, A.Plenum,

Newyork pp101-118.

Ravindran, P.N and Menon, M.A:(19B1).Chlor6phyll stability index

as an aid in screening for healt tolerance in cocoa (Theobroma

Cacao L.), Planter; 57(&6&67) 581-583..

Ravindran, P.N. and Nair, M.K.(1984), Pepper . varieties JIndian

€ocoa,Arecanut and Spices, J.Vol VII(3);67-69.

e,

Ravindran, P.N. and Nirmal Babu, K.(1988), Black pepper cultivars

suitable for wvarious regions. Indian €ocoa, Arecanut &

‘§pices. J. XI 110~113.

Sachie Kishitani and Shigesabure Tsunoda (1982), Leaf thickness
and response of leaf photosynthesis to water stress in

soybean varieties. Euphytica. 31; 657-~664.

—

Sadanandan, A.K.(128&), Thé effect of Trainfall on pepper
(P.nigrum L.} p(aductivity Proc. of workshop on impact of

"~ drought on plantation crops. 26-27 May 1984 Kasargod P-21.

Sadanandan; A.K. (1991),Water management for spice crops paper
preéented at "Irrigation scheduling for perennial and annual
crops" Training course, ocl 21-26 (19%1) CWRDNM, Calicut

Kerala.

g0




Salch, M.M. Makarem, ™M and El. Gamasy, A.M.(1278). Effect of

irrigation on the growth, alkaloids and rutin of Nicotiana

claﬁca.Acta.Horticulture 733 199--202Z2.

# Salter, P.J. and Goode, J.E.(1967)."Crop responses lo water at
different stages .of growth" Farnham, Royal common Wealth

Agric Bur.P-44,

Scholander, P.F. Hammel, H.T., Hemmingsen, E.A. and Bradstreel,
E.D,(1964).Hydrolic pressure and osmolic poential in leaves

of mangroves and some other plants. Proc. Natl Acad. Sci. 32;

119-125.

Scholander, P.F., Hammel, H.T. Bradsireet, E.D and Hemmingsen E.A

(1965).85ap pressure in plants,Science 149; 920-922.

——

Sanchez-Diaz, M.F. and Kramer, P.J.(1971), Behaviour of corn and

sorghum under water stress and during recovery. Plant Physiol.

48; 413-616.

Schulze, E.D., Lange O.L.; Buschhom, V.Kappen, L and Evenari,
M. (1972), Stomatal responses to changes in humiditly in plants

growing in the desert. Planta.108; 259-270.

Schulze, E-D Lange O.L. EQenari, M.Kappen, L and Buschhom, V
(1974). The role of air humidity and leaf lemperature in

controlling stomatal resistance of Prunus americana L. under

desert conditions. I A simulation of the daily course of

stomatal resistance @Qecologia 17; 159-170.



Schulze, E-D and Hall, A.E (1982). Stomatal responses waler loss

and co2 assimilation rates of plants in contrasting

environments. In "Physiological plant ecqlogg II Water
relations & Carbon assimilation' (eds) Lange 0O.L. Nobel,

P.S.0smond, C.B. and Ziegler, H. Springer-Verlag, Berlin pp

181-230.

Silvius,J.E., Johnson, R.R and Peters, D.B.(1977).Effecl of water

stress on carbon assimilation and distribution in soybean

plants at different sltages of development. Crop Sci . 17(5)

713-716.

Singh, T.N., Paleg, L.G and Aspinall, D.(1973).Stress melabolism
"II1 variation in response to water deficilt in barley plant.

Aust. J. Biol Sci 2&; &65-47.

Sinha, &S.K.(1788)_,  effect 0? sink on the expression of drought
resistance. In “Intérnational Congress of plant physiology,

Feb 15-20, 1988 New Delhi. P-129.

‘HSivasankar, S.Rohini Iyer and Vijayakumar, K.(1986) A non-
-destrdctive method of estimating leaf area 1in pepper

seedlings. Indian. J. Agri Sci. 26(8) 619-421.

Slatyer,R.0. and Taylor, 5.A.(1%60), Terminology in plant and so1l

water relations. Nature 187; ?22-924.

Slatyer, R.0O (1947). In “Plant water relationships', Academic press,

New York pp275-300.

.



Slatyer, R.D.(1973 al, The effect of internal water status on

' ¢
plant growth development and yield. In‘Plant.responses lo

climalic factors" (Ed) Staples, R.D UNESCD,Paris, pp 171-191.

