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INTRODUGTION

Amaranth-,: believed t0 be e native of Indin, is one of
the mopt popular and cheap leafy vegstables. All parte of
this plant are used for culinary prepervations. In countries
like U,S.A., amarsnth hes boen regognised oo a “grain crop”,
Amarenth hao received incresped seisntiflc attention in robent
yeors and hag bé@n recognised as a "bypassed" crop having
scope for bei.ngfémomed 20 o commerclal exop paéticularly for
ite grain. Two international seminers on emarsnth, the firot
in 1977 and the second 1n 1979 heve been organised in U.8.5,
t0 review the avallable knowledge and to epur research efforts
in the orop. However in Indle, amarsnth ie still maeinly growm
for the vegetetive portions. Degirable vegeteble types have
been melected by the progressive cultivotors and these dominate
the eree under amaventh in Indle, Amaranth is G, plant,
one of a smnll group of plents that most efficlently capture
and use aveillaeble sunlight end atmospheric carbon (Cunard, 1977)«
The plant produces a great gmount of vegetative material.
Initlallys the plent gencrates large duantlties of sacculent
green metter, Howevex, 2s the seagon progresses the lerge stem
- ond overgrown leaves become fibrous, pithy and uwnpalatable.
Besides, eppearance of inflorescence impeds furtber hervest.
Fingl helt 40 horvest is always brought aboul by flowerlng.
Thug fox harvesting delicate tender vegetative portions, we have
only a relativeiy short Bpen of Hime.



Soveral attenpts have been mede to obtain increased
total vegetative yield, better leaf/stem ratio, mors number of
harvests, botter nutritional quality ctec. Hohideen and Rojagopal
(1975) fouwnd trensplanting to delay flowering and to inecreage the
total duration of the vegotetive phase, thus meking 1t possible
t0 have more harvests and ultimstely higher vegelative ylelds.
However, information on the effect of age of seedlings (at
transplanting) on the total yield, number of harvests, leaf/sten
ratio ete, ave lacking. It has been demonstrated thet by
ad justing the height of cach cutting also, total yield and
punber of horvests can be increased. Control of population
density haos been shown t0 inecrease the yield in other rolated
vogetable crops, besldes permltting more number of harvests,
increaging the proportion of marketable produce ste. (Halsey
gt el., 19673 Wiebe and Uhrlend, 1970; Bredley gt gle, 19713
Eochy 19753 Kays, 1975 and Helling et gl., 1977). Research
efforts on these lines are 8lso lacking in amerenth. Working
out acoeptable population densitiecs that produce maximum yield
as well ag allow better manﬁgement is of utmost importence in
amarenth. '

Such studies should be aimed at encouraging rapid
initlal g.*owth‘{ fagter recouperation after each harvest,
production of morc tender pide brenches after eoch hawvest,
overall continuous production, lateness in flowering, '
aeoumulation of quality constituents ete.
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REVIEW OF LITERATURE

The meny species of the family Amarenthacaecae Zform an

extrenely diverse group of plants with world wide distribution.
Severel gpeclos, with a histoxy of thousands of years of
sultivation, have been uged oo vegetables or as grain producing
plants. Grain amza.ranth reached a peak of popularity as e
otaple crop during the Hoyen and Aztec perlods in Centrel America.
The amaranth grain has high mitritional value, contailning 12-15%
protoin witk a high lysine level. The young leaves of types
pelected for vegetable purpooe are simllar 40 spinech and other
crops normally used o9 cooked greens, These typea ere widely
geowvn in Asia, The yleld potential for both graln and vegetable
types appecrs similar 40 that of currently used vegehable and
cer8al crops. Amaranth 1o more widely used as potherb.
Cultivaeted for vegatable use throughout the tropics end eastern
Asla, it i considerecl oene of the best tropleal greems. Its
mild flevour, good ,vieldJF. ebllity to grow in hot weether end
higa nutritive value have made 1t a popular vegebeble,

For getting incrdpoed harvest of vegetatlve portion per

unit aren per unlt time,| thers are a number of ways. The
lmportent of them ave judicious fertilizatlon, srowing selected
varieties, regulating population density and itransplemting at
the correct age, | |




Studles doaumentﬂ?m: the history of grain ameranth shed
iitdle light on ;the orog|cultural practices used, Diveot
seeding 1o done in the {ropics with the onset of the ralny
80Q30R, Ovemoeds.ng ﬁ’ ALlowed by thinning as wvell es planting
to a pre=decided aﬁana are both found in treditional cultures.
Amarenth sced is smell (0.5 $0 0.9 mg each) and must be placed
shellow t0 agoure gexmination. Since the seed is plaéeﬂ‘ close
%0 the gurface, ;rain or irrigation water can wash them oud.
Transplanting nas been athaupbed o eliminabe this problem and
also to ogsure a glvan denslty of strong seedlings,

Mohideen and Rajagopal (1975) Ainvestligated the effeots
of traneplanting versus direct seeding on yields of Amaranthus
leucocerpug. Yield of traunsplanbed crop was signlificantly
lover than thet of o direct seceded crop., Tramsplenting ip a
convenient end eccurate method for solentific researchs but it
is not a method feasible for comzereial grain production,
Overseeding and thinning z3y bo used; bub 1 io o less desircble
alternative.,

In a tranaylanted crop, the spacing as well ao the age
of the scedling determine the performance of the individual
plants, A varietal-population trial reported from Permsylvania
(08A) gove the following results: For the densest population of
16,000' plants/acres A. cruentus ylelded 825 1ib o2 seed/acre and
A, llmahandrla%:ua yielded 1000 1b of seed/mcrs. (Cumaxd, 1977).
The yleld incveases to those levels were linear for both
varieties. In his ‘veader rescarch trials' with A.hypochondriscus



(the only speecies grown), the highest ylelding populmtion of
32,000 plants/acre produced 2.3 tons of seed/acre. Another
density triel indicated thab 20,000 plante/he was the acceptable
dennity for yield as well as otand menngement of
A. hyvochondripcus plant tyves (Feine gt al., 1979).

- The studies reported above were with grain gmamnth..
Population stuﬂiles as well asg studies on the effect of cge ab

transplonting on the growth end yield of vegstable iypes of
cmevanth are fey. Hence the following review %races the work
on these and related eagpects in othexr leafy and flower vegetabn:es.
In brussels sprouts, Verhelij (1970) establiched that
plants grown et highex densities were teller cnd more slender
then low density plants. His spacing experiments clso
revealed thet ylelds of dry matter per square metre rose charply
with increasing plant deneity upto about four plents per square
metre, above which there wes little fuwther increoses The
average welght per plant, however showed the reverse trend and
declined with closer spacing, Uiebe and Uhrlend (1970) confirmed
that closer spacing with early planting brought about higher
yields in brussels sprouts. ‘l‘hex; stressed the point thot the
closer the spacing, the higher was the proportion of small
gprouts, Yood (1970) found thet close specing deiayea maturity
and the sprouts on plants ot wider specing were overmature at
‘the late ha.rvestsh. As against the above f£indings; dones (1972)
recoyded thet with brussels sprouts cultiver 'Jade Cross',
total dry matter wroduction/unit arece wes unaffected by density.



He oboerved that increasing plent density did not affect dry
matter distribution; but incrcased the nunber of gm.aller sprouts.
Meolieod et al. I(1978) reported that flavour strength increased
vhen brussels aproubo were grown closer togethers

Improvemént in the percentege of marketable heeds was
a result of low population density in cabbege. Halsey gb al.
(1967) studled the influence of spacing on ylelds of cabbage
end observed a ganeral trend that increase in spacing resulted
in increases in the percentage of marketeble heads and the
average weight per head. Shumeker (1969) alsoc reported that
wider spaoing inercased the everage welght of head and the
perc;entage of marketable yleld. However, In an earlier study,
Jaghev and Sreenives (1968) hed found significant yield increment
at ocloser spaeing in the same crop and this they escribed solely
t0 the higher plant densltys It is not reported by these
workers whether the observed yield Incrcuent et closer spacing
vas a result of increased average weight of heads per se or
due to increased population density. Akratanakul gt sl. (1977)
. reportel that wider spaoclng of cabbage plants inorecsel the
weight of both axillery heads and main heads in en open-
pollinated cultivar end cn inbred liney welght of axillary hesds
incrcased more than that of the mein head. They also found
that transplonting greatly decreased the development of
axillary heads compared with direct seeding,

Popﬂe.tibn studies have bean reporbted in lettuce also.
Ririe (1972) observed thet ot the lowest spacing, stand losses



| wore greatess, #ielﬂ tended t0 Gecline and hesd alze was
allveracly affeocted. Similoy resulis have been reported by -
Esch (1975) who come 40 tho comolusion thad in sutumn lettuce,
ys.eiﬂ/‘ma wag higheot ab the clogsst ppecings but head dize was
greatest at the videst spacing. This view slso veceived supporh
from the findings of Hendrix (1970) vhat head size was inverssly
reloted t0 plant number/n® with all the lettuce cultivers tried.

Biniler gtudies have been réporied in splnech, anotheor
leafy vegetablo, DBradlsy et al. (1971) reported that when Hwo
cultivers of spinach were planted wnder different spacings,
yields ware much bigher in the closer rows. According to
Choudhuzy et al. (1974) yleld sigaificantly inoressed with
cloge spacing in spinach. Wilhelm (1976) reported that close
spacihg ghortened the growth period of lea® vegetables (e.z.
Spinach)s

Spacing ‘b‘rial in another leefy vegetable, New Zealand
spinach (Tet.ragﬁnia oxpansg Marr.) by Xays (1975) rovealed
that the c¢losest of thée three spacings (row specing 20, 40 and
60 cm) ylelded the highest averege rate of production/unit
grog; 28 in other oropg.

Population density trials have been reported ln esparasus.
In on asparegus gpacing trisl Wiche (1966) observed highly sieni-
flcent yleld dlfferences due to specing. Kauffuann (1968) reported
that the t'otal cend mopketeble ylelds of asparsgus were highest
with the closest spacing end fell with decreasing plant density.
However, his findings wrevealed that plente from the closest




cpacing were of poor quelity. Benunerot et sl. (1969) and
Bleseingky (1969) elso made similar observations, Regarding
age of seeaungé:, Helling eb al. (1977) recommended one-=yeaxr
0ld tromsplants %o two year old plents because yields of green
agpavagus from both types were similor. Pinkeu gb gl, (1978)
rovoaled that eloser spacing (49300 plants/ba) compared with
(24700 ﬁlams/hé.) between rows in aspayagus, reduced the

. yiela/plant;; but ineremsed the narkebable yisld/ha.

Beosuse of culturel similaritics between leafy and
flower vegetebles, work Gone on these lines in flower vegehables
are also z'aviswe;d here.

The size ] of cauliflower transplents in relation 4o field
pevformance was ezamined by Whitwell and Crofts (1972) who
indicated that large trensplents matured cavlier than smell
tronsplants, It wat ougzested that trounsplants with a fresh
welght 0f no more then 8,0 g ave most likely to glve satlsfactory
erops. In. their gtudics on age at transplenting of cauliflover
seedlings, Georgieve and Genkov (1973) observed thet at the
. gene transplanbm date the youngest seedliings gave the higheet
yields. Though Salter gt el. (1975) found thabt opacing hed
no effect on verisbility in time of cuxd initietion within crops
of two ceuliflower varietics, Skapski (1975) stressed ibab
darger specings significantly enhanced 'earliméa in ceuliflower,
Thompson .and Taylor (1975) grew cauliflower culijivars *Plrmey's
110* and 'Eangevoo' at five population densitice (betwesn
two and forty-tim-ee plants/m2 each) in = square arrangemend



end 2lgo et threc densitles within this range in rows 71 onm
apart. 'Finney's 110' gave greater yields then 'Eangaroo’

for zll comparable treatments apory from the lowest population
density of each spatial arrangement. Yields of Fimney's 110
increased aonsi&exably with increased density, whereas those
of Kangeroo changed ilttle or declined. Curd diemeter uves
refduced as dénslty inereesed and differed for the two eunlitivars
only et the higher deneitles, Fluney's 110 then having the
greater dipmeter. For both culbivers, quality woo adversely
-affeeted by inereesing the population and wide rows yielded
lese then the sqnare crrangecent, Horma and Berst (1977)
conducted a trial with couliflower cultiver 'Snov Dians' grown
at geverel different densities. They obaerved that the differences
in total yield/core were slight. Aversge curd slzse end weigat,
however werse greatest with the widest specings (18" x 36" and
18" x 30™) end aeclinea markedly ot closer spacings. A% the
closect specing (12" x 12"), however, maturity wes sdvanced

and by 28 Auf.gzsf,- 82,0 per cant of the totael crop could be
horvested, compaxed with 71.6 per cent for the widest spoesing.
Gorner (1978) compared plembing densities of winter hardy
couliflover cultivars ‘Armedo', ‘Tardo’ and ‘June Glozy' renging
from 21277 to 68966 plants/ha, Increzaging density upto 47847
plants/bha incressed ylelds, It hos been suggested thet the
optimm profit margin cen be obtained from densitles avound
35000 plents/ha, At higher demsities, curd size wag reduced
and quality defests oceurred,
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Populatibn deneity trials with broccoll gave findings
more or less oimilar to those in caullflower. Tereshkovich
(1969) reported that 'Primo T, hybrid' broccoli plants at
oloser specings produced lighter and smaller heads than the
plante at wider spacing., Wilder spacing increased the average
head welght and the porcentage of narketable yield, ILate
transplanting caused premature heading erd totsl loss in
brocecoli, The percentege of pramsture heeds weo also increased
by the use of lerge travsplent sizes (Beggett and Meclk, 1970).
Palevitch (1970) reported that higher totel and marketable
yie.lds were obtained by inereasing the plent popnlation density
to aa khigh an ten to eleven plm'c-s/mz, espeelelly in nearly
equidistont spacirg in broccoll, Accoriing to Cuteliffe (1971),
crop maturity in broccoll was retexded as plent popmlations
lnereased, In 1975 he observed that the ylelds increased amd
apear welght deereased as the distonce between broccoli plants
decreased from 50,8 X 50.8 ¢m 40 20.% 2 20,5 cm.

In a related crop, marrow-stem kele (Brassica olevaces I.),
Jhonston (1971) observed that the effects of plant denslty were

aignificant for all the choracters studled, except for stem

end leaf yields., WYillheln (71979) plented kale plents at three
densities (40 x 40 cmy, 20 X 20 cm o» 20 = 5 cm) in mid May,

at the end of Jme, at the beginning of July or at the beginning
of Auguot. The t2llest plants with most green leaves/plant

were from the widest cpaced plenbs and the earlicst plerting
Gate. Plants at the closer spacing hed nore yellow leaves
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{vaich were produced carlier) at the bese than plants abt lower
densities, The degree of leaf curling inereased until mid
pummer end wos mainteined thereaficr, The flrmmesse of leaves
increcsed mbil autumn and then decreased. The dry matter and
the carbohydrate contents were lover in summer thon in winter.
In autum, the decrease in yleld/area was compensated for by
an increase in dry metter content,

In Chinesc Kale (Brossica alboglabra), lWong and Lee
(1974) observed. that transplenting abt two weeks after sowing.
ragalted in more vigorous plent growth and higher merketable
freoh weight yleld with greater mineral content®, than direct
socding. Thoy reported that decreasing plant spacing within
the row from 30 cm t0 290 cm and 10 em resulted in a progressive
increnge in frech weight yield/ha end this was due malinly 4o a

greater nunmber of plants/ha.

In khol=-rabl, a vegetable vhere the stenm is the edible
porticn, Burg (1971) obgerved that dense plantings were the
nost mofitable"despiﬁe lower price fetched by the 'bulbat,
Persunably, the louver price ner bulb wes compenseted by their
lepger mumber., Selitz and Iubltz (1973) were also of the
opinion that tha narrower spacings not only gave kigher ylelds
but also higher returna, Although the closgest plenting produced
the highest ylelds and returns/unit areca, it adversely affected
earlinens in lohlerabl (Reinherr and Batz, 1971). Furthen
closer apaclngs inereascd the proportion of low quallty produce,
retarded hervesting and raised expenditure (Reimherr and Batz,
1974) .
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Population density trials and trials on ege at trang-

plenting heve been conducted in other vegetable crops which
yield bulbs, roots and fruits. These works exe reviewed here=
under, particularly to examine the twends of chenges in yleld
end quality wis g vig population density and ege et trensplenting.

