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1. INTRODUCTION 

The fertilis~tion of pineapp~es in the Enater.n C~pe 

Province is still u rel~tively new pr~ctice which aturted 

approxinately ~velve years ago. Even after this time many 

glowers still insist that ~ineapples can be grown vnthout 

fertilis~tion on virgin soils. As the available virgin soil 

decreased, ho'l/ever, so the inter est in fertiliser ~pplicution 

increased. Very little basic research on the fertiliser 

requirements of pineD.pples in the En.s.tern C~pe wn.s done to 

serve o.s ~ guide to growers. The av~ila.ble advisory 

litera.ture by le Raux (1951), Mo.la.n (1954) ~d Lewcock 

(1956) were b~sed on overseas experience. 

Vfuen pine~pple r esearch ~s st~ted on n large scale, 

in 1955, it was realised that ~hnsis should be placed on 

the nutri tionoJ. requirements on virgin as well o.s replnnted 

soils. From ini tio.l ex,Jteril:len ts it was clen.r that the r.J.Oin 

reaponse in plant growth and yield wc.s obto.ined froo 

nitrogenous fertilisers. In this initilll res~ch programme 

it was decided, therefore, thD.t it was ~port~t to establish 

~at role nitrogen pluyed in the nutrition of pineapples. 

No~vithstanding the results,, however, the exn.ct fertiliser 

qun.nti ties lw.d not been clen.rly defined. One of the mnin 

reasons muy hD.ve been the contrasting climatic conditions in 

the pmeapple producing o.reas of the En.stern c~pe. 

It wn.s realised, at the outset of this research 

prog~~e, that it wcs of pr~ importance to es~blish 

whn t method could be used, wi. th r eo.sono..bl e ~ccur~cy, in 

o.ssessing th~ nitrogen requirements of the pl~ts. 

Nitrogen deficiency was described by Nightingale 

(1942a), Cannon (1954) , l<Dxlo.pathy (1959), Gibes end Srunuels 

(1961) o.nd Teiw.es and. Gruneberg (1965),. as a chlorosis of the 

entire lea.f surface. These s~nptoos were found throughout 

the En.stern Cepe. The extent of this nitro~en deficiency 

varied considerable in different localities ••hich made unifonn 

recommendations pro.cticalJ...y :iJ~possib1e. Ind.ividuo.l plantings1 

therefore, had to be inspected by experi enced persons to 

assess the necessity of fertiliser application. Although 

reasonable accurate di~gnosis wc.s possible, the lD-ck of 

unifomity in plant oD.terio.l and consequent plc.nt gro>lth as 

well as vo.rio.ble climatic conditions c~tlplicated the recom­

mendD.tions. The atnndnxd quantity of ru~Joniuo sulphate 

wo.s llt @!! per plc.nt per applicc. tion \7hich wn.s 

I ~inl.Y ••.•••• 2. 
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li1£\.inly baaed on the overseas practice. This o.pplicc. tion is 

eg_uivnlent to 12. 5 tons onr.1oniun s.ulphc.te per one million 

plcnts per applicntion at c. cost of o.pprqx~tely R450.00 

excluding labour and transport costs. These figurea serve to 

indicc.te whc.t the grm;.;er lost if he gave one unnecesscry 

application ~d e~phasiaes the ~portru1ce of on o.cc~.te oethod 

of esto.blishing the nitrogen rcquireoents of the pl~ts. 

The indicc. ted nethod ·.;vo.s through l e£\f o.nc.lyses. 

I£c.f-col.our in coobino:tion with leo.f-N ·vJr'.s cstc ... blished c..s. c. 

reliable method by Nightingo.l.e (1942a). The possibility 

existed, therefore, tho.t lec.f-N or the eo.sier nethod of 

leo.f-chl.orophyll could be used to establish a relio.ble index 

under our mm condi ti.ons . 

In order to establ.ish the effect of the increasing 5 

levels of nitrogen on the l.eo.f-N o.nd the yield it 11as neces&'U'Y 

to v c.ry the frequency of these appl.ications~ At the s~e time 

it wa.s hoped this .J.m'1~dicc.te the influence of m:1o.ller and 

1c.rger g_u..."..ntities. of crJr:10niur.1 sulphate, o.t different tiLJ.es of 

the year, on the plnnt and yield. 

The prc.ctice in the pest was to o.pply a stnndnxd four 

or five o.pplic~tions frao plc.nting t o p~"..nt crop mainly to 

spreo.d thera evenly through the seasons . 

Fertiliser nixtures such o.s. 10:6:10 and 15:0:15 

(N:P:K:) are used by certain growers oc.inly bnsed on the advioo 

from. oversec.s pro.ctices . There \ia.s , hr.T>iever, no inforw.c. tion 

o.vo..ilc.ble in li tero.ture on the effect of the IJ.ixtures under 

South Africc.n conditions. This infornc. tion is v ery essentic.l 

in view of the fnct th.:.'-t v<e t:'.re still plD.n ting on virt;in c.nd 

rela.tively nevlly cul tiv.::~ted soils , \-ihercas, in oost other 

countries pineapples hc.d been grovm on tho s<~-:le soils for 50 to 

70 years. .b.t the outset of this r esl:3c:.rch pro£_;rcr.ne, hm,ever, 

it vw.t. decided th:.. t it is of primc.ry :inporto.nce to esto.blish 

·what effect nitrogen, e t increasing l ev els, \.'ill lu-.ve on the 

major el eoents in the plD.nts. Any o.ddi tion of other f ertilisers 

nay cauplic:: te the m rk c.s ..,,e hc.ve no infon.1c.. t i on under natural. 

conditions. 

2.. REVIEW OF LITERL~TURE ON NITROGEL~ NUTRITION. 

No li t er c.ture is c.ve.ila.bl e on the ferti·liso. tion of thL: 

Queen pinec.pp1.e. The folloving discuss ion will, therefore, only 

be applicc.ble to the Cayenne cultivr.r. 

l~oniUL1 sulph~te is used as the on.in source of nitrogen 

fertilisc.tion. Sideris, !~uss o.nd Young (1959), and Pennoch (1949 ) 

/ proved , •• , ••• , •• , , 5. 
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proved thD.. t aor.1oni.ura nitrogen w-us oore acceptable in pineo.:gpl.e 

nutrition thD..n nitro. te nitrogen. These. f indings uere lc. ter con­

finned by Py, Ho.endl.er, Huet Dnd SilVY (1956). Py (1962) o.lso 

showed thD..t urec. did not give the sarae f cwour o.bl.e grovving con­

ditions and weight of' f'rui t conpe.red -..lith oot1ani1..IUJ. sul.ph..'l to. 

The beneficial effect of nitrogen fertiliso.tion on 

the pinee.ppl.e yield i s wellknow.n and proved by reseo.rch 

vmrkers such o.s. Su (1961); Teiwes et o.1 (1963), Cook (1949), 

Py, et o.l (1956). The f~--tilis.er progrnorJes with nitrogenous 

fertilisers recoonended. by o.uthors such o.s Py et a1 (1956), 

Mitchell end Co.nnon ( J.': 53), Su ( 1961), MD.lo.n ( 1954) , le Roux 

(1951) and Le'\icock (1956) ho.ve very little in conr.1on. The 

t:1ain conclusion by moat reseo.rch vmrkers ••o. t tho. t ee.ch 

individuo.l. ce.se must b e treo.ted on its mm oerit . Su, 

Kang, Yow and Chow (1957) vorked. out exo.ct qtu.nti ties of 

f'ertiliser on D. profit end loss bo.sis with yield increases and 

e.lso by the gro· ith response of the plo.nts. The raost profi tc.­

ble rc.te, by co.lcula.t ion of n e t profit fror.1 hc.rves.t , was 

1.6 gp N, 0 gp Pa05 and 16 E!J<l KzO. The rates c..:; t c.b1.i.shed 

through groYrth mec.su-rements ,,mre 14.4 gp N, 0 go Pz05 

and 2.0.8 gp K20. In Puer to Rico Scnuels, Lcndro.u c.nd 

OJ..ivenci£1 (1955) 00'1.0l11d.ed tkt 168 lb of N per o.cre go.ve the 

highest yields. per o.cre . S..,l7l1.'.P.l P. lUers-Alers o.nd Jo.ckson 

(1958) showed) however, t ho.t 480 10 of nitrogen per c.cre ge.ve 

the highes t yields. 

Nightine;o.l e (l91-2u) o.nd So.nforcl. (1962) este.blis.hed 

the crop log systen whicb i.Ylclu('.cd the nethod of o.ssessing 

nitrogen r equire::1en·cs of p ineo.wle pl n.nts -.d th the aid of 1&'\f­

colour sto.ndn.rds , Fo'U' leo.f- r,olo·..:tr s tc.ndo..rcJ.s, \1hich cov er o. 

r".....nge froo yellow to blc.cl<-green 1 11ere used to es tc.bl.ish the 

relo. tion b etvreen cr~rbohydrc. t e end. :protein-nitrogen in the plun ts.. 

These observations were correlated with the yield, that is, for a maxi­

mum y ield an adequate reserve of nitrate was essential and su:Cficient 

carbohydm tes must be a.va:ilablef'or axida tion as nitrate is reduceJ.. In 

the ear~y stages of' growth nitrate may be allowed. to become temporar-ry 

def'i cien t in relation to oa rl>ohyd.ra te, provided that nitrat e i s again 

ap,&)lied in sufi'i cient time bet'o:re flower dif£erentia.tion so that inor­

g;Jmic nitrogen is avaiJ.ab~e i'or protein synthesis. 

to the c.:~rbohydrc~ t e c. t this til.~e , t he yield ru:~y ~lso b e adversely 

affected. These r esults indic . .::-.t e , ther efore , the. t the tinely 

applic~tion of n i t rogen : .s. r.1os t :ir.lportD.nt pc.rticulo.rly to ho..ve a 

/correct • ...•.•••••• 4. 
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correct bo.lnnce c. t flower differ en tio..tion. 

When this infomc.tion is applied. t o the ED.stern Cape. 
here 

it ruust be kept in mind tho.t ~ pinec.ppl es"c..re grovm a t a 

lowe r l c. ti tude. conpc.red t o o.ny other country i n the .-mrld. 

The tlinter s o.r e longer o.nd cooler vhich prolongs the domo.nt 

seo.son il:Jmedia tely 12r eceding flower differentic~tion. According 

t o Ni ghtingo.l.e (1942D.) sene evidence \m.s found to indico.te tha t 

soil tenper:~ tures, of 68°F or lower r esult in lioi t c. tion of 

absorption of nitro.te by the. roots . The c.verage soil teopera­

ture c.t 20 co depth, 8 a.m. , for the oont hs of April t o 

Novenber ~ l~we.r thon the specified 68DF (.Annexure. A). 

Therefore., it is nomc.lly experienced thc..t although the l eaf­

colour muy c.p_pec.r n.dequ..". t e before t he vd.n ter, a ccording to 
it: 

Nightingc.le (1942o. ) leL'..f' S.to.n&::.rds , '\;hey •~ill be inc.deq1.l.['.te 

after the ••inter when f lower differentic.tion t c.kes. J2l c.ce . 

For this reo.son lec~f-colour r.1c.y not be c. relic.:bl e index under 

our condi tiona nnd it is f elt t hc..t c. uor e c.ccur E'. te s k.ndc..rd 

should bu found • 

.b.ccording t o l'k."'..gisto.d. (1954) O..."ld Tei wcs ut c.l (1965)1 

soil o.nalysis cnn n.ssist to provide infon1e.tion on soil ren.ction 

nnd r elc.tive l evel s of the L~o.jor nut r i ents in the so 1. 

(Sc.nford (1962) stated th...".t t hes.e soil ind i ces do not necessc.ry 

refl ect nccuro. t ely how ouch of these nutricn ts c.r e absorbed by 

the plcnts. Furthemor e , soil o.nc.lys i s far ni trag e~1 hod not 

bem1 s.ucccs.afUL c.s o. guide to nitrogen fertiliso.tion, o.nd 

t her efore, plc~t indices are c. v ery impo~".llt pert in hi s cr op 

l og. In s.up:QOrt of us ing leo.f- col our st..mdards he goes on to 

sn.y thc t o.s o. ,(hol e , corrclo.tion bet\-1een c.ny nitrogen fraction 

in the pl o.nt o.nd r esponse fron nitrogen f~rtilizer o.ppliec.tions 

hrui been poor. Scmuel s et c.1 (1955) CCL1e to the concl usion t~t 

lec.f-N vo.lues .. 8 r.1onths c.fter pl.mtmgl of b elo\i 1. 66 per centc 

would be. ind.icc.tive of c. nitrogen deficiency c..nd of the: probabi­

l ity th::-.t t he c.pplic.c. tion of nitrogenous fertilisers \/ill pro­

duce increc..sed yi elds; &uuels et cl (1958) concluded tru::.t 

leo.f- a i t rogen vclues showed o. signifi cnnt correl o.tion >.'i th 

relc. ti v e yield of pineo.p)2lcs.,. - None of these \Jorkers hn.ve , hm;.. 

ever, se.t up cny index of correlo..tion b etv .. een l ec.f- N ru:td yield 

for the cOClpl cte gro\'lth period. 

A further possible method of dctemining the nitrogen 

requireoen·i:;s of the pl c.nt3 is by r.1ec~s of the chlorophyll content 

of the lec.ves... T~ c.nd li."'..gi sto.d (l9u5 ) have shov.n th::.t ·,dth fev 

/exceptions •• .• ..•• • •• 5 . 
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exceptions, an increase in the ru~ount of nitrog~n applied resul­

t ed in a corresponding increc:~se in t he total chlorophyll con­

centr:~tion. They considered this as nn indica tion that, in 

pineappl e leuves, the auount of c.va ilable nitrogen pr esent 

deteruines to a l a r ge u.e~ree the ru;10unt of chlorophyll formed. 

Sideri s and You.1g (1947) found tmt the chlorophyll concentra­

tions in l eaf tissues vere consider ai)ly gre2. t er for the high-N 

than lo·v~-N cultures. It appee.rs , ho\lever, that factors such 

as iron deficiency and inadequo.te li_c.h·t (Sideris, 1947 ) !:laY 

affect the chlorophyll content of the l eaves. Sider is and 

Young ( 1944-) es tJ.blished t hat chlorophyl~ and carote:aoid 

pi[):lents v~ere higher in the leaves of plus-iron than 1~1inus-

iron cultures . Sideris and Young ( l 946a) found the t iron 

defici ency could also reduce the to -~1 nitrogen in t he leavea. 

Sideris and Young (1956 ) confi rmed that chlorophyll, 

car otenoids and protell1 ll1Creased sh1ultaneously in the green 

leaves of plants iJi th iron suffici ency, imt decr eased in t he 

chlorotic l eaves ·vJith iron defici ency. It appears, therefore, 

t hat altho~~h iron defici ency L~Y affect the chlorophyll con­

tent there is s til l a possibil ity of usin~ it a s an index to 

nitrogen req~irenents . 

Sanford (1962) s tressed the ~~portance of D-leaf 

weight and pl ant \;eight in the assessment of t he nitrogen re­

quirenents of pineapple plants . The effect of increasin~ 

n i troben l evels on the plant grm,th ·,:as also s tudied by Su 

et al (1957 ). 1'hey found no grm.th response to nitrogen appli­

cations at 8 and 12 I!lonths aft er plantine, or at flm~er 

differenti a t ion except f or an increase in t he nunber of leaves 

at 12 uonths. Cibes and Sanuels (19~1) have found tr..at ~ 
lack. 

absenee of nitro£en had the e,reatest influence in retarding 

plant grov.;th a t 11 oonths. Py et al (1~56) shov~ed that nitrogen 

promotes the general develo~ent of the l eaves and hence the 

vei ght of the pl ant. It also produced an increase, significant 

at 0 .01, b t he height of the plant.. Slip and sucker produc t ion 

are iLJ.porta.nt considerations because an opt~·.rur.1 of each i s re­

quired. Sli ps are considered to b e the best plants for planting 

but it is expected that an excess 1~y aff ect the devel opJent of 

the pl ant and ratoon suckers . Sucker prcduction is inportant 

for the nuaber of fruit tw_t will be produced in the ratoon crop. 

Cibes et al (1961) founli in sand culture experiraents that a 

rainus- nitrogen treatl:~ent \ro.s r esponsible for a reduction in slip 

and sucker production. Samuels et a l (1955) established an 

/ increa.sed • . . . .. . . . . . .. . 6~ 
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increased slip production 'vvi th increasing nitrogen. 

Fertiliser mixtures ure recoruuended oy s everal authors 

such as Cannon (1957~), Cannon (195'i:Q.), Su ~ (1957), Py 

et al (1956), Mitchell et al (1955),. le Roux (1951), Malan (1954) 

and Levrcock (1956). No detailed studies \vere presented, 

however, on the actual effect of' n itrogen on the absorption of 

the other w~jor nutrients. In this respect, the ~aportance 

of l eaf analysis in the interpreta tion of nutrient requirements 

by pineapple plants \,as stress.ed by Sanford (1962). He also 

stated that the application of ar.1il1oniun sulphate, urea or 

potassium sulphate to attain the critical level of either 

nitrogen or potassium, cru1 induce calciun or Llagnesium defi­

cienci es. Fron annexure B it is clea r t!ll:.t the Ca and Mg 

content of the soils in East London are very high in r elation 

to the K content. .r:a. study of the effect of nitrogen on these 

uajor nutrients is, therefore, of pri.l:uuy importance b efore 

further work can b e continued on their requirements by pine­

apple plants in the Eastern Cape. 

Frequency of application of nitrogenous fertilis.ers 

vvill ];>robably play a nost i..rnportant part in the accuracy of 

the index that i s to be established, not only because of the 

varia.ole requireraents in different soils but the tine of 

application \fill alro be affec, ted by climatic conditions. 

Nightingale (1942a) and Sanford (1962 ) have estaolished that 

t he nitrogen utilization or protein synthesis, is a function 

of the a;nount of carbohydrate ava ilabl e to the plant. The 

synthesis of the latter i s prirnari~ a function of the ru:1ount 

of t emperature , ca rbon dioxide supply, and sunlight intensity. 

Sru.'luels et al ( 1955) concluded the. t 168 lb of N per c.c r e gave 

the highest yield \Jhether applied in t~:o or three applications. 

It 'vvas found by Samuels and Ga.ndia-.Oiaz ( 1958) t hat one applica­

tion at the tim.e of planting \vas equal to, or better t ho.n, 

splitting the same quantities of fertiliser into two or three 

applications . I t is cl ea r , ther efore , tha t thor..: must b e out­

s i de factors ·..rhich cannot be con trolled, that will o.ffect the 

time and number of apP.l ications. Under t he ex..tre1:ne variable 

climatic conditions a t the latitude of the Eastern Cape t hes e 

faetOl:s-w±:l.l--b'e impoxtant to be eatala:Lished. {arth~r /nvesli'Ja ­
-t-t'on of- i ht£ e(~ of- -t;he.se ~aaot'<> /s o~ lmfe>rti11ce 
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5. HWCEDURE 

5.1 : EiCPERll11!N'l'i.L .fROCEDURE .. uhl :B·IELD LLJOUT OF UIE PROJID'i'S. 

Tv,o projects Yiere planted out for . the Cayenne and tvvo 

for the Queen cultivar. For each cultivar one project \·las 

planted in virgin soil and one in old pineapple land. 

CAYENNE CULTIVAR :-

(i) Project (ii.)T .-.dh. 5: 

Soil type: Red sandy loan soil. Second replanting 

...-r.i. th Cayennes. 

Situation: Bathurst Agricultural Research Station. 

Experimental design: Split plot design o-l'ith six 

main treatments, and three subtreat­

ments replicated three times. 

Date of planting: 2nd December, 1960. 

Planting 1u.a teria.l : Slips 

Plot size: The plants were planted in double rows 

v.ith a spacing of 4 ' X 2' X 9", having 

72 plants per sub plot and an equivalent 

of 19,555 plants per acre. 

Treatments : 

.Main treatments 

0 Kg (NB4)2S04 - Control 

200 Kg (N14)2S04 per 10,000 plants per unnum 

400 Kg (NH4 )2so4 per 10,000 plants per o..nnum 

600 Kg (NH4)2S04 per 10,000 plants per annum 

800 Kg (rm4 )2so4 per 10,000 plants per unnum 

1000 Kg (NH4)2S04 pe r 10,000 plants per annuo 

Sub-trea.toents 

1ti.a.in trea'II.1ents applied in 2 applications per annum 

1-i<..in tree.. tmen ts applied in 4 applica. tions per annum 

•. .:ain tree. tm.en ts ap.elied in 6 applications :Qer annum 

Fertil,is.ing dat es from pl,anting to flower differentiation• 

2 Applications: 22/ 5/ 61, 15/9/61, 50/5/62. 

4 l~pplica tions ; 

6 Applications : 

2/1/61, 14/4/61, 15/9/61, 4/11/61, 
15/1/62, 28/4/62. . 

2/1/61, 22/5/61; 9/5/61, 26/7/61, 
15/9/61, 14/11/62, 50/5/62, 10/5/62, 
5/7/62. . . 

. ( i i) . • • . . • . • . . . . . • • 8. 
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(ii) Project (a)T.-nh. 3C: 
!~am 

Soil type: Reddish-brown~ virgin soil. 

Situation: Pineapple Research Sa tion, Fort Grey. 

Experimental design: Split plot design vii th 

six 1:1ain tren.toents and three sub-treatments 

replicated 12 times. 

Date of planting: 19th December, 1960. 

Planting material: Slips. 

Plot sia:a: The plants ,,ere planted in double 

rows with n. spacing of 3 16" X 18" X 911
7 having 

50 plants per sub plot and an equivalent of 

23,226 plants per acre. 

Treatnents : 

Main trea-tments 

0 Kg (Nl4)~;304 - Control 

200 Kg (NJ4hS04 per 10,000 plants, from planting 
to flower differentiation. 

400 Kg (NH4)2.S04 per 10,000 plants, from pla.ntmg 
to flower differentiation. 

600 Kg (NH4)2S04 per 10,000 :plants, ~ran planting 
to flm.er differentiation. 

800 Kg (NB4)2S04 per 10,000 plants, from planting 
to flover differentiation. 

1000 Kg (NI-4)2804 per 10,000 plants, from. :plantmg 
to flm/el~ differentiation. 

Sub-treai:nents 

~m±n tren.truents ~pplied in 2 applications 

Main treu i:nen ts applied in 4 applic<..t tions 

b~in treatoents applied in 6 applications 

Fertilising dates from. Planting to flm~er differentiation; 

2 Ap:plicn.tions: 6/5/611 4/10/61. 

4 Applications: 6/5/611 4/10/611 4/l2/6l, 5/ 2/62. 

6 Applications: · 10/1/61, 6/5/61, 50/8/61, 1/ll./61, 28/12/61, 
5/2/62. 

QUE:Fli CUL'l'IV~.R _:-

(i) Project (A)T.-Bhi 5A: 

So;U Ty:pe: Grey sandy soil. Second replanting with 
queens. 

Situation: Bathurst Agricultural Research Station. 

Expermentn.l design : Split plot design with six main 
treatr~ents and three sub-treaunents re­
plicated three times. 

I . . . . . . . . . . . . . . . . . . . . . 9. 
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Date of planting: 29th December, 1959. 

Planting material: Stumps, graded to have 5 or 4 
suckers of approximately 6 inches in l ength, each.· 

Plot size : The plants were pL..."'n ted in double rows 
\ri th a spacing of 5 1 611 X 1811 X 12", having 100 
plants per sub plot and an eq_uivulent of 17, '124 
pla..nts per acre. 

Treatnents: 

1-ua..in trea U.~1en ts 

o iVs (N"n4 )2so4 - Control 

200 Kg (NE4)2S04 per 10,000 plants per annum 

400 Kg (NH4 ) 2so4 pt..:r 10,000 plants per annum 

600 Kg (NH4 )2so4 per 10,000 plants per annum 

800 Kg (!ffi4)2S04 per 101000 plo.nts per annuo 

1000 Kg (NH4hS04 per 10,000 plo.nts per annum 

Sub-treatments 

Main treatments applied in 2 applications per annum 

ifuin treatraents applied in 4 applications per anmD 

Main treatoents applied in 6 applications per annum 

F,ertilising dates fron pl anting to flower differentiation for 

2 Applications: 

4 .Applications: 

6 Applications : 

~he first crop year: 

14/5/60, 26/9/60, 25/1/61. 

29/1/60, 2/4/60, 26/9/60, 22/11/GO, 21/5/61, 
25/4/61 

29/l/60, 14/5/60, 15/5/60, 12/7/60, 26/9/60, 
22/ll/60, 7/1/61, 21/5/61, 10/5/61, 25/7/61. 

Fertilising dates for the second crop year: 

2 Applicutions: 19/9/61, 26/5/ 6a. 

4 Applications : 19/9/61, 14/11/61, 51/1/62, 28/4/62. 

6 Applications: 19/9/61, 14/ll/61, 51/1/62, 26/5/62, 10/5/62, 

5/7/62.. 

(ii) Project (A)T.-BH. 5B : 

Soil type: Reddish bro·,;m clay virgin soil. 

Situation: P:ineapple Research Station, Fort Grey. 

Exper:ililental design: Split plot design \ii th six 
main treo.tments and three sub-trea tments repl~­
cated 12 tir.les. 

Da.tse of Planting: 5th Dec...:r.1ber, 1960. 

Planting material: Stuo.ps, graded to have 5 or 4 
suckers of approximately 6 inches in length, each. 

I ...... ~ ... -...... ·. . 10 •. 
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Plot size: The plants vere planted :in double rows with 
a spacing of 5 1 611 X 18" X 12", hn.v:ing 50 plants per 
sub plot and an equivalent of 17,424 pl ants per acre. 

Trea-tments: 

lvia:in trea W.ents 

0 Kg (NH4 )2so4 - Control 

200 Kg (l'fl4)2S04 per 10,000 plants, frma plant:ing to 

flower differenti Lt.tion. 

400 Kg (NH4)2.S04 per 10,000 plants, f rom planting to 

flover differentiation. 

600 Kg (11J14)2S04 per 10,000 pl ants , from plant:ing to 

flm1er differ entiation. 

800 Kg (NE4)2S04 per 10,000 plants, from planting to 

flower differentiation. 

1000 Kg (NIL1 )2S04 per 10,000 pl ants, from planting to 

flower diff erentiation. 

S.ub-treatraents 

!&lin treatment s applied in 2 applications 

~~in treatoents applied in 4 ap~lications 

1b.in treatments aj?plied in 6 applications 

Fertilis ing dates from pl anting to flmfer d~ferentiation for 

the first crop year 

2. Applications.: 1/5/ 61, 4/10/61. 

4 Appl ications : 

6 Applications : 

1/5/61, 4/ 10/61, 4/12/61, 4/2/62 . 

10/1/61, l/5/61, 30/8/61, 1/11/61, 
6/2/62. 

28/12/61, 

Fertilising dates for the second crop year: 

2 Applica tions : 

4 Applications : 

6 Applications: 

1/10/62, 14/10/65. 

1/10/62., 4/12/62, 5/3/63, l L.l-/10/65. 

7/9/62, 12/11/62, 3/1/65, 5/3/63, 19/ 9/65 , 
14/10/65~ 

3. 2 : METHOD OF FERTILI SATION. 

The ru..monil.El s ulphate used in all the exper:ir:lent s 

contained 21% N. 

Cayenne cultivar : For t he f i rst s ix. :w.onths f r om 

planting the o.rrn:J.onium sulphn.te 'liDS applied on the soil but against 

the plants. This r esulted in sor.1e fertiliser remaining on the 

soil and the baL.'Ulce f~ing i."lto the lm1er l eaves of the plants • 

.kft er this period all the aomoniur.1 sulphate '11M placed in the 

axil s of the lower leaves. 

/ Queen cultivar •• • ••• ••• ll. 
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Queen cultivar: Fror:1 planting to flmfer dif'ferentic.tion 

for the first crop year the ruaruoniuro sulphate was applied into 

the axils of the l m;rer leaves of the l arger suckers on the plant. 

Ij; was applied in such a way so as to ensure a nnifom distri­

bution of the fertiliser to these suckers. After :flower 

differentiation of the larcer suckers the aL~lonium sulphate 

vias applied to the suckers that v1ere me. ture enoush to go through 

flmrer differentiation for the next crop yec.r: 

General: Specially r.Jade stainless steel spoons were 

used for the appllca tion of the e.rru-aoniUI.l sulplk'l.. te. The spoons 

were made to take the exact quantity of nmr.10niuro sulphate applied 

per plant for eo.ch sub-treatr:1ent. To ensure that no fertilis.er 

will r emain in the spoons after application they vfere nade in 

a conical shape. 

Fertiliser npplica tion was r.1ade :i.i.T.ledin tely D.fter any 

lesf sampling to ensure that no contamination of leaf sm~ples 

will result. 

No other fon:ill of fertilisers were used in any of 

the treatments. 

5. 5 : .I..EA.F Sli.MPLING. 

The t err:1 D-leD.f was npplied to the fourth vJhorl of 

leaves by Sideris, Krnuss and Young ( 1958). These l eaves 

are, at the time of saupling , the o.cti ve growing lenves and c.re 

recognised by being the longest l eaves on the plant. These 

l eaves were used for analytical purposes in accordance rnth 

the 1-:1ethods established by Sideris, Krauss and Young (1958), 

and l ater confimed by Niehtingale, (1942) e.nd Steyn (1957). 

Only one leD.f >vc.s pulled per plD.n t per sanpling by 

placing the hands around the leaves and pressing ther:a together, 

the longest leaf' vlC.S taken. One leaf vfns taken froo eo.ch plant 

in every data plot in the Cayenne cu1.tivar. For the Queen 

cultivar one lenf was pulled from the lc.rgest sucker of each 

plant in every de. tc. plot. The reason why only one .leo.f va.s 

pulled per plant -~ins to avoid excessive clano.ge to the plcnts 

which 11.ight have influenced the yield. 

According to Srun.uels, Ic.ndrau and Olivencia (1955) 

it appears th£-.t the best tine of leaf sru.1pling is a ·oout 5 to 

4 months after fertilising the plants. Therefore, nll ferti­

liser applications vere mnde ~ooediately after l ec..f snnpling. 

This allowed 5 to 4 ;nonths fro1~1 fertilising to s~n:pling. 

I 5 . 51: ••••••••••••• i •• 12. 
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5.; 51: D-LOO' LEJ.'Kz.'l'li !,iEASU'.tiliMl!!L'l"fS. 

A dov1el stick, -b" in dioneter, was sharpened at the 

lower end and mn.rked off in inches. This stick Vv"'.S placed, \'d.th­

out using force, lit the centre of the plant, All the leaves 

wer e then pr essed tightly a.gainst the stick and the l ength of 

t he loneest leaf r ecorded as the D-le~f l ength. A t otal of 50 

plant s vvere mec.sured in e~ch sub plot, and t he avero.ge of these 

~easurements was rega.rQed·as t he average length per D-leaf for 

each t rea traen t. 

5. 52: D-I.iE.6.F wEIGHT. 

Aft er the D-leaf l engths were r ecorded, t he longest 

leaf was renoved from the plant. This was done by carefUlly 

pull ing the leo.f' s i deways until it comes free fron the s t em 

to ensure that all the ba.scl white portion of the leaf is r emoved, 

All the leaves froL1 each treatuent w·ere tied together and :i.crne­

d.iately taken t o t he labor a tory to be vJeighed. 'rhe total weight 

of t he leaves ~as r ecorded anQ the avero.ge weight per D-l eaf 

calculated. 

5·.4·: PREPll.R.h.TION OF' LEaF &:itiPLES FOR AN'lUJYSISo 

The cutting of f r esh l eaf oaterinl ~as done in all 

instances wit h a st~inless steel knife on a J.:lD.rble block. 

5·, 41: Green .chlorophyllous section. 

Ir.rr.1edi a.tely after recording t he D-leo.f' weights, t he 

cent re one-third green portion of each leaf >•£'.s cut out. These 

centre portions ~vere vvashed in distilled wo. t er vi t h teepol 

(1% solution) . 'The leaves Here then WD.shed t\:;,rice in pol ythene 

beakers containing pure \tater. 

This l eaf materiel was then cut trD.nsversely in one­

eight inch strips which ·wer e IJ.ixed thoroughly before a repre­

sentative sample WD.s tc.ken for chlorophyll rumlysis . This 

analysis was carried out :lli1I:ledin tely ·Dut if a delay of longer 

than two hours was unavoidable , the mat erial wns stor ed in a 

refrige:retor. 

5, 42 : &.sal non-chlorophyllous section, 

The basal non- chlorophyllous white sections of the 

leaves were cut off at the sarae tiLle a s the green chlorophyllous 
.. 

sections. The whol e \lhite portion wes then t eken for analysis 

of the m..'Ljor el ements. The first s t ep wc.s to \vash the lev..f 

sruJ.pl es in pure water vdth Teepol (0.1% solution). 1£ter this 

the l eaves were wv..shed ndce more in polythene b eakers containing 

pure \va.ter. These l eaf senpl es were th~n plo..c ed in SIJ.all pa.per 

/bo.gs · ......•.••. -.,. 15 . 
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bags, placed in a forced-drgught oven end dried for 72 hours 

a t 50 C. The dried leaf m teriD.l YID.s ~-ftervia.rds powdered by 

grinding vvi th an age. te mortar and pestle ready for chemicul 

analysis. 

5. 5: .ciN.clLYTICAL PROClillURE. 

The methods D.dopted for leaf analysis were D..d.D.ptations 

of those established by Steyn (1957) and the standc.rd 1~ethods 

used at the Pinec.pple Research Institute of Hawa.ii vihich were 

obtained by the Author through private communication. These 

methods are given in Annexure C for chlorophyl~, Nitrogen, Na, 

Co., K ond :Mg. 

3; e! PROCEDURE JN THE TAKII:'l"G OF F'RUIT DATA. 

The fruits were harvested in baskets and transferred 

to crates which were accure.tely 111D..rked 'iiith the treo.tr:J.ent number. 

These crates were then ta.ken to a central examining shed for 

the de. t a to be t o. ken. 

5. 61 : Fruit w !ight per ,plot. 

ED.ch fruit wo.s weighed sepc.ro. t ely for each trea. trnen t 

and recorded together 'Hith the stage of ripeness of the fruit. 

The total weight of the fruit per plot vias deten:1ined frou this 

data. The wei;)lts wer e to.ken v{i th the tops on a.nd the tops off 

in order to obtain the V1ei!.bht of the tops. The actun.l weights o ~):,w'c:i; 

presented in this work r epresents thD.t with the tops off, in 

other words, the Yfeight of the fruit L\S delivered by the farmers 

to the Canneries. 

5. 62: Nu:·:1ber of fry.b_t_ _ _£er pl_ot. 

The total nuober of fruit harvested on each harvesting 

do.te wo.s r ecorded o.nd at the harvesting period toto.lled to 

represent the nuwber of fruit per plot. 

5.65: Averr:.ge weight per fruit . 

The twerc.ge >reight per fruit ·;iEY.s detemined by dividing 

the tota.l w·eight of fruit per plot by the total number of fruit 

per plot. 

5 . 64: Deten..1ina tion of t,!le degree of tn:msl.ucency. 

Points uere c.llocated to ec.ch of the four stages of 

translucency as follovs: 

0 = Opag_ue fruit ,,ith no trc.nslucency 

1 point ::: Only lower half of the f ruit translucent. 

2 points :: \fnole fruit translucent Vii thout cracking 
open. 

5 points :: Whole fruit tnmslucent t:uJ.d cracldng open. 

/ Each ••• ; •. ·• · •••.• 14. 
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Eo.ch n.l temo. tc fruit was cut open after 'iiei ghing o.nd the degree 

of translucency recorded. 1i.t the end of' the hD.rvesting s eason 

the points n.llocQted to the fruits in each treatr~ent iere added 

and divided 1)y t £w nu..1ber of fruit exru.1ined. This figure v1ill 

r epr es0nt the averace de~ree of translucency per fruit. 

5. 7: NUMBER OF SLIPS A.TD SUCKERS. OAYENiill CULTIViJt. 

The slips vere left on the plants after the plant 

crop was harvested, according to nonno.l . procedure, cmd pulled 

off during the Spring. The slips fron eE'.ch plot wer e puJ.J..ed 

off separately o.nQ counted. 

The suckers ~ere counted, irrespective of size, 

during t he Spring follmnng the plo.nt crop. Each plot was 

counted separc.tely and recorded a s the total nuober of' 

suckers per plot. 

3. 8: PROCEDURE :B'OR S'..;.'ATIS'i'ICilL .tU1"ALYS.I S . 

The nethod used for the statistical analysis of the 

results i s given in .Annexure D. 



- 15 -

4. RESULTS 

4.1: (A)1·. -. :BlJ:..•_Ji_: 

THE EFTI'::EDT O~-:~.:';B1J!:~;J;_ .J#WEIS ~JL JN1;KlV.ALS OF JJ!.PLI-

CATION OF .A:. i·COi'fL'.JJ..~ SUI.Hb.TE ON I'HE GROYV"'TH, CI-IE::viiCAL COM-
--·------ , ~ ~-- - .-......... . -. -·-.u:o~ . 

POSI'.riON 1-i.i~.D YIElD_ Q'Jf CAYEJ1•!'E :t:':U'ifEAP?LE J:>LAl\f'..L'S UNDER 

FIELD __Qi~D:g!.fQ!§. =--~·~·.~.·HUR§':):,. RED SANDY JJ).&,,J. SOIL. 

'l'ho p 1.ru1·· crop ·was h2.rvestc..>d over the period frora 

April 1963, to 1· 'ty ,_965. 

(a.) F.:.:r2~.t ~ok.J1~ • ...E.~~J.o_t. 

The vre i g'lt of fruit per plot is given in Table 1. 

TABLE 1. Avero.ge vrei ght (lb) of fruit per plot (plant crop) 

.---- ---·--- -.. ---~------------------~ 
(NH4)2SO.(~ 

(Kg per 10,CJ00 p:i.on t s) 

---- ------ ---
0 

2.00 
400 
60:-J 
800 

1000 

Me:m 

I 
1 
I 

2. 

145.89 
217.78 
205 .. 01 
250,56 
231.55 
239.41 

22.4. 82 

Frequency of application 

I 
I 4 6 Mean 

1.61.. 56 ! 127.40 144.88 
I 216.42 215.61 215.94 

244.95 199.99 216.64 
242 .. 15 198.82 225.78 
154.36 160.17 175.56 
208.92 194.55 214.29 

209.56 195.42 198.48 
.I... 

L.S.D~ 

L.S.D. 
L.S.D. 
L.S.D. 

(p ... 0 ' ) t:; \ Ii'l '" .. ..... .., 
- • ') I .J I 1 \... . ...1. .• ....:;1 

(J::l - 0 (\l ) ·; " '<>"l DS 
• ._ "1 ,,• ~.... I ... ~ -- l 

(P - 0 C'5 \ ·· ,.,. . , .,..~ 

(p = n oO .. J ,)' ·•· ~":::s·' 
- '> '., .1-I.V - 4 . 

cf N l evels = 53.424 lb C.V. 14.8% 
of 1-J l weJiS = 75. 991 lb 
of N f requency= 18.728 lb G.V. 12.6% 
of N frequency = 75.510 lb 

Yiith tho exception of the 800 Kg e.Dmonium sulphate 

treatment all otber trea.toents gave D..l:'l increa se in fruit weight 

over the ~orrtrol Qt the 0.05 level. The 600 Kg treatment, how­

ever, ga.ve an incrc~se a t the 0.01 level. The quadratic effect 

was negative and significnnt vrith 600 Kg giving the highest peak. 

A frequency of 6 a.pplico.tions of &ilOonium sulphate gave 

a lov1er y i el d , Ri gnificent at t he 0.05 l ev el conpared v'lit h 4 

application s and a ·reduction , s i gni f icant a t the 0 . 01 level, 

corapn.r ed with 2 ap:J2lico.tion s . The linear ef fect of increasing 

frequency of a.pplication was n egativ e and highly s i gnificant 

or.uounting to - 1.5 . 70 ! 4 . 257% for each 2 addi tiorwJ. dress.ings.. 

I lli. • . • . • • • • • • • • • • • • • • 16. 
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In table 2 is given the conversion of the yield fran Table l. 

into tons per aQre. 

TABLE 2.. Average vveight (tons) of fruit per acre (plant crop). 

kKg per 
(NR4)2 so4 
lU,OOO plants) 

Frequency of application 

2. 4 6 Mean 

0 19.60 2l.70 1.7.10 19.50 
200 2.9 . 30 29. 10 28.70 29.00 
400 2'W. 60 32,. 90 26.90 29.10 
600 51.00 32..50 27.70 30.40 
800 3l.:w 18.00 2L50 2.3.50 

1000 52..20 28.10 2.6.20 26. 80 

Mean 28.50 27.00 2.4.70 26 .70 

Table 2 shmt'S that the increase in yield with 600 

Kg, compared ~ith the control, could represent 10.9 tons of fruit 

per acre. The quadratic effect in the lowering of yield caused 

by 800 Kg and 1000 Kg was equal to 6 . 9 tons and 1..60 tons per 

acre respectively. 

The reduction in yield by a frequency of 6 compared 

with 2 appliQations represents 3.80 tons per acre. 

(b) Number of lirui t. 

The number o fruits per plot harvested for the plant 

crop is given in Table 5. 

TArlLE 5 . Average nunber of fruits per plot (plant crop) 

(NR4)6so4 
Frequency of application 

(per 10,0 0 plants) 2 4 6 f.iiean 

L.S.D. 
L.S .D. 
L.S.D. 
L.S.D. 

0 51. 6,7 55.67 45.67 51.00 
200 54. 00 54.67 50.55 55.00 
400 49.67 55 .00 44.00 49.56 
600 53.00 52.33 46 . 55. 50. 56 
800 55.00 30.00 55.00 39.35 

1000 51.67 48. 35 42.67 47.56 

Mean 52.27 48.07 45. 67 48. 50 
' 

(P = 0.05) means of N levels = 10.91 fruits C.V. 12.9% 
(P :: 0. 01.) means of N l evels = 15. 52 fruits. .• 
( P = 0. 05) means of N f'rEaquency ::s 5. 59 fruits C. V. 1.4. 8% 
(P = 0.01) means of N frequency = 7.29 f ruits. 

