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STOMATAL BEHAVIOUR AND WATER STATUS OF COWPEA
AND PEANUT AT LOW SOIL MOISTURE LEVELS
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The droughi resistance charactertstics of three genotvpes cach of Tigna ungnicriota
scowpeas and Arachis hypogaea {peanul) were evaluated on a comparative basis 10 determine
the diverse approaches these species utilize 1 therr resistance (o soil moisture stress. Stomatal
~losure during soil moisture stress was significanthy more rapid mn cowpea than in peanut. When
plants were rewatered the stomatal conductance 1in recovering cowpea was higher than that in
peanul. Also. at more negative osmotic concentrations of unsaturated sall solution. the leaf
nssue of water-stressed cowpea retained a hugher refative water content than that i peanut
Whereas the temporary wilting pownt (TWP) i conpea was 78%6 reative water content (RWC),
peanut leaves entered permanent wilting status (PWS) below 357 RWC However, leaves that
had not passed TWP recovered on rehydration In spite of the low RWC in peanut. the relative
fruit vield per unit weight of shoot material was not significanthy reduced. as distinet from the
situation in cowpea where relative vicld was affected by the stress
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Introduction

Water 1s one environmental [actor that has a great effect on stomaal
resistance under field conditions (Turner, 1974). At high soil moisture, the diurnal
range of stomatal resistance in maize. sorghum and tobacco resulted from changes
i incident radiation. Turner and Begg (1973) observed that as the turgor potential
decreased with decreasing leat” water potential tobacco wilted at higher leat water
potential than maize. and maize at a higher leat water potential than sorghum.
Stomatal conductance. therefore. 1s a major factor controlling plant water loss. and
is constdered s a ventable tool n assessing drought resistance (Matin et al.. 1989).

Foss of water from turgid leal tissue in response to transpiration results in not
only a significant decline in water potential. but also a decline in osmotic potential.
Theretore, plants v this condition must be capable of adjusting so as to sustain
appropriate stomatal movements. photosynthesis and cell elongation during water
stress. and develop enhanced dehydration tolerance. increased capacity for soil
moisture uptake. and delaved leat” mortahity (Ludiow. 1980: Turner and Jones.
1980, Morgan. 1984: Turner. 19806).

[t has been reported (Hall. 1981) that in the middle of the day cowpeas which
had net recetved ramn or irrigation for (wo or three months exhibited leaf water
potentials that were only 2 bars more negauve than plants irrigated weekly. Also.
peanuts hinve been observed to survive for more than eight weeks in the ficld
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without any form of irrigation (Annerose, 1990). The present study was, therefore,
carried out to explain the higher leaf relative water content (RWC') frequently
observed in cowpea than in peanut during drought. RWC is one important
parameter used in determining plant water status during drought. This study
appraises the potential strategies of these species, grown in semi-arid Senegal and
other sub-Saharan countries, in resisting a prolonged drought.

Materials and methods

Plant materials

Three genotvpes of cowpea (Yigna unguiculata) and three of peanut (4rachis hypogaca) were
studied. The cowpea genotypes were 1T8452246-4 (tagged (Vg for the purpose of this study),
TVU3000 (tagged CV,) and BR9-504 (tagged CV.,). while the pcanut genotvpes were 55-437 (tagged
PVI ). 73-30) (tagged PV5)and GC835 (tagged PV3).

Growth conditions, treatments and sampling

The plants were grown in a transluscent air-conditioned glasshouse: mean day tempceraturc was
40 6°C Z °C. and mean mght tcmperaturc was 23.3°C + 1.4 °C. Relative humidity was 95% + 3.3%
at ii.300 h and [9.8% * 4 1% at 1500 h (universal timc). Natural light was not supplemented. and
maximal irradiance was ~800 uM m ’ s ! at midday. This experiment was rarricd ourin Bambey .
Sencgal.

The sceds were treated with a fungicide (deltamethrinc. 12 ¢ htrc 1. and sown in 20-litre PVC
pots containing IX kg, of a sands soil. Prior lo sowing, S g of a compound fertilizer (N4P Ko were
applicd and the soil was irngated to field capacity. Alier sowing the seeds werc allowed to germmate on
storcd soil moisturc. aftcr which 400 ¢m® of nater were supplicd daily to cach pot

The design was a randomized complete block. with tn-o spccics. threc genotypes and (wo
irrigation schedulcs (irrigated and stressed). replicated five times Soi! moisture stress vas applicd by
withholding srrigation from day 32 after soning to day 50, while irrigation was continucd for non-
stresscd plants. Soil mostuie stress nas tcrminated when the soil volumic humidit was 1.1 140 7X
em®cm *i¢ 87.4% less than the confrol (which was maintaincd at X.70 +120 ¢m* cm ' for most o
the pcriod ).

On the 20th day after sow ing (DAS ). and at inter-vals of scven days thereafter. measurements of
stomatal conductance and lcaf rclative water content (RWC) were taken. All mcasurements were tahcn
from the third most cspandcd leaf from thc shoot apex. Stotnatal conductance was rccorded between
1300 h and 1330 h with 3 Delta-T diffusion poromeler (Kancmasu ct al.. 1969). The adaxial and
abaxial stomatal conductanccs were mcasurcd separately on adjacent portions of the cafl. and
conductance was calcuiated assuming that the (wo leaf surfaces acted as parallel resistors. Intact plant
leal relative water content (RWC) nas dctermined from:

intact plant RWC = [(FW-DW)ATW-DW)| - 100.

where FR’ is fresh weight, DW is dry weight and TW is turgid weight after lMoating for 4 h

