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Chapter-1

INTRODUCTION

The kiwifruit (Actinidia deliciosa Chey.) a member ol family Actimdiaeead is
the most recent fruit crop grown and marketed suceessiully in the world. Presently, 1
pocupies an area of 60,098 ha with the wtal production of 1,001,121 MT (FAQ, 2002)
in the world. Although, this fruit originated in China, yct its full econamic potential
was exploited by the New Zealanders. New Zealand accounts for over 70 per cent of
world trade and exports its produce to more than thirty countries (Franco, 1990). In
other countries of the world, its cultivation gained momentum alter 1960, Now the
fruit is being cultivated on large scale in laly, China. USA, Japan, France, Belowm,

Germany. South Africa and Australia.

In India, kiwifruit was first introduced in 1960°s at Bangalore, however, o
could not be grown successfully for the lack of chilling requirement to overcome
dormancy. Later on, in 1963 it was introduced in Shimla Hills ol Himachal Pradesh
(Dadlani er al.. 1971). After evaluation in different agroclimatic conditions. this fruit
was recommendead for commercial cultivation in the mid hills (900-1800 m amsl) of
the state. It can also be grown in mid hills of Jammu and Kashmir. Utturanchal.

Arunachal Pradesh, Sikkim, Meghalaya and Nagaland.

The fruit has a refreshing delicate flavour. pleasing aroma and high nutritive
value. [t is rich in vitamin C, carbohydrates and posseses sullicient quantity of

vitamin A, B and niacin (Ben-Arie ef af , 1982).

Mineral nutrition plays an important role in growth, development and yicld of
kiwifruit vines (Ferguson and Eiseman, 1983). In order to ensure a good fruit
production, application of manures and fertilizers is a common orcharding practice,
The heavy production of fruits vear after vear depletes the soil nutnent element
reserves, thus necessitates nutrient elements application every vear in order to have an
economic fruit production and also to maintain soil fertility at a desirable level,
Nitrogen, phosphorus and polassium are the most important elements for mineral
nutrition in kiwifruit. Lalatta e al. (1990) recommended the application of 600 kg'ha
N, 250 kg/ha P,O, and 300 kg/ha K,O for productive vines of kiwifruit.
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Chapter-2

REVIEW OF LITERATURE

Fertilizer application is one of the most important cullural practice. which
affects vine growth, yield and fruit quality of kiwifruit. The literature vn the effect of
fortilizer applications in kiwifruit is seanty and inconclusive. Therefore, an attempt
has been made in this chapter to review the relevant literature on N, P and K nutrition
on growth, yield, fruit quality and leaf nutrient contents of [ruit crops in general and

in kiwifruit in particular under different heads.

2.1 EFFECT OF N, P AND K FERTILIZERS ON TREE GROWTH AND

VIGOUR

N, P and K fertilizers greatly influence the growth and vigour of fruit plants
(Smith and Miller, 1991; Sharma, 1995 and He ¢t a/., 2002). Smith and Miller (1991)
reported that the application of NPK fertilizer @ 700 or 1420 kg N, 490 or 1090 kg P
and 600 or 1200 kg K’/ha stimulated the vegetative growth. [lower number and root
growth in seven-years-old kiwifruit vines. Costa er al (1997) also observed
significant increase in shoot length, number of leaves per shoot, leat area and leal
area index with the application of N fertilizer as compared 1o the control in kiwitruit,
However, Buwalda and Meekings (1993) could not find any significant effeet af N
application on canopy leaf area in Kiwifruit ¢v, Havward. Similarly. Tagliavini et ol
(1995) also reported non-significant effect on stem diameter and pruning woosd weiht

of kiwifruit vines with the combined application of N and P fertilizers.

The application of N @ 150 and 225 kg/ha gave highest shoot growth and
dense foliage in grapes (Orphanos, 1992). Crespan ef al. (1999) reported that
application of NPK in the ratio of 12:12:17 (i.e. 1500 Kg/ha) produced lighest weight

of pruning wood in sixteen-year-old grape cv. Cabernet Sauvignon.