/ The • • • • • • • • • • • • • • 17. 
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The 800 Kg treatment produced less fruits, at the 0.05 

level compared with the control. o.nd a1s o the. 2.00 and 600 Kg 

treatments. 

A frequency of 6 applications gav.e a r ~duction in yield 

at the 0. 0:!.. level c0mpa:::-ed with 2. appl.ica tions. There v:raa no 

significant differe.YJce betFeen 6 a..YJ.d 4 applications. The linear 

effect of incren.sj.•··.p; frequency of application was negative and 

highly sig;.1ificant Yri th "' A • 50 ~ 1.19'i%for each 2. additional 

dressings. 

(c) Av~_£ap,e_Ee?-l#.''wt_Jt~J22J,;l, t. 

The aver~ge weight per fruit for the plant crop is 

given in Table 4. 

TABLE 4o Avern.ge weiYJ.t (lb) per fruit (plant .crop). 

(NH
4

) SO l Frequency of application 

(Kg pe:_~o, ~_o~__:J.ant~l. _ __ :_j __ T 4 6 

0 2..85 2.88 2.78 
200 4.05 5.96 A~ 52. 
~00 4.05 4.59 4.46 
GOO 4?54 4 o65 4.60 
800 4,57 4.50 4.. 58 

1000 4.62. 4-. 52. 4 .56 ----a·-·----...J, ... I 

' 4.2~ 
~-

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

Mea.11. l 
(P = 0.05) means 
(P = O.O:L) means 
(P = 0.05) means 
(P ~·o .Ol) mean~ 

4.36 

of N levels = 0.49 lb 
of N levels = 0.69 lb 

4.50 

of N frequ~ncy = O.l5 lb 
of N frequency ::: 0.18 lb 

Mean 

2.82.8 
4.110 
4. 2.95 
4. 52.6 
4.4.84 
4.500 

4.124 

All the l0veJ~c; of N gave an ~ncren..'3e of the average 

weight p~::.~ fru.i t a~ the 0. Ol level compar'3d \;i th the control. 

There was no sigr.ifiount differenu<J bet'lveen any of the N levels .• 

A frequency of 6 applications gave an inoreB..se in ave­

rage weight per fruit c.t the 0.01 and 0.05 levels. compared 

with 2 and 4 applicatior.s :respectively. 

(d) T:iJ!lJL9.f_haryes_t.i11,&. 

The effect of increasing l evels of N on the weight 

of fruit per plot throughout the h~~esting ~eriod is presented 

in li'igure 1. 

From ~igu:re. 1. it appears that up to March 1965 there 

was very little difference in the weight of fruit harvested each 

month from the control and the N treatments. The biggest dif­

ference exists b etvveen the lower l evels of N and 800 Kg where 

the 1a tter produced a lower weight than the fonner. The tendency 

is a lower weight with higher N. At the end of ~lay, 1965, 

there was a very 1arge a.rop in ";he ~~:mtro1 ccmp~red with the 

others. The highe r l evels of N gave the highest weight. This 

/indic-'.tes •.•• . .•• 18. 
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indicates that higher l evels of N mi ght delay the yi eld. 

The monthly Height of fruit f or the control and the 

600 Kg treaunents is given in Figure 2. 

Figure 2 sho\1s. a s.ignificant higher weight of f ruit 

during April-May, 1963 in the 600 Kg treatment compared wit h the 

control. 

The influence of increasing level s of N on the number 

of fruit per plot t hroughout the harvesti ng period is shovm in 

Figure 3. 

At the end of ivfurch the t endency wa.s for a higher number 

of fruit in the control and decreasing with incrensing l evels of 

N. This position wa.s reversed during April up to the end of May, 

1963. From this it could be concluded that the higher levels. 

of N show~ a tendency to retard the crop. 

2 . Production of suckers. 

The suckers vrer e count ed a t the end. of the p1ant crop 

on lath May, 1963 end. the r esults are given in Table 5. 

T1J3LE 5 . Average number of suckers per plot. 

(NH ) so4 (Kg per 1~,6oo plants) 
Frequency of application 

L.S .D. 
L.S.D. 
L.S.D. 
L.S.D. 

2 4 6 Mean 

0 52 •. 53 54.67 74.00 60.5.3 
200 83.67 72.00 66.67 74.11 
400 87. 67 87.67 89.00 88.11 
600 93. 67 115.67 98. 67 102.67 
800 95.00 78. 67 69.67 81.11 

1000 96.00 97. 67 95 .. 67 95.78 

Mean 91. 20 90. 34 83.54 83. 685 

(P ~ 0.05) means of N l evels ~ 20.78 suckers C.V. 13.65% 

!p ~ O.Oll means of N levels = 29.56 suckers . 
P:::: 0.05 means of N frequency= 11.. 26 suckers C. V. 17.-92.% 
P = 0.01 means of N frequency = 15. 22 suckers. 

3. Leaf analyses.. 

(a.) Nitrogen 

The nitrogen content of the leuves 9 months after 

planting, i.e., immediately after the first •?inter from planting, 

is given in Table 6. 

/Table 6 ••••• . ••.• 19~ 
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TABLE 6. Nitrogen content (%) of the leaves 9 months after planting. 

(NH

4

)
2804 

f ___ F_r_e_q_u-en_c_y_o_f ap]tl 

(Kg per 10,.000 plants.) --2 --;-~- 4 
! 

' . ·· --~--

t.ication 
. 

6 Mean 

0 LJ2. 0.81 0 . 81 0.916 
200 1 . 14 0.9l 1 , 09 1.014 
400 LOl J.o;A L ].4 1.2.06 

1. 52 1.252 
L26 1. 581. 

600 1. :1.7 ~ 1. 2.6 

1000 1.4 5 1.64 1.55 1.640 

1.331 1.235 

800 LJ.9 l .l.o G9 

1 
.~--- ·---·-----r .. -;-;~-l--- ------··-·-r-
__ 2~------ -~y-L --· --"4 1.:.07o e_L_ 

L.S .D. 
L.S.D. 
L. S~D. 

L.S. D. 

(p = o.cs) means 
(P :::. 0 . 01) means 
(; ;:; 0. ?~ ~ means 
( ... = O.O.!.J means 

- " 
of N levels = 0. 241% N C. V. J.O. 7% 
of N levels ~~ 0 . 342% N. 
of N frequency= 0.197% N C.V. 21.2% 
of N f requency == 0 . 266% N. 

The hicb.~at. l evel of N 8?-Ve an inGrease in leu.f- N 

compo.red vri th a!.l. th~ N l.e·re} .: from 0 t o 600 Kg sig.'1.i f:;_ cant 

at O.OL '!'here was no s :LgnificD:J.t di:!:'·.:'erence between 600 Kg 

and 800 Kg. The l inen:t:' respons.e of l ea£'-N to increasjng levels 

of N WcJ..S positive r_n<"1. highly s.igo1h·i cant , with an increas.e of 

0. 2.562 :.i: 0 . 0185% N for each ad.di +. i .on-'1...1 200 Kg ammonium sulphate 

applied.. 

The nitc.ogen content of t~e leaves l5 months after 

planting, i. e~ dL:r ing L'-idst.·.::."..r.1er pi:io:r: te> flm;er differentiation, 

is. given in Ta'b}.e '7. 

TABLE 7. Ni<,;:z.:gen c::-n-:,;-::u·~ (%) -:..·::: t l:; ::;_ ,-.-:-Yes J.; i months after 
pJ.E:..nt5j1g. 

L. S.D . 
L. S .D. 
L.S.D . 
L. S .D. 

(."P :-::: 0. 05) mean::. 
(P :.:. 0 . 01.) meuns 
(P ::-.: 0. 05 ) means 
(P = 0.01) means 

of ~~:, ).e-...veJ.:x :;;: () _, 2J.BG0 N. C. V. 5,, e6r.; 
of N .le-rels = 0. 505% N, 
cf N frequen cy ~ o.a75% N, C.V. 18.36% 
of N frequency ::::. 0. 5.'12.1~ N. 

The leaf- N :for the coll tx-ol ·.rru3 1ower tho.n t he three 

highes-t l evel s of N and sig;:lifi·:c.!lrlt n:c 0 . 05 :! eve1 Thc!'e Ytere 

no signi ficant dif ferenn es b e "b;;een uny c:f th~ othe r treatments . 

The linear resp onse of l eaf-N 'co inc ::.·e'"''>.;:,'lc levels of N i lO.S 

highly s i gnif i cant, wit:-1 :-n i.'('C~cr;.se e>f O.Cti57 7. O.OJ.6l% for 

each additional. 200 ~~.? NnmoniU":'l ::.L"l.uh..,_::3 o.p;::- 1~- ~c., 
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The nitrogen content of the leaves 20 months nfter p~~ting 

is given in TQbl e 84 This is tmuediately after the second winter 

aft er planting, during the period of flower different~tion. 

TABLE 8. Nitrogen content (%) of the l ec..vea 20 months after plo.nting. 

(NH4)2so4 
Fr equency of. nppl~c~tion 

(Kg per 10,000 plants ) 2 4 6 Me.:m 

0 1.15 1.12 1,05 1.106 
200 1.52 1.56 1.62 1.456 
400 

.. 
1.56 1.61 1.75 . 1. 655 

600 1.67 1.57 1.77 1.672 
800 1.69 1.78 1.82 1.762 

1000 1.72 1.77 2.05 1.842 

Menn 1. 591 1 . 620 1.795 1. 575 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

~
p = 0.05l means of N l evel s= O.l95%N. C.V. 6.72% 
P = 0.01 means. of N l evels = 0.274% N. 
P = 0.05 means of N frequency; O. l05%N. C.V. 8. 67% 

(P = 0 .01) means. of N frequency = 0 •. 159% N. 

The control gave n lower len£-N comFared. with· all the 

l evel s of N. significant at 0 . 01. The lowest l evel of N wns l ower 

t han ull the higher levels of N at 0.05 l evel. The linear re­

s.ponse of l ec.f- N to incrensing l evels of N was pos itive o.nd highly 

aignific~t, vdth an increase of O.l54a! 0 . 0146% for e~ch 
udd.itionnl 200 Kg of runmonium s.ulpmt e applied. The quadratic 

r esponse was nego._tivo and highly significn::t. 

~he f r equency of c..ppl.icc...tion of N had. no si.gni ficru1 t 

effect on the l enf- N bct\·;rcen ind.ividuu.l trcu tmcnta. The linec..r 

r esponse , hmiCvor, with :i.ncree:.s.ing f r equency, vvc.s pos i t:i. vc o.nd 

highly s:i.gnij'icnnt, vJith u.n increase of 0.102. ! o,a50% for 

cc..ch additional 2 dressings. 

The c..¥eragc effect of N level s on the lcaf-N over 

the three sampling dates is given in Tablo 9 . 

TABLE 9, Aver age effccat of ·N l evel s on l cc.f-N. ( ;: ) for the 
5 sampling de.. t cs.. 

(NHi62s o0 
T:ime of sampling 

(months :f'roni plunting ) 
(Kg per , 00 plo.nts) 

9 ·15 20 

0 0,9,2 1.79 l.."l:h. 
200 l.Ol. l. S7 

·I 
1.44 

400 l.2l 1. 96 1. 65 
600 1. 25 2 .. 06 1. 6'7 ... 

i~'38 . I 800 2.12. 1.76 
1000 1•64 2.;07 1.84 

Mean 1.23 2.00 1. 58 

L. S.D. ~p ::: 0.05.) mco.ns of samp1Eng dc..tes. = 0.056%.N 
L.s.D, (P = 0. 01 means of sampling du. tea ~ 0 . 07 4%. N 

/At . . ' ......... . 21 • 
,. 

Mean 

1. 2'1 
1.47 
1.60 
1. 66 
1.75 
1.85 

1.60 
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At 13 months froo planting, thut i s in midsumncr, the 

lcG.vcs contt·.incd 1:1orc N then c..t 9 c..nd 2D r:ronths c.ft cr plc..nting. 

signific~t ~t 0.01. The l Qttcr ~io dates ~o ~edic..tely 

follov~g the winter c.ftcr plc..nting end .:.ftcr vintcr c.t flov/cr 

diffcrentic..tion r espectively. 

The linc::~r response. to incrcc..sing levels of N over 

the ucc.n of tho three s:.mpl.cs, Tc.blc 9, is highly signific.c:nt 

giving a stcndy incrcc..sc in lcc.f-i, of 0.1086 ! 0.008296% for 

ench additional 200 Kg of 8L~onium sul~tc ~ppl~cd. 

Figure 4 shmiS the ovcr c..ll response of incrcc.sing 

levels of N on the l ecf-N c.s. taken over the entire pe riod fr~ 

To.bl e 9. The sif,mifiCUlt linea.r r esponse ia givep. u.s. an in­

crease of :Leaf-N for every 200 Kg increr:1cnt of cmoniuo 

sulphate. 

Figure 5 r apres.ents the uveruge response of N 

content in the leaves to the levels of N applied, over the 

entire period. 

In Figure 5 the highly s.ignificc.nt positive linec.r 

response of 0.1086% l eaf-N for every 200 Kg increoent of N 
application i s evident. 

The uverc.ge response to the frequency of N applica­

tion on 1ed'-N over the entire period. is given in 'l'c.ble 10. 

TABLE 10. 1~verage effect of fre quency of N G.pplication on 
l e.::.f-N for the. 5 suupling <lates . 

Frequency of Time of sampling (months f rom pln.n ting) 

app1icn..tion 
9 15. 2D Menn 

2 1.19 1.96 1.59 1.58 
4 1 •. 57 2.05. 1.62. 1.67 
6 1.55. 2.12 I 1.80 1.75 

I 

Mean 1.50 2.04 1.67 1.67 

L.S.D. (P::. 0.05) mec.ns of frequency of appl.icc.tion ::. 0.10% N 
L.S.D. (P = 0.01) means of frequency of c.pplic.::~tion ::. 0 .17% N 

A frequency of 6 c.pplicc..tions gc..ve c..n increase in l eaf-N 

over 2 applicc..tions a t 0.01 but only significc.nt G.t 0.05 over 4 

applications. 

The 1inec..r effect of increusing frequency of app1icn..tion 

is positive nnd highly s ignificant •.i th .:m increase of 

0.085 ! 0.05% for each additional a dress ings over the entire 

}?eriod. 

(b) Potassium. 

The potn.ssiUln content of the l eo.ves 9 months n.fter 

planting , i s giv en in Tuble ll, 

/ Tabl e 11 ••••••••• 22. 
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TABLE 11.. Poto.ssium content (1") of the leo..vea 9 months .:ll'ter plo.nting. 

(NF.i)2so~ Frequency of·applico..tion 
(Kg per 0,00 plil.nta) 

L,S.D. 
L.S.D. 
L.S,D. 
L.S.D. 

2 4 6 

0 1.27 1.:3.7 1.07 
200 0.97 1.15 1.45 
400 1.10 1..13 1.10 
600 1.05. 1.53 1.37 
800 1. 2-.'3 1.40 1.30 

1000 1.~7 1.50 1.50 

Mean 1.140 1.500 1.340 

(P:: 0.05) means. of N levels = 0.223% K. C.V. 9.8% 
(P : 0.01) means of N l evels = 0.517% ~ 

Meo.n 

1,235 
1.178 
l.lll 
1,244 
1.511. 
1.456 

1~-256 

(P = 0.05) means. of N frequency = 0.196% K C.V. 2.0.8% 
(P = 0.01) means of N frequency = 0. 2.64% K. 

The highes t level of N gave a higher lenf~K, signifi­

CD..nt a t 0.05, compo.red \.i.th the three 10\wst levels of N. The 

400 Kg l evel vo.s louer tho.n the highest l evel of N, s i gnificc.nt 

o..t 0.01. The linear r esponse of l eo.f-K to increo..s.ing levels o£ 

N vas positive n.nd. significo.nt, ,;i th o.n average increase of 

0.04706 ! 0.0169% for ec..<ili increment of 200 Kg ammonium sulphc.te, 

This wna not consistnnt over all l evels of N c..s the quadratic 

r es.pons.e vms: positive. o.nd significant. 

The lineo.r response of l eo.f-K to increasing frequency 

of ap:glication of N was positive and significc.nt vfi th an average 

increo.se of 0~1 ! 0.0476% for each additional 2. dressings. 

The o.pplico.tion of nitrogen had no significant effect 

on the l eaf-K 15 lilonths aft er planting. 

The potassium content of the l eaves 20 months o.fter 

plc.nting is given in Table 12. 

TABLE 12~ Potassium cont ent (%) of the 1eo.ves . 20 months o.fter 
planting. 

(NH4)2so4 Frequency of c.pplication 
(Kg per 10,000 plant s) 

2 Mean 

L,S.D, 
L.S.D, 
L.s.n. 
L.s.n. 

4 6 

0 2. 20 1.95. 1,80 ~.978 
200 1.75 1.52 1,63. 1.635 
400 1.55 1.48 1,42 1,417 
600 1.52. 1. 2.5 1.4:5. ~394 
800 1.45 1.72 1, 5.5 1,506 

1000 1, 60 1.65 1,53. 1.52.8 

Meun 1.. 53.3 1,52.0 l 1.433 1. 576 

(P ~ 0,05l means of N l evels = 0.32.5% K. C. V. ll. 26% 
(P ~ 0.01 meru1s of N level s. : 0.459% K. 
(P ~ 0.05 meru1s of N frequency = 0. 263% K. C.V. 22.2.1% 
(P ~ O~Ol) me~s of N frequency = 0,555% K~ 

1 A11. , •••• •• ~ • • • 23. 
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.All. the levels of N gave a levier leo.f-K compnred vii th 

the control, signii'icont o.t 0.05. The 400 o.nd 800 Kg levels 

we:re lov7er thD.n the control, o.nd significcnt at 0.01. The linear 

response of leaf-K to increo.sing l evels of N wcs neg~tive and sig­

nificunt with o.n o.vernge decreo.ae of 0.07585 ~ 0.0245% for euch 

o.dditiono.l 200 Kg ommonium sul~te applied. This was not con­

stant over D.J.l JLevels. of N us the qundr£~..tic r esponse Y!D.S 

positive and significcnt. 

The o.vero.ge effect of N levels on the leaf-K for the 

3 sampling dates is given in T~ble 13. 

TABLE 15. Average effect of N levels on le~f-K (%) for the 
3 sum~ling ~tea. 

(NH4 )aso4 Time of sompling (months from planting) 
(Kg ~.er 10; ooo plan ta) 

9 13 20 Mean 

0 1.23 2.55 1.98 1.92 
200 1.18 2.46 1.65. 1.76 
400 1.11. a. 53 1.42 1.62 
600 1. 24 2..ll 1.5.9 1.58 
800 1.51 2.51 1.51 1.76 

1000 1.46 2.25 1. 55- 1.74 

Mean 1.26 2..57 1.56 1.73 

L.S.D. (P ·= 0.05) meons of so.m~ling times = 0.14~ K 
L.S.D. (P : 0.01) means of srunpling times : 0.1B% K 

Although there is no significcnt effect on leo.f-K 

between the N levels the quc.dro..tic effect vc.s positive end signi­

ficant. The lowest K content ;;;ro.s ren.ched o.t the 600 Kg l evel. 

At thirteen months after planting the leo.f-K;;ms higher 

tho.n both other periods ond significc..nt c.t 0.01. Tv;renty months 

o..fter plcnting the lee.ves ho.d o. significantly higher K content 

thnn o..t nine months·. 

Figure 6 shows the overall effect of l evels of N on 

the leo.f-K over the entire ~eriod of se.mJ?1ing. The significo.nt 

qun.d:ro..tic effect of levels of N on the leo..f-K is po.rticulo.rly 

obvious. 

(c) Co.lcium 

The ce.lcium content of the leeves 9 months o.fter 

planting i.e. immediately o.fter. the first \T.inter, is given in 

fable 14. 

/Table 14 ••••••• 24; 
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TABLE 14. Calcium content (%) of the leaves 9 months after 
plonting. 

(NH4)zso4 Frequency of n.p:glication 

( Kg per 10, 000 plants) 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

2 4 6 Men.n 

0 0.12.5 0.157 0.067 0.1~6 
200 0.080 0.117 0.117 0.104 
400 0.120 0. 110 0.140 0.12S 
600 0.100 0.097 0.097 0.098 
800 0.085 0.077 0.080 0.080 

1000 0.077 0.065 0.060 0.067 

Menn 0.092 0.095 0.099 0.098 

lp: 0.05l means of N levels ; 0.041% Cu. C.V. 22. 94% 
P: 0.01 means of N l evel s = 0.088% Ca. 
P = 0. 05 means of N frequency = 0. 029% C~. C. V. 59. 55% 

(P = 0.01) means of N frequency = 0.059% Ca. 

The len.f'-Co.. of the highest N level wc.s lower then 

that of the control and the tv1o lo~est N levela, significant 

at 0 .05. 

The lineo.r effect of increo.sing N levels of the 

leo.f-Co. v/D-S negc..tive o.nd significo.nt rrith an o.vero.ge decrease 

of 0.00977 ! 0.0051% for each additional 200 Kg nmmonium 

sulphc. te applied. 

Frequency of application hDd no signific~t effect 

on the leo.f -Co.. 

The calcium cont€ID.t of the l eaves 1.5 mqnths after 

:plo.n ting ·i.e. mids.UIID.:ler before flowering, is given in Table 15. 

TABLE 15. Calcium content (~) of the leaves. 1.5 months after planting. 

(NJ4bS04 
Frequency of o.pplication 

(Kg per 10,000 plant~) 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

2 4 6 ..• 3o.n 

0 0.570 0.49.5 0.560 0.541 
200 0.600 0.617 0.577 0.598 
400 0.585 o. 52.7 0.665 0.591 
600 0 . 640 0 .. 607 0.560 0.602 
800 0.715 0.560 0.555 0.609 

1000 0.715 0.467 0.407 0.540 

Meo.n 0.649 0.556 0.552. 0.580 

(P = 0.05) means of N l evels = 0.~04% Co.. C.V. ~6.~ 
( P =- 0 • Oll mec..".!ls of N levels = 0.149% Co... 
(P = 0.05 means of N frequency= 0.071% Co... C.V. 9.9% 
(P = 0 .01 means of N frequency = 0.096% Cc... 

A frequency of 2 applications gave en increase in 

leaf-Co., significant o.t 0. 01 comp...'U'ed vii th 6 but only significo.nt·. 

at 0,05 can.pared with 4 n.ppliootions. The linear effect of fre­

quency of application was negative and significant with an a.vero.ge 

/decrease •.••••• 25. 
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decreas.e of o·. 0485 + 0. 0172% for each additional 2 dressings . 

Level s of N gave no significant difference in Ca content. 

The calcium content of t he leav~s·20 months aft er 

planting i.e. L~ediately after the second winter during f l ower 

differentiation, is given lll T~ble l6. 

TABLE 16. Co.lci ur.1 content (~~) of l eaves 20 month8 after planting. 

(NH4)2so4 F'r equency of apJtlication 

(Kg per 10,000 pl~1ts) 
2 4 6 

: 
Meo.n 

.. 
L.S.D •. 
L. S.D . 
L.S .D. 
L. S .D . 

0 0 .227 0 . 65.0 o., 275- 0.2.45 
2.00 0 . 2.97 0.563 0.2.60 0 . 309 
400 o. 2.47 0.367 0.260 0.2.91 
600 0 .413 0.3.05. o. 5.97 0.371 
800 0. 457 0.360 0.547 0.588 

1000 0 . 400 0.35.5 o . a55 0.329 

Mean 0.363 0.375 0.253 0.322 

(P: 0.05) means of N l evel s = 0.119% Ca. C.V. 20.3% 
(P = 0.01) means of N level s = 0.169% Ca. 
(P = 0.05) ~eo.ns of N frequency= 0.064% Ca. C.V. 26.6% 
(P = 0. 01) means of N frequency ;; 0. 087% Cu.. 

The le.o.f-Co. content of the control -vm.s lower than 

the 600 and 800 Kg treutQents, ~nd significant a t 0.05. The 

linear effect of l evels of N on leaf- Co. was positive and s igni­

ficru1t, vnth an average increase of 0.02154 ! 0 . 009~ for each 

o.ddi tiono.l 2.00 Kg o.mr.toniUD. uulphD. te o.ppl.ied. 

A comparison of the o.verage effect oi levels of N on 

the l cnf-Ca for the thro~ sampling do.tcs i~ given in T~ble 17. 

~ABLE 17. Avcro.ge effe~t of N l cvel3 on 1eo.f-Co. (%) for the 
3 mmpling dc . .teo . ____________ ., _ ,...__ 

(NH4 )zso4 
Tine of srunp~ing (oonths fror:1 plm ting) 

(Kg per 10,000 plants) 9 15 2.0 Mean 
·-1--

0 O. ll 0 . 54 0.24 0. 50 
200 0.10 0.60 0 . 51 O.M 
400 0. 12 0.59 0 . 29 0 . 54 
600 0.10 0.60 0. 37 0 . 56 
800 0.08 0.61 0. 39 0.36 

1000 0 . 07 O. E4 0.55 0. 5.1 

Mean 0 .10 0.58 0 . 32 0 . 5.3 

L. S. D. (P = 0 .01) betv,reen r:1e.D.LJ.s of munpling tiL"les ;; 0.04% Ca. 

Although the average effect of N l eveln had no signi­

ficant ID.'fect on the l eaf-Ca. a negative quc.dro.tic effect \.fC.S. 

significant. Lovrer Co. contents \,ere obto.in..:d for t he control 

and the highest N l evel. 
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The increo.se in l en.i'-Cc was s i gnifico.nt a t 0.01 for 

the 15 nonths period coup...'U'ed itith 9 o.nd 2.0 ;:10nths . 

Fibure 7 shm1s the overc.ll effect of 'l evel s of N on 

the l eaf-Co. over the entire period. The ch.u.nr;e fros ~ signifi­

cantly n egative effect uith incr easin;:: 1-i c.t 9 r.1onths to a sig­

nificantly positive effo...:ct o.t 20 uont hs is cl ec.r. 

The o.veru8e effect of th~ frequency of N c.pplico.ti ons 

on the three sc.;.:\pling de..t es i s g i ven in Tabl e 18. 

Tlilll.E 18. Av erc.ge effect of frequency of N applicc. tion on 
lea f-Ca (%) for the 5 Jru~pJ~B dnt es . 

·-- •"•• 

Frequency 
TiLle of' so.mplin[S (nonths f rom ph•ti.ng) 

of ap.I?:lication 9 13 20 Mean 

2 0 .092 0.649 0.56~ 0.568 
4 0.095 0.556 0.575 0 .541. 
6 0.099 0. 552. 0 .505. 0.518 

.. o.o~ 0.580 0.522 0.542 "'eon 

Increo.sLJ.g frequency of N c.ppl ica tions gave c. s igni­

ficru1t n egative line~ effect on the lec.f-Cc, \;ith an average 

decreo.s.e of 0 . 02.5 :: 0 . 00797% for each M.a.itional 2 dressings. 

(d) r.Ic.gnesi un 

The ;:1o.gnesium content of the leaves 9 uont hs cl'ter 

plcm ting is giv.;n iL1 'reiD~ L. 19 .. 
T.A.BLE 19. J1iagnesiuo content (%) of l eave:..; 9 aonths after planting. 

-~--~- -- ·-· --·----·--
(NJ4)2so4 Fr equencj of a~plication 

·I-~=f ( Kg per 10,000 plants.) 

·--~.:;;·-,-o.:o o.:l3 
:Mec.n 

L.S.D. 
L • .:::. . D. 
L.S.D. 
L.S. D. 

···---
0 0.159 

200 0 . 097 0 .120 0.095 O.ll4 
400 0 .087 O.J.1.5 0.120 0.107 
600 0.100 0 .105 0.125 0.109 
800 0.110 0.107 0.105 0.107 

1000 0 .097 0 . 085 0 .085 0.088 

Mean 0 . 105 0.114 0.106 0 .111 
"------~ 

1
p =- 0.05l mean:::. of N l ev e l s = 0 . 019/; ~ilg . C.V. 9 . 2% 
P = 0.01 ooans of N levels =· 0 .026~ Ug. 
P = 0.05 ne<:.ns of N frequency= 0.020% tig. C.V . 25.7% 
P = 0.01 news of N frequency = 0.0271~ l.Ig. 

The highest l evel of N gave a decr ec.se in leo.f-Mg 

coupared Y'lith the control ond the lovest N l evel o.nd s i gnificc.nt 

at 0.01. The second highest N level \1as 10\,er in leci'-1.1g than 

the control, significant at 0 . 01. 1.11 the other N levels \iere 

l m:mr than the control ond. signific<.mt a t 0 . 05. 

I 'rhe • . . • . • • • • • • 27. 
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The linear effect of increasinr; N l evels on the l eaf- Mg 

~as n egative ru1d h i ghly s i gnificant, ~~than avera~e decrease 

of 0. 00785 ! 0 . 00141% for each additional. 200 Kg of runi!lonium 

sulphate. 

Frequency of a~1plication had no s i ; tlificant effect 

on the Mg content of t he leaves; 9 nonths ufter :planting . 

The mo..gnes.i uo conten·~ of the leaves 15 w.onths after 

plant ing is given in 1'able 20. 

T.L1..13LE 20. !1ia011esium content (f. ) of leaves 13 Do~ths after planting. 
--·--- ----... -

(NH4)2~0,1-
FrequE;U....:j· of application 

kKg ~er 10,000 plants) 2 4 6 11ean 

L.S.D. 
L. S.D. 
L.S.D. 
L.S.D. 

0 0.97 0.94 0.78 0. 90 
200 1. 07 0.68 0.92. 0.87 
400 1.04 L05 0.98 1.01. 
600 

]., ll f 0 . 92 
0.85 0.96 

800 lo 16 0 . 87 0.84 0. 96 
1000 1 .1_1_ --~~ 88-- 0.75 0.92 

~~·--

Mean l.lO 0.88 0.87 0.94 
- ·--

(P = 0.05l r.1eans of N levels = 0.116% li:g. C.V. 6.68% 
(P = 0.01 means of N l evels ::: 0 .165% Tl{g. 
(P = 0.05 means of N frequen0y::: 0.152% Mg. C.V. 21.29% 
(P = 0.01) means of N freQuen0y = 0.21% Mg. 

.A frequency of ? :'."'l.d. 6 apj?lj c.a tions of N gave a decrease 

in l eaf-1tig corapared ui th 2 D.ppl:~ca t i o:ns , si[p.ifican t at 0. 01. 

There vas no s i8J.1ificant Cl.ifferenc~ het\:eem ~jhe fon.aer t"\iO 

trea.toents ~ . The linee.r ef'f..;c ·t; of ~1.::::-ec:.s:inc; frequency of appli­

cation on the leo..f~1Ig \ , S-'3 negu:cive and dgTi f :i.oant. 1.ith an 

average decrease of Or. 115 ! 0.05..~8~~ d1:..e to ec...::-h 2. additional 

a.Jtplica t ions. 

Levels of 1~ had no aignificent effect on leaf-~ :g. 

'rhe rnagnes.ium content of the lea.ves at 20 months after 

planting is given in Table 21. 

TABLE 21. Magnesium content (%) of l eaves 20 months e.fter planting. 
--·-------

(i'll4.)2S04 Frequency of appl ication 

(Kg p er 10,000 pl ants) 
2 4 6 Mean 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

0 
200 
400 
600 
800 

1000 

Mean 

0. 48 0.52 
0.56 0.58 
0 . 65 0 . 60 
0.57 0 .61 
0.67 I 0 . 59 
0 .69 0 . 68 ·-· ---t-·- ---
o.62 ---L o .~~-

0 . 56 0. 52 
0.53 0. 56 
0.6l 0.6l 
0.65 0.60 
0.59 0 . 62 
o. 51. 0 . 65 

0.57 0.59 

(P ::. 0. 05) L1eans of l'~ l e7eJ.s = 0. 09~ i.'iig. C. V. 8. 01% 
(P ;::. 0.01) Lleans of N l e·;els r~ 1; ,12% bg. 
(P ::: 0. 05 ) means of rl freq·.!<Jncy = 0. ·; 3% M:_;. 0. V. 1 2o 55% 
(P ::: 0.01) means of N frvqL:,:)n cy - '), ('~~ Mg .. 

I . . . , 
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The 400, 800 and 1;000 Kg l evels of N gave an i.ncreas.e 

in leaf'~Mg~ significant at 0.05; compared with the control. 

There was no s i gnificant differer1ce bet-.-leen any of the N levels. 

The linear effec t of i.ncreasi..'1g levels of N on leaf-Mg was 
+ positive and significant, >zi .. th an average increase of 0.02.06 -

0.0065% due to each mc~ease of 200 Kg armn0:; i1.rn sulp:1ate. 

The r.J.eans of leo.f-Mg for the three :.:.?...1.-apJ.:Lng dates are 

given in Tab l e 22 .• 

TABLE 22.. Means of leaf~-:Wig (%) fo:v: the 5 sar:1p::Ling t:U:1es 

[ . 
__ .. __ --------~_..... ___ 

(NH4)2so4 Frequency · .. f a:!:)plica. tion 

i 
.. . 

(Kg per 10,000 plants) l 2 4 6 Mean I 
-L-

0 0 . 55 0 .54 I 0.49 0.52 
200 0.55 0.46 0.55 0.51 
400 0~ 58 0.58 0.56 0.58 
600 0.59 0 . 55 0.55 0 . 56 
800 0.65 0.52 0.5J. 0. 56 

1000 0 .65 0.55 0.45 0.54 
. ·----------- .. 

Mean . o • 6·) 1 o . 53 0.52- j 0.55 I 

The frequency of application shovis a highly significant 

negative lmear effect on l 0::tf--:Mgn This decrease ar:1ounts to 

0.04 ~ 0.0104% for each additiona l h7o applic~~lons. This linear 

decrease is not significant over aJl the l evels of N b ecause 

the interaction b etv'reen l Rvels and frcy_u---.>nj· is significant. 

The overall effect ur' in .. .-~re" .... ~ .. u g -~ ·~···=· .s ,.)f N on the 

leaf-Mg over the enti1:0 period is g.:::eL ::.n :::. i 1 v..rc 8. The 

change from the n ega tiv<' high '-Y s.iL .. :-~:::'i..c~;.r!t :.-:ne !' ef1'ect of N 

at 9 months to 8. posi·,·.ive sj.[nif':.c .':\..nt e -f.'_,_'c:.-. r .. -:~ 20 r.J.c .• ths is 

shmm. 

(e) Sod~ 
Figure 9 shovs the overall effect of N levels on the 

leaf-Na. 

At 9 months after ~lant.in~ neither N-levels n or 

frequency of N application had any si&,nifir.0r. t effect of leaf-Na. 

15 months after planting there Yias a signific:mt nega­

tive linear effect Ynth increasirlg levels of N on the l eaf- Na. 

An average decrease of 0 , 0025 ~ 0 . 00097% \iith each addit ional 

200 Kg annn.onium sulphate. There were no other significant 

effects of either the individual N J..ev·e l.s or frequency on the 

leaf-Na. 

At 20 months after plantir..g o~~.J.y the : .egativ e quadra tic 

effect of increasing l evels of N on the le-3..£'-·Na was significant. 

I ,., . 
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The average effect of increasing N levels on the means 

of the leaf-Na for the three sampling dates is given in Table ~5. · 

'l'ABLE 2.3. Means of leaf'-Na (~\:.) for the 3 sampling times. 

(NH4hS04 
(Kg per 10,000 plants) 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D . 

0 
200 
400 
600 
800 

1000 

Mean 

(P:: 0.05) means 
(P = 0.01) means 
(P::. 0.05) means 
(P = 0.01) means 

Time of sampling (oonths from planting) 

9 15 

0.029 0.054 
0.021. 0.049 
0.026 0.047 
0.027 0.047 
0.028 0.042 
0.024 0.042 

0.026 0.047 

of N levels = 0 .007% Na$ 
of N levels = 0.01% Na. 

20 

0.066 
0.064 
0.056 
0.053 
0.058 
0.069 

0.061 

of' sampling d.a tes = 0. 005% Na. 
of sampling dates = 0. 006% ~fa. 

Mean 

0.050 
0.045 
0.045 
0.042 
0.043 
0.045 

0.045 

The 400, 600 and 800 Kg levels of N gave a significant 

decrease in leaf-Na compc.red vlith the control. There Has a 

significant positive quadratic effect of N levels on l eaf-No. 

in the mean over the entire period. 

At 20 months after plonting there i'in.~ more Na in the 

l eaves than at l3 months , significant at O.Ol. l' .. t the 1LLtter 

time the l eaf-Na was hi5her than 9 months after planting, signi­

ficant at 0.01. 

(f) .ill!J.:.grophylJ._ 

The chlorophyll content of the l en.ves 20 months after 

plonting i.e. at flm1er differentiation, is given in Table 24. 

TABLE 24. Chlorophyll (ppa) in leaves 20 nonths after planting. 
~---

(NJ4 )2so4 F1req_uency of app1ica tion 
(Kg per 10,000 plants) ----·-- - ··--

2 4 6 Mean 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

0 169 125 154 149 
200 2.2.2 l36 227 195 
400 161. 192. 189 181 
600 201 247 174 207 
800 217 219 200 212 

1000 207 210 206 208 
. 

Mean 202. 201 199 192 

(P = 0.05l means of N l evels = 55.. 48 ppr.a. C.V. 15.51% 
(P = 0.01 means of N levels = 76.07 ppm. 
(P::. 0.05 means of N frequency::: 30.37 ppn. C.V. 2l.07% 
(P = 0.01) means of N freq_uency = 41.04 pp.o. 

I Th8 ••••••••••• 50. 
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The 1eo..ves of the three higheat levels. of N ho.d a 
.;;. 

higher chloro;Qhyll content compared with the control, s ignificant 

at 0.05. There vw .. s no significant difference bet\1een any of 

the other treatment s. Increasing levels of N had a positive. 

significant linea r effect on the chlorophyll content of the 

leaves, with an avera[;e increase of 10.6286 :~ 4.05737% due to 

each additional 200 Kg auJmoni 1.,1:1 tren.. Un.ents. 

DISCUSSION .AND CC~~CilJSIONS 

1. Levels of ru·Jraon,i~sulphate. 

In the plant crop, all the level s , vfith the exception 

of the 800 Kg ~JoniUQ sulphate, gave ru1 increase , significant 

a t 0. 05, in the average wei~ht of fruit per plot coopared " i th 

t he control. The quadratic effect \~ith increasing levels of N 

however, was s i gnificant. 1'he peak in increased wei[;ht of 

fruit vias reached a t the 600 Kg level, \,hich represented an 

equivalen t increa:Je of 10.9 tons of fruit per acr e compared Iii th 

the control. The quadratic response was caus t.l by a d.rop in 

yield of 6. 9 tons of f ruit per a cre from the 6QO .. Kg to the .• 

800 Kg l ev eL This drop in f :rui t wus. c£J.used by o. significant 

reduction in the nUL~ber of f ruit p er pl ot at the latter level~ 

On the whole the increo.s.e in ·w·ei ght of fruit pe1 plot can be 

as.cribed to a s igni.ficant J.ncrease in tht:: av e r a.ge -~wight per 

fruit in the nitrogen plots, coupared Y i tl-J. th-:. control. 

FrorJ. the res.ults it i s appe.xvnt that ~he \!eight of fruit 

per plot, produced in the pla.rd; c rop , i s cl c·st:l y correlated.. 

with the nitrogen content of the 1ea ve s . 'i'his correlat ion is, 

however, more ir.lpor t a"1 t durinc the clever n on ths period :i.mLw­

diately preceding flow0r differ entiat ion, Nine months after 

planting t he highes t level of N cave an increase in leaf-N, 

significant at 0. 01, COL1pared vii th the three low-1er l evel s of N. 

This, however, does not appear to hLl.ve any correlation vfi th the 

yield. This differ ence a t nine o on t hs disar.penred.. a t t hirte.en 

oonths. ~at is dnrix:J.g the J?orioa iraraoa:bately a£tcr the fired; 

1bis represents the period £ram the a~d of the first vdnter to the 

£ollo\ling midsummer. Duriag tl;is period. therefore, the l ower levels 

of' ammonium sUlphate were adequate to increase the lea..f- L'l to the 

required level \mere significance disappeared.. 

deciding on the quantity of anrrJ.oni um sulphate r equired, to give 

t his d esired ef fect, it will b e n ec essary t o mention that, a t 

tv1enty Qonths aft er planting the l eaf- N in the 200 Kg l ev el was 

,I l o\re.r o • ~~ o •• ~ .. • • • • 51. 
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lower than all the other N levels, and significant at 0.01. 

Although this treatment had no signifi~t effect on the plant 

crop it may effect the first ratoon crop adver~ely. This will 

be ~~~~~fater in the discussion of the production of first 

ratoon suckers. It can be concluded therefore, that the ~uanti­

ty to be upplied during the ~ to 15 months period in order 
ro tlte. reqprrd ua/ae 

to raise the leaf -N .. should be that applied in the 400 K.cz and 

In other words a. total of 21.2 ~ armnonium sulphate per .tJlant ob tai:n.ed 

by the 400 Kg level which raised the leai·-J'~ to 1 . 96~5-· ~~ , and not t ne 

10.6 g;n per plant as applied with the 200 ~ level. 
rc:pres em;s 'tne 'tJ..De 1'rom midsurJJ.-.J.er until flov1er di fferentiation, 

after the winter. The leo.f-N was reduced froE1. thirteen to 

~venty months, and significant at 0.01. According to Sideris 

and Young (1951 ) the toto.l nitrogen in the non-chlorophyllous 

basal sections of the l eaves, used for ch~~ical analysis, is 

greater in the pre-flow·ering thru1. post-flov;ering sto.ges of plant 

growth. The l eaf-N in the 200 Kg l evel vro..s changed f r om not 

significant to significantly louer at 0.05 compared wi th the 

higher level s of N. As stated this nay have a significant 

effect on the firs t w .toon crop · and it is therefore advi sable 
~ hoatd bt:.-

that the l eaf- N-1}· 655% N1 thD.t i s , the value for the 400 Kg 

level, at f lower differentia. tion. 1'he actual quantity of 

alillnoniuo suJ.pho.te n.pplied in the 400 Kg treatment durinr; this 

Jteriod was 16. 3 go per plant. 

