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ABSTRACT

Experiments were conducted at the Teaching and Research Farm of the Federal University of Technology, Akure,
ahumid rainforest zone of southern Nigeriato examine the effects of the prevailing weather conditions of the rainy
and late sowing seasons on growth and yield of three cultivars of cowpea (Migna unguiculata L. Walp). The
cultivars (Ife brown, IT93K-U52-1 and I T89K D-341) were chosen on the basis of contrasting maturity and seed
yield, and were sown during the rainy and | ate seasons of 2008 and 2009. The sowing seasons were characterized
by varying amounts of rainfall, solar radiation, open water evaporation (Eo), humidity (vapour pressure deficits—
vpd) and temperatures. Seasonal effects were significant (P>0.05) on cowpea growth and seed yield. However,
within asowing season, the cultivars differed in their responsesin terms of growth duration, dry matter production
and seed yield. In both seasons, shoot biomassisgreater in Ife brown while 1 T89K D-341 had significantly (P>0.05)
higher seed yield than cultivar IT93K-U52-1, Higher shoot dry weights were produced by |ate maturing cultivars
IT93K-U52-1 and Ife brown which also produced lesser weights of seeds. Late season cowpea out-yielded the
rainy season crop in terms of total weight of pods and seeds produced per plant. Functional relationships between
some weather variables and growth and yield characteristics of cowpea were established. These relationships
gave aregression coefficient (R?) which showsthat, about 40% of shoot biomass and seed yield can be explained
by acombination of weather parameters such as cumulative rainfall, minimum temperatures, openwater evaporation,
vapour pressuredeficit (humidity) and thermal time requirements during the respectiverainy (April - July) and late
(September — December) seasons of sowing. It is concluded that the soil and weather conditions of cropping
seasons are critical factors in the processes of determination of growth and yield of cowpea.
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INTRODUCTION variationsin soil water andthermd regimesintheearly

part of the rainy season (early vegetative phase of

Cowpea (Vigna unguiculata L Walp), isafood
legumewhich playsamgor rolein human nutritionin
thetropics. Itsedible seedsprovideachesgp dternative
source of protein compared to animal protein. Inthe
humid tropics, cowpeaisgrown asan early and late
season crop. The early season crop is planted at the
onset of therainy season whilethelate season cropis
planted during the short second cycleof rains, asowing
season whichterminatesin dry season. Therearesharp

growth) andinthelater part of thelate cropping season
(termina drought Situetion).

Cowpeaisamajor grainlegumecrop intropical
and subtropicad regions. Thisregionischaracterized by
large seasonal variationsin soil moistureregimes, soil
and air temperatures?!. The humid rainforest zone of
Nigeriahasagrowing season length that islonger than
200 dayswith morevariability of the average date of
onset of therainsthanitscessation*¥. Mean daily tem-
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peratures during the growing seasonsvariesby only a
few degrees from 27-29°Cl* and day length on 21
Junevariesfrom 13.37 to 13.68h/day at 8 and 13° Ni®

A cropping opportunity is provided by the earlier
part of therainy (first sowing) season beforetherainfall
isfully established. Accordingto IAR& T, the opti-
mal sowing date of cowpeain therainforest zone of
Nigeria(whichischaracterised by abimodal pattern of
rainfall distribution) isat thebeginning of therainsand
not whenrainfall hasfully established whilethecrop’s
reproductive growth phase particularly seed maturity
falsintotheshort dry spdl which markstheend of the
first modal rainfall. Thedry spell ischaracetrised by
abundant sunshineand negligiblecloud overcast sky.

Thelatesowing seasonfdlswithinthe second mode
of rainfal distribution. However, thelate season (late
August/early September to December), isoccasioned
by limiting soil moisture status, extremehigh soil tem-
peratures, highirradianceand atmospheric vapour defi-
cits. Theseenvironmental eventshave profound influ-
enceongrowthandyield of cropg®34, Thereisthere-
foregreat need to test phenol ogica adaptation among
cowpeacultivarsto environmenta conditionsof thesea
sonsof sowingin ayear. For example, theenvironmen-
tal effectson phenology with respect to timetaken to
attain aparticular event or the rate of progression to-
wardskey events®.