Bussi and Defrance (1986) conducted a fertilizer trial on Suncrest cv. of peach
with the application of N and K each at 60, 100 and 135 g/tree. They observed that N
and K fertilizers exerted significant effects on growth and vigour of tree. Sharma and

Singh (1982) reported that application of N @ 120 g/year age of plant produced the

3



and N, wyear of age in Sharbati peach. Similarly,
i o neach v, July Elberta with N

Sharma (1993) obtained increased vegetative grawth in peach cv. July

plication of 700 ¢ N/tree resulted

better growth as compared 10 N,

and K fertilizers. when applied @ 750:900 g/tree. Ap

ol e oo d
shoot growth and tree volume of peach as compare

in the highest trunk girth, annual N P
Y 7 3 3 * best growlil in
10 other doses of nitrogen (Singh, 1992), Zegbe (1993) also found the best gr

peach with the application of 25 kg/ha cach of N, P and K.

: : ; : vigour
Applicition of nitrogen to soil has been reported 1o increase growth and vig

of peach tree (Soing e al., 1998, Arora et al.. 1999 and Jia ez al, 1999). In a fertilizer
trial, Singh and Singh (2002) found that 500 g Niree was the best and most
cconomical treatment for improving the growth and vigour af peach along with 200 g
PO, and 480 ¢ KO/ tree. However, Kanwar and Nijjar (1983) could not observe any
marked differences on the vigour of Flordasun peach with soil application of N, P and

K fertilizers in the ratio of 1500:1000:1000 g/ree.

Swati ef al (1990) recorded more tree girth and annual shoot growth with 6
and 3 kg NPK 110;20:20) tree in seven=year-old apricot ev. Trevau, However, Bussi
and Amiot (1998) observed that K fertilizers did not affect vegetative growth in
apnicot cv. Bergaron. In sweet cherry, the increased leaf area and trunk circumference
with 90 kgha each of N, P.O, and K,O were observed by Dzhalilova (1991).
Similarly, Vitanova (2000) also recorded the maximum annual growth and increment
ol the tree trunk of plum ¢v. Stanley with the combined application of 400 kg N, 240
Ae Pand 300 kg K'ha.

Application of N, P and K fertilizers each @ 60 kg/ha in apple cv. Golden
Spur hive heen reported 1o increase shoot growth (Treglazova and Fataliev, 1994).
Stimuluted vegetative growth in apple with N fertilizers was recorded by various
workers (Rupp and Hubner, 1995, Hipps et al.. 1997 and Tartachinik, 1997). Trunov
and Shishkarev (1998) fertilized the apple ree with 130-150 kg N, 30-60 kg P and
120140 kg K/ha and found that N,PK fertilizers enhanced the tree growth,

However, Hipps ef el (1990) were of the opinion that increasing fertilizer

rates from 63 1o 189 kg Niha had either negligible or inconsistent effects on tree

growth in apple ¢v. Cox’s Orange Pippin. Similarly, Pacholak (1990) also recorded no



increase in tree growth in apple cv. James Grieve with 195 kg N/ha and 120 kg PO,

/ha and 285 kg K, O/ha,

2.2 EFFECT OF N, P AND K FERTILIZERS ON YIELD

Total yield of guality fruit is an important factor in commercial fruit growing.

N and K fertilizers, when applied @ 200 kg N/ha alone and in combination with 200
“kg K,O/ha have been reported to increase fruit yield in kiwifruit ev. Hayward (Testoni
et al., 1990). However, they observed a decrease in vield when dose was increased 1o
300 kg/ha. Clark e @ (1992) obtained the doubled yield in kiwilruit cv. Hayward,
when vines were fertilized with 1420 kg N/ha, Smilarly. Smith and Miller (1991,
recorded the higher vield with the application of 1420 kg Niha, 1090 ke P ha and
1200 kg K/ha in kiwifruit. Monastra ¢f ol (1995) studied the effect of different Jduses
of N, P and K fertilizers and recorded the highest cumulative vield with the
application of 150 kg N/ha, 39 kg P,O/ha and 124 kg K ,O/ha in kiwifruit. Similas
increase in cumulative yield of kiwifruit with the applicaton of 200 kg N/ha alone
and in combination with 50 kg P/ha was observed by Tagliavini er al (1995)
Scudellari er @l (1996) reported that cumulative yield of kiwifruit increased with
increasing N application from 350 to 150 kg/ha. whereas, further increase upto 250 ke

N/ha had no beneficial effect on yield.

