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I, B If a 0 DB C ~ lOB 

through the centuries, the f'asclnation tor grow1Dg 

tru1. ts and using them as a protectIve food neeels no stresse_ 

Among _'various fruits the sapota belongs to f'amlly ·Sapotacea.' 

and it' s botanical name is (Achras zapota, .!t) bas got a very 

important place in diet. Sapota when full7 ripe is delicious 

and 1s eaten as dessert truit. The pulp Is sweet and maltag. 

Tb e f'rul t skin can 81 S) be eaten smce It is richer than PUlP 

in nutritive value (Gopalan .n.!,l, 198].). 

In the coastal areas, the fruits are soaked in melted 

butter f'or a night and eaten in the morning. It is saicl to be 

an excetlent preveatlv. against biliousness and f'ebr1le attacks. 

In the we st Indies, aeecls are lmown to be aperient and dluretlc 

and the bark 1s reputed to be tOnic and febrifuge. In Guinea, 

the bar~ is used as a tonic and antipyretic. the decoction is­

given 4 diarrhoea and in palud1sm (Klrthlkar and Basu, -1975). 

~ls belongs to 8 tropical f'rult crop and can be grown 

trom sea level lIptO l.2OO lilt It is grown through out India, 

occUlring an area or nearly 2000 hectares (Shannugavelu and 

8rir11vasaB, 19'13.). 

Tbe states that are grow1Ag sapota on a commercial 
'.:.; 

scale 1D Iadla are Habarasbtrar Gu.1arat, Andbra Prade-., 

ltamataka, Tamlllla6i, Kerala, Uttar Pradesh, Punjab ant! Haryana 

(Olteeina .1$1&1, 1964 and Purseg love, 1968). 
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It Is also grown ill Orissa 8114 west Belllel. It's 

cult! vatloD In b1Dld tracts of south India as well as 111 dl7 

zones of Deccan Plateau Is impol'tant .In South India, particularly 

in the ~estern Gbates or Karnatalta, Sapota Is gl'OWD successfUll, 

OIl gravell,. later1 te so11s (!DOD; 197&, Cheetna ill ... , 1954 

ChoudblU'J' , 1954, Slagh, 1964; and 81ngb .u.l.1. 1963.). Tbe tree 

Is omamental aDd IDa7 well .find a place 1A lard_. even wIlel'8 

condlt1ons an not suitable tor commercial production. 

t.be UDJ.i.pe fruits and b81lk yield a milk,. wblte latex­

vblob solld1.tles CD exposure to all' and this torms' the base for 

.&kiDg cblckle. Immature rN1~s are astr1DgeDt, _118 ripe 

fnlts are sweet SIIlelllDg aad delicious. Tbe~~:tn1ts are 

also usea tor maklng miXed jams and ttl., provide a valuable 

sources of nw materials for tbe manufacture ot industrial 

glucose, peotln ana _tural fruit 'elaes. '1:-,. aft also 

canned as 811c8s. 

Bealdes tIlese,tD t.be Dutch Bast laclles, the ,ouag 

leafyaboots a~e frequentl,. eaten raw or mixed with otber 

vesetab les like lab-lab and coasulll8d as a vegetable atter 

steamlac. 

To S1lPp17 balaaced aD4 healtb7 Uet da1l3 '0 aQ 

iDdlvldual til .... ouaoes or •• ,ocieted tn1ts ba .... be_ NOO1IIDJ8-

ade. 10. Iadia aad tile aVera&e o_sumptloeof tnJ.ts IQr &dalt 

1s :r.,~ef1 to ~e 80 lrams caq £0'1 a chwelOP1D& COUll'"" wIll1e 
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191 grams aDd 362 grams are being used in a developed countrJ. 

Slnce sapota produces beavy crops more tban once a year 1t 1s 

wortbw1l1le Dot onl.1 to extend the area under tbls elOp as well 

as to improve the yield and qual1ly or the f'rults as tile size 

and growth of the aerial parts are governed to a great by the 

extent and aet1v1 ty of root system. 

Bence, lDf'ormatlOD aboUt tbe f'eader root densttles in 

difterent zoaes of 8011 1s lmpO!'tant tor recommend1Dg erf1eleat 

management of soil, water and fertilizers and other cultuMl 

practtces for increasing production potentlallt7. 

The root d18tl'lbutloDOf' sapota tree _,. vary according 

to the type of so11, ellmate aD! seaSOD. The teeder roots 

are tbe growi1lg tine rootlets or 0.1.5 .. slze, pltq1Dg an 

1mportant role tor rapid uptake at water, salts and outrients. 

&ttlc1ency ot orchard lIBnagement cam be 'bI'OQIbt to a 

great extent by ilGd.odlca1l7 applIcation of required amount of 

manures, rertll.1zers, irrigation and otbu inter-cultura1 

operations if position of tbe ava 1 Jab 111 t, or tee4er roots are 

properl,. aseerta1Ae4. 

III view of the above statecl faotors, tile presellt 

inve stlgatlon was undertaken to study tb.e teede. I'OOt systa 

at various depths aM· posltl0ll8 of the so11 surface Ja dirt.NAt 

moaths of a ,ear as the tntOJ.'matlOD 1n case of sapota 18 'IV., 

11mlted with the belp of "11 aug_method as recommended _, 
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Rao and Mukherjee (1985), SlQlh (1978) t for searchlDg out the 

most erreatlv. zone tor economtc application or fertilizers, 

irrigation and operation ot other cultural practices tbrougb 

its proper utIlization tor gettlng uptimam production r~ 

every individual sapota trees ot aD arcbard and with a future 

loOk of more coveJ.'&ge under this fruit crop in tbe country as 

a whole. 



CHAPTER -If 



G rowing plants require pbotos),ntbetioall¥ active 

radiatIon (PAR), w&tel'.:>15 to 20 elemGnts and the absence of 

lethal factors. As most of' the water and m1Deral elements 

usee! b7 the plants is absorbed by roots, for which root 

syst_s have been studied and various aspects of the problem 

ulder investigation in sapota are reviewed in connection wi til 

Jle~ant 11teratures as follows. 

The size and producttvl t7 of the ae~lal parts are 

goveme4 to a ,reat by the extent and activity of tbe root 

system or .Plants. Inf.ozmatlon relates to the stud, or root 

system partleulale'l, in t1091caJ. tn1ts Uke sapota an Um1te4. 

therefore, 1nformatlon OIl tile rate of root spread and root1D& 

degth, total vol.ume of so11 occupied b,. the root &yst., the' 

feedez-r l'oot dens! ties lndU'f'erent so11 zones,· tbe total root 

surface and the root aoUvltl in dlftsl'8ftt parts pl.", an . 

important role tor brll'lg1ag about the fIOst etfie.!.Bt management 

practices of s011, wates- and fertil1zers ete. 

III South BDgland, Rog8rs (1.939) reportecl that the 

active root gl'OW'th 1n apple was obseI'VQ4 10. two _ths 1.e. 

A,1l'11 and OetolJe Jr. 
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Skovorcbov( 1948) noted that the great majorlt,' of' 

tbin f'lbrous (0.5 am - 1 mm diameter) roots wera present 

1n a zone o:f 3.5 to 4.5 meters away f'l'Om the trunk I.e. 

almost at the middle of tbe inter row sPace in the 20 year 

old apple trees. 

Dd13anov and Penkov, (1965) studied the dlstrlbutlcn 

or the f1brous roots of peacb trees grown 1n a meadOW-abernozem 

calcareous szmoln1tz8 OVaI' sandy clay in the upper 80 cm. 

layer aDd tAle _j or! tl ot all the root s in tite 4.0-60 em zone. 

There was an even borizontal d1 atrlbutlon of both skeletal and 

fibrous roots. In a humus calcareous soil over lime stone 

although the majority o~ the _elatel roots were in the 4O-60cm 

zone, the1r distribution was uneven and both root an4 moot 

g rovth 'were poor, where the tree s we" grown In a 115 em 

deep luyer of sand over llaadOtl-cb.rno~ell smoln1 tza the greatest 

pa~ of" 'the strongly developed root systaa was 1D. tile 20-80 

CIl zone. 

Er$OV' (1965) Hporta4 tbegrowtb of the ~oot-a"$t_s 

vhlcb cont1nuedthroughout tall ldr was most VlaOrotl8 tl'Om 

Aprll t~ lUd-Ju. and £1'ODl October 'to Dee_bar. '.riae laaat 

root grOlitb occurred troua J Ul7 to &ep tember durlDc tbe perlod or 
Intenslve fruIt gl'Owth and seed .foJ'lllatioa. IndlYldua~ l'Ootl.ets 

I'&lDa1Ded aotive to~ 3-10 days m the apr1ng aDd summer and tor 

1'-2 moatba 1n ttle au t\lmo. and w1.tG~. 
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Spina (1966) studied the root systems and crown 

diameters were studied in sour orange root stocks gratted 

with mandarins and lellOlls~ The lateral. root system reaabat! 

a depth of 1.2-1.4m and 1n some cases tap !'Oots were present 

at lower levels. With mandarins as scions the atameter Of the 

root system was considerably greater than that or tbe crown. 

Lemon crowns varied usually being equal to the root system 

1n diameter. Root and crown extension wel'S greatest 1ft sand7 

SOils. 

Alyappa and Srivastava (1966) stated that the StOots 

of 1t year-01d seedling mandarin plants penetrated vertically 

to about 41 incb and spread ~atera.Lly to about 63 Incb in 

beaJ.tbl trees, 45 in. and S7 in. 111 mlld17 "orotic tHes 

and 38 In. and 36 111. 10 severe17 affected trees. The lateral 

spread was tar greater than tbe crown spread. 

aogers and Bead (1968) found the fine fibrou.s roots 

ot apple to be IIDre dense17 concentrated in the surface soU 

and reoorded about 30-60 percent of total. fibrous root s (belOW , 

1 m. thickness) In the top SOils upto 34 em. soil depth ODl,.. 

Alyappa • .11. (1968) opined that tile P1'8seace of 

maxima CluaDtlty of' feeder roots In soil layers upto 60 em. 

depth 1n two and half year old OO10.otto maDdarln seedlings. 

stcev (1970) obssNed a laqe C01'lcentratioa of 

abaoJlblDg roots or 014 grape viae at 8011 depth Of lS-SO em. t 
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while in case of young vines tbe same was rooted 11l 00-40 em. 

soil depths. The first 15 em surface soil layer was thlckl~ 

populated wi ttl most active absorbing roots and about 45 !,C or 
total ab sorbing root s was confined 1n a zone upto 30 em. deep. 

leh (1972) studied the root distributIon of cltl'US 

trees by radlotracer method. 32p- Laball.ed orthophosphate 

solutions were 1.nj ected into the soU to depths of 10-60 ems 

and at distances of 50-200 em trom the trunks ot 8 and 12 year 

old c1 trus tankan trees. Leaf samples taken 10 to 60 days 

later mowed that P uptake was greatest in roots dtuated at 

depths of 10-20 em. about ·150 em. tl'08l the trunk. 

Ghosh and ChattopadhyaY8 (1S172) bad the view tbat 

upto a soIl depth of 50 CID. a 8 year old lemon tree raised 

from cutting could develop total ~ots to the extent ot 2880 

meters 1n length. The authors recorded that vast majorit}' (7~ 

of tbin fibrous 'I'OOts (upto 1 a.dlameter) tn lemon were 

concentra ted oDly upto 25 em. of s011 asp tb • 

Duplessis and Smith (1973) reported fa-om their studies 

OD mango at l.etaba an4 ffelspNlt &nas tbat at least ~ of its 

t lb:rous root s a~e 1a the aone ~der the canopy of the tree 

to a depth of 1..0 meter, aI'l4 this area 1s recommended for 

fertil1zer and irr1gation water app110.atlons. 

B.bo3appa aa4 Slnp (19'73) reported 011 tb. root 

activity and so11 reeding ZODe or mango uslDg 32p. til., observe4 
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maxi.....,. root aotlvlt,- at 3) COl. below the surtaoe and 240 am. 

troll .e trunk, placiDg ,asp capsules at 30, 60, 90 CD depth 

and UQ, 240, 350 CBl. tm .. the tZUDk of 18 ,-ear old ID8DIO 

trees and the maxllllUDl act! v1 V wa. observed at 15 em depth 

aDd 120 • trom ttle tiuDk placing .. , capsules at lS, 30 or 

60 CIll. 4eptb and atllilar distance from the tree trunk. About . . 

7.", ot the root activity was observed upto 60 CIIl. depth In the 

1st trial and in second tnal the value was 85~ upto 30 CID. 

deptb. 

Purohl t and Mukher3 ea (1974) studied that tbe root 

actlv,ty 111 guava tree was deoreased with an iDcnase 111 the 

deptb (15, 30, 60 and 90 em. depths) aDd distance (].20, 240 

and 3t$9 em) from the tree trak. !bese results compared well 

with 1ibe actual distribution or t.ec!er roots as determ1ne4 bl 

soU auser matbod. - .. '., 

Bo~Japp. aDJI 81D&b (19"14) stucl1ed OIl root activit;, 

ot llaoaO .by radiO tracel' technique ua1Dg asp. They obsel'V'e4 

that the hi&be st obsel'V'atioD oco\U'red clOse to tbetJ'UDk 

(120 em.) at a soil depth or 16 011., the sacoad peak. was Il~ 
• Jo •••• 

tbe peripha17 (300 GD.). 

Atanasoy (l974) inv •• tllated OIl tile root ~'em_~; 

apple t"8. Oil cl1fterent root .tooks. Ie 8tud1 .... _,..:f:~J'.eU.O!d 

trees cv. Red &581101ous Iratt .. GIl 11-, or H-'7 e10iaal l'OOt 

stocks. !Ile majoaty ot tile lOots aft ~h&y'I!·"fiU~ •• "be ·ol_l., 

not a~ok. were to1U1d in tile l~au· ~~.so.J.l la,e~ .0.4,_" • 
•• 841"'1 lOot-stoclt. 18 'tile 10-40': '.". larer •. , .. ' bu14 ~~~)tltJ 
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roots lay wltbln the owcwn Pl'03ectlO11 and thei.- members 

especially tbe seedling root stocks ,reatl), dimlD1abed at a 

radius of' 2-3 lilt. t~ the tn.nk. 

Danllova (1974) viewed on the dlstrlbutlon of the 

roat s1stem of »rostrate apple tNes CD turtpadaolic soils. 

Be toWld that in prostrate apple trees the maJorlt,. or the 

roots weN hor1aoo.ta~ and cont1ne4 to the 0-40 OIl. so11 la,er. 

Robinson (1977) stucU.ed the feeder roo~s at various 

depth s upto 90 ca. at distancea Upto 3.6 a. tl'OiI the 01 tftS 

tre •• Jato tile 1114 rows deas. The feeder root~ we. ooaee­

tr~te4 _1Dly flOm tile drlppiD& ot the tree outtl'ards at a 

depth Of' 16-60 em. 

P11l'Ohl t, A.o. and Mllkberl •• , I.IC. (lsrn) stu4184 OD. 

root activity of guava tn •• hy Itldl0 tracer tecb.Dl4.1I8 u81D1 

32p wltll 12 years old gwayS '"EaS. 32psolutlen was injected 

at l2O-380 ca. teoa the tnDk at oaptbaat 15-90 IS. Label 

uptake was determlDed bl lear aaal,a1s. III thenlD)" <sea.,. 
root act1 vi ty va. ,rea tar bar the so 1l muatac9 and mld 'wa1 

betweeQ. tbe tllUDk and the ddp l1De. Boot actl,,1 t,. durlDC the 

dry nasoa 1Dcreased wltb depth and was greatest at 90 _. 

aDd 240 CD. flOa ttle tftmk.:,:, 

8J.Dsb, a. lI. (1.978) from tile preUmlnan studtea 

",. .. 1;-' tl'Om lA&1 tIlat vlttl the helP or .. lseto,e,. ba. 

shOWA the t IIOst ot tile feeder roots or II8DIO 8~. locate4 

hetw88l1 121.8 and 243.6 em. (4 ... 8 teet) ndlu tlOm tb.,I'\1Jlllt.> 

, I 
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As far as deptb 1s concerned, teeder roots are mostly :f0UDCl 

at 30, 60 and 90 em. depth. Be also reported in general that 

tbe fertll1zers and marlU(res are to be applied by mald.ng a riDg 

1 ft. away froJB tbe ma1n trunk roUDd the base or the tree at 

1DaDI0. 

AvllaD A.ioL. ( 1"19) s tudled the root system or manlo 

and grape fru1t trees cultivated on so11s of the Venezuelan 

High Central p].a1ns. They observed that most Of the JrOOts of' 

17 years old maPgo trees, cv. Haden were in the top 40 em. of 

so11 and at a lateral distance or 70 em. fraa the trunk. Root 

41strlbutlon was related to the pbysical and chemical pro~rtles 

Of' tbe soU, wblcb change s from a loam 1n the top 40 em. to a 

clay loam below. 

Thakur.!! Al. ll98ll studied on root dlstKbutlon 1D 

some frults and observed that the greatest root activity VIas 

near the soll surface and beyOlld 1 meter from the trunk. 

Hease and Ylwan (198],) studied on root dlstrlbuti on 

in guava by a direct excavation metbOd and notlce4 that the 

maximum concentration ot roots occurred between 0-20 em. so11 
. 

depth indicating that ttle active absorption was close to the 

surface or tbe 8OU. 

fa tel and Aad.a (~98l.) stutU.ed the root sy8tem o.f a 

12 yea.- o1d gntted lDaDgo trea of kesa" cultivaa- and Oltsertre4 

tka t tbe development of tap root, aIlollol"1Dg ('r1maQ' an4 

SeeoDdal7) JrQots aa4 eftective l'OOts a_ned thei. development 
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at a depth or 18 em. %he seoondarl roots we. Observed gr,owlog 

vi thln a sol~ depth Of 20 to 4S era. the tert1aJ7 roots were 

dl strlbuted a ~1 ttle 1.0 side from the perlphe17 Of the crown 

and at 2&-40 om. deptla. 

a_awar '&.I!. (1981) obsel'V'e4 bJ' aug.1' meUlod that 

the dl strlbutloD of reeder I'OOts (1.5 _. diameter) or IS 

years o14B8IlIaDpally mango grafts grOWins lD Andbl'a Pradesh 

extended upto canopy limits aad tbe roots went down to a 

deptb or 90 em. In 1111,-'ugU8t, maxllllWl concentration ot 

reeder roots was foUD4 cloa. to tlUDk In the top 0-15 CIIl. 

layer. !be layer flO. tbe surface to a deptb or 1& elB. coDtalDed 

about half' at the feeder roots. III the naxt la,er (15-30 011.) 

there was a big f'all 1n cODcentat1C1l, which was lIlOI'e gradual 

111 the aubs8(lueDt 10",,' •• la,ers. 'roil tbe trunk to tbe CaIlOP,. 

limlts the concentrat1on graclualq deeNasad. 