The r esults ob·:;a:i.ned ;.ri th increasing l evel s of' N on 

the sucker production, after the plant crop, i s inportant. 

The increase in nuckc:>:' production, signifi cant c.t 0.05, with 

600 Kg omuonium s.ulpht.. t e cor.1J?c.red with 200 Kg r.1ay r esult in an 

increase in the fi:::-s t ra to on crop b ecause of the higher mX.ilber 

of fruits tho.t ~~ill b e harvested. Therefore, DJ.though the 

200 Kg l evel did not r educe the p lru1.t crop significantly, it will 

be advisable to use the 400 Kg l ev el as a min:i.uur:! quo.nti ty. 

The latter gav~o significant di fference L~ sucker p roduction 

when compared with the 600 Kg treuunent, 

Mn.rch i s. normally regarded n.s the peak hn.:rVesting oonth 

for cayenne pineapples . I t is apparent fron the results. tha t up 

to 1larch, 1965, the control produced a hi~er nuober of fruit s 

COI:lpa.r ed with the N levels . It was only a.t the end of Mn.y, 

howev er, thn. t the 600 Kg level produced a siguificnntly higher 

nUQber of fruits compared with t he control. From this evidence 

it i s cl ear that the h i e,her l evel s of rurn:toniuo sulpho.tJ cnn be 

responsible for a del ay in harves ting. :F'rOt-:1 the results in 

/project " ....... . 52. 
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project (A)T-O.L. 14 De, 1962/65 report, Pmeapple Research Sta­

tion, it 1-.ras clear too-: a delay in the plant crop could be 

avoided if both umwonima sulphate and potassiuo sulphate were 

applied at optir.lum levels. The delay in hD.rvesting of this 

experiment can, therefore, be attributed to the significant 

decrease in the l eaf-K, at the time o£'· flower different:i..D..tion, 

with increasing levels of N. 

An o.ddi tional factor in the u.elay of the crop mey be 

excessive accumulation of leaf-N a t flower diff'erentic.tion at 

the higher leveJ.s.. Thf-3 600 Kg, 800 Kg and 1000 Kg l evels had 

1.67%, 1.76% en~ lo84% leaf-N, respectively, at this time cao­

:gared with the d.esirD.ble 1. 655% N established above. .According 

to Sideris, Young and Chun (1947) "excessive supplies of 

inorganic nitrogen either as~+ or No5- may cause accum~ 

tions of soluble organic-N frections produced by enzyr.mtic 

synthesis from aranoni a vri th carboxylic acids and s:inilar to 

those presumably released from protein breakdov-m. 11 According 

to Nightingale (19,±2) it is :W.por~t, for optir.lum yields, to 

c..void excessive application of N Hhen the leaf-content of N is 

already at an opt mum. 

The results obt11ined \-lith the chlorophyll content of 

t he leaves is iri acc:ordcnce w·i th those of Tam and Mo.gistad 

( 1955). 'I't.lftt ±s, .the 1~'-"l'..:c.r respons.e of leaf-chlorophyll to 

increasing levels of N v;o..s positive and significc.nt over the 

eleven months :i.mr::l.edic..tcly preceding flo\ier differentiation. 

Provided therefore, that iron deficiency is not a lll>iting factor, 

the chlorophyD. cont ;r i· of the leaves. con be used c.s [.:. de.te.naining 

factor of avai.J.ai• ~e ·nit .. :ogeno In this experiuent there vias no 

significD.t"lt chc.nge in the total chlorophyll of the l eaves from 

thirteen to t\;enty o.on·~hs after planting . If the detenn.ining 

quantities of 2.eaf-N 1 o.s discussed above, is t"kea intQ qYanti 

~eo of lea~ N, ao dioouooed .abo¥e, is t aken into consideration 

then it appec..rs that the chlorophyll should be r:w.in tained a t 

approximately 180 ppm during the eleven months precedli1g flower 

differentiation. 

The response of Mg and Ca in the l eaves to increasing 

levels of ~~onium sulphnte is very similc..r. The leaf content 

of both gave a negative linear r eaction to increasing l evel s of 

N nine months after plcnting. In both instances, this effect 

diso.ppeo.red after thirteen o.onths growth • .At· flower differen­

tiation, however, this linear response chc..nged to a positive 

and significant inc'..~ea.se of :Mg and Ca . ~·he results obtained 

/ with • • • • • • • • • • 55. 
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with the K con tent of the lroves \/ere dire.ctly opposite to those 

for l'IIg and Cu throughout the entire period. This indico.tes a 

strong intera.ction beiil'.'een these elernents and ma.y be due to the 

predornin£lilce of Mg and. Co. in this po.rticulc..r soil. According 

to Sideris and Young (1950) high On. concentra.tions interfered 

less with the o.bsorption of K than high K concentrations \lith 

Co.. If this i3 tE'.ken into a.ccount it o.ppea.rs that the high Mg 

must be responsible for the depression of l eaf-K. Exce~t for 

the possible delo.y in fruiting co. u sed by the low K there does 

not seen to be any f'a:cthor correlation with the yield. 

Apa.rt frou possible interactions of Ne. >vi th Ca. and/ or !VJ.g 

there did not uppea.r to be any well defined rec.son for the 

appD.rent overa.ll significant reduction of l euf-Na with incren.­

sing levels of N. 

Increasing frequency of a.pElicn.tion of a.oooniuo 

sul~hD.te r esulted in reduction in the ·..veight of fruit per plot. 

T\ro applicn tions gave c. higher yield ( 5. 8 tons per o.cre) signi­

ficun t at 0. 01, co1:1pn.red \Ji th six o..pplico. tiona and o.ls.o signi­

ficantly higher (lo 5, tor..s per c.cre) o.t 0.05, then four appli­

co.tions. The fact tho.t the tote..l number of fruit per plot 

wo..s significantly lo·. er vri th six c~pplico. tions, coDpo.red r:i th 

two o.pplica tions: proves tk t the crop wc.s delayed ~vi th the 

higher levels. Here :1~o.j n the ca use r:mst ha.ve been the exc0ssive 

o..ccunulation of ~0a.f-N. AccordinG to Nightingc.le (1942) the 

time of a.p:plico. tion of N is of great inporta...<cc to avoid 

ovroooQ~"':ro !"''nnl'lml l 1 n+;nn r .. f' 1\T · •. r"haY\ +'h o l oi"''.P_'l\T ; c o1~onr:J"tr ""+ ~n 

.s..he 4Uu l"t!. leve .1.. en: am:uonium Su:i.;.J.u& te, 11 1.. t11 a l . :Jtktj leai'-.. , was f'oUlK.l. 

to give the uest yl.elCL_,(irroopective o1' t ile :f'req'Uer1cy of' a.l-'.Flicatio1~1 

lf this latter leaf'-, i is compared with the ~.Jj{;, leu±'- ,,, obta.it1ed with 

a frequency of six applicatiaw( irres!)ective of the level of' &Donium 

sulphate appli~, it is clear that the 2. 1£:.1 •• was excessive, at 

thirteen months a.i'tor plaa titlti• 

1.96% o.nd 2.05%N respectively. The frequencies of a, 4 o..nd 6 

o.pJflico.~ions h<ld respectively 1, 2 Md 5 a.ppli ce. tions of Nr d11f/~ 
T~•S pe.ttod {9 "trJ t3 t"'>ollths). 

,)the to to.l quzm ti ty of amraoni'UL1 sul~ho. te in eo..ch ins.tc.nce Y/o.a 

2.5.4 gm :per plo..nt. This weight is therefore in excess of thn.t 

estn,blished under l evels of N v iz. 21. 2 f!Jt1 per plcnt. If the 

l c. tter qU3Ilti ty is used therefore in t-.;;o c.ppliC['.tions, it r.1o.y be 

possible to obto.in the r equired 1.965% lee f-N o.t thirteen months 

after plonting . At flovmr differentic.tion, t\ienty nonths after 

/planting ••••••••• , 54. 
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planting, there was no significant difference between ro.1.y of the fre­

quency of application treatments. j:he frequency of 6 applications gave 

1. 795'f' N (irri.Spective of level of' arrononiVl!l. sulphate applied) which was 

higher than t11e 1. 6b~~{ established as desirable with the levels of 

armnonium sulphate (irrespective of the frequency o:r ap1Jl:ication) • 

may be c_pplied in either one or t \,0 ~pplicc.. tions during the 

period of thirte8n to ~ronty oonths. 

The effect of frequency of upplicc..tion on the Mg end 

Ca content of' the l ewes is of inter es.t. Thirteen months 

after planting . i. e . J~uc..ry in midsUDL1er, t he linec..r response 

of leo.f'-Mg r.nd l ec.f-Ca to i<~cree.sing frequency of N v:o.s. 

negative lln.d s i gni ficc.nt . The general response of Mg o.nd Ca. 

ther efore follovied t he so.rae lineur pc. ttern 3-S the y,eight of 

fruit per plot. This wo_s o.liD the cc.se ·,n. th the l evels of N. 

\'~nether increasing ru:J.ounts of Jf.g and Ce. ma.y benefit the yiel ds 

v.rhen directly or indirectly in a.ssocio. tion 'iii t h nitrogen is 

not cleur a t this s t o.ge. 
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4.2: (A)T.- Bh. 5C: 

THE EF.F'EDT OF DIFFERE.f.r ill'VF~LS AI-J.0 JN'l'ElW;:l.S OF i.P?LI­

CA1'ION OF 1\t:.i.'JiONITE SULPHA'rE 01~ 'l'liE GHO,, 'l'_I, C.H.b.;..1IC1ili CO.i\'i:-

POSITION .AND YIELD 

l. Yi eld,. 

'l'he plc..nt crop 'iiU.S ho.rvested over the p eriod f'rol:l 

June 1962, to F2.y 1963o 

(a ) F'rui t vicigh t per plot . 

The avcro.ge \-Ieight of' fruit pe r plot is given in 

To.bl e 1. 

Tl..DLE 1. Average weight (lb) of f'rui t per plot (pl n.nt crop) 

r (NH4)2S04 ---

KKg per 10,080 rl 

.. -- -i Freque~cy of' applic~tion I 

I 

L.s.:u. 
L.S.D. 
L.S.D. 
L.S.D. 

0 
200 
400 
600 
800 

1000 

ents) 2 4 

97. 49 103 . 07 
147. 49 144.90 
155.22 149.98 
159.79 154.79 
~57 .16 [ 164 . 4-0 
..; 56.83 -J. 17l.85 ·-·-r----

--~.-J - ::.:::.~L2=~ 

6 
l 

Me~ 

91.86 98.05 
151.71 148.00 
167.87 157. 02 
164.65 159.74 
168.14 1165. 23 
171. 65 I l G6 . 77 

164. 80 1148. 805 
I 

(P = 0.05) me£'ns of' N l evels = 10.6439 lb G. V. 8 . 75% 
c~ = 0. 01.) 1"1e::..n.s of ~-·· l<.::vels ~- 14 .1680 lb 
(P:: 0.05) l.le.J.llS of N f'reg_uency = 6o40G5 lb C.V. 11 .. 92% 
(P = 0 .01) i.wans of' N f'req_ut.oi1CY = 8.4.-654 l b 

.All J.ev el s of N tave o.n increase in fruit \!eight, 

per plot, significant at 0.01 compared \1ith ·\;he control. 600 Kg 

and higher l ev els gn.ve nn increase over 200 Kg, s i [p.if'ice.nt at 

0.05. fhe line~r response of' increasing levels of N on the 

fruit weight vw .. s positive end s i gnificn.nt at 0.01. Thi s 

r esponse is not consistant for all l ev el s as the q~ .. tic effect 

W.:ls negative cmd signif'ic~t a t 0. 01. The greatest response c::>Jae 

f'ro11 the t1.ppl :.c.~ tion of the first 200 Kg, thereo.fter the response 

fell off' in size until 800 Kg \,o.s rec.ched. Fron the lD.tter to 

1000 Kg there vLS D. slight but signif'i cnnt increase _·.gc-.in. 

A freque.tJ.cy of' 6 applic" tions of' D.!Jl:lOniur.a sulpro te 

gav e a higher yiel.<\- <>.i..gntiicant Ltt 0.05 caupared -.:ith four 

o.pplicc.tions as -..ell as an increD.se over 2 ap!Jlicc.~tions, s i gni­

ficant at 0 . 01. 

/ 'J~1he ~ ... f! • • • • • • • • • • 56 . 
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The linear eff ect of frequency of ap:Qlica tion was s i g­

nificant at 0.05. 

The conversion of the .Yiel d frOQ Table l into tons 

per acre i s given in Table 2. 

TA.dLE 2. Aver age wei ght (tons) of fruit :Qer acre (i)lant crop). 

(NH4)2so4 
Fr equency of application 

(Kg per 10,000 plants) ! 2 I 4 I 6 I Mean l 

0 22. 64 25.94 1 21.54 
,. 

22.64 
200 24,26 55,65 I 55.24 I 51.00 
400 55.59 54.85 J 5B. 9.9 56. 47 
600 57.ll 55.95 I 58.24 57.10 
800 36, 50 58.18 59.05 57. 91 

1000 56 . 45 39. 91 39.87 58.74 

t 
I 

Mean 32.09 j 54.41 1 55.46 ~ 55. 99 

Table 2 shows t hat the iJ."'lcrease in yield with 1000 Kg, 

compared w~ith the control re? r csented 16.1 tons per acre, sig­

nificant a t 0.01. The 600 Kg l evel gave ru1 increase of 14.46 

and 6.10 t ons per acr e compared. vfi th the control and. the 2DO Kg 

level. A frequency of six applications compared ·Hi t h 2 gave an 

incre~se of 3. 27 tons per acre, s i gnificcnt at 0.01 level. 

(b ) Nur.1ber of fruit: 

None of the treatments had EmY significant effect on 

t he number of f~i t per plot. The linear response of number of 

fruit on incr easing levels of N ~us positive and significant a t 

0.05. The qua.dre..t ic effect, hmiever, •~n.s significant c.t 0.01 

with t he larges t difference between the control and the lovrest 

l evel of N. 

(c) Average weight per fruit. 

The average weight per fl~it for the plant crop is 

given in Table 5. 

TABLE 5. Average weight (lb) per fruit (plant crop). 

I (N.f4) 2so4 
Frequency of application 

(Kg per 10,000 plants) 

I 

1 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

2 4 6 Mean 

0 2.54 I 2.46 2..44. 2.41. 
2.00 5.22. .. 5. 2.7 5. 51 3 . 2.7 
400 5.59 5. 2.7 5 .• 80 5.52. 
600 3. 51 5.38 5. 91 5.68 
800 3. 54 

l 3.62. 3.78 5. 6.8 
1000 3. 50 5.71 3.96 5~ 79 

Mean 5. 45 I 3. 91. 5.75 3,. 59 

1
P = o.oo.l means of N l evels= 0.1754 lb c.v . 6. 52% 
P = 0.01 mean~ of N levels = 0.2554 lb 
P = 0.05 means of N frequency = 0.0996 lb C.V. 8 . 15% 

(P ; 0.01 means of N frequency = 0 . 131.6 l b 

I All ••••..• • •· •. • • • 57. 
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.All the levels, of N from 400 Kg and higher gave an 

increase of' the o.ve:ro.ge weight per fruit, significant a..t 0.01, 

compared yfi th 200 Kg and the control. The 1000 Kg treatrJent 

guve a higher average weight per fruit conpnred with 400 Kg, 

significant at 0.05. 

A frequency of 4 ~ 6 applications gave an increase 

in average weight per fruit compared with 2, significant at 0.01. 

4 Applications were, however, only significc..ntly higher D.t 0.05, 

coopared with 6 n.pplications . 

The linen.r response of o.verc.ge weight per fruit to 

incren.sing levels of N v/D.s significant at 0.01. This linear 

increase Wt:'.s not consto:mt over all levels as the quadratic re­

aponse was also si~<ificant at 0.01. The increase is greatest 

for the first addition of N and falls off fairly steadilY w~th 

increasing levels of N. 

The cubic effect of l evels of N was highly signifi­

cant. This was caused by the positive r esponse of N on the 

average vieigh-c per fruit c. t the 1000 Kg level. 

(d) Time of harvesting. 

The effect of increasing l evels of N on the fruit 

weight per plot throughout the harvesting period is presented 

in Fig. l. Non e of the N levels produced a noticeably higher 

yield in the c.J.rly crop. At the end of the spring crop, 

(October) there is an indication that the lower l evels of N, 

and the control, gave a hicher weight th:.n 600 Kg and over. 

This position was exactly reversed a t the ead of Decenber. 

From this time omn·.rds the high~;.-r l evels nain to. in eel the l ead 

over the control. The lov-ver l ev els of N, hm;ever, increased 

rapidly and overshD.dm1ed the control. Even at the end of the 

SUI!ll"!ler crop, April, the control dropped to the sa.rae loY~ level 

conpared vdth all the N treauncnt3. 

( e ) Translucency. 

The average degree of translucency per fruit is given 

in Tc.ble 4 . 

/Table 4 •••••••••••·• 38. 
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T.ii.bLE 4. Average degree;; of translucency per fruit. (plD.nt crop) 

t (NH4)zS04 it-1 --_,.._----:------.,-----J 
I(Kg per 10,000 plc.nts) l 

Frequency of application 

·! ' l 

I 
I 
I 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

0 
200 
400 
600 
800 

1000 : 

Mean 

2 

0.12. 
0.55 
0.65 
0.53 
0,68 
0 .96 

0.65 

l 
' I 
I 
I 

I 

4 6 

0.07 0.11 
0.60 0.59 
0.76 1,16 
0.69 1.15 
1.14 0.95 
1.21 1.13 

0 .88 0.99 

(P: 0.05) means of N levels= 0.17. C.V. 50.01% 

MeD.n 

0.10 
0.51 
0.85 
0.78 
0.92 
1.10 

0.71 

1

p: 0.01) me~s of N l evela ; 0.22 
P = 0.05) ~eans of N frequency~ 0.09. C.V. 55.54% 
P = 0,01) means oi' N frequency = 0.12 

The degree of t1~slucency for the control wus lower 

thun all the N levels, significant c...t 0.01. The lov1est N level 

was lower than all higher levels, Emd significcnt a.t 0.01. 

The highest N l evel wo.s hi gher than the 400 and 600 Kg 

treatmenta: and significant a.t 0.01, but only significD.ntly 

higher 1!. t 0. 05 co111po..red with 800 Kg. 'rhe linec.r re spons.e of 

trD.nslucency to increasing l evels of N vm.s pos.i ti ve and sig­

nificant a t 0 .01 with en averv.ge increase of 0,1756 ! 0.01416% 

for ec.ch increment of 200 Kg anm.oniuo s ulphate . This increase 

'iiD.S not conatant i'or all the levels o.a the quo.dro.tic response 

Wc:lS. D.l so signific£mt at 0.01. 

A frequency of 2 applications of N g~ve a reduction 

in trDnslucency cor.1p~r..:d 'vvi th 4 and 6 c.pplicc. tions, significant 

at 0.01. The 6 c.pplications gc.ve a higher degree of translucen­

cy tho.n 4 o.ppliCD.tions, and s ignificnnt c.t 0.05. The linear 

response of t~~slucency to increc.sin6 frequency of applicn.tion 

was positive and s ignificn.nt at 0.01, with an average increase 

of 0.180 ! 0.04186% for each ndditional ~vo dressings. 

(f) NUDber of suckers. 

Table 5 gives the o.verc.ge number of suckers p er plot, 

after the plant crop. 

/ Tc.ble 5 •••• , • • • • • • • 59. 
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' T.ABLE 5. 
>. 

Average nunber of suckers per plot, after plant crop.'·-..., 

! Frequency of application . (NH4)~04 
j 
I 

(Kg per 10,000 pl ants) l I 
; 

! 

I 
L.S.D. 
L. S.D. 
L.S.D. 
L.S.D. 

2. 
I 

4 6 Mean 

0 I 49.·8 I 48~·8 48 .. 4 49.0 
200 I 55o6 55~ 9 57.0 55 .. 5 
400 59. 2. I 55, 2 60.1 58~-2 

600 58~8 58.5 58.8 58.6 
800 58.5 59.8 65 . 4 61.2 

1000 I 61.8 62. 4 62. 6 62.5 I 

Mean 57.5 I 56. 4 I 58.7 57.5 i ! 

!p = 0,05l ncnns of N l evels ~ 1.86, C.V. 6. 55% 
P = 0.01 means of N levels : 2. 6 
P = 0.05 means of N frequency= 1.29. C.V. 8.~ 

(P = 0.01 means of N frequency =· 1.87 

All the N levels g~ve a higher sucker production than 

the corttrol, significant at 0.01. The 400 Kg l evel gave a higher 

production than 2.00 Kg, and significant at 0.01. The 800 

and 1000 Kg levels w·ere higher thnn all the other N levels, and 

also significant at 0.01. 

The frequency of 6 applications gave a higher sucker 

production than 4, significcnt at 0.01, but only significantly 

higher at 0.05 coi!1pared Yii th 2 applications. 

(g) Number of slip~~· 

Table 6 shmvs the average nuober of slips per plot, 

o.fter the plant crop. 

TABLE 6. ltveruge nur..1ber of slips per plot after the plant crop • 
.. 

(NH4)2so4 ~ 
Frequency of application 

1 Kg pe.r 10,000 plon ts) I 

j 
L.S.D. 
L.S .D. 
L.S.D. 
L.S.D. 

2. 4 6 Mean 

0 1. 58 2.42 1. 92. 1.97 
200 17.00 19. 08 2.0,75 ll8.94 
400 18.85. 2.4.17 28. 58 2.5.86 
600 19.85 29.85 26. 55 25.55 
800 24. 08 26.92 25 . 85 25.61 

1000 26. 08 50.55 57.92 51.44· 

1ietm 17.90 
I 

22.15 25. 56 I 21,2 

( 1? =· 0 . 05) meo.ns of' N l evels = 1. 0860 C. V. 60. 86% 
(P = 0.01) meens of N levels : 1.5476 
( P = 0. 05) means of N freq1lency :: 0. 2.458. C • V. 44. 89% 
(P = 0.01) means of N frequency = 0.5456. 

All the N l evels gave an increase in the number of 

slips, significant o.t 0.01, conpared vdth the control.. 

/ The . .•.•..•..• , • . 40. 
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The 200 Kg level was lower -tb.an all the other N 

levels, &~d significant at 0.01. The 1000 Kg level was higher 

than all the other levels, and significant at 0 01. The 800 

Kg and 600 Kg trea~nents were higher thfu~ the 400 Kg, and sig­

nificant at 0.05. 

A frequency of 4 o.pplica tions gave an increase in 

slips, signi:fico.nt at 0.01 compared with 2 applications. 

6 applications, in tum. was higher thD..."l the former treatr.lent, 

and signi:ficc.n t at 0. 01. 

2. Leaf' analysis • 

(a) D-leaf vveigJ1t and length. 

The average 'iioight l:Jer D-leo.f 20 months after plo.nt­

ing is given i~ Table 7. 

TABLE 7. .hVorage weight (&11) per D-leaf', 20 months after planting • .. 

(NJ4)2P04 
Frequency of application 

(Kg per 10,000 plants) 

I 
L. S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

2 4 6 Mean 

0 50.2. 49:5 4r/. 7 49.1.50 
200 62.83 67.55 67. 15 65.840 
400 68.52 70.23 70. 62 69.725 
600 67.94 74.61 75.89 72.161. 
800 70.36 71.52 70.42 70.768 

1000 73.23 7l.LJ:.9 74.14 72.954 

Menn -r 68.54 I 71.08 71.24 66.763 

(P = 0.05l means of N levels = 4<567 ~n C.V. 8.36% 
(P ~ 0.01 means of N levels = 6.079 gp 
(P = 0.05 meaYJ.s of N frequency = 2.17 gp C.V. 8.89% 
( P = 0. 01) uenns of N frequency = 2. 87 gr.1 

The D-leo.f weight of the control was lower than all 

the N levels, and significant at 0.01. The lo~est level of N 

v1as lO"Iiier th:'ln the 600 and. 1000 Kg levels, significo.nt n.t 0.01 

but only signific.mtly lmmr at 0.05 compared wi:i.th the 800 Kg 

level. The linear re.sponse of D-leaf weight to increasing 

levels of N wt.~s positive and s ignificant c.t 0.01. The quud.rc.tic 

r esponse "'o.s negative and highly significant. The cubic re­

sponse v~s highly significant from a depr ession a t the 800 Kg 

l ev el and a positive rise at tho 1000 ·Kg level. 

A frequency of 2 o.pplice.tions go.ve o. lov;er D-leo.f 

weight, si8]1ifico.nt o.t 0.05, cor.1pared with 4 and 6 n.pplico.tions. 

There .. ~as no significo.nt difference between the latter two treat­

ments. The linec.r r esponse of D-leo.f weight to incren.sing 

frequency of N applico.tion is positive o.nd significant. 

~/ Tn.bJ.e ••• • •• ••• •••• ·• 41. 
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Table 8 gives the D-leuf length per plent at 6 nonths after 

plonting. 

TABLE 8. D-lenf l ength (inches) 6 months ~fter pl~nting. 

(NH4)2S04 . I 
Frequency of application 

I 

(Kg :Jter 10,000 plnnts.) 2 4 6 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

0 19.8 20.2 19.6 
200 21.2 20.1 21.7 
400 20.4 20.3 21.0 
600 

. 
2.0.9 2.0.9 21.5 

800 20.5 20.4 21.8 
1000 2l.b 20.8 21.6 

Mean 
., 

20.6 
I 

20.5 21.1 

(P ~ 0.05) means of N l evels = 0.6 inches 
(P = 0.01) neo.ns of N levels = 0.9 inches 
(P = 0,05) means. of N frequency = 0.5 inches 
(P = 0.01) mecns of N frequency = 0.4 L~ches 

:Mero1 

19.9 
21.0 
2.0.6 
21.1 
21.6 
21.2 

20.7 

The D-leaves of the control '<vere shorter tho.n the 

400 Kg tre~tment, signific::-..nt c.t 0 . 05, but signific~t1y 

shorter a t 0.01 conpo.red w-ith c.ll the other N l evels •. 

A frequency of 6 appl ications of N eave longer 

D-leaves coopured '<lith 4 and 2 up:plic~ tions ~d. significant 

at 0. 01. 

(b) Chlorophyll. 

The chlorophyll content of the D-lec.ves 10 nonths 

o.fter plantine; is .:,iven in ':l'uble 9. 

T.tUlLE 9. Chlorophyll content (ppu) of the le~~vcs 10 months after 
p.wnting. 

I -r- Frequency of application (NH4)2so4 I --r. (Kg per 10,000 plants) 

L,S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

a ·1 Mean I 6 - I 0 lllc 7 . n .:±.5 99.8 108.7 
200 105.5 86.5 105.1 98.2 
400 126.7 118.7 128.1 124.5 
600 115.5 101.8 115.0 llO.JL 
800 131.2 125.4. 125.7 126. 8 

1000 1111.5 129.5 118.9 119.9 

:Me on 117.6 I 112.5 117.8 114.69 

!
p ~ 0.05) me~s of N levels = 20. 428 p~ C.V. 21.78% 
P = 0.01) ne~s of N l evel s = 27.192 ppm 
P = 0. 05) means of N frequency = 14 . 555 p:pn C. V. 55 .10% 
P ~ 0 .01) oeuns of N frequency = 19.201 ppn 

The levels 400, 800 ~Q 1000 I<g gave l1igher chlorophyll 

concentrations, coupared -~..-ith the lowest l evel of N, significant 

at 0 .05. 

Frequency of o.pplic~tion bud no significunt effect 

on the chlorophyll content of the l eGvus.. 

/ Tc.ble p ~ •••••••••• 42. 
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To.blc 10 show·s the chlorophyll concen tr1:~ tion in the 

D-leo.ves 15 r.10nths nfter plo.nting. 

T1J3LE 10. ChlorophyJ~ content (ppr.1) in the l enses 15 months 
c..fter plc.:.'1ting. 

·----·--· 
(NI4)2S04 I Frequency of ~pplico.tion 

(Kg per 10,000 pl ants) l I 2 4 6 Mean 

i 

I 0 151.4 i 159.5 :L47 .1 J.52. 6 
200 167.5 185.7 171.1 174.0 
400 175.4 188.8 

I. 184.0 182.1 
600 180u5 75.5 147.4 167. 9 
800 177,6 195.9 187.8 186.4 

1000 182. 5 165.8 179.8 176.0 

MeD.n 1 176.2 
j. 

181.5 174.0 1175.15 
l l I 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

!p = 0.05) ~eans of N lev~ls = 22. 752 p~~ C.V. 16.07% 
P = O.OJ.) oeo.ns of N levels:::: 30.285 IJpm 
P = 0. 05) r:J.eDns of.' N frequency = 18.852 pp1:1 Co Vo 30.12% 

(P:: 0.01 ) Iilea.ns of N frequency = 2·1-. 878 ppm 

The l ev els 400, 800 a.nd 1000 Kg (NE4)2S04 3nve a. higher 

chlorophyll. concen tro.tion thnn the control, sign ifiC<.'mt c.t 0.05. .. 

The linec..r response of chlorophyll to increasing le­

v els of N ·wc..s positive o.nd significcnt with a.n a vt;rL'I.ge increase 

of 5. 9915 ! 1. 9197% for ec..ch o.ddi tionc..l 200 Kg ru:1.o.~oniuru sul.pmta 

c..pplied. 

Frequenc~ of application h[~ no significc..nt effect on 

the <hlorophyll content. 

Table 11 s hows th'3 cl"L.o ... ~orhylJ. c.;oncen tr2. tion in the 

D-leo.ves 20 r:10n ths aftur plo.n ting. 

T;..OLE 11. Chlorophyll r~ontt:nt (pp,.-a) L'1 t he l e:cves 20 nonths 
after plcn ting. 

. -1·-~··--·-~-~--· I (NH
4

) 
2
so

4 
j _____ F....,r,.....e_qu_e_n_c_y_o_f-r'---n P_P_l_i_c_o._t_iron ___ --t 

I (Kg per 10,000 plo.n~s-)--.+1 __ 2 __ +!--4--+1 ··- 6---1--ll_[e.o.n __ -1 

0 109.8 98.8 104.2 104.28 
200 140.2 130, 5 158.8 158.64 
400 152.5 ,1<.1.8. 8 146.8 149.51 
600 154 . 4 157.8 146.5 146.18 
800 155.7 138 . 9 146. 0 146. 86 

1000 156.1 148.6 155.7 146.78 

l\iean 1 151.. 74 140.92 
~------------------~----~~------~--------~-------
L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

!p = 0.05) oeo.ns 
P = 0. 01 r..1ec.ns 
P =· 0.05~ meD.ns 

( P = 0. 01) raeo.ns 

of' N l ev els = 16.267 ppm C.V. 14.32% 
of N l evels = 21.652. ppr.1 

rJJ' of Ii. frequency = 10. 098 Jtp:l C. V o 20.14% 
of' jJ f r equency = 10. 540 ppt:J. 
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JQl the nitrogen l evel s guve an increase in chlorophyll 

concentration over the control, signifi~t ct 0.01. The linear 

response of chlorophyll to increasing levels of N was positive 

and highly significa.,.'1t, vd.th o.n uvt:.rage increo.se of 6.858 ! 
1.5-75% for each c.dditional 200 Kg n.r..:;r .. 10niuu sulphate. This in­

crease y,ras not constant over ull l eve.l:..> o.s the qundratic re­

sponse ~us negative and s i gni f icant at 0,01 . 

Frequency of application had no signific~nt effect 

on the chlorophyll conte:1t. 

(c) Nitrogen, 

The nitrogen content of the l eaves 10 nonths after 

planting is given in Table 12. 

TABLE 12. N content (%) in the l ecves 10 month after planting. 
--·--

Frequency of applicn.tion 
(NH4 h _so4 

(Kg per 10,000 plants) 2 ' 6 Meru1. '± 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

0 1.21. 1. 2.'3. 1.25 1.25 
200 1.56 1. 52 1.55 1.54 
400 . lc59 1. 5,5 1.56 1.57 
600 1.44 1.56 1. 44 1.41 
800 1.51 1.47 1. 56 1.51 

1000 1. 62. 1. 56 1.65 1.61 

Men.n 1. 46 1.41 1. 47 1.412. 

(P; 0.05l means of N l evels = 0.065% N C.V. 5 .41% 
(P = 0.01 1neans of N l evels = 0 . 085% N 
(P = 0.05 mecns of N frequency::: 0.055%N c.v. 10.81% 
(P = 0 . 01 ) men.ns of N f r <-quency = 0 . 075% 

l 

I 
I 
I 

. . 

1 

il.ll t he N l evels gc.ve c higher l en.f-N t h:J..n the control, 

and significnnt at 0.01. The two highest N l evel s vi/ere hi gher 

thn.n the three l owest l evels, significo.nt ct 0 . 01. The high­

est N l evel vlC~s higher tmn the 800 Kg level, signi fico.nt o..t 

0.01. The 1inecr r esponse of 1en.f-N to increcsing levols of 

N wc.s positive n.nd ad.gnificant n.t 0.01, with &'1 avero.ge in­

crease of 0.07017 ! 0 . 00528% for en.ch o.dditional 200 Kg 

arJruoniun sul.phn. t e upplied. 

A frequency of 6 o.pplico.tions vi<.~S higher than 4 , 

and s ignificont c..t 0.05. The qundrc..tic response of leo..f-N to 

increasing f r equency of N cpplicn.tions. wn.s positive o.ncl signi­

ficant o.t 0 .05. 

The nitrogen content of the l eo.ves 15 months aft er 

pl anting i s given in Tabl e 15. 
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Tl;.oLE 13. N content (%) in the lec..ves 15 non-Ghs a.fter plcmting. 

(NB4)aso4 
Fre~uency of ~pplication 

(Kg per 10, 000 plants ) 
2 LJ. 

I 
I 
l 6 Mean 

L,S.D. 
L. S.D. 
L.S.D. 
L.S.D, 

0 1.58 I L60 1.47 1.550 
l l 1.81 :1,826 200 I 1.75 1.94 

400 1.85. ! a. o2 2.12 1.986 
600 1.78 ! 2.09 2.04 1.967 
800 1.82 2.04 2.00 I 1. 953 

1000 1.75 2.05 1.97 1.924 

Mean I 1.78 I 2.03 I 1.99 I 1.868 
I 

(P = 0.05) means of N l <.vels:::: 0 .10l%N. C.V. 6.63% 
(P = O.Oll uenns of N levels = 0 .135% N. 
(P = 0.05 oeuns of N frequency:::: 0.079% N. C.V. ll.66% 
(P = 0.01 meo.ns of N frequency = 0. 104% N. 

J.J.l the N l evels g~ve a high0r leo.f-N tlmn the control, 

significn.nt e.t 0.01. 1'he lmiest l ev el of N vvo.s lower thD.L1 all 

the other N level.f;;,, und significcnt c.t 0.01. The linear r e­

sponse of leaf - N to increasing l evel s of N Vias positive and 

significcmt, e.t 0.01 with an ~vvrc.6e increase o:' 0.0637 ! 
0,0086% for each increraent of 200 Kg D.L.'l!i1.0nium sulphate applied. 

This increase was not constnnt, however, o.s tho quadro..tic re­

sponse wo.s neg£~.tive and significant o.t 0.01. The cubic effect 

w~s s ignificun t. 

A frequency of 4 Dnd 6 o.pplic~ tions of N go.ve o. higher 

leaf-N thrul 2 <...pplicc..tionc, significo..."'lt at O.OJ.. There was no 

significant difference betvteen 4 and 6 o.pplico. tions. The lineo.r 

r esponse; of leo.f - N to increasing frequency of N c.pplico.tions was. 

positive and sign:i.fico.nt n..t O.OJ., , ,ith o.n uvero.:;e incre~se of 

0.105 ! 0.0182% for 0ach additional 2 dressings . This ~c.s not 

constc..."'lt as the quo.ctro.tic r0sponse ·¥-.c.s o.lso s ignificant o.t 0.01. 

The nitrogen content of the l eaves 20 1;10nths o.fter 

pln..'1ting is given in 'l'uble 14. 

Tl.,J:.)LE 14 . N content (%) in the leo.ves 20 oonths n.fter pl anting. , ___ 
(NI4hS04 

Frequency of o.pplication 

(Kg per 10,000 plants) a 4 6 Meo.n 

L.S.D. 
L.S.D. 
L.S..D. 
L.S.D. 

0 1.03 lalO 1.20 1.12.0 
200 1.10 1,18 1.19 1.154 
400 1.07 1.19 1.20 1.155 
600 1.26 1.27 1.31 1.269 
800 1.22 1. 2.6 1. 30 l.Z56 

1000 1 . 19 1.48 1. 31 1. 32.8 
--·-r-·-

Mean 1.16 1. 28 1. 26 1.213 

(P = 0 . 05l neans of N level.s:; 0.098%N ' C.V. 9.16% 

~
p = 0.01 neo.ns of N l ev els ~ 0.12~ N 
P = 0.05 nenn"' of N freqt~ency = 0 .069fv N C.V. 15.74% 
P = 0. 01 nen.n::;-, of N frequency = 0. 091~ N 

/ The C! •••••• " •• ~ •• , • 45. 



Ill 
w 
~ 
...... 

1·5 

...1 1·0 
~ 

z 
0...!! 

0·5 

/ 

/ 

/ 

• ' 15 MONTHS 

~--------~~--~-----L----J./ 10 MONTHS 
o 200 400 600 eoo 1000 

(_NH4hso4 

(K
3 

PEil 10,000 PLANTS) 

Figure 3. Overall effect of increc.sing levels of 
c.rJOoniULJ. sulpha. te on the l ec.f -N. 

1 20 MONTHS 



- 45-

The control gavo a lower leaf-N conpared with all the 

N levels, and significant at 0.01. The ~o lowest levels of 

N ·were lower then the highest N level, significD.J."lt c.t 0.01, but 

only significantly lower o.t 0 . 05 coopo.red y,ri th the 600 Kg and· 

800 Kg levels. The linear response of leaf-N to increasing 

levels of N was. positive and significant at 0 . 01, with on ave­

:rege incren.s.e of 0.0·-1:18 :!: 0.0077% for each increment of 200 

Y~ m:u::l0!1i'Lll~1 sulphate. 

A frequency of 2 applications of N gave o. lower 

lec~'-N camp~ed \vith 4 and 6 o.pplications, Rignificnnt at 0.01. 

There '-7as no sig,nific<.mt difference bctvmen the latter 'bivo 

treo:b~1ents. The line8.I' res.;ponse of leaf-N to incre.s.s.i:.."lg fre­

quency of c.pplica.tion of N vw.s positive and significo.nt o.t 0.01 

with en average increo.se of 0.05 ! 0.016% for eo.ch additional 

2 dressings of ar:nr.1onil.li:1 sulphc..teo This vlc.s not conste.nt as. 

the quadratic effect wo.s nega.tive and S-ignificant. 

The averctge r esponse of l eo.f-N to increasing levels, 

of N over the three sampling dates is given i:.."l Table 15. 

TliliLE 15. Aver age response of l ectf-N (%') to increasing N 
levels. over the entire sru~pling period. 

I 
&1.mpling tiraes (r;J.onths) fro.-:.1 planting 

(NJ4)2so4 -
,Kg per 10,000 plants) 10 15 I 20 

0 1. 2.5 1. 55 1.12 
200 1.54 1 .85 1.15 
400 L57 1. 99 1 .15 
600 lAl L97 1.27 
800 1. 51. 1.95 1.26 

1000 1.61 1. 92 l.55 
-

hiee.n 1.412. I 1.868 1.2l5 l l __ _,.,! ___ 

L.S.D. (P = 0.05) means of N levels ~ 0.04% N 
L.S .. D. (P = O.Ol) necu1s of N l evels := 0.0610 N 

Mean 

1. 29 
1.·:.4 
1.50 
1.55 
1. 57 
1.62. 

I l.50 

The control go.ve a low·er l eaf-N than all N levels, sig­

nificant a t 0.01. The 2 low·es t lev els of N wer e lower than the 

tvm highes.t N level s , significc:.nt 1:'- t 0.01, and s ignificantly _ 

lowe r a t 0.05 cor.1pared with the 600 Kg l evel. The highest N 

l evel was higher than the 800 Kg level, significant at 0.05, 

Figure 5 shows t h e a.v er2.ee lineE!.X' r espons.e, over t he <;;ntire 

per iod, of l ec.i'- N t o increasin g l evels of H which wn.s positive 

and significc.nt at 0.01. The quo..d.ro_tic response 'dC..S nega tive 

and significc..n t, a t 0. 01. The cubi c eff'ec t was significc..n t 

with a sudden rise of l ec.f'-N in the 1, 000 Kg l evel. 
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i~t the 15 months. period t:b.e leaf-N v70..S highly signi­

ficantly hi gher than ut the 10 and 20 oonth ~eriods . 

The average r esponse of l enf- N to increasing frequency 

of N applica tion over the three sn8pling dates is given in Table 

16. 

T.hBLE 16. Average r esponse 0f l,:;c.f-N (f~) t o irH)reo.sing frequen­
cy of N applicati ons over th.; entir e sonpling period. 

I 
I I 
I jSc.r:lplin[; tllies. (wonths) fron planting 
rrequency of "!!Plication 

I I 
·-··-r--

I 
I 

10 I l5 
i 

I 
I 1 • n 

I 

2. 1 .<:.:.6 I •. 0 

4 l, -;;,1 2..05 
6 1. 47 1.99 

-
Mean I 1.412 lo 868 

.... .i. I 

L.S.D. (P = 0 .05) r.1eans of N frequency ::: 0.()1±~~ N 
L.S.D. (P = 0.01) nenns of N frequemy = 0.05% N 

20 

1.16 
.1.28 
1.26 

1. 21.5 

Mean 

1.46 
1. 5'ir 
1.58 

1. 55; 

A frequency of tHo o.pplicc..tionn of N go.ve e. lower 

leaf-N than 4 and 6 applications over the entire pcricd, and 

significant at 0.01. There wc.s no significani: difference between 

the lo. t ter ~~o frequencies . 