Theindusion of timing of dry spellsto growth stages
of cropsespecidly rainfal based anaysesof dry spell
occurrence makesdry spell analysesvery relevant to
farm management. Barron et d . termed agricultural
dry spell. Itisaperiod of consecutivedry daysresult-
ing in asoil water deficit causing crop water stress.
Farmersaremore concerned with the occurrence and
timing of actual crop water stressasthey affect growth
stagesmost likely to suffer from water stress.

In crops, theduration of the phenophasesisanim-
portant trait which determines adaptation to weather
factors. Theduration from sowingtoflower initiation,
flowering, pod and seed set aswell asseed maturity in
crop speciesis modulated by photoperiod and tem-
perature. The mechanismsunderlying attainment of a
growth phase such asflowering date and resultant ad-
aptation to contrasting environments is poorly un-
derstood in most crops® and under varying
agroecol ogies?.

In plants, hydrotherma sengitivity of physiologica

processes has been reported22, |t isnecessary to
examinethe magnitudes of soil moisture stress, atmo-
spheric water demand (Eo), humidity, irradianceand
temperatureand their effectson crop growth duration.
Phenology al so determinestherate of leaf growth and
the enlargement of canopy during early stage of crop
cycl€®. In crops, unfavourable growing environment
imposesassimilatelimitation, restrictspollination and
decreaseskernd set??, Subsequent environmenta con-
ditionsafter theinitiation of reproductive growth can
changeflora development, alter pollination, or prevent
fruit growth/seedfilling and ultimately seed/fruityieldin
cropsg?*Z, |n addition to the prevention of pollination,
low water potentidsduring grainfilling can arrest ovary
growth and cause embryo abortion?”. Traitssuch as
biomass accumul ation, | eaf areadevel opment (dura-
tion of canopy), capacity for assimilate reserve and
mobilisation to reproductive structures (grain) areim-
portant to crop yield under variable soil water and ther-
mal regimes of the sowing seasong°221, Plants pos-
sesstraitswhich areimportant tothe survival, physi-
ologicd functionsand arealso areinvolved in setting
tolerancelimit to and confer increased productivity un-
der variable weather conditions of the growing sea-
songd22 Theidentification and understanding of the
vauesof thesetraitsisof utmaost importanceinthe strat-
egiestoimprove genotypic adaptation of cropsin ar-
easand seasonsthat are characterized by varying de-
greesof soil moisturedeficitsand temperatureextremes
encountered at some stages of crop growth cycle.

Studies of crop-weather rel ationships are neces-
sary to define probabilities of occurrence of extreme
weather events and the effects on crops. In addition,
theserelationshipsare useful inthe assessment of the
fitness/suitability of magjor staplecropsto different lo-
cditiesandfor projectionson their productivity poten-
tias. Such studies condtituteimportant inputsin strate-
giesto mitigate negativeimpacts of extreme weather
scenario on agriculture, food supply andlivelihoodsin
the present situation and under worse climatic condi-
tions.

The monsoon-dependent tropicsof which Nigeria
isapart, experiences variability in climate/weather
events characterised by the southward shiftinisohyeta
vauesof rainfal denoted by dedliningamount of rainfal
and humidity, variable onset and cessation datesof rain-
fall, andincreasing dust cover during harmattan and
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gradud riseinthesurfaceair temperatures's93U, On-
st of rainfall isassociated with thelength of thegrow-
ing season, soil moisture rechargeand possiblerapid
riseinwater level. Sincewater isthe most important
climaticfactor for rainfed agricultureinthetropics, the
uncertainties about thetime of onset and cessation of
rainsisacrucial factor for growth and yield perfor-
mance (productivity) of rainfed crops.

Inorder to assesscultivarsthat arewel | adapted to
the diverse growing ecol ogies/environments and sea-
sonsof planting, itisnecessary toidentify traitsthat are
needed in cultivarsfor adaptation and performance un-
der theprevailing weather and soil conditions of the
growing season. This study appraised the effects of
extreme weather events of the early part of therainy
season and thelate cropping seasons (termina drought
Stuation) on the performance of selected cowpealines/
genotypes.

The objectiveswereto examine shoot biomassand
seed yiddin cowpeacultivarsgrown under contrasting
growing seasons characteri sed by occurrence of vari-
ablesoil and air temperatures, vapor pressure deficits
(atmospheric humidity), evaporative demand and soil
moistureregimesinthe pre- and post-flowering growth
phasesonthefield.

