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Cit ap ter-I 

INTRODUCTION 

The kiwifruit (Ac:tinic(lq do?lidio.1·c1·Chcv.), ~. men, her t•r [:tmily .l\ c \ini <J i ac~1\C I!> 

th~ most recent fruit crop grown and marketed succcssf'ltlly In lhc world Pr1:sently. 11 

occupies an area of 60;098 ha with the total !)'roduclion nr I ,(JO I , 1_21 MT I I· AO, 2002J 

in the world. Although, this fnii1 originated in China.. ycl ils l'ulJ. econo.mic pet<:nLial 

was exploited by the New Zealanders. New Zealand (l(.:COUlllS for ewer 7JJ per n:nt or 

world trade and cxporL-.; i1s pr-0dltcc IQ rT\orc than thirt) countries (1-rahCv. 199U). In 

other countries of the world. its cuhi·vmion gained mom.1:.nl·um arwr 1960. Nm.,. IJ1~ 

fn..11! is bei1~g ctllti.vatecl ·On large scale in Italy, Clrina. USA. Japan, l·rnncc. l kl ~1um, 

Germany. South Africa and Au..c; trnlia. 

In India, kiwifruit was nrst .intl'C:>tluccd )I\ 196o·s ill Bangalore. ht) \.'.t.:Vl:f. 11 

could nol be grown successfu lly ror 1hc lack (1r chilling rcqliircm~nt, t11 O\'t:r1.:uml· 

dormancy. Later on, in 1963 ii was inirod.uced in Shimla Hills or Himachal Pradi.:sh· 

(Paalani et al .. 1971). Aficr evaluation in diffeFcnt agrocJimaric condHions. ·this fruit 

was recommended for commercial cultivation in the mid hills (900.-1800 m amsl) of 

the State. Tl can also bl! grown in mid hills of Jarnmu am.l Kash1nir, UlturJ.m.:hJl. 

Anmachal' Proc:lesh. Sikkim. Meghalaya and Nagaland. 

The frt1it has ai refreshing delicate flavour. pkusing aroma aml high nutri l t\.: 

value. It is ric;:h in vitamin C. carbohydrutus and pOS;Sl.'!Ses sufficient qu:rntit) 111 

vitamin A, Band i'\iac i1i (B1.m-Arl1! er ct'/,. 198'2). 

Mineral nutrition plays an important role 1n grQ\¥ih. dt\'elopmenL aud yield ,1f 

:kiwifruit vines (Ferguson am! Eiseman, 1983 ), fn order to· ensure a goo¢ fruit 

pro.d.uction. appUcat'ion of manures an.cl r~rti lizcrs Js a comn1u11 ore-harding practice, 

Tl~e hea\•y production of rrui 'ts year after year deplt:Les tlw soil nutnent ekmcnr 

reserves, Lhus necessitarcs nmrient elements applil;ation every ~:ear in order to h<l\c an 

economic friiit pro·ctuction and olso to mai11t·ni11 ~(.)ii Ccnil it) nt :i desil'ahle lcH:l. 

Nitmgen, phosphorus and potassium are Lhe mosr important dcments for mineral 

nutrition in kiwifruit. Lalatta ct al. ( 1990) recommended the application of.600 kg.''ha 

N, 250 kg/ha P}O} rutd 300 kg/ha K
2
0 · for productivi: vines of kiwifruit. 
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Cltapter-2 

REVIEW OF LITERATURE 

Fertili20er applicalio11 .is one of lhe me:>;;l ii;npor.~~ml cuht,1r~d pmctice. \.\}hich 

affect.s -vine growth, yield and frui t quali ty of kiwifruit. The litcratL1Jt: on the effect of 

fort ii i~er appl icalions i11 . )<i\,•i fnti t is scanty and i·nconcl.usi\1(! . Therefore, a1i. :;ittempt, 

ha$ been made in this ehapter 10 rcvi:cw the relevant fitcratu re .on N, P· and K nutri Lion 

on growth, yieltl, fi:uif .quality . ~(i lea f nulrien.t co11tents o r fruit er.ops in general and 

in· kiwifruit in particular -qnder different he~ds . 

2.1 EFFECT OF· N, P AND K FERTILIZERS ON TREE GRO\VTH AND 
VIGOUR 

N, P and K forti.rizers greatly influence the gro,wth and ~dgour of fr1.1i t plants 

(Srnith ar-id M iller, 1991; .Shprma, 1995 and He et a( 2002). Smith and lVlil)er ~ 1 99 1 ) 

reported that the application ofNPK fertilizer @ 700 or 1420 kg >I-, 490. or l 090· kg P 

and 600 or 1200 kg Kfha ~timuJated the vcgeL<'ltive gfbwth, \lO\\Cr num bd arHl r(>Qt 

growth in seven-years-old kiwifruit vines. Costa et t i/. ( 1997) a!'so ohs ·n r.:<.l 

significant increase in !ih Ol}! Jengl,h. num:ber 9f lgavc.s per shoot. leaf ar.ca and kaJ 

aFea index wicb the application of N fertfliz<:r a:u:ompared to the eontrol in ki\\iifruit 

Howe.ver, Buwalcla and Meeki11gs (1993) could not find aI).)' s ignificant c.tt'tect of I\ 

ap1)lkati~l'l oi1 canopy leaf area i.n kiwifruit cv, Hay:\.\"ard . Similarly, togliav iui l'f uL 

(199:5) also reponed non-sjgnificanc eff~ct on st~m diameter and p~u11 ir,1g wooµ weight 

efkiw~.fru it vines with the <.:Ombined applicatio.n 0f N and r fe rtilizers1 

The application of N @· 150 and 225 kgtha gave l~ighest shoot gn.l\~;th m·i'd 

den;.,-e foliage in grapes ·~Orp.hanos, 1 99~) . Crespan et al. (l 99<:l) ro;:p0rtc:d that 

a·pplication of'NPK in the ratio of 12: 12 : 17 (i.e. I 500 kg/ha), prodllccd highest \\eight 

of pruning·woed in sixteen-)iear-old grape cv. Cabt!"met 'Sau:vignon. 

Bussi and Defrance ( 1986) conducted a fortil ize·r trial on Sttt1crcsl cv. of nca~h 

with the application of N and K each at 601 I 00 and 135 gAree. !hey observed that N 

ahd K fertilizers e)(erted significant effect:S on·&,'l'owth and vigour of t~ee. Sham1<1 and 

Singh (1 982) .reporte9 .that applicati.on o'f N @ 11f) g/year age of plant produced tire 

3 



r , . in Sihnrbati p1.:ach. Similarly. 
b·'lli:r ~rnwth a:-. compared to N, llild 1',0 gt~cill' 0 llf\; 

~ - " . 1 . •nc h cv July '1.:.lbcrUt wijh N 
h:mmt l 19951 ()Ol3incd incrc:tSCd \'cge t:lllV~ gm\\ l l Ill r~• .. 

r ·nion o f 700 g N/tree resulted 
and 1'. rcrulizcrs. when applied JI 750:900 g. tree. App IC< 

I d tr ·c ,·olu me uf pt::11.:h ;i. .... ..:oinpared 
111 th\.' lughcst trunk ~1rth. ;mnu:1l sh~'l'I gnm11 .m <: 

- ., l h 199') 1 ·o found the bt::.t gro,vth in 
to l'tlwr J\l~6 of nitrogen tSmgh. f 9Q_) , -~g, c ( - J :; 

pench with the ;1ppJ,icmion of15 kglha each oft\. P and K 

· · · I 1 · ,,_, 1 ·d t ·increase growth nnd vigour :\ppl11.:;111vn ol nurogcn to Slll l~ vecn ropor c o 

l)i ixm.:h 1rcc (Solng ct c1l .• 1998. r\rora et al.. 1999 atrd J1a CJ al. 1999). In a fcrtifrzer 

tnnl. Srngh and Singh (200::!) found that 500 g :--i. tn~c wns the best nnd most 

l'~vmm11cn l lrc:a(ment for impn" ing the growlh and \•igour of peach along \\ ilh 200 ~ 

p .IJ. anq 480 g K._().' tr..:I.' l fo\\cv~·r. Kanwar and Nljjnr ( I 983) coulu 1101 obscrv.c uny 

n13rkcJ cl1ffcrcnccs on the vigour of Flordasun peach with soil application of N. P and 

f( k nil:lcr:. in the rauo of 1500 I 000. I 000 gttrcc. 

$)\at1 el al ( 1990) n:corded lllOre tree girth and :.innual shoot growth with 6 

:rnd 5 kg NPK 110:20:::!0)1 trcl.' m sevcn-year"old aprico1 cv. Trcvau. However, Bussi 

anJ r\.1111ot ( 1998) obscr\'ed Lhal K fertilizers did not affect vegetative growth in 

apncot C\ . Bergaron. In sweet cherry, the increased leaf urea and trunk circumference 

\\ith 90 kg. ha each of ~- PP~ and ~O were observed by Dzhalilova ( 1991 ). 

!:i1milur)y, Viumova (2000) il lso recorded the maximum annual growth and increment 

(11' the tn.:c.: trunk of plum ~v Sta11lcy with the co111bm<::d applicatio11of400 kg N. 2401 

Kt: P ;inJ 300 l..g K.1m. 

:\ pplication of N, P and K fertilizers each @ 60 kg/ha in apple cv. Golden 

" Pill ha\ c licc11 reported to increase shoot gm\~ th rrrcgln7.ova and f ntalkv, 1994). 

)1i111 ulu11.:d vcgct.it1vc gro'" 1h in apple with N fi.:rti li%crs ,vas recorded by various 

\\orkcn (Rupp and Hubn~·r. 1995. Hipps er al .. I 997 and Tartachinik, 1997). Trunov 

anJ ... hi:-hk;U'c\ 11998) knili1.cd the apple lrec with 130-150 kg N, 30-60 kg p and 

12<,· 1411 1-.g K. ha and found that N,P,K fcnilizcr.. cnhanccd !he tree growth. 

llowcvcr, Hipps •'' er/. Cl 990} w.urc ol thu opininn that incn:using fortil izcr 

rnH:!. lr"m 63 111 189 kg N ha had c11hcr m:gl1giblc ~\r inconsistent cl'foc1s on tree 

growth in .ipplc.: l'V. Cox.':; Orange Pippin. Similarly. Pacholak ( 1990) also recorded 
00 
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increase in tree growtfi in apple cv . .l1'mes Grieve \vlth I <JS kg N1ha <m<l 120 kg P ~O) 

/ha ;md 28'5 kg ~O/hn . 

2.2 EFFECT OF N, P ANO K FE'.R.TIL1Z£RS O:'i YIE LD 

Total yie ld of quality frui t is an important. factor in commercial fruit growing. 

N and K foriilizers, when applied @ ioo kg N/ha 11lone tmd in cc,imblnation with 400 

'kg ~Ofha have been reported to increase .fruit yield in kiwifruit cv Hay\\ar.d (T .:i;toni 

er t~l .. I ~90). However, they observ.ed a dacreasc in yield when dose was increa::.ed m 

100 ku/ha. Clark el <JI tl 992) obtained Lhe doubled yield in kiwifruit cv. Ha~ \\Urd. . -
when vines were fertilized with 14.10• kg Nlha. Similarly, Smith and \1i ller ("1 991·1 

rt:.corded the higher y1·elJ with the appl ication of 1 4~0 kg Niha, I 090 kg P ha an<l 

1200 kg K111a in kiwifruit. Monas tm ttt al ( 1995 ) studjed the cffcc1 1•f dilTcn.'1ll -J~"'"' 

of N,. P and K foni1izers and recorded the highest cumu la tive yie ld with t h~ 

·application cif 1$0 kg N/ha,. 39 kg P,O/ ha and 124 kg K!OJl1a in· kiwifruit. Si milJ1 

increase in cumulalive yield of khvifn,th with th~ application of 200 Kg, :-.:Iha <1l'Ono: 

and in combination with SO kg P/ha was obs·erved by Tag!favini i:r (J/, t :I 9951. 

S.ou.dellari .et at, ( 1996} reported that cumuJativ1.: yield of k1wifrt11t incr1.:asecl \.\ ith 

increasing N application from 50 to 150 kg/ha. whereas, further int': reas..: ttpto :;51) kg. 

N/ha had 110 beneficial effe~t on yield'. 

Increast:d yidd per viJlc with the op pl ic.:ation v ( N f..:tti lii'.<lli(')n W•1s r~cvrd,·~I b~ 

Costa et al. , ( 1997) in kiwifruit. In another stud}, iv1onastra at di. l I l?9 71 obst:-r\'cd th .. • 

positive t.ntluence on i;umulativc yield '''!th. thll' appllcation of liittop·);osk.t gl;ld 

fertilizer as compared !0 1he traditional split <1pplication of N. P and K .lcrtiliz~r:.. 

Vizzotto er al. ( 1999) sludi¢ the eflec;t oi different N levels (0. 150, 300 nnd 450 kit 

N/ha} on kiwifruit )'ield. They found a posilive corre lation of yield to rml! of N 

fertilization in first year, whereas, opposit~ trend '~ as observed thl:!reafter. Howe\ er. 

Bu.walda er a}. ( 1990) could not fir1d .uny signi.ticam .:ffrcl of N appl iuati,111 on th~· 

)•idd of kiwifruit. 

ln kiwi frni1 ,.di fferont level!> .or K had THl signi Ii cunt. d"f(;ct on y1dd l Hu.wtddu 

and Smith, 1991), however. 200 kg Nfha exh1bi.t..:J sigtHOcant effect on yl'dJ. Ii h~t!i 

been found .that yield in kiwifruit reduced sigrtificarlt ly when N s.upply was limited l l l 

250 or 750 kg N/ ba annually (13uwalda and !Vleekings, l 99J): Johm;o n 1."r al. tJ 9')T) 

5 



. I' "tlinn lit' 150. JOO and -1 50 
nlst' ohscrvcd non-signiiir:rnt cJlcd un) icld " ith lhc ·•Pl\ ic 

1..g. N hn m kh,1tn111. 

. 'tlS7 k' h·1 111 ·•rapes C\ -. Lnskl 
Bl" Im 11->•n) obt.1mcd the hig.hcsl ~ idJs ot ·' . i:: • "'. . 

• . . 1 1 , . 1 111 '"' frrlilitcr. tvlax11m 1111 
l\ 1~1!ng wltl1 t.lw ::ippl i1:-:.11 il1n· l'f J\PI' ti:rt1 h1.c1:> lll h . 11\H:> • . 

. I 1l)~ • ~ ' K n j11.!f plnnt Ill grapes 
rn:IJ with the npplic::uion C\f I ()5 .-1 i;. N per pkmt .Ull • ' " b · 
· .., , . I IJlJ") fowid ih:ll p and K fcniliLl.!r 
'"'s r•'t11rdcJ , by Tl·rrn "' ,:/ L-l100). Orph,mos l - . 

b . 11 ·r ' ' \SCJ l\11l!UrlV with 
:ipplications hnd no si~nitic:mt effect on ~ u:ld. 111 1 it· l im: \: • · • . 

. . • . I . I hlWC\Cr. t\ lt1lcs l l'N8) f lllllll l llltk 
111crcns111g N rmcs m grnpi: \ ' Ill• C\ .• u tantnn. . . 

. l . . " F • ' 11 I" . lill•' :iml Rk.11: itdi \\'l(h th.: 11ppl11.'U tl<Hl ,,r 
i.:ff1:ct 1)11 ~ lC u Ill r.mp:::s C\S m.r.1 1 '-IC!> C'. 

2:'0 J..g '-: ha. ~llO l..t: 1',t J, ha .md -100 ki:. K.O h;1 . 

\\ i:r.: 

:\nnunl ;,ipplicu110n ot' !'-.. l'p. and K:O :u ISO. 90. l~U !..~ h.1. 1'1.!Sp~cllvdy 

f, 1110.j 1o ti~· tn\)~t ,•flcc:tivc in yield t:1 1hnni:jn~ in 'JoMthan· apple (Chekan, 

Jl)88i Lipecki ( 1 ~lJt)) r<!cordcd the highest ~ icld ol 28.8 llha as compar.:d to control, 

1 .:- ~-; o 1.ha. \\ ilh 11ic a1,plic:nion ot' 150 kg N.,. 75 kg Pp, and 300 J,,g KP in apple 

C' Jnnu1hun ln:rcased ~ 1d<l i11 upplc with N fc rti li1at1on wns r.:!co1dcd h) various 

worl,,crs (:-.Joe l.!t al., 1995. RUf)fl a11J J lubncr, ] 995 and Ntlsal, 1995.). 

PiJt;_,n,-.!,.j et cd t llNOi 1'ht:ii111.-<l hi~hc.:~1 ) idd in upple with the application of 

look:,: N - 50 kg P.O~ and 100 kg Kp!h:i. Sunilarl), 'n1gzdys (.1990) rci'.!ordcd chi.: 

ma.::i:.c.:d ykld by 49.7 pea cent with the uppltcanon or 120 kg. N and 180 kg ~O/h;i 

in iidc.litlvn 10 phosph<.ig) psum in apple. The application of 90 kg N/ha rcsuhl:d in the 

produc11nn of h1ghcs1 yield i.e. I 02 k!Y'tree in apple (Velasc.Q f! t al .. 1992). Tri.!glazova 

and Fatttl1c\' ( I 99·1) rc.:c\)rdcd the best result in tcm1s of yield in apple cv. Goldspitr 

\\ iih th;; :ipplica11on of 60 kg 'ha each C\f '. P and K Highest ~ ield in An1onovka 

ubykno\lennaya· apple was rccor<.led by Vorob (1996) with lhc application of N. P 

Jnd f... (i 180 1..g/ha each llowc\'cr. Kipps t?I ul (I 9t10) observed that increasing N 

k rtil1zcr rutc from 63 IO 181), kg N1ha had dthcr 1wgligiblc or inconsi:acnt cl'!ect on 

fr111t ~ 1dJ in Cox ·s Orange Pippin apple. Similarly. l'acholak ( 1990) found reduction 

in ~·1cl~l "ith higha N PK rates i .e 195 kg N, 120 ~g 1\0> and 28 5 kg ~O/hu in apple 

... \ J.inwi. Gric.:' ,. 

Tewari 1:1 di (1992) obtained the highest yicl<l in peach with the application of 

;q ;.! \ and 31J g K tree. Borghi l!t al (19951 also r.:cordcd the i ncreascd frui t yicld 

6 



from 5.5_9 to ·64.6 kg/tree in peuches with the applicali<H'I of 200 kg, ~0/h<I'. Increased 

yid.d in pcqch cv. Fair haven with 300 kg N/ ha was fo und h.y Mcheriuk et al (l 905). 

Saenz ci ol. (1997') r~cordcd jncrdlscd total yield in J'>c<lt h with N appllcat1011-;, 

Siinilurly, Arora ttl al. ( 1999) rept1rt.;d thut frni.l yiclu ''7i~ directl y n.:lm.:d tu >­
applications in peach trees. Howeve r. Marangom C!l al ( I " ''~) could not Ii nd aD' 

signdicnnt effect on fruit )'·icld in 1-1ecta1'inc cV. Stark Rcdgold v. itli :--: an<.! K fi.:rttli:t<:r'> 

, 
2.3 EFFECT OF N, P AND K 'FERTILI ZERS O N FR CJ IT QUAL ITY 

Fnlii quality not only includes fae or_ganic cor)S.titucnL'>; but also includ_c:. 10 a 

great extent. siz.c, sbape. !lavour, lirmness and colour of the fruit. These ~aramctcrs 

are significantly affected b y forti lizer application lo t(ecs. 

Applicatio11 of N. P and K fe rtil izers have been found to exhibn a cons.1dcrub!t: 

influence on fruit size.. weight and. firmness (1\o::ml. 1995. Mass t!I (/f . 19<Jf; anti \\.<!n,! 

i:t al , 2002). Teswni et a /: ( 1990) found thar K10 . application inoreasccJ fr uit qual11 y. 

particularly. size. firmness and soluble solid contents. whi::reas. ~ ;i pptic:1t i<1n h:1d 

negative effect on fruit size in kiwifruit C\. IIay\\'<.n'd. Howcn•r. Bu\\ alda .:r t /1 11O')fJ1 

found that N application incre~ed frui t size and quality of kiwifruit c: v. !'b ;. wwrJ. 

Smith and M.iller ( 1991 ). reported that N P K { I 2: LO::l 0) mixture h<1cl no ucl vers~ dT<!.: t 

on changes in softness or solubie sol'ids c0nccntrations of stored fr uits . ·1 agliavm1 t'/ 

af:. ( l 995) ·Obtained. the increased percentag:e of aeceptabk size fruits of ki" ifnill. 

when they ·applied N and P fo1tilizers in the combination of 1 00~50 kgl hu respecttH·ly 

However. Scudellari er ti!. ( I 996) did not lll)tice <u~y e ffoc t on a\'en1gc rmi t '"dgh1 

fi rmness. and TSS at harvest or a·ftl!r o.o·ld storagl! in kiv·;i fruit with th.: 3pplicatiun ,, f' 

150 kg N/ha. 

Fruit quality .in t~rms of .tlesh fi rmnl!Ss and total soh lbl1:- so.lid.s ~·.<t1.s 110 1 

significantly affected by increasing N application. but the pl.'rcei1tnge o ( 111arkdal:>k 

fruits was slightly greater wllh 150_ kg NI.ha in. kiwifruit ~Cos 1 :.1 f! t vl .. 1997) HI)\~ t:.\ ~r. 

Jehnson et G11. ( l 997) did not observe any si~ni ti cant L'ffl'l"I ,,n frui L si 1.~· " Hh 

incrcnsing N lcvel.s in kiwilhiit. Morrns lrn er al t 1997) applil!.J 150 kg Nih:i. 9\l k~ 

P:O/ l1a and l50 kg KJO/ha t.c1 kiwifruit vim:-s c\ . I la) \\';l rd . Th.:') dtd Dlit , >hSL' r'' ~ . II\~ 

sigpifica:n.t effect on fruic .quality c:spt:dall) on" plwsphohJs. tibl• t ,11.1d \·it.1min l " 

V i1..zot10 Cl (i/ ·( 1999) follncl ·thrtl N fi:rti'I i.Zl.'rs whc11 ini.: rl.'asn l I rom tl-t 5t I I...:_: 11,1 
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resulkd iii mtrcased total soluble sol.ids cuntt'nls uml decreased ascorbic acid conl.ent 

and ~rl) solkning of ki~\1fruit in storagi:. 

Khyat and Dl~j,aili l10U I) ·Ob1.ii11<::d 1i·1c inc.r..-11sc<l b.u,11oh and berry \¥eiWit a.<; 

,1 o:IJ :is hunch length and cliamc1.:r in th..: two gro•1 i11g season in g.rapers i.:vs. Ka.mo Ii 

Jnd I lah1ani w11h 1h.:- appllcmion uf I .6Sl> kg N 'vine. I lowc\'er, Males ( 199!>} found 

that NPK fertili2.ers when applieJ .!! ?~0 kg ~Iha. 200 kg l"!O/ hu Md 4()0 kg l(p1ba 

had li ttle effecL·un average berry weight and toti:ll solubh: so lids co,11ten1 of !:!,rnpc~ cvs. 

Emerald Klcsllng :ind Rka.citdi. 

.-\had o!f al (19.9~) 1Jbtarn~u I.he in.creased total )'n.lh"wcighl/1reo in apple wi th2 

~g trec each 11( '-'· P a11d IC Noc c1 <'Iii ( 1995) also observed that TSS r.::ont·erus and 

iruit !innness wer« h1gh~s1 in apple cv. Golden Delicious with the npplicalion of 50 

kg N 'ha ... 1111ibrly. Lysiuk i!I i·d. ( 1 99~) obtained the !irmes1 fruits of apple C\', 

C'-'nl ,111.l. \\h.:'n !l11.·~ tlppl1ed SU kg Pp1 ha. Vorob t19\)6) recorded lhnl upplication 0f 

Mm kg lm ('ach ol : . P <111u K le11ilizer s1~nificam ly improved the fru[t size and 

\\t:ighl in :\nlOnO\·.ka .Obykuovcnnaya apples. How~vcr, Pacholak ( 1990) noticed no 

m:trkcd effoct un ~verage fruit .weight, TSS and thiit firmness in appJe cv. James· 

lin1.·w with ojft~re-n 1 mies ol° NPK i'.c. 195 kg ~tl1<1, 120 kg P,O~ kg/ha am! 285 kg­

Kp1110. Nitrogen application had no sign.ilica:nt effect on average fruit wei1:1ht, 

linnne:s:;. total soluble solids and acidity in apple (M.uster and Hubner, 1994 and 

Khnnari and Shat:it, l 996). Papp .:1 ul. ( 1998) obst:rv1:ll thut ·~O kg N/hu hud only u 

shgbt cfl~c1 on fruit firn1nt:ss i11 apples. However. Ko.mamura et a.I. (2000) recorded 

the n~gati·ve l!ffo:t of cxccs:;1 "'e N applicutit)n on fruit firmne_ss. acidity :ind 101nl 

soluble s0lids co111cnl im~ col1:>urfog or ari pll.: cv .I Q 1~athan . 

Si11gh ( 1992) repon~d that applk ttti.on of 500· g N/trcc siguiftcautly improved 

Fru11 si:t~ and weight in July 1:.Jbena peach. S1mi'larl';i, So'ing,e/ al. (1998) obtained ~he 

mcreased fruit :Sizti and weight in peach with \he incrc(1Scd application ofN fertilizers. 

l\ijjar t:t al: ( 1972) reported that combined ·i.:ffcct of N~K appli<cation produced 

lhe low~~a actdity in rnmpiuison to individual application of N, P and K in apricot. 

Similarly. Shutrna ct al ( 1979} rt:poncd reduction in ti tratuble acidity with increased 

applkation of ft:rti lizers to peach. Chourciwh und Lt!h'l. ( J.974) reported that glucose 



n.nd fructose contci~is of sour uh<.:rty. d·c:cti.:asec.I \\ Hil 111<:resing N lc\'ek whereas, 

amii1o acids increased. Ve rma and Bh~ndari H 996J repol'lcU .the highest rcd.ucin~. 

non-reducing and total sugar " rith NP~ applkation . ·1 hey .<d:;o obs~rvi::d that titnitabh: 

acidity increased with increasing level ofN. 

Tewari et al. (1992) also recorded t\ie highest total sugar ai:id asi,:orbic acid 

contents \vith the application of 30 g. N I 30 g K/trc::c in peach. H O\\ C\Cr. :Vla1a1\g,01:1i 
, 

et al. ( 1995) di,d not observe an~ effect on average fru it wdg,ht. TSS. acid it)' and 

firmness in peach with 100 o.r 200 kg N/ha and .125 k,g Kih~1. Simil::itly. 11(-rglu t'/ of 

(1995) failed to rcvord any s i·g11lficant. effect on overage fru it we ight In pca.:h '' ith 

200 kg ~0 n1a. However, increased percentage of first clnss fruits, sol11blc soltJ s 

contents. ascorbic acids. sugar-acid rnti~1 ::ind ncsh 1irmncss in peach cv. Dungshttn 

Suli with tbe app.licat ion of potash were recordt d by I le ~' al (100~). 

2.4 ERFEC'r OF N, P AND K FERTILIZERS. ON LEAF NLITR.ll..:NT 
STATUS 

Leaf analysis is .a powerful tool to monitor nutrit:nl. status or plants. 1 (,O\\ <::"t:.r . 

. the mineral composition of leaves in fruit plants have shown scasorml changes. \\'hich 

may have important consequences i.n respect to the diagnosis 0f ouiriem di~1.1 rd..:rs omi 

the apJ>ropriatc Lime or appli<;.ation. 