The. 1:1ean linear r esponse to frequency of appl.icc. tion 

over the entire period ~c.s positive and significant ~t 0.01. 

The oec.n quadratic r esponse over the entire period Has ne;Ja tive 

and s ignificsn t .;, t 0 . 01. 

(d) Potussiut:J.. 

The potass.iun contvnt of the leaves 10 ;tlonths aft er 

plantinG i s given in Tub1e 17. 

T..uBLE 17. K content (%) in the l ec.ves 10 r.10nths o.fter planting. 
~---·· .. -._,..._ .. ,.,.._~-- -

(NJ4)2S04 
li'requency of application 

(Kg per 10,000 plants) ~- ·--

L. S.D. 
L.S .D. 
L.S .D. 
L. S.D. 

2 4 6 Mean -
0 2.65 2. 54 2. 56 2.5ll 

200 2. 28 2. 118 2.15 2. 52.5 
400 2 .• 58 2.21. 2 . 41 2. 552 
600 2..,27 2.19 

I 
2. 29 2. 250 

800 2.28 2. 41 2. 09 2. 260 
1000 2. 19 2.2]. 2.15 2. 179 

Mean 2. 280 I 2 .• 500 l 2 .• 216 2. 509 
l I .! ! 

i
p = 0 . 05l oeans of N l evels = 0.277% K C.V. 14.66~ 
P = 0.01 neans of N l evel s. = 0.569% K 
P = 0. 05 r.-.eans of N frequency = 0 .184% K C. V. 22. OO% 
P = 0.01 ueans of N f r equeucy = 0. 243% K 
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The highest l evel of N gc..ve o. lov.rer lcc.f-K compared 

vnth the control and significant at 0.05. The line~r response 

of l enf-K to increasing level s of N >Jc.s negative o.nd significo.nt 

at 0.05, with nn o.verage decr ease of' 0.0554 ~ 0 . 0234% for each 

additional 200 Kg ~1onium sulp~te . 

There wc.s no significant differm1ce in l ec.f-K 15 

months aft er planting viith increasing levels oi' N. The quadnl.tic 

effect of ll1Crec.sing frequency of applica t ion of N on t he l eaf-K 

was negc. ti v 0 o.nd significo.n t o. t 0. 01. 

The potassium content of the l eaves 20 oonths c.fter 

plo.nting i s given in To.ble 18• 

TABLE 18. K content (%) in the l cc.ves 20 months o.fter planting. 

(NH4)aS04 
Frequency of applico.tion 

(Kg per 10,000 pln.nts) 2 4 6 Mean 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

0 1.45 1.62 L .67 1.567 
200 1.59 1.45 1.56 1. 595 
400 1.18 1.54 1.54 1. 286 
600 1. 2H 1.50 1. 54 1. 2B1 
800 1. 25 1.25 1.55 1. 275 

1000 1.11 1 .50 1.15 1.190 

Mec.n . .J.. 24 1. 52 
! 

1. 51 1. 55-2 

(P ::. 0 .05l r.1eans. of N l evels = O.l:YJ:.% K C. V. 12. 5% 
(P = 0.01 meru1s of N level s = 0.178% K 
(P = 0.05 r.1ec.ns of N frequency = 0.08~ K C.V. 16.7% 
(P = 0.01 raec.ns of N freque.lCy = O.l J.% K 

The l ec.f- K for the highest lt.;vel of l\f VJD.s lo"~uer than 

the control ru1d the l ov1est N l evel, tligni ficcnt c.t 0.01. The 
' control vms higher t h-:.n t he 400, 600 o.nd 800 Kg l ev els, s ig-

nificr.nt a t 0.01, but only signific~·ntly hicher at 0.05, cotl­

pn.r ed with the 200 Kg l evel. 1'he linC:;L.r response of lec.'U'- K 

to increasing l evel s of N is neG<.\tive ru1d s i gnifictmt c.t 0 . 01, 

'¥ith nn aver~se decrec.sc of 0 . 064 ! 0 . 0115% for each additional 

200 Kg ru:JDonium suJ.phate . 

ll.. frequency of 2 o..pplic[~ tions of N eave o.. decrec.se 

in l eaf- K C01.."1.P£l.r ed v,;ith 4 c.ppli~tions , significc.nt at 0.05. 

The average response of l en£- K to increasing l evel s 

of N over t he entire period of s~p1inL is given li1 Table 19 . 
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TJU3LE 19. .b..verage res:g.onse of l eaf-K (%) to increasing l evels 
of N over t he entire sampling period~ 

~ 

(Nni)2so~ 
Sarapl:ing t:ine (mOY! ',h.:; ) frOD. plant :Lng 

(Kg per 0,00 plants) 
1.0 15 20 Mean 

0 2.51 5.76 1.57 2.6Jl.. 
200 2.35 I 3.85 1.39 2.5a 
400 2.. 33. 5. 89 1.2.9 2 ... 50 
600 2.2.5 5.81 1.28 2.4Ei 
800 2.26 3.90 1. 2.8 2.4El 

1000 2. 18 5 . 82. 1.19 2.40 

Me...rm 2..509 5.858 . 1.352 2.49 
--.J. 

L.S.D. 
L. S.D. 
L. S.D. 
L.s • .u. 

(P ::. 0.05l neo.ns. of N l evels. : 0.177& K 
(P ::. 0.01 neo.ns of N l evels = 0.023% K 
(P = 0.05 ueans of smnpling times = 0.09% K 
(P = 0.01 means of snnpl.:ing times = 0.12% K 

The control he.d a higher m~o..:1 l cn.f-K content than 

the highest l evel of N, significc.nt o.t 0.05. The lineo.r effect 

of increo.sing l evel s of Non the leo.f-Kwas negative and sig­

nificant at 0.05 -..nth an avero.ge decreas e of 0 .0566 t O.Ol.43% 

for each addi tiono..l 200 Kg of aononiun sulphat e. This l:ineo.r 

effect over the period is s.hm:m :in fiu'Ure 4. 

The l eaf-K was higher at 15 oonths thnn a t 10 and 20 

uonths o.ft er pl anting, o.nd s ignifico.nt a t 0.01. Ther e was no 

s i gnificant difference between the ln. tter two tiues of saopling. 

The n.verc.ge response of l eo..f- K to increc..s:in0 fre­

quency of N c.ppli cc.tion over the entire period is given in 

Tc.ble 20. 

TliliLE 20. Ave:mge rc:.sponse of l euf -K (%) t o increasing frequency 
of N o.pplico..tions over the entire sc.q gling period. 

Frequency of ap:glic.a tion 
Saopling t:ine (uonths) 

10 1.5 

2 2..28 5.79 
4 2 .• 30 4.01 
6 2. 22. 3.76 

Me on I 2.31 2. 84 

L.S.D. (P::. 0.05) neo.ns of N frequency = 0.09% ~ 
L.S.D. (P ::. 0 .01) t1eans of N frequency : 0.12.% K. 

frau pl anting 

20 Me&l 

1.2.4 2;·44 
1.32 2 .• 5li 
1. 51 2 .• 42 

1. 3.[1 2. 47 

A f r equency of 4 appl icc..tions of N go..ve o.. hi ehcr 

l eaf-K than 6 applications , signi f i co.nt a t 0.01, but only s igni ­

ficantly hi gher at 0.05 coopared with 2 applico..tions.. The n ecn 

quadratic response of l eaf - K t o increo..s ing l evels of N was neg~ 

tive and significo.nt a t 0 . 01. 
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(e.) Magne&uo. 

The oagnesium content of the leaves 10 oonths after 

plv..nting is given in Ta.ble 21. 

TABLE 21. Mg content (1v) of the l eaves 10 nonths aft er planting. 

(NE4)2so4 
Frequency of application 

.(Kg per 10,000 plnnts) 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

2 4 6 Menn 

0 0.54 0.59 0.54 0.557 
200 0.50 0.61 0.65 0.585 
400 0.61 

I 
0.59 0.61 0.604 

600 0.61 0.63 0.62 0.62.0 
800 0.67 o. 6 t1, 0.58 0.629 

1000 0.65 0.64 0.65· 0.640 

Menn 0.59 0.62 0.61 0.6059 

(P ::. 0. 05) tleans of N levels = 0. 057% :Mg C. V. 1~. 57% 
(P = O.Ol) means of N levels = 0.076~ Mg 
(P = 0.05) oeans of N frequency= 0.059% Mg C.V. 17.85% 
(P = 0.01) mec.ns of N frequency =- 0 .052% Mg 

The control gave a lower leaf-Mg com:Qo..red "v~i "Gh the 

highest N level, significnnt at 0 .01 but only di~~ificantly 

lower at 0. 05 COhlpn.red with the 600 and 800 Kg levels. The 

linear r esponse of l ecf- Mg to increc.su1g l evels of N vms positive 

and significant nt 0.01 with o.n avere.[ e increase of 0.01598 ! 
0. 00484% for each o.d.di tiono.l 200 Kg runr:10niut1 sulphn t e . 

There were no significant differences between the 

means of the.frequency of application. 

The on~1esiuo content of the leaves 15 oonths after 

planting is given in Tabl e 22. 

TAiiLE 22. Mg conttmt (?~ ) of the lec..ves 15 nonths after plru1.ting. 
-----

(~)2so"1 Frequency of applicc.tion -(Kg per 10,000 plc.nts) 
2 4 6 Mean 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

0 0.68 0.64 0.62 0.647 
zoo 0 .72 I 0.8~ 0 .71 0.744 
400 0.82. 0 . 87 0.85 0 . 846 
600 0 . 81 0.87 0.75 0.8ll 
800 0.85 0.88 0.76 0.821 

1000 0.85 0.85 0.84 0 . 841 

:Mean 0.808 . 0.852. 0.778 0 .785 

P ~ 0.01 neans of N levels = 0.075%Mg · ip ~ 0.05l ocans of N l evels=- o.05~Mg o.v. 8.59,% 

P ::. 0. 05 uen.ns of N frequency = 0. 04 7~ lVIg C. V. 16. 65% 
P = 0.01 oeo.ns of N frequency = 0.062~ Mg 

I 1w.~ •.•••.•. ~ . . . . . . 5o. 
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Al~ the N levels gave n higher leaf-Mg than the con-

trol, significant at 0.01. The 1m-rest level of N was lower than 

the 2 highest N levels and the 400 Kg level significant at 0.01, 

and also significc:.n tly lower at 0. 05 compared with the 600 Kg 

level. The line<lr response of l eaf-Mg to increasing l evels of 

N wns positive and significant at 0.01 with nn average increase 

of 0.055.5. ! 0.0047% for et~ch increnent of 200 Kg cmoni11Ll sul­

:phate. The cubic eff ect vvas also significant because of c. 

sudden rise in l eaf- Mg a t the 1000 Kg level. 

A frequency of ~ Lpplications of N eave an increase 

in leaf-Mg s ignificn.nt o.t 0.05 coupart;d vd t h 6 o..ppliC£\tions. 

The q_uadratic r esponse of increo.sing frequency of applico.tions 

was significant nt 0.01. 

The mgnesiurJ. content of the l ec.ves 20 1:1onths after 

planting is given in Table 23. 

TABLE 23. Mg content (%) of the l eaves 20 nonths after planting. 

(~)2804 I Frequency of application 

(Kg per 10,000 plants) 
.. 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

2 4 6 Mean 

0 0.57 0.56 0.57 0.567 
200 0 59 O.·U 0.40 0.598 
400 o:4o 0.40 0.42 0.407 
600 0.45 0.44 0.42 0.407 
800 0 . 45 0.40 0.44 0.424 

1000 0.42 0.44 0.45 0.457 

Mean ! 0.41 0 . 42 0.42. 0.410 
·-'-· 

1
p = 0 . 051 oeans of N l evels=-- 0.05~~ r!g C.V. 8 . 91% 
P = 0. 01 1:1en.ns of N levels = 0. 04% Mg 
P = 0.05 r:1eans of N frequency = 0.02% llig C.V. 14 . 81% 
P = 0 .01 neans of N frequency = 0.03% fug 

The control gc..ve D. lmier leaf-Mg, significant o.. t 

0.05, coJ.;J.po.red ·,iith the 200 Kg level but was significantly lower 

at 0.01 compnred vii th all the other N levels. The lov1est l evel 

of N was significD..n tly lm1er at 0. 05 conpn.red with the 600 o.nd 

1000 Kg levels. The linec..r response of lec.f'- Mg to increo..sing 

l evels of N was positive o.nd s i gnificant at 0.01 ••ith on t..'.ve­

rage increase of 0.01286 :!: 0 . 012865% for e':ch increwent of 200 

Kg OJ:lf:lOniuo sulpho.. te. 

There vrerc no signific.:mt differences in the l e.:tf-Mg 

to increasing levels of N over the entire period of sDnpling ia 

given in Table 24. 

/Tabl e 24 •••••••••• 51. 
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TABLE 24~ Aver age reaponse of leaf-Mg (%) to increasing l evela 

of N over the entire sampling period. 

(NH )2so 
(Kg ~er io,oo~ plants) 

Sar::lpling tiDe ~n.onths) froo planting 

L.S..D. 
L.S.D. 
L. S .D. 
L.S.D. 

0 
200 
400 
600 
800 

1000 

1~eon 

(P =- 0.05) means 
(P =- 0.01) neans 
(P = 0 . 05) means 
(P =- 0 . 01) means 

10 1.5 

0.56 0.65 
0.59 0.74 

l 0.60 0.85 
0.62 0.81 I 0.63 I 0.82 

J 
I 

0.64 0.84 

0.606 0.785 J 
of N levels= 0.03%Mg 
of N levels=- 0. 04%Mg 

2.0 

0.37 
0.40 
0.41 
0.41 
0.42 
0 .44 

0.410 

of s ruupling times = 0.02% Mg 
of sonpJ.ing tiues ::: 0. 03% Mg 

Mean 

0.52 
0.58 
0.62 
0.62 
0.62 
0.64 

0.60 

The ra.ean l eo..f- Mg over the entire period was ::.ignificant­

ly lower at 0.01 for the control than all the N l evels. The 

lovlest level of N was lm:,rer t han all t he other N levels and 

significant c.t 0.01. The mean lineQ.r r es.ponse of l eaf-Mg to 

increasing level s of N, over the entire ~eriod; was positive 

and si~1ificant a t 0.01. The l inear response over t his period 

is shown in figure 5. The qun.dratic effect Hc.s negv.tive ond. 

signif'icant at 0.01. 

The l eaf- Mg was higher at 15 nonths after pl ru1ting than 

a t both 10 and 20 months, and significant a:t 0.01. At 10 months 

it was hi gher than a t 20 ra.onths , significant at 0 . 01. 

The average r esponse of l eaf-Mg to increasing f r e­

quency of application of N over the entire period of sara.pling 

i s given in Tnble 25 . 

TABLE 25. Average r esponse of leaf-Mg (?() to increasin~ fre­
quency of N applications over the entire sao~ling 
period. 

-

!Frequency of applieation~ 
Sara.p1ing time (oonths) 

.. 
10 1.5 

2. 0 . 59 0.81 
4 0.62 0 .85 
6 0 . 61 0.78 

Mean 0.61 0.79. 
'· 

L.S .D. (P =- 0 . 05) means of N frequency = 0.02% Mg 
L. S.D. (P = 0.01) oeans of N frequency = 0 . 03% Mg 

frora. planting 

2D !vi eon 

0 .41 0 .61 
0 . 42 0 . 63 
0.42 0.61. 

0.41 0. 62 

/ Ji ••••••••o••• ., • 52 . 
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A frequency of 4 ~pplic~tions of N gave a higher 

l eo.f-Mg, significant ~t 0.05, compared. -,nth 2 end 6 o.pplications. 

There wo.s no significnnt difference be~1een the latter 2 treat­

ments, The quo.dratic response of leo.f-Mg to incre~sing fre­

quency of o.pplication of N was nego.tive o.nd significo.nt o.t 0.05. 

(f) Co.lcium. 

The co.lcium content of the leaves 10 months o.fter 

planting is given in To.ble 26. 

TABLE 26. Ca content (%) of the l eo.ves 10 illonths o.fter pl~ting. 

(NH4hso4 
Frequency of np:Jilico.tion 

(Kg per 10,000 plo.nts) 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

2 4 6 Menn 

0 0.27 I 0.29 0.2.9 0.285 
2.00 0.29 0.50 0.35 0.512 
400 0.55 0.29 0.51 0.519 
600 0.57 0 .52. . 0.31 . 0.555 
800 0.37 0.55 I 0 .25 0 .558 

1000 0.37 0.36 0.56 0.564 

Mean 0.35 
i 

0.52 0.52 0.525 

1

p = 0.05l meo.ns of N levels = 0.057% La C.V. 15.98% 
P = 0 . 01 me~s of N levels = 0.050% Co. 
P = 0. 05 Heans o:C N frequency = 0. 05~ Co. C. V. 25. 85% 

( P = 0. 01) oco.ns of N frequency :: 0. 040% Ca 

The three highest levels. of N go.ve on incre['.se in 

l eo.f-Co., significant o.t 0.01. compo.red vnth t he control. The 

highest level of N wc..s significo.ntJy higher o.t 0.01 compared 

with the 200 Kg level 'md significc.n t1y higher t:. t 0. 05 compo.red 

Vii th 400 Kg. 

The linear r esponse of leo.f-Co. to increo.sing l evels of 

N wo.s positive and significo.nt at O.OJ., \-vith o.n average increo.se 
+. . 

of 0.01429 - 0.003lr1:% for ee.ch incrcr.10:.1t of 200 Kg c..;~.10nium 

sulphcte. 

A frequency of 2 applications of N LO.Ve o. si~1ificnnt­

ly higher lec.f-Ca compared '~"ith -± n.nd 6 applica tions. There was 

no significant difference between the lo.tter 2. trec.trilents. 

The co.lciun content of the leo.ves 15 1:10nths after 

planting is. given in To.hle 27. 

/To.bl..e. 2.7 • • • • • • • • • • • • • 55. 
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TlillLE 2.7. Ca content (%) of the leaves 15 oonths D.fter plo.nting. 

(NfL4)2S04 Frequency of application 
-(Kg per 10,000 plants) I 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

2 4 
I 

I 6 Mean 
' 

0 0 . 69 0.57 0.60 0 . 619 
200 0.89 0.81 0.73 0.808 
400 

o.~ 
0.82 0.96 0.909 

600 0 . 92 J.. .lO 0.87 0.962 
800 0.90 0.94 0.77 0.869 

1000 0.95 0.91 0.88 0.914 

Meo.n 0.922 \ 0.916 0.84 0.847 
--· - -

~
p = 0. 05ll"<Jeans of N level s == 0.107% Ca. C • V. 15. 41fv 
P = 0. 01 neons of N levels =- 0. ~4~ Ca. 
P =· 0 . 05 neuns of N frequency = 0.082% Ca C.V. 26.93% 

(P = 0.01 meo.ns of N frequency = 0.109% Ca. 

The contr ol g::we a lovver leaf -Ca. tha.."l all the N 

l evels, sign.ifico.n t .'l t 0. 01.. 'I'he lowest .l..evel of N was 

signi ficantly lowor at 0.01 COL.ll:JD.r,)d with the 600 Kg level. 

The linec.r response of l eaf-Ca to increc.sing l.l:v els of N wo.s 

positive and s i gnificc:mt at 0.01, wit an average i..."1.cre.'lse of 

0.04892 :!:- 0.00901% for each ad.ditiona.l 200 Kg ar::linoniuw s.ul.ph.at e . 

Thi s increo.se 'illlS ho·w-ever, not consisto.nt for all levels as 

the qUD.drotic r esponse we.r:. negativt; o.nd significe.nt at 0.01. 

The ca.l ciuo content of the l eaves 20 months after 

pl anting is given in Table 28. 

TABLE 28. Ca content (~) of the leaves 20 1:10nths after planting. 
·---... .....-~ .... --- ~-------- .... -··--

(NH4.)2s o4 
Freq..1ency of appl ication r-----T-····- -· ---(Kg per 10,000 plo.nts) 

L.S.D. 
L.s .. n. 
L.S.D . 
L.S.D. 

2 4 I 6 Mean 
·- ,... ""'·' ·•-r-.. n: ... . ~-~· 

0 O.J.8 0.1.8 0.20 0.1.84 
200 0 .18 0.18 0.1.8 0 .181 
400 0.23 0.19 0 . 22 0 . 213 
600 0 . 23 0.19 0.20 0.207 
800 0.24 

I 
0.22 0 . 25 0.2.31 

1000 0 . 22 0.2.4 0.21 0 . 223 

McD.n J o.2a _ _l 0.20 I 
I 0.21 0 . 206 

~
p ~ 0 . 05) oeo.ns of N l evels = 0.027% Ca C.V. 15.77% 
P = 0 .·01) uea.ns of N l evels :::: 0. 035% Ce~ 
P = 0 . 05) raeo.ns of I'f frequency = 0. 021% Ol:l C • V. 28. 48% 

( P = 0. 01) raeo.ns of N frequency = 0 , 028J~ Cu 

The 800 o.nd 1000 Kg levels gc,vc a higher l eE:.f-Co. than 

the control and 200 Kg l evel, significant a t 0.01 , The lutter 

t\-vo treatments were significantly lower a.t 0 . 05 coopared Yd. th 

the 400 Kg level. The linear r esponse of leD..f-Ca. to incrensing 

l ev els of N \7a.s positive o.ncl hie;hl.y s i£?,1ificn.n t a. t 0. 05 vli th on 

o.ver~ge incrce.se of 0 .00969 ! 0.00225~~ for ce.ch an increnent 

of 200 Kg oononiuo sulphn.tc. 

,I There It • • • • G ., • • • • • • " ., • 54-
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There were no significL:.nt differences bet.veen in­

crec.sing frequency of N npplico.tions. 

The o.vero.13e r esponse of leo.i'-Co. to increa.sing levels. 

of N over the entire period of scnpling is given in Table 29. 

TiillLE 2.9. .b.veragc response of leafv·Cc.. (%) to increo.sing level.a 
of N over the entire s~pling period. 

·--- - --~-

(Nl:l4)zS04 
Sampling t:n . .:: (r.10nths ) fror.1 planting~-

(Kg per 10, 000 pla...'l ts ) 10 l5 2.0 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

0 0.28 0 . 62. 0.18 
2DO 0.51 0.81 0.18 
400 0.32 0.91 0.21 
600 0.54 0.96 0.21 
800 0.54 0.87 0.2;5 

1000 0.56 0.91 0.22. 

Me en 
! 

0.55 0.85 0.21 
- -

(P - 0 05l ueans of N levels = 0.14% Ca 
( P : 0: 01 meo...."ls of N l evels. :::. 0 .18% Cc 
(P = 0.05 r.J.eans of sru~pling timea = 0.09% Ca 
( P = 0. 01 menns of sDI:l.pling tiDes = 0 .12% Co. 

.Me on 

0.56 
0.45 
0.48 
0.50 
0.48 
0 .50 

0.46 

The control gc..ve a si.:;:<ifica.ntly lo\v'er l eD.f-Ca., a.t 

0. 05, co:u1pc.red vri. th the 600 ~ and 1000 Kg l evels. The mean 

linear r esponse of leo.f-Cu ov..-;r the entire p.eriod was positive 

and significant, o.t 0.01- This overal l response is shown in 

figure 6. The lL~eur response due to increasing l evel s of N 

vo.ries with the t:L.1e .. Sto.rting o.t ~n incx·eas.e of 0 .014% Ca. 

a t 10 !:1onths, incren.sing ~o 0 , ().:1:-95~ Co. ·.t 15 o onths and dropping 

t o 0.010% Ca. at 20 oonths for every 200 K.g incrense. The ueun 

quadre.tic r esponse o ... ?er the entiTe ~riod Yl:ls negu tive and 

s ignificant o.t 0.01. 

The l eo.f-Cu wc.s hig."ler 15 uonths a.ft er pla.nt:ing com­

po.red with 10 and 20 rJ.on ths, s i gnificant a. t 0. OL At 20 r.10n ths 

the lee..f-Ca. \IO.S lower th:.'\11 at 10 nonths a.nd s i gnificant a t 0.01. 

(g ) Sodiuo 

Increasing l evels of n itrogen ~nd inc.reusll1g frequency 

of N O.J?Plice.tion ha.d no significo.nt :infJ"uence on the leaf-Na • 

.bJ.l l ev el s of cr.:noniun sulphate produc ed an increase 

in weight of fruit per plot, significo.nt a.t 0 .• 01 compured vri t h 

' 

the control. The 600 K.g and higher l evel s of ru.1r.1oniu1.1 sulphate 

wer e also s.ignifica.ntly higher than the 200 Kg level, but a t 0.05. 

/A'.. though e~ • • • • • • • • • • • • 55. 
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A1thou~1 these r esults Lave a positive linear li1crease in fruit 

weight per plot '••i th increasil1J levels of N, significant at 0.01, 
I 

the quadratic response v1as .1egutive and significa..1t at 0.01, 

The highest peak in this response v-;as r eached a .t the. 600 Kg 

level, rn1ich gave an equivalent incr ease of 14.46 tons of 

fruit per acre conpared \rith the .control. Although the 1,000 

Kg level produced ru1 equivalent of 16,1 tons per acre >Jore than 

the control, it \.:as not siE]1ificantly hi r;her than the 600 Kg 

level, and therefore not any nore econooicn.J.. There \Jas no 

significant difference in the nu~ber of fruit ~er plot. The 

increase in wei ght of fruit per plot, .oust therefore, be due 

to s:i.r.lilar increases in the avero.ge \/eit)lt per fruit ui th in­

creasli1S l ev els of N. 

The respons.e of' f'rui t \v·eight per plot, vii th in­

creasing levels of' N, is. very a~~ilar to the r esults obtained 

with the nitrogen content of the l eaves . This correlation 

is. particularly inportant during the ten 1:1onths preceding 

flover differentiati.on. Ten nonths after pla.Yltin~, that is 

ll]Qediately after the first wu1ter, the linear res.ponse of 

leaf-N t o increasli1g levels of au1oniu~ sulphate uas positive 

and sic;nii'icant at 0.01. The two hi ghest levels of N gave 

a significantly hir;her leaf-N at 0.01 coopared -..nth the 600 Kg 

and 400 Kg levels, but gave no significant increase in yield, 

These r esponses do not seen to l.w.ve any connection vii th the 

eventual yield, ~Ld it no.y therefore be concluded, that the 

leaf-N Uj? to ten nonths after plantli·1g vlill not be critical. 

All that vvill be necessary is sufficient OI:1uoniur.l sul1)hate 

to s.ti.r.1Ulate plant c rov1th. The tk'tin response being :L.L the 

D-leaf grovnh at six nonths after planting. In the treatoent 

with a frequency of six appl.ica tions the plants 1u~ve already 

received two appli cations during that period whereas the p l ants 

in the frequaYlcy of four and t\,o ap:plications only received one 

application. Where the plants. have received two af!plications. 

during the first six oonths the D-l eaf grorrth ·was increased. 

significantly coo.pared vith only one, This indicc.ted, there­

fore, that t\7o sr.lD..ller quanti ties. of even 5. 3 gp. o.tlr:loni'lli:l 

sulphate gav e equal and better grm1th than lo.rger q_uan ti tie a. 

Sideris and Young (1950) found that nitrate absorption was 

v e ry low during the first three r:wnths period after planting. 

From the second three. r.wnth period, hm-rever, nitrate absorption 

increased considerably. This indicates tho.t the one application 

I or • . . • . . . . . . . . . . . . . . so. 
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of ar.:naonil.ll:l sulphate which wn.s applied during the third. oonth 

after planting, in the freq_uency of tvJO a11.d four treatments 

were ineffective because of the inn.bility of the plants to 

utilize the nitrocen. In t he frequency of s~ applications 

tren.ruent the second c..p.f>1ico.tion v.ro.s r.1ade during the s econd 

three month period which \ii.ll o.ccount for the si[glificont in­

crease ;in grow·th. During the period t en to fifteen uonths. 

after plantu1g1 i.e. fron October to ~hrch, through the 

s.];lring and s.unmer w.onths, it D..I?.Pen.rs to be ir.lporto..nt to have 

an opti.IJuo l ee.f'- N. Fifteen i.1onths after planting, the control 

o..nd the lowest level of N gave a significo..nt r eduction in 

leo.f-N coo:Jt.ared vvi th the higher N l evel s.. This was in closer 

correla tion with the >Ieight of fruit :~ter plot a.s in both in­

s-tc.mces there were also no significo..nt differences betw·een the 

four highest l evels of N. The 400 Kg ru:unoniun suJ.phate level 

which ,;m.s the lowest l evel to give o.. significant increas.e 

gave 1.986% leo.f-N. It appears, therefore, that this opt~uo 

lec.f-N content will be adeq~te for an optli.1ur~ yield. A 

totn.l qun.nti ty of 2.3. 4 gp. ru:noniur::t sulphate per plant >m.s 

applied in the 400 Kg level to give 1. 986% 1eaf -N. 

Froo the end of smwner, fifteen oonths after planting, 

no further aDL-:1oniuo suJ..ph'lte was o..pplied per plo..nt. The leo..f-N 

dropped during this period, significant o..t 0.01. At the end 

of ·winter, during flower differentio.tion, therefore, the ~10 

lowes.t l evels of N uere significo.ntly low·er in lea.f-N thD.n the 

higher l evel s of N. It appears now that D~thoui)l the optiiJULl 

required. leaf-N u.t fifteen r:10nths, 1.986%, vrc..s in accoroance 

with the r esults of p1~ject (A) T.-Bh. 3, 1.963%, it dropped. 

at flover differentia. tion to 1.1.53% leaf-N as COL1pn.red with 

1.633% len.f-N in the l a tter project. This lower leaf-N may 

not have effected the plant crop but it could ho..ve been re­

sponsible for the differences be."b.Jeen the tvvo higheat o..nd lower 

l evels of N in the sucker production after the pln.nt crop, 

s i gnificn.nt c.t 0.01. lill..equate sucker production is oost i.rnpor­

t~~t for the number of fruit, and therefore the total yiel d , 

in the firs t ratoon crop. These suckers stn.rt to develop 

nostly from after flower differentiation. It o..ppen.rs , there­

fore , tho. t it would have been advisc.ble to give one or tvw 

a.pplico..tions of ru:10oniur.1 sul.phat e during the fifteen to twenty 

taonths period. The l ev..ves w·e r e a.lreo.<ly at the optiuuo of 

1.98o,% leaf-N ~t fifteen nonths , therefore , the only period 

/ ru~~onim~ ••••••..•••• 5?. 
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a.Llr.lonium suJ.pJ:J..ate can be a}tplied. to advc.nto.ge -v'/1.11 be between 

f'ifteen o.nd twenty months. The q_UL'..l'lti ty necessary will proba­

bly be that required to incre~se the leaf'-N f'roo l.l5~ to 

1.655%. The necessity f'or ·an application of' ru~oniUGl sulphate 

during this pericxi is eoph.D.sized by the f'o.ct th...'l. t f'roo the time 

of' the luat o.ppl~cation, f'if'teen oonths af'ter planting, these 

plants will not h~ve ru~ further nitrogen until af'ter the plant 

crop, t\,enty s.even r:1onths af'ter planting. According to 

Nightingale (1942) it is not advisable to f'ertiliae pin~ple 

plar1 ts after f'lower dif'f'eren tia. t ion, as it r:ould hn. ve no f'urther 

benef'ic~l ef'£ect on the yield. Theref'ore, to shorten this 

period of tweive nonths 'r1ithout nitrogenous f'ertiliser, sone 

applications nay be mde during the fif'teen to twenty nonth 

period. 

The increo.se in slips at the 1000 Kg leve~ signif'ica.nt 

at O.Ol. coopo.red. vT.ith all the lower N l evels is further indica­

tion that the leD.f-N at twenty oonths r:1ay h.D.ve been hi.g.t"ler. 

Slip production f'or planting oo.terial is inportant provided 

there r1ill not be c.n excess \vhich r.1o.y interfere vii th sucker 

production and growth f'or t he first ra toon crop.. In this 

instance, however, the average slip production was only 

approx.ir.:!ately 0.5 slips per plnnt 'rvhich ::lD.y be considered aa 

low. Slips are f'omed on the peduncle after f'ruit f'oroa.tion 

and additional aoooniuo sulp~te f'ertilisation just prior to 

t his , during the fif'teen to t~enty oonth period, ~'I.Y be to 

advant age. 

The linear response of' the degree of' t~~sluceJcy of 

the f'rui t to increasing levc.J.s of' ru:u:1oniUG1 sul:ghn. te v~c..s positive 

and signif'ico.nt o.t 0.01. A degree of' tro.nsluc..:ncy of up to 

approxi.r..n tely 1 is. non.1D.lly to len'. ted uy canneries. I!.'ven the 

degree of' 1.10 with the highest l evel of' N in t his project 

need not seriously af'fect the ccnning quality. The quadratic 

response v~s also signif'icant, theref'ore, the quality Day not 

be. of' any serious conseq_uences. 

ll response in the plant grouth ccn be seen in the 

positive linear response of D-leaf ·weight to increasing l evels 

of' N, significant at 0.01. The quadratic response, however, 

was negative o.nd signif'icru1t o..t I• 01 indicn.ting th...'l.t the re­

sponse drops of'f at higher level s. It is therefore doubtful 

whether ]2lont growth could be ll:1proved during the plant crop 

period. .Any benefit ~'1a.di tional .::u:.noniULl sulphate a.pplicu tions 
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may only be on the first ratoon crop. The results of the nver~ge 

weight per D-le~f appenrs to be closely correlateQ with the 

o..verae;e v.reiJ.Ylt per fruit. I:Y o..nd Lossois (1962) o.lso esta-blished 

a correlation benveen D-leo.f weiGht and average weight per fruit. 

This relationship wc.s o.lso established in the first cycle of 

project (A)T. - Bh. ~ on the Bathurst Research Station. These 

results vvill be of p~ticulc.r interest in crop estiuntes. 

The positive and si[91ificant linear response of the 

leaf'-chloro:ghyll to incren.sing levels of N at 10, 15 and 20 

months after planting is in accordance with .tha results ob­

tained ·with leaf-N. .Also the higher leaf-chlcrophyll at 

fifteen months compared 'nth 10 and 20 months after planting 

vvas. siLlilo..r. The chlorophyll arw.lysis of l eaves. in the: 

experiment can, however, not be used v"ii th grec. t llccuracy 

in deteminL."'lg the l ea.f-N stntus. Where leo.f-N gave clearly 

significant lower values for the tv:ro lowest l evels of N ccm­

pured with the higher levels., it was not the case with leaf­

chlorophyll. The reason for this devio. tion v.rc.s the chlorosis 

produced by iron deficiency in the plants. The loss in 

chlorophyll o.s a. r esult of iron deficjency vr.1s therefore con­

fused ~vi th tho. t caused through ni troeen deficiency, and the 

chlorophyll of the higher N levels v1as lovter ed accordingly. 

Increasing levels of ruJuonitlr.l sulphate resulted in 

a negative nnd sizni fico.nt lineo..r effect on the leo.f-K ten to 

~fenty months after planting. Fifteen uonths aft er plo.nting 

there was no significant influence by N on the l eaf-K but the 

l atter was on the average highly si~lifico.ntly higher thnn a t 

ten and twenty months. This indicates a suppressing effect 

of increasing levels of N on the l eo.f-K during the winter 

months when there is no active grouth. During t he SUJ.Jl:ler 

nonths, ten to fifteen months, the plants could apparently 

ab o.dequa t e potassiun through the roots to supply the plants' 

needs . It oay,be, howeyer, t hat the depressing effect of N 

levels is only indirect us a . result of the interaction of K 

with Co. and Mg. The l a tter two nutrients gave the exact 

opposite r esult s in len.f content with increasing levels of N 

compared with leo.f-K. 

:&iagist a.d (1934), showed that the soil t1ust contain 

from 160 to 220 ppm exchangeabl e potash if the r equire1:1en t of 

the plant is to be f'ully satisfied.. Annexure B indicates, 

therefore, the.t the poto.~~ content of the soil in this project 

should have b een adequate for plant growth. The response of 
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leaf-K to the nitrogen treuu~ent cnn, therefore, ·be considered 

as c. guide to wlm t can be expected under nomal conditions in 

the field • • 
2. Frequency of o.pp]_ication of a.r:::u:Joniun aulphnt-e. 

A frequency of s i.x np:Qllcc. tions of ru:n-aonium sulphate 

increased the weight of fruit per plot significantly, compared 

with four applicv..tions (1.05. tons per acre) o.nd ~vo applico.tions 

(3.37 tons per a.cre). The reason for this no.y be the signifi­

cantly increa.sed growth with aix n.pplica tions which vm.s alreo.dy 

obtained six. r.1onths after planting. It wn.s shown the.t two 

~1all applico.tions produced significantly longer D~leavea 

thnn one l arge c.pJ?lico.tiorl during th-: first six ~onths of 

growth. The q~~tity for the ~vo SQD.ll a.pplications may vary 

between 5.3 gm to 10 gm per plant per application. This 

increased growth was uaintained until flo~er differentiation 

i.e. twenty months after planting. Six applications gave a 

significantly heavier D-leo.:f coupared with two applications but 

with no significant difference between four and six applica­

tions. These results o.re identica.l with the average weight 

per fruit. This ago.in estD.blished the possibility of using 

the avera.ge D-leo.f weight aa a basis for crop foreco.sting. 

The leaf-N, ten months after plru1tll1g, did not seec 

to have eny correlation with the plant growth, o.s represented 

by the D-leuf growth, and the fruit ileight per plot. The 

necessity of adeq~te n itrogen c.pplication to build up the 

l ea.f'-N to an optinum between ten o.nd fifteen lilonths wa.s im­

portant. During this :Qeriod the frequencies of ·b.vo1 four and. 

aix a..ppllcations received r espectively 25.0 ~n, 40.8 g;n and 

2..6. 7 f!Ji1 amf.lonium sul::gha te :g.er plant. The tre[l tr:len t with six. 

applications gave the highest weight of fruit per plot and had 

at :fifteen months an a.yerage of 1. 99% l oof-N. This nitrogen 

content is in correlation with the r equired 1.986% leaf-N 

es tD.blished for the levels of N at the sane period. In the case 

of ~~o appliCD.tions only 1.78% l enf- N Y7nS r ecovered. It is 

clear, ther efore, t hc.t as a. result of the infrequent applications 

in large quantities a large ruQount of the nitrogen wo.s lost to 

the plants. In this instnnce it r;lD.y have been due to the pro­

longed drought during spring, 1961. This drought coincided with 

the second application, which wa s a l so the last in the treatment, 

ten r.:ton ths after planting •. 

There was no significant di fference in the l enf-N 

/between •••••••••.• ~o. 
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be~veen frequencies of four n11d six applic~tions (2.03% N and 

1.99%N respectively), fifteen wontl1S after planting' These 

results are approxioately the sane as the required optli~~ 

obtained under levels of N, viz. 1.986% leaf-N. luthough 

a frequency of four applications eave a significantly lower 

weight of fruit per plot coopared with six a:Qplica tiona, the 

r esults with averat.;e -~;eight per fruit were jus.t the opposite. 

It co.:1 be assUEJ.ed., therefore, thc.t it must have been the number 

of fruit_, although not significcr1t, tha t caused this variation 

in fruit >le i E:,ht per plot. Under these circuuatances the opti­

muu leaf-N required for nn optiouu1 yield could, therefore, be 

accepted to be approxioate~ 1.99% N, representing the treat­

oent which gave the highest yield. During the period ten to 

fifteen months, a total quvntity of 26.7 BP nDQOniuu sulphnte 

per plant, v-m.s a.pplied in the treo.tment for o. frequency of six 

applications and could be r ego.rded as the DLtXiouu requirement. 

The quantity established under l evels of N wa.s 25. 4 gm ammoni~ 

sulpmte per plant for this period which is actually closer to 

the to t....l.l quantity in the frequency of tvvo applico. tions, viz. 

25.0 go. It o.ppears, however, th:.t the Etost ioporto.nt factor 

.-vas to split t his total que.:1tity in three separate o.pplications. .. 

over this period. The nw.in realilon was to avoid the effects of 

the drought und possible loss of nitrogen through vola to.lisation 

whm1 applied in one lnrge quantity. 

There ·.Jer e no further applications of £Uilr.lonil.lr.l sulEht'. te 

from fift een oonths after planting to flower differentia tion. 

There wc.s a decreD.se in leo.f-N, significcn t a t 0. 01 for all 

three f:rrc:.quencies over the period-, to below the value established 

in (ll)T.-Bh. 5 viz. 1.6% l eaf-N compo.red with an average of 

1.213%. All_ other results, .in the latter project, up to fifteen 

months clter planting were in close corrclo.tion with this project .. 

It con therefore be safely assmned, that b etter results would 

have been obtained if rumaoniura sulphD. te >1a s applied dur:L.11g the 

period of fifteen nonths to f l ower differentiation. The sucker 

production with a frequency of six applica tions was significc:.nt­

ly higher o.t .0.05, than the other two frequencies with no 

quadratic significa,_·10e, Therefore o.lso in this instance, e 

higher sucker production rne.y have ·been obtained which cc;n effect 

the first ro. to on crop directly.. The so.nc r easons o.pply to the 

ntlfilber of sli-ps per pl.ot which may be increased by o.n addi tiona.J. 

application during that period.-

/ The ••••.•••••••• ~I . 
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The degree of' tmnsl.ucency in the f'rui ts was increased. 

signif'icc..ntly by increased. frequency of' application. It appears, 

therefore, th~t not only the increasing rates of' &~onium sul­

phate but n.lso the incrcc.sine; frequency nus.t be observed in 

the degree of trc..nslucencyo In other \lOrds, it vlill be 

ir.1portD.J.1t to hn.rvest fruits from pln.nts Yvhich will be impor-

tn.nt to harvest fruits. f'ron plm1ts which received high 

nitrogen at frequent in tervo.ls ' "hen they nre still green as.. 
\ 

by so doing the degree of' translucency ~...-ill. be reduced. 