Increased yield per vine with the application of N fertilization was recorded by
Costa er al., (1997) in kiwifruit. In another study, Monastra et al. (1997) obscrved the
positive influence on cumulative yield with the application of nitrophioska gold
fertilizer as compared to the traditional split application of N, P and K fertilizers
Vizzotto et al. (1999) studied the effect of different N levels (0, 150, 300 and 450 ky
N/ha) on kiwifruit yield. They found a positive correlation of yield to rate of N
fertilization in first year, whereas, opposite trend was observed thereafter. However.
Buwalda er al. (1990) could not find any significant effect of N application on the
vield of kiwitruit.

In kiwifruit, different levels of K had no significant effect on vield (Buwaldu
and Smith, 1991), however, 200 kg N/ha exhibited significant affect on vield. It has
been found that yield in kiwifruit reduced signiticantly when N supply was limited 1o

250 or 750 kg N/ha annually (Buwalda and Meekings, 1993). Johnson er al. (1997)

o
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increasing N rates in grape vine ov. Sultanina. However, Males (1998) found littl
effect on vield in prapes cvs. Fmerald Riesling and [Rkaciteli with the application of

230 ke N ha, 200 kg PO, ha and 400 kg KO ha.

Annual apphication of N. PO, and K.O at 180, 90, 120 k'ha, respectively
were found to be most eftective in yield enhancing in “Jonathan™ apple (Chekan,
10881, Lipecki (19901 recorded the highest vield of 28.8 t'ha as compared o control,
Le. 230 Uha, with the application of 150 kg N + 75 kg P.O, and 300 kg KO in apple
v Jonuthan. Increased vield in apple with N fertilization was recorded by various

workers (Noe er al., 1995, Rupp and Hubner, 1995 and Nosal, 1995).

Piatkowski ¢f af (19905 obtained highest yield in apple with the application of
100 kg N = 30 kg P.O, and 100 kg K,O/ha. Similarly, Svagzdys (1990) recorded the
increased vield by 49.7 per cent with the application of 120 kg N and 180 kg K,O/ha
i addition to phosphogypsum in apple. The application of 90 kg N/ha resulted in the
production of highest vield i.e. 102 kg/tree in apple (Velasco et al., 1992). Treglazova
and Fataliev (1994) recorded the best result in terms of yield in apple cv. Goldspur
with the application of 60 kg'ha each of N, P and K. Highest vield in Antonovka
Obyknovennays' apple was recorded by Vorob (1996) with the application of N. P
and K @ 180 kg/ha each. However, Hipps er o/ (1990) observed that increasing N
tertihizer rute from 63 w 189 kg Niha had vither negligible or inconsistent effect on
fruit yield in Cox’s Orange Pippin apple. Similarly, Pacholak (1990) found reduction
i yield with higher NPK rates ie. 195 kg N, 120 kg PO, and 285 kg K Ofha in apple

v James Grieve.

Tewari et al {1992) obtained the highest yield in peach with the application of
30 2 N and 30 ¢ K/ree. Borghi er al. (1995) also recorded the increased fruit yield



from 55.9 to 64.6 kgftree in peaches with the application of 200 kg K_O/ha. Increased
vield in peach ev. Ifair haven with 300 kg N/ ha was found by Mcheriuk ef al (1995).
Qaenz ¢ al (1997) recorded increused total yield in peach with N applications,
Gimilarly, Arora ef al. (1999) reported that fruit yield was direcly related o ™
applications in peach trees.  However, Marangoni ef al (1995) could not find any
significant effect on fruit yield in nectarine cv. Stark Redgold with N and K fertilizers
‘2_3 EFFECT OF N, P AND K FERTILIZERS ON FRUI'T QUALITY

Fruit quality not only includes the organic constituents. but also includes 1o a
great extent, size, shape, flavour, firmness and colour of the fruit. These parameters

are significantly affected by fertilizer application to trees.

Application of N, P and K fertilizers have been found to exhibit a considerahle
influence on fruit size. weight and firmness (Nosal, 1995, Mass el . 1998 and Wang
et al , 2002). Testoni ¢4 al (1990} found that K, 0 application increased fruit quality,
particularly, size, firmness and soluble solid contents, whercas, N application had
negative effect on fruit size in kiwilruit cv. [ayward. However. Buwalda er al (1990,
found that N application increased fruit size and quality of kiwifruit cv. [Tayward
Smith and Miller (1991) reported that NPK (12:10:10) mixture had no adverse effect
on changes in softness or soluble solids concentrations of stored fruits. Taglavini
al. (1995) obtained the increased percentage of acceptable size fruits of kiwifruil.
when they applied N and P fertilizers in the combination of 100-30 kg/ha respectively
However, Scudellari ¢r al. (1996) did not notice any éffect on average lruit weivhe
firmness and TSS at harvest or after cold storage in Kiwifruit with the application of
150 kg N/ha.