Tesconi Cl· a1. (1990) observed lhm in kiwifruit. 1' and K fenilit.~Hllln l1:td no 

positive effeci or:l N <;~:mcentta.tion 1n the leaves. whe~l'!.R$ K <.:o nte i~t i i~ tl1e lea' cs 

decrease.a, wi1fi the increase in both N and K fenilization and' fe content i111.:reased 

with N ferti lization.. Sin;iilarly, Lalatta et (i/: (1990) found that leaf K contenl incm~ased 

with 1he decrcas~ or !VI~ and positive relation was found between p and. N leaf 

contents in kiwifruil with the combined application· of 150-300 kg N/ha. 150 P:O. 

kg/ha and 150-300 kg K~O/ha . 13uwalda t!t al t 1990) 111i liceu 1h"' de~li nc in kii1·-:-; 

co11cenfrmion in kiwi fruit c''· Hayward' with th1: 111crcascd apl'>IJl!:nhm t~f l\ r-nl~:; Cm111 

.0 to 200 kg/ha. On, the oilier hanU, Smith anc.J Mi I h:r ( J 9 l) 1 ) it1c.ii •''1 l~·J 1IMl N ltnd 1' 

contentra\ions in the leaves of trenteJ \dncs l-l l and I 0 I hit ur NPK mixture Li:. 

12: I 0: l 0) remained at higlwr level throughQui th.l! ~n1win~ sco~i.lll ..:umpan:d to tht1z.l' 

in the control vines ofkiwifntit. 



M~rsh t't til (199'.!) noticed the higher leaf K concentration in kiwifru1t with 

I I . . · I' ")"'0 kn KCl/ha Tnnliavini et al ( 1995) ~1)so· obsl!rved incrl!lased N r 11! ~tpp 1c.1t1on l1 - ·' . .., • c:. 

cl.'nccntration in leaves and peliuks of kiwifruit with increased supply or N and 

hi~lwr k.tt" r com:emraiion " ith p fertilization as compared to those receiving only N 

fc~ihLcr. Similarly. 1'- lon:is1rn t'/ 11/ { J 99:') fou nd thc highl!r conc..:ntration of N and K 

iu ihc lcan:s of kiwi fruit C'" Hay\\ arJ witli the npplka1 ion of 150 kg N/hn. 39 kg P~O. 

'h d I , ,, •· , t · QIL.a "'" slo\\ rclcasc fc rt iliz.cr N :11irlicntion nt 0, 150. 300 und 450 o an _., .. g " = 1 n ~ 

1-.g ha incrc.1:;cd the leaf N Ct\ll!CllL'> Ill kiwifruit (Cost.i c./ ed .. 1997) Luupas~al,.i t!/ cl/. 

i 199- 1 li.'tmJ th:it K fertilizer application increased h:af K C\)lltcnt but ch;prcsscd P and 

ll 111 th.: kl\ cs. wlulc. [> ;'crtil i£cr d1d nlJ I increase lhc P content 111 the leaves Of 

kiwifruit c\:; ;...tcmty. Brllno. Abl>ot nnd Hay\1.'ard . 

-:111J,.h.111i.m~ •' ' "I l I qss 1 applkl.I N '[!, 300. 600, 900 and 1200 kWha and K:O 

rl ll. 5UO. I VOO Jnu 1500 !,.g ha annuall) in grape \'Inc C\. Thompson Seedless and 

L'hscr' cd that the \ application cnhtinc~d th~ Ca. I\ lg :md Mn contents but reduced the 

c\ln.:~·mr..1111.>ns ~,r :\0
1
- ;\, 1~11<11 N, P and 1' in lc<1f pc1 ioles, \\licrct1s high K lc,·cls 

incr.:a.scd NO,-N, K artd Cu co1~tents. b\it 11cduced Mi;; and Fe contcn~s. 

Kassem i:t al (1994 J recorded the increa1>cJ h.:af N, Kand Cu concentrations. 

b-ut rl!duccd lea! Zn illld r-. 111 concemrations in appk cv. Anna with NPK fertilizers. 

Similarly, Rupp tlJ1d Hubner (1995) noticed that N fertil izers increased leaf N but 

Jccrc.1scd leilf fl' ap<l K com:cntrations, while leaf Ca nnd Mg were not affected in 

<ipplc c\ . Golden Delicious. Wrona et al. (1995) obtained the higher leaf K 

conccn1ra1tons wnh increasing rate of K fertili.1er in apple_ Sadowski er al (I <>95a) 

als~1 obscn c<l incr~ast:d N contents in the leaves of apple with the application or 120 

kg N/hu us compared to control. Jadci uk el al. ( 1998) found the increase in K content 

am.I ~icl.. rca.">c in Mg content in the leaves of apple w11h (he incrca.:;c in K fcnnizcrs. 

::.111111.irly. Papp t:r al. ( 199KJ foun<l lhat 111creascd N applic41ion lQ ;.ippli; c\. Jonuth\111, 

mcrcased leaf N and Mg, but depressed the leaf P and K contents. 

In dK'rr), Geo rgic \ ( 198R) observed thut increasing N rates. increased leaf N 

an<l !\ ln. and reduced P c1nJ K comc:ms. but Ca, Mg, re, Zn and Cu wcr..: not affected 

markedly. Saduwski er ul 1l995b) found thal application of P fortillLcrs did hot 

tncrc:ic;c leaf P in sour cherry. 1 lighest leaf N conll.!lll and the lowest leaf P and K 

lrJ 



cunterits were .recorded i'n 300' g N/tree wheret1s. 11.:ll ! P um.I K come1·11s were highi::r 

' th I 00 g p Q /tree and JOb .g K10 /tree in .cherry ({.ianai i.:1 " ./ , 1995~ . Szucs et ell 
WI · i · s · -

(1 cJ.'16) ·observi!P tbat N and P -feniHzers had only small effect on leaf nutr:ient 

contents, :while, K fertilizer was positively con:elated to leaf K and ne~atively 10 leai' 

Mg and N in sour cherry. Tncrease in leaf N co1'1<N11tra1:ions ip c111c rr~ \•. i1r1 \.he 

ap~Licatio.tl. 1) f 60 kg N/ha w~s recorckCl by Stido w.ski rt.t af: r'200l ). 

Sharma and Singh ('l 982) reported liwl applicqtion o f' >: <md K forl ili1.cr.. lv llK· 

peach tree rest1lled i r~ increased concentrntion or tear ·:'-!. Fe, Cu. Mn and. Zn com.cn t~ 

and decreased concentr;:nioh of K, Ca, Mg and B. ·walsl'r el trl. ( 1989) observc·d thai 

'ir~cre.asing N Jertllization decreased leaf Co iH fle_aches. Ta~lia:vi iii et a!. ~ I 993.J ww, of 

the,opi.nio.n that <tcldition of P 10 the ~oi l incre.ascd' shoot P 1rnn<eentratiun <md P uptukt:. 

but degressed the ·shoot and l.~ave;:s N concentrations in peach. Simi'lt1rly, .\llt;herl uh i!I 

al. (1995) <1lse obser,ved th al \\(ith lhc i 111.:·rease in N I eve Is, there was increase 1 r. !\. 

content of leaves· hut P content decreased in peach. Arora e t ~ti . . ( 199'91 rcpon t:J an 

increase in Jear N am:! ·decrease in" l~a.f P ~tnd K conlcnts :wi1h im::rcrL-<ing ~ !l'n~ I · : in 

peach. Similarly, Singh and S in~h (10012) u0tico::d 1ltc p,,11>i tivc r<: l.mion::.hlp 11.:l\\<:.:..'l 

the rate of N terti li t.er and leaf N, re, tvln. Zn•and ~l 11~m11.i vc rula1i0nsh i r bt-L t\cl.'n '\ 

rates and leaf P, Kand Ca in peacrh. 

Z.5 EFFECT OF N, P ANl> K '4' ERTILlZERS ON NUTRIENT ST.-\Tv~ O'F 
SOIL 

There are different vi,ews o.f various wor~~rs re.gar<;lit'lf tlw c-ff..:ct 0r' suil 

application of N. P'und K fertilizer~ on soi'! nutrient status.1ZunheT. the inrormation .111 

ll1!'! effect 0f Lhcse .fenili1.eP.. on nutriei1l avni.Ut'li,Jity panicub.rl~ in ::;Qi) ·i:i: si:.:.111 1~. -\11 

.in~tcasc in available and toral N hos been 1:eportl'd by V1trn1111.\·n ( I tf/J 1 and Kurn,tr 

(1984) in ph1m orchar~j s ':'V'ith tht.' n~~p l i c 11 i~1n ,11"N fenillzcr:.. S'h.1n11<1 119!15' 1 J l-.1.1 

rcponed an increase in available N and K anJ dc0rcas~ in tu·viibbk- r> c ,•1ntcr11.; u1 Ju l ~ 

Elbe1ia peacl1·ord11,ird with increasi·ng N and K .tpplicar.ion tt) the ~oil. . .}.:ci::MJing ·tri 

Bady<tJ ( 1980). the 'increasing level of >J application to Jill um trees u1crcasc:d the 

available N, P, K~. Fe, Ml}, Zn', Cu. and exchangablc Mg and Ca contc1~~s of Sarna Rosa 

plum orchards. Shan'na (l 987),n;port·ed <m increase in avai lable N. cxchangabk K, .C l 
8 1\tl M~ with incrcnsing lcvi?l's 0 1' N in p~·Hdl 0rchttrU. \Vlli.•re,is. ni trog_cn (._;r1 ll!;,,:1 

cuusedadecrease· ~11K cor'1l1:nt ~"i,ft)~t.'s.0 i l tCummlhgs. 1973 <111.d K~pka ,•1 .a.' . l~':Cl. 

- ( I 
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Singh ( 1982) reported an increase in available N. P and K in the soil of peach 

or.ch11rd following the application of NPK fertilizers. Similar type of relationship 

limwen fc rtil i7:cr applicatioh and available N, P and .f<, contents in soil was reported 

by Rogers {1969). M~velka (1970), Rom aad Arrington ( 19°7·4) and Stoilov end 

\•larincl\~ ( 1979) ih different fruit rrecs. 

An i.ncreasc in the conceo1ra1i.on of soil N. P, Mg, Fe, Zn and deecease in K. 

Ca arid Cu conrcnts with increasing dose of N to plum orch~d have been reported by 

Khokhar (198-l ). Bhan ( 1986) dernonstnited that. tne incr~e in dnsc of N increase the 

U\':iilablc N and Mg and decreased the contents of K and Ca in plum mchard. Sud 

·l ( 1.)87) reponc:d that inc~ease in· N appl icati.on· also increased the available N .. K, Mg 

:ind l:n ·contcnts. while, P, Cu ai1d Mn were beltt:r at: medium lev.cl ofN. Singh (1992)' 

re\·calcd thnl with the ir1·crcase in level ofN, the available N and K contents of the soil 

i11t'1<!.1sed and P content decreased. 
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Singh ( J 982) reported .m w;r..:ASe In availc1hlt: N, P and K ill lb~ soil o'f' p~ch 

1.·r.du rd follo\\mg lh1. appl 11111 u( NPK (cruhzcrii. Similar type of relationship 

bct\\'een fcr11lilct -'rpli .. 1tfon I hie N. P nnJ K C-Oments in soil was rcpo.rit.'tl 

f.y Rogers , J'loQ) Unq•lb (I'll{) R<Jrn und · ington (1974) and Stoitov and 

l\larirH'\ 1 I W'l•i 1 ir1 11 lien R1 f rutt ~ 

ri aitr.1mon C1f S-Oil N, P, l\1tg. Fe:. Zn a11d decrease in K, 

'111' '"'"' <b11tg Jo~ of N lO plum on!hard ha'>l' bocn reported by 

4 tth.m 486) demonsu·atcd th.tl tJ1e increase io do e ofN iric.rease the 

r I '-1g nnd decreased the c.onterus Qf K and Ca in plum orchard. Sud 

ICC rhat 1ncr .. \L~.: in'..: ar plicatioo al~· im:reased the •l\'ailabl.: N. K. Mg 

Will', ,·n1 r:. I I u ;uid Mn werl! better at medium level. I ~ Singh (1992) 

.:< th .• t \\1"1 •. 1n K°"L'< 111 k11el ofN, the ah1ilable N and K cc .. cnt.s uf the soil 
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Chapter-3 

MATERIALS AND METHODS 

The .present invttstigati0J1s on · ··studies on the ~ffec L or N, P· and K teni li Ler 

level s on growth, ·yield and qual"ity of kiwifruit c.v. Alllsc>1)" were carrieJ ·out uur1ng 

'2002:-2003. 

~.I EXPERThl ENTAL DETAILS 

Th~ i1We$rigations were conducted Oi1 scvco-year-c1ld vines of kt\\·ifrnit C·\ . 

Allison having uni f.mi11 grO\'v1"h. vrg.our an.d size. pl a med m a $pttdng of 4 m x 6 m nnJ 

trained on.T-bar system. The vines were givi;:n uniform cultural prncti~c:, Juri t~g lltl.' 

course 0f-i nvest igati0l'ls. 

The experi ment was laid' out in random'iz.ed block design wi ll~ 1hr.L"c k vd s ·of 

e.ach N ')0; I QO ~111d 120 gtyear age of: ¥ine). P f35. 70 and I 05 fl' year age of \1 in~ J 

and· K (50, l 00 and 150 gJ year age of vine) in twenty ;;cvl.!ln facrorial combimuio1t!; 

Eacb treatment ' '"as. repH!!ated ~!wee times with one vin.i:: under i::acb replica.Lion.. 

Nitrogen was supplied in the form of\: AN (25% N), phosphom~ through SS P 

( 16% PiQ.~) arid potassjum ·through MQ P (6WYo K.~0). Ful·I <lose 1l f P n 11d K ri;:«t i l L1cr~ 

along with FYM (SO kg/v.ine) was applied in (he last i.,veek or D~t: <.:lnbl'r. \\ h:; t'1..'1lS. \ 

was applied i11 two split ·do:;es i,e. half dos.: of N in l.i1·:.t week 01· 1'1' l.i:-ch an~I 

remaining half dos0 in the second. wee!~ or Ma~·. 

3.2 OBSERVATLON RECORDED 

3.2.l Vine growt·h and vigou r 

3.2.1.l Trunk girth 

Befon: the c0'1nmr..:nqen'\c!nl of tlw t•xperiincnt. the Lnmk .of i:ad1 ''i11~ tmdc1· 

each trea~ment was marked wi:U-1 red paint m 30 cm ubon: tl)l' soi.I swtlit~c . l'li '-' 

circumference Wnlj measured with thll help of 11.1easuring tape. before the sl.tl rt of ihc 

cxpi;rin1ent and a:tler lhe compietion of the experimem and the results wen~ c:qin::;scd 

as increase in Lrunk gjnh in centimeter (cm). 



] .2.1.2 Ann uni shool J!rowlh 

1 ,,cnty shoots from the current season ·s growth were randomly selected from 

the ~11phcr) of each vine. The length of these shoots was measured \·Vilh a mcasttri11g 

iapl:' n1 the end of growing period and cxprcssed in centimeter {cm). 

3.2.2 \'idJ 

I hi:- yield nf fruits under dilfrrent treatnicnL'i were detem1ined on the basis of 

t.'taJ wc1gl11 of fruns harvested from the ' ·ine under coeh treatment and average yield 

p.:r, inc\\:\:. cakulatcd Th<.' yield was expressed in kilograms per vine (kg/vine) . 

. <.23 Yield of different rnt1rkctahle grades 

Dn the basis lll ''c:1ght. the han"cstcd fruits were clas.c;iftcd into three diff-erent 

i;r:tdl·~ •.11 . . \ gr;;Ji: ( '> 70 1:•.). A grade (50-70 g) and C grade (<50 g) ·111c )•icld of 

J11ic1c111 grJJcs was c:-.prcssud 1n kilogmms per vine (kg/vine). 

3 . .?.4 Fru it qualif)· 

3.2 .4. I Phy!tk:t l ch:irnr teris tirs 

3.2.4. 1.I Fruit size 

I he 'i1c of fruits '''as measured in tenns .of length and diameter. The length 

J..'ld l11am1:1cr of 1wcmy randomly selected fruits per vine were measured at the time of 

lt;tr\t:,l \\llh •he help ,1f a Dig11nauc vernier calliper (~1itutoyo, Japan). Th...: average 

lnt1t lul!!Ih .111d dmmc1cr were calculated and cxprc~-.cd in milimctcr (mm) 

3.1..l.1.2 Fruit " ci:!h i 

I \\l 'I~ lru11-. !~ken liir measuring 1hc lrull .. 11.c \\Cll' weighed un a h>p pan 

h.rl Hh.l I h.: ·11 ~ r.1~..: "l' glu per fn111 under llrlh:rcnt trc:.11m..:n1s \\'ns cakulated an<l 

c'pn: ... •.L<I 111.,.1J111-. lh!r 11111\ {!!/ frunl. 

I he i"nrnn.: ... s nl fruit at th · · I ...: t11l1c ol 1arwst \\as taken with the hclp ol 

fk' lll: trom.:ll'I 1111'dcl I 1J7 0-27 lhi.). 1 hin '3)-cr of fruit skin was peeled off \\ilh 
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stainless steel knife at three plm.:c..s on \he.: s ingle fruit and the pcneLiometl'.r v..as 

inserted inside the fruit. The pressur.e was 1'cCorded and expressed in ki logram pc.:r. 

sq1:1are centimeter (kg/cm
2
). 

3.2.4.2 C hemical characte ristics 

3.2.4.2.1 Total soluble solids 

The 1otal soluble s0Jids of the fruit juir..:e was detennjned with Enna lrnnd 

refractrometer (0.32°B). by putting a few drops of juice on the prism. rhe 

refrac\ro1neter was calibrated with distilled water before use. J\ lempc.:nHure 

correctien was applied whem it -.:.vas ab<>ve or bcl'ow 20°C (l\OAC, 1980). The 1owl 

soluble solids were. expressed as per cent of' fresh juice. 

3.2..t.2.2 T it ramble acidJfy 

Twenty five grams ·offruh pulp was thoroughly mixed with distilled_ wato.:r 10 a 

warring blender and the volume was made 250 ml The _ct)ntents were fillerc<l Lhr· iugh 

Whatman No-:1 fille r paper. I 0 ml of c.xtta~t \Vas tiLrated against 0.1 N NaOH so)uu,rn 

using phenolphthalein us an indicator. The appearance of pink .colour indicati.:1d tb.: 

end poir)t. The to.tat tit:J:atable acidity \'f1lS ccikulated ·on .the pi;tsis of one ml 0.1 N 

NaOH cqui\"alem to 0.067 g as anhydrous citric acid or per cent citric acid in juio(.' 

(AOAC. 1980)'. The remaining filtered solmion was used for sugo.r ~stitnal ion 

3.2.4.2.3 Total ·sugi'l rs 

To the remui1ling filtrate, I 0 ml of saturated ko.d acctaie wn~ add1:d dlhl 

c~'rtll.·nts 1)1' llask were shaken nnd fi.l te~t>d I() 1111 1~ 1' p1,nas~ium t)Xah1t0 ~' a:. k1h.'1 .t· kh.·..i 

ti) preciµiitatc, the excess of l<:rtd and 1hc l'•' lltL'lll:> \v~re ag;iin tilt..:t..:J J ui1 11 !1 ,·1 

lillr~11~· wa~ tak.:n in 250 m'I ''olumc11ic t1usk and tu tl 11s few dr,1p$ L'f co:• nc~'titt-t,·.i 

I ll'I was ad<k<l illld the hydr1,l):,i:; \\a~ Cilmcd vlll h~ I..: ;.!\ ing i i \1\ t'Hti~ht n,, . .:\, ,· .. ~ 
of atil.I wu:. ihe11 neul1'ali z~d by ~Juin.g ~;uur.11.:-d ~o l uli,111 ~'r ~aOl 1. I h"· l'l\.!1'< 1h 1 ... 1 

~l) l u tion wafi inl.;,cn in,a .hureuc a_ud 11trnkJ a~,!111::..i th~ b •. 1il i11f'. 111i:-.1t1rl'. i.if S ml l'.,s...ll · 1 

kh lin~ .-\ and J"t!hling B s~ilucions. usin!! 111 .. ·tli) knc bllic :is .In illdkmm , \I l \l 

l9~0l. The unJ point was indica!cd b) the .1ppc.1roncc of bric!-. red col~mr ,111J wt.11 

:iUt::Or \\ii ~ Wt.i rked out as per cem of frcl\h \\Clghl 11 ri11..: rrl1it fllllp. 
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:\.2.4.ZA Reducing sugars 

Fl;)J t?stim.ttion of reducing sugars. boiling mfxtW'e of 5 ml each of fc hling A 

and fo lhing 1:3 a~ taken in.case of total sugars was titrated with tmhydtolyzcd solution 

which was lcn behi nd aft~r .taking· I 00 ml for the estimation of lotal sugars. The same 

im.>cl'S.'- as ~hi•n ror the ttstirnmion of 1.01.al sugar was. fo llowed <1114 the solution used' 

1~1 r u1rution wns noted to calClrlatc the per cent reducing sugar. 

3.lA .:Z.S Non-r educing sugurs 

The m.n@unt o r 1101f·t't.id ucing sugars was calculated by substracling the 

rl"lucmg sug•.ir~ from 1owl sugnrs and mµlt ip lyi.ng lhe di ffcrence by a s tandard factor 

1.c. {') 95 Thl' tcsults tH:rc expressed as per cent 11011-rcducing sugars . 

. U A.2.6 A~rnr·b ic nCid 

Asc!'l rhic ac-i<l was dctcnuined witfi the help of i·ndoptwnol solution (2, 6, 

dk hlcmiphenol ind0phcnul dye). lndophcnol dye solution was f.irs1 standani ized 

agninsl standard a.-;corbic acid. Then freshly exlraclcd j ~1i1:e w~ mixed with equ<i! 

\ 'fl ] ume cif J per cent metuphosphoric acid' and an aliquot of 10 cc V.'C)S titrated ~gains! 

stundarcl lndophcnol soluti(1n. ·111e end point was .. dctemiined by the appea~ance of 

rose pink colour which persist fora few seconds (AOAC, 1980). 

The indophcMl dye and nielaphospl:ioric ilCid solutions were prepared fresh 

for each st:t t.1.I i:.xperimenl and standardized against standard ascorbic acid tO' calculate 

th.:: foCIN . The rcsulls WCI'{' l::xprl..'sscd ir\ terms 01: mg of asc<irhic aci.d in mo g of fruit 

pltlp. 

J.!.5 l>ctcrmin:11 iofi vf lc:1r nut rient c1lntcn ts 

.:U.S. I C't11ll1clfon and prqn1ra1ion of lca i sample 

Leal st1mpk-., .1!1111g With pc1lok were c01lce1ed 111 th..: lirst week of /\ug_us.1 

from 1'1.1iduk p11rtiim nf h.:ur:ng shoots. The sampled k a \' l'.; \•.ere washed [jrsl by tap 

waler. lolllm.:d t>~ I.I. I'\ I !Cl. d1st11led w~ter and li nuHy with double clistilled 1;v~1er 

I hey were lhcn JJku h~ -.:pr..:nJl11g. on dean hlutting papers :111LI Lh~ liMl <lrylng wn' 

m:crirnJJltshcd i11 · 11 ~·cn ;i l 6(1°(' (Cl1.arman. 1964) Tht: srunnlc:. \Vt~re subscquentl) 

grn.und h) !lrl ndcr IM I 11r1hcr nnul) :.is. 
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J.'2.5.2 Digestion of lt.-af samples 

The digestion of one gnim leaf samples for estimation or ni1mgc11 \\tl!i cart icd 

oul in concentrated sulphuric acid by adding digestion m1,.; turcs of the fo llowing: 

Potassium sulphate 400 parts 

'Copper sulphate 20 parts 

Mercuric oxide 3 parts 

Seh.:nium powder i part 

For the estimation of other c lements. the dige$liC>l1 was don" 111 u1:.1c;,1tl mt:i\.lu r..: 

prepared by mixing nitric acid and perchloric acid in the r:lli Lt of -I l takin~ :il l 

relevant precautions as suggested by Piper ( 1966 ). 

3.2.5.3 Determination of nutricol elements 

The nitrogen was estimated by micro-1\jeldahb mctholi 1.\r >. \ C. 19f\1J 1. 

Phosphorus was determined by v.ancdo-molybdophos.ph~1 ri c ) dl1J\\ l1il1.H1r 111~1 hoJ 

(Jackson, I 967} on spa<;.tronic-20. TI1c potassium, calcium. m,1g11..:,; 1 ,11~ ;ll\J 1rn.::\1 

nutrients viz., iron. zinc. copper and mangan..:sc w('rC d('t~rn· 1111.. ·J •"'I' 111r111:!l 

absorption sped rophotometer. 

J .2.6 Soil analysis 

3.2.6. 1 Collection and p n .'parn1io11 of soil sumplcs 

Ueforc 1h..: starL .11 1 •:xpaimcm i:ompMirt." soil <;:1n1rlc .... 1 ' I . .. ' ... ·- ..... ' \ l lh . '. I..' 

The composite S•)il ~amp I~· ~ \\ c1 c .1ga1n .lrJ'' n m · . ""' \_ ' 

the basin of each vi11..: . r11 ... S::Ullt'k.; \\ ('f·· 1lr1 .. ,I 1°1' s·h.1J .. ···•'·"· l I . ..._ '"-'U I ,. '- ~ f~. ,. ~..., \ • ' 1 ~. "" lt." :"° \.~: 

wooden pastel and mtmar and r:is:-cd through ~ mm :-• .:-, « .. mt .. 1. ,.,. 111 • 1. ih h.1::-.. 

The soil ~lllill ys i s fo r \':trious chniacll.! i l 'i lks Vi L . pH. ·' ' ""111·.ll. I t r - " " • • 1-. .f\ .II ::1·· ." 

N. JI und K were d~n 1e ;1s 11~·.1: 11ll.'tlwd !_!hen in rable I. 
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Table I. 
• . entuJ orch ard soil (0-15 cm 

Chemical drnr:ictcri lies of the expenm 

depth) 

I 
~ Panicul<ll'$ 

N""'· -----
[ I . pl! 

, . els -1 ) I kctrical co11ductiv11y t m 

I \ \-:til.ibk potassmm (kg ha'
1
) 

I 

3.2. 7 Sl!ltislical an:l lysis 

Results Melhod!i 

7.25 ,f :2 soil water suspension glass 
electrode pl I meter (Jackson, 1967) 

Q.14 I :1 soi I water suspension, 
svstronics conductivity meter 
(juckson, 1967) 

360.07 Alkaline potassium permanganate 
method (Subbiah and Asijia, 1956) 

30.27 Ol~cn's method of ext.raetion with 
0.5 M Na!'1C03 a t pH 8.5 and 
development of colour by 
chloros1annous reduced 
molybdophorphoric acid (Olsen I!/ 

11/. 1954) 

273.33 Ammonium acetate (IN) extraction 
311rl determination U!iing. Oa111C 
photometer (Jackson, 1973) 

rhe llma t)htnined from the present inn:~stigations were statistically analysed 

i., \'lllplo~ ing 1-actorial Randomized Bloc!. Design m accordance with procedure 

"utlin.:J h~ ~ 111mc1 and Gomi:-1. ( 1984 ). Least ~quare difference:. at 5 per ce.nt level 

1 .-ro .. ''"rl-1.J 11ut lll c('lmpare the lrcatment cffcc1" and 10 interpret the differences. 
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Chapter-4 

EXP.ERIMENTAL RESULTS 

The re;;ulls 0btained dudng the p1·esent 'in vc!\ii~<1tiqns ().n the "S'lU'dics on t!ic 

effect or N. p and K fe rtilizer levels on growd1, yidd und :q uolny or kiwifrui t ov. 