MATERIALSAND METHODS

Experimental siteand conditions

Growth, devel opment and yield response of three
cowpeacultivarsto weether conditionsof therainy and
late sowing seasonswere studied in 2008 and 20009.
Thestudy wascarried out at the Teaching and Research
Farm of the Federa University of Technology, Akure,
Ondo state, Nigeria. The sitewas manually weeded
and pulverized with hoe while the seeds of selected
cowpealines (1T93K-U52-1, ITB9KD-341 and Ife
brown) were sown on 7" October, 2008 for the late
season and 18" March, 2009 for the raining season.
Seedswere sown at a spacing of 60 cm between the
rows and 30 cmwithintherowsinfield plot of 20m x
16m separated into plots of 5m x 4m each with 2m
guard rows between onevariety and theother inaRan-
domized Complete Block Experimenta design (RCB).
The cowpeacultivarswererandomly alocated tofield
plots and each treatment was replicated threetimes.

—=> RegUlOr Peper

Three varieties were tested, they are: 1T89KD-341
(60daysduration) white seeded obtained from Kaduna
ADP (Treatment i). - 1T93K-U52-1 (75days dura-
tion) brown seeded obtained from KadunaADP Ife
brown which was collected from the Seed Processing
Unit of theAgricultural Devel opment project (ADP)
Akure, (85days duration) brown seeded. The three
varietieswere chosen onthebas sof contrasting matu-
rity period (daysto flowering/anthesis) and seed yield.
Thegrowthandyield performance of thevarietieswere
evaluated on thefield intherespectiverainy and late
sowing seasons of 2008 and 20009.

DATACOLLECTION

Collection of data started two weeks after plant-
ing, ten sampl e plantsonwhichthegrowth parameters
weretaken were randomly chosen and tagged on each
plot and these plants were sampled from 2m? at the
centrerow of the plots. The number of |eaves, number
of branchesand plants height were observed from the
ten sampled plantsbeginning fromtwoweeksafter plant-
ing (WAP). At physiological maturity, datawere col-
lected on plot basisfor agronomic characters of root
and shoot biomass. From theten plantsharvested from
each plot, the number and weight of pods, number of
seedsper pod was counted and seed weight was com-
puted from average of ten samplewei ght of seeds/plant.

Soil temperatureswere measured at weekly inter-
val asfrom two weeksafter planting using soil ther-
mometersinsertedinto the soil to adepth of 5¢cm. The
duration (days) of vegetative growth, onset of flower-
ing, 50% flowering date and onset of podding to physi-
ol ogica maturity was determined whiletheduration of
reproductive growth phasewas determined asthe pe-
riod between days of first flowering to physiological
maturity.

Dataon meteorological variablessuch asrainfall
and number of rainy days, minimumand maximumtem-
perature, solar radiation, open water evaporation and
relative humidity were obtained from the Department
of Meteorology, FUT, Akure. These weather factors
wereregressed against plant attributes (shoot biomass,
duration of thecritical period of seed number determi-
nation, mean seed weight and seed yield/plant).

Accumulated heat units (thermal time) wascalcu-
lated from temperature coefficient for individual crops.
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Thermal time (T T°Cd) for the phenologica phases
were therefore cal culated from the daily maximum
(Tmax) and minimum (Tmin) temperatures measured
at the Meteorol ogical Observatory of the Department
of Meteorology, FUT, Akure. Cardinal temperatures
of Tb 8°C, T, 32°C , Tmax 42°CI"32 were as-
sumed inthe calculation of heat unit accumulation mes-
sured asgrowing degree days (GDD) using equation of
McMaster and Wilhelm{*.,

GDD = 1 Mmax+Tmin _

Thase @
(Tmax, ,—To) @
2-Thb

Tmax isthe maximum temperature, Toisoptimumtem-
perature and Thb is the base temperature, 1-x repre-
sentsthetimeinterval duringwhich measurementswere
made (day onetothelast day). The ca culated degree
dayssummed over daysgivethethermal timerequire-
ments(TT°Cd) for thedifferent growth phases.

Tharmal Time=

DATAANALYSIS

Datacollected were subjected to analysisof vari-
ance (ANOVA) test and treatment meanswere sepa-
raed usng (DMRT) a 5% level of probability withthe
appropriate statistical method .

