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INTRODUCTION



DRR@UCTION

The tmpertsnt part playsd by the roets in the
life of & plent has leny besn resognised. Roots are
the means by which plants etme ia gontast with the soil
and as such deserves grest eAtestien. Feor the preper
growth of & plant, not oaly the Satsl guantity of the
sutrients present in the seil 45 important but the espscity
of the Toot systen Co extyeet the available water aad
sutpients is alse impertant. The Dedavicur of the reoot
systan in soll depands on differemt solil fectows such as
texture, mutrients, asration, meistuge content, tempersture
anl the masgement practices follewed which all contridute
to the performence of the emep, ultimtely resulting in
the vield.

A knoviedge of the rooting habits of erops is
aseful in determining the smet site of fertiliger
spplication for the -umt:n and euoncmic wtiligation
of the nwtrients and t0 develep proper cultural pmucgtices.
The iafermstion on the reoking patktern of e orep esn alee
be urefully ewployed for eveluating the suitability eof
ewops fer the 4xy eonditions. Stwiies on the root
setivity of Sifferent crepe alse provide much ianformation



sbewt the patentisl fer muitiple crop and crep sequenss
Under different geewiang sessons.

Sesens is kaows $o De estremsly Semnding of
Sutzients sad therefore sddition of Sertilisers is of
highest importence in its cultivation. Bananme $s growa
in Kerals as an igrigated as well as yvainfed eyop.
Infogmetion on the agtive rect distridution under these
two conditions 1s thersfore very valusble for dgveloping
efficient and scencmic festiliser applicstion. Dut
relatively 1ittle is Rnown of their growth belavicus
under these Mamsgement eenfitions. The presest study ea
the rooting pattern of banans euitivap ‘Rendyan' wveas
undertahen with the follewing ebjestives.

1. To study the reot distribution pettern of bansme
as influenged by tha irrigeted and non-irrigated conditions.

3. Te looate the moat astive root sone employing
radicactive "’.

The studies e the translosetion of the abserbed
rediceative matarial migt provide useful infoemetion of
the acowmulation of Mrtmu; in different perts of the
plant. Renge atteupts wers 23120 made to study the sbsop-
peica and transleesticn pattern of 39 under trrigeted
condition in baness. |



REVIEW OF LITERATURE



The interest ia reet stuiies in erep plamie
started early in eighteenth sentury. with the stuifes
of Male in 1727 ss repested by Babm (1979). The
incressel fertiliser wee in erep plams in fact nesessi-
tated the unferstanding of the rect system which sctwelly
le2 to 4hs discovery of mine snd mere methods for rect
studies. Consequantly Weaver (1926) developed sclemtific
eassvasion technique. Llater thy discoveries of profile
wall method (Oskamp snd Betjer. 1932) snd monslith
methed (Pavigcheake, 1937) -“ to mope studies congerning
reocts.

The intrefusticn of vedictrecers te reet research
by Nell g ). (1983) seems te be as importest lendmerk
1a the £1e16 of rect étefies. Iywove! techaiqees like
construction of modeya resct laderetories and Fhigotrons
(Rarnok end Nucharski, 1983), fecilitated more relisble
and esay metholis foy stulying week systems.

3.
1.1 Zxuis. nlams

Root stuites are estreiely faportamt in crep
Plants for evaluating their preducing cepecity in a |
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¢iven soil and te develep suitable cultusel prectices
for mainisting the yleld. ¥he direst methoss previde
Glesy u«mumnmm systen of & plank as

it eniets matusslly. Pewsstts (1913) cheerved that ia
benene the latesslly speending weots generslly M
to a distongs of 5.3 m and desesnied to a Soth of T3 o
in the soll, with majority of the reots confiniag to @
Septh o2 13 gn. Ne found mazinum extsnsion to a depth
of 140 om snd noted that growth wates of root tips weached
upto 60 em per month. ARiopel and Stesves (1964) found
that roets of darans W in lengitudisel growps

of feur fyem the upper POUtich of the rhisome. Gedefrey
{1969) stated thet bensts yOls pehetrated to & Septh of
$0-100 om when grown in sllevisl soils of M lagasy.

The stwilies condusteld at the Indian Mricultuzel
Research Institute, New Delhi by seotl auger sampling
techuique revealed thet the fesfer roots of mange were
maialy cenfingd very clese $0 the tree ot & distance of
0 om and 3 demth of RQQ-Mermdthc
fesder rocts wers within the peripheral 130 cm (Bojappe
and Bingh, 1975). The consestyation of roots deepessed
with ingressing distances from the tres snd depth of
soil, W,W of yoots of guava wvas found to be
st 7 et 2 ftaches away frem the tree abd laterels were



found to develep Aoven inches bDelow the surface of
soil (Burns and Muldegat, 1930). In pinespple rosts
developed 0 a depth of 1.3 » and when 12 moaths eld,
95 per eent of the roots vere cenfined to the top
20 om of sotl (Inforseso g% g).. 1968).

Seme of the esylier studies made is spple by
Ophamp (1933) and Sweet (1933) showed a rooting depth
of 6.5 foet for s mstured ‘SBeléwin’ spple 1n & well
drained seil. Vuerinen's (1988) reporte inSiceted a
zooting depth of 40 to 50 en in yousger apple trees
which increased vith age w 3 m in favoursdle soil
gondition. e alse epined that ia yousg apple tun
the reot systew sxtended relatively faster then the
cgown and exteniel 1 te 1,3 B Deyond 1t., Busminetice
of & 26 yesr old Jomstiea apple (Tamasi, 1939) in &
saniy soll showed that the poots Wduu\uu of
134 oq. & while the cyoun egeupied 44 sqg.m, thus ’
69 pew cent of ths roots Sesupying umsder the erown
spresd. Accorsding to Meinove (196°) about 30 to 60
Per aent of the reots were present at 20 to 40 on
layer of seil 1in & 14 to &40 'ﬂn'om apple tres.
Moximem length of herisostal poet in a four yesr old
spple tree was found to be 16.1 feet while manioum
depth of grovth was 11.2 #eet (Dell, 19¢1). Bakuk (3571)
reported thet most of ttg oots of apple 'm presemt
ia 90-100 en layer of soil.



Mesver and Bywney (1937) found & mentmmm depth
of 37 inohes and laterel spresd of 13 inches fow
‘Dunleop’ veriety of strawbenry grown is silt lowm soil
of Webrashs. '

oot emcevation studies of ‘Concord’ vime by
poll (1958) on a termecet vineyesd in Iowe revesled tint
in fertile soil the vines ‘etended laterslly to 22 fest
and vertioally te 14.5 Seet. Root comceatration wes
saninum in the surface one feet thowy!: a dense netverk
of roots Mg pengtrated the uwpper six feet (Doll,1988).
Most of the roots of grepe vise wers uswilly logeted i»
the upper 1.5 u of poil but they sould penstrate much
desPer to 3 m or nore as reperted by Tasimatis (1547).
A the Agriculturel College. Ceimbatore, the reot distri.
bution patters of grape varisties wix., Anab-e-shadi,
¥aldi Saheh, Pechedraisha, Bamphlore Slue, Huscet amd
Numberg wers studied by ensavetion (Chelam, 1974) snt it
weas found that meny of the grewing roots vere confined te a
depth of 90 en, most of tham deing in the 20 to 40 om demth.

Bugns snd Xulkspnt (1920) repeorted tat for
e ‘Santre’ plast the roots ewtesfed wpto 13 feet §
inches. Studies fn Sicily on yeots of sour orengs by
Baiding {(1987) cevealed that m of the roots wette
Goufined between 10 and 30 o= Iaterally, and at a depth



of 40 to 70 om. &Mﬂn depth yeuchel » mxiswn

of 1.3 m in open 1osee soil whevess it wes only 1 = &n
compagt soil, Atyupps end Srivestave (1568) stuited
the goot system of lhullthy ;u/wamze\um d'm
(3.3 years old) mendarin orenge in Coopg distriet and
eoncluded that the reots penstzeted to 2.24 » vertieslly
snd 3.51 m laterslly in heslthy enee 4s ageinst 1.99 and
1.79 m 1n seversly chlerotic twees. Aiyepps st al.
(1968) chserved maximum censestyetion of fesler roots

in the top 60 om soll in 3.8 year 0ld mandspin. Bepgioni
(1939) veported timt peoots d oherry grown in Veroms
aiatrict extended faster VMAS She tops and 80 ¢o 90

per cent remsingd tu the tep $0 te 60 em of soil.

Maliga and Tamasi (1987) studied the roet distri-
bution pattern of 24 year old welmut tree growan in sewndy
soil. The yeot density hensath the crown was nearly
thres times thun outside $8. Abowt 60 per cent of the
roots wer~ found at a depth of 40 to 60 om and 88 per cemt
between 40 and 220 om. Aceswding to Cherncbei (1371)
Bost of the walnut rooks epraad herisontally in 30 te
88 om despy solil layer. The vertical rooks of apricot
vaziety ‘Pavict' wes found te yesch & depth of 2.9 te
3.9 w vhen grafted oo most Of the FOOr stecks. Abowt one-
thizd of the roet system was prresemt in the superficial
layers betvween serc asd 30 - {Lupescu, 1961).



‘un.nn"o_ (1938) revortes thet the rects of
'King* peach penstreted upto s Septh of 9.3 fest and
‘Barliette’ pear roots extended over 20 feet wide and
Bine feet Seep. The grestest gemcentystion of pear
roots was found to be batween two and eight feet frem
the trunk as geported by AMyrich (1938)., Cocksoft and
vallbriek (1968) stuiied the yoot distridution of pesch
and pear trees by auger techaique and found that highest
concentretion of rooks was ceafiaed to the top thwes
feot of soil. |

Ascording tc Christenssa (1947) 70 per cent of
goots of geepherry ver. Norfolk Olant eniste@ in the
upper 23 om of soil and maximum root length zecopded was
180 gm.

Swvarbrick (1964) feund that pepuys root system
oxtended to & dapth of Swe feet and about nine inches
in diameteor snd most of the Sesondary rects areose frem
the top sin inches of the sell peofile.

1.2. Zlantasicn cxans

Arwillage ant Gomes (1940) i Pusrto Mico cbssrved
that 98 per eent of the ook systen of coffee was gonfined
{n the upper 13 fnches of the soil snd only four per oot
in the 12 to 24 inches of the sell while 24-48 1nches



 level contained less than one per M only. Trees
having heaviest tops were found to Dessess Meximam
goots. Dismgter of trusk seetied €0 be an extermil
indtoeter for the oompar:tive eutent of root system thea
etwesd of brenches O height of the tree. MNatest (19358)
studied the root system of yobusts coffes end cbserved
thet the tap rodt extended to » length of S0 om witile
latexel and secondary roots formed & dense maes arownd
tutmmriuanmal'iu.um. The et
system of ong year 0ld coffes plants grown in losmy send
18 Balvedor was £ound to de congentyates in the tep 30 e
lager of seil (Cestro, 1960). Bavappe and Murthy (1961) |
reported that in sreesnut the Toot somgentration wes
maximum st 60 to 90 o= from the base of the pelm. In en
olight year old avecanut pain 61 S0 &7 per cent of the
roots were coOngentyated withina & gedius of 30 om vhile
few sntended W 100 om 85 reported by Bhat and Leels
(1989). Thay also found that B8 to 79 per cent of the
ToOR were within s depth of 50 am of soil. The second
sotl layer 80 to 100 om deer contained 18 to 33 per eemt
of the rooks. The greatest depth of penstragion of rooks
was 3.6 ». meuamwmvustmmw
within & sedius of 1 €0 1.35 = from the trunk. Rost
studies confucted in coconut et Veppsmimlam (Anon, 1970)
revealed that & ﬁut mjority of the roots were confined
to 16 to 60 e layer of the seil.
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Me Cresty i A} (1743) studied the root distri-
pution of cocos growing in different scils of Triniéesd
by excawvetions snd found tiet the stowt laterels occurped
in the top 12 to 16 inches soil layer. Matarsws (19¢8)
thoavyel grestest concentration of feeding rosts st s
depth of 10 to 30 om snd winimus reete in the 50 to 60 c»
layer of soil. Trereés and Chobe (1571) vepcrted fzem
Sresil that 90 te 98 per cert of the roots wers in the
upper 40 om of seil layer in & 3 %6 & years olé pepper
plast. About 85 to 90 per oent of She roots wers fownd
tn the upper 30 cn lager of soil. -

1.3. Zhac orons

Infogmete and Alvayes (1957) deserxibed the root
systen of the sugeraene Verimty Co-290 and the roots
were found to resch s depth of 2.1 m st sin monthe age
oil 3.3 ® ot meturity. The mess of living reots were
greatest at 12 meaths age and sems ;m. dried off betveen
12 and 18 menthe. Ohildyal and Satyensrayana (1969)
found that for rice ver. 'Rupsail’ most of the roots were
congemtreted in the upper seven om soil layer in ssundy
silty and glayey soils. A study of the roeot system of
tomato plants as reperted by Iafersato gt Al. (1970)
rovesled that 63 per cent of the rests eocurved in the
upper 10 em urgt of aoil. ?ithh 29 4sys the revt system
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zeschel & depth of 1.3 = sl 1.3 m within 73 Gays.
Pas-Vergers gt a): (1980) recoaies §5 per cent of roots
of sugavesns within the 60 om soil layer.

