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ABSTRACT




ABSTRACY
SRASORALITY - ITS PHYSIOLOGIOAL DMPACT OF PYGZONP:A

BY
K.BALAXRISHNAN

Dagrees DOCTOR OPF PHILOSOPHY IN CROP
PHYSIOLOGY

Calrman ¢ Hess: Dimg:-”n:mosm&;higihmg
"‘and eultural University
ool.lhiute 1 003,

Studics were conducted in six pigeonpea cultivare
compriasing thres long duretion and three short duretioem
types vis,, 00.5, CORG 5, UPAS 120, CORG 11, PLS 361/1 amd
SA 1 in three differsmt sowings namely 21st PFebruory, 21ist
June and 218t Septamber to gathsy infarmotion om the
physiologiecl baais of yield variation duc to s:asopality,
Stability anmalysis wae uleo yesorted to identify the relative
ptability of cultivars or physiological/marphologieal
attributes over sowings, Path enefficient analysis waas
undertaken to ilentify the most impoxrtont yleld component
which sontriduted to the yield,

Sowing 8ates had gyeatly influeneed the phemologleal
developmant of ths erop, She grain £illing poriod remained
anaffsoted by differant powing dates cvon though the duration
of grops wvarled,

Highsr growth wie observed in Pebroary sowings as
compared t0 the Jumc &md Septemder sowings, The higher



expression of the growth was goutributed by LAI, OGR, LAD
and quicksr ganopy development which were muse in Fobrusry
sovings vhareas NAR, INR and LAR were higher ir September
sowings, Similar trend wes also notiged in long and shoxrt
duration gultivars, Pavourably hicher groavth in February
sowings wis duc to the higher cusulative heat onite,
photothermal units, heliothermal units and sunshine hours
notiged in Pebrusry sowing then that ol others,

Fohrusry sowings &lso roegorded comparativaly hisghey
chlorophyll content, photoaynthetio rete por unit leaf area,
trenspiration rate than the other twe, T leaf wetor
potemtial was lowar {n Febrwry (low water content) han the
othar ¢two sowings.

The numbey of seeds per plant whieh represented sink
sise was found to be the wadn contributing factor for the
grein yield, The highest pod number per plant whisch gontributed
higher nmber of aseds per plant was recorded ip Pahruary
sovings followed by June and September sowings, This trend
wap reflasatod in grain productivity too, Low HI was observed
in Pehruary sowings as compared to Septamber sowings. The
yield woduetion in Septemder sowings was meinly dus to the
reduged aink sise which had bearn monitored by the sowroo sise
(LiI)s It 28 pertinent to remsmber that the rate of groim
£1114ng per plant was reduged in Septamber aowings while the
rats of £11ling per geed remmined unaffocted, The main defeot



appeared 9 de the redused sink sise modulated by the pod
nusdayr per plamt through total nwmber 02 seeds per plant,

imong the long duration caltivars, SA 1 oould show
comparatively higher yield than the others bepeuse it was
able to stabilize the ILA, number of branches, LAI, numbar
of pods per plant, musbar of seeds per pod amd 1000-grein
weight, As regards the short daration sultivars, CORO 5
was found to de the higher yislder beoause 3t could fix
photoaynthatic rate, 1000-grain woicht and HI, In genaral,
DMA 3nd gréin yield wsre found to be highly unstable in
all the cultivars studied,

This gtudy alap drought out newer conoapts for
pigeonpes improvement. The JHA and [I were identified for
yield stability over scasons. Based on this stody, the
strategies for further crop improvesent in plgconpes were
suggested,



CHAPTIR
KUB:R

I

CONRZNRTS

INTRODUCTION

RIVISY OF LIT:RATURE
MATRIALS AMWD MSTHODS
AP RIMTTAL RiSULTS
DISCUSSIOR

STMAARY

ACENOVLIDG TENT
R4PIRENCES

APPRDICLE

soe

LA X

e e

PAGS
NOHB R

43

172

211



TA2L3

te
'..

2.
3.
4.
5e
6.
7.
8.
9.
10.
1.
12.
13.
14.
3.
16,
17.
18,
19.

21,
22,

LIST OF TARL:S
rITLE

Mataorologiosal obssrvaticons .e

Ksap mstearologienl observotions .
doring the eropping pariod

Fhenologieal obeervztions .o
ghoot length (om) .e
Root langth (om) .
Rumber of dramhes .,
Buzber of loaveas ..
Leag produotion rete (No.leaves day~'),
Leaf ares (en~3, plam~?) v
1eat dry woight (g.u™2) .
Stem dry wetght (g.n"2) .
Root dry weight (g.n‘z) .

Reprodue tive parts dry weight (g.n‘z)..
TPotal dry matter acgumalation (g.n'z)..

Shoot-root ratis (lcq’th) o
Shootveroot retio (weight) .
Leaf-Stem rotio oo

Indtvidoal loaf mea (om~2.1eat™') ..
Individusl leaf walght (mg.deag™!) ..

LAX .
B (gug t0ay™t) o
oo (gen"2.a0y~t) .
R (g, cany™") .
son (g.premt™aay™) .

4
gaarsssasazaasasaruzass s:éa



TABLS
FUMBER

24.

26,
27,
28,

30.
3t.

41,

42,
43,

45,

LIST QF TABL:S (Omtd..)

TITL:
LAD (Days) .o
sua (om™2.g™) o
s (g, on™?) .o
1 PR .
LAR (u-l. .1) oo
Pallen leaf dry weight (z.piamt”') .
YTield and yield components .
Biommss and grain productivity .

(‘o..ao‘.,d )

Correlation Detween yield aod yield ..
componenis

ﬁ'n"é-k”".?ééitﬁ.‘ﬁ‘g.ﬁ yiaa
Partial regrossion .
hlorophyll o (mg.s™') o
Chlerophyll b (ng.s™") o
Totdl ehlerophyll (mg.g”') o

Stematsl yeslstanee for OG, (s.u") o
Photoaynihetis rote (mg 00,.487%,n"),

Stomatal yesistarpes for water .o
vapowr (5. en™')

twapspiratian rote ( ,a.ol'!. ") .e
Iesaf water potential (~iFa) v
Teaf temperatwee (°C) .

Leag relative humidity (per cont) o
Light intereeption and canopy growth ,.

PAQE .
NUMBSR

10
"
103
105
106
109

12
13

15
116
118
19
120
122
123

123

126
77
129
130
{Contd...



R

TABLE
FUMBGR

52.
53,
S4.
55.

LIST (@ TBLES (Oontd.,)

TITLE
Oumnlative soler radfiation ..
Cumuletive evaporstion ..
Cumnlstive holiothermml units .
Qrowing degrce days .o
Cumulative photohermal mnite .
Ommulative day length ..
Ouaulative heat ubite '
Cumulative sunshize hoars o
Hoat unit effisiscmey .

Cexrelation and lipear regrescion .o
of DA at differcht stages with
neteoralogiosl odssrvations

Fitroge uptake (g,plant™') .
Phospborus opteke (g.plemt™') -
Potessim uptoke (g.plamt™) .o
Oalcium upsoke (g.plamt™') .
Mezpesimn uptake (g.plamt™) .
Total optcke (goplem™’) .-
Protsin anslysis .s

Apddysis of viriange (meen squares) ..
for phewotypie nabnxv-n;‘ meteor
conponente

Apalysis of vyorianse (mead squares) ..
for phadoiypie atadility-Tieald
componenta

Perpentags of conhtridotisn of linear ..
apd ineoy comporanta

152
13
1724
136
137
138
19
141
142
144

146
148
149
151
1952
194
155
1568

159

160

(Con¥d



&.
T0.
n.
T2.

5.

7.

LIST GF ZABLS (Contd..)
TITLG

Stability snalysis for photosynmthesis ..

Stebility anslysis for LAI

8tadility andlysis for stem dry
vaight

Stability apalyeis for L/S ratio
Stability ssalysis for ITA
Stability malyeis for TON

Stobility walysis for nesber of
bremhcs

Stability anslyeis for nuuber of
pode per pl

8tability analyeis for buher of
segds per pod

Stobility amlysis for 1000-grain
vaight

Stobility amalysis for bharvest
index

Stability andiystis for grain yiald

Olazsifiontion of varictics for
stabil ity

PMOZ

162
162
184

164
165
165
167

11y

168

168

16

169
193



PIGURE
WUHBER

'\

3.

4

5e

6.

7.

8.

9.

11,

12,

13.

1",

LIST OF PIGURZS
TITL:

Relation betveen cumnlative day
length and days %o 50 flowering

Diffarentisl responsiveness of
pigwml cultivars: Photesynthetic

Differcntinl respomsivences of
pigsonpea cultiverss Loaf area index

Diffarential responsivenass of
pigeonpesd cultiversy Stem woight

Differemtial responsiveness of
plgmnpea cultivarss Loaf-gtom ratio

Diffarertial rasponsivencss of
plgaapca onltivars: Individml laaf

Differential responsivenosas of
plgoo:ren cultivars; Total dry msatter
aocsunulation

Differemtial reaponsivencss of
Lu:::pea ocultivara: Rumbor of
anchas

Diffaraentinl respongivaencas of
plgmpggea cultivarss Nusber of poda

nmcnmm responsivencss of
oxen oultivares Ramder of séeds
Par p

Differantial responsivenass of
pl.m:lpn cultivarss 1000-3:'0
Differential responsivencas of
pigeonpea oultivarss Horvest index

Differential responsivenssa of
pigecnpea cultivarss Gyaln ylaeld

Sghematic yepresenigtion. Influence
of soving dates on grein yleld



INTRODUCTION




CHAPTER 1

INTRODUCTIOR

Pigeonpea bappens %0 » a major sowros of vegesable
protein for the pepulstion of Indian sud comtiment. This
grain legume is cultivated mearly in f£ifty countriss spread
over the world. Ths produetion of this orop extends fyom
Australia o South Amerige covering ecountriss liks laos,
Thailand t0 Argentine, Paragusy and Vemsmsla.

Evgnthough the erop 4s eovering the whols world,
ninety per ocemt of its produetion 4s in India. Compared
to Indin, the produotivity appecre to b ocomprratively high
i0 Trinidnd and Dominisen Depublis wherein the average yiald
trende are 1667 and 2194 kg.he”' yespeotively., The avernge
Indisn produetivity 1s only about 675 kg.he~'. Tence the
necessity t0 inereces the yisld s acutely folt in the light
of increasing populetion pressuie. But the information on
the physiologicel constraints for the imorcuned produstivity
i very msagm. Heslising this mmjcor lacunae, the orop had
boen resognised as mandate exop in YOPISAT (Internatiosal
Crop Damssareh Institube for the Smmi-Arid Tropics), Hydersdad.
In addition, very astive and fruttful resesreh efforts are
4in evidenss 1in justralia and Fest Indies for inercaning the
produstivity.

A major problam towerds produstivity ioexesse 4 the
zeastion of axop 90 the varying agro-elimstis situasions.



Te yisld responss 1o very penaitiwe $0 the ahanging weatler
peremstere that exist in 4ifferent swascos peculiar %o
iheos sgrowelimntic regions. For understending the produs-
$ivity conetraints in ewh of those situatione mentioned
sbove, it is peramount to delineate the physiologisal
meochanisme which e responsible for such a behaviour
pattern in these plents,

Eseping the above conoept in view, the following
objectivas have been ecxmarked in the expsriments to be
underinion.

(1) To eotimate and mansure the veriations in the
Yisld in different suasops with saphesis on the identi-
fioation of the weatler parametere gontributing for
inorecsed yleld.

{2) To delinmats tim phenotypic charmgters whoes
expresucivity 1s monitored by enviromsntal varielions

{3) Ths underlying physiologionl mechanisms which
influence the yield variations will also be recognissd.
The yelationship of the altered physiologienl reactions
to the yleld differensec through the phenotypie chareeters
will be perceiwed,



(4) To msasure the Aegree of stability of various
physiclogio:l end growth attridutes that contridute towards
inorease or deerecae in the yield expression over seocsons
through suitadble ctetistisel toole.

(5) To dyow out moessary infesences for the
existing produetivity levels and alono suggeet suitable
strotegies for the future ercp improvement.

The author will fsel extremsly gratified if this
iddnd of new approach could elieit suffioismt information
from the orop indiceting rvesmono for the low productivity.
Further o will deex 1% a reward, if this study oan stiirulate
eimilar intsrest in the physiologiocnl funotioning of other
erops where produetivity pleteau had alrsedy ocoms inoto
oxistance malking 1t diffloult to achievo furtier broak
throughs.
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CiAPT.R I

RiVISY (F LIT RATOR.

™e contributime of earlier ruscarehers om the
physiologienl snalysis of pigeompea (Qajanys gsjsg (L. )Millsp)
and its rospomsc ¥ different datos of sowing as influmnged
by day length, temperaturs oAl solar radistion are reviewed
in thie ebapter. TFor this purpose, presentation of major
trends of thonghts have @aleo been attempted, Por conveniancs,
the litarature swrveyed is givsn under difforent headings,

Fhapologieal devolopmenty

Fhenologys ‘hemclog’ i{e the study of the timing of
reourring natural phonomena in plants, ospceislly in relation
t0 climatis oconditions (larcher, 1980), Photoperiod is one
of tha factors in the cnvironment which deterwings thes Area of
ajaptation of orops. Tomperaturc also had dbeen kmown to affeat
the adaptability of a woriedy, Ther faro, it weo cssential %
integrate tha influsmoc of photoperiod and tampereture to fully
understand the affect of apvirenmant on flowering (wallis
g3 8¢y 1980), The pigecmpea is 8 quantitatively short day
plant, ani ite phanologzy is strongly influenced by photoperiod
(Spence and Williams, 1972).

The pete of development of the flozal primordia in
pigoompsa ineressd with incrcass in both day longth amd
tompereture (Turmdull gt a)., 1960). Datta and Aresided (1970)



obsorved that flowering period sppeared %o be fnflucnsed by
westher oonditions, “1th regard o wuriotion in photoperiod

and temperature, Summerfield and Minechin (1976) observed

that phetoperiod and tompersturs in the arid and humsd tropies
varied signifiecantly, Day lencth alao variod rogularly with
latitude and yoar (lawm, 1380). Phonology and vegetative
grovth wepe influcmced Dy rhotwpariod x tomperature intersations
and thus sowing date and le4itude (.allis gt a),., 1380)

secmad t0 dominatc the abovs paremotors,

Photoparied

The mowt signifiscnt pontridbution %o b made to
pigeonpea improvencnt in the chort tapm is the prediction of
orop phmology in particular environments (Lewm, 1980),
FPhenology in sihort day pulscs dopended on sowing date an?
cultiver mtupity typc (Lewn gf al., 1977). Though & comdine-
ticn of photoperiodic and soopersture aoffeots, tho tine of
flowering and maturity of pigeanpaa oultivars could be varded
@cgording %0 the date of planting (Derfeax 1971 :kimola and
“hiteman, 1974). Signifisent infleonse of date of sowing om the
phenology of pigesnped wap @lgo roported dy omny authors
(3gollano g§ al., 19624 Gooding 1960; 'iallds ot al., 19754
Abvrams, 19753 Gowda 2nd Kaml, 1982)., Oenerally, the late
mturing eultivars are more scositive to shorter 4ay length thar
eorly maturing types (Ryth,19683 anon,, 1976). Day length had
8 domivent influenoe o growth and yield, but part of thia effed



eould bave beos @ repange to radistiom yather tham photo-
period (Bammortom, 1976). .arly flovering upder ghorter day
length oonditions led to the reduged number of flarel duds
devaloped pew plant (Wallis gt al., 1980).

Temperatmre

Thare weps evidenges that overall growth wag inflvenged
by tamperuture voriations exparianoed in diffevent soving
dates (Axinoia and ¥hitemam, 1975). The growth was
deponded wpom the intereoticn of teapereture with soving
dates (Puki, 19633 Sheldpske and Narayapan,1979a; Lewn amd
Byth, 1977) Greer gt al.,1979y wallls gt 2.,19798; Xay,1979).
Phenology was alpo inflomoed By photoperiod x temparatare
interacticns, 4 wide range of phemology in oxtremely diverse
production system were poseidle in pigeompes (Saxene g% 8.,
1380)., The rote of ontogenis developaant in pulses wus reported
10 be gercrally ssnsitive to tamperatupe, The most fuvourables
temparative range for grop growth is 19°-29°C bhut it oab tolerat:
tampsretars osoillstion betveam 10°C and 40°C (Pathak, 1970),
Temperat urs wag the dominant facter inflpensing the number of
4ayo from emergsnpe to flowal initiation, accomnting for
appreximtely 60 par oont of the total variations compired to
10 per oert dus to photoperiod, Incressing sither the day or
the night tempereturs delayed floral initistion, The greatest
delay vap cansed by the most widely divargwnt day/might tesperes
ture combinutions. Tho tested combinstion was 32/16°C for
day sd night temperctupre wospeotively (Turmbull gt a}..1990).



the eool Somparature eouplod with deoraasing day
length seemed to overcome the affeots of long delsy in sowing
(venkatoramsn and Sheldreke, 1981)., Pligecnpea oculd tolerate
8 wide range of tcmpsreture fyom 19° to 43°C (de Jabrun g} 8l.,
1981) and with relatively poor growth when t:mpeyeture was
balow 22°C., Temperature &bows 36°C was fownd t0 bs aud=aptimal
("hauhan gt 8l., 1952). Higher growth in May and June might be
attridutod ¢0 doth higher solsr rediation and temperetars, while
the greatly reduced growth in the winter season might have
stemmed mainly from low tompereture (inom, 1382), it IORISAT
centye (iyderabad) pigcompes cultivars flowerod an! matured
aboot & month carlier than &t Hissar, The diffarsnees in
phepology stemmed from ghortar day length aml gcolsr climete at
ICRICAC from Jume to [spt mber (vallis 3 el., 1984). The
diurnal v riation in tcmperature, hoavy overcest 3aky, high
humidity and day longth nensitivity of ®io cultivir during
the crowing scasen also played their yoles in deciding the
yields (. sedimm, 19G:),

Temperature~Fhotoperiod inteyeetions

Gnder relatively oool sonditiona, an Smportant effect
of tompereture on flowsring sesmed 0 de roduction in the requivrde
nent of short days, Thus ip mOnthly planting trisds earried
out at Hyderabad (slevetion 500 M) anmd at Mahabalaswar (slevetion
2000 K) both at same latitude, under ssme long day conditions,
gultivar which 444 not flower At the foawmexr flowened undex the



gooler eonditions at the latter (Anam,, 1976). It was found
that short photoperiods reduced overall vegetotive growth,
days % floweying, pod filling and ripening (vallis g§ al.,
1975). The phenologiesl dewelopmt of pigonpea ev. Royes
was affceted by photoperiod. The effaot wos manifcsted &g
roduoed vegetative growth, Plant height dcersased markedly
(fxom 217 to 73 em) @s sowings were delayed (.ollis g al.,
1979 a,d). The major benefit of the photoperiod mensitivity
wap that late sowing oould be used to rustriot vegetative
growth end indnge pynchronisation of flowering, Those advone
tages oould algo do goined by the ase of early maturing lines
™hat arc sensitive to photoperiod at differont latitudes
(vallis g el., 1980), Days to flowering and maturity varied
asgcoriing to the sowing data due %o its variations in photoe
period x tamperetupe interactions (Ariycnayegam, 1976). Apart
from photoperiod, other factors also influonosd the flowaring
apd fruiting (Pathak, 19703 lewn and Byth, 19733 lewcran,1976).

oate of sowing

The time of eowing had shown its cffect on vegetative
a3 peprodustive phases of the erop and 1t wvas an important
factar influeneing cxop duratiom (Thingre gf a)., 1990).
Verkatoreman and Green (1979) reported that days to 50 per cent
Nowering dcercased from Sept@mbder 0 Hovember sowinges. The
reproductive phase wae shortened to November sowings. The
reprodoctive phase was shordened froa 76 days in Septomber



sowing 0 59 and 39 days in the Jotoder and Novesbar sowinge
regpestivaly, The duretion of both flowering and podding

was shordar in the Septesber sown orop thapm in the June sowm
erop (oy Sharme gt a)., 1980). The arop planted during
longer days of liay and June took more time to flower md
maturs, while those planted in - pteaber and Octobar flowered
and metured earlier (lawn, 1980). xpsrimemt conduoted in
India had aleo shown that pigeonpea eould be cultivated even
io Rebi sveson (roy Sharma gt a)., 1980; shorma gt al., 1381).

Geowth and py Matter jcoummlatiom

Root

Inforsato (1947) studied the root system of pige npea
and found thet two year old plant rcoorded root welght of
15237.04 g por plant of which 30,67 per cont wap found in tha
top 30 o of the poil. The weight of t:e asrial plant was
17,200 g psr plant, The maximum rooting depth obsarved was
2,9 m with plant height of 4.5 m, Flant height which yenged
from 0,9 %o 4.5 A was recorded in Trinidad (riollanmo gf @l.,
1962). The rooting aystem developed with a tap root was
traced to a depth of more then 2 m. However, most of the roots
romained tn top 30 om layer (Sheldrake and Naroyanan, 1979 ),
Pigeonpea had a well develaped root agystor compered %0 other
legumes and thisc system used in moisture upto 110 om (Reddy
and Reo, 1980) and even upto 180 om dopth in certain onses
(Rivere gt a),, 1983).



shoot

Planting date influemeed the plont height %0 & greatey
extent, Flmting at Ray-June recorded 1,5 M haight
whereas Deomabar plapting revcorded only ! m (Riollane,1964),
FMay 20 planting reoorded highar plam halght (220 ea) than
Jupe 5 plentings (140 om) (Singh gt @., 197T1). The
average helght of the plants was observed ag 1.07 @ in
Septouber sowp plants as against 2,85 m in Jube sown plante
(Royeharma gt al., 1980), The summar sown orop produced mare
vagototive growth bagouse of the long day oomditions of the
summer months (Baroganom g 8l., 1981). The longer vegotetive
phags and taller plante with more branching rosnlted in highey
grovth in April plantod erop then Jume yplanted crop (Pamay
and Yadav, 1980),

Dry metter Aooumolatiop

¥ith rogord to dry mat ter prodvetion, the troditionsd

long dupation variety rocorded s total TMA of 15 ¢, ha”!

(Jaim, 1973). Dry matter yicdd se high a5 25 t. he”' hed been
reported from Australia for a long daration cultivaras ov,0QI
(Axisola apd Whiteman, 1974). Dry mattcr sceumaletion was more
in the leaves Aduring fiwst 70 dayp) tharcsfser the comparative
inerease was mowe in the slem. Howevar, after pod development,
drywatter accunulation in Dotk stem and leawves deelined dw to
laaf senescanac and trenslegation of minerals and photoayntbates

%o yeprodostive parts (Dhingre gt 81.,1980), 1Ib 21l the thres



saturity groups vis,, carly, widfom and late the &ry mtter
accusumlation was negligidle mntil 4«5 woeks afder planting,
The growth pleked mp after 6 weekn and incroased rapidly
(cowda snd Kaul, 1978). Drymattar acoumulotion of the stem
incproasad after flower Bud initistion, reflecting oontinuved
production of new branches and thickening of existing stems
(Barayensn and Sheldrake, 1976).

Zffaat of aowing dates on dry metter aoccumulstion

Besause of pigavnpea’s are photoperiod sensitivity,
fig i¥MP was greatly influenged by the time of planting. The
dry mattor yicld deelined with a delay in sowing beyond
Septomder (A:inola and whitemsn, 1974). April-May planting
of indcterminate qultivar pregcorded more IMA than Sepicmber-
October plantings unler Puerto Rieo conditions (Abrems and
Julia, 1973), The 4ry metter acoumulation of indeterminats
types outyieldad the deterainate types in all oases (imnom., 1978}
Hemmarton, 1977). Vonkatorasas emd Sheldreke (1981) reported
Ant higher DMA (2344 ¥g.he"') vas recorded in Septesber sown
cTop Yhan Mevember sown erop (1515 ks.ta”!), Aprilemey plantings
regorded more IMA than Movember amd Degembar plantings., The
dry woight of the late plantings wverc omly & tenth of the
fomer (Chauhem gt al., 19682).

With regspeet to shoot/root retio, “heldreke and
Rarayanan (1977) reported that the ratio was 4,0 in blackeoll
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maturity groupe vis,, carly, medioz and late the dry matter
ascurmlation wae negligidle mtil 4«5 woeks after nlanting,
~he growth pleked up after 6 wocks and inperoased rapidly
(cowda and Xoul, 1378). Irymattcr accumulotion of the stem
incroased aftar flower dud initiation, reflecting continued
production of new branchee and thiokening of existing stems
(Yarayaman and Sheldrake, 1976),

7f22aet of sowing dates on dry metter accumnlation

Beeause of pigavnpea'’s are photopsriod sensitivity,
ite MP wap groatly influenced by the timc of planting, The
dry mattor ylald declinad with a delay in sowing beyond
September (3kinola and vhitemen, 1974). ipril-May planting
of indcterminate cultivar regorded more IMA than Septomber=
Octobar plantings unier Puarto :leo conditions (Abrems end
Julia, 1973). Tha 4ry mettor accummlation of indetcrminate
types outydsldad the Joterminate types in all cases (inom., 1978}
fiaomerton, 1977). Vounkatsraman ead Sheldrmke (1981) reported
ttat higler TMA (2344 kg.hs™') ves recarded tn septesber sowm
orop than Novembar sown erop (1515 ke.a"'). iprilemay plantings
recoxded more IMA than Novembor and Deosmbar plantings. The
dry waight of the late plantings werc omly & tenth of the
fomar (Chauhen gt al,., 1982),

With respeot to shoot/root rotio, Theldreske and
Rarayanam (1977) pepertad thot the ratio was 4.0 in blackeofil



and 3.5 in red mils. It also renged from 3-11 during the
erop ecason ( awson ond Constable 1980) st Aifferent stages
of crop growth,

Pattorn of 4dry matior socumulation

The dominanca of stem growth led to rsducsd euprly of
photoasgimilates to pod setting and ultimatoly seed production.
Morc than 47 per ocnt of the total [MA was produced after
flowering (Pandey, 19680). Iey matter sccumulation and lsaf arss
developmont was very slow upto 7 weeks sowing after and
thergatter incrcascd steadily (Chopro ond “inha, 1980), leaf
drymattar might reach its meximmm detween floworing and pod
development, It also dopended upom the rate of new leaf growgh:
and ponesgence of old loaves, The low "4 amd loaf area fin
initisl nohage, may refloct an inftial high invesiment in ths
root developmant (Lawn, 1980), The ratc of dry waight increase
in leavees deelined asz the pod devolopmnt started owing to loaf
penegoence and atmoisaion (Saroyeman and Sheldrske, 19763 1979)
Tayo (1953 a,b) studied the leaf nomber and recorded 300 lsaves
par plant, The number of Maungh:a were also found t0 be 30 per
plant, mao and Togun (19684) obeerved 400 leaves at 15 wecks
aftar sowing and decrcased $o0. 100 at moturity. Hughees end
Keatinge (1363) obtained a linear relationship botween the
maxionm ancunt of &xy matter scommnlatiom by the arop and the
amount of solar rediotion intereeptad,
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Orowth Analyeis

Loaf arsa Mlex (Lal)g Savoral procedurcs lmwve
beon developed to amalyee and intorrelato the ¢lmnges in plant
sise and strunture wvhich occur during growth and development,
Perhaps the beat known mothod, whioh we ocall traditionsl plamt
growth analysis arosz from work by Gregory (1918); Blackman
(1919) and Bpigge ct al, (1520 a,b), Subs Quant refinement
was initiated with major contridutions by Villisas (1948)
aml watoon (1952)3 Hughes am “reeman (1967).

Wile-n (1981) had eptablished treditionsl plamt growth analysis
ap @ ptanderd approach to the study of plant growth amd
productivity, Ropsznt roviews of the procedures werce aade by
Rvet gt al. (1971), wsos (1972), Hant (1978) and Jolliffe
gt al, (1382). +«ith r.gard to pigeempoa in rartisular, tha
optimum TAX was found to be 7,00, bat for other large lasaved
tropicel pulacs it wap from 3.0 t0 4,0 (rachiz and moborts,
1974). The changes in LAI with tim- clossly pRealled the
chenges in leaf dry welight, The maximmm LAT resorded at
Hylaorobsd was 12,7 (Sheldrake, 1984), A similer maxioom has
been found in Australia also (‘mllis g§ al., 1975). An LAl
of 3,20 wag found to be aritiesl for mefium duration cultivars
{ sheldraks and Nevaganan, 1979). Keatings and Hughes (1980)
reported that the poak LA values ranged from 0,34 ¢o 12,5 in
24 losotions, PRaximns LAI valucs also ranged froa 13 to 16
have boon reported from sustralis ( allis sf al., 1975). The

»



1caf srea development Sn pigeonpes remdined low during the
early vagetative growth stage snd inoycased sbarply with
edvenpsaent of erop age. The maximonm LAI was attained Just
after flowering (Pamiey, 1980). A typical loaf ares dewvelopment
pattern for & msdiume~durction cultivar showed that after the
first 30 days of growth LAI was barely 0.5 (Saxens gt 8.,
1983), The maximum LAI was normally &chieved aftor buod
initiation and nearly ooincided with the time of maximom DGR
(cheldreke and Mareayaman, 19793 Hatarajen and /flley,1980).

The loaf ared ineroased upto flowaring and thersafder deoreansd
sowards maturity (Tayo, 19682 a,b Gowda anmi Xaul, 19623

Hegdie amd saraf, 1982y Taye, 198%3. rigeonpea, desides being
slow in eanopy developmont wag incfficient in the use of intere
eepted radistion for dyy:atter production (Hughes gt al.,1980).