The chlorophyll in the leaves vms not affected by 

frequency of' application throughout the plc.nt crop period. 

This. may be due to the i.Ylterf'erence of iron deficiency 

chlorosis in the leaves. This enphas.ized the fo_ct thE .. t 

leaf-chlorophyll. content cun not be used LI.S em index 

for nitrogen f'ertilisn.tion when smo.J.l differences o..re r.J.ea-

sured. It ·will be 1;1ore o..ccurD.. te to use the leaf-N as a 

measure. 

The r espon£e of len.f-K n.nd leaf-Mg to increasing 

frequency of' applicn:tion of cr:-.E1onium su1ph£,te was very sir.lilar. 

In the evern.ge response of both eleraents over the entire 

plant crop period, four applications gave a si@1ificD.J.1tly 

higher l eaf'-K n.nd lec.f-1vig compo.red with the tvvo and six 

applications. r:I;he only correlation of these results was with 

the average Yieight per fruit, •.chich wc.cs the sru:-~e. Vlhether 

K and Mg were directly or indirectly r esponsible through N 

frequency for the in.creo.sed weight per fruit can only be 

judged by the preliE1inary results obt._'.invd by MD.rtin-Pr~vel 

(1961). That is, a beneficial effect on average fruit weight 

Yli th acldi tion of' K n.nd l\Ig. 

1'he rcsul ts \7i th leaf-Ca C',.nd le.rtf-l~o. did not seera 

to be affected by the frequency of' application of D.J.~~onim~ 

sulphate. 
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4.5: (A)T-Bh. 5B: 

THE EFFIDT OF DJFFERENT lli"'VE.L.'3 dill INTERV illS OF APPLICA-­

TION OF .AMi~iONrlJi..i: SULPHA·rE ON THE GROWTH, OHE.\IICAL C~ 

SITI ON .AND YIELD OF QUEEN PJNE.t.PPLE PLANTS UNDER FIELD 

QONDI'l'IONS : E.8S'l; LONDON 

BE:DPI5t/- BROWN Ckf!ll 1//R'f!A'?O!.I... 
I 

1. Yield.. 

The first harvesting year was f r om 1/7/62 t o 50/6/65. 

which will be dealt \nth in this r eport. 

(a) Fruit weight per p l ot. 

The average weight of fruit harvested per plot is 

given in Tabl e J.. 

TABLE 1.. Average weight (lb) of fruit per p l ot. 

(NH4)2S04 
Frequency of application 

(Kg per 10,000 plants) 2 4 6 Mean 

0 1.7. 55 25.-85 25.85 25.02 
200 37. 97 35.25 56.24 55. 82 
400 58. 53 28.72 32...26 35.10 
600 40.97 51.47 l 30.45. 54.29 
800 ·±8 •. 49 25.57 52. 11 55. 5.9 

1000 5.9.04 27 . 45. 52..00 52. 82 

Mean 40 .. 96 29o29 32.61 52..41 

L.S.D . lp = 0.05l oeans of N l evels = 5. 268 lb C.V. 50. 54% 
L. S.D. P = 0 . 01 neans of N level s : 4. 652 lb 
L.S.D. P = 0 . 05 oeans. of N frequency= 2. 514 lb C.V. 29. 29% 
L.S.D. (P = 0.01 neans of N frequency = 3. 292 lb 

The control gave a decrease in fruit we i ght per pl ot 

coqpared with all the N l evel s , and significant at 0.01. 

The l inear response of fruit wei [}lt per pl ot to 

increasing l evels of N YJaS positive and significant. The 

q1uuiratic response was negative and significant. 

A frequency of 2 appli cations. of N gave a higher 

·weight of fruit per pl ot, signi f i cant at O. OJ., conpared with 

4 and 6 applications.. A frequency of 6 appl ications was s i g­

nificantly higher at 0 . 01., than 4 applications. 

The linear response of fruit weight jter p l ot t o 

incr easing frequency of applica tian of N vms negative and 

aignificru1t a t 0 . 01. 

The conversion of fruit weight per pJ.ot to the 

equivalent t ons per acr e is given in Table 2 ~ 

/Table 2. ••• • , • • •••• {:.:; •• 

·.· 



- 6~ -

TABLE 2. Average weight (tons) of fruit per acre. 

(~)aso4 r= Frequency of' ap}?J.ica. tion 

(Kg per 10,000 plants) 2 I 
~-

4 6 Mean 
-<---

0 3.02 I 4~50 4. 50 4~00 
200 6,61 5.79 6.31 6.2.4 I 

400 6.6b I 5,00 

+;:~; 
5.77 

600 7 .11.:.. 5.48 5.97 
800 8.45 4.45 5.59 6.16 

1000 6.80 4.78 5.57 5.72 

I 
~-~ - -· 

Mean 6 . 45 5.00 5.48 5.64 L ( 

The decrease in yield for the control compared with 

t he Qean of all the N levels amounted to 1.99 tons per acre. 

which was significo.nt at 0.01. 

A f r equ ency of 2 n.pplic.a tions gave lLn increase in 

yield of 1. 45 and 0. 97 tons per acre coupared ,;i th 4 and 6 

applications respectively and significru~t at 0.01. 

(b) Nunber q.f fruit per 12,lot. 

The average number of fruit harvested per plot is 

given in Table 3 . 

TABLE 3. Average nur1ber of fruit per plot. 

(NH4)2so4 ~~ ;;~q~en;;-;,f application 

(Kg per 10,000 plants) 
2 ___ L__: -t-6 Mean 

L. S.D. 
L.S.D, 
L.S.D. 
L.S.D. 

-
0 l2o58 I J.'l,£:3 20~42 

200 ;25. (.;.] I 22. s::S 24. 58 
400 25, C') i 17.53 19.17 
600 26.83 18. 67 ].9.00 
800 29.00 15.3.3. I 20.00 

1000 24. 67 ]5.92 . 19.17 
----··---.~ 

Mean i 24.00 18.36 20.39 

(P = 0.051 r~ans of N levels = 0.85 
(P ::::- 0. 01 oenns of N l evels :::. 1.14 
(P :::. 0,05 oen.ns of N frequency ~ 0.18 
(P = 0.01 means of N frequency :::. 0.89 

17. 61 
24. 44 
20.58 
21. 50 
21.44 
19.92 

20.92 

The control gave a l.ower m.uaber of fruit per pl ot, 

significant at 0 . 01 compared ·with all N levels ~· The highest 

level of N was significantly lower1 at 0.01 coopared with 

the 200, 600 and 800 Kg levels. The lowest l evel of N wo.a 

higher than nll the other N levels, significant a t 0.01. 

A frequency of 2 n.!Jplica +,ions gnve an incre~:tse in 

the number of fruit, significunt at 0.01, compared with 4 and 

6 ap:Q].ications. The 6 appliCD.tions treatr.ent ',Jo..s higher thn.n 

4 applioo.tions, and significant o.t (J. 01. The linec.r response 

;' of • ,. ; • • ., • ~ .. . o • • • • 6ft. 
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of nU@bera of fruit per plot to increasing frequency of N 

applications wns negctive and significant at 0.01. This 

was not consistant D..S the quadratic response was positive 

and significant at 0.01. 

(c) Average vveip..ht per fruit. 

The ave:roge weight per fruit is given in Table 4. 

TABLE 4. Average weicht (lb) per fruit. 
'· 

L,S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

Frequency of ap:QJ.ica.tion 

a 4 a Mean 

0 1.-25 1~51 1~· 28 1~28 
200 1.·4.8 1.46 1.47 1.47 
400 1:55 1:66 L .62 1.61 
600 1.56 1.69 1.58 1.61 
800 1.65 1 •. 66 1.65 1.65 

1000 1.62 1.78 1.69 1.70 

Menn 1.57 1 .. 65 1.60 1.55 

lp = 0,05lraenns of N levels. =- 0.07 lb C. V. 9. 24% 
P =- 0.01 peans of N levels. = 0.09 lb 
P =- 0.05 means of N frequency= 0.05 lb C.V. 8,55% 
P = 0.01) r:l&"llS of N frequency =- 0.06 lb 

The contra~ and lowest level of N gave a lower 

average weight per fruit than ell the other N levels, signi­

ficant at 0.01. The highest level of N gave an increo.se in 

average weight :Qer fruit compared ¥vi th the 400 and. 600 Kg 

levels, significant at 0.01. There wc.s no s.i.gnifico.nt 

difference betv'leen any of the other N levels. The linear and 

quadratic effects of increasing N levels were positive and 

significant at 0.01. 

A frequency of 4 ap_plica tions gave an increase in 

average weight per fruit, significant at 0.01, compared with 

2 applications but only significant a t 0.0~ over 6 appli~ 

tions. The quadratic effect was positive and significant 

at 0,01. 

(d) Average degree of translucency. 

The averc.ge degree of trD.nslucency per fruit is 

given in Table 5. 

/Table 5 ••••••••• 6~ 
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TABLE 5. Avere.ge degree of translucency per fruit. 

(NH4 )zso4 
Frequency of application 

(Kg per 10,000 plants) 2 4 6 Moon 

0 0.28 0.18 0.19 0.22 
200 0.72 0.50 0.45 0.56 
400 0.51 1.08 1.01 0.87 
600 0.85 0.79 1.01 0.88 
800 0.59 0 . 78 0.90 0.76 

1000 0.86 0.91. 1.04 0.94 

Mean 0.70 0.81 0.88 0.70 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

(P = 0.05l means of N levels. = 0.24 c.v. 75.5~ 

1

p = 0.01 means.. of N levels = 0.52 
P = 0.05 means of N frequency= 0.16 C.V. 65.65% 
P = 0.01 oeana of N frequency= O.Zl 

All N 1.evels gave a significant increase, a t 0.01., 

in the degree of trnnslucenc.y coapared •vi th the control.. The 

highest level of N and the 600 Kg gave a significant increase 

at 0.01 over the loweat level of N. There was no aignifico.nt 

difference ·between the other N l evels. The linear e~fects of 

N levels.. wn.s. significant ~t 0. 01, with on average incren.s.e in 

translucency of 0.1199 ! 0.0205% for each 200 Kg increr.1ent 

in ommonium sulpl:mte. This.. wns not consistant as the qUD.dratic 

effect was significant. 

A frequency of 6 applications gave a s ignificant 

increo.s.e in translucency at 0.05 coopn.red with 2. apJtlications. 

There vro.s no significr..nt difference between any of the. other 

frequencies. 'l'he linear effect of increo.sing nUJilber of 

a.p:Qlications was :r;>ositive and signi ficant at 0.05, with on 

o.vere.ge increase of 0. 09 ! 0. 0572% for each 2. ru:ldi tion.a.l 

dressings.· 

2. Len£ Ano.l.ysis. 

Leaf analysis wer e done on three separate dates over 

the: plant crop period, viz .• a.t ll, 1.6 and 20 oonths from the 

date of planting. 

( o..), Nitrogen. 

The nitrogen content of the l eaves at ll months after 

planting i s given in Table 6. 

/Table 6 . . ' ... ~ ..... 66 • 
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TABLE 6. Nitrogen content (%) of the le~ves 1~ oontha 
c..fter plnnting. 

(N1)2so6 
Frequency of application 

(Kg :per o, 00 plants) 
a 4 J 6 Mean 

0 1.59 lo"64 1.62- 1;-619 
200 1.70 1.76 1;8o 1.755 
400 1.66 J..-71 1.92 1.763 
600 1.'96 2...00 1.80 1.918 
800 1.78 1.68 1.93 1.797 

1000 1.93 a.ll 1.95 1.995 

Menn 1.81 1.85 1.88 1.808 

L.S.D. ~p = 0.05l menns of N level s ~ 0.126% N C.V. 8.21% 
L.S.D. P = 0.01 menus of N l evels = 0.168% N 
L. S.D. P =- 0.05 means of N frequency= 0.085%N C.V. 13.05% 
L.S.D. P =- 0.01) menns of N frequency = 0.113% N 

The highest level of N go..ve ~ significant incren.ae­

in leo£-N ~t 0. 01 c.om:po.red vvi th o.ll. the treo. tnents except 

600 Kg which wo.a not significunt. The lectter treatment was 

significuntly higher at 0. 05 coo.po.red Vii th the two lmreat 

levels of N. The control. was significontly J ower c.t 0.01 

coopared with the tvm loweat levels of N but only signifi­

cantly lower o..t 0.05 compared with the two lowest levels... 

The linear effect of increasin~ levels of N on the l eo.f-N 

was positive nnd s i gnificunt,at 0.01 •·nth an avera.ge in­

crease of 0.0617 :!: 0.0106% for eo.ch D.dditiono.l aoo Kg 

runmonium sulphc. te. 

Ther e was. no signifi ca.nt di~ference in the frequency 

of o.pplica.tions. 

The leo£-N a.t 16 nonths after JtJ.a.nting is [;iven in 

Ta.ble 7. 
TABLE 7. Nitrogen content (%) of the l eo.ves 16 nonths nfter 

plunting. 
-~ --

(NJ4.)2so4 Frequency of o..pp1ico.tion 

( 1~ per 10, 000 plants) 
2. 4 6 Mean 

L.S.D. 
L.S.D, 
L.S.D. 
L. S. D. 

0 1.54 1.69 1.60 1. 610 
200 1.85 1.85 1.91 1.841 
400 1.91 2. 08 2.06 2.017 
600 2 .• 10 2.10 2o20 2.153. 
800 a. oo 2.:12. 1. 97 2.051 

1000 2.06 2. 2.5 2.00 2. 10.3-
-

Menn 1 .-98 2.08 2..03 1.956 

(P =- 0 . 05) means of N l evel s = 0.148% N C.V. 9 . 27% 
(P = 0.01) means of N levels.. = 0.198~ N 
(P =- 0.05) means of N frequency = 0.103% N C.V. 14.54% 
(P ::: 0 .01) means of N frequency :.:. 0.138% N 
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Al~nitrogen leve~s eave an increase in leaf-N, 

campured vnth the control and significant at 0.01. The 

lowest level of N v:ras significantly lower, o.t 0.01 corapo.red 

with the highest level and 600 Kg but only significantly 

lower at 0.05 compured with cl~ the other N levels. The 

linear response of increasing levels of N on the lec~-N 

was positive and significant at 0.01 with an average increase 

of 0.0899 ! 0.025% for each additiono.l 200 Kg acrJonium sul­

phate. This, w~ not consisted for all the levels as the 

quadratic response was also positive aDQ significant at 0.01. 

The leaf-Nat aamonths after plcntinc is given 

in Table B. 

TABLE B. Nitrogen content (%) of the, leaves 22 months after 
planting. 

(NH4)2so4 
F'requency of applic2.tion 

~Kg p.er 10,000 plants) 2 4 6 Mean 

0 1.42. 1 •. 51 1:45 1.460 
' 1~·55 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

2.00 1. 5<!: 1. 49 1.526 
400 1.51 1.65 1.60 1.585 
600 1.62 1.60 1.80 1.675 
800 1. 58 1.75 1.61 1.659 

1000 1.58 1.71 1.sa 1.705 

Mean 1.57 L65 1.66 1.598 

!
p = 0.05l means of N levels = 0.108% N C.V. 8.a5% 
P = 0.01 means of N levels = 0.143% N 
P = 0.05 means of N frequency=- 0.078fvNC.V. 15.54% 
P = 0.01 means of N freq~ency = 0.105% N 

The control had o.. lower leaf-N content, significant 

at 0.01 compared vdth the threa hi~hest levels of N but only 

significo.nt at 0.05 cm.~ed \fith the 400 Kg. The lov,rest 

level of N v~ lower thnn the 600 Kg and 1000 Kg trea~ents 

and significant at 0.01, ·but only signif'iccntly lovver o.t 

0.05 compared \vi th 800 Kg. The second lov7est N level '<iffi.S. 

significantly lower at 0.05 compared with the highest level. 

The linear effect of increasing level s of N on t he l eo.f-N 

was positive and s i gnificant at 0. 01 vn th an aver age increaae 

of 0.04695 ~ 0.0091% for each increment of aoo Kg ru.1"".1onium 

sulphat e. 

A frequency of 2, applications gave a lower l eaf-N 

than 4 and 6 o..pplica.tiona, s i[:llif ican t u t 0 . 05. The linear 

effect of increcsing frequency of N o.pplica tion on the l eaf-N 

was positive and significant a t 0.01 with an average increase 

of 0.04695 ! 0.0561% for every addition~ 2 dressings . 

/ The~ ••• c •• ~ . •••• , o bS~ 
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The effect of increc..sing levels of N on the leo£-N 

over the period of snopling is given in Table 9. 

TABLE 9. Effect of N levels on leL.~f-N (%) over the three 
sDDpling dD. tes. 

(rr.ti4)2804 
T:ir.le of S&1Qli.l1.[; (Donths) fron plonting 

(Kg per 10,000 plants) 11. l6 22 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

0 1.619 1.610 1.460 
200 1.755 1.841 1. 526 
400 1.763 2.017 1.585 
600 1.918 2.133 1.675 
800 1.797 2.031 1.639 

1000 1.995 2.103 1.703 

Me.o.n 1.808 1.956 1.598 

lp ~ 0.05l means of N l evels = 0.076% N 
P ~ 0.01 means of N 1evela = 0.102~ N 
P =- 0.05 neuns of' sDL.1pling tiDes = 0.054% N 
P ::. 0. 01 r.1en.1'1S of srun]tling times = 0. 071% N 

Mean 

1.565 
1.707 
1.788 
1.907 
1.822. 
1.933 

1.787 

.Al:L N levels go..ve an increo.se in leaf-N compc.red vd th 

the control. a.nd signii'ica.nt ut 0.01. The 600 Kg treatr.lent 

. gave o.n increase in the leaf-N, signii'ico.nt at 0.01, with the. 

two lowest levels of N and significantly higher at 0.05 com­

:pared with 800 Kg. Hith the exception of 600 Kg the highest 

level. of N gave u significant increE'.s.e at 0.01 over c.ll 

other N levels. The linear r esponse of l eaf-N to increasing 

l evels of N YIO.s positive and significant Yd th an averc.r;e in­

cren.se of 0.662 ! 0.0065% for en.ch additional 200 Kg ~~lonium 

s.ulphate. This v~s not consistont for all level s us the 

qun.d.ro. tic response vas significant. These effects c.re shovm 

in figure 1 for the complete period and in f i cure 2 for the 

menn o:f' the three sampling times. 

The J20si tive li.neD.r r esponse \iD..S s ignifico.ntly 

higher at the 16 month period coopo..red with that o.t 22months. 

At the 16 month period the neo.n lenf-N \io.s higher than 

at 11 o.nd 22 1:1onths o.nd si~ifico.nt o.t 0.01. The sample a t 

22. months wes.. lower than tmt a t 11 oonths and s i gnii'ico.nt a t 

o.o1. 
The response of l eaf-N to increusing frequency of 

N apJ2llcation i s given in Table 10. 

/ Table 10 ••••••••••• 6q • 



TABLE 10. Response of leaf-N to frequency of N application 
over 5 srunpl:ing d.D...tes. 

T:ine of sonpling (months) from plo.nting 
Frequency of o..p:Q1ica tion 

ll l6 

2. 1.81 1.98 
4 1.85 2.08 
6 1,88 2..05 

Mean 1.808 1.956 

L, S .D. (P::. 0.05) meo.ns of N frequency = 0 . 048% N 
L.S. D. (P = 0.01) meLUlS of N frequency = 0.06~fi N 

22 :Meo.n 

1.57 1.780 
1.65 1,860 
1.66 1. 856 

1.59a 1. 852 

A frequenqy of two applicctions gave e. decrease 

in leaf-N com:Qared with 4 o.nd 6 o.pplications, cnd significo.nt 

at 0.01. 

(b) Potassium, 

The poto.ssium content of the leaves ll months 

after planting i s given in Table 11 . 

TABLE ll. K content (%) of the leaves 11 months aft er planting. 

, (NH4hso4 Frequency of application 

(Kg per 10,000 plants) 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

2 4 a Mann 

0 0. 62 2. 98 5. 06 2.. 887· 
200 5..05 5.08 2..89 5. 007 
L.l-00 5.07 2..94 2.97 2. 994 
600 3.07 2.. 95 2, 67 2..896 
800 2. 81 2.87 2 .. 78 2. 822 

1000 5.52 5.20 5,16 5. 22.4 

:M:eo.n 5. 064 4. 008 2.894- 2. 972 

(P = 0.05) .mevns of N l evels = 0.519% K O.V. 15.12% 
(P = 0.01) means of N l evels = 0.4Z4% K 
(P = 0. 05 ) means of N f r equency= 0 . 216% K O.V. 20.08% 
(P = 0 . 01) means of N frequency = 0,285% K 

The cont rol. and the 800 Kg trentr:J.ents gave a lower 

leo.f-K compared with the highest l evel of N, significcnt a t 0.05. 

Freq~ency of appl ication had no significc~t effect 

on the leD.f-K. 

The pot c.ssium content of the l .eaves 16 uonths 

after planting is given in Table 12. 

/ Table 12 . . . . . ... . ... "To • . 
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TABLE 12. K content (%) of the le~ves 16 months ~fter planting. 

(NE4)2so4 
Frequency of o.pplicn.tion 

(Kg per 10,000 plants) 2 4 6 Mean 

0 4Q43 4o20 4 .32 4.32 
200 4. 49 ·1.25 4.33 4.5.6 
tJ..OO 4 . 58 4.45 4.25 4.4~ 

600 4.44. L.J:. . tl-B 4.48 4.47 
800 4.10 4.68 4.53 4.44 

1000 ':i:-.57 4.61 4 .70 4 . 63 

M~'Ul 4.44 4.49 4 . 46 4.44 
I 

L.S.D . (P = 0.05l menus of N l evels = 0.298% K C.V. 8.1~ 
L.S.D. (P = 0.01 means of N l evel s = 0.596% K 
L.S .D. (P = 0.05 1:1eo.ns of N frequency = 0.178% K C.V. 11.14% 
L.S.D. (P = 0.01 mec~s of N f r equency= 0.2361v K 

The highest l evel of H had ~ higher leo.f-K content 

t ho.n the control, s ignificant c.t 0 . 05 . The J.inear effect of 

increasing l evels of N on the le~f-K wo.s positive and s i zni­

ficant o.t 0.01 with an c.ver~ce incr0ase of 0 . 0521 ~ 0 .0251% 

for each o.ddi tionc.l 200 Kg D.L'li..lOnil.u!l sulphat e O.p:tc>lied. 

Frequency of applica t i on l~~d no significc~t effect 

on the l eaf'- K. 

The potassi~ content of the leaves 22 wonths o.fter 

plo.nting i s e iven in Tctble 1.5. 

~ABLE 15. K conteat (%) of t he le~ves 22 c10nt hs after pl anting. 
·- --· 

(NH4)~04 Fr eq_uency vf application 

(Kg per 10,000 plants) 2 4 6 Meon 

. 

L.S.D. 
L.~ .D. 
L.s.:o. 
L.S .D. 

0 5.06 5"15 3.15 3.12 
200 2 .• 76 3. 02. 2 . 73 2. 84 
400 2. 85 2. 90 2. 75 

I 
2. 83 

600 2.88 ~. 02 2. 87 2.92 
800 5. 80 2.75 2.75 2..75 

1000 5.05. 2. 95 3.11 3.02 

Moon 2.. 86 2. 92 . 2.84 2.91 

!
p ~ 0.05l means of N levels = 0 . 22~ K C.V. 9.5% 
P = 0. 01 ueo.ns of .N le.vcls = 0 . 295~ K 
P = 0.05 meons of N frequency = 0.152% K C.V. 14.4~ 
P = 0. 01 neo.ns of N f r equt::ncy ::. 0 . 20l1o K 

The control had a higher K content in the leaves 

than the 800 Kg treatment si@'li ficnnt at 0.01. The control 

\vas only s ignificantly higher at 0 . 05 compared \vi th 200 und 

400 Kg treatments. The q_u.::t.dr~tic effect of increo.sing levels 

of N V1t'.s positive e.nd signific.:mt c.t 0.01. 

/Frequency 0 . .... .. .... .. . 
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Frequency of ap~ication h3dno s i gnifi cant effect 

on the l eo.f-K. 

The effect of increasing levels of N on the 1eaf-K 

over the period of sru:1pling is given in Table 1.4 . 

TABLE 1.4. Effect of N l evel s on leaf-K (%) over the 5 
sv.r.1pling d.ut es. 

(N1i4)2so4 
T:L:J.e of SaL.1pling (11onths) from planting 

(Kg p er 10,000 pl ant s ) 11. 1.6 22 

L.S.D. 
L.s .:o. 
L.S.D. 
L. S.D . 

0 2.89 - 4.52 5 .12 
200 3 . 01 4.56 2 . 84 
400 2.99 4.45 2 .. 85 
600 Z. 90 4 . 47 2.9Z 
800 2 . 82 4.44 2.75 

1000 5. 22. 4.65 5.02. 

Mean 2 . 972 4.458. 2 . 91 5 

P = 0 . 01 oeans of N l evels = 0 . 275% K 
(P =- 0.05l oenns of N levels ::. 0 . 207% K. 

>p = 0.05 means of SDL1pling dat es = 0 .1.45% K 
(P = 0.01 oeans of sru~1pl.ing dates = 0.188% K 

Mean 

5.440 
5.400 
5.416 
5. 428 
5.556 
5 .624 

5. 441 

The l eaf-K for the highest l evel of N wca higher 

than the 800 Kg treatoent, signific&~t at 0.01. 

At 16 1:1onths e,fter pl nnting the l eaf-K v7D.s higher 

thrul at ll. and 22 months and significDnt a t 0.01. 

There wo.s no significant difference between the 

latter two srunp1ing dat es. 

Ei.gure 5 shows the overcJ.l. effect of increasing 

l evels of N on the l eaf- K. The significant lineo.r increo.se in 

l eaf- K at 16 oonths is sho'm as well as the quo.dr~tic effect 

at 22 months. The lo..tter is caus.ed by the significn.ntly lower 

leaf-K in 800 Kg trea.tr:Hmt throughou t the whole period (To.bl e 14 ). 

( c ) Calcium 

The calciun content of the l&'l.ves 11 uonths after 

plantin.g i s given in Table 15. 

I Table 15 •• ••• ••••••• 7a, 
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'l'ABLE 15, Ca content (%) of the leaves 11. months after planting. 

(NH4 )2so4 
Fre~uency of application 

(Kg per 10,000 plants) 2 4 6 Mean 

L~S.D. 
L.S.D. 
L.S.D. 
L,S,D. 

0 0.43 0.45 0.40 · . 0.428 
200 ·0.45 0.45 0.44 0.447 
400 0.42 0.49 0.46 0.45-5 
600 0.46 0.45 0.51 0.471 
800 0 .49 0.47 0.54 0.499 

1000 0.48 0.48 0.51 0.489 

Mean 0.460 0.468 0.492. 0.465 

lp : 0,05l me~a of N levels = 0.068% Co. C.V. 17.95% 
P : 0,01 means of N l evels = 0.091% Ca 
P = 0.05 means of N fre~uency = 0.049% Ca C.V. 29,24% 

(P = 0,01 menns of N frequency = 0,065% Ca 

'l'he control ru:d a lower l ea.:f-Ca, significant ~t 0.051 

coopa red with the 800 Kg treo.. tment. The linec.r effect of in­

creasing levels of N on the lea.f-Ca wr::.s po::li tive o.nd signif'i­

can t at 0. 05, ·~;i th on. average increase of 0. 01558 ! 0. 0057% 

for every addi tiona.l 200 Kg of e .. mmonium su1.ph~ te D.dded, 

The co.lciurJ content of the ~eaves 16 oonths after 

planting is c;iven in To.ble 16, 

TABLE 16. Co. content (%) of the lec.ves 16 months o.fter planting. 

(NH4)2so4 Fre~uency of o.ppli cc.tion 

(Kg per 10,000 plants) 2 4 6 Mean 

L.S .. D. 
L,S.D. 
L.S,D. 
L.S.D, 

' 0 0.55 0.50 0.51 0.52 
2.00 0.65 0.62 0 . 65 0.64 
t1()0 0.72 0.71 0.65 0,69 
600 0.71 0.58 0 . 68 0,66 
800 0.78 0.70 0.68 0.72 

1000 0.78 0.76 0 .71 0.75 

Mean 0.728 0.674 0. 674 0.665 
l 

!
p = 0,05l ~eo.ns of N levels = 0.055% Ca c.v. 10.17% 
P = 0.01 means of N levels = 0.074% Co. 
P:::. 0,05 means of N fre~uency = 0. 044% Co. C.V. 18, 51% 
P :::. 0. 01 means of N fre~uency :::. 0. 059% Co., 

The len.f-Ca of the control -.. us lmier than all the 

N levels sienifico.nt o.t 0,01; The lowest l evel of N was lower 

than the ~~o highest l evels of N and significant o.t 0.01. The 

600 Kg treatr.lent wo.s significantly lower o..t 0.01 conpared with 

the highes.t N l evel but only significo.ntly l ower o.t 0.05 com­

pared with the 800 Kg trea.tr.:1ent. There wc..s no significant 

difference between the 200, 400 and 600 Kg treatments. The 

linear response of leo.f-Co.. to increasing N levels Yms positive 

I o.n.d •••••• •·. • • •. • •.• • • • t'f3G 
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+ o.nd significnnt o.t 0~01 with an cvero.ge increo.se of 0.0589 -

0,0047% for each o.dditionc.l 2.00 Kg IJ..r:1f.loniun sulphD.te. This. 

increase lffi& not constc~~t for all levels o.s the quadratic 

effect ~o.s also signific~t ct 0.01. 

A frequency of a ap£lico.tions gave Q higher l eQf-Ca 

content sig,nifico.nt J.t 0.05 com~c.red with 4 and 6 applications.. 

The linear efftJct of increasing freqt1ency of c.pplica:tion wa.s 

negative a.nd significa.n t ·.c. t 0 . 05 \7i th an c.verc.ge increase of 

0.027 ! 0.0205% for each additional 2 dr essings. 

The calciu~ content of the le~ves 22 wonths ~£ter 

pla.nting i s given in Table 17. 

TABLE 17. Co. content (%) of the l eo.ves 22 r.:wnths fron plo.nting,· 

C~hso4 Frequency of c.pplico.tion 

(Kg per 10,000 plants) 

L.S.D. 
L. s • .u. 
L.S.D. 
L. ~ .D. 

2 4 6 Mea.n 

0 0.58 0.45 0.46 0. 42. 
200 0 . 45 0.48 0 .46 0 .46 
400 0 . 45 0 . 49 0 . 47 0.46 
600 0.44 0.51 0. 46 0.47 
800 0.50 0.54 0 . 48 0. 51 

1000 0,47 0 •. 52 0.50 0.50 

Mea.n 0.458 0.508 0.474 0.47 

1
p = 0.05l meo.ns of N l evel s :: 0.052% Co. C. V. 8 •. 20% 
P = 0.01 oec.ns of N l evels = 0 . 042% Ca 
P = 0.05 meo.ns of N frequency = 0~02% Ca C.V. 1~.69% 

(P = 0.01 ) mea.ns of N frequency = 0.026% Cc. 

The control hc.d a l ower l eo.f- Co. content, significant 

at 0.01 coopared ~ith all the N l evel s.. The 800 Kg and 1000 Kg 

treatnents were s i gnificantly higher c.t 0.01 and 0.05 compared 

vrith the three lowest N l evel s., respectively. The line~ 

response of l eaf-Cc. to increasing levels of N was poaitive 

and significant at 0.01 vrith an averc..ge increc.se of 

0.01502 :!: 0.00266% for ec.ch increment of 200 Kg nmr.1oniuo sulphD.te. 

A frequency of 4 o.pplica tions of N gave an in­

crease in le.2.f-Ca , significa.nt at 0.01. coupared with 2 and 4 

o.pi?lic...".tions. There W£:.8 no significm1t difference be-b.veen the 

two l atter treatments.. The quc.dratic effect of increc.sing . 

freq:uency of ap:Qlico. tion Vfas negc. t i ve o.nd significant o. t 0. 01. 

The response of l eaf- Ca to increasing level s. of 

N over the whol.e period of snmpl ing is given in Table .1.8, 

/ To.ble 18 ••••••••••• 7~. 
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TABLE 18. Ef£ect of N levels on ~ecf-Ca (%) over the 5 
sDmpling de. tes. 

(NH4 ) 2so4 
Tioe of scmpling (o onths) fr01-:1 planting 

(Kg per 10,000 plants) ll 16 22 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

0 0.43 0.52 0.42. 
200 0.45 0.64 0.46 
400 0.46 0 .69 0.46 
600 0.47 0.66 0.47 
800 0.50 o. 72. 0.51 

1000 0.49 0.75 0.50 

Mean 0.47 0.66 0.47 

(P = 0.051 means of N levels = 0.054% Ca 
(P = 0.01 ~cuns of N l evels = 0.045% Ca 
P ::. 0. 05 Lleo.ns of sm:1pling dates = 0. 024% Ca ~p ::. 0 . 01 r.1ec.ns of son}21ing dD.tes = 0.052% Ca 

Mean 

0.457 
0.5JO 
0.557 
0.55l. 
0.575 
0.579 

0.535. 

The control gave a decrease in l eaf-Ca significant 

at 0.01 compared with ~~1 levels of N. The two highest levels 

of N g~.ve an increo.se, significn.nt at 0 . Ol, compe.red with the 

lowest level of N. The 600 Kg treatwent was si@~ificantly 

lower e.t 0.01 cor:1po.red vdth the highest N l evel but only 

significantly low·er a t 0 . 05 compar ed with 800 Kg. There was 

a positive linear increase of lec.f-Ca, significn.nt a t 0.01, 

with increasing l evels of N ruaounting to 0.0222 ! 0.0029% Ca, 

for each additional 2DO Kg CI;JDoniura sulphD.te. 

The leo.f-Cn. vvn.s higher at 16 months a£ter plnnting 

cor.1pa.r ed with 11 and 22 oonths, and significant at 0.01. 

Figure 4 shows the over~l. effect of increasing 

levels of N on the leaf-Co. over the entir,e pt;riod. The 

significant linea.r effect over the whole period is shown. 

At 16 months after planting, however, the linear effect was 

significantly higher at 0.01 comJto.red with the other two 

periods amom1 ting to 0. 01865% Ca • 

.Although there was no significant difference in 

l eaf-Ca for frequency of applica tion, the quadratic effect 

wo.s negative and significo.nt o..t 0.01. A frequency of 4 

applications giving the highest Ca content in the leaves~· 

(d.) Magnesim; 

The mn.gnesium content of the 1eo.ves 11. r.10nths aft e r 

planting is given in To.ble 19. 

/ Table 19 • • • . • • • • • • • • • • '76. 
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TABLE 19, Mg content (%) of the leaves 11 oonths after planting, 

(Nl4)2so4 
Frequency of' o~plication 

(Kg per 10,000 plants) l 
I 2 4 6 Mean 

0 0.52 0.51 o. 55 0.52 
200 Oo52 0 •. 54 0.57 0.54 
400 ' 0.50 0.56 I o.59 0,55 
600 : 0.56 Oo58 0 •. 60 0.58 
800 0.58 0.60 0~60 I 0,59 

1000 0.58 0.56 0.61 0.58 

Mean oQ·548 0 •. 568 0 •. 594 0,561 

L,S,D. 
L.S,D, 
L,S,D. 
L,S.D. 

_(P = o:'o5) raeans of N levels :: 0.045% Mg c.v. 9~-57% 
(P: 0.01) oeans of N levels= 0.057%Mg 
(P = 0.05) means of N frequency= 0.052.% Mg C.V. 15.96% 
(P = 0.01) raeans of N frequency = 0. 045% Mg 

The control!. gave e. low·er leaf-M.g significant at 0, 01 
com.:gared -v"d th the three highest 1.evels of N. The lowest level 
of N vm.s significantly lower at 0. 05 compared \Ti th the wo 
highest l evels of N. The lineo.r response of leo.f-Mg to in­
creasing levels of N was positive an~ significant at 0.01 
with D.n average increase of 0.01598 - 0.00565% for ec.ch 
additional 200 Kg amoonium sulphate. 

A frequency of 6 applications gave a higher leruf-Mg, 
significant o. t 0. 01 coupared with 2 ap:plioo tions. There Yro.s 
no significant difference between 4 and 6 applications. The 
linear responae. of leaf-¥~ to increasing frequency of N 
application was. positive aJ;J.d significant at {). 01 "'vvi th an 
average increase of 0.025 ~ 0.008% .f or each additional 2 
dressings. 

The magnesium content of the leaves .16 months 
after planting is given in Table 20. 

TABLE 20. Mg content (%) ·of the leayes 16 E10l!.ths after planting. 
·---~-

J, - .~ --- ----= 
(Nl4)zso4 

Freque..YJ.cy of' appli·~ tion 
~------ ----·---~ 

(Kg per 10,000 plants) 2 4-8 _Mean I . ..,.. __ - ' 
~n o.~~--0 o.·os 0.085 

200 o.·o9 o.oo lo.o9 0~-090 
400 o.to 0.10 O.J.O I 0.100 
600 1.10 0.10 0.10 0.100 
800 o.J.l 0~10 0.10 0,100 

1000 0.10 0.10 0."10 o:1oo ·---- t---- -
Mean 0.100 0.098 0.098 0.098 

I 

u.S.D. (P = 0.05) oeans of N l evels = 0.006% 11g c.v. 8.11% 
L.S.D. !P = 0.01) means of N levels = 0.008% lvig 
L.~·?· P = 0.05) means of N frequency = 0.005% Mg C.V. 8.71% 
L,S.D. P : 0.01) means of N frequency ::. 0.007% Mg 

The control and lowest levels of N gave a lower 
leaf-Mg, significD.nt at 0.01, compared vtith all tht.:: other N 
levels, The lowest N level "'vms significantly higher at 0 . 05 
compared vli th the control. 'lhe linec.r effects of increasing 
levels of N on the leaf-Mg was significant a t 0.01, with an 
average increase of 0.00568 ! 0.00555% for each additional 
200 Kg ammonium 
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sulphate. This YfclS not constant for all levels as the quadratic 

response 'vas negative and significant at 0.01. 

Frequency of application had no significant effec~ 

on the leaf-Mg. 

The magnesium content of the l eaves . 22 months after 

planting is given in Table 2lo 

TABLE 21. Mg content(%) of the leave5 ~a months after planting. 

(NI4)2so4 Frequency of application 
(Kg per 10,000 plants) 

z 4 6 Mean 

0 0~-06 0.06 0.06 0.06 
200 0.07 0.0'7 0.07 0.07 
400 0.07 0.07 0.07 o.rn 
600 0.07 0.07 0.07 0.07 
800 0.08 0.08 0.08 0,08 

1000 0.07 0.07 0.08 0.0'7 

Mean 0.07 0.07 0.07 0.069 

L.S.D. !p = 0.05) Beans of N levels= 0.006%Mg c.v. 9.2~ 
L.S.D. P = O.Oll means of N levels = 0.008% Mg 
L.S.D. P = 0.05 means of N frequency = 0.005% Mg C.V. 12.25% 
L. S.D. P = 0. 01 means of N frequency = 0. 004% M.g 

I 

The control gave a lmfer leaf-Mg, significant at 
0.01 compo.red with all N l evels. The 800 Kg treatment was 

higher, significant at 0.01 compared with the three lowest 

levels of N but only significantly higher at 0. 05 than the 

highest level of N~ The linear response of leaf-Mg to 

increasing levels of N Yms positive and s ignificant at 0.01, 

with an average increase of 0.0025 ~ 0.0005 for each addi­

tional increase of 200 Kg D.mLJ.onium sulphn.te. 

The overall response of l eaf -Mg to increasing levels 

of N over the entire period of sompling is given in Table 22. 

TABLE 2.2. Effeat of N levels on leaf-Mg (%) over the 5 
sampling dates. 

I 

(~)2so4 I Time of srunpling (months) from planting 

(Kg per 10,000 plants ) 
ll. 16 22. 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

0 0.52 0~08 o;o6 
200 0.54 0.09 0.07 
400 0.55 0.10 o;o7 
600 0.58 0.10 0.07 
800 0.59 0.10 0.08 

1000 o~·5s 0~10 0.07 

Mean 0.561 l o;o95 0.069 

i
p = 0.05) means of N l evel s= O.Ol5%Mg 
P = 0.01) means of N l evels = 0.02o% Mg 
P = 0.05) means of saopling tioes = 0.011% Mg 

(P = 0.01) means of srunpling times = 0.015% Mg 

Mean 

0.221. 
o~·255 

0.239 
o.-250 
0.256 
0.255 

0~-242 
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The control gp.ve a decrease in lea:f'-Mg, significant 

at 0.01 compared vdth the three higheat levels of N but only 

significantly lov-1er at 0.05, than the 400 Kg treatment. The 

lowest level of N ~as lower, significant at 0.01 canpnred with 

800 Kg and significo.ntly lower at 0.05, than 600 Kg and 1000 

Kg. The meon linear effect of increasing levels of N on the 

leaf-Mg over the whole period was positive and significant 

at 0.01 with o.n average increase of 0.0067 ! 0.0012.5% for each 

additional 200 Kg ammonium sulphate. In Figure 5 the r esponse 

of leaf-Mg to increasing levels of N, over the entire sampling 

peri-od, is given. The positive lineo.r response at 11 months 

after sampling was significantly higher thnn at 16 and 22 

months. 

The leaf-Mg 11 n.onths after the planting \Vas higher 

than the other we periods and significant at O.Ol. The leof'­

Mg at 16 months vro.s higher than at 22· oonths , significant 

at 0.01. '-. 

Th~ overall res.ponse of leaf-Mg to increas~ fre­

quency of N applications is given in Table 25. 

T.ABLE 25. Effect of frequency of N application on leaf-Mg 
over the 5 sDinpling dates. 