‘ Bleasdale (19660) arrived at the conclusion that the
total yield of ripe onion bulbs increesed wlth increasing
number of plants/sq,£5 until an opbtimum was reached and thers=~ |
afber the yield deollned. Yu and Teeng (1966) from their
studies using 25 to 60 day~-old onion seedlings es planting
material concluded thet afbter transplanting the quickest grovih,
ecarliest maturdity and largest bulbs were obteined wlth scedlings
aged upto 30 deys ab plenting. The lowest peroentage of bulb
divislon occurred in scedlings planted when 45 days old. Vik
(1970) reported that with inecreasing plent density, maturity
was advanced, yields were Ilncreased anf bulb size was reduced. |
Storage quality was improved with increasing plant density. -
Verma et al. (1971) elso studled the performance of bulb crop
of onion a8 influenced by souing detes end age of ’orandplanta-.
Secds were sown on 1st, B%h, 15th or 22nd Ootober cnd seedlings
ware transplanted when fouvr, sixz, elght or tem wecks old.
They obaerved that the earliest sowing date was the best
in terms of yleld end growth, eight weele-o0ld seedlings giving
the highest yleld. Frappel (1973) repﬂrted thet at all densities
there was & zange of bulb slze produced end as the danslty
inercaged there wes a nrogreaslve chift of the modei Blze grade !



to sunller gredes, Singn and Singh (1974) observed that when

the seeds of onion cultiver 'Pusa Hed' were sown on 16th

October, 13th Wovember, 11th Deccmber or 8th January end eeedlings

trensplanted at the age of four, five, olx or Beven veekns,

early cowing favoured leaf, r00t end bulb growth and gave the

highest yield. Thay were of opinlon thet seedling ege did noi

affect bulb yield; but seedlings aged five or six wecks

performed bebter vhan the others and the bulbs they produced

hed e lower dry welght percentage., Rendhowe and Singh (1974)

reported that the closer spacing of 15 = 10 cm produced the |

meximm nmumber of bulbs and higher bulb yleld then wider spacing,. ‘
In a clopely related crop garlic (cultlvar 'Amarante’), |

there was en inverse correlation betwesn spocing and yield as
well as a direct correlation between spacing and average bulb
weight (Menezes ot al., 1974). On and Srivastave (1977) were:
also of the same opirions They reported that naximum net return
of garlic wes obtailned vhen pleanted at clozer spacing.

A few studies on populotion denaity as influencing the
performance of the resulting crop have been Teporbed in cexyob
aloo, which is e direct soun erop. Abdel=Al (1974) observed
that inereasing populations enhenced the totel yields and
decreaning populatlon incressed individual root weight, Similar
results have been obbained by Iiperi (1975). He observed that
there was a signlficant correlation between yield of maricetoble
roots and plant dennlty, But vhen yield was incrensed by a

higher density of plents in the row, the number of unmarkeiable,
deformed or immature roots incressed and average weight of
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narketable roots fell., Wo significant differences were found ‘
for distance betwean rows., Root length, according to Buasel |
(1976), decrensed as the plent population increassed. Favlek

(1977) found e positive corwelation between the number of

plents and yleld/ha. Similerly Dragland (1978) found that the

total cud the merketable ylolds rose with inoreasing plant

denolty. The root size fell with increasing plent densitys

but the number of split or branched roots was not significantly
affected by the plant spaoing.

In the case of frui$ vegetables (like tomato, chillies,
peas and beans, cte,) also population density trials oo well as
transplenting studies have been cerrled out,

Toughton (1967) came to the conclusion that number of
fruls per plant and frult elze ip tomatoes decrsased with
incressing density. Seth and Choundhury (1970) weported that
frult ond seed ylelds were not significantly affected by opacing
in tomato cultiver, *Pusa Ruby'.  In glass house tomatoes, .
Amsen end Bredmose (1971) reported- that yleld/unit ares rome
with the inercese in plant number/ma, Hawever, plent density
did not affeect earlincss ag e percentage of totel jield; bud
dld affect quality in that an increese in plant density redusced
the avercge frult size. PFerry end Janick (1971) were =also
of the opinion that totel frudt enf total top ylelds increased
apynpbotically with increasing populations et all harvests in
, tomato, Similsr observations were made by l’ostigiiong (1972)
thot ag the population inorcaped individuel fruit veight and
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tobal yicld/plant fell, A4s far ep Zehave and Timm (1973) were
concexned, the leaf avea/tomato plant reduced with increase in
density. Differvences in plant density had no significant
gffect on nutrient content of the plante. Accoxding 4o |
Rodriguez and Temboth (1975) wide spacing with supplementery
lighting incrpssed the mmber of flowers, percentage fruil seb,
frult size and total frulte/plent and contributed to grester
eaxrly and toitol ylelds in tomato, The inoreases were related
50 increased appavent photosynthebic rate and efficlency. The
Telation hetwveen spaging end quality wes gtudled by Meljndezd
(1976)« He roported that tomato £ruit gquality wes betier at
vider apeeing especlally with eaxly plenting, Fawusi (1977)
from his density trisls revesled thet wide specing delayed 50%
flowerling, A &Gported by the ecarlier workers, Gupta and
Shkle (1977) slso confiimed that closer spacing decressed the
‘yield/plent; but inereased the yicld/ha in tomato. Yekovenko
(1977) also reporsed that wider specing resulted in significent
yield decresse in jwo cultivars of tomato,

Chillies which closely resemble tomatoes in it
cultural reguirements algo behaved more or less in the sene
way. DBoomingthean ¢t gl, (1971) observed that chillies planted
ab 30 x 30 cn oub=yleldced those plented at the convenbional
spacing of 45 x 45 cm by =boub 21 per genbs According to Silva
&b al. (1971)y reducing the Bpecing inereased the total number
of frvitsy bub reduced the fmmber of frulie/plent and the
average fralt wveight. Verhel] ot el. (1973) reported thai
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density planting pattorn snd row orlentation influenced llght
interception by plants of .Qagalcmn frubesceng cultivar,
"Caroussel'; btut only density affected the dry matter yield,
The biologlonl yield (axy matter/m ) vas stable over & vide
range of higher denslitiegy bub the proportion of dry matter
recovered in the frult, the individual fruit welght end the
groportion of red frulis deolined with rlsing demsity. Tin
end Wong (1975) otudied the influence of seedling age at trang-
planting on the performence of chillies (Capsicum annuum).

The seedlings transplanted three to four weeks after seciing
vere more vigorous in vegetetive growth particularly top growth,
and flowered ard frulted scarlier then those tranﬂplanted et
five, six and seven wecks efter seeding., Total yleld of fruiis
of ‘the younger %ransplants were algo higher than that of older
trmsplanﬁs «. The highor yileld was asgociated with higher
 totel fruit number, sho;rter fruit length end grester frult dry
matter, Sinha (1975) observed that the highest Vitamin C

- conbtent and lowest ylelds resulted from the widest spacing in
chillles,

In stlill anothexr golanaceous vegetable prin;]e.l,_
Goldwasser et gl;_. (1970) observed that close specing increased
both the %otal and the exportabls yield; but there was en |
increase in the inoidence of leaf dlsease 'and a refuction in
the frult size wlth lncreasing plant density. Close spacing

was considered asdvantageous for production of brinjal for the
export maxkeb.
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in beans: and peas also, denslty trials have been
reported to glve more or less similar results es in the cese
of othex veg‘eta'blea nentioned earlier,

Appaﬂumi ab al, (1967) observed thab oloper spacing
resulted in highest leaf erea indozx et flowering in kidney bean
(Phaseolng valgéria). From their findings they aloo ravealed
thet at oloser spacing the refuction in pod number end welght
per plant wes more then offsed by the higher yields/ha, Another
trial wes corried out by Rawos end Cemecho (1969) in the sams
crop end they ceme 10 :hhe conclusion that with higher populations,
plants grew ﬁalier but ylelded less per plant and per pod.
Simllay resulis were reported by Edje et al. (1971) in canning
beong. They weporbed that yield rose with Qecreasing row width
and plont spocing. They also exmived ab the conplugiocn thaet
plant height decreased and pumber of pods/plant end seeds/pod
inoreaged with increased sow width and plent specing. Brondes
et al, -(1972) were of the opinion that the number of lemg

end pods/plant became less with lncresss in density whereas
the mumher. of J:eavas and podo/unlt arca wers enhanced in
Phogeolus vulzaris. They further reported thet the ratio of
dzy pattor of ench plant part to the number of leaves or pods
ghowed alnost cbns‘tant values ccrosa plénting densities and
seagons. The velative contribution of the verious plent parts
%o dry matter wéight wag approxinabtely the same for all
densities and b&h geagonss In snap beans, Tompkins gt als
(1972) veported thot plant helght end date of flowering were
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little affected by densitlesy but colour intenoity and
uniformity were poorer and fibre content was usually greater
with narrov rows. In 1973, Bredes et al. reported that the
leaf area/plant varied inverasely with the plent population in
Fhaseolus vulgerls. Edje et sl. (1974) reported that the neb
cconomic returm from the densest stand wes only marginglly
‘greator than that from the medium density stemd in bemas, In
1974, White end Anderson reporbed: that as the planmt population
inoreased, vine lenghh, full pods/plent and pees/pod were all
reduced. At lover popnistions maturity was delayed by three
days and there were mors flat pods end immature peas. '

In okra, o malvaceous vegetable, density studies have
been reported by meny. Commenting on the effect of plenting
density on okra yleld, Kamalemethan eb gl. (1970) obgerved
that en increase from one to two or three plants/hill reduced
individuel plent yleld and vigoury bub increased the overall
yields. Two plenits/hill spoced 60 x 20 cm were recommendel
for meximun. economic returng, Grewal gt ale. (1974) observed
that mature dry ‘pod' numbers end weights aend tokal fruid
mubers/plant were highest with early sowing emd uide spacing.
Stalk diemeter decreased with increasing density end plent
stunting occurred at the nighest density (Albregts gt pl., 1976)
of okra., '

Apart fron vegetables, density studies on fodder beet,
orchard grass, ctc., (in which the vegetative portions are

ugsed) are 2lso reviewed heres
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In two cultivers of fodder beecty Vavilov gt al. (1977)
reported that the demser spacings produced smaller roots with
higher suger end dry natter contents. Dry matter ylelds with
three plent densities (120,000; 80,000 and 50,000 plents/ha)
woere 0,67, 7.04 and 6.16 t/ha in the first ocultivar and 7.57,
7.95 end 6,69 $/he in the second cultivar. In orchard grass
swerd (Dectylis glomerate) Teral (1977) observed that dvy

matber yields/unit area were greater ab higa than low deusity
plote in early swowih' sbages. At later stages, dry matier
yieldis decressed with increased density. It wes concluied
fron his eiperiment that the yield end sowing densigy relation=
ship depended on plant height at cubbing and date end

frequency of cutting:



MATERIALS AND METHODS
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MATERIALS AND METHODS

_ The 'investigp.tims wé’re carried out &t the Division of

Hwtimﬁ.ture, College of Amiculture. Vellayani during 1978«79.
The seeﬁs of Amarantm genggticun, ( & local yed type)
were obtained from the Instruotionsl Fewm, Oollege of Agriculture,
volléymli end sown in o staggered nsmmer to obtaln goedlings
of the required age leyels for .,ransplant..n,, on the gane day.
Experinental dotails -
The trial vas lald oub as a 3° factorial, experlment in
Randomisea Bioek Basiga with three renlicationm
Treatpents _
Three levels of gpacing
| 8, = 10 x 10 cm or 100 cn®

"2

32 = 45 x 10 on or 150 em®

3' = EOxiocmarzi}Ooma

The ppecings tricd gave population densitles
of 480, 320 and 240 plents/plot or 100, 66.6
apd 50 plents/m s reapectively.,

Three levels of age 2t transplenting
| Aq = 15 daye after sowing
52 = 20 days aﬁser sowing
&'5 = 25 days after sowing

Replications =~ Thres
Total mumber of plote - 27




Plot size -24mx2,0m  Plot ares = 4.8 m°
Net plot size ) Net plot ares

S, = 2,30 1.90n 4.,5700°

8, = 2.25mx 1.90 m 4,275 o®

33 s 2,20mx 1.90m . 4,180 n®

Cultivation.

Hursery preparation

After digging the e0il to a depth of %0 cm and
incorporating fazm yord manure at the rate of 10 kg.lm‘e. ralsed
nuraery bede (3 m X 1 m) were formed, The seedp were broadcast
in the prepared beds at the rate of 2,5 kg per hectare, after
alxing with fine corth for obtaining uniform distribution. A
thin layer (3 mm) of dry sand wae spreed over the seeds, Watering
wag done ifrmedistely using o rose cea. BAC 105 dust was spread
all around the nurpery bed 40 gusrd egainst abtack by ants end
texnitess The beds were watered regularly. The seeds started
germirating in four deys and germination was completed by
aboub six days. The sowing of seeds wad done in a steggered
nanner on the 15th, 20th end 25th Jeavary 1979 4o yroduce
geedlings of the three different ege groups, nsmely 15, 20 and
25 deyo old at the tine of transplemting., The seedlings were
trengplanted to the main £ield on the 9th Febéus.m 197S.
- Exeperation of mnin field )

The land ves prepered by ploughing twice vhen 2 Pine
tilth was obbtained. Pleha of size 2,4 n x 2.0 n wero formed
with 30 cu spacing between plota,

‘



, Dried, powiered ferm yord memure et the rate of
20 tomnos/ha was incorporated into the soil in each plob.
According to Premath (1976),. fertilizers were applied at the
rate of 27 kg nitrogen; 27 kg phosphorus and 54 kg potesh/ha
e besal dregeing md 25 kg nitrogen after cach putting, as
top dressing.

On 9th Febyuary 1979, healthy mniform seedlinge of
three differdnt age sroups were carefully uproobted end trans=
plented %0 the main field, by foiming a sneli hole with a
dibble, ingerting the seedling into it end yressing the soil
exound the bage of each seedling, Immediately nfter plenting,
chnde was provided by planting bulgs of glyricldia and the
plents wore watered. Shede wes ratained $1ll the seedlings
got establiched, L.¢, for about %hree to foup days. The plents
vsrs regulorly waterci ond frequaent weeding was glso sarpied out.

Tneldénce of leaf Peeding caterplilars was noticed ten
days after transplenting and it was cffectively controlled
by epraying Malathion 0.1%.

Sampling techniques

Out of the throe varylng populasion densitics, nemely,
480, 320 and 240 plents pay ploty 204 15 aund 10 pleats,
regpectively were selocted &t vemiom £or zecording the verious

‘blométrle observationss | |

Pop chemteal enalysia, lesved and bender sten portions
werd washed with dishilled water, alr dried and the oven dried
at 65°C ," The dried leaves and .otem vere then separately




powdered end used for the chemical analysia.

Observabiong.

The following observations were recoxded at five day-
intervals storting from ten days after trensplanting end also
at the time of first culting. ’

1. Heigot of the plent

The height of plant was measured from vhe ground lovel
to the top most leef bud of sll observational plants, averaged
and expressed in centimeters.

2. Girth of the nmain stem

The girth of the nein sben was messured using o none
elastic twine at the collar reglon of easch plont, mezn worked
out and expressed in centimeters,

5. Kumber of branches

Total nunmber of branches of each observationanl plent
was counted and the average obtelned for each plot.
4. Humber of leaves

For each plot, the {otal number of leaves in the
obgervational plonts was counted and the average mumber recorded.
5. Spread of plant

Spread wes obtained by teking the produet of the
distance between the termingl parts of the lergest branches
on both plenes, aversged and expressed in square cenbimesers.
6. Individusl lecf area

The area of the fourth, elghth end thirteenth leaves
of cach observational plant was measured graphlcelly, the
average for each plant caleunloted and recorded at the tine of
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first cutting.