Crop Growth Rate (OOR)

Dry mattcy prodnotion &nd COR in the carlier stoges of
growth ware very slow., The peak OGR of 7.65 s.n‘z day wasg
attoined detween 80 and 100 days aftor sowing in e vorlety
with 160 daye darotion (Saxens gt sl,, 1983)., ‘ork dome in
Augtralie with longer dmration plsonpes ehowed throe dietinot
growth phagagy an initial lag phase upto B4th dayy & grand
period of growth phmsc lasting until 168th doy, and @ final
aslow phage of dry matfor prodnetion, In this study, 8 maximon
value of 0GR reachod 8o high 18 gen™s day™!, wneras, the

modion duretion oultivars P, 1 CP=1 and HY~3C produead



8.9, 13.7 6nd 7.5 g.a"2asy™! (shelaraks and mroyanes,1979v).
The OGR was low during the first two months, rooching max isum
at pod flowering and deolined aftsxrwarde (Papdaey,1980),

Xxparisant condooted at ICRISAT, lydesedad reveslad
thet the June sowibg recorded higher OGR (8 kg.me”'.4ay™')
than Degesber sovings (1 kg.ba™'.day"'), e reasons wore
o0inoided with hizh temperoture ond solar yredistion (Anom,
1982), Initially, COR wa: very low which progrescively
inereaned and roached the peak value around flosering time,
Theneaforth, there van gradunl deelins in OGR upto Mervost
(Hegde sni saref,1382a), COGR ibeyaased upto 15 wooks affer
soving (22.61 g.n"2,aay"') and dcercased ot meturity stage
(10.06 g.n~2.a05~") (70y0,19821),

Het Assimilation Rate (BA2), Rolative Orowth Rate (RO:)
Abmsolute Growth Rate (AGR) and Leaf Area Durstiom (LAD)

The mot easoimilation rote (BAT) deareasod with growth
period apd the voluos wers eround 30 g.n Z.week”™’. at tha time
of flaworing (Sheldraks and Kereyemen, 1979d), HAY reached
saxtam 75 to 85 g.n"2.waek”', st 30 deys atter sowing
(Rowden gt al., 1981). with rogard te FAR amd RGR, thay
deorcaged as time tremd (Hegde amd Saraf,1982a). ‘xporiment
econiuoted at Nigeria ghoved that OOR, BAR apd RGR 414 not
show apy regulerity with growth poriod, But LAR chowed
declining trend tovards meturity, The varistion in HAR, OGR
21ght de sttzibnted to the outgrowth of pew leoves (Tayo,1982a).

Higher IAJ and longer crop dwution influsnoed the LAD and
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dry wotter roivotion (Hegde amd Sayaf,1982a). The LAR

showed declining trend towards asturity (Te;o,1962a). With
regaxd to absolute growth rats, it inorcesed upto 95 days
after sowing (9.5 g.pllm".vaek") anl decreased at (164 days)
msturity (2.4 goplemt™ .veek™') (Hsgie and saraz,1982e), Reweao
and Consteble (19680) osleuleted that SLN ahould be 4.0 mgeom 2
for aghieving maximum yield, It also prengsd from 4,75 to 8.40
ag.on"? (Sherme and Sarene,1963), SLi is & much more
variabdle paremeter than LWRj in other words, lcaf area ia more
plagtic than leat weight (Fitter and Bay,1981), The

changes in SLA must imply an important anatomisal charges 1B
the mesophyll and palisade layare (Hicsay gt 81.,197t). SCA
alpo responded to environaental changses., SIA changed from
4.9 to 12.7 au"2.g”', for plants ryowing under nigh soler
radiation to lew soler radiation (Hughes, 1959). LWR vas
suseeptidle only to chmges in tamperature, day length and
soil factors and not to changes in the light imtemsity (.vaps,
1972), Soler rediation showed a large assosiation with AGR,
RGR, SI¥ whereas temperutupe influenced strengly LAR, LWR,
LAD spd SLA during both kmrif and rabl esagons (Singh gt al.,

1972).
Leaf senescence and itp fall

Leag shaldings The leaf senescengd is 81 impartam
physielsgieal parameter which deciles the yield in pulses, Leat
sonsecoenes parmite recovery and retrangloeatien af the daulk of
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the nutrisnts from the senessanced loaf and thelr phenemen
hrings about shedding of ineffeqtive lsavas {Lsopeld, 1961),
Nareyapan 8nd Sheldrake (1976) repartod that sbout 2 t.ha”'
of the dry matter wap lost froa the medine duretion cultivars
duoe to the fallen loeves, - xperimant oconducted at ICRISAT
revealed that fallen metarial comatitoted 25 por gent ef the
total dry mtter production of 8.4 t.ba~' (Shclarake am
Bareyanan, 1373). The total leaf fall might de as high as
1.8 t 2.1 t.ba~! (Pantey, 1980). Leaf ehedding is &
varietal character and it varies from vapiety to variety.

It rangod from 109.36 t 24,41 kg.ba~! of leaf ary woignt
(Madhusudene rao g§ 83., 1980). - mazimmm of 3100 kg.ha™'
follen laaves had also been repertsd (Chauhes gt al., 1984 ).

Influenoe of sowing datog on 1:af shedding

with regard to influonee of sowing datea on leaf fall,
Roy Sharme gt 8}, (1980) reported that the quantity of leaf
£a11 was apprectably hichor in the Jume sown erop (6370 kz.ba™')
thes in the Septembor sown erop (2350 hg.ba”'), owparing
September snd Hovewhur plantings, “cptowdber planting recorded
hizter fallen loaf dry weight tham the November pla ntings
(Venkatareman and Sheldrake, 1381), One of the earifsst
chances assogisted vith foliar senemosnge was the lomm of total
solodle rrotein (Kar and Mishws, 1977), disturbed chloroplast
matabolism (Hurkmen, 1979) and deorsased photoaynthotic gardom
metabolisn (Vittenbach gt &., 1980). Fhysiologziosl basis of
senescenae misht be atiridboted to doorcassd effeotiveness of the
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photooynthatic epparatus, diminishing suxin supply and less
affietont eynthesie of IZIA and protein (Meyer, 19183

Loopeld, 1961). But the prooisc bioghemiatey of loaf
senosoenss progesses wen uneortain (Yooden and Thompson, 1954 )
in this erop plant.

Hutriant content in fallen loavaes

The nitrogen contont of fallan lsoyoes ranged from
1.36 t0 1.56 por eent in five pigeonpee cultivars studied
(theldralr and Harayaman, 1377). The content of nitrosen
doclined from 4,5 to 1.5 por cont im the senescanced leaves
( -heldrake, 1979). The senepocnoed l:oves contained 1,3 par
cont 7 and thus raoved 40 kg N. ha™' (Chauben gt al., 1964).
The removal of nitrogen through fallon l:aves also ranged from
24 to 30 kg N.ha~' (Penday, 1980), The ganescenced lcaves
contalned lower Ca, g, M, P, ¥ and chlorophyll than the intoet
leavaes, The imbolanmpe was duz to the ramobilisution of the
nutricnte (Deshpandg 8nd Himballar, 1981 :, The phosphorus
content of the fallen lcaves d:clined $0 0,30 %o 0,0¢ per cent
from intact loaves and it hae also boan cstimated that 91,3
t0 5.0 kg D"
(cheldrake and Horeyanan, 1977). 7he peraentege of phosphorus
doelinod from D.3 to 0.1 per eent in the concssznoed loaves
(Shelaraka, 1379).

wap romoved An ti.e form of fallen leoves

The peason for leaf senceccnoe might alac be attridated
to the gourge rosponac 10 the sink demsnd (Sheldrake, 1979).



Leaf senesccnge appecred 0 be partly duc %0 doth lsaf age
end degrce of shading (Lawn, 1980) and it enhanced progre-
astvely after flowering (Pendy, 1980), During the rorrodop-
tive phage, the rate of l:af f£all oxcooded the rota at whish
new loaves were nproduced and thus LAI dcelined sharply
(Panday, 1580),

Yield componenic

Aspociation of yicld components

Imsapps and Mahadevappa (1970) found that numbaer
of pods per plant wec the nain componant of grain yiald,
Seod yiold wao positivoly correlatsd with plant spread,
length of main branch and numbar of pods per plant, (Munos
and sbroms (1971 ) Beohar and Nigamas, 19723 Janguli and Srivestava,
19723 Joaht, 1373). .aju and Chandra (1972) concluded that
improvencnt wag ncedod for the dharactors liks plant apvesd,
nuchar of branches and 100 gruim weight, Ylald ghowed
significant and positive asaocciation with plapt heighs,
secondary branches and pod length (Singh gy 8l., 1372).

The numbar of clustors per plant was identifisd ap the main
yield component in pigoonpes (Singh apd Malhotre, 19733
Malhotra and Sodi, 1977)s “ork dome at Puorto “ieco revealed
that grain yield diffcronoas in pigeonpoa regulting from
agronomis menipulation ware largely manifast:4 thyough
differsnoas in the pod nouber and pod boaring bramches pex
plant rothor than seod numbor per pod and 100 seed waight
(abrems and Julia, 1973). Fods par plant had direct effeet



oo yield (Vearaswamy gy al., 19753 Dani,1379) Malik gt al.,
1981 Pehuje gt al,., 19813 Rowden gf a)l., 1984)

Venku teswaralu and Jogmobap Roo,19684) Balyan am

Sodbaker, 1985), The grain yield wos posttively corralated
with the weight of pod per plant (Mukewar apd Mulay,1974),

It wag 8lsc obmerved thot pumber of primery branchas and
cluster pur pl2pt were the mdin yiald components (Tamapajem,
13753 Ram gt al., 1976 a,b). Path goefficient analyels
rovealed that the plint heizght and number of secondary
bramhes had direet influspoe ap sead yiald (Reddy and

a0, 1980), Secds per pod had pooitive corraloation with
yicld (Dahiye ¢t al., 19741 Kmmar apl Hagus,19731 Reddy

and Roo,19803 Singh ¢t al., 19813 Singh gt al., 19823
Bhownik ¢t al., 19835 uanjarl und Ansari, 1983} Balyan apd
spdekar, 1985), The number of l:@veg par plant also had
poeitive @ssccintion with seed yield (Rumanujanm,1375§ Kumer
and Haque,13733 Gangull apd Srivastovs, 19723 Laxena and
Sharma,1981), Seed yisld was alao found tc haove positive
assogistion with 100-s2¢d weight (Pankaja Reddy g§ al., 19751
Vikhe g% 8l., 1983; Jog Shoran 19823 Bhingre et 2., 19633
Supesh Lumar,196833 Jag shaoran,1385; Balyan and 3udhakar,1985).
Dry matter mroduetion was aleo positively and alzpifiecantly
coxralated with groin yleld (Ahlowat et al,, 19813 ‘kshringe
g% ale, 1983) spd harvest index (Singh gt o, 1981) Dumbre amd
Deghmukh, 1983). Ssed yilzld wee also correlated with
ehlorophyll cantent (Ramnunjem, 1975).



On the conmtrury, there ware ro arte to indigate
that grain yleld woc nogetively cpralatod wit: plant
hoigit, 100 grein weight and daya to maturity [Mukowar and
Muley, 19743 Singh gt al., 1981). Seads of the longer
duratian cultivars waore large and heaylar than the short
duration cultivars (.otiinacwony gt al., 1973). ixperimenmt
conduetal @t ICRISAT revealed thet the sseds par pod ranged
fyom 2,0 to 2,89 and 100 gseed weight ranged from 5.3 %0 6.8 g,
Thay also noted that 100 pee’ welght of cultivars grown in
the raebi scogon were lowder than those of same cultivors
grown in the tharif ccacon (Sheldraks and Iarcyanan, 1977).
Seed numbap per nod range’ from 2,6 to 3.5 and 100 seel
weight ranged from 7.3 to 16,3 g among cultivors studied
(4non, ,1980).

iffeet of sowinz dotos in yicld oomponent

April planted erop rocorded more numbor of branches,
more punber of pods, and bigger alse of gralme than those of
June sown crop (Panwar and Yodav, 1980), Comparing
September cnd Novenbar sowings, ‘eptomber sowing rieorded
higher 100=p30d waigat (B.2 g) than (7,5 g) Nowaeubar sowings
(vedkataraman and (baldrake, 1981), Chauham gt a}. (1982)
roecorded higher 100 seed waight in April) sown croy than the
subsequent aowings.

Althongh there ware lorgs variations smong oultivers
in secd sige ond seced mumber par pod, within 8 givern sultivar
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thege ware romarknbly eonstanty the most impoxrtant veriabdls
detarmining yield waes pod bumbor per plant rether them pod
nosbar por mmit acca (Hemmerton,1971; Akinola and Whiteman,
1974 § Roo amd villey,13805 Rowder gg al., 1981),

infloapge  of eouins dotap on yie W

Sowing time bac profound effeot on the prodogtivity
of pigeobpe2, Timely eowing muat be enpured t0 go' maxdt eam
returns from the appliod impote, The sorlicst reports from
wegt Bengal inmdioated that onrly planting on 10th Moy in 1951
znd 1952 recoxded higher yfelds than the subsequant plantings
(Anon,, 1953). It was also found that m1d March eowiny gave
the higheet graip yiald of 832 kg.ha ' (Premsckhar apd
Subroppnian,1961), The redueod graip and strow yields were
notieed wher the sowings waere delayed deyord July (Riollano
2t al., 1962). Ssed ylalds were highar in the erop sown on
May 20 and declired with cuoseesive late souinge (Singh gt 2l.,
197), Dertsux (1970) stoted that the 18te sowing of day
length~inoengitive and shoreday variety redused the yield, Ha
also stodied the photoperiocdism in 200 gowess of pilgwm npea
00llaeoted fyom 4l over the world with reforenee {0 yicld
{Derteux, 197t). :nvironmental footars had the grestest
inflnenos on meed yield per plant (Ganguli and Srivasteva,1363).
Date of planting significamtly influcneed the yisld ettributes
(deniya g3 el., 1974} Vearaswamy gt 8).,1975; vallis, 1976).
It wap obperved thet highar grain yield was pecorded in
May 20 plantings than supcesaive plaptings (Sazena and



¥sdav, 1975), Yhen pigeonpea was grows in ths cool poste
rainy scason, it mstured sooner apd its growth much legssy

end yleld ware 8180 l9as than Iharif geason (Karayapus and
Sheldrake, 19793 Roy Shawma gt al., 1980)., M anting after
June bad o tondsney to mature aarly, BHigher yisld was regorded
in June plantins thar ths subsequant plagtings ( Faroda

apd Singh, 19803 Sapdhu gaf a)., 1981), Delayed sowing

boyond Auguat redused the yleld but HI incrcased (Sinha

and Shattacharya, 1982)., The per plant yiald of post

rainy geason pizeonpes was drarticslly redused baeouse of
their sensitivity to the short daye (Modhusodana Rao g% 8l..
1983). Septomder sowm orop recorded hizhar yield (796 kg.ba”})
than (430 kz.ha”') Novembar sowings (Venkataramep md Sheldrake,
1981), Xpariment condibetod ot Moharashira roveeoled that

more grain yield wag rocorded ir rainy geason than wintor
psason erop (Jadhev and Nerkar, 1383). Taye (1983a) also
recorded more yield ip April plentings thap Jupde plantings,
Pigeaapsa ¢ould be succecsfdlly grown as poet ralny seaczod
crop ir Moharasghtrz tracts preferably scoded before 20th
Septembar {Xayande, 19833 Itremulliah and Yogesware Rso, 1983).
Optimun pariod for sowing photosenaitive varieties wes foumd
to be saptamber-Optober, Further delay reculted ib redwed
growth and yield (Chapdra et al., 1983). Pigeonpes would

not flower if planted beyond November, s almost all the
varietice are highly pbotosspaitive {Vankateswirale apd

Jogap Moham Rao, 1984). Jarly sowinge (Maroh,ipril and May)



of varietize UPAS 120 and T 21 produoed 8 and 57 por eent
higher groin yleld and DX regpceotively than the Jume sowings
(Dahiya, 1985).

Par dey prodngtivity

11th rezaxd to per day produetivity, ‘ingh gt al.

(1971) reportad 8.4 l:c.ln.day" in thie erops of 162 days
duration, Maraganan and Sheldrake (1978) noted 12.8 kg.ha™,
aay™ in 133 aaye durotion erop; Akinola ond ymitomen (1975)
obgerved 9.5 kg.ha”! .cmy""I in the 294 dayc gorop durationm,

21246 gf al. (1973) and Rowden g4 al. (1921) rceorded 21,9
kgoha a0y~ aod 12.4 uz.ma~',day”! respootively in the arop
of 105 fays Auration, .ime of sowing wan also having its
influcnoz on per day productivity. In this regard, Venkotae
raman ond Sheldraks (1981) found that 14,88 apd 12.41 DMP
xzona™ day~!, 5.02 and 3,55 seod yield kg.ha™'.aay™? respeo-
tivoly in eptember and November sown orops in 16 pigampoa
cultivars, In Barth Imida, early eoltivors often gave 1,5
%o 2.0 t.ha"' and sonctimcs over 3.6 t.ha”) (Manghi gt e}.,
1973) Ablawat, 1961). In traditional cropping ayeteme, e
heshast ylelds, exoceding 4 t.ba”! wao obtalned in Forth India
(Singh and Eush, 1981). Recently high yiolia of 4.5 t.ha”
have been obtazinad with sslegted limco of carly maturing
(110 days) dey nouteal pigoampos ( allis g% al,, 1980). An
axpeptiomal yisld of § t.a"" wvas aleo reported in Indta
(rmehie and Roderts, 1974). Howrvar, sawson and Congtable (1980)
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predicted that the yield should be 2,7 t. ba~! from 264 pods
per plant with HI of 22 paor esnt,

Harveet Index

The term "harvest index® wag proposed by Donald
(1352) for the retle of ;rain yi:21d to blalozieal yield,
Other dafinitions like "migrotion eoefficlert® (Duren,1920)
or cosfficient of offectiv:nsss (Nichiporovich, 135G) are
1dentifical in meapin: «ith harvest index, but Il is ageepted
and nsed by plant brezdera amd physlelozist (Kertoss,1984).
2roerimaent conducted a2t fustralie reveuled thet herweat index
was lewer ip the plants grown Ain the norma) goapon thap ip
plapts grown i the cool pogt-riiny scagon whare the plants
ware smeller anl maturs sooner (ikinola asmd Yhitemen,1974).
The low harvept index in pulses appoarsd ¢o be reopomsidble for
low ylald amd not the photoaymthetis capacity (Jaim, 1975).
The importapee of 2 fovourabloe harvest index for high ylslds
in puleses had also been recognised by Swaminathan (1973),
Join (1978) und sharma end Green (1975). The hervest index
rabged from 12 to X per eent in severel eurly and medfium
maturity pigeobpea cultivars (Ariysmayagam, 1975), The ideal
plant ip pigeonpos would be obe with mediom sproad, early
maturity and high yield, This ideal plant type combined with
photoperiod inseneitivity apnd high harvest irdex would give
degired reaultz in improving the yield (Kapoor, 1977).



Ageoclation of grain yisld and Earyast Index

Cultivar diffarenees ip harvest index may be
influenead by the Ary matter partisioned into seeds in the
reprodmetive phase (Napayoman and Sheldrake, 1976). Orailn
yield imercane was aceonmpanied by @ iperesee in both total
dry smtter production and barvest index (Ohonra apd Sinha,1980)
Ram gt a). (1976a) also obssrved a positive and sigmificant
apsocistion of HI with groin yiald at phepotypic level.

Singh g} al. (1981) and Marekar (1382) obtzilmed s positive
earrelaticn betweeb grain yleld apd I, ©hs essociation of HI,
grain yleld with tetal dry matter produetion was algo studisd
by Dhapre and Nerkar (1985). Stulies at ICRISAT revealsd

that harvent iniex was highar in determinate cultivares (31,5
per gent) than in indeterminate cultivare (19,2 per gant)
(Venkataramon and Green, 1979),

£tect of sowinz dates on harvest index

As in most grain lecgumes, HI in pigoobpag was
stron;ly infloenead Dy environment (Saxena gt d., 1383),
As early as 1923, it was roported thet under shorter day
lengthe, more DMP was partitioped into seed (Garper amd
illerd, 1923) ir pigsonpea particul ar (Lawn, 1980), Iow HI
in pigeompes was also recorded by willey gt . (1980). The
narvast index of rabi pigeompea wag higher (35 per ocent)
thap ib the kharif (28 per cent) seagon (Sheldreke and
Bayayapan, 1977), Venkataregap apd Sheldrake (1331) recorded



higher harvest indax (34 por cent) in Soptember than in
Hoveaber (26 per ecnt) sowings. Ilate plantings, whieh
prodmse’ smaller plants with lses vegetotive growth rogulted
in high HI (Anon., 1978). ZXatiyar and Sarial (1385)
indipated ihat the vorlenees in harvept index duc %o
genotypes anl suvironments were highly simifieont, Among
eultivars testad, HI rongod from 8 to 39 por cont {Tayo and
Togun, 1984)., The harvast indax deerceo:d from 33 to 26
per cent owing to thc added £3ll n leaf materials anong
culiivars gtudicd (:ieldreke and Harayanan, 1979). Por high
spd gtebla grain production, @ balanced partitioning of dry
oatter to grain must be aghisved and this will be raflsoted
in the NI (Singh and EZush, 1380), In genwral, ifmproved HI
reppesant 2d inerecsced hysiological sapoeity to mobllizs and
translocate photoaynthatie products to orgons of eommereial
value, For selgation, not only Il bot aloo a number of
phystological and quantlitattve ¢.oracteristies should be
considered as oriteria (Rertesg, 1984).

Pod get

Mo pod sotting peresntase im plreonpes cultivars
ranged from 10 to 12 par comt (Derieux, 13693 1370). A
raepord of 42 por oent was also obscrved im ITRISAT, Hydarabdad
(Anon., 1974). In Caribbesn arce pod setting percentase was
3.6 t0 17.6 per cent whareas in Guadeloupe 1@ perocntege was
4 to 19.1 per cente Ip Janaiea and Trinidad, thae above
pergentage wag 2,20 to 63 par cont and approximately



35 per cant respeetivaly (Derieax, 13970 lammarton, 1974
Ariyapayagams, 1975). It also ranged from 15,0 to 19,0 per eent
in rabl season under Indian conditions (Sheldraks and Rereysnam,
1977). Absoission had doen noted to occeur mostly within

4=9 dayo of flower oponing in Jameiecs (HRemmerton, 1974).

The great majority of flowers as meny ap 90 por copt wara shad
withoot setting pods (Pathok, 13703 Sheldrske of el., 19793
Tayo, 19803 Singh gt al., 1984; Panmley anmd Singh, 1981),

ffeot of envivonmend on pod sott

“4th resard to envirommental influenee on pod
getting, axpariment conducded at ICRISAT rovealed that no
pod set oceured at night temperature bolow 7*C during the
roproduetive phage but ot 15°C pod set wap normal which
suggented thot the eriticsl night teamporstups for this cultivar
wag between 7 and 15°C (Anon,, 1983). Pod set appeared te de
normal whedh weoekly noan ninimum tempevatures was over 15°C
(caxene g} al., 1985)., Pod sot ig probably dependent on supply
of assimiletes and nutrisnte and alao soms auxin factors, The
abpeiscion promoting auxina werc regponaible for flower Arop end
might be looalised, The perennisl nature of pigooppea eould
also b3 @ reaseb for suchk baheviowr (chaldrake, 1973)., The
reacons for flower drop were primarlily physiologisal and could
not bc ageountad for io terme of peat attagk or inmadeguate
pollinstion (shaldraks, 1384),



Misroclimatology and physiolegiocl parapeters

Laaf tempuratures Microclimatology deals with the
stodies on the principles of interaetions baotwoen plants
am ebvixonm:ntual fsotora (Xakde, 1395), fTh: work done on
microclimote of pigeonpoa 18 vary limited. Sponoe and
Fordham (1373) apd T2itt and Spenoe (1976) stulied the
miorooclimate of pigeonpea, The leaf tempeyotupre was me@sured
in erop plmta 8¢ cardy 88 1915 ( ‘hlers, 1919) Miller am
saundaps,1925 Ansari ond Loomis, 1353)., (lum (1326)
attempted to correlate leaf tomparotuye with transpiration.
Jackson (1381) reviawv:d the leaf temperaturc of plants inm
relation to wotor stresnc conditions. “xpriment conmiucted
=t Csechoslovakia preveslod that both mointanamse and dark
respiretion rates were ibporcased with lecaf temperatiya, The
leat tampzroturs ramged from 15-62°C (Kase apd Catsky,19584).

Loaf vater potential

Reveon ani Jongtable (1980) reporsed that the =50
bar water potentisl ves sevare enough to resdlit in tip
death of the branchea in pigeompea, Ticy aleo added that
photosynthssls was reduced at =20 bar loaf water potential,
The ehangss in trapspirat ion rate wvas 2lso agsociated with
leag watay potential, Tranapiratiop rete wag reduced upler
tha leaf ustor potemtial ghanged from =13,0 to 18,0 bars
(ramesh Babu gf &)., 1982) and 1t alse renged from 1.5 to
=31,6 bars (Samsh Babu gt al., 1963).



¥hils studying the diurpal varistion or loaf water potential,
it was revesled that LiF wae high in the morning and low in
the evening (Singh gf al., 19831 Singh gt al., 1984).

Tranapiretion

The stomatal reoistenges affected photoaybthesis to
much lesser extent tham tranepiretion in -igeonpes (Spence
auvd Pardham, 1973), Older leaves recorded lesser tromspire-
tion rote thep younger loaves (Rewson and Constsble, 1980),
Tremspiration rats increaesed from seedlinmg to flowering
phsse in plgeoppra. Thig might be attributed to the stomatal
development and position of the leavas (Joshi, 1383), Ramesh
Dabu gt al. (1982) msasured the trangpir:tion rate in
pigeonpea und found that it ranged fros 1,8 to 15,1
(m.an~2
with inersased DMA Onium, 1983), Sinee, thera was a change
in meteoroclogioal factors during growth, the difforences
in water potential and eolote potential could be dus to

.nxn'1). Incrosced transpirotion wes also asscelsted

changes in temperature 8nd humidity pather than the devaelop=-
mental affeots (Agarwsl gt 8., 1984). The leaf eonductance
wag strongly affeeted by growth conditions end changed with
leaf age, It inercased with leef emcrgence to maturity anrd

declined to & very low value an the l:af eemescanced (Jooes,

1983),



Ohlorophyll econtent

Dasupande and Nimbalkar (1981) rogorded losser conmtant
of ehlorophyll in gonoseont leasves thom the intoet l:aves,
It oould also be attribouted to the disturbed ohloroplast
structure in the senceoent lecoves, | maximmm chlorophyll
contant of 3.544 mg.g™! at active pod filling stage had aleo
been yeported (Lathra g al., 1383), ' ith rogerd to varietal
vuriations, the chlorophyll contemt ranged from 2,20 to 3,94

mg.g™’ in 41ffcrant virietics (Joshi and Nimbalker, 1984).

Photoayn thesis

Iike oll locomes, pigsonpes 1s 8 3p plont (caxena
g% al,, 1383), “The photoaynthetie Bctivity wao more pronownoed
during the vegcotative phase of erop wowth ond doelince as
pod bagin to davalop {24inha, 1270). Tuis drop was assooisted
with a fall in l:af ¥ and loss of RU3P activity (Jain,1975).
Senotypic differaopees in the ralative ratos of photosynthesis
of pigeonpod l:aves Domaured by “C fixation had begn obeerved
(Penzey g} al., 1976). Dlewson and Constatle (1980) suggectad
young fully axpanded leavaes in pigconped for meazuring the
photosynthetic rate and found that 4t ranged from 2C.0 to
25,0 (mg 0Ggeen2,s7),
rate night be attridbuted tc 1tp saturation at low light
intonsity, Luthra gi al. (1983) ocompared tho photomyntheeis
in leaf, pod wall, anisc>d and found that leaf photosyntheals

wes 4«12 times hisher thap tho pod wall and 7-9 times more

Tha wvamn for low photogynthetic



thap th: ceed. RNUSP and PUPC @ctivity was mare in pod wall
than in the gecds, The low amounts of P PC ensyme (activity
ranging from 0,04 to 0,11 4 20l. 00,.ds™ ,nin') hed been
reported (Chesms and i'epdey, 1580), Experiamt comucted
witn'¥00, revealed tnat of¥er 48 houre peried of tremsloss-
t10n perfod the peroertare of photoaynthetiaally fized 400,
that accumnlatad in saeds, pod walls and stoms wors 39, 21
and 15 per cont respeetively (Tim gt al., 1984), Joshi

and Mimbalkar (1984) recorded that the rate of "002 ansinilo-
tlon ranged from 7.67 to 8.47 ( < 'mg”! (M) They also
found thet gaceharoce as the photooynthetis produet., The
roagon for low photoaynthetie rete in pigeonpea lraves night
b ottriboted to its hirher ratee of rogpiration (Luthra

at 2l., 1963).
Light inmtercoption and Canopy Froduptivity

Montaith's (1972) enalyais of orop preduetivity
phowed the importanse of solar radiation intergeption ae @
major determinant of dry matder nroduction, Werk done om
pigonpea revealed thot the rate of dry matter produeotion
wap rroportional to intareeptsd radiation (¥atarajen and
willey, 1320y Hughes gt al,, 1981) Hughes and Xeatinge,1983).
Tho theoretiesl dazis for the attenvation of licht within a
canopy bad been provided by Monai amd Sacki (1953) who
prepented a relationchip anslogous to the Boer-Lambertson Law,
I = Le" ¥ yhore I, 1o the tntensity of the insident rediation.
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I is the intensity after passage through & ganopy of &
given leaf aroa index (L), whilc X is the extinetion
ocoafficlient, Verhagon gt al, (1963) rclated lisht extine-
tion coefficient to lcaf arca index, wharc K valu: was low,
the intonsity of light avoilablo at depthe 4in tho follage
vap high ( “illiams and Joseph, 1370).

Lizht cxtinatiorn oneffisiont

Plants wit proeteate loaf arren-ommtc hove hisher
extinction cooZficient (k) within the eomony than thooe with
er:et lraves (Opopor and Tpeasc, 1971). The K valwe also
donrniod on apesific prorextivs of the follag:, of which 1.af
inelination, loof gise, ruflectiv: and abgorptive proportice
an’ vertical spacing or diatributlon wore the most importont
(Varhazon oy ale, 1962), Hdsht tranmissiom wtio (L7)
dearcased with incr:oging 1:af crez index in »iec (fnon., 1963),
Ath pagord to plgwnpea, LI oand 1isst intercopiion wer:
linearly ralated (Vollis gf al., 1275). The :#2{ir lomey of
radic on intereeptlon Ly the grop win largely & fZunction of
AT (Mibles @d usbar, 133§ 1966}, lowim g al. {1981)
rooorded low extinction eozfficiont (k=0.3) suzzrsting that
eanopy structure wao oZficienmt in allowing light ponatra-
tion at eritieul LA, .ork don: at Trinidad rovoaled thot
pigoonpea inefficiemtly used tha imforeepiad solar rullation
far dpy matter produstion. 4 maan intercepted light une
afficioney of 0,91 onl 1,08 por cont was obporved with short
duration and medium duretion pizeonpoa cultivirs respectivdly



was recognised for the paricd apto maximm dry motter
prodootion (Hoghes gt al., 1980) Netarojam snd willey, 1979).

Heat unit consept

Reaumer (1735) veo or-aited wkh tic first cnungie-
tlon of thy hqat umit eococopt, He fourd thut sus of mean
daily atyr tempereture poqulrad by @ op.cles to raach maturity
was constant from yeur {0 yoar, 3Jouasingauli {42:77) folloved
the goame method and callod tae calouwla.ud bewt ruguirements

- fdesrec daye's Piunt developmoent ds inhibltaed Ly taz, wo ture
below & certaln level, refqpred W 4 bDas: temperntupe ond
this tzoperuture fs substrupted from daily woan tenperature
before ocarrying out ti: sumastion., Tlant dev.lopuent wae
aleo inhibited at tow avaioee Ligwr than optinun (Glloore

and uogers, 1358).