2. Beot distribution wedex maistume stxess

A& knowledige of the root systek say help to
explein the Siffevenge in ’am sesistange exhibited
by erop plants (Ceck, 1943). When moisture supply is
limited the roots will heve s teadensy to go desper and
to éistant soil layers in sesrch of water. As reported
by Doss gt al. (1960), Thuwgshh (1908) goncluded that
Telatively ary soll gonlitions Linfuced the plamts to
Gevelop & more axtensive root system. This conclusion
Ned been confirmeéd with the reperts of other workess like
Jdeun and Meaver (1924), vesver (1936). Weaver sn? Bruner
(1927), wesver 2a¢ Nimmel (1930), Russel gt al. (1947),
Lipps ant Pax (1964), Demnis (1966) and Peters (1967).
VYeaver and Himmel (1930) fowad thet reoting depeh
incrensed with decressing watesr samtent until the sofl
became too 4ry for root grewhh.

3.1, Exnis nlants

Alarich gt al. (1933) found & positive corvelation
‘between roet congentystion and avsilable soil moistuze
in pesr. Hubbagd (1938) sné Cahoon g§ al. (1961) obs-wved
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thet ianfrequent irrigation in emsns indused more
deeper and extensive root system while fregquent irri.
gotion pestzicted the oot sysiew to the top surface

of the soil. Bremeev (1560) stated that in dry setil
the absarding roots of apple vere very shest, 2 to 4 am
in length ;:uh s refdish browm um. Ageording to
Pasinove (1940), in 14 to 40 year old apple trees abowt
30 to 80 per cent of rooks ware present at 20 to 40 om
depth and the root density inevessed with declined seil
moisture level.

Cahoon gt 4). (1961) found that in Gitrus om am
aversge 58, 31, 9.9 and 1.8 per cant roots wvewe 4istei.-
butes st 1, 2. 3 and 4 feet depths respectively under
frequently irrigated ceasitions. Bwt when irrigetion
froguency was refused, the peresutags of roots at the
sbove dapthe were found to be 42, 38, 15 and 2 vespect!-
_ wely indicating less surface rects ueder .reduced
treigation. In irsigeted sedle of Aserdsjdse mest of
the roots of apple trees vawe 4istriduted in the 30 to
75 en s0il layer and horiseatel reots extended mors then
those of verticsl rocks (Badeew, 1968). Black (1968)
stated that the mass of bansna roots was not affected
such by moisturs stress, through s sligit inoresse in
the aunber of roots was observed with higher moisture
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stress. Investigetions gerried ewt st Tamil Nadw
Agricultursl Usiversity, Geimbetere, on the reot
Sistythbution pettern of bessns ver, Rebuste revesled
that the reot development wes genewally influenged by
the #0il moisturs comditions (Ryishasn and Shammughavels,
1979). As water content got depleted from the seil,

the root extension ogcuszed ia other aress where the
mthbuuy ol water vasr ample.

2.2. sz arere

In cosos Wood (1978) reperted that the tap root
developed to 43 om on soils with high water table while
mugh Seeper mhyuut war seen Whgite water logged
eonditions @18 not oscur. Acosrding te Butten gt al.
(1988) 93.6 per cent of the rooks of drought suscsprible
caypet gresses vere eonfined to the upper 2 feet of
s0ll whemeas only 5.0 to 8.8 per cent of the roets of
highly dycught tolerent grass eceurged ia this layer.
Gingrieh and Russel (1938) reported that ez soil moisture
tension ingmessed fyam cue t¢ 13 etauspheres progressively
smller ingresse in rsdicle elomgetion, fresh weight and
ary wveight of roots wer+ found in cown. Nuoch gt Al.
(1957) founs thet rosts developed in whests with limited
moisture supply were finer snd hed .ﬁu and longer
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beanches than recks duveleped unler feveurable soil
noisture genditions. Bleclwesdth gt al. (1958) studied
the root distribwtion of scme irrigeted ereps like
cotton aad tamstoes and found tiet ia irrigsted eress
thus indioating more surface rects under ample moisture
supply. Sffevtive rooting depth decreased as soil
motstuge level increased in both wewm seasen £orege
gresses (Dess gt A)., 1960) and in @ool sesson forsge
Gresses (Bennet snd Doss, 1960). Murd (1968) reported
Ahet 1a vhest ver. Thatcher the Focte penetrated quiehly
in ézy seolils than ta wat, loamy and clayey seils. M
harvest cousidesedle incredse ia sppesd of rects wee
obasyved in Srought resistant styain vheress A4lsintegra-
tion of pegerhemsl roots was seen in dvowghk suegetible
ones. lupten gt al. (1574) stuiied the rect system of
nogmsl and seni dwerf cuitiveps of wiater whest in
England and cbserved that seil and climstic conditions
influsnced reoting dexth snd distribution mare than that
influgnsed by genstic sake up of the plant. Jayeki g al.
(1976) ebsexved thnt in segbesn 87 per eent of the rocts
were istributed in the 3ere to 13 em layer and 89 per cent
in the sero to 15 en layer and 8) per cemt in the sere to
90 om layer in unizrigated seil. Sllis g ). (1977)
found that in barley mjority of the roots wete confined
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in the toj 12.9 om of soil vhen the meinfsll was move.
Dut a higher Pesesmtege of roots vere Gistributel ia
Sesper soil layers whea the reingsl) wes limiting.

The findings of Sivexumr gt al. (1977) end Boyer gf sl-
(1980) indicated that wadar Arowght condition the
soybean root prefile was chsrugsterised by a low roct
density in the dry surfsce layer and a meximum prolifess-
tion in the dgeper and wettay nﬂ layess.

Surfaes roet development in sugercane by igri-
gstion was reportedly Mas-Vewgura gt ). (1580). The
stuldies ceonduated by Garsy ¢ad Wilhelsm (1983) in seybean
unfiew Nebraska gonditions revesled that roets were ¢on-
esntreted in the surface 13 on layer for the first sample
aad after 30 days of drought root density was found to be
INeatest at 90 €0 120 em layer. Abewt 80 per cent of
the reots were fcund within the sere to 120 em layer.

In generel roots avpesr to prolifierate in soil sones
with lowest vater scmtent.

Rogers (1952) steted thet the sge and variety
of plant and various sdl fagtows likg tenture, nutrigats,
sgration, moisture snd tempersture influenesé bebaviour
of the root system which in tusrn laygely controls the
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respectively. Cripps (1970) stated that under medi-
terrences slimatic eonditions of Vestesn Mustrelia,
winter dormancy sppessed to influsnge the root growth

of young apple trees. In older fruting trees it wes
Sbserved thet zoot mmu: wee most rapid ia late
*pring and eerly summer and ligtle goot growth weas mede
in uei. swmmet. In cosrse sonlis and gravelly soils,
roots of grapevine pedetratsd to & devth of 7.3 m of
move (Wesver, 1976}, Gousselant (1583) cbserved that in
benane cultivap ‘Glaant Cavendish' the initisl root growmth
~ was markedly influenced by the msther plamt and later |
root growth was gestricted by amaecwchbic conditions,
nematodes and soil compastion.

3.2. SShax szant

The wesk done by Mapdy (1944) indiceted thet in
nutrient deficient conpact clays or in sandy soil heving
Righ water teble the rost systes of aoeC was characterised
by & lengthy tep root, widely spreséd superficial latersl
root and well merked £1byous surfece root-met. As the
applicetion of nitregen fortiligers incressed, nitroges
content of tha roots and opgenie content of the seil
incresse? slightly and root weight per agre remsined at
Bigh level es zeported by Nolt snd Pisher (1960).
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Nagnaye (1969) wnfe o Setsiled stuly on the
Foot system of cocenst palms sffested by ssdang disesse
end found thet primesy rooks wers less mwmercds in the
sffectel pulne compared to hetlthy. In palams growing
on ssndy lesm, most of the primasy end secondery roots
woere found in 1 to 3 feet frcm the tres Dese and at &
depth of 3 to 3 feet. The yoot studies emrried out in
cogonut palm at Vappsakulem (Ancn, 1570) indiceted timat
the sumber of voots insressed with the ingresse in the
level of applied fertiligers. It was found that pelme
under vegular cultivation and reveiving gooé manuving
producel highest mumber of vests (4016) (Mushweh gt al..
1573) .

4. BASL ARAIWILY Dattersa BAANK Sadistrasss teshalmes

Nany metheds with yedissctive isotopes have
geined siguifioance in reot stuiies during last theee
decedes. They have bDeen ssed in réeent times to Seter-
mine the distyibution pettern of sotive rvoots, both fa
terms of ares arcund the individeal tves end also its
zooting depth. Unlike traditicmal methods, tracer
Sachniques provide sn undiestrustive mesns of gvelusting
the underground parts more precisely, quiekly and essily
with peduced labour sad time. Cemventionsl methods have
the 4ifticuity ia 4istinguishing the living roots Srom
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the nonactive rests. Bver sinee lett gt al. (1980)

an? Mall gk a). (1983) stuliied the plant reot systems
in matuzel soil profile, with yadiesctive tracers,
considersdle work has besn doue te study the root
sctivity of plants vith radicisctepes. Seversl vorkess
1ike Wil g’;\ Al (1933), Tox sud Lipps (1964), Rusesl
end B1lis (1568) have suggeisted thet zoot distyibution
and goot activity i different soil depths ean be
sccuretely and saslily assessed by studying the uptake of
redio tracers placed previously st specified depthe ia
the sofl. '

4.1. Ixaik nlamks

Ulrieh g3 gl (1947) S a study, on 28 yesr old

grepe vine grown unfer ved lesm suils of California,

wsing 32p, founs thet the resks wvere irregularly Stetri-
buted ercunt the vine and 1t was estimted thet 50 per cemt
of the n&omvﬁma rediue of two fest srcund the
base. Malmsly snd Turford (1988) conducted some studies
in heavy ¢lay and u‘m loam seile of Veat I'dies te find
out the sonss of nutyient wptahs by ‘Achusta’ damsoa

ustng 339 so1) injection teshnique. Redicective 337 was
injected at apesified spets and the plants wers grown &t
diflerent distonces lm the 'llﬁw spot. Mo rediocsstivity
was detected in plants ¢rowing more than aight feet sway
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from the radisuetive soil, in any of the sites and they
conclufed that the feeding rooks of 'Rebusta’ berem

414 not extend for megs then e cirele of eight feet
zadius in bogh hesvy and Vucht sotils. It was slse
Vident that moet of the plants ia sandy losm s0il Mad
no feelding roots sxtending deyond four fest.

J‘v & 3). (1971) while studying the proliferstion
of gooks at &iffersmt depthe in grape wvaristies., Besuty
secdless, Befans and Rumrods by 32 setl injection
technique showed that the reots at & dapth of 31 ¢o
S ¢ asbsorbed more 32, and tme aors. voot activity
existed in this region. AtNimson (1974) observed tiee
in s two yeur 0ld apple tres the adsorption of 32y txom
the 30 om depth was grestent and 4a & 25 ywar old apple
epple cultiver sbsorpticn was greatest frem 90 om.

Bojappe and Singh (1374) ia their stuiies wsing
337 1n mange found that Swo distingt somes of higher root
ectivity vers pereeptibls in 18 year old tree. Nighest
sbeorption of 33p ves from the seme close to the treak
at & distenge of 120 om and at a depth of 15 om followed
by & second pesk near the surfooe (3 m distance).
Abserption gate dacressed via a8 inepesse in soil depth.
About 77.4 per cent of the reot sctivity was noticed st
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s depth of 60 om fn the fizst trisl while in the second
trial 84.6 per cent of yoor oaavuy was cbaesved at a
depth of 30 om.