The following characters were recorded at the fivet
horvest end gubssguently ab each cutting.
7+« TFrequency of harvest (cutting)

The presence of aboubt 10 per cent flower primérdis in
the harvested portion was consldersd mas the ceoepheble level
for commereiol purposcs, Accordingly, the first outting end
subseguent cubtings were teken when ebout 10 psr cent leaf
axils chowed presence of flower primordia, When more than 10
per cent flower primordia was scen initiated on the new sprouts
a8 they grewy it was considered as non-acceptable for commercial
purgose and hence further cutbing was avolded.

" Follouing the above ariteria, cutiings were regulated
and the frequency of haorvest as well as the total number of
cuttings possible were vecoxdeds
8, Yiald/plent
(a) - Average yleld/plant for each cutting:

This was arrived at by dividing the totael yield of
2 plot Ly the number of plants, for each cubting.

(b) Total yleld/plant upto three cubttingss |

Yicld/plant £rom the threse ocubtings were pooled and

enelysed. |

(c) Total yield/plant from all possidle cubbingo (more than
three cuttings vheréver available)s

The average :‘,rieid per plant from all the possible
runber of oubtings in cach trestment was totalled and recoxded,
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9,  Tield/unit area
| ta) Average yleld/square metre:
. bverage yleld/u? vas obtaincd by dlviding the plot yleld
by the net plot ares. _ , |
'(b) Total ;Y_.’ledjma upho thrge outbingn:
Yialﬁ/ma wvas pooled for three cubtings emd annlysed,
(¢) Total ;yielﬂ/ma Zron all poopible cubttingss
Grand totel yleld/m® €or all the possible outbtings
obtained from each treatment wag reaoz'dé«fl-..
10, Veight of leaves/plant |
() Average weight of leaves/plant for each cubtings
_ | Tor cach cubting, the overage weight of leaves per pland
was obtained as the welght of leaves per plot divided by the
mﬁnher of plantg.
() Total waeight of leoves/plent upto thrée outtingos
The average welght of leaves per plant £or each cutiting
wes pooled inclusive of the thizd cwb and the total recorded,
() Total weight of leaves/plont from all possible cutbings:
The average welght of leaves obtained from 211 the
aubbings for. epach treatment was pooled and the grond total
waight recorded. '
11. Weight of stem/plent
(a) Averege weight of stem/plent for cach eubtings
For all s.nﬂivmu;al cuts, the weiéht of sﬁemfplant. was
regorded separately for each treatment by dividing the weight
of ster by the mmber of plants.



(b) Totel weight of stem/plant upto three cuttingss

The total yield bf shen/plant fron the three cubtings
(common $o0 211 treatments) were token together and recorded
for anelysig.
(o) Total weight of shen/plent from all posseible cubbinges

The total yleld from 21l the possible number of cutilngn
in esch Yreastmend wae pooled awd recorded,
f2. Deaf/sten rabtioc
() Leaf/sten ratio for cach cubting:

o The ratlo of leaf 40 sbtenm was obtained dy dividing the
welght of leaves by the welght of stem anﬁ‘ regoxded £or each
hervest N
{(b) Leaf/otem ratio upto three cuttings:

For esch treatment, the leaf/sten rabio was obtained by
taking into consideration the welght of lesves end stems in the
three hawvesto. .

(c) Leaf/oten ratlio from ell possible cubbingss

The leaf otem ratlo from all the cubtings was obtained .
by taking into conglderabtion the weight of leaves and stems
from all the possible cubtings wherever applicuble.
13+ Dry welght of leooves ond stem '

The leaves end pten of kmown weight from the observetional
plents in esch plot was drled separately for five hours ab 65°C
3111 two consecutive weights coinelded. The final woelght was
expresged as percentage to the initial green weight.
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14. Moisture conjernt 0f loaves and sten

Fron the fresh welght and dyy welght recorded, the
pereentage moisture conbtent of leaves end sten was found out.
15, Iron content of leaves ond shem ,

The iron content of the oven dried samples of leaf end
gtem from individual plot was estimated colorinetrloelly efter
Aigesting with concentrated sulphuric aclidy nitric acld and
perehiloric ecld (Jackson, 1958) and expressed os mg/100 g of
dried leoves ond stem. Iron content wos esbimated £or threo
cuttings (common for ell treatmenta).

10, Zrotein content of leaves end sten

The total nitrogen of the oven dried samples 64‘.‘ leaves
and sten from easch plot for the three cuttings waes estimated
_eolorimetmlcally aftor digesting with concentrated sulphuric
esid by following the method of Le-Poidevin and Robinson (1965).
Thoe ni'bz'ageﬁ values were multiplied by the factor 6.;25' 0
obtain the protein content of the leaves and stem (A.0.A.C.,
1975). The values were expressed as percentase of the dry
weight of leaves and shen.
17+ Vitemin A content of leaves

Carotene content of fresh leaves from each plot for the
three cubtings wan egbtimated cgolorimetrically by following the
~ method of Beo gt al, (1968), The earctene values expressed in
I%mw ‘we‘l'e divided by 046 to got the Vitemin A
conbent of 1e£egﬁ.o.éuc“, 1975)« The values were then
exmrecped ag yereentage of fresh weight of leaves.



Statisbtical snplysig ,

Date weloting 4o each ehevacter were enalysed
statlotically by epplylng the technlgue of enelysis of varience
fox 32 factorial experiment in yandomiged block design and
the slgnificence vas teated by "F' teot (Panse pnd Sukhatme,
1957,



RESULTS
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RESULTS

The resulis of analysis of data from fleld experimentation
end laboratory estimabion ave presented balow:
1. Helght of the plant

Obgervations on helght of the plent of the three spacings
made ab the 10th, 15th and 20th dey after transplanting as well
an at’m:::rvest ére presented in Teble 1a. Vhen averaged over the
three age groups, the medium gpaced (8,) plants were teller
then the widely spaced (8.5) or closely spaced (81) plents at
all stages of obgervetion, exceph at 15%h day after _‘Brans;glanting
vhen Sy plants wers toller, At first harvest, though the 82
plants were taller, the 4l fferences were not statistically
pignificant (Table 1, Pig.1, Appendiz 1),

Analysis of the height Increpent for five days from 10
t0 15 days after trapsplonting revealed thet ab the clogest
spacing (51), plents grew taller ond were superior $o S, and
53 plents which wvere on per. The annalysig of the height increment
between 10 and 20 days after tranpplonting also chowed the some
trend, though the diffevences betveen 81 end 82’ and S, ond 83
plente were nob statistically significant., The increment in
height for the five deys from 15 o 20 days afbter planting,
when analysed showed no statisticol difference betucen the
spocings. However the medium spaced (82) plants exhibited o
higher growth inerement. This obviously accounted for the
leopening of the difference in holght of plents at the firet cut
(Table 1c, Fig.t, Appendix I).



Table 1a.

Height of plante (cm) transplanted at different
spocings (Mean over the replication and age groups)

Spacing

Days efter transplanting

10 15 20 Harvest
54 16.29 26445 38.34 46.98 8,
S, 17.51 26.00 38,87 48,32 S,
35 17.07 24,23 3573 46 .86 53
Table 1b. Height of plants (cm) belonging to different
age groups (Meen over the replication end specings)
Days after tmnsglanting
Age group 10 15 20 Harvest
Ay 15.19 22,10 34.10 44.47 Ay
A, 1540 23,90 37.01 | 47.17 A,
Ay 20.28 30,68 41.83 50452 Ay

10 x 10 en
15 x 10 en
-20::10@

15 day old
20 dgy old
25 day old

0%



31

' Table 1c. Height of plonts belonging to three age groups planted at
three population densities.

. Treatments . Mean Mean Mean Heen heilght

inerement incremnent increment a2t the time
from 10 0o from 15 to from 10 to of first outb
415 DAP 20 DAP 20 DAP (em)
(em) (em) (em)
S1A2 10.46 14.11 24 .56 48.73
Sohq 7.17 13403 20,00 46440
82A2 T.85 13.74 21.60 46,67
82A3 10.64 1183 22.47 51,90
33A1 5455 11,90 17.45 45,03
S3A2 T.21 - 11.48 18.69 46,10
:S3A3 8.74 ' 1.1 19.85 49.43
81 10.16 11.89 22,05 46 .98
82 B850 1287 21.36 48,52
83 717 . MM,S50 0 18,60 46,86
A2 - 8451 13.11 21.62 4T 17
AB : 10,39 11.15 21.54 50,52
0.D.(P=0,05) | L S
S and@ A meano 1.513 2.428 3.340 4,600
S x A means 2,620 4,206 5,790 7.970

DA? «~ Days After Treouspleating
5 = 10x10cm ’ Ay = 15 day old
82 - 10xz15 on A2 - 20 day 0ld
S3 - 10 x 20 cn AB - 25 dgy old
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The height of plentg belonging to the three age groups
averaged over the three spacings indicated that older plonts
vere taller (Table 1b). At harvest, the difference in helght
was significant between the youngest (A4) end oldest (AB)
plants, Analysis of the helght increment from 10 to 15 days
after plenting and 15 to 20 dayo after plenting showed thed
though the increpent was more in the A3 plants, in the firph
five-day periody the middle aged (AZ) plents exhibited higher
growth increment during the sccond five-day period (Table e,
Fige1, Appendix 1). The overall increment was also higher
for the A2 plents. But the differences were not significent
for the three age Zroups.

The height varied slgnificently at different levels of
population densitics and for the different age groups (at
trensplonting). Houever,there was no significant difference
anong the treatnent combinations, revealing absence of inter—
act“ion bebween speoing ond age. ' The two factors thus acted
independently.

2., Girth of mein stem eb collar region

Anelysis os done in the height of planis wes alse done
with the sten glrth: The figures revealed thet the medium
spoced (S,) plants recorded the highest stem girth during the

first three observational stages nemely 10 days, 15 days ond
20 deys after irangplanting (Table 2a), At harvegt, however,
the widely spaced (33) planto exhlbited higher phten girth ap
compared to the youmger plents (32 ard 81 in that omler), which



Teble 2e. Girth of planto (em) transplanted ab different spacings

(Mean over the replication and age groups)

Days afber transplenting

Spoeing 10 15 20 Harvegt
31 1.54 2.02 555 2957
82 1 .56 2.84- 3.80 404‘0
83 1 053 2'.67 3 -72 4' 059
Table 2b.

Girth of plants (em) belonging to different age groups

(Mean over the replicaetion and spacing)

Pays after trensvlanting

Age group 10 15 20 Haxvest
A2 1.42 2.57 .05 44335
A’ﬁ 1.78 3.13 5495 454

>

- 10 x10 cm
- 15 % 10 cm
- 20 % 1C e

- 15 day old
- 20 dey 0ld
- 25 day old

ge
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wera on par’(_mabla 204 Fig.2, Appendix I1).

| The increment in the girth of the main stem with
reference to the three mpacinge revealed that the S, and 83
plante exhibited higher incpenental rates during the first five
deys and second five days respectivelys During the fivet fivew
dey perlod (10 to 15 days after trensplonting), the incremental
rate between 8, end 83 plants wap not significantly different
(Table 204 Fige2, Appendix II). In the second five doy period
the three spaclings were on par with regerd to the gtem glrth.
| Seedlings belonging to the three age groups, averaged
over the threg spacings exhibited e general trend of higher
aﬁiclmes_s of stem with increase in age (Table 2b). The increment
WAG mors in older plonk {A5} followed by thet in middle aged
(_Aa) end younger plonts (A1.) (Table 26, Pig.2, Appendix II),
The difference vwag Statisticelly significont. During the second
observation pericd, namely between 15 and 20' fays after hpange
planting, there wos & &lowing down of the girth incrcment in
older plants, During thls staze the middle aged plants exhibited
mozimm girth increment, though not significantly different
from that e:?hibitea by younger plants, Overall increment
hatueen 10 t0 20 days after planting showed no sigalficent
difference bc;twéazi theé thres groups of ‘plaxm.-?

With regexd to the stem givth alse there was no
statiptiocally significent difference between the treatment
corbinationss The two fachtors oeemed (o have acted
independently.
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fTable 20, Steﬁ girth of planto belonging to three age groups plented
gb three population denscitics.

Treatments Mean Hean Mem, Mean girth
. increment incyenent inecrement at first
from 10 0o  from 15 to from 10 40 out

15 DAP 20 DAP 20 DAP (en)
| (cm) (cm) (em} |
‘ 811_-'11, | Q.98 0,97 1.96 3480
,3152 104 - 1.18 2.22 5499
'52A1. 1,44 1,06 2,20 4412
T52A2 1.24 0,97 2.21 4,37
Bohg 146 0,83 2,29 4..73
C 185y, 0,86 1414 2.00 4.32
Sghp 1.17 1407 2.24 4.69
Sl 1439 0492 2,31 4,76
8, 1:08 0.95 2,00 3495
: 8y 1.28 0,95 2.23 4440
54 ' 1,14 . 1405 2418 4459
'y 0.99 1406 2405 403
A, 1415 1,07 2.22 4.33
Ay 1436 0479 ) 2,15 4,54
0oDu(P0,05)
5 and A means 0.7953% 0.219 0.262 0.48%
| 8 z A peang 0,264 04379 0,454 0.83%

'DAP  « Days Afer Trensplanting o

81 « 10 x 10 em A1 = 15 day old
82 -~ 10z15 on a_a ~ 20 day old
83 - 10 % 20 cm A3 - 25 day old



3. Number of branches
As done in the girth of main gben at coller region,
analysls was also done with the number of branches. During the

firet three observationel stages, namely 10, 15 opd 20 days
after transplonting, the daba indiceved thot the nedive gpaced
(8,) plants profuced the largest number of branches (Table Ja).
At hervest; however, the nefdiun opaced (Sa) plante exbibited

the largest ammber of brancﬁes as compared to the closely

gpaced (81) plents and the alfferences were otatistically signi-
ficant, Bub the difierence betweecn the medlum opeced and widely
apoced (83) plantsg wves not statisticelly sigpificant (Table Ze,
Pig.3, Appendix I1I),

Analyeis of the iﬁsrament in the nuwber of brasnches for
five da&s from 10 to 15 days ofter tronsplanting reveslded thok
the 5, plénts exhibited thé higher incremental rate thon the
51 plants, the differance belng otetiotiecelly signiflcant.

Bup the differences bebween S, & 5y plants end S; & S, plants
vers not stabistically slgnificant. On the other hond the
obgervationg during the, second five-day period rsvealed that
the increémont was more in the wldely spaced (53) planta, the
difforence being statiobicelly significant over the other two
apecings which were on par (fable 3¢, Fig.3, Apperdix III).
The overall increment from 10 to 20 Qays afber plonting
révealad that the two wider spucings (S3 exd 82 in thet order)
exhibited highest increment in the number of branches then the
closely spaced (Sq) plante, the dilfferences beilng statistically
significant,



Table Za.

Hunber of brenches of plants transplented at differend
spacings (Mezn over the replicabion and pge groups)

Days efter trensplonting

Spacing 10 15 20 Horvest
8, 1.80 6.02 T34 8.86
Table 3b., Number of branches of plents belonging to different

age groups (Mean over the replication amd spacings)

Days after transplanting .

Age group 10 15 20 Hazvest
Ay 1.44 5.89 T.72 9.21
A3 2.54 T45 B8.91 10.85

no

\}F

10 x 70 en
16 x 10 em
20 z 10 an

15 day old
20 day old
25 day old

LE
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Table 3c. ﬁmn‘ber.of branches in plents belonging o thrce age
groups plented at three population densitieo.