:n gouetion wis dewclonad to deternine é-gres daoye
for coxiitions whan banc tamp:-atura was above daily minimum
and optinmm woo leps than dailly maximm tomrerature (Bagkerville
ond min, 1359). Wattomsan (1948, 1355) nionccred etudles on
the cffect of tompernture and photoneriod togethar on plant
development, Nogree Jays wore multinliod by averags
photoporied of the vhonological phasss to obicin photothermal
indax, Tho Aogrse A3y nethods were shom %0 fall whan the
aiff spanges in dev2lopmurmtal phasce aric: duso to il
motature (Idso gt al., 1979; Iwate, 1984).
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Heat maite and erop growth

Oorrclation bBetween dyy mottar produstion and
sum of air temperaturc was obtoined in soyboan (Holmes
and Tobertson, 19593 Ughijma,19753 Rajput, 1380), am?
also in wheat (Chakravarthy and Sasbtry, 19835 a, b, e). A
positive algniflesnt corrclation wes showed in plgeonpes
betweer acoumulated temperature wnitn, soed yilesld and DMP
(Chi-hu “arg, 19793 Dhingre gt 81., 1980). In mustard,
similar reaults had boen obtained by Ravimdra (1985).
Uehijima (1975) eoncluded that the sum of air tcmpereture
was highly responesidle for the acoumilation of dry mettar
of erop stand. He also obtained @ relation botween aceumula=-
tion of dry matter and cum of solar yadistion whioh followed
a pigmoid pattern, The poor dry mdt$er accumulation in
the ocorlier etages wag attributed tc poor captures of solar
rodistion by the erop eonopy (Iwata =nd Okubo, 1963).

Rutrient uptake

Plant speelcs differed extensivdy in thae uptoke,
tronslogation, acoumulation and wee of mineral elementa,
If this were not 5o, the great divorsity of plants nov Imown
would mot exigt, Diversity among gomotypos, eultivars,
varietics, lin:as, inbreds ete, ‘ithin a plmt specics for
minerel alemont, uptaks, translocetion, distribution, and use
had been rocognised for meny yoars, Numerous reviews had been
written on ths subjeet (Antonovies gt al., 19713 Drown, 1953'
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‘patein, 19723 Lauchli, 19763 Milliken,1961} Marrey and

Bapson, 19763 Sarie,1981) Vome,13633 Hrown gt al.s 19723

Drown 1978). Large differsncas omong gemotypas for minersl
cloments should be rooogpised (Clerk, 1983), Many difforaepeas
vaore undor gepetie oontrol but thelr expraseion wight be
altered dram:tioally wvhaer the plaepts wore rown upnder
difforent obviromments, Thige genotypz dffer-moos helpal to
explalm plant adaptatione to many aine-al strcac cond itione
noted throughout the warld (Deviee,19823 Jung,13703 iorisocn,
19625 “richt,1976). Thosc difforcepeqs provided the baais for
batter adaptation and purvival under unlque minaral otress
conditions (Clark, 1383).

lNutyrlebt ocobtant

tajant apmd rotel (1956) onalysad the nutriant
contente of pipsonpae leaves and found that 1,12 B, 0436 P,
0,72 2 amd 0,48 0o per eant at hmarvest stoce, Tha uptake of
totul phoapharus was found to be 160 ng.plant™) (‘heldrake apd
topayanan, 1973b). The phosphorus coptent ip the 19af,
gtsm, croin apd husk wers 0,194, 0,124, 0,375 and 2.108 per
cent reproctivaly (Hegde amd Sarag, 1982b), They olso found
out that the potossium contemt tn the 1:3f ptem, graip and
hosk were 0.5, 0,27, 1,22 am 2.37 per oacnt respeotivaly,
Seeda were richer ip KPE tham the other tissucs (Methe and
Ehatri, 1962). The chemlozl analysis of ths sasd rovealsd



that the pretein, fat, ach, 030, Mz0 and Fo contant were
22.51' 1045. 3.21. 0.128. 0,208 por oant and 7.62 %/8
respectively at mvoest stoge (Famt and Kmpur, 1963),

Fatrient uptoke in different erop compounds

The nutricmt uptaks of ¥, P, K, = and Mg were
founi to be 13415, 4,86, 4.5, 5.4 and 2,2 ke.he™ reameee
tively in a variety of pigconpes with the IT of 1825
kgoba™! (Metra ona miatri, 1962). ox erimant conlucted at
Trinidad rovealed ti:t the total NFK, Ca and I contained
in a pigeonpea virlety yielding 5200 kg.m" of gresn pods
were 198, 17, 53, 45 and 31 kg.ha”' roocetivaly (malal,1390).
c¢udies on nimirlet nptoke in pigeonpen rovealed that the
total NPE, Ca and Mg were found to Bz 216, 12, 168, 54 and
19 kg.na™! respectivily in & variety of 147 daye of duration
with 12340 kg.ba™! of ™%, On an averare 109 kg 7 am
14 kg Poha"? worc remowed by & erop of modim durction
pigeonpea culttvar (Simgh gy al., 1983).

Aitrogen

‘xperiment conductad at IRISAT pevealzd that the
nitrogen contant of the stem at I weat wes 0,53 per oent
(Sheldrake and Narayaman, 1377). heldrake anl Narayanan
(1973) reported that the uptoke of N was 2.5 g.plant™ in &
wvariety with 160 daye of durotion, Oalaoulations had shown
that the remobilication from the lmvoa could ba account
for most of nitrogen in the sceds and for at loast half the



phoaphorus (Shaldreke and Barsyanan,1979bp Irisarey and
nivera, 19683). Hsgde and Sarsf (1982) found that the N pontent
in the l:af, stem, groin, eni husk were 2,53, 0.3€, 3.21 and
0.8% per cocat respactivaely at barwvest gtage. The K oontant
in the g»ain ronged from 3.5 to 12.9 par eenmt (Sheldrake

and Rerayapan,1977). The amount of N ib the root aystem was
sstinated to be 10 kg, ha™' (Uheldroke apd Hacsyanan,1979b).
Th: to$e) optuks of niteogsp and shosphorus ranged from 72 to
216 kg he™! a:d 10 to 24 kg.he™' respectivaly st hervast
egtoe (Ahlmeat, 13801)., Although pigeenpe2 ascumulated upto
301 kg, F 58" only 21=49 pax osnt was utilised for seed
developaaxt, The lew yleld in pigsompeca might also be
attriduted to the poor utilization of scecumul ated pitrogen

(Sinha 2t Q.. 1983).
Phogphorus ani Potaseium

‘4% regard to phosphorus, Sheldirake and lNereyanan
(1977) foumd that the fot2l rhosphorns upi.ke by above ground
parts of ths plant grown inm black soil was 5.6 kg/ba,
Measuremedss oo ficld grown plantsc hal ghown that E, F and
K uptake took plase throughout the wvegat:tive phase and oone
tipusd durirz ths peproductive phase (Haiwajon a:nld “iley,
1980), Thec pereentoge gontent of thoso elements in the
vorious vagetative orguns decliped towards reproductive phase
(sheldreke and Rarayapan,1979b Ahlawat,i136813 Chaghan am
Singh, 1981),



Protein content

The protsin contemt of most ligumds is within the
range of 18«25% with a fow axeeptions (36=40 per gent in
saykean), Over 200 wirictiocs of pigeonpes hod deen analysed
for proteln eontant wisich was found to range from 16,1 to
30 per eont (Atrame, 1975). The percnnial pigeonpea typas
ha: bigger and heaviecr ses@s then the amnnoals and visce=varsa
for protein ecutents (Rothinaswany gf al. 1373). It had
algo been rovortsd that early maturing cultivare had higher
gced mrotein (20,62 to 25,5 per gent) than lat: meturing
ones (19.95 %o 2:.75 } (Trip:thi, 1975 ). Tac jrotein content
of the pigsonpea cultivirs alao rangcd from 17.9 t0 25 per
eent (Singh 3t al., 19703 -harme gf al,., 19763 Zetteh, 19753
Gearvani, 1980), :ith pegard to influenee of sowing date in
protein gontemt, experiment oonductd at Meerut with three
dates of sowlng viz,, Jume 7, 22 and July 7 rcvealed thot
June 22 planting rosorded more protein gontomt taan the other
plentings (Singh gf al,, 1381), iowev.r, Singh ef al. (1971)
found that protein content of seec woe not at all afiscted
by datep of sowinzs.

Genotype x Snvironmontal Interactions

Stabillyy rparancters for comparing varletlis undar
diffaront onviromients 164 besn famalated by Sborhart and
Rusaell (1966), Tha veriotion arising from the lack of
gorragponignes batwesn the genczile amd ponezen.ile cffeots



is also known 85 genotype x snviremmon$ interection (Verm

and G111, 1975). Frey (1964) found that mean squares due

to strain x enviroment interaction was highly signifisant

2ar the group of linos gelcoted under non otroan oonditions.

4 stody with 21 porchun hybrids at seven looutions over two
yeare indiested differantial posponse of genotypes grown

undor 1iff2pent anvironmental conditions for ylald (Liang

apd altsor, 1366), -wvalmtion of sorghum varletics and

hybridz waa carricd out in @ perles 9f .ast Afriean
onvironments during 1366 to 1370 by Majisu amdlocett (1972).
Garotype x ¢nvironmint intceragtion was significant Zor

all ycars ar? genotynes ugudlly differed signifieuntly in

theiyr regrsomion on environoents. Jwe vudeties hed mean

§icld above the srand meen >nd the rogrosain coefficionmt was
close to onity, mt their mean suore deviations were
undenirobly large. fomz genotynes shawed evidenee of good
yielad stobility but their superfority over loecl environuent
wag in doudbt, Significamtly larges portion of G x -~ interce-
tion was accountad for by the linsar componant, The not=linear
componont was not sigmifigcant and 1ite magnitude was comsiderably
soeller than that of lincar componant (Palaniswamy gt al.,
19728)., 1In medro, stobility wes gepetisally controlled

(coots, 1967). Signifieant G x . interaction wac observed

for number of prains/plant, plant height and yleld (Mall gt a1.,
1918), Oonerally, more thap 80 por cent of the yield variation
for infivildual varioties vas dne to lincar regression response
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(langer g% 8l., 1979)., 1In smooth brome grass, G x . intoreo-
tion was signifisant for plamt hoight, tiller demsity, tiller
dry weight, leaf ares and forace yisld (Ten gf al., 1976,
19771 19783 19793 vwolton,1976),

With regord to pigeonpea, namanujam (1375) studied
the lincar and non linear component of G x = interaction. !He
aleo showed thet large proportion of genotypse showed mare
lincar oomponents than non linear components reopootively
for the following traits namely, yisld per plant (73,61 per
eanty 26,39 per saent), numbar of pode por plenmt (77.43 por
oent, 22.57 per cent), number of seeds per pod (43.38 per centg
51,02 per cent), nuoder of primory branches por plant (34.21
per eanty 65,79 per cent) and se2d sise (78,99 per cantg
20.01 per eont), Importamec of stulyingz the G x 3 for
physilological troite for crop improvemoent wac otr:osed by
Lawn (1930). Ov.r 100 gonotypee of pigeonpeas ware evaluated
in five environments., The G x © imteractions waere found
giznif doont in the ecase of pods per plant, branches per plant amd
1000=grain weight, Thu linear componmt of thc G x ” was
found to b: significant only for days to maturity and grain
yield per plant, However, iis non-linza: component was
signifiocant for almost all the characters (Jaz sharan gt al.,
1981), The magnitods of range for phenotypis variability was
high for all eharacters except eme's per pod (Jag "horan,1983).
Jag Shoran (1985) found that the rolationship between linear
and mon lincar responsas wers obgerve:d t0 be charucter specifie



in pigeonmpaa, He also added that a stable vartiety could be
definod as ones with unit rogreesion (bis1) and low deviation
from linearity (sadt = 0).



MATERIALS AND METHODS




CUAFT R IIX

MAT RIALS ARD X.TRO:S

Invastigations outlinod in the thoels wexe carrlcd
out during 1984« in the Hopuptment of Crop Fhysiology,
Tomi) Nadu Agricuitural University, Coimdbotore, to colleeot
spocific @5 w:cll ac comprchengive infarmetion the possible
affaets of diffcrmnt datos of sowing on - growth and
physiology of pigvenpca, 4 bricf anooumt of t ¢ mathodalogles
adopted and matoriale utilised are elucidited in ths following
pages,

Tield ‘xperimonte

The experimcnt wag lail out umdar f£i2ld conditions
in tho '3B' block of the KNaow Arca, MUOlat preeding ~tation,
™e detcils are given delows

negign of expariment t Randomisad 3loecks degipn
Cultivars (7ix) 1 Shart durction

Vz - JORG 5

Y3 - UPAZ 120

Iong durction

v‘ - CORG 19

V5 = PL3 361/1

Vo = &1

The seeds ware obtoined from the Profeoecr of Pulacs,

Sahool of Genetles, Tamil Nadu Agricu: tural University,Coimbator



Trestuonts ] Throe
(ate of sowing)
i:, - 21=2=1384

I)2 - 21=6=1984

I)3 - 21=9-1584
Replicotions 't Three
Plot slze ] 3.6 x 2,25 R
Spacing ] 45 x 30 on (short Aur:tion)

45 x 45 em (long durction)

Eield location

The expericontol fiel? wap gituated at 11°02* ¥
latitude, T6.57"_ longitudc and at ap altitude of 426,76 %
above meon ovd lovel, The nmeen avarage roinfall wag about
63t mm, while the mean maximom and alipimun tomporatures were
30°" amd 26°C pespoctively.

S04l pro-ertios

“he soil was analysed for itc physioal amd chomioal
congtituents befor: sowing and tho data are pxesented balow,
The sanme f£1eld was used for cultivotion in all the three
seanona, S0, the variation due to s0il wao clinminated in the
proesent stady.

Physical and ‘homical analysis of moil

‘pil type 1 Aay loan

1. Phyeigal nropertlcs Qontontg
Sand 1 49492 (por cent)

Coarsc sand 3 36.41 {pcr cont)

AN



Volumc of expansi-r

Haximom water holding
eapacity

Pore
Aspparent deneity
hpolute apecific grovity

“hemieal propertdes

pHl

o
(kg/ma)

Available & (organie
carbon met 0d)

“xehanoeadble potassimm

svalladle

i

xehongeable euleium
‘xehangeable Magn:siun
wehangeable sodinm
xerongeeble SAL

er

s

“eed tezotmacnt

%4

13.51 (per oent)
38,17 (per oemt)
12,80 (por oent)
36.25 (per eont)

37.66 (per oecnt)

40.56 ( par oant)

1.62
2.66

T4
0.210
5.20
7.2

0,092 per cent
0.09 ror gont
4,22 por eont
2401 ror coent
C.t14 1er cant
0.060

0.270

Bofore sowing, the geods wepe tr 2t:d with Bavistin
~ 2 gfkg in & polythenc ba- to cnsur: 2 uniform coeting ovar

thz seed, After 12 hours

of bavigtin tr:atncnt, the eeeds

ware once asmin tecatsd with [hizobiug prat culturs, The



W~

inooulun was obtained from the _ spertment of sgrioultural
Hicrodiology, Tamil Halu .gricu tural University, Cotimbatoro.
Jaggery (125 g) wes boiled with 505 ml of wator and cooled,
It was used Az adhssive to inoculotc the Jhijzodius with seeds,
The tecatad seads were dried undor ghado for thirty minutas
hefor: sowing.

Pertiliscyr doses

Fartilizer wae basally epplied at the rpsto of
2034030 (M1P1X) as urca, suporphosphate amd surietc of poteadh
reppootivdly at the time of seeding.

ijeathar conditions data

™2 oxperincnt was oondoctod from 21-2«34 to 26-2-05,
The metercologieal lata of maximmm, ninimum tomparaturae,
rolative humidity, cunshine hours, solar rodlation, evapcration
and painfall fare rcoorded at the Metcorologieal Observatory,
Tamil Madu igricultural University, Ooinbotorc. Ths data on
day loncth at 11°F latitade were ealculated fron the fadle
published by C.P,Janclle amd Co, The monthly total and maan
of the moteorologlscl observotions wore workod out anmd
proesented in Tedle 1, 1a.

“tagea of sampling

samples wore dyawn ot six etzsop naosly, 30, 40, 50
dayn atter sowing, firat flowering, 507 floworing and harvest
stages for studying growth and davalopm:nt. Tha varlous
phynislegieal measuwroticnts wers oade at 50 days afder soving,
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¥eun meteorological ehservition during the cropring

e
T

reriod

e of Culidvars Temr 2rature (°C) Relative Sune fvapora- Solar re- FRange of tempe~
tien dlation (*c})
(zn) {(™1,cm®, Min,

am™!y
7.0 16,3
AT.0 16,5
7.0 16.5
T . o7 T Taoul 27,0 16,5
37,70 46,54 6.9% 94,01 7.0 16,5
52. 60 6,90 av,0e 37,0 16,5
Bz .80 at, o 57,0 16.5
e 37.0 16,5
an.79 37.0 16.5
5.8C AR %5 17.8
5.86 76,35 33.5 14.0
5.87 005 335 8.2
5 .64 13.87 3.5 16,67
5.0 3% .85 235 1,7
5.00 431 3.5 11.7
4.98 85,06 33,¢ 11,7
4,99 8280 3.5 11.7
5.42 79034 33,5 11.19
13.50 89.27 53.45 7.55 3.33 84.63 2.0 11.7
E 19.45 89,35 53.14 7.58 3,37 34.50 3.0 11.7
TPAS 120 12.37 89.17 52.22 T.72 3.49 98.91 33,0 11.7
B 1G.44 89.26 52.94 7.62 3.39 96,01 33.0 11.7
lons durstion ]
CTRG 11 29,61 19.12 88,86 50,52 7.69 3.62 97. 31 34.0 1.7
FLS 361/1 29.73 19.22  BB.39 49.97 7.75 3.69 92.00 34.0 1.7
A1 28.84 19.16 90.75 49.24 7.84 3.76 100,76 34.0 11,7
Mean 29,73 19.16  89.33 49.% 7.76 3.69 99.02 34.0 1.7
Srand mean 29.5% 19,30  89.29 51.43 7.69 3454 97.52 33.5 11,7




firet flowering, 50 flowering and harvest ctages, Yield
am yiecld ecomponente were analysad at the time of harvoot
gtape,

Jrowth attributos
Shoot hai ht

™ avoot 1mzt: of the nlon’ was wagurcd from the
ground 1792l o o srowing tip ot Mfformt stagos and the
gverage wan worked out for five plapts - ndomly 4in oach
roplisoations and aexpressed in om,

foot 1 math

The distance from the bage to ithe 'ampeat root was
neagirad 8t differont stages and the avoeras: wae 2origsed
in ca,
Hamb :y of primary branches

™ nunber of branchep wars countad ot all stogen
by dostructive andlysis and the averase wes oxmr-sped ag

noaber par nlant,.

Leaf nombor

Five plants froa cach replicotion wers rc oved at
randonm and the trifoliate lcaf was counted am a single unit.
The maober of lcaves par plant was arrdvel at through working
oot the moan of five plmmts,

lead Produetion Rate (LTR)

The rate of l:af jroduction vas arrived at by using



the followin: formula ond exnrogeod &s nunbcr of loaves per
day.

Huomber of lcaves at _  Nucbar of liavas
LFR = sucond eatage at firat etage
Time interval

Loaf Aroa

for loaf arca measurements, tw waight to area
relaetionship was utilised, Pi4fty 1 aves cf th: sampled
plonts wepe takep from diffepont positicme at rendom and thelr
arcs was ro¢ ‘rded using the Licor=modcl 3100 Cohveyar balt loaf
apoa ncter, Those were f£irnally woiphted afger drying, The
yegt of t.c lzaves warc kept in an oven and thair ares wag
computed on the basin of aree to weizkt retlo ot dll stae

and the aversge wag cxprasged in m'a =y nlant,
e Watter .ocumalation (DHA)

Tor eptim:ting t's dry oatter accumulotion of stem,
loaf apd root, the cntire plant was pulled oui with loost root
damage., The whole plant was se-arated into 1loaf, etc., root
amd dried at 80 g 1°C for 24 hours and tho dry weight of the

atam, root ond leaf wepe weighed and cxpropoed in g.m’z.

Shoot/Root ratio

3noot/root rotio was culeulated by both lansta
and dry weight mathod,

Leag/Stem notio

Lout/stenm xatio was arrived at by dividing the leaf
ary weight by stem dry weight.. Ihe root weight was not
inolnded in the stom’dry welght, ’

LT _yaceld- 2l



(4

Individual Leaf Arsa (ILA)

ILA was ocalculated by using the following formulae

and oxpressod in en™2, 1.0,

1A = Total lcaf ipoa
Total leaf nunder

Individual Loaf weipht (ILW)

1L° wag arrivaed at by using tn following formula
and ezprosood in oc. 10ae~,

Total 1. af weight
Total 1 af number

IIM =

Growt: analygis Components

Leaf .area Index (LAI)

The leaf eros index wag calculatad by omploying the
formula of \illiams {(194().

Loof area of & plant

L'le
Lan. urea cooupiod

Loof apaa Retio (LAR)
The LAT wap arrived at by using th: formula of

radford (1967) end the values exprogsed in m.z.g".

Leaf ar:e per plant
Total plant dry weight




e

oo
€

Loaf Weight Ratlo (IWR)

The LWR wagp caleculated by employing the formula
suggaeetod by Evet gt dl. (1971) and axprascad as g.g".
LooZ dry wisht per plant
Total plant dry woight

4R =

shaolute Srowth Rate (AGR)

e AGR wac ealeoulatod by using the formula suggested

by Evet ¢t al. (1971) and exoroscod in g. plam™',day™).
Wy = W,
R @ .2——--.1
-t

where ‘i and by are tho nlant 4ry weighte at t1 and tz bt R
tivaly.
ty and tz ere time ifoterval &n daye.

Load aroa Duration (LAD)
The L4 woe dateormined by using the formle sug-eeted
by Power gt al. {13G7) and expr:ssed in deys.

Li(Li+ 1)
S ] ---;—---- z 12 - g1

[

‘hare
Ii = Loof oyen index ot the first etage
Li+ 4 » Loaf arcd index ot tho gecond Btage
‘20 t1- Tima intorwal botw:on ptages



specifie Loaf wWeight (3Lv)

The 5LV wap arrived at by using the formunla puggootod

by Pearee gt al. (1943) anmd exywrzased in g.n’z.

Leaf dAry wolght

gLy o=

Loaf &ras
Specifie leuf amee (55L:)

The followin: formula sug-:oted hy ¥vat gy al. (137)
woo smploysd and exprossed in oo 2.g™'.

Leaf area

. - e e S

Lt = Ieaf dry weitit
zoletivwe Growt: Late (RGR)
The RGR wao doteyminad by utilising thx formuls

cugrested by villiens (1346) anl ox rasoad in e~ day—'.

I.cu;e \:2 - Loge w,

AR = 32 - t1
whare \a’1 and ‘vez arg whare plent dry wiights at 1;1 anl "2
regpeetively
t, and ‘2 are time intorvcl in dayo.
Ret sesinilation ‘ate (WA)

The maethod Troposed by Gragory (1913) and nodified
by villiame (1346) wac enployed for calculating the YAR and
1t wag oaloulatsd daned on loaf vy wiipht bosls snd the
velnes ware expriesed in g.g".day".



e o

(tz“1) (12 - 11)

ﬁﬁg’“t’ x (Log, 1, = log, 1,

where, 'y and 4o Ar9 laat dry weishts of wholoc plont at t,
and tz rogpactively, L' and 12 are l2al 4ry w'i hto at t‘
aml ‘2 r:apoctively

ty and ¢, are time in days,
Crop Jrowth Rate (Cunt)

rom the dry w.ight of whol- plant, 7GR war arrived
at usin: the formula auirestad by Btoon {1352) and exr geed

1o go a0y,

con = ;-2--.....' i;L
7 (t:,‘t‘)
whaTs, ;;1 and %, are the whole plant dry weirht at t1 ang t2
raspactively,
t1 and tz arc time in daye
P ig the ground aroea in unieh 4 and e lave hean

optimated,
Dry Matter 2ficiency (DM )
T4 dry motter efficlizncy wap caoleulatod by =meams of

the formula sugreated by Krighnamurthy ot al, (1973).

Sead yial4d 100
v - [P — v z .
Total IMP survtion of ginotypes

wy
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Unit Area fficlemy (U4 )

The U4 . for seod yield and total DT ware caloulatod

by uosing the flloving formulas and the valoss ars exproseed

g.u’z.day" .

ceed yiald 1
UA ' (Seel ylold)m

b 4
Lapd area Turation of genotype

Total TP 1
B (7tel YY) 8 emeecewe- X c— —
L@ area tupation of gonotyne

Fallen leavee amd iaproductive parts

ix plantc in ssgh renlication wor: marked on 30th
4oy aft:r ewing. “he fallen l:ovee and reoroductive narte
wor: collected at weekly intervale in betw:ern rows of the
plants ond the cumulativo wel-hte were obtuined (c-phnt")
at speeifield stages, ' leaves were froe £yrom ary foliar
discasa,

Yicld apd Y1cld componcmte

Ftve plantsg from cagh raplication were romovad from
the poil at harv:at sta~c and malrsed for the following

souponents,
Mumber of primary btranches

The numder of primary branches wer: count2d and the

noon value expr:ssed ag numbers per plant,



Tumaber 0f pods per plam

11 the pods sicked in saeh roplication were counted
ard oxpr:ased ag number of pods per plant,

Rumber of seed par pod

~egds wore romoved from the ranlomly sclected 30
pods. The pecds were counted and the averase wag worked out

and aexpycessod &g namber of sesd por pod,

1000 p2ed weight

After drying and thrasning, the peeds were pe aratod
fron tho huask, andomly plelked 1000 see 2 ware countod from

sasgh rapliestinn ond the oean wac expr.ssed in g,
Iy woelght of pods

Befope ez ting the ssede from the pods, the pods

were welghod an® cxpressed G5 . plnnt"‘.

Pod pet

Before picking the pals fron #:: oclBeted plants,
th= soars on the roocmes, reyresanting the abeeisasion zone
of fallen buds, flowera &nd pode wore counted and from thase
data the poresnta-e of pod set woo eculeulated by woing the
formula formulatsed by cheldpake and Naruyaman (1277).

Runber of puds per plant
- x 100

Pergontage of =
pod a@et sear vgaber + Fucber of pods pur
pur plant plant



~1

(02}

Horwcot Imdex (I)

barvast Index was galoulated by using the following

formuls and expeosacd in perecniage
Gralin rield

] - e nameenans ¥ 100
Thip was aloo culoul atad toline into account fallen 1-af dxy
woight and reproductiive: wei-ut materials aldad to total ¥r
{ otsl phytomas)

21 wap also ealeulate? on cnergy basie from the

followinz formule

neray content of conomice yiclad
El = z 100
morgy eontat of physomaa

rop oaleuloting rneryy valueg, the omergy cantent of pasd and
Dy ware conaldered asg 4,45 and 2,96 (E.caleg naed") ragpcoe
tively (inhe and Swoacinathan, 1384).

MHI (Fitroger horvast index) was calenlated by the
followinr formula adopted by gplexte (1982),

Sitropon uptake by Groin
"Hl = R s . . S e o 4 7 P B X 100
Ritrogaen aptaks hy phytomos
Y1212 of Grain end lusk

After thraching ond drying, the grein and husk ware

wodghed 8nd expressed in g.n’z am g.plant".



Physiologioal ‘nslyasis

Chloxophyll

The ehloyophyll a, b and total waore cotimted in @
fully expanded youmc l:af in the main hraneh at spocifiad
stages by omploying tho mothods of voshide gt al. {1971).

FPhotoaymnthetie rate

™o vhotosgynthetie rote wug ~oapured in Infra ped
Gas Analyser (TiGA) modol 225«2D-3S Gan nalyser (HMoidnor,
1984) manufoctured Ly ‘naolytieal Development Company,
Hoddesdon, ‘nglan’ cmploying differential moasuremsm teche
nigue. The ingtrunent wap allowed to ware up inidal adjuste
ments oade apd et to road Ci)z eoncentrotion at 300 ppm,
The leaeves were cxclrod undur water and placed ingide a
plioxiglace cuanbor vwith @ poplaccoent top which was connoeetod
to the fnotrument, :uc top of the ohomber was tightly closed

and the rate vag ex;rensod in mg mz.dm‘a.m"'.

~tomatal "iffusive Fagletanes (002)

Tha stomatzl iiffupive rasiptange for 00, wag
arrived at by multiplying the stomatal diffusive rsistanoe
for water with 1,7 (lamopsaux an’ Chanoy, 1370).

~topatal Uiffusive Roaistanse (fzzo)
The stomatal diffusive ruosistamoe (wator) was meanuraed

with & proe-galiberated LI-1600 iuto steady staie poromater,
LI-COR, Lin Coln, Nebraska, 68504 (USi), This was



woasurad in 8 fully axpanded young l-af ot 12-14 hours and

exiresed in S.en.

Leag Water Potontlal

The lzaf watar potontial was nuodourad uwoing preasure
bomb apparatus at golocted shyelolo leal stamg in a netdale
of fully expamdisd yow leaf in tha main branch (Hoidner,1984)
and agZpresscd in Hpa,

Trang;iration rote

Tz trencnirat lon rate was mragured a4 celegted
physiologiesl gtaron 3o a fully expanded young loof with the
holp of LI=-1600 ute ¢eay State Dopomat y, LisC R, Idneoln
on™2 =

Relrackn, 504=U0A ond expeoosed in Aig.

Luoaf tomporoturs ond Loamidity

the lezaf temp ratupe and v:lative humididy wao
measured at gelaeted gtagee in @ fullr ovpanied young leaf vy
uging the LI-1600 iuto Stosly ~tute Porometar, LI=-"0R,Lineoln,
‘abraghe 68504 Uih. Lo tumerature was cxproased in cclesius
and pola tive honmidity ac pereenilgs. -1l the above RIGOUree

ments wore rocorded ot 12«14 hours with toady "tate Porometor,
Light Intorception and Canopy growth

Light Intereeption (por oent)

The 1ight penoteation in th: middle of to eandpy

6t 1214 hours wao moasured by Integraiing quantom allometar/



Hn

photomater, LI«COR - ineh LI 18813 :nl exprossod in lux
palaniappan, 1984),

Liaht Light iptonsity at the top of 2 eanopy

é?ogﬂ’er ® Light intensity ot the middle of the eonopy

x 100

Light extinction cocffieient (k)

Tho k valuc was workad out by using the formule
adopted by Monai and acki (1953).

eI, o=KL

where K-llor_:e(;)
I
o
Ia= Li{ht flux demiq to @ horicont:l surfaca
below L unito of leaf arca index
I,= Light flux daensity above tho camopy
@ ® the bage to th: notural logarithmo
k e axtinctiorn coefficiont

Heot Unit Conecpt
Cunnlative sunghine hourg, wuporotion smd slar hadiction
The complacive sonmshino hours, wwoporotion and solar

rodiation ot various ctages wer: caleculatcd by ‘umnation of
daily roecorded wvaluas,

Cumnlative day longth

The cumulative day lengthr (at 11°% latitude) was
oaloulated at different seleetive stoses by refarring to the
table published by C.T'.Canclla 2nd To,, london and furnishad
in Appendix,
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speumulated Haat Unit

Tue total of cumnlative haot unlt for cach photioe
phaces was oalculated &s A summation of t dally moan
tomperature Juring the orop period (Thingre 3t al., 1981).
Jrowing Degrze Daye (GOD)

GDD or accumulsted day legrces 48 also oulled
feffectiv: haat wmwait?, Thiz is an arithmatic accumulation
of dally meen tomnoraturas above gertain tiroshold temparaturc,
This was computed as follows (lwatn, 1984),

(Ma:ioun + Minimom)

Togeoo dayoc = - bag: tompercture
2

“he tomperoture 15°C was considered ap bape tempora-
tupe (Johamsen, 1364) for pigeonp:a for calculating the degreo
days.