RESULTS

Dataon some meteorological variablesat site of
the experiment areshownin TABLE 1 and Figure 1.
Thestudy siteischaracterized by bi-modd rainfall pat-
ternwiththepesk inAugust andrelaively highand sable
air temperaturesand solar radiation. During the crop
cycleat each sowing season, therewerevariationsin
temperature, intensities of radiation, atmospheric hu-
midity andrainfal (TABLE 1). Inthecourse of cowpea
growth inthe respective seasons, thevariationsinrain-
fal amounts, temperatureand humidity regimes (vapour
pressure deficits) imposed different degrees of extreme
wesether eventsat different stagesof growth of thecrop.
Rainfall inthelate-season period wasaccompanied by
low humidity, high open-water evaporation, radiation
intensitiesand temperatures (Figure 1).

Figures2 and 3 show westher conditionsduringthe
vegetative and reproductive growth phases of cowpea

intherainy and late sowing seasons. Therainy seasonis
characterized by increasingtrendsinrainfal anountsand
vapour pressuredeficitsand open weter evgporation (Eo
- amospheric demand) during cowpeavegetativeand
thereproductivegrowth phases (Figure 2). However, in
thelate sowing season, thegrowing environmenta con-
ditionswasthe opposite of therainy season of sowing;
decreasing trendsin rainfall amountsand vapour pres-
suredeficitsand increasing openwater evaporation (Fg-
ure3). Theearlier part of therainy and later part of the
|ate season were characterized by concurrent stresses of
highintengtiesof soil moistureand vapour pressure defi-
cits (atmospheric demand). Figures4 and 5 show the
pattern of soil temperatures under cowpeacrop for the
rainy and late sowing seasons. During therainy season,
Ifebrown plotshad s gnificantly lower soil temperatures
particularly during thereproductivegrowth phase (Fig-
ure4) whileinthelate season, plotsof thisvariety had
higher soil temperatures(Figure5).
Theresultsindicate that increased intensities of
drought and temperaturesduring thereproductive phase
(anthesisand pod/seed filling periods) inthelate sea-
son could have affected biomassaccumulation and re-
duced seedyield inthetested cowpeacultivars. Sow-
ing cowpeaintherainy and | ate cropping seasons sub-
jected the crop’s pre and post-flowering development
phasesto contrasting weather (environmental) condi-
tions. Theintermittent and terminal drought situations
of the early rainy and late seasons appeared to have
affected plant biomass, number of branches, flowering,
pod and seed yield production inthe cowpeacultivars
evaluated. Theeffectsof thetimeof sowingweresig-
nificant on cowpeagrowth and seed yield. However,
within agrowing season, cultivarsdifferedintheir re-
sponsesin terms of growth duration, dry matter pro-
duction and seed yield (TABLES 2 and 3). In both
seasons, thereweredifferencesin dry matter produc-
tion among the late maturing cultivars over cultivar
IT8IK D-341 (early maturing), higher shoot dry weights
were produced by thelate maturing cultivars(Ifebrown
andIT93-U52-1). Inthelate season, cultivarsI T89K D-
341 and IT93-U52-1 had theleast senditivity to grow-
ing weather conditionsin term of growth duration and
seedyield (TABLE 3). Ingeneral, values of shoot bio-
massisgreater in Ifebrownwhile I T89KD-341 and
IT93-U52-1 had higher seedyield (TABLES2 and 3).
Thecultivars expressed differencesin their sensi-
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TABLE 1: Meteorological conditionsat thesite of the experiment (2008 and 2009)

2008
Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.
Rainfall (mm) 0 5 19 39 189 257 288 327 271 193 68 23
Min.Temp.(°C) 179 206 223 229 213 208 212 208 215 218 209 195
Max.Temp.(°C) 318 326 333 329 316 303 296 287 296 303 317 306
Rel.Humidity (%) 47 4 48 55 63 67 73 81 72 63 52 48
VPD (kPa) 28 30 32 35 31 31 29 25 24 28 30 27
Total sunshine (hours) 191 219 238 206 183 177 128 93 138 219 235 193
Solar radiation (MJm?/day) 123 161 178 171 172 159 129 98 124 138 158 141
Open water evap. (mm) 209 185 238 132 108 98 91 86 97 102 130 148
2009
Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec
Rainfall (mm) 0 52 196 393 1897 2571 2888 3072 2271 1337 439 173
Min. Temp (°C) 179 206 223 229 213 208 212 208 215 218 209 195
Max. Temp.(°C) 318 326 333 329 316 303 296 287 296 303 317 306
VPD (kPa) 30 32 33 34 32 3.0 2.8 2.3 2.6 29 31 28
Total sunshine (hours) 191 219 238 206 183 177 128 93 138 219 235 193
Solar radiation (MJm?/day) 123 161 178 171 172 159 129 98 124 138 158 141
Open water evap. (mm) 212 193 243 167 113 10 86 82 93 110 125 155
Sour ce: M eteorological observatory station of thefederal univer sity of technology, akure
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Figure 1. Weather variablesat thesiteof theexperiment during cowpea growth (mean of 2008 & 2009 experiments)