Time of srunpling (months) from plantine 
Frequency of.fpplico.tion 

ll 16 22. Moon 

2 0.548 0.100 0.070 0.240 
4 0. 568 0.098 0.070 0.245 
6 0.594 0.098 0.070 0.255 

Mean 0.561 0.095 0.;0?0 0 •. 246 

L.S.D. (P = 0.05) means of N frequency = O.Oll% Mg 
L.S.D. (P = 0.01) means of N frequency = 0.014% Mg 

A frequency of 2 applications of N gave a lower 

leaf-Mg than 6 applications, significant at 0.05. The mean 

linear response of the leaf-Mg to increasing frequency of N 

applications is positive and significant at 0.01 with on 

average increase of 0. 0065 ! 0. 0028% for each additional 2. 

dressings.· This linear response varies with the time of 

snmpling and is significDntly higher at 11 months than at 22, 

months. 

(e) Sodi:um. 

The effect of neither increasing levels nor in­
creasing frequency of N a.pplicn tions had o.ny significant 

effect on the leaf'-Na over the entire period of sampling. 

(f) Chlorophyll •••••• 78;-
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(f) Chlorophyll. 

The chlorophyll content of the leuves 22 wonths 

after planting is given in Table 24. 

TABLE 24. Ohloro~hyll content (ppm) of the leaves 22 months 
after planting. 

Freq,uency of a-pplication 
(NJ4hS04 

I 

(Kg per 10,000 plants) 2 4 6 Mean 

L.S,.D. 
L.S.D. 
L.S.D. 
L.S.D. 

0 151 •. 92 150.92 155.25 152.69 
200 140.67 144~85 161.00 148.85 
400 146.67 l50117 165.25 154.05 
600 159.17 158.42 146.08 154.56 
800 142.17 155.75 157.85 151.25 

1000 150.08 164.55. 157.41 157~-83 

Mean 147.75 154.30 157.60 149,796 

(P = 0 .05) means of N levels = 10.75 ppm O.V. 8.77% 
(P = 0.01) means of N levels = 1~.51 ppo 
(P = 0.05) means of N freq,uency = 8.89 ppo C.V. 16. 43% 
(P = 0.01) means of N freq,uency = 11.74 ppm 

All the levels of N gave an increase in chlorophyll, 

significant at 0.01 com.po.red 1vi th the control. The linear 

response of chlorophyll to increo.sing levels of N wn.s positive 
+ and significant at O.OJ. with an o.verage increo.se of 3.7540 -

0.90681% for eo.ch additional 200 Kg Q.QOoniurJ sulphate. This 

was not constant over o.ll levels as the q,uc.dratic effect was 

negative end significant at 0,05. 

A frequency of 6 applications of N go.ve an increase 

in chlorophyll coo.pared Yfi th 2 applications, significont at 

0.05. The linear response vr.ith increo.sing freq,uency of 

application was positive and significant at 0.05 1lith on 

average increase of 4. 925 :!: 2. 0511% for each o.ddi tiono.l t\vo 

dressings. 

5. D-leaf length. 

The D-leaf length of the plnnts 22 months utter 

plo.ntmg is given in Table 25. 
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TABLE 25. D-leaf' length ( iJlches) 22 months o.fter planting. 

(NH4):?304 
Frequency of a.pplicn.tion 

! 
(Kg per 10,000 p~~ts) 2 4 6 Me on 

0 21.8 21.8 22 .• 2 21.94 
200 2.6~7 26.6 26.5 26.59 
400 27.4 27.4 27.1 27.60 
600 27.9 28.4 28.4 28.21 
800 29.1 28.8 28.2 28.71 

1000 29.1 28.8 29.4 29.10 

:Mean 28.0 28.0 27.9 27.05 

L.S.D. (P ~ 0.05l me~s of N levels ; 0.96 inches O.V. 4.54% 
L.S.D. (P = 0.01 menns of N l evel s = 1.28 inches 
L.S.D. (P = 0.05 menns of N frequency= 0.520 inches O.V. 5.27% 
L.S. D. (P = 0.01 oeans of N frequency = 0. 422 inches 

The D-leo.ves were shorter in the control campv.red 

v1i th o.ll levels of N, c.nU. significc.nt c..t 0 .01. The lO'ivest 

l evel of N was shorter thAn the three highest l evels, sig­

nificant o.t 0.01. The 400 Kg trec.illent wo.s significantly 

shorter am 0.01 compared with the highest l evel but not sig­

nificantly shorter than the 600 and 800 Kg trea~ents. Ther e 

was no significo.nt difference between the three highest levels 

of N. The linear response of D-leo.f length to increasinG 

levels of N wv.s positive and significant at 0.01 with on 

averuge increase of 1.2214! 0.0810% for each additional 200 

Kg ammonium sulpm te. This was not cons tont for o~l l evels 

as the qUD.dro.tic ef'f'ect vvas negative o..nd significc.nt o.t 0.01. 

Frequency of o.pplication md no s i gnifi cant eff'ect 

o~ the D-leo.f length. 

<1-. D-leaf Yleight. 

The D-leo.f weight of the pltUlts 22 uont hs o.fter 

planting is given in Ta.ble 26. 

'.tABLE 26. D-leo.f wei.:_;ht (gmm.) 22 months o.fter pl o.nting. 

(N£4)aS04 Frequency of appl ication 

(Kg per 10,000 pl ants ) 2 4 6 ]!lean 

L.S.D. 
L. S.D. 
L. S.D. 
L.S.D. 

0 21.-5 21,; 7 21. 5 21.42 
200 27.7 27.0 28.0 27.54 
400 29.2 28.7 50.2 29.59 
600 29. 5 29.8 51.5 50.18 
800 51.4 51.6 50.1 50. 77 

1000 52.7 51.7 51.5 51.89 

Me on 50.1 29.8 50.2 28.57 

(P = 0.051 meo.ns of N levels = 1.65 gr.~. O.V. 7.05% 
(P = 0.01 meons of N l evels = 2.19 ~ 
(P = 0.05 means of N frequency= 0.854 gm O.V. 8.27% 
(P = 0.01 m&~s of N frequency = 1.128 ~ 
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The D-1euf ~eight vms lower for the control, signi­

ficant .at 0.01, compared with o.ll the N levels. The low·est 

level of N wus significantly l i ghter at 0.01, than the three 

highest levels of N and only significantly lower o.t 0 . 05 

compared with the 400 Kg treatment. The latter \fO.s signifi­

co.ntly l ower 1000 Kg o..t o •. Ol but only significatnly low·er 

o..t 0. 05 compared with 600 o.nd 800 Kg. The 600 Kg treo. t­

ment was signifi cantl y lower o.t 0. 05 c.ompo..red vfi th 1000 

Kg. There ~as no significant difference between the letter 

o.nd the 800 Kg treatL"'lent. The linet'..r response of D-leo.f 

weight to increa.sing levels of N was positive and signifi­

co.nt at 0. 01 with o.n uvero.ge increase of 1. 7898 ! 0.1391% 

for each cddi tional 200 Kg ammonium sulpho.te. This V/D.S not 

consto.nt for ell the levels o.s the ~ua~.tic response vros 

negative and significru1t at 0.01. 

Fre~uency of o.pplication had. no significant effect 

on the D-leaf \f'eight. 

DISCUSSION .AND CONCLUSIONS 

1. Levels of amm.onim sulphll..te. 

Jill the levels of c.muonium sulpha. te, compared with 

the control, produced a. higher weight of fruit per plot, 

signific~t at 0.05. The ~vero.ge increase 'between all the 

levels wo.s 1 .99 tons per cere. This increase can be at­

tributed to the significantly higher m.n·:1.ber of fruit per 

plot in theN levels. Although the r esponse of fruit weight 

to increasing N l evels was LL1eo..rly positive o.nd significant, 

the ~uc.dro. tic res:Jtons.e, however, wo.s negc. ti ve o.nd signifi­

co.nt. Fror:1 these res.ul t s it is clear tre t the fruit weight 

per plot 'oilll not necesso.rily be increased econooico.11y by 

increasing the D.J.:lTJ.onium sulphate. 

Excluding the contro1, the r esults with the ntL"'lber of 

f~its per plot, go..ve indications tho.t increasing l evels of 

rumJonium sulpha.te ~y b e responsible for o. delo.y in harvesting. 

At the end of the first year the nwnber of fruits were signi­

ficantly higher in the lowest l evel of N tho.n in all the higher 

N levels._ Furthermore , _ the highest level of N w~s s ignifi­

cantly lower tlk~ all the lower l evel s of N. 

The avero.ge weight per fruit compo.red with the lmvest 

levels was increased by the highest l evel of N and significant 

at 0.01~ These results, however, app~ to be coupled with 

the degree of trans lucency. The highest l ev el o.lso gave a.. 

significo.nt increase in the degr ee of tro.nslucency •. 
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This a s will be proved L". t er o:..1.y be a s o. result of the ex-

cessively high l ea.f-N a.t the higher levels of ~onimn sui­

pha.te . .b. hi gh degree of trc..nslucency na..y a.ffect the narketing 

g_uD.J.ity of the fruits. Queen pine~pples. intended for fresh 

fruit e::Jq?ort o.re :Q<lcked fo.ir ly ripe n.nd it is known tho. t a. t 

thn. t stL'lge fruits vn th high translucency vi"'ill femen t und 

break do,:m.. 

l'he nitrogen content of the len.ves over the growing 

periOQ con be correln.ted Yfith the yield results during the 

first crop year, .At eleven, sixteen and. twenty two months 

o.fter plo.nting the l e.n.f'-N 9f the 600 Kg o.nd 1000 Kg levels 

of o.mm.onium sulpha. t e was significo.ntly higher compo.red vvi th 

the l owest l ev el. The former t¥io l evels a lso gave the hi~ 

est degr ee of tro.nslucency, which proves the connection 

between the l o. tter end l en.f'- N. 'rhe. 600 Kg end 1000 Kg 

levels, compo.red v ith the 200 Kg o.nd 400 Kg l evels, did not 

give any increa.se in yield, o.nd the 1000 Kg l evel o.ctuo.lly 

delayed the crop. It may be concluded therefore, thnt 

o.pplica.tions of 600 Kg m~onium sulphate and higher a r e not 

d.esiroble, .b.lthough the 200 Kg treo:truent go.ve o. significant­

ly higher number of f'ruit than the 400 Kg, the o.vera.ge weight 

per fruit wo.s significently higher c..t 0.01, in the l atter. 

Minimum fruit size is of gr ec. t iDport o.nce when fruits o.re 

deliver ed to canneries . There was, hoY'/ever, no s i gni ficant 

difference between these tvm trec..tments in the vJeight of 

fruit per plot or t he degr ee of translucency. It can there­

fore, be concluded t hct, the result s in yiel Q ond l ea.f-N of 

t he 400 Kg level of ru.nr:1onium sulpha. te r:lUst be preferred, 

From pl anting up to el ev en months growth, the 400 Kg 

trec.tr.lent r eceived 1 6. 6 r:g:a runrnonium sulphc..te per plc.nt. This 

r esulted in o. 1.765% le~-N. 

During the period el even to sixt een nonths after 

plnnting, the 400 Kg treat ment received 2.5 . 2 gel runr:1oniUI:1 sul.­

phc.te per plQUt, which gave 2 .017% l ea.f-N, 

The plont growth, o.s represented by the D-leo.f l en gth 

and wei ght ~Tenty two months o.fter planting, i. e . during f l ower 

diff~ent~tion, is ir.1portant. The 200 Kg l evel go.ve a. signi­

ficnnt ·weo.ker gr owt h o. t 0 , 01, compo.red vii th the three hi ghes-t 

levels. of N, merea.s 400 Kg was significantly weaker than the 

highest N l evel only. This , therefore, o.lso confirms, that the 

400 Kg level, compo.red with the 200 Kg at the time of flower 

differentiation, vnl l b e desirable. The three hi£heat l evels 

of N wil~ not be o.ccepto.bl e , ev en · though they gave o. better 

plant grO'wth1 beco.use of their adverse effects on 
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yield ond fruit qun.li ty ~· 

Ar.:nnoniuo sulphc. te was. not c..p:plied to o:ny of the treat­

ments during the period six.teen to tv;enty two l:l.onths. There 

is no evidence t hat the leaf-N should be any higher tho:n 

1.585%, na obtained by t he 400 Kg level twenty two oonths 

D.fter planting . On the contrc.ry, the danger exists t hD.t with 

additional nuoonium sulwu~te during this period the l ec.f-N 

muy be increased to too high a level nnd cc.use a delay in 

fruiting as was the case in the 1000 Kg treatnent. It will, 

therefore , not be necessary to apply rm:y nore rurJI:lonium sul­

phate t o the suckers undergoing flower differentiation. 

The linear response of leaf-chlorophyl~ to in­

creasing levels of N waa positive and significant c.t 0 . 01, 

t wenty ~7o oonths aft er planting. Although these results 

were simila r to that of the l eaf- N the leaf-chlorophyll showed 

no differences between individual trec.inents. I t will there; 

fore, not be possible t o use chlorophyll analys i s of the lea­

v es for o:n accurate deternination of the nitrogen requireoents 

of the pl cnts. 

Eleven @Onths aft er planting the l eaf content of K1 

Ca and Mg vm.s l ower for the control cor.1pared with the highest 

l evel of N. The linear r0sponse was positive and significant 

a t 0.05 ·with inc~:-e" .. sing J ewels of N, f or Ca and Ivig only .. 

Sixteen months after plant~ng the results were still s~ilc.rf 

with a positive lineQr r0sponse, sienificcnt at 0 .01, for 

Ca and Mg, but onJ.~r s i .::;nifico:nt c.t 0.05 for K. 'fhe quadrc.tic 

r esponse of the forn~:c twu \VD..s nezptiYe c.nd significE'..nt o.t 

0.05 a t that s t age . T";renty tv.ro mon-!;hs .:tfter plantinr:; the 

linear response for leaf-K dis~~penred and c~nged to a posi­

tive and signifi cant qnodratic r es:;_Jonse. The average l eo.f-K 

at twenty two 1~1onths wo.s o.lso l ow·er than at su.teen uonths, 

and significant at 0 . 01. It appeo.rs therefore, that a t the 

eo.rly stages of gro>vth, the plD.nts w·ere abl e to absorb ade­

quate potc.ssiu~ froo the soil but o.t f lower differentiat ion 

the supply was e i ther exhausted or the interaction with 

ca lcium o:nd/or mo.gr.e"li.ut-'. prevented the absorption of potassium. 

From a soil survey by the Division of Cheoical Services, 

Depo.rtment of Agricultural Tcch.l1.ic::nl Services , 1960, (Annexure B) 

it was found that this reel soil '.;o.s rec.sonably supplieci with . 

potassium - but not t oo high c.nd shovfed no poto.ssiun fixation. 

On the other hand, the top soil was o.lso riluch higher in Ca and. 

Mg com~ed with K. The possibility of intero.ction is 
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emphasized by the fo.ct trot at flovJer different:L..'l.tion the lea.f-K 

vms higher for the control c~~ed with the 800 Kg level, and 

significantly higher thc.n the 200 Kg and 400 Kg levels, c.nd 

significant at 0.01. The linenr response of l eaf-On and 

leaf-Mg to increasing l evels of Non the other hand was .stil~ 

positive and significant at 0 .01 at that sto.ge. 

Lenf-Ca at the ~fo highest and leaf-Mg at the second 

highest l evel of nomoniuo sulphate were significantly higher 

than the three lowest l evels and the control. These results 

were similar to those of a higher degree of translucency and 

a lc.rger fruit o.. t the t-vvo highest l evel s of o.rnnonium sulpho. te, 

The heo.vier fruit r..l!J;y therefore be o.ttributed partly to the 

juicy highly translucenct chn.m.cter. But it co.nnot be ex­

cluded that the high leo..f-Ca o.nd. leaf-Mg my ho..ve had sooe 

effect eit her directly or indirectly, through the reduction 

of leaf-}\, on the trnnslucency, notwi thstD.nding its correlo.tion 

with len.f -N. 

2. Frequency of application of ~~oniuo sulphate, 

Frequencies of four and six applications of onr.1oniuo 

sulphate gave significantly lower weights. of fruit per pl ot, 

(1.45 and 0.97 tons J,?er o.cre respectively), compared with 

two applications. Six o.pplice.tions was, however, significo.nt­

ly higher, 0.48 tons per acre, than four aJ,?plications. The 

r eo.son for the increases wns the increo.se in the number of 

fruits per plot, significant at 0.01, in those treau1ents. 

From these r esults it o.ppenrs, thut a frequency of four o.nd 

six applications may be responsible for a delay in fruiting. 

The o..verage weight per fruit wo.s higher with a fre­

quency of four applications, significant at 0.01, compured 

with two applications but only signifi~~tly higher o..t 0.05. 

than six. apJ,?lico.tions . These results are therefor e , the 

direct opposite to that obtained for weight and number of 

fruit per plot. The reason for this phenomenon r~'l.Y be found 

in the leo.f-N results. The leaf-N \vas. not affected by f~e­

quency of application up to ~teen months after P.lanting, 

Twenty two months after planting the leaf-N for a frequency 

of two applications waa 1.57% which was significantly lower 

than those o11. four and six awlicn tions, 1, 65% and 1.· 66% 

respectively. In the results for l evels of N the treatment 

with 1.705% leaf-N, CamJ,?o..red with treo.toent giving 1. 526% 

l eaf-N vms found· to d~~Y the crop. In both the levels and 
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frequency of application of ar.100niUia sul:Qhn te it wn.s found tha. t 

the higher leaf-N can reterd the crop. The conclusion can thus 

be d.ravm thn. t only one a.pplicn. tion of 25 gp e.rurnoniur:1 sulphate 

per plant during the period eleven to sixteen cionths ·will be 

required. This was the quantity applied :in the treatoent with 

o. frequency of two n.pplicctions. In the results with levels 

of ~~tion a quantity of 25.2 gp ru::u::1oniun sUlphate wo.s 

est~blished for this period, which is pructico.~ the s~e 

n.s the 25 gm found in the frequency of application. 

The effect of frequency of appli~tion on the degree 

of translucency o.lso proved tho.t high lec.f-N o.t flower differen­

tiation can be associated with o. high degree of translucency~ 

The linear response of degree of tronslucency with increasing 

frequency of application of rumaonium sulphate was positive 

and significant o.t 0.05. 

The lineo.r response of increasing frequency of n.ppli­

ce.tion of ru:unoniur,J. sulphD.te on leo.f-chlorophyll was positive 

and significant t-wenty two months after planting. These re­

sulta are sli~ilar to tho.t of leef-N o.t that t~ne. ~he diffe­

rences in chlorophyll content bet\,reen the tren.toents of fre­

q,uency were not significant as was the co.se for leaf-N. For 

this reason therefore, leaf-chlorophyll annlysis cannot be 

used 'vJi th the srune degree of accuracy n.s leaf-N in assessing 

the nitrogen r eq,uirenents of the plants. 

Frequ0ncy of application of N had no significant 

effect on the plant growth ~s is shO'wn by the D-leaf v-reight 

and length tvrenty two months aft er pl<:>.:nting.. It a lso ho.d no 

effect on the l ec.f-K from planting up to the ln.tter time. 

S~teen months after planting the l eo.f-Ca was sig­

nific~ntly higher at 0.05 with a freq,uency of ~•o applications 

cotJ.pared with four and six.. a.p:Qlications. The linear responae 

of leaf-Co. to increasing frequency of O.J2P1i9o.tion of N wna 

Jaegative.:l)n9- significant D.t 0.05~ Twenty two montha after 

planting l).owever, four applications ·was. significantly higher 

o..t 0. 01 compared with two and six. a:Q:Q].ica tions. The average 

effect of increasing freq,uency of application of N, on letlf-Co. 

over the entire period from planting to flower diff.erentiD. tion 

'\'ro.s q,uc.dro. tic, with four o.p:pJ.ico.. tions giving the p~ak. The­

different frequencies. of applica tion and -differ ent levels of 

N had n. simila.r effect on these elenents as they ho.d on the 

average weight :Qer fruit. 

/Eleven •••••••••••• 85. 
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Eleven months nftar planting the leaf-Mg was higher 

at the frequency of six compared with a frequency of two ap:pJ.i­

cations. There were no significant differences sixteen and 

twenty two months after :planting. The results of the avere.ga 

leaf-Mg over the entire period up to flower differentiation 

gave a significantly higher value vvi th a frequency of six 

compared with tvro applications• The mean linear response 

to increasing frequency of application over this period 

wn.s positive and significant which was similar to trot of leaf­

chlorophyll and leo.f-N, 
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4.4. (A)T-Bh. 5A: 

THE EE'FIDT OF Dll~ U."'VEI.S AND INTERV.illS OF APPLI­

CATIONS OF AMMONIUM SULP.H.ATE ON THE GROvvTH, CHE1.1IC~ 

CJOMPOSITION AND YIELD OF QUEEN PINEAPPLE P~S UliDE.R 

li'IELD CON ITIONS : 

BATHURST, GREY Sli.NDY SOIL 

RESULTS 

L Yield. 

The plo.nt crop wa.s ho.rves.ted over the period of Mv.y 

1961 to May 1962. 

(a) Fruit weight per plot. 

The weight of fruit per plot is given in Table l. 

TABLE l. Weight (lb) of fruit per plot (plo.nt crop). 

(NH4 )2.so4 
Frequency of npplica tion 

(Kg per 10,000 plants) 2 4 6 Mean 

0 94.90 80.45 76.56 83,.90 
200 110.78 61.71 69. 88 80.79 
400 71.99 88.80 77.15 79.51 
600 97.44 50.56 79.74 75..85 
800 49.32, 5~.19 54.21 52.24 

1000 66.50 53.90 32 .• 57 50. 99 

Mean 79~·2]. 61.59 62.71 170.51. 1 
L.S.D. (P = 0.05l r.1eo.ns. of N l evels = 50. 687 lb C.V. 39.51% 
L.SJ) .lP = 0 . 01 meo.ns of N l evel s = 72. 097 lb 
L.S .D. P = 0.05 means of N frequency = 14.7-29 lb C.V. 27.8~ 
L.S.D. P = 0.01) oeans of N frequency = 19. 905 lb 

Ther e were no si@1ificant differences between the 

means of the l evel s of N. 
A frequency of 2. a.pplico. tions of anmoni u.n sulphate 

gave a higher weight of fruit per pl ot than 4 and 6, signifi­

cant at 0.05. 

The linear effect on increasing frequencies of 

application was negative and signifi~t ~t 0 . 05 ~vith un 

average decrease of 8. 25 ! 5. 269% for ea.ch ad.di tion.a.l 2. dres­

sings. 

The conversion of the yield from Table 1 to 

tons per acre, is given in Table 2. 

/ To..bl.e 2. • • • • • • • • • • • 87. 
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TABLE 2. Weight (tons) of fruit per acre. (plru1t crop) 

(N!4)2so4 
Frequency of application 

(Kg per 10,000 plants) 2 <1- 6 Meo.n 

0 8.25 7;oo 6.64 7.50 
200 9.64 5.57 6.08 7.05 
400 6.26 7 •. 75 6~71 6.90 
600 8~-47 4.58 6.94 6.60 
800 4 .29 4.65 4.72 4.55 

1000 5.79 4.69 2. 85 4.44 

Mean 7.12 
l 

5.65 5.65 i 6.14 

The significont increase in fruit weight with a 

frequency of a applications of N caopared with 4 ond 6 appli~ 

cations wns equivalent to 1.49 and 1.47 tons per acre, re­

spectively. 

(b) Number of fruit per plot. 

The number of fruits per plot harvested for the 

plant crop are giv en in Table 5. 

TABLE 5. Average number of fruits per plot (plant crop) 

(NH4.)2so4 
Frequency of application 

(Kg per 10,000 plants) 2 4 6 Mean 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

0 76.00 68.67 59.00. 67.89 
200 71.00 t:!-6~00 48.00 55.00 
400 49.00 54. 55, 50.00 5l.ll 
600 62. 67 32. 67' 43.00 46.ll 
800. 54.55 54.00 34.00 54.1~ 

1000 42.00 56.5.5 20, 67 35.00 

Mean 
I 

51. 80 140. 67 59.15 47. 87 

1
p = 0.05l means of N l evels = 25.595 O.V. 27.09% 
P = 0.01 means of N levels = 55. 561 
P = 0.05 menus of N frequency~ 9.771 o.v. 15.71% 
P = 0.01 means of N frequency ~ 15.205 

The control gc.ve more fruit per plot t han the two 

highest level s of N, and significant c t 0.01. Ther e rms no 

othe.r significant differences. The linee.r response of number 

of f ruit per pl ot to increasing levels of N was negative and 

s i gnificant a t 0.01, wit an aver age decrease of 6,9177 ! 
1. 789£3% for each increment of 200 Kg nrnooniUl.:.J. sulphat e. 

h frequency of a appl i cations of N gave a higher 

nuober of fruit per p1ot, significant at 0 .05 co~pared with 

. 

4 and 6 applications . The linear r esponse of nw~ber of fruit 

per pl ot t o inc~sing frequency of N applications was negative 

and significo.nt a t 0.05, with an o.vera.ge decrease of 

1 6. 555 .•. • .• • •••••••• 8i. 
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6.~ ! 2.169% for each additional 2 dressings. 

(c) Average weight per fruit. 

The average weight per fruit for the plant crop is 

given in Tn.b1e 4. 
, 

T.b.BLE 4. Average weight (lb) J:?er fruit. (plrult crop) 

I 
Frequen~y of application 

(NH4)2S04 
(Kg per 10,000 planta) 2. 4 6 MeD.n 

0 1.25 L15 1.24 1 •. 21 
200 1.57 1.20 1.55 1.57 
400 1.46 1.62 1.59 1.56 
600 1.55 1.55 1.85 1.64 
800 1.41 1.45 1.58 1.48 

1.000 1.62 1.59 1.56 1.52 

Mean 1.52 1.44.· l..58 1.46 

L.S.D. (P = 0.05l means of N levels = 0.457 lb C.V. 17.17% 
L.S.D. (P = 0.0~ means of N l evels = 0. 650 lb 
L.S.D. (P = ~~(j)6 means of N f r equency = o. 097 lb C. V. 8. 79% 
L.S.D. (P =- 0.01 means of N frequency = 0.151 lb 

There w·ere no significant differ ences between the 

means of the N l evela. 

A frequru1cy of 6 applications gave en increase in 

average wei ght J:?er fruit coo~ured with 4 uppl.ic~tions nnd s ig• 

nificant a t 0.01. here were no other significant differences. 

2. Leaf analysis. 

No comparison was r.Jade betvveen the different so.mpling 

da t es as they represent two different crops .• 

(a.) J}..leaf weip]lts. 

The average D-leuf weights were taken 21 and 58 

uonths. aft er planting. 

The average weight per D-lea.f 21 months after 

planting is given in To."ble 6. 

/Tcbl e 6 •.•• • ••• .. .. 89. 
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TABLE 6. Average weight per D-leaf (.~n) 21 raonths after planting. 

(NH4hS04 
Frequency of ~pplication 

(Kg per 10,000 plants) 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

2 4 6 Mean 

0 21.41 20.47 20.44 20.7744 
200 22.44 16.81 19.5& 19.2.2ll 
400 21.45 21.92 20.51 21.95ll 
600 21.74 20.52 2.'3.55 21.9511. 
800 19.91 

I 
19.71 21.2.'3 20 .. 2822 

1000 22.28 18.95 21. 2.'3 2.0.815.5 

Me en 2l.56 19.60 21.17 20.7698 

(P =0.05) means of N levels = 5~561 gm C.V. 14.1~ 
(P ::0. Ol.) uea.ns of N levels = 7. 625 gm 
(P =0.05).means of N frequency: 1.438 @n C.V. 9.~ 
(P = O.Ol)means of N frequency = 1.9t15 f!JJ1 

There were no significant differences between the 

means of the N leve~ 

A frequency of 4 applications of N gave lower D-leaf 

weights, significant ~t 0.01, coopared with 2 but only sig­

nificantly lower at 0.05 compared with 6 applications. The 

quadratic response of D-leaf weight to increasing frequency 

of N applications wns pos·itive and si.gnificnnt ·at 0.05. 

The average weight per D-leaf 58 oonths afte~ 

:gl.o.nting is given in Table 7. 

TAbLE 7. J,.verage weight l?er D-len.f (gm) 38 uonths after planting. 

(NH4 )2so4 
Frequency of application 

(Kg per 10,000 plants) 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

a 4 6 Mean 

0 15~60 15.09 1.4.59 ~5.094 

200 16.35 1.5.32 13.62 ~4.451 
400 19 •. 45 17.95 18.45 18.604 
600 1.7.86 17.05 18.19 17.694 
800 1.5.44 17;14 16.92 16 .. 505 

1000 19.19 13.67 1.5.55 16.132 

Mean 17.65 :15.82 1.6.54 16.410 

!
p: 0.05l means of N l evels = 1.538 gQ C.V. 16.28% 
P = o.o~ mean~ of N l evels = 1.809 gp 
P ::::: 0~·05 raee.ns of N frequency ::::: 4 . 860 gm. C. V. 10.86% 
P = 0.01 oea.ns of N frequency = 6.915 gm 

The control gave lighter D-le~ves than the 400 and 

600 Kg levels, significant at 0 . 01, but only significnntly 

lighter at 0.05 coopared. with the 800 Kg l evel. The lowest 

level of N wus lighter, ru1d significnnt at 0.01, coopared with 

the 400, 600 and 800 Kg levels but only significnntly lighter 

/ at • ••••• ~ ••••••• 90. 
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o.t 0,. 05 compared with the 1000 Kg level. 

There were no significcmt d:j.fferences between the 

frequen9y of applicD..tions. The quo.dro..tic res:Qonse of D-~ea.f' 

weight to increc.sing frequency of N o.pplications was positive 

and significant at 0.05. 

(b) D-leuf' length • . 

The average length ~er D-leaf 55 months after 

planting 

TABLE 8, 

is. given in Table 8. 

.Average length (inches) 
after planting. 

per D-lec.f 55. months 

(NH4)2so4 
Frequency of application 

(Kg per 10,000 pl~ta) 2 4 6 Mel.lll 

L.s.n. 
L.s.n. 
L.s.n. 
L,S.D, 

0 18.36 18.75 18.21 1e;434 
200 19,76 16.92 18.40 18.362 
400 20.90 21.55 20.63 20.958 
600 21.48 19.61 22.,77 21.289 
800. 19.66. 19.84 19 .. 53 19.674 

1000 21,42 19.06 19.79 20.089 

Mean 20.64· 19.36 20.22 19.801 

(P = 0.05) means of N l evels = 0.042 inches C,V. 0,2Q% 
(P =- 0.01) meuns of N 1.evcl s = 0.060 inches 
(P = 0.05) oeru1s of N frequency= 0.015 inches c.v. 0.0~ 
(P = 0,01) mecns of N frequency = 0.011 inches 

The four highest N l evel s gave an incre!.~se in 

D-leuf' length significant o.t. 0.01 CCElpD.red \lith the control 

a.nd the lmrest leve:).. of N. 

The 600 Kg l evel guve longer leaves thD.n c.ll the 

other N levels and significant a t 0.01. ~he 400 Kg wns c..lso 

higher thD.n the 800 Kg and 1000 Kg levels, and sie;nificant 

o.t o. 01. 

A freq~ency of 2 applications gave longer D-leave~ 

than 4 and 6 o.pplico.tions and sienificant at 0.01 but was 

significc.ntly longer o.t 0.05 cor:1pared with 4 applications. 

The qun.d:mtic r esponse of D-leaf length to increc.sing fre­

quency of N applications 'WIW positive and sitp.1.ificant o.t 0.05. 

(c) Chlorophy}.l content of the leaves •. 
I 

The chlorophyll content of the leaves was detem.ined 

261 33 and 38 months after planting. 

The chlorophyll content of the l eo.ves 26 months 

o.fter planting is given in Table 9. 

Table 9 •..... &. ·-· ..•... 
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TABLE 9. Chlorophyll content (ppm) of the leaves 2.6 ~onths 
o..fter ple.nting. 

(NH4)2S04 
Frequency of application 

(Kg per 10,000 plants) 2. 4 6 MeD.n 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

·I 
I 

188~2 0 220 l65 I 180 
200 255 502 235 257.2 
400 333 526 . I 531 350.1 
600 307 298 304 302.9 
800 54 .. 0 555 545 559.4 

1000 524 316 516 518.8 

Moon 308 515 306 289.4 

!
p = 0.051 ~eans of N l evels = 61.65 ~~ C.V. 11.71% 
P = 0.01 ~eru1s of N levels = 87.69 p~ 
P = 0.05 meruns of N frequency = 55.99 ppc C.V. 17.04% 
P = 0,05 neans of N fre~uency = 48.64 pgm 

The chlorophyll content in the l eaves for the control 

was lower and sie,nifico.nt c.t 0.01, compared with the four 

highest levels of N but only significantly lower a t 0.05, 

compared vd th the lowest N level. The lc. tter trea ment was 

significantly lower at 0.05 coopn.red \lith the 400 und 800 

Kg l evels.. The linear response of leaf-chlorophyll to in­

creasing lev~ls of N v~ positive and significant at 0.01 

with an average increase of 24.927 ! 4.6769% for ench addi­

tional 200 Kg amooniur.1 sulphc. te. Tll;is _increase wc..s not con­

stant for all level s as th~ quadratic response \~S negutiva 

and significant at 0.01. 

Frequen<cy of application had. no significant effect, 

on the leaf-chlorophyll. · 

Leaf-chlorophyll was not affect ed by any treatment 

55 ~onths after planting. 

The chlorophyll content of the leaves 56 months after 

planting is given in Table 10. 

TABLE 10. Chlorophyll content (ppo) of the leaves 58 months 
after planting. 

(NH4)2S04 
Frequency of application 

(Kg per- 10,000 p1cnts) 2 4 6 Mean 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

0 2ll 187 195 197;44 
2.00 298 526 562 328.78 
400 525 308 557 52.9.89 
600 597 506 552 545.00 
8ro 550 523 595 555. 56 

1000 548 266 555 516.22 

1\ieo.n 544 506 5:56 512.148 

!
P = o. 05l neans of N levels. = 98.67 pj?I;l C. V. 17.58% · 
P = 0.01 means of N l evels : 140.55 p~~ 
P = 0.05 means of' N frequency= 59.13 p~ C.V. 16.7q% 
P =· 0.01) -neans of N frequency= 52. 89 p~ 

/ The • • • • • • • • • • • • • • 92. 
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'l!he leaf.;.ch1orophyll. for the control wns lower o.nci 

significant o.t 0.01 cora)t['.red with the 600 and. 800. Kg N levels 

and also significantly lower at 0.05 cor.1pared with the other 

three levels of N. The linear response of leaf-chlorop~ll. 

to increasing levels of N was positive and significant at 

0. 05 with o..n average increase of 19 ._ 6957 :!: 7 ~-4856% for each 

c.ddi tionnl 290 Kg an.'"loniur.1 sulphD. te. This increD-se was not 

constant for all levels as the quo.dmtic response vm.s nega­

tive nnd significnnt at 0.05. 

A frequency of 4 applications of N gave a lovver 

leaf-chlorophyll. than 6 applications, and significant at o.o5. 
The quudratic response o£ leaf-chlorophyll to increasing fre­

quency of application was positive and significant at 0.05, 

(ci) Nitrogen. 

The nitrogen content of the l eaves were ana~ed 2le 

26 o.nd 55 months a.fter planting. 

The nitrogen content of the l eaves 21 nonths after 

plo.nting is given in To.ble 11. 

ThBLE 11. _Nitrogen content (%) of the leaves 21 oonths 
after pL."...l1 ting. 

(NH4)2so4 
Frequency of application 

(Kg per 101 000 plants) 2 4 6 Mean 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

0 1.51 1.55 1.20 1.419 
200 1.55 1.54- 1. 59 1.560 
400 1.72 1.56 1. '1-2 1.500 
600 1.~5 1.74 1.49 1.594 
800 1.67 1.82 1. 61 1.700 

1000 1.49 1.97 1. 84 1.766 

Mean 1.59 1.69 1.60 1.5898 

(P = 0.05) oeans of N l evels = 0.254%N C.V. 8~ 79% 
(P = 0.01) neans of N levels= 0.562%N 
(P = 0.05) Lleans of N frequency = 0.185% N C.V. 1.5.48% 
(P = 0.01) neans of N frequency = 0 .250% N 

The control. gave o. lower l eaf- N, significant c.t 0.05, 

.0001pared m. tn the two highes~ level s of N; The 400 Kg level 

wa.a aignif'ica.ntly ··iower at_ 0.05 com:I;>ared with the 1,000 Kg 

l evel. The ·linear ~se of l ec.f-N t o increasing levels 

of N was pos.itive t'.Xld significant o.t 0.01 with an average 

increo.se of 0.06426 ! 0 .01950% for each o.dditioncl 200 Kg 

ammonium sulphate._ 

Frequency of o.pplicati ons of N had no significunt 

effect on the l eo.f-N. 

/ The •....••.•.• • -• . • . · . ~ •. 95 •. 
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The nitrogen content of the leaves 26 months after 

planting. is given in T~ble 12. 

TiiliLE 12. Nitrogen content (%) of the leaves 26 oonths after 
planting. 

(NB4)2804 ]'requency or' application 

(Kg per 10,000 ple~ts) 2 4 6 Meo.n 

L.S.D. 
L.S.D. 
L.S.D, 
L.S.D. 

0 l.62. 1.55 1.58 1.58 
200 2.88 2.55 2.72 2.71 
400 2.25 2.46 5.21 2.64 
600 2.94 5.08 5.15 5.05 
800 5.19 5.15 5.41 5.24 

1000 2.66 5.79 2.99 5.15 

Mean 2.78 2.999 5.09 2.75 

!p = 0.05l means of N levels= 0.74%N C.V. 15.07% 
P = 0 . 01 menus of N levels= l.05%N 
P = 0.05 means of N frequency= 0.55%N C.V. 16.18% 

(P = 0.01 means of N frequency = 0.45% N 

AlL theN levels gave a higher nitrogen content in 

the :leaves, significant at 0 .01 cam:gared with the control. 

The linear response of l eaf-N to increasing levels of N was 

positive and significant ~t 0.01 '\dth an average increase of 

0.2814 ! 0.0567% for each additional 200 Kg of ammonium aulphate~ 

Thi s wns not conste~t for all levels as the quadratic response 

wus negative o.nd significant. 

Fr equency of application had no significnnt effect 

on l eaf-N. . 
The nitrogen content of the leaves 5&months after 

planting is given in Table 15. 

TABLE 15. Nitrogen content (%) of the leaves 55 months after 
plo.nting. 

(NB4.)z.S04 Frequency of application 

(Kg per 10, 000 pl ants) 

L.S.D, 
L.S.D. 
L.S.D. 
L,S .D. 

2 4 6 I Mean 
.• 

0 1.00 1.28 1.02 1.101 
2.00 1.58 1,59 le&1 1.558 
400 1~46 1.57 1.;85 1. 627 
600 1.69 1.82 1.86 1.791 
800 1.72 1.77 1.87 1.788 

1000 1.85 2.22 1.80 1.951 

Mean 1 •. 62. 1.75 1.84 1. 6326 

1

p = 0,05l oeans of N l evels= 0.545%N C.V. 11.60% 
P = 0.01 menus of N l evels= 0.490%N 
P = 0.05 means of N frequenqy = 0.165% N C.V. 13. 27% 

(P = 0.01) meo.ns of N frequency = 0.220% H 
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The control g~ve a decre~se in leaf-N, significant 

at 0.01, compared with the 4 highest levels of N but only 

significantlY lower D.t 0.05 compar ed with the loweat N level. 

The latter vm.s significantly lower nt 0.05 compared vvi th the 

highest level of N. The linear response of lenf-N to in­

creasing levels 9f N vms ~ositive end significent at 0.01 

vifi th an e.verage increase of 0.1475 ! 0.0261% for eo..ch 

additional 200 Kg ammoniUI:-1 sulphn. te. 

J:.. frequency of 2. applications of N gave a decreo.s.e 

of leaf-N, significant 11 t 0. 01, compared v"ii th 6 npplico. tiona;· 

The linear response of leaf-N to increasing frequency of 

application of N wo.s positive und signific.:ont. 

(e) Potc.ssium. 

The leaves vtere anulysed for potassium, 21, 26 and 

55 months after planting. 

There were no significant differences in l cllf-K 

between ru1y of the treo.in.ents 21.-und 2.6 conths o.fter plonting. 

The potessium content of the leaves 55 Bonths after 

planting is given in Table 14. 

TABLE 14 . K content (r~) of the leo.ves. 55 months after plilll'lting . 

I 

L.S.D. 
L.S,D. 
L.S.D. 
L.S.D. 

Frequency o:f application 

2 4 6 Mean 

0 1.70 1.70 •1.70 1.70 
200 2.07 1.77 2.27 2.04 
400 2.5.7 2.70 2..t0 2,46 
600 1.87 2.50 2.40 2. 2.6 
800 1 2.27 2..07 2.40 2.25 

1000 1.87 1.87 2.00 1. 91 

Mean 
! 

2.09 2.18 2..27 2. 10 l ' 

(P ~ 0.05) means of N levels ; 0.56% K C,V. 14.52.% 
(P = 0.01) ~eans of N levels : 0,79% K 
(P = 0,05) means of N frequency= 0.20% K C.V. 12.70% 
(P ::. 0.01) means of N frequency = 0.27% K 

The control g~ve £1. significant:J.Jr lower l eaf-K, a t 

0. 05, caopc.red with the 400 e..nd 600 Kg levels . The qUD.dra tic 

r esponse of l eaf-K to increasing levels of N was negntive and 

significant at 0 .05, 

There were no significant differences. 

(f) Sodium. 

The sodium content of the l eaves 21 months after 

planting i s given in Tc.ble 15.· 
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TABLE 15. Na. content (%) of the l eo.ves 21 months after planting. 

(NH4)2so4 
Frequency of application 

~Kg per 101 000 plants) a 4 6 Mean 

0 0.055 0,044 o;oM 0.054 
aoo 0.047 0.050 0.045 0.047 
400 0.05.5 0.040 0.047 0. 040 
600 0.040 Oo047 0.045 0.047 
800 0.057 0.047 0.045 1 0.042 

1000 0.057 0. 047 0.040 0.041 

Means. 0 .059 0.046 0.045 0.042 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

(P = 0.05) means of N l evel s = 0 . 009% Nc. C. V. 11;60% 
(P = 0.01) means of N l evel s = O.Ol5%Na 
(P = 0. 05 ) means of N frequency= 0.007%Na C.V. 21. 08% 
(P :::. 0.01) meons of N frequency = 0.009f., Nc. 