Thoto tharmal Unita (7TY)

Jor differcnt stagee of growti, acocumuloted photo-
thermal units woerce calculated by miploying the formula of
Major 2% al. (1975).

IV = Growing Jegyse Jaye x Moan dey len 'th
Heliothermal unit (5UT)

The product of degrae daye amd hours of brisht
gunshine hours wap tarmed as holiothermal unite (:ajput,1382p

Sactey and Chakravarthy, 1362).



AYC = Crowing degree days x Tomdar of bright
cuns! inc

Hoot Unit ffisiemoy (LU:)

o compare the performance of the voriedy tokon
under different dateo of oowin: with respeet to utilisotion
c? naat in turms of day dsgroos during tho erop mrowth, the
NG . wap ealeonlated az 77T acounmnletad to produce unit soount

ot Ary nittor Tor onit arca (“ajput, 19680)
BU. = m

Yutrient inalyaeis

A quantity of 500 mg of the dried anl ; wdared samile
wap taken in & pyrox flat bottowmed flach ond Jicestd with a
mixture of gulphuric acdl, ritric secl? und perechlorie acid
{249(1). Initially, it was Jigert:d in 2 gold gtote and then
heated ovor sand bath until an aghy white digest was obtainad,
“he digeet wac filtercd on’ mdde up to a known volme, ™ic
triple 20id aliquot woo used for thwe -etimotion of phoephorea,
potapeinm, ecalclum &Gnd magnceliom,

Phogphorus wac optimated by employing the mcthod formmulated by
Jackson (13962),
Potassion wag estimicd with the help of digitel flame photometer

Caleium and Magnosiom were egtimatod by Vorocnate titration
not o (Jackson, 13&2).
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Th: total pitrog:c was catimated by employing the
method of Humphries (1956),

The protein oontent was cetimated by following the
mothod of Lowry a2t 8l. (1951) and the valuse wore axyrcesed 8s

pereerta ¢ g. plant™! and g.a2.

stadbility .nalysis

5tability amlysis wee workod out by the model
pugreet:d by ‘berkart opd tiwssal (1946). This model wao up:d
in thie study to anslyse th: gompotype x environnant intorae-
tiom, Concidering thrse scicons @s gpooifie environmanta,
or cortain blomass nd yicld compononte were ptudicd tor
their gtsbility ov .r seagons., JSinmes components inelude,
photocyathesis, 41 &t 50 Qowering, 1 afentom rotio, otem
waizht, Individual 1:af pime and total M ot Larvoot stuge.
Yi21d componants include, numhor cf pods mor plont, pudbaer
of brameieg por plant, oumb:r of soxds sor pod, 1000-pead
wright, HI and srain ylold.

¥ollowing the methodolony clasboratad by - barhart
and Raseell (1966) thros peramet:rps of stadbility namsly
moan, pograesion cooffi-fenmt (k) and masn agu re dowiotlon
( S'zd) ware cetimoted for coch cultivar,

The lincar modzl proposed by the above authors wae

Y}.J'Ui"bi 13461_3 + By
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whare

th th
Y¢4 ® moon jerforoonos of §° vardety/fomily in
1 esvuément v o !

Uy averase perfomango of gt varioty /fomily ovar
all onvironoente

bl = rorriceion coafficiont that puacurae the
reopoeae 0f the ¢th varizty to varying anvironoen
61y = th: deviation fyom rorraesisn of tho iyh variety
at jt anvironoent
I3 = .pvironmentzl index, ac the daeviction of tho
mean ¢f &Y vortoetiqa in J'h anvironuant from
granl nran and

n

Z 1,m0
3= 1
{o; 4. pgrosgion couificdomt Jop cael vorloty wig cetinatad
az followe
n n
b e o Iy ./ Z— 1 2
38 1 3 J 3 o 1 3

(b)) hs msear square Jovizction fyom lin:ar megrepsi-n (O d) for

aach varisty wvags cotimatad as followo,

"a® - [_fv 1y (n-gj] - Co¥/e)

t.2| Y, 1
e R TR I k!
1 %1
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65
Stetistical Anelynis

™o dats eolleetxd durlng th eoursc of sxerinaente
ware subjeoated to dotniled statistiosl morutiny following the
amlytieal procciur-c of Panse and Sukbatmc (1961 ) to bring
out sultivore eto~-n, sowinge and thedr interoction affeets.

Sorrelation cocffioiont of charactors was also work~d out

wharever nag.uosiry, .h¢ amlyuls wap earried out in both
0L Miere 2205 apd oo 100 I miero gommutor ayotoms.
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QUAPTUR IV

RLSULTS

The pressnt investigution was mainly ained ag
finding out the growth and physiologlesl rosponscs of shors
and long duration eultivars of pige npos to twee differend
daten of sowing an irfluemed by vorying anvivoonomtal
sftuctions., The gonotype x emvivonmnt intorection wao
studled not anly far morphologieal charocscrs but also for
physiologleal paraneters throngh stability arolysis, Thu
data froo f2ield and ladaratory oxperincontsg arc presented in
this chaptar after statigtical analysio and alao diagromoe
tically ronresented wharever negcgeary.

Phonologieal Davelopamt

Davs to firet flowaring,50' floworing and harvest
uepe recoried for all the varioties in all tae tiree diffarent
detca of sowing and $he data arv prosonted (.able 2§ ig.t).
It wap obsorved thot days to firat floworing, 50% flowering
and harvect wepe door:oned from Iy to 3y progrescively in both
groups of varlotics. The numbar of days to flowaring was
groatly reduced in long duration thap in short Quention
oultivars, In the ocase of fipot flow:ring, tha days to firast
fNowering in ghort dmation cultivors pot rofuccd from
Dy (67.6) to 7y (E3.3. and @ furthar deercbce wos oleo motised
from Ty % Dy {61.3), wiercas far long durction cultivars 1t



En

Table 2: Phenological obsarvatson
Date of Cultivars Date at
sowing Xlave‘;in;us‘ %;:ezzniox Date at harvest  Grag {;;Ung
> poar
Short duration -
c0 5 (05) (WY rragess (101) 7,0
CORG 5 ICN) pa (a2) o ey o
UPAS 120 (1) 135-84 (83)  19-6=  123) 37.0
Mean (67.£3 (87,0} (126.7) 38,7
21-2-84 Long duration
(o) CORG 1% 29-6-82  (170) MI~T-B4 (162)  17-9-84  (210) 48,0
PLs 361/1 T-T-E4 (13) T-bege (169)  25.0-8: (2iE) 19.0
sa 1 10-7-84  {1&1) 16=8-B¢ (178)  1-10-B4 (704) 6.
Mean (126.,7) (169.7) (217.2) 47.
Short duration
cos 25584 (06)  6~u-84  (78) 15-10=84 {117} %9.0
WRG 5 24=-8-04 (65) 7-9-0G. {79) 19-10=81 (121) 42.0
UPAS 120 16-8-84 (59)  28~8-04 (69) 7-10-84  (10%) 40,0
Mean (63.3) (75.3) (115.7) 40.2
Long durstion
21?3"?‘ CORG 11 1510-88 (117) 1-11-Be (134)  16-12-84 (179) 45,0
2 PLS 361/1 19-10-84 (121) 3-11-84 (136)  19=12-84 {180) 46.0
SA 1 22-10~84 (124) 6-11-84 (139) 23-12-84 (166) 47.0
Mean (120,7) (126,32 (182.%) 46.C
Short duration
co 5 23=11.8g  (64) 1-10uB1 (77) 10-1-7 (112) *3.C
CORG 5 22-11-84 (63) 3-12-84 (74) 19-1-65  (118) 44.C
UBAS 120 16-11-84 (57) 25-11-84(66} 1-1-8  (103) 37.6G
Mean (61.3) (71.0) (111,0) 40.0
Long duration
21;9-?4 CORG 11 18-1284 (89) 2-1-85 (104) 14-2-85 (147) 43.0
PLS 361/1 21-12-84 (92) B=1-85 {110) 21-2-85 (154) 44.0
Sk 1 25-12-84 (96) 10-1-85 (112) 26-2-85 (159) 47.0
Mean (92.3) (108,7) (153,70)  44.7
values in parenthesis indioate days after sowing



00sZ

ONIHIMO0TI4  0S LV HiONITT
000z 004t

_

e
i

ONIY3IMOTd ¥ 0S 0L SAVd

AVQ  3AILVINKWND
000l

004

09

— 0zl

— 071

— 08}

— 08l

INIY3IMO014 X 0S5 OL SAVQ



b

degrensed from Dy (136.3) %o By (120.7) am from 3, to Oy
(32.3). In the essc of 50% flowaring ond harvest stages
alap, ® nimilar trend wee notised.

Growth ond Iy Metteor Accumnlation

Shoot height (em)

Dota on ohoot Loight are nxusonted in the Tehle 3.
Shoot helght inor:as:d as tine trond in doth short apd long
duretion eultivors, “ignifieont Aifforonoco eould he motised
amonp coltivarn, sowingo and eleo anons astanes, There were
drastic reductions in tho plant hoight from (132,.7) in oy
(£4rot sowing) to (72.5) in Dy (tuled sowing). Oompsring Wue
two groups, long durciion cultiviars rocorded higher plant
hoight (135.16) tuum the showrt duretion (73.3) oncs,

Root length (om)

pata on roct longth (7oble 4) powealed that 1t
ingroased 8o time trend, Signifiommt Qiffercnocs could be
noticed among cultivars, atages and alev sowings. Foot
length was redused progressively from Ly, (52.3) to Dy (25.0).
Hoc %00, long dnpation oultivars reoorded longer root length
(50.4) than the shart larotion omes (21.4).

umber of branches

he nuomber of bronohse par plemt inepcassd 8s age
advanpod (Zebls 5), The differ-noeg smong cultivars powings
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ap! stegen were found to be signifisant, Oloar eut
differsnoes oould be obesrved with reforonce %0 Sowing
utu(n,-“.&i Dy=T474) D,-B.O). Jyan here, long duration
ocultivare recorded mors (10.42) twench numdar (5.95) than
the short duroation oultivers.

Huabeyr of lsavas

™o number of lcaves per plant inercaged to maximum
(678,28) at 504 flowaring and dealined (483.72) at later
stages(Table 6). It was found o be mignifisant in oultivars,
stages and alsd in difforent sowing dates, The highost leaf
nuzber wan recorded in Dy (662,74) followed by I, (161.22) and
Dy (97.14) wespeotively. Tho long duretion cultivare regorded
more loaf number (431.65) as compared to short durction
cultivars (70.20).

Leaf produetion rats

Data on rate of leaf preduction are pregented inm
Pable 7. The rate of leaf produotion fuader of lcaves per
day) remched maximma in detwocn 50th day and first floworing
{8,62) and thersafter deelined., Tho nogotive rate between
S0 flowaring and harvest atage might be atteributed to the
rats of loaf shedding cxpeeding the pate of laaf productiom,
The yete was maximun in Dy (4.18) followed dy 3, (1,70) and
Dy (1.58), There were signifieant diffarenses that eould be
Bpotiesd Detween shord {1.83) and long durstion oultivers
(3.29).
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Loat syea (™%, pimt~Y)

ats o8 leaf awed are presented in Tahle 8, The
leaf axea inereassd upto 50 flowering and deolined thercafier,
Signifieant diffepcnecs oould e notiged among oul tivers,
stages epd sowings, A Adrestic reduoction in lsaf sroe oould de
obsarved fyom Dy (12030.40) to Dy (1144.64) pyogrossively.
The long curstion cnltivars recorded higher loaf area (9S3B58)
than short duration eultivares (91z- %o .

Loaf waizht (g.n'z)

The leaf weizht inorcesed as time trend upte 50%
flowering (355,6) and declined et harvest mtage ©33.3)
(Todle 9). Statistipal serutiny rovealed that the diffarensos
aaong oultivars mowinge and ptages waere signifieant, A
progregoive yredustion in lcef weight was noticed from
Dy % L,. Ao in the previous omssas, long duration oultivars
rogorded move leaf woight (267,3) thean ghort duration cultivars
(42.4).

S%cn weight (g.n.z)

Stem welght alm ingrcased ag time trend but a
slight decronsed wap notioed ot harveet gtags (Table 10).
Differenses among oultivars, sowings and etages werc found t©
be aigpifipant, Duping the Lirst sowing (D,) the rocorded
ston weight was more than tha D, by ton times whila Dy rocorded
three and half times that of I, (22%.3 o Dy 293.6 n Dot
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60.3 in !‘3). lowor wolght wan moorded (67.6) in short
duration cultivare as comparad 40 the loos durotion varieties
{160%,10),

Root waizht (g.n'z)

Data on oot weight ove gabulaged in Pable 11, It
inervased op vo 50% flowering .278.4) and then declinad at
barvest stage (255,9). Hore t00, simnificant differences
oould be obaerved botwoan eultivaras, etages and sowings.
Sifferant mowing datas infuced differonoes whigh were glearly
domonstrated (341.3 in g0 42.5 1n Y 133 1n D,). Ay n
the previous e¢asce, long duration oultivars recorded mowe
root weight (246.0) then short duration cultivors (18.7).

Roprodactive parta waight (g.n'z)

The weight of the reproductive parts rocoried from
firet flowaring to harvest revealed that thie paremster
inexeassd with maturity (Todle 12). Cignifigent difforences
oould be obacrwed in all ths levels. .4 drastic rednction fyom
Dy (508,3) to I, (171.3) and from Iy to Dy (121.1) could alse
bs otmerved, Hare too, short duration eultivors (157.6)
chowed lessar valuez t0 the axtent of throc times $han thet
of the lomg durstion cultivars (376,1).

Dry Matter Acousulation (gen™>)

The nosn total dry mattse sceumalation over stages
ineyasesd as the lifs gyole alvarped (Inble 13). Upte 50th
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day, & slight inoraase alomc eould be obea:ved. Afterwerds,
the inarcase was imprassive up %o harvost stage. Diffarcness
were found to0 be significant ot all levels, The effeot of
different sowing dates on the total dry matter aoceumulation
wag well ostadlished, Th: total Qry motter acecmmlation
deoreased progrogsively from Dy (3197.30) to D, (408,72)

amd from Dy t0 Ly (167.75). Vith regord o varietel groups,
long durntion pultivars as & group amoceded by nearly 9

times over short durvtior group, The pooled amalysis of the
total dxy matter aceunulation alse revealed th:t tho &iffersenses
wore significant at all lowels,

/R ratio (length)

Data on S/R patlo by lem-th @re tubuloted in Table 14,
shootfroot ratio by longth deercased Iogresatvely axsapting
at 50th and firat flowering stages, Difforcnoos ware found
t0 be sipnificant at oll lowvole. econd cowing (32) rocorded
tho highost rat1o (3.19) followed by Dy (2.83) and Dy (2.62)
respoetivaoly, With yogsnd to groupings, only @ alight
aiftorcnee could be cbeerved brtwesn long duration (3.07)
and short durotion oultivare (2.69).

s/t ratio (weldht)

Ehoot/Root by woight wos also worked out aad the
data are pres:nted in Table 15, It dsorcrsed as time won)
apte 50% flowering ond thep @ sulden inercasc was notigsd at
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St ¢l

tm hMarvest etage, Signifigent differemes were demonstreted
aamg oultivam stazes and also in sowings, Here alse,

#scond sowing (Dg) rocorded the highest retio (10.42) followed
by D4 (10,23) amd D5 (8.58), ©5lightly differenoce eould de
obsarved batwean short durction cultivars (10,55) and long
duratisn caltivars (8,%4).

Lea?/Sten ratic

Senwxally, the luaf/eten rotio decrsased ap time
trend (Toble 16), Cignificunt differcness could be botiged
among cultivorse and gtoges but not in r.epcot of sowings.
Therc was not uuch difforanes that eould de notioed batween
Dy (1.07) and Dy (1,08)e Dut D, recordsd lesser valae than
the other two. Ths ehort duration cultivars recorded hicher
valoe (1.18) than the long durstion oultivars (0.92),

Individoal 1:af Arca (ITA) (oa™2.doaf™V)

The imdividml locf area wor werkted cut amd tue
data wepe -wescnted (Todls 17). 1t inopcasaed upte 50%h day
(14.7) an? deereaned at harvest etoge (12.4), There were
variations among ooltivars apd stoses. Thers was slisht
diffarence mong sowing dates (14,7 in Dyy 13,0 in Doy
10,1 in D,). Comperctively, long durcticn oultivare roooxded
higher ares (13.6) taan the short duration omes (11.5).
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Individual leaf waight (ITW) (-e.lm")

The individuel leaf weight alss followed o similar
trend &5 thot of ILA s fur as time trend was gonoerned
(7edle 18), A meximum of 83.1 at 50th day decrcase was
found to 78,5 towards maturity. Yith regard to gowing dates,
& progressive redugtion wes noticsd from I, (84.3) to Dy
(73.5) and Dy %0 Dy (59.9)s Simtlar to IIA, long duratiocn
oul tivars recorded highar laaf weight (73.6) than the shart
duretion sultivars (69.6).

Growth Analyeis

Loaf Apea Index (LAI)

The leaf arca index was caloulated bascd on leaf
arca and the dats arc presentod (Table 13). It inorcesed upto
50+ flowe-ing and declined thercafier, Difforconccs detwoen
cultivars, sowings and stages were found to be significant
at all levels, Pirst sowing (Dy) recorded seven times mare
LAI then Bge The D2 regorded two timce higher 1AI thea D,.
flore t00 the mean TAI wae highar in the cass of long duyation
group (4.606) then the short duration ones (0.699).

Net Aseimilation Rote (HAR)(;-B". dly.i)

The net maooimilation rete was workod out bdased on the
leaf woight (Teble 20). MNAR deorsaced on time trond (0,2294
at 30th day to 0.0772 at bharvest stage), Signifieamt diffoxence
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eould be rotiged mmong eultivars, sowings as also in stages
at all levels, In contrast to LiI, the highast WAR value
was recorded in I, (0,1816) followed by D, (0.1779) end

Dy (0.1619). The short duration cultivars recorded higher
Ra- (0.,1983) than long duration sultivars (D.1494),

orop Growth Rate (CCR) (g.n"a.dlyd)

In contrect to FA!, OGR incr:assd upto the stage
betweon 50th day end first flowering and deglinad ther:afi:y
(Table 21). sSignifisant Aiffercnces oould de moticed botween
oultivara, sowvings and stagos &t all levels, The maximmm
CGR was recorded im Dy (22.20) followed by 3, (7.43) and
Dy (4.14). The long duration enltivars rocorded highaer
CGR (16.24) than the shart duretion cultivars (6.27).

Ralative Growth Rate (RGR) (a-e".dl:")

Similar to HAR, RGR also Qeariaped as time tremd
(mable 22), Differonces were found 0 Yo signifioznt at all
lovels axgepting for cultivar x stage interaction, Here t00,
the meximum RGR wac recorded in Dy (0.084) followed by D3
(0.072) ond D, (0.071) respsotivaly, In contrest to other
paranstars, short duration eultivars recorded higher RGR
(0.08¢) timn tho long duratfon oultivara (0.067).

sbeolute Growth Rate (AGR) (s.plant". W.1)

mata on ebsolute grosth rate revealed that it
ineronsed npto first flowering and deglined thercafter
{(Tetle 23). Differcnoes among cultivars wowinge ond stages
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were found to be signifieant atg all lawela, The highest

valoe wes rseorded in Dy (4.173) followed by Dy {1.223) and
Dy (0.724), Oonaparing the two groups, long duration eultivars
resorded high e growth retes (3.257) than the short durestion
eulttvers (0.820).

Leag Apes Dypatlon (1A2) (Jave)

Dats on LAD wers oalculated and (rosented in the
Pable 24, The leal area duration inorcassd as time trend
axgopting for 8 slight degrrusc in betwoen first amd 50%
flowering, nTifferonges wore significant at all levels, i
progreacive reduction in LAD wos notioed from Iy (300.93) %o
Dy (45.93) and Dy %o Dy (18.10). The long dugation cultivars
ragorded (226,05) higher LAD thon the short durstion
culttvars (17.25).

Specifie Leaf iroa (al4) (en™.g™})

The opoodfic lcaf area {9UA) iner:assd upto 50th day
amd thersaftor decrvased (Tatle 25), Differonossd were found
to be statistioally aignifioont &t all levels cxoopting
variety x stage interectiom., Yith regard to sowing dates, the
maximom SLA was notieed in Dy (193.,00) followed by Dy (170.80)
and Dy {170.00) raamatively. Iong dmration oultivars recorded
hichsr value (183,3) than the shert doration cultivars
(165.80),
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Speeifie Leat ‘might (sw) (g™ .on™Y)

vith regard 0 SLV, $t inercased aa time trend from
40t day onwvaxds $111 harvest. Differcmees among cultivars,
(Tehlec 26) sowings and stagos wepe found 0 be signifigant
at all lovels. Sewing date diffeponges were alsaxly demons-
tretod, ™ mximm W was notloed in Dy (0.0061) fo1lowed
by 3y (0,0060) and Dy (0,0057) wempestivaly. Oomparing the
tw groupe of cultivers, short durction group rosorded higher
SI¥ (0,0060) than long duration ones (0.0053).

Leaf veight Ratio (LWm ) (s.s")

1th rogard t© tac trend, IWR phowed flustuoting
trevds., Howover, the pepmoductive otagus reowmrded legsar
valuoe than the vegetative ato-os (Tablc 27), dfforanoes
apongz oultivers, sowings and stagee werc found to b: gignifisant
at all lovels exgapting cultivar x stoge intemection, Theve
was pot noch diffsrcnoe among diffaerent dates of sowings
{0,369 in 2yd 0.365 in Jup 0.380 i B,). Long duration
cultivars pom Rlod l:sear valme (0.355) ihan the short dupotion
oultivars (0.393).

Leat Arecs Ratie (LAn)(oem™2, g™')

Tho lsaf croé ratio doercased as tine trend,
Diffapengus at cualtivar and otaze lswelo ware found %0 ba
signifioant in all tho trrec datea of sowings (Teble: 28),
The higheat IAR was rosorded in the D, (69.8) tollowed YNy
Dy (68,0) mnd Dy (63+5), Similar to IR, short duretion
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eultivars regorded highar value (68.8) compered to the
leng duretien cultivers (65.4).

Pallen leaves(z. plant”')

The fallon loawes vars 0olleotsd et selacted stage
and the deta on thelr woighis are prosented in the Table 29,
With regard to timc trend, the naximm weight was regorded
1o between 50th day end firat flowering (7.54) and dcoroased
in detwesn firet and 50° flowering (4.53) and inercased
thepaafter (4.83), Differcnoes were found %0 be signifigem
at all levels, The totaol fallen material was also computed
fer all the stagos and the data revealed that the omximumm
fallen materisl wes rcooxded in Dy (28.33) followed by D,
(16,21) end Dy (8.74). Diffarcnees dna t0 sowing dages were
clearly demnstreted, First sowing (Iy) rcocorded the naximsm
(11.35) followed by D, (6.48) and Dy (3.39). Here too, leng
duretion cultivars recorded higher fallen loaf magerial (10.84)
then the short durotion cultivers (3.31).

Yield and its componants
Yield components

With megard to yield compoments (Table 30) the
1000=s¢ed woight 4id not indieate any markad variation among
sowing datss, The nusber of seed par pod also followed the
abovs trend, But nomber of pods por plant dearcased drestically
fron Ty (587.37) %o Dy (301.40). Turther decrcase was alse
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observed ia D, (184.52). The pod weight per plamt alse was
reduocd progressively fyom Dy ® n’. Fod setting also was
infloonoed by dates of sowing, The maximum pod set was
obssrved in Dy (16.63) followed by Dy (14.18) amd oy {11.85).
Ditfercnoe smong clltivare with regard to pod sotting
pereoentage 414 not show any significance, The effegd of
gowing dates on harvest index (HI) was woll demaronted,

The mean HI was found 10 be maximum in Dz (26.77), followed
by Dy (26.43) and Dy (20.53) respeotively. ‘hen the fallen
lcaf oaterial sml other parts were added to the dotal Ary
matbay mroduction for calgulating the HI, it was further
reduced (20,53 to 18,30 in Dyj 27.66 to 25.16 in Do 26,53 to
25,30 in D,). The dry matter effic lancy (DM:) was aleo
computed and the 4date revealed that the maxisun was recorded
in Dy (0.216) followed dy Dy (0.210) and 7y (0.150). 411 the
above yield componants showed significamsa for cultivar
diffar-noes cxeapiing nombar of seod par pod and pod setting
pergentage,

Tiald

Y4014 of groin and hask were measured and the date
wvere computed both in terms of g. plant™', ant g.u™
(mebla 30). The mean dota for ths sowinge over cultivars
rovealed that the yield {tended to decwcane from first sowing
(ny) o third sowing (D,) progressivdly. The grein yield per

plant wag muximum in D (108,12) followed by I, (40.37) and
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(25.15). 4 similar tyend was noticed in grain yield
DB «

axpresped in g.m ,

In the pooled analysis of the yleld md yleld
compononts revealed that the grainm yield, husk yleld,
namdor of pode par plemt and pod weight rpogisterod higher
valod in long duration oultivars in contrest % sphort duretion
oultivare, Tharc vas not much differcnoe Yetwesn the twe
groups of caltivars with reapoet to 1000-mced weight,
number of eoode par pod md pod set parecntage. Howaever,
ghort duration oultivors recoxded higher values in the ease
of DM: and HI, Diffexencos wers foumd to be nignifisant in
8ll the parametors emmepting nambar of ee242 per pod. Tha
mean valne of yleld am! yiaeld componanta over sowings
and oultivars werc as followss grein yield (57.28), husk yisld
{44.85), 1000 groin wolchts (75.91), nuombar of pods per plant
(37.73), pod setting pareentage (14.23), UI (24.87), AI
incloding fallen leaves (22,35), #nd DH: (0.192),

Perday Prodvotivity (g.n 2.aay" ')
Grain produectivity

The biownss ond grein produetivity in torms of wnit
ares effioicpay (UA:) exprossed in gen"2.day”' pevealed that
the fommer snd lagter were dearsased from Oy %0 I, end D, %o
Dy Fespeetively (Zabl: 31). In the asse f grain produstivity,
there was & marked differdnse (1,58) botwoen long dupetion (3.97
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and chort duretion cultivers (2,39). But in thx osse of

Dy the difforsnee (0.36) parvowed dowm, (1.79) for short
duretios eultivare and (1.43) for long duretion cultivars
wheroas in the stse of D’. the gap (0.173) still got redused
and there wap not muoh differcnoo mwng wo groups of
eultivars,

Diomace produc itvity

Yith pegard Yo bdicamse productivity (U4 :) marked
aitforense oould be motlicod among two groups of oultivars
in all the three sovinge (Tadle 31). Ip the case of first
sowing Aifferonsce (50.46) could be observed botwoen short dure=-
tion cultivars (7.24) and long duration cultivars (57.30).
In thae ola? of Dy the above gop narrowed 4owm t0 4.11 batwesn
short duretion cultivars (4.54) and for long durotion
cultivars (8,70), wherca: In the oase of Dyy the gap further
narrowsd down to 1,63 botween short durstion ealtivar (2.34)
ond fop long duration oultivare (4.54).

T™he harvest index (fHI) oalculated on energy
relationship rovealad improvemcnt of HI over the traditional
nothod of @smsessing the NI, Howewer, inorcase in HI was
notiged Ixom Dy hﬂgamadmmmnaio Bye The
above trend was motised in ghard daration cultivare, n
ths pontrary, the HI Jor long duration oultivars inercased

fron Dq W Iy progresnivaly.
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Juth Amslysis of Yield componants

Fath apalysis was undertaken for ovalueting the
relative contriduiion of each chareeter-doth dircot amd
indirset to ylold., Tho yiecld end yicld ecomponcnts on
tiree sowings wexre subjected to the cowrclation cosfficlomic
am path coctfficients, The data were ;wosented in Tables 2
and 33,

Data on simple corralation of grein yiald with yleld
componenta rovealed that eecd yisld hed a high positive
signiticant eorrelation vith mouder of pods per plemt
(r = 0.9769*) and pod setting pareentage {r = 0.5299+¢), On
the gontréry, IM: (r o «0,56951%+) an! HI (r = «0,7669%+) had
high nogative significant oarrclation with grain yteld., The
othar two components nmmely 1000-secd wvaight and nmmader of
geods per pod had woeak poeitive saasoeiation with grein yiald,
Among the yield eouponants, 1000«groin weight was pogitively
gorrelated with numdar af pods par plant (r « 0,.%557*), But
pod getting parcentége and npmber of eseds per pod had weak
positive agsooistion with sumbsr of pods per plant., However
DM end HI bac negative assoolz tion, The nundbar of asged pep
pod had only woeak positive &ssoclation with numder of pods
per plant and pod set mad gchowm negative assoelation with
DM apd EI, The numdb.r of pods par plant had signifisapt amd
positive carvelation with HI and showed negattve eorreletioe
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with pod set and DM whoress pod setting pereentags hed
positive amsogietion with Dii: emd LI, A highly signifioant
positive oorrclation (r=Q.05324+) was emtablishad Detwoen
DM: amd KX,

The partial rogression coofficilents (Table 34) ware
highly signifieant for the nusler of pods par plant {19.10%#)
and EI (2.09%+) dut not significent for D: (0,7762) and pod
setting (0.4759). It showed highly nagotive effeet for
1000-grain veight (=0.6294) and a significant nogetive effect
for nunber of ac:ds par pod (3,47%s),

The amaber of pods por plant M the highest positive
divect offect (1.1629%s) on grain yleld followed by HI
(0,1372), DN (0.0430) and ped sets (0,0164). Bot numdbxr of
seole per pod and 1000 grain weight had weak nsgative effeod
on grefis yiald, Alnoet all the charagters affceted the yleld
indivcctly.