Reot setivity studies in twe yesr old bemams
var. '‘Naketengu'® fr 4ry amd wet sessons st Makeress
University in Ugands wsing madiesstive J3p shoved timt
in wet seascon, meximum reot astivity ogecurred nesr the
surfece of soil at » Sistanse of 40 com from the plam
(IaBA, 1973). The root sstivity éecressed slightly to
15 om and 30 om depthe and sharply Geclined st 60 om
depth Quring the wat sesson. In the dry season highest
roct activity vas found st & Sistance of 40 om and 80 om.
It was evident that during dxy sssson highest root
activity oceccurred at distant gomes indiceting an exten-
Sive development of rect system. DMNorsover, durimg this
sesson laterzl roots wers !M‘to\hc vary asotive at
120 em and 160 ow distanges at depths of 30 and 13 om
respeatively.

The expariments cerried out in )0 year 0lé orenge
tress grows under ssndy losm soils in Spein using 33p
- soll injection technique sevesied that during sumswr
h:qhﬁct goot activity (70 pep cemi) cccursed st )} B
distanca from tha tres &t & depth of 30 om while very low
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astivity was chearveld ot 30 %o 100 em dfstence. In an
supszinemt on ¢ight yesry olf citrus trees in Taiwma,
highest root sctivity was odserved st a‘luum of one
Setre and at 3 Septh of 10 g (IASA, 1978). In 12 yearw
014 gitres trees during winter the rect agtivity wes
mexinue nesy the soil surfece &t one tO two metre distanee.
While in mature 30 yesr old citrus tyess. the sones of
highest root activity were fagther away from the tree
than in younger trees. Stuldied gonducted st Taiwen showed
thet there was little effest of seascn on the distridution
pattern of root scotivity umm (xama, 1979).

4.2. Rlantation sxope

Soong gk ak- (1571) fyem the 33» seuttes in rubber,
sbserved manimum yoot sctivity at & distance of 12 feet
fyom the tree. In a study oa the root activity pagtesra
of cogormt, Balakeishaamurthy (1971) cbserved manimwm
upteXe of 7P grom one metre distenes of the pelm, ot &
dopth of 12 em. Orestest poot setivity was observes in
the upper layers of soil beAvaes seso to 30 om, close to
the pelm within 180 cm end the setivity was more Suring
the wet seasca.

Studies on root activiiy of the tree crops reported
by IABA (1873) axe sumsarised ia the following puragrephs.



In Coylon refictrecer studies showel that the effi-
Clengy of fertiliser appligstion was grester when
placed st 10 en depth t;nnnthomm in sogonwt
paln. The uptake of nutrients was maxisum at laterel
distance of 30 am snd decrensed vwith inevease in redial
distance. Root activity was very hJigh vithina & gedives
of two metzes and at & dasth of 10 4o 43 em. The stulies
gonduated oa 18 and 60 year ol8 sscomut trees Wer.
laouss tysies is Philippines revenled that the sctivigy
wvas simtlar in treee of hoth age groups. The highest
sctivity was ot 1 t0 3 » Gfstenge and ot & depth of

13 on. Resnite of the anperimsats gerried eut during
vwet and 4zy sessons on 50 year ¢ld sosonut palm grows
in sasdy loam sell st Merunawils Llaodiceted that abewt
80 per eent of the totsl aetivitly war within 0.5 ¢ 1l &
Aistance Suring wet season whils during dry sesson the
activity at lower depthe N-”nr Aistances was high.

The zeot activity pattern of young and buﬂu‘
ell peln Suring wet and &ry seusons in Malaysia and
tvory Ceast was stulies, 3Is Nelaysia Quring wet sesson
the highest root sctivity wes found at the soil suirfsce
at & distanee of thees Netyes from the tree. About 70 ¢o
80 pexr gent Of active yoots wege ia sere ¢o 20 on demh,
with 350 to 40 per cent Deing esnssntrated near the sofl
surface. Studles of Ivery Gsast slsc reve:led highest
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geet activity at mld 20 e demih. During wet
sesson, Took activity wis mere intensive and gonfined
to the surfaee ulﬂi in Sxy seasen.

wat and 4ry setson euperiments in coffee in
Colambia indieeted thet Suring wet sessen roet setivity
was giganificsmtly higher st 30 om distengs and 15 om
Septh timm at any other Desitions tested. Duriang dry
sesson no indication of the sene of lew aad high sctivisy
was chsesved ensept 0n Ith day sampling when roots were
more active st 43 ow depth and 30, 60 and 90 em distences.
In Kgaye two sones of high astivity ware seen, one &t
the soil supfege upto s distenge of 8$3.3 cm from the
trees bese and the other at 43 to 75 om dqith song &t &
distange of 30 on frem the tree. When soil moisture is
Bot 1imiting as in vet sessen, it wae the surfsce soil thet
showed highest activity and onge the top solil dried omt
activity wvas highest st 48 €0 73 an Septh motg, 4t &
distance of 30 om from tha tree. In & study on One yeay
014 coffee plants gvown is senfy lesm soil of Salvedor
it was reverled that mearly all the roots vere concentrated
in the sop 30 o» layer. In sdult trees tap root resched
e doth of 30 om. ‘

The wet and 4ry sesson axperimgnts gonfiwoted st
Tane in cogts using trscer teshmique revesled the
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pressnee of mehy $a the upper 7.5 o

layer with maxisus sobivity st ttb 2.8 om depth. During
both wet and Ory sessons She offeet of distance on reot
activity was not significcat. Stulies on the inflwence
of ghade revesled tiat under shade the sone of higher
agtivity was sogs wiSespresd in both wet and 4xy seasons,
viile in the adasenge of shade the root activity ws
higheat at 90 om distanse.

4.3. hes gKo08

Basset gt 4l (1970) reperted thet under irvigated
condition, the tap root of colton grevw St sn aversge
rate of 2.3 em per dsy veuching & denth of 183 om as
evisdences by 33 stusfes. Netseral yoots grow eily--t
helt of this rate. With the efsst of flowering two-third
of the total agtivity was feund to be confined at the
top 30 gm. Koot sctivity 3t loway depths intensified
as the sesson prouressed resullting in a relstiv:ly uni.
form sctivity throughout the firet 132 en. Reddy smd
Vekateswaralu (1971) stwiied the sctive root distribution
of two caster varieties by 3¥p 3011 tnfecti n ené found
thet the high yielding mutent SPR-1 Wed more extensive
oot nitu than the long dugpstion locs)l variety NC-8.

In annuel.. orops slec peot studies had heen done
employing redictragers. ROOt astivity stulies in slfelfe



by Lippe gt ad. (1987) sevesled the presence of thres
sones vis., surfeos sell vhere activity was bigh in
spring and decressel during dry westher, wone of minimwm
activity in unfovourebhle cheierl euvironment and a sone
of secondary activity in woist soil adove weter tabkle.
Using stable stromtium and 33p o8 tragere You and lippe
(1964) cheexved higher seot schivity im the surfaee
hoppgons vhich received intermsittant moisturs snd low
sctivity ssscaisted with peor shemivel envirommert.

Ne Clure and Narvey (1542) using 33 ta sorghum nybris,
found signifieont root growth after flowering upto 24feh
week an? little growth aftervands. Roots vwege Present at
e Gepth of 9.3 Laches and st & distance of 33 inches.
Names and Berts (196)) stated Shet yoots of cerrots vere
sctive to & Gepth of 30 inches while in onion and ehilly
about 80 per cent of the eotive Foots were fu the upper
eight inches of soil. Nehw gk al. (1966) ebserved
grestest absorption at 70 o «ui and st 2 horigomtel
spread of 60 om in sorghum., Maluysme snd Bavel (1968)
found thet shout 90 per cent of the root activity of
sorghum plants cosurred in the top 38 inches snd latersl
15 fnches. Virmani and Dhmliwel (1569) studied the cora
root system by 3P and found that about 90 per aent of
its sctive roots were present in tha upper 40 cm of soil
but at tasseling and grein setting stages the root activity



27

at 40 to 60 on was caly 20 per cent. Dejong end
Otinkawang (lm) wevesled thet in irrigated tomte
ﬂm@wﬁnﬁt&onivcm:mm

in & cope of 23 om Siameter and at 45 om Gepth. Rlliis
and Buras (1973) weported that 82 per osnt of the living
roots of barley grown onsandy leem seil st Oxford were
congentyated in the upper 1.5 to 21.3 om layesrs of soil
which was indicoted by the sbsorption of "SRb.

Nirment (1971) fres the *3» plant tnjection
studies conducted on two tall and &warf vhest varieties
reported that about 90 ¢o 98 per cent of roots veve
loosted within serc to $0 em of the soil. The root
distridbution pettern of nine whast varieties grown in
sandy losm alluvial sofls of Indfan Agricultussl Reseesch
Institute indicated that 350 per cent of the rootes were
i sero to 8 cm layer (Mmtyal and Subbiah, 1671). Sond
2t al. {(1972) studied the roet distribution pattesrn of
vhest varistias in the medium Dlagk soils of Madya Fredesh
under irrigated and unirrigeteld eonditions and found
that thes» was less proliferation under unigrigated
condition compared to irvigated econditions. Napyhutty
(1578) from her study on oot setivity pattern of wheet
grown under loemy soil of n\iim reported that varieties
Beera and 1877 weve shnllev reoted with 62 to 63 per cent
of root system eonfined €0 & dedkh of 8 om while IDN 139)
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was deep rocted with only 43.3 per esnt roots tafb-
8 om soil layer. o

/ Sgintwas (1980) determined the rect aetivity and
scil feeding sones of five dajra hybride in Udsipur by
32) placement and fousd that more than 44 per oent of
root activity ogcuryed in the soil laysr of zero to 15 em
depth at a2 latsral distange serd €0 10 om. Subremsnian
at al. (1980) studied oot distridution pattewn of bengel
Yram var. Co.l using 32, s0il injection technique ot
Coimbatore snd stated that it was & deep., Wmedium spreading
type with the roots extending €0 & laterasl iistance of
adout 13 em and to a Septh of about 25 om.

$fudies on the root disteidutiocn pattesn of high

yielding rice verieties by 33p plant injection technique

at Temil Badu Agricultupal University, Coimbatore by
" mumsraswamy gt gl. (1977) showed thet 80 to 83 per gent
of rooks wers concentrated San the soll sone of 15 em
distence at 24 on Adepth and adout 5§ to 75 per cent of
roots were cobcentrated at 10 em latersl distange and at
16 cm depth. Studies confugted by Singh gt al. (1982)
on rice Fevesled that MANINURM roOts were Present &t sero
to 13 am and minimum roots at 45 to 60 om depth while
distridbution of roots at latersl distances of sero to 18 em
and 13 to 30 om were not much aifferent. PMroloaged dreught
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leaves translogtod mugh of their ghotoeynthater to

the roots and young lesves. In Quaurhits anecise

%ebd and Gorham (1983) demonstreted s multidizectionsl
Pettern of movement of ssrbohpézates. Georgiev (1967)
demonstrated that 322 tntrodueed through the oot system
treanslocsted sormlly to the seton in grefts of melon

on squash when the lesves wers zetsined on the rootstocks.
However, the P content of \acmn was decreased gonsi-
dershly when melon was grafted on defolisted stogke sines
the 32p yae held 1n the greft uatons. Mighest concen-
tretion of 339 vas cbeeeved i in younger leaves then
older ones &s pointed ocut dy un-wj and Twyford (1968)
in 'Robuets’ banans snd Xamsan (1968) snd Triefimove (1969)
in maise. Rac gk al). (1971) studied the P comtent of
lamina, petiocles &nd Duds of grepes at different nodsl
positions of the shoot samples on the loth Say and showed
thet the tot:l P costent was highsst in the petioles
followed by the lamizee and bud at sll noldel positions,

A study on basems war, Robusts (Nalmeley and
Twyford, 1968a) showed that mutrisnts were tr nslocsted
from pegents to followers at all stages of growth. When
33p wes fatroduced to followers the parents alsc besume
gadiosctive, which made them gonclufe that anyons plant
on the stool was never indepentent of the others. The
study also revealed that in the early vegetative stages,
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sedicactive phosplnte was 41steiduted evenly with the
nonsctive phosshmte. ¥he Y39 stuttes also tndscates

that uptake of phospherus was rspid during vegetative
‘Phage from two t0 three months of planting. Ayle saéd
Powell (1972) studied the export and distribusicn of ¢
labelled assinilates from each leaf on the shoots of
jolivn m during reproductive and vegetativy
growth. The study revetled that the developing leaves
at the top of the shoot were receiving sbout the same
proportion of the gerbon from each leaf as 414 the
developing inflorescetee.