Avllau. .d Al. (1981) v1ewed on tbe roo_ distribution 

of a&podllla aid Obsewed the root qst.are ava1lable at a 

depth or 100 011. S1ztJ J)8rcent or roots :were ill the top 40 em. 

ot &OU, tile 1a1l8a' lateral cODoeatration occurred at a 

dl stane. correspODcU.D& to baIt tile caDop7 radius. 

T1taku, B.8. J Rfdput. B.8.1 8.1vastava, 1t.0. (1982) 

cone1.uded OIl ROt cllatrlbutlon patten SA tbe CI'OPS Uk. 

_0, baBaD8, pava, 8ft,. viae aa.d cltNS • .,. vadea 

atlOJlg tbe speete.. 'f be maJ Cdt, ot .GOt 8 weN toad a4e-1' the 

tl'8e aaaapr. the ,tt.lt •• t roo' aotlvltl was .epoRe4 neal" \be 

soU eutace aad be,. 1 Ill. tlOll the tnDII. 
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Kibera, A. P.; Bisla, S.S • .&.&1. (1983) studied the 

root activity 1n Bar or cv. Umran treeaby radio active 

technique using paa. they reported that most of the active 

roots of 1O-18&1"-o1d Zj.z1Dhus maurttlapa trees were located 

at 2.35 m. froll the tl'UDlt and 0.5 at deep but some active 

roots wera also present at a depth ot 1 Ill. 

Dudk1n, G.I. (1984) observed root distribution system 

in apricot am stated that the horizontal roots or 16-year old 

trees were lII11nly at 17-70 OIl. depth and the vertleal roots 

penetrated down to 184 em. About 88 and 82 , of the re spectl va 

root types were dlrectly below the CrowD. So11 cultivatlon 

some 15-17 em. deep UDder tbe crowD and 25-28 em. deep beyold 

the canopy spread 1s recommended under deeply sa line baaVJ' 

meadow seroZ81I1 SoUSe 

Avilan, LI MeneseSt L; SUcre, Rj Serpa, D.; (1984). 

stud1ed ~be root distribution ot avocados (cultlvars pollock 

and Gil) in al..luvlal. aolJ.s bl trencb1Dg and excavation .• They 

observed that the root system was superfloIal, most roots 

occurr1Dg in 'tbe first 20 CID. of SOil, witb a hor1zODtal 

CQiCentrat10A halfway between the tl'UDk and edge or the oaaoPI'. 

Chandra, A. X&lIIdapl, a i (1984) studied the root 

41 atribution or 12 year old tangelo trees ev. peai~l on tile 

letlOD rootstock bJ' EtXcavatlon method dwf1D8 au_er aDd the 

post Hilly seaIDa. !hey t01Ud that the 6110UDt of ~ots 1a a 



raate1 direction (expressed .QD a dry 1ft. basi s) was INate. 

at 0 to 60 CID. sampllng d1 staDce and decreased 1'8gularlJ' 

over tbe bigher 981lpllng distances and maxlmwa amount of." 

roots occurred at 0 to 25 em depth and were greater at 50 to 

75 em tban at 25 to 50 em depth dul'mg SUlIIDel' DlODtbS. During 

the post rain., a_sOD tbe alDOUllt of roots decreased regularl)? 

with sa.pUng depth. Amount o£ roots wen ,NateI' during POst 

raiDy season than 1D. su_ar at all distances rIO. tbe trUDk 

and all s011 deptbs. Feeder roots represented a greate~ 

proportion Of ttle root-mass during post-ra1D.l season. 

Sathe, A., Rao, A.P.I d ~- (l.9M) studied the root 

d1strlbuUon gattelll of Anab-e-Shab1 Ql"a9$ by u81D& 32p sol~ 

inject10n _tood. they fouad tbat some 70/1 or tbe roots wen 

in a circle or 1.5 m. rad! us flOm the mala tl'UDk to a depth or 
30 CIIl. and tbls aNa was suggested as eptlmal for tertllize. 

plac.eDt. 

Correa. L.I De, 8., .al JlJ,. (1985) studied the root 

distribution of avocado cultlvars in a red-7811ow podaollo 

soU. C. V.B. colllDsCll Produoed tbe blgbeR root we1gb', 
." 
" ',,;, 

followed In de scend1ag order by 81mm.ollCl I, Wagner, L1Dti 04 

Pollock. For each cultlvar root vetght 41m1alabecl witb deptlt 

Fo~ ev. ioll1D8Oa aDa Pollock, 1'00' cU.8td.bu~101l was uattbl'lll 

dova to l.2O OIl. Forcv"_ Sil'lDlOn4s an4 Wagner it was UDUol'II 

to 150 CIil, aad for Ll.nda to 210 _ .. ~ha pel'Centa,. of' lOots 

1A tbe to» 1m em, won S3 .. $B, 80 .44. 74.70, 61.72 &lad 65.31 
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ro~ pollock,Wagner, Collinson, Simmonds and Lima zrespectlveq. 

eli's. Coll1nsOD., LInda and POllock had simllal' root percentage 

at deptbs or 50, 160 aDd 250 am. 

RQiglel'Ot C; AD<111oro • ., (1985) studied the_ root 

distributIon of valeno1a Late or8Dge or ten to 81eveD-ye8r-014 

trees. The,. were of tbe view about ?S~ ot the roots were In the 

top 48 em., but denalty at 166 ClI. ws.s still appreoiable. 

Root 4enslty decreased wS.tb increasing volUlh of lrr1,atlOD 

vater. 

O.oti. tJ; A tala,. D.O.; (1985) made twa stlgatloa on 

the root activity v1tb radlo-active phospborus-l or 16 year­

old pallll,aD4 the root actlv1 ty was measured at 50-400 cm. 

1'1'011 tile tJ'W'lk aDd at 15-90 em. depths. !be 32p uptake was 

greatest at 50 em trOll the truak and at 16 0JIl. depth. It decN­

ased at 200_~ aM 1llc"aaed ",alll at 400 OIL troll the 

trunk. It 1s recommended that fbI' maxImum eftlo1eDC7 aDd 

teJl't111ze" lI~llza'lOD. b, adUlt palms ttle t.rtl11ze~s sbOlllcl 

be applied on the sul'1'a08 111 a 400 em. radius rlOll tbe tnnk.. 

&l.-IOkraab,., It.A., A.18, LB.S.1 (1988) stu41e·4 the 

root d1str1bdlOll ot clt;rus in sand,. soUSe fhey fo1al1d that the 

l'Oot horlzoDtal spread was 120-450 CI1l (t~ the tn.nk) aDd 

vertlcalspreacJ to a depth of 10-98 em. file aaajonty of roots 

we" toad 00 tbe east alde of the tnes. 

I 
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Avl1an. R.; .t1 &1. (1985) r-eported on root 

distribution of 14 year o~d citrus aurant1tol1a trees 1n a 

colluvial sol~ In centeral V8l'l8Zuela. !hey observed tbat 

the so11 texture was tile main 11m1 Ung factO!' ro~ -root 

'pe~tratiOD due to the presence or a dense sand la)"er at the 

30-60 em. depth. Most of tile roots vere concentrated I'll thin 

the 0-30 CB layer. 

Chand1"8 t A. i Yamdagnl, R.; (1985) studied tbe 

root distribution on 12 ysar Old trees ot klrmow maneJar-iIl 

and the taQgelo ov. pearl (budded on rough le1llOD) during tbe 

summer -and. post rainy seasons. !bey found that the feeder 

rcots (less than 0.2 em in 4famater) repl'esented 84.69 • 

1n lttnnov and 83.15 " io pearl ot tile total l'OOt leBgtb 

during the .m.)J~· Mason and 93. '11 ~ in ktrmow am4 93.11 _ 

1n pearl 1n tbe post-rain1 8f.UU!IOn. ft,)st roots were in the 

0-28 em soll. lay. dudag suame~ and post-raillY seaBeDS 1& 

both cuJ. t1 val's. 

Hedina. Urrutia, V.I1. (1986) studied tile root 

distl'lbut10D of DatiYe maDi0 &rafted wi tb three dlfferent 

olUtlvars. Root 41stl"1butloQ. ftS measured atv81'ious SOll . . -

depths (0-8:) am) and distances tl'QlJl the we. (upto 8 m.). 

if otal lOot a.ud. tv va s slmUar wi. til all. cul t1 Val's. 8ee4Unc 

root stocks , .. sited with cultlYars Haden, Diplomatloo aaS 

It_t bad 61, 63 and 73 f of flbl'OU8 I'oots ( "\ 3 ram. 10 

diameter) In ttle top 20 ca. of soil andwitft Baden at 20-40 •• 

depth. 

. 
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Medina, Urrutla,V.K.; (1985) studied the root 

distribution of three mango cultivars in clay loam soil and 

observed that root dl stribution was similar in trees o-r 

Ova. C:arrie 11'Wln and Kent with the higbest density ot 

feeder roots (roots"'\.2 D. in diameter) 90-175 em. f!rom the 

trunk and at a soil depth of 0-20 em. Tree of' cv. Oarr1. 

possessed more feeder roots thaD trees of ag. Irvin orK.:.ent. 

Rao, D. P. and 14ukher~ ee, 8.1t. (1985) :reported that 

in April teeder root denSity was found to be h1ghest at m1el. 

point 1n the surtace so11 (0-3) em) as compared to other 

locations. It dec"ased with depth and laterally from the 

trunk to the drip 11nel 81gh ;yield1Dg plants at all depths 

in the drip 11ne as well as the mid point in April 1n case ot 

different cultlvars sucb 8S H1msasar, Fazll, Langra Gopal 

Bbog and Aswina of mango In west Bengal. 

aery- B. B. j!1.!l. (1987) reported that the feeder 

root density was bigbest in April in mid point 1n surface 

soil (0-30 om.) It decreased wlth a depth and trom trunk to 

drip line, and was positively s1gn1tlcantly Qorrelated with 

quanti ties il8asured at all the situations 1.9. depth, surtace 
position and saasOJlS as 1n case of LiteM. 

Avl1an, a. f lIeneses, .L.- U.!4tt ( 1986) studied the 

root d1 stl'lbution i& ,.apod1l1a detected to a dept). or 100 CIIl. 

'l heJ found 'ha t six Q peroen t Of root $ 11',"8 1n the top 40 ft. 
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of so11, the largest .Lateral concentration occurftDg at a 

distance corres.pond1Dg tohaJ.f' the canoi)7 radius. 

Leaf nutrient .tatus and Leat 
put;bat standard i-

Since it bas been a OOIltlnuous process in Horticulture 

to quest tor tbe optimum 71el4, it necessitates SOUBd 

knowltadC8 OIl varlou.s aspects or sapota and other trult crops • 

..rhe 'WOrks dona In this l1De eg. rmtr1tlonal status or leaves 

aid metboc!a of 98mpllDS tor e?aluatl"nutrltlODal status etc .• 

re18tln~ to yleld factor are reviewed belOW. 

Pa tbak and P8Dde,. (1978) etudled the tloctuatlon ot 

leaf nutrient ~e1.§ at different developmental stages or 
mango. The), op1Aed aU the nu.trients to be .blchral' before 

floweriDe an4 lOwer dur1Dc flcN.r1Dg and t~t growtb exceptlag 

oalclwn w.b.1oh accufllllate4 In leaves at various 8tqes~ 

In a atm11al' stuCl7, 8_ra.t1 Al- (198l,) foWlt'l .b1gher 

I, p. I., Hi. S~Fe contents at flow ... 1D& the at harvest. In 

leaves of both tlovel'iD& aDd llOG-tlower1D& aboots of DIaDIo 

vaft,tal 41fteNl'lcea 18 DUtll __ 1_018 R" al- notec1. fbus 

leaves of .*eban ya~1$t7 or fDaDlG had k1&ber I, D,ca and 

Me coateats Wlan those otCt4aauaa el. Luck __ set. oultlvar .. 

RaJ911t..l.Ul.· (1981,) .. epo""d that the 11e.lcl tlloreasect 

(O.WIbe", or tl'll1ts1 a1&QJ.r..1cant17 wltb IJ tertl11aat.lclh o. kg. 

I/tres was a0te4 W PlOduee mulauta ~." Of rnlts/t __ 
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where the leaf I level was 1.40 _ III ev. Dasbeharl of mango 

1n a growers orcbsn. 

ml~jar .ti..!1. (1981) made opInion that the ~owest 

levels of If, P. and It 1.e. ].00 gm, each ot whlch was sufficient 

to meet tbe requirement of mango trees aDd produced the 

h1~est y1eld ot trults aDd leaf aDalysis values of R,P ad It 

were 1.65, 0.106 Mod 0.6 !)8rcent nspect1vely in maD&o ev. 

Dash.81'1. 

Remetr\i&!' aDd Sultan (lt8ll raper-tad positive 

correlation betileen least ButJll·ent levels and ,.leld in ev. 

'BIlDgarlpfil111 of mango and alggeat"" tentative leaf autrlent 

stande:rtls as " 1.00-1.26 ., P 0.07-0.10 SC, It 0.60-0.73 %. 
Higbest yields wen noted at 1.oa..l.SO _ If levels. 

Durran1, S.l4. i Pat!l, V.E.I Kadam, B.A. (1982) 

studied the effect or H, P K. on. growtb.,:t1e1d>tru1t qual1ty 

aU leaf co~o81tll)l1 or .pota. Two ,ear t~1.1s wera oarried 

out w1~ 8 year old t.r-$f.)a of tb0 -1lO41l.l.a cv. Jt,l11pattl 

r~e1vlOi ff .t 200 01" 400 ~" ", ~.e'3;:ft20S at 88 ... 178 sltree 

awVo. KrjJ at 83 • 168 sltn- (Ill the 21&4 rear til ... rates 

we,. doubled)., Of' the three _t .. teats applled l1n41vldually, 

If at BlO "tl'M had tile aNatea' ett'eet on ~. ',lel4 (48.8-

U.2 kl/t"e) 1\UJDl) ... of trot. (4U/t,..) au '1.8.1. 19.2_ 

tile ~ •• ,eotlye filliNG ill the DO" cOlltlOl vere 28.&-•• &, 318 

and 1"7.1. the latehcU_8 of I x P t P 1r !t a*, If 11 P X K 

we.. slln1tleaat an. the aata an tabula'" Oft tNDk &lttb, 



yield, number of truits, pulp. saeel raUo, !SS aid aoidity 

content s aDd on N, P and K content S in tile leaves Of bear1l'll 

aDd DOll-bearing shootse 

Sampl1Dg CfecbUqUes tor assesslDs m1Del'Al 
aUrl.' status Of MDOta 

GopalkrlsbDa, Re; and Gotmare, S.B. (1963) atu4led 

OIl the seasonal variatlOn in leaf mnaral CotlpOsl tloa of 

Cb1ku (Aebras sapota L.). Analysis of leaf' saaiples flO. 12 

Jear 014 sapodlllas aboveel tba t age Of leaf' aDd cia te Of 

sampl.1Dg bael a prono_ced effect OD m1J1eral cOllJM)s1tlon.aoot 

stooks also exerted a rna_ed lntluaDce OIl leaf' oOllpos1tlOD 

and y1eld. PrellIIlDa17 studles of the Nt P, K, ca and Ha 

conteAtsot leave. 1D41cated that aampl1n& of 3-8 moaths 

o~ l.eav8a 1D1t1ate4 dul'1Di wiIlt •• .tlusb could be reliable 

aulde tor ass8sstDg tile nutl'1ent status of the tree. 

Let __ ~t P. (1974) reported on ttle .\eat· 8.,11",,:" 
_tb04s on Golden Del1c1oua apple. III a COlllpa_~D of several 

_tiled. of aaapl.iDa apple l.eav8s, can1ed out ~ a l6-:rEtar­

old Golden Dellcious OrabaN Oil 34ate. theN was DO .11111- ' 

.floant 41ttel'81lOes betwed ttle 118 tbOda 1.0 the navas ObtalD." 

tor II, '. K, Kg, Fe 8lld Ha. Ollq Os sbowed mal.'ke4 tI1tte"acea 
'between tile aaetbOds of 88IIlPl1n,_ 'fhe podtloll of the leaf _ 

the stem aDd the presenCe ot ttl. peu.ol.e teada4 to lDtlueaoe 

tbe values 0Ilta1l184. 

8en (1m3) viewed tile ch8D.ge.s Sa .It"'_ in _0 
leaves d1l1'181 ea.l1 apl'lll1 I!'MIl. Leat R 480lla84 dul'lag tile 
4 weeks period, b. total • Coatell' "see 



Pathak and Pantie, (1976) suggested sampling Of 

mango leaves from 4th and 5th posltions of tbe shoot. 

Devan! aJ'ld SaDt1'8ID (1980) suggeste4 that leaves of 

the first flush (6-8 month s old) were most sui table for 
" )) sampling in on(~ year in _Dgo. 

Cbadha .!1 al. (1981.) suggested that 6 to 7 montbs old 

leaves collected from mldclle of the non-fmlt1Dg shoots 

sampled £rom aU directions and helgbts were the ideal ODes 

for assessing the nutrl tional status of mango ,leaves. 

Slngh and Bajput (~981) studle4 on leaf' analysiS or 
guava Cor nitrogen Dutrition. The best leaf sa:npl1D& time of 

i, P, 1\. was either AUiust or Janua17/FebNaJ7 and 1.36-1.91 " 

if was considered the O1)t1mal level. 

Cbadba .IS.!1.. (1984) reported OD lest nutrleat 

status or tllree I18D&O eva. at nowedna and post barreat 

stages. Leaf N, P, It, C.a, Kg aDd 8 contents weN determlDe4 

in Harem and lune 1ft eva. De_ft, Ciaausa and wckDOW sateda. 

Tbe contents ot all nutrients declined 4\u'1q gost barvest ill 

all cult1vars aa4 this was attributed to ear11el' transloca­

tion lnto the developing fruits. 
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'fbe experiment entitled "Study of reeder root s,vstem 

of some important nrletle s of sapota" was carried oat at 

Bhub~neswal' durlDs October, 1986 to HaYt 1987 1n whlch 

a( three) cultl vars were t.aken f'or stua,. 

The experiment was conducted at Horticultural 

"Beseal'dl Station. O.U.A.'!., Bhubaneswar. 

SOIL I 

the soU of the expedmental pio, 1s tOUDd to be 

sanay loam and lateritic ill nature. Composlte soU samples 

(from. depth of 15 em to SO em) we" taken tl'OJil aUfereDt 

pOCkets or the experimental plot UD4er stud, aDd the sallples 

were aDal1s.ed.toUow1Di standard laboratorr 9100e4uN. fbe " 

".eban1cal _4 obemcal compositlOll of tbe soll samples wele 

sbOWA 1ft Table 2(8) and 2(b) respectively-

)techanlcal 
coast-i_ct. ., .. 
Coarse san4 

J'SJ1e saDd 

811' 

Olar 

fellftn1 class 
•. ". , - 1 . 