Phyalologlienl Analysia
hlorophyll oontent (m-l“)

1. Chlarophbyll ag Thz ohloyophyll a, b and total
ware analysed in & folly oxpanisd youngc lzaf at 50th day, first
fAowaring, 50% flowsreing and barvest stagea (Tadle 35), dth
regard 40 ohlopophyll a, it incrcased upto 50y flowering apd
thapealter dosr-asod, Diffarcnscs ware SHund ®© ba signifigent
at all levels exoept cultivar x stags in interection. Fowever
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tiyet sowing yecorded the maxinam eontent of chloxophyll &

{0.97) followed by Dy {0.06) ama Dy (0.84), Thar: was not
soch diffopenen botwoer two roups of eultivers,

2. Chlorophyll Bs Tho ehlarephyll b insrcased
upto 50 flowaring and deelined thercafter (Tadblc 36),
Signifioant diffarenscs ovuld b= notised at all l-welg
exsepting oultivar x ntage interaotion. The chlerophyll d
wes mximgm in Iy (0.65) followed by By (0.56) and Dy (0.55)
reametively, Oomparing the two groupe of culttivars, long
dayat ion oultivers ragoxded slightly highor valuc than the
shert duration cultivara,

3. Total chlorophylls :imilar to chloreozhyll a and
b, tha total ehlerophyll alaso inereased upte 50% flowcring and
degr:058d in the harvost atogze (Zeble 37). dffercno:s were
founl to b signifigunt at all lovels oxeept oultiwar x stage
irterention, Iate of oowing differonges were glaarly demonne
trated. The highest chlorephyll contont wae rocorded im Dy
(1,63) followed by Dy (1.42) and T, (1.39) respectively. long
duration oultivars reoorded diightly highor ehlorophyll contong
{1.56) tha ths short duretion cultdwars (1.40).

Stomatal Resigtance for 00, (s0a”)

mata on stomatal reaistancces wers proscnted in
Table 33, Th: stomatol reaistancos (CUy) Lnoriesed as time
trond. Thero were varistions msong cultivars and stages in all
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the flrce sewings. Sowing dete differomees wore oloarly
dcasroated, Thimd sowing recarded waximums (1,080) followed
by Ty (1,007) snd Dy (0.941). Mot muoh differenee ooald be
obgarved among the two groups of eultivars.

Fhotomypthetic ruta (ng caz.du".hr")

The photosynthctis reate wap moasuyed in A fully
youmng matured loaf at selceted stoges (Iable 39)., Data
on photosynthetie rete pevealad that it incrcascd ap time
trend upte 50% flowering stage and declined tharcafferx.
Statistieal analysis showed thet the diffaercnecs weye signifie
oant at all levels exeepting among oultivars, Thare was also
sicnifieant differcnoen for cultivar x stage interactiom in
Ty apd Dy aovings., It much differcmoe could be notised
betwoen Dy (17.85) and Dy (17.26). But Dy recordad lower
photoaynth2tie rate (15,25) than €% [roviocus two sowings.
Thepe wero no cloar diffarances in photoaynthetic wte anong
two groups of ecultivare.

“tomntal nosistonse for vater vepour (Seom”)

Jata on gtomatal replstangs povealed that it
inapzassd ag time tpem? (Tabls 40). Differencos wepe found
to Do simifisant at all lovels, The maximon resistanse was
recorded in Dy (0.64), followed by 1, (0.59) and Ty (0.56).
There was nat mueh 4lfforones agons tho two gronps of cultirars,
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Zrenspimation rota ( g, on™> 6" 1

Data on tremcpiration yate revealad that 14
degrossed ae time trend (Table 41), Signifieant differanoe
oould b2 notiged smong ocultivars sowing dotes snd also 1in
gtoges. The highest trunoplrotion rate wae recordod in Ty
(40425) followsd by Ly (5.37) nmd "y (31.03). Thare wos
pot much difieramee boltwe:n the two groups.

Laeaf Water Potential (=Gw)

Doto on 1-af wotep potentisl rovealed thet 1%
dsgroamed As time trond (=0,656 MPa in 50th day to =1,253
Mrm et harvest) (Tabls 42), Differances were found to be
significent ot all lovols axeepting for cultivar x ptoge
intoraction. Thc moan woter potential of cultivars over
gowing dates indieatod that 1t inercaced from 0, (1.235) to
Tp (0.912) and 8 furthér ineressc frow I, to Dy (0.655) was
alsg obcerved, In contrast $0 transpirstion pate, long
duratien cultivors rocorded higher lsef water potential
(0.575) than the ahort dorotion eultivers (0.1038).

Leaf tomperoture (o)

The leaf temperatuprs deorcased upto 50% flowering
and then & glight inercasc wag obaarvws) &t the harvest
etage (Table 43). Differences werc found %0 de sigmificant
at all levels oxoept oultivar x stage interaction. A
prograsaive reduction in laaf tompepature was notlesd from
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Dy (31.16) t0 Iy (30.8) end fryom Jp to Dy (27.54). chart
darotion cultivars ragordoed rolatively highar leaf temparae
ture (30,62) as compared 10 long durotion eultivare (27.09).

Igaf celattve Hwaidity (per ocent)

In contrast t0 lcaf temparaturs the loaf pelative
humidity insresscd upte 50 floworing (31,81) and deoreased
at harvost stage (24.37) (Table 44). iffarenese were found
to bo signifieat at all lovals axespt far eultiwar and doo
oultivar x gtas interaction. The hirhost walative humidity
wan = ded 1B Ty (32.54) followed by D, '27.39) &n? N,
£23.90 , Harc t00, not nmush ALffrronma go0ii... be obaaryed

xc3 e two groupe of ealtivars.

Lisht tnterozaption and eanopy growth

Nete on lisht interseption ani axtinetion ooofficient
(k) calcnlaotad at 50th day and first flowaring ware tobulated
(Tahle 45). vith regard to S0%: day, the peresntage of light
tntoreeption desrcascd progrosoivaly fron Ty to D3. Vhile for
k value, an opposite trond was notigsed, 2 similar trond has
algo boan notiged in first flowering also. omparing thase
two stages, the light interecptian wus conald wably incrcasad,
while k voluc degrsaped at flowering ata; e in all the turse
sowings. Comparing the oultivar groups, the long duration
aultivars bad rogistared higher light fotareaption and lower k
wvalpes thap the short duration cultivors im all the thres sowing
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Metoorological Obascryations
Solap Rediation (X eal.en™2,asy™0)

Data on cumnlative solar radiation at 30, 40 ant
50 days aftor sowing, first flowering, 50% flowexring and
harvest stoges were galculaeted (Tabls 46), The oumulstive
gsolar rediation incrcaced as tfmc trend fn all the throe
sowings. The loag durotion gultivors scgumnlated higheyr
solar radiation than the ahort duration cultivars, QOomparing
th: sowing dates, first (D,) soving rocoxrded the highest
value (16680.32) followed by D, (12918.04) amd D, (12010,40)
aowinga.

Dvaparation (mm)

Data on cumulative evaporation revealed that 1t
inereosed s time trond (Isble 47). Here t0o, D, recorded
the saximon (974.1) oumilative cvaporotien followod by I
(787.8), and Dy (471.6)s The oumnlative cvaporation was wars
in long duration cnltivars than short duretion cultivars,

Heliothermal units

The cumnlat ive heliotherwa) units inoressed as time
trend (Tablc 48). iven here, U, eowing sccusulated more
heliothermal units (2747803.8) than the other two sowinge
(Dy=1599113.4, Dy=1300317.7). The long duration groupe
asoumulated higher units them the short duration groaps.



Table &€,

Cuculative solar Fadfation (k cal. en-z.day'a)

Treatment Cultivarg Stages (Days after sowing)
(Date of
gowing}
co 5 ST a0, TSans
CORG 3 87095 ara7,5 10,0 11870 .0
Dy PAS 120 FoE,T 7045 77 ,Q 10798 L 127096.0
Mean 3166.,7 &4722.6 57.9.5 T8%T 2 10414,7 120G, 47
3166.7 5709.5 13560,3 1512%.8 17875
3166.7 ST09.5  13944,4 1547 20469.2
3166.7 579,59 14411,4 16661.7 205%5.8
Mean 3166.7 5709.5 13972.C 15780.2 20264.2
Grand mean 3166,7 5709.5 10904.6 13097.5 16680,32
et 5 1627.7 2941,2 4340,1 5554,7 HG6AG 0
CURG 1627,.7 2941.3 4290.3 5743%.2 923u4.5
Upas 120 1627.7 2941.3 3912.3 4656,5 7733.6
Dy Mean 1627.7 2941.3 4180.9 5318.13 8559,7
ZCRG 11 1627,7 4722.6 4722.6 7582.3 10779.8 15000, 6
PLS 363 /1 1627.7 4722.6 4722.6 9234,2 11145.4 15301 .4
S& 1 1627.7 4722,6 4722,6 9665,8 11302,0 16005.3
Mean 1627.7 £722,€ 2941.3 8827.4 11075.7 15365 .1
Grand mean 1627.7 4722,6 2941.% 6504.2 8196.9 17010.4
co 5 2670.0 3537.2 4806.0 5875.2 5650.4 10599.1
a:RG 5 2670.0 3537.2 4806.0 5883.0 5560.4 11151.0
UPAS 120 2670.C 35327.2 48G6,0 5519.6 5297.1 101881
1;3 Kean 2670.0 3537.2 4806.0 5759.3 5502.6 10646.07
CORG 11 2670.0 3537.2 4806,0 8349.7 8934.6 14304.6
PLS 361/1 2670.0 3537.2 4806,0 8805.7 8806,1 15247.0
Sh 1 2670.0 3537.2 4806.0 9359.3 9237.8 16020.8
Mear 2670.0  3537.2  4806.0  8838.2 8992.8 15190,8
Grand mean 2670.0 3537.2 4806.0 7290.8 T247.7 12918,04




Table 47. Cumulative evaporation {mm)
Treatment Cultivars Stages {(Daye after sowing)
(Date 0f T e e -
sowing) 30 40 50 First S0V flom Harvest
flowering wering
ce s 120.0 1732, 4091 rd L6
CCRG 5 120.0 17,0 4570 -
UPAS 120 120.¢ 177%.0
Il1 Mean 120.0 173.0
CORG 11 120.0 173.0
PLS 361/1 120.0 172.0
sS4 1 120.0 *73,0
Mean 120.0 173,0 222.8 755.%
Grand mean 120,0 73,0 222.8 520.9
co 5 181,4 236.4 314.8 142.8
CURG 5 181.4 236.4 314.8 437.0
UPAS 120 181.4 236.4 314,8 377.2
I, Mean 181.4 236,4 314.8 4139.0
ooRG 1 181.4 236.4 314.8 679.6
PLS 361/1 181.4 236.4 314.8 709.6
St 1 181.4 236.4 314.8 726.4
Mean 181.4 236.4 214.,8 705 .2
Grand mean 181.4 236.4 4.4 562.1
cc s 102.4 %6.4 166,50 211.2
CORG 5 102.4 136,24 166,56 208.2
UPAS 12G 102.4 136.4 166,50 190.4
Dy Mean 102.4 136,4 166.50 203,2
CORG 11 102.4 136.4 166.50 298.1
PLS 361/1 102.4 136.4 166,50 311.7
sh 1 102,4 136.4 166,50 326.5
Mean 102 .4 136.4 166,50 312.1
Grand mean 136.4 166,50 257.7

102.4




falietnermal units

meaai oultiyar
(‘:,:5:“‘29‘ Cultivars (days after sowing)
Days dF e LI e cmm———
sowing) S flo- Harveat
wering
1469907.C0
153064 2,90
T411%77.80
7 frean 1520642.5
SRS S 3979 .00
TLe T/ 0
Sao Y]
76, 1744377,2 B T496n .oy
745,16 1101470.6 274780 5.80
1 DHOSTRL 3D : 304%76.20
RV LUV BN ET: I 1
134515 .81 215749,%0 291319.48
o, 154515 .81 243005 .81 361345.49
Q04 376,20 12408067.40 2226115.,30
HETIT .00 1296372,20 2108370,00
E ¢ 2421272.60
9172.30 2318086,00
606087, 36 154%11%,90
HREGOG, %0
981982,10
051464.48 15406, 65 T6S 200, 48
s 191875.27 281456.64 351817.,66 877354.29
CORG 11 61889,12 191 .37 556529.92 773738.€8 555359,90
PLS 361/1 671889.12 191875.,37 595982.13 821760.83 1737961.30
SA 1 61889,12 585758,88 191875.37 6532%0.54 BB4902, 30 1876375.80
¥=an 61889,12 85758.88 191375,37 601934.52 835794.95 1723239.20

Grand mean 61883.12 85758.88 191875.37 44t110°59 594208.30 1300316,70




Orowing degree days

Data on growing dagree days are presented (Teble 43).
It iparessed 8s time trend in ell the three sowinge., However,
the highest growing degree days were notiged in By (2120.25)
followed by Dy (1625.65) and "y (1240.37). As in the previous
oases, the long duretion oultivars acocumulated more degras
daye than the short duration cultivare,

Photothcrmal units

Date on cunulative phototharmal umits revealed that
%hc paramster values incrcaged g time edvansed (Table 50).
Similar to growing degroe days, the highcat acoummlation was
notioced im Dy (587T5.56) followed by D, (46791.5) amd D,
(42720.6), The long durotion oultivars scounnlstod higher
umits than the short duwration onca,

nay lenete (howes)

Data on cumnlative day length rovealed that 1t
ingreased as time trend (Table 51), The highest scowmalution
of day lenzth was notised in D, (2132,62) and llowed by
Dy (1820.37) amd Iy (1545.12). imilar to the other paremeters,
the long duretion ocultivars accummlated nore day length than
the shors duration cultivara.

Heat uvnits

Data oh accunolated hoat unit 8lad rovealed that it
ingrosscd Ba time trend (Teble 52). similar to other paremetere
2irst sowing (Dg) scoumulsted the highost heat units (4795.04)



Tadble 49.

Groving degrees days

E;:f:m:;t Cultivars Stages (Days after sowing)
sowing) 30 40 50 . Pirast Som £1o- darvest
* tlowering wericg
ce s 437.40 574.40 811,60 1072.80 1552.50
CJRG S 437,20 574.40 85%.60 1162,90 1685, 70
UPAZ 20 437,40 574,40 753,40 10%1,70 1518,10
3y Mean 313 437,40 574.40 805,50 108940 1505 .40
CORG 11 312.2 437,40 574040 1639, 60 20065.55 256960
FLI 261 313.2 437,20 574.40 1735.90 088,99 2665,70
a1 215.2 437,40 574.40 1773.00 2199,05 2729.90
Mezn 215,2 437,40 574.40 1715,20 2087.80 269,10
Sramd mean 219.2 437.40 574,40 1262,40 1595.50 2120,25
347,45 464,45 560,95 768,90 909.60 1343,00
147 .45 464.45 560.95 756,90 221,40 137%.00
247,45 464,45 560,95 704,35 802,20 1264 ,00
D, Meaxn 347.45 464,45 560.% 743,40 877.70 1327.30
747,45 464,45 550,95 134%,00 1506.60 1902,50
347,45 464,45 560.35 1375.00 1527.3C 1422.20
Lo 247,45 464,45 560,% 1406,80 1558.00 1947.%
Mean 267,45 464,45 560,95 137490 1530.50 1924.00
Grand mean 247,45 454 (45 560,95 1069.20 1204.20 1625.25
297,60 411,62 509,90 646,40 715,70 104€.60
307,50 411,60 509,90 636.3% 731,10 $077.,80
307.60 411,60 509.90 530.80 665,70 362,40
D; 307.80 411,60 569,90 624,50 700,80 1035,60
CIRE 11 307.60 411.60 509,90  838.40 972.40 137460
PLS 361/1 307.60 411,60 509.90 857.90 1028,20 1456.45
Sk 4 307.60 411,60 509.90 886,30 1046.40 1504,35
Mean 307,60 411,60 509,90 861,10 1015,70 1445,10
Grand mean 307,60 411.60 509,90 742,80 858,30 1240,37




Toble 50, Cumulative Phototherwal Unlits
gzy‘:';g’ Cultivars tages (Days &rter sowing)
sowing)
bly 40 50 First 50% flo- Harvest
flowering woring
a6 5 3598.13 12798.72  16305.36 23420, 310190,13 42878, 67
CORG 5 95 88,19 12798.72 16305.356  24519.58 32205.27 £6503,05
UPAS 120 9588,19 12798.72  16305.36  22028.09 28321, 714 41931,79
D1 Mean 9588,1¢ 12798.72 16305,36 23322,7 304%7,25 43797.85
CCRG 11 9568,19 12798.72 16305,36  45261,21 5538a3,94 T1416. 31
PLs 361/1 9588.19 12798,72 16305, 36 47975,54 58907, 19 TADIT 49
SA 1 9583.19 12798.72  16305.36  48982,46 €1079,45 T.836,08
Mean 9588,19 12798.72  16305.,36  47044.40 50178.40 7375%.29
Grand mean 9588.,19 12798,72 16305.36  35483,59 44307,86 58775.56
cos 9895.39 13185.00 16510.29  21680,15 25575.26 37833.12
CZRG 5 9835.39 13185.00  16510.29  21253.12 25904 .16 38920.59
UPAS 120 9895.29 13185,00 16510,29  13508.41 22023.88 35459.28
D, Mean 9895.3% 1%185.00 16510.29  20813.83 24770.10 3740433
CORG 11 9635, 34 13135.00 16510.23  37833,12 42667,24 55346,39
PLS 361/1 9895 ,> 13185,00 16510.29  38920.59 43389.70 56001,41
sS4 1 9895 .39 13185.00 105%0.29  33765.90 44274.56 57197.72
Mean 98%5.39 13185,00 16510.29 38839,87 43447.83 56178.70
Grand mean 9895.29 13185.00 16510.29 298246,88 34106,57 46791.50
co 5 8708,74 11683,98  14514.05  18441.47  20037.54 31110.51
CORG 5 a708.74 11683.98 14514.05 18153,32 20933, 32692.92
UPAS 120 8708,74 11683.98 14514.05 16525.50 1900.74 28609.43
D3 Mean 8708,74 11683.98  14514.05 17706.76 14357.19 30804.29
CORG 11 8708,74 11683.98 14514.05 24841.96 28920,01 40652.89
PLS 361/1 8708.74 11683.38 14514.05 25578.05 }0558.26 42936.96
Sh 1 8708.74 11683,98  14514.05  26606.T5 31103.66 44571.,95
Mean 8708,74 11683,38 14514.05 25675.59 30193.97 42720.60
Grand mean 8708,74 11683,98  14514.05 21691.18 22275.58 36762.45




Table 51,

Jumulative day lenpth

creatment  Cultivics Stages (Days after sowlng)
(Date of
sowing) a0 0 o -
Huvvegt
150,28
10000
wie TAGS, 04
4 [e T 150006
600,00 1ot 67 2616,71
12046
DR L48
606.00 16974, 6% 1140 IR
504,00 1070079 2145,67
144,09
140,82
:’2
1458.08
1495 .70
1531.67
147%,49
11 11T 57
5%.5¢C Ta6.14 637,49 130817
593.26 T44.41 860,53 137041
593.36 67>.55 75027 1205 .47
23 Mean 358.50 476,40 5583.26 T725.54 825,76 1297.68
CCRG 11 358,50 476.40 593,26 1044.45 1217.,17 1707.06
PLS 361/1 358,50 476,40 523,36 1079.17 1286.17 1799.48
S& 1 358.50 476440 593.36 1125.17 1209.17 w7112
Mean 358,50 476.40 593,26 1082.93 1270.84 1792.55
Grand mean 35E.50 476,40 593,36 904,14 1048.30 1545,12




Sumulative Leat

“rits

Treatments Cultivare C<aceg | lava after nowing)
(Da‘e of
sowing) A c 50 ¥ iarveat
wert
-7 ! W [ERR

%]

o

Mean
Grand mean

752,70
752.70

1062, 45
082,45
1062 .45
1662445
1CE2L45

1062.45

1259.90
1255.90
1258.90
1259.90

175,90

T LG

1576, 35
1608.38
NG, 00
31467.50

3255.50

181,03

2474,

154,60

2172.40
2237.80
2327,80
2246.350
1893.90

1764.20
2522,40
2676.20
2726 .60
2645.73
2204.26

272€,60
265740
2627.40
270G, 60
3578.60
1766.40
7889.35
3744.78
2222.69




amd followed by D, (3058.6) and Dy (3222.7)e 45 expooted,
the long duration varioties accumulated higher wmite tham the
shord duration aultivare.

Junghine hours

Data on oumnlative sunchinme hours volucs Gre
caleuleted amd prosented in fuble 53. It inarased as time
trend. imong sawiny dates, fivst sowing (D) records: the
maximum sunshine hoars (1227.12) followe® by 0y (1017.88)
and Dy (933,05 )« Similar to heat umits, in the cape of
sopshine hours too, long durction onltivers asommnlated the
more sunshine hours ag compared o the short duration eultivars,

Heat unit efficliency.

Data on hxat unit effisiemy are prepanted in the
Tadble 54, Thers wore veristions betwoenm stages and oultivars
in @l tho three sowings., Vith regerd to first sowing (D),
in short duration variatiass, 1t incrcased as time tremd upto
50 por cent flowe: ing and thersafter declined whepreas in
leng duration cultivors it inercased upt first flowering
and therecafter decrcased, In tho vass of I,, it inorcased
throughout the growth period, &8 tim: treni foxr short duration
cultivars, But in lory duvetion eultivars it inoroassd up®
50% flowe: ing epd thepcaftcr deolinod exsapt in SA 1 where
1t inercascd upto harvest stace, Vith reapect t0 thimd
sowing (D’). 4t incycased ag time trend for hoth moup of
oultivars exeept FLS 361/1 whars & doolining treod ves
potiged 8t hervest stage. Comparing two groups of varieties,



rruiative

sunshinre houre

R

Treatments
(Date of tages (fays ufter sowing)
sowing)
v 0 50 First S flo- Harvest
flowering wering
O 6D PREPRS 747,10 246,80
o s, 20 237,00
sese 1.0 929,70
4 AR 257,83
340,00 a8t ,60 1454,40
220,00 1020.00 1508.90
34000 415.00 104% .10 174,90
415,00 1015 ,60 147,00 1496 ,40
415,00 791,00 1B, 122712
173.30 336,80 427,70 6735.40
179.30 354,60 437,00 T03.40
179,30 305 .60 162,40 607,10
Zp 179,30 326,20 409.70 661,30
179.20 573,40 878,40 170,10
179.30 703,40 Bak, B0 1200.90
179,50 746,40 367,70 1243,40
179.30 704 .40 881,50 1204680
172.30 F2€,%0 645,60 Q33,08
278,80 376,30 464 €0 507,% 845,50
278,80 374,30 460,00 514,60 694,50
274,80 376,30 425,60 473.80C 795 .20
Ty 201.2C 278.80 376,30 450,10 498,60 845.06
M
20%.20 278,80 376.30 662.00 795.70 1131.50
2G1.2C 278.80 376,30 694 .70 B20.40 1193.30
201.20 278,80 376,30 736.60 845,50 1247.30
rzar 204,20 278.80 376.%0 698.40 823,20 1190.70
Grand mean 201.20 278.80 376.30 529.30 660,90 1017.88




v

Table 54, Hest Unit Efficieney

cultivar Stages (Days after eowing)

¢ 4c so First So8 flo- Rarvest
flowaring waring

c.0n0t 3.58%4 S.6396 0.0329
¢ 0.7 681 0.6.85
c,018 . 178 0,4416 C.4702 0.4115
¥ean c.012% 2,211 0.5310 0.6238 0.5743
.00 o,17a 6,4005 5.8 4,655
0.011* o172 6,606 £.9499 4.7232
F 0.0707 0.180% 65460 5,8587 84,7522
G.Ct 6 0,163 6.5540 5.0 4,690%
san 0,C112 £.1872 2,542 1.0503 2.€323
0.0092 0.0729 ©.2101 0.2853 0.404%
0.0301 c.085% 0.2477 0.3871 0.4629
¢.0236 0.149¢ 0.2134 0,3353
0.c076 0.7024 0,2854 0.4010
s} c.c24 0,7581 0.7978 C.7574
2 c 0.9218 C.8748
o 3 2.0 0,646% 0.8:30
Mean o C.C a7 0.8247
< 0.0256 0.4595 0.5631 0.6129
c £,0193 2 5.0884 0,1577 0.3257
©,0084 c.0185 c.026 0.0781 0,1905 0,3429
5,007 0.0167 C.0416 0,258 0.1436 ©.2779
Mean 0.0082 0.01862 c.Cc371 0.0736 0.1673 0.3155
CORG 11 0.0068 0.0154 0.0406 0,3376 0.4460 0.5129
LT 361 /1 0,0C74 0.0178 0.0462 0,2293 0.4170 0,399
0.0CB1 0.0166 G.0405 0,2319 0.5277 0.5487
Mean 0.0CT4 0.0166 0.0424 0.3331 0.4636 0.4852

Grond mean c¢,0078 0.0174 0,0265 0.2034 0.3158 0,4004




long duration eultivors recorded highcer valocs than the
short duyation onltivare,

Relationship botween xy matter aceumnlation end Metcorologioal
parangters

The coprelation and lincar regressior was worked
out betwocn dry mattar acoumulation at diff-rent gtages with
varicns mctoorologisal paramstcrs namely, cumulative solar
radiation, evaporstion, holiothermal anit, growing dogroe
days, photothermal unite, day length, h-oot units and sunshine
hours and th: data are presented in tho Table 35, The cumnlee
tive solar pediation, growing degrss days anl sunshino hours
were positively oorrclated with dry matter acoummletion in all
stoges, But ‘r' valuc was signifigant anly fyom 50th day
onwarde till harvest, 7he maximum positive ocrrelation wvas
obtained for cumulativs solar radiation at first flowering
(2w0.8534#+), for growing dogree dayo at Mrvost (1w0.8964e+)
and for smohine hours at first flowcring (mw0,8197+:), The
eumulative evaparation and day lagth were also positively
corprclated with Ary matter seccmulation but significenne was
notiood only from firet flowe-ing onwarde, The mexioum positive
corrclation was obtained at harvegt store for Doth paramsters
(evaparation yw0,8645%% day length re0.8433%%), The holio=
thermal anits showed positive and signifiocant eorrclation from
40th day onwarda. The meximum '»! valuc was obtained in
harvest estage (mm0,9161%¢), e photothexmal umits and hoat
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units were positively and signifipoantly carrelated with

Dry matter aceumnlation at all stages, PBut oaximgm 'r' valve
was notised et harvest stage (photothermal unit yw0,8307+%
heat units r = 0,8735#»), Oomparing 0ll the meteorologleal
parametors for °'r' value, the cumunlative holiothermal unitse
wore well coprslited with dry mattor aceumulation at 1 rvost
gsage (ra0,9161%),

Rutrient uptake

Jontontz of nitregen, phospharws, potassiun, oaloium
~m magnosiun werd amolysed at the harveot etage in stan,
root, l:af grain, husk anl fallon leaf matarials, The total
uptoke wos gomputed bassad oo the individuel organ uptaks amd
the data ars pragented. Stotistisal analysis wag rasorted
for studying the pptake pettorn in diffeprent plant organs and
also the totzl optake of all nairdsmta. apart frem this, poeled
analysis was also undextalern for all the thraee sowings,

Nitrogen (g.plant")

Gomparing all the plant mmpononts, stom rogorded the
maximum (3.90) followed by sesda {3.59) (Tabla 56). Tis
trond wag noticed in the first sowing (D,). Byt in whe onse of
second (D,) amd third sowings (D,). saeds registered the maximam
uptake followed by stom, Qenarally, in &ll the plamt componenta
progressive dsexcase in uptake was notiged from I, Yo 0,.
Sipatfigant diffapsnacs oould dbe noticed amonp the sowing dates,
Poolod amalysis over throo mowings rovealed thot seeds removed



Table 56, Nitroger uptake (g.plnnt")

1 sowir . Fod wall Leal Sten Root Fal;un leaf
Mean PR
L8020 3,308 0,268 0,295
0.0510 0.00068 0.0035
oo 0,1855 %0 0.00747%. 0.0127%*
MeEn . 17 RUANY U421 0.ur0a 0.713
- L0807 G.OD614 0.02032 0.022%
fogs SL1ARTRE €.022%34%% D, 00115ex €.0820"
¥oan £, 0,162 G,461 ©,00795 9,120
z z o,na02 0,00640 0,008 6,0014
s - 0,14504% 0,02%27%%  0,00007*® C,0050% %
elal T 0,197 G.0716 G.0103 0,089
o E 5,07 5,103 0.6117 c.m7
5.k a. 0. W7 0.0506 C.0064 0,104
o SRt} (] 0.C772 0.0034 0.096
z 1ot 2,631 C.18% 0,294
/1 2.0 1 2.782 0.2382 0.758
5800 ALY 3T 0.1674 2.3%5
Mzan 0.290 2,916 0.1713 c.222
0,219 1.497 0.0132 0.20°
gE 0.2181 0.00229 0.1437 0,01220 0,00018 0.0054%
for1] 0.0544%% 0.00631#% 0.4512%%  0,036TT**  0.00055¢* 0,0162%*
cultivar
SE 0.0256 0,00324 0.2117 0.01726 . 0.00026 0,0076
cD 0.,0770%* €,00977+* 0,6381%* 9.,05201 0.00077%* 0,02294+
Sowing x Cultivar
SE 0,0443 0,00562 0.3667 0.02983 0,00044 0,0132

cD 0.1333%* 0.01692%* 1,1052%% 0,09008%%  0,00134%* 0.0398%+




Table 57. Puosprarus uptake (g ' plant™)

Seed Pod wall Leart Stem Root Pallon leaf
1 sowing
Mean 0.363 0.084 244 1,379 0.018 0,020
sE 0.00197 2,00169 0,001 36 0.9%905 0.00750 2.00163
cD 0,00718 0.00425 %% 0. 00496%» 0.147°0%® 0,070 G009 % s
II sowing
Mean 0,118 0.037 0.038 0,109 0.3577 0,013
5= 0.00126 0.00152 0.00151 0,00246 0.00197 0,00067
cD 0,00459+% G,00561 %% 0,0054T*+ 0.00967** GL0071Tee O, 0074 T*s
I1I sowing
Mean 0.064 ¢.029 0,018 6,027 C, 03 0.0776
ST 0.00154 0.00393 0.,00141 0.0010% 0. 0005 0,0N015
cD 0, 00563 0.01429%+ 0,00514%+ 0.00301 *= [sRele DoLR R Q.00055 »e
Pooled analysis
ce 5 0.087 0.024 0.025 0,028 2,002 0.0086
CURG 5 0,091 0,027 0.020 0,023 0,0038 0,0085
UPAS 120 0.Ce0 0.021 Q0,009 0.016 0.0%225 00,0094
Mean ©.0791 0.024 0,018 G6.025 0.0030 0,0008
CORG 11 0.285 0.075 0.169 0,922 0.0474 0.0252
PLE 361/1 0,281 C.069 0,191 1.079 00,0793 ©.0267
Sk 1 0,286 C.084 0,186 0.957 0.0508 0.0319
FMean 0,284 0,076 0.182 0.98% 0,0625 0.0279
Grand mean 0,181 0,050 0,100 0,505 0,033 0,018
Sowing
SE 0.00066 0.00103 0,00058 0,00923 0.00183 0.00042
ch 0,00199%% 0,00310%* 0,00176%s 0,02781%+  0,00551** 0,00126%¢
Gultivar
SE 0,00094 0.00146 0,00083 0,01%03 0.00258 0,00059
] 0,00282++ 0,004398% 0.00248%+  0,03934+*  0.007T9** 0,00178%%
Sowing x Quitiver
SE 0,00162 0,00252 0.00143 0.02261 0,00447 0,00102
oD 0,00489%# 0.00761 4% 0.00431#%  0,06814%+  0,01349%* 0,00308%#




AuS
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Table 53. Potassium uptake (E-Plnnf{')
Se=d Pod wall leaf Stea Root Fallen leaf
1 sowing
Mean 1.186 $.560 0.363 0,114
fotcA 20572 2,806 0.01118 20774
cD 0017354 % 2.3R2%> 0.0406T# 0.0781 1
3.614 8,231 0.227 0.409 0.1 0.077
0.00717 G.01551 0.,00060 0.,00745 0.01272
0.02500%* C.05641%% 0,0024% ** 0.,00891 »» 0.04625""
0.200 C.134 0.189 0.019 0.041
0.002068 0.00331 0.00151 0,04045 ©.00159 0,00161
fode] J.013470 G,01004%* 0,00547%% 0.14709** 0080 0.00586%*
Pooled mean
£ 3 G, %65 0,163 0.118 0.138 0,016 0.0%
206 5 0.425 0.192 C,126 0,182 0.C19 C.03%0
LS 120 0.120 0.056 0.064 Q,012 0,029
¥ean ©.158 0,100 0.128 C,015 0.030
cuRg 11 K 0.452 0.780 4,044 0.25% 0.101
1136 0.407 0,978 3.310 0.123
34 * 1.435 G.o46 1,031 4,098 Gotad
Mearn 1.245 0.468 0.931 4,017 0.273 0,125
Grand mean 0.306 0,313 0.515 2.072 0,144 0.063
Sowing
St 0.01552 0,00295 0,00378 0,190 0,00272 0,00353
cD 0.04678 0,00830** 0,01138%*  0.574%¢ ©,00821%* 0,01064*"
cultivar
SE 0,02195 0,00418 0.00534 0,269 0,0036% 0.00499
for 0.06616%¢ 0,01259%* 0.01138+* 0.811% 0,01161%% 0,01505%*

Sowing X Cultivar
SE 0.0BéOB 0.00723 0,00925 6.466 0,00667 0.00865

co : 0,11459** 0,02181 % 0,02788%%  1,405%% 0,02011%* 0,02606%¢




[

the highest ¥ (1.870) followod dy stom (1,497), loaf (0.764),
pod wall (0.219), £21len leavse (0.209) and roet (0.0132),
Here too, long durotion ocultivare racordad higher nitvegen
uptake tham the short duration oultivars,

Phoaphorue (g.pnmt")

Similar to nitrogon, phosphorus was wore in the
ste: (1.379) and followed by sas: (0.363) (Tadle 57), This
was notised in the cage of firet cowing., But in the onec of
Dy and Dy the seod (0.118, 0.864) cmnscdod th: ptom uptake
(0,109, 0.027)e The cultivar differangos in all the thres
sowinge in #1 the plant components wore found % be signifie
cant, Poolad analysis ovar tho sowings revealed thot ¢hs
maximus phospiorus uptukc wae notiesd in the stem (0.508),
followsd by grain (0.161), lecat ©.111), pod wall (0.050),
roots(0.033) and fallem lcaves (0.018), Here too, long droe
$ion cultivurs recorded higher phosphorus uptake than the
short durciion cultivars.