Fruit quality in terms of flesh firmness and total soluble solids was no
significantly affected by increasing N application, but the percentage of marketable
fruits was slightly greater with 150 kg N/ha in kiwifruit (Costa ef al . 1997). However.
lohnson er al. (1997) did not observe any significant effect on fruit size with
increasing N levels in kiwifruit. Monastra ef af (1997) applied 130 kg N/ha. 90 ke
P.0,/ha and 150 kg K O/ha to kiwilruit vines ov. Hayward. They did nat observe an
significant effect on fruit quality especially on phosphorus. tiber and vitapmin C

Vizzotto er ol (1999) found that N fertilizers when increased from 0-4301 ke ha
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resulted in increased total saluble solids contents and decreased ascorbic acid conten

and early softening of kiwifruit in storage.

Khyat and Dujaili (2001) obtaned the increased bunch and berry weight as
well 2s bunch length and diameter in the 1wo grow ing season in grapes cvs. Kamoli
and Halwani with the application of 1688 kg N/ivine. However, Males (1998) found
that NPK fertilizers when applied @ 250 kg N'ha, 200 kg P.O/ha and 400 kg K, O/ha
had little effect on average berry weight and total soluble solids content of grapes cvs.

Fmerald Riesling and Rkaciteli.

Ahad ef af. (1992) obained the increased total fruit weight/tree in apple with 2
ke tree cach of N, P and K. Noe ¢ alt (1995) ulso observed that TSS contents and
fruit firmness were highest in apple ev. Golden Delicious with the application of 50
ke N'ha. Similarly, Lysiak er af (1994) obtained the firmest fruits of apple cv.
Cortland, when they applied 80 kg P.O/ha. Vorob (1996) recorded that application of
[80 ke ha cach of N, P and K fertilizer significantly improved the fruit size and
weight in Antonovka Obyknovennaya apples. However, Pacholak (1990) noticed no
marked effect on average fruit weight, TSS and fruit firmness in apple cv. James
Grieve with different rates of NPK ie. 195 kg N/ha, 120 kg PO, kg/ha and 285 kg
K.O/ma. Nitrogen application had no significant effect on average [ruit weight,
firmness. total soluble solids and acidity in apple (Muster and Hubner, 1994 and
Khauari and Shatat, 1996). Papp er al. (1998) ubscrved that 50 kg N/ha had only a
shight eftect on fruit firmness in apples. However, Komamura et al. (2000) recorded
the negative effect of excessive N application on fruit firmness, acidity and total

soluble solids content and colouring of apple ¢v. Jonathan.

Singh (1992) reported that application of 500 g Nfree significantly improved
fruit size and weight in July Elberta peach. Similarly, Soing et al. (1998) obtained the

increased fruit size and weight in peach with the increased application of N fertilizers.

Nijjar et al. (1972) reported that combined effect of NPK application produced
the lowest acidity in comparison o individual application of N, P and K in apricol.
Similarly, Sharma er al (1979) reported reduction in titratable acidity with increased

application of fertilizers to peach. Choureitah and Lenz. (1974) reported that glucose



and fructose contents of sour cherry decreased with mcresing N levels, whereas.
amino acids increased. Verma and Bhandari (1996) reported the highest reducing,
non-reducing and total sugar with NPK application. They also observed that titratable

acidity increased with increasing level of N.

Tewari ¢/ al. (1992) also recorded the highest total sugar and ascorbic acid
contents with the application of 30 g N + 30 g K/uree in peach: However. Marangoni
e: al (1995) did not observe any eclfect on average fruit weight. TSS. acidity and
firmness in peach with 100 or 200 kg N/ha and 125 kg K/ha Stmuilarly, Berghi er of
(1995) failed to record any significant effect on average fruit weight in peach with
200 kg K,0 /ha. However, increased pereentape ol first class fruits, soluble solids
contents, ascorbie acids. sugar-acid ratio and flesh firmness in peach cv. Dangshun

Suli with the application of potash were recorded by He ¢7 af (2002).