T e. 

-
-
-
-

_L.8 

s- £ I. 51 . ; 

PereeataS8ao 81. 
ell? basts 

SO.2? 

29.23 

11.00 

9.50 

1_. 

' .. " . -..... -. 
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fABLE.a(b) CllMICAL COMPOSI!ION OF SOIL 8&.188 OF 
'fHl IXPBIlIMlftAL PLOr 

a. 
Chem1eal coaatltlleats ADlO11Dt 'MSeDt CD oven 

dJtJ' haSia. 

(1) llB .. 
(11) OqaDlc CUbCD .. 
(111) 'lota1 nitrog. -
(lv) Available Dltl'~en • 

(v) Available '.sphone 

(n.) Available 'ota. • 

(Ylt.) C/lf :ratio· .. 
-
1911 ,ap1'. 1_ 

S.I 

0.88 " 
983.2 q/ha •. 

235.8 lq/ba. 

U.S tst­
es q/bao 

11.6 
•• 

8011s weN coll •• te4 18 pOl.ytbene baas from surtace 

soll Vis. 8.9D cleptb tlOlIl 16 dl,ttennt spots of the expe.ll1l8D.tal 

plot b7 41Sgbg with _ boa spade &Il4 UtlltOftaly Id.xaa tole-.. 

AU 81: last a _At_e Of one 1£1_ was takeD tor -alJ'sis. 

(1) III b~ Back .. • ... _te~ ('iper, 1_). 

(11) Oqaalc •• n .. D, iialk1e¥ am Blaclf.~a ~ap14 'ltratioa aetb .. cd. 
. (Walkl." aid IlaCk, 19M). 

(111) total altJ'oa_· .. !o~ soU DitlO,. was a_ilia'" br 

aod1tlad &~GldN&l'8 <saR) _\A04 .a Ilwen iD (Ieek_. 1.982). 

(117) Avallt.bJ.~ 1JltJtOi_ - Available as.t.ftC_ 8_ 88tbaa'. br 

'ot.asal_ 'eJW'Di •• t ( .. ~ ·lIe_oJ _tUned '" -.'"bie ... 
Ad',a, 1 .. •• 

(.) Aya'~l. 'hoe,*o .... AvallUle ibO$lb.on, was at.ftoW b, 



0.6 I sotU.wa blcalbonate solution (pH 8.5) anc1 estlmate4 b¥ 

chlorostamlous reduced molJbd,ophosphorlc blue colour aet)aocl 

(b, &e".~5stroag Nageat (Bray.i~.) • 
.... 

(vl) Available Potash estimated b¥ flame phot01ll8tQ' and bl' 

Morgan • s "asent (I ackSOD, 1968.) 

HecbaDlcal conti tuents by BouJOUcos B7dJ:Olll8ter 

(BOU7Q1cos, 1962). 

CWlAfl • 

BIlubaneswal' ls located at SO-ls01fol'tb lat1tude 

anci 8&-6:Atast Lon&1tucle and 1s situated at an altitude or 
26.8 meters above tJle sea level. It 1s situated sa ka. west 

of Ba,- or B.Dial In the State of Odesa. It Ie's a, meaD 
~' . . 

annual. preclpltatlOD of about ~~".43 _ Of vblob 1916.04 _ 

18 received maiDly tl'Oa lua8 to Septemb ... aa4 430.31 rDn 1D tbe 

"st pan of' ttle ,.eal'. ~l1e a,.aHge maxlaaam taap.ntul'8 "ages 

i.a aaOC to 3fPc' dudDg lI87' .... ,Z_a, _118 avenga mlIllmUll 

tempe_tare var18. tl'OJl lsOc to lSOC durlag Dace_e. to lalUal7. 

-rbe aeteo.olosloal uta obtamed fNlll the lJr.d.ve.slt, . 

O'b.""atolT. TIl_ane .... was_ova lD Tab18.1. 



HODtIl 

lUGe- '88 

8111V·. 

All •• •• 

Sept.t. 

Oct. t • 

.'ov .. ,'. 
18'0.'86 

San. 'f!I1 

1e1J.' f1I 

*1".'87 

Ap·.11~81 

Ka¥'" 
.......0.- •• _. _____ •. __ .~ _______ • 

IAJ.?H! - ~ 

Jlonth17 meteorologlcal cia ta recorded at Bbubaneswar 
Ob seI'M ton from 3 une t 1986 to Ha7t 1981 • 

Z_IEISUI ~ In BeHM!1 hal •• ,a W1ncl vela- Rainfall Ko.or rain, 
oi t7< kDVhr) (mm) 1Iax. Hi,D. HeaD !Of'll. A.lI MeaD da,s 

.', II • T 

:. .. 26.0 00.8 88 6a 71 10.6 267.7 18 

32.4 26.4 28.9 89 76 82 8.9 393.3 23 

32.3 16.7 a9.5 89 78 81 7.3 288.7 22 

32.a 21.0 28.9 91 71 81 6.0 273.8 19 

31.6 82.8 'Z'1.05 eo 68 79 4.5 187.6 10 

29.8 19.4 24.6 91 58 75 3.9 173.9 8 

a8.' 17.022.8 Il. 61 71 4.3 8.4 2 

2S.3 16.3 21.7 88 43 66 3.9 5.4 1 

31.6 17.a 24.8 eo 3S 83 4.1 - ... 
M.l Il.a 'ZI.? 90 42 66 7.1 10.2 G 

3h8 24.9 30.5 89 ·54 71 13.4 19.4 4 

40.8 26.1 ai.4 84 aD 67 U.9 66.0 6 

Hean aub-
&bine brIde,. 

5.3 

5.1 

5.8 

6.3 

7.9 II 

7.9 

8.3 

9.0 

9.8 

B.9 

8.5 

8.8 
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F;5- 1 . 

MONTHLY DISTRIBUTION Of:" RAINFALL (in m m) 

Y-axIs" SCALE 1 em = 2S m m OF RAINFALL 
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25(b) 

y 

MONTHL Y RELATIVE HUMIDITY ( IN ~) 

UNIT- X a..xis tern.= o,,~ MONTH 

1 
Ya.xis- SCALE rem: 2", R.H. 

14-

82-

~ 

2 
80 -

~ 
78 

.... -0 76 -
~ 74 
:x: 

~. 
72 

~ f70 
ct 
..... f, • 
1&J 68 Q: 

"\ 

66 
Z 
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64-IoU 
~ 

62 

1 60 , 
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)( 0 JUNE JULY AUG 8."'" OCT lillY DEC JAN Ft. MARaf AMICo' ~AY 
86 86 Ii 8& 8S " ., 17 81 ., 111 ~:. 7 

+- NAME. OF THE. MONTHS ----. ..... 



MDNTHLY DISTRIBUTION OF TEMPERATURE 
(FROM .TUNE 1985TO MAY 1987) 

e 
y- Q,X15 SCW 1 em. = 1 c . 
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~ . NAME OF THE MONTHS (JUNE Ij'I'Tn ~AY I~R7)~ 
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The experiment was laid out in a R.B.D.(Baadomlsed 

Block Destgn) with 3 treatments 111 3 repllcations. The 

treatments were varieties such as lJ Kal1pattl, 2) Crlcketball 

3) Cbaatrl. For collecting data on various biometric 

Observations, three plants or each cultlvars In a "plication 

we" selected at random. the se~eoted plants were tagge4 and 

~ab.lled. Tbe aV81'qe value or tbJ:ee plants pel' replication 

of each treatment tor: deb character were subjected to 

eta t1 stical aaal781 Sf for detamiotn, the feeder !'Oat system 

etc. total a? DUlDbers or trees were taken tor the experiment 

purpose. 

ObS.8watl0B8 weN Ncorded OD various aspects S\lell as _ 

1. Feede. mot dlstr1bu~IOD at dtffe .... eDt 4e»ths l.e. (0 ... 30 em), 

(30-80 .1, (80-90 em) at cJ1f're .. o" postt101ls like IUd pODt aDd 

Ddp Une in every DlGfttb (l.e. f .. OctOber, 1988 t. Hay, 1987) •. 

2. Colleotion of Leaf sample. tor leaf tissue --17818 (I.e. 

IftP~'f) 

3. Height of ttle t re e 

4. Canow azea. 

S.. Boll H, P, it status at the bep.A1Dg 01: the exp81'1l1letlt. 

la tile .peri_atal neea,. statt. the sapote 

tnea we .. ,Plaa'84 1.4 'he ., •• 1981. file thiS we.- Of Ilea.lr 



25 ,ears old. ~he t_es ublab !Java been selected tor tile 

experiment were healtbJ, disease tree and wel~ Spread 1D all 

directions, equall¥ vlgOl'OUS au4 or same age, at. se andsbape. 

The tl8es wera ava1l1r1g equal sunsbtne, tampel&ture, relattve 

humldity aDd w1Dd velocltJ etc. and gl'OWD under equal Ctllt1lnJ. 

and management condlttons. The selected Plants for experimental 

purpose were manUH4 in the UlOrltb of July, 1986 at tile rate 

of 250 grams of CA N', 500 grams or single super Pbospbate aD4 

500 gralDs of M.O.P. and halt basket of F.I'.N~ pel' plant per 

yeu. The fertilizers used bave been applied In a single split 

clo sa to tbe base or the plant s in circular r1Dgs •. The baM or 
the tNes were dlgged PlOper17 and kept out ot weed growth •. 

Tho vaaetles tor the expedmental f1ad1Dg S w"are 1) Y1-KaJ.lpa ttl 

a) "2- CrtokGtball 3) 'a - Cllaatr1. 

The helgtlt or tbe plant flO. tIlo ,mUDd level upto 

the tlpOf tile _In tJ:UDk was l'8C\)rdecl by melU1S ot a meter 

scale 1a O.K. 1n montb17 interval il'OJD October, 1986 to .87, 1987. 

CANOn ADA -

T be canopy area or s,read of tree ". s -sunct 1D 

all dlrectlODs 1.e. filS spread aad I/W spreacl wltb ttlellelP or 
f'ollovlD1 tormula1\.s (WIle" 7\:: 22/7 &Del r = radius Of the 

caaop, •• ea (taking the _. value rwoa 
tnnk to Bast to Weat. to Iortb 

anel to Soutb ,.spectivel,.) 
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The observatlons weN obta1DeCl at an Intel'Y81 of ODe montla 

startlDg f'~om October, 1986 to Hay, 1987. 

agg BpOI msmBUtIOa Pl'DUIIBIlV RJPIIS -

lbe feeder roots were collected b)' so11 8q_ 

metb04 as th1s method 1s eas)' aDd conveD.1cmt rol' estlmatlDg the 

vertical dlstrlbutlon ot feeder roots In tAe soil. SOll cores 

are extl'8cted alcmg with tile reeder !'Oots at tIl:re. deptbs I.e. 

0-3) CII, 3)~O em, eo-so em8. In tbe PlOt118 and at two JJOsltlons. 

()Q.d .point between trunk aDd at ddp 1111. and driP 111le) 1D 

montbly tntezval I.e. flOm October, 1986 to Hay, 1987. Feeder 

root 8 of viz. 0-1-8 ID. m. SlZ8 on tour ald as weN co llecte4 from 

soll core. Roots were collected separately tl"om eacb point aDd 

at eacb depth atter wasbing out the soil by water clean debriS 

OD tlDe mersbad wir. aet selves. fheD the tresb we1gbt of the 

roots we1'8 taken. ~.be lOots titus collected were 4r1ed tor S4 bous 

1n an oven at aoOc and ttle!1' dl7 welgbt s wele recorie4 • 

.Leat MlnPles wen col18ot.a4 tor estmattOD of 1eat 

nutrient status at montbq lntewal I.e. from Ootober, 1988 to 

Kay 1987 as sUigested b7 GopalknabDa, at (l.983). CbaJlll&ll (1984) t 

Cbadba .IS.I1. (198]) encl· J ackSOIl (UYl3). Leaves weN collectee! 

from the latest mature tluab of gzowth i.e. tl'OD& tba lDleidl. 

(5th aDd etta leaves of wIlo1"1 ) or tendaal gJlOwtb. lampUDi was 

done hom ... llOD-nowedag termlaals ot 'raIl.e. and· SO leaves 
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in all were collacted at tbe rate Of 5 l.eaves flOm each 

compass stde Of the plant selected for experimental purpose. 

'Mill ADLYSI§ I 

(1) Total plant nitrogen was determlaad by the help 

01: mlcl'Ok3eldabl apparatus modified b,. pamas aDd wagner as 

described by Pregl (1930). 

(11) Plant PhOsphORS was determ1ned on wet digest 

by cOlorimet1'1c metbods. 

(111) Plant PotassJ.wa was detel'ad.DecS on wet dlgest 

by t lame !>hoto.trio methOds. 

Colorimetric and flame photometric metbOtls 011 wet 

d1ge't tor detel'm1natlon of plant phosltloNs and PotaSSium 

l'especUve~7 was glveD 18 "Dlasao81s aad Improvement of 

salina and Alka11l1e 8011s- (Agrlaultural Band Bo. 10.60) 

by uDlted states SaUDlt7 Laborator.y (1984). 

The data Obtaiaed GIl dlffennt expel'lmental riDdtDg 9· 

1Il the cU.ffenn.t treatments of the stu. were subjected to 

statistical analysis 1a B.B.D. (Ban4omlse4 Block Dedp). 

For test1,. the slgnUIC811Ce of the fllld1ngs. 'F' test was 

seen at 5 1t level. 
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To compaM the two tnatmeat means and to compare 

the standard error f'Ok each l'actor, appropriate .tandattd 

error tor each factor was wOJi[e4 out. !he c:r1..-.eal d11'1'erences 

(C.D.) was caloulated at 5 _ level of' a1£D,U"lcance "7 uaiDg 

tbe tol'lllUla aa rollows. 

1. S.&.(a) % = V'1" =VPa' 

2. 

whera, .8 := Error Keans sua or squares. 

r = lUmber of repllaatlons. 

S.B.(m) ~ to., . JJ IS. V II! variety O~ treatment :: Ji*< 
(v) 

were BMS -Error Meus sum of squares • 

. r =....,r or replications 

4 • Number of depths 

1Ihe;g8 iUlS ,. lln~;1 IUJbUe lNI!l of ~w;rQ$ 

r = ~~~ or rapltcatlons 

v a .~1r of ¥'{Aria',. 

woere·I8S .S~ror Mea .... of squans. 

,. -Bum.1- of rep-ll oatlC1n I. 

8. C.D. 



CHAPTER IV 

.1 I 



UP!UIIDT AL FIIDIRG S 

In tile present study, feeder roots with various 

biometric obsel'V'ations such as beIgbt o~tha tree,canoPJ' 

area were ~Qord3d in sapota varieties K~l1pattlt C~lcketball 

and Chaetri e T!:l9 result 11 are mentioned In tabular torms 

and illustrated 11'1 graphical presentatIons. 

Feader roots 1-

(a) loot density distribution 01' sapota cultlvars at Dd.4- point 

£,l)'::'Root denslty dlstnbutlOJ'l of sapota cultlvars .. 
var10us 1iI'lOatJui (Frosb :leli,ht) a ... 

Observations were taken on t"resb weight or tbe 

root tr!'a October 1988 to Haft 1981 at mid po1nt of the 

sapota trees and Table-3 may be peNsed In comee'lon to It. 

It Is revealed from the T01e-3 that, a1gDltlcant cUffereDOes 

we" Observed in tbe _:aths Of' October, 1988 aDd froll 

Dee8lllber, 1988 to Kay, 1987. But there vas no sllnlf'lcant 

dtrr.renee a«lOll!' tile treatments lD the IIDntb Of' November, 1986. 

In tbe montb of' OctOber, V1 was slgnlflcant17 superior to 

V3t Va was also Significantly superior to Ya• Highest tnab 

welstit was ncorde4 tn Vl (i.e. 0.90 am). Ia the montb of 

November, the blgba at fresh weight of I'OOt s vas recorde4 In 

Vl I.e. 1.M am. followed bl tho treatments Va ~ Va- In 

the mon.th of December, '1 was algft1tlcaotl), superior to all 

tbe vaneUes Va aAd Va-'a was ale slaDlf'lcant17 -parlor 

to 'a- rDe yal'letles theuelves weR s1gD1flcantly dlfferent. 



In tbe B:C:ittl of 16\BUGrY, V1 l,as sign1flcantlJ superiol' to 

Va,and Va wa_ also da1ll1tlcantl,. superior to \"a- 14 the 

DlODtb of FebftUlry) '1 was s1gn1r!cal.!t~l' suver10r to V3P aDd 

alSO Va was slI-c1.tlcant17 superior to Va- But there was no 

slgn1fleant 41tt.tence recorde4 bettl.eIl '1 and Va-

III the IIOnth of March, V1 was slgDlflcant ly supe rlor 

to all varieties 1.e. Va and Va- Va was also slan1flcantly 

suPa1'1OJ' to \_ In the montbot April, V1 was found slCn1f'l­

cantly supertOl' to other two treatments 1 ••• V2 od '3-

V2 was also found slpltlc8I1tly superior to "s- In tile montb 

of *7', V1 was t0W14 s18D11'lcantly 8uperlo~ to V3. anti also 

slgalf1cant dltference was obaerve4 between Va and V3 .,an4 

Va was s1p1f'leantl1 sQperior to "3. 

It is seen troa tb.. fa'ole 3 and Flg.3 that 10 each 

treatment; the iresb W1pt ot· tne roots ~'ere lnc.reasN r.olll 

Ootober 1986 to Hal', 1987 a.ad then it ~cllAed in the JilOilth 

of APJ"l~, 19B1 aa4 Hay. 19S7 and b1&heat i-rash wa1gbt 0:£ 

roots were oOMWe4 in tn. -.mtb. of hren, 1987. _0l'8 roots 

were touad 1D V 1 (l(aJ.1patti.) as compaJNt4 to otbeJ1 two 

vadette •• In '3 leafi :-~~"uib w1pt of ~t8 were "corded. 

(11) Boot dead. cU. st.-ibutiOfi of sapota oultl'1al's 
.. vad.oas IIOIltbS (Dry weight) ..... 