Potassioa (g. plﬂnt")

sowing diffepunoes wors clonrly damergated {Tobla 58),
w¥ith regard to first sowing (D, ), Btan regordsd the mawimom
uptake (5.560) followed by grain (1.406) and Lsaf (1,186). Im
the enpe of maegond and third sowirgz, goxde reglstered the
marimom mptake follewed by otems SMatistiscl anulysis was
fomnd % ba signifigent Sxr all the eomponents in all the Waree



sowings, Pooled analysis showed that the mean potagsion
uptake wag more in stom (2.072), followed hy meed (0,806),
lcar (0,515), husk (0.313), root (0.144) amd follen loaf
(0,063). ~Nen hare long duration cultivars roscwded higher
aptake than the short duratiom eultivars,

Oaleimm optaks (z.plant™!)

Data on caloiwma uptake arc prasented inm Table 59.
Sowing diffarenges were influancing the oaleimm upteke in
all the threo sowing dotes., Oaloimm uptake wes maximom ip
the atom in the cuse of Dy in leaf in Dy and fallen material
in Dj. Cultivar difforcnoss wepe found to be aignificant faor
all componaents. Roolod analysis revealad that the highest
mofn e2lciom uptake was resoried in otem (2,561), followed
by root (0.270), fallan material (0.204), grein (0.087) amd
hask (0.087).

Magnosium uptake (g, plemt™))

Therc were signifigant diffeyences in mognesium
uptake among different oowing dates (2ablc 60), In the cass of
first mowing, sten acoumnlatad maximum (1.957), followed by
1saf {0.388) and se>d (0,239). with regerd to secoond sowing,
the highecst was notiged in the stem (0,197), followed by hask
(0.130) and leaf {0,069) whereas 1p the case of third sowing,
husk racoxded the mAximun optake (0,088) followed by stea
(0.043), 1e02 (0,043) and grein (0.039)e The differences
ware found to by #fgnifieant st Al levels, 7he posled

s P
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Table © a ‘ -1
ble 9, <Calciuvm upiake (g.plant ')
221 Fou wall NS4 C
leat Ttem Rout tallen leaf

0.194

3z o7 . C.0u383

o5 SLCIBT e GooLinae £,01I0 e C.0257Uee
171 sowing

Mean 5.07 ‘ 5,004 0. 0%

B 2026 0.00064 0.01718
jons) D.00ATT AR CLOLi 3aws 0,07134%%  GL00%C5*X 0.04794 %%
E [y ¢ R 0.027 5.00
5 ¢ 0,182 0,037 5,088

45 120 Gu%% RN 0.07% c.027 0.098
Mesan LAl C.153 LG 2.000
C.124 Cuhza 5.108 0..37 2.4910
SRR J.1t4 5,517 4,62 0.491 6,325
SA 1 0.152 0.136 5,597 5.232 0.491 0,329
Mean 0,137 0,12 0,518 4,968 C.510 2,329
Grand mean 0.089 0.087 0.286 2,561 0.270 0.204
Sowing
©,00368 0,00182 0.01234% 0.24295 0,02914 0.00367
fon] 0,01108%* 0.00549%% C.C3T29%s  0,73219% - 0,08781¢% 0.,01107*
Cultivar
SE 0.00519 0.00257 0.01750 0,34359 0,04121 0,00519
€D 5.01567%% 0.00776%% 0.05274 %% 1.03558%% 0,12418** 0,01567%*
Sowing x Cultivar
SE 0.00901 0.00446 0.03031 0,59512 0,07137 0,00900
cD 0,02714** 0,C1344 %% 0.09135%+  1.79352 0.21509%* 0,02713%+




Haguasium urtake (g.plant")

Seed Fod wall Lenf Stesae Root Fallen leaf
I sostng
Hean c.oms o382 1,957 0.218 0.061
- <. OS] o nane 0. oans o.soman
o2 Senldalee LOOATEN CoTTARe L aa0R e 0.01777es C.0tAt1en
S0z < €.199 5,004 0.01%
506 0.1 %67 G.c0o1t” 0.00098
CEARREAS 0.00425 % 0.,00357%*
5 3 0,005 0,024
. 4 3 0.00054 ST GAL I 0, G147
oppexiel Al CL011RAes 0, 001994 0.60440" 0,005 35 *«
0.037 0,006 0.022
C,044 0,008 0.021
0.018 0.017 0,005 0,021
2.0%2 0,675 c.c21
0.172 1,184 0.175 0,57
0.156 0311 1.437 0,182 0,055
Sk 4 0,221 0.337 1,668 0,158 0.058
Mear, G.iE4 C.18% 0.3C6 1.436 0.158 0.057
Grani mear 5.1tE 0,124 C.16€ 0.734 0,083 0,039
Sowing
55 0,02227 G,0016C 0.00085 0,09402 0.00122 0.00101
o) 0.00B65%* 0,00484 %% 0.0(R55%%  0,28335%%  0,03367*% 0,00303%+
Cultivar
Sz ©.,00405 0,00227 0.00119 0.13297 0,00172 0,001422
cD 0.12237** 0,00684 %% 0.00361 %  0,40073#%  0,00519** 0,00428%%
Sowing x Cultiver
303 ©.00703 0,00393 0.00207 0.23031 0,00298 0,00246
D 0.02119%* 0,01184%* 0.00625*  0.69408%# 0.00899** 0,00742%%




6. ot uptake (p.plant™)
Treatments Nity = 5
1troger Trogprorus  Potassium Calcium Magnesion
16,224 2,187 9,138 8,679 3,049
: c.oe 0.,0794 6.5%1 0.01732
S.TTR e DLramTer 1 e 0.06296%4
Lt o 1, R " o.a9s
T RRCLS ' c.0ag PRGN 0.01341
% O Re1C = SOTTH e CotaRee LIS EREE T 0.048760e
Fearn [ER P 0.97% 0,448 0.242
. 2 CLUUeET 0046 0.01548
on 3.003%*n CLUtaTes (ORI g CLT8TI T 0,0563 "
1,792 L1764 0.831 0,413
1.583 C.1EA7 5,97 0.2%
1,073 0,507 0,163
1343 CLEO 0.205
aongoan 7,553 EEL 5.798 1.985
S ower 1,780 5,051 5,000 2.3
b 7.517 £.934 2,657
7.055 6,601 2,721
0.879 3.927 3,498 1,263
- 0.0548 0.01059 0.1254 0.015,36 0.00632
0.1635% 0.0319%%+  0,3779%%  0.0aT483°%  0.01905+
cultivars
——‘r 0.07T5 0.01498 0.1774# 0.02228 0.00894
= .
0.2338%% 0.04516%%  0.5345%  0,067151%¢  0.02695°%
s3] )
Sowing x Caltivar
0.1344 0.02595 0.3072 0.03859 0.01549
SE
0.4049%* 0.078214%e 0,925T%¢  0,11631%  0.04667¢*

[0s1)




Table 62. Protsin analyais

154
S, e, mue  mee
qulm
(Per camt)
1 sowing
Mean 18.16 20.61 110.19 47.22
SE 0.494 1.959 1.124 1.124
oD 1,794+ Te1230# 4.089%e 4,088%¢
A% Sowing
Msan 20.25 8,31 47.84 59.58
S8 0.396 0.764 1.8%9 0.728
D 1.44200 2.7TT%* 6,689+» 2,640
111 Sowing
Mean 18,78 4.45 24,96 57.1
3 0.107 0,092 2.159 1.136
oD 0,330%= 0334 e T.852%% 4,130
1led a 3
05 17.68 4,96 36,67 61,80
CORG 5 19.03 5.88 43,86 64 .10
UrAS 120 17.32 3.92 29,01 63,06
Maan 18.01 4.92 36.41 62,98
CREG 11 20.17 16,46 81.34 46,50
PLS 361/4 20,36 17.19 84,98 45.63
8x 1 19.18 18,32 90.51 46,50
Moan 19.40 17.32 85,61 46,27
Grand mean 19.06 12:.12 61,00 54,63
82 0,151 0.496 0.719 0.414
cD 0.456ne 1.45% 2.1680= 1.24 70
Quitiver
5] 0.241 0.%02 1.017 0,585
cD 0.6‘5" 2011‘" 3.0“" 1.1‘5“
Souwing x Oultiver
] 0.5 1.295 1.762 1.014
o 1,197 3,663 5.309%% 3,087+




analysis rovealed that the uptake of magnesiom by 4ifferent
plant components wero im the following order, stam (Q.73M4),
leat (0,166), husk (0.124), grein (0.188), root (0.083)

and fallen material (0.,039). 4ll the nutricnts euch as
nitrogen, phosphorus, potassim, caleivm and nagnesium
rogorded higher uptake in long 4 xation cultivors than short
duration,

Totul nutrient uptaks (3.phnt")

The totol uptake of nitregen, phosphorus, potaseiunm,
ecalcium apnd magneaiunm wero eouputad on por plant basis fyom
their oonponants and thc data are presented (Uable 61),

Dif fopongee were found %0 de simifieamt at all levels, a1l
tho above nutriants deeycased rprogressively from Dy to n,.
Data on pooled meal revealed that mmong the nutrionto, nitrogen
aptcke was founé to bo the maximen (5,147), followsd by
potassiun (3,927), eslolmm (3.498), magnesiua (1,263) amd
jhoaphorus (0.879) resmetively. Similar 0 othor paremsters,
long durotion cultivars recorded higher putriemt uptaks than
the short duration eultivars.

Protein Analysis

The protoin contemt on umit v ight dasis (per eent),
per plant baois (g.plan‘t“) and 8%t comenmity lovols (s-n")
wape asscseed at B rvest stoge im the peed and the data were
poesanted (Ieble 62), among the sowing dstas, scound sowlng
(ny) recorded the highost poreentage (20.25) followed By
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Dy (18,78) ana 7y (18,16), On per plamt desis, & progreseive
redootion wes notiged from Dy t0 Dyy A einilar trend was
2lao notigod on communiiy lsvel alss. “ho differcppen were
found %0 be o significart at all lewels in 2ll the thrce
sowings, In ¥he pooled ammlyala, lons durction oultivars
ragorded higher protoin content om unit weight basis (19.09) ea
esompared to the short duretion cultivars (18.01)., The gap
widoned at par plant lovel sad further widensd at somamity
levadl., The pooled voluc over sowings and voricties ware
found to ba 19.06 per oent, 12,12 (guplant™) ane €1.0 (g.8™)
for protein perogentage, protsln yisld on per plant aaie amd
commtmity besis reepactively,

Ritrepen Horvest Index (WHI)

Dute or pitrogen harvect index are preganteld (Table cr)
Th: harveet indcx oaleulated on the haois of nitrogen gontent
revoaled improvoment of harvost index over traditional HI
wvalucs of HI, The nitrogen harvest index followed same trend
ap that of treditional harweot index, Vith regard to eowing
difLarenges, soeond souing (Dz) reeorded the highest valuoe
(59.58) followed by Iy (57.10) and Dy (47.22), The varietal
aifforcngee ware found to de siatintisally signifissnt in all
the three powings. oVen haprs, short duretion caltivers
ragorded highep NiZ thom the long durction eultivars,



Stahility i‘nolysis

The analysis of varianos for phemotypie stability
for tweclve gharsctsrs @s por “barhart and Russel model (1966)
is progented in the Table 63,64, The variapoe dme to
variatios and scasons were algnificant for all the gharsoter
at 1< level, The mean squwres due to variety x scason ware
signiffesnt for all th: ¢horagtors exoept photosymthesis and
pumber of so23d por pod,

veason (linear) mean squarcs were aignifioamt for
8ll the eharacters omeept loaf-gten ratlo, Varicty x ocason
{lincar; moan sguores ws ¢ yignifisant at 1° leval for LAI,
ston welght, total LA number of branchos, harvest indax and
grain yleld anl at 5% lovel for lezf-stem rotio and 100C-se2d
waight and nom significant for individual leaf arsa, photo-
synthosis and Ho., of soads per pod. aan equarea duc to
poolad “oviations (non linear) ware signifigant at 15 lovd for
harvest index and punber of hranshes and at 5% lavel for
1000=pec; weight and grein yield, and non signiffoant for

other eharagtare.

rom the apalysis of varlames tadle, ¥hic pemgentasns
af linsar and non-linoar componentn of nmIS7 pqoarec uere work:@
out nod the Asta wers rroa-nked in ¢hr Tidble €5, “1thE rugexd
to biomses gomponents 1iks LAI, otam wokght and total DMP the
linear componcnts hed the major sharc of more them 99%, Fhoto=-
aynthesis and stngle loef pise accmntod for 75,3 and €5,2%



a8

ROKLED
S6° 0429 §5°L  96°869 € cg*s 9Ls*0 o€ pato0d
{ -ueuyY uoH
ev oLy S10°0  ¥Eoect £5°0 o4 y21°0 9 TOT3 wpAs
potood
{zesuy1)
«ol6°26ZSEE  #81°S »a0L°200LES 29°t 2% swbf®98 $ sx4A
clOCBIELES  9GZ'0 ~e8G"SESGLOZT #el0°6Y  waIB'0ZI weOE'C6S b Sedd !
enld*LELCEYL #»B20°0 «#91°2ELS0D 8€°¢ »e 00  #eB9°6Z1 ot uosees
X £321awh
snbC*GLLEDEE »0G6L"0 waO6°CELEIEY #eBSG°CL sal2® 10l saVE EES F4 Goaweg
#a ¥} ESOCLZZ €00 +nEI°C2VE2IL ox60° R an€UT9E w0 °EPE $ Doyaes
oyied LY &
woys yyften eysomyuls  Feoy Tenp
AT /zeet woss -03047 ~FATDUT v F 33 soamos

s3gouodnod X103 jemiIc~RTTIqes o7dS3ouoyd (sosonbe upsl) 07 SOUBTIRA JO BTBATEUY °L9 STQWL



15¢

2a°Li L6°6le L¥0°0 (3 A pze o 8¢ ot Jodxe petood
(Jeouyy woM)
#66°06 AT 200 Wty es82°) neZ"LY 9 R tood
(e UPY
o0 SLIT  +elS 629D P20°0  w96°€  weOL°C) welb®i2 $ x fyopses
waCY VGHEYE e« lZOLECGIS  #eBL0°0  wxfl°2L en b oabe «»20° L6} 3 (TesuTT)
aoses:
eaPhoSHOF  wwEb°LBEE £60°0 ww2l°Cl % 50°28 “s62°Lbb o x SorTes
»eCL°bOZLE we bE°GO0ELL  #alGG0  «#60°60L  welP®2LE »e£6°902 4 coewes
«nEO°OPO0L »eSE°06ELOF  wrGPE'0 xebK°100  «x10°0SI «#9L"9CE s Ayopxe)
suey
asd
pIesd JusTd pod udron soqe a0Inos
ayel) Jeodoy  /pec@tol WleXB=000) -uwIqCof M b3

——

sjueucdnod preyI-£33T1qe38
oydfyomeyd X0y (Sodvnbs upow) sdueied Jo eyedyouy °¥9 OTqel



0°2 o*4 1°LS vees 6'8 2*69 oA [-H0H

066 0°€6 6°2y 9°L¥ +°16 8°0% IPONTT
prevk 3ueTd pod Iyoa suerd a=d

1S o) Jood *oy /poeBToy ayeXd Q001 BeudueIq*oN IH g3ue o)

ayucuodwod PIBTL

70°0 ¢*0 (8ds] Leve geve aut’0 ToOUFT-oH

LLEE L*6E 306G £°aL PARTS 6°66 Jo Uy
ot3el udtea U8s qyule wote Fe: Y

VCT woys/1 80T wels -o3o4d TenpTAT pUl v syusuodnod

aguouodno0 Xe3yew LI
*g306u0dmod JeoUTT~-Ucl puw JEsUTY JO UOTINGTIIUOO Biejusdisd * 9 oYqel

q\



161
rospactively, In the sese of yield and yicld components,
the lincar componart oontribution wae mor in grein yiald
(98%), number of pods per plant (39%), numbor of branches
(91 ) tham the oth ar yiold components ouch sa 1000~-grein
weight (47.6%), nomber of secds per pod (42.9 ) and RI (30.87).

Thotoavnt» ais

Dere ware variuiions o photogynthesis an.g
vocleties anc peuons. Tae wean photozyoluectie yotus warg
2io60y 25403 W 20,63 for .y, Ly aud Jy powings respootively.
the overall mean wig Joupd 10 be 22,76, The oultiivar, CORG 5
rogorded @ higher vulus than the gonoral moan plus 2 8.6,
(Tudbic 663 Filge2)s 411 the caltivers yscorded ‘L' valuus
uround anity «xoopt CRG 1t wiers the *b? wvalus deviated gige-
nificantly fyom one, The ~a?

werc found %0 be around zerv,

valuce for all the varictiss

Loag area Indax (LAI)

The mead LiI ovaer potoons wapy 14,23, 2,74 mmd 1,35
for Dy Da and 33 sowinge peapsetively, The ovescll mean LAZ
was 6,11, Tha long duration va: fetios CONG 11, PLC 361/1 am
SA 1 reecorded higher LAL taen wean pluy 2 Be2. (Tubl:a Gy
FPige3)s 411 the cultivocn pogorded 'b' valuss aromd wmity
expept PLS 361/1 and SA 1, deviated sisnificantly from one,
e $™a2 values for all the saricties were around Saro.

Mem walght

Here t00, the mean purformacces over the acasong
waried widely, Tha weup stam weldht (g.n"z} wepe 32 .05,
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Table 66, Stability :;n!.nu for photosynthetis rate at 50% flowering
(mg 00,.2m e )

Seasons Re Hean
vertaty u&n agnlre
1 I I Memm ooaffi-  deviation

wed
€05 26,3 22,8 21,6 23.6 1.12 0.49
CORG 3 28.6 25,4 22.3 5.4 1.54 0,92
UPAS 120 23.0 22.8 19.8 21.9 0.83 =0,43
CQORG 11 25.9 23,7 2,1 23.2 1.45% -1.19
PLS 361/1 21.8 21.6 19.7 21.0 0.54 =0.93
sa 1 22,3 21.9 20.3 21,5 0.51 -1.09
Haan 24,65 235.03  20.5% 22,76 1.00
5% 1.28 1.37 0.3%1 0,634 0,254

Table 67, Stability andlysis for LAI at 50% flowering

Seasons R Hean
Varioty nsian squasre
I i1 I Mean coeffi~ deviction
(») -

cos 352 1.16 0.56 1.7 0.22 0,15
CURG 5 3.2 1.46 0.46 1.68 0.18 0,089
UPAS 120 1.45 0.53 0,32 0.76 0.084 =0,19
CORG 11 22,60 4 .46 2.1% 9.74 1.58 -0,19
PLS 361/1 27.50 4.34 2.08 11,31 1.,99% 0,087
8A 1 27.20 4,47 2.53 11.40 1.93* 0,089
Rean 14,23 2.74 'o” 6,11 1.00

Sg 0.755 O.085 0.038 0.254 0,028




FIG.2 DIFFERENTIAL RESPONSIVENESS OF PIGEONPE
CULTIVARS - PHOTOSYNTHETIC RATE
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REGRE SSION COEFFICIENT

F1G.3 DIFFERENTIAL RESPONSIVENESS OF PEGEONPEA
CULTIVARS - LEAF AREA INDEX
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88.48 and 25,03 for D, , D, apd D3 sovings regpectively, The
overall mean was 338,79, The long duration oultivare i.e.,
CRG 11, PLS 361/1 and SA 1 recoxded higher values more

than the mean plus 2 s.e, (Table 68§ Pig.4). The 'b' values
deviated significently from one axsept 00 5, The <a? values
were found %0 be around Zero,

Leaf-gtem Ratio

The mean lcaf-stem ratio over sedsomp were 0.262,
0,456, and 0,546 for Dys Dy and I)J sowingas respectively with
the overall mean of 0,420, The leaf-stem ratlos of short
duration eultivars CO 5, CORG 5 and UPAS 120 exoeeded the
mean plus 2 s.,e, (Table 69, Fig.5). The 'b'! valuas were found
to be around unity for all the verietiss. The a2 values
found for all the cultivars significantly dcviated from sero
except UPAS 120,

Individual leaf Arca (ILA)

The mean ILA valuea 15.81, 12.00 and 9.5 for Dy
Dz and DB respoectivaly with the overall mean of 12,45, ZThe
cultivar PLS 361/1 rccorded higher value more them the
genoral mean plus 2 s,d., (Table 7035 Pig.6). The 'b* values

2 valuea

were around unity exoapt PLS 361/1, Here nlso, < d
were around sero for all ths cultivars sxcept CORG 11 whieh

deviated signifieantly from sore.
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Teble 68, Stability amalysis for gtem weight at harvest stage (g.a™t

Schgons Regroe Mean
Voristy esion sQuare
I I m Mean ooeffl~ devia-
clent tion
(v) (et
c0s 38,07 11,0 5.2 18.09 0,038 -213,37
OORG 5 50,81 12,8 6.0 23,20 0.043% =212,86
UPAS 120 20,98 4.9 2.9 9.58 0,020+ =219.39
OURG 11 1635.00 138.4 41.2 625,07 1.89e» 61.28
FLS 361/1 1752,50 19C.0 37.4 659 .97 1,940 219.66
Hean 90205 88-48 8005 m-” 1.00
SB 25,76 4.30  1.24 8,56 0.017

Table 69, Stability anolysis for leaf/stom rotio at harvest misge

Ragre= Mean

YVariaty Sgagong oaion square
I Il IIX Faan goallie dovia-
demt tion
®)  (rad)
005 0.45 .79 0.73 0,66 1.09 00140+
CORG $ 0.33 0.75 0.57 0.55 1.03 0.0430e
UPAS 120 0.46 0.65 0,72 0.54 1.3 1.49
cCoRrG 11 0,11 0.17 0.40 0.23 0.9 0.012e%
PLS 361/1 0.11 0.15 0.41 0.24 0.98 9.65
1 O.11 0.18 0.38 0.22 0.85 T4 e
Mean 0,262 0.458 0,548 0.42 1.00

g8 0.029 0.020 0.17 0.013 0.591
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Tabla 70, Stability analysis for individual leaf area (e 2,1ead™)

Seapon Re Hean
Yeriedy ssion sguare
1 1 I Memm caffi~ dgvia-
{t) (fd‘)
05 5 123 105 7.7 1047 0. 0,030
coRe 5 15.6 10,6 8,7 11,63 1.1 -0.188
UFAS 120 15.0 9.1 6.9 10,33 1.3 0.0%8
CRG 11 144 15.6  11.0 13,67  0.47 6.37
PLE 3611 20.5 13.9 10.5 14,97 1,59+ «0.42
A 1 17.1 12,3 12,3 13,90  0.80 1.74
Moan 15,81 12,0  9.52 12,45  1.00
83 0.881 0,762 0.685 0,451 0,305
Tadle 7T1. ~tability analycis for TTMA (g/u2)
Varioly o= 3: on :::gﬂ
1 I 1 mean  O0OfMt- devia-
b) (57
coS 132,6 3.6 46,00 84,07 0,063 =1846.97
CORG § 149.8 5.9 50,80 95,50 0,071  ~1682.43
UPAS 120 88.4 57.2 36.10 60,56 0,036 =1919,27
OORG 11 2400.8 2064.0 142,61  942.47 1.85%* - 765,66
PLS 361/1  2548.7 340.0 116,14 1001.81 1,97+  -1880,T7
8a 1 2615.1  340.2 167,10 1048,80 2,00%  <1466,97
Mean 1322,.5 196.8 93,1 538,84 1.00
g 76.69 16,99 6.28 26,29 0.023
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FIG.5 DIFFERENTIAL RESPONSIVENESS OF PIGEONPEA
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FIG.6 DIFFERENTIAL RESPONSIVENESS OF PIGEONPEA
CULTIVARS - INDIVIDUAL LEAF AREA
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Total i

The maen total TMA varicd widaly among cultiware
&nd pansons, “he MeGn over So880n8 Wore 1722,5, 196.8 smd
93.1 in Dy, D, and 2y sovings yospeotively, Tho overall men
wag 538,84, 4ll th: long durotion oultivarn ragorded
(Toble 7, 7ig.7) hisher value than the gonaral mean plus 2 9.0,
The 'bD' voiges for all the short duration oultivars were arounmd

mity. Hsre too, 'f'dz values wero found o de around sero.

Funbar of branches

The mean nomber of bronshes por plant wore 16,05,
10.2 and 7.08 for Dge Ty and DB sowings rospeotively with the
ovarall meen of 11,42, -1l the long dawetion eultivars
axgoeded thc mean plus 2 8,9, (Table T2, Fig.8). The 'Y
valuos were around unity aweept PLS 361/1. The 4 values
wore around sero for all the anltivars cmeept O S, CORG 5
anmd SORG 11,

Namber of pods per plant

Tho nombor of pods per plant alao varied omong
eultivars and sowings, The mean valuce wore 387,37, J01.48
and 184,51 far D4y Dy and Iy sowinge raspeetively with the
ovarell maan of ¥57.73. The long duretion eultivors CORG 11,
PLS 361/1 and S4 t pocorded higher valuse then the gemaral
moap plos 2 8.2, (Zable 73, P4g.9). All the odltivars
recorded 'b' value signifieantly deviating from onc axeeps
00 5 apd CORG 5, The §°d° valucs was around sero for all the

eultivars,



1by
Table 72. Stability snalyeis for Ho. of hranches/plant

vartety Scacons 1:: e ::‘f.”
1 i IIX Mean :2;:{1. %f:.-
(®) (5"8%)
cC5 9.6 8.5 5.3 7.8 0.44 1.T4 0%
CiRG 5 10.4 C,3 5.2 T2 0.95 0.84¢
UPAS 120 8.9 Ga3 44t 6ed 0,52 0,063
CRG 11 20.9 11.C 9.1 13.7 1.36 Jet60n
FLS 364/4 21,2 12,6 9.2 14.7 1.33# 0,086
sS4 1 25,3 12.7 S.6 16,2 1.7 1.19
Hean 16.05 10.23 7,08  11.12 1.00
8a 0.474 0.184 0.256 0.169 0.176

Table 73, “tability analysia for Fo. of pods/plant

raron . . o
1 11 I Haan clamt tion

(0) (s72%)
00§ 220.2 7.2 128.8 178,7  0.21 414,14
CORG S 2412 195.6 1425 1930 0.23 151,05
UPAS 120 170.8 1167 5.0 1275  0.19%%  -225,13
CORG 11 902.2 409.2 266,84 525.9  1.60e 875,31
PLS B61A  944.2 412.8 1.4 S17.5  1.86% 225,19
84 1 1045.6 46T.4 279.0 604,0 1.91» - 98,56
Nean G87.5T 301.48 18451 ¥B7N.7® 1.00

sz 12,30 22,50 4.23 B.66 0,066
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Homber of seeds per pod

The mean nuabar of seeds per yod over the geasens
were 2.T7, 3423 and 2,94 for Gge Dy and P.5 regpectivaly with
tha ovorall mwoen of 2,33, Thc oultivar PL3 361/1 roeordsd
highsr value more thop the ganeral mean plus 2 p.e. (Teble T43
#igs10)s  The '®' valuze for all the cultivars were found
to be areand unity, The 542 values for all the eultivars

ware around sero execpt UPAS 120 amd PL3 36VA1,

1000-a¢2d welght

The mean 1000=-g2ed welght ovar ssegons wers 74,19,
T8.8 and 74.92 for Dy, 0, and Dy sowings rogpootivaly. The
overall oean wes 75,91, The short duretion eultiwvar QURE 5,
apd long duratioe ealtivare CORG 11 and 2LS 361/1 raecorded
hipgher value than the general nean plus 2 s.e, {Takle TSt
74.11). Here too, 'b' values were found o de around wmity.
he S"4% valuoe around zere for all the cultivar exsept
cC 5 and CURG 11 whick could deviate significontly from sero.