tivity to environmenta conditions, greatest sensitivity
wereobtaned for theearly maturing cultivars (IT89KD-
341 and 1T93-U52-1) which had their reproductive
growth phase exposed for ashorter timeto prevailing
growing environmental weather condition. Therainy
season cowpeatook moretimeto commence flower-
ing and completethe reproductive process (TABLE

2). Thetime from emergence to 50% flowering and
from onset of flowering to physiologica maturity were
shorter in rainy season cowpeacrop. In late season,
the cultivar IT89K D-341 commenced flowering (es-
pecially 50% flowering dates) earlier and had apar-
ticularly shorter duration of pod and seed formation and
physologicad maturity.
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TABLE 2: Growth and yield of threevarietiesof cowpea during therainy season (2008)

Flowering
Root Shoot Total Number Number Emergence onsetto  Number
Cowpea dry dry  Plant of leaves of Daysto  Daysto to peak Physiolo-  of pods Pod Seed
L . . ; Onset of 50% . . length yidd
Varieties weight weight weight per branches flowering flowerin Vegetative ogical per cm) (t/ha)
(9) (9) (9) plant  per plant 9 9 (days) Maturity  plant
(days)
Ifebrown 1029 126.98 137.27 28.20 3.50 44 51 41 29 20.20 13.62 0.088
I3'I:;3LQKD © 507 7660 8167 44.40 4.70 41 47 36 24 3580 17.70 0.222
UF?ZS f I 7.58 108.80 116.38 3540 4.70 44 49 37 26 13.00 15.10 0.133
LSD(0.05) 213 319 327 2.50 0.25 0.43 1.19 121 1.09 209 029 014
Mean 765 9746 10511 36.0 4.30 43 46 38 26 23.00 1547 0.147
TABLE 3: Growth and yield of threevarietiesof cowpea during thelate season (2009)
Flowering Pod
Root Shoot Total Number Number Daysto  Daysto Emergence onset 10 — Number length Seed
Cowpea dry dry Plant of leaves of to peak . . of pods .
L . . . Onset of 50% X Physiological per vyied
Varieties Weight weight weight  per branches . . Vegetative ; per
@ © © plant  per plant flowering flowering (days) maturity plant plant (t/ha)
(days) (cm)
Ifebrown 1230 132.68 144.98 47.50 5.20 50 64 53 33 2520 14.16 0.199
I3£819KD— 790 7780 8570 53.10 5.90 45 58 47 28 30.20 16.81 0.588
U, 1055 12140 13195 5620 590 48 61 50 30 2810 1560 0311
LSD(0.05) 235 312 371 2.55 0.25 0.43 119 123 1.08 2.10 0.30 0.15
Mean 10.25 110.63 120.88 52.27 5.67 47 61 50 30 27.83 1552 0.366
TABLE 4: Growth and yield of three cowpea varietiesacr ossgrowing seasons
Cowbea No of No of Plant L eaf Daysto Daysto No of Pod Seed
Vps leaves Branches height length  onset of 50% pods length  vyield
Varieties . .
per plant per plant  (cm) (cm) flowering flowering per plant (cm) (t/ha)
Ife brown 37.85a 4.35a 33.50b 9.8la 47b 57b 22.70a  13.89a 0.287a
IT89KD-341 48.75b 5.30b 30.95a 11.15b 46b 53a 33.00b 17.26b 0.810
IT93K-U52-1 45.80b 5.30b 31.36a 9.96a 48a 55b 12.55a  15.36b 0.444b

M eans along same column having different letters differ significantly at 5% level(DMRT)