The d1P1velgbt of .-oats weN recor4e1 to be .. t_ 

tD "1 (0.98 gil) follow_ b, "2 ana V,. It 1s ~eV'eale4 hom 
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the 'Iab18-4 and 1'1,.4, that slgnlflcailt 41fterenoe was 

observed 1ft all montbs _del' report _capt in tbe mouth of 

December, 1988. In tbe month of Octob .. aDd November, 1986, 

V1 was significantly SIIperlor to Y3,alld "2 also slga1t1oantly 

superior to V 3-

. In the montb of Janual7, 1987, Vl was slgn1tlcantl, 

aupe~lor to otber vanetie. aDd Va was also SlgnUloaatly 

superior to Va- In the IIlOIlth or February, "1 was slln1tl­

cantl1 superior to '2 and Va. From )lareb to Kay slgDlf'lcant 

dUtenDOe was observed aDlong the treatments, but V1 was 

slgD1tlcantly superior to other two varieties. 

(111) Root deal ty d1stl'lbutloD of sapota 
cult1vars OIl var10us months aid deptbs 
(Fresh vet&bt) .-

It Is observed tl'Om ttl. Table-5 am FlI.5 that, 

maxlmwa f'resh weight of tbe root s, were _corded at D1 I.e. 

0-3> os. depth and It decNased witb an IftCreaS8 Of' depths. 

Slp1tlcant 41ffeNne8 was Observed &!BODg tbe treatments. 

At D1 (0-30 em) lllUillWD fYesb weight of tile roots wen 

Observed I.e. 1.09 em. followed by Dg I.e. 0.66 gm, aIl4 

D3 1.e. 0.:11 SIl. dudog the month of Ootober and tb .... was 

sJaB1tle&nt dlti"el'GAca 8fDOIl& tile tNatmaAts 1'_lt 8114 1D 

tbe IIIOntb ot October, 1988 to HQ, 1981 slanlr1caat difterence 

was obsewe4 amoag tile tna'lIIUlts. D1 was SigDltlcant17 

supe_OJ- to Da ad 13 ad De was slgaUlcantl1 SIIhl'lor 

to D3 • 



ZABLI - , 

Ay.~age root danalt1 dlstrlbutla& of Sapota 
oultlva~s on va~lousmonths at Kid Point (Fresh we1ght) 
·(Gram tresh wt. per cublc dec1mete~) 

Moatb/ . Octobe!' !lovember Deceflber J'anU817 February Karch AprU Me,. 
variety 

V1 0 .• 90 1.04 1.25 1.30 1.33 1.43 1.40 1.34 

Va 0.8'1 .' 1.03 1.17 1.2'7 1.29 1.38 ·1.32 1.29 

Va 0 .• "3 0.89 1.04 1.11 1.17 1.S9 1.11 1.17 

'f' test S •• 18 SJe. 81.- S1~ SJo. SJe. 81g. 

Sllm)!. 0.016 0.034 0 .• 018 0.018 0.019 0.0183 0.0202 0.0166 

C.D.(O.08)O.069.1 - 0.07088 0.0828 0.0745 0 •. 06398 0.0792 0.06518 

81, - Slanlt1cant at 1 ~ Level. 

IS - 1DB-81gDlrlcant. 

• 
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Fig.3 _ AVERAGE. RDOT DENSITY DISTRIBUTION DF 
SAPOTA CUL TIVARS ON VARIOUS MONTHS AT 
MID POINT. (FRESH WEIGHT) 

UNIT. X.. O,X7S 1 em= DNE MONTH 
y- axis lcm=o.lDsm-

y 
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r /-40 .;A.~ " V 

I-3~ 10¥ ~ ~~v~ 'i' + / 
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en 
/-20 ')!f ~~ $. -§1 ~ '-

... ,-/0 "'" ~ 
:t ~' \:) 9 E) VI - /- DtJ I A;-x,l va &II 
~ D9 ii-~ . .g va 
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I 
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yl 



MontW 
variety 

• 

v: 1 
II a 
Va 

• ,. test 

S ••• (m).t 

C.9.(O.06) 

XABy - i _ 

. Average root density dlstrll'>utlaa ofSapotaou.ltlvars on various 
~tbs 'atMldpolrit (Drywt.) (0 ram 01'1 lit.1 cUb1c declmenter) 

. -
October 

0 •• 

0.58 

O.ttl 
*=~ 

81g. 

0.016 

0.OS28 

November December lanuary 

0.11 0.81 0.90 

0.68 0.77 0.81 

0.57 0.68· 0.75 

Slg, 5.8 • sll.~ 

0.017 0.0341 0.016 

0.0667 - 0.0628 

51,. - SIgnif1cant at 1 J, Level 

B.5. - Won.-slsnlfloant. 

• 
February , March April 

,. 
0.92 '0.98 O.9A 

0.82 0.93 0.88 

0.78 0.82 0.79 

Slg:c.>IC 81i.* 811(. 

0.015_": O.Ol~~ 0.020J 

0.05'88 O.O5l8~ o.orrss 

Mar 

0.93 

10086 

0.78 &1 
Slt.~ 

0.015-

O.06f8~ 
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Fi9- 4-. AV£RAI3E ROOT DENSITY DISTRIBUTION OF SAPOTA 
CULTIVARS 01'1 VARIOUS MONTHS AT MID- POINT . 

(DRY WEI8HT) 
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It 1s seen fzol8 the Table-5 (Fig.a») that maxilllUll 

fresh we1gbt or roots WEtN recorcJed at ~ 1.e. (0-,30 em) 

followed by D2 (3)-60 <:III) aJlCI D3 (6O-SO em) respectiVely_ 

(Iv) toot clensltl' cJistrlbutlon of sapota 
ou.lt1vars CD various IIIODtbs and depths 

. (DI7 weight) ,-

It 1s seen fJ.'OUl tbe !able-6 and F1g.6 that 

slpUlcant Ufterance was recorcle4 w1th respect to depths 

of tn. sapota root system_ F~ OctOber-. to Kay'S? D1 

·was rOUDl slgnlncalltly superior to Da aDd D3 and also 

Da was slgld.flcant.l.1 superior to D3 - fhe quantities of 

feeder roots 111 dJl1 welgbt available weft 0.78 to 1.15 gms. 

111 D1• 0.3& to 0.12 lA »a and 0.21 to 0.44 8m, In D3 

fl'Om October, 1.986 '0 Ha7, 1.987. 

(v) Boot dellSit,. dlt*d.but101l of Sapota 
cul.t1vars OD val'1ous moatbs anel depths 
(Fresh we1g1lt):-

It ls nvealed t •• tile 'fable-? that, slpltlcant 

difference was Observe4 1n the month of October, 1988 and 

December. 1988 to Hay 1987.. Anel 111 the IlOiltb of November, 

1988, tbaN va s no slgnltlcaat dltf'e:reDCEt amcq the 

t"atments. In tile montbof October, 1988, 1t 1s obsewecJ 

that 'lD1 was s1gDtncaat~ eu~l_ to aU other treatments 



Montb/ October 
Depth 

81 1.0t· 

Da O.M 

13 0.:11 

'F' test. a1$:-
I.&.(m)t, 0,.08 

Ci~D.(O.05) O.01S 

'lULl - L 

Avetal. root tenslty dlstrlbutlon of Sapota cultlvars 
_ veri OIlS months and depths at H1d point (Fresh wt.) 
(Gram fre sb wt.· per cubio decimeter) 

!Tonmber December Janua!7 February Karcb April 

1.80 1.54 1.54 1.61 1.68 1.63 

0.13 0.91 0.92 1.02 1.07 1.02 . 
0.49 0.'10 0.12 0.77 0.85 0.80 

est: 811: Slg~· Sll~· Sl,:· 811_ •• 
0.026 O.O2~, 0.024 0.029 0.OS8 o.OP:l 

0.0'981 0'108:24 O.OMS 0.1138 0.1099 0.1059 

** 818_' S1gnlflcant at 1 ~ Level. 

May 

1.65 

0.98 ~ 
0.77 

Sll~· 

0.025 

0.0981 

"" 
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TABLE - 6 

Average root denslty distribution of Sapota cultivars 
on varl:ous mOlltbs and depth at Hid point (Dry wt.) 

(Gram Dry wt. per cubic decimeter) 

ltontb/ October November December January February Karch Aprll May 
Depth 

1)1 0.78 0.94 1.12 1.15 1.17 1.25 1.19 1.15 

D2 0.34 0.45 0.56 0.68 0.64 0.67 0.65 0.62 
(,.) 
CO 

1)8 0.21 0.~7 0.40 0.41 0.44 0.48 0.46 0.44 
" ** ** ** *{C ** *4c 41* 41* 

I j'ttest Slg. Slg. Slg., Slg. Slg. Slg. Sig. Slg. 

S.E .(m)+ - ,0.022 o.Oae; . 0.0'20 0.023 0.025 \0.028 0.028 0.029 

C .D.(0.05) 0.0863 0.0981 0. 07 8-5 0.0902 0.0981 0.1099 o. ;1099 q .1138 

Big - Signiflcant at 1 % Level. 
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FiS- 8. AVERAGE ROOT DENSITY DISTRIBUTION OF 
SAPOTA CULTIVARS ON VARIOUS MONTHS 
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follow., ·by V:Pl' Vi'lt Vila and VaDa aDd the least welght 

was obseJ'Vecl In VIDa and V:!'a- In the month of November, t.be 

maxllD1D.l tnab weight of the l'Oots we" obeen-eel in V1D1 1.e. 

3.1Sgms. followed by "aD1' VaDl' VgD2 and VaDa and the 

least weight was observed 1D V1D3 (0.63 gil). In the am. 
or December, the treatment "lD1 was found slgnlficantl,. 

superior to all otber treatments followe4 b7 Valli' V'l~ 
- ~;" '1:fJa and VtPa' V11)a and V:pa were at par and least 

we1gbt was "cor<1ed in V~3. III t.be 810ntb or Janual7, 1987 

'ffl has become s1&D1flcantlJ superior to aU other treatments 

followed br VaDl' Vi'18IJiJ ':/2 and ].east weight was Observecl 

in ViDa aad VJ>a. III tbe month of" Febra8 17, V1D1 becCIIIle 

slgD1tlcant OVer all otber treatJaents followed by VaDl' V:P1 

V $la' VsP2 ad the lea at was Obeeneci III VlD 3- In the aontb 

of lIareb, '11\ was s1p1tiaantlJ' suPerior to all otber 

treatments.i'ollowe4 b7 vtPl' Villt '1"'2 and v:pa an4 the 

leaat was obaesrveci in "lDa- 18 the mentb of APa1t 'lli was 

sllD1f1caDt~ supedov to all other treatments followed bJ' 

VgD.,VsDlt "aDa and VlDa ao:! least was obsGl"1ed 1n "lB. ad 

V:P3. 1ft the montb or lay, "lD1 was slgnlf'leantly superior 

to all otbel' treat~ents tol1owe4 b,. V2J)111 "S'Ol t VaDa and 

V:p,. aa4 the least welgb~ was observed In ViDa-

It Is seen :frolll tile Table-? that tile rl'esh welSht 

01' the lOots we" increase' tlOll OctOber, 1986 toM~rc" 1987 

1A eaob "rea_at ar.d ttum It declined 1a the 8lQflth or Api'll, 

1987 au MaJ, 1987~ 



Month! 
Treatment 

Vs.DI. 

V1Dg 
V1D3 
VaD ·1 
"aDa 
V~3 

V3D1 
VaDa 
faDa 

'F' test 
a.l. (m).t, 
c .D.(0.08) 

October 

2.17 

0.78 

0.42 
1.50 
1.26 
0.48 

1 •• 
1.08 
0.46 
81g!* 

'rAll& - 7 

Aver8&e root dansi tJ distr1but1on or sapota oultlvars on 
var10us mantbs and depths atmld point (Fresh weight) 
(Gram tram wt. per cubic decimeter) 

lovember December January February March April 

3.15 3.57 3.74 3.75 3.84 3.72 

0.93 1.14 1.26 1.41 1.63 1.47 
·0.63 0.70 1.06 0,87 1.11 1.17 

1.82 2.37 2.28 2.52 2.52 2.49 

1.53 1.23 1.67 1.44 2.04 1.S@ 
0.93 1.20 1.05 1.20 ~.32 1.60 

\ 

1.56 2.28 2.34 2.43 2 •. 49 2.40 

1.08 1.89 1.26 1.95 1.59 1.44 
0.84 1.14 1.20 1.32 1.32 1.17 \ 
I.S. Slg!· Big!· 51,!· Sig!· 81,:41; 

0.0089 0.053 0.0078 0.0073 0.0069 0.0086 0.0076 

0.0268 - 0.0234 0.02),,8 0.0207 0.0257 0.0228 

** ill - Signif1cant at 1 _ kevel. 

I. S.- Non-sigD1tlcant. 

May 

3.60 

1.32 
1.05 

2.31 

1.86 
1.17 8 
2.31 

1.38 
1~17 
Slg,·· 
0.0069 
0.0207 



October -
IIw~z 
V1 (KaUpattl) 0 .463 
Va(O rtoke tball) 0.380 

tADY - 7a 

Kfteet or feeder root system Of di rterent var1eties of 
sapota witb respect to depths on various months at mld 
polDt(hesb wt.) (gram fnsb tlt.per cubic decimeter) 

~-~.~-~~ 

lovember December 3anuary February March April 

0.623 0.801· 0.672 0.67 O.~, 0.'707 
0.41. 0 •• 33 0.655 0,573 0.653 0.66 

Hay 

0.663 
0.593· 

Va(Cbaat1'1) 0.391 O.3ff1 0.69 0.533 0.633 0.60 0.557 _ O.M 
·.'~te8t sli! 18 8tl: sli. Slg: ~~: •• 81·· 81g. g. 
s.s.b.)!. 0.0089 0.063 0.0018 0.0073 0.0069 0.0086 0.0076 0.0069 
O.D.(O.06) 0.0266 - 0.0234 0.0218 0.0207 O.0'~57 0.0228 0.0207 

I •• · 
81(0-3) om) 0.176 0.7. 0.913 . 0.928 0.966 0.983 0.957 0.913 
Da( 3O-60em> 0.34.6 0.38. 0.4" 0.468 0.633 0.578 0.64 0.507 
D~ 60-90 om) 0.161 0.287 0.331 0.386 0.S18 0.416 0.421 0.g?'7 

• PI test uS'! 811: all! 811: '. BII! sll~ 11i: 81i: 
s 11 (m) + .. - 0.00. 0.063 0.0078 0.0073 0.0069 0.0086 0.0078 0.0069 

a.B.(O.OS) O.OSSS O.15B 0.0231 0.0218 0.0207 0.0267 0.0228 0.0201 

,818,10_ Slgnlrtoant at 1. Level. 

111.1.- Non-8ignifloant., 

8 
""' CD 
...", 
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(vi) Root density distribution of 
sapota cult! vara OIl various 

months and deptlls (Dry welght):-

Tbe dry weight or roots were "corded at 

monthly lnterval.s. It 1s seen tJOIU ttle t able-8 that 

slp1flcant difference was observed among tae treatlllents 

in eacb and eve17 moDtb. 

In tbe IIiOIltb or October, 19. Vl.D1 (2.16 am) 

va B signUlaant 11 superior to all other treataent It aad 

there ,,'8S sf gmtlcant dUtereGC9 among the treatment 8, 

and the least dry welgbt was obsel'Ve4 in V1D3 · (O.24P ) 

and Vi'3( 0.33 gas). I n ~. month of Rovember, V1D1 was 

slgnltloantly supel"lor to all other treatments followed 

by Vrl'l' "3'1' \D2 dd the least dry weight was observecl 

In 'llDi- (0. ~·14 glQ) and 1f~3 (O~48 pa). III the IDOOtb of 

December, 1.986 and Jall1tary, 1987 111 case of Y1Dl d.., 

welSht (2.61 ga aDc1 2.71 gill respectively) was slgD1f'lcantly 

superior to all other t.reatment s foUowetl b7 VaPl' VJll 

1.11 December aDd J anual7 aDd 'f h in December and VaDa 
1n January, 1917 and the least dQ' ve1gbt was Observed In 

'lDa (0.41 III ait4 0.81 _.litp8ctivel7). 

In the IIODtit. or F4bRU7 t 1187, "ill was 

s11n1f1earlt~ alJ)eaor to 81.1 other ttteatmenta f'ollowe4 

by 'fiJI' ':Pl. V:pa and VIDa ad the least wei".t was 

observed 1D VIDa- All othel' treatments Wl'Q slp1f1eantl1 

supedOf' to Vl Da· 



'fARIi - 8 

Average root density distribution of Sapota oultivars on 
various months and. depths at mld r0lnt (DI'Y weight) 
(gram 417 wt. par cubic decimeter 

~. 

Montb/ October November December lanuary Febnal'Y March April Mal" 
treatm.ent 

"11)1 2.18 2.28 2.61 2.77 2.80 2.87 2.78 2.85 

V1J)2 0.,46 0.68 0.71 0.82 0.89 0.95 0.92 0.81 

V 83 ]; - 0.24 0 •• 0.41 0.61 0.61 0.60 0.67 0.81 

VaDI 1.10 1.31 1.68 1.73 1.87 1.88 1.83 1.73 

VeDa. 0.18 0.18 0.7? 1.01 0.89 1.28 1.83 1.17 

VaDa o.ft1 0.68 0.89 0.81 0.69 0.76 O.frl 0.67 "-to 

ViJl 1.16 1.12 1~66 1.'10 1.68 1 •• 1.77 1.70 

V;Pa 0.68 0.8'1 1.18 0.80 1.22 1.02 0.93 0.87 

V:Pa 0.33 0.48 0.66 0.69 0.'16 0.77 0.67 0.67 

,pt' test 81·· 6· 811: 91·· g. 811! 81·" 8· sli~ Sl'~ sll~ 
S.B.(m) ;t 0.0013 0.008 0.0073 0.0082 0.0018 0.0075 0.0075 0.0078 

0 •. 8 .• (0.06) 0.021,88 0.02398 0.0239 0.0185 0.02338 0.02248 0.02848 0.02338 

81 ... ,;.. Significant at 1 " Level. 



yarteS! 

V1(KaUpa ttl) 

tOIl • ill 
Effect of leader root system of different Varieties of sapota 
with respect to ciepths on varlous months at mld polnt tDry weigbt) 
(gram dl')'wt. per cubic decimeter) 

October. November December January February' March April Ha,. 1"._ 

0.3177 0.356 0.414 0.4&? 0.4f7 a.48ft: 0.4. 0.459 

1'2 (0 rlcketball) 0.238 0.312 0.349 0.378 0.383 0.435 O.4S'1 O.3Pf1 

V 
3 (Cbaatfl) 0.238 0.262 0.388 0.364 0.407 0.403 0.374 0.36 ... •• Bli! •• Slg~ sli~ Slg! 81·· . 'F' test Slg. Slg. Slg. g. 