Harvest Index

The mean harvest indax over scasons was 20,3, 27.7
and 26,5 for T4, Ty a2d Dy sowings respeotivaly with the
ovz-all mean of 24.8, The long duration cultivar racorded
higher valbes than the gonerel mean plus 2 s.e, (Tadle 763
Pig.12). Hore slso, 'b' valuds ware around unity for all the
veristies, The 5°4° voluss were found to be sero for CORG 5
and SA 1 only, The others wers daviating signifioently from



Tobla 74,

1bY

Stability analysis for Ho. of a¢ed/pod

“easons P aquare
rerie® I I1 I1X HMaan :::::1. Ei'ﬂu-
(v) (5°e?)
cos 2.69 3.0 2.86 2.8 0.69 0,016
CORG 5 2.1 2,93 2.9t 2.85 0.44 -6.94
UPAS 120 2,31 3.6 3.00 2,82 1,73 0.072%
CORG 11 2,81 3,22 2,90  2.98 0.3¢ 0,013
PLS 361/t 3,00 3.56 2,85  3.14 1.3 o.010"
st 1 3.2 3.40 3.6 3.23 0.64 -0,013
Mean 2,77 3.23 2,94 2,3 1.0
s: 0.134 0,139 0.099 0.073  0.545
Table To. Stubility analysis for 1000 grain weight (g)
Vartaty Seasone sofom Sysare
1 I I Heen ooeffi-  {svia-
(®) (s"e®)
€05 78,28 78420 74,60 T7.03 0,28 743690
CORG 5 7.95 01,0 TT20 7858 1,05 0,31
UPAS 120 54,25 6.6 56,40 35709  1.23 0.13
corg 11 73,34 85,20 80,20 79.91 1.7 14,86%e
PLE 361/1 80,33 86,30 81,0 82,34 1.9 «0.49
s 1 81.48 82,40 T9.80 81,23 0. 1.48
Nean Pett  TBT2 UR T 1.00
8o 0.529 0,639 0.898 0.407  0.598




Teble 76. stability enmalysis for Harvest Index

170

Yariety Soasons ﬁ:ﬁ- l.!q.:im
Tom m omm HCRC QY
(v) (faa)
cos 31.0 3.0 29,0 33.0 0,6t 42,050
CORG 5 31.9 3.0 32,3 333 0,33 0.23
UPAS 120 37.8 4340 27.6 3542 0,069 117,92%+
cme M 8,7 17.0 25,1 16.3 1.9 52,86%%
PLI 361/ 7.0 15.06 22,10 14.7 1.53 38, T5ne
54 1 T.14 17.0 22,20 15.4 1.6 24,18
Hean 20.3 27.7 26.5 24.8 1.00
B 0,923 153 0,797 0.654 1.221
fable 77. Stability andlysis for Crain ylald
Lgasons Pagroe Maan
variety Sooti-  deviae
I I a1 Mean ciant i
(b) (<a?)
0o S5 41,2 2.9 13.4 27.8 0.29 52.29¢
CRG 5 47.9 30,6 16.7 3.7 0.33 28,17
UPAS 120 33,6 24.8 10,1 22,8 0.23 53440
CORG 11 160.6 49,6 3.9 8.0 1.49 T3,06%
PLS 361/1  185.4 50,4 28,8 872 1.89* 28,414
84 1 186.7 59.1 37.2 34,3 1,77 B
Mean 109.2 40,57 23,15 57.63 1,00
sz 4,02 0,265 1,18 1.39 0.110
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FIG.13 DIFFERENTIAL RESPONSIVENESS OF PIGEONPE A
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Grain yield

The mean grein yield over scapons was 109.2, 40,57
and 23,15 g.plent™ for Dy, 0, and Dy respoctively vith the
overall m-an voloe of 57,635, Here also, all the long duration
eultiwar-g reeomdad hisher valne thna the grend acan plus 2 8.9
{Tadle 778 Tig.13.. The 'H' voloog wore found to Lo aroumd
ity excopt PLo 361/1 end 30 9, The "*'62 wvaluca Qeviated
ciynitiocantly from ccre for oll the aultivar,
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DISCUSSION

Pigeonpea is an important pulse orop grown mainly
mnder reinfed conditions ir Temil Nodu as well as other perte
of the oountry. It is one of the mandats orops for ICRISAT,
Hydarebad, At rrésent, the interapt and the foous on this
orc;p is wainly pontre around ite productivity., The current
productivity trends are 675 kz.ba”' for all Iniis while
produstivity in Temil Nalu is 531 kgoha™ coly, The area
coverad by this ercp ie about 78,340 & inm Tamil Nadu, The
all India production is 1,919,000 tonnee while area is
2,843,500 ba. The prodoetion in Tamil Nedu is ebout 46,230
tonnes which gomstitute 25 per oont o2 the ®tal pulse produe~
tion whish is nearly 1,88 lakha tonnas,

The orop is well known for yield variations when
grown mder differcnt scagons and agroelimatio situztiona,
It, being 8 gquantitatively photosensitive, o&n bz raiced at
differont eropping scacons, 3But the yleld will bs varying
dapending upon the sowing dates, June sowing gives higher
yield whercans Sevtember sowings yiseld less. This yisld
reduction can b partly made up by incredsing the density of
the plamt population. In Felmuary sowings, the yiald was
nowm to be comparatively bigh, It 15 & fact that vaeriations
in the yield in $his crop Are mainly monitored by changes in
ths weather pAremetexs., This appears © bo the main csuse
for differemes in rreductivity in diffarent parts of the



[
~.1
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eountry. But no infarostion is availadle abdout the
componenta of the various weather paremsters end their
dirasct and the indiregt impact of the phenotypic charaecters,
whish were the output oxprossioms of the altorsd physiow
logleal mschanimms,

The need for studying tho changed phemotyple
cheractars cnd the altared physiologieal mechaniems is folt,
tooaume for any crop iaprovemsnt procvemms, the nroduction
sonstralints have to bz Ldentifiad W forc we take up
neccessldry nDeasursa 0 modify thom foy improvad productivity.
In addition, the stability of thes> cheractars in relation
to weathar paramestors whioh influ:ongo tham Mad not bBeen
staiiod 0 far., In the cuppent stndy, 6n attsapt in mads
to undaratand this intorrelationship, oo that, furthar
knowladge can be poined on the physislocieal constreints
rcla ting to yisld vorlations in d4ffercmt soasona, It wes
conoidared that this knouwledge scould be succesefully utilised for
planning the future rtrategy %0 organise our ressarch efforts
to unravasl the phyeiologieal and geatical basis of varlatiome
sc $t inprovement in the performance of this orop oan be

expedited.

Zhenologieal devolopmant
hs numbar of daya to 50 por esnt flowering amd
harvest were progresgively reduwsed from Dy %0 IJ.‘,.1 iryespootive
of the duration of tia cdltivarc, 4 rodoninont inf-renes



droawn from this trenl was that tlm grain filling phage
remained unaltered by the changes in the weathey parameter

in both typss of cultivays, The redusticn in the duretion

of the orop was mainly duc % the reduction in the vegetative
phape, Simflar observotion on the reduntion of vegetative
phiape in pigeonpoe woc also reparted by many authors

(Abrams, 19755 Gowda and Xasl, 1982 vallis gt 8l.,1975§ 1980).
Such ehanges in vegetative phAse wag mainly attributed

to shorter photopariods aml temperatuye effecta, The grain
£111ing phise renaining wmninfluc moed had not baen identified
by the above anthars, Cooler temperature end ingroased day
length prevailing during D, and Dy sowings eaused reductiom
in vagetcotive phasc and thue redused the ocrop dwration, This
is in ool agreement with the findings of wallis ¢t al. (1964)
who reported that shorter day length and cocler climate
acoelersted aarlier flowaring in pigeonpea,

¥ith rogard to the influemee of day length on the
flowering behaviour, 8 high, positive anml signifiocant corrala-
tion (r = 0,3969%*) was obtained detwoen cumilative day lemgth
and days to0 50 per eent flower-ing, -ardller flowering wae
favourad by lower comulative day length, This kind of earlier
flowe ing was schieved meinly by cutting down the vegstative
growth in D, and Dy sowinga, Those reoults are in confirmity
with the findings of Hemmertom (1976).



Growth and Dy Metter Aceumulation
Root growth

Among the tlrae sowings, the root langth amd wot
weight appeored 0 be high during tme Dy sowings, ‘han we
eompared the long anmd short duretion cultivars, 1t appoared
that short dwration cultivars were oxhibiting lower length and
weight ss compared to long duratiom cultivars, The differemee
in the acoumulation of dry matter appeared % be high between
theae two typeas The short duration cultivars had accumulated
ncarly 0,874 g. of dry weight per unit length of root (em),
while lomg duration cultivare mustaered 4.92 g. of 4ry weight
per wmit lonzth of root, Among the throe sowings, Dy oould chow
7.54 g per unit length of mot waile Dy and n, ragorded 2,08
am 0,932 g per mit oot length resnpectively, Theoe facts
very clearly pointed out that long duration oultivars and the
Dy sowings ware dble to acgcunmnlate more dry matter which
indieatod & gustained reoot growth by the cultivars amd the
sowings, This could be ona among the many rocason for hicher
produetivity in the long duretion cultivars amd also in the Dy
souirga, being the high produc tivity seapons, The highe amd
longer sciivily of roots in thess two gituations miy be reclated
to qytokinin activity which meinly deecides the sink strength
(Miichecl ami Beringer, 1980).

Leat ares development

comparing the short and long durotion types, the l-af
ares development wes phenomenaly high in the long duratiom



cultivars, Bearly 10 fold imorsase wes exhiditod by the leter
tyres. Similarly betwaan Dy omd Dgs thers wag 9 fold inarease
in D, over D3 sowings, The differenses were foumd to be
signifiesnt et all lovels. .xperiment conmiucted at ICRISAT
Hyderabad aleo revedlad that late planting beyond Jume=July
signifieantly reduosd the vogetative growth partieularly the
laaf orea development (Anom., 1978), Study of tha components
of leaf area indioatcd that the leaf numbder tetwean thess two
types ves 8lso widcly differing, HNoarly 6 fold deorsane was
notieed in the short duration emltivars, Amopg tho sowing
dataeg, the Dy was leading by 6 fold incro@sc as compared to 35.
Betwean the two types of cultivors the ILA was larger in long
dupation cultivara, But the diffcrsmee was not convinoingly
wide, Betwean the sowing datea, thore wae 8 diffarcnec of

6.3 alz in ILh between Dy @nd Dy

Batwesn Iy and Dy aqsings, leagf area reduction wasg
only 66 per econt while lzaf nmbor reduction vee in the order
of 525 per cent, Honve the wajor dstuamismmt of 1:af arce
betwoen Iy anl 1')3 powings appoared to be the loaf numbor, The
role of ILA was only sacondary, Dctwcen $wo types of odltivers,
hopcagain, loaf aumbzr conteidutsd towards voriation in leaf
ares whieh was 514 par cent while gi3a contridution was only
18 per cont. It wag the leaf number (at the cultivar level)
that deglded the leaf area per plant, ™his s i» clope
conformity with the fimdings of Singh gf al. (1977), vio Also



reported that the l:af number was the matn dotorminant of
laaf ares per plant rather than the individual leaf sise,
This hal been further confirmed by correlotion stodies et
50 par gent flowerin: whish hed ghown & high positive and
signifioant relationship of leaf area to the leaf number
(r = 0.9678%*) rather than to the ILA (r = 0,7018%+),

The rote of leaf projustion also fyllowed the pimilar trenmd
noticed in the leaf nunber, The leaf weight also followed
the trend notisoed in the lcaf arce developmant. Tho waighs
alco appeared $0 be monitared dy the leaf nunher rathar than
the ILA,

Plant height

The height of the plant was significantly influenced
by the sowing dates and 1t was more in the oy sowings as
compared to DB' Similar finding was reported by Roysharme gt a).
(1980) who pocorded 2,55 m of plant heisht in June sown crop
ag sompared t0 1,07 o in Sept mbor sewm cror. In the nresent
etudy, the short durstion eultivars appeare 0 be shorter
ap eompared to long duration cultivars,

Hunbar of branches and stem weight

Tookinz to the date relating to the nmber of
hranehep and otam weight, 1t could de safaly ooncluded that
short duretion ecultivors were having nearly 50 por cent lass
of hreanchas 8s comparaed to long dwrotion typea, The long



dmation cultivars had 24 folds of stom weight @s compared teo
ohort duration cultivars, Botwoen sowings, the mamber of
branchss chowed 2 fold imareoge in the Iy in emparison to
Dy wherefs the weight of stem showed 35 fold inerease in Ty
ag egainst Dgo The differemos wer: foumd w0 be algnifigent
at all lovels, Hamarten (1976) also ebscrved mere number of
branches per plant in April sowing as compAred to Scptember
sOWR QXOY.

The L/: rotio tRA indigated that thc short durction
eultivars were norc s@ficicmd in the lenf wolight increase per
unit of stom weight Go comparsd t0 long duration oultivars,
similarly, the 33 sowinge anpeared to bo ooee cungenial for
efficisnt lzaf ;roduction,

veight of remroduotive parts

48 expected, the welzht of the produptive marts was
high in the lomg Juretion oultivars. Ncarly 2 Zold Ainercage
might be observed in long luration cultivars as compared to

short dupation eultivars, waarcas b:itwcen Iy and 33 swings, the

decreogs vwap aare thae 3 fold in 11, vhigh agnin indiraetly
inflaonced the reproluctlvs strugtupes favourably both in Dy
and algo in long durciicn eultivars for higher ylold.

ey satter accunulation

The total dry matter acoumulation wes significantly

affootad by dats of soving md 1t was tle major yleld detcrminant



along with Marvest index, whigh appoared to be favourabtly
dispomed towards tl2 long durstion cultivors, This trend wasg
notigeatle in the Dy @sowings alse, Cowparing long am short
duration oultivars, the total Ary matter accumulation
increased pearly 11 fold im the farmer, Dotwocen Dy and Dy,
the increase was necarly 17 fold towards Dy This io in close
conformity with the findings of Chauhan ¢f al. (1982) who
racorded higher DMA in AprileMay plantings than that of
November=Degembar plantings. The dry weight of the latexr
plantings were only a tonth of the farmaer., In tho present
atudy, the higher yisld in the long duration eultivers and in
Dy sowings were mainly monitored by the total dry matter
asoumplation in this orop.

Growth Analysis

Leaf Area Index

T™he trend in the LAI indiecated that in general, the
short duration cultivars were abls % maintain lower LAL
(0.699) eompared to the long duration group wvhich BAd higher
LAT (4.606)s The LAI was significantly influenced by sowing
dates, Detween Dy and Dy sowings, latter sowings had showm
lower TAI ag aomparsd to Dy. Here again, the differance was
ve:y vide (0.950 in Dy 88 againet 8,98 in Iy)e Similar findings
were reported by Cheunsn gt al. (1982), They observed that
strikingly greater LAI in the April and May sowings than that of
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November and Dsgembar sowings. e time treni in loaf srea
development (LAI) in this present stuly had shown that it
inoreased upto 50 par cent flowering and thersafter deelined.
These observations are in confirmity with the findings of
Tayo (1983), The faot that higher LAI Achisved by the long
duretion cultivars end in Dy sowings were stle to justify
higher mroductivity in these two situations mainly because
the LAI which reprcsamted the tosal photosynthetio sueface
avajlable for crop productivity, This assin deterained the
total T¥A per plant or por unit land ares,

Fet acalmilation Rate

The trenip in NAR oonld indicate highar valpes in the
short duretion cultivars so also in the D, sowings, Sheldrake
and Narayanan (1973) also obtainad a aimiler findings in
pigsonpes thet indcterminets ov. T 21 hAd lower FA: value than
the medium duration cultivar ev, ICP 1. It is portinent to
remasber i thepe two gituations, whemever, the NAR was low
(both in long duration cultivaras and &leo in D, sowings), high
DMA bad ocoured primerily dme ® higher LAI notleed both in
long durction &g well &g in D‘l sowinge, The higher LAI could
nave maply compensated the lower RAR thapedy leading W highear
DMA per upit land area.

Crop Growth Rate

OGR was high in the long duration oultivars and alse
ia Dy sowings. Zxpariment eorducted st ICRISAT confirmed the
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above findings, It was cbecrved that Jume eawings recomded
higher OGR than that of Desombcr sown erops. The Jumz mowings
coinodded with high tempcrature end solar rediation which
fovowrsd higher OUR in Juns sown crops tham that of Depamber
sown ecrope (inom,, 1962), These findings indicated that DA
por mnit lopd wac mainly monitared by leaf arca yather timn by
RAR. The AGR snd ROR 2lso followed the trend similar to tat
of OOR,

Leaf Apsa Duration

The LAD was obgerved to be very high in long duration
cultivars (226.05) ae compared to short duration types (17.25).
~imilarly among the cowings By had roglatered vary high LAD
(565.84) 4n comparison to Dy (31.34). Chis again goes to prove
the fact that leag duration cultivars and the . sowings were
able %o chow higher nproduotivity mainly beecause of higher Lil
obsarved in these two sitnations, This is in gpod agrcement
with the findings of Hepde and Saraf (1332),

Specifin leaf weight and Spoeifie leaf Area

™a SLY was found t0 ineraage continucusly during
the ontogeny of the plant wvhich wae not normally obssrved in
pulse crops, 7ha normal trend of JIW oould de an increasing
trend np to 50 par oemk flowering and thereafier it declined,
Mo trond odssrved in this parameter Almc followed. *Re



similar trend in leaf weight, This ooold only point out
that, even whe: the gink demend was very high, the investment
of DM in the leaf wap reither reduced mor depletsd., e
trend of SLA was opposite of SLW singe this pavameter was the
reciprooal of siw,

lent irea Ratlo and Laaf weight Ratlo

Theae ratios generally wemt down as tha @9 of the
plant advansed, The LAR trend indieatsd that, the lecaf arce
deorsased par wit dry weight of plant in all the throe sowings,
Pindings of similar trend wers reported by Tayo (1982) wheo
observed that deersased LAR towards maturity, 7The loag durction
eultivars reoopded lower values tham thoss short duratien
evltivars, The IWR bDohsved lrregularly &s rogords time trond
and alge in different sowings. Thie kinl of trend could be
surmised sinoe even aftcr flowering continucug production of new
leaves wae taking place simultapcoosly with the continued loaf
drop throughout the life span.

Pallen leaves

The magnitulc of the fallen léaven a;poearad to follow
the majer trcods moticed ir growth analyeis. The lonz duration
cultivars and I, sovings fawured groator ehodding of leaves
than that of short duration oultivars and D; sowinga. 2
major £indings that could bec Alacermed was that tho groater
weight of loaves wao 1ot at ¢t time of first flowring in
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all the three sowings. The higher 22llsnm loaf waight obecreved
in Dy is in confaraity with the findings of Roysharma g§ al.
(1980) who reported that ths quantity of leof fall was
apreeclably higher in the Jume sown erop (56370 le.hn") than
in the Septisbar sown erops (2350 kg.ha™'),

Phyelologiexr oanalysic

Chlorophyll contesnt

Batween short sod long durct fon cultivars, highoy
econt:nt of total eohlorophyll, a, b and total were notioed in
thc latter 4{ype es cotpared to the former, The tim: trend had
shown that both the a znl b and alao thr totad chlarophyll
cont®m ta were progrocsively inmersased upto S0 par cont flowering
anl dreprcused thareaftor., It wa aignificantly influoensed by
the sowing datea.

Stomatal Resistance (0G,) and Photosynthetic Rets

Tue muan rca.stancs for COy betwoen the two types of
oudtivars was found t© bo lower ip tha cace of long duration
sultivarg as comparad to shart daration cultivaras., The 4
eowing siguificamly siowed tho least resistancs among the
three Aifferent datep of sowing. As regurd the time trend,
the resigtange wis on the inercasing trend ag the erop
progresssd in its growta. Tho photogynthotis rete por unit
lonf area was high in the sort duration gultivars as compared
 long dupation eultivura, Cultivar differcoves in %o rate



of photosynthoais of pigwnpoe letves hed lse been reported by
Panday gi 8. (1976}, _ven though tho stometal reeistange

for COp wes lower in tha leng duration cultivars, the yeason
foxr low photosynthatie rete in these typom might ba Que to
higher meoophyll rosistamse. %This is in olose confoxmity with
the findinge of MNatarejaratnam (1985) whe also raparted that
high @esophyll resistance was ossociated with low photosynthetio
reta., Onc psouliar time trand moticed in all tia threo sowings
wap that stomatel rasgista-ee for 00, increased up to 50 per cent
flowaring with a simultencoun incrssge wit the photosynthatic
rate, This phenomenun could be explained on th: bagis relative
of musophiylls repictonee function only, 3ut im the barvest stage,
1t ic not only etomatal resi ta:oe w:lch inoraasecs, but
paouliarly, tie photogynthetis rate had coms down. POssibly
moeophyll resistence puddenly imorcassd resulting in lowaer
photosynthetio rate may bs due to normal Sanesecnee of leafl
eclla, The exmact reasor for such A )horomenon is worth

investiguting.
Stomatal Resigtance (11,0)

The: stematal resistanec for vater vapour was aignificant
at all leovels, Thz mean volue indleated that the long durciion
eultivors were posscasing lower resistance than that of
ghort duration cultivars, The resistance was found %o inarease
lincaxrly over differsnt stages of orop growth,.



185
Trenspirotion rate and leaf temparatuye

The parameters, both transpiration rate and leaf
teaperature were signifioantly influenced by tho datep of
sowings. ‘e diffcremse of stomatal rosistence (H,0) between
two typa of cultivarz on the tremd over different growth
atocas ha? Ltz rofloction on the tron! of tronmiration rate
also, The long durction cultivore favoured hirher teanspirae
tion rate while the developmental stazos indissted lowering
of the transpiration rates, She trand between the two typas of
cultivars was thst the highar trenspiration rate waAp aceshe
panied by the lower lcaf tempersture. This effoet wos poaesibly
dve to the highar eviporstive cooling dug to higher trange
piration ratc in the long durution oultivars, Similar opinions
were ulep exprosced by vYackeon (1961), (o oxpressed that
higher transpiration rates werc aagsogiated with lower l-af
temparature, The trend of tramspiration rets anl leaf tempapa=
ture over atages was slightly differcnt, The trangpiration rete
inepcaged upto 50 per cent flowering and deelined tharaafter.
As regarde leaf temperature, there was a stcady decline uwp®
50 par eant flowering and @ conciderable incrcase wag moticed
in the harvest etazs.

Leuf Relative Rumidity
The pelationgbdp of laaf rolative humidity and

tpanapiration rats botwsan th. two types of coltivars had
ghown that the highar $rapnspiratfon ratec was asgocisted with
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higher leaf ralative hunidity. This trend could be readily
understood (n the it o relstive hoamidity nsarer the
leaf boundry layer had to bs highar in oases whercver the
trangpiration was highar,

Leal woter potential

Thée leaf watar pote ntial ¥as signifisantly monitored
by the season, The leaf water potential appeared %o bde less
negative (more watsr contemt) in the long durotion cultivars
a8 compared to short dwration eultivars, This could de related
to higher transpiration rete recorded in long duration
eultivars. In thie context, Ramesh Badbu gt el, (1982) elso
reported that transpirotion rate was closaly rolated to leaf
wataer potanttal, Thoy al m observed the rodused trenspiration
rata when leaf water potential charged from =13,0 to «18,0
bars, showing therehy that they were more tolersnt to watey
defiodt. This might preforedbly be duc to the deeper root
gyaten whish had alrsady beem mantioned. Thig is in close
conformity with the findings of Passiours (1981) who reported
that the deaper root system was gorrelated t0 the maintensnee
of low water posentinl (higher wator comtent), The leaf watar
potantisl appeared to dearsase progressively from (low water
content) Dy to Dy (high water content).

Canopy growth and Light interceptiom

The 1ight intergeption studied st first flowaring had
ahown thet the long duration cultivars had higher ground ares
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ecver &s gompared to the short duretion oultivarg, Similsr
observations in pigeonpea was aleo resorded by Hughes gt 8.
{1960). The mean of thres mowing dates also indiected

8 gimilar tremd, The 1)1 sowing oould generate highar leat
area devalopment and higher ground area (95 per eent) as
ecompared to 1)3 which ahowad the least ground ooverage

{81 per cant)., Thcec trands inlleatod dettar utilisction of
solar 1isht for the erop growth by the long duration gultivers
snd deo in Dy sowings, The above trend has also bean noticed
1o 1light extinction cgoefficiemnt (k). Hughes gg a), (1981)
was aleo of the same opinion thot high liaht interoeption wes
spsociated with low light extinction coofficient and thus high
biomass production,

Path analysis of Yield components

The nuaber of pode per plant was the main yield
component which contributed maximum 40 thc yield emd pod
satting par eant to @ lesser extont vhereas the 1000-sced
weight and number of peods par pod hed only weak positive
effcet on yield, This 1s in close conformity with the findinge
of Rewden g 2l. (1981). Similar findings were reported by
many avthors (Ysdavondra gf al. 19813 Suresh Kmar, 1983), e
high agsoglation dstween graim yiell amd numbsr of pods per
plaat was mainly through tho maximum direet offect, The
indiregt effeot through othar coaponents was ncgligible., uith
regard % pod netting, the direet effect was negligidle whils
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the indircet effuet wea through the otrey compononts such &s,
DX, harvest index and 1000 grain woelght,

Thoe negattve cffeat of gyain yicld with harvest
index wae mainly through the strong significant negative offsot
of nmmber of pods per plant, The wesk positive amseciation
et 1000 grain welcht with yield wes mainly due to its negutive
direcy effeet imspite of all other charecter whigh had positive
effect. cingh gt al. (1981) reported that the grain yield had
negative aospoistion with 1000«grain weight.

Nutrient uptake

Gonarally, the uptske of all the nutrients such as
R, P, E, 02 and Mg were signifieantly influcnsced by the sowing
dates, In the case 0f nitrogen uptake, stem accumulatad more
nitrogan 1n Dy and it was infloanced by high dry matter
seoumulation., HOwcwer, the uptaks was dearssaed prograssively
from Dy to DB' Ppoled analyeis revealed thet the overall ¥
gptake was more in the grain amd followed by stem. Siailar
trend was noticed in thc phosphorus upteke %00, but the overall
P uptako wae mors in the stem than the grain. DPotassiunm,
esleiuz and magnesium elosaly foliowed the phoephorna trend,
A1l thege nutrients recorded higher uptake in the long duration
eultivars then in the shart duration types. The deepsr rood
system, more oandpy growth and longer eropping period might Imve
resulted Iin more nutriant uptake in these oultivars, Similer



trends were reported by Singh gt s}. (1983) who also obaerved
tmt long durotion pigeonpss cultivers romoved higher amounts
of nutricats from the soil than thoes of short dnxstion types.

As regords the total uptake of nutrients among ercp
componepts, Mitrogen vas found % de the major nutrient followed
by potassium, caleion, magnesiom and phosphorus raspaotively
in the deercasing order of quantity romoved,

Proiain analysis

The proiein gontent and ite turmover ware influemeed
significantly by the sowings., The higher protein content in )
coincided with the normal growing scason of the crop. The
lew contont in Uy might be attributed W the uigher Liommss
and yleld pesulting in the dilutfom effcot. Howev:yr, Singh
et al, (1971) found that protein contemt of the sced wae not
at all affected by dstes of mowing. T7The protain turmover
both at per plent apd at population lowvsl desroased pmgre~-
seively from D, to Dye This deorcsas could de attridutad to
the roduged graip yiold rather than pretein contenmt. The
sz00nd sowing (Dz) roeorded the highept UHI among the three
sowings. Thie was achicved by the morc afficient nitrogen
partition to the ainmk, Thio misht @lw be the peason for the
highar protein content im 2, than the other sowinge, GSinilar
40 the ordimary caloulated harvast indax, the NIl wos mor?
in short dupation cultivars, Studies on nitrogen harvest indax



145

conduetod in wheat by sustin gt al. (1960) indicsted the
tronds observed above,

Stability amlysis

Genotype x :nvironnent intoxection had been widely
observad to play an lmportant role 4in the axpweasicn of
phenotypesa. 1 phemotype ig the presult of ap interplay of &
genotype apd {ts environment. The ability of the individual
to chow plaptic responsc ¢0 veryimg snvirommonts is of epscial
interasgt in legumos, £ince no other orop is expeeted to yleld
mnder 8 divercity of climatie, edaphie and managememt econditions,
This L8 true in the cace of pigoonpeoa, when yiclle are pubjeeted
to marked contrests in varying olimatio comditionn, Importance
of studying ti Genotype z Cnvivommaent intardGetion in terms of
physiologioal trcite for oapop improvam:nt in pigeonpee had
baen otressed by Iawn (1980),

In th: present atudy, phemtypic atabllity porforménces
wvan peasurad for 12 paranetars in six pigoempesd cultivars
comprising of both short duwration and long duration cultivers
ovar three differ:nt sowings using the model developed by
Eherhart and Russell (1966). Similar studies in pigeonpea
was oonducted by sarlier workers (namsnnjom, 19753 Jag ‘horen

g% a1,, 1981),

A perusal of warismo: for phanotyple siability in
pooled analyeis indieated that the semson (lincar) was signifioant



for all tha dharactar¢ exaopt leaf/sten rutio, Variety x
eeagon (linear) wae signifisent fop all the eheracters aexeept
number of sceds per pod, individual loaf arca anl photo-
synthetis rate, The arithmetio transformation of the mean
squares into the pmresniage of linear and non lincar gompononts
ghowod that the mresenos of high degres: of lincay oomponsnt
than that of monelincar compoment for all ths yiuld and

ary matter ooaponants execpt HI, Thougand grain weight and
nuubar of a8ceds por pod where thope three poreametor ghowsd higher
non-lincar eomponznt ii8u the lipbear ccaponsnt, The liazar
componcnt was mBximum for the LiI, total dry maitar, Biom
weizht, L/S retio, %o, of ped por plant folloved by No. of
braneh:s per Hlint, photoeyailcols and imdividual leaf ares,
Those findinge 8ro 4in gowd Gupocient with the findings of
romanujan {(1975) who rcported that the percenta;c of limsar
componedt was higher in wuober of pods par plapt anl grain
yicld them the non linsar eomponuts,

Iberhort and sosmell (1366) defined a otehle gemotype
ap one whieh shovwed & high mean yleld, rogression coefficient (b)
aroand unity and deviation from regrossion near o zero.
iecording to lamper g} &l. (1973), the regresolion co~efficiamt
is a measure of rosponsc to varying environnents, Ths msan
scuara for dovietion from limear regrassion 10 & true messare
of produnotion stadility. Out of six pigesnpea cultivers, omly
those which showed high mean (oversll mcan + two 5i) were
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eonsidarsd far elasaificstion and they were claseifiad in te
four greups ascording to the metnodology followed by Mehya and
ramsnajam (1974) ap) Singh amd Singh {1980),

aroup Hoan e s-df
I digh moan Arcund wity (7o) roumd zere (WS)
Ir Tigh maan Sigpificontly de~ iroun? sero (55)
viating fron
Unity {s)

111 Aigh mean Significantly de= Signifigantly dew
viat fron viating froa
ity (S) gere (°)

v Hiph mear sround onity (Ns) “ignifiocantly de-
viaiing from
gare (5)

48 = Ron simmifioant
S = Lijnilwoent.