The control gave a l ower lea.f-Nc., significant at 0.011 

compnred with the 200 ond 600 Kg l evels. The qundrc.tic re­

sponse of lea.f-Na to increasing frequency of a~plic~tion was 

negative and significant at 0.05 . ' 

A frequency of 2 ap~lications of N 3ave a lower 

l eaf-Na conpared wi·~h 4 npplico.tions , significant a.t 0.05. 

There ~ere no further s i gnificant differences. · 

There were no signi ficant ,differences in l ee.f-Na 

between any of the trcainents at Z6 o.nd. 55 t1onths after planting'~ 

(g ) :r.In.pnesium. 

The magnesium cont~nt of the l eaves 21 month~ after 

pl anting is given in •rc.ble 16. 
A 

TkBLE 16. Mg content (%) of the l eaves 21 months after plantin~ --... -
(NH4) 2so4 

Frequency of application 

(Kg per 10,000 pl ant s ) 2 4 6 Mean 

L.S.D. 
L.S.D. 
L.S.D. 
L.'S.D. 

0 0.140 I 0 .120 0.1.50 0.156 
200 0 . 127 0.117 0.090 O.lll 
400 0.120 0.150 0. 117 0.122 
600 0.090 O.llO 0.150 0.110 
800 0.107 1.127 0.095 0.109 

1000 O.lll 0 . 100 0.100 0.104 
., 

Mean O.lll 0.1~7 0.106 0.11.5 

!
p = 0 . 05l me~s of N levels = 0. 022% Mg C.V. 10.45% 
P = 0.01 means of N l evel s = 0.051% Mg 
P = 0. 05 me ens of N frequency = 0. 016% Mg C. V. 18. 55% 
P = 0 . 01) means of N frequency = 0. 022% :M.g 

The control gave a significantly higher l eaf-Mg, 

~t o;o5._ conpa.red with the 200, 600 and 800 Kg l evels but 

/significant •••••• • • 96. 
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signii'ico.nt o.t 0.01 cor.1pn.red with the 1000 Kg level. The 

lin~o.r response of l eo.f-Mg to increasing l evels of N wus nego.­

tive and significant o.t o.05.with o.n o.vero.gc decrease of 

o.005l ! 0.0017% for each o.dditiona.l 200 Kg o.r:Jr.J.onium sulphate; 

There were no significo.nt differences in the leo.f~Mg 
/ . 

be~veen any of the treo.toents o.t 26 o.nd 53 Qonths o.fter 

planting. ····< 

(h) Co.lciun. -
The calcium content of the l eaves 21 months ~fter 

planting is given in Tc.ble 17. 

TliliLE 17. Co. content (%) of the l eaves 21 nonths after planting, 

(NH4)il04 
Frequency of applico.tion 

(Kg per 101 000 plants) 2 4 6 Mean 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

0 0 .170 0.167 0.167 0.168 
aoo 0.125 0.100 OelOO Ool08 
400 o~125 0.120 0.150 0.124 
600 0•125 0.097 0.157 0.12.6 
800 0.110 0.107 0.120 0.112 

1000 0.155. 0~115 0.120 0.122 

Ivieo.n 0.12.2. 0.107 0.12.5 0.127 

!
p = 0.05l 1~eo.ns of N l evels = 0.044% Co. C.V. 19.11% 
P = 0.01 means ~f N levels = 0.065% Co. 
P = 0. 05 41eo.ns of N frequency = 0. 025% Ca C. V. 2'1. Ol% 
P = 0.01 neo.ns of N frequency = 0.051% Co. 

The control g~ve o. signific~tly hi~her l eaf-Co. o.t 

0.05, compared ~nth the tvvo 1o· •. cst o.nd two highest levels of N. 

'l'here w·ere no s ignificx.1t differ ences between t he 

means of f r equency of o.pplic~tio~. 

There vver e no significo.nt differunces in leaf-Ca. 

between any of the tren:u::.~ents 26 tlonths after plc.nting. 

The calcium content of the l eaves 55 uonths after 

planting is given in To.bl e 18. 

/To.bl e 18 • • • • • • • • • • • 97 .• 
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TABLE 18. Ca content (%) of the leaves 53 nonths after planting. 

(NB4)2S04 
Frequency of application 

(Kg per 10,000 plants) 2 4 6 Mean 

l 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

0 0.28 0.25 0.2.9 0.2!( 
200 0.18 0.18 0.17 0.18 
400 0. 55 0.50 0.23 0.29 
600 0.14 0.19 0.21 0.18 
800. 0.17 0.20 0.19 0.19 

1000 0.21 0.20 0.21 0.21 

Mean 0.21 
' 

o;21 0.20 0. 22 

(P ~ 0.05) means of N levels ~ 0.075% Ca C.V. 18.6q% 
(P = O.Ol) means of N l evels = 0.106% Ca 
(P:: 0.05) oenns of N frequency = 0 •. 029% Co. C.V. 17~76% 
(P ~ O.Ol) i·,1eans of N frequency .:: 0.04o% Ca 

The control gave a higher leaf-C~ significant 

o.t 0.05, COI'l];?(l.red vii th the 200, 600 and 800 Ke levels. 

There 1-ver e no further s ignificant differences be­

tvfeen any of the tren i:nents. 

DISCUSSION J.l'iD CONCIDS.IONS 

It i s :i.nportont to lmow, before the discussion of 

the r esult s, tho.t ell the pl.:'.!lts in this experiJ.nent -..~ere very 

weak. The reo.sons for t his my be the heo.vy nem tode infes­

to.tion and D.lso the JtOor soil drlllrw.ge. The results r.w, 
ther efor e , be partio.lly influenced by these factors. 

1. First crop ye~. 

'rhe yield for the first crop yet:'..r wo.s hD..rvested 

froo seventeen to t>ienty nine I<10nths o.f'ter :QlD.nting. The 

bulk of this crop was, however, ho.rvested betwet:;n t-wenty a.ix 

and twenty nine n onths o.fter plo.ntinr;. 1'he f e\f f ruits 

ho.rvested prior to tho.t wer e from larger suckers on same of 

the sturaps. It can, therefore , be accepted tho.t flower 

differ entio.tion for the nost :i.nportnnt :QD.rt of the crop \·n:.s 

twenty one nonths D..fter planting. Only the dllt a to.ken up 

to this latter ~~te will be npplico.ble to the yield in the 

first crop yeo.r. 

(a.) Level s of Pflponium. sulpho.te. 

Increasing l evels of 2DL1onium sulphD.te ~~ no sic­

nificant effect on the -..might of fruit per plot nnd the e.ve­

ruge weight per fruit. The nUQber of fruit per plot, however, 

wn.s significantly reduced in the t-~10 hi[j1.est l evels of N. It 

I l>J.O.Y . . . . . . . . . . . . . 98 • 
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nay, therefore, be concluded that the crop was delayed by the 

two highest levels of N. The latter two treatoents had 1,700% 

and 1.766% leaf-N at flower differentiation, which Vffis far in 

excess. of the optj]-aUD 1.585% N established in (A) T.-Bh. 5 B; 

It has not been possible to establish ru1y opt~~um leaf-N in 

this experinent, as was done in (A) T.-Bh. 5 B, becaused ~f 

the wide variation in the results •ri th the lower levels of 

N. 
The leaf-K was not affected by increasinG levels of 

ammonium sulphate. 

Durins flower di fferentiation the control gave a 

significant l y loner leaf'-Na coopared vri th the 200 Kg and 

600 Kg levels of ~~oniuo sulphate. At this sta0e the 

leaf-Ca was si@lif'ica.ntly higher in the control Car.1Jtared 

with the t ;1o lowest a.nd tvvo highest levels of aLTUilonium 

sulphate. The leaf-lvfg results were very sinil ar to the 

leaf-Ca. The control was significantly higher than the 

200 Kg, 600 Kg and 800 Kg levels. These results indicate 

a possible interaction of Na with Ca and Mg as a r e sult of 

increasing l evels of 8L1Uoniu~ sul phate \~hich favoured the 

absorption of Na. 

(b) Frequency of application of aiJLloniuo sulphate. 

A frequency of two applications of a.r:n..1oniua sulphate 

gave a significantly higher weight of fruit per plot cac1pared 

v.rith four and six applications, ar.1ountinL to an equivalent 

of 1.49 and 1.47 tons per a,cre, respectively. The reason 

for this increase -.,as the sif}lificantly higher number of 

fruit ,per plot Vii th a f r equency of t'vvo applica, tions, The croJ? 

was therefore clel a,yed by four and six ap}?licatioas. The 

average weight per fruit, on the other hand, ',vas si<-nificant­

ly higher with a frequency of six compared \d th four appli­

cations. 

In project (A) T.-Bh, 5 B it was found that 1.57% 

leaf-N, at flower differentiation, obtained frora ti•o appli­

cations of ammoniun1 sulphate increased the yield signifi­

cantly. In the exper:inent under discuss.ion, the sru:1e treat­

mont also gave a significant yield increo.se, but \ri th 1. 59% 

leaf-N. The frequency of four D.J?plications, which gave the 

highest leaf-N of 1. 69% gave a, s i gnificantly lower D-leaf 

weight at flower differentiation when compared with four and 

six applications. There was, however, no si~ificant 

/difference •••••••••• 99. 
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signii'ico.nt o.t 0.01 cor.1pn.red with the 1000 Kg level. The 

lin~o.r response of l eo.f-Mg to increasing l evels of N wus nego.­

tive and significant o.t o.05.with o.n o.vero.gc decrease of 

o.005l ! 0.0017% for each o.dditiona.l 200 Kg o.r:Jr.J.onium sulphate; 

There were no significo.nt differences in the leo.f~Mg 
/ . 

be~veen any of the treo.toents o.t 26 o.nd 53 Qonths o.fter 

planting. ····< 

(h) Co.lciun. -
The calcium content of the l eaves 21 months ~fter 

planting is given in Tc.ble 17. 

TliliLE 17. Co. content (%) of the l eaves 21 nonths after planting, 

(NH4)il04 
Frequency of applico.tion 

(Kg per 101 000 plants) 2 4 6 Mean 

L.S.D. 
L.S.D. 
L.S.D. 
L.S.D. 

0 0 .170 0.167 0.167 0.168 
aoo 0.125 0.100 OelOO Ool08 
400 o~125 0.120 0.150 0.124 
600 0•125 0.097 0.157 0.12.6 
800 0.110 0.107 0.120 0.112 

1000 0.155. 0~115 0.120 0.122 

Ivieo.n 0.12.2. 0.107 0.12.5 0.127 

!
p = 0.05l 1~eo.ns of N l evels = 0.044% Co. C.V. 19.11% 
P = 0.01 means ~f N levels = 0.065% Co. 
P = 0. 05 41eo.ns of N frequency = 0. 025% Ca C. V. 2'1. Ol% 
P = 0.01 neo.ns of N frequency = 0.051% Co. 

The control g~ve o. signific~tly hi~her l eaf-Co. o.t 

0.05, compared ~nth the tvvo 1o· •. cst o.nd two highest levels of N. 

'l'here w·ere no s ignificx.1t differ ences between t he 

means of f r equency of o.pplic~tio~. 

There vver e no significo.nt differunces in leaf-Ca. 

between any of the tren:u::.~ents 26 tlonths after plc.nting. 

The calcium content of the l eaves 55 uonths after 

planting is given in To.bl e 18. 

/To.bl e 18 • • • • • • • • • • • 97 .• 
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significantly higher than the 600 Kg level of N. The latter 

level also gave the longest D-lenf at that time. 

Thirty-eight months after plan tin:;, i.e. during 

the peak harvesting season for the second crop year, the 

D-leaf weights in the control and lowen~ level of N \rere still 

significantly lower compared \ 1i th the 400 Kg, 600 Kg and 

800 Kg levels. 

The :full value of these results can only be 

interpreted after the results for the second crop year are 

available. 

(b) Frequency of D.pplica.tion of ru:nonium sulphate. 

The frequency of t'\'/0 epplico.tions \:hich save the 

heaviest D-leaves during flower differentiation for the 

first crop year, also gave the longest D-leaves during flower 

differentiation for the second crop year. This sane treat­

ment gave a ~ignificant lower leaf-N of 1.62% cor.1pared with 

four (1.75%) and six (1.84%) applications, and even this 

siGnificantly lower leaf-N is higher than the 1 . 57% leaf-N 

established as the optimum for frGg_uency of application 

in (A) T.-Bh. 5 B. It can, however, still be expected that 

the treo.:tr.lent of a frequency of hvo o.pplico.tions, vfill give 

an increased yield car.::Qt:tred with the other two frequencies. 

Frequency of application of Dr~oniwJ sulphate had 

no significant effect on the l eu£ contents of K, No., Ms 
and Ca. thirty-three nonths after pl~"lting. 
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4.&-!V[fl/1~ 
5. "DISCUSSION .AND CONCLUSIONS 

5.1 CA~ CULTIVAR 

5.1.1. Yield. Irrespective of th@ £act whether the pine­

apples were planted in virgin or r epl anted soil, the crop 

was ne\•erthelooo significantly increased by the application 

of ommoniuu sulphate. It was evident, however, that the 

quadratic response became significant in both instances at 

600 Kg ~oniUQ sulphate either applied per nnnw~ or over 

the period from planting to flower differentiation. The in­

creases in yield at this l evel were equivo.lent to 10.9 and. 

14.6 ton per acre in reElanted and virgin soil, respective­

ly, compared w"i th no fertilise.. tion. These increases can 

1nainly be attributed to the increase in average weight per 

fruit by application of onrnonium sulpluite. It is doubted 

whether the difference of 5.56 tons in yield be~veen the two 

soil types will be significant. The reason why r eplanted 

soil gave a bigger increase in yiel d compared with virgin 

soil may possibly be attributed to the diff erent soil types. 

The diftfr~e of temperoture, light intensity and 

carbondioxide supply which, according to Nightingale (1942 ~) 

and Sanford (1962), play an mportant part in carbohydrate 

synthesis, cannot be excluded. The cllinntic conditions in 

the two localities vary considero.bJe. The ~tiporto.nt fact re­

mains thn.t both soil types produced the mo.xmun economic 

yield o.t the 600 Kg ar.'ll.i10nium sulphate level. In both in­

stances there was, hmmver, no significnnt difference between 

this and the 400 I\g l evel. On the other ho.nd there was Q 

significant increD..se in yield of 6.10 tons per acre from the 
o;)-r. Bh-3C1 td?"li Lond()n. 

200 Kg level to the 600 Kg level in the virgin soilf~AThis 

info~tion indicated, therefore, that the 400 Kg level 1nay 

be more accepto.ble , from an economic point of viev.,r, compD.red 

with both the 600 Kg and 200 Kg levels. 

It was apparent that nitrogen levels in excess of 
wefe 

400 Kg"res,ponsible for a delay in the crop in replanted soil. 

Py, Tisseau, Oury nnd .Ahmada ( 1957) D.lso found the. t flower 

fonna tion Ylas r et arded by increo.sing applications of nitrogen 

and depended on the ratio of ni tr<:'. t e t o cD..rbohydro.. te in the 

plant. The possibility exist s , therefore, thD.t t he l ec.f- N, 

as will be seen l a t er, was too high at the higher l evels of 

ammonium sulphc. t e . 

/ 5.1. 2. Leaf-N ••.•• 102. 



- 102 -

The correll:'-tion bet'lveen the production of' 

f'rui t in weisht per plot and the l en.f-N \ro.s very siLlila r for 
o.k 

'* To :facilitate the study of' the influence of aromonium sulphate on the 

pineapple plant ano. yield the plant crop cycle can be devided i.n three 

grov.rth phases viz. I-hase 1 , period fran planting to 10 months 

1-ha.se 2, period from 10 to :1.5 mor1ths from planting 

l'hase ~, periO<i from. 1 5 months to flower dif'f'erentia-

tio.a. 

This period covered the first active and dormunt 

seasons, tho.t is the sur:1r.1er oncl up to the end of the vdnter. 

The most important results ob~ined ~ere in the plant gro~th. 

In the virgin soil it wo.s found tho. t six months D.f'ter 

planting the leaf' growth was increas ed significantly by tvm 

small applications of 3.5 gm ru~nonium sulphate each campo.red 

with one large applice. tion during the. t tim~. This wo.s 

probably due to the better utilisation of the s e cond n.ppli­

ce.tion of' nitrogen during the second three- month period 

after plnnting, n.s was fou..1d by Sideris nnd Young (1950 ). 

The leo.f-N vo.lues o.t ten months ~fter plo.nting gave 

a positive und significunt linear r esponse to b1creased 

l evels of m.~onium sulpho.te but vo.ried quite considerable 

individu..'"'..lly. There were no indico.tions of o. correlo. tion 

between leaf- N and the eventuo.l yield . ;~though the lower 

ammonium sul:eha.te levels gc..v e significo.ntly lmJer l eo.f'-N 

these differences disappe~ed during the next sprinc and 

summer as ~ill b e seen later. The r esults obtained for leo.f-N 

in the 400 Kg, which wo.s established to be adequate for a 

mrudmum yield, vb. 1. 21% and 1. 57% in r epl e.nted o.nd virgin 

soils respectively, should, ther efore, be o.dequo.te at 10 

months. The results obtained by Samuels et a l (1955) 

s howed that values b elow 1.66% leaf~N 8 uonths a fter planting 

were indica tive of N deficiency and associated vlith lovver 
lhi~ ft'gttre. ())o.~, 

yield~~~herefor~uuch higher than t he abov e findings. 

Thi£ ;i.s p~;;1bly b@cau.se fsrtil:issr a,w1ioc.tion y,ro_s stopp~d 

1g months a.ft8r pl::.1.nting in ths experiment s by £Ga.ll@ls et al 

(l95§) and a high initial ~ee.f H wne needed to still M'le a. 

GJU'fi c:i et:~tl¥ hi gl2 l@a.i' }T at fle'tler differentiation 

·(Nightingale, ~4~ :). 

To conclude, it appec.rs tho. t the most :ii.1:gortunt fn.c­

tor during the first 10 months aft er pl anting >las to stimuln.te 

p lant grmvth. It vlill, however, be essential to establis h 

the l eo.f.oN o.t 10 months in order t o cleten:1ine the rum:1onium 

/ sulphL'. te . . . . . . . . . 105 • 
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sul:ghat e thn. t ·will ha.ve to be o.pplied during the next growth 

pha.se. 

Phase £_. ]?eriod f'roE..J.Q_j;o 15 months.-.fE.gm planting. 

This period represents the oost a ctive growing mon ths 

of the plont crop cycle , t:hc. t is the spring o.nd sur:mter uonths 

before flmrer dif'ferent~tion. It is iQport~t.therefore 

thnt nn optim~n nutrient l evel be obta.ined in the p~~t to 

expect a maximum v i gour. 

In vieYr of earlier discussions toot the 400~~-muonium 
sul:Qha.te Kg. trea.tr.-· .:mt o ust b e reg'lr ded as the d esirc...bl e level, 

the l eaf-N of' this level at 1 5 months should be regarded 

a.s the required vo.lue, This l ev el go.ve 1.965% and 1, 986% 

l eo.f-N for the replo.nted o.n<l virgin soils , respectively. 

To r ea.ch these values 2le2 gm o.nd 25o4 gm o.mmonium sulphate 

wa.s applied, respectively. In replanted soil o. frequency 

of two v.pplicc.tions ga.ve the highest weight of' frui t per 

plot with a l ec.f-N of' 1. 958% o.:'G 15 months. Frequencies of' 

4 and 6 o.ppli~.tions gc,ve 2 . 026% N n.nd 2 .124% N a.t 1 5 months. 

In virgin soil a. frequency of' six o.pplicc. tiom; go.ve the 

highest yield with 1.99% l u:f-N o.t 15 months. Frequencies 

of 2 o.nd 4 appl.icc..tions gave 1. 78J~ P.ncl 2 . 05% leaf- N respective­

ly. Be co. use of' the fact thu t the: tre::.t tmen t yfi th o. frequency 

of 2 appl ico.tions gave c.. J.over yieJ.d, significo.nt at 0 .01, 

-*The leaf'-l~ for a frequency of two apl>lications was si~ii'icontly lower 

at 0.01, compared Vlith the other two frequency treatments. 
---- - - -~- .... .._.~ . ..... ......, V\,.;'-'1.. 

in t he signif'icruri:ily J.O\.er avera.ge weight per fruit for this 

trea.tmento 90n the other bend \iith 4 appl::i.oatiorw giving :;hOB% 

9 Furthennore, a fi"equency of 4 applications, with 2.03% leaf-.T, gp.ve a 

significant reduction in yield which indicated that t..l1is leaf'-. '.f must 

be too high. 

tater fl7ttlttfi'IIIJJ. -Tt'w F Lsec.. r-<::JC:: ~ .., J 
ths yi@~~ repl a.nted J.nncl. It a.ppec.rs , t herefor e , trot 

the 1. 958% l euf- N found in the repln.nted soil v1ill be the re­

quired vo.lue under the frequency of applicc.tion vlhich is 

closely correl a.t ed h~th the 1,986% a.nd l . 965% l en.f-N for the 

levels of N treo.tments . The fact th£..t replnnted la.nd gnve 

o. higher yiel d yfi t h o. frequency of' six applice tions v-ro.s , 

therefore, Llainly due to ob~n"Ln.ing the correct J.eaf'- N vc.lue. 

The r eMan why the virgin soil ha.d to receive more o.p.!?lica­

tions of' ar;unoniur.1 sulprete IDD.Y be a.ttribnted to clir.J.atic 

conditions such n.s the drought e1eperienced. in this locality 

/ U.1.Ucing ~ • . ,, • • . l04a 
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during the 10 to 15 nonths period. Py ( 1961) shovmd that 

drought can reduce the effectiven~ss of nitrogen application 

on the plant grovvth. 

To conclude, therefore, it is apparent that a 

value of between 1. 958% and 1. 986% leaf -N shoulcl be attained 

at 15 nonths after planting. Values lo~er than i.95~ 

leaf-N were responsible for a reduction in yield and values 

higher tlk~ 1.986% l eaf-N r etarded the crop. ~ quantity 

of betvveen 21.2 ~~and 23. 4 gm ~oniuo sulphate was needed 

during the period 10 to 15 nonths to reach these lunits. 

The nmnber of applications depended on cl~atic conditions 

during the period. To elir.linate any possible errors that 

may be caused through these l:i.mi tin3 factors it wil l be 

necessary to take regular leu£ samples throughout this 

period to study the effect of previous arn .• oniur.l sulphate 

applications vnd deten1ine the necessity of further 

apJtlica.tions. 

Ph.o.se 3.. Period fro1~1 15 raonths to flower differentiation. 

This period represents the dor.c~winter season 

:i.rnraediately preceding flower differentiation. 

In both repk'Ulted and virgin soiJ.s t here \.JO.s a 

highly significant drop in the avera8e leaf-N fro~ 15 nonths 

up to flower differentiation;· This decr ease was more 

pronounced, hovmver, in the virgin s.oil because no Dm1~1oniuo 

sulphate was ap:Qlied to these plants durint; that period. 

The l eaf-N of 1.328% for the highest N l evel i n the latter 

soil was not even as hi£:h as the lec.f-N in the lowest 

N level viz. 1.436% in the experinent on replanted soil 

where omGJ.onium sulphate was applied durin[: thn. t period. 

This value of 1.436% l eaf-N was significantly lower th..m 

oJ.JL the higher N levels in the sone exper:inen t. There was, 

however, no significant difference be~veen any of the 

higher N-level s and it can therefore, be accepted that even 

the 1,436% leaf"N is too low. The next level of 400 Kg, 

which v~ also associated with the hijhest yield, \nth 

1.6o5% leaf ... N, should, therefore, provide the optir.mr.l leaf-N •.. 

In the light of this discussion it appears that 

or.n:J.onium sulphate should have been applied in the virgin 

soil during the period from 15 months to flower differen­

tia tion. This was probably because the availo.ble soil-N 

uas not of any value to the plants. Nightingn.le (1942 .9:,) 

stated th.:lt ter.1perotures of 68°F and lower r:uy result in 

the lioitation of absorption of nitrate by the roots. 

I rn •.•...•...• 105. 
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~,or the months of' April. to Novem].>er, in the locality o£ iilie virgin !3oil 

experiment, the average moniih:cy soil temperatures were aJ.l below 68°F. 

(Annexure A). 

•• • ___ ._._ ,, ........ '-', ..,..,......, b"'""V ~ loJVV"-I.""""VV V.,&. UJ.. • .._. C,..W.•JL.4V.&..a..,k\.Aoi..LJ, 

sulphn. te application which leads to the cc:1clusion thn. t 

the J;llants could t10.ke use of the nitrogen in this insiK.'U1ce 

'o:rhere it vro.s applied in the bc.s£'.1 leo.ve.so 

From the res.ul ts obtained in th~ replnnted land 

q:unntities of 16.5 gm nnd 18~4 f?).."l. rum~1oniura su1phn.te were 

applied in N levels and frequency of apJ2 .,.icc. tion respective­

ly to obtain the indicated leaf-N values. These quantities 

were split into nvo s.epcrc.te applications. 

In conclusi9n~ therefore, it was shown thD..t the 

application of ru.~oniUL"l. sulphute was essential during the 

period from 15 months to flouer differentiation. A quantity 

of fror:J. 16.5 ~ to 18~-4 gJn ~oniun sulphate was applied 

in two split appliqa tions to obto.in the required 1. 655% 

leaf-N at flover differentiation. 

Entire. peri_od _f.£..<?!1L..PJ..Q.:U.tip::;~to_fl.o~[e!_differentiation for 

t he plf!Ilt crop 
rft'rr1 I;J,~ q/JCJu~ dl$&ti$5 (0ff 
To SUi11aarioo the results it vms sho·,m that o. 

total quantity of up to 50.4 gt:l DJJJ..."'lOnium sulphate (10.58 gm N) 

per plant was needed throUGh the plant crop cycle for a 

mo.xim.UI:l yield. Ther efore, a1 though thu Ll-00 Kg level 

vms taken for the leaf-N s.tudies, it appec.rs that in actual 

fact 504 Kg will give the best yie.!iL 'l'his difference is 

a ttributed to the additioTh~l G~oniun sulphate to be 

applied be~;een 15 nonths and flower differenti~ion . 

In the virgin soil planting \tith a spacing of 5:6nxl8"x9" 
was 

~ total quantity of 541.5 l b N will be c.ppl ied per acre. 

In the replanted land vvith c. spa.cing of 4:x2 1x9" a toto.l 
was 

qtk~tity of 451.0 lb N va:l be c.pplied per c.cre . The 

difference of quc.ntity in the two soils was due to the number 

of plants per acre. SooueJ s e'l;;., .n.1 ( 1958) found tlk"... t 480 lb 

N per acre gave the highest yields. This vc..lue is in close 
attt~e~e~t' 

oottolation with the D.bove <:U".ld SLnll vo.ric.tions nay be due 

to the number of plnnts per acre. 

The totul nUEJ.ber of' appJ.i.c."tions throu2hout the 

plant crop cycle '17ill depend 0:::1 the cline. tic conditions, in 

purticulD.r the period froo. 10 to 15 rJ.onths after planting. 

5 .1. 5. Leo.f-Chlqropbyll. The linen.r response of l ed'-

ohlorophyll to incren.sing levels of ~:moniur.1 sul:p.l:m te Hn.s 

/positive ~~ ··•• • • o•• •• 106. 
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positive nnd significcnt, in @Ost instances, throughout 

t he plnnt crop cycle. lD.though this Ylas smilar to the 

yield response and le~f-N results it ~ppears that the 

differences bet,,men individUD.l treo:tr:1ents 1mre not c..s mar-

ked for the leaf-chlorophyll. It vlill, therefore, be .ljlore 

accurat e to make us.e of leaf-N as on index to the nitrogen 

requir~aents of the plants. 

The reason for the poor response of leaf-chlor ophyll 

nust be as a result of the interference of iron deficiency. 

The detrimental effect of iron deficiency on leaf-chlorophyll 

wo.s described by Sideris and Young (1944), Sideris o.nd 

Young (1946), Si deris (1947 ) and ~ideris nnd Young (1956). 
I he ~"' t;emPt!!-fat-ures t!?~ ~/ie!-t:.t?m pa.ta'fttJety 
Ftu>tl:van~:C® ~lithe severe -vlint'ers and henee more pronounce& 

aonlQnt seoson, oay affect the nitrogen absorption r esulting 

in an accUG1~~tion of carbohydrates at the expense of 
/11 t-~!!It se.. 

protein-N \ihich caused pronounoe€1: yellowing of the l eavea. 

5el.4. Fruit quality. Although the linear responae of the 

degree of t ranslucency of the fruits wc..s pos~tive and sig­

nificant a t 0.01 v.Jith increasing levels of D.IJnonium sulphc.te, 

the qu.n.dratic response "./D.s ne;:_c:. cive c..nd significont at 0 .05~­

This response may affect the canning quality of the fruit 

adversely depending on the onxli1um degree of tronsl ucency 

c.llowed by the Canners. On the other h..".lld) if a lov-1er 

t~nslucency i s required, t he fruits 11ust be harvested before 

they ripen. Trr..nslucency only develops \Jhen the fruits 

are r.lL\.ture and on the point of ripening. 

5.1, 5. Plo.nt growth. Nitrogen c..pplication 1:c.s responsible 

f ~bat is, the m.a.ximum increase in growth VJas at the 600 l\g level ana. it 

is doubtf'u.l whether any benefit will be obtaineli from furthee :increases 

of ammonium sulphate. 

quadratic r esponse . ¥-

The respons.e of D-::!..eaf veight a t the til-.1e of 

flower differentiation appear ed to be very s imilar to the 

results vvith the average wei ght per fruit . If this 

relationship can be established it will provide a valuable 

index to deterrnine the ul time. te yi el d at the t ine of flower 

differentiati on, tt.L~t is fr~d 4 to 7 mont hs before ~~rvesting. 

5.1.6. Sucker prod~ctiq£. The nu~ber of ,sucker s present on 
.. vf'/)fPt~ 
:·the plonts i.mmediD. t ely o.fter i;he ~lC:Rt~oJY will detemine 

the yie1d of the r a toon crop. In both the repl anted c.nd 

/virgin • • .•. ••• , 107. 
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virgin soils the 200 Kg level of D..tll'!lonitnn sulphate produced 

a lower nuober of suckers, significantly at 0.05, compared 

'vith the higher levels. In the virgin soil, however, 

the two highest levels gave ~ significant increase in 

suckers o.t 0.01 carapo.red with the lower levels. This was.. 

not the case in the o1d soil ·which mo.y be a.ttributed. 

to the fact tha.t thes.e plc.nts received nr.u.1onium sulpho.te. 

during the period frao 15 wonths to flower differentio.tion. 

Sucker development should sto.rt soon after flower bud 

o.ppearc.nce. As sucker prod.uction. wp.s d.ependant on the 
t:an be. c.ont:..lu.dd rhe 

level of nitrogen it w.W:l ~es.;r;AJlthat.nnAapplicc.tion 

shortly before flower differentiation wol:Cld ;Q.g_yg s.tll.1Ulo.ted 

sucker development in the virgin soil e:x;per:inent. .This is 

supported by the earlier d iscussion where proof wns put 

forward. tho.t the l eaf .... N was too low, in this expexinent, 

at flower differentiation. 

5 .1..7. Slip productiop.. The application of ill.."'J171onium su1-

pbn.te was responsible for o. significant increase at 0.05 in 

the number of slips, compo.red with the control. This was 

in accordD.nce with the findings of Snnuels ~ £:1 (1955). 

This incre~e in slip production is important 

because slips o.re considered to be the best type of plant 

IilD.terial for the Cayenne cul tivar. On the other hand, it 

i s expected t ho. t too high o. number of slips. per plant nn.y 

reta~ sucker developDent for the first rutoon crop. 

5.1.8$ K, Mg, Ca an~a content o£ the l eaves. 

In both ex:peri.men ts it w~s found tho. t a t the end 

of the second summer, that i s approxiontely 15 nonths after 
vafae.s Y.of --c}I(Jje. 

planting, theJ l eo.f-K and leaf-Co. were himer tha.nlla. t 10, r ,-~ t' ..J-l ._J ..L.L 

2J 2 rnorrt'h$ were dtf'rt!f'~f 7r0(n Lilt:'~ at T>f.e 

months and c.t flawel!' dif'f'oroatiatioo. o.nd"'signific.int1M:~. Olft' t~ud. 

In the virgin soil the same result applied to leaf- Mg. This 

may be purely because the plant s could absorb these elements 

freely during the o.ctive growing period from 10 to 15 months, 

whereas, absorption vms restricted through the winter months . 

preceding both the other t-vYO sampling d.D. t es . 

The mean effect of increo.sing frequency of applica­

tion of amooniw~ sulphate, over the entire plant crop cycle, 

on l eaf-Co. and. leo.f-Mg was significantly negative and linear 

on r eplanted l and. On virgin soil only the l eo.f-Mg gave 

o. negative quadratic response. This may be due to the lower 

quonti ties of Co. and Mg in the replanted soil which were 

r estricted by the ammonium ion. 

/In ........... 
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In virgin soil increasing levels of nmmonium 

sulphate had a positive linear effect on leaf-Mg and leaf-Ca 

at 10. 15 and 2.0 months after planting, significant at 0.01;· 

This linear respons.e wo,.s, t1ore pronounced at 15 months. 

The mean response over the caoplete plant crop cycle re­

mained linear o.nd :QOSi tive but the quadrn. tic response 

'became negative and significant at 0.01 with the 600 Kg 

tren.tment giving ·the peak. Lea.f-K, hovreVeJ;', ga.ve o. negative 

linear response to increasing levels of rumnonium sulphn. te 

at 10 and 20 oonths after plo.nting vii th no significc.nt re­

sponse at 15 months . In the replanted soil the response 

wo.s similar for the l eaf content of Mg, Ca and K except 

that the linear response of leaf-Mg and leuf-Ca was n7ga­

tive end signif'ico.nt o.t 0.05, 9 months after planting, 

This obviously depressing effect of ammonium 

sulphate on potc.ssium ubsorption YlD..S in o.ccord..mce with the 

r esults obtained by Sideris ond Young (1946 b) They 
+ attributed this response to the concentration of NR
4 

ions. According to Nightinga.le (1942 b), the absorption 

of the ammonium ion is not fa.voured by potassium. Sideria 
. /at-~~ cont"t!rtt 

and Young (1951') also f'ound that potassium11 in the non ... 

chlorophyllous ba.so..l s ection of the leaves correlated 
t: he wnt:e.nt-

negatively with bho~e of' ccJ.ciuo"in the nutrient solution .• 

The high9a in the soil of' the virgin soil experioent 

uny, theref'ore, lend to the iopression that Ca. may in some 

"flay hn.ve hn.d on c.dverse ef'f'ect of the a.bsorption of I\. 

Krulo.:Qatby (1958) found tbnt 11i th decreasing potassium 

applications Mg an~ to a smaller extent,ca replaced K in 

the pineap:Qle leaf'. Theref'ore , the argument seems to be 

in favour of the possibility the t Mg wus r esponsible f or the 

decrease in leaf-K. This may be oor e likely in view of the 

relationship of Mg ':vith chlorophyll a.nd the increase of 

both by increasing the D.mUonium sulphn.te l ev els. 

In virgin soil the mean r esponse, over the entire 

plont crop period, of l ea.f'-K and leaf'- Mg to increasing fre­

quency of application of ru:Jmoniuo sulphate uns similar. 

Four applica tions gave significantly higher values compared 

with two o.nd six. These r es.ults a.re sir.1i.lar to that ob­

tained for the average \"Ieight per fruit . In replanted s oi l, 

however, lea.f-Mg and l eaf-On. acted sli1ilarly in producing a. 

n egative lineur response to increasing frequency of' applic~ 

tions. This response follm1ed the some pa. tte:rn as the 

weight of frui t per plot. 

I ........... 1~. 
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5. 2.: QUEEN . CULTIV.AR 

5.2,1, Firat crop year. 

Yiel,d.. Notwithstnnding the fg~,et that the plunt growth in 

the repl.D.nted soil wus generully poor, the yield in the 

firs.t crop year was comparatively higher than in the virgin 

soil. The reason for this w~s that, although the suckers 

on the stumps., at the tiae of plonting, v1ere of the snme 

length they were more meture in the replanted land project, 

This resulteQ in a higher nmlber of fruits and hence a 

higher weight of fruit per plot. T~e average weight per 

fruit uas practically the sor.1e in both projects. 

The application of ~nonium sulpbLte increased 

the wei~1t of fruit per plot due to an increased nwnber 

of fruit, compo..red with the control. This increc.se 

mnounted to a calculc.ted value of 1.99 tons per acre. 

The quadratic r esponse to increased levels of nitrogen 

v-va.s negative and significant. This indicated that one of 

the lowest two levels should be c.dequnte for a maximuo 

yield. 

The crop. was deluyed by the 600 Kg, 800 Kg ond 

1000 Kg levels. Although umnonium sulphate increased the 

average Yveight per fruit significantly compared with the 

control, this increase wcs coupled with a linear increase 

in the degree of translucency with increasing levels of 

nomonium sulphate, which i s undesiro..ble for the fresh fruit 

narket. This also indicated, therefore, trot the lower 

levels of nitrogen should be preferable. The pl~nt grovnh 

at the 400 I<g level was superior to the 200 Kg level a t 

flower differentiation.- From all these results it was 

concluded that the 400 Kg level was preferable for the 

period preceding the first crop year. 

Leaf-N. The resul.ta obtained with the 400 Kg l evel co.n be 

correlated with the l eo.f-N. During the period from planting 

to eleven months _16.6 ~ rumnonium sulphate vms applied 

per plant in one application~ This gave a leaf-N of 1.765% 

at eleven months.· From eleven to sixteen months a. quantity 

of from 25. 2 !?}n to 25 [!}U or.nnonium sulphate was applied in 

one application. This resulted in 2.017% leaf-N at sixteen 

months~- No evidencre could be found to prove any necessity 

of c.pplying ronmonium sulphate during the period from sixteen 

months to flmver differentiation of the first crop. This 

/may . . . . . . . . . . . . . . 1.10 . 
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mny be due to the fact tho. t the applico. tion of ammonium 

sulphc..te vvas continued at any :rote dur:ing the early spring 

but to the suckers which v.rill produce fruit during the 

second crop year. The leuf-N of the 400 Kg treatment wus 

l. 585% af fiorrer differentiation. Increases of l ea.f-N 

above this. va.lue r esulted in (1) higher ave~ge ~eight 

and, therefore larger fruit (2) delay in fruiting 

(5) higher degree of translucency (4) heavier vnd 

longer D-lea.ves. Because of the adver se effects of (2) 

~d (5) it appears inadvisable to increase the lea.f-N 

above 1.585% us they outweigh the benefits. The latter_, 

weigh·c, at ony rate, were not r esponsibl e for an increase 

in yield• 

A totul quantity of up to 41.6 gp am8onium 

suJ..phD. t e ;per plant wn.s needed for the vihole period from 

planting to flo~er differentia tion for the first crop. 

This qunntitywas split in tv-vo a.pplicntions. Uhen given 

in four Or six D.1tJ?licati ons the h.o.rvesting VIaS delayed 

and wa.s also associated with excessively high leo.f-N at 

the time of flower differentiat i on. 

Chlorophyll.. "" Le&f-ohlero'PhYll ~.n:al-vsis showed that AJ ±ha,xb 

Incr easing levels of ammoniu m sul phate gave a 
,·, 

positive l inear response in leaf-chlorophyll at 

flower differentiation but n o significant 

differences between the individual levels 

of Nitro gen supply . Leaf-N on the other hand 

gave a positive linear response together with 
. b t the V Qr~OU8 signif icant diffe r ences e ween 

levels o f ammonium sulphate supply. :"'-· 
'-' ~ ·----... ..,-J J:~VIo.l..L.V.J..VC 

linear r es.ponse to increasing l evels of runmoniur::1 .sul:Qha. t e a t 

eleven and sixteen months after planting. At flower diffe­

;r:entia.tion, however, only l eu£-Co. a.ncl l eo.:f- :Mg mo.into.ined 

this response, whereas., t he l eaf- K vD.lues cho.nged. to a positive 

and significant quud.ratic response. Leo.f-K wus, o.t this time:, 

signi~ico.ntly higher for the control, c.t 0.01, than the 

800 Kg level and also significantly higher for the control, 

a t o.-ol, tho.n the 800 Kg l evel o.nd DJ.so si gnificantly higher 

o.t 0,05 tho.n the 200 Kg and 400 Kg l evels. These results 

can be explained in the light of the r easono.ble suppl y of 

o.vail.D.ble poto.ssium in the soil (.Annexure B) at the time of 

planting. This supply 'TclS o.ppa.rentl y adequate fo r the first 

/ sixteen • • • . . • • • • • lJl•. 
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s~teen months but by the time of flower differentiation 

the larger ~unntities of Mg and Ca. dooinnted the absorption 

of K. 

The m~in effect of fre~uency of application on 

leaf-Ca. showed that the tren~nent ~ith four applications 

gave o. significo.ntly higher value which correlated with 

the n.vero..ge weight per fruit. Leaf-Mg wc.s significo.ntly 

higher at a frequency of s~ compared with ~vo applicationa 

with n. significo.ntly positive and line2.r response to in­

creasing frequency. This v,rn.s similn.r to the r esults ob­

tn.ined with the lea.:f-N o.nd l eaf-chlorophyll. The close 

rela tion of chloroppyll \v.ith Mg will expln.in this 

s:imilarity. 

Leaf-N showed no response to c.ny of the ~onium 

sulph."..te tren.tments in the virgin soil. 

In the replo.nted soil the r esults with leaf-Ca 

and leo.f-Mg were the opposite to virgin soil o.t the time 

of flower differentin.tion \T.ith increo.sing levels of N. 