24 EFFECT OF N, P AND K FERTILIZERS ON LEAF NUTRIENT
STATUS
Leaf analysis is a powerful 1ol to monitor nutrient status of planis. However.
the mineral composition of leaves in fruit plants have shown seasonal changes. which
may have important consequences in respecl to the diagnosis of nutrient disorders and

the appropriate time of application.

Testoni et af, (1990) observed that in kiwifruit. N and K fertilization had no
positive effect on N concentration in the leaves. whereas K content in the leaves
decreased with the increase in both N and K fertilization and Fe content increased
with N fertilization. Similarly, Lalatta ef al. (1990) found that leal’ K content increased
with the decrease of Mg and positive relation was found between P and N Jcaf
contents in kiwifrait with the combined application of 130-300 kg N/ha, 150 PO,
Ke/ha and 150-300 kg K,O/ha. Buwalda er @/ (1990) noticed the decline in leal ™
cancentration in kiwifruit ev, Hayward with the increased application of N rates [vom
0 to 200 kg/Ma. On the other hand, Smith and Miller (1991) indicated that N and K
concentrations in the leaves of treated vines (4 t and 10 vha of NPK misture 1.¢

o S . ' i
12:10:10) remained at higher level throughout the growing season compared o those
in the control vines of kiwifruit.

]



Marsh er al (1992) noticed the higher leaf K concentration in Kiwifruit with
the application of 250 kg KCl/ha, Taghavini et @l (1993) also observed increased N
concentration in leaves and petioles of kiwifruit with increased supply of N and
higher leal’ P concentration with P fertilization as compared to those receiving only N
:'c:mizcr. Similarly, Monastea ¢r al (1995) found the higher concentration of N and K
in the leaves of Kiwifruit ev. Hayward with the application of 150 kg N/ha, 39 kg PO,
haand 124 kg K.O/ha as slow release fertilizer. N application at 0, 150. 300 and 450
ke ha increased the leal’ N contents in kiwilruit (Costa cf af., 1997). Loupassaki ef al.
(1997 found that K fertilizer application increased leal K content but depressed P and
B in the leaves. while, P fertilizer did not increase the P content in the leaves of

Kiwifruit cvs. Monty, Bruno, Abbot and Hayward.

Shikhanany of @l (1988) applied N @ 300, 600, 900 and 1200 kg/ha and K.O
@ 0. 300. 1000 and 1300 kg'ha annually in grape vine ¢v. Thompson Seedless and
observed that the N application enhanced the Ca, Mg and Mn contents but reduced the
concentrations of NO-N, total N, P and K in leaf petioles, whereas high K levels

increased NO,-N, K and Cu contents. but reduced Mg and Fe contents,

Kassem ef @l (1994) recorded the increased leaf N, K and Cu concentrations,
but reduced leal Zn and Mn concentrations in apple cv. Anna with NPK fertilizers.
Similarly, Rupp and Hubner (1995) noticed that N fertilizers increased leaf N but
decreased leal " and K concentrations, while leal Ca and Mg were not aftected in
spple cv. Golden Delicious. Wrona er al (1995) obtained the higher leaf K
concentrations with increasing rate of K fertilizer in apple. Sadowski er al (1995a)
also observed increased N contents in the leaves of apple with the application of 120
ke Nhu as compared to control. Jadezuk et al (1998) found the increase in K content
and decrease in Mg content in the leaves of apple with the increase in K fertilizers.
Sumtlarly. Papp ef al. (1998) found that increased N application to apple ¢v. Jonathan,
increased leal N and Mg, but depressed the leaf P and K contents.

In cherry, Georgiey (1988) observed that increasing N rates, increased leaf N
and Mn. and reduced P and K contents, but Ca, Mg, Fe, Zn and Cu were not affected
markedly. Sadowski er al (1995h) found that application of P fertilizers did not

increase leal P in sour cherry. Highest leal N content and the lowest leaf P and K

]



contents were recorded in 300 g Nitree whereas, leal I and K contems were higher
with 100 g PO, /tree and 300 g K, (O/tree in cherry (Ganai et al , 1995), Szucs ¢ af
(1996) observed that N and P fertilizers had only small effect on leal nuirient
contents, while, K fertilizer was positively correlated 1o leaf K and negatively to leat
Mg and N in sour cherry. Increase in leal N concentrations in clierry with the

application of 60 kg N/ha was recorded by Sudowski erall (2007 ).