Slatyer, R.0.(19273 bl Effects of short periods of water stress on

leaf photosynthesis. In - "Plant responses. -to climatic

factors'. (Ed) Qtatyer, R.O0.Proc uppsala Symp 1970,

UNESCO, paris, pp 271-276.

Smirnoff,N., and Colombe, 5.V.(1988). Drought influences the
activity of enzymes of the chloroplast hydrogen scavenging

system. J. Exp. Bol 39(205%) 1097-1108.

Sobrado, M.A and Turner, N.C (19283), Influence of water deficils
on the water relations characteristics and productivity of

wild and cultivated sunflower. Aust. J Plant Physiol 10

195-203.

Steinberg, S.L., Miller.Jr.J.C and Mc.Farland, M.J.(1990), Dry
‘matter partitioning and vegetative growth of young peach

trees under water stress. Aust J.Plant Physiol 47¢1); 23-36.

Stewart, C.R.(4978), The vrole of carbohydrates in proline
accumulation in wilted barley leaves. Plant Physiol &1; 775~

778.

Stewart, C.R and Hanson, A.D.(1980).Proline acumulation as a
_metablic response to water stress. In "Adaptations of plants

1o water and high temperature stress'. (Eds) Turner, N.C. and

Kramer, P.J John wiley &sons. Inc. New York pp 173-18%.

-



e

R
[

Stewart, C.R:(1981L “"Proline ac&umulation; biochemical aspects'" In

"Physiologg and bibchemistry of drought resistance" (eds)

~ Paleg, L.G and Aspinall D.Sydney; Academic press pp243-258.

Szabo,5.5 and Buchholtz. K.P (19261), Penetration of living and
non-living ‘surfaces by &,4-D as influenced by ionic

additives. Weeds & 177,

Tanguiling, WV.C., Yamboo, E.B., D'toole,J.C and de Datta, S.K.
(1987). Water stress effects on leaf elongation, leaf water

potential, transpiralion and nutrient uptake of rice, maize

e,
——

and soybean. Plant and S0il 103 (2); 155-16.

Taylor, &§.A and Slatyer, R.0O.(1%61).Water s0il plant relalions

terminology. Prog. Intl. €ongr. 8o0il Gei 1;394-403.

Taylor, 5.4 (1968). Teriminology in plant and soil water

relations. In "Water deficits égg plant growth” 1 (ed)

Kozlowski, T.T Academic press, New York pp 49—72.

Thornley, J.H.M (4977), Growth, Maintenace and respiration a

reinterpretation.ténn. Bot. 41; 1121-1203.

—
——

Tonuthi,P and ' Giulive,C (1987).Effect of water' stress osmotic

shock and ethylene treatment on solute leakage in bean

leaves. Advances in Hort  Sci,i1 (2) ; &1-64.

81




Turner, N.C.(1974 a). Stomatal response to light and water wunder

field conditions. In “Mechanisms of regulation pof plant

qrowth" (eds) Bieleski, R.L.Fergarton,A.R Cresswell, M.M.

Roy.

Soc. Nz Bull 12; 423-432.

Turner,N.C(1974b). Stomatal behaviour and water slress of maize,

- sorghum and tobacco under field conditions. Plant Physiol.

53; 360-365.

Turner ,N.C. and Begj3, J.E.(1978). Responses of ﬁasture plants lo

water deficits. In “Plant relalions in pastures"” (ed)

Wilson, J.R CS5IR0D; Melbourne pp 30-46b6.

Turner,N.C.(1979). Drought resistance and adaptation lo waler

deficits in crop plants. In “"Slress physiology in crop

- plants®. (eds) Mussell H and staples, R.C Wiley inter

science, New York pp 343-37&.

Turner, N.C.and Jones, M.M (1980). Turgor maintenance by osmotic

adjustment; a review and evaluation. In "Adaptations of

plants to water and high temperature stress". (eds) Turner,

- N.C & Kramer p.j, John Wiley & Bons Inc. Newyork pp 87-103.

Thakur,P.5 {1994y, Effect of triacontanol and mixtalol on

aminoacids, chlorophyll contents and acid phosphatase

activity during water deficit in Dodonia yviscosa, Indian.

J.Exp.Biol. 295 985-987.

g




Y

Ujwal Kumar, M.L. (1982),Peroxidase of finger millet. isolation
and characterisation. M.Sc. Thesis. Dept. of FBiochemistry,

UAS Bangalore pp 30-31.