S&.(m) ~ 0.00'13 0.008 0.0073 0.0062 0.0078 0.0075 0.0075 0.0078 

C .D.(0.05) 0.02188 0.02398 0.0239 0.0186 0.02338 0.02248 0.02248 0.02338 

I@R. 
Dt (0.30 em) 0.491 0.623 0.661 0.688 0.706 0.732 0.705 0.675 

D2 (30-60 em) O.2U 0.248 0.295 0.299 0.333 0.361 0.342 0.323 

D 3 (SO.90 om) 0.093 0.149 0.194 0.212 0.217 0.225 0.246 0.217 
'Ft teat 

,. Gl;: "1·· 81·· sa,: Sl;~ Sl;~ Sl;~ 81g. ~ c· g. 
S.S.(ol) :. 0.00'13 0.008 0.00?3 0.0062 0.0018 0.0075 0.0078 0.0078 
C.1I .(0.05) 0.02188 0.02398 0.0239 0.0186 0.02338 0.02248 0.02248 0.02388 

•• - 81p.1tlcant at 1 " Level. 

.. 
J! 
!, 
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In the month ot March, 'lDl (2.8'1 gIIs) was 

slgn1:t1.c8ntly superior to all otber treatments followed by 

Vi'l (1.88 ~s), V:Pl (1.84 pa) and the least dry welgbt was 

observed In VlD3 (0.50 gm) and all otber treatments were 

significantly superior to it. 

In the month of April and May, 1987, In case or 

V1])l' the dry welgbt (2.75 gmt 2.65 gillS respectively) was 

s1gn1flcantly superlor to all other treatments followed by 

'#1' Jill t V2D2 and 'i2 anel the least dl'1 weight waS 

Observed 1n VJ!l3 (0.67 gm and 0.61 gms) and '303(0.67 gm aDd 

O.f/1 gm) respectivel,.. fhere was no significant dl.ttereace 

. be1iween V:pa and "lD3' Via and V1D2• 

(b) Root denslty distribution of saPota 
cultlvars at Drip Lim 1-

(1) Boot densl ty distribution of sapota 
cul t1 val's CD Various mnths (Fresb wt.) 

It ls revealed f'~m the ~abla-9 tbat, ttle ftesh 

weight of the roots were mlD1mum 1n case or var1ety "1 (Kal1pattl) 

In the month of OctOber, 1.986, maximum frem weight of roots 

weN Observed ln va1l1ety Va( Cbaatrl) I.e. 0.47 p. followed: 

by Vg (~r1cketball) I.e. O.~ gm. and tbe least was in VI 

(Kal1pattl) 1.e. 0.23 gm. Tbere was slgn1tlcant dlff'ereme 

among tbe varieties aid V3 was round slgoltlcantq superior 

OVer all two treatments. 
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In the month of November, the significant dIfference was 

ob served amoDg tbe treatments. In Va maximum fresh weight of 

roots were obS8IYed i.e. 0.64 gm. and laast was Observed in 

VI' 1.e. 0.41 gm, V3 and Va both were sign1f'lcantly superior 

oyer Vl • In the DlOnt.b ot December, Va was s1gDltlcantll superior 

over Vl and usa Va was s1gn1tlcantly superior OVer '1-

Highest trasb wt. was Observed at Var. 173 0.78 gill. wltb 

lowest wt. at Vl 1.e. 0.54 gm_ 

In the montb of January, highest weight of roots 

were observed In 'a I.e. 0.9l gDlS. followed by Va and least 

weight was Observed ill V1 1.e. 0.71 gm. There was no 

significant difference among the treatments. In tbe month of 

February V2 was slgn1flcantly superior to otber two treatment s. 

Least weigbt or roots was recorded at 1'1 1.e. 0.80 pa. In 

tbe month of March, V2 was Significantly superior over all 

other two treatments wlth least wt. Vl 1.e. O.8~ gm. In tbe 

OlOntb of April "2 was stgnl1"lcantly superior over V1,an4 "3 

alsO was s1gnJ.rlcant~1 $.lpel'1or oval' "1- 'lhe least wEt1ibt 

was recorded 1n V1 1.e. 0.88 ifll. fhere was no sl,D1t1cant 

d1fference between Va an4 '3' III tile month. or Hay, 'a was 

.plflcantJ.y superior to '1 and Va al.so significantly superlor 

; , over V1• The least weight recorded at '1 was 0.81 ... 

But there was DO s1pltlcant d1 ffli!rence between Va and Va; 



MOil1*! 
varlet)' 

v. 1 

Va 
Va 

'rtest 

a.B.(.,!, 
-.. 

:c .. Do(O.OS) 

~.n..u~ .. " ... 

. Average root 4eDa1 ty dlstr1butlo.n of Sapota oultlvars on variQus 
months at D~lp Lim (Fresh welpt) (Gram iresb vt.per cub1c deolmtor) 

00 tober Rovember December J anual7 February March April May 

0.23 0.46 0 •• 0.77 0.8) 0.81 0.88 0.81 

0.:11 0 •• 0.75 0.91 1 .. 08 1.09 1.07 1.03 

0.4'7 0.64 0.78 0.87 0.88 0~98 1.01 0.97 

** >jell ** eii. >!Cit ** *« 
81S· Slg. Sll. R.B. Si,. Sll~ Sls· 

0.019 0.016 O.Ola 0.031 o.oas 0.0163 o.oas 0.018 

0.0146 0.0628 0.0708 - 0.0981 0.0639 0.0883 0.0706 

•. A 

"'>It 811_ - S1gnf.t1cant at 1 _ Level 

N.S. ~DD-818DltlcaBt. 

t 
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FiJ·1. AVERAGE ROOT DENSITY DISTRIBUTION DF 
SAPOTA CULTIVARS DNVARIOUS MONTHS AT 
ORIP LINE (FRESH W~'GHT) . 
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From tbe fable-9 It was revealed that. tbe fresh 

welgbt tor Var.Va (CriCket ba ll) increased from October to 

Marcil, 1987 andlt decreased in tile montb or April and Ma,.. 
But in case of' Var. Va (Cbaatrl) and '1 (Kallpattl) tresh 

weight 1ncreased fl!Om October to A91'11 and tbere after it 

decllned in tbe month ot Hay. (Flg. 7) 

(11) Root denslty distribution ot Sapota 
cu.ltlvars on various montils (Dry we1gbt). 

'lbe dry weight ot roots were taken at monthly 

Intervals beginning trom October, 1986 to May, 1987. It Is 

revealed from tile Ta.ble-lO and Fig.a that Slgn1f'lcant difference 

between the varieties with respect to dry weigbt Of tbe roots 

w8sObsGI'Ved from loveraber, 1986 to April, 1987 but not in ttle 

month ot October and May. 

In tbe month of October, hlgbest trfe1gbt (0.32 gm) 

waS observed In V3 with lowest weight (0.15 gm) in '1- In tile 

month ot Novemb0r, V3 was signiftcantJ.l" superior to all other two 

varieties and maximwa dl)' we1fibt ObseJ"Ved to be (0.40 am) 11l 

Va' and '2 ~so was signif1cantl,. dUter1ug and supenor over 

'1. Least d17 wdgbt was Observed 1n '1 l.e. 0.22 1m. III the 

month of December, Va was slp1.tlcantly superlor to "1 and "2 

also was sign1ficantly suparior to Vl - In the montb of January 

and February 8S 1n the case of Va 1.e. (0 •. 66 gIB. and 0.71 p. 

respectlvaly) was s1gn1tlcantly superior to 113 and V ... Va also 

differs significantly and tourd also sugel'lor to '18 Least r{!17 



_1:A81£ - 10 

Ave!'al8 root cienslt, dlstl'1but1on of Sapota oultlvars 
on various months at Dr1p Una (Dr1 wt.l (Gram dry wt. 
pel' cub10 dec1meter) 

IO:ntb/ 
variev 

Octo1i)er November December J anua1'1 February IIsl'Oh April . May 

'1 0.1& 0.22 0.31 0.60 0.62 0.60 0.57 0.52 

Va 0.23 0.32 0.49 0.66 0.71 0.71 0.70 0.68 

Va 0 •• 0.40 0.53 0.5'1 0.57 0.85 0.63 0.82 
*« *'" *:c >lei<' ~>{c -'(cote 

'I" test 1.8. Slg. Sle. 81S. Slg. Slg. 81g •. B.S. 

S.B(m) !. 0.035 0.018 0.021 0.016 0.014 0.01 0.013 0.057 

C .1),(0.06) - 0.0108 0.0824 0.0688 0.0649 0.03926 0.051 -
-- «'" 

81S_ Slgn1tlcant at 1 ~ Level 

B .. I~ Non s1plflcant. 

~ 
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Fi9- 8. AVERAGE RODT DENSITV DISTRIBUTION 

DF SAPOTA CULTlVARS ON VARIOUSMONTHS 
AT DRIP- LINE (DoRY WEIGHT) . 

y 

.)·80 

0·80 

0-70 

o·so 

0·50 

O·4-G 

D·3D 

D·20 

C·ID 

0 

, 
Yo 

OCT 

UNIT X - avi.s I. ~m = U/YlI:f MUI'I '" 

Y -- 4xis I em.: D·ID 8m . 

G~--Q V, 

~ ----a v. !. 

H OV DEC JAN FE. Mo\ It APR ....Ay X 
MON TH )a 



48 

welgbbs were Observed in Vi i.e. (0.50 gm. and 0.52 gm. 

respect1 vel,.. In tbe month or Marcb, Va was algnU'lcantly 

superior to Va and Va -V3 also was slgnUicant].y superior to 

Vi. In the month ot April, Va was slgnl.tlcantly SIlperior to 

Va and V1• And V3 also differs s1gnJ.tloantly to '1- In the 

m.onth of Hay, 1987 tbere was no sign1ticant dlfference among 

tbe varieties. H1gbest dJ'Y welgbt of roots was observed in V2 

1.e. 0.68 gm. and lowest .dry tit. Observed in Vi I.e. 0.52 gm. 

(111) Boot density distribution of Sapota 
cultl vars on various months and depths 
(Fre sb welSht). 

Observations were recorded at various depths I.e. 

0-30 C'1I, 30-60 em, 60-90 em. or drlpllne ot the Sapota trees. 

I t Is revealed troll the Table-ll tbat slgnltl cant dlfference 

among the treatments were observed from October, 1988 to May, 

19Z7. Tba distribution of feeder roots at various depths 

varied fJl'Oiil Dl to 1)3. The [1'8s.b height of the roots decl1nct4 

wi til 1.nC rea sa Of de9tb-

In tbe month of October, D1 Was toUDd 81&01£I.oant1,. 

augedor over Da and D3 and also Da was s1&nUlcant17 suPerior 

to Da- III the mont.b or 1fov,ember, Dl was slgn1floafltly superior 

to Da andDs' aaci also Da was signlficantly suparlol' to D3-
. 

. In tbe montb of oecembel', Dl was 81p1fleant17 suPeriOI' to 

DS and D3 8nd also ngDl ric ant dlft erenoe va s oJ) sel'V'ecl between 

De and 1)3- 10 tbe month of January. 1987, Dl was slplflo81'ltly 

supel'101' to Da and D3- But there vas no slsD1tlc8at difference 
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between »a and Da- 111 the month of Febft817, ~ was slgD1tl­

cantIl" superior to D:a and Da and also tbere was slgD1tlc8o.t 

d If terence between D2 aDd Da- In the month of' Karch. ''Dt, va s 

also sign1tloalltly superlor to D2 aDd D3e ADd also .Sl~iflcan.t 

difference was observed between Da and D3• In the montti\ o.t 
• 

APril, Dl was slgD1f'lcant1, superior to Da and DS and s"n1f'l-

cant dlffel'8DC8 was also obsel'tred between ~ aad DS- In the 

month of May; similar trend was also observed as observed In 

tbe JIOIltb of Hareb and A 91'11, Dl was &1&Dif'lcantlJ' SLlgel'lor 

to Da and Da aDd also Da was sl&DUloantl, _genoa- to DS. 

It Is seen troll the Table-ll and Flg_ 9 tbat, tbe 

fresh wa1gbt of ~ots increased from October to MaI'Cb (0.62 gm. 

to 1.11 &Ile, 0.31 ,rae to 0.90 p.,0.20 gm. to 0.78 Pl, 10. case 

Of B1, D2 , D3 respect1vel1) aDd decreased d1U'lDg April aDd May 

in aU the treatments. 

(tv) Boot 4enslty distrlbutlon of Sapota 
0II1tl"at-s 011 various DlODtbS aDd depths(DI7 welgbt).-

It 1s ~een trom the 'fable 12 and Flg.10 that slgn1tl­

cant difference was observeci amooc Dt" Os and D3 from NOvember 

1986 to HaJ, 1987. _oapt 1D. tbe IDOIltb Of Oc tobe .. , 19S8, 

where D1 was tOWld to be sigD1tlcantl, superior to Da aDd Ba• 
In all the mcmtbs UDder report bigbest dl'1 welgbt of lOots vas 

reoordecl 1n Dl (0.31 to 0.82 1m.) followed b, Os (0.19 to 0.&5 sm.) 
awl 1)3 10. U to 0.44 P.). In tbe JIIOntb of Apl'll aDd Ma,., 
tne" was decnase ill all title treatments. 



lIonttV 
Depth. 

. t 

~. 

Da 

"3 

'P' test 

S •. 1. (m) .t' 

O.D.(O.06) 

'fABLE - U 

Aveaae wot dena1ty destrlbut10n of Sapota C. V.B.S. 
on vulous montbs an4 ciQtb at Drlp Line (Fre sb wt.) 
tel!'am treab wt. per cubic deoimetel') 

Oetobel' Iovembel' December Janual'1 FebNBI'7 Karch 

0.61 O.?1 0.93 1.00 1.07 1.11 

0.31 0.46 0.68 0.77 0.84 0.90 

0.20 0.35 0.51 0.67 0.72 0.'78 

*>14 ** *iC ** ** *~ 
S1,. Slg. 81g. 81g. Slg. Slg. 

0.026 0.021 0.022 0.031 0.027 0.03 

0.09813 0.0824 0.0883 0.1216 0.1059 0.1177 

** 81g. 81&n1flcant at 1 _ Level. 

A~1'11 May 

-
1.09 1.04 

", 

" -
0.89 0.85 

0.'75 O.?l 8 

Blg! ** 81g. 

0.026 0.029 

0.1020 o.uaEJ 
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F~. 9. AV~RAGE. RDDTCJ£NSITVDISTRIBUTIDN 
Oli SAPOTA CULTIVARS ON VARIOUS MONTHS 
AIND DEPTHS AT DRIP LINE(FRESHWEI6HT) 
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KOIltb/ October 
Depth -, 

11 O.~ 

Da O.le 

DS o.u 
• 'P'test alj. 

1.1.(m)!. 0.035 

'rABLI - :J.a 

AV8zaa&, e root density dlstribution of Sapota C.V.R.S. on 
vszalous iilOJ:ltb,S and depths at Drip Lt. (DI7 wt.) (G·ram dry vt. 
pel' CIlb.l0 deolmeter) 

Wovamber Deeember January February Mal'cb April Ma, 

0.51 0.89 0.15 O~?8 0~82 O.eo 0.'76 . 

0.28 0.42 0.4'1 0.62 0.56 O.SS 0.53 

0.20 0.2t 0.38 0.40 0.44 0.41 0.4:1, 

.g~ 811~ 811: Slr. all: 81i! 81 I! 
0.02 0.02a 0.22 0.029 0.02'7 0.oa2 0.023 

O.j)'.(O.OS)O.1S73 0.0185 0,,0902 0.0863 0.1138 0.1069 0.0813 0.0902 

I ~----. -.--.. -~------- "-- ~---,-.----- - - --- ---'-'-------
" • S1s- 81gn1tlcant at 8 " Level 

81,:- 81gDltlcant at 1 " Level. 

0'1 .... 



Fig. to. AVERAGe ~6·blf) OENSI·TY DISTRIBUTION 
OF SAPOTA CUL TIVARS ON VARIOUS MONTHS 
AND DEPTHS AT DRIP LINE (DRY WEIGHT). 
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(v) 

S2 

Root dena! ty d1 strlbutloll of sapota eultlvars 
on various months and depths (Freab weight) 1-

It is revealed from the Table-13 that, aignlf'leant 

difference was observed In the month of October, 19M to 

February, 1987 and in Kay, 1987. And in the montbs of Marcb,1987 

and APi'll, 1987 there was no significant di,tterence among the 

treatments. In the month ot October, 1986, highest tresh weight 

was Observed in tbe treatment Vill I.e. 0.96 gm. followed b,. 

VaDlt ViJgt V1Dl and least valgbt was observed in treatment 

VlD3 1.e. (0.25 ga). In the month ot November, . bighest ireSb 

weight of roots was observed in the treatment (VaDl (1.38 gm) 

followed by V~l (1.32 gm) an4 'lD1 (0.75 gm) and least weIght 

was obsQrved in the treatment V1Da (O.a9p>, Vils (0.54 lID) aad 

TJ;i>3 (0.54 gm). 

In tbe month ot December, highest fresh weight was 

... ~cordad in treatment 'ill (1..62 p) ,tullowed by Vill (1.68 gm> 

and V1D1 (1. U gm) and the least weight was Observed ill V1Da (O.5l.gm). 

In the month or January, the bighest fresb weiCht was recorded 

1n tbe treatments 'ill (1.74 p), 'aDl (1.74 gm) 0108e17 followed 

by '2D2 (1.29 gm) and "lD1 (1.26 lIB). Least weight was observed 

In V3>3 (0.98 gm) and VlDa (0.99 1m). In the month of PebNBJ7, 

highest fresh weight of' roots were observed in the tl'eatmeftt 

VaDl I.e. (1.89 g"1) followed by V:Pl (1.83 gm)aa4 Y191 (1.50 ga.) 

Tbetreat~ent V'tPl and ":Pl were found to be sigJlificantly 

8upa1'1or to all otbeJl traatments and tbe least weight was recorded 

1n the t!'eatent 'aDa I.e. 1.10 gm. followed 'bl 'lD3 (1.14 gm.) 



In the month ot Marcb, highest trasb we1gbt was 

observed in the treatment ':;P1 1.e. 1.92 gma. followed b7 VaD1 

(1.88 ps.) an4 V1D1 (1.66 gm) and tba least weight was 

recorded In the treatment V1Da and 'aDa 1.e. (1.20 gm) in each. 

In the month ot API-ll, also the higbest f'resb weigbt or roots 
. 

were recordeci 1n the treatment ':P1 1.e. 1.86 gllS. aDd 

follOwed bl Vil1 (1.S3 gms.) and '1])1 (1.50 gm) and the lowest 

.freSl weight was "corded in the treatment Vil3 1,.e. 1.04 ps. 

In the month of May, the blgbest frest! we1ght \18S observed 11'1 tbe 

tnatments 'iJl (1.?? gms.) and "ill (1.70 glls) foll.owecl b,. 