Maturity of the plant also greatly i-:lusnced the
distribution snd tremslossticm 29¢ to the various plamt
Pares (Balasko an? smish, 1973). At the time of initia-~
tion of stem slongetion roots and leaves were the primegy
sink of photosynthates.

Using redicactive iron Byown gt 4l. (1960)
showed that enough iron was supplied from the ootyledans
tO maintain a green plant upto the first trifeliate leat

stage in soybean.

Poxr stulying the trenslemation pattern of oslciwm
in groundnut labellied “ﬂ was foé through the roots by
Chehal snd Viemani (1972) ané they noted that showt
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60 per cent of the s wvas 1s the leaves s agrinet
13.8 per cent ia the pels. When absorbel through the
frutting orgens, $5.3 per eent of the csleim was
retained in pofs and while the vegetative parts retsined
only treges. | |



MATERIALS AND METHODS
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MATSRIALS AMD NETRCDS

The experiments wewe sagried out in the Dejert-
l';i of Pemology ané Plorigulturs., College of Nortigulture.
Vellanikkaga during the yesr 1983-84 to find out the
aietridution pattern of yoots of danana vay. Nendren
under irrigeted snd uairrigeted ceaditions and to trece
out the trasslosation of sbeowbed 232 inside the plest.

The experimental fields were loceted at s latitude
of 10° 32° B snd longitede of 76° 10'S st an altitute
of 32.2% m adove mesn sea ievel which comes under s typieal
wvern humid sropical climste. The raiafall dats for the
yosrs 1983 and 1584 are fursisheS in Anpendix-X.-

The seil of the experimental fields was well
dxsined anf acid laterite. To study the soil sutriest
status, sempies were oollssted fyom a soil deth of about
30 om as per the methofs suguested by Piper, (1943,

The oxgenic cazbon was dgtermined by Walkley snd Blask
nethod as desorided by Jacksen (1988). Chloremclybiste
dlue «mmnt" {Bray %o.31) was uses for the estimtion
of sveilable phosphorus and emsleagesble potassium was
deternined dy Jackson's (1938) methed. Available eslgium
and magnesiue were slso dgtecmined by Jacksea's (1958)
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nethod. The meviasiesl and chemissl properties of the
Soil axe given helews

Hechanissl and shemise ) acopnecties of tha soll

Total sand “, e $3.20
811t (%) .o 15.30
Clay ) se 29.%0

Available phosvherus (ppm) .. 21.10
Sachangesble potsssium (ppm) .. 620.00

Msilable magneniun (ppm) «e 19.30
Orgenic carbom (%) . 0.7?

The field was prepared Suring September for the
irrigated arop and in Feduuary fow the rainfed crop.
Three months 014 uniferw suchers of Nendran were planted
1a s of sine 50 x SO n B0 ew at & specing of 2 x 2 m.
Cultural practices vere followed s suggested by Puckege
ef practices, Kersla Agricultwgel University (Anon, 19583).
A fertiliser 20se Of 19031130300 ¢ WiP:K respectively
was given im two eguel split deses. first dose two months
after plantiag and gecdond dose four months after planting
for the irrigated crop and iryigated the field thrice o
wosk. PFor the muinfed cwop the fertilisszs were appliet
in the third and fifeh mooths sfter planting.
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The entreated deslithy plants from the experiment
1aid out for root setivity stulies were used for taking
yoot chagrvations st mcmthly intervels. The whole plamt
was uprooted without d4isturding the root system after
myxing small srench agound the plant at a sufficient
distance 50 that minimum danege was gauseld to the roots.
The distence varied eccoréing to tﬁo growth stage of
thy plant. After 4igging out the plant the peseudostem
vas removed leaving & small portion of it on the rhisome.
The rhisones wete vashed v“ ruaning wveter vithout injuring
the roots. After remeving all the soil particles ans
dirt sdhering to it, cheesvetions were msde on number,
length sad diamster of yoots. The fresh and Ary weighns
of the roots wers alse recopded. These obssrvsticns were
takea from plantisg till the orep was nine memths old.

2. et activity stadiss

The fields were 1618 out s 47 factorisl experi-
ment in muae »lagk design with three replicetions.
The layout of the field is fllustreted in Fig.l. Por the
placenent of 32p, there were four lateral distances end
four depths thus conmstituting 16 trestments esch being
replicated ém«. Thus thewre were 42 treatments plants
for esch emperingnt. BSewder plants weres also maintained
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for ench trestasmt plast. The €stails of the trestnemt
condbinetions sre furaished belew.

Lxsstment Bushex Jasara) distanss (e=)  Depth (mm)

T, 20 s
!‘a | 40 3
!, 20 | s
‘l‘ , 130 5
‘!" a0 13
'l“ 40 13
!’, o0 1s
r, 120 13
T, 2 30
’10 40 30
!“ 80 30
!‘2 130 30
Tis 20 60
!1‘ : ., 40 60
’IS : 0 60
‘!“ 120 60

2.1. Zaisstiss of redisactiza 2P in the sotl

The ”’ application wes dong arcund the plants
when they were four months old under both the irrigated
and roinfed conditicns. Single plant was used as



enperinmestsl uwnit. The plamts susrounded by eight
berder plamts vere selestel and mumbered serislly. The
aves around these experimental plants was elesned well
and 16 eguidistent holes wars taken around euch trestaent
plant et eyusl depths is s ring which varied sscording
t0 the trestmeit. Noles wers made using 2 em dismeter
tube suger one dsy in sdvence and plugged vm..m tubes
of seme diameter tO provent emtuy of water in euse N
reined.

Injection of the desized velume of 39 tmo the
s0il was dome with & dispensette fadwicated emslusively
for this purpese (Sankerx, 1988). The dispevestte wes
ecanected t0 & reserveir bdettle which vas embedded in
pratfin wox eonteined in & plastic busket (Pig.2 and
Plate I). The field eperetion details of this devies ia
illustrated iz Plate II. The mesewvoir bettls could hold
one litre of redio agtive solutica. The redicectivity ueed
par plamt was two millicurie vhieh necessitsted to a total
of 96 aCi gediesctive 3¥p seluttion for 48 plents. A carrier
solution of 1000 pym P (as potsssium Shydrogen srthephosphate)
was ingluded in thess experiments to reduce the fimstion
of 335 by seil threwgh tsctepie emchenge. Sach al of
mml solution gomeined 138 »Ci redicactive

32,. The wedletion dose 3t the euter surface of the
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Plate I  The devies for soil injectien of 3» solutien.

Plste IT  Illmstration of the seil tujestion of 3%» gorvtica
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ducket filies um prepsced 32y solution wes found to be
less than 10 mw/n.

To 4ispense 3 ml of sediesctive solution containing
378 a3t 329, tne volume sdjusting mob of the dispensette
was locsened and its yclntoé browght to the 3 ml wark on
the plunger. By smooth up ané down motion of the plunger
the set volume of soiﬁtoa could be securstely dispensed
tnto the scoess tube through which it resched the WC tude
and thus tc the zequired depth. Thus 48 ml of gediocective
solution wes injected to saeh plant through 16 holes so
as te get 3 .mil sedicective 33D, Immeftstely after
injection, the ascess tubs and KOV tube were weshed with
s jet of &1st1lled water lshoss 4 m to 3 ml) to drein off
any redicactivity stieking to the inside of the tudes.
The WC tubes wers removed carefully sfter weshing the
bottom side of it with aistilled weter. The holes were
Subsequently filled with scil.

2.2. asalvads of lssaf sameles

Thisd fully opened leaf from the top was used for
ssmpling and sanlysis (IABA, 1973). First ssmple wes
taken 15 Says after the spplieation of 3P and the
subsegquent sanples vere taken at 18 Says interv:ls from
both irrigated snd reinfed cyeps. For asslysis, lemima
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of shout 13 cm length at% the middle portion of the lesf
was taken from DeRh sides of the midrib. Samples were
4ried in hot atsoves at 70°C for 48 hours. Dried semples
were made into smmll plecer and amnz.a in diecic
\Mm containing squal parts of perchloric acid ens
nitric acid and wedio sssay of 32) wes done 1n s Ligquid
Sgintilletion Counter empleyviag Cerenkod counting technique
(wahi?® g8 a).. 1983). Totsl phosphorus of the digest was
estimsted by Vaneicmolybdete yellew colourimetry Baehea‘.
1938)., The count rates vere eesrecte! for decay to s
comnon peferengs time after baclground correction. Speegific
stivities (Cpm/mg P) weme alsc used for calculating the
percentage of active rooks in different soll zcones.
Percentage of active rooks at & purticular soil gone =

32, recovery from that gone x 100

Total 33p Feeoverad fyom 21l the sones tried.

2.3. Naxnheleoaice) chaaxwaSions

The following morpholegical ohservati ns were also
segoried at the time of 32, sppliesticn and “uring the
ssmpling periols, when the plants wexe four to six months
oge.

s. Haiaht of tha plant

The helght war msssured fyom the dase of the
pesuiostam . %0 the exil of the youngest leaf anéd recopded
in om,
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b. Qixth of the Jaandosien

Girth was reconded at sbout 233 o= height.
. Rusbax of Jeawas

Wusber of fully opened lsaves was recorded.

. ]

This experiment was condugted to trage out the
ncbility and distributicn of absorbed 2P 1nside the
plant. 32p was applied d0to the soil around six flowered
plants in the irvigated £ield by the method described
sarlier. The pediotracer was applied st & sone, 30 cm
deep and 30 om awey from the phat. This scil layer wes
used for 32, injection bemmuse of the meximum recovary of
335 grom this mone under the irwigated condition es
fevealed Dy the first euperimest. The samples after rasdio
assay were collected on the figst day after anplicstion
snd subseguently at 8, 13 and 20 days intexv:le from the
trested plants. All the leaves, present on the plant,
mele flowers, female flowers, fruits and bract were
sempled for snclysis. Sempling of fruits, male flowews
and bracts were done from the top of the bunch and
procesied dowmmrds aa timg advanged. Radio asssay of the
collegted ssmples was done 88 Gescribed sarlier. The counts



41

afesr bachground and decsy coxrections wefe utilised
for £18ding out the comcentration of 3P tn the various
pagts tested. This gave an idea of the acocumulation
snd trensloostion of nutrients in different tissues of
Danane at the tisme of shooting snd harvest.

Asatissicel analveis

The date recorxded on both 32, eounte and specific
activities were analygped statistioally by applying
snelysis of variznce techaique with logarithaic trsnsfor-

mation, as suggested dy Pense and Suklmtme (19647) for
factorial experiments. N



RESULTS
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The results of the ;muttattm: on yoot
dtetribution, Toot activity and translocation of J3p
in banama grown under irrigeted and unirrigated condi.
tions sre presented below.

1. Bask disteAbution
1.1. Eeshax of rests

The dats presstutad fn Table 1 irndicated thet
there wvas difference in the smmber of roocts of bamma
' grown under iyrigated and veinfed conditions. The total
nusber of rocds although inowessed markedly from planting
t411 flowering under both the Mttimﬁ. the mumber of
foots tended to e more under reinfed condition, maximum
being 321, while it wes only 382 under irrigeted conditiom.

1.2. Grawth of zacta

As geowth procesfed, elomgeticn of roots wes
ebserved under both the conditions as shown by the data
presented in Table 1. 1Ineresse in ths meen length of
roots was cbserved upto flowering and the rate of elongation
seemed to be more under reinfel comdition. The incresse



Teble 1. Rest growth usder irrigeted sal yeiafed consitions

m

Wesths  Tetal wmber  Nesn length (ow) Netn dtsmeter (sm) Tresh waiomt (g) Dry weigit )
' ::: Sainfel Ipt.  metetes STL  matates ey 'hinket &“; Retated
1 2 2 %0  1s. e.3 0.4 3.9 9.3 3.3
2 37 58 19.3 2.3 0.3 X 78.8  183.0 6.8

_‘ 3 o 112 32.8 3.3 0.4 o8 180.0 2128  10.1
. 129 180 .8 78.0 0.8 0.7 30.0 3.0 298
s 210 282 se.2 1138 o.¢ 0.9 8.0 1.0 0
¢ m 302 9.6 1321 0.0 1.0 3528 S82.0 %63
R 28 318 140.1 1408 e 141 690.8 #90.0  60.0
. 200 9 138 13%.9 2.9 1.1 795.0 1008.0  72.8
) 202

t ) ¢ 149.3 1898 1.0 1.2 83.0 3090.0 0.0

g%
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in the Alameter of ¥est wes almost similsr unter both
the growing comdsitions. ‘

1.3. Zresh waioht and dry weidht of roots

At all steages of growth, the banane grown under
reinfed oconditions recorfed higher !iuh and 4ry weights
Of roots. At the late vegetative phese the roots of
Fainfed bansna had » !gﬂh weight of 461 ¢ per plant and
that of irrignted banena was 438 g. Corresponding éry
weighte were 47.1 ¢ and ds‘l‘q gespectively. A fresh
weight of 1.09 kg was cbserved in & nine month old
(2lowered) rainfed Damend which was also grester then
that under irrigate’ condition (883 g). Tne corresponding
dry veights were 105 g and 80.1 g under reinfed and
ierigate? conditions respectively (Tadble 1). The develop-
mantal pettern of root system under both irrigated and
reinfed conditions is depnicted ina Plates III to VI
and illustrated in Pig. 3 to 7.