Osmotic adjustment (A} was determined on the 47th day onlyv. The mcthod used involved
collecting leaves of plants pre-daw n it scaled lastic bags containing damp tissue papcr. L.caf discs. 6
mm in diametcr, were punched. wrapped in parafilm paper and immediately weighed (M) on a precision
balance. The parafilm paper was subscquently removed and the disc placed on a stamless-stecel screen
suspended aboul 3 mm above 26 ml of unsaturated sodium chloridc solution of known molality in a
sealcd test tube at 5 °C (the disc is thys in contact only with the vapour of the salt solution). Eleven salt
solutions were used whose water petentials « w) ranged from 0 6915 7 3MPa (Livingston and de
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eny. (U8R) After 12 B othe dises were reweighed (M) and then oven dried at 63 °C for 24 h 1o
actermime therr des aeight ¢Myg), The dise RWC was calculated as.
BAC o dise exposed Lo osmoticum = (M- Mg) /(M- My) - 160,

s ziven o M e dise mass at full turger and My as drv weigint, This

fav - d e s rae o water release from both species when exposea i
v St o en s Tosrsined o and weight of shoot matenal (Nwalozie et .
crenivee sge B cpabvst o ornanee, and treatment means were separated using feast
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Resuns and discussion

Genias e onchaaace was aaiiicantty reduced during drought (Fig 1) s
e oo e atield, tomata behaved stuggashily and finally closeda as
o wzanl sheereet closure mning soil drying (or sotl moisture stress) was
o pie s eevne i pearai. The prompt response through stomatal ciosure
pooss e e 4 ine plants 1o chees stomatal transpiration as soil moisture detiviy
wosted T e et ol closure was delayed in peanut (n PV, for example,
v derayed for seven daysy Such delays, although beneticiai in
sontanen, uebved the nisk of continued water loss through
aennian S owpes s heen ieported fo be one annuai Srop that
: ireanhl avoldance as a resuit of rapid stomatal response i iall and
cutlze, Dot o ok and Hall, 1980a, b,
at dapuve value of a crop would depend on the balance between
seoeeets o A less and the mamtenance of atmospheric CO- assinulation,
<o oeantt sy osseport (Hail and Schultze, 1980b) indicated that the partial
et s e s s peas dunpg suess resuited an improved water-use efficiency.
st that then st dreught avordance was o conservative response. However, the
SPORSes OF eaat ANty are not conservative: instead, transpiration is maistamod
at e nako of o omiplete ol water exhaustion, fow water potential and damage o the
protopiasin (Frseaer and Tarner. 1978),
fhe piants that had experienced sotl motsture stress had  sigmificanily
P08y higher ‘eat RWC than the non-stressed ones when they in fum were
sxposed to varieus concentrations of an osmoticum (Fig. 2). When the osmotic
poiential of the sodium chloride solutions was more negative the leaf tissue of
cowpea retaned digher moisture than that of peanut. Cowpea leaf discs thus bound
waier molecules o the protoplasm with more tenacity than peanut. This could be the
sesidt of the migher concentration of total mitrogen per unit leaf tissue (data not
mciaded herey svhich was maintained in stressed cowpea, whereas there were
decreases in the quantity of totai artrogen 1n stressed peanut. Free amino acids
contrtbute to e fotal attrogen noet i stressed plants {Sivaramakrishnan et ai.
JIRB. Handa ot al, 983) These mtrogenous compounds could  contribute w0
sstnofic adiustent nocewpea. Usmotic adjustment and  changes in the cell wail
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elast:e moduius masy be one of several mechanmisms that enabie cowpea (o mainiu
phvsiological activiey and prolony teaf survival as plant water deficits persist

Generally. drought caused significant (P<0.05) reductions in the ical RWi of
mtac: piants ‘Tz 53 However. wnereas the RWC in cowpea did not drop below
& 8¢ dunng drought, the RW i peanut dropoed as fow as 57.3% 1see pean
Foov AChigh temporary wilting pomt (TWP) was observed in cowpes {78% RW
betow which the leaves entered an irreversible permanent wilting status (P 5,
Peanugt feaves. ontered PWS below 55% RW{ [leaves that had not passed T
reeonvered after rehvdration on the STst DAY

Although cowpea had higher RWC and promptly closed it stomais. he
retatice pod vicld (2 ¢ ' shoot weight) v stressed cowpea was not higher thar.
paanet {labic 1} Rapid stomatal closure may have nterfercg with @ 5
asstmnation. 2specially during reproductive growth in cowpea. However. « pronp
stomatal response and the ability to bind water molecules to the protoplasm v itl:
tgh renacity appear to be significant factors, responsible, among other, for i
higher feal” R™ ¢ i cowpea than i peanut. On the resumption of imgation pearit,
which appearsa to nave largely suspended its growth, recovered 1 lusiv seo otk
more rapidly than cowpea In conciusion, therefore, cowpea anc peanut appeai t
oxhibit twe defferem but efficient strategies in response to drought, since relatve
vield was not altecied Cowpea utilizes a conservative strategy. whereas peanut sas
an evisive meckhanism {a strategy not fully understood), i which growth appears
e largzly suspended while awaiting a resumption of irrigation.

Table |
Retative fruit vield (g g ' shool weight) in cowpes
and peanut genotspes grown under twoe soil moisture regimes

Imigated Stressed

Cowpea

(v, [.249" 0.90¢
(AU 132° 1.03*
Vs 1.63 1.20°
Peanut

PV, 1.42° 1.24°
PV~ 1LO7* 0.83°
PV, 1.74% 1.45°

*eans withm a hortzontal row with different letters
are sigmficantly (P<0.03) different.
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