Via (1.43 ems) and 1'11)1 (1.38 gms). Tbe treatments V:Pl and 

VaDl wera found to be significantly superior to all other treat­

ments and the lsast weight was recorded In the treat11Em.t v:PS 
1.&. 1.08 ps tollov'eel by "2D3 i.e. 1.10 gIDS. 

The fre Sb weight of the roots were increased fl'OlD 

October, 1986 to lIarcb 19217 aDd aga1.r1 decreased 1n the montb of 

April and ~ as it was revealed f'rom'1'5b1e-13. 

( vl) Root denslt)' distribution ot sapota 
cult1vars on venous mantbs aDd depths 
(Dr,. weight). 

It 1s seen 1'rom the 1ab1e-14 that a1pUicant difference 

was not observed &m0Dg toe treatment s startlna frca October 

1986 to May. 1.9B'1. 



tABII -13 

Average root density distribution of Sapota cultivars 
on various months and deptbs at dr1f line (Fresh welgbt) 
(gram tresh lit. pel' cubic decimate!' 

a_tol OotO":r Jovambe, December J anuar1 February March Ap~11 lIa, 
tSJeatment 

'lD1 0.6'1 0.'. 1.11 1.26 1 .. 80 1.68 1.80 1.38 

'lDS 0.40 0.61 0.81 1.11 1.32 ·1.41 1.34 1.12 

V1Da o.a& 0.39 0.81 0.99 1.14 1.20 1.10 0.98 

Va»l 0.17 1.39 1.68 1.74 1.89 1.sa 1.83 1.70 

vaDS 0.64 0.81 1.0S 1.29 1.44 1.47 1.42 1.36 VI ... 
'i's 0.3) 0.84 0.84 1.11 1.20 1 •• 1.20 1.10 

V$J1 0.95 1.38 1.62 1.74 1.83 1.88 1.88 1.17 

V$Ja O.?2 0.54 1.05 1.08 1.23 1.40 1.40 1.43 

V:Jl ·3 0.48 0.54 1.02 0.96 1.10 1.20 1.04 1.08 

'Fl teet •• •• Sig~ Sl;~ sti. N.S. B.S. MI 
Big •. Sig. Big. 

S . .I.(m) + - 0.,0059 0.0066 0.0081 0.0072 0.0159 0.0179 0.016 0.0181 

C.JJ,.(O.OQ 0.017. 0.01178 0.02428 0.02158 0.04766 - - 0,054268 
• 

"'* 81i - Si&nifloant at 1 $ Level 

N.a.- I~n-s1gD1flcant. 



I P 

YS'IR--
Yl (&al1pa't1) 
V; (Cl'l·oket baU) 
V,a(Cbaatd) 

'F' test· Sll. 
S.S.(m) %. 
'C.1).(O.08) 

21.11 
D1 (0.3) em) 

Da (30-60 om) 

Os (69-90 em) 

'Ft test 
·S.B.(a) + -C .D.(O.05) 

tABLJ - l.1 • 
Sfrect of feeder root "stem of different varietie s or sQoota 
with respeot to depths Oft varlousmontbs at drip 11ne (1"re sb wt.) 
(gram fresh wt. per cubic dec11leter). 

October November DecembQ Janua17 Feb rua l'1 March April MaJ 
"J 

0.24 o.m, 0.41 0.373 0.44 0.463 0.437 0.3. 
0.19 0.296 0.385 0.46 0.503 00516 0.494 0.462 
O.las Q.19 0.27 0.42 0.462 0.504 0.477 0.4'75 

51i~ i:ils! Slg! Sl;~ &lg~ "m~sll .~S. sll'~ 
0.00089 0.0086 0.0081 0.0072 0.0169 0.0179 0.016 0.0181 
0.01'16 0.01918 0.02428 0.02158 0.0476 Ul - - 0.054258 I:. 

e, 

0.266 0.383 0.478 0.521 0.58 0.595 0 .. 576 0,,538 
O.lM 0.213 0.323 0.388 0.443 0·.4'18 0.411 0.'. 
0.114 0.168 0.263 0.34 0.382 0.,413 0.371 0.351 

S1': .. •• Bll: Bi;! 8t·· •• 81;: SiC. Slg_ ~\1P.! g. . ,~. 
0.00S9 0.0066 0.0081 0.0072 0.0169 0.0179 O~O16 0.0181 
0.0176 0.01978 0.02428 0.02188 0.0476 0.0538 '_q o.047}3 0.054258 

~* d 8Ig. - Significant at 1 ~ level 

1.6. Nan-slgD1i1caDt. 



Kolltb/ OctOber 
Treatment 

Vr>l 0.50 

VJ.Da 0.28 

VB 1:3 0.16 

VIP,l 0.60 

VaDe 0.3) 

"laDs 0.18 

Vi' . 1 0.68 

V~I 0.38 

VaDa 0.24 

'1" teat I.S. 

S.E.('m) ... - 0.0119 

<:.0.(0.05) -

TABIA - 14 

Average root denslty distribution of sapota oultlvars on I 

various montb s and. depths at drip Line (Dry weight) 
(Gram d1'1 wt. per cubic decimeter) 

November December Janua17 February Karch April 
nrr 

0.55 0.76 0.95 1,.10 1.14 1.11 

0.31 0.48 0.70 . 0.83 0.87 0.83 

0.22 0·.36 0.68 0.66 0.70 0.64 

0.$' 0.88 1.18 1.24 1.as 1.20 

0.46 0.68 0.76 0.85 O.sa 0.86 

0.29 0 .. 41 0.65 0.68 0.72 0.68 

0.72 0.90 1.22 1·.21 1.24 1.22 

0.32 0.67 0.68 0.80 0.86 0.84 

0.24 0.47 0.58 0.62 0.71 0.61 

I.S.- If.8 .• lI.S. W.S. N.S. N.S. 

0.0115 0.0132 0.011 0.011 0.0105 0.0105 

- - - - - -
N.S. - Non-slgn1tlcaut~ 

Kay 

1.05· 

0.12 . 

O.se 
1.17 . g 
0,,,81 

0.59 

1.20 

0.83 

O#J67 

N.S. 

0.0093 

-



tABIB-l4(;a) 

Itteot Of feeder lOot system of different varlet Ie. otsapota 
vitti respect to depths on vlltl-loua montba at drlp Un. (Dl'Y weicht) 
(gram drrwt. per cubic decimeter) 

\. 

October •• _es- December laD1la'q 'ebna17 Marcb Api'll Ha)' 

11,1"1 
V 1 (I.alipa'tl) 0.106 O.lM 0.175 0.147 0.287 0.3>1 0.888 0.968 
Va (C :..-l_e tba 11) 0.18 0.118 0.207 0.287 0.2111 0.317 O.~ 0.288 
Va (Cbastin) 0.133 0.148 0.2lS O.87a 0.298 0.311 0.296 .0.288 
IF' test B.8 1.8. R.S. I.S B.S. B.8. tl.8. . I.S. 

S.B.(IIO + - o.oue 0.0116 0.0132 0.011 O.Ou 0.0108 0.0106 0.0093 
fl.D.(O .• OS) - - - - - - - -

01 
BaSiL , 

; 
01 ..... 

])1 (0.3) em) O.lM 0.216 0.281 O • .,S 0.391 0.404 0.392 O.SSO !, 

D8 (3) ... 60 em) 0.106 0.188 0.181 O.2:r1 0.278 0.288 0.88l 0.282 

D3 (60-90 em) 0.084 0.083 0.1. 0.197 0.217 0.238 0.214 0.191 ... •• •• 8t.&~ 81·· all! sll~ 81i~ 'P- test 81g. 811. 81g. . I. 
S.I.(.) t. O.OU9 0.0115 0.0132 0.011 0.011 O.OlO! 0.0106 <;>·.0093 

C.D.(O.QS) 0.0_ 0.03447 0.03968 0.03297 0.0329 0.03147 0.03147 0.09787 

•• 81S- - Slinltlcallt at 1 _ Level. 

I. s. • NOD-slgnltlcant. 



In ttle montb of October an4 November, blghest dl7 

weight of roots was ObsGI'Te4 in the treatments V:aDl 1.e. 

(0.60 gIIe) and V:Pl I.e. (0.72.sms) respect1ve17 followed 

by V:Pl (0.58 gm) and VaDl (0.68 IllS.) Least we1ght was 

recorded in the sa. treatll8nt VlDa I.e. 0.16 gill and 0.22 gm 

respectively. In the month ot Dece!1lber aDd J'aDWlry, 198'1 

tbe highest dry welgbt was recorded 1n the tzreat18ent, Yill 

1.e. (0.90 gm and 1.22gms) tollowed by '211.1.8. (0.88 gm. 

and 1.18ps) and least weight was "coNed in V1D3 and Vila 
I.e. 0.35 gm and 0.55 gIlS respectively. In the IfIOntb of 

Febraary and Harcb, 1987, the bighest d17 we1&bt or roots was 

observed in tbe treatme4t 'ill (1.24 aDd 1.26 ps) follOWed b7 

':PI (1.21 and 1.24 gllS) aDd m1D1mu.ll we1&ht was recorded 1n 

Vila 1 ••• 0.62 gIllS and V18 3 1.80 0.10 gma reapecttY.l,. In the 

moatb ot A!)ri.l, 1987 and HaYt 1987 h1ghest 41'1 we·lsht or roots 

vee observed in the treatment V:Pl followed with VaD1 c!arlDg 

botb the mODtbG and the least welght vas ObMJ'V'ed 1.D V:pa ami 

"lD, respect!"17. 
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Leaf littrlent status (.,.,it) of sapota cultivars 1D 
'l'tenet math' !-

(1) Leat Bltros'p • ~ The data relatlDg to D1t~g_ CQIlteDt 

ot the sapota leaf from October, 1988 to Hay, 198'1 are 

presented 111 'lable-ll and Flg.11. A pensal ot the data 111 

Yable-1.6 l'eVea18d tIlat the Dltl'Ogen content ot tbe leat 

decreaseel tlODl October, 1988 to -8f, 1987. D1e signiflcant 

dif'teraACe amoDi ttle treatment s were zecorded ill aU tile .. 

mont.bs except1D& 111 ttle lIIOatbs of' December aDd Api'll. In tl'l. 

montb of Ootolle. aDd November, tile nutrl_t couteat was 

max1lllwa 1.a. (1.31 III aad 1.28 ps) In C,.lC1ketbal1 closel7 

tol.lOwa4 by Kal1pattl. The ret was s1sD1floaat cI1tfueace 

amODl the treatments 8Ild tile tNatmaat C rioketball. 18 sl,Di­

tloantly suped. to all other tl'8atmeata. III tile _11th or 

Dec.:tbe., DO s1pUloaat dltter .... was obsefWd amoDC the 

treat"!'lents, l.a.Crlcketball, Ka11pattl aDd eba'tn. In the 

tIJODtbs of JamaarJ', FablUa., aDel Karcb,l98'7, nlt&-OgeD coateat 

of ea1t1var CrickethaU was toual sllD1tloantly superior to 

all otber 9'&l'lotI88 aDa tbe d1ttel'ellce betweeD til. wue 

s1snltloant. In the montb ot 1p&-11, 1987, no 81&nlfloaDt 

cU.fterenee was Ob.8"ed between U:ae "Natmeats like C.-IOke'ball 

bU,ettl aDd Cbaa'l'1. III tile .- of liar, 1987, .-

b13best DltlOIea COAt ... , of lear was abs.wel 1& treatment .:. 

e rlolt&tball. 1... (1..18"', Slp1f'1oantly su,penw to 0.8" 
varieti •• aDd alga1f1o.t cllft.reno. was 81.80 observed WlUll. 

the vaftaUes. 
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(11) - leeat rUapbOlll.l ,-

the data relatlD& to the perceatace or phosphorus 

1n leaves of different vaaet1es wen l'ecor4ed from October 

1986 to HS7t 198'1 aDd are presentecl at :fable-1e aDd ftg.lI. 

81Crd.tlcant dltterence was observe4 wltb respect to PhosphONS 

content lD peroent 1n the leaves o~ dlrt_Mnt varieties 

excepting 1ft the months or Bov_ber, and J'anuary. 1981 to 

Ha7t 1987. But the thOSpbONs content was blgbeat in Yarlet,. 

C rleketball followed by Yare Kalipattl aDel least percent or 

PhosphoNe content was In variety ChOaatrl. the least Phosphol'QS 

oODteRt (0.16 to 0.10 ") was fouad In vanet)' Cbaatrl 

dur1ag OctOber to IIay and there was lradual decrease ill 

PhospbONs oontent 111 all the tl8atments f:rom October, 19as 

to 1481. 198'1. 

(111) obtU ro'OUulwa ,-

fte elata relatlDS to the peroeJltage or Potasat_ 

In le.ves ot cUtten_ valleU-es recorded tl'Om Ootober,l •• 

to Hay, 1917 aDd aN preseated at Table-l? ad P1&.18. 

!be slfPlltlcaD1; tite"-. vas obsewacJ alIODI tbe varl.tl •• 

III eaGb 1IOIItb. 8tan1111 tl'Oll Ootober, 1'18 to 1IaJ'. 1987. 
; . 

!be Po'aaslu1Il coat_t of van._ orlcketbaU vas e1pU'lcantlJ' 

dPeriOJl over all otlUtr v8ftetl ••• III the moatb of Ootober . 

.lad lovembal', Variety Cricketball was tOQlld to be a1p1tlcan'l,. 

aupal'1or to laUpattl aDd Cbaatatl .. also tbe,. was 

eleDllleaAt 41.tt8Hace.- observed between Kaltp.'tl au 
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Cbaatn. S1m1larq 111 the month ot December and .January t 

the variety C ncketball was found to be slp1t1eantly supeJllor 

to ltallpattl and Chaatrl aDd a~so there was slSD1t1oant 

dlfterence observed between Kallpatt1 aDd Chaatrl. 

In the moDtb or PebNaf7 aDd .rob, 198'1 t tile vad.e tJ' 

C.ricketball was foUDd s1cn1f1cantq su.perlo~ to Chaatl'1, 

aDd also varlev l.al1pattl becaae s1gD1t"lcantq su»enor to­

Cbaatr1. 'Dle significant d1t.ta~8flOe was Dot obsarved between 

var1etles Cr1cketball aDd Kal1pattl. In tile month or ~pr11, 
1987 Kallpattlwaa s1gn1tleantly superlott to Chaatn ana also 

the vanety C,l'loketball waS f0ua4 to be s1pltloant17 superior 

to Cbaatri. But there vaSAO sl&D1f'lcant d1tterence Obsel"lTeII 

between Ka11patt1 tmd Cl'1cketbaU. In the month or Hay, 1987 

tbe var1ety Kallpattl 1.e. (0.77 ., vas totmd to be s1p1tl­

cantll' superior to Cbaatl'l (O.66$) and also CricketbaU 1.e. 

0.'72 _ was slpl1tleaDtly superior to Ohaatrt. But there vas 

no slgutlc8nt 41fteNDCe between the variety ltal1pa ttl aDd 

Crlcketball. Tile Potassium coDten' of sapota leaf was tOlllld 

in. a "'eosreafd.DI meaner from October, 1986 to HaJ, 1 •• 

The leaf II, P and I: e_teDt or all the tIl"e 

var1eties as obael'Vad flO. the Table 18, 16 ud 1,t •• Dd 

to be deoreased Il'ac1ualq from OctobeJ.-, 1988 to Ha7. 1987. 



Kontbl 
v.arlety 

Kal1.patti 

'lAllA - 15 

N1 trogen content ot Leaves or Sapota cultlvara in different 
months (Percentage on d17 we1ght basia) 

Oc'obe~ Bovember Deoember lanua". i'ebnary March APi'll 

1.24 1.23 1.21 1.20 1.18 1.16 1.13 

Cricket ban 1.31 1.28 . 1.24 i.2S 1.23 ·1.22 1.19 

Chaatrl 1.18 1.17 1.17 1.16 1.16 1.09 1.08 

81S! I,s. B.S. •• sti. s1i. B.S. tpt tQst Sis. 

S.I.(m),t. 0.01'7 0.01' 0.018 O.Ou 0.008 0.016 0.021 

C .0.(0.08) 0.0667 0.667· - 0.0431 0.0314 0.0588 -
_. 

• S1S. - Significant at 5 ~ Level. 

SIt: - 81gn1tlaant atl _ Level 

1f.I.- BoB-Sigo1tlcant. 

May 

1.12 

1.18 

1.04 en 
0 

Sl;: 
0.016 
0.0628 



:CASlj - J,f 

PhOSphORS content of leaves ot Sapota cult:l.vars in different months 
(Percentage OIl dl7 wt. basis) 

-
'i(olltb/ October Bove"." December Janual7 February March April Mal. 
varletr 

Ka1lpa"l 0.19 0.18 0.1? 0.1. 0.16 0.15 0.13 0.].2 

Crlclt.et baU 0.21 0.20 0.20 0.19 0.19 0.18 0.14 0.13 

Cllaatn. 0.16 0.16 0.16 0.16 0.15 0.14 0.12 0.10 . .. 
>Ie >Ie ... 1" teat 81g_ B 81&. 118 N8 B8 :is N8 

S.8.(1D) 1- 0.0097 0.01 0.0091 0.014 0.0105 0.013 0.007 0,009 

e,.n. (0 .• OS) 0.038 - 0.0887 • .. - .. -
:41 . 

Slg .. 811Dlflcant at 6 • Level. 

D.. Bon-slgnlf! cant. 
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Flg.lI _ NPK CONTENTS OF THE LEAES . 

i~ :r: 
..... ~ 
~I&I 

~~ 
:t> 
Qat 
(.,)Q 

. ~ 

.~ t) 

~ 
"'-

. I 

NITROGEN CONTENT DF LEAVES. 
(PERCENTAGE ON DRY.W~/GHTBASiS) 

V 
1·40 

'·30 

,.25 

,·20 

','5 
'·'0 
,·05 

. UNIT X _ "xis. J em = ONE MONTH 

Y a,y;s Ie", : D· 05'7-

\ t<.. p. 

i- .. ~ 
" i C.H. 

X ------~--~------------~--~------------x 
CI 

y' 

Fig. 12. • 

a 

V'· 

OCT NOV DEC :JAN FEB MAR APR MAY 

MONTH ". 

PHOSPHDRUS CDNTENT OF LEAVES 
(PERCENTAGE ON DRV WE.,GHT 8AS1~.·r:i·. 

UNIT x- t1.xis _ 
V - 0.)(;5 _ 

1 em = ON£.MQHTH 

1 em = O· ~!:t .. 
G'~:kh~ .. e K.P 

A'~:;'J.~:X~ C.8 

§-- -.~~.j ;.~ 
.... ~ ~ 

OCT NOV DEC .JAN FEB MAR AP~MAY 

. MONTH )a 



lIoatb/ 
va!'i.t, 

XaUpett1 

C ncket ball 

Cbaatrl 

• "test 
S I '(m)+ .. -
C .D. (0.05) 

usa - 1.1 

Pots. coatent or l.eav8e of Sapota cultlvars in 
cl1tferent months. 