-

Sharma and Singh (1982) reported that application o N and K tertilizers to the
peach tree resulted in increased concentration of leal N, Fe, Cu. Mn and Zn contents
and decreased concentration of K, Ca, Mg and B. Walsh er al. (1989) observed that
increasing N lertilization decreased leal Ca in peaches. Tagliavint ¢ af. (1993 was of
the opinion that addition of P to the soil increased shoot P concentration and P uptuke.
but depressed the shoot and leaves N concentrations in peach. Similarly, Meheriuk ¢f
al. (1993) also observed that with the increase in N levels, there was increase in M
content of leaves but P content decreased in peach. Arora er all (1999 reported an
increase in leal N and deercase in leal P and K contents with increasing XN jevels
peach. Similarly, Singh and Singh (2002) noticed the positive relationship botwecs
the rate of N fertilizer and leaf N, Fe, Mn. Zn and a negative relationship betseen

rates and leafl P, K and Ca in peach.

2.5 EFFECT OF N, P AND K FERTILIZERS ON NUTRIENT STATLUS OF

SOIL

There are different views of various workers regarding the effect or soil
application of N, P and K fertilizers on soil nutrient status. Further. the information on
the effect of these femilicers on nutrignt availability particularly in soil is scantt. An
increase in available and total N has been reported by Vitanova (1973) and Kumu
(1984) in plum orchards with the application of N fertilizers, Sharma (1993) also
reported an increase in available N and K and decrease in availuble P eoments of July
Elberta peach orchard with increasing N and K applicarion to the soil. Accarding 1o
Badyal (1980), the increasing level of N application to plum trees increased the
available N, P, K, Fe, Mn, Zn, Cu and exchangable Mg and Ca contents of Santa Rosa
plum orchards. Sharma (1987) reported an increase in available N, exchangable K. Ca
and Mg with increasing levels of N in peach orchurd. Whereas., nitrogen tertilizo

caused a decrease in K content of the seil (Cummings, 1978 and Kepka ol . 1982).

- 11



Singh (1982) reporied an increase in available N, P and K in the soil of peach
orchard following the application of NPK fertilizers. Similar type of relationship
between fertilizer application and available N, P and K contents in soil was reported
by Rogers (1969), Havelka (1970), Rom and Arrington (1974) and Stoilov and

Varmoy (1979) in different fruit trees.

An increase in the concentration of soil N, P, Mg, Fe, Zn and decrease in K,
Ca and Cu contents with increasing dose of N to plum orchard have been reported by
Khokhar (1984). Bhan (1986) demonstrated that the increase in dose of N increase the
avatlable N and Mg and decreased the contents of K and Ca in plum orchard. Sud
(1987) reported that increase in N application also increased the available N, K, Mg
and Zn contents. while, P, Cu and Mn were better at medium level of N. Singh (1992)
revedled that with the increase in level of N, the available N and K contents of the soil

mnereased and P content decreased.
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Singh (1982) reported an increase in available N, P and K in the soil of peach
crchard following the application of NPK fertilizers. Similar type of relationship
between fertilizer application amd available N, P and K contents in soil was reported
by Rogers (1969) Havelka (197)) Rom and Asrington (1974) and Stoilov and

Marines ( 1979) in differcn frot mees

An crese i the concenirstion of soil N, P, Mg, Fe, Zn and decrease in K,

ontents with increasing dose of N o plum orchard have been reported by

chs 9RA Hhan o 1986) demonstrated that the increase in dose of N increase the

wrul Mg and deereased the contents of K and Ca in plum orchard. Sud

‘ted (hat increase in N application also increased the available N, K, Mg

niens, while, B Cuand Mn were better at medium level of N. Singh (1992)

ved that wish ol i rease i level of N, the available N and K coments of the soil
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Chapter-3

MATERIALS AND METHODS

Ihe present imvestigations on “Studics on the effect ol N, P and K fertilizer
levels on growth, yield and quality of kiwifruit ev. Allison™ were carried oul during

2002-2003.

3.1 EXPERIMENTAL DETAILS

The investigations were conducted oi seven-year-old vines of kiwifruit oy,
Allison having uniform growth, vigour and size. planted at a spacing ol 4 m x 6m and
trained on T-bar system. The vines were given uniform cultural practices during the

course of investigations.