Treatments HMean ¥ean Meen HMean mmber
increnent increment increnent at the tine
in mmber in number in number of firet
from 10 6 from 15 to from 10 to

15 DAP 20 DAP 20 DAP
S1A3 ' 443 1,40 5.83 - 10-37
52A1 ) 4,50 ) 1.99 6450 . 957
SEAE . © 4,87 © 1.63 6450 : 10.03
85A4 34T - 2,60 6407 . 8.67
Sty 4437 2,57 6.93 9400
33A5 ‘ 5 q23 1 -,8‘0 ' 7.03 . 11 127
84 4402 1.42 - 544 8.86
S 4,56 2,52 . 6.68 . 9.64
A1 ' 585 ) 2.5 5.89 : 8.61
Aa ' 4,44 C 1.83 . 6.28 . 9.21
A3 ' 4,89 1.48 . 0,37 - 1085
CuD4(P=0,05) .
3 & A means . 0.524 0.540 0,580 . 0.766
S x A peans . 04908 . 0,936 ~ %.000 16330

DAP - Doys After Transplenting

81 - 10 x10cm A,] ~ 15 dgy 0ld
S, = 10x 15 cn A - 20 day old
53 - 10 zx20cm AI')' - 25 day old
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Regexding tho oeedlings belonging to the three age-groups
averaged over the three spacings, a general itrend of incrensed
mimber of bronches with increoseée in age wes observed (Table 3b).
The increment in number of branches for the first five deys
from 10 t0 15 doys afier transplanting showed that the two
older age groups (A3 and A, planto) showed the highest
inorenent from the younger seedlings (A1). the difference being
statistlicelly significent. But A._;). and A, plants were on par.

The second five-doy increment ond the oversll incrementinthe
nunber of branches for ten days, both showed no statistical
difference hetween the treabtment means (Table %e, Flg.3,
Appendix I11).

Ho statistically significant difference could be obtained
betz«:eeﬁ the different treatment combinationg with regerd 0
the number of branches. The 4two factors thus acted independently.
4, Number of leaves

Yuring the three obscrvationsl stages namely 10 days,

15 days and 20 deys ofber tranoplenting, the figures for the
number of leeves revealed that the medlum spaced plants produced
more leoves then the plants in the other two apeeings (Table 4a).
A% harvest, the medium spaced (82) plents and widely spaced (SB)
“plante produced sigpificantly lavger mmber of leaves thon the
closely spaced (81) plants. ' Bub the dlfference between the
former two mpacings were siebistically non~significent (Teble 4c,
Fig.4; Appendix IV),




Table 4a. Humber of leaveg of plonits transplanted at different spacings

(Mean over the replication ond ege groups)

Daye after trangplanting

Spacing 10 15 20 Horvest
5, 13427 28.89 35 .30 3944
Sy 15.49 33.97 42.29 49.26
S, 12.60 30.02 41.46 46.52

Table 4b. Number of leaves of plants belongins; to different age

groups (lean over the replication and ppacings

Dayp after trensplanting

Hozrvesh

Aza group 10 15 20
11 11.28 26.71 35 .40 %3.50
A, 12.28 27,87 37467 4% .68
AS 14.80 58.51 45.98 53.04

U? I\):, ...Eb

.y

L

10 x 10 mn
15.% 10 en
20 x 10 cm

15 day 01d
20 day 014
25 day 0ld

ob
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For the fliwt five deys, S, plénts exhibited o higher
inerementol rate than -83 end S.z plents which were on par. 0o
the other hand, for the second fivesdoy period, 85 plentg
exhibited a higher irerementel rate then the 5, end Sy plants

whlch were on pars Bubt the overall increment foy the ten-day
period from 10 4o 20 deys afiey t@aplmﬂ.ns ghouel that
. the 83 and 52 plente were on per which in, turn were shatistl ieslly
superior o the S’l plento (Pable 4c, Figid, Appand_x IT)e

‘Seedlings belonging to the thred age groups, sversged
over the thvee opeclngy ezhibited a genersl trend of higher
mmber of léaves with inevepse in ege (Teble 4b). The inerenent
in mmber of leaves wag moxe with the older seeaii.nga “3)
during thae £irst Pive days from 10 to 15 days efter plenting..
Thea differcence vap stabistically significent over the middle
egedl seedlings (A,) sud the younger seedlings (44) vhioh were
on par. Bub durlng ths second five dey period (55 to 20 days
afher planting), theé inovement in the mmmber of leavén showed
no statistical gignificence botween the different ogs groups
(Table 40, Flg.4, Appendix IV). The overall increment for ten
aa,ys revealed tha-z; A3 plants were shtatisticelly superior 'i;o

n E0d. Ay ploants wbich were on pawv.

Betugen the different {reatment combinations no statiotical
differance uag obtalned foxr the -number of leavesy Thus ih
seemtdthat the two factors wers acting independently armd there

wag no interasction between thenm.
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Toble 4o Number of leaves in plants belonging to three ege
groups planted at three population densities.

Tregtnento Mean HMean HMean leen number
increment incremnend increnént of leaves
in number ir nunber in mmbep at Livet
from 10 t0 from 95 $0 from 10 ¢ oud

15 DAP 20 DAP 20 DAP
Sy 1247 6477 19+23 32410
Sqh, ‘ 14420 717 21:97 33493
- f 20,20 4,70 24.490 47430
Sph, 18,79 672 25,450 454733
S?.Aﬁ 25,063 8,33 _ 9597 ) 5755
Szh, 15.5% 11.73 27627 47420
S5h5 24,70 - 9.97 54467 5430
- By 15462 6.41 22.03 3944
S, 20,48 8432 28,80 49,26
S, 17422 11.43 £8.86 46 452
A‘! . " 14443 B 69 25412 3850
Ay 15459 9:20 25439 45,68
Ay 25451 7467 51.18 55,04
CeDe(P=0,05)
S and A mesns 3,04 Be34 £.02 "7469
8 x A meaus 5426 5«79 6.97 15433

DA? - Days After Trensplanting

Sq - 10zx10cn A1 = 15 day old
32 - 10z 15 cm A, ~ 20 day old
83 - 10 2t 20 em A5 - 25 day old
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5. Spreed of plant
The pprecd of the plant wes also analyced ab verious

pteges, The figures during the firat $wo observational steges
(10 and 15 deys efter plenting) revealed thot the medium spaced
plents (82) gave the lawgest spread, AL the 20%h day after
planting, the widely cpeced plants (83) recorded the lergest
spreed (Table 5a). AL the time of barvest, 8.5 end B, plants
recorded significently lerger spread than the closely spaced
(8_1) planta, However the difference between 53 and 82 plants
were not significent (Teble Sc, T4g.5, Appendix V).

The increment. for the Pirst and second flve-day periods,
oxhiblted no statisticenl differences betwean the three different
epoeings averoged over the three age groups,. But £he analyais
of the overall inecrenment from 10 to 20 days after planting
revenled thod 83' and 32 piants recordeé.« tha highest incremental
rate then the S, plants (Teble Se, Fig.5, Appendix V).

A5 g generel trend, Lfor the differént age groupa
(averaged over the three specings) tho sprezd of plants
Increased with inoreane in age of geedlinge during the first
three observetionsl steges (Table 5b). But et hervest, though
there woo no statistieslly significant difference hotween the
three different ame groups, the middle aged (Aa) plents
exhibited slightly larger spresd than the oldest (A3) plants
(Teble S56; Fig.5, Appendix V), TFor the first five doys from
10 $0 15 days after planting, the incrament in spread was the



Table 5a. Spread of planis (cm?) trangplented ot different spacings
(Mean over the replication and age groups)

Days efter Ltransplanbing

Svacing 10 15 20 - Horvesh
54 235.78 - 920.26 1201.50 1230.12
S 542 .80 _1012.22 1375.14 1545..71
83 299.45 961.53 1374 .97 1715.29

Pable 5b. Sprend of plants (em®) belonging $o different age groups
(liean over the replication snd spacings)

Dayo afiser dransplonting

Age group 10 15 20 Horvesh
A, 260,63 825,60 1203.78 1449.94
A, 287.98 900,81 1329.73 1526,76
AB 429.43 1167.54 1416.11 1514 .42

S,
8y
5.

2

of ™

= 10 z 10 om
- 15 x 10 em
- 20 x 10 e

-~ 15 day 0ld
- 20 dey old
- 25 day old

124




Table 5 ;é. Spreed of plants belonging to three age groups planted

at three population densitics.

495

Treatnents , ' lean Mean Mean HMean at the
increment increment increment; tine of
‘Prom 10 to  from 15 to  from 10 40 first outb
15 DAP 20 DAP 20 DAP |
(on®) () (ca®) (en®)
8444 507447 270.74 778,21 1141.95
340y 581 .08 44853 1029,61 1355 .63
Bqhy | 664.89 124 .45 789 ¢34 1192.80
S84 . 636,26 351,62 987,88 1487.73
Sphy 646,17 392401 1044,18 1534« 70
82113 725,83 335414 1058,.97 1614 .70
'555;'1 551,38 512,00 1063.41 1720.17
Szh, - 61125 440,21 1051,46 1689493
Sshs 823.6% 288,10 1111.73 1735 77
34 584 .48 261,24 865,72 1230.12
8y 669,42 360,92 1030.34 1545 .71
B | B62,08 | 413.44 1075455 1715.29
Ay - 565.04 378412 943,17 1449.94
A, . 61233 428,92 1041.75 1526.76
Ay 738411 248,57 086,68 151442
CoDo(P=0.05)
S gad A meons 120,105 129,798 161.810 227,690
S x A means 208.028 224,816 287,260 394 360
DAP - Days After Transpleabting
' Sq « 10 x 10 en Ag 15 day old
82 « 10 x 15 e A - 20 day old
53 - 10 x 20 cm 25 day old
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-

lavgest fop the oldest seedlings (JLS) than the niddle aged
(Aa) and younger (A1.) seedlings, Thée differcnces bebween A?’
A, and A‘i plants were statistleally significant. But during
thé second Plve-day period (15 to 20 days afier planting), the
incremental rate wvas the least for the A.j plents: A, end A‘i
plants werc on por {Table Sc). 3But the overall increment Loz
ten days from 10 to 20 deys afber vleanting showed no statistically
pignlficant differcnce.

Por the $recatnont combinations botween spacing end ege
£ seedlings ot tronsplarting, no ptatistlical significance
could be obtelned, revealing that thers was no interachion
betweon these dwo factors and that they were ecting injepandently,
6. ZIndividunl leaf ares .

The individusl legf arte wes found 4o vary sigalficantly

for the different spocings averaged ovey all the three age-
groups. Plantg spaced eb 10 x 20 cm, (83) vhen compared to the
other two speeings, recorded dhe meximu leaf erea (128,03 on®)
accounting for 28,506 per cent increase over 10 z 10 cw (=S1)

end 15,89 per cent over 10 = 15 on (8,) spaging. But 8, end. Sy
wers on par (Table 6, Fig.6, Appendix Vi),

Regarding age of seedlingd ot trernsplanting, the 25 dey
old (As)seedlin@ averaged over the three spoeings recorded &
eignificent increase in leaf orea compared 0 thoge of the
other %wo age=~groups. The youngest, 15 day old (A1) geedlings
recorded the least, the merginal mesns being 104,96 em”,

109,07 ea”® and 125,16 em® for 15, 20 and 25 day old ceedlings,



47

Table 6. Individual leaf avea of plants belonging o
three oge groups planted at three population densltles

Teeatnents Hean—individual lgaf ares
(at £irst cub) cn

S1£3 11330
82A2 101.55
32A3 132.91
53A1 121,93
SﬁAa 129,93
83A3 19224
31 99.74
32 112.41
83 128405
A1 104 .96
A2 109,07
A3 120,15
C.D.(P=0.05)
S and A means 14..98
8 x A meons 25.95

84 « 10 210 cm &y - 15 day old
8, = 10 215 on Ag - 29 day old
S - 0x20cem A3 - 25 day old
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reppectively (Teble 6, Fig.6, Appendix VI).
Te }I;_‘z;_eqﬁenoy_of bervent

Harvesting was dons when the crop exhiblted more then
10 per ceﬁt floral initiantion., The number of dsys token by
cach treatment for atiaining the harvestable stage have been
recoxded in- Teble 7 (Mg.7, Appendiz VII), Plents at the
clopegt spaeing (S‘I) showed earllier initietion of flower
primordie then those at the widest spacing (83), the medium
spacing (5,) ecoming in between.Blante at Sq4 S, and 8, opacings
were hervewted on the average at 21.67, 22,67 and 27.44 daye
after tmnéplmtin_g; réapeo’oively, Thug the pleats et closer
spaeing attained hervesteble stage earlier than those af the
other twa spacingss The gams - trend wes raflected for the
subgeguent cuts also, The in"éerval batween the first end the
sccond oub was 7,33, 9.00, 11.67 days for 844 5, and 33 plents
reopectlvelys The corraegponding figures for the thixd cut was
6,00, 7.00 and 9.33 days respectively. In certain treatments
more than three harvests were possible, Those treatments wiich
produced more then three cm:t.s algo exhlbited the same trend
in the inltlation of 10 per cent flower primordia which wes
fixed ae the criterion for harvest, The treatment combinctions
321&1, 82.&.2. 331\.1 ard 83!&2- gave four culs and 8.59.1 mad 5352 Zexe
five cuta cach. It wos evident that the plents at the lower
pozmlé-tiun dongities (wide end medium spacing) gave more number

of cuttings vhen compared to those at the highest population
density (close speoing).
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Table 7. Irequency of horveat of planto belonging to three age groups
planted ot three population densitiea.

Treatments Tirob cub Second cut Third cut Tourth cub Fifth cut
Fpeguency - Frequenoy Frequency Irequency Iregueney
of heorvest of harvest of hervest of borvest of horvest

(days) (days) (daya) (days) (days)
51'&-1 23 1 7 = -
SEAE 23 8 7 o -
52A3 20 .9 6 - -
83A1 30 15 1 9 6
S3A2 27 32 9 9 ]
83A3 25 10 8 - -
55 22,67 9,00 7.00 %07 -
83 27.33 11.67 .33 6,00 3.67
A1 26.00 10,00 8.67 5.00 2.00
AE 24 .00 9,53 T.00 4,00 1.067
AB 21 .67 8.67 6 567 - -
C OD . (P"_'O Pos )
S and A neans 0,53 0445 0.60 - -
S x A means 1.02 0,92 1.54 - -
81 - 10 x 10 e Ay - 15 day old
82 = 10 x 15 cm A2 -~ 20 dey old
83 - 10 z 20 om A5 ~ 25 day 0id
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Highly significant difference was obgerved in the
froquency of harvest between the three different age groups
(Table T, Mg.7, Appendix VII). The 25 day old (A.j) seedlings
plented at the three densities showed earlier initlation of
flower primordia. The plants belonglng to A3 v Ay and A1
groups took 21.67, 24,00 and 26.00 days, respectively to
produce 10 per cent flower primordie for effecting the first
hervest. The planto belonging t0 the same three age groups
00k 8.67, 9.33 and 10,00 deys after the first cut for glving
the seconi harvest. For dhe third out, they took 6.67, 7.00
and 8,07 days, respectively, after the second cut. Those
treatments that gave more then three cuts also showed the
pome trendy i.e. the younger the seedlings at trensplenting,
the more was the number of cubtings possible. Evidently,
A182. A1S3 end A282 and A283 gave four cuts and A1S3 and AESB
geve five cuts each,

8. Yield/vlent.

During the first cub, plants at different spacings
averaged over all the three age~groups showed that the widest
gpacing (53) gave the meximm yield/plemt and wes superior
0 the closest spaecing (81). However, the 83 plents were on
par with thoge of 82 and 82 plante were not signlficantly
different from 54 plonts with respect to yield/plent (Table 8,
Fig.B8, Appendix VIII), The wlidest specing gove 48.02 per cent
more yleld than the closesh sgpacing at the time of first
harvest,. But the differences were not significant during the
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gecond and third harvests. Yield per plant obtained from all
the three cuts when pooled and analymed revealed that 83 plente
gave maximum yieid follouwed by 82 and 81 plants, recoxding
et increase of 31 '.79 per cent over 81 plants. Though S.j plante
vere superior %o 81 plents, they were on per with those of 52
plante. In ecertein treatments, more than three outs were
pogsible. When the yleld total from all the possible number
of cuttings was analysgd, 83, S, end 81 plants gave yields of
99.40, 76.77 and 62.82 g/plent, 83 plants being stetistically
superior o S, end S, plents which were on pav. -
Analysis of yield of plante belonglng to the three
different age groups averaged over the thre‘e opacings did not
give significant difference in the first and second herveats
(Teble 8, Fig.8, Appendix VIII)., But for the third cut, the
youngest sesdlings (A.!) recorded the highest yield/plent and
the difference bebtween the A‘I plants and A3 plants wao stetisg=-
tically olgnificant, Howcver, there was no significant
difference between the youné;e’c. (A;) end middle aged (A,)
plants and middle aged and oldest (A-j) plents. Yield totel
from all the three cubs vhen pooled end analysed, showed 1o
shabisbical significance, 'Howevex'? the yield totel from ell
the poseible cuttings revealed that the middle aged (A2)
plants gove significently the higher yield/plent over the
other two age=groups which were on par. The mean yield per
plent during the entire growth period of Al Ay end AB planta
vere 83.06, 85.26 and 70.67 g rempectively.