(Percentage on dry wt.ba~,1s) 

October Bovember December January February Marob April Mar 

0.92 0.89 0.84 0.84 0.85 0.81 0.78 0.77 

1.16 1.08 0.98 0.91 0.89 0.82 0.78 Q.72 

0.88 0.81 0.79 0.78 0.7. 0.78 0.69 0.86 
~Ht oil. oil .. oil. sli. all. sll: Sll. Sig. Slg. Sls. Slt.* 

0.0176 0.016 0.016 0.014 0.014 0.012 0.008 0.019 

0.0690 0.0628 O/ijQ~28 0.0549 0.0549 0.0471 0.0314 0.0745 

.': 

oil. 
&1g. - Signifioant at 1 " Level. 

m 
l\.) 
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., 

F~./3., POTASSIUM CONTE.NT OF LEAVE.S 
( PERCENTAGE ON DRY WEIGHT BASIS) 

y 
UNIT X-a.xis. lcm,: .O"E MONTH 

'·20 y- - - axis .. 1 em = O.OSI~ 

/·IS 

1.10 

~ O.SS 
.... G O.SO 

j 0.'5 

> 0.80 
.~ 

t- Q 'o . .,~· 
:;e 
:,IJ ~ 0.70 
r-
~. 
t:I ~ D.65 
c.J'-' 

- 0.60 
X" 

O • .5D 
I 

, 

0: Q,~.P 

~y.~'C •• 
11-_ -il c .... 

i(.p 

X,~--~--------------~-----------X DCT NDV DIe ~AN F£B MA~ AI'tI . MAV 

I ! MONTU 

'( 
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3. Plagt Belggt : 

'lh. data on the hetgbt of tbe sapota plarlt wlth 

res~ct to variet7 was recordecl at IIIOntbly Interval 1.e. 

1'ro. Octobel', 1988 to Hq, 1987 in Table 18. It Is ve-q 

clear from the Table-18 that, sllD1tlcant d1fterenee was 

ob serried among all the treatment s 1n every month. 

In the month of October, 1988 the helgbt of the 

plant 1n varlety It.llpatt! (115 ems), wbioh was sl1nlflcant17 

superior to other two v8J'1etlas followe4 by Crlcltetball 

(502 CII) and Chaatd. (492 em) 11 In all the DlOntbs der report: 

tbe height of ,be va,.-. ltallpattl plant was tOtmd to be 

algnlflc8Jl'l.1 superior to C rlcltetball and Qbaatrl and sO alao 

Crtcketball was s1cnltlcantl.7 superior to Cbaatrl. It 1s 

seen rJOm tbe !abJ.e-1S ami ftg. 14 that the btU.p.t of ttle 

plant with all the tAree varieties 11lCft8se4 with all 

1Dcnasln& trend 1"". Dct.obel', 19i6 to Ha,. 1987. 

FI'01B the table-l&, 1 t 1s o))served that the· 

max1mwD be1gbt was observed In ttl. cult1var Kallpattl _d 

lDlnlmwa was In the cul.tlv8r Chaatri. aDd the· cultl"a!' 

OJ-leU'WI va. ltl between of "'sse two val'1etl ... 



HoRtbl October 
varletr 

* 

Kallpattl 516.00 

Cricket ball aoa.oo 
,c._at,,! 4S1.00 

** '''''est Sl·l. 

S.a.(m).t 1..5gt 

C .j) .(0 .• 06) 8.9938 

tABLE - 18 

Mean plant belpt of 41fteNnt varletles Of Sapota at 
monthl, 1atervals. (F1g.1n c.8.) 

I ov_b el' Deoembe~ Jaaaarr Februar1 Harcb April 

--..~ ... -------.-~--~-~-----~.-~~.-~- - ---

516.50 517.80 519.00 520.60 622.00 523.40 

S03.10 504.30 605.50 506.70 808.00 509.00 

493.00 494.20 496.3) 496.50 498.00 499.00 
** ** ** ** ** ** 8sa. at.a. 81,. 81g. 61S. Bls· 

1.831 1.638 1.0fr1 1.023 1.068 1.158 

4.8319 6.037 4.268'1 4.0156 4.141 4.5484 

** S.ll-SlgDlflcant at 1 ~ Level. 

Ha, 

525.00 

610.00· , m 
500.00 ,I->-

** Slg. 

1.533 

6.0114 
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Fis- 1+. MEAN PLANT HEIGHT (em.) OF 
DIFFERENT VARIETIES "OF SAPOTA 
TAKEN IN DIFFERENT MONTI-IS 

y UNIT- y- a.x.i.s 1 ern": Sc.m. 

K. p- VARIETY' K~~' PArr. 
540 

C. B - CRICKE"T ,BALL 
C.H - CHAATRL 

535 

530 D . ,. . 
525 

. .. R.P. 
• •• 
• • • 

520 • •• • •• [gJ. • • • • •• 
X'X c.s. 

SIS • • • • •• • •• 
• • • • • • · , , 

SID • •• • •• • •• x x 
• • • • • • • •• 

)f " ~ m ~" S05 • •• • • • • • • 1C • 1C JC 
. I C. H. 

.... r • • • • • • • •• x " 1C X , . Jr.y 

:e ~DO · .. • • • • • • Xx x x x x 
~ 

, .. · .. · .. • •• xx x x X x II I I 
~ 495 · . . · . . • • • X)( xx • )C I I I III 
~ 

· . . · . . · .. xx x X )C1t I I . 

~ 490 · . . · . . · . . x )( I I I I 

" 

Xl( " x I I I I I I ~ 
· . . · . . '. . . )C)( x x )C. x I I I 

485 · . . · . . · . . )C)C xx x x I I I I I I I I I I · . . · . . · . . )C 'IIC X X ~x J I . I J I · . . · . . II I I r 
OCT FEB MAY OCT FEB MAY OCT FEB MAY 

MONTH ~ 

I 
y 

x 
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4. glDonI area :-. .' 

The data in connection wi tb canopy area was presented 

after peRtaining its measurement at an interval ot one month 

i.e. from October, 1986 to May, 1987 and Table-19 may be 

perused. It is revealed from the Table-19 that the Canopy 

area of trees varies frOm variety to variety and increased 

with an increase of the age of the. trees. 

In the.~onth of October, 1986, significant difference 

was observed among all the treatments. Highest canopy area 

vas observed in variety Chaatr1 (107.15 sq.mt.) which W'~s 

varied slgnif'icantly and also superior o.,sr Crlcketball and 

Ka11pattl and a].so the var. Cricketball' (53.86 sQ..mt.) waa 

signiticantly superior to Kal1pattl 1.,e(50.52 sq.mt.). In 'the ':, 

month of lovember, Chaat.'rl and Crlcketballwere found to be 

significantly superior to Kalipatti and significant difference 

was also found in case of Chaatri. and Crickethall. In tbe 

mon~ ot December, i;be canopy area of the cllltivaJ:' Chaatri was 

maximum I.e. 108.26 sq.mt. which was silnit1cantly superior to 

all etber two treatments I.e. C ricketball and Xallpattl and also 

C ricketball was found to be slg~1t1cantlY' super1orover 

Kallpatti. In the months of J'anuary and February, 1987, Chaatri 

was found to be slgnltleantly superior to aU other two cult1vars 

1.e. Cricleethall and Kalipattl and also the Crickethall was 

slp1ficant1l superior to lta11pattl. In the mOllth Of Mareb, 

maximum oanopl area wa, re~orc1eci 1A Ohaatl'l 1.e. UO.48 S<t.Dlt. 

wblcb was varle4 Uln1ftealltly superior OV4t" OrlO1te'tbaU .ad 



X-al1pattl aDd so also .tbe Cr10katball was 811&1t108l1tl1 saper1ol' 

oyer !(alipa ttl. III the month of Apl'll. the _DOP, ana of 

Chaatl'1 was toUDd to be si,D1.t108ntly .p81'101' to Cncketball 

and .bl1pattl. 81gD1flcant d1fference wa~ obsene4 amODS the 

vaneties Crioket-ball aDd l(al1pattl of whlobClicketball was 
. In tile moDth. of Ha,.. 1987, stpltloant 

slgnlt1cantly suprior. . . . 
difference amoDl tbe verieUes were 18001'484 but 111 Cbaatri 

max1S. canopy ana (111.98 sq.mt.) was noted whiob was sipl­

ticant~,. superior to all 'otber 'l'8at!!lents i.a.ln CrloketbaU 

(S7~5S sq.at) and 10l.lipstt! (53.69 sea.at.). Val'1etyCrlC1cet. 

'ball ~so 41ttered slgnltlcant11 to Italipsttl • 

. Pl'Oa tbe Yable-19 aDd F1&.16 It was o'bsened that 

tbe oanopy a_a of ebaat!'! was comparatively ,nater 'ball 

Cdaketball aad "allpattl. All tile "arietles 'bacs·me slpit1et11lt 

la tile .. oaths 1.8. tl'08 Octobett, 1986 tl11Il.,., 1987. 



a.tll! 
Vas-le_ 

I 

Kal.lpOttl 

C.fic1tet baU 

Cbbatl'l. 

'F' test -

s.m.(m)!, 

0' .0.( 0.08) 

Ootober 

50:.02 

53.85 

101.15 
** 

Sig. 

0 • .,85 

3.081 

'.f ,BLI - 1.9 

Mean 08noPJ dea of dlfferent Sapota varieties 
at montbly intervals. (Fig. in Sq.mt.) 

lovember December Janual'1 Februal'1 Marcb 

60.1'1 61.02 51.63 62 •. 04 52.55 

54.37 64.89 65.42 55.95 86.48 

1m.S2 108 •• 109.00 110.11 110.48 
** ** ** ** ** 

Slg •. 81& •. , S1g. Slg. Slg. ., 

/ 

0.904 0.692 0.76 0.90 0.707 

3.548 2.'1162 2.9439 3.8327 2.7751 
.. ~.I 

** Slg. Significant at 1 ~ Level. 

Apl'U Maf 

~3.07 53.59 

57.01 67.55 

111.23 111~98 (j) 
1.* ** -..l 

Slg. SiC. 

0.551 1.003 

2.1628 3.937 
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F'9- 15 • MEAN CANOPY AREA OF SEVERAL 
VARIETIES OF SAPOTA TAKEN IN 
DIFFERENT MONTHS. 

y UNIT - y- Q,)(is 1 C.m = 5m~ 
K.P- KAUPATT/ 

C.B- CRICKET BALL 

12.0 CO H- CHAATRI 

115 
0 . . . KoP 

1'1 
0 • 0 • 

'I ,TIT 
/lD 

. .. 
~ ~ ~: CoB 

Iii ID5 
'1",',1 CoH 

100 
II , Iii 

: I : III 9S III 
90 ,1,'1 1 II, 
85 I III II , , I I 
80 III II "I ,. I I 

I : I f. . III III : , 
'1D 

, 

I I' ,II 'II 65 

·."JO III III I 
" x I I , 

fS5 )()C Xx 
1,1 III • • 0 XXXx 

x)c 

'/ · . . • • 0 X X x X 1CX 
50 o. . · ., · .. xx 

II, I II II , · .. · .. · .. XX)('X XX · .. · . . · .. )()( xx x )( · .. o . . · .. 
O~T FE8 MAY OCT FEB MAY OCT J:ES MAY 

MONTH ~. 

1 
y 

x 
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llISCUSSIOJl 

A well develo,Ped root system tor a plant is Of 

prime importance as most of the water, nutrients and mlneral 

elements used bl the plant are absorbe4 bJ roots. The size 

and pl'Oductl vi ty or the aer1al parts are governed mostly b7 

tbe extent and activit, or tbe 1"00t system. Tbe distribution 

ot roots and their densities are otten influenced by tbe 

moisture and nutrieDt status or the soU. Root denslty studtes 

from Tab1e-3 revealad tbat UDder tbe position mlc1 iOlnt, 

hlgbest tresh weight or roots were recorded In variety V1 

(l¢allpattl) follow.a by Va and '3- Llkewlse, 1t Is very clear 

f"l'Om the ('able.9) that tbe fresb welgbt of feeder roots at 

drip11ne were round to be maximum 1n variety V2 (Cricketball) 

followed by V 3 and '11-

It 1s revealed that the tresh weight of the 1'00ts 

ot _81'1 variety lDcreaH4 t~1ll October, 19es to ifareb, 1981 

aDti decraased 111 the month of April, 198'1 and May. 1987 under 

mid point t wbareas trasb welgbt ot tbe reeder roots tor 

variet, Va (Crlcketball) oDl11nerease4.f'1'01I October, 1986 

to Karcb, 1981 and decn-ease4 in the IllOntb of Apr1l aa4 Ha,. 
1987 and vsnet, Va (C:haatd) aDd VI (Kal1pattl) were 1DCreasec1 

tsrom October, 1986 to Api'll, 1987 and decreaseci 111 the 1IlOIltb 

of May, 1987 uad.~ ddp 11De. 

FrOJll Table .... an4 10, it Is revealet tIlet the 

sl8D1tlcaat dittereDee was recorded w1tb respect to 417 welgbt 
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of tile !'Oots at Dd.4 point and dnp Una. MaximUlll 41'1 weight of 

roots we" observed in variety V1 (kallpattl) followed b,. 

V2and V3 and also bigbest dry weight was observed at Va 

(Ci"leketball) rollO',," b1 V3 ana "1· at 1114 poUt a!ld drip 

11ne respectively. It 1s clea~ that the root deadt!.es are 

51 tuated eom.pa!Otlve17 more at m1e1 polllt tban at drip 110.8. 

these results supports v1'b tbe rudings ot SkovO~bq' (1948) t 

AtaAasov (1974) t Bao anel KU1d1erjee (1985) and Btl&' .1.5 .A1.(1981) , 

Avila a, Keneses ~ Al· (1985) etc. Skovorcbov (l948) noted 

tlllat the irest majority of th1n 1'1bl'OUS (0.5 - - 1 .. di8Jleter) 

roots vaft! present almost at the mi4dle ot the t:reea. Atmasov 

(1£f74) touad that of majori ty JIOots of tbe t1'8as available 

III the 10-30 CDlS IOU ~87er at a rad1u8 or 2-3 meter flOlD 

the tl'UDk. 

a8.0 and llukher~ee (1985) and RaJ .Ii AL. (1987) 

report*, tl'lat tbe feeder lOot density was found to be highest 

at mid polet as compand to other locatlons in Mango BIllS 

Litcbl. 
Aftl., a; Hellsea ..!1,u. (1985) found that slxtr 

pe11C- o£ reeder ~ots v ... in the top 40 em. or so11, 

tile J.a~IGS' latera,l CODCentlGt 10B OCCU1'i1'1Dg at a distance 

corl'espoadl88 to haJJ' or tbe canon Jladlu,3 of _padilla. 

De t._ and 41'1 wei&b' Of "thesa90ta ~ot$ 

deCl'8ase4 wl. aD 1110,,"_ Of depth. Tafl s1&a1.tloaDt 41 tte"llCes 

we" obsew.4 bet_ea ~,De. &1\,4 '3- 1U .• est w81i1a' Of 
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teeder roots were found at Dl (0-3) CID) depth as compared to 

Da (3)-60 em) aDd D3 (60-90 CII) deptb at both the poal tloDS 

ot md j)01Ilt ad 4r1p 110e Table (S, 6, 11, 12). With 

increase ot d eptb. reeder root density decreases, 

I t Is veJ!1 clear t!'Om the eftect or mal.o faotors 

via. seasons, deptbs and positions aDd their lnteractlons for 

vanation in. the :root denslty ('fable 7, 8, 13, 14) that 

all tb. main faoto!'s wel'8 ci1:ri •• ant In tbelr levels. 'lbe 

maxillUm IF' value waS obtained with deptb followed wltb 

tbetr 1Dteraotlon and variety" aeaSODS aDd posltlol'18 ( at 

mld polnt and 4dpllne) also showed differences. Host of 

tbe 'P' values for tbe ma1D factors were slgnlt1caIlt at 

1. level. Tbe root deDa1~ was cODOentrated .ore at IDld point 

at the depth of 0-3) OJD. Tbe flndinls of Rogel'S anti Head 

( 1968), stoev (1970), Ghosh and CbattopadbJ'aya (1972), .. .:. 

DU91ess18 aDd 8m1t.tl (lYI3), DanUova (1974), Puoblt and 

iiUlCbsr.1ee (1974), Bedge and Tlvall (1981), Patel &IlCl Aaln 

(1981) _4 Avl1an ....... (19S» on sapota SllPport the t1ndlD&s 

of tills 1nvestlgation. Puoblt aDl Hukberlee (1974) toUDci 

that tne lOot act1vlt1 was decnase4 w1tb aD inorease 111 

depth. AvllaD.d..!Yr. (1981) toWld - aapodllla tbat the mazllDW1l 

peFeentai. or lOots wefi situated III tile top 40 em. of SOil. 

Tbe I8sults of present lDvestlgat10n alSo supporte4 

bv tbe flrdlag s of Bameawar .Il.ll. (1981) 1n lllaDBo and 

Bay .al.i1. (198'7) 1n litchi, whosbowed uaxllDWD feeder Rot 

J.ntenelty at 0'""16 em with further tncrea ses Sa 4eptb, teeder 

..oot densit, deellBed &actraoat or the ree~e • .-oot$ ar, 



coment rate4 balt way between trunk and drip l111e at 3) CJI. 

be lOW' the surfaoe soU. 

It 1s also :revealed that the max1D11UD feeder root 

denslty was at. tuate4 at a depth of' 0-3> CL at mld pomt 

between trunk and dft.p line in all the DlODtbs start1Dg f'1'Om 

Octob., 1986 to llay, 1987 111 both ttle cases or tresh and 

dl'1 we1&bt saapl1D&s as compared to other depths v1 z. (3)-60om8) 

aDd (60-90 cas). aD4 ttle feeder root dens1t;v ciecl'eased with t.be 

adVancement to per1ph8~, aa reported bJ DupleSBS ana 8n1tb 

(197$, ·S1D8b (1978), llameswal'.&l~. (198],), lao (1981) aid 

PulObl t and HuJr:ber~ee (19'74) 111 guava. 

It is vell evident that feeder root denS1 t7 Of' a 

aature tN. 1s m1D1mal ill the viclD1tJ' or the thDk, .1eb 

tben slOWl, increases to a maxtllllll fIOlI ad.d val between ml4-

polDt an4 drip llae ancl tb_ slowly raus 40WB. !bls contiftlS 

ttl·. i.IIpm.Dca of ttl. top elresalae or IIltl'Og_ III tile fOIlll of 

shallow c1--.l.al' tnncJI of 6O-SO CIIl. away hom aDd alOWld tbe 

trunk tollowe4 wi ttl irrigation as per 1'8COmmeatiatlons of 

Slop .d.al- &1913>10 sapota. 