2.1. hogt activity undaz ixxigated condision

The indirsct method of finding active root sone
eEploying radiocactive tracaws is based on the assumption
that the coacentrstion of 5&0 tracer sbsorbed from o |
particular distance and #0il depth is directly mmrttsmll



Plate IXX Nonthly yeet &istridetisn pattern of irrigeted evep.

1) One mouth after planting

2) Twe senths after plamting
3) Three meaths after planting
4) Tour semtihs after planting
8} Pive menths aftey plamting
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Plate IV  Monthly root distribution pattern of irrigated crop

6) 8ix monthe after planting
7) Seven months after planting
8) Right months after planting
9) MNine months sfter planting
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Plate V  Monthly root distribution pattern of rainfed crop

1) One month sfter planting

2) Two monthe aftar plenting
3) Three monthe after planting
4] Four months after plenting
$) Five months after planting






Plate VI Monthly root distribution pattern of reinfed crop

6) Six months after planting
7) Seven months after planting
8) Bight months after planting
9) Nine months after planting
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to the density of astive roots Sistributed in tihmt
sone of the soil. '

‘The 33 counts obtained fyom the leaves sampled
15 days afiter (ts injection to the soil and their
coryespording specific activitige are furnished in Table 2
and 3 respectively. Namimum count waes oOltained from the
treatment site, % cm feep and 20 om awey fronm the
psgudosten. As the denth incressed from 5 cm to 60 cm
the density of active roots decretsed fyom 36.42 per cent
to 9,76 per ecent, but 414 nokt show statisticel significence.
The reduction of root sctivity vas also cuserved at
ineressing distences. It is clesr from Table 4 that the
Nighest percentage of active roots (78.95%) was observed
ot 20 om which was signifigently higher than the root
sctivity at 40 om (16.85%) . The 4ifference between 80
and 1320 om placemsnts was however, not significant
{Appendices II and I11). The speeific activities aiso
indicetel @ similar tyrend (Appendix IIX). The loweet
percentage of root ectivity wes ebserve? at 130 om distance
(2.02%) . The pezceantsge of active roots at cifferent
depthe and lateral distsnces are graphically depiched
in rig. 8 and 9, '

Mean values of 32, counts cdtained after 30 days
of application are furnished 4ia Teble 8. A ngmumm
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Table 3. Reoww

of ¥3p 1a the lewves of trrigates
evop (Cpm/g) 1S days after application

laterel distance (em)

(em)
20 40 (%) 120
s 3.431° 2.4%0 2.328 1.737
18 3.390 3.644 2,007 1.788
(2482.7) (ws0.7)  (101.0) (37.3)
30 3.182 2.577 1.882 1.929
(1418.7) (377.3) (38.7) (98.8)
0 2.639 2.263 1.816 1.677
(038.7) (183.4) (32.8) (47.8)
Q " QQ’“ ‘- =» oci" .

* Trensformed vealugs
** Farentheses indieets setransformed wolues.
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Table 3. Specifie activities (Cpw/ng P) of the lesves
of furigated evep - 13 days sfter Ip
epplisstion

Depth lateral distance (em)

(om) -

20 40 ) 120

s 3,083 2.308 2.0 1.43)
(1210.3)** (243.1) {108.0) (27.1)

18 3.070 2.326 1.643 1.402
(1174.9) (311.9) (44.0) " (39.0)

30 32.871 2.241 | 1.247 1.862
(742.6) (174.3) (37.7) (36.8)

60 3.304 1.950 1.22% 1.376
(201.3) (90.9) (16.9) (23.77)

M = 0,378 Se = 0,131

* * Log transformed veluss
** Japentheses indicate the retrensformed walues.
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Tedle 4. Peresntage Gistriduticn of rest activity
unler izrigeted condition - 18 Gays after
33y appitestion

u e U S ——
20 Y .0 130 ‘Pobal
. /M G LG s M
18 28,10 .0 o9 [ w1Y 24.20
30 14.987 3.8% 0,27 .|  1%.8
©0 500 407 828 oM 9%

Tetel 70,06 1688 L8 1.0
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aifference wes notieed between the counts of 32p qraines
from different latarel distances frem the plant (Appendix II),
Nanimum absorption of 32, oumnd when ths trecer was
Plaged 30 cm deep snd 30 cm svay fyom the plant (32.2%).
The same trend was noticsé in the specific activitier slso
(Table 6 and Appendin IIX). HBowesver, the difference in
325 uptake from various seil layews were not significest
(Appendix II). It may be noted thet significantly highest
peroentage of active roots (63.90%) wees ssen at 20 om

sway from the plant which was significently higher than
root sctivity at 40 om distence (31.02%) (Table 7). As the
Gistance ineressed from 20 to 120 om the density of ective
roots decressed from 63.90 per eent to 1.58 per cemt.

The graphicsl representstion of the parcentage goot
activity at different depths end latersl distances is given
fa Pig. 10 end 13,

After 43 days of 339 spplication density of sctive
rooks was highest at ¢ soil song, 20 o avay from the
Plant and 36 om desp from the soil) surface (Table 3).

The dete on specific sctivities fuenished in Table 9 slso
showed & similar trenéd. The percentage of active roots

at this site wae 23.5% (Table 10). Significently grester
smoust of active roots wers seen at 10 em lateral distence
(14.89%) followed by 40 om distance (9.46%). Nowever,



Teble S.

Recovary of “v ia the leaves of ixvigated
orop (Cyn/g) - 30 Says after application

o

Depth latevel distanse (em)
(“’ - ‘ : j—
20 40 80 130
s 3.620 3.078 2.790 2,130
(6241.3)%* {1197.3) (617.2) (134.8)
13 3.708 3.538 2.404 2.212
{6102.0) (3436.0) (2931.4) (163.1)
30 3.08% 3.439 2.460 a.32%
(789¢.0) (2686.0) {(200.6) {231.9)
60 3.7%0 3.597 2.372 1.981
(6173.4) (39%4.8) (23%.4) {89.3)
e 0,320 | Stn =« 0,111

* Log tranmsformed walues
** Barentheses indicate the retransformed velues
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Tadle 6. Spesific astivities (Cpm/ug P) of the leaves
o izrigeted erop - 30 Says after 3y

applisstion
n?ﬂ’n : lateral distance (em)
and :
20 40 80 120
- 3.316 2.771 3.829 1.846
(3089.2)** (389.7) - (337.9) - (70.3)
(3027.9) (1669.4) (3134.9) (88.1)
(3723.1) | (1316.2) (143.9) (108.9)
0 - 3.48) 3.334 2.080 1.688
(3024.5)  (2188.3)  (123.1) (46.3)
SRS "

<D o 0,38 , SEm = 0,113

* Log trsnsformed welues
** Farentheses indicste the retransformed wvelues
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Teble 8. Recovery of 3P in the leaves of irrigetes
erop (Cpu/g) ~ 48 Says afiter applisation

e e d

Leters] @istence (em)

G——

Demth
(“’ - — —o——————
20 - 40 80 120
L
s 3.778* 3.48 3.183 32.688
($951.8)**  (3769.7) (1422.3) (435,.3)
18 4.010 3.860 3,009 2.718
(10238.1)  (7249.4) (1031.6) (521.9)
30 4.161 3.622 2.923 2.934
{14491.9) (€188.4) (938.2) (839.6)
60 4,069 3.877 2.7% 2.309
(11709.8) (7333.3) (e2s.1) (323.2)
L ]

* Log transformed values

*+ Parentheses indicate vetvensformed veluss



Table 9. Speeific setivities (Cpw/mg P) of the leaves

of ierigated esep - 45 Says after Y39
appliosticom

54

latersl &istance (ew)

Depth
20 40 0 120
s 3.452 2.941 2.853 2.3%9
(2038.8°°) (973.3) (713.3) (228.7)
18 3.730 2.560 2.747 2.417
(5347.9) {3639.4) (838.4) (261.3)
30 3.858 3.340 2.629 2.628
(7217.9) (2188.7) (424.6) (422.0)
o0 3. 748 3.617 2.518 2.20¢
(9893.2) (6137.2) (328.8) (360,0)
O = 0,323 ahm w 0,113

* 3og transformed walues

*e

Mrentheses indicets retransforngd values
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Table 10, m ditzidution of root setivity
| " weier tzeigetel condition - 48 Seys after ')
appliostion -
Desth  letess) distanse (em) -
20 a0 0 120 Yohal
$ 7.1 7.41 1.9 0.52 17.93
13 13.41 .46 1.83 0.80 3.0
30 23.08 3.49 1.11 1.07 31.82
60 14.99 9.46 .92 0.38 3.8
$9.06 8.7 2.97

3l.n2
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the cossentretion of setive youts 418 mot differ sigai-
fieantly st 80 au and 120 em lateral distances (Appeniices

IZ and 11I). A gredwal redustion in the pereentage of
astive veots (from 359.06 to 2.37%) was seen from 20 om

to 130 on avay from the plant. Diffsgent Sepths of 32y
placensnts 414 wot have signifieest effect on the 32»

osunts. Rowever. highest peresntege (31.53%) was observed
at 30 om depth {Table 10) and the lesst (17.83) et § on
dopth. The perecentage of agtive yoots st different treat-
mant sites are graphienlly depieted in Fig.12 and 1),

*he 33r courts sbescded frem Siffevent trestment
sites and thelr speeific setivities, 60 days after *3»
application, are furnished im Tables 11 and 13. The fats
inficeted that the difference ia the weoovery of 33p
from 20 om snd 40 on distenges was not significent
(Appandiges II and IIX). The percenmtage root activity at
30 on Sistance was 47.127 and £hat at 40 o» vas 36.65%
eble 13). Yhe shaowrtion of 33p from 20 and 120 o=
lsteral distancer wape sigsifieantly lower than thet from
20 or 40 om. Siguifieent differenes war not notised betwaen
aiffevent depths of 3¢ placements eventhough highest per-
contege (33.81%) of ective yooks was observed at s desth of
30 em and the lovest st 5 om depth (18.29%). A maximem per-
centage of 23.1% was thus sbsspved at & trestment site, 20 e
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Teble 11. Recovery of 332 on the leaves of irwigated
erop (Cpm/g) -~ €0 days after applicstion

Depth Lateral distance (om)
{em) - ~
20 @ 80 120
] 3.723* 3.300 3.39% 3.380
{($287.2)** {316%.0) (2508.3) (2396.7)
18 4,084 4.080 3.378 .60
(11319.4) (13484.0) (2387.9) {424.0)
30 4.266 3.094 3.39} 3.008
(18460,5%) (703%.0) (1563.9) (1012.7)
60 3.86¢ 4.120 3.181 2.132
(7347.2) (13176.8) (1418.0) (138.8)
= 0,373 sim = 0,129

* Log transformed walues
&+ Parentheses indicete gsetransformed velues
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Table 13, Specific sotivitier (Cpa/my P) of the lesves
of tyrigated erop - 60 days after }3p

spplioation
t:cp:.h | Lateral distance tgu)
et ‘
20 40 80 130
. 3.368* 3.117 3.02¢4 3.008
(2315,.0)** {1309,.7) (1088.2) (1019.8)
18 3.490 3.704 3.02¢ 2.244
{4893 .4) (5082.3) {1061.6) {178.8)
30 3.898 3.832 ' 2.937 ' 2.630
(7846.9) (3328.3) (063.7) {436.9)
40 3.491 3.7448 - 2.748 1.768
(3094.3) (3348.6) {(588.9) ($8.6)
D e 0.3 e o 0,130

* Log transforsed values
** Marsntheses indicste wetwansformed values



Table 13. Pescentage distribution of reok astivity
under irvigetsd condition -~ 60 Says after 32,

spplisation
Depth lateral m {om)
(.’ W‘“ - N
20 B " I ”» 120 Aetal
s 4.98 .66 3.9 2.68 18,39
13 10.38 11.36 3.8 0.43 25.808
30 23.18 7.3 1.88 1.8 33.01
0 ..73 11.36 1.80 0.14 22.0%

Total 47.27 36.63 11.48 4,63
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away from the plant end 30 em desp from the surface of
soil. The percentage Fest activity at different trasstment
sites ave grephisally fllustested ia Fig. 14 and 15,

2.2. Best astivity under mainfed gongiticn

Pifteoen days after applicetion, maximum anmcunt
of 32p yas absorbes txom 30 om depth snd 20 om Aistance
fyom the psewdosten (Tables 14 and 13) which was signi-
fieamly Mq&r than from She other treatment sites
(Appendices IV and V). The mmi"ftcuvuy at this
 tzestment site was 41.28 (Teble 18). There vas no signi-
ficemt difference between the 329 counts applied st 20 ens
40 cm distanges. However, 20 om distance had a meximm
of $2.92 per cent active rocts. %The parcentage wdt
sctivity decreased vith i{ncorensing &istanges from 51.93
per cent €0 3.123 pver cent. The distances of 80 and 120 om
hed slmost einmtlar emcunts of 329, Amcng the verious
Aepthe tried, yoot sctivity was highest at 30 om (70.94%).
The differences were not significant among other treatment
depthy (Appendix IV). The Darcentege of active roots at
different trosatment Senths and 4istences sre graphicslly
depicted in Pig. 8 and 9.