In the former soil the control gave higher vo.lues compared 

mth the OIIJr.1oniuo sulphn.te treo.tments. '.lith leaf-Nn., 

however, the control vms significo.ntly lower thn.n the 

nomoniwn sulphate l evels. 

The leD.f-K vms not n.ffected by o.ny of the levels. 

of umm.onium sulphD.te." 

Frequency of o.pplicu tion of runiJ.onium sulphate ho.d 

no significo.nt effect on the l eaf content of K, Cn. o.nd Mg 

n.t flower differentiation. Leaf-Na, however, was signifi­

cantly decreo.sed when tv,ro app1icn.tions were given compared 

with four o.pplicc.. tions. This, together vii th the results. 

vdth the l evels of nitrogen indicn.tes that nitrogen hnd some 

beneficinl influence on the increo.sed absorption of sodium. 

This in turn must hk"..ve affect ed the absorption of K, Co. and Mg. 

5.2. 2. Second crop year. Only the results for the l eaf 

analysis during this cycle are available . They are of 

interest, however, because in the Queen cultivnr, fertili­

zation wns continued on the suckers adjoining those vmich 

were at thn.t tme in fruit for the first crop. 

The first period represents the tme from flowering1 

early spring, 21 months after planting, to the harvesting 

of the first crop in midsummer, 26 months after planting. 

During this period the suckers for the second crop wer e in 

/ their . . . . . . . . . . . 11:2 • 
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their active growing stnge. 

The 400 Kg level, which gave the best results for 

the first crop, gave much higher vc.lues for leaf-N (2.64%) 

and leo.f -chlorophy 11 ( 550.1 ppm) at 26 non ths, compc.red 

with the first crop at the same stnce of growth viz. 2.017% 

and 154.05 p~ respectively. The possibility exists, there­

fore, trot these values are excessive and IDD.y affect the 

yield ndversely in the second crop year. 

The lenf content of K, Ca, Mg und No. were not 

affected by D.IIJr:lonium sulphn te applieD. tions during this 

period. 

The second period represents the time from mid­

summer, 26 months, to flo~er different~tion for the aecond 

crop, 55 months after planting. The required leo.f-N 

at flower dif£erentiD.tion for the first crop was earlier 

estD.blished to be 1.585% nt the 400 Kg level. This saoe 

level now gave 1.627% leo.f-N nt flower differentiation 

for the second crop D.nd 1.558% leo.f-N for the 200 Kg level. 

It nppeo.rs, therefore, trot, wherea.s 400 Kg mo.y have been 

still too high the 200 Kg was too low. The yield do.to. will• 

however~ show the required content. The plo.nt growth on 

the other ho.nd, as reflected in the D-leo.f length, gave the 

best results at the 600 l{g level. 

The l eo.f-N results for frequency of applic~tion 

at flower differenti..<ttion a.lso showed. higher values compared 

with the first crop results. It appears that increased 

frequency was responsible. for the excessive increase in 

leo.f-N. Therefore, only one or two a.pplicntions may give 

the r equired leo.f-N. This v~s confirmed by the D-leaf 

length results where the frequency of tifo applications also 

produced longer D-leo.ves. compared with four o.nd six appli­

cations. 

It appears, therefore, that as a result of the 

overlapping of fertilisntion for ~he first and second crop 

yenr, smn.ller o.nd less frequent o.pplicc.tions of o.moonium 

sulphate will be o.dvisnble. 

At flower differenti..'ttion for the second crop the 

leo.f-K wn.s lower in the control compnred with the 400 Kg and. 

600 Kg levels of runmon:hum sulph.c. t e . I.eo.£-Cc., however, wns 

significantly higher in the control compared vvi th the same 

tim l evels. 

I . . . . . . . . . . . . . . . m. 
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7. SUMMARY 

A. Investigation. 

1. Four projects were carried out to establish the 

effect of 6 increasing levels of ru~1oniug sulphate, 

applied in 2, 4 and 6 instalments, on Cayenne and 

Queen pineapple plants and yield. Each cul tivar 

'\Ya.S J?lante<l on virgin and re12lanted soils. 1ill 

plants were J?lanted from November to December. 

2. The possibility of establishing an index to assesa 

the nitrogen requirements of the plants, through 

leaf-lf and/or leaf-chloro:ghyll, was studietl in 

conjunction vri:(;h the plant crop yield. 

5. The effects of amQOnium sulphate on the leaf 

content of N, K, Co., 1~g and Na vere studied. 

B~· Conclusions. 

Cayenne; 

l. An optinum yield wn.s obtained at 600 Kg o.mmonium sul­

phate per 10,000 plants, during the plant crop cycle, 

An increase of 10.9 ton and 14.46 ton per acre was ob­

tained in the replanted and virgin soils, respective~ 

~ v. carrron.rAd ,;;,-; +.h + ho '"'~~ +-, 
-"" ml"'i'icont di:t'ferences between tho total. y6elds o.t the 'l:here ere no o.a.o- ... 

600 
~ and the 400 Ag• levels. 1he fonner quantity (i. e . 000 .l~) 
~ .fu 

od. 
__ __ ,.,~ irre .... ~, ""''~"' maturation of the crop as CCll'!'IJ?Bred Wl. 

hai.ever pr ~ 6............ • 

therefore considered prcf er-
the 400 l\g trea:tment. ':!.he latter we.s. ' 

abJ.e and more econanical .. 
..,, .Lu~:: uUI.;wer o!" s.l~ps and suckers per plant were increased 

by the application of ammoniun sulphate. 

4. The D-leaf V·reight \1D.S increased linearly with in­

creasing levels of ru:n:lonium sulphate at flovrer differen .. 

tiation. This was sinilar to the results obtained for 

average we i zht per fruit. 

5. A close correlation v-ms found be"b.1een leaf'-N and the 

plo.nt crop results. Frou plo.ntinr; to 10 aonths the 

plant growth ';1EJ.S st:iJnula ted by "t\vo appJ.ica tions of 3• 3 gm 

ammonium sulphD. t e each• per plant, The leaf.N .should be 

between l;2l% and l 1 37,% at 10 months. The l eaf-N value 

at 15 months after planting should be between 1.958. and 

1,986%, obtained by application of 21.2 gp and 25.4 gm 

ammonium sulphate per plant during the period fro:a 

lO to 15 months, Regular J.eaf analysis and studies of 

/climatic •••••••••••• 2. 
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climo.tic conditions will be necessar.f to determine the 

nurJber of applica tions the totul quantity must be split 

into, A quuntity of 16 , 3 gm to 18. 4 m:u OI.uaonium sul­

phat e , split in two applicu tions, rras essenti a l f ror:1 15 

months to f lower differentiati on.. 1.638% leaf-N was. 

obtained a t the l~tter date. 

6, Fro~ the le~f-N s tudies a calculated total of 50. 4 gp 

ru::noniun. sulphate per pl:mt will be required froo 

planting to flm;er di f'ferentio.t ior for.a mn.ximurn· yield, 

7. In both soi l t ypes l eaf-K ancl l eo.f-Ca were s i gnificant .. 

ly hi gher at 15 oonths cor:1po.red vri th 10 nonths and 

flower d i f f erentio.ti on. In virgin soil the sruJ.e ap­

plied to leo.f-1.~g. 

8• On virgin soil leaf- :fu.ig and l eaf-Ca \/ere increased 

linee..rly with increasing l evel s of or:u~onilEl sulph.o. t e 

throughout the p l ant crop cycle . This response was 

quadratic, however, and the peak reached at the 600 Kg 

l evel. Leaf-K, on the other h..'Uld, vJas reduced linearly 

10 and 20 nonths after planting. 

9, In replanted soil the r esponse of l eaf- Mg, leaf-Ca and 

l ea.f- K. was sir.1ilar to virgin soil except for a linear 

decrease of leaf- Eg and leo.f-Ca at 9 months after planting, 

10, On r eplanted soil increasing frequency of appli cation · 

of ammonium sulphc.te decreo.sed -the l eaf-Ca. and l eaf- Mg 

linearly over the entire plant crop cycl e . 

111 In virgin soil o. frequency of 4 appl ications of rumnonium 

sulphate gave a hi;)ler l eaf-K and 1eaf- lJg compo.red v-rith 

2 and 6 a.pplim tions. This r esponse wo.s s i mil ar to the 

a.vera.ce \rei.ght per fruit, 

Queen : 

l, Application of runr.1oniurn sulpho. t e gave on o_veraJe increase 

of 1.99 t ons of fruit per o_cr e compared vrith t he control, 

21 Quantities exceeding 600 Kg DJllUlonium sulphate during the 

plant crop cycle deL.'Lyed the fruit ho.rves ting , The 400 

Kg l evel was not significan-tly different to the 600 Kg 

l evel. Plant growth wo.s sigli.ficmtly better at 400 Kg 

than 200 Kg, The 400 Kg level wus therefore consider ed 

the optioum econooical quality. 

B. Opt~um l eaf- N values for the first crop ~ere: 

1,765% at eleven months obtained by one applico.tion of 

16 ~ ammonium sulphate before the first winterJ 

I 2. 011% ••.•.••• 5. 
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2.017% ~t sixteen ,nonths obtnineQ by one application 

of 23. 2 ~ to 25 gc..1 aJ.nr.loniura sulphD.. te during spring; 

1.585% at flovfer differentiation. The leaf-N value 

in the suckers for the second crop was 2.64% at 26 

months fron planting and at flower differentiation 

for the latter crop 1.627%. Smaller quantities of 

amQonium sulphate applied less frequentlY may bring 

the leaf-N in second crop suckers to the required 

levels as for firat crop suckers. 

4. In virgin soil increasing h:vels of a.Eu-aoniur.1 sulphate 

increased leo.f-Ca and leuf-~.1..., linearly up to flower 

differentiation. Leaf-K was sii.1ilar up to 16 months 

but o.fter<ifo.rds changed to a positive quadratic response. 

5. Leaf-Co. and leaf-!.Ig were highest ui th frequencies of 

application of 4 o.nd 6 respectively. 

6. In replanted soil the response of leaf- Co. ru1d leaf-Mg 

to increasing levels of anmonium sulphate 11ere the 

opposite to virgin soE (4) o.t the time of flower 

differentiation. Frequency of application had no 

effect on leaf-K, leaf-Co. and l eaf-Mg in replanted soil. 

7. Levels emd frequency of applico.tion of OlDLlonium sulphate 

had no sie:,nificant effe(!t on leaf-No. in virgin soil. 

In virgin soil it WllS increased linearly. 

Cayenne and Q.~ 

1. Leaf-chlorophyll was linearly increased ·by increasing 

l evels of ru:nmonium sulphD.te but without sig1ificant 

differences between levels at uost sru:1pling dates. These 

values v-lill, therefo!'e, not be suitable to assess the 

nitrogen requirer.1ents of pineapple plants as accurately 

as leaf-N val'..l.es. 

2. The degree of translucency of the fruits vas increa&ed 

linearly by increasinL levels of runnonium sulplm te. 
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ANNEXURE A 

AVERAGE SOIL TEHPERATURE (<>.F') AT 20 em DEPTH. 8.00 am • . 
\ 

Fe·b March April May June July Aug Sopt Oct Nov Dec 

73.83 72.19 65.84 59.85 57.51 56 .. 70 56.14 59.81 60.91 67.10 70.70 

72.59 69.78 65.80 59-70 57.16 57.63 59.72 60.35 64.94 67.05 73.80 

73.20 70.99 65.82 59.78 57-34 57.17 57.93 60.08 62.93 67.08 72.25 . 
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ANNEXURE B 

This annexure shows the citric acid soluble 

nutrient status of the soil, that is, the quantity of the 

nutrients that should be irnruediately avo.ilo.ble to the 

plants. The figures were taken from a. soil aurvey of the 

Pineapple Research Station conducted by the Division of 

ch~nical Servicea, March, 1959, shortly before the 

commencer.1ent of the experiments. 

Citric acid soluble nutrients in the soil 

·Soil depth (inches.) %ISO %CaO % MgO % ]?2°5 

0 - 6 0.057 0.50 0.10 0.0015 

6 - 15 0.055 0.18 0.10 o-.0010 
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liNNEXURE C 

EXPERiiVIEJ.'{'I.b.L PROOEDURE FOR THE DETERiviiN.b.TION OF CHLOROPHYLL 

A.PPA.RATUS :-

(i) lm Evelyn Photo-electric Colori.rJ.eter. With 

No. 540M filter. 

(ii) A Vlo.ring Blender. 

(iii) A s.top watch. 

~GENTS:-

( i) Acetone, 98% 

( ii) Na-K-Chlorophyllin :- Dissolve o. 5 g}."l No..-K-Chloro­

:rftlyllin in 1,000 r:ll v;o..ter. 

PRoo;EI?URE :-

(a) Co.l,ibro.tioh curve:- Prepo.re 20 dilutions of the 

stun~~ Na-K-Chlorophyllin solution by diluting 

2, 4, 6, 8, 10, 12 etc. up to 40 ml to 100 ml 

water eo.ch. Thes e solutions will give 40, 80, 

120; 160 etc. up to 800 ppm chlorophyll equivo.lents 

in fresh pineo.pJt)..e leaf' tissue. Plot; the curve 

vT.Lt h the percent~ge light transmitted by the 

colorimeter using o. no. 540M filter o.go.inst the 

different concentrations of chlorophyll solutions. 

(b) Preparation of leo.f solution:-

Weigh out accurately 10 grams. of green leaf' tissue, 

prepared o.s described in section 5.41, o.nd transfer 

to the goblet of o. Waring Blendol'. Add 94 raJ. 98% 

acetone to the l eaf raaterio.l o.nd blend f or two 

minutes o.t high speed. Filter through o.. 15 en 

V.fhD..ttln.n no. 12 filter po.per into a cleo.n o.nd dry 

erlenmeyer flask. Rinse o. t est tube ~ith o. smo.ll 

8l'lount of the fil trc.te c..nd o.f'teruo.rds fill the t est 

tube . Check the odjustoent of the galvanometer 

light spot then place the test tube with the filtrate 

into the tube sleeve and read. the percentage light 

tro.nsmission. By means of the calibro.tion curve 

r~~ off the ppm of the l eaf solution. 

EX.PERJJvlENT.b..L PROOEDURE FOR 'J:HE DETERMINb.~ION OF NITROG:EN 

JJ?P.iillil.'l'US :- . 

(i) Mo.cro-Kjelda.hl "T.L th digestion and distillation racks, 

taking 12 800 ml flasks in eo.ch ro.ck. 

I ........... · .. , . 2:· 



REAGENTS:-

/'I) 

-$-

(i) H
5
Bo

5 
solution:- Dissolve 5 ~ H

5
B0

5 
(A.R.) in 100 

nl •m ter o..t 60 degrees centigrode. Allow to cool 

to roOLl t emper a. ture. 

(ii) NaOH solution:- Dissolve. 40 lb Na.OH (comerciaJ. 

flckes) in 20 li tres. wo. ter, o.llow impurities to 

settle out and pour off supernatant liquid. 

(iii) :Mixed indica.tor:- Disso1.ve 0. 2 gp1 bror.10creso:L 

gr een a.nd 0.1 gp. methyl red in 100 m1 ethyl 

alcohol. Filter if solution is not complete. 

(iv) ~· C.P. cone. 

(v) ~~ o.nhydrous povmer, A..R. 

(vi) CuS04~ l1. .R. 

(vii) G:ronuln..ted zinc, A.R. 

(viii) 0.1 N HCl, prepared o.s follows: 

·vfeigh out n..ccurotely 5. 5 gp No.
2
co

5 
in o. crucible 

o.nd d ry in oven at 100°0 for 5 hours; Keep on 

weighing, using o. desiccator, until a. constant 

weight is obto.ined. Tro.nsfer ~unntito.tively to 

o. vol~etric flo.sk conta ining o.p~rox~no.tely 200 ml 

distilled wo.ter. Dissolve o.nd 1:1D.k:e UI? to mark, 

then mix thoroughly. 

Weight in graQs of Na~5 = Nonao.lity of No2co5 
With o. micro-burette carefully to.p 21.0 rul HCl, 

A.R., cone. into o. 2,000 nl volUQetic flask con­

t a ining approximately 200 ml di stilled wat er. 

Mnke up to mark o.nd mix thoroughly. Then s-to.ndardise 

the HCl soluti on o.ga.ins.t the standnrd No.
2
co

5 
solution using the scr eened indicator (ix). 

(ix) Screened indicator:- Dissolve 0.1 gm s creened 

Methyl O:ronge in 100 ml diatilled wn. ter. 

PROCEDURE:-

vfei gh out o.ccurotely 1 gm of the dried l eaf 

material o.nd tronsfer ~uo.ntito.tively to an 800 

m1 Kjeldo..hl f l ask. .Add. one ten.s.poon (o..pprox.iLlD.tely 

10 ~) E2SO 4 t o the f l nsk and. then o.dd o.ppr ox:ir.la tely 

o.·2 f?J..l CuSO 
4

• 5H2o. Then o.dd cn.refully 25 ml cone. 

~SO 
4 
~- Three glass bood.s are dropped in to the flask 

to Rrevent buraping. Place the fln.sks. on the disge$tion 

rock and digest until the solution is clen.r~' Reduce 

the heo.t a.nd l et the solution simmer for one hour. 

/Allow •••••••.•• 5 . 
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.Allow to cool, then add 200 L1l water and one Zn 

pellet. To this add 50 ru cone. Nn.OH solution 

without mixing unduly by allowing the NaOJi to 

run down the neck of the slanted flask. 

To the receiving fln.sk pipette 50 ru H
5

B0
5 

s.olution o.nd to this n.dd 10 drops of the mixed 

indico.tor. Pl~ce the receiving flasks on the 

rv.ck. 

Connect the Kjeldohl flasks to the dist~­

tion ro.ck o.nd. mix. with o.. swirling noti on. Distill 

until o..pproximD...tely 12.5 ml ho.s. passed over into 

the receiving flask. The ro.te of diatillation 

should be such tlu:.t this C~.Wount passes over in 

approxiiili?.tely 50 minutes. Turn off the heat and 

reoove the Kjeldo.hl flasks. lU.low the condensers 

to drain into the receiving flasks. Titrate the 

dis.tillate accurately ago.inst the 0.1 N HCl to the 

firat tinge of red. 

A graph can be drru.m up -vvi th the follovving 

standards of HCl as basis: 

NOTES: 

20 m1 O. 085N HCl =- 2. 575 % N 

ZO ml 0.090N HCl = 2.525 %N 
20 ml 0 . 095N HCl = 2.65 % N 

20 ml 0.1 N HCl = 2. 8 % N 

20 ml O.l05N HCl =- 2.95 , %N 
20 r:ll O.ll.ON HCl =- 2. 95 % N 

20 ml O.ll5N HCL = 5.2 % N 

(i) If sucldng bo.ck should occur during the 

diatillation process, ~ n. further 

aliquot of H
5

Bo
5 

solution and indicator 

to the receiving flask and continue the 

dis. tillo..tion. 

(ii) A blank should be run with ea ch batch 

of samples by lec.ving out the leo.f 

muterL~ o..t the stQrt of the diges tion 

process. 

I . . . . . . . . . . . . 4. 
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DETERlViiNid'ION OF No., Co., K .t.ND Mg. 

(a) Leo.f Digestion:-

(1) Weigh out accurctely 2 ~ dried non-chlorophylloua 

basal leaf Dk~terial. 

(2) Transfer to o. vride oouth 250 ml erlenmeyer flask. 

( 5) Add 20 .ml. cone. BN05 vi th swirling to assure 

thorough mixing of leef c~teriul with the solution. 

(4) l'..dd 5 ml cone. HCl04. 

(5) Include a blo.nk aoongst the snmplea to be digested. 

( 6) Place on hot plate in fume cupboo.rd.. 

(7) He.:tt very gently until brovm fumes are given off. 

Too much heat will co.use bumping of the flo..kes. Swirl 

flo.sks when necessary. 

(8) Oontinue to heat for 2 to 4 hours until o.ll solid 

~tter has been d iaaolved. A brovv.nish liquid will r~i1Uin. 

( 9) Apply more heat. If the. contents of the flask 

sputter, reduce the hec..t for o. while. 

(10) Soon white ful:les will. be given off. Keep a 

cons.tunt wc.tch on the flasks o.nd on no account ullow them to 

boil dry a s the. perchlorc.te crystals have been known to explode. 

(11) When the liquid in the flask ho.s been r educed 

to approximately 2 to 4 ral r erJ.ove the source of heat and allow 

the flasks to cool in the f'Ul:1e cupboard until o.ll fuming 

has ceased. 

(12) The fla sks should then conta in a soall qunntity 

of colourless liquid and crystals. 

(15) If the contents a r e not coBple t ely colourless add 

5 rol HN05 and r epea t the steps (9) to (12). If colour s.till 

persis.ts, repec.t ateps (1~) and (9) to (12) once o ore . If 

s.till discoloured £t a rt the smuple f ran step (1). 

(14) Place a 12 ~ 5 oo "l.'llO.tman No. 40 filter paper in a 

glllss funnel and place the funnel in o. wast e collecting b eaker. 

(15) ·~lash the filter paper vith about 25 Ill of nrorly 

boiling H04 solution (10 ml cone. HOl04 per litre ). 

(16) Replace the wo.at e collecting beo.ker v.ri th a 100 m1 

beaker with a smear of pure gr eo.s e belov.r the lip. 

(17) Smear o. film of pure gr eas e round t he rim of the 

fla sk conta inine; the S[U;).ple. 

(18) .Add about 10 ml nearly boiling wo.ter. 

(19) Svrirl to mix 

(20) Occasionally a sanple , a lthough perfectly colo~ 

less afte r compl e t i on of step (15) vrill turn a bright yellow 

/ colour •••••..•• 5. 
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colour on the addition of the hot wo.ter. If o. repetition 

of steps (15) o.nd (9) to (12) nre ineffective then tho.t 

particular saople will have to be atarted agn.in from 

step (1). 

(21) Pour the solution into the filter paper nnd 

o.llow to filter. 

(22.) Md 10 ml nenrly· boiling water to the flo.sk. Repeat 

steps (21) o.dcl (22) 1.mtil the receiving beuker is ! full •. 

(23) Allow to.cool. 

(24) Transfer to a 100 ml volumetric flask. 

( 25) Make to the mn.rk with wa. ter rinsing the beaker 

with the wn. ter. 

( 2.6) Mix thoroughly. 

(b) Neutro.liso.tion:­

REk.GENTS:-

(1) lo% CNII4hC05l. Dissolve. 100 @11 ammonium co.rbono.te A.R. 

in litre wuter. Store in polythene container. 

( 2) Methyl orange indica tor: Dissolve 1 @"J. oethyll orange 

in 100 ml vm .. ter. 

PRCXJEDURE :-

(1) Pipette out 10 m1 lec.f sol ution into o. 100 ml be..'lker~ 

(2) .Add 2 drops of methyl orange indico..tor. 

(5) Tit:ro.te with 10% (NJ4)2C05 1.mtil colour just turns to 

yellovv. 

(4) Note the amount of ammonium co.rbona t e solution~ 

(5) Pipette out 80 ml leD..f solution into a 100 r.ll bea.ker. 

(6) Add 8 times the amount of (NH4)2C05 solution noted in (4). 

(7} Smear o. fi:W of pure greo.:a.e belovv the lip of the beaker. 

(c) DEIONIZti.TION • 

The ion excho.nge column can be made from o. 100 ml 

burette. Cut off the tip of the burette below the tap in order 

to obtD...in a large bore <lelivery tube. ·~fit o. gl o.ss rod tamp 

a glass wool piug into the column of the burette just above 

the tap. Place sufficient De-Acidite E r esin n.bove this 

plug to fill the burette f or about six inches. Pln.ce another 

glass wool plug o.bove this o.nd t .:1ro1p it dovm firmly. 

Ion excho.nge colunn t est: 

(1) Test solution : Dissolve a.bout 0.5 @n KH2P04 in 1 litre 

water. 

(2) Pass test solution through coluun at 1 drop per s econd.. 

(5) Test l eacha te for P by the QolybdenUL1-blue method. 

1 (4 ) ·····~········· 6. 
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(4) If any blue colour develops the resin must be regene­

rated or replaced. 

(5) 50 to 50 samp~es can be leached before the resin is 

exhausted. 

Regeneration of res~: 

(1) Dissolve 50 f!fl; n.nhydrous No..2C05 in 1 litre wetter 

(2) Dilute 50 raJ.. cone. HCl to 1 litre·. 

( 5) Plo..oe about 50 gp resin in o.. 500 ml erlenraeyer flask. 

( 4) Add 100 ml Na2C05 solution·. 

( 5) Slu.'\ke well 

( 6) .Allow to s to..nd for ho.lf haur·. 

(7) Decant the liquid. 

(8) Repeo..t steps (4) to (7) ~vice Qore. 

( 9) Add. 100 ml. water 2nd sho..ke well. 

(19) Decant the liquid. 

(1~) Repeo..t steps (9) and (10) ~1ioe uore. 

(12) .Add 100 rJl HCl solution (2), and sho..ke well. 

(15) Leave for half hour. 

(14) Decant the liquid. 

(15) Repeo..t steps (12) to (14) twice more. 

(16) Repeo.t step (la). 

( 17) Allow to stand for 2 hours. 

(18) Decant the liquid. 

( 19 ) Add 100 mJ. VIO. ter ond sho.ke well. 

( 20) Decon t the liquid. 

(21) Repeo...t s.teps (19) and ( 20 ) until superno..to..nt liquid 

is colourless aft er being o...llowed to s~~d in oonto..ot 

-v.d.th the resin for a half' hour. 

Deionizo..tion of the leaf solution:-

(1) Pour 50 ml of the l eo...f solution into o.. separate beaker 

ond then into the ion exchange column. 

(2) Keep the reQBining 50 ol of leaf solution for the 

detennino..tion of P. 

( 5) Leach the 50 ml through the column at 1 drop per second. 

into a 100 ~ volumetric flask. · 

(4 ) kdd o. little water to t he beo...ker and rinse into the column. 

( 5) Add a little wo. ter t o the column now and o.go.in when necessary. 

(6) Leo..oh until the flask is filled to the mark and sho..ke well~ 

(7) This solution i s now ready for the detenlino.tion of Co., 

Na., K and Mg. 

/(d)········ ·· ······ 7. 
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( d) METHODS OF DETERMINll.TION • 

.APPARATUS : 

"EEL" FlDLle .Photometer. 

REhGENTS: 

(i) 500 ppm Na solution:- 1.- 271 gp NaCl diluted to 

1,000 ral. 

(ii) 500 ppm Ca so~ution:- 1.248 ~~ CaC05+ 3 ral 1:1 

A.R. HCl diluted to 1,000 1il. 

(iii) 1,000 ppp K solution:- 1.907 gm BDl diluted to 

1,000 ml. 

(iv) 250 ppo Mg solution:- 2.556 [§D. MgS04 .7RJO diluted 

to 1,000 ml. 

(v) EDTA solution 0.01 N:- In 1 litre water dissolve 

4 E!J1l di-sodium salt of ethylene dirunine · tetra ... 

acetic acid, and 0.75 gm NaOH pellets. Store in 

polythene. 

(vi) Buffer solution pH 10:- Dissolve 53.7 gm A.R. 

NH4Cl in about 100 ol v1ater mixed with 285 m1 

cone. 11-.R. NH40H. Dilute to 500 ml and store in 

a polythene bottle. 

(vii) Eriochrome Indicator:- Dissolve 0.2 ~ Eriochrome 

Black T in 50 ml oethyl alcohol containing 2 gm 

hydrochloride. Keep in absolute dark and prepare 

fresh every fortnight. 

(viii) Screened fuurex~e Indicator:- Grind 0.1 ~ rummonium 

purpura te 0. 7 gp Naphtohol Green B + 12 guJ. J...R. 

K2so4 to a fine and proper oix.ture. Store in a 

black painted bottle. 

Standardisc.tion of EDTA solution against Mg :-

(1) Pipette out 50 ul of 1ig standard into a titration flo.~. 

(2) Dilute to 100 rlll. 

( 5) lidd 5 r.ll ammonia buffer. 

(4) Add 15 drops Eriochrome indicator. 

(5) Titrate against EDTA until colour clk~ges to peroanent 

dark blue without a trace of violet on sho.king. 

( 6) mg Mg per r:ll EDTA ::. r.ll ~T1 used 

PRCCEDURE. 

Make up different concentrations of the No., Ca and K 

atandaxd solutions by dilution with water and deteroine the 

flome photomet er readings for these. Draw up a groph for 

each and determine the Na , Ca and K content in the leaf 

/ sol~tion •••••• 8, 
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solution by comparing their flnLle photometer reaQings vnth 

their respective graphs. 

Xhe det ermination of Mg is done as follows: 

(1) Pipette out 50 ml Qf the lenf solution in a titration 

flask, 

(2) Dilute to 100 rul with water. 

( 3) .Add 5 ml buffer solution pH 10.· 

( 4) .Add 15 · drops . .Erioch.rome indicator. 

( 5) ~i t:rote n.gains t EDT.A until the colour chD..nges to a 

pem.onent blue vn thout a trace of violet on shald.ng. 

( 6) Note the q;uanti ty used. 

% Mg ::. c 0.032X 0 2B - y X. • 

Where : C = rnl EDTA used in ( 6). 

X = % Ca. de.termined Vfi th flame 
J?hotometer 

Y = Llg Ca. per raJ. EDTb. 

B = mg Mg Jter ml EDT.h 
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Al.'fNEXURE D 

METHOD-: STATISTICAL ANALYSIS. 

(A)T. - Bh. ~~ 20-9-1961 %N 
I II III /Totals 

I 
III - I III + I - 2 

A Oo99 Oc81- l-54 3. 5.7 
- ·--- -· 

1 B 0.69 0,,94 0,8J. 2A4 ' 
c Oo64 Oft75 1.,04 2~43 

-·-~·--
Totals 2.32 2,53~ B.59 8.24 1.07 0.65 

M' -0.35 -Oo 0~ -;~·~0· -0.94 -0.15 -0.67 
M'' 0.25 --Oo~ _ Oc- 96 0.92 0.71 1.79 

A 1.04 3.13 o.eo · L29 
2 B 0. 74 Oo8l lol9 2.74 

c 1.13 lo'l9 0.94 3.26 

Totals 2.91 2.80 3.42 9.13 0.51 0.75 

M' o;·o9 0.39 ~0.35 0.15 -0.44 -1.04 
M' I 0.69 0.57 -0.15 

{--
0 .91 -0.84 -0.20 

A 0.79 1.45,1.18 5.42 
5 B 0.98 1.30 1. 74 4 .02 

c LOO 1. 23 I J., J.8 5,4]. 

Totals 2.77 5 .~w- ~~ ~85 1.35. .-1.09 

M' 0~21 -Oa22 0 -0.01 - 0.21 0.65 
M'' -·0.17 ~,08 r·l.l2 -1.21 .. o. 95 -1.45 

A 1.c 2.4 1 oa I J., 27 5.51 
4 B 1.10 L 4.4 L 2!3 5 . 79 

c lo51 o . 9 .~ I L[!r. ~7 

Totals 5.~~~~:J~4~oi~; . 0. 20 1.16 

M' 0~27 -0~07 l Ga 26 0.46 -0.01 o;s7 
M'' 0, 55 ::e:.~~~· 0::_ -Oc ~.0 -0.25 2.75 

·~ 

A lo 27 J . ., 541 0:.95 3. 56 
5 B 1.57 2.00 1.51 5.08 

c 1.27 1.·04 I ::;.,48 5. 79 

Totals 4.11 4.~~4 12.45 -0.17 -0.71 

M' 0 _;.-~ 0.55 0.25 0.55 1.15 
M" -0.60 -1.62 r-0.59 -2. 81 0.01 2.05 

A 1.06 
~ ! 

4 .29 1. 74 llo-1-9 
6 B 1.78 1.16 I L99 4.93 

c 1.81 lo65j2.08 5. 54 

Totals 4. 65 4. 55 I 5. 56 14. 76 0. 91 l.ll ..__....._ __ 
M~ 0~75 - 0.09 0.59 lo ~.5 -0. 16 1.52 

M' ' -0. 69 1. 07 -0., 4..1 -0.05 0.28 -3.24 

Rep 

20.s1 ~.sJu~~~-~~8 Totals 5.85 1. 85 

M' . I .. I -0.44 2.26 Qo 9/~-0o58 
1 

0.,05 l ol2 
M" Oo05 - l o54 !.,l. QJ. 1 -·2.52 -1.04 1.70 . ' . "-~-· ....... ~~---- ... -~~ 

II j 
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(C - A) (A-C - 2B) 
-c-~ 

I I I 

B c I 

Totals 
I 

M' I A I M'' j 

1 ~ b.!1 ~~~§; §.~ -0.94 0.92 
2 5.15 b_74 5o..'~9. ~.15 0, 15 0.91 
5 ~ 4?02 ~1.}_4_~ .!:/h~.5 -0.01 -1.21 
4 ~ §dg_ 5. 9Z. ·*~ 0.46 -~O~ J.O 

5 ~ 1hQ§. £~22 12~ 0.25 -2~·81. 

6 ~ ~ ~54 J.4, 76 1.25 · · ~0·., 05 
.. ·-- · 

Totals 21.28 25.00 22.40 66,68 lol2 -2.52 --
N' 42.92. 
N' t 4 .96 
N''' 7.82 
N'V 2.56 
NV -5.78 

----<r".r.-1....,..._~---

l) Figures unCl.erJ.ined uere to.ken froo the :previous table. 

2) N' = -5(8.24)··5(9.1B)-l(l0.85)+l(ll.27)+5(12.45)+5(l4.76) 

5) N' 1 = +5(8.24)-·1(9.15)-4(10.85)-4(11.27)-1(12.45)+5(14.76) 

4) N' II = -5(8.2~h7(9.15 )+4(10.85)-4(11.27)-7 (12.45)+5(14 .76) 

5) N'V ::: +1(8.24)-3(9.13)+~(l0"85)-i-2(1L27)-5(12.45)+1(14.76) 

6) NY :::. -1(8fa4)+5(9~15)~.J.O(l0-85)+10(11,27 )-5(12.45)+1(14 .76) 

FIGURE WORI:; 
-·~.?.-~ 

1) OF - (~6~~) I = 82.- ~575 --- - 54 '·· ' ' 

2) SS Reps =1,/8 ~ (20., 61)
2 -~· (?~1"~1)2-:,..(24,46) 2 { - OF :::. 0~·4434 

Ch k •'• \ ~ 9! D t=; \ I J 8 c:) / eo :.. u~f:-?..<:-< ~ ( :-··~:!-. -:: Oo-4454 . 
...,5 ) ,.l0v J 

5) SSN': (~_g~)2 .. 2 . 9240 
650 

4) SSN ' r· : (_4.96)2 
756 = 0."0525 

5 ) SSN' II~ (L...§£)2 
1620 - 0.03Tl 

6 ) SSN IV: (..&:_®) 2 = o. 0260 
252 

7) SSNV: (~.1,§)2 = 
2268 09011'-7 

8 ) SSN ~-·. ~ 5. 0349 

Check: t ( ( 8.24)2-:- (9 : 13)2~~1.0 85)~\-(1:1..27) 2~(12,. 45)2+(14.76 )2 ) 
v 

- CF = 5.0549 

9) SS Whol,e Plo~~ : i j(2.52 ) 2.r-(2~55)2+(5,59 )2+(2.01)2+(2.80)2~ 
2 ~?. ? 2 2 2 

+(5.42) ·!(.:.~i·; rJ·;- (:3o 98)"'.~(4,):0) +(5,85) +(5.57) + 

+(4.05)
2

-!--( 4,11)
2
+(4.58)

2
+(5."94)

2
+(4.65)

2
+(4)55)

2 

2-
+( 5. 56) j - Clf• ::; 4o OO.'J7 

,I J.O) o o ••• o ~ o c ., o ••• , c ~.· 



10) 

11) 

12) 

15) 

14) 

15) 

16) 

17) 
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ss Error (a.): SS Whole Plots - SSN - SS Reps. = 0. 5254 
r I - 2 2 2 2 2 Check: ~ ;;: I (1.07) +(0.51) +(1,55) +(0,20) +(0.17) 
, _ _ _ 2-( (585)2 2 2 
+(0,91) J' - ~6 + ~~(0,65) +(0.75) + 

2 _, 2 v 2 1( , 2 ) 2 
+(-1.09) +(1.16) +(-0.71) + (1.11) ] ')~ - (~) 

. 108 
= o. 52.54 

- J 2 SSM': 1_1,12 - (-0,94 ) 
- 50 2 = 0,1415 
SSM'': (-2,3~;0,92) = 0•1166 

Ss n. __ . (-0'1.94)2 (~)2 - 0.19Jia:. 
.l:;ll.!HWJ.es: 6 + 18 - ~ 

S§lVI.' :x: N: ij~(O,l3)2 +( .. Q, 01)
2 
+( 0 •. 46 )

2 
+(0,23)

2 
+(1, 25 )

2
] 

- SSM' = 0.1658 
I ~- 2 2 2 2 

SSM' ixN: 1/18 ·- (0,91) ;~-1.21) _ +(-0,10) +(-2..81) + 

+(-0•03) j - SSM' 1 = 0.4500 
( 1,- 2 2 2 2 

.. §§ Errorr (b): t ~1_(-0,15) +(-0.44) +(-0,21) +(0.01) 

+( o.55)2 +{ -0.16 )
2 J ~ +~~ [ (o. 71)2 +(-o~· 84)2 + 

2 2 ...... 2 2 2 
+(-0.95) +(-0.25) +(0.01) +(0.28) +(-0,67) + 

+(-1.04)2+(0.65)
2
+(0,67)

2
+(1.15)2+(1.52)2 ] ~ 

( I . ~ 2 2 2 2 .- 2 
+ ;· 3 ;-j (1.79) +(-0.20) +(-1, 5) +(2.75) +(2.05) ' 

'-· ~- 2) 

+(-5.24) J s 
+ SS InEillnies = 1.7898 

Subwplot SS: ?_ ~ [ (-0, 55)2+{o,09 )
2
+to.50)2+(0,09 )2 +(0,59 ) 2 

+(-0,55)
2
+(0.21)

2
+(-0.22)

2
+(0.27)

2
+(-0.07)

2
+(0,26)

2 

+(0)
2
+(-0.50)

2
+(0.53)

2 +(0.75)2+(-0,09)2+(0,59)2 ]~ 
f l !- 2 - 2 2 2 )2 +l b . (0,25) +(-0.29) +(0.96) +(0.69) +(0.57 + 

+(-o.15)2+(-0.17)2+(0.08)2+(1.12)2+(0.55)
2
+(-0.95)2+ 

+(0.30)2+(-0.60)
2
+(-1.62)2+(0.59)2+(-0.69)

2
+(1.07)

2
+ 

2 ) 
+(-0.41) J 5 = 2,6637 

18) SS Er:ror ( b ) check: 

Sub-plot SS - M' - M'' - M'N - M' 1N = 1. 7898 

I .•..•........ ~4. 
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ANALYSIS · OF VARIANCE 

Source DF §§. MS F 

rReps. 2 0.4434 
. N' 1 2.9240 

N" 1 o. 052.5 
N' It 1 0.0577 ~ 

( N'V 1 0.260 
NV 1 0.0147 

-Error (a) 10 0.5254 0.0525 

Whole Plots 17 4.0057 rll· 1 
M" 1 

2. . M'N 4 

0.1415 
0.1166 
0.1658 0.0415 

0.1125 
0.06883 

i M' 'N 
(Error (b) 

4 0.4500 

'-
,g§, 1. 78 §. 

Sub Plots 55 2.6657 

(Figures in the SS co1ur.m were taken fror:1 the figure work. 
The ~5 is found by dividing the SS by the corresponding 
DF. The F in 1) is found by dividing the 1viS of N' to Nv 
(each respectively) by the MS of Error (a) and. in 2.) by 
dividing M1 to M1 'N (each respectively) by the MS of Error 
(b). In this case only N waa done; the others being 
non-significant). 

Further figqre work: 

1) .§.W.: ~ MS Error (a) :; o. 22922 

2) S(b): JMSError (b). - . 
5) - Grand Total :. 1.255 ::I.. : 

54 

4) c;v (a ): (s.f¥ 10~ . ,-
X """F %-:-,J3 = 10.7% \ y 

5) c;v (b): (s .u;.L 
X 1~1% = 21.2% 

\ y 

A B c Mean 

(N1) 1 Q: 9:l6 

(N2) ~ 1.043 0.915 1.08'7 .. 1..014 

(N3) 3 1.140 1.340 1.157 1.206 

(N4) 4 1.'170 1~-26.5- 1 • .32.5 1 .. 2.52 

(N5) 5 1;187 1 .. 695 1.265 1.381 

(N6) 6 1.450 1~'645. 1.847 1.640 

Mean 1.194 1.-.370 1.551 l~c235 

(.All. the figures except the. mean figurea, are found by 
divid.ing the corresponding figures in the second table by 
5. The ruea.ns are derived the usual ·way. ':The mea.n und.er­
l.ined~ however, is found by dividing 8 . ?~by 9 ). 

I .......... ; 5; 
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L.S.D .. 21 (.;·o5) (.01) 

SE Body of Table :lj * (s(b)) = o~·151 o.15lx2-942=0~-444 x4~·ow = o;'6o5 

SEN' Meap.: s(~) == o.0764 x3~·151 ::: 0.241 x4.482 == o~-542 

SE Dress,ing Mean: ~~ = 0.0677 x2.908 = 0.197 x5~-95 = 0.266 

N2- N1 :::. 0.098 -5N 1 

N5- N2 ::: 0.192 -3xN2 

-lxN 
N4 - N3 0.042 5 

= 
lxN4 

N5- N4 = 0.129 5xN5 

N6- N5 = 0.259, 5xN6 

N'=~ 
+ S (a) Mean: 0.144 -';! 12.55 v 

tV':. 0 ~·156 20Kii. + .. 
- 0.0185 

.im-A highly significant increaae of 0~-1562.0 ! 0~·0185% N in 

the leaves for each additional 200 Kg applied. There ia 

no evidence that no. of dress~gs has any significant 

influence on this rate of increaae. 
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