Table 8., Yield/plent of those belonging to threc age sroups plented at three population denpitles.

Treatments Mean weight MNeon welght Yean weight HMean of Mean of Hean wkisght Nean welght
of first of second third out three cuts fourth of £ifth of all cubs
cut in g cut In g in g in g cut in g cut in g ing

S404 36413 15.03 11,42 62428 - - 62428

844, 38,03 17460 12.687 68,51 - - 68.51

Sy - . 330 15445 8,83 57.67 . . .= L= 5T.67

Sl 30463 16.35 12.69 68.67 10.58 - 79426

Sphs ' 43 .11 12.58 1017 63.87 10.83 - T6.70

5253 51 ,050 134'13 9173 ?4*36 ed - 74 t36

B304 46.49 21.60 13.52 81.59 13450 12,57 107.65

Szhy 59.2% 16.30 11.29 86.82 12.33 11.42 110.57

Sghs 5353 15.66 10.78 79.98 - - 79.98

CH 35 486 16.03 10.94 62482 - - 62.82
85 44.75 14.02 10.86 59.63 7.4 - 76.T7"
8, 53,08 17.85 11.86 82.79 8.61 799 99.40
Ay 40.T5 17.66 12.44 7085 8,03 4,19 83.06
A, 46.79 15..50 11,44 73,73 7472 3.81 85.26
Ay 46.14 1475 9.78 70467 - - 70,67

CoDu(P=0,.05)

S end A meaus 10.48 477 1.75 13.80 - - 1417

S x A neons 18,15 8,25 3,05 23490 - - 24,54

31 - 10210 en 32 ~ 15 = 10 en - 202 10 en

A1 - 15 dmy old A, = 20deyold = 25 day old

an
0o
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Thers wves no statistical difference between the
different treatment combinations. Thus 1t was concluded thab
thare was no interaction between spacing end oge of seedlings

with refersnce 0 thig character also.

9., Yield/squere metre.
During the first and the second harvests, the closely

gpaced (815 plents recorded significently higher yield/m2 over
the meaiun spoced (S,) and widely opaced (S5) plents, which
Were on par, ﬁowever, for the third barvest, yield/m2 rose
with decrease in specing. The differences between 81, Sz end
83 plants were all statistiog.lly oignificant (Table 9, Fig.9,
Appendix 1X). The totel yleld from all the three cubs, as
t:ell'as that from all the possible cuts showed the sane trend
es in ’oﬁe first end second harvests i.e. 81 plants being
statistically superior to B, and ?»3 plents which in turn were
oL par. The nean yield/m2 from all the possible cuts recorded
by 844 S, and 83 plants were 6.28, 5,12 and 4.97 kg respectively.

The performance of seedlings belonging to the threo
age groups, averaged over the three gpacings showed no signi-
ficent differences during the first and mecond harvests.
However, Guring the third cut, the younger (A‘i) plents and
nlddle aged (A2) plants were statistically superior to the
older (A3) plants. The former two were statistically on per.
Yield/m2 from the three cuts teken together ao well as that
from all the possible cuts ehéwed no statistically elgnificant
differecnce between the dlfferent treatment means (Table 9,
TMig.9, Appemdix IX),



Table Sl Yie!ﬂj&a of plants belonging to three age groups planted at three population densities.

Treptmente - Mean of Meen of Mean of Mesn 0f  HMean of  lean of Mean weight
first cut second cut | third cut . three cuts Zfourth £ifth cut  of all cuba
in kg in kg in kg in kg cub Cky) Y in kg

S48, 361 1.50 199 6423 - - 6425

S4Ay .80 1.76 1.29 6.85 - - o B85

S48 3434 1.54 0.88 5477 - - 5.7

SqA4 2.64 1.09 0485 4,58  0.70 - 5229

SyA, 2,88 0.84 0.68 4440 0472 - 5.12

Bohs J+44 0,68 0,63 496 - - 4.96

Sshy 2.32 1.08 0.68 4.08 0.68 0.63 5438

8585 2496 0.82 0.56 4«34 0,62 0,57 T 5453

Sxhs 2.68 0,78 0454 3499 - - 4,00

8y 2,99 0.94 0,72 4,64 0446 - 5412
By 2.86 1,22 0,83 4496 0.46 0.21 563
A, 3.21 N T 0.84 5420 0.45 0,19 5.83
Ay 3415 1,07 0,69 . 4,91 - - 49

S end A mesms  0.815 04393 04123 1.140 - - 15140

8 x A means 1,498 0.680 0.212 1,970 - - 1.970

S; =10=x10ocm 85, = WBzxWe S; = 20x10 o

Ay =15 dey 014 A, =~ 20 doy old A5 = 25 day old

&N
(e
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There existed no interachtion between spocing and age
ot tronsplenting with regerd %o yield[mg. The two factora
thug acted indepeniently.

1. Average weight of leoves/plant.
During the firat out, the widely spaced (S-) plants

recordea the highest average weight of leaves/plant and they
ware statictically superlor $o the medium spaced (82) plants
eg8 well es t0 the closely opaced (51) plants which were on per
(Table 10, Eig.10, Appendix X). But for the second and third
harveats, no sbaﬁistiéally gignificant differences could be
obtained between the th:ée different spacings. The aﬁerage
weight of 1egves%’plant from all the three culs, when pooled
and analysed ghowed theb the 83 plants vere statistically
guperior 1o 5, and 31-plants which were on pa@. The total
¥ield from gll the possible cuttings.feﬁealed M ghly significent
differqnces between Sy, S, and S, with e meen weight of 61.01,
4471 and 36,49 g/plant respectively.

Plante belonglrig to‘thé‘dlffeéeni age groups averaged
over the three spacings showed no statistically significant
differance for the first and second harvests. Bub during the
thixd h@rvest, there existed statistical difference betﬁeen
the younger (4;) and older (Aé) plents. But the younger plants
and middle aged (52) ones were on pax and so also were Ag
end Ay (Table 10, Fig.10, Appendix X). The yield from ell the
three cuts when taken together and anmlysed showed no statig=-
tleally significant difference. Ilouever, the total yleld



Table 0. Average velght of leaves/plant of those belonging 0 three age groups plented ab

threc population densities.

Treatmenta Hean of Mean of Mean of Yean of Hean of Yean of HMean of
fivst cub gecond cut . third cut theee cuts  fourth £ifth cut - all cuts
(2 R L:9 () €3] . cut () (&) ()
8.4, 16.93 11443 " 8455 36,91 - - 36.91
Sqy 16.57 12,79 9.85 59419 - - 3919
S48z 5.73 ~10.83 6.80 33437 - - 33.3T
8, A 17.23 12.22 9,93 39.38 8,00 - 4738
2A2 175 9.62 7.95 34,472 8.50 - 43.22
Spls 26,54 9.40 7,58 43.52 - - 43.52
S48, 21400 16.00 10.82 47.82 14.28 10.40 69}17
S5, 27.60 12,13 8,36 48.09 9450 9.17 66.76
5A3 28.67 10.03 8.41 AT.10 - - 47.10
1 1641 11.68 8.39 36449 - - 36.49
2 20,31 10.41 8.49 39.21 5450 - 44,71
3 2576 12.72 9.20 47.67 793 6.52 61.01
1 18_039 13.21 9 nj?? 41 137 7!43 B0 51015
A, 20.44 11451 8.71 140467 6.00 3406 49.72
A—j 23.65 10.00 7-59 41.55 I - 41,33
C.D.(P=0:05) |
S end A mesns 4,99 3453 1.18 8.0% - - 8426
S x A means 8.64 6.11 2.04 13,91 - - 14.31
81 - 1Q'm100m n - 15 x 10 e S - 20 2 10 cm
2, -~ 15 day old A2 - 20 day old A3 - 25 day old

an
(o P
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from all the possible cuttings revealed that A, end A2 plants
were stabistically superior to A.5 plants and the former two
age groups were on pav, the mean ylelds being 51,15, 498.72
and 41.33 g.

The treatment combinations showed no interaction.

1. Average welght of stem/plent.
During the f£irst cut, the widely spaced (Si) plente

producing 27.53 g and the medium spaced (52) plants producing
24.44 g recorded statistically oipgnificent differences over

the closely spaced (S'l) vlents produelng 19.44 g (Table 11,
Fig.11, Appendix XI). The performance of 83 end Sg_ plants
were stabisticelly on par. But no statistical significence
could be obbailned in the weight of stem/plent during the

gacond and third hearvestas The total yield from all the three
outs vhen pooled and enalysed showed that the ‘33 plants recorded
the higheat weight (38.39 g) vhen compered o ST plants

(26.33 g) and the difference uas statistically significant.

Bubt the difference between 83 & 8, end S, & §, were statisticelly
non significant. The same trend could be gesn when the

totel yield from all the possible cubtings was pooled and
anclysed.

Performence of the plents belonging to the three age
groups avevaged over the spacings showed no slgnificant
difference for the flrasht, second end thixd horvests as well
eg for the three cubts considered together. The total yield
from all possible cuttings alsc showed no statistically



Table 1. Average weight of atm/plant fron thope belonging to three age groups plsmt.ed ab

three population densities.

Treatﬁants_ :

Mean of

Mean of

Mean of

Mean of -

liean of

Mean of Meaﬁ of

first cut . gecond cut third cut  three cuts Lourth £ifth all cuts
(g). (&) (&) (&) - eub (g) ocut (8 (&
51.&1 18.20 3.01 2.57 . 25 .38 - - 25.58
44, 21.47 4.81 3403 29,31 - - 29.31
Sqbs - 17.67 4.61 2.03 24..30 - - 24,30
82A3 24 .96 3.T% 2.4 304,84 - - 30 .84
5351 25,49 5 -60' 2 oTO 33 «19 2455 016 38..50
S3A2 31.03 4.17 2.93 38.73 2.83 25 . 45481
53A3 © 24.87 - 5.04 237 32.87 - - 52,87
S4 19.44 4.34 2.54 26,33 - - 26,33
8, 24 .44‘ 3.01 2,37 30.4% 1464 - 32,06
83 27.33 514 2,60 %13 179 47 38439
Ay 22.36 4 .45 2.68 29.48 171 0.72 3%1.92
Ay 26,36 3+98 . 2.73 33 .06 1.72 75 35.5%
A3 22.50 4.66 2.18 29,34 - - 29.54
C.D.(P=0.05)
S and A meang 597 1.40 0.76 6.60 - - 6.85
S x A peans 10.34 2.43 135 11.54 - - 11.87
81 - 0x10 e S, - 15210 cn 83 - 20 x 10 en
Ay - 15 day 0l1a A, = 20 dsy 0ld Ay - 25 day old

89
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significent difference. Although the differences werc not
pignificent, the wmiddle aged (A;) plents gave the highest
velght of shen/plant (35.53 g) vhen compared to the younger
(A4) plents (31.92 g) end the older (AB) plants (29.34 ).

There was no interaction between spacing and age of
seedlings with reference to weight of stem/plant.
12. Leai/sten ratlo.

Saedlihgs pian'ted at the different spacings, averaged
over all the three age groups did not show any signiflcant
difference ducing the first, second and third harvests for
this character. The leaf/sten ratio was increasing from the
firgt to the third harvest., The leaf/otem ratio from all the
three cuts consldered together slso ghowed no statistical
difference between the treatment meana(Table 12, Fig.12,
Appendix XII). Similar was the cage when the ratio wes
examined for all the possible cuts together. Though the
difference was not significant, the low denslty planits (83)
recorded the highest leaf/stem ratio of 1.59 when compared
t0 the medium density (S,) end high density (S,) plents. |

However, the performance of seedlings belonging to the
three age groups during the firat out ghowed thel the older
(A;) plents geve the highest leaf/sten ratlo then the younger
(A;) plents end the middle aged (A,) plents, the former being
stebistically superior to the latier two which were on par
(Table 12, Pig.12, Appendix XTI). During the second out,
younger (A, & Ay) plants vere statistically superior o the



Tabletgai Leaf/oten ratio of plants belonging to three age groups planted at three population
denpities. )

Tregbments Hean of Hean of Mean of llean of Hean 0f HMean of lMegn of
first cub second out  thirxd cub three cuts fourth £ifth ell cuts
cub cub
8444 0.913 34280 3.310 - 1.482 - - 1.482
B4y 0.785 2.650 3,300 1. 347 - - 1.347
31113 0,925 2,200 54370 1.419 - - 1.419
3251 0.778 %060 %.590 14357 D220 - 1.497
8,05 0.667 34370 3.580 1.120 3.730 - 1.294
82A3 1.081% 2.520 35.0640 1440 i - 1.440
83111 . 0.824 2.850 4,120 1.413 4 400 4 855 1.796
858, 0.868 2.980 34360 1.231 3.600  4.524 1.528
33A3 1.154 1.910 2.870 1437 - - 1437
31' 0.874 2.710 Do fQ 1.420 - - 1.420
82 0.842 2,980 3.600 1,510 2.316 - 1.%11
83 0.949 2.580 Z.780 1.360 2,680 $.120 1.590
A1 0.858 3000 5.670 1.420 2,540 1.610 1.590
AE 0.TF3 5,000 3e420 1.2%0 2440 1.510 1380
A3 1.054 2.210 3.630 1430 - - 1.4350
C.D.(?=0.05)
S emd A mezns  0.128 0.507 0.826 0.213 - - 0.209
S x A neans 0.221 0.878 1430 0.370 - - - 043564
5 = 1Wx1em S, = 1Bzl S, - 20x10ecn
Ay - 15 day old 8, = 20 day ol by = 25 dey old

03
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oldexr (A-;-) plants, However, during the third harvest no
statistical difference could be oblained between the three age
@;’Oﬂpﬂa. The saue wos the cese when all the thres cuts were
+ geken together ag well as when all the possible cuttings were
‘gonsidered together. Though the differences were not signie
ficent, the younger (A1) planta gave the highest leaf/Btem
ratio when all the pospible cubtings were telten together,
Here algoy a8 ln the case of spacing; for the dlfferent age
groups, thée leaf/etem ratio chowed an lnerensging trend from
the first to the third hervess, which wao compon for all the
treatnents, |
Thera existed no interaction between scpacing and ege
of seedlings at transplanting with reference to leaf/stem ratio.

13, Dry metter cortent of leaves end stem.

Dry matter percentege of leaves end sten at the three
spacings everaged over the three age groups ahowed no
statistically sigificent differences (Table 13, Appendix XIII).
Hedlum denaity (S,) plents rvecorded the maximum eccummlation
of dry natter in the leaves at the timg of Lirgt, accond and
third out. Per cent dry mabber acowmilation in Leaves
increcsed with sﬁbseq,u_ent cuts. This trend was applicable
only upto the third harvagt, Por the subgequent cubs the dry
matber peroentage showed & decreaging tendency.

Ao far as the Gry matter in the stem was concerned,
the 83 plents exhiblied highest accumitlation during the
firat cut. In the subseguent outs S, plents recoxded highest




Table 1 B

planted at three populetion densitlcs.

Percenbage dry matter in leaves end ptem of plan:ts helongizlg to th:cee age groups

Second cut.