The samples 4vewn 30 days after ”! ampligation
shoved significent Aifferences im the absorption of J3p
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Table 14. Recovery of 335 1a the leaves of saintes
exop (Cpa/g) - 18 Gsys after applicstion

Depth Iateral diotange {(om)
(om) - '
a0 40 0 130

$ 2.471* 2.73) 2,340 2.400
468.0)**  (840.8)  (222.8) (281.1)
18 3.062 1.43} 1.34% 2.1
(1183.3) (437.9) - (321.3) (137.6)
30 3. 989 3.3 2.810 2.268
{9310.1) - {9724.8) (645 .8) (184.6)
60 2.871 . 2.934 2.819 2.192
(743.8) (889.4) . {632.9) (185.4)

* Log trensformed w:lugs

** Parentheses indicate wetrensformed values



SN .

Table 13. Speuifie sctivitige (Cym/mg ) i! the lssves
of meinfed erep - 18 Says after n,
applicatioa

"y

Letersl distange (om)

Depth
(om) — e
20 .0 0 120

s 2.888% 3.877 2.387 2.968

18 3.300 2.786 2.548 2.258

30 4.111 3.73Y 3.370 2.518

{(12099.3) (3480. 1) (2342.7) {329.68)

0 3.033 3.108 2.802 2.429

(1077.9)  (1273.3) (634.6) (268.8)

e 0,314 | st 0.109

* log tysnsformed nl.m ‘
s+  papestheses indigate retrensforme! wvelues
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Teble 16. Percentege @istrilution of root agtivity
unfery reinfed conditica - 15 Geys sfter 33p

appliicstion
Bepth ~ latewel distenee (ew)
20 @ 80 130 Torel
s 1,99 $.38 0.8 1.11 .11
15 6.70 2,38 0., 0.62 10.56
30 41.28 26.92 2.43 0.72 70.9%
e 3.1 3.6 1.9 0.87 9.39
Totsl $2.92 37.08 6,00 3.13

AR iy
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Detween varicus depths sad distences (Appendices IV

and V), Maxismm shsewpticn of the vedts label was
ehssrved fyom o sefl depth of 30 em (62.28%), vhich was
signifiesstly Digher thanm She sther depthe (Tedles 17
and 18). The dsusity of setive rosts was more at 13 om
(23.81%) than at § en (7.94%) and 60 om (6.31X). Whem
the different latersl distensss were considered, rost
activity was signifisentiy high 3t 20 om (54.38%) and
40 om (39.05) tham st 80 snd 130 em distances (Table 19).
The density of setive rests wes highest (31.91%) in s
seil sone, 10 om deep snd 40 om distant frem the plent.
The refustien in th/m astivity st distent sones een
be realised frem Fig.11. The pereentages activity at
different soil Sepths are shows ia Pig.10.

The Sate after 43 Seys of 3% application furaisned
ia Tebles 20 and 31 shew & sigaifiesntly higher root
sctivity at 30 em depth (59.37%) than the rest whieh,
hovever, 418 a0t differ sigunifioantly between themeslves
(Appendices IV and V)., The highest peresntage of root
setivity was noticed ot & W site, 40 om amy frem
the plamt and at 30 om depth (26.34%) (Table 12). Newever,
the density of active rooks at 20 em (46.60%) and 40 o
(38.49%) 6id mat differ significemtly evemthough they
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Tadle 17. Recevery of 3%9 5a the leaves of reinfed
sop (Com/g) « 30 Gays after sppliontion

Depth Iataral distenge (em)
(om) '
20 Y o) 130
s 3.43° 3.198 2.792 2.641
(2663.8)%*  (1879.0)  (620.0) (437.6)
13 4.198 3.380 2.643 2.435
(15758.3)  (3400.3) (439.8) (272.3)
2 4.583 4687 3.088 2.673
(33720.9)  (37988.3)  (1138.9) (470.0)
0 3.09¢ 3.327 3.939 2.408
(1266.6) (2122.8) (869.6) (286.1)
D « 0,39 S8m » 0.137

* Log transtormed walues
** Purentheses i1adicuts retransformesd velues



Tadble 18. Specifiv sstivities (Cpa/my P) of the lesves

of raintes evep - 30 days sfrer 3¥»

sppliontion
Depth laters) distance (owm)
20 40 o0 120
s 3.9 219 2.937 2.677
(3136.8)** (1684.0) (864.2) (47%.3)
13 4.303 3.908 2.812 2.404
(20078,.9) (3200.)3) {(647.8) (290.9)
30 4.608 4,408 3.182 2.677
(40818.9) (30613:)3) (1417.9) (478.3)
.0 3.141 3.449 3.088 2.560
(1383.9) (3813.1) {1170.4) (362.9)
Dw 0.’” ' m -» 0.13?

*  Log trensformed valugse

** RNrentheser indicste vetrunsforsed values



Tably 19. Percentage Sistsibutien of yeot sotivity

under yeinfol esatition - 30 doys sfter 33,
spplissticn | ' |
Depth lateral distange (em)
20 49 o0 130 Total
] 3.7 3.06 0,62 0.47 T.%

13 30.97 1.9 .38 0.23 23.91
30 38.61 31,91 1.%0 0.43 62.29
€0 1.0 2.97 2.20 Q.23 | 7% 3}
Totel $4.38 .0 4,48 1.8

67



Tadble 20. w-‘“ﬁ in the leaves of rainfed
ervep (Cpay/g) - 48 Says after application

R
Isterul distangs (ewm)
(om) ~ ‘
20 40 80 130
s 3.931° 3.750 2.7 2.576
(e328.0)** (3417.9) (393.4) (376.9)
13 4,438 3.814 2.720 3.130
(37399.7) (6316.6) (534.9) (1349.8)
20 6.624 s.018 3.780 2.60¢
(43008.4) (41542.8) (6019.6) (484.9)
0 3.490 3.79%4 3.110 2.549
(3089.6) (6230.0) (1298.6) {354.3)
- 1 ot:ﬂx e w 0.!“

* Leg transformed welues
** Parestheses indieste wetrsnsformed w:lues



Table 31. Specific astivities (Cpw/mg P) of the leaves
of rainted ewep - 43 Says after }i»
:mm:a

Latewnl dfistange (cm)

Depth
(em) ‘
20 40 e 120
’ 4. ‘9’. ‘t“" ’t “2 l.m
(24711.2)** (10387.0) (138%.2) (750.8)
18 3.056 4.364 3.230 3.618
(113750.9)  (13922.6) (1698.1) (4130.4)
20 $.087 470 4,336 3.207
(116721.8) (38938.1) (2316%3.9) (1609.1)
60 3.982 4,183 3.653 3.383
{8988.8) (18338.8)  (4303.4)  (3249.9)
= 0.442 S8n = 0,183

* Leg trersformed velues
**  Perentheses indicate Setransformed v:lues



Teble 22. Percemtage cm:mm of ook activity

under vainfef contiftion - 45 days after ”p
sapplication

Istersl distence (om)

Depth
{em) v
20 40 80 120 Total
s $.50 3.89 0.37 0.2 9.87
18 18.04 3.69 0.33 1.40 23.46
30 21.93 28.34 10.9 0.43 $9.37
80 1.61 " 1.7 0.18 8.43
Total 46.68 38,49  13.44 2.232

70
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Table 23. Resovery of 339 in the lesves of zeinfet
erep (Cpmyg) -~ 60 days after appliestion

g:zgh. laterel distence (em)
r 1) 40 20 130

4.178 4.130 3.303 2.989
(13000.4)** (13478.8) (2007.9) (909.3)

18 8.460 2.340 3.860 3.049
(28813.6) {17374.0) (4572.4) {1120.6)

30 4.476 4,582 3.910 3.449
(29946.8) {36476.0) (8138.2) {2813.2)

0 6.321 4,173 3.601 3.087
(20931.3) (314878.3) (31987.4) {1186,.4)

D w 0«20 88 = 0,083

* Log transformed valuwes
**  mpentheses indicste retrenaformed values



Svecific setivities (Cym/mg P) of the leaves

73

Table M.
of reinfel evep « €0 days after }3p
appliontion
Depth tateral distance {(ew)
» 40 20 120
S 3.098> 3.078 3.008 2.006
(7083 .9)%* (7581.1) {1037.9) (¢ns.7)
{16741.0) (9378.6) inum (e16.8)
30 4.170 4.308 3.674 3.181
(14988, 3) (2018,3) {6724.7 (1518.8)
60 4,049 3.09% 2.328 2.788
{11167.8) (7976.4) (2137.3) (608, 9)
e 0,248 Sin = 0.088

* Lag trensformed velugs

** Serentheses in‘ionte mm veluee



grown under seinfed confition. When grown under irri-
geted condition more active roots were cbserved in the
surfeee layess than in deeDer eoil somations. %The differ-
ences in the absorbed 33p at different sswpling intecvals
between izrigated and gpeinfed cyops may be reslised from
ig.16.

2.3. s

Sigaifioamt 4ifferenss Was obrerved betweesn the
height, girth and number of lesvee 4in the two crops grown
under irrigated and reinfed comdéitions. During the
ssmpling pevriocde (from four months age to six months age)
Signifiguntly high values wers obtsing? for height, girth
and number of leaves in cwop grewn unfer inrigated

73

conlition, eampared to yeinfed cxep indicating robust growth

- of frrigated ovop (Appendices VX, VII and VIII).
3. Zzanaleeasion of 2%p i leaves, flowers and fruite

The Ssts on the covesntzation of 3P in the varicus
leaves with peshect €O their pesitions at different stages
after shooting are grephicelly represented in PFig.17.

Just efter shooting, before the cmﬁ« of mle
and female flowers, sevanth lesf had the maximmm quantigy
ot 32p, the concenmtretion incressed gradually from the
topmost leaf to the seventh and deersnsed thersafter in the
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lowar leaves. Fifteen days sfter shooting,  3» got
socumslated in all the functional leaves (from first

to tenth) almost uniformly. The coagentration was low
in meturs lower leaves. The counts in leaves, obtained
one month after flowering showed that 33 secumuleted
mostly in the first five leaves from the top. A gradusl
reduction in 320 vas seen frem the sixth lesf to the
13th leaf. The 3?p cousts from the samples, 45 dsye
after ahooting, indiceted that the third leaf Med the
msaximom acoumilation and from the third leaf {t went on
decreasing till the thirteenth leaf. Two momths after
shooting, as the fruits peached maturity, the concentrs-
tion of 320 1n the leaves Gecressed in all the leaves,
£irst leaf however maintaining the highest coneentrestion.
Among the &ifferent raproductive organs, msls flower
socusulated mextwum 32 thgougheut the perics of develop-
ment of bunches (Fig.18). In the fruits also the
congentration of }3P {ncressed with the fruit development
and maturity but the 33P coumt wes lov in fruits compared
o mele flowers except in the fifteenth day sampls. The
ssoumulation of 33» 1n bract incresses till one month after
bunch gmergencs dbut after thet a mdul reduction wae
noticed. The abaormion of 3, 9y tha fruites and mele
flovers also incresssd with the developmemt of fruits and
became almost steady after ons month.
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DISCUSSION



SEscUssION

In any cyop these 16 an sptimum and active
oot prefile that is mialy respensible for the absce-
peion of mmjor nut of the sutyients and water from
the soil. The root profile is often influenced by soil
and other environmentesl fagtows. Proper understanding
of the root activity and root distridution pattern,
therefore i3 necessery for peoper and m;e otill.
setion of fextiliser in cxop msmagement which in tuen is
esagntial for maxinising the yield.