It 18 seen tl'O. the phaeat iavdtlgatlOD. that. 

maxllDW1 reeder lOot densities OIl fraeb we1&ht aDd 41-7 _lgbt 

at mid p01Dt aid olplJ._ occu.ned llOatq In. the IBQDtb of 

Harc!l, 1981 aDd tbenatte .. 4eoreasa4 .1ob SUPpO"_ tile t1Dd1aa8 

01100111 (19'17) 1n nbber. 
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Soons, (l.977) observed tbat tbe ll8XillUlD root 

Q8V'e.Lo,ment oocurN4 1n FebNary/Harcb corresponding to the 
f 

perlocli of active retoll~t_ an4 peak uptake of 1II01stun anel 
;. .'. 

Dutrl.'nts by the tree. IU.nlmwia root cievelopment was observe4 
, .-

dunng August to December when leaf senescence sets In. 

Leaf' Ilutri tlOD!l Staws pf Sapota emlt"a". 

I t Is seen from tile ('l able-lS) that; tbe nt trogen 

content of the leaves of sapota was Obseft'_ to be s1gnltlcant 

amoDC all the tIl&-ee vallettes. The nitrogen content was 

b1ghest in the Vaftet7 Orlcket ball and closely followed b7 

'KalJ.patt1 and tbaatl'l. fhe optimum dose of fertilizers were 

applieci 1n the IlClltb of Juq, 1988 to all the plants 111 a 

sin&le split close per ,ear. 

It 1s revealed t •• 'fable-16 that. sipltlcant 

d1fterence was not recorded wltb respect to percentage Of 

pbosphOI'Wl 1n the ~eaves of all tbe tbJlee varieties _drc 
most of tile IDOIltbS, 

PbosJ*OftS CODtent was _slmum In tbe varlet,. C\1'1 eke t· 

ball tollo,," by KaUpatt1 aDd l11aatll. Prom Table-1? it was 

reporte4 that 81plfleant 41ftennee was obae1'Ve4 -ODS aU 

three varieties. 

Pota.ltsiwa coatent of a nelt.UlaU va. f'0Wld to be 

nip.at aDd followed bl KAllpattt ancI Cbaatrl.. Tile leat 

•• ',It. oont_' was fo_ to be .blghast 1& tile moatb ot 
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October, 1988 and deoreased gradually till May, 1987. 

SIm1lar decUne in tluctuation or ~e8t N.P,lt 

content tJ.-Om flowering to harvest was noticed b7 Pathak and 

Pande, (1978) aD4 DUhDl (1982) Pattl, V. K. (1982) In 

Sapota ana :foUDd tbat the e:f.f'ect or !i.P.K. on Il'Owtb, 718l.d, 

frul t qual! ty and leaf compo s1 tl-otle 

In the present study the leat nutrient content 

mowed variatlCl1l wltb tile different sapota varieties. The 

findings or this investigation 1s also 1D agn.ent with 

Chacl1a .!!.!l. (1984) and Thakur at ale (1986). It 18 revealed 

that the conoentration ot leat Dutrients In aU the three 

varietIes deolined from Octobal't 1986 to Hay 1987 I.e. due to 

COIIIIenc_ent of vegetative ,rowtJl. Lear Nt p. K. levels vere 

bighest at the tl.u of betoH flowering aDd trot formation 

in aa se of sapota as reported by Gopalkl'lsbDa t (1963) and Sen. 

(1973) t wbicb also supports the above tlJ¥11,ngeot tills 

investigation. 

From tile 'present investigation, it 18 1l141oat.ed that, 

tbe fen1.uz_s should bea»pl.le4 at the root aone atart1n& 

tl'ODl k r and ext_lag to f .. (., the 4181:&.,e between burllc 

ancl dr1p llne). to ensue Q.uick 8ad maxlfil11Dl utll1zat1oD or the 

terU,11z81'8 ana IIISDUN8. Irrigation sbOllld also be glva at 

the place of fsfltlllcH appUoaU on to Dd.!Wd. se ttJ~ 1088 of 
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Growth Maragte, : 

From tbe (Tables 18, 19 and I'lg.14, 16), It Is 

revealed that the height of the saPOta plants have been 

increased slowly from October, 1986 to Ma1t 198'1. !he oultlvar 

ICal1pattl beea'lJ8 tile tallest plaDt (515 ems) followed by 

Crr1cketball (502cm) and dwartest Cbaatrl (492 ems.) 

81Dd.larly, 1t Is f'oUDd out in case Of' canopy growth 

(Table .... 19~ ".,.15), that there 1s slow 1D Increase 1n all the 

tbree variet.ies flO. the month of October, 1988 to Hay, 1987. 

~ne caAO,PY area was more in ti1le cultlvar chaatrl 

as compared to othel' varieties and the least was 111 K~lpattl 

followed b7 C :rickatball. 

Tbere was mere correlat1Qn between he1gbtof the 

Plant aDd canopy area to\1Dd in tbls axperlment but DO _. 

relation exlsts between these gl'Owtb characters w1tb "spect 

to deaeltles 1D aU the tbree varletle. due to variat10a 

between plant characters. 
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I" · II • 



p'ARJ ARJ)Cl)IlCLUSIOB 

Feeder !Oot system of dltfel'8Dt commercial 

verletlas or sapota explAtns to the cause of a wide variation ,.. 
In ~OductlODpotentlallty of an orebal'd. Feeder lOots also 

efficiently and 1'8.pldly absorbs necessary Dutrients from ttle 

feltll1zers appl1ed, watel' aDd otber salts amd mlnerals. 

ultimately leadllJ& to better PlOduetlon In sapota. Because 

ot it s pam 1IDportanae, tbe pNsent lnvestigatlon was under­

taken to stud7 tbe reeder lOot 87 stem at various depths and 

poal tiona ot the soU surface and It s correa t10.1l with &rowtb 

In dlffereDt IIOIltbs ot the 188 1' 1986-87. 

Pram the study. 1t was real1sed tbat the maxilllWll 

reeder mot density was situated at a depth of 0-30 em. at 1114 

point between tlUlllt ard dripllne in all the months startlq 

trom October. 1988 to Ha" 1981 1D both the casas Of tresh 

and dry weight samplings as oompam to other degtbs v1z. 

30-60 C3. a~d So-IO c:D. 'fhe fresh and dry teeder 1'O.Ots were 

masimwa In the s11l'tace soU aDd It varied s1gDltlcantly 1D 

both at drlpllDe aDd mid polDt 1D all the v81'1etles taken. 

~9&n' aroot densities W4tN situated eompantlvel, 

more at mid polDt thaD at dr1p line. Wi til the lneHase of 

dep'tb, tee4er .CIOt 4en81'18., ttl.i. tN. we1&bt 8DeI 417 welsbt 

aa well as thei" aoUvlt, declined lIIb10b cJ1rectlJ llDkecl wi .. 

ttle "dacUOD 1& ,ield. 
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Haxlmum feeder root dens1 ty on ~r8sb and dry 

weight at mid polnt and drip 1111. was occurred in tbe month 

of March, 1987 aDd decreased &raduallr thereafter. Among tbe 

three vaneties taken, bighest freab weight or roots WEtn 

observ.a under m1d point in variety ltal1pattl followed b7 

varieties Oricketball and Cbaatrl. !be fresh weight of' roots 

were 1"ound to be 1Dcreased gradually t1'Om October, 1985 to 

Mareb, 1987 and showed declined trend in tbe montbs Of April 

and Hay, 19B? 

tbe s1gnlt1cant difference was observed among the ttlree 

varieties wltb respect to tbe leaf Ilutritional. status. The leat 

"S, P, I'. content ot all the varieties have declined gradually 

from ,October, 1986 to aay t 1987 due to corBlBencement ot v8Ietatlve 

'rom. the angle ot growtb characters, tben was 

,ndual 1BcreUliitnt 1n bel_t and canop, ana or the plaDts. 

But ao pos1 tlve relatlonsblp was _aed betweeD arowtb para­

meters and feeder root denslt1es 1D all the three vanetle •• ' 

Tile work was also nvealed tbe lIletbod of fertilizer 

appllcatlOD and lrr1gatloD formax~m utilization tor boost1ftg 

up the production whleb vS.ll lead to & 4ef1Dlte noommendattoa 

to tbe extension workers, Horticulturists for turtber1mpl'Ovement 

1n production of $apota ill the oOWltJ'1. 
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Sour~e df 

Replication 2 

'I'reatment 2 

3rror 4 

APPlND±'~_ lJ... ) 

Analysis of varianc~ of root densi ty distrihuti on of 
Sapota at Mid point \.B'resh wt.) 

H .§.§.IL.§..9. 11a r e 

--- ------_._------------------
October November December Janu,ary FehruCl ry March h. pril May 

,------- ---- ----------
.t 

().,OO42 0.0003 0.00043 0.00i3 0.00093 0.0001: 0.00083 () .00'223 

*'* ici< 1C 1< i< i< 'I<,;c l<'~ jclc 

0.0247 0.0211 0.0337 0-:0313 0.0208 0.015l 0.0337 O.O?'~~9 

0.00075 0.00355 0 .. 00103 0 .. 0008 0.00113 0.0008 0.00123 o .()OO83 

--- ---------- - . 

Analysis of variance of root density at Mid poirlt dry lftreight. 

------------------------------------------------------------~~~~~'-----

Source df. October November 
------- ---

Dec e-nber January Ma.y }<'ebruary March A~jril 

,--------------- ---_._----------------

tleplication 2 0.00423 0.004:L3 0.0003 0.0013 0.00123 0.00123 0.001:13 O.00C?3 

** 'jC~ .jC -' ~ -j< .jC* .jC~ ~.jC 

T rdatment 2 0.0181 0.0163 0.0133 0.0171 0.0156 0.0201 0.0217 0.0169 

~rror 4 0.00073 0.0009 0.0035 0,,0008 0.00063 0.00063 0.00118 0~00063 

--- --- '-------------'--------------------------------



APPENDIX (.i...i,) 

Analyst s of v 1ri anc,~ of root Clen si ty at 'Jr1p L1 nee ~i're sh ~,rt 0) 

M·~an_~quar.L 

-- -- ---
Source df Oc tober November D!3cembe r January Feb ruary March April May 

,!' 

Replication 2 0.0019 0.0021 0.00253 0.0003 0.00063 0.002 0.00103 0.00043 . 
*" t<* <leI< 1'1< 9* *.jc ** 'i'reatment 2 0.0436 0.0244 0.0513 0.0156 0.062".1: 0 0 039 0.0283 0.0388 

.&.rror 4 0.0011 0.00075 0.00093 0.0035 0.00193 000008 0.00143 0.00093 

-- ----- _._-----
Analysis of variance of root density at Drip Line (Dry wt.) 

Replica t10n 2 0.000 0.0001 0.0016 0.0012 0.0014 0.0009 0.0014 0.000 

Trea tment *4c ** ** ** ** 2 0.0217 0.0244 0.0268 +=* 0.0193 0.0291 0.0109 0.0127 0·.00725 
Error 4 0.00:17 0.00095 0.00143 0.00065 0.00058 0.00035 0.00053 0.0098 ------.-

--



APPEND IX: ~,i.-"-) 

Analysis of variance of root density on varioUS months and 
depths at Mi1 point (F'resh wt.) 

Mean square 



--
Source df 

APPENDIX Ov) 

Analysi s of variance of root density on various 
months and tiepth at Drip Line (Fresh wt.) 

Mean square 

()c tobs r November December January February March 

Replication 2 0.000033 0.00:33 0.003 0.000133 0.00163 0000103 

** *.fc ** ~* ** ** 
'r rea trnent 2 0.0793 0.1021 0.1339 0.0859 0.0949 000837 

.I' 

&rror 4 0.00193 0.00135 0.0015 0000303 0.00218 0.00288 

-----------
Ana~ysis Of variance of' root dEmslty distribution on 
VarlOUs months and depths at Drip Line (Dry wt.) 

Replication 2 00000 0.0012 0.0014 0.QeD1 0.0014 0.0019 

** ** ** 

April May 

0.0012 0.00143 

Ie'" ** 0.0876 0.0823 

0.0021 0.00253 

0.0017 0.001 

jclc .oIC* 
!c ic"!< ·Ie lC 

0.0532 0.0777 0.1249 0.1117 0.1132 0.10485 0.1119 0.0949 
Tr~a tment 2 

Error 4 0.00'31 0.0012 0.0016 0.0015 0.00255 0.00232 0.00145 0.0017 

,~---



APPENDIX tv) 

Analysi s of variance of fresh wt. at Mid point 

Mean sgua~ 

--'" 

Source df October Novembar December January February March April May 
-----

Replica tion 2 O.CC01 0.00009 0.00024 0.00017 0.00059 0.00005 0000036 0.00031 
iC* "leo!< ** ** ** ** ** Variety 2 0003505 0.0133 0.Ol~9 0.0501 0.02195 0.03255 0.0.5305 0.03445 

"';c lC i< ,..* ** ** ** *i< +:* Depth 2 0.63505 0.5055 0.81458 0.81084 0.84065 0.77065 0.70105 0.'70545 
0.103-17 0.1198 0.12087 0.0993 0.1053'" 0.098!7 

*~ 
0.0906*-1< V X D 4 0.0838 

~rror 16 0.00072 0.0254 0.0005~ 0.00049 0.00043 0.00068 0.00053 0.00043 

--.. p 

Analysis of variance of Dry wt. at Mid point. 

ReplicatIon 2 0.00008 0.00001 0 .. 00013 0.000075 0.00036 0.00016 00000116 OaOOO08 

*1c *:c ;c* "'* *'" ** ** ** Variety 2 0.01868 0.02423 000098 0.03134 0.01665 0.0133 0.0263 0 0 0225 

0.37576 0.3388* *4' 
Depth 2 0.54245 0.5802 0.58476* 0.6192.jc 0.52945* 0.519* 

+: .< ** ** ** ** *'" ** .jc* V X D 4 0.0545 0.06122 0.05895 0.0503 0.60375 0.059 0.0445 0.426 

Error 16 0.00049 0.00058 0.00048 0.00035 0.00055 0.00051 0.00052 0.00055 



J:,PlffiND IX 6!.i. ) 

Analysis of variance of fresh wt. at Drip Line 

M~lL.29.uar~ 

-- -
Source df. October November December January February March April May ------
rteplicati on 2 0.0004 0.00017 0.00005 0.00000025 0.000075 0.00007 0.00054 0.00004 

Variety 2 
*i< ** ** "'* '" 0.020'1'1: 0.0246 O.mB 3 0.0503 0.01695 0.0093 0.007 0.0076 

Depth 2 ** *1( *« ** i<~ ide 0. 09s4 -iC 971« 0.05225 0.1197 0.1.114 0.08495 0.0923 0.0772 0.07 

* *-'lC * ** V x D 4 0.0014 0.0109 -0.0026 jJ .0075 0.0049 0.0034 000042 0.0018 

,J; rror 16 0.000319 0.0004 0.0006 0.00047 0.0023 0.0029 0.0025 0.0029.5 
Analysis of variance of Dry wt. at Drip Line 

tlepllcatlon 2 0.00005 0.0005 0.00005 0.0005 0.0012 0.000 0.00005 0.000025 
f4' 

"-
~ - ..... "'f'-

Variety ') 
,~ 0.001S3 0.0027 0.00405 0.00'36 0.00101 O.OOOno 0.00075 o • ()(l245 

Depth '2 
ito!< .je< jcjc ** ** ** >1101: o.08ig 0.0317 0.0-118 0.01~25 0.0751 0.073 o • 066 3 O. 0726 

V x D 4: o 0000275 0.0011 0.000175 0.00245 0.00064 0.000425 ~.00045 0.0009 

i rror 16 0.0029 0.0012 0.00159 0.0011 0.00109 0.001 0.001 0.00078 



AP~~NIU~ (vI-i) 

rlnalysis of variance of Leaf Nitrogen content. 

Hean--29..1:!a re va lu§. 

_._-_._----_._._--------------_._-- ---- ---.---- .. 

SOurce df. October November Dece'nber January February March Apr:tl May 
--------------------"----_ ... _-- -- --- -----

Replication 2 0.00103 0.00103 o .00043 0.0014 0,!0004 0.0008 0.000033 0 .. 00083 

** * ** *:< ** -IC'~ 

T rda t'1Jent 2 0 .. 0177 00009 o .00:J7 0.0075 0.0049 0.012" 0.0090 0.0148 

Error 4 .000835 0.00083 0.00093 0.0004 0.0002 0.000" 0.0015 0.00078 

--_. __ ._----_._--------- ,/' ------
Analysi s of variance of Leaf Pho sphorus conten t. 

Rep1icati on 2 0.001 0.002 0.0014 0.000033 0.00003 0.00013 0.00003 0 .. 00003 

* 'Ie 
~r~atment 2 0.0019 0 .. 0012 0.0019 0.0013 0.0016 0,,0013 0.0003 0.0007 

i: rror 4 0.0002 0.0003 0.00025 0.00058 0.0.0033 0.00053 0000013 0000023 . \ 
iiIlalysi s of variance of Leaf Potassium. content 0 

Replication 2 0000083 0.00083 0.0007 

T rea-sment 

Srror 

** ** 2 0.0756 0.0577 ** 0.0229 

4 0.00093 0.00078 0.0008 

0.00063 0.00063 0.00093 0.00303 0.00191 

** ** . . *-0.0127 0.0133 0.0091 ** .fIjc 0.0067 0.01031 

0.00058 0.00058 0000043 0.00018 0000056 



A"PPt.. f'..l,!..)\ x. \.....YtC...LL) 

An~lysis of variance of Plant Height. 

Mean S<iu~re 

---"-"---------------
c) .Jurce df Uc tober l\l"ovember De ce llbdr January February Harch April May 

---- ------
Replication 2 3.00 6.65 201·5 6.05 0.3) 0.30 0.3J 8.3) 

** *-IC i< ~ .fC* *'iC ** -'Ie ·fc ** TrGatmen t. 2 390.00 416.95 420.60 424.00 439.05 436.00 451$40 450.00 

ill rror 4 7.00 4.55 7.10 3.55 3.125 3.35 4.025 7.35 
;I' 

--- ---
Analys1 s of variance of canopy area 

Replication 2 1.79 0.769 0·362 0".985 1.783 0.696 0.309 0.426 

T rea t'!len t 2 3)29.156 3029.22 3069.874 3094.3'74 3160.356 3143.663 3168.957 3193.848 

Zrror 4 1.851 2.456 1.439 1.688 2.435 1.501 0.913 3.080 