All~on" are ,presented a::; untler: 

4.1 EFFECT OF N, P AND I< FERTILIZERS ON VINE GROW·'fH AND 
VlGOUR 

4. LI T runk girth 

The oata on, the effect of\'JPK fertilizers qn· lr.~mk girth is presemed i11 T~1ble ~ 

The data reveals· that the trunk girth incn.:a!iecl with the ini.:rcMiflg close orN <A nd K. In 

case of N, the a1aximfun i1~crease iR lrtt11k. girth '(3.59 cm.) was recorded in t\ 1io• ,vbkh 

was significantly higher than N iil<I (3.19 cm) and N511 f2 .93: c11.1 l, TI1~ 11ni1'.ilml,u1\ i1.1crc•ts 

in trunk girth (2.93 cm) was. observed in Nio• which ·was significantly lower· than "111 

.other N levels. In case of P, the maximum .increase in trun~ g.irth (3.JO cm) \·vas 

e\;!served in ?10, .wb:ich was ·statistic~.lly at pur with P,Q:s (3.'26 c1n). The minimum 

increa,se irt trunk girth was reo0rded in P" l3 . J 3 cm), which was a lso. sig nificumly 

lower than all other l'evels of P. In K, K1 ~0 registered the maximrnn incr.ease in irunk 

girth ('3'.32 om), whioh was statistically at par with K
100 

(J.30 cH1): !' he mimmum 

increase in tnmk gi11l1 was recorded in K ·whid1 v\'as si!:!.niticlimtlv lower li~(ln K 
5 . ~' - J IU 

In case of N x P interactio r~ . N r~l 1 11~ and N , 5~P ,~ recorded the 1n:1ximum 

k1crea.5e in trunk girth of 3.61 cm, ·which was statistically at par with N 110Pw While. 

ti1e minimum increase i_n trnnk girth was observed in N)aP>s (2.83 cm), which x\·as 

stat'is1ically .at par with N~l70 (2'.8.9 cm). ·[n NxK interaction, the maximum irrcreas~ in 

trunk g'irth' (J.72 cm) was obsew.ed in N
1
j 0K l\IQ.' wl1ich was sig11ificantly hight:r thtm tdl 

other o.ombinations of NxK. T he minimum increase in trunk girth (2-78 cm ) wus 

recorded in Nll!Kso• wl).ich was s'i'gni fi'c·(l.11lfy lower ·LhtlA res1 of N.xK c.ornbinalioris. In. 



. . k , ·irtll 13 56 cm) wns recorded 
I · n::ise m mm g \ · cas-.: of PxK intc1 action. th.: mnx mum inc . . 

I' K and p K . The minimum 
,., ••• 1•l '° 

· I' K which was significantly m u .so• 

in p K wluch was swustically ut pur with 
1~ tl"f"' 

increase in trunk girth ('.!.78 cm) \\las recorded 

\lHvcr tho11«)thcr i.:ombiantion$ of PxK. 

· t' · "' NxP:.:K the maximum rn ih\! cornbim:d effect 1if three foc1or 1nterttc ions t.\: . · · · 
d d · N P K which was found to be 

1m:rca.w in trunk girth (4.00 cm) w:1s n.:cor c 111 1•0 10• 1M· 

lot£n ifo:an tl~ highi:r thnn all ,11hcr combinations of NxPxK. TI1c minimum increase in 

mmJ.. girth (2.33 cm) was obs~n·cd in N_.P,.K..,. which was significantly lower than 

01111.'r c0mhmations of l\xP\ K. 

-U .2 ;\ nnunl sboCJ t ~rowl h 

rhc data on the ~ffcc i of !\PK ferti lizer.:; on annual shoot growth is presented 

in l'abk 3 It 1s '-'' idcnl f1om the dat;l Lhat diITa~lll N. P and K levels showed direct 

rd.11i,>::!>h1p \\llh annunl slwot gro\\1h. In ca.s~ of N. N,,,, recorded the maximum 

:mnu:il shom growth ( 182.3 cm). which was signilicantly higher than N,,., ( 177.3 cm) 

:md ~. I 17 3.8 cm). The minimum annuaJ shoot growlh ( 173.8 cm) was recorded in 

~-. \\htd1 \\as found 1c1 be statistically less tbim N111U and N1w In P , the rnaximum 

.:nn11nJ sh~1,11 gro,,1h of I SI I i.:rn was o1,si.:rved in Pin<• which was signifa:;mtly higher 

11 Jn I'_ t 176.3 cm) and P,. (176 0 cm). llowcver. Pro was stntisticaUy at pur ~,·ith 1>
11

• 

\\ 'hill~ ia K. t.he maximum annual shoot growth ( 179.7 cm) was obscn cd 111 

h. .\•.hich \\JS sigmlicJmly higher tJ1an mhcr levels of K. However. the minimum 

.1111 1.11 shoot growth fl 76 A rn1) w~1s rccortl-.:d in K,~.which \\ US statisti t·a ll) at pur 

I I " 

"'' ..J 

lri l J'l. hf l\\'o "·l~ in1l·1uction 1.c. 1':.:I'. Llw maxinu1111 annll:il ~ h•Jt1t gr•'"'h 

1111 \l;.h obscrn:d in l\, ,.,I', . whicl1 \\<IS s1gnilii.:;1111ly higher tb.111 :11 1 11lha 

•' rr1• 11.!111•11, •.11' '.'!xi' I he minimum 1111.rcasc in Jnnual shoot gm" th t 1-o ~.:ml ,,,1.:; 

fHttr.t:..! Ill\. .P ... \\h1d1 \\.L'( ~igni licantl~ 1(1\\"Cf than other comninatiOtb uf NxP In 

•·
1 •:"I \..\h. 1111erac11on. the ll!a:>.imum annual :;hoot growth l 183.(' cm) "''s ~1btnmcJ 

;11 '· K •• \\ltich was s1gni lic:m1l.\ hig.l11!r tha11 other NxK comb1m11 ion~. nw 
t1tim111utn inrn:a."e in annuul shoot gwwth ( 172.S cm) w~ observed in N K whkh 

"91 '-' I" 
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Table 2. .Majn and interaction effect of NPK fertilizers on increase in trunk 
g irth (cm) 

a) N':t'P and NxK inhlractio ns 

P;s P 10 p l(t5 l\·tean K 'in I K 1m K1 5(1 

NsiJ 2 .83 2.89 3.01), 2.93 2.78 3.00 '.LOO 

N100, 3.06 3.39 3. 11 3 19 J..00 3.17 3 39 

N1so 3.56 3.'6 l 3.61 ' -9 ..l.'.'.l' 3.50 3. 7,,l 3:56 
- -

Mean 3 .1.5 J.3,0 3.26 J ,()9 3.3() I J.32 
-· - ---

b) r xK interaction 

K~o K lrro K1 ~J 

P:is 2.78 3.56 I 3.11 

P10 3.50 2.89 3.50 

P IO~ 3:00 3A.J. I ' ' ' .) .. 1 

c) Nx.PxK inter.action 

Pr . ) P 11) p II•" 

I 
I 

I 
I 

l 

I I 
- --

Kso KuM• K t~o K l<. 11111 K 1111 K.' "'''" 
I K,,d ,;o 

-T ' r- -
I 

1 
N~ri '.) '~ ' - ~ 2.83 3.17 ., ·o 

I 3.00 ~ .~) : 17 .i . l ~ -.. )~ .) •• ) _1 _ ,,:. 
I 

N 100 2.67 3 50 3 l)t) 3.5(1 2.::;.3 3.8J 2 .~~ ~ . I; . ' . 
I .... . .... ~' 
I 

N1~~ J .3.1 ,_gi ' 5 11 3:SJ ' ' ' ~ (17 
~ . ' .u1r1 ~.:' ll •' -'."I I , -'-~ 

- 4- -
C'D\l.05 

N (l ()-l ~xK I' (l -
p = 0 0-l PxK {I (17 

K =- ~). Oi.! NxPx1' -" 1 t I ·I 
NxP 0.07 



Table'3. Main an<J inforaclioo effect of NPK ferti lizers on 'annual shoot growth 
(cm) 

a) NxP and NxK interactions 

P3s P 10 Pros Mean K30 K,oo K15<i 

Nso 172.7 170.2 178.6 173.8 172.5 172.8 176.2 

Ntoo. 176.4 177. I 178.J 177'.3 17.6.2 176.4 179.2 

Nuo 17,9.0 181 .6 186.4 182.3 181. I 182..2 18·3.6 

Mean 176.0 176.3 181. I 176.6 177.1 179.7 

b) PxK interaction 

Kso K1 00 K1so 

P3l 1?6.2 172,6 179.3 

P10 171.7 178.5 178.7 

P 103, 181.8 1.80.3 lg 1.0 

c)1 N.xPxK interaction 

P3s P10 Pio~ 

Kso K1 00 Ki.so Kso K 10il K1 ~Q I J<,50 Kioo K :~·I 

Nso 173.0 169.0 175.5 167.8 I 67.0 175.9 179.3 l 79.2 177.:::' 

N 100 177.4 1728 178.9 170.6 183.2 177.5 1 l>U.S 173. I I ~ 1.: 
I 

N1 su 11'1.7 175.9 L.83.5 176.8 1!15.J 1~2.6 1 s5.s I ISS q 
I 

I l\4' 

CDo 0; 

N - 0.71 NxK "":: 1.~-l 
p - 0.71 PxK I ~-l 
K - 0.7 1 NxPxK := 2. I -l 
NxP - 1.24 

l 
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was stafisLically at par with N!',K,,1~ (172.8 cmJ. While in PxK irnt~rm:tion , tl1..: 

maidrnum annual shoot growth .(181.8 cm) wus rccerdcu in· P 1 ,,~K~ti· which \\<JS 

stalistjcnlly at par wilh P10lK u01( 181.0 cm) but sig'.Aificantly higher than l',0K~11. which 

attained minimum annual sh,eol growth ( 171 . 7 cm). 

lri case of three factor interactic-m i.e. NxPx K, the maximum annual shoot 

1rrowth ( 188.9 cm) was obtained '1n N 11,p 11,1K , .... ~~ry.,ich was signific;antly h:ighcr th.m all 

other combinati0ns ef J':'lxP.x:K. The minimu111 annual shoot gro\vth ( 16 7.0 crp ) \va.s 

recorded it'l• Nslro~oo· whieh was statistically at par with N5l 70K,,i) ( 1 67 :~ crn) and 

N,,l ».K,00 ( 169.0 cm). 

4.2 EFFECT OF N, P AND K FERTILJZERS ON YIELD 

4.2.J Total yield 

The data on the main effect ofNPK fortiilzcrs on yield (Table 4) reveals 1hat 

incre~tslng doses of N and K showed dir·ed rdntionship with t.otal yid~ bm P li <i\I 

dir~ct relmi0n upto P111 and there after, yield dccrca_scd with the increase i11 Jo~c 111 

phosphorns. The ma.xi:mum yield of 53.03 kg ' ~·me was obtained in N,w "h1c:h \'<b 

statistically at par with N,11() (52.69 kg/vine). but signi ficantly high~r .than !'\, .. ( 4~ .5(1 

kg/vi·Be). [J!l case of P, the ma.xi mum yield (5 I fiO kg/v ine~ was recorded i 11 P, . whk:h 

was significantly hi,gfucl'. than P 1~ (49.29 k£,"vii;ic ) and P;s {47'.39 kg/vine). Am1mg· th...: 

i!lldivi\iual effect of K, K110 1'egiscen~d the m.dxilni:m1 yield of 54.08 kg/\' ine. '' hkh \\ .1:­

sig11ific,1n.tly higher than K
1
·u:., and Kw Howe\i~r. lhe minimum yield .(43. 9-l hg.-. In.: 1 

wns n:corded in K~11 treatment. 

In NxP mteracuon. N1sl 10 rccord~d 1hc maxitnt1111 ~icld (. 5:'.~S hi-! 111.·1. 

which was St:l listically m ~r with N1, P , (:':'OS l..t;, ',· i 11~·). \\licrell=>. tk· 111i; lf'•i•ill 

yield l'IO lli kgfrli~e) was t1b1~11ned in ~ . P'., 1.'fllllbi nmi''" Similurl ~ 111 '"" 

intcroc1io11. the mnxirmun vid d of 59A.i I.!!' inl.'. \\:I~ ti1und in i'.: K ~'' h 1 ,.1, " 1" . .. •1 • ! 

signi liu 1i;itly hight.tr .th,m any Other N\f.: ~1>11Jbi 11 .11 k111s I ht: N K 
1 

•i.:t 1fllb11i.t it.>11 
"" ... 

record~d thL' m,ini·nrnm yield 0f 39 53 ~ !!, '1 11c . In PxK intcmi:tion. the 111nxim111 11 ' 1d.! 
~ . 

f 56.29 kg/vini,;) was oblaincu in P ) ·.;: 1 ,. \\ hkh \\.:JS s ig.111 tii.:111.11 I) higher th.in ,11h..:1 

combinations of PxK. \Vhereus. thL' m1htnl11111 ~ h.dd {41 l) I lg/ \i ll«!} w~1!> l'b~~·n·\·d 111 

1~ •• ~,~ 



.1- effect on total yield. The 
The NxPxK interaction also showed sigf\! ican1 .. . 

, • ,.:,1 p K which was S'1gmfica.ntly 
maximum yield (62.12 kg/~'ine) was recorded m ~~,P'l 1ll 11'1' 

K H the minimum yield 1(J6.62 
higher lh.an all other combinatjons of NxPx· · ciwcver, · 

kg/vine) was obtained in NJJ~~· 

4.2.2 Grade wise yield 

4.2.2.1 Grade A 

The data pertaining to lhe effoct·of NPK forti lizers on yield of A grade fruits is 

preseiltcd lri Table~ . The dara reveals that among the diffore11t lev<;ls ofN, the highest 

~'ield of A grade fruits (21.16 kg/vine) was recorded in N,jo), which w~ sigruficantly 

higher1hnn N,~-0 (20.4 1 kg/vine) and N
10 

(10.83 kg/vine). Jn case of P. the maximum 

yield of 1\ grade frui1s ( 18.68 kg/vim:) was obtained iri P 711• which was significantly 

11igher limn P
1115 

(17-37 kg/vine) and P;s (JG.35 ktif\ine). How:cver, the minimum y,ield 

(16.35 kgl\'ine)' was recorded in Pw K fei'tiliz~r showed tbe direct relationship with 

yield of A grade fruits and it increased witb the increase in le~•el of K. The maidmum 

yield of A grade fruits (23.42 kg/vine) was recorded in K
1
w which was signiffoantly 

higher thau K11., (I S:87 k¥/vine) and K~0 (LO. lO kg/vine). Similarly, 1(
100 

produced 

significantly more A grade fruits than Kw 

In NxP interaction, Nul•Q rc~orded the maximum yield of A grade fruits 

\23.11 kgl\,.ine). \Vhich wa5 s~listically a~ p<!r wilh N:inl~n (22.49 kg/Yine) and N.,l ~ 
(22.08 kg.Nine). The combinatioli of Nsl " p1'llµuced the minimum yield of A grade 

fruits 19 15 kgl\'ineJ. whith was signifi<;aRtly lower lhan all 0.ther combinations of 

N,l\P. l n ' cns~ nf NxK interaction, the maximum yield of A g.radc fruils (29.04 kg/vine) 

wa-. Tlt'l'Orded in ~ 1~1K 1,11 • which \'.\as Stullstkall) (\I par \\·i·th N,11ttKisn (28. 11 kg/vine). 

1hl' ·m,i11l1nur11 y1dd (8.35 kg/vinl!} or A g,1':.l(k truils \\iiS ~lli!Scrved in N~Kjqp ~,1bjcl1 

was !'1g.rri ljc4111 i) ln\wr than eth<lr NxK comh11w1.1 ~1nl\. J t1.•wl.!vcr. in PxK interaction. 

lhe ma::-.imum yidd or 1\ _grade fillltS (2<\.34 kg VlllC I \\llS obtained in PniK1w which 

\!.'llS stulisticaJl.y •1 t par with P10>K1,... ('24.09 kg.Nine). 11.11:. minimum yield of A grade 

fru its (9.05 kl!1\'in" j was obtam<id ir1 J> K 
- } ) !<)' 
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'fable 4. Main. and interaction effect of NPK fertilizers on fruit yield (kg/vine) 

a) NxP and NxK interactions 

P3s P 10 P1os Mean Kso Kioo K1so 

Nso 40.01 44.33 43.lS 42.56 39.53 43.51 44.64 

N100 50.92 55.08 52.08 52.69 45.1.6 53.47 59.44 
• 

N1so 5 1.25 55.3'8 52.45 53.03 47.12 53.81 58.14 

-Mean 47.39 5 1.60 49.29 43.94 50.27 54.08 
l 

b) PxK interaction 

Ks-0 K100 K1so 

P3s 41.9'1 48.21 52:05 

P10 44.88. 53"63 56.29 
11 

P1os 45.02 48:97 53.89 

e) NxPx.K interaction 

------ . 
P3s Pw P1os 

Kso K1 110 K1 so Kso K100 K1~0· K~o K 100 Kr~ 1 
Nso 3'6.61 42.50 40.9 1 40.73 44.73 47..54 4 1.26 4' . .,, .) . .J :... 45.49 

N1 00 43.54 52.65 56.56 44 .. 27 58.85 62. 12 ~7.6:6 4B t~2 59.65 

N1 s11 45.58 49.47 58.69 49'.6-li I 57.30 59.2 1 46 15 5~-~)7 56.53 

CDooa 
N - 0.53 NxK = 0.92 
p - 0.5 3 PxK = 0. 92 
K - 0.53 NxPxK = I 59 
N~P 0.92 



. 

Tables. Main and inter.action effect of NPK fertilizers on yield of ' A' grade 
fruit:S (kg/vine) 

a) NxP and l'lxK int~ractions 

P3s P 10 P1os I Mean Kso K 100 K1so 

Nso 9.15 10.43 12.91 10.83 8.35 11.0 I 13. 12 

N 100 17.81 22.49 20.93 20.41 l 1.2.8 2 1.83 28.1 I 

N ·1·0 22.0S 13.1 1 18.2& 21. 16 10.68 23.75 19.04 

Mean 1·6.35 18.68 17.37 I 0.10 1·8.87 13.42 

b) PxK interaction 

-
Ksr.1 K100 K1 v 1 

P.Js 9.05 18.15 :! 1.84. 

P10 10.6..J 2l.04 ~-1.34 

P'ro5 1.0 .~2 1-7.:41 2-l.09 
- - ---

c) NX:PxK interaction 

P3~ Pl\I ·1)lll' 

·-
.K~o K 1110 K1~(I' K,11 K 1t1t1 K1•0 K.;,, K111. K,,,, 

·--· - - -
N.so 7-.58 10.52 9.34 5.6,I 

I 
1139 14.28 I l. 86 11.13 LS 74 

I 
N11 1t1 9.67 15.25. 28.50 1.\ .(,,, ~5.40 28.4~ 10.51 2-i ~5 21 -C 

N rn1 9.9'0 2s.61 I 2·1.61 I l'.'. .6b _2(, _j..j J0.33 9.48 J () 25 29 1: 

C'Du 05 

N = 0.6 t NxK = lJJ..(. 
p - 0.6 L J'>xK = 1 .tl.:j. 
K = 0.61 Nxl'xK = l.lD 
Nx'P· ':: l'°.04 

I 

I 



In case of three factor interaction i.e. Nx:PxK, the maximum yield of A grade 

fruits (30.33 kg/vine) was recorded in N 1.10P ~iso- which \,\'as statistically at par with 

N
1
"'P

101
K"0 (29. 12 kg1vinc). N"~'P "K1 ,, (28.50 kg/ vine ) anti N 1 ,~P11K 1,,, (28.67 

kg/vine). However, the minimum yield of A grade fruiL<; r 5.61 kg/vine) .was nll.'.Ordccl 

in Nsl 
70

Kw whi'cb was sign~ t1cantly lower than all other co1nb.inatio11s of NxPxK_ 

4.2.2.2 Grade B 
, 

The data on the influence of NPK fertilizers on yield of B grade fruits (Table 

6) reveals that inc.reasing doses ofN. P and K showed direct relationship with yield o f 

B gr.i<le fruits . The highest level of N (N 1~.J recorded the maximum yield (21.50 

1'g/vinc) of B grade fruits. which was significantly hjghcr than N 10~ ( 19.26 kg/vincJ 

and N,
0 

( 1 S.07 kg/vine). Simi larly, N100 produced signific.antly higher yield of B grad1; 

fruits than N,
0

• ln P, significantly higher yield (19.3.& kg/vine) oJ B' grade frui!S was 

recorded in P1w However, lowest yield ( l 7.34 kg/vine) of B grade fniits was recorded 

in Pw The yield of B grade fruits increased with the increase in dose of K and K1:~ 

registered the maximum yield of 19.19 kg/vim:· of B grade fruits. which \.\'US 

significantly higher than K100 (18. 75 kg/vine) and K50 ( 17.89 kg/vint:). 

ln NxP interaction, N 
150

P10 registered the maximtuil )deld (2~.09 .kg/,·ine~ 0t' B 

gr.ade fmits, which was significantly higher lhan all other NxK combination::. 

Whereas, the minimum yield of B grade fruilc; (12.87 kg/vine) was observed in N~Jl;,,· 

which was also significantly lower than all other combinations of NxP. In NxK 

interaction, the maximum yield (22.56 kg/vine) of B grade .fruits was obtained in 

N1StJKw which was significantly higher than all other NxK combinations. The 

n1inimum yield (13.95 kg/vine) of B grade fruits was recorded in N~K,Ho• \Vhich wa~ 

statisticaJly at par with N60}(50 ( 14.25 kg/vine), but lower than other combi·rnnion.s ,1 r 

NxK. In case of PxK interaction, the maximum yield (20.47 kg/vine) was obrained in 

P 10K 1~which was significantly higher than all other PxK combinations. Whereas. 1ht: 

minimum yield (15.'19 kg/vine) ofB grade fru its was observed in P
1
i K su· 

In three factor interaction of NxPxK. the maximum yield \25.21 kgfvi.ne I of B 

grade fruits was rec0rded in N 1)l toJKw which was signi!'kantly superior ,than ull 
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. ) , ' ' the minimum vicld of B grade fruits ( 11.84 
other c.ombinauons ot N'I xK. llowcvcr. · h 

· ·ri anily lower than 01 er ... p ·K which was also s1g01 1c, 
kg/vine) was 1lbscrved in ""o 11 · 1!'>' 

combinations ofNx PxK 

-1.2.2.3 Grade C 

d . T hi. 7 1ha1 various levels of 1' p and It is 1.widenl from the data prcscnre in a c · ' 
. • C d f ·t. Among the int.lividuaJ effect of 

~exerted Mgniticant effc:ct on yield ol . gra c ru1 s · 

N. the highest y1dd of C grade fruits ( 16.67 kg/vine) wus ohscrvcd in NJO. which was 

· · h · ( 12 64 kg!,··ine) and N ( 11 OJ kn1vine). The lowest s1a11st1ca lly supcnor t an 11, , • 
1 

111! • fll 

yield. ( 11 OJ kg/, inc) of C grade fruits was obtained m N 1 ~,. In case of P, the 

maximum yield "f C grmk fru its (IJ.99 kgfvinc) was rcgistcm:d in P w which was also 

signifi cantly higher than!',., (13.81 kg/vine) and I\,. (12.55 kg/,•inc). Similarly, 1',11 

•rea1men1 produced signilicantly higher yield of C grade fru its Lhan P.1w In K. the 

ma-.imum yidtl ( 16.04 1-g, vme) of C grade fruits was obtained in K511• which was 

significant I) highl?r rh.m i..: , .. , ( 12.85 kg/vine) and K
1
,f ( 11.46 kg.vine), 

ln case oft\\ll l:ictor mreraction i.e. NxP. the maximum yield (18.00 kg/vine) 

of C grade frui ts was rl'Cl\11.l.!d in N3l w which was significantly highe.r than· al.I other 

NxP combinations 1 lowcvcr. the minimum yield of C grade fruits was observed in 

f\\ .,.P;ij, (10.10 kgNinc). In NxK intera<..1ion, the maximum yield ( l&.35 kg/vine) of C 

grade f(uiL" \\0<; rccorJcd in N'°K100• which '"as significantly superior lo all other NxK 

\.-Ombinations. l!owc\·cr. the minimum yield was ohtained in N
100

K
1
)0 (9.66 kg/vine). 

In case of PxK int1?mc11ml. the maximum yield ( 17 65 kg/vine)' of C grade fruits wns 

rcc1)rdcd in P .K ... which \\as significantly hiJ:lher than an) other combinations of 

fl-.: K. 1 he minimum ~ tdJ M C grade fntits was ohscrvc<l in P 
111
,K, , ( I 0. 71 k:glvlne ). 

J11 1hn.:11 lm:h•r1111•·1.11. t1l1n ofNr-. PxK. signilicu11tl) lnghcr) idd P9.73 kg/vine) 

nf l" grt1dc fnii t~ \\,rs ulhcr\·cd in N. t> .• K . clo:.d\ J11llu\\l!d in N p K \"ll·i· ·l1 ';t'J .._4 '"" • , ... , l) j(J. ~ '"' 

\\U~ nl'll.t best t1e:i1111cm pw<luccd } idd of 19.33 1-g \inc 111 C gr.1Jc fruits. llowcvcr. 

1h~1 minimum yrdJ ••I ( grade fruits wa~ obser\'ct.I in \1
1 

I' IZ
1
, 17 33 kg/vine), which 

\\ a ... signific;int l~ lower rhan nil other combinations or N:-.Pxf.: 

18 



Table 6. Main and inreraclion· effect of NPK fcrti li-zers on yield of ' B ' gnu.le 
fruits (kg/vine) 

a) NxP and Nx.K interactions 

PJs P-10 P1os Mean Kso K1 110 K1 su 

N~o 12.87 17'.37 1 4.9~ 15.07 14.25 l 3 95 17.02 

'Ni no 18. 18 17.88 21.72 19.26 16.86 20 18 2CL74 

N1so 20.98 22.0.9 2.1'.42 21 _j(l. 12.56 ?? . l 1 19.81 
-

Mean 17.34 19.1 l 19.38 l.7 .89 18.75 19.19 

b) PxK interaction 

K~o K 10C1 1'1 50 

Pas 'I S.49 18.52 18.02 
11 

P10 18.35 18.52 : 0.47 

P.10$ 1'9.83 .19.2 1 19.09 

c) NxP:xK interaction 

K 50 K100 K ts() 1\:50 K1 00 K1;;0 .l<.511 J_K J iz , . 
Nso 

N100 

CDoo~ 

13.33 13.43 11.s4 l r6.67 H .5s 10.86· 12 .1s 1 1 ~ . ~-1 1 1s :r, 
14.30 

IR.83 

N 
p 

K. 