TABLE 5: Relationship between shoot biomassof cowpea  ductive growth phase and post flowering weather

and weather factor sof the sowing season

events. Thedifferent cultivarsexhibited differencesin

Parameters Regression equations R®>  ther sengtivity toenvironmenta conditions. Thegreet-
Shoot biomassand  Rainyy =-1.246x°+ 348.3x- 237 02  egtsendtivity occurredinearly maturingcultivars Among
Eo: Latey = -78x+1226.5 05 cowpeavaietiesevauated, theearly maturing cultivars
Shoot biomassand ~ Rainy y = 0.743x*-207.1x+1472 0.4  produced higher number of podsand weight of seeds
Rainfall: Latey = 0.232x*-54.96+34445 04 (TABLES2and3). Podsand seedyield differed sig-
Shoot biomass and Latey = 26.45Ln(x)-10493 5 nificantly among cowpeavarietiesstudied. Thevariety
ggﬁ;ﬁ; g Reinyy=0103¢-201axs 1472 og | TE9KD-341produced thehighest seedyield (810kg

o _ 2 ha'whichwassimilar to IT93K-U52-1 (444 kg ha?).
T minimum: raey =00LC-223¢150.7 04 he other hand the lowest yield of (287 kg ha-1)
Shootbiomassand  Latey = 0.01¢-212¢+1382 Ont y 9

vpd:

Thecontrasting growing environment of thesowing
seasons(rainy and late) enhanced differencesin branch-
ing and in pod and seed yield. Pods and seed yield of
the cultivars showed sensitivity to thelength of repro-

wasrecorded for Ifebrown (TABLE 4).

Biomass production, theduration of reproductive
growth phases and seed yield of cowpeawererelated
to the prevailing weather variables of therespective
seasons of growth. The regression coefficientsof the
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TABLE 6: Relationship between seed yield in cowpea and
weather factor sof the sowing season

Parameters Regression equations ~ R?
Seed yield and Eo: Latey = -78x +1226.5 0.5
Seed yield and Rainfall: Rainy y = -504.9x+411.7 01
Latey = 0.232x%-54.96 04
+3444.5 '
dseedays_ yiddandRainy | w0y = 26.450n(x)-104.93 0.3
Seed yield end T Rainy y = 51.2x+89.6 01
minimum:
Latey = 0.01x*-2.23x+150.7 0.4
. —- 2_
Sedyiddandvpd: RNy Y = 1270x 05

551.62x+75.4
Latey = 0.01x*-2.12x+138.2 0.4

TABLE 7: Relationship between duration of thereproductive
phasein cowpeaand weather factor sin the sowing season

Parameters Regression equations R?
Reproductive phase and Eo:  Rainy y = 1403.5¢%%>* 0.9
Latey=-78x +12265 0.5
Reproductive phase and Rainyy = - 0.3
Rainfall: 0.85x°+52.8x-507.8
Latey = 0.232x%-54.96 0.4
+3444.5
Reproductive phase and Latey = 26.45Ln(x)- 0.3
Rainy days. 104.93
Reproductivephaseand T Rainyy=- 0.2
minimum : 0.106x°+6.5x-0.214
Latey = 0.01x*- 0.4
2.23x+150.7
Reproductive phase and Rainyy = - 0.2
vpd: 0.04x2+6.56x-0.21
Latey = 0.01x*- 0.4
2.12x+138.2

TABLE 8: Association of thermal timerequirementsand
cowpeagrowth and seed yield char acter sof therainy and late
Sowing seasons.

Par ameters
Therma time (TT°Cd) and shoot:

Regression equations R?
Rainy y = 0.06x-0.68 0.9

Late y = -0.005x%+2.8x-
2244

Rainy y =0.116x-151.32 0.7

Late y = 8E-05x*
0.33x+361.8

Rainy y =0.033x-49.9 0.7
Latey =0.06x-102.78 0.4

Rainy y = 0.1602x-112.1 0.9
Latey =-0.04x+90.36 0.9

04

Thermd time (TT°Cd) and seed
yield:

0.3

Thermd time (TT°Cd) and
reproductive:

Thermd time (TT°Cd) and TPLA:

relationshipsof weather factorsand theduration of re-
productive growth phase, shoot and seed yield of the
sowing seasonsdiffered (TABLES6and 7). Intherainy

—=> Regulor Paper

Season, shoot biomass corrd ated with accumul ated heat
units/thermal timeand evaporative demand, but had a
weak negative correlation with accumulated rainfall.
Seed yield were positively and highly associated with
evaporative demand and thermal time but negatively
with cumulated rainfall. Inlate season cowpea, shoot
biomass negatively correlated with cumulated rainfall
and evgporativedemand. Similar trendswere observed
between theregression of seed yield with cumul ated
rainfal, evgporativedemand and thermd time(TABLE
8).