Treatnenta B Tirgst out - Third cut Foupth cus Fifth cub
Hean % dry Hean % dry Hean % dry “Tean™% axy Hean % natter
_ mebter natter _oatter _ naLiexr , .
Leaves .Otem. Leaves bi,em Lea.ves Stem __  Leaves Stem Leaves otem
5,4, 10.50 - 6.57 11.75  5.89  13.36 7.87 - - - -
S1A2 ‘ 12,04 6.605 12.10 5-15 . 12687 ) 8.3% - - - -
1A3 11.87 6443 12.02 7.52 | 13,73  8.97 - - - -
821&1 13.07 ©6.63 12.25 0.94 15.85 10.20 14.68 10.10 - -
2 5 -11.86  6.67 13472 6,19 . 16,20 8499 ; 15.36 8:15 - -
521_\3 - -11.19 .5.92 12,15 7400 - 13,65  3.51 - - - -
3 1 30,92 5,20 11.70 . 6.35 13.92 9405 13.89 8.84 11.02  7.79
S zho . 10,60 -6.34 : -13‘.06. .. Te25 1240 T.71  13.76 9.84 11.84 8,97
3113 ~11.02 _7.04 S 12420 6474 . 1431 7.80 - - - -
~ 1147 -6.55 11.98 6.19 13.32 8,39 - - - -
52 - 12,07 . 6.41 1271  6.83 15.24 9.23 10.01  6.08 - -
85 -11.85 . 6.64 . 12.32 6,78 13.54 8.18 = 9,22 0423 7462 5.59
Ay -11.49 . 6.49 11.90 6.39 = 14.38 9.03 .52 0431 - 3407 . = 259
A, - 11.50 . 6455 12,98 6.20 . 13.82 8.35 9.71  5.99 295 «99
b-3 11.306 0540 12.12 7.11 13.90 8.42° - - - -
CuDo(P=0.05) :
8 & A means 1.23 0.73 . 135 0.84 2.05 1.55 - - - -
S x A meang 2.12 1,27 2.33 1.57 3.55 2.68 - - - -
S = 10=x10 cn 8, = 1 =x10cm - 20 x 10 e
A1 - 15 dgy old A2 - 20 doy old - 25 dgy old

¢9



dry matter eccummulation., Here also,upto the third hexwvest
the per cent dyy matter accumulation in- stem inereased with
suboequent cuis end then decreased.

During the first and the third hervests, the 20 day-old
(A2) and 15 &a:,r—olﬂ' (Ai) plents r-es;_aec'hively recorded hdghest
dry matier percentege in leaves as well ag in ghem (Table 13,
Appendix XITII), However,during the second cut, the 25 Gay-
old plonts recorded rmaxipnm dry matter in the stem while 20
day-o0ld plants recoxied nmaximm dry matter in the leavea, The
differances in all the ceses were nov shabistically signi-
Ficant,

There was no interactlon between spsoing ard age of
geedlings with regard o0 the dry mativer acocummlation in leaves
end . ghem,

14, Moisture content of lemyes end stexm.

No sbatlistical gignificance could be obtolned for the
percentage moisture combent in the leaves and stem during ell
the havvests (Table 14, Appendiz XIV). TFor the first cut, the
-yidely spaced (83) plants racorded the highest moisture
percentage. in both leaves end stem. DBut duwring the second
el third cub, the closely spaced (31) plants ghowed the
highest molsburs percentogs in leaves and shenm,

Conmidering the moisture levels with respeet to age of
secdlings ab transplanting duving the firsgt harvest, the
25 day=-0ld (_A3) plants had nore moisture in their leaves ond

sher a3 compared 40 thoge of the other two epge sroups,.



Table 14. Percentage molsture in lecves and aten of plants belonging to three age groups planted
at three populabion densities.

Treatments E‘irst _ecuk Second_cut Third cub Tourth cub Pifth cub
. Mezn % moisture  heaa 9 molsture Hean & mois‘hure Wean ¢ moisture Noan b moisture
heaves Stem Leaves . Stem Leaves  Stem Leavés “tem  Deaves Stem

Seby 80.50 93.49  88.25 94.11  86.64 92.13 - - - -
S4ho 87.96 93.35 B7.84 94.85 87.25 91.67 - - - -
5133 BB.13 9357 87.98 G2.,48 B6.27 '91.03 o - - -~
SpA;T T 86493 793,37 ¢ B7.75° 93.06 - 84:15 89.80 - 85.32 82.90 - - = - =
8252 88.14 - 93.33 86.28 S5 81 83.80 971.00 84—;64 . '91 85 - -
Sphs 88.81 94.08  B7.85 92.94 86,35 91.49 = - - -
Sjgﬁg,i- 89.09 95.74 88,30 $35.65 B5.08 ' 90,97 86,11 91.16 86,98 ' 02.21
SBAZ 89 .40 95 460 80,94 - 92.75 87,60 '92.29 86,24 90.16 88,16 . 91.03
33% 88,98 92,96 87.80 93.26 85.69 92,20 - - - -

31. B8.53  93.47 88.02 93.81 B86.72 91.91 - - - -

N 87,96 093.59 87.29 93.27 84.76 90,77 56465 6058 - =
53 89,15 93.66 B7.68 93,22 80.46 91.82 57.45 60.44 59 .95 - 61.08
Aq - 88.50 93.54  88.10 03.61  85.62 90.97 57.4 60.35 29,66 30.74
Ay 88,50 93.45  67.02 93.80  86.22. 92,65 56,96 60.67  29.39  30.34
As 88.64- 93064 3?088 92.89 86&10 91.58 - - - -
c,D.(z’ao.os) ' ) )
S & A means 1.23  0.73 1434 0.84 2,08 155 - L e - -
SxA mesnsg 2.12 127 24335 145 3.60 . 2,68 - - - -

S = 10x10cn S, = 15 x10cm Sy, = 20 10 cn
Af{ - 15 day old Aa - 20 day old A3 - 25 day old

b9



69

But during the second cut, though the pome trend was shown
by the lesves, in the case of sbem, the 20 day~-old (A,) plonts
exhibited the higheat percentage moisture. At the time of
© third cub sdsc, the A, plonte repomded the highost molsture
perceantage wheﬁ'oomparea %0 A3 exd A, plents (Teble 14,
Appendix 3I7).

With regard to the molsture percentage also,there was
no statisticelly sipgnificent difference between the treatment

combinations, The two factors thus ached independently, -

15, ZIzon con*ﬁeﬁt of leaves and sbem (mz/100 ).

- The e.naiyais of iron content in leasves £0r the individual
outs were carried out and highly sigalficent differences wera
obgerved for the three different ;spacings averaged over the

three age gZroups during the first hervest. The low density
(5,5) plante were superior to‘the madinn density (82) and high
density (S,!-) plents cocounting for 19414 per cent increase
over S5, end 7.90 per cent over 32 plants (Teble 15, Fig.‘l';-‘a;
Appendiy XV). For the other two cubs, though the trend
exbibited was the same, the differences due to the parginsl
means of the three specings wera not stetisticelly significent.
The widely spaced plants contained more iron in thelr lesves
then the densely speoced ones.

The iron content in gtem ghowed the same trend as that
in iesves., During all the three cuts, the widely spaced (83)
plents contained more ivon thelr oten than the medlum spaced
(8,) end closely opaced (84) pleato: S; plants zecoxded the



sable 15. Iron content in leaves and sten of plents belonging to three age groups planted at
three population densitica. -

Treatments Pirabt eub . . Second cub _Third cub Pouxrth cub Fifth cub
Hean ivon flegn. iron Lggn iron lean iron lean iron
content in content in content in content in content in
nz/100 g ng/100 g wg/100 g ng/100 g ng/100 g_
Leaves Stem . Teoves Stem  Teaves Stem Leaves Oten Leaves Shem

8424 48,82 32.22  62.22 31.11 78,89 37.78 - - - -

3152 48,80 34 44 61,11 | 35 <50 8607 41.11 - - - -

311&3 ‘ - 53.33  37.78 62,22 34.44 80.00° 44.44 - - - = -

S,44 54445 36.67 66.67 36,67 87.78 471.11 91.11 58.892 - -

- 854, 56.07 38.89 80.00 37.78 95.56 41,11 102,96 56.67 - -
32A3 55.50  37.78 83.5% 58,89 100.00 47.78 - - - -
851&1 57.78 43,33 81.11 45.55 101.11 50.00. 104444 58.89 105.17 70.00
53A2 : 62.22 38.89 87,78 41.71 00.50 46.67 102.90 52,22 104.44 67.41
33A3 60.00 40,00 B87.78 40,00 100.00 45.56 - - - -

Sq : 50435 34.81 61.85 33,70 81.85 41.11 - - - -
Sy 55.56 37,78 76.67 37.78 94.45 43.33 64,69 38.52 - -
83 59.99 40.74 85.55 42.22 99.20 47.41 69.12 40,37 70220 45.80
A1 53,08 3741 T0.00 37.76 89.26 42,96 \ 65.18 39.26 35439 23433
P-a 5595  37.41 76,30 36.15 . 92,91 42.% 68.54 39.63 3481 22.47
'.43 56.50 38.52 7718 37.75 93.32 45.93 - - -, -

C.Do(P=0.05) | ‘ | -

S&Ameams 6,154 5.297 20,090 11.050 14.905 7.380 - - - -

S z A meang 10,600 9,475 34.790  19.150 25,820 12,790 - - - -

54 - 10 x10em 32, - Bx10cn 83 - 20 x 10 en

Aq - 15 doy old Ay - 20 day old 113 - 25 dey o0ld
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leest iron content in their stem. Houever,in all these ceseg,
the differences between the treztment means wvere not otatig-
tically si.gnificant (Teble 154 Tlg.135b, Appen@ix XV},

Thoughh there wap difference batween the plants belonging
to three age groups with regerd to iron content in leaves and
stom, statistically the difference due t0 the marginal neeno
averaged over the throe spapings were not slgnificemt
(Table 15, Fig:1%a & b, Appendix XV), The figures revealed a
trend that the oldest plants contained the highept quelity of
iron, both in leaves snd sten for cll the cuts,

In general,the percentege iron content increased
progresaively as the number of cubs edvenced upto the thixd
hervest. For the subsgegquent rmts.: the percentege deorsased.
But for the widely speced (83) plants thoug}} the ironlcon‘c.ent
decreased ot the time of fourth cut, it inoreased sllghtly
during the £ifth out (Tabie 15, Fig.15 & & D).

There wes —fno interaction between ppacing and age of
seedlings at tx:ansplam}ing with regard 30 this chexacter,

16, 2Protgin content of leaveg end s‘éem {(pexrcentage).

Regording the proteln content of leaves emd stenm, the
low denelidy (83) plants vere found 4o be atabtistically
puperior 0 the mediun density (32) and high dengity (,81)
plante for the threes cuts, éxcept during sccond harvest for
stem, when 53 ard 82 plente were on per (Table 16, Fig,i4a,
Aoppendix XVI)., Trom bhe figures it was evident that protein

conbent in leaves and stem lucreecsed as the denglty decreased,

E



Table 16. Protein content in 1eaves and Bf.em of plants belonging to three age gmups

planted at three population denslties.

Second ocub

Treatments Fi:f:at eul Third cut Pourth cut Pifth cut
Mean protein 5 Nean protein ¢ Hean yroi.em?— m Heam - ue:l.n seln ¢
Leaves Stem Leaves Stem Leaves Stem Leaves Stem . Iaea:ves Stem
B¢hq 4460 1.50 6,71 4.8 868 556 - - - -
S48, 4.87  1:85 752 468 - 776 533 0 - - - -
Sqhg 440 2,09 671 440 799  5.99 - - - -
8oy 4.98 1.97 7.41 5,33 8,35 6.1 9.05 - 6.60 - -
S,A, 4,98  2.20 74060 5,33 B.80 63T 9.33  6.37 - -
S0y © 4,98 1485, T 5,21 8.56 6,37 = - - -
S8y 6403 2455 9,96  6.25° 9449  TAT. 9449 7,18 10,78 7.87
5.4, 5.68  2.66 8468  5.91- 9.95 64947 10.11  6.83 10.57 7.98 -
Sah, S.44  2.90 8:80 5.67 995 6.8 - - - -
8, 4,64  1.81 6.98 4.6% . 8,14 5.56° - - - -
5p 4,98  2.01 7.2  5.29 - 856 6.29° 6.12  4.32 - -
g 5.72 2,70 9415 5.94 - 9.80 6498 = 0,53 4,67 712 5.28
Aq 5.22 2401 8403 5.6 - 8:8f 6.23 6.7 4,59 3.59 2,62
A, 5,18 2.24 776 5431 8,84  6.21 6448 4440 %452 2466
A’j 4,94 2.28 764 5.09 B.04 643% - - . -
CaDo(F=0.05)
S & A means 04483 0,633 1.080 0.986  0.879 0.577 - - - -
S z A means 0837 1.090 1.860 1.670  1.180 0.999
S, = 10 %10 en S, - 15x10cn 5 = 20x10cm
Ay, = 15 day old A2 - 20 day old A - 25 day old
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Further,the flgures for the individual cuts revealed that
protein content of both leaves and sten increased with
gubsequent cuts upto the third harvest and then decreased
{Table 16, Fig.14 & & b).

The effech of ege ab tronoplanting, however, was found
t0 be not statistically significant and the differences due
to the varying levels were not pronounced. DBub the overall
effect showed %that the youngest (A1) plonts contained the
hisghest percentege protein in their leaves., DBut the protein
content in stem during the first end thixrd cub was highest
for the oldest (A3) plants (Pable 16, Pig. 14 a & b, Appendix
XVI).

The comblngtions between the aifferent levels of
gpacings and age et transplarting wére found to be non-
significant, showing that there was no interaction between
the two factors }a:i'bh regerd to protein content of leaves and

otem,

17. Vitanin A content of leaves (1U).

When averaged over the age-groups, the plants at the
three apocings shoved that the Vitamin A content of leaves
did uvot exhibli statistical sipgnlficance for the three harvests,
except the second. During the second cub, with regaxd to
Vitemin A content of leaveé. the low density plents (83) vere
sbtatistically superior to the high density plants (31). Bub
the differences between 53 and S, plents and S2 & 51 plants
vere not algnificant (Teble 17, Fig.15, Appendix XVII),



Table 17. Visanin A conbernt in 1ea.ves of plents.at three age groups planted ab th:r.-ee
population densities.

Treatments

Pirgt cub " Second cut - Thizd ocut Fourth cub Fifth cub
) . 5225.88 435323 - - 373135 - -
Syhy ' 5223.88 4726 .37 2985 .08 - o
S48 5970.15 4104.48 3855.72 - -
‘Bohg 6592.04 4601.99 5233.88 5648442 -
Spho 6467.66 5099.50 5099450 4601.99 -
Sphs 6345428 - 5223.88 4223,66 - -
54A3 6716.42 597015 5472464 5058,04 5845477
S8, 636517 7213.93 5845 .77 4393469 563847
8345 6965.17 7462469 5472.64 - -
Sg 5472.64 4394,69 3524..05 Do- -
5, 6467.66 - 497512 485075 2750.14 -
55 6882,26 6716.42 5597 .02 3150.58 3828.08
Ay 6177445 4975412 4809.29 2002,15 1948.59
Ay 6218.91 567995 464345 2998.56 1879.49
A 6426.20 5597 402 4519.07 | - -
C.D.(Ps0,05) - | - e | o T
5. and A means 1204..87 160341 1683.04 - - -
S x A moang . 2086.,90 - 2776.66 2915411 = o -
S1. - 10 x 10 en 52 « 15 x 10 om 53 ) 20 % 10 o
A, =~ 15 day old b, = 20 day old Ay =~ 25 dey old

04
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The trend that inerease in gpacing resulied in inereased
quality of Vitcmin A conbent of leavea, could be seen refleoted
during all the harvesto,

Vitanin A content in leaves showed no statistical
difference Ffor the three age groups htried (Table 17, Fig.is,
App@llﬂix‘ XVIi). 32ut the oldept (Ag) plents hed high Vitamin A
content in their leaves during the first cut. IFor the second
and thizd hervests, the middle eged (Aa) plants and youngest
{Ai) planis recoxded the highest quentitics of Vitemin 4 in
their legves, respectively.

Considering Vitemin A guantity wibey 1% was found $0 be
decreasing during the pubseguent cubs with respect 40
spacing as well as age of seedlings at {ransplanting.

The age=specing combinabions were gtatisticelly nonw=
significant revealing that there wes no interachion between
thege two factors and that they were actlng indepeniently.