The present series of studies were undertoken in
the Sepertmeht of Pomology smd Ploriculture, College of
Rosticulture, Kerela Agricultussl University during the
period 1983.84, in owder to unﬂ«ntapd the root activity
snd rootx distribution pattern of the Wendran variety of
Denans unfer two 4istinct systems of cultivetion vis.
igrigete? and rainfed contitions.

Anet_axoeth and distcikukion

The root system of banems wes described by
Favcett (1921) and Simmonds (1938). In the present study
an aversge ausber of 202 and 321 roots wers obseived
Under the irrigeted and rainfed conditions respectively.
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Accerding to Susmerville (1544) & heslthy corm possessed
200 to 300 roots while Rebin and Chempion (1962) odbserves
e mapimum of 500 roots in haeithy Demans plamt. Mesn
length of rects wes found to be more under irrigated
condition than yeinfed. In the present rtudy distinction
eculd not be mée detween verticslly and horisomtally
orignted rocts as repertef by Swmmerville (1939). Accoréd-
ing to Bwarbriek (1964), the rooks grew horigcontslly umo
3 to )6 m It wvar observed that some of the roots e
o length of mere thas 2 m. Wardlew (1572) reported o
mayiman horigpomal entension of 4.5 to 5.1 m and vertioal
extension of 135 om unfer mest favoursble canditions.
During the development of the ¥eot, s growth rate of

60 em per month wes observed, whigh is gonfigmstory with
the findings of Pavcett (1921) and wardlaw (1573).

In the present study a unifosm root thickness of
0.3 t© 1.2%5 om was cbserved umfer both irrigated and
non-irrigated comditicons which was alseo reported by
Swarbrick (1964) and Simncuds (1966).

Since the water and sinersls which a plant uses
are obtaingd from the soil through the sbsorption by the
ook and m'utu. it t» &na- thit the root systea
must be sufficiant to cater the needs of the plant for its
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proper geowth and pyolustion. Unfer dry conditions whet
the moistupe s limited, the roote tended to Qo desper

and 4dfstent 201l layaws in searxch of moisture ss observed
in this investigetion. Nere mumber of long snd thicker
¥oots were obseyved in the uwnirrigsted erop which clesrly
Showed that the ssme veriety of Denams behaved Sifferently
unier two sets of mensgement conditions. MNore mumber of
£oots under drought conditions was slse reported by Singh
£ 2). (1982). The Sevelopment of surface roots unier
izrigated confition and extensive root system in the
Snigrigated field have bees reported by Hubberd (1939),
Cadoon gt al. (1961), Blagk (1968) snd Krishuamurthy and
Shanmughavelu (1976) in banans, and Burd (1968) in whest.
Similar conclusions were aleo 4yawn Dy Jean and Vesver
(3924), weaver (1326), Aldgich g% al. (1933), Xmoch gb al.
(1957), Bloocdworth g 2). (1938), Deanis (1566), Peters
a2 al. (3%67), sivakumer g al. (1977), Rlite gg al. (3977),
Boyer gt al. (1980), Mea-vergsre g al. (1980) amd

Kerimi g% a). (1563). The incressed fresh and dry weights
of roots usdar reinfed condition observed might be due

to more musher of lengthy and thicker roots produced
under such conditions. This hia 8ls0 been reported by
Russel ot sl, (1949) in cosm. |



The -u&mh‘ use of various forms of redio-
1actopes in recenmt years had provided an extremsly
useful tool for roct distridution studies without
diaturding the root system. The oot activity patterms
in different soil gones have been veported in Sifferent
annusl erops (Lokt ot al.. 1980; Ball gt al.. Hamves
and Derts, 19637 Lipps gk Al.. 1987; Mc Clure snd
Nervey. 19627 Hade, 1968) Salayems ané Bavel, 1968
Virmani and Dhaliwsl, 1969 Dejong and Otinkarang, 1969;
Virmani, 1971; Katysl anéd Subbiah, 1971; Soni & al..
19725 211is and Bugns, 1973; Remerssweny gt al., 19777
MeryXutty, 1978 Sriniwes, 1980; Subrsmenian gf Al..
1990) Singh gt Al., 1982). Ulrieh gt al. (1947) in
. grepes, Walmsley and Twyford (1968) in Dansna, Basset
at al. (1970) in cotten Reddy and Venlkateswarlu (1:71)
in cestor, Beslakrishmamurthy (1971) in coconut, Bojapps

and Singh (1974) in mengo and Atkinson (1574) in citrus

ondue bid
collested very detailed studies on root activity using

radicisctopes. The root sctivity pattepns of cooconut,
basans, coffes, Citrus snd oil pelm have been revocted
by IABA (1973).

The tracer teghniqus tO0 study the root activity
pattern of a crop is bosed en the gumparison of the
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mutumx is the lesf (or in any
uh& plant pert) sesulting from the abasorption fyom
verious soil depthe ant latersl distances from the
Plant under test. The seliability of this method bas
Desn tested in variocus evops like ceconut, citrus, oil
pelnm, coffee, coces and Danana (IABA, 1975). The
redicectivity recovered in the leaf is conzidered ss an
index of the relative abundanes of active roots in
verpious soil gones. The nn&m reported in this thesis
have cleazly indigated that the 4istribution of active
roots varied aignificsatly betwesn irrigated and
unirrigated avops.

%o significunt effect of different depths wes
acticed on the root activity maler irrigated condition
encevt on the first ssuple which Mad maximum rook
agtivity at $ om depth. The active root congentration
decretised with increasing depths {n the fizst sample of
irrigated orop takes 13 deys sfter 2P appliocstion.
Studies on yoot diatribution end behaviour by Bennst
and Doss (1560), Blocdworth @i ). (1958), Pumphery
and Xoghler (1938) have also indicsted that root concen-
trations were greatest at shmllew scil depths and
decressed with derth in the soll umder irrigeted com-
dition. In all the rest thyee samples of the present
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study, desper leyers were alse fount to have active

rooks as the a’hﬂ.h sall Gepths, T™his could tede

vlaoe sinen the solil proefile was wniformly wetteld with
mseisture and first sbsorption was fren & shnllow depth
beneath the plant aod then swecassively from lower depthe
ss moisture supply was depleted as stated by Davis (1941),
Russel gt a). (1940) and Taylew ant Haddock (1954). In
the yest of the samples, teken at 18 days imtervals, signi-
flcant 4ifference was not neticed hetween the diffevemt
depths on the root activity of fewigates Ranams. Singe
there is 20 neel of penetyeting ¢o desver layers of sefil
in the irrigated field, a wanifews Sismribution of asctive
roots may bg expected usder irvigated gunditios.

The grastest rect asctivity wvas obtained st 30 om
depth for peinfed Dansss which was significantly higher
then that of othay deptbs in all the sampling tatexvels.
The unifosm rect activity fer ell fepths under izrigeted
eondition and highest activity at 30 om depth fox the
zeinfed Danane elearly indicsted low production of rocts
ea the surfage layers for puinfed grop compared to
irrigated. Dov gk al. (1980) alee weported the deep
spreadiag rect systea m 4y conditions in wheat.
Svidemtly, yvoots grow end forege desper imto the seil ia
sesrch of water when moistuye supply 15 limited.
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The percentage reet sstivity st 30 om depth for reinfed
crop war found to Seesense from the 15th ssmple (70.94
per cemt) to 60th semple (37.7 rer comt). Thls might de
due to the high smount of yeins shteined in these sampling
 intesvels, vhich might Bave induaed sctive roots to grov
8t the surfece layers alse. In the irrigeted besese meximue
OOt agtivity wes chsarved st 20 ¢m Sistange, vhich was
at 40 an for the rainfel benana. %This further indicates
the extenzive Sevelopment of aetive roots under Aary
conditions, Thus a greater cengemtration of active rocts
was ochsrrved at 4 804l sone 20 em distent oend 30 on deep
Under the irrigated condiition and 40 om &istant and 30 e
Cosp under rainfed condition. The deeresse in root sotivity
at faz the distances (40, 00 and 130 om) in veinfel exop
.uu nOt a8 grest a9 ohearved in irrvigatad cwop which slse
indicates move extension ¢f active roots under rainfed
condition. Sufficient swounts of sctive rooks ave needed
in the lower Serthe of soil under unirrigated conditions
beceuse the capillarxy movemst® of water towards the
surface root sone iz 2low under &ry conditions as stated
by Jean and Weaver (1924), ¥mooh gt al. (19%7), Dentelsen
(1967) and Dennis (1966). Marimi gt al. (1983) suggested
that the water stress during the dey wes just snough teo
reduce the leaf expansion dut this did not severely restrict
the photosynthesis. As a result the assimilates were *



diverted faom the mm m into the reots
resulting in their inevessed development. The exveri-
Bants condustad in damsms (Upnads), ovenge trees (Bpainm),
coconut (Milippines), eil paln (Nalaysia), coffee
{Colombia) coetn Whams) ales un-m highest reot
sctivity nesr the tres at the surfage in winter and epring
wiemess in sumeer it was maximwm at Clmn regions and
desper soil layers as veDorted by IASA (1978).

In the present study for sll the depths and
distances of 337 plagement. uptade inoreesed with time
as indigated by Fi1:.35. Balalrishesmurthy (1971) slse
severted the incressed uptake with time in cosonuk.

Nigher counts of 3P were cbtained for vainfed
evop than frvigates st all ‘m. This mey be expleined
88 given below. Norpholegiosl ghazecters like height of
the plamt, givth and nusbarx of leaves were sigaifieently
low for reinfed evep compared te irrigated, But the
gquanticy of 32, appud to sadh tyentast plant deing
the same (2 =Ci) under beth the sonditions, per grem
sbsovbanee might de more by the plents under reinfed
sondftion, then wnder irvigation. The pessidility of
the absorbed 339 getting d1etriduted to & larger ares
ia the ouse of irvigeted cpep thas refucing ¢ he coums
por grem of the plant esuntt hg rulef out. It could alse
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be sttriduted to the meve extensive develorment of
goot systen undey yeianfed condition.

Purther deteiled investigations in root setivity
snd distyidution in 4ifferent varisties of Danena under
4iffezent mmgenent pragtices will be of interest.

WMW
The experimetit vas condugted to study the sdsor-

Peion and Sranslocation of 32, spplied to soil at lates

Mages of plant growth. The sell applicetion of 32,

wan done at 30 om devth and ot & lateral diatange of
20 em in irrigated ‘Senfman’.

The counts made on the different parts of plaat
for a period of two months showed that banans continues
to absogh nutyients even after flowering to asa appreeisbdle
extent. Transloestion of aseimiletes in plant perts
devends upen age of the plant as well es its physiele-
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giosl Gevelopment. In bananes the adbropption of nutrients

is related %0 Agvelopmatal physielogy snd s genevslly
move dering the sarly .and late vegetative stages
(Simmenda, 1968). The besis fog the sprligetion of
fertiliser within 4 to 5 momhe of planting is thst after
flover develepment the plant absorbs only very little
quentity of sutzients from the scil. Nowever, some of the
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reeent studies condusted elsewhere, indiested thet
bongns centimuned to sdsexd mutriemts n\n at flowering
and bunch development stages. In Kersls, seme farmers
are found te apply Mﬁlum oven mnr shooting to
fupreve the sise and quelity of the fruits. The results
of the present stufy shov thet the later spplication of
fertilisers in bename is mot ailtogether 11} conveived.