The experiment was laid out in randomized block design with three levels of
each N (50, 100 and 130 g/vear age of vine), P (33, 70 and 1035 g/ vear age of Vine)
and K (30, 100 and 150 g/ year age of vine) in twenty seven fuctorial combinations

Each treatment was replicated three times with one vine under each replication.

Nitrogen was supplied in the form of CAN (23% NJ. phosphorus through SSP
(16% P>05) and potassium through MOP (60% K:0). Full dose of P and K festilizers
along with FYM (50 kg/vine) was applied in the last week of December. wherens. N
was applied in two  split doses ie. half dose of N in first week of NMarch and

remaining half dose in the second week ol May

3.2  OBSERVATION RECORDED
3.2.1  Vine growth and vigour

3.2.1.1 Trunk girth

Before the commencement of the experiment. the trunk of each vine under
cach treatment was marked with red paint at 30 cm above the soil surtace. The
circumference was measured with the help of measuring tape, before the sturt of the
¢xperiment and afier the completion of the experiment and the results were expressed

as increase in trunk girth in centimeter (em).



3.2.1.2 Annual shoot growth

I wenty shoots from the current season's growth were randomly selected from
the periphery of each vine. The length of these shoots was measured with a measuring

rape at the end of growing period and expressed in centimeter (cm).

322 Yield

The vield of fruits under diflerent treatments were determined on the basis of
total weight of fruits harvested from the vine under each treatment and average yield

per vine was calculated. The vield was expressed in kilograms per vine (kg/vine).
3123 Yicld of different marketable grades

n the hasis ol weight, the harvested fruits were classified into three different
crades viz. A grade (>70 ). B grade (50-70 g) and C grade (<30 g). The yield of
ditferent grades was expressed in Kilograms per vine (kg/vine).

324  Fruit quality
3.2.4.1 Physical characteristics

1.2.4.1.1 Fruit size

The size of Truits was measured in terms of length and diameter. The length
and diameter of twenty randomly sclected fruits per vine were measured at the time of
harvest with the belp of a Digimatic vernier calliper (Mitutoyo, Japan). The average

fruit fength and duameter were caleulated and expressed in milimeter (mm)
32412 Frwit weight

Pweniy fnats suken for measuring the fruit size were weighed on a top pan
bulnce. The average weigln per fruit under different trestiments was calculated and

expressed i grams per frut (/).
324L3 Flesh firmness

Ihe Tirmness of fruit at the tme of harvest was taken with the help of

penctcometer madel I+ 327 (3-27 Ibs). Thin layer of fruit skin was peeled off with

14



stainless steel knife at three places on the single fruit and the penetrometer was
inserted inside the [ruit. The pressure was recorded and expressed in kilogram per

- 2
square centimeter (kg/cm?).

3.2.4.2 Chemical characteristics
3.2.4.2.1 Total soluble solids

The total soluble solids of the fruit juice was determined with Erma - hand
;eﬁ'actmmetcr (0-32°B) by putting a few drops of juice on the prism. The
refractrometer was calibrated with distilled water before use. A temperiture
correction was applied when it was above or below 20°C (AOAC, 1980). The 1ol

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

Twenty five grams of fruit pulp was thoroughly mixed with distilled water in o
warring blender and the volume was made 230 ml. The contents were filtered through
Whatman No-1 [ilter paper. 10 ml of extract was titrated against 0.1 N NaOH solution
using phenolphthalein as an indicator. The appearance of pink colour indicated the
end point. The total titratable acidity was calculated on the basis of one ml 0.1 N
NaOH equivalent to 0.067 g as anhvdrous citric acid or per cent citric acid in juice

(AODAC. 1980). The remaining filtered solution was used for sugar estimation

3.2.4.2.3 Total sugars

To the remaining filtrate, 10 ml of saturated lead acetate was added and
contents of tlask were shaken and filered 10 ml of potassium oxalite was later adde
o precipitate, the excess of lead and the contents were again filered. 100 1) o
filieate was faken in 250 ml volumetric flask and w this few drops of concentianed
HCl was added and the hydrolysis was carvied out by leaving it overnight The cuoes
ot acid was then neutralized by adding saturated solution of NaOF], The hadnils oo
solution was taken in a burette and titrated azdins the bailing mixture of 3 nd cach o
lehling A and fehling B solutions, using methylene blue as an indicator | A1
1980). The end point was indicated by the appearance of brick red colour md wil

SHgar was worked out as per cent of fresh wereht of the fruit