Vaadia,Y.Raney, F.C and Hagam, R.M.(19&61), Plant water deficits

and physiological processes. Ann.Rev.Plant Physiol 12; 265-292.

Varghese Thomgs, Taes Zachariah; T.J and Ramadasan, ARC1920)
Proline accumulation under PEG induced water déficit stress
in the leaf disc of selected black pepper (P.nigrum L.)

P -~ O

Annals of Plant Physiology 4(2) 233-23&.

Vasantha, S.Gopala&,A and Ramadasan, A(198%9).Plastid pigments of
black pepper cultivars under heat stress Indian. J.flant

Physiol XXXII (1) 78-79.

~Vasantha, ©. Thomas, T.V. Ramadasan, A and. Zachariah,T.J.(198%9),
Plastid pigments of black pepper cultivars; an evaluation of

physiological parameters. Indian J Plant Physiol XXXIII (4)

363366,

Venkataramana, S.Gururaja Rao, P.N. and Mohan Naidu, K.(1283).
Evaluation of cellular membrane thermostabilily for screening

: dfought resistant sugarcane varieties. Sugarcane ég; 13-15.

Venkataramana, 5, Naidu, K.M and Sudama Singh (1987). Membrane
thermostability and nitrate reductase activity in relation tlo
water stress tolerance of young sugarcane plants. New

Phytologist 107(2); 335-347.




Venkataramanan, D. ‘and Ramaiah P.K.,(1§86). Soil Plant Water
relationéhips of coffee-A review. Extended summaries of
papers of the workshop on “Impact of drought on plantation

crops. 26-27 May 1986 pp 41-43.

# Vierra de Silva, J.(19468) The potential. osmotique dumilieu de

-culture et lactivite soluble et lantente de la phosphalase

——————

acide dans le. Gossypium thurbei C.R. Acad Sci (Paris) 267;

—

729-738.

Vierra de Silva, J.(1946%9). Comparison entrecing especes de
gJossypium quant a lactivite de la phosphatase acids ap sis-

untraitment osmotic etude de la Nitesse de Solubilization

et.de formation de lenzyme. Z. Pflanzer Physiol &60; 385-387.

Vierra de Silva; J3; Naylor, A.W and Kramer, P.J.(1974),.Some ultlra
.structural and enzymatic effects of water stress in cotten

(Q.QlﬁguLum L) lgaves.Proc. Natll Acad. Sci USA 71; 3243-

————— Stm——————  nti—————————t  — St s

3247.

Vijayakumar, K.R. Unni, P.N. énd Vamadevan, V.K. (1982). Studies
on the water relationships of pepper (P.nigrum L.). Proc.
International workshop on special problems in physiological

investigations in Tree Crops. Aug 26-28, 1982. pp 105-111.

Vyas, S.P; Garyg, B.K. HKathju, §S. and Lahiri, A.N (1988).
Iﬁprovment' drought tolerance in seame through early water
stress. ' Abst.N0o.9.38 Intern congress of plant physiology.

Feb 15-20, 1988. New Delhi.




a4 ¥

#* Warrd, de, P.W.F (1969 Fdliar-diagnosis, nutrition and vyield

stability of pepper in sarawak. Communication No.38 P 149

Dept of Agri. Res. Royal Tropital Institute ‘Amsterdam.

West, D.W and Gaff, D.F.(1976) The effect of leaf

waler
potential, leaf

temperature and light intensity on leaf
diffusion resistance and the transpiration of leaves of

ﬂglus sylvestiris Physiologia Plantarhm 38; 98-104.

Weybrew, J.A.(1957) Estimation of plastid pigments

of Tobacco,
Tobacco Science 15 1-

"B

Woodhams, D.H. and Kozlowski, T.T. (19%4) Effects of

mositure stress on carbohydrale development and growth in

plants. American J.

s0il

Wyn Jones, R.G. (1979) An assessment of quarteinary ammonium and

related compounds as osmotic effectors in Crop plants.

In
*Genetic

Engineering

of osmoregulation' (eds)

Rains, D.W.
Valentine R.C. and Hollaender A. Plenum, Newyork, pp 1535-170.

Zbiec I., Gurgul E., Karczmarczy, K.85 and Rolnictuo (19897},

Peroxidase and catalase activities in leaves of wvarious
“planls as affected by irrigation and

"nitrogen application.

Crop Physiol Abst.: 15(10) no.3735.

| | . riginal not seen ’TL*
g 633 -84 o
Vs [P T

1\/8-%6[5““»