DISCUSSION

Despiterapidincreasesin crop growthwhichwere
initially obtained, final shoot dry wei ghtsreduced com-
pared to the rainy season crop dry weights. The ob-
served declinein maximum crop growth with thermal
time may denote that the apparent optimum tempera-
turefor plant growth varieswith stagesof growth dur-
ingitsontogeny. High temperatures decrease shoot bio-
mass and seed yield under the supraoptimal tempera-
tureregimesof thelate season. Inthelate season, cow-
peadevel oped and matured during periods of high soil
and air temperatures and atmospheric demand (range
of 29.6to 31.8°C and 2.6 to 3.0K Pa). These weather
factors possibly promoted rapid soil water depletion
and hencetheinability of soil profilewater to meet crop
demand. Thelength of theseed filling period (50%flow-
eringto physiologica maturity), wasshort relatively to
other periodsand could have contributed to thelower
seedyieldinlate season cowpea. Seed/plantistheyield
component most sengtiveto soil moisturedeficit, lower
seed yiddinlate season crop may beattributed to | ower
milation efficiency and to post-anthesissoil and at-
mospheric moisturedeficitsinduced embryo abortion
and low assimilate enhanced poor seed filling. Press-
man et a (2002) attributed low crop yield to extreme
wesether condition enhanced dehydration of pollenand
poor pollination and embryo abortion. Low soil water
availability restricted cowpeayieldsin thelate sowing
season following from the negetive correl ation obtained
between theamount of precipitation received and the
number of rainy days during thegrowing season. Seed
yiedvariationisrelated to theamount of moisureavail-
ableto the crop; in the late season cropping period,
declining status of stored soil water fromrainfall and
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increasingintensitiesof stressful Stuationshad profound
effect on cowpeabiomassand seed yield. Neverthe-
less, yield reduction was|ow in thelate season cow-
pea; the improved seed yield in late season cowpea
may berelated to the exploitation of substantial soil
water prior tograinfilling and presumably fromthedry
weather (air) during seed maturity. Increasing intensi-
tiesof soil moisturedeficitsand supra-optimd soil tem-
peratureswhich characterized late sowing seasonin the
tropicd rainforest environmentsdicit responsesinthe
growth andyield of crops such as soybean?. Itisim-
portant if theenvironmenta parametersof rainfal, num-
ber of rain days, onset and cessation of therainy sea-
sonaswell asthemaximum and minimum temperatures
could berdliably predicted early intheyear to ascertain
climatedriven production risks associated with the sow-
ing seasons. Suchinformationwill beuseful toamelio-
rate the effects of theweather conditionsof the grow-
ing seasonsfor improved yield of thisvery important
protein rich plant. However, the problem associated
with the prediction of rainy season onset and cessation
datesaswell asannud rainfal amount and distribution
has been addressed by Omotosho et al, (2000). The
need for methodsfor forecasting the number of rain
days and extreme temperatures so that Omotosho’s
model could becomefully operational cannot be over
emphasized. Theregulation of plant biomassespecidly
thesize of leaf arealplant by drought in order to main-
tain transpiration per unit areaof leaf isreported for
droughted cowpea™®. Soil moisture status continued
to decline even after the attainment of maximum | esf
areawhich waslarge enough to shadethe soil and re-
duce soil moistureevaporation. Therdativeshort cycle
inshort durationvarietiesof cowpeainthisstudy would
have minimized crop water use. These cultivars ap-
peared to have escaped soil and air drought and tem-
perature stresses. Early maturing varietiesmay there-
forebeadvantageousunder drought going by their gbility
to completelifecyclebeforehigher degreeof moisture
deficit stressand high temperaturesoccurred. Thephysi-
ologicd advantage of early maturity in cropsover awide
rangeof environmenta condiitionsisknown?, Craufurd
and Qi® reported that the number of seeds could de-
creasethrough promotion of embryo abortion and pod
shedding due to extreme environmenta eventsin
droughted soybean. Theyieldsof podsand seedsdif-
fered Sgnificantly among cowpeavarigtiesstudied. The