Although leaf produstion gessed with shoeting,
about six to seven lesves yammined functiom)l for another
tve momths more. In these lesves 3p gor secumilates snd
during the course of truit develepmest and subsequeitly
translopatad to the develeping faflerescense. The topmest
youngest lsaves wvhich iaitislly scted as sink, vhen fully
matured translocsted to the Seveleping inflorescence.
Simultaneously, the develsping Lnflorescense dzope the
nutrients absorbed., either &ivestly ox through the
lesves, to its differeat pages. Whether the green bunshes
that develop are photosynthetionlly active and favouwr
the incresse in sime of the hands with sdditionsl supply
of sutgients i3 an aspect fou further Setailed inwesti-
getion, Nowgver, the results of the present inwestigetion
hed cleszly showa that the flowers and fruits that develo-ed
later sboorbed nutzients. In ries Pujivays and Suswki
(1939) Aemcustrated the movement of photosynthates from
the leaves and sheaths to the peaisle, wsing l4c,
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The study ea the absowptien snd trensloostion
of soil tajected 23p 3o Sigferent parts of bemsns plame
sfter flovering infigeted that younger leaves had the
msximem wpteXe of 339 compered to elder lesves. The
higher coneentretion of 337 in the yownger leaves of
bazans was also observed by Joy (1564), Walmsley enéd
Twytord (1988), Triefimeve (1938), snd Kannea (19¢9),
The older leaves when fully expended snd tauj mtured
tend %0 trenslocate much of their photosynthates to the
‘mudndwtu leaves nuth!wﬁ. Two months
after flovering & unifors Geswesse vas seen in thy 2,
otuntes from the first leaf %0 the last. The study alse
rovesled thet both youny leaves amd inflorescence received
almost the same gquentity of ?8,, The mors sccumulation
of fertiligey phesphorus in ¢the leaves at the fruiting
stage of banans var. ‘Robusta’ was also observed by
Walnley and Twyford (1968). Ryle and Powell (1973)
cbserves almost equsl disteidbwtion of 33p 1n the topmest
young developing lesves snd inflovescence of lolium.

The developing Dunches being more powerfful sinks
esmpared to the lesves, it is oaly legiesl to conclude
thet & mejor pert of the shsowbed wutyierts £ind theis
way to the developing fruits. %he 33, acunts tehea 1n the
Present study for o mﬂaé‘d two months showed that the



88

A}

325 ecoumlstet 1 Whe fruits yepidly declined Guring
the last phase of fruit develomest which coincided

more OF leds with the maturity of the fruite. In other
words once the fywit stteined thves-fourth or more
msgarity, the utla of absorphion decresssed sonsidersdly.
An interesting mmt& wsde in the study wvas that
the mle flowers continmed te ageumulate 329 in grester
smounts compered to lesves, femmle flowers and develep-
ing fruits, vhich indicate that the male flowers somehow
arxe espable of drsving mutyients even when the plans
growth {s restrictel. Bigher abascption of *3p by mle
flowers of bansne was slase yeported by Velamley end
Swyford (1968). Pyebadly the hearts being meristemtieally
active, exe efficient sinks for sutrients. Seversl
shseryvations sede earlier had showa that removal of
Rhourts fevour the develormenmt of fruits in bemana.

The requirsseat of photosymthates is more for
femsle flowars compare? t® Wale flowers es the transle-
estion of mutwients will be move with the edvancement of
Saturity. One month sfter shooting 33p goncentratien of
the brece decresses vhich isdigstes a further movement
of photosynthates from the Dreet to devsloping femle
flowers. Sizae the redicsetive 73p 4, distriduted through-
out the plamt, the rete of uptake of fertiliser inte &
pacrticular tissug could be determined by nothing the
sedisactivity {in that pezticular tisswe.
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The present investigations were osyried out
in the Separtaent of PFomslegy and Ploriculture, College
of Norticultupe., Vellasnikkays en besans ver. 'Nendren’
during & period of 1983 to 1904 with the following
objectives.

(1) To study the weot distwibution pattern of
bansne as influensed Dy irvigeted and mon-irrigated
sonditions, (2) to logete the mest sctive root sone of
bemena employing redicsstive 339 and (3) to trace owt
the trenslocstion of the shecrbed 33p tnside the plam
at the time of shooting and after thet.

The following econclusions were mede dased on the
present investigations.

1) Ths menthly develepment of the roots indigated
grester nuaber of reots under yuinfed condition thas
under irrigatsd. Longsr and thicker roots were ebserved
undex ianirvigeted conditica Suring the growveh of the
plamt. PFresh and dry veights of rooks were high under
reinfed condition ¢hen in plamks which received irrigationm.



90

2) Mamimum comgentration of sotive groots (29.93%)
in the irrigsted erop was mm.c st & soil sone covered
by 20 en latersl distance and § em Septh from the bese
of the plant, at the 15th day sampling time. In the rainfed
erop, at the 1%th day sampling tims, & sayimwm peresstege
(41.20) of sctive roots was chserved in ¢ soil sone, 20 em
sway from the plant and 30 en deep.

3) Manimum peresmtags (22 to 24 per cent) of actiwve
xooks was chserved ot & selil sene, 20 om awvay anéd 0 em
deed 1n sll the ssmpling times exespt in 15th dsy ssmple
under irrigated condition, whasess under rainfed comdi-
tion, the maximum peresntage of active roots (18 to 32
Por cemt) was observed at & 804l sone covered by 40 en
distanee end 30 om Septh at the different sampling pericds
execept 13¢h day sample. ‘

4) The pergentage Yoot agtivity decressed with
finogessing latersl dictenges under both irrigated omd
reinfed conditions. A & latexel distance of 120 om, the
Bintaun percentage of aative 200k at all the sampling
integvsls unfer the twe aete cl eonditions was cbteined.

'8) Significent effect was ROt noticed Between the
41fferent dapths On the pereentage of agtive rocka unfer



degiguted gondition whervets at 30 em depth signifieantly
high concentration of sctive 20008 ware seen at all the
u-punc intagvals for the rainfed avep.

¢) Translecition stuldies contustel in irrigeted
Denems $ndiceted that meximem 73P was concemtrsted in the
mle flover folloved by female flowers when the Freprodu-
ative ovgens alone are considesed. But in the cese of
lesves, topmost younger leaves hed maximm 229 srecwbes
and got decreased ¢0 the lower mstured leaves.
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Appendix - 2
Noathly reinfall recaived Suring the yesrs 1383 and 1984

Momthly reinfsll (mm)

Yeer .
Jan. feb. Mr. Apr. May June July Mg . “’L"‘ Oct. BNov. Dee. -

1983 o ° 0 ° 37.4  387.2  S80.6 754.7 4.6 169.8 0.2 4.4

198¢ ° 17.0  18.9 109.2 40.6  853.1  730.4 260.2 138.6 313.7 T8 -




Appeadiz - IX

Analysis of variance of 32, recovery &ata (Cpm/g) of the
irrigated crop

Seurce :f“' e e .
freedom 13 8ays after 30 4ays after 45 days after 60th day after
32, spplieation 32, applicstion 32, application 32p appnmienr
Depth 3 0.6z .04 0.10 0.39
Distence 3 $.04% 6.81** ‘ 4.3 3.72%
Intersctios 9 0.13 0.11 0.13 0.37
Rryor 30 6.8 0.1% 0.14 0.20

* Significance at 3 per cent prodability level
*¢ Sigaifisanee st 1 ver cent probability level



Appenéix - IIX

Amslysis of varisnce of specific activities (Com/mg P) of the irrigated crop

o Mean sguares

Scurce SO 18 daps atter 10 ooy after 43 duys atter  $0 Cuys ofver
P applicttion 7P applicetion ? sppliostion “°P application
Deoth 3 0.60% 0.03 0.12  0.20
Distance 3 i s.00%* 8,650 4.20% X L
Intersction 9 0.12 0.13 0.14 0.37
Brroe 0 %0 0.21 o.18 0.18 . 0.20

* Significance at 3 per cent probability level
** Significence at 1 er cent prabadblility level



Appeniix - IV
Asslysis of veriance of 32, recovery Sats (Cpm/g) of the raiafel? crop

. Degress Neann squares
Scurce  of 13 Says aft 0 days aft &S Gays aft 60 &a
frecdcn ye after 3 ys after vs after ys after
”P appligation ”P application ”l’ appliocstion ”D appligation
Depth 3 1.03%* 1.34** 1.24** . 0.44"*
bt.t‘m 3 lo”.. ‘0”" $5.50°* . 4‘-.“"'
Rrror 30 0.13 0.23 : ' 0.22 - 0.08

¢ Significance at 3 per cemt probability level
*¢ Significance st 1 par cent probability level



Appeniiix - ¥
Amlysis of varisnce of specific sctivities (Crm/mg P) of reinfed erop

Degress : ‘
Source of Nean squarss

freolom 15 days after 30 days aflter 43 days after 60 doys after
32, application 32, application 1, application 32, application

Depth 3 1.48% 1.17%0 1.21° 0.48%*
Distance 3 1.02% PR 4,618 4,08
Imeraction ’ 0.20 0.43 0.40 0.3
Trrer 30 - 0.14 0.23 0.28 . 0.09

* Significence at 5 per cent probability lLevel
** Signifieence at 1 der cent w&htlitflwd



Amslysis of verisnee of the deta relsting to height st veriocus sampling intervsls

Appendix - VI

ander irrigated and reinfed conditions

Degrees
of

Scurce digan sgvares
freedom At the timg of 1% azys after 30 days after 45 &ays after 60 days after.
32, applicetion  33p gpplication 3%p :m‘“‘ 325 appit-
Trestoent 1 188239.6** . 220689 .9%¢ : 267231.5** 244928 .0
Brror 47 174.5 136.6 168.0 198,27

** Significance at 1 psr csnt probability lavel

32, applie

200111.4%%



Appenliiz -~ VIX

Anslysis of wverisnce of the data relating to girth st vericus ssmpling istervels
unfer irrigetefd and rainfed comditions

B : Nean squares
BOUT0S  of edan Mt the time of 13 days after 10 deys after 45 Suys sfter 60 days after
32, applios- 32, sppli- 3, appli- 32, appli- 32, applieation
 tiom ostiom ation estion o
Trestmem 1 a213.3% s118.6 s108.7% 4041, 7% 10,0
Srxor @ 1 | 13.8 14.8 14.3 12.3

** gignificence at 1 yer cemt probability level



Appendix - VIIX

mll:u of varisnce of the data relating to nmmber of leaves at various

g intervels uader irrigeted and r: infed conditions

Degrees Nesn squares

Source of
freodom At the time of 15 days after 130 Says after 43 days sfter

32, applicstion 32, sppli- 32, sppli. 32, applist~

60 days after
32, spplioation

cntion gation tiom
Trestmemt 1 $70.4** $00,00 258 .0 380,0%* 0.3
Sxyee 47 0.0 1.1 1.14 0.4 0.7

O

** Significance at 1 per cant probability lewel
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The experiments wete safertakes vith an ebjeetive
to find out the most astive rect sone of hensas var.
‘Bendran' empleying redissctive 335, These were contuctes
in the Cellege of Nogtigulture, FKewsla Agricultuml
University, Vduam. duriag the yesr 1%583.°'84. The
fi016 experiments were 1036 ouwt ia Rendcmised Blook Design,
with theee replicstions and the plantz were reised undes
noymal ecaditions.

While toXing Lmto esnsiSepation the sumber, lewgth
and dismeter fyesh 208 dyy weighhs of roots. sll these
weve found $0 be move £0r the seinfed crep then the
trrigeted. This explains the enhence? production of weets
under conditicas of meisture stwess.

The sefdicectivity wvas iajested 2t four nomihs age
of the plast. The srer egounéd assh experimestel plams
wes injected with 9 solution with the Delp of & tspen-
sette. The different latersl ¢istances used for the J3p
infection were 20 en, 40 em, &0 an& 120 om and the
aifferet depths wvare $ on, 18 em, 30 om and 60 om.

The third leaf was redissssayed and the >3 ceusts weve
used for finding out the peregitage of active roots et -
the vazicus tgestment sites.



The results of yediotrscer stulies indicated thet
mninem percentsge of setive rects was locsted st & sedl
20Re govering 30 e 4istanse ond 30 ¢m derth frem the bese
of the plant under frrigeted condfticn, et five and six
momths age of the plamt. The reinfed crop hed its meximam
Percastage of sative rests st a seil pone of 30 on deep
ang 40 on swvay from the plamt. As the latersl distances
inoressed fyom 20 om %0 130 em, & peduction vas soticed in
the percestage activity of veste aceerdingly, wader both
irrigated and unizriguted conditions. But the root agti-
vity was not significanmtly diffevent at differsnt depths
for the irvigated erop, vhieh was significent for the
rrinfel crop. ‘

Usder high moisture stwess rects tead to fovege
intc desper layexs of scil for getting the available
Watel's Honce Seepar soil xones hed mere sctive roots ‘
under uairrigated conditions, compared te irrigeted ueP,
viich had more surfsce active roots.

A3 experibent vas 818 ogganised to study of the
translocatien of abrorbes 33y to wrious certs of the
plant after flovering under irzigeted condition. It was
observed that male flovars Ted maximum coscestzation of
33, followed by female £lowars ox fxuits., Of the variows
leaves, topmost younger leaves wess found to build up
|ore ”’ than matured lesves. indigating » mu;mﬂol
to the developing twmtuys lesvas.

it o i Lo
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