The oultivurs galiing in group i wiil have avarage reoponge and
high @tability over tlu socasoms. The cultivors in group 11 will
aover aroand svorege reapomse {balow ar cbovs) that will be
suitable for atyues or favourablc emviromnent, Bahoviour of the
gultivars in greap IIT and IV eannot ho predieted, All the
three parameters of otsbility namoly, high mean performanmce,
1t and §78° were considored together for the twelve chamoters
gtudied and were presented im Tablc 66 to 77, and Flaures 2 o
13, From gtability enalyeis, it had b.on marksed out that grain
yicll in the cultivars tcetcd was the highly omatablc trait
(Zable 78). hs stated alreedy, none of the cultlvars coull show
sny pomarkable stability for thic most important troit namely, the
grein yield, This instability was also reflootod in the HI amd
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Table 78, Clasaifieation of the varieties based on the stadility

paramaters
Parametor Group I Group I1I Qroup III Group IV
1. Fhotosynthesis CRG § - - -
2, DAI CORG 19 PLG 361 - -
S5 1
3., “tem weight - CRE 11 - -
PLS 361/1
L |
4. L/ ratio Jrs 120 - - co 5
CORG S
5. Individaal sS4 1 PLS 361 /1 - CURG 11
leef area
€. Total dry - - - CORG 11
matter LS 364/1
accumulation 8\ 1
()
7. Fumber of s 1 PLE 561/ - CORG 11
mranchze
8, Tumber of - ooRG 19 - -
pods per P A61/4
pioat 8A 1
9. Fuobar of sa 1 - - LS I
aecds per
pod
10, 1000~grain G 5 - - CIRG 11
weight P 3614
A |
Harvaat CURG 5 - - CCRG 11
W dar o UTAS 120
42, Grotn yleld - - OURG 11 -

PLE 361/
5. 1
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DMA also. These two attributes 433 not show any atability
in any oultivers with one exoeption 1.se, CORG 5 was found
0 bhe stable for HI.
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GRAIN PRODUCTIVITY-R iGAPITURATION AXD INTSCR:TION OF PHYSIOLOGICAL
RUSPONSSS AR PHNOTYPIO EXPHISSIVITY

In eny arop, yleld is the final integrated
exprasgion of many physiologienl rocesses that are irvolved
in the growth aml developmont of the emop. Any manipulstion,
wvhether it be genetisal, physiologiecl ar agronomieal, will ba
useful only if it ean lemd t0 higher econonic yield., The
processes loading to higher economic yiald end thoir patierns
in differont meagons are the major undexlying oaunzes which
deelide the exprosoion of yield, The variations in yield in
differont ecasns are thus the outoome of the diffgremges in
these underlying prooesses and their patterns.

Pigoonpsa chows remarkable variations in yield when
grown under differsnt seasona, The axperimental results
desorided nreviously had shown large fluctuations hetweaen
Pehruary, June and Soptamber sowings. The grain yield reduction
in both group of cultivars in D, s oompared to Ty was 60 per cent
and vhen D3 wag again ecompared to Dye tha reduction was
77 per cent. 4 peduction of 44 per eent was obsarvwed between

n’ and Dz-

In the forthooming pagee, an attempt 12 being made to
understand and diserimimate the vorious physiclogical
perameters and growth attributes which ware respomsidle for

yisld vartations in differemt sowings. The respomses to
woathar variations and thec components of the weather parameters
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as relsted to differential respamses of phymiologissl attridutes/
growth ohsragteristios are highlighted in this stody,
Iovestigzations on the Gemotype x mviromment inmteraction whish
infloenesd the axpression of physiologiosal and morphologioal
attributes pertaining to the varicas gultivars were also
ondertaken, Thc main thrust was $0 find out either a ecnltivar
known for stability in its ylald or those physiclogisoal/merpho-
logioal attributes whish waere stabls over scasons and whieh
could ensure highar otability or parformanos over vurious
souings.

The recapitulrtion and intagration of the result o
partienlarly aimed to draw our attentlon t0 tha various yesponges
of the cultivars ap evidsenged by the colleeted data, It is
alao attempted in the following pages to integrate the various
trsnds se ag to jnstify the objactives dafined and also to
aggeosg the extent of fulfilment 4in terma of holistic appromch,

Oroin predunctivity

The pooled ylald data of both long and shert duration
oultivara had shown that the prodvetivity dcersased progresd vely
from Dy 0 Dye Ag regnrds short durotion onltivars, the trend
wag that datvean Dy and Dy the yisld went down by 3% par cent,
while detween D, and Dy the reduction was 52 par cent, The
flustustion detwaen D, and Dy was 87 par gcent, The produstivity
tpends in long duration caltivars waa 2lso of similer trand- the
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reduotion belng 69 psr oent batweer Dy &nd Dy, 39 per oent
betwden I God Dy sod 81 par cent detwoen Dy and Dy, Oomparison
of yleld redustion percentage betwean the two typos bad shown
that axeepting botwean Dy and 3y 10 other powinge the differonccs
weye wider in long darotion ecultivers, The possible

infercnoe 00ald b2 that substantial reduction did oecur im

both the typee in 4iff ront sowings., The reason for such
voeriability in ylald reduction oould b aseribed to varicus
premetars of podcopality, Gamgull and Srivasteva (1969) also
reparted that envirenncntal factors had the greatest influance
on seed yield per plant., In thie context, Singh gt e}, (1977)
alge obsorved the hishest pesd yilald in erops sown on May 20
while Jdecrcased yicld was observed in the succeessive lats
sowinge.

Seasonality and THA

Sowing dateg had ajignifisantly influenged the DM in
both typee of eultivara, The highest IMA was recorded in 7,
while @ decrcasing trend was visible in othar two sowings. The
maximues temperaturs was higher during the D, sowings in
oomparison t0 othera, During thls pariod, msan photosynthetis
rate in all the cultivera was alapo indlostive of higher rates
per unit leaf ares {7ahle 33). The IAI (mean of eultivers)
alse followed @& similar trend, The nyctotemperature vas the
Yowest in Dy and higher myetotemperature in I, conld de
responsible for higher dark respiratiom, this d14 not affoect
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the DMA per umit land aree during D,. This was probobdly due -
to higher rate of DA whish compensated the anhanced raspiretory
usage of MM, The nmean day temperetare cheerved during Dy
osowings wes 32,94%C, ‘This 18 foumd to be noarer the eardisal
tamporoture for maximss grewth and photoasynthesis of 03
herbacesus plents (Dlosk, 1973).

Lower nyctotemperotures in T and D3 sovingn ware
fourd to D2 linked with highser HI in these two aowinga even
though yidld and DMA wore comparativaly lowoer in th:se two,
Probably partitioninz peresntags 0 the sink was more cffeetive
in thepe two sowlngs. These observotione are in good egrecmsnt
with tno inforange drowm by skinola und Vhitemen (1974) who wee
of thas opinicon that coolar tmparature ould lead %0 higher
HI, Sheldpake and Naroyavas (1377) also obtained highsr HI in
rabl peason & comparcd to kharif, when the temperatuare wvas

eomparatively higher,

In addition, DMA wao highly and positively eorrelated
with omulative heat units im @11 the stagen of crop growth
(Tatle 55). Thage findings confirm the oboervations of Thingra
gt al. (1980) who obtained positive 2nd signifipant correletion
betveen Sscumuleted touperature onits and DMA, The cumulstive
bheat mmits apd photothermal wmite were founi to be highest in
Iy sowings and oll tho woathep parameters viz., cumulative
evaporation, samshinc hourc and solar ruodistion were positively

coprelated with DI,



Sesomality amd Stnk Charactaristies

4 distinot outeome from this study of various
attributes that were influenced dy seasonality was the
constanay of grain filling paried in all the tiree sowinge
irrespagtive of the cultivars (Pig.14). The weather 434 not
hare any impact over this very iaportant weolt of the cultivar.
The longar grain f£illing peried (GFP) hal becm roeogniood
a5 the most important determinant of tho hish yialiing
potential of many erope plants (Asame, 19753 Dowit, 19T
‘ans, 1982), The fact that this sttributes Ins not been
altercd by socasopality is a significant wnderstonding for
yield manipulations. lianos the redw tion in productivity in Dy
and 1)3 might be duc to the other componentcs relating to the
oink otrength nomely sSink sice and activity, Sing strength
copgiats of two anjor components vie., almk ;ise and gsink
activity (vareing end Patrdek, 1975). The ocink activity could
be farther sobdivide? into y2t another two components and
they are the grain f£illing period (GFP) und the rete of
£411ing (RF) (Poarnon and Hall, 1984).

Purther analysis of dats acounnlated in this study
poirted out that the alimk slse in terms of assds per plant had
gone down drastically from D, %o Dj. ™he ealenlated EF waa
aprived as followss The IM asoumnlatod by the pumbur of s8edn
per plant apd also per secd wes divided hy the GFP. e

date ave given balow,
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Oomponants of sink strongth

nate of 8ink sizc Sink activity
sowing Grofn No.of  Grain 111 Rata of £illing
. %?ﬁ:. i ¢ g:g.‘)(
;inntl; ge;ﬁr
2, 102,12 1452.9 43420 2500 1.7
D, 40.5T  515.4 43415 340 1.2
Dy 23,15 309.0 42,13 550 1.7

The rate of grain f1lling caloulatsd on thu bagls of yor plant
deoreased fros Iy t0 Dye When caloulitione were mads on the
aingle sced basis, thars was not muob dlffcrenpa betwoan Iy md
133 and 8 clightly higher rate was recorded in D, This aould

be pelatsd to the aignificantly higher 1000 grein weight in Dz
ag compared t0 Dy ond D,. These trends indicated that it wap
the sink size which Jotomained the yisld in different ocasons
apd the sise was largely altered by the weather parameters,

Ras RP was not aliared by the anvirommen$ when this was caleulated
on single seed btuasis, 0f coupsa, whon the same nraramafer vas
viewed on the basin of & pingle plamt, there was a loy of
variation, Thip was mainly due to higher number of pods yper
plant in Dy, Trom thio study, it could safely be soncludad that
the GPP and RF were not d tered by the eowirenmentel faotors,
Pearson and Hall (1984) were of the opinion that anvirommantal
e2fsatp on groin £11ling eould be quite important although it
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eould mOt de possible to rogolve thome effoots inte GFP
and R¥ coaponents from the data pablished $i11 then,

inalysis of the ssasonelity componsnts revealed
thet ell the pige npos cnltivars wednped their vegatative
growth paried markedly and ocame to flowe:ring earlier in D5
sowings, It had been alresdy mentioned that GPP (Perind from
50 per oent flowering o harvest) wap not changed either
in the cultivors or undor diffaerent scasons. This reduodd
'metaﬁ.n growth wvas probably momitared by its senaitivity
to photopariod and day length since pigeonpes orop happened
to do qoantitatively & short day plant., But peenliarly numder
of greins per plant whioh was indipative of large number of
flowers retained, had shown that D, and Iy sowinge were bettar
fay the intiation and msintoname of ) arger aink sige, Thias
wap indireetly mchieved through the high LiI end IMA price to
the flowaring. Thesc two growth charoeteristios were largely
guided by higher tempareture and other favourabls enviresmamtal
conditions, So, it could be comoluded that the temperature
modulations rether than ths shorter day oonditions were more
repponsible for the yicld,

Sunmarising the effect of ssasonslity on sink ghsreg=
toristios of pigeonpsa, 1t san bo ooneludald that whenover yisld
variation had been obsorved andar diffcrent pcasons was
atdributable mainly due $o the reduction in the aink sise., In
other words, the reduation in the nmsber of seeds per plant
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was fomd to be responsibdls for this phemomsnen, 7Tho other
two sub componsnts contribating for sink strength, nemely,
GFP and RF were mot greatly altered by the environmental
changes in different smwings. This imijeatod that further
arop improvement aimed at stabilising yield under different
aeasond, should be goncentrated towards the stabilising the
aink sise, namely, the number of geeds per plant, This is in
good agreement with thc ifferenges drewn by iAbrams snd

Julia (1373) who were of the opinion that seed number per
plant was the most importart yicld determinant in 3.lgeonpea,

Dures aizs

The mmin contridbuting factor which reduced the aink
pize wag the varfotion in the LAl which was very miriking in
Dy 8pd Dye The trend bad ghown that nearly 80 psr eent redue-
ticn in LAI hed occurred in T 85 compered %o o4t 50 per eoant
from Dy %0 Dyj %O per cent from Dy t0 Dy In otherwords, the
powes Strength wag the faostor thet wao malnly influencing the
sdnk gize (Ratmoen gt al., 1977y Gsiger, 1973) Fischer and
Stockman, 19803 Yoshids, 1981). Thae refuced gouvee eize (IAI)
vag responsible for the reduced gink sise observed in I, and
Dy sowinga, vhen source sise was split up into its componentia,
namely, bumber of loaves and ILA, the following trends were
obsorved, The lsaf number wae reduced by 75 per cant in Iy
nmmnn‘.ﬁwmtun,nwmnnz. A
relduction of 8 per gent was observed un,ucolpmton,
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ono¢ agein. Ag regurds IIA, the reduction was not ® umwh
&s compared to leaf nuaber. The redustions wers 11,5, 22 end
33 por oent am obsorvsd bhetwaoen Dy to DH' Dz %o 1)3 am D' %o
DB respeotively. Proo the aove trond, it could be inferred
that souree number (leaf number) rather than the ILA was the
detorminant of tho sourse aisa,

Seuree activity

As regards gourgs &otivity, the photosynthotis reds
per anit leaf ares was raduged froa Dy to DS' 4 redustion
of 3 par cemtro-n1 t0 Dy, 11 pereenf!ronnz ton}aad
14 per cent Dy to Ds was noticed, “ven though ¥he redunction
wae progreesive, the pereoentage reduction was conpsvativaly
low when viswed simultaneously along with loaf number reduction,
Hemoe it ip prasumed that smy inersase in the leaf nomber
(souree numder) will naturally lead to hisher souree misze
whioh in turn will help to gonerate higher sink sise, This
incpcase must de stable over seasons, The existenoe of cloes
corralation betwoen grain yield amd LAY wes recognised in
plasonpea by Singh gi al. (1977); Saxena ond Sharma (1981) amd
Shawma and Saxena (1983), Thay were of the epinion that larger
nasbar of smaller loavee ar optimum of larger lassves would de
nesessaxy %o influenes sink atrergth pomitively,

Obsorvations op the HI, indicatad Bt the paréi-

tioning cfficiency was not a limiting faotor for yidd in D‘
apd n, mvings. The high paptitisning efficiangy notised in
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Dy and Dy 444 not ensure higher y1old basauss of insufficdent
source sige during these pertiods, “inee suffisicnt seures

size was pot ensurod, the yield gould not be mmintoined in
diffcpent ssssons, Ihe higher yield 1ia Dy was attridbutable to
the highor souree aizo, whieh in tum was reflscted in the
highor capopy development and ground ooverepe. The ground
eoverage varied with oowing dates; it was 95 per cent in by
92parcentinnz and & pareantl.na,. This trond vase

alpo reflected in the light axtinetion coeffisient values (k),
which increased progrogcivdly from Dy (0,71) to I, (2.61) and
alm from D, to Dy {2,85). The k valu: tronds clearly indiosated
that the T, sowings used the solar energy more cfficiently from
the IMA than the other sowinge, 4 simfilar rolationship detwean
productivity and radiaticn intereeption hald bean noticed in e
namber of studles iuvolving groin legumss. In 2hageolug
Yuigaris, dry matter produetion inaressed with inorsasing
tryediance (Magalhess and Montojos, 1971) whieh wae reflected
on the grain yleld whish showed increase with insreasing prepore
tion of intercepted radistion (Zmyi, 1375). In soybean erop,
there wvag & lincar rolationship betwaon maxinum Ary mstier
produstion and amount of rediation intereepted (Shibles and
vgber, 1966). In the pase of pige:mpea, & non linesr relation-
ghip was obtainod botwaon the dry metiey yield and the yroportion
of radiation intersepted (Hughas g§ @l., 1981). In the present
stody, eventhough the HI was low in Dy, the yield increass was
dnc t0 the higher spurce sise reprenenied by higher LAX besides
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greater DMA, The importence of DMA in improving the grein
7814 in pigeonpsa cannot be minimised and its majer rols in
determining the yield was reoognised by Xshringe (1983),

Iattorng in peth end stability ecalyses

The path enalysis indilcated tret the armber of pods
per plant was the najor direet sontriduting factor %0 the
produstivity of pigeonpoa. The othor porameters Aleo contris
buted to the ylold bu? indipcetly. The partial ragression
analyais (Tahle 34) indigcated the imporsance of numbar of pode
par plant to highar yield, The seadrs per pod showsd nogative
and wesk polationship vhareas the HI ghiowad woak positive
agsoointion with ®e yislad,

4 oouparinon of etabllity oi various paraseters as
axpreaced in the cultivars had ochowvm ¢thatd the gryain yicld in
pigeonpoa emitivars was comparatively unptable, This was
furthor confirmed by the analysis of lincar and non lincar
componsuts, It was ohosrved that pearly 38 per eant contribue
tion was by lincar ecmponent (nviromscat) and 2 per esnt was
through nom linsar componsnt (Genotype). This is in good
agpesment with the findinge of Ramanujam (1375), who alwo
stodied the non lincar and linear componsnte of gerotyys X
enyizonment intersction in pigeonped and fourd 73,81 por cend
and 26.39 per oent contribution lincar and non linzar component
respeatively. In the preacnt study, the other oleven parcaster
peancly phowaynthetia rate per mmit loef area, LAI, 114, stem
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ary veight, 1/5 ratis DMA, mumber of hranches, numbar of
pods per plapt, 1000 grain woight and HI seemsd %0 be
stable in one or the other oultivers, Baving edaerved that
the grein ylecld was unstadle in all the oultivara, 1t eould
bs moted that the cultivar SAI was perfarnming st a higher
planc among all the cultivars as yagords itz groin prodose
tivity, Jiaoong ths ssort duretiom oultivarc, OURG 5 seomed
t0 be & high yiclier, :ven though differances in 7iald were
vary high betwoon phoxt and long duvetion cultivurs in Dy
sowings, they were narrowed in D, anmd By sowings (31-60 per
eent} L,=23 par genty Dy=32 per oont),

The vardety x Semson interection had already indisated
that the number of sceds por pod, ILA ond photesynthotie
rate wore not influcmmed. ALl othar charecters were aubjected
%0 aclsopality., Strongsly enmough SA 1 414 pot show stabilisy
for photosynthetie rots per ukit loaf ayes. Bot At I shown
stability for numbor of gaecds ;-r pod, II&, nuzbsor of hronghes
and 1000 groin woight under Group 1, Theose trends indisated
that this variety (in Group I) demonatratcd averase yasponse
and high stadility over peasong for tho attributes which were
ldcntiflied,

#urther to @ss traend, the cultivars in group IT
weye azpeoted to show average respomee and the parformance of
the attridotes conscrnad will oseillats around avarage
eapcoially, when those cultivars are subjzcted to mfavoareble
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and favomrsble seasonal conditioms. Undar this grouping,

8A 1 had ghown stobility for LAI and numaber of pods per

plavt, Sven though these attridutes were Yecognised as

highly variable uzdar scason x varisty interestion, fartunately,
nucbex of seeds per pod end ILA vwhigh were found to be stadle
usdar sedson x variety intarection, were also found % be

fized by this variety exoept photosynthetis rete par umit loaf
ares., This last paramatar oleseifisd as non signifieant

in seapon x varfsty interaetion was mot fixed by SA 1,

Anong the short duration cultivars CORG 5 appeared
to bc & high ylelder in all ths threes sowings. This oultivar
showed stability for photosynthetic rate whigh indieated
non-gignificanee in scason x varisty interaction, On the
othey hand, 1000 grain weight and HI which showed stability
in this onltivar were significantly diffexring in the poason x
varisty intsractions, Henese, it 15 prepuped that there is w»
effeetive intcgration of various stadle physiolegieal paremoter
in SA 1 end OORG 5 which had gontributed oojointly for
comparatively higher grain productivity.

A8 8 necessary oorelliry of this atudy, the major
quention thet arisss is the roason why pigesnpes cultivars
40 not show 8%ability for grain yield, The snawar for the
above question 18 1listad delow.

1., ™o two parameters which noxmally dstemmine the yicld are
A apd HI, Thass are highly influenged by the scemonality.
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2, In addition, A Lo pot_stabllised in any of the
oultivers studied ’

3, Sink strergth, artioularly the sink sise conponcns of
it is found t0 Do drgely varying umder 4iffarent sessons,
Sink sise as roprescuted by pods per plapt i» signifiosnily
reacting with 4ifferenges dus %0 sehsenalily.

4. As & rosoult of remotions in various ettribusca Gue ¢
ashgonality, grain yield is found %0 be highly influemsed
by the environmcnt, This iz further strengthened by the
fagt that thepe attridbutes are not stobilised in eny of
the cultivara,

5, Scapppality influemeos the duretion of cultivars in a
large moasuwre, Changes in tho duration atfeet vegstative
growth phape and LAI whieh largely decides the subseguend
grain f£illing phenomenon,

6. Temperature modulatioms appeared t0 be more limiting
to growth and reppoductive eyoles which inflwnee the yileld
through the vageries in eink sise,

Putuxe perespegtives for arop isprovensnt

$ability in DMA ean de sohieved through incrcased
photosynthe tis yate ovar geasgns, This will pay off
especially if 1t oap be dome in SA 1 which 1a comparetively

good performing long duwrotion ocultivar. RBut this will be a

wery Alfficult preposition for the treeder, sinos photomynthetis

rate io monitored by many componemta, Ths inheritance pattern
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apd genatio bagie of theme componants Mave not been fuldy
studicd 80 for, Studles on the inheritance pottern of
photosynthetie rate oan he takon up through furthor investige-
tion, The other altarnative for stadbilising DA is to
inorcase the phowgynthe tic output por unit land area, This
oan be done hy inocrcasing the LAI ovar pcasons, Thin 49 &
comparatively & otable perametor (Gromp II) in 20X,

* Par inopysasing LAI, incyeage in laaf namber may
be fruitfully attempted rather than incyceaing ILi vhich is
again & stable chaxacter (Sharma and Saxena, 1983),

* The numdor of pods por plant s meoognised as a
gtable paremster in SAI, Tho stabilify should further be
ineroascd to the lowel of Gaetp I, If thie eould be achieved,
thexre ars very good possidiliticn for stadiliming the yield
in tho pigsonped oultivars., DBegause, the numdar of pods par
plant is e major yisld doterminmmt which Mad already doen
idontifiad through peth analyeias,

# fhe number of hreanchas fs obsarved @s & siatle
paramstsy whish can b indireotly help the pleat to imprmove
0 numder of pode pur plang, Imspite of the fapt that the
nuxber of branches ir 34 1 ia under OGroup I, the numbar of
pods per plant, iz undar Croup II fn the seme variety. ™is
only indisates that nmbar of pods per tranch was probably
lower in this onltivar. This should be incrcased fom
atabilising tw grein yisld, Henee the pod number par dramsh
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should be lnereased and this may pet affeet the oompansstion
mcehanism of ylold since pod mmabar end bwemekh numbep
appeared % be gtable,

* Programmes may have t0 de intiated to andurstand
the inhoritamse pattorn of IMA in order % Idan effeotive
reeding strategics.

* Over seapmnp, pod numbar per wmit land ares awt
be ptabilised for which varying plant dansitien lrvolving
different genotypes cr oultivars must bo experimented with,
Stability analysis for TMA and HI pay throw suffisient light
in suoh expsrimcnts,

£fter thia study, our concept and vision regarding
the yleld performamne of pigeonpea are greatly enhanged, We
are abdle to domaroate the defisienoise which were responsible

1

for yisld varietions in differont seasonn. Physiologioal/growih

attridutes contributing for susch an mpredindable behaviouwr have

been resognised, e foel more confident and enthusiastio
ahont the stabilipgation of yicld whish L now & distinct

poasibility., Provided we work in oollotwration with breeders and

agronomist who arc devoted to the erop productivity, it ean
nover be & distant drcas to aghicve stability of pexrformanae

in

this orop which is an expellent souree of protein and an enviebl

gonotype that grows unmindful of varying moisture limited
situations.
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Invootigatiope were qarrisd out on the pigeonpeas
conprising of both chort and long durstion ocultivars to
diceriminate their reactions agninot weatho r pnrameters as
influenced by the differemt sowing dotes. 7he physiologioal
attributes, their vurintions as exprossed in phenctypio
charactere were otulied in relavion to the produativity.
Penotypic stebility amalyaies reluting to ihe verioun
attributes was utilieed as a tool to identify m stable
cultiver or parametere which pogscess higher otability of
perfornanoe over different sowings. In thies atudy, poth
analysis was also resorted to bring ouwt the differentisl
ecntribution of vorious yield components to the grein
produciivity.

Fhenologicsl changee were largely monitcred by dates
of sowing. wduced vogetctive gro.th was regorded in 03
powin” as compared to D,. The grein £illing phase wes pot
altered by 4ifferent sawinge in eny oultivar, But toe eink
size and rute of £illing per plant were affected by
vordction in dntes of sowingo.

Growth, in torms of morphwlogicol attributes like,
plant haight, mwmber of bronohes, nuaber of lgaves, lead
ares and THA vere aignificantly affected by different



sowingn. As & genernl ruie in all the iuwe sowings, leof
pumber decided the iotcl lsof ares rather then ILA which wae
not saltered by sowinge., The lom: durstion eultivare
dominsted the short dumtion cultivers in all thece aspeots.
The IHA wos found to be hishly correlated with cumlative
heat unit, photothegzimn’, heliothermal units snd aloo with
othor mateorclogiecl peraeters. These porameters wore
“ound to be higher 1in Dy sowings which also agcumulated the
higheat T among the three sowings.

Orowth ennlysic oomponente such os LAX, AGR, CGk
ead CAT vere mors fovoured in Iy sowings anl alco in long
dur-tion cultivars, The 4%, LFE and LAk were recorded
more in short durcticn eultivars and also in n, sowings
wierens the YL wap significcntly low in 7, sowings es
compazed o D, and Dy The fallen lezf welght was cloo
found to be more in ?1 sowingz and 2loo in long durntion
cultivars. Ao regord the physiologicel attridutes, the
photosynthetie rate and ochlorophyll eontent were hisher in
D1 sowings as compared to D, and DS‘ The Dy sowings and
long duretion eultivars favoured bigher tranopircticn rate
than those of other two., The laal wotor potanti-l appe-red
to be low (more water oontent) in D, sowing aml nleo 4n
long dwrrtion cultivers. Cenopy developmnt weo quicker
in both in 7, sowings and eleo in long dur:tion cultivare,.



Theoe trends were refleoted in higher ground coveruge and
low extinotion coefficient (k) notiosd in these two 0asem.

The ounbar of podn pey plant waec the moot significant
ocomponent whioch decided the yield. This wac largely influenced
by the sowing dctos. 7he pocled ammlyolc reveolsd that the
HI wan neguiively ascocinted with yield. Compearing the
sowingo T, reeorded the higheot NI both in terms of energy
besis and alsc by nitrogun utilisation (Wiil)e The protein
eontont was low in Dy and high in By whiol: goineidod with
noxun:l cowings. The mutriente uptcke wac found to be moxe
botk in y sowing and also 4n long dwation ouitivers.

™e ctability cmlyeis revecled tmmt the L/S rtio
wes net at all affeoted by measons whereas grmmin yield and
T4 were unstzbie ir all the oultivars. The erometors
1il» YLA, photoRynthatic rete mr unit leaf aven and number
of peed psr pod wers not altered hy varie sy ~nd osasen
{Iinear) imteractizns. Among the loag durstion cuitivar
groups, ZA4 1 wno oble to ctebilise ILA, number of brunoles,
541y mupber af nods per plont, mumber of needs rer pod and
1000 grein weight. ‘toong the short duystion types, 0OONG 5,
showed otability for photoaynthatioc rate, 1000 grain weight
and HI. These charcoters oontributed for comparatively
higher yleld in SA 1 and CO:G 5 respsctively in long and



short durction cultivers over different sowings. Tw
inetability of grain yileld wam dus to the foot that the WA
was found to be unstable owcr eowings.

Comparing the sowings, Dy sowing showed higher grein
productivity thas the otter twe. This was mainily monitored
by the higher soures strength which wac decided by the LAI
ant photosynthetic rete. This higher sourove strength
influsticed the mink strength meiply through sink sise in
terms ¥ numbe r of pods per plont, “tabilisetion of source
strength before flowering will lend to otsbilised yleld in
this genotype. The insufficient production of aocurce sise
ond DA before flowering in T and 333 were the min reason
for comparmtively low yield in thess two sowings.

7his study foouwses that future oxvp improversrt 1in
pigeonpe o, should be concentr -ted in the folloviny lines

(1) Stadbilgsation of DA by otabilising the LAT gver
sowings.

{z) LAT oculd Do stabilised by stabilising the leaf pumber
rather then Il4.

(3) ™e punbor of pesede per plamt chould bo stcble. This
can bae achieved by the inerecsing the numbor of pode

per branch over sowings.
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(4) Inheritanos pttern of photosynthetic components
should be studied,

(5) Stobllity analysis of THA, NI and grein yileld needs
furttor study under differcnt p.ant densities over
difTerent sovin: dotes.

(6) These studies should be ccrried out in oollaboration
with the ngronomiot and breedsrs whe are interested
in inereccing ths productivity of pigeompea.
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