variety IT89KD-341 (TABLE 4) produced the highest
seed yield (810 kg ha') which was at similar to that
produced by IT93K-U52-1 (444 kg hat). Onthe other
hand the lowest seed yield of (287 kg ha') was re-
corded for Ifebrown. Similar resultswerereported by
Jaiswal (1995), who observed differencesingrainyield
among cultivars of mungbean. Theresultswerealso
consistent with thefindingsof Singh et a .. Thehigh-
est seed yield recorded for IT89K D-341 was dueto
itscharacterigtic ability to maturewithin 60 days of sow-
ing before the occurrence of severe hydrothermal
stressesof thelate season. Theleast seed yield recorded
for Ifebrown may be dueto flower shedding and em-
bryo abortionasaresult of extremeenvironmenta events
of thelate season®!. Theresultsshow that at |east 82%
of theyield of cowpea can be attributed to environ-
mentd parametersof rainfal and temperaturetrends of
the sowing seasons. The sensitivity of the productive
phases of growth and seed filling to environmental
stresses hasimplicationsonyied performancein cow-
pea. Plant canopy and environmental factorshad been
reported to control crop water use (evapotranspira-
tion) and the partitioning /fluxes of energy and water in
cowpea®. High degree of association between cow-
peacultivarsand the weather conditionsobtainedin
this study appearsto beimportant to the cowpea sur-
viva and productivity under variable soil water and ther-
mal regimesof the sowing seasons.

CONCLUSION

Thewesather conditionsof thegrowing seasonsaf-
fected growth and seed yield in thethree cultivars of
cowpeainvestigated under field condition. Inthesite of
the experiment, the sowing seasons (rainy and late/dry
seasons) were characterised by varying intensities of
soil moisturedeficitsand solar radiation and variable
degreesof vapour pressuredeficits (humidity) and tem-
peratures. Theintermittent and termina drought situa-
tionsof theearly rainy and | ate seasons affected plant
biomass, |eaf production, flowering, pod and seedyield
charactersinthe cowpeacultivars evauated. Sowing
cowpeainthepre (early intherainy season) and post
(dry/late cropping season) optimal planting dates sub-
jected their preand post-flowering devel opment phases
to contragting environmenta conditions. Themagnitudes
of cumulativerainfal received (and hencesoil moisture
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content), minimum temperatures, openwater evapora
tion (atmospheric/evaporative demand), atmospheric
dryness(vapour pressuredeficit) and accumul ated ther-
mal time during aspecific growing season determine
shoot biomass and seed yield and the duration of the
reproductive growth phase. Thetested varietiesexhib-
ited differencesintheir sengtivity tothegrowing season
wegther/environmenta conditions. Thegreatest sendi-
tivity occurred in early maturing cultivars. Regression
equationswereworked out between some growth pa-
rametersof cowpeaand someweether variables. These
relationshipswere characterized by variableregresson
coefficients (R?) inthedifferent sowing seasons. The
regressi on coefficients (R?) show that onthe average,
about 40% of shoot biomass and seed yield produc-
tionin cowpeacan beassociated with accumul ated rain-
fal, minimum temperaturesor open water evaporation
and atmospheric dryness (vapour pressure deficit) and
accumulated thermal timerequirements during aspe-
cific growing season. In thelate season, the cowpea
cultivars exhibited more sensitivity to thermal time
(growing degreedays) in term of growth duration and
seed yied. Among cowpeavarietieseva uated, theearly
maturing varieties produced higher number and weight
of seeds. The I T89K D-341 gavethehighest yieldin
both experiment because of itsshorter gestation period
whichis60 dayscompared with theother two varieties
with the duration period of 75 and 90 days respec-
tively. Therefore, IT8OK D-341 variety isrecommended
for sowing in the study areabecause of itscombined
ability toresist drought and has high seed yield produc-
tion. Functional relationships between some weather
variablesand growth and yield characteristicsof cow-
peawere established. Theserelationshipsgaveare-
gression coefficient (R?) which showsthat, about 40%
of shoot biomassand seed yield can beexplained by a
combination of weether parameterssuch ascumuletive
rainfall, minimum temperatures, open water evapora:
tion, vapour pressuredeficit (humidity) andtherma time
requirements during therespectiverainy (April - July)
and late (September — December) seasons of sowing.
Inthelate season crop, therdationshipswhichimproved
(higher regression coefficient: R?) andweremostly posi-
tive. However, shoot biomass, seed yield and thedura-
tion of reproductivegrowth correlated negatively with
evaporative demand (open water evaporation- Eo). It
is concluded that the soil and weather conditions of

—=> RegUlOr Peper

cropping seasonsarecritical factorsinthe processesof
determination of growth and yield of cowpea.
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