DISCUSSION
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DISCUSSION

Obtaining higher yields of vegetabive portion, laz;ge
number of aorvests, bebter quality of the produce ebe., aro
problans facing the amaranth eulbivation. Tha invegtigabtlions
reported in this thesls were undertaken at the College of
Agriculbure, Vellayeni with a view to undevstending the
affect of population density awd age at transplenting on the
growth, ylield ond quality in amaranth. The studies were
limited t0 six growth peremeters ‘(haig‘at s Slrth, spread,
munber of branches, number of leaves and leaf area), six
characters contributing to total yleld (weight of leaves,
welght of ‘stem,. leaf/sten ratio, yield/plent, yield/ma and
frequency of hamresjb-) end f£ive important Quali'hy factors
(percehtage dry matter, percentage molsture, iron, protein
and vifanin A). The results obiained in the present investi-
gationg have been presented in the previous chaplter. A
critical discussion of the findings follows:

Pach of the growth peremeters was studled in relation
to the population density os well as the age of the seedlinge
at trengplenting. 1t wes observed that plents a’c; madivm
density (15 x 10 cm) were taller than the low denslty
(20 x 10 cm) or high density (10 x 10 cn) plenis. Norwelly
one would axpech -‘the high density plants 40 be teller due
ta the compstition for ﬂighﬁ (Verheij, 1970 in brassels
sprouts). In the present experiment, the plents at mediuvm




dengity hed en initlal adventege and exhibited faster
increments during the first 20 deys efter trensplanting.

Thug the medivm density plants were clearly the tollest ab
horvest Himes Besldes being teller, the mediun density plents
exhibited egual glrth at collor ag the low demsity plentss

I4 has been obgerved that the stem girth of the plants at the
lowent dengity, though more than that of mediun density plents
ait the bexvveot stages, the difference was not stetlstically
plgnificent, Thle result et the present instence wes similar
to that observed by Albregts et al. (1976) in okra. Regnming
the spresd of the plont, the inidisl spread (at 10 and 15 dayas
after transplonting) was monée in the cese of nedium deneibty
plants, The low density plents exhibited larger spreasd
towerde 4he harvest, meinly through higher increments Quring
the interval betwéen plenting and harvest. Froduction of more
number of bronches is a character that will eventually
contribute to the total yield of vegetative portions. The
mediun dansiﬁy plants produéed the l'ax'éeat number of 'bmnches-
ag compoved to the low denolty end high denolty plants. Howe
ever, d4uo to the higher inczemental rate, the low denclty

© plants equalled the medlum density plemts at the hervest
stage with regexd to the mmber of branches. In respect of

' the number of leaves/plent sleo, the mediwm density plents
exhibited a glight advaentage over the low denslty and high
density plenis, However at harvest otege, the nediun end lov
density plants were on par. Increased llight abt wider spacing
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caused o grester tendency for branching and production of

nors nugber of leaves. The low density plants vere clesxly
superior to the others with vespsct o the leaf avea, Thig
negd not be an aiventage in the accumulation of 19_.rgér quenibi~
ties of dry matter; tha reason being tﬁat there could ba
nigher rate of utilization elgo. FPopulstion density trisd
revesled that increcse in density decreassed the leaf oveas
Thig wag beea:gée leaf slze was big under the wider epocing.
This ra‘aul’o at the present instance wasg in confirmity with

the findings of Zohers end Timn (1973). in tomato snd Brandes
eb a1, (1973) in Phaseolus wulgeris. In 'generai,,a critiocal
examingtion of dat'é. on population denslty with regexd to growth
characters revealed that the low density plents fLeved slightly
better than the medium density plents,

The beneflts derived in vegetative growth should also
be, reflected in the ulbimate yield et harvest, better leaf/
sten ratio, nore mmber of horvests ebe. The present invesii~
gakbions revealed that the low deneity plents ylelded more
leaves/plant. This could be expected becauge these plants
hed significantly lerger leaf erce, With regezd 4o stenm
portion alsog the low density plents oubyielded the others.
‘However, thé diffevences bebween the low density plants apd
rediun density plents were not gignlficent, Based on the
welght of leaves and welght of stem obtained at each harvest,

the leaf/stem ratio was worked out, The results were srratics
ut conaidering all the harvests together, the low denslty
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- plants gove g beobter leaf/sten rabio. Thio cen be expeched
bocauge -0f larger leaf yleld in the case.of low densisy planto.
Total yield per plent wes computed for each -harvesh
as well es 50;' all the threg hoyvests dakeén i-'.ogétb_er and Fom
81l the possible harvests. Dow demsity plents geve the
highest yicli/plent vihen the total yield per pl.a.ﬁt. fron 21l
possible hamgatﬁ vaa oonolderels In ell the other cosen,
there existed no stetisitically significent difference betueen
the low densd by plents and medium density plents. It is
pertinent to reeall here that in the case of welght of leaves/
Plant ond veight of stem/plent also, the low demslty plongs
and medium démsity plants showed no stetistically significent
differénce, | Tho increased punber of harvests moy also
oontribute t0 the highest yield/plant of the low density
viants; vhen the total yield per plant from 21l the possible
horvests wes tokén into accommty, The highest yleld/plant ab
wider gpacing noy be viewed in termy of light expogure.
With wids spacing (low density), there uaa‘l leug overlapping
and sheding.of leaves, betier light penetration to the bagal
leaves, less competition for 1ight, water and nutrients and
higher end moéa efficient coarbondioxide fixation end conpew
quently bebder yields, The increased photomymthetbic
efficlency with wider spacling wes due mainly to ineresged
light energy, Thé result et the presant investigation ig in
agreenont with the finfinge of Helsey b el, (1967) exd
%Mer (1969), They observed & genmeral trend that incresse

-
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in ppaoing resulied in increases In the porcentage of
poarketable heods ond the average welght per heed in caebbage.
Tereshkovich (1969) in ‘Primo F, hybrid' broceoli also
reported similarc resuls. Purther the resull goks support
from the findings of Pinkeu gt gl, (1978) who rcported thet
closer spacing‘ reduced the yleld/plent in aesparaguse
| The yield per unit erce would mormally be higher under
(lenpe plantings. In the preseant study also, the :,riel&/mg
. for cash hawvests, os well as for the threée cuts taken together
\:aa highest in the cese of high density planting (10 x 10, cm) e
The seme wao tus when the yield from ell possible narvest
ves conglfered. This i due to the largé:c mamber of planba/
it ares under this treatment. The work of mony lends suppord
0 this finding,. Sreecnives (1968) found eignificent yleld
inevement ab oloser spacing endBgch (1975) reported thet yield/mz
wag highest at the clogest spé.eing in lebtucas The result
in also‘ in confizmity with the findings of ¥mys (1975) in
Wev Zealend splina@h. Bredloy gb al. (1971) in epinech, Gupta
end Shukls (‘:‘9;?'?) in tomato and so on. The high density plantsil
gave oo yield of 6.28 kg/ma (62:80 tonnes of vegetative yleld/
he). This high yleld could be expected que t0 the inorcased
mmber of plants/unit erea (100 plante/n®), Vegetable
amaranth ylelds have been yeporbed to 65 high es 40 ME/ha by
Grubben (1976) |
The high deneity plants showed eariler initiatlion of
flower primordie. In other words, high deolty plants attained
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hervesteble stage carlier thon medium density and low density
plante, The diffeyence bstween the three spacings was
otatistiocally significant. The low densliy plents thus wag
plow $0 come to flowerling and gave nmore than thrgse ocubbings,
The result ab the pregent investigation 1p supported by the
studies of Wilhelm (1976), He reported thad closeé spacing
chortened the growsh period of leafy vegetobles. Horma and
Bewd (1977) in cauliflower and Vik (1970) in onions, observed
that 2t elose spating, metvrlty woes edvanced. At the present
instence also, matuelty wes sdvenced with incressing plant
density« Consldering the yield and yleld attribittes togethery
it con bo stated that low density plante topped the list, except
vhen ;yief'ld/m‘?" vas considered. Farther, the low &énait-y plants
wers slov in coming to glowering, thus fecilitating more
nunbcy of harvests..

Accumulation of dry metter end content of moistuxe,
ivon,protein and Vitemin A gove an indication of the quality
chenges vig a yig population density. in modium density plents
there wes more an_cuﬁhlation of dry mat’tez*_in leavesj bub the
- low density plents acoummlated more dry matter in the stem
duving the first oub. However,the nefium density plents
overtook the low density plemts in cubseguent cuts with respeot
to dry matter deoummlation in stem. In the 1ighd of the
‘earlier observebion that the low density piemtgs produced slgnle
flcanily lopgey leaf arca/plent then medivm ddnslty and high
density plantoy this could be explained as due o the over

Y
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utilization of *l!;he dry matter produced by the low density
plents, Thue with vegaxd to this chavacter, the medium
denaity plents seemed better, elthough the Aifferences were
not statistically significant ag reported by Jones (1972) in
brussels sprouts. In the cese of moisture content also,
though there was nod statistically significant difference, the
low density planits recorded highey percentage molsture in
leaves ond stem during the first cut, In the gubsequent cuts,
however, the high density plants reglstered higher values for
this character. This could be due to the mutual chading
effect of the pleats tnder highor densities end resultant 1ow
evapo~transpiration. With regexd to the other three quality
characters the loy density plents scemed 0 be bebter then
nediun density and hizgh demsity plantae. The results are in
agreement with the fingings of Thompson end Teylor (1975) in
cauliflowery Kauffmaynm (1968) ond Bannerot gt gl. (1969) in
asperagus, Meljndezb (1976) in tomato end Simba (1975) in
chilliezs TFrom thelr stuldies they cdame 10 the conclusion
that plants at the closest spacing were of poor quallly, es
evidenced in the present investigation., 1% ie interesting to
note that with lnorease in apacing, the levels of iron,; protein
and Vitemin A incresscd. The better gquelity ab wider specing
might be due 0 availability of more feeding area in torme of
nutrients and Mght o plent under wider speeing in compsrison
to plants wnder close spacing, Purther,the iron end -protein
content inercased and levels of Vitamin A decrepsed as the
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geagon pro@eséea, as observed in the later harvests. Delay
in outbing is woported to inerease the izon content in
emeranih (Methel, 1978). In the case of iron end protein,
the inecresse wes observed only upto the third hsxvest which
vas gommon for all treatments and then foumd to be decreasing.
This might be due 0 the limitefl mmber of treatments effecting
tho pubsequent cutss Oub of the nine treatment combinations
$xried, only four treaﬁmenfa' gave four auts and twe , five ocubo
" ¢éagh. So the effeots when averaged over the three agegroups
and spacings, refluced the quentities of iron end provein. In |
general the low density plénts seamsd to be better with
respact 1o the guality aslieats.

‘The growbh charvacters, yleld and yield aettributes as

¥

woll ag the quality espeehs were studied in relation to age of
gecdlings ot the dime of transplanting. 15, 20 and 25 day-oid
seedlings waré used for the studys In regpect of all the
growth cherzoters, the 25 day=old seedlings performed betber,
The dlffevence in performance between 25 and 20 day=old
ssedlings wes poh statistically significant in the case of
helight of plents erd number of branches, From the preseat
inthi@tims it secmed that 25 day-old geedlings should
be trensplanted for obtaining better growth. Howaver, since
the adulled aid not inelude still older seedlings definite
conclusions cannot be mede. |

With refercnce to the yield and yleld attributes, the
trend of behaviour of plants resulting from 15, 20 and 25 day-
ol? secedlings wag not waiform. The younger planto (15 dey-old)
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were better with respeot 4o welght of leaves/plent, leef/stem
ratlo and total number of cuts and second best for welghy of
stem/plant and.‘yield/ma_. In the latter two the older plants
(20 doy~0ld) were bedter, With regexrd to yleld/plent also
she older seedllngs (20 day-0ld) fared botter, The oldest
pecilings (25 day-old) performed rather poorly glving lowesh
weight of lesves/plont, welght of stem/plent yi-elﬂ/m‘?' .
‘The regudt gets pupport from the findings of Georglova and
Genkov (1973) end Silva gb al. (1973), thai older transplents
geve poor yields in caulifiower and chillies pespectively.,

In the present lnvestisgntlon, further earlier flouéring wes
also pronouncsd when older sesdlings were transplonted thus
Iimiting the number of posgible hervests. Thip viev io
ghered by Whitwell and Crofts (1972) in caunlifiouer and they
indicated that large transplants metured carlier than small
treasplants, ’

It 4s interesting %o note that in ceritein age-spaoing
combinations involving 15 dey-old (4,) and 20-dey-0ld (Ay)
seedlings (AqSys Sy AsSp and ASy)s Saoe Ay and A,
seedlings trangplented at 15 x 10 o (82) and 20 x 10 en (83)-,_,
more then the general average of threé cuts were poasiblé,
The aombinaﬁic;ns‘ invyolving oldest seedlings (25 day=0ld) did
0ot glve more than three cuts in any instance. This
interection is to be ptudled with greater preolsion,

With regard to the quality agpects,the behaviour of
saedlings helonging to the three age groups was ematio «
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Though the differénces werc not gtatistically significant,
the oldest seedlings (25 day~old) hed bigh dry matter contend
in sten (second out), high moisture in leaves (fizst cnd .
second out), high iron content in leoves and stem (gll the
cuts),; high protein conbent in sten (first end third out)

and high Vitamin A content in leaves (firsh mﬁ) + However,
| -be;aausa the differences were not statlistically significant
and because peedlings oiaer than 25 days of age were nob
utilized in the gtudies, velid coneclupions could not be draun.

Sunnning ups 25 dey-old seedlings vhen transplented
gave better growth, With regexd 40 the quallty aspeets alao,
the 25 day~old scedlingse seemé& to have a slight edge over the
others. Hm-.*ever, these plants showed early initiation of
flovering, thua umiting the mumber of posgible herveste.
Fupther, when the yleld and yield astributes were eonoidered,
15 end 20 dey-old seedlings performed betiter. Considering
0ll theee aspects togsther, transplenting of 15 o 20 day-old
seedlings con be recommended for obtaining higher weight of
leaves/plant, higher weight of stén/plent, dbetter l_ea;f/ste'm
ratlo, higher yield/plant, higher yield/m® and more numbor
~ 0f harvesto.
In the ﬁopulation é.,enaity trial; the low denaity

plents (tronsplented at 20 = 10 ¢m) exhiblted oversll bebter
growth and quelity chavacteristios. With regemd to all the
charactsrs conﬁrl‘butintz t0 yield/hexvest and total yleld
except yleld/unit evea, the lov density plants exhibited their
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clear éuperioriw over the mediun density plenis and high
deneity plente. In eddition planting at wider spacing
facilitabed more mumber of harvesis also. Howover for
ocbieining higher yield funit area, trensplanting at closer
speeing (10 x 10 cm) seemed 0 have advantage over the otheors.
Such closely plented emprenths came 4o £lowering fester than
the widely spoced oncs. '

In the Light of reoultc obiained from the prescnt
investigation that ﬁp‘bo five harvests counld be obiained in
certein ago-spacing combinations,(A48,, AySze AS, end By8.)
1t is suggestell that the interaction between age at trangs.
planting and s;:ak:_ing ghould be ghtudied with more precision, .
In future studics, still older seedlings end slightly wider
gpacings should algo be included., Furbher, invas%iga%ims
on the rasp(mée of éifferent amaranth geno%ypes t0 changes
in population denpliy and age ab tvensplanting also shovld
be underiakan. '
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SULMARY

An éxperiment wos laid oub st the College of Agricultuve,
Vellayanl during 197879 to assesn the effeet of population
density end age at trensplanting on the growth, yield and’
quality in emerenth. The ptudles were limited to Bix growth
pavencters (helght, glrth, spresd, number of branches, rmmber
of 19‘&?65 and leaf exen), six yield contribubing cheracters
(welght of léaves, woignt of stem, leaf/cten mt.:!.o_._; yisld/
plent, yield/ma. end freguency of harvest) end five importent
quality fastors (percentege dry matter, percentoge moistures
iron, protein and Vitemin A). The results obtained in the
presend memigation ave cummarised as follows:

&nh of the growth paremeters was studled in relation
t0 the mpulatf on dengity oo well as the age of the seedlings
plante@s I% was Observed that planits abt medium density
(15 % 10 cm) were taller then the low demsity (20 x 10 cm)
or high density (10 z 10 -cm) plents. Further, the medium
densiby plants exhibited egual girth at’ collar asthe low
density planto. It heos been obperved that the stem girth of
the pleats ab the lowest denelity though more then thet of
nediuwm density Plahta ob the hoyvest stegey the difference was
not stotistically significent, Regerding the spresd of plent,
the inltial gpread wes more in the case of medium density
.(%_32_) plants, The lovw deneity ('83) planto exhibited lovger--
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spread towerds the harvest. As far as the number of branches
wap considered, the medium denelbdy plents produced the larger
mmmbey of branohes ao compared to bhe low density and high
density plauts. In regpect of the number of leaves/plant
also, the medium density plents exhibited a slight edvantage
over the low and high demsity plents. However ab harvest
gtages the medium and low density plants were on pers The low
denpity plents were clesrly superior to the others with respect
0 leaf aves. Plants speced at 20 x 10 em (53) Tecorded the
highest leaf exea of 128;0‘5 cm® a.ccmting for 28,36 per cent
ingrease ovar 10 x 10 en (S4) end 13.89 per cent over
15 = 10 om (8,) spacing.