18.67 11.56 

~3.45 1 20.61 I 

= O.:! l 
= 0.11 

NxP 0.36 

I I 7' j ,Joi .... _~_, 
•· - I 

2363 2.:: -.+ 
I 

20.66 21.52 

19 90 :s :: 
I 

~\" 0.3b 
l'xK = tl.3t' 
Nx! 'xK. 0.6:: 

211 lll J 

.!f I 15 

I 
' 

I 

, 



Table 7. Maio and interaction effect of NPK fertilizers on yie.ld of 'C' grade. 
fruits (kg/vine) 

a.) NxP and J'i.1 ·1:K interactions 

-
P;s P711 P10~ Mean Kso K 1~i0 K1 ~ 

-- -
Nso 1s:oo 1·6.SS 15-47 16.67 17.15 18.35 \4,_52 

N 100 11.77 14,.09 J2,(.17 12.64 I 7.62 10.65 9.66 
, 

N1~0 12. I 9 10:80 JO, I 0 11 .03 1.3.35 ·C) .53 10.21 
- --

Mean 13.99 13.81 12.55 16.04 12.85 11 .46 

b) PxK ioteracfion 

K,o I K1rnJ K1~u 
I 

:P35 17.65 12. 12 t2. l 9 

P10 15.89· 14.07 11.48 

P1os t4.59 12.35 10.71 

c) NxPxK internclio n 

JJJS Pw I' )(I' 

J<50 K 11.111 K1 ~0 K~o K14<1· " K 11~1 1' 1 ~11 

N~o 16.33 17.95 19~73 LS.45 18.76 12 18.35 11 .39, 

Nwo I 9.33 S.6.J 7.33 16.86 14.28 I· I l'l.U> I U.~·3 

N1 Sil 17.28 9.77 9.52 12.]5 l Q. I (1 JO !ti .e. 7 1 n.21 
I - --- -

CDflM 
N 0 09 Nx K IJ.14 
p = 0;09 PxK """ n 1..i 
K = 0.09 Ni'>P\K ; l 1 2•• 
NxP = 0. 14 

. 
I 

I 

I 

I 



4.3 EFFECT OF N, P AND K f'ERT1LCZER$ ON PHYSICAL 
CHARAC'rERJSTICS OF FRUITS 

4.3.1 Fruit size 

4.3.1.l Fruit length 

Perusal of data presented in Table 8. rcvenls 1J1a t NPK and their iriteraction 

exhibited significant effect on frt.ii l lenglH. The maximum [ruit length ~67.43 mm) wus 

rec;ordc,d in N150, which was significaf.ldy higbe.r than Nwo (65·.28 mm) and N,0 (59.99· 

mm). However, the minimum fruit length (59.99 mm) w~ found in Nw ln case of P, 

the m{!Ximum fruit length was observed in P10~ (65.24 mn;i), which was statistically ai 

p&r witb .P~0 (64 .. 64 mm). out signifkantty· higher than P n· However, the mir'li'mum 

fruit length (6'2.82 mm) was obser\led in P lS" ln K, fruit length incre-asecl with the 

increase in dose of K and s\gnificanLly higher fruit let1gth of 66,24 nin1 was tl!c0rded 

in Krw However, the minimum fruit length was observed in K,,, (61 .57 mm). wbicb 

was si~nificantly lower than a ll other 1.evels ofK. 

In NxP interaction, th,e maxlr11um fyui1 length (68 .86' mm.) was observed in 

N,sl .m• whlch was. statistically at ,par with N.u.lio (67.83 mm). However, the 

minimum frui t length was recorded in Ns
0

P 'l $ (Ss.,9·7 mm), which was statistically at 

par with N$llo (59.73 mm). lo NxK interaction, the maximum fruh lengtli of 69.45 

mm was registered in N"0K1111, which was statistically at par with N ,""K1 s~ (59. 13 mml 

and N.,.oK,C/Q .(68. 13 mm). but significantly hi&her than other eombinations •Of NxK 

However, the minimum fruit length was observed in N:i0K5n (59..42 mm). \.~hi.ch was 

statistically at par with N10QK~ (60..58 mm). N~)Z ,,,,1 (60'.4 2 rnm) :ind N,,1K1
, 0 (60. 13 

mrn): Wh~le in case of PxK intieraction, the maximum fruit lengtJ1 \Vas observed in 

P10K1so (67.24 11.lIIl), which was statistically at par with P,0 K100 (65.83 tnm), P 1~K100 
(65'.80 mm) and P101K1~ (66.05 mm). The minimum fruit length (~9 .99 rnrn) was 

obtained in P15~0, whlch was statistically at par with· P10K~0 (60.8·? 1:n111). 

In N, P and K interaction, the maxinium fruit length was recortlt:d. in 

Nu10P10K 1w (71.34 tum), wbi'ch was. statistically at par with Nrnl,QK,~,,. N,.il ,
0
Km,,· 

N11aP1<UKu0 and N1J uK
1
w The minimum fruit length (58.0S mm) was fo und in 
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· N p K N P ·K 
N p K wh ich was s1a1iscic11!1y at par with N l()l ~Kw '"° Js w . so tu aw 

"If I! so· 

-1 .3.1.2 Frujr bread.th 

·111e data pertaining to the cffccl of NP.K fcrtilm7.crs on fruil br~(ld~h is 

pr.tsemed in Tuble 9. TI1e data rc\ieal:> that fruit brctidth i11.creas.cd as the N level 

increased. ' l11e maximum rrui I 'bread.ch H 1.11 ri1h1) was record'cd in N ·~· which was 

significantly higher 1han N 
100 

~4(.).13 mm) and N, •. (38.72' rnm). Sir:ni.larly. N,oo also 

prod,uced the frui.L-;' of signifttantl~ higher breadth as compared lO thOSy produced in 

:-.11<> treatment. Jn JI levds. P N 1regis~ercd the ma.ximum fru1l breadrh (40.2·7 mm), 

wtuch 1~·a$ SH:l.1is1jcally al par ,,1i~I\ P101 ~40.04 mm). but significantly higher than .Pll 

\3q.6-l rnm}, .In case \)f K_. the n111Nimum fru it breadth was recorded in K,so '(40.42 

mmJ. \\hic:h was statistically ut par wi!h K1°'3 
(40.16 mm) but significantly higher than 

K , \ <'): ' 8 n1mt .11 bi ch had minrmum fnul breadth. 

In ca.s.c :of Nx:P interaction, the rnaximu.rn fruit bread~h was recorded in N i.sl70 

1-l l .86 mm). which was signilicaml~ higher than al I other combinatjons of NxP. Thl! 

lllinimum frui1 breadth wns ooserved in· N~P w, (38.6 J mm9, whmh was statistically at 

par 1\lfh ~,,..l\r NwP:u and NJ\~· [n car;e q[ NxK imeraction. the riQa.Ximu111' fruit 

br~aclth 1-il.88 rntn) was obtained in N1~1< , lll' which was sratis\ically· at par with 

K,..K1. vt-1 ·15 mm). \Vhetcas, the minimW11 fru it breadth was recorded in N K . ~ ~ 

(3821 m1111. I his treatment. w..i.$ stalistica!Jy at par v .. i th N io0~ and N,}<~u 

comhin;ltl t•fb . In PxK inhHacliun. tlic ma'\imtm1' fruil breadth (40.86 mm) was 

n:1:\Jrdi:.J 111 l'. ,K, ,,.which 1\a.., statisucal l ~ at rar ''Hh P K . . p K anti p K TJi·· 
ll)l l )n 7o 15Q · JS I Ill' I,; 

rn1n1111 u m lr1J1t lm.:adlh (Ji)J)-1 mm; \\as ()bscrvcd in J>,
1
Kw which W'3s statis!'ically <1l 

p.11 \111h P k .. ,. I~ ~,.L< '"'" l\ ,k J.11 and. l'uK1.,1• 

In :\x l.'~ I\. inlcrm.:tion. the rnaxi11111111 !hut hrr.:.'at!1h ~42'.32 mrll) was rcconkd in 

\ .,l~.,h. 1., ,. \\l11ch was s1ntisticaH) a: p:1r with ~ 1i I( N p K N p K 
1!:11 w!i ,u· t~o -:u \ 'CJ) , ~, 7'll ftJ""'! . 

'\ PK Nl'K NPK 'N t>K H 
.... - "I'' · 1•0 n 1i•1• 11111 '"'~ 1:.0 an<; 1,., )\') 1i.. · owevcr, the rninimum fi·uit 

brcatl1h (37.27 mm) was ohserw,d in N .]' K whicl1 \Vas·· s t" lJ. ·t'call l · · I 
ll<• "' l'J' n S I :. , )' (I par Wit 1 

1'1 .,y .I' , . . 1''><1l\ 1><k•11<r N./1 , ~;Kw N;,if\,K1,.., N.
1
P1JK,,., and N J> K 

ln u so· 
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Table 8. M1\in and interaction effect of N"PK ferti lizers on fruil length (mm) 

a) N:xP and NxK interactiops 

P3s P10 P1os Mean K"'' KHit1 K1so 

Nso 58.97 5.9.7-3 61. .28 59.99 59.42 60.42 60.13 

.N100 63.89 66.37 65.60 65-28 60.58 66.14 69.13 

I N1so 65.61 67.83 68.86 67.43 64.72 68.13 6'J.45 
- - - t 

Mean 62.&2 64.64 65.24 61.57· I 64.90 66,c24 

b) PxK interaction 

Kso Kum l K1 w 

I 
. 

P3s 59'.99 63.06 65.42 

P10 ·60.85 65.83 '()7.24 

P1os 63.89 65.80 60.05 

~) NxPxK i ntera~t ion 

P,;~ P7o P1u~ 1 
I 

K;o K 11111 K1s11 K so K101l K150 K~1.1 K1no K.1 '" 

N)o ss.m: Ml 17 5~.65 58.46 {10.1 s 60.54 t'l l 7.> (i i t ,')U (ii .; I 

N100 59.8~ 6~ .S~ 199103 6ll,06 67 69 7 1.34 
I 

l\ 1 811 I 07.9::! I fr7.Lll 

Ni;o 62.07 .66. IS (l~ 59 CH.03 I (/I h2 (1~. 8'+ ~~ ~ b8.5S I ·61'l,<12 

CDilos 
N 0.85 NxK I .-Hi 
p - 0.85 PxK ::; I 4~ 
K = o~~s NxPxK ~ .57 
NxP ::: ! Al-: 



Table 9. Main and interaction effect o'f NPK fertili:r.ers on fruit br eadth (mm) 

a) Nd' and 'NxK ioterac1ions 

; > 

P 35 P10· P1os M~ K5-0 KuJt> Kt~I) 

Nso 38.72 38.83 38.61 38.7.2 38S I 39.43 38.22 

NJOO' 39.44 40.13 40;8 J 40. 13 38.97. 40.26 41. IS 
, 

N1scr 40.77 41.86 40.71 41.11 40.66 40.80 41 .88 

Mean 39.64 40.27 40:04 I 39.38 40.16 40.-t.2 

b} P.xK interaction 

Ks<! Ktt\lj K1 so 

P3s 39.04 39.83 40.06 

Pio 39.15 40.8'6 40.62 

P1os 39.76 39.80 40.57 

c) NxPxK interaction 

P.35 P ;11 P105 I 
Xsn K100 K1so ~o K 1(1{1 K1.:n K~" K lllO B 

Nsu 37.82 J9.83 38.50 33:92 39.83 37. ,3 38 .. 79 38.82 IS.21 

N1op 3').40 :JQ) I 39.6 1 37.27 .rn ~~ -t:! .31 -l t.l • .26 ~0 .. 16 ·H.'l l 

N1so 39.89 40.36 42.05 .J. J .86 -1'1 _1):, .J I .S I 40.2~ 40.33 -ll.:-7 

CDou~ 
N 0.54 NxK lJ. 9-l 
p = 0.54 Px K il.')4 
K -= 0.54 NxP:-.K = 1 ,, .1 
N:-:P = 0:94 



4.3.2 Fruit weight 

The data pertaioing to the effect ol'NPK fortiliz.~rs with rcspec~. t c:i fruit w..:·i ~h l 

is pr~ented in Table 10. The perusal of data indicall.) 1haL the average frui1 wtj ghr \\1L" 

significantly inflttenccd by diITcrcnl levels ofN. P ;ind K. Tlw mai<imum fruit weight 

(66.64 g) was recorded in N rJo• which wao; signilicant!y higher 1hnn !\.1,x. (64.4-0 g) and 

N)u ($7.36 g). ln case af P ', ·signi ticantl)' hi gher fruit \veight (63.80 g) ~vus r.:corded lh 

p roY Ma:wever, (be minimum .fruit weight ~61 .39 g) was found in I' w which v. ;is 

significantly. lower th~m P·,i:s and Pw In K. the maximum frtt il weight f66·.45 g) \HtS 

recorded in K00, which was significantly higher than K,~.,, (6~ .:78 g) and K$(l (59.17 g), 

Under NxP interactiGn, the ma"'imum fruit weight ~67 ,87 g) was rcc.ordtid in 

N1~P;0• which was significantly higher than all other combinatio1ls of NxP. Whil'e. the 

minimum fruit weight was observed in N,l >i (S(1.9 i g). This treatment was 

statistically al par -.vi th N.!llP16s \$7.68.g) an.cl NJtoP,11 (57.47 g) in respect to fruH weight. 

ln NxK i.nt~action. the ma::dmum fruit weight (70.86 g) WGS recorded' in N,ll(,K.,.,. 

which was fow1d lo be statistical!)~ al pM with NmKi io (70.67 g'). However, ihc 

minimum fruit \veighL (56.26 g) was registered· in NioKw which was significantly 

lower than any other combinations ofNxK. 

Similarly, in PxK inter~cllo~ .p 7jJK,~ registered the maximum fruit wl.'ight ol 

68.08 g, which• was significan~ly different from all other corubitunions .Jf P-: i-:: . 

Howeve(, the minimum frui t weight was rl;)cOrdcd in P,1K,0 {58.4-9 g). wbkh w,1:; 

statistically at par with .P·10Kll1 (58.88 g). 

Three .fact0r Fnte.ractlon of NxPxK 'vas also fo und significant. and th~ 

maximum fru.il weight of 73.51 g was recorded in N 100P10
K

1
ro• which was statistically 

at par with N ii.op 
10

K,so (72.12 g), but ~ignii'icnntl'y higher than other combinations or 
N, P and K. However, the minimwn 'fruit weighl was rt:cordcd in N>0P101<,

0 
(.55. I 5 g), 

which was statistically at par with N:wPisK,
0 

(56. l 7 g). 

4.3.3 F lesh firmness 

The data on the effect of NPK fertilizers on flesh firmness is pres~mctl in 

Table 1 l. A perusaj of d~ta indicate that different levels ofN ·tmd P showed ·the non-

35 



. . r K K ·corJcd the maximum flesh significant effect on lksh tarmnc:ss. In 1.11SC t) • ,~ n: 

fmnncss (7.05 kg/cm:}. which w<1s significantly higher than K,00 (6.82 kg/cm') and K'° 

(6. 78 kglc!W). Kioo was statistically at par with K~~ in respccl to flesh firmness. 

In NxP interaction. the 111•1,ximum He.Sh fi rmness of 7 . ~2 kg/cm' was recorded 

in N,MP ..,,. which was significantly superior than rest of the NxP combinati0as. The 

minimum flesh linnness was found in N><l-'" (6.70 kg/cm!), which was al par with nil 

''thcr ~xP combinations except N,,,,P lll' In case ofNxK intcrnction. N100K1Ju registered 

the maximum flesh firmness of 7.1-t kg/cm1, which was statistically al par with 

N, ... K,.,.. N,...K ,~. l\
1

$1;1-.:
100

• ,ilCKll' and N,00K100• However, the minimum fru it firmn~s 

{6. i2 kglcm?) was ret:ordc:d in >Jf.lKSG and N!~K , 00, ;vhich wns statistically at par with 

~•II the; NxK combinations except N11JO K1w Jn PxK internction, the maximum Ocsh 

firmness (7.23 kg/cm2) was rccordoo 111 P "OK,00• This treatml!nt was statistirnlly at par 

" 1th I\.,,"- , ~,· P ~., and P1.K1.., in respet:t of flesh fimmess. Whereas, tbe minimum 

tlc~h ti nnness was obscn·ed m t\~~K!0 (6.60 kg/cm?). which was statisucally at par 

\\llh P1.,1
K100• P ,.Ku,. P

1
,Ks, and P_. K

110
• 

In ~hree factor intcractibn t.I!.. NxPxK. the maximum fl esh firmness (7 .63 

kg cm·) \\U.S recorded in Nu,.P,.,KJ••• ~'·htch was statistically at par wi(h N p K 
l~O 7l'i 100• 

:-. .. ,P1,K1i ... · ·,J,C)K 1!C•' N,ooP,.,K .. ,,. N .. l .$ 110 and Ns.PmK
1
10 While, the minimum 

tl ..:~ h limmess (6:40 !..gtt:m:) was obscn·cd in N ul 
10

Kl0, which was statistically at par 

'' 11h t P K N P K N fl K N 
,. I?' 1!11' ' " , •• IOI.. ,., ,,, . , . , ... P IUKl lO' N,SllPUKIOO' N,50PlS~' 

'\ fl K N p K N p L" " I' K 
' ' .. ' 1~ I"" "' • l 1'•1 i! "- I ••"' ' 'it 0' Ji• ,• 

'I' K . :"\ • .,P ,1\.1 • • N, P " ,~ ::111dt-.. J> ,K.,. 

EFFECT Of ;>;, I' Ai\ )) I< F'ERTILIZEn . ON Clll(MIC AL 
\ llARACTEIUsrn c. OF FRUIT. 

·U .1 Tota l soluble solid~ IT ') 

1 lh.' d.ita (In the cfl~·ct of \ 11 and K fcrtil ii'crs on i ·sL• 1· k' ·r · · 
• • J 0 IWI ru1t IS 

r:."-nh.:J 111 I able 12. I he cftcct ul \;J1 r.1u ., kvcls ofN and p TSS " 
· on was 1ound 10 be 

""ri--1gniticunt. hO\\CWr. different len:I~ ol K exerted siuni(icanl . n TS' 
b tn ucnce on S 

' ' •:1 .. 11 b or l.iwifruj1 ln cas, of K , · ·rss . . c . , m:l.\111 1um ' wns observed in Kil., (.I 1.78%). 



Table JO. Main and interaction effect of Nfi< fcrtili7.eri; on fruit weight (g) 

a) NxP and NxK interactions 

·P3s P 10 P1os Mean Kso K 11111 K1 s1) 

N5o 56.-9 1 57.47 57.68 5736 56.26 ~7.99' 57.82 
, 

Nctio 62. 17 66.06 64.98 64.40 59:05 63.29 70:86 

N1so ()5.'08 67.87 66.98 66.64 62.19 ()7.0,,8. 7\).67 

Mean 6139 63'.2 I 63.80 ~9. 1 7 627& 66.4) 
- - - -

h) PxK interaction 

i 
Kso K1w K; su I . 

?35 58.49 60'. 81 64.86 I 

P 10 58-188 64A4 68.08 

P105 60.13 63. l 0 66.40 
I 

c) NxPXK. interaction 

P1s r~o p lll5 I 
K:>0 Kioo K1 50 K;o 1:\.1 !Jv K15u 1'.5u K 1011 K1 ~ l 

N~ll 56.17 57.65 56.91 55. 15 5$ 6l' 58.61 57.47 57 65 ;:.7 '(~ 
I 

l I 
N100 58.53 6025 67.73 58.78 o ) ~~ 73.51 59,SS c.:.n 71 ,, 

N 1;;0 60.77 64 .,54 69.93 62.73 6S 77 72.1 2 63.Ho t1-; 93 t11·1 <I~ 
' 

C01i.o~ 
N = 0.50 NxK 0.8:-: 
p = 0.50 Pxl\. IU~8 

K = 0.50 Nxl'xK 1.52 
NxP = 0.88 



Tnbll.' 11. i\ lain and interaction effect 111" 'iPK ferti lizers on tk s b lirmnti;s 
~ 

(kf.!/cm"). 

11 ) N-< P and NxK interacOons 

- • I I' -- P;o P11.-., ---, 
Cl:S7 6.70 6.lJO• N~v, 

-

K3-. K1 111• T'· 6. 7~ 6.72 i .(12 b.8: 

Nioo ·o,84 7.42 6.78 7 02 7.tH 6.8S 7 1-1 

N1~p 6'.8 I 6.VO 6.73 6.~2 6,59 6.87 6 · ~19· I 

. 

Mean 6.84 7.01 6.S I 6.78 6.&·2 7.05 
---

b) PxK interu'Cfion 

~ 
I 

Kso K 10\l K 1~t1 I 
P3~ 6.78 6.61. 7. l :3 

P 10 6.9<> 7.2~ 6.83 

Pw·s 
II 6.60 6.62 l 7.19 

c) NxPxK interaction 

I 

P.» Pio plQ~ I 
K$o K 100 K150 Kso K 100 K1 50 Kso K100 Kt su I 

Nso ·6.90 6.80 6.90 6.83 6~)3 6.73 6.43 6.83 7..+J I 

N100 .6.83 6.53 7. I 7 7.63' 7:(i0 7.03 6.60 6:50· 7.23 

N150 .·6.60 6.50 7.33 6.40 7'.57 6.57 6.77 6.53 6.90 

CDo.o.; 
N = NS NxK = 0.32 
p = NS Px.K :::: 0,32 
K = 0.20 NxPxK = 0.51 
NxP = 0.32 



Table 12. Main and interaction effect of NPK fertil~ers on total soluble solids 
(O/o) 

a} NxP a.nd NxK ·interactions 

P;s P 10 P1M Mean Kso K100 Ki.so 

Nso 11.4~ 11.00 12.22 l l .56 11 .33 1 l .33 12.00 , 
• 

Niuo 11.1 .1 11 .&9 10.67' 11 .22 
I 

11.33 ·10.89 11.44 

N1so J0.67 11 .2.2 11.-67 J 1. 19 I 10.56· 11. 1 1 11 .89 
I 
I 

Me.an 11.01 11.37 I 11 .52 I 11.07 I l. l l l l.78 

b) PxK interaction 

-
Kso k.100 · K , ~u 

I 

I 
I 

l 
- ' 

P,s 10.:89 10.33 12.00 l 
P10 

I 

10.89 1 I .44 l l.78 

P 1ll5 J l.44 1 I .56 l 1.56 
I 

c) NxPxK intcr.actfon 

P3s P;u P i o~ 

I I K~o K11~1 K t5U I Kso ~11~1 K1 511 Ks{} !~11~1 K1 «• 
I I ' 

Nso 12.00 10.67 11 .67 l 0.0'(1 11.00 12 ,llCI 12.00 l~.33 1 -2~3 3 

I 
I 

11.00 l NrnCI 11 .00 10.00 1~.33 l J1.33 ! 2.3). 1067 10 .. B I I 110 

N 1~0 9.67 10.33 l~ .(lO· j IOJ3 11.1,n I 12.}J 11.b' I I ~ .00 11 ~3 
- -

CDoo$ 
N NS N:-.K 0.86 
p = NS PxK 0 8() 
K 0.49 NxPxK 1.49 
NxP = 0.8(i 

. . 



while the minif)'lurri was rero('ded in K1" ('(. l.07%); which was statistkally at par with 

'K,Q(l (11. 11 %), 

The interaction effects ·of NxP, NxK and P.xk were found significant In' respect 

to TSS contents of tbe fruit. ln the interaction of Nx·P, the maximum TSS was 

registered in NJOPtM (12.22%), which wa<; st~ri stkally at par with N"'P1,, N"_,P10 and 

N
110

P
1
w However, the minimum TSS was recorded in N11ll,P10s and Nt~Pu (10.67%). 

whieh ;as s~atistically at par with N11l,S' N1oP10• N10l JS and N11,,P m- Whereas, in NxK 

interaction, the maximum TSS (12.00%) was recorded in N~K,J11• \\ hich Wet£ 

statistically al par with Ns~Kw N~0K 100, N100K,0• N 100K1$0 .and N110K110• The minimum 

TSS w~ fo1.1nd in N1 511K~ (I Q.56%), which was statistically at par with N!~K1 ... N1t.1K1,, , . 

N t lliJKI~' N 100K100 and N 1 ~0K1u,o· 

In PxK i·nieraction, the maximum TSS was observed in P,.K, t I :?..OO°t11). 

which was at par .wiih P ro.K
1
..,, Pll'IK 1~!,. P10lK5C\. P 10!Ki~ and P11»K1• While 1hc 

minimum rss (10.33.o/o) was recorded in p '3K1~- · which was statistical ! ~ ar par With 

p JsKso and p <oKso· 

ln case of three factor interaction of NxPxK. the maxim urn 1 $~ .( I ~ .33 °.ro l 

was ·recorded in 'N,sdP ~K1,,,. N,wP ;>aKiw K1(i<IP ;-oK.w N10l ~K,~0• l':. ,,l \ 0:K1._.., and 

N50P 10iK,~0, which was !itatis1ically at par wilh N1J.\ 0>K•JO' N111p101K". l':,"P11,.K •. 

N,~l;mK1u.u• N,sl" K1sn· 'N,,,l111~K,w N,oo'P'<lK1.11i• N,ol~K.w NwP,MK. ,. N.,P ... K,.,,. 

N5a1',0K100
, N~l.1~K1 j0 and '.'11..,P)<-w but significantly higher thao C11ht:1 ~·~irnhination::. 

of NxPxK. The mini:mum rss (9.67%) was recorded in N
1
.,, l-',,K \\'ht( h \ \ J :; 

statistically at par with N1:ol\,K«,. N.,l,~K 1,,,, . N1 .. ,P11,.K,,,1• N111<,P1,.,J..: 1 ~ •• P, .k. . 

4.2.2 Addi~· 

The data on tht- ·~ff..:c1 ,1f Nl' K tcrtilil'crs on 1irratablc acid11;. i:- l'ri::-~·n t<:d m 

Table 13. lt is e-vident fr<m1 1h..: t;tblc thnl ·dilforent l~\·ds ~r !'-. ~ lh) \\~,l Jin.~l.' i 

rel.ation.~hip, while, P and K i; ho~'cd the inv~n>1.' relacion wilh tim11ahk addlT1 . In t'a:\l.' 

of N, the m:t.x.inium ti trmable ncidi1y was re~orded in N 1~0 (0.88%). which w:.is 

.II:) 



. . . N . d N However. the rninimum ncidity (0.81 %) was 
stgmficantly lughl'r l.han 100 .in w 

. . .-ti N In case of P, the maximum observc..><i in N~o · which was s1011s1.1cally at par \\ I , 1lll!' 

·d· d ... d ·1n p (0 95%) v.-hich was significantly superior than P10s ac1 uy wns recor ... ,, . · 

(0.130.0) and p
111 

(0.84%). In case! ,,f !(,the maximum 1itra1able acidity (0.91%) was 

observed in Kw \\hich was signitic<mLly higher than all other levels of K. However, 

the mi11i111um acidity was registered in K, su (0.78%), which was statistically at par 

\\; th K 
100 

I 0.83~·o) 

In 'xP interaction. th..: maximum acidity (0.97%) was recorded N,10Pw which 

was statistical!) a1 par with N,il·,)• N 11,l1, and N)OP
1
r Whcrcus. the minimum acidity 

wao; observed in N~,P 11,i l0.68%). whit h was sta ~istic•11ly <tl pa.r with N11l 101 and 

N,_..,P,,.. In case or NxK intc:roc1ion. the maximum acid1ty was recorded in N1, 0K s<J 

(0.95°0). ''hich wa~ ~tati~ticall) at par wilh N1~K1111, N,"°K,., and Ny,K11,. However. the 

minimum acidit) ''as ~1bscn·cd in NwK ,~ (0.72%), which was statistically al par with 

N,"'K"u· N10t K11 • • N1,,)~ 1u., and N1 ,K100• tn case of PxK interac1fon, the mnximum 

acidity was registered in P.6K,0 ( 1.03%), which was 'ita1is1icaUy at par with P,sKiw 

P,.K,, and P1,K,. While_ the 111m1mum acidity was registered with P
10

sK
110 

(0.68%), 

\~ hich \\ ilS at par with P10,K 1,~, l\QlK.,,. P1;.K.,
0 
and P lllK •~· 

In thr~c fac1pr interaction i.e. NxPxK. the maximum titrai.able acidi'ly (1.08%) 

was recorded in N ,,P .. K ,,.. which wa.<; Sl'.ilis1ically at po.r with N p L.' N p K 
• ISO 111' ~~, l l O J) ISO' 

~ •. ..PaK ... ,.N,._PHI-.., . ~ •. _P,.,K,, .. J'..orlnK1'°' N5_P'<lKso and N~,P3 .K 100• The minimum 

titratablc acid it~ 1(1 66° o) was recorded in N P K . N p K and N p K 
lQO IM ljl1 f<>h 1o< •O lO IM \j\l' 

\\hil.'.h \\3~ Slali sti~·dh :11 p.lr With N p K N p K N p K N r K 
• , ,'4,1 IV~ l '",t• • 1)1_1 i t1 \ l lJ11• l jv_. H- nu• .,0 fil \tfl,l" 

'\, . 1\.,,1-( ,, ... N,,.,P. ~ ..... N., ,J> . K,, ... "i. ,1\,~K,m, ~ 11.P 1o•Kw N,1,l\,Kt!u· N,,,P 1\IKtr .. and 

' · P ,K,., and sigtuficantl~ hmcr thJn olbt:r combinn11ons or N)\P.\K.. 

·L?.3 Total sugan; 

l'hc data on 1l1c ct'IC:o.:1 ofN. P <111d K li.:nili1.er..1111 tot ' l 'U'll'""" fk" ·1· L · 
• ' u ;o. ~ •" 0 • 1 WI r 11 l CV. 

Allison is pn.:semcu irt T<1blc 14·. ·1 he data reveals ihnt d11!crcn1 ie\ds of N, p and K 

produced signific<.1111 o.:ffcct on l<>lul sugars. N showcu tho: invcrsc rclmion. while p and 

K had direct relationship on total su.,ars lo case of N the I · h I 
"' · · • 11 g est tot:i ~ugar.; was 
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Table 13. Main and interaction effect of NPK fe rtilizers on p eer cenl litratable 
acidity 

a) ~xP and NxK interactions 

PJs P10. p lll'S Mean Kso Klllo I K1s~ 
Nso 0.94 0.82 0.68 0.111 0.9L 0.80 0.71 , 

' N1w 0.92 0.85 0.72 0.83 0.85 0.83 0.80 

N1 S1i 0.97 0.86 0.79 0.'88 0.95 0.86 0.83 I 
Mean 0.95 0.84 0.73 0.91 0.83 0.78_.I 

b) PxK interaction 

K5o K tlll1 I K1;;, l 

PJS. 0.95 0':95 0 94 

P10 1.03 0.78 0.73 

P1os 0.75 0.75 0.68 

c.) NU>xK interaction 

P3s Pio P.,, ~ 
K~o KH'lf\ Krn.1 K~o K 111.0 Kt~(I I K~o Kir:l l\. 1~11 

I j 

N.so 1.08 0.97 0.7S 0. <)I) 0./6 (L/ I ll.7U 11 o 7 .O.t•6 I 
I 

I 
I I 

N11io 0.85 11.$7 I OJ l JH 0.7S I II. 7 2 ll~f'\(, n l\.J. I 
0 (1(• I 

I 

N1 ~0 0.9 1 i.00 1.0 I 1.05 O .~ I ) l) 7-1 l ) :\$ l ' 7(, l),/~ 
--l --

CDo.o;; 
N ; 0.0~> NxK 1 I 1 l 
p :- 0.0(> )'>x K 1 l I l 
K 0.06 NxPxt-: N 1 l\ 
Nx P 0.1 1 



T;ible 14. Main and interaction effect ofNPK fertilizers on per cent total sugars 

a) Nx.P and NxK interactions 

. 

P15 P10 p ltlS Mean Kso K1Q11 K1so I 
Ns1» 7.84 7.74 7.78 7.78 7.. 16 7.7.2 8.47 

, 
N1<>0 734 7.77 7.77 7:63 7.20 7.82 7.86 

N1so· 7.34 7.52 7.72 7.53 7.06 7.55 7.97 
• 

M~ 7.50 7.68 7.76 7.1.4 7.7()· s .. 10 I 

b) PxK interaction 

I 

K~o K100 Krso I 

P 35 7.78 6.67 8.06 

P 10 7.16 8.23 7.64 

P1os 6.47 -$20 8.60 
-

c) NxPxK in teraction 

P'.ls P,o P·1os 

K;:o K 100 
. 

K1so K;o I K1 ur.1 -~.1 50 Kia Kwo K1 ~0 

N:Xl 7.53 6.62 9 ~ -• .>) 7.'27 s 02 7.92 6.67 8.51 8.1: 

N 100 .8. 1 () .G:-87 7.03 7.17 ILW 7.75 · 6.3~ 8 .~0 8.71J 

N1~0 7.7 1 6_51 7.79 7.05 s ~() 7. ]'\ 6..:10 1 ~ f: s ~ 7 
. ~ -

CDt~.o~ 
N "" 0.07 :--hK (), 12 
p = 0.07 P~K 0. 12 
K (:).07 N:xPxK ·.0..20 
Nx-P = 0.12 



observed in Nso (7.78%), whicb Wl1S slgn,jficantly bigh~r than N1tio (7.63%) and 1'!.1so 

(7.53%) .. In case of P, highest totaJ sugars F.76%) w~ .observed -in P1w whkh was 

significantly bctt~r than P70 (7.68%) and ·p" (7.50%). Similatly in case of K, K 110 

recorded the maximum l(>tal sugar contents (8.10%), which was significantly higher 

than K,QO (7.70%) and KlO (7.. 14%). 

In Nx.P interaction. N,if ~, registered the maximum total sugars contepts 

(7.84%): whlch was statistically at par with N1~l'°'' N1cnP.1w .N1ocP70, N$0P1ns and 

N~of '°. However, the minimum total sugars (7.34%) was reco.rded in Nillll\ ) ;ir.d 

N1<ilw which was slgni.ficaotly lower .tban all other combinations ofNKP. In C<J.SC of 

NxK interaction, the maximum. total sugars (8A7%) were recorded in Nj0K1~0, wbich 

was significantly higher than rest of NxK combinations. The miniinum tnLal sugars 

(7.06%) was recorded in N
1
,,0Kw which \\•as slatistically at par with Ni(J'K$<) (7 .16%). In 

PxK interaction, the m~imum tQtal sugars '(8.60.%) was oqserved in P 1~K0G' which 

was significantly higlier lhan o.l\\er Px.I.< combJnatioris. The miniml.µrl to'lal sug~s 

(6.47~} was found in P1 05~0, which was · significantly lowest than. rest of PxK 

combinations. 

in NxPxKinrerac-tion, Nj&P~Ki.so recorded.thema.'l\imum tQtal su:gars (9.35%), 

which \Vas significantly higher than all other Nx.PxK oombin.ations. Hawever. the 

minimum toUJI sugars (6.32%) was recorded i.n N10l ,0jKw which was statistically a1 

par -wi.thN iM>p •o~Kso and N Lsl ~sK100· 

4.2.4 Redi.adng sug'1lrs 

The data pertaining to the eftect of N. P and K fertilizers on r-ei1uci~1g sugars is 

presented in Table 15. 111e N' showed an inverse relation :with reducing sugars. 

Whereas, different Levels of P and K sh~1w~d the direct relritionship wi1h rcdm·ing 

sugars. ln case of N, the ma'\imurn rellucing sugars (S.67%) was reconlcd in N .· 

which· was statistically at par with N 100 (5.56%), but signillcaully l1ighet than. . ''" 

{ 5.40%). ln case of P., the maximum reducing sugars (5.84%) was obscrv~d i1~ r 1.<. 
whidh was $ignificantly ltigheri than P7Q (S.59%) mid Pls (5.19%). [a ease ~lf K. K

1
.,1 

reg4stered the ma'Xitilum reduc~ng sugar.s ( 5.74%~. which was statistically .at par w.ith 



K,ll> (5.63%). The minimum rt:ducing sugars was recorded m K'° (5.26%), which was 

significantly lower than other levels of K. 

In case of NxP inrernction, the maximum reducing sugars (5.90%) was 

registered in N P which wns statistically at par with N,ioP•w N,ooP•lll and Nj()P1as· 
1r.t 111' 

Howe\'er, the minimum reducing sugars (4.92%) was ob54:rved in N,~Pu- Similarly in 

l\xK interaction, !\
00

Ki.50 registered the maximum reducing sugars (5.88%), which 

was s~tistically at par with N,i0K10ll, Nio~w anCI N~0K100• The minimum reducing 

sugars (-:t.84%) was recorded in N,~Kw which was significantly lower than all other 

combinations of NxK. 1n case of PxK Interaction, the maximum reducing sugars 

(5.9-1%} was recorded in P 1~K100, which was statistically at par with P10K100 and 

P,11.,Ki<t<· The rni11imum reducing sugars (4.88%) was observed in PHKio· which was 

statistically at par \\~th P1~ K id(i' 

In case of NxJ>-;K interaction. the maximum reducing sugars (5.99%) was 

found in N,™'P ll>K 11, . which was statistically at par \\ ith N.,l,wKmr NuliosK
100

, 

"N,",PH''~' N""'P"l>Kw.• N ,110-P '1111 K 1l4' N ,t\l 1 o~Kulll' N10.l1 .. sKS1•' N,ol 10K1w N,OOPltlK,o, 

\ ,, P"K,,~. N!{'P101K1, ,.. N...,P1,>K1", N,,,,P,0JKj\). N.Y.IP 'lllK,w N1) \ K,00 and N~lJsK50• The 

mimmum reducing sugars (4.25%) was recorded in N,St,rJJKw which was statisticaUy 

:i t par \\ ilh N1,)' 10K, . N .... ,P nK,~ and N,
00

PnK,.,. 

-t2.5 Non-redudng sugars 

The data tin lhl' effect of N, P and K fertil i.!crs on non-reducing sugars is 

pn:~~·m::d in 'ftthk Io In case of N, the maximum non-n:J ucing sugars (2.49%) was 

r.:..:or<lcd 111 N.,,. \\)u~h " illi si!¥lificanily higher than 'l\,P (2.06%) and N u-0 ( l.99%). In 

1
1
• th.: maximum 11uu-rc<.luc111g sµgars ·(2.6 1 %) \\'"JS uh:-.i:i'Y.ed in 1~ 101• v.,1hieh was also-

~igmlicanll~ h111hcr th.in fl . (2 21!%) and P 1 J 65Q~ ) <.· ·1 n' I• l . I' . · · ., J> \ • ' o · .-, r 1 .1r ). ., was s1~n tfie4lnt ly 

high.:r than I\ In case of K. K110 rcgistcr::d the m~:-.irnum non-reducing sugars 

1 2 52" ~ L wh11.;h \\ Js signilil-nntly higher than all other l~vcls nf K ·n. · · 
• 1 11c mmunum non-

rl'uucing sugars 11 l)lJ%) wus rccur<.lcd in Kso, which wus slntislicallv \ll par with K 
• 100 

i~.0'2% ) . 
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Table 15. Main and interaction effect of NPK fertilizer-s on per cent reducing 
sugars 

a) NxP and NxK interactions 
' 

,, 

P3s P10 P1 11s Mean K-so· K1 00 . Ki so· 

Nso 5.58 5.62 s..80 S.67 5.59 5.72 5.69 , 
, 

N1 00 4.92 5,90 5.85 5.56 5.3.5 5.45 5,88 

Ni so 5.06 5.26 5.88 5.40 4.84 5.-72 5.64 

Mean ~ . 1 9 5.59 5.84 5.26 5.63 5.74 

b) PxK inferaction 

K .;(I K100. Kuo 

P3s 4.8'8 5.06 5.63 

P 10 S. '18 5.,89 5.71 

P1os 5.71 5.94 5.SS 

c) NxPx.R interaction 

I 

P3s P1<1 1''111.:. 

Ksu Ktoo K 1 ~0 Kso K 11111 K 1;0 K~11 I K Hill K1'1I 

N,o 5.78 5.47 5:49 • -1-
.) ,_ ::> 5.78 5.83 5.73 I ~.9 1 5.76. 

l'f 1011 4 .59 4.41 5.76 5.81 5 9q, 5.90 5.6.J I 5 \)1 I 5 l>J 8 

N1 so 4 .25 5.3 1 5.6::! I 
4 . .JQ 5.81). 5.40 5.17 5 Qc1 I 5 llJ 

CDuo; 
N = 0.11 NxK = O.~ I 
p = 0.12 PxK = 0.1 1 
K - 0. 12 NxPxK = 0.36 
NxP - 0.21 

11 



Table 16. Nbin and interaction effect of NPK fertilizers on per cent non­
redueing sugars 

·a) NxP and NxK interactions 

PJs P10 P1os Mean Kso K100 K1 so 

Nso , 1.95 2.84 2.68 2.49 2.07 2.6.S 2.74 
, 

N100· I.SJ 2.i 4 2.53 2.06 L97 1.80 2.41 

N1 so 1.49 1.8.6 2.63 1.99 1.94 1.63 2.40 

Mean 1.65 2.2$ 2.61 I.99 2.02 2.52 

b) .P.xK interaction 

K,so K1 00 K1 50 

Pls 0.79 2.07 2. 10 

P1Q. 2.60 
I 

1.61 2.62 

Pio5 2.60 2.40 2.83 

c) N:x.Px:K interaction 

P3s P111 Ptll5 

Kso K1.oo K1 so Ksa Kioo Krso Kso K 100 K1:11 

Nso 0.71 l.76 3.39 3. 11 3.18 '.2.22 l A.0 3:01 '.:! .61 

Nroo 0.75 l.98 l.S I 2.38 I 15 2.S9 2.77 ') ., "l 
-·- ' :! .55 

N1 so 0.89 2.47 l.1 0 2.30 0.51 ')..77 2.63' 1.91 3 .~-1 

CDo.0.s 
N - 0.20 NxK -=- 0.34 
p - 0.20 PxK = 0.34 
K - 0.20 NxPxK = 0.59 
NxP - 0.34 

I 
I 
I 
I 



In NxP interaction, Nsl~o registered the maximum non-'reducing sugars 

0 .84%), which was statistically at par with N 1sliw N10l 10) and Nslios· The 

minimum n~n-reducing sugars (l.49%) was found in N15l w which was statistically at 

par with N
10
l n (1.51 %). Similarly in NxK interaction, lb~ maximum non-reducing 

~ugars (2.74%) was recorded in N 50K 110 , which was statistically at par with N 15QK110, 

N
10

oKi.so .and N
50

K100, The minimum non-reducin~ sugars ( 1.63%) was observed in 

N 
150

K
100

, ,,which was statistically at par with N 150K50, N t.O!JK ,0~ and N 1001<,~- rn case of 
• 

PxK interaclion, P10~1~ registered the maximum amount of non-reducing sugars· 

(2.83), which was statistically at par with P10;<w P J<.1, 0 and P70K'SO. ·.11te minimum 

non-re-ducing sugars (0.79%) was observed in P3sKw '..vhich w:as significantly. lower 

th~ all other combinations of PxK.. 

fn three factor interactions of NxPxK, the maximum non-rctlucing sugars 

(3 .'.39%)1 was tceorded in N5l 35K1w vrbich w~ statistically at par with N 15a1' 10~Kmr 

N
100

P,0K1w N5oP 1~K•IW' N.soP;oKso and N,l 10K1(i0. However. the minimum1non-1e.dud ng 

sugars :(0.51 %~ was recorde.d in N 1~0P1<1K 1 00o wh,ich \'ias $latisticaHy a l par with 

NuJ\5K00• N 1 50PJ5~. N1o0P uK,0 m1d Nio'P1~J{w 

4.2.6 Ascorbic acid 

The data on the effect of NPK ferti lizcrs cm a5corbic acid ·Content is. presented 

in Table 17. The data indicate that asc;orbic acid co11tent decreased with increase in N 

and P levels. In case of N, the maximum ascorbic acid content was recorded in N!~ 

(65.95 mgll 00 g), which \'IUS significantly higher th:rn other levels of N. While, the 

nilnimum ~corbic acid co.ntau1 w :is observed in N,:4' (6-L23 mg/100 g). wh1.ch wn!­

statisdcally at par with N
100 

(64.:!8 mg/ I 00 g). In case of P . . Lhe n1a.'l\1nmm a ci:irhi 1.. 

acid co.ntent (65.52 mg/100 g) was recorded in l\. which was Sl3tisLically at p:ir \\it l' 

P'lQ (64.99 mg/10.0·g). Whereas, the minimum <61.95 mg/100 g). w3s obscr\· ~d in 1\ ... 

which was signm cantly lower ffian rest of r> levl.'ls. How1:vcr, K hnd th~ dirx·cl 

relationsh.ip with ~corrbic acid contcn1. Thi! n)a.'{imum ascorbic acid c.:unknl l65 .SO 

mg/100 g) was found in K1w which was significantly higher than ~100 (64.95 mg.' l(IL) 

g) and KSCI (63.71 mg/100 g). 
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· d th maximum ascorbic acid Jn case of NxP interaction, N>l•s registcrc e 

content (66.45 mg/I 00 g). which W3S statistically at par with N,~oP,, (65.16 mg/100 g) 

and N!OP '<I (66.23 mg/I 00 g). While the minimum ascorbic acid contents (63.23 

mg/100 g) was found in N
1
..,P

1
o.1· which was statistically at par with N,soP'°, N,olros 

and N,
0
,,Pw I rowever, !n NxK interaction, N~0K, ~, registered !he maximum ascorbic 

acid (68.09 mg/100 g). which wns significantly superior to all other combinations of 

NxK. The minimum ascorbic acid contents (63.63 mg/JOO g) was found in N,soKio· 

which was statistically at par with °N1!llK•w N1soK100• N1QOK100• N100K:so and NJ<so· In 

case of PxK interaction, the max.imum ascorbic acid content (67.13 mg/I 00 g) was 

fou nd in P »K!.$0, whi h was sratisricaJly nl par witJ1 I>,~K•io (66:74 mg/I 00 g). 

\\'hereas. the minimum ascorbic acid (63.18 mg/JOO g) was found in P10sKi.o. which 

In different combimniuns of N. P and K, N~l 11JK.,0 recorded the maximum 

a:-corbic acid content (69. 93 mg/I 00 g), which was suuisticaJly i.11 par with N>c,P "K.,
0 

(68 7-i mg/100 g). The minirn11111 ascorbic acid content (62.36 mgll 00 g) was found in 

~ .:_r 1,,.,K 1 ,P, which was statistically at par with N15luK~0, N
1
sl

10
K.1w N,:l

70
K 100, 

' .,P . .,1\: kl. 1\,...P1n,K.,. l\'1nrp111)1(1:1· N,ol rosKw N1C,...,P'QK1cp• N""'PJC,o, N,00P,,K100• 

:\, ~,PHK,., Nil11XKW N.,,P~(K ,,. <ind N,)'l>Kl~' 

·t5 EFFECT OF N, P AND K FERTILIZERS ON Ll!:AF NUTIUENT STATUS 

The clTect of r\PK fcnilizcrs on leaf nutrient status of kiwifiuit cv. Allison are 
rr~-,;emc-d as under. 

-1.5. 1 Kitrogcn 

I h1: data .pcm11 11ing to lhc cffi.:ct of NPK frr(ili7.cr:. <m leaf N status is 

pn:~l"nll:d an ·1 able IN. I he f'll!rn'ial of data n.:\ .:als that i11cn.-using )~, d of N showed a 

dm:ct rcl:Hionship wi1h leaf N conrcnl. The highel>t leaf N (2 62o1u) was recorded in 

i' . . \.\hich wus signilic:.11111}' higher than N,., (2.52% Nl and N (2 11 % N) rn case 

ol fJ. thl! ma'\;imum !cul conu:nl was recorded in Pu tl.47%). 1Alti~h was statistical ly al 

f1.tr \\
1
ith P,,, (2.45%). l Jowc11cr, the minimum lcafN cnntc.nJ {2.3~%) was recorded in 

P . which was signi licanrlv lower than other levels of p In M... . 1· K K 
, • -. .. :;c o • ill recorded 
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Table 17. Main and interaction effect ofNPK fertilizers on ascorbic acid content 
(mg/100 g fruit pulp) 

a) NxP and NxK interactions 

PJs P10 P1os Mean Kso K100 K1 so 

N~o ·66.45 66.41 64.98 65.9.5 63.78 65.97 68.09. 
, 

, 
64.96 q4.26 63.64 N100 64.28 63.72 63 .85 65.28 

N1so 65.16 64.31 63.2J 64.23 63.63 65.03 64.03 

Mean 65.52 64.~9 63'.95 63.71 64.95 .65.80 
-

b) PXK interaction 

Kso K100 Kuu 
l 
I 

P3~ 64.33 65,l l 67.B ,, 

P10 63.62 64.02 66.74 

Puis 63.18 65.13 63.54 

c) NXP:xK interaction 

? j5 P10 P1os 

K50 K1 0:0 K1 ~0 K3o Kt t'IO K1 ~0 K;o K 100 I 1'1 ~0 

Nso 64.20· 66.4 1 68.7:4 63.i:J..l 65.SS· 69.93 63..72 65.61 6~ .6 1 

N100 64.2q 63-.29 67.32 63.45 63A5 I o5,SS t) 45 o-l 82 6.~ .(1.j 

N1so 64 .53 65.61 
1 

65.34 63 .99. 64.53 64.4~ 62.3::1 ' 64. IJS (f~ . .>t> 

CD1)0S 
N = 0.82 N.xK 1.41 
p ::: 0.82 PxK 1.41 
K = 0.82 N~P.xK = ::!.45 
NxP = l.4 1 



Table 18. Main and interaction effe'Ct of NPK fortilizers oo per cent leaf N 
content 

a) : NxP ·and NxK interactions 

P3s P.10 P1os Mean Kso K100 K1so 

Nso 2.14 2.1 2 2.05 2.1 1 2.21 2.15 J.96· , 
• 

N100 2.61 2.57: 2"37 2.52 2 :85 2.61 2.09 

N1so 2.67 2:6q. 2.54 2.62 2.84 2.68 2.35 

Mean 2.47 2.45 2.32 2.63 2.48 2c 13 

b) PxK interaction 

I 

--I 

Ksti K 100 K1so 

P3s 2.64 2.61 1.16 

P10 2.61 2.59 2.16 

P1os 2.64 2.24 2.08 

c) .NxPxK interaction 

P3s ·P 10 P 1o.s . 

Kso Kroo Kr so Kso Kioo K1so K5o K100 Kr;o 

N5o 7 ,., .. -·--' 2 .. 20 1.98 2.20 2.J O 1.98 J.1 1 2.05 l.')0 

N100 2.87 2.83 2. 13 2'.82 1.78 2. 11 2.8(1 2.22 2.0~ 

N f.50 2.84 2.81 2.37 2.82 2.78 2.38 :!Jl5 2.45 2.31 

COo.os 
N = 0.02 N:.:I-: = 0:03 
p 0.02 PxK = 0.03 
K = 0:02 NKPx:K = 0.06 

.N~P = 0:03 

I 

I 
I 

I 



the maximum leaf N content (2.63%), •which was significantly higher than K100 

(2.48%) and K,
50 

(2.13%). Similarly, K.
100 

tended to accumulate significantly hjg,her 

leaf N content than. Kuo-

The different interactions were also found significant. fn NxP rnteratti.on, lhe 

maximwn leaf N eontent (2.67%) was recorded in N 
150

Pw wltich w~ statistically :at 

par with Nis0P10• The minimumleafN content (2.05%) was observed in N'°P1w which 
~ 

was 'significantly lower than all other co11ibinatio11s of NxP. In NxK interaction, the 

maximum leaf N content (2.85%) was recotde.d in N 100K.1-11 wbich was statistically dt 

par with N15~0. (2.84%). The rr!initnum leaf N content .(J.9:6%) was ob~erved in 

Ns.J<i.w :which was significantly lower than .rest of Nx:K combina1rons. In c:ase of P:<K 

interaction, the maximum leafN content (2.64%) was recorded in PHK!0 and Pw~o· 

which was statistically al par with P 111K~ arid P~sK,~. However, the minimw13 leaf N 

content (2.08%) was oblferYed in P 10)(1, 0• 

In case ofNxl'xKinter.action, N100P,,,~ recorded the maximum leaf N content 

(i.87%), wbich was statistically at par \vilh NuaP,10,K50, Nul ~K541, N 1,1,l HK1"'. 

Nul}(
50

, N
10

gP
10
»K,

0
, N ia-l 'TC)K,

0 
and N100P ;sK100• The minimum leaf N ·coritem 

(1.90%) was observed in N,J.>10~K1501 which was significantly lower than all other 

combinations of NxPXK.. 

4.5.2 ·Phosphorus 

The P·content of the leav.es decreased with llle increasing levels ofN. whjle. P 

lev.els sh.owed direct relationship with leaf P content (Taole 19). In case of ~- '- , 

recorded tl1e ma.,,.imum leaf P cont.em of 0.'2·82 fi~r cent. which \\'as s1gm fie.ml!~ 

higher than N1\l(l (0.175%) and N 1~ (0.' '7°:o). In tase of P levels. 1'1o.; rcy,ist~rL'd the 

maximum leaf P content (0.269%). which wils suuistically at par with P
1
,: (0.2.u 7"·.., I 

Ho\.v.evcr. the rniairuwn leaf P content (0.2-17°,.o) \\':'IS recorded in Pu- In casl' of k 

k.1~..,t-'Sl levd of K (K50), showed the maxi1mun leaf fl content (0.294%), \·\ hid1 w.1~ 

significantly higher than other K levels, l'he minimum leaf P·contcnts was r.:cordL·u in 

K150·(0.235%). which was also significa11Lly lower than .rest·ofK levels. 

· 1 '.)_ 



Jn case of NxP intcr:ic1ion, the maximum leaf P content (0.295%) was 

recorded in N)QP,,,,. which was siadstically at par with N,ocf m (0.286%). The 

minrmum leaf P con1enl (0.216%) was recorded in N ul lP followed in N ''°p 101· These 

1wo treatments were statis tically at par with each other in respect to leaf P content. In 

r-.= xK interaclion, Nj(IK,
0 

recorded the moximwn leaf P content (0.335%), which was 

si~nificantly higher than all other combinations ofNxK. The minimum leaf P content 

(0.~ 1 9%) was observed in N1<1JK100, which was statistically at par with N,sol<so 

lO ~'.!5%). In case of PxK interaction, P,osK'° recorded the maximum leaf P content 

(0.300%), whi.:h was at par with P 7\l~o (0.295%). The minimum leaf P content 

(0.224%) wa.s observed in P;iK,,
0

• whid1 was statistically at par with P 1.1K100 (0.232%). 

In case of three factor interacLion i.e. Nx.PxK, the maximum leaf P content 

(0.351%) was rccordc:d in N'°P1wKw which was si&itificantly higher than all other 

comhinations of NxPxK. llowcvcr. the minimum leaf P content (0.213%) was 

rc.:orded in NboPJ.K1,,. which was statistically at par with N,50Pn Kw N,5l 1
J<

1
w 

N. r ,OKIOO' N,.,,P,~K , .... 1' ,, ,PIVIK~. N 1JlmK 100' N1G1l 10K1w N IOOPHK150 and NJ llK ISO' 

.t .5 . .3 Potassium 
.. 

The data on the effect of NPK fertilizers on JcafK status is given in Table 20. 

111 case of N. the maximum leaf K content (2.022%) was recorded in N.IO' whic~ ~as 

significantly higher than other lc\'cls of N. The minimum lcafK content was recorded 

i1 l'Y (I .476°ii). \\ hich \\<ll> significantly lower than all other levels of N. Among the 

J illcrcnt P k \'ds. P,. rl!cMdcd the highest leaf K content ( 1.84-9%), which was 

't;llistically at par with P (I 816%). while the significantly lllwcst leaf p content 

1 I 755%) \\a-, r~·(!ordcJ in P, . In cas~ of K. K
1 
.. ., registered the maximum .leaf K 

t:• Hllcnt (2.0 1 61~" .. J. (Yh.tch \~,~~ ~la l i1.> l i caH v 111 pur with K ( J 9(:·011" ) ·1·1 1 · ·1 • ' ,.,,, · , "' . le n in m~un 

k·::it K content was r.::curJcu i11 K .. ( 1.464%). which wns signilic.:nntl) lower tban all 

11thcr lc\•cls nt' K. 

In ~ of 'xP intcrJl' t1on. the . I f m ax1mum ca K COJllClll (2.043%) was 
r~cordcd in ,~Pa, which was s1atis11cally al par with N 1• N p N p d 

IO'I W 'l'l I~~· 100 lO an 
~ P Th • . · 
• •• ,.. <? m 1111mum l~a t K content ( 1.423%) \\ISS observed 111 N 1> h' h 

1~11 1w w 1c .,.,.as 
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Table 19. Maio and interadioo ciffcct of NPK fertilizers on per cent leaf P 
content 

a') N.xP and NxK interactions 

P3s· P10 P10> 

Nso ,, 0.267 0.283 0.295 
, 

Ni.oo 0.258 0.279 0.286 

N1so 0 '>16 Q.239 0.226 

Mean 0.247 0.267 0.269 

b) PxK interaction 

Kso 

P35 0.2R6 

P10 0.295 

Pio> 0"300 

c) NxPxK interaction 

P3s 

Kso K.100 K1 50 K~o I 
N~o 0.325 0.245 0 ") ~ ') 

~ - J- 0.330 I 

Me~n Kso 

0.282 0.335 

0.27.5 0.321 

0.'.227 0.225 

0.294 

K100 

0.232 

0.264 

0.269 

Pw 

K1 nll K1 50 

0.286 0.233 

K100· K1so 

0 .2'73 0.237 

0.273 0.231 

0.219 0.237 

0.255 0.2}5 
I 

-
K1)1.J 

,, 0.224 

0.'.143 J 0.23S 
--

P11 r 

K~o I K " ' I 

I 
:-1 K 

' I 0.35 l fl.2X8 ( '-

N 100 0.3.14 0.237 02l'J .0.3'2 1 0.2$4 0.2J2 0'.3 2<> I n 2911 o. 
I 

N i :1r.1 0.2 18 0.2 1~ 0.216 I (')_J~·J . 0.2~2 0.263 0 , .., . ll 2J.2 ll ·-- .::> 

CDo,o~ 
N = 0.006 NxK = 0.01 1 
r = o.ooei PxK = 0.01 l 
K = 0.006 NxPxK = 0.019 
Nx:P = O.Q'I l 



Table 20. Main and interaction effect of NPK fertilizers on per cent leaf K 
content 

a) . NxP and NxK interactions 

P3s P10 P1os Mean Kso K100 K1so 

Nso 2.043 2.030 1.992 2.022 1.553 2.274 2.238 
• 

I 

N 100 2.004 1.972 1.850 l.942 1.493 2.065 2.268 

N1so 1.499 1.506 1.423 l.476 1.346 I .540 1.542 

Mean 1.849 1.836 1.755 1.464 1.960 2.016 

b) PxK interaction 

Kso K 100 K1so 

P3s 1.467 2.002 2.077 

P10 1.527 1.944 2.038 

P'IOS 1.398 1.933 ,) .933 

c) NxPxK interaction 

P3s P10 p lllS 

Kso K 100 K1~n Kso K 100 K 1:SO 
-T--
K-11 K111u K 1•11 

Nso 1.560 2.330 2.239 1.583 2.239 2.~69 1.5 I (I 2.'.?.53 2.205 

N100 l.425 2.136 2A:5 '1 l .566 '.?. .052 '2.298 I n~~ 2.()()7 2 054 

N1 50 1.417 1.540 1.54 1 1.432 1.5-tO 1.5-n I I 'l l 
I 

I :i.+ll I ~3Q 

CDo.os 
N = 0.060 NxK = 0.104 
p = 0.060 PxK 0.1 (l..j 
K = 0.060 NxJ>xK = 0.1 RI 
NxP = 0.104 

I 
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stalislically at par with Nulls and N 1soPw In ·case of Nx.K inter.action, NwKicio 

registered the highest leaf K content (2.274%), which was statistically at par with 

N,
0
Klj!) and N 100K1.w llowever, the low~t leaf K cO'ntenl (1.346%) was recorded in 

N,~0K.sir In case of PxK interaction, th.e maximum leaf K content (2.077%) was 

recorded in P JSK1, 0, which was statistically at par with P.1l)Kuo and P uK 100• The 

minimum leaf K content (1.398%) was recorded in. PmKio- which was at par with 

P)<10 ( 1.fl67%). 

Jn case o.f NxPxK .inte.raclion, the maximum leafK content (2.45 1%) was 

.r:ecqrde.d in N 10,,PHKu1» which was stalisti~Jly at p,ar with Nu.,l;oKiso and N.1.,P35K1w 

The minimum leaf K content (1. 191%} was 0bsetvcd ,in N1~0P1Q,K£» w~jch was 

signi.ficantly lower than rest ofNxPxK comhinati~ns. 

4.5 .. 4 Cakium 

The data pertaining to the effect of N.PK fenihzers on leaf Ca status is 

pres~nted in Table 21. In case oTN, maximum leaf Ca r,:ontent 0 .417%) \ \1as·recorded 

in N
1
5'0, which w.as statisticaliy at par with N

100 
(3 .375%). The minimum leaf •Ca 

con.tent was ebserved in N,
0 

(3.196%), which wns significantly lower than all other N 

levels.. However, P levels showed non-significant e:ffect on leaf Ca content. in case of 

K, tl1e maximum le~f Ca content (3.403%) W<\S ree<ordcd in Kw· which was 

significantly 'higher that1 K
100 

(3.320%) and. K1!0 (3 .265%). K,111> was found stat'istically 

at par with Km in re.spe.ct to l.eafCa content. 

ln case of NxP interaction, Nul~> reg.istel'cli th-1! ma~imum le-..if Cu (.;Ontcnl 

(3.454%), which was stalistk~lly at p~\r with N ,,~1\~ N1 .. .l\ .. N 11, PM :ind >l ,( •. P :-.." Th~ 

•minimum leaf Ca c.ontent was observed ~n N)\, ~3 . 186%.) . ,\·hkh w11s at p~r wilh 

N)llP 10~ al1d NSilP 'l\l. li1 NxK iDkraction, 1bc bigl1rs1 ku f Ca "l1n1ent(J.5 :}..J~<>) "as foun~I 

in N 1Sl!K~1 which was sfolis.ti.cally m par with N1111 ,K .1.-t3.·196~·o). Ho\,~Wr. th~ lti\\cst 

leaf Ca content (3. L5'.!%) \\1a s r.ecor:ded in N'l11(1 ~r "hich wns s1at.isii c~1ll ) :it par with 

N.s~Ks0 and N,,,,k 1~. In case of PxK intt mc1 km. P1QK,., rt'gislt'reJ tht' maximum teaf C•t 

·con.lent (3.411%), which was al par \Vilh P, ,,,K1'°. l\ 0,K1, ,0 • 1",risKscr 1\ ,i'' rn" nnd l\,~ . 

While, lhe minim.um 'leaf :ca content (3 . .,?Jo/o:J w.as found u~ J\,"-1-"1· which wa~ 

stat.js~icall~ al par .with P11l.1K,00• l\µsKtio• P ,;,l'- 1~0 and P ,, K , .~· 
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statistically at par with Nu0P)5 and. N1:1l10• 1n case of NxK interacti t'm, NS<iKio» 

r.egistereGI the highest leaf K content (2.274%). which was statistically al par with 

N
50

,K
1
ro and N 100K1w However, the lowest leaf K content ( 1.346%) was recorded in 

N1s~K$0. In case of PxK. interaction, the maximum leaf K content (2.077%) was 

recorded in e_5K1w which was statistically at par with P70Kiso and PnKroo- The 

minimum leaf 'K content (J .3'98%) was recorded in P
10

,Kw which w ru; at par :with 

PnKse (1.467%). 

Ln case of Nx.PxK ·interaolion, the maximum leaf K content (2.45·1%} was 

reoordcd in N10c,PnKtw which was st.alistically ill par wi.th N
1
oc,P 70-Ktw and N~l 1~K 100• 

Tue minimum, leaf K content (J.1 9 1 %~ \'V(\S observed in N15aP10J<w which was 

significa11tly low~r than rest of NxPxK combinations. 

4.5.4 Calcium 

The .data penaining. fo the effect of NPK fertiliZers o.n leaf Ca status is 

presented ilil Table 21. Ji1 case ofN, maximum l~!l f1 Ca eofltent (3 .4 Plo/o.) v:.:as recorded 

in N 1,0~ which: was statistically at par with N 1C>!l (3.3 75%). The minimum leaf Ca 

content was ·observed in N~ (3.1'96%), which was significantly lower than :ill other N 

levels. However, P levels ~bowed' non-significant effect on leaf Ca content. In case of 

K, tbe maximum. leaf Ca content (3.403%) .,.rns record\Xl in K>',1 \\ hich was 

significantly higher than K
100 

(3.320%) and K,$0 (3.265%), K,a,, was found st-atistically 

at par with K1j0 in respect to leaf Ca content. 

Jn case: of Nx.P interaction, Nul " registered the· maximum le:Lf Ca .conte11t 

(3,.454%). which was statislic<llly qL p<lr wi1h N,,.,r ,, ... N, .. ,r~ ... · N 11,,P1 ... ai)µ N111..l\ 1• Th~ 

minimum I ear Ca cement was obs.erved in N .,,P:;, (3. ! 86% ). whilh wns nl par witl1 

NjbP.m~ and N~,,P 
11

• In N~K in1.craction, the highest l.e~f Cn ~~mteril (3.~~11,(.) \\'~is l'1nmJ 

in N ,~K!m whi.ch was statis1ically al par \\li1 1l N,,..K,, t.l.4'9.6°/o'l. Hl1wc, cr. lht" l1J W l:':"I 

leaf Ca contc:nl .(J. 15'.!%) wns recon.l.ed in N,~K,,.,. \\ bkh \\tis sta t.i!> t ic:ill~ a l p ar with 

N1«~ and N1~k 1 ,0. In case ofPxK interaction. l\ 1K.1, r1tgistcred thl' TllJ'\inmm k·afl a 

content (3.411 %). whk h was Ill par with P," K ,,A. J> ,, J~ r ' r •;Km J'.>, K and I' K . .,,1 ·';'' t;i I lJ I·•· ,l" d Uh) 15 '\,J 

While. the minimum leaf Ca content (3'.123%) wos fuu11d 1'·11 I) l ·· \vl11·c11 \\'n ' - :u"'-t!Q• Ii 

statistically at par with P .uK 00• P .,K,,, P,.K1.,. nod r K • 
lau t 1 ~,., '"'H ~ ""' - "J" UO 

56 



In NxPxK interaction. the highest leaf Ca content (3.619%) was recorded in 

N p K which was suitistically at par with N150PJJK11io· N,'°P'°K'°' N.,l10K100• 
110 JS JOI 

N P K N p K and N p K . The lowest leaf Ca content (3 .071 %) 
N ,:IOP IOJ~o· t00 '°' w 100 10 '° 100 u io 

was recorded i.n NJiiPuK
100

, which was statistically a1 par with N,,aP,uKuo· N,Q(l10K160• 

P K ""1 'I' K N P K N. P K and 'N P K N P K N P K N.0. 1•• ·io• '" Jo 10 1So" :IO 10· 1<1c» .so 10 50 ' 100 J$ 110' )0 l~ HO' JO (0,\ 100' • ~ 

4.5.S Magnesium 

The data on the effect of :"-!PK fertilizers on leaf Mg status is presented in 

Table 22. In case of N, the maximum leaf Mg content (0.868%) was recorded in N,$11, 

which was significant!)• higher tbah all other le:vels of N. The minimum leaf Mg 

content (0.:827%) was observed in N'°' wh.ic.li was also significantly lo\lfer than all 

other levels of'N. Tn P, P;~ recorded the maximum leaf Mg content (0,856%), which 

was statistically at par \vilh P 'V (0.855%). The minimum leaf Mg content was recorded 

in P,OJ (0.842%). In case of K, the maximum leaf Mg coment (0.855%) was recorded 

in Kio. which was statistically at par with }(,
00 

(0.853%). However, the miniriiwn leaf 

Mg content was found in K1v, (0.845%). 

lo cast: of NxP' interaction, N,5gP70 registered the highest leaf Mg content 

. " (0.874%). which w~ statistically at par with N1~0P15 (0.873%). The lowest leaf Mg 

content (0.818%) was recorded in NJ'1ijS' which was signifi cantly lower than other 

combinations of NxP. Ln case of NxK interaction. tbe maximum leaf Mg content 

10.878%) was recorded m N110K,1, which was found to be statistically at par with 

N1-0K100 and N100K511' The minimum leaf Mg oontent (0,818%) was found in N
50

K!o• 

\\h1ch was ~truisi iGa lly ut par \\.1ith Nsc.K1", (0.820%). Similarly in JilxK interaction, 

r1 
.K,., registered the maximum leaf Mg conlcnl (0.866%). which was statistically al 

par with P 'VK100 a11d PHK.,.. 1 he minimum leaf Mg content (0.833%) was observed in 

P1 K,r.,· which \.Vas lll par wi1h l\ ,K
1
_, (0.837%). 

ln ca<;e of three faclor inlernction i.e. NxPxK, the combination of N P K 
!Sa' JS IUO 

recorded the highl.!st leaf Mg content (0.894%), which was stalistically at par wilh 
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Table 21. Main and interaction effect of NPK fertilizers on per ce·nc leaf Ca 
content 

a) . Nx.P and NxK interactions 

P3s P10 P1os Mea:n Kso Kioo K1so 

Nso 3.186 3.189 3.212 3.1 96 3.171 3.152 3.264' , , 
N100 3.347 3.372 3.405 3.).75 3.496 3.393 3.235 

N1so 3.454 3.407 3.392 3.417 3.544 3.414 3.294 

Mean 3.329 3.323 3.336 3.40.3 3.320 ).26'5 

b) PxK interaction 

Kso K100 K1so 

P3s 3.409 3'.307 3.2'7 I 

P10 3.41 l 3.334 3.223 

P1os 3.390 3.319 3.300 
~ . 

c) Nx.PxK interaction 

- -

PJs P10 P11t~ 

I K1~J 
-

Kso . K100 Krni K~o Ktt)(I K1so Kso· K1 ~., 
--

N.so 3.145 3.07 1 3..343 3. 183 J,,179 3 .. 205 3. 1,8..J. 3.2(18 L2+t 

N10.o 3..463 3.389 3. 1 C).Q 3.528 J.3 72 3.217 3.49.; J.-+ 1 iJ 3.29() 

N150 1:6 19 3.46 I 3.28 1 3.523. 3 . ..J.52 3.246 3.4S9 J.31 I i.J56 

CDoo5 
N = ·0.059 NxK = 0.102 
p = NS PxK = 0.102 
K = 0.059 NxPxK = 0.1 77 
NxP = 0. 102 

-

-
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Table 22. Mai1' and interaction effe~l of NPK fertilizers on per cenl leaf Mg 
content 

P1s P 10 P1o:s Mean Kso Ku)(r K1so 

N3o , 0.831 0.831 0.818 0.827 0.8l8 .0:842 0.82.'0 
, 

N100 0.863 0.861 0.851 0.858 0:870 0.846 0.857 

N1so 0.873 0.874 0 .. 858 0.868 0'..878 0.870 0.857· 

Mean 0.856 0.855 0.842 0.855 0.853 0.845 

b) PxK interaction 

K30· K1 00 K1so 

P3~ 0.864 0.866· 0.837 

P10: 0.855 0.859 .0.852 

P1os 0.8.4.8 0,833 0.845 

c) NxPxK inleraction 

P35 P;o Pius 

Kso K100 Ki m K$o K 1w K1;0 Ksa K1ll11 Km, 

Nso 0.842 0.843· 0.809 0.818 O.S4·S 0.826 0.795 0.835 ll.'S::!i 

Nioo .0.869 0.861 0.859 0.873 l).848 0.860 0.869 O.S30 IJ;~3J 

N 150 0.881 0.894 0.843 0.873 0.8:S I 0.869 0.879 I 0.835 u.~5() 

CDo.os 
N = 0.005 Nx.K = OJJH:J 
p = 0.0.05 P:-:K = 0.010 
K = 0.005 NxPxK = OJJ 16 
NxP = 0:01 0 

I 
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N1sur1~K~0! N1j 0PmK1PO and N1slmK)0• Thi:- minimum leaf Mg ·content (0 .795%~ was 

observed in Njl)P 11aKJu· which was at par w.it.h N1luK 1~P ((J.809%). 

4.5.6 Zfoc 

The 9ata on the effe{;t of NPK fertiliicrs on leaf Zn st.aius is pr.esente<l in 

Table 23 . A perusal of data.reveals· that increasing levels ofN, P and K showed direct. 

relalionsh\p with leaf Zn content. In case ofN, the rilaximum leaf Zn content (94.67 

ppn~ wa's:recorded iii N1.su: whicn was.significantly higher than other le\•els of N. The 

minimum leaf Zn con.tent (87.33 ppm) was ·observed in Ns~· wliich was signiJi(;alltl) 

Jess than other N levels, Among lbe different P levels. 1'1°' recorded the maximum leaf 

Zn content (92.37 ppm), whicb was statistically al par \.Vith P 
10 

(9l.3J ppm), While. 

the minimum leaf Zn content (9.0.41 ppm) was. found lo Pw which was statistically at 

par with P (\) '(91.33 ppm). In case of K., the ma.xinrum I car Zn eoment (92.07 ppm) was 

recorded in K
1
.w which was at par with Ku.., (91.96 ppm).and the min:imum Zn conte1\\ 

(90.07 ppm) was found in Kw ln case of N:x:P. the maximum leaf Zn content (% .110 

ppm) wus recorded in N15l ,w which was signific~ntl) hlghenlian other combin:nlnns 

ofN~P. The minimwn leaf Zn. content (85.67 ppm) v.tns observed in N)6PW vvhjch ~\·as 

also s-ignificantly lowe.r than rest of NxP c.ombinatfons. Among I.he NxK imer.li.:ti ~H1. 

N
1

.10K1M registered the highest leaf Zl1 conu~nt (96.22 ppm), which ·was statistically :11 

par with N1~K~ and N100!(.100• Jbe lowest leaf Zn conleill (83.33 ppm) was rc;icNdeJ 

in N~0K5~, whi<;h was statislitally at par \\i lh N,0K,(111 (S4,7S ppm). Sirnitndy. in p,i-.. 

comhihati<ms, :the maximum leaf Zn coti le"nt 1.~ -78- ppml wns obser-vi:'d 111 l' .. K1.,. 

\\hich \V3S statistically al par wJtb pll\<K.I. I he t11inin1um lc-t1f / ,1H:Oi1let'lt ('::15 o• ppm 1 

\\as rl'C~1rded in P~,K ... which was ::>i gmlk.mll ~ il,l\X\!r a:> ·c('l111pnred tu .tll <1th.:1 

i;:ombinati1)11$ of PxK. 

In Nx-PxK interul.ition. the maximu111 lcril / n .:ontcnt (97.00 pp1111 \\ .1 , 

registcrcd in N.,.,P11)Z11,,. ~\ hich \\'.SS st:11i::t1(.!!iy .It p:u with N ,.l\,.K .. .,. ;.J,,.!' K . 

!.h~ minimti1'11 leaf Zn cohlent (8:?..00 pp1i1) \\us 0bsetvcJ in N,.,,P,,K., .. '~h id1 "·'' 

s1atis1ically at !Jar with N14,P 'j)J< •tll• nnd "'l,,,J> .•. K 1,.,. 
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4.S.7 Iron 

The dalll pertaiui.ng to the cfTcct of NPK fertiliz.ers on leaf Fe status is 

presented in Table 24. Jn case of N. the maximum leaf Fe content (327.0 ppm) was 

rocorded in N,)O. wruch was significantly higher than other N levels. TI1c minimum 

leaf Fe content (310.0 ppm) was observed in Nw which was statistically lower than 

Nl
10 

and N
100

• In P, the maximum leaf Fe content (327.3 ppm) was obscrv~d in Pw 

which was s·ignificantly higher thlln P10J (3 I 7.0 ppm) and P;, (311.6 ppm). ln case of 

K. K.10 registered the highest leaf Fe content (232.9 ppm), which was significantly 

higher than other K levels. The lowest k af Fe content (309.3 ppm) was observed in 

K,..,, which was significantly lower than K10 and K,00• 

In two factor interaction ofN:<P, the maximum leaf Fe content was recorded in 

~1J1~ (336.9 ppm). whicll was siatistieally at par with NuoPm (329.6 ppm). The 

minimum le~f Fe cont(!nl (305.7 pprn) was observed in N
111
uf w which was sl.atistically 

at par with N"'P'~ and Nil J'' In case of N:-:K interaction, the highest leaf Fe content 

P43.8 ppm) was recorded ,in N w,K,v, whic]1 was statisUcally al pa,r with N
11

>0K,u (3 36.7 

ppm). The lowest leaf Fe content (305.6 ppm) was observed in N!uKiw whlch was 

s1a1istically at par wirh N .. K, • N 1 K N K and N K ln case of PxK 
~ I"' I JO llO' llO lliO 100 ICO' 

combinations. P 10K)O registered the maximum leaf Fe content (344. L ppm), which was 

i;ignilicamly higher than other combinations of PxK. The minimum leaf Fe centeal 

(305-4 ppm) was recorded in P K 
1(1"\ 1 ~0· which was statistically at par with P K 

IOJ ICO' 

In case of NxPxK inrcmc11on. N n K · t d I · leaf Fe ••\I' "1" ,u reg1s ere t le max11num 

cont~nt (349.0 ppm}. which \\:lS stmis ticall)' at par with N p K N p J< 
l.lO iu• ' \II' 1)11, '1<1 ~· 

'i, . P,.K, · N 11.l,l)IK!!l and N,)'. ,K, . ·1 he minimum leaf Fe coolcnl (29-1.0 ppm) was 

1cc.1n.kd in N1,,,P11K1v, ''hich wa' statistii.:;111}' at par with N P. K N p K 
J' ~ ·~ l'~ l 100 IOS 1~¥, 

4.5.8 Copper 

The data pertaining to tht: cflcct of NPK fertilizers on leaf Cu content is 

presented in Table 25. Among lht: dificrent levels of N, the highest level ofN i.e. N,)O 
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Table 23. Matn and intcractiolt effect of NPK fertilizers on leaf Zn lContent (ppm) 

a) NxP and NxK interactions 

P3s P 10 Pws Mean Kso K100 K1so 

Nso 85.67 87.89 88.44 ·8733 83.33 84.7:8 88.89 
,. 

91.44 92.22 92.67 N100• 92.1 L 89.56 94.89· 9L89 

Niso 94.11 93.89 96.00 94.67 92..33 96 .. 21' 95.44 

'Mean 90Al 91.33 92.37 90.07 91.96 92.07 

b) PxK interaction 

Kso K1w 11' K1so 
-

P3s 85~67 90.78'. 94.78 

' 

P10 
' 

9122 92.00 90.78 

Puis 93.33 ~3'd I 90.67 

c) 'Nx.PxK inter.action 

" 

P3s P10 P105 

K~o K100 K1so K~IJ Kioo K 1;;0 K5o X100 KISO 

Nso &2.00 82.67 Cj"J ~., - ·- -' 9L67 84.67' 87:33 9'1.33 S7.00 s1.oo. . 

N100 85.00 94.()0 95.33 90.00 9· ..,~ ) • .J.J 91.33 '93.6 7 9'5.3.3 89,00 

N1 so 90.00 95.67 96.67 91.00 96.00 93.67 95.00 1J7 .QQ 96.00 

CDo.os 
N = 0.91 NxK l.5S 
p - 0.91 PxK = 158 
K - 0.92 NxPxK = 1.75 
NxP = 1.58 



Table 24. Main and interaction effect of NPK fertiliurs on leaf Fe content 
(ppm) 

a) NxP and NxK interactions 
. 

P3s P10 Plos Mean Kso K 100 K 150 

Nso 306.7 316.2 307. l 310.0 318.1 306.3: 305.6 

N 10-0 • 
, 

305.7 336.9 314.4 319.0 336.7 309.9 3 10.4 

N1 so 322.~ 328.8 329.6 327.0 343.8 325.1 312.0 .,,__ _ __ 
Mean 311.6 327.3 3 17.o 332.9 313.8 30.9.3 

b) l'xK interaction. 

Ksn K100 K1so 

P3s 320.0 308.2 306.7 

P10 344. l 32'L .. 9 315.9 
I 

P1os. 334.4 3 11.2 1, 305.4 

c) NxPxK interaction 

P3s P7o· P105 

Kso K100· K1-~o Kso Kroo K1so Kso K100 Kt so 

Nso 307.3 308.7 304.0 331.3 303'.0 308.3 309.7 107"' - . .> 304.3 

Nroo 3 12.7 294.0 310.3 349.0' 335.3 326.3 34$.3 3l)O.J ~9.:1 . 7 

N150 340.0 322.0 3os.1 I 146.0 3273 J 13.0 345.0 326:0 317 .. 1 

CDoos-
N - 4.31 NxK = 7.45 
p - 4.3 1 PxK = 7.45 
K - 4.31 NxPxK. "" 12.91 
NxP = 7.45 
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Table 25. Main .and interaction cffcd of NPK fertilizers on leaf Cu content 
(ppm) 

a) NxP and Nx.K interactions 

P~s P10 P 105. Mean K:;o K1 uo K 1~0 

N5o 20.67 20.56 20.ll 20.44 2056 1056 20.22 

N100. 
. 

23.56 24.78 24.33 24.22 23.78 25.00 ;B.89 

N1so 25.44 26.56 25.44 25.81 25A4 26.22 :25. 7.8 

Mean 23.22 13.96. 23.30 23 .26 23.93 23:30' 

b) PxK interacti~n 

K~o K100 Krso 

P:is 22.67 23.67 . 23.33 

P10 23.89 24.33 2'3.67 

Pio~ 23'.22 23.78 22.89 

c) N:rPxK interaction 

P1; P10 P1os 

Kso Kroo K1so K5o Krno Kr~ Kso Kwv I K1 S"o 

Nso 19.67. 22.00 20.33 11 167 ::W.33 19.67 20.33 1<>.33 10.6 7 

N100 20.67 24.00 24.0.0 2.+:67 ?.5 .. 69 24.00 24.00 , - ~ ~ 

_ ).JJ 13 .<17 

N1sn 25.67 25.00 25.67' -, - """"""" __ ) . .:>'~' 27.UO 27.33 25.33 26.67 1 _2.,.1,,} 

--
' CD005 

N - 0.82 NxK = 1.-1 l 
p - NS P:-:K = 1.4 l 
K - NS NxPxl' = 1ACi 
NxP - 1.41 

[ 

' 
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reconf{ld the maximum .tear Cu 'conteril (~5 .81 ppriilJ, whfoh was signi'fica1'llly hig~cr 

than N,CJQ (24.22 ppm) and N~ (20.44 ppm). Similarly , N50 \vas significantly lowl.'r 

than N,go and N16.0• However. the effect of P and K on leaf Cu con.tent was found to.·bi: 

non.s\g·riiftcant. 

In case of NxP interaction, the maximum leaf Cu eontent (26.56 ppm) was 

0bservecl in N,sli~• which was statistica·Jly at par with Nuli<» and N11oe1Pw Ho,, evcr. 

the l,Ilinifnum leaf Cu content {20.11 ppm~ wa.<> recorded in N,l 1w which \Vas 

statistically at par with N IOf~u and. NwPw In, NxK intcrac1ion. N,lnK11~.' r!!gistcrcd Lh~ 

maximum leaf Cu content (26.22· ppm~. which was statistically at p11r \vi ll1 :'-J1wK•t .. 

N
1
.10K"

0 
and N1®K100, The 0rninirn11m leaf Cu .conknl (20.22 ppn'H was registered in 

NS&KtlO' which was at p<\r with N.j<>Kltlcl and N~1,K SI). Similarly, in PxK intcracuon. die 

ma"jmum leaf Cu coment (24.33 ppm.) was observed in• P 10K10n. whid1 \ \ '<!"\ 

st-at:istitally at par with P 1~sK 1,t,. Pw,K,u., P1~Kw P~11K 111J, P,,K, .. ru1d P,.K 1 ~,, · Whit\! .• th~· 

minimum lc.af Cu cootent (22.67 ppm) \Vas observed .in P»K)r 

In case ·of NxPxK interaction, the liighest leaf Cu content (~7~3 3 pp'm) " •t:. 

rec::orded in N t~P,0K1w which was statistically at par witli N100PmK.100• ;..: i) \ ,,K.". 

N, .• j;P111K100, N.u~P1111<.w N"l,~K1w N1,l 2 K1(1t1· N 11l,PJ~K,0• N1llllP,1;,K1u.:1 aml '\l ,,P ,.l\: 1,.. 

The lo\vest leaf Cu content ( 1 93~ ·ppm1) \\ as observed in N~1P 1~K •U1•· wl11d1 '' ·'" 

statisLically al ·par with N1,,P 10,K1,<l, N'°,P(0. K~0• Ni,..P--0Kua.• N,l 'i)K,111 ,. ~ . P K 

N"_l1sK111,, N,QPJSK;o arid N1",P"K lw 

_-L5.9 Manga nese 

The data: on the efl~d l' f NP~ L~-r~i l i1..:-r.- 1~ 11 l h~ lea f t-. ltl· ~onrcllt i-; pr\· ... ~a·c·.1 11' 

"!'able ~6 . l'l is eviden1 from l'hc d:it:i 1h.H llKrc•asing dose of N 'lmJ clm:n rd .1'h" ' 'llll' 

wi1h leaf' Mn .c::ontent. Th_c m•1xiin11111 k·af :-. 111 l"l1lltl· n t (-16 J<) ppm) " ·•:- r..-._,, .kd 11 

N ._111• which m is signi li«:antl~ hi~·lwr than 111hl'.r k w ls t' I N. I hi: m 1t1ll'llHl1: k.1: \ It 

content v.in:s rccord~<l in N,., t44 4~ 1111 111'1. .,, h 11.~h \\'Us :>tu ll'\tii.:;111) at pur \\i:h :>. 

( -14.59 ppm). In case or P. the n1mm11u111 lc:ll \ tu COlltCnt t 4<1 .5::! ppm I " :ts 1\· .. ,\1 J .. J Ir 

I\.,. wllich \ \laS si&nificantly hight.'r than •tl l nthcr P k vd s. I he min inn 111 1 k .1i \it 1 

CQ!ll~nt or 44.19 ppm was observt:J i n I' 1· wltith was SliH!Stictill) UI r~t r \\Ill! !' 



(
,,_. 30 ) In l< K reoistered the mii,-..;imum leaf Mn conrenl (46.4 l ppm), which 
..., · ppm ' · · • IW <=" 

wa$ S.ignificantly higher than K,liO «45.22 ppm) and K,o (43.3? ppm). Si.mila,-ly Km 

was significantly superior than Kio in resi>CCt to lt!;(lf Mn content. 

In .cnse of N>\P interaction, tbe maximum leaf Mn content (5 l :44 P.Pm) was 

re~ordcd in N,~lrni· which was significantly higher than all other oom.binaticms of 

NxP. The minimum leafMn ·contenl (42.78 ppm) was obsen(ed' in N,joPw which w~~. 

swtisticaHy at par \Vith N$0P,~s (43.78 ppm). In NxK interaction. N,50K,50 registered the 

high!-'St leaf Mn contenr t4~.l I ppm), which was- at par with NlilK,~ (47.6:/ ppm). 

While. llle IOwest leaf Mn content (40.44 ppm)' was ·observed in NsoKso· Jn case Qf 

PxK interaction, the ma.'\.imum leaf Mrn c.antent (48.00 ppm). wa~ re.:::o~ded in P,MK•io 

:md P)\
1
w \Vhich was signifi.cantly higher than all'oth<;:r cambinations of PxK. The 

minimum lcMMn content'(4 I .78 ppm~ \.vas ab.served in PisKw which was statistically 

at par with P ,~K~ and P 1llK 1w 

ln ·case of 1Jir~e fac1or interaction i.e. NxPxK, 11\e maximtm1 leaf Mn content 

.(54.33 ppm). was r.ecor.ded In N11aP10;<.1~1» which \.'t.'3.S significantly higher than other 

combinations of NxPxK. The minimum leafMncontent (39.33 ppm) Was .recorded in 

N1 ,J\.K5~ and Nril,,,K,,,, whwn was statisticnlly. at par wich N,oPm,K,0• 

4.613 A vailnbl~ soil nitrogen 

The d<1\<l on the effect ofNPK fertil izers on available nitrogen content in the 

i;oiJ Is presented in 'I abk1 27. Ir is apparent from the data presentc,d in the Table· 27, 

thnt St1rl application l11 .N. P and 1< fertilizers exerted an appreciable effect on 

availaQ)e N eomcn\. i'l'1tn.i~n content in the soil was found H> be highest 1(36S.4 

kgJia) with the soil applk<tllon of N,..,. level, wJ1ich was s.ignificantly higher than the 

(,1lher N lcYels. Wlulc, 1hc 1\1\Vc.?Sl nil!ogen con~ent io sc1 il was rcwrdcd in N~0 (362.3 

~g fot), which wa.~ sign! licmnl~ IQwcr than other·levejs of N. In ca::>c of P, bigher level 

of P CPrns) ruaorde<l 365.3 kg N/ha in the soil, which was significamly higher than 

other P levels. While. minimum N contenl in soil was found in 1~ ("'6" 5 kglh ) 
)5 .) .) , l). ' 

1vhich was statisticall-v m par with P (363 9 k•"lha·) Simil·orlv K d d th 
• )U · " 5fU • · ' (u )• l>IJ recor q e 

ma.'<lmum N conte.nt {365. 7 kg/.ha). in th~ soil, which was significantly higher than 
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Table 26. Mi,iin and interaction ef(ect of NPK fertilizers on leaf Mn content 
(ppm) 

a) NxP and N,xK .interactions 

P3s .P10 P1os Mean Kso Kioo Krso 

Nso 44.89 44.00 43 .. 78 44.22 40.44 47.67 44 .. 56 
, 

N100, 4522 44.22 44.33 44.59 4533 45.44 43..00 

:N1so 42.78 44.33. 51.44 46.l9 44.3.3 46.ll 48.11 

Me~ 44.30 44.19 46.52 43.37 46.41 45.22 

b) PxK io.teraction 

Kso K1po K1 so 

PJ~ 41.78 46.00 45.J I 

P10 42.00· 48.00 42.56· 

.f 1os 46.33 45.22 48.00 

c) NxPxK interaction 

P3s P10 P1os 

I Kso Kioo Km Kso K100 K1;1) K ;r.1 K101.1 Kuo 

Nso 42.33 48.33 44.00 39.33 50.33 42.33· 39 .. 67 44.33 47.33 

N.100 43:67 46.67 ·l5 .33 43 .67 47.67 41.33. -48.6 7 
I 

.J.~ .00 ~~.33 

NISO 39.33 .43.00 4'6.00 4.3.0.0 46.00 44.00 so.61 I -l9.33 5-t.33 

CDo.cis 
N = 0.66 NxK = 1.1-l 
p = 0.66 PxK =. 1. 1-l 
K = 0.66 NxPxK = l.9S 
NxP = 1.14 

l 

I 



T able 27. Main and inte~ction effect of NPl< fertilizers on ava ilable N status 
(kg/ha) 

a) .NxP 8JJd NxK'interactions 

P3s .P1., P1os Mean KsQ K1 00 K1;0 

N5o 362. l 36 1.7 363. 1 362.3 361.5 362.J 363.4 
,, 

N100 • 364.0 364.8 366.0 364.9 364.4 .364.0 366.5 

N1 so 3643 365.2 366.6 365.4 364.9 364.l 3673 

Mean 36-3,S 363.9 365.3 36.il.6 363.4 365.7 

b) Px.K interaction 

Kso K 100 K 15c1 

P 3; 363.0 36~.o 364.4 

P10 363:5 363. l I 365.2 

P10.s 364.2 
I 

36.4. l 367.5 

c) NxPxK interaction 

p ., ,, P1(1 P1os 

K;o· 
' 

Kioo K1 so Kso I K tr!\J K 1;0 Kso K 1110 I K1 ~11 

N~o 361.4 362.,0 362.8 7'61.0 
I ,:\61 s 362.3 36 1.9. 3(>2.-1· ~65 I 

N Ul<l 363.5 363.•:t 364.9 }6.:1.4 
I 

J.(1). 7. .366A 365.:! 36'1.<) .1(,lS I 
I 

N1so 364.I 363.4 3'65.5 365.1 LJ<iJ. 7 360.9 365.4 3t15. 1. 'lf•lJ ·I 
- -

CDn.o; 
N 0.45 NxK 0.79 
1' 0045 .PxK = 0.79 
K 0.45 NxP:..K = .1.37' 
NxP 0.79 

. 

I 

' 

I 

I 



other levels and minimum N content was recorded in K a«J (363.4 kg/ha), which n as 

statistically at par with K50 (363 .6 kg/ha). 

Among NxP interaction, N.,0P101 recorded the max1 rnurn con11.:n1 of~ ('ifi6.C, 

kg/ha), wnich was stati~ically at par wilh N 101P 11ii (3()6.fl kgfJ rn), while th..: 1ni11i1m1m 

was recorded in N~P,11 (361.7 kg/ha)1 which \\'.<IS stalist.ica lly u~ p~1r \\i lh N. I ' ~ 1,1 <•~ : 

kg/ha). Tn case of 1'\xK interaction, N11(1K11t, registered the highest N comcnt in :;oil 

(367.3 kwha), v.ihich was significantly higher than all other Nx K comb1m1tion~. , 
Whereas, lowest N content in soil was recorded in NJOKso (361.5 kg/ha). which was i:l 

par with N
50
K

100 
(362. I kg/ha). Similarly in PxK interaction, the maximum contl!m of 

N in soil was recorded in P101K1j() (367.5 kg/ha). which was signi ficanll ) highc:r lhan 

all other combinations of PxK. While, the minimum N (363 .0 kgfhn) was r..:curdo::cl in 

PHKSO and P,~Kl oo• whi·ch WaS statistically al par With P,OKl(O (363 .1 kg/h<ll aml' rl,.K~" 

(365.5 kg/ha). 

In three factor interaction. N"lio!Kiw registered I.be max imum I'\ content 111 

soil (369.4 kg/ha), which was statistically at par with N
1

c;<;P
10

,K.,
0 

l}68.J kgi hal. 

Whereas, mioimum N cootcnt in soil was recorded in NroP10K511 (361.0 kg/ha), which 

was statisticall~ at par with Ni0P10 K1_,0, N,0P111K11,,, N~luK,00, N}l j}K,0 and N>liu!K i.i. 

4.6.4 Available soil phosphorus 

The data on the main effect of NPK fortiJiLer~ on available phosphorus comcm 

is presented in Table 28. In case of N. N,
0 

registere<l the highest P conto::nt ~~ i 39 s-
kglha in soil, which was statistically at par with N1CX1 (39.3-1 kg/hu). whik th..: ltm ..:st 

was recorded in N
1
ro (38.02 kg/ha). In case of P, maximum P content in s,1il \\1l:-. 

recorded in P1os (45.81 kg/ha), which was signifi cantly h.ighcr than all other levels of 

P. The minimum available P content ""as recorded in P 15 (33.2 1 kg/ha). wbidt was 

significantly lower Lhan all otJ1er levels of P. Among the dil'le rent l..:vel s of K.. •he 

maximum P con:ent in soil (40.95 kg/ha) was recorded in K1uo· While. the mini mum 

was recorded in K,
0 

(36.44 kg/ha). 

rn case o:-NxP interaction, NMJ P,
1
,, recorded th~ maximum contc!nl ~) r P t..+7.04 

kWlla) in soil. which was statisticn\ly at par with N111l iai (-16.33 k!,!/ha'). l·k) l\ \:' \<:: r . tlw 
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· · - ,, l N 1> (,,., 1S k•>/ha} which was also at par minnnum P content 111 sod was lounu n 1jo H -'~· i::- • • 

, 1 N' lJ C'' 11 k<>llm) and N p t33 . 73 kg/ha). Among :NxK interaction. tbc 
.\\ll 1 1111,. JS -" · 6'' so 13 

highest p concenl of 42.12 kg/ha in soil was recor,ded in N50K100• which .was 

· · 11· . " ' tli N K (41 46 kolha:~ Wliile tlie lowest P content in soil .was stat 1s11c:L y at par •vi 1011 10i! • i:Y" 1· · ' · 

t.. d -
111 

N K (35 70 k~flrn) SimllaflY in PxK interaotion, P101K1v,, Fegistered the 
Q \J11 LIO l O • !:;' I. • . . 

ina:dmum p content of -t,9.79 kg.Iha in· :;oil. whith V.':.IS signHicantly highest Lhan all 

·iithcr PxK co)nbinntion!>. The minimum P content in soil w~ recoTided il1 P 1~K1., 

t •::!.OG kglha)'. \\hich wus also sig.nificantly lowest than rest ~)f PxK combinmions. 

L.: nd~r ~:-- r xK in11:rucLion chc ma,imum P contel.ll of 52. 15 kg/ha i 11 soil was 

r-ecordt:d Lil N'°P
101

K
1

CJO. which was statistically at par with N 10oP 1 0~K 1 00. _However, the 

minirnum P content in soil was found in N 150P]~K50 '(31 .65 kg/ha), which was 

:)l;iti::: t icall~ &l par with N,l1!K W N11JOPHK1_w N100PlfKlo and N,iopi.sK"o· 

.i ... 1.s A' :i.lhtblc !IOil potassium 

The <lata on. the effecr of NPK fertilizers on available potassium .is depicted in 

Table 29. Tb-e perusal of <!ala present~d in the table indieate that soil application of N, 

p· and K exen.cd oonsiderable influence .on avai lable potassium content of the soil. 

Highest nvailabl'e K (293.5 kg/ha) was recorded' wiLh N 150, which was statistically al 

par with N,w (21)2.7 k·g/ha). While, the lo.west K content in soi l' was found in N,.> 

(291.4 kg, ba}. However. a ll the P levels were significantly cLifferent. The maximum 

ffvailable K content was recorded in P)} (296.0 kg/ha), while the minimum (289.5 

kg/ha) was recorded in P11n- 'Similarly, all K levels exhibited sig.nifkant effect on· the 

K eontent in .the soi l. The highesl available K contem in soil was recotdcd i1'l K 
liQ 

.(305.4 kgfha). Whereas. tlie minimum k content was'found in K,
0 

t280.0 kg(ha). 

Undor Nx:P i nterac~lon, N1,aPJ$ registered the maximum available K 9ontent 

t296 9 kg/ha} ·in the soil. whicli was· statisticaUy at par with N
100

P
3
, (296.2 kg/ha). 

Whereas. the minill\'1,Un K C<mteoL in the soil was recorded in N,aP,oi (288.~ kg/ha.}, 

which w~ sratis1ically at par with N P (289 ... 6 kg/ha). ln NxK interac..:on N K 
100 IOI . · " • ''° t lO 

n:g_istered the maximum available K content (l06.2 kg.Iha) in s9il, which was 

sta1istkally a1 par with N11.~K 1 ,0 (105.8 kg/ha)·. The minimum available K content in 
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Table 28; Main and interaction effect of N'PK fcrtil.izcrs on available P status 
(kg/ha) 

·a) N:xP and NxK interactions 

P3s P10 P1Qs Mean Kso K100 Kiso 

Nso 33.73 38.84 4T.04 39.87 3.6.8·1 42. 12 40 .. 69 
, 

Nroo ' 33.11 38.59 46.33 39.34 36,80 41 .46 39.77 

N1so 32.78 37.25 44:04 38.02 35.70 3927 39.09 

Mean 33.21 38.23 45.8.J 36.44 40"95 39.$5 
- -----

b) PxK interaction 

Kso K1 00 Krn1 

P3;;, 32 .06 34.54 .:n.01 

P10 35.44 38.5 1 -lO. 1:; 

P1os 4 1.82 49.79 45.SO 
--· 

c) Nx.Pxl< interaction 

I 
I Pn1 P !11; I 

K K t • K I K K K - ;- -, ,-:- I 
1----+--s_tl _... __ 10._o _,__p.,_,_~'' __ ._5_" __,_ __ 1ti_~ -l--'-~1_' -1--·-' '1_ " 11~1 !\,~"_I 

35 77 I 11),.+5 4 I .30 -! :::! .::'..' I :'2. 15 I -l(J 7-1 I 32.42 3.:t .74 3 .. 1,02 

N1ov 32. 10 34.68 325h 15 79 1 JS.90 -!1.07 -t252 ' 5lJ.7<J , -l:' <19 

N1~Q 3t.65 3-:l . t9 12.-tl': 1 1-1 71, n 1s .>9.SI 40 111 Jh.-L~ 1 
-i.i •J:\ 

COoo~ 
N 
i> 
K 
NxP 

= 
= 

= 
= 

0.55 
055 
0.55 
0.95 

'.'JxK 
PxK 
\lxP:dZ 

0, C),5 

0.95 
1 . 6·~ 



Table 29. Main nod interaction effect of NPK fertilizers on availnblc K talu ' 
(kg/h a ) 

3) NxP und NxK interactions 

' 
P:;s P10 Pws Menn K ?{I K1 t10 K1 s!) 

Ns0· 294.8 291.2 288.3 291.4 279.2 290.8 30'4.; 
. 

N100 ~ 296.2 292.4. 289.6 292.7: 280. l 292.3 305.8 

N iso 296.9 293 .0 290.6 293.S 280.7 293.6 300.2 
1 

Mean 296.0 292.2 2S9I5 280 0 I :!9:2.2 }(}) 4 
- -

b) PxK interaction 

Kso K1no K1 311 

-
Pa~ 282.9 294.9 310. 1 

I 

P1p 279:6 2n.3 30-1 . ~ . 
?105 277.6 189.4 301.-t 

. 

c) NxPxK intcrac.tion 

-
P3s P10 Pp,o~ 

Kso· K1 00 K1so Ks-o K1 00 K1 so K>D K1 110 K1 su 

Nso 282.3 29:>.0 309.0 278.3 291.3 304 .0 277.0 288.0 >.oo.o I 

N100 283.0 295.3 310.3 280.0 292.J 305.0 2TJ.J 189.J 301.0 

N150. 283.3 296.3 311.0 280.3 293.3 305 .3 '.:178.3 291 .Q. 30~.:1 

CDt1.o; 
N = 0.90 NxK = 150 
p = 0.90 PxK = 1.50 
K = 0.90 NxPxK = 2:60 
NxP = 1.5.0 



soil was tecorded ln N~K,0 (279.2 kg(l'ta), which was swti sticnlly at par with '." .. ,,K ,, 

(280.7 kgtha) and N 100K50 
(280. I kg/ha), However, in PxK interaction. moximurn 

avai la.ble K content of 310. 1 kg/ha was recorded in U,~K ,!w which was signilicantl ;.­

higlrer than rest ofl>xK combinations. whi le the minimum availabl1:1 !( canl-.:nt rJ.77.6 

kg/ha) was fou nd in P 10$K~. 

lo three factor· in'leractions, Nt,1,p35Kt.ro registered the high~t availa'blc K 

content of i 11 .0 k~/ha in soil •. which was statistically m par with N10,luKii~ (3 10.3 
• 

'kg/ha) and N,l
3
)(

1511 
(309.0 ·kg/ha). \Vhile, the lowest content of a,·ailable K 1'277 ti 

kg/ha) was recorded in N >Opl0lK$Q1 which was statistiealJy at par with N 1 ... l Hl.K .. , (278 .3 

'kg/ha), ~iolia!K.io (277.3. kg/ha) and !"15l 1uK .111 (278.3 kg/h<1). 
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Chapter-5 

DISCUSSION 

The results obtained in the present iflvestigatinns 11n 1h~ ··s1utliei- on Lb..: cffccl 

of N, P and K fertilizer levels on growth, yield and quali ty of kiwifruit cv. Allison" 

are discu~ed as unqer: , 

5.1 VINE GROWTH AND VIGOU R 

Application of different ,levels of:-.! , P and K fcrtil i.zcrl-> \\.U!> found tu ;:surt ii 

significant influence on v ine growth in terms or l'runk g1rih and shoot £ 1'0\\ l.h. \me 

g~crwth increased with increaSc in the level of N. T'he riiaxinmm girth arid shvot 

gro'Arth was recorded with highest dose ofN i.e. N fso and mi nimum with lowest.dose 

of N i.e. N,
11

• These results .are in conformity with those of Costa (!/ al. ( 1997), wb0 

reported sjgnificant increase i1t vegetative growth wi th ·the increasing nitrogen 

application from 0 to 450 kg/ha in kiwifruit. The higher level of N incrensed uptake of 
• 

N in the plru:n (Table 18), wbich h1¢reased the chlorophyll content (Riner. l 956'1 :md 

rare of photosynthesis (Lysenko er al., 1974). which might have uccounicd for h igher 

growth of vine gr:own w1dcr higher level of nitro~en. ·111cse llnd iing~ nr~ :;uppon-:J p~ 

the earl ier reports of Cosca et al. ( 1'997), who recorded more vegetative g1-c:1\~1h Ill 

kiwifruit due 10 the in.creased phot6synthe1ic rat.e \V.ith the Iner.casing levels nf N. Tile 

Vario.us levels Qf K also shov,ie<l similar trend in tenns of vine gro.,,\°lh. The ma.-:i1m1m 

girth and sboot g~ov.rtb was recorded with K
1
J1> and minimum in K~,· Bllssi and 

Defrance ( 1986) aJso observed increased growth and vigour \.\'it.h increased level ol" K 

in peach. Regarding the P application, 1no co11sistent r.:-s~ lls wcrre obtalr\ed artd lhc 

maximum Y.in~ girth was recorded at p w hOW\!Vl!r, lhc ShO<H grtrwth \\'<IS fo und tu b1: 

maximum at P IGt' 

The two and three factor in1eractio11s were round sigr·iUkam in k:rins ~;J° ,·ine 

growth. The maximurti vi nc glrth and shoot growth was recordud with N ,soP 
1
.,, K.

1
,., 

treatment combination. The increased growtll with lhe conrbi11cd n:pplicallon uf NPK 

might be attributed 10 1he cumulativ~ effects ofN. P and K, as lh~) play n pinJtul ml.: 

in the 111etab01ic pr~cesses in the plant (Nijjar. 1996). These lindiiig.s ;trt in agn:l' ll:\1.'nl 



.. 1 1 . , ' ·I' ll . . L ! 991) who reported that the "1th the l\hscrrnuons 11Y.1ue h) Sm 11 anu •·' 1 ci · · 
• · · · · ' ·1 • "0 k -...1 400 o-r 'I U90 k !.\ P and 600 oir 1200 11ji plii:mj011 \)I ~rK 1·c:rt1 hzt' r~ a.701.1 \Jr ..,_ g ,,, • ~ 

kl! KJha i nc~atic~l lhc n:gcrMhl' ~rowth aud root gr0\\1h qf ki\\'if1·uii vi nes. Higher 

' . .. ... . j j> I N r d' 1' ha 'l ls1 l bC:L'l1 rcpllrlcU by Bussi 
l J'I:'(.' growth I\ 1th ~ t'llld r.. . ' ; t11l .Ill\ • !Ill !> ' 

.md Jkfr:rn.::c 1I9~n 1 i n pi:,1rh ••1HI C'rcspun <-1 al. (I !)•)I) ) 1n grapl·s. 

- , 
='·- YlELD 

S1gnrlkm11 \ ,1riJl(lll1S i1,1· IL'illl ) 1ul<l a.'i \\di ns y ie ld of differl:'.lll. !Jr~dc:s o r fru it·;-. 

\~s obscr•td m \'lhe:o: sub,icc·l<.\i ".10 diftcn~nt k vd s (1f NPK l'erttllzcr$. ll1e yidd 

~-h1 "1 ed a incrensing tnmd with im.:rease in N applicati c>n. N ,,0 gn\c thi:: highest l<~ tal 

1idd and yield ,,r .\ :ind B !!Jlld{'S fruit, which wa:; stnllstically at pur with 1'1r;i· . . -
1-1~1 111:1 er. 1h.: IO\\'<.-St 101:.11 ~ icld m~·d yidd of A and U grades frni l was re<.:ordi.:d in 

!0we :--1 lc\d llf \; 1 .:. :'.\1111 Th~· hctt.:r sl7.c and weight 1.1ffr.ulls (Tables lL 9 and I O) 111 

"i:w:- \\hldt rc.:t•in:d higher 'J krtilfzer In the pt·c'!>c11l study 111ay m:<.:~' tm1 fpr l11ghcr 

'1.:IJ Tlws .. · n:~ulli> :trl' 111 a.:cordancc 11i1h d i1) !<<: ,,r Te.-; toni t'f .ii ( 1 99~)·). \\ho 

:-u111cci h1.,;h~i.1 yidd in k1\\'ifru1t wirh 111011oascd \I uriplication from 100 kg lt> ~NO-. 

i-~ 11:1. \ ' i//Mlli t.!I a/ (IQ99) Ohs~rvcJ j'.!0Si ti1•c cortd alJUO Of yield ln the i'Ulc~ (J f}.. 

it.·nili11tt11m in ~i\\1 fruil . The application of K fimi1izer a lso showed simi-lar trend as in 

..:r1s~ <'r~ l'hc m:i'l ·11J1um total yidd and yield ~r J\ and B gl'adcs frui t was rccc.lrdcd in 

1' in.J 111hnumin11n K,1• ·n1csc lindi1'lgs an? in confom11iy with those or R~ughl el ct! 

r 1 1)\J~ l . who rnported jncr(!lL'lt: in frui,1 yield frllm 55.9 W·G4.6 kgl tree iri pcacht...'li ' ' ith 

1hl' al\.·1.:,be in Ko lr•)m 1 no ~~ 1<1200 kg'h;1 

!'he 1nd1vid1.Jal dfec1 of P fcrti I ii.er .shovled that the maximum yidd was 

rc.:,•rdt:d 111th m1.-dium level uf P. 1.e. P.,, wliich was significant ly higher ~hun I\, and 

P,. l hL' highest yi~ ld in P" was ascri bed due lo the bcuer fr11i1 size and 1vcighl or 
(run~ \\ llh I\ ::i~ C\Nnparcd to other lcvds of P Simi Im increase in fruit yield or peach 

mdcr nh:<l1 um ['> le' cl has ;.ilsl' b~c1~· rc1wn~d by Bus~i N ttl. ( 19·9 1 ). 

fhc: i1llerm:tion effects or ~PK lerl.i li z•; rs were ub~c r.vc:<l t(I be signiricrnH on 
h"th 11.o:al. ~· i<."lq an~I ) ielt.I 1~r dirfcr!:! rll grndl!s <lf Cnii t T.hc ma:<1111t11n L~>tal yi.cld <ind 

~ 1c'u 11f A grud.c fruits was recordc<l in N .. ,,11,,,K ti'" ho\'"·tiv1.1r. fortht:F inoro:i:;c in th~· 
d1',,: 11r N :incl p i t' N p K tl'd 1 . ' · · ' '"' '"i l )v 1 not s.tO\\ a11y <;l.gnifii:.aril inc rc<1sc in ~ic ld ns 
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compared to N ltl(l ioK,,,,. These findings are inconformity with those or ·1 CSlOni r:I u1' 

(1 990), who also obtained highest yield wilh 200 kg N and 200 kg K.Oiha in 

kiwifruit. However, they observed a decrease in yield wh.en dose was increased lo 300 

kg/ha in kiwifruit. Monastra er al. ( 1995) also recorded highest yield with 1hc 

appiication of I SO kg N, 39 kg P?0 1 and 124 kg K10 /li<i in kiv•ffruil . th t::.~ funhd'. 

reported tha\ further increase in NPK fcniJ,i?.crs had ,110 bcqclkit11 effect on yield 

Increase in yield with cornblned application of NPK fc11 ili:1cr:) ha\ .: ulsu O\!r..'.ll 
# 

reponed by Smith and Miller ( 1991 ) in kiwi fruit and Terru er ul (20Ull) in gr.ipl.'.vm~. 

The minimum yield was recorded in the lowest Jc,·d of K PK 1 c N P K fb.: 
(4. I •\ • 

smaller f11.1it size and weight (Tables ·8, 9 & 10) in the vine~ rl'CCi\in1:1 !\:~)' I\., 

fertilizer treatment might have accoun~cd for iP\.YCr yield .in Lhc present SluJy. 

S.3 FRUlT QUALITY 

5.3.1 Physical character istics of fru it 

Fruit siz.e in lerms of length and breadth and fruit \\ Cigh\ were sib!nitkam!~ 

increased with the application of NPK fert ilizers at \'arious level!>. :\mong ~ kH:ls. 

N1~ resulted in maximum fruit leng1h and diamete r ac; well as fruit weight. HO\\e• i:r. 

the minimum fruit size and weigh! was obt<l incd at the lowest level or N i.t.' . :-- w. 
These findings are in agreement with th0s1: uf Bt1walda er a/_ ( 1090), who ob$~n ~J a 

significant increase in fruit size and weight in kiwifruic cv. Hayward with nitrng,eo 

application. Whereas, Vizzotto ef al. ( 1999) recorded larger and hcaYier lh1irs wilh 

increase in l\ doses upco 3 00 kg/ha, but fou nd reduction in frui t size and Wt"ight \\ tlh 

the increase in N application thereafter. The production of heavier b~rr~ wdght \\ llh 

optimum N dose has also been reported b) Dhillon el al. t'.:WO:!). rt1c i ncrc<1:-~ In the 

fruit size by nitrogenous fertilizer moy be attribuled to stimula tion ti f growth <md 

photosynthesis ancl subseque.n.t Lranslocation of a'ssi111il<ites to susluin gnm1th of 

developing fruits . This gains suppon from e;xperimental findings of Cnikk..-s l 1966), 

who reported that addition of N increased the rate! of photosynth~sis p~r unit orltaf 

area as well as the duration of phorosynthesis and may increase fruit size and weight. 

The fru it si?.e and v.eight showed incrl'asing trend with increase in 1he K kn~I .md th~ 

maximwn fruit size (length and breadth) ru1d weight was recorded in K
111

,. r hc rcsu hs 

are in conformity with those ofTestoni er al. ( 1990), who rcportccl i nc rcn~ccl fruit size 
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:md weight from 102 g to 11 ·I g \Mhc::n K ,,.,~~ <increased from 0 . lO· 2@0 kg(ha· i 1~ 
kiwifruit. Similarly, P applica1ion resulted in in.crease in fruit l!ize and weight. The 

mn.ximwn fruit siz< (length and breadth) and weight was record~d ·under P ·• 11·emmcnt. 

Taglia' ini I!( al. ( 1995) also ·Oblliincd i 11crease in frµil size \vith P fertilizer in 

kiw1fruiL 

rt1e interactions among N., .p and K fcr1ili7..CI'$ al'so exh.ibitcd significC111l ~ffec1 

on the frui t si2c and weigh1. The application ofN 100P70Kuo ~esulrecl in the produotion 

of fruit s of maximum size and weight, which was s1ntis1ically at par with N 1J \;K1!1" 

1hc s<'cond. h~sl treatme111 co11J1bi11:uion. How~vcr. the minimum fruit siie and weight 

\\'US obtained at. the kmesl kvcls or N. p and K i .. e. N!Of ;)KJU 1rea1mcnt. Thcst: 

<,1bsl.'rHdion:. <l l<-'. nt<irc or l.l!ss. in conformity with the findings .of Smt1.h and Mil ler 

t J 9') l ). restoni ll' I uf: { J 990) and A had :et aL ( 19.92). who recorded ~he maxi111u1111 frui t 

stzl.'.'. ;:ind \\~·ight \\ i1h 11omhint:d application of N, J> r:md K lertU1zt;:rS m optimum level. 

:-J11rogl!n und pho:;phorus applicatio11.s foil~d to produce any signilicant effect 

on tlesh timmess ~Table l l ). These results are in <:onfomi.ity witb lhe findjngs of 

Sc1uJl:!l:trt .:.r ,ti t 1996) and Costa e1 GL ( 1997), who reported tha1 N applicaJion had 

n~1 sigmfit:ant c:ffec·t en f1esh•Jirmness in k1wifruit. Sin'i il'ar resulls were a.lso o.bs.ervco 

b) Muster and llubner (1994) mid Khattari and Shat.a.I (·1996). in apple. llow.cvcr, K 

:1pp!1i.!lililm had si.g1iil1cat1t t: l'Tcc l ml ncs.h fil'l'l'lllCSS. The ·11'iaximum 'ilcsh,fi,n;11ncss was 

r~curJed in .K _ ni:.: ·Ol!sh t.innness showed im:rcn.srng trend with increase in the K 

k\cl These iindii1&s are in agreemen.1 with L11ost: 0f foston1 et et. (1990), who 

rccurclcd the incr~:ised fl esh firmness with the applicnlio1~ o( K,O in kiwifruit. 

The i1esh fi rmness was significandy inlluenccd by NxP., N:(K, PxK and 

:'\>.P\ 1-:. 111terac1ions. Tht: applicnilon of N 11ioP '11/Kj~ resulted in the max imwn Oesh 

il rrnn~. ·1 hes..: rc~ults an: in accotdancc wi th those o f Nosal ( 1995), Mass (!f ul 

1 llJl.)HJ and Wa1~g et al. (2002), who reported that NPK fertilizers sig11ilicantl)' 

111creaseid flesh lim1r1ess. 

Applic:a1ion of ni tTOgcnous :ind phosnhiuk rcr1ilizers dld nol shllW ::Ill}' 

signilican1 (;lt:fect on lhc TSS cortten1 in the· frui t juice. how~ver, TSS content 
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increased Jikgnifican1ly \•/i th the inereas.c:.in dc1se of K ferti li:li::r ttnd the muxiin\ltn I SS 

content was recorded in K1j 0• The present finding in respi..:ct of TSS c0mi::n : rue in 

conformity with tnose 0f Monastra ·et c1l. ( l 997) am:! Vizzotto 1u al. ( l 999). who 

recorded non-significant effect of N al 'different do.scs on TSS fo kiwirruiL. To.ta!. 

reducing and non-reducing sagars were oeserve.d t0 be maximum in N sa· ·p 1~ and K ~1, . 

re.specrively, ambr:ig the V<.ll'ious N. P and K fertilize.rs lt!veli;. Reduction in sug<tr 

conl'ents of fruits in present investigation with im:reasing N levels might be-due 10 Lh\:. 

'J)ref~eoti-al utilization of rnelabolites i'n the more l1,1xuriai1l vcge·tali'v.e gro,,qh. 

developing fruits· and uti lization of sugars in the synthesis of amino ai;: ids tmd. protc111s 

(Boyntpn ~f al. ( 1944) . 

A marl<ied i:hcrease in the TSS .and sugan with the appl icatiQn or K may 

probably be due.10 mor-e synthesis 0f cnr'bohydrntes and other tnelabolites fo llo;., •t:d b) 

their translocation to the storage organs. These resulLs. art: in agr\!ern~nt v .. ith ·lh~ 

findings o'f T cstoni et al. ( 1990). 

Tbe varfous lnteractiti>ns of N, P and K (ertiliz~rs exhibited s i,gnifica.nl cf!:.;;cl 

on the TSS and sugar come-ms. The maximum TSS ·~nd sugar conrems ·was rccortlL•J 

at higher poiassium .level in :combination with >J and P l.ev.els . These r.~su lts ore in 

conform.it)' with those of Nijjar l?t al: ( 1972) and Sharm.c1 ~' ~11 ( 1979)'. \\ ho .1ls1i· 

0bserved significant increase in 'fSS and sugar content With the appli.ctHi on ·of XPK 

fertil izers ih ~prieot imd peach. 

Different N , ·p :and K levels show.ed significant effect on fruit acid it·;. . / \11 

increase in ;i~idity with the incr.eased levels of N was reoorGled, v .. ·heret')s, lncreo!le<l 

levels of P and K..had inverse effect on the ti tratable acidity (Table 13). The increase 

in. 11ci.dity with ·K applic~tien might be du.e 10 tl1e increased syotli~'sls or amir)~l acid~. 

proteins and other mctabolitie~ and· their conseqL1ent translocation to the frui ts l Clark 

e( aL, l992). Th.esc results are in cpnfpni11\)· w.i\.h tho!>e 0 r Nijjar t' I ell. (197 2}. "h•i 

reeorded increase in acidity with N application in apricot tmd \,\: ith those or Sh~rm;i Cl 

al. (1979), who reported reduction in the adtl content or pea~ h fru it with P and K 

fertilizer.application in the soil 

The (1$cq{l:Hc acid content decreased wi·~h increasirig levols 0f N ar~d. P (Table 

17). The results are in accordance with those of Vizz0l!o el al. ( 1 99~ J. ~\ho al.s<'1 
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· · .. . · I 1 fN in kiwifruit. reportl!<l ihat uscl,rbk acid wntent di.'crei1sed wllh rnc1easmg eve ·S o. . 

However. ascorbic acid comc!nL1increased with increasing lcve,ls of K. Similar results 

ha,'e also b\!en recorded b;.· He ct al (2002) in !leach. 

SA LEAF NUTRI ENTS 

5.·U 1\ la1t.rn-nutricn1 contenl 

Soil applic:rui.1~1i,s of NPK t'crtili 7.~rs <ll various k vcls wi.:r.c obsc.rvcd W fo.1vt.! 

!iignitic::int influence on lctif nut.rittnt· \'.OnLcnt. ~caf N, Ca and Mg contents incnmsed 

\\hc.t:ens. leaf p and ~ i:omems uccreascd with the increase in the N doses. Nitrcgun 

hcing highly mobilt (Kir~:Ll). ( 970), its efiiciont trnnslocarion under higher lt.:\<ld 

coul'd hU\'e added ro its onhnnccd accumulation in th!! le.aves. Si~1Hh antj Milfor t IQ<) j ) 

(lh,(I rcpMt<.'d higJ1er N content in kiwifruit leaves wi!h the increU!>(~ in doses or N in 

the soil ~itr01l.cn status .of th~ lea.f has great .cf.foot in regulating the uptake or . -
Jis1drutk1n ot" pra·c1 ii;;oll~· ull t11her clements of which most striking reacti1ms urc 

.1111.1:;,•!lbli • .:tf::c1~ l.'W[\\ l'l' ll ~ .ind r \If "' lStWith. I 96J). ThC' n.iuucti~ll i11 the p :ind 

1" ~,>ntcnts a:. ;1 r~uh ~lr' higher J1.1s..: ~ or~ c:111 thus bi: h!lribull.:d to tbl.:' :int.1guni!ilk 

1:ffci::1:. ,\('\''"h f> :ind K. rl1l':W findings arc i11 con!Om1ity -.vi th thost: ofShikhainany 

d .. 1 1 lilSSl in g14p.:s anJ Rupp ano H11bncr ll 995) Jn. pc~tch. \Vho also obsurvud 

1cductio11 in leaf I' a11d ~ contents .wnb the application of N fertilizer in the soil. 

tncreas111~ levels o 1· applied N were associated wkh Inc teased conients of Ca a11d Mg. 

·Lhc h.igher C::a un~I 'l'v!g contents with incrcuscd lcvd ·of N appfa:ation suggest the 

~t runi; ~ym:: rg1sm bet.ween ~ a11d Ca or Mg. Such sy11ergjsm was also reported .by 

l .. 11n t lC/5:1 aml Shikham.any et al t 1988') in <lppk and grapes. respectively. l'ncrcased 

C.1 .: .. u1tcnt in the lcnf wJth increased rate nf 'l application couJd be d~1c to higher 

k\'cls of assocwwd Ca ioFIS with ni~rogen 1nutri tl~n . i:inc.e N wils upplied as Co:dcium 

:\mmomurn !'\itr&te in the p.r~t:>~nl investigation 

With reganJ t<!I phosphorus application1 the lc.:af P was si.gnificanLly increased 

\\ ith the mcrease iti doses of P appli~ation in the soiJ, whereas, leaf N, K and Mg 

l•,ntcnts decreased . However. leaf Ca was not affected with the application of P. 

These rnsults arc in accordance w~th those or Tagliav.ini er al. ( J 993 ), who was of the 

11p1111on thm addition of P 10 Lht! soil increased l!!af P con.tent bqt dcptcs·scd leaf N and 

K 1:•.>ntCntl!, :\ plausible explanation for lower N nnd K contt:nts in the leuf may hi.:. 

that high level of P might have cunailed the supply of N 10 the leaves as reported by 
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Kenworthy ·and Gilligan ( l 948). Lo(Jpassakl er ct!: (' 1997) also obSl.' I\ cu <lct:n;i1sC1: i.n 

the K cpntents in ki wifn:1it leaves with P 'fcr~il izor. 

Varying levels of potash irrespective of N and P )eve.ls 1 AJ1uc1~ccd signi ficantl > 

tl}e leaf .. niiacr.o-nutr.ient COf)lents. Tue inereasi=h~ lcvd s 1·)f K were a.sso~iaLr;:d with 

increased K content in Jea:ves as compared lo lo.wer level. Whereas, fcafN, ·p. Ca and 

Mg contents showed di.?creasing trend with inct·casing .levels. o f K application irl th'" 

soi.!. Similar results v.ier~ cibtai11etl by Shikl:iarnany er o/.; (1988) in Thompson Secdk~t. , 
grape~. Tbe decrease in N content with ~crease K l~vels rni,ghi be due lO the f!lCI that 

the.s.e tW.0 nutrients have tendency for p,re.fe r~ntial ac(.':umulati0n in the leaf (Cook und 

Kishaba, 1956):.and NO; ions are m:gilJively chargedi v;bil~. K· ions n.n:: po:;i ~hd} 

charged, lhey have affinity for 'each othc\ in neutralizing the ch!l.rgcs in th\! lissut . 

This could be lhe reasofl .for antag~n!sm b.etween N and K contents . Simi lnrl!y. 

inci:eased rate of K application were ·associated with increased K content in chc k nvcs. 

It tn.i.g.Qt be attributed to the liigher conG.entration of K· io.ns. r.e leased i.nto 1h~ s~j l 

·solution from lhe clay complex (Steward. 19_63): Loupassak.i cl al, (1997.). 11lsc1 

.observed itwreased leaf K con:tent with the 11i¥hest level of K in ni.ost or the c' .s, or 

kiwifruit 

Decrease in Mg and Ca content with increased applfoatiol'I of K i.n the p rescm 

investig~iOJ.lS are in line· w ith lhe findings of Cain t 1 953~. Shjk'.hnmstn} auu 

Sacy.anarayana ( 197.2) and Sbikhaman)h 1.tt o./. O 988). -who .ha.ye ri!pon ed :>i:mi.l ar 

antagonistic effeet ofK o n· Mg cantent ii'). grapes. 

-Interaction effects· of .varying le.vels· of~. P and K \\'ere fo und sig:nifo:nnt nn 

the leaf inac;ro-1li.1trienL elements. Though· the vai·ying levell:i or P on d1e h:a f Ca 

content was non-significant, but its· interaction wiLh N and. K levels W;)S found to be 

sig!liticant. 'In generai., higher N and Ca conlcnL-. t'lr the. ['c;1,<cs Wt·n: nssul· i ~1t~U. \\ it lt 

·nigher doses o f N ,_coupled with lower dn~c~ or P and K. ·n1e rrese.nt lindin_gs an .· in 

agreement wi'th those of Saioi and Singh ( 19"75 ), who nlso recorded higher tc:ir ;-J iu 

creat1t1ents haV.ing higher tjosc:s of N and !ewer doses o ( P an~l ,K. ·n1e P co1n~n 1 .1.i f 

leaves was.found· higher with h.ighcst kvel of P along with lowest !eve.ls <'f N anJ K. 

S\mLlarly, J~af K w.as reeorded rnoi:e \~~th m.edium leve ls of N and P eoup led with 

highest dose of Kand Mg conte111 0f the leaves· was hiehest wi th ~"~Pi}K 1w Thci::.: 
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I 
. "-omu·ty w"11h those of Smith and Miller (1991 ), who reported 

resu ts are m con11 • • 

. fti th N and K content in the leaves of kiwifruil vines supplied w1th 
s1gmlic.an1 c eel on e . · s· ·1 b rvauons were 'PK mixture ( 12: 1O:1 O), as compared to the control vines. 1n11 ar o sc 

also recorded by Monastra er al. ( 1995) in kiwifruit and Shikhamany et al. ( I 988) in 

gmp\! vinos. 

5A.2 Micro-nutrients 

Sl">il applu.:ation oi different levels ofNPK fertilize~ exerted a signi fi cal effect 

on leaf micro-nutrient conte.llls. In the present ~tudy, the leaf Zn, Fe, Cu and Mn 

contents increased sigi1ifican1ly .. vi th 1.hc increase in levels of nitrogen. These findings 

an~ in line with the observatiuns of Dhillon ct al. (2002), who obtained higher Zn, Fe 

alld Mn con'tcnts in nitrogen treated vines as compared to non-nitrogen fertilized 

grape vines. Similarly, Testorti cl al. ( 1990) .als0 observed thal increased levels of 

nitrogen upplication significantly increased the leaf micro-nutrient contents in 

kiwifruit. The synergistic effect of N on leaf Mn content was also observed by 

Shikharnany et al {1988) in grape vines. 

With respect 10 P application, it was observed that leaf Zn and Mn contents 

''ere significantly Increased with increased P levels; howevl!r, no consistent trend was 

obser.•ecl .on leaf Fe content. The leaf Cu content showed non-significant effect with 

the appl1cation of P fertilizer. Similarly, the appli"cation of K al var~ing levels resulted 

in increased Zn content but 1.he leaf Fe showed decreasing trend wilh increasing K 

lcvcls,"hich indicates that K had antagonistic effect on Fe content. The findings are 

in agreement \o\ith 1hosc of hik.hamany et al. ( I 988), who also observed antagonistic 

effect of K on Fe content in petioles of Thompson Seedless grapes. Similar 

obsi:r.•ations were also made by Shanna and Singh ( 1982), who observed increased 

Fe, Zn and Cu contents of leaves with K fonilizers in peach. There was no '.consistent 

cffecl on the Mn contents in the leaf with the differem l.evels of K. 

Interactions iunong the various levels of N, P and K were found to exert 

significant effect on the micro-nutrient concentrations in lhe leaves. Zinc contenl of 

the lea\•es was observed higher with N110P 101K1110 tre.atmcnt. The combination of lowest 

ltvcls of K and higher N, resulted in highest Fe content in the kaves. The Cu and Mn 

contents were recorded highest with N P K and N P K cor•1b"111a• ·ions 
ll-0 10 no l l tl IOI llU • \ ' 
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respectively. The increased levels of Fe, Zn, Cu and Mn conlcnts in leaves may b.: 

attributed to the acidifying effect of N re·ruJizer fM,engeJ and Kirkby. 1982). which 

might have lowered the soi l pH and increased the ahsorpt.inn or fo. Xn a nd Cu 

con I en ts. 

T)Je variati0n in the micro-1iu,trien1 elements al ·di lkrcnt levels o F r-;, J> uml K 

might be attributed to the cwnulative effect ofN in acidification of the soil sol ution in 

the medium root zone (MC}ngel and Kirkby, 1982) aod Ute syn1.1rgis1ic and anlagonis lic , 
effecti! of K on ·.Cu and F'e, respecLively, as reported by Shikhamany (1988). ·rhe 

increased Fe and Mn contents io the leaves in presen1 s1udy is in lin1: with Lhi.! fi nding~ 

ofTesfoni er al. ( 1990) in kiwifruit. Similarly. Kassc:'.JTI et al. (1994) atsu ri.:.c<.lrd.:J 

incr~sed leaf Fe and Mn coments with Lhe <ipplication of NPK fe rt ilizers in uppk 

5.6 A VAILABLE'NUTlUE.'fT CONTENrrs OF l'HE SOlL 

ln the present study available N in the soil increased with the increasin~ N: P 

and K fert.j.[i.zers. Increase i1j available N in the soil muy be attribulecl lO 1'narkcd 

increase in. the availability of NH
4 

• ion' to the soil bacteria for nitrifieution ·and to 

prod'uce N0
1

• ions, and thus increasing the availability of N in the soil. Tbcse results 

are in conformity with those of Rom and Arrington ( 1974) and Singh (l'l9~\. \\ho 

also observed an increase la the availabili1y of N in soil fq llo wlng N)'K fc rt tli·r...:r-. 

application. 

The a:vaitable P content of soil was increased over the initi ttl status ( r.ih l~ J~ l 

with the.application of P ferriJjzer. However. availablt: P content of the soi l <le~r~1sed 

\vlth increase in levels of. N, but increased \\lith incr~sing levels of P. \vhcr1..-as. m• 

definjte trend was observed with the applicatio.n of increased levels of K. rhe 

decrease in soil P with the iiictease in levels of N n1<l)' be ~llributud lowering oC "~itl 

pH due to higher N forlilizer. Fe arid Al. ox ides become nlllrl! c !Teet i' t: :u l1m pl I. 

tbereby increasing the phosphorus fixation in lhc soil. ·n1c present results arl! m 

conformity with those of Singh (1982) and Singh ( 1992). who observed dl'.'c t 1::1s1: i11 

available P «:ontent of soil with increasing: levels of N itt peach. l lowevcr. phosphw 11:> 

application increased the available phosphorus in soil. This·coulu bl! c-xp1.•cted h1.•caus1." 

of the addicion of phosphorus to the soi1. 
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Nitrogen as well as pota~s.ium appliC.a t·ion in tl\e soil rcsulced in a marked 

im:rease in a:vaitable potassium content of the soil (Tabk 29), This might be due to 

in<:rease in K- ion concentration in Lhe soil solution. The incre11se In acidity due lo N 

3J)plica1fon rnigll't have favQured sublimarion of K and other cations (Kanwar, 1979). 

Singh ( 19S2) reportec! that increased suppl:yofN and K fertili~rs increas12d the soil K 

a\:allabiliiy. Similar r~ult.S haye been reported by Stiarma (19$7) and Singh ( 1992}lh 

n~ao:h. How~ver. P applicatio11 el\hibited inc<:msistem effect on the K cont~nt ·in che 

soil 

Tlie combined application ofN, P and K and their intei:actions. were observed 

to hriw. ~' signi ficant effect on tht!' :1vailable N. P and K c.anrentS in the s0il. The 

m·adnble N. P nnd K comems. in the soil Increased with the combined appli~tion of 

\PK ii!rt!lizets. TI1ese results are in confor.nri{)' wi.tb those of Singh (1982). who 

olisened :.ignit'i.cant ihcrease in available N, P and K contents in the soil of penc~ 

orchard fo llowing the application of NPK fertili zers. 
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Chapter-6 

SUMMARY AND CONCLUSION 

The present investigations on the "Studies on the effect ofN, P and K ferti lizer 

levels on growth, yield and qualiLy of kiwifruit cv .. Allison" were conducted during 

2002-2003. TI1e salient findings ·of the studies are summarized as under: 

, 

1. The maximum vine girth and aMual shoot growth was recorded 'in N isl tosK,00, 

while, the minimuq) vine girth was obserV~d in NSbP1sKso and annual shoot 

growth in N50P7J<.100• 

2. The maximum yield was recorded in N r00P10K150, while, the minimum yield 

was foµnd in N50PJSKs~· 

3. The maximum yield of A grade fruits was observed in· N ~P ~K1soand 

minimum in N5l 70K50• 

4. The max:inrnm yield of 13 grade fruits· was recorded ri:i N
1
i 11P10

J<w The 

minimum yield of B grade fruits "·vas found in N.!l)5K1w 

5. TI1e maximum yield of C &,rrade fruits was recorded ifl ·i\., fl,J~ 1 ,,1 r111d th~ 

minimum i.n N 
1
()(,P,;sK,,.,. 

6. The maximmn fruit si7'c- o.nJ wt'ight was obtained in N 1<~,P .. ,h. • a11t:l i~1inlm ui 11 

Fruit length was recorded in N.nP;)Kw fn'lit breadth in N
1 

P_ K ..• mll fruii 

weight. in N . .1"
70

K, . 
.xi . '~ 

7. l he max~mum flesh firmness was recorded in N P K and 1t 1 1' n i 111u1~1 i11 
IDO 10 ' O 



8. 

9. 
• · • • ..;1_ ..1 • N P K and minimum in The maximupl t1tratable ac1d1ty v.ias recorui;u Ul 50 H ~o 

N,,lliP1oiKw N,ol1J1J1l and Njl19iK1w 

Io. J,he n1aximum 1oial and non-reducing sugars were Qbservcd in N50F\sKrso· 

While', the minimum total sugars we.re observt!d in· N10,,P10)<51r and non-

I I. The maximum reducing sugars was recorded in N,J.10K100 and minimum in 

N,1l"K~~· 

I:! The mao,; i1mlm a..<morbic acid contenl was found in N56P 10K1io and rninin1Urn in · 

13. The ma:ximu1i1 leaf N content was recorded in N,oJ'uKJO, ·While. the minimum 

lcafN conib1t was r~i.:or<led rn Ns0P 10-~K,"'. 

H. The maximum lea!' .P content was observed in N5aP
1
11$K,0, and minimum in 

\! r K . t~' ';$.- ,, •• 

17 

·1hc 1t1.ix1mu111 lc:1f !\ cc)111-e111 was recorded i11 N,l)(,PJlK, £,. \\"hi le.th~ m.inimwn 

!e;if K Lo111..:nt \\ii'. .,f-~r-.d in N P K 
,,. l<li J4" 

Thc h-i !!,IWSI k;1I l,1 w ntcm \Villi recordl;!d in N,iol\ ,K'1.· Whd1:.1hc lowest leaf 

C 1 COlll l ' lll \~:1-. found i11 .~ 1i K 
'I 'S WU" 

l'hc 111ux1111u111 le:.i t Mg contcm was recorded in N > K 
· ·1,.l "~ tvl' While, lhe 

mi1111m1111 li:ar Mg c1,1ntcin was observed in N p K 
id Jl» ~· 
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18. The maximum leaf Zn <::0nlcnt was found in Nu0P10~11,11,1 and minjmum in 

J 9. The maximum leaf Fe c0rltent was observ.~c;I in N 100P 10K:"°' While, the 

minimum lea~.F~ content was found in N100P3)<.11)(1• 

20. The maxim·um le3f Cu content was recorded_ in N'150P 70K150 and minimum in 

21. The maximum leaf Mn content .was recorded in N 1:s,oP10sK150. While,the 

minimum leaf Mn content was observe-cl in N 1, 0P3,Kso and N,aP10K,1r 

22. The maximum available soil N was recorded in N15aP 10~K 1 scr While, the 

minimum.available N was observed in N51]1>10~0• 

23. The maximum available soi.I P was observed in NsoP1u5.K.11"r While, the 

minimumavailable P was recorded inN5aP1,K,0• 

24. The max.im.Ulll available soil K was recorded in N 1~P15KL<0 and minimum in 

NsoP10,Kso-

On the basis of restilts ·obtained in the present investigatiNlS. ii may be 

concluded Jhat soil appl.icat i 1~n or I 00 g N. 70 g P 205 and 150 g K,0 . : cnr age of vi1w 

0f c.v. Allison resulted in the production of higher yield oi bettt'r :'11e :rnd q1mli1~ 

fru its. 
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