The growkh chavacters were studled in relatlon to the
ags of meadlﬁ.ngé at the time of ﬁranﬂpl‘anting., In respech
of all fhe growth characters stuldied, the 25 day-old cecdlings
perfomé& better. The difference in performonce between 25
and 20 day-old soedlings was not stetlstically significant
in the gase of helght of plonts and number of branches.

The charescters contributing to yislds; eb the present
investigatlon revealed that the low dan_sii'.y plents yielded
more leaves/plent, With re‘gard 10 sten portion alse, the low
dencity plants ouﬁyielﬁ&d the others. However, the differences
betzrean. the low density plants and medivm density plente were
not significant. Though there was no ai.gniﬁcam'. differance
between the treatmants with regaxd %0 leaf/stenm ratio, the low
fiensit_y plants gave a hetter leaﬁ/stem rabio. TFurther,the low
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density plents gave the highest yleld/plant when the totel
yicld per plent from gil éossible hervests was considered,
Tha yield/plent of low, nedlum end high dengity pleats In this
cage vere 99.40, 76,77 and 62,62 g xvespectively. The
yicid/plaat for each havvesh showed no statistically sigalficemb
difference betueen the lov density and medlum density plants.
~ On the other hend, the yiela/m‘?' for cach hervest as well gs
for all the pogsible cuts taken together, was highest in the
cage of high density plenting. The high demsity (S,) plenting
gove a botal yileld of 6.28 kg/m2 (62.80 tonnea of vegetative
yield/ma)e |

Uith Feforance t0 the yleld end yleld sttritubes; he
trend of behaviowr of plants resulting from 15, 20 end 25 day
old seealingé wag not wmiforme. The youmsest pleats (15 day
0ld) wers etber with raspect o welght of leaves/plant,
'leeif/stem ratio and totpl pumber of cuba and second best for
weignt of ohenm/plant -and yi.eld/ma._. In the latter two the
older plants (20 day 0l4) were b_etter; Vith regaxd to yield/
plant glao the older seedlings fexod beter.

'fald.ng into consideration the frequency of harvest,
the high denolty plents showed cowrlicr initiation of £louer
prinoxdic L.0. high denoity plents atteined haxwvesteblo stage
earlier then nedium deneity end low densivy plants. The
diﬁérame betwean the thres épabinga vas statistically
significent, The low density plents were thus slow in
coming to flowering end gave more than thrée hervests. The
treptment combinotions iavolving the two lower population
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densities 1.e. 82A1, 8292, 55A1 and 8.51\2 gave four cuts
end S3A1 & S'D’A2_ geve f£ive cuts each,

Regamiing age of seedlinge, earlier flowering was
pronounced when older scedlings were transplanted, thus
liniting the number of possible hervests. The age-spacing
combinations involving 15 and 20 day old seedlings (A‘lsz'

Aq 83, A8, and Agss) geve more than the general average of
three cuts. Tho combingsbions involving the oldest (25 day old)
peedlings did not give more than three cuts In any instance,

Congidering the quality characters, it wes obsserved
thatithe mediun dénsity plents, there was more sccumulation
of dry metter in leaves, but the low dencity plente scoumleted
more dzy mabtter in the gtem during {the firot cut, though the
difference was not statlistically significont in eny instance.
However, the medium density plents overtook the low density
plants in subscguent cuts. Thug the medium density plants
gecmed 40 bo better with regard to thig character. In the
cage of moighbure content, though the differences were not
slgnificant, the low density plents recorded higher percentage
moisture in leaves end ptem during the first cut. In the
subseguent cuts, however,the high denslty plents registered
higher valuss for thig character. Uith regexrd to the other
three quallty cheraciers (iron, protein and Vitamin A), the
low denslty plante seemed t0 be better them the mediuvm density
end high density plents.
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With regard to the quallty eapects, the beheviour
of seedlings belonging to the three age groups was exrratlc.
Though the dlfferences were not statistlcally significent,
the oldest (25 day=-0ld) secedlings had hipgh dry metter content
in syem (second cut), high moisture content in leaves (first
end second cut), high iron content in leaves and stem
(all cuts), high protein content in stem (£first end third cut)
end high Vitemin A content in leaves (£irst cut)s However,
because the differcnces were not statistically significant,

vellid conclusions cannot be drawn.
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Appendix I
Abstract of AROVA

Helght

1S

Source ds Increment from Increment from Inercment from At the bime
10 to 15 DAP 15 t0 20 DAP 10 t0 20 DAP of first cug
Replicetiong 2 13,565 10.009 21.750 10.440
8 2 20.210%% 4 ..500 28.850 5.960
A 2 26 .280%** 8.705 21,350 82.830%
S xA 4 0.63% 2.919 44360 10.010
Error 16 2.291 5.904 11.170 21.210

DAY <« Days After Transplanting

* Significant at 0.05 level
## Blpmificant at 0.01 level




Appendix II

Abstract of ANOVA
Girth of main stem

M
Source ar Increment from  Inevement from  Increment fvom  Af the sime
10 te 15 DAP 15 0 20 DAP 10 to 20 DAP of first cubs
'Replications 2 0.1898 10,0138 0:2640 . 0.4910
S 2 0.0980% 0.0349 0.1280 0.9740%
A 2 0,2960%* 10,2203* 0.0660 0.4800
SxA 4 00210 0.0440 0.0670 10,0270
Frror 16 0.0230 0.0479 0,0690 0.2320
DAP = Days Afier Transplanting * Significant at 0.05 level

#¢ Siemificant at 0,01 level



Appendix III

Abstract of ANOVA
Humber of brenches

'MS
Replications 2 1.292 04155 0,730 0.525
S 2 1.330% 2.,012= 3.TC0%* 5860
A 2 2,500%% 0,762 0.580 17 .890%*
S x A 4 0.319 0.172 0.373 0.649
Error 16 0.275 0.292 0.337 0.588

DAP - Days After Transplenting

¥ Significant at 0.05 level
=¥ Slenificant at 0.01 level




Appendix IV

Abstract of ANOVA
Nunber of leaves

MS
Source asg Tnerement from  Increment from Increment from At the time
? 10 to 15 .DAP 15 to 20 DAP 10 o 20 DA® of firah cub
Replicabions 2 45.71 10.23 98.50 - 15.16
S 2 54.439% 57 o85% 138.50%#* 230 . 74%
A , 2 219,70 10.25 155.51%* 489,154
S x A 4 9.92 5.05 5.78 18.87
16 9.22 11220 16.19

Trxox

59.26

DAP = Daoys After Tramsplanting

* Significant at 0.05 level

#=* Signiflcont ab 0.01 level



Appendix:v

Abstract of AUOVA
Spreed of plent

18

Source af Increnent from Increment from Increment from At the time
10 to 15 DAP 15 to0 20 DAP 10 to0 20 DAP of first cub
Replications 2 75049 .46 9016.22 4229%,27 %6307 .63
S 2 19937.99 39874 «87 109747 .72% 545609 .98%
A 2 71902,16% 77858,135* 21967.22 15314.34
S x A 4 7672.32 21871.19 22917.5% 180%1.76
Frror 16 14443 .12 16868.44 26213.51 51905 .59
DAP -~ Days After Transplenting ' # Significent at 0.05 level

*# Significant at 0.01 level



Appendix VI

Abs;ract of AROVA
Individual leaf erca at £irst horvest

-Source af 18
Replications 2 268,35
s 2 1808:25%=
A ) 1136 .37*
SxA 4 167.56

*Significant et 0.05 lovel
reSignificant at 0,01 level



Appendix VI1
Abgtract of ANOVA
Frequency of harvest in days

Source azg First cut Second cub Third cut
Replications 2 21.23 17.26 5.45

s 2 54.80%% 14,33 84784
A 2 28,22%* 1.33 34450
S x A 4 1.78 1,17 0.44
HBrror 16 1.05 2439 0.58

* Bignificent at 0,05 level
B* Significant at 0,01 level



Appendix VIII

Abstract of - AROVA
Yield per plont

MS

Source af First cut Second cub Third cut Total of Total yvield
three cubs fronm the
pogeible cuts
Replicetions > 56.62 222,28 48.52 617,15 798,63
s 2 668.11* 35 .08 2,78 907.83* 2066,99%*
A 2 99.05 20.59 16 :30% 26457 556491
SxA 4 7557 14.70 5 .04 78.34 202,49
Trror 16 109.91 23,74 3,07 190..61 201,03

# Significant &b 0.05 level
*% Signlificont ab 0.01 level




o

Appendix IX

Abstract of ANCUVA
Yield per gguare metre

M8
Source asg Tirgt cut  Second cut  Third cut  Tobal of Total Field
three cuts from a2ll the
: possibvle cuts
Replications 2 0.235 1..250 0,245 34320 44032
S 2 5,006% T o420%% 0.506%# 11.270 4.630%
A 2 0.319 0.056 0,089* 0.209 2.130
S xA 4 0.323 0..067  0.042 04508 0.488
Error 16 0.749 . 06155 0.015 14297 1.300

% Simificant at 0.05 level
*% Signiflcant ot 0.01 level




Appendix X
Abstract of ARNOVA
fvrerape weight of leoves per plent

- ; . . H8
Source at Pirst cub Second cub = Thixd cut Total of Total from
three cuts gll the
pogsible cuba
Replicabions e 14..03 115,80 © . 31.68 338432 . 457,96
8 2 108.27%% 12.03 1.73 " 30007 1401 .84n*
| A 2 63.19 22,06 10..58%## _ T4 255..58%
SxA 4 ©vB.52 194 %54 41.75 114.04

*» Sigificants ab 0.05 level
#%5)enificent et 0.01 level



Appendix XI

Abstract of ANOVA
Average welght of sten per plant

MBS

Source at first cut Second cutb Third cub Total of Total yield
three culs fron all the
passible cuts
Replications 2 15.76 17.28 2423 48.8% 60.42
B 2 143.22% 5.24 0.19 174 .48*% 327 J82%%
A 2 46.27 1.09 0,82 40.02 87.16

#*Sipnificant at 0.05 level
#e5imificant at 0.01 level



Appendizx IIT

Abstract of ANOVA
Leal/sten zatio

M9
Source as TFirst out Second cus Third cub Total of Total - . .
three cuts from 2ll th
possible cuis
Replications 2 0.006 0.154 1.060 0.127 0.168
S 2 0.027 0,381 0.475 0.027 0,091
A 2 0.194%% 2.036%+ 0.169 0.112 0.102 '
S xA 4 0.029 0.214 0.143 0.012 0.025
Trror 16 0,016 0.257 0.684 0.046 0.045

% Significaont abt 0.05 level
*% Significant ot 0.01 level



Appendix 3111

_ Abatract of ANOVA
Percentage dry matter of leaves and aten

M8

Source ar Pirat cut Second cub Third cub
Leaves Stem Leaves Stem Leaves - ten
Replications 2 22380 1.650 T+980 2.029 9.520 T+370
S 2 %200 0,060 1.200 0.970 9.890 2.810
A 2 0.057 - 0,020 2.920 . 2.05% 0820 1.270
Sx A 4 2,400 0.554 0.468 1.820 4.280 1.770

Epror 16 1.505 0,537 1.810 0.709 4.210 2,400




Appendix XIV

Abgbract of ANOVA
Pereentage noloture in leaves and atem

MS

Source as First cub. Second cub Third cub
Dbeaves Sten Leaves Sten Leeves Stenm
Replications 2 3,580 1.670  7.980 2,030 9.430 7370
5 2 5.200 0.052 1,200 0.970  10.150 2.810
A 2 0.060 0.020 2,920 2.053 0,900 1,270
5 x A 4 2.490 0,550 04470 1.820 4.320 1.770
Erzor 16 1,510 0.536 1.810 0,702 4.320 2,400




Appendix XV

Abgtract of AHOVA
Iron content in leaves and stem

M5

Third cub

Source at Flrat -cut Second cub
Leaves Stem Leaves Stem Leaves Sten
Replications 2 7469 19.77 12.76 2.88 $1.66  0.41
S > 200.97%  79.03 1290.49  163.35 723.34  91.81
A 2 18.01 3.71 153443 10.41 4543  26.36
S x A 4 10427  19.77 62.76  22.6% 70,03  33.75
Error 16 403.98 122,35 222,42  54.55

37.92 25.10

#5ignificant at Q.05 level



* Appendix XVI

Abgtract of ANOVA
Protein content in lesves snd aten

s

Source 4f ag Leaves Firétsggg Leamesseoandsggg ‘ Leaweghira Ggﬁcm
Replicationg _ 2 0.0%1 04031 04595 1.040 . 0050 04503
5 2 2.737%  -1.970%  12.310%  3.990*  G.670%*  4.545
& 2 0.196 0,193 0,350 0,308 0000 0.312
S x A 4 0.112 0,129 0.960 0.046 0.530 14380
Brror 16 0,234 0,401 1.160  0.974 0.462 0.333

# Significent et 0.05 level
& Slgnificent at 0,01 level



Appendix XVII

Abgtract of ANOVA
Vitenin A in fresh leaves

148

Souree af First cug Second cut Third cub
Heplicationg 2 252675 .21 531154 .25 5156.80
S 2 4723479.48 15243012.50% 9921350.63
A 2 159856.63 1335571 .84 19079560 .
SxA 4 252674 .38 000745.79 747711.61 .
Error 16 145'5528.6’5 2573156.10

2836148.36 .

# 9ienificant ot 0.05 level
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ABSTRACT

investigntions woere undertsken at the College of
Agviculture, Vellayani to study the effect of plant population
denoity end age at 't_;io..naplm’oing on the gvowth, frsyuency
of harvest and total vesgetative yleld in omarantbus. Eoch
of the three groups of amgranth seadlings} aged 15 deys (Af).,
20 daye (A,) end 25 days (AB) were transplanted. at three
Bpacings uanely 10 x 10 cn (81)-, 15 x 10 cm (Sg) and
20 x 10 ez (53).

In the population density triel; low demslty plants
(trensplonted st 20 % 10 om) exhiblbed overall bebter growth
and quality charagcteristics, With regard to all -‘c.ﬁe charachers
contributing to yield/hervest., and total yield, excepd
yield/unit crea, the low density plenbto exhibliied thoeir clear
superiority over the medium denslty and high density plents.
Increzsed mumber of harvests wes also obiained when plonted
at wider spacings However for obteining higher yleld/unit
avea, tronsplenting et 10 x 10 cm geemed to have adventege
over the others. Such closely planﬁed anarenthug come o
flowering faster then the widely spaced ones..

The investigation carried out with & view to under-
standing the effect of age at transplanting on the growth,
yleld end quallty in smaranth, revealed thot the 25 day-old
seedlings vhen transplented geve better growth. With regexd
to the quality aspects also, the 25 day-0ld seedllngs seemed



to have a slight edge over the others. However these plants
ghowed early inltistion of flowering, thus limiting the number
of possible harvests. TFurther vhen yield énﬂ yield attributes
wvere conoidercd, the 15 end 20 day-o0ld seedlings performed
better., Congldering all the aspects together, transplaniing
of 15 %0 20 doy-old seedlings can be recommended for obtalining
higher weight of leaves/plent, higher weight of stem/plant,
better leaf/stem rabio, hlgher yleld/plent, higher yield/m®

oand more nunmber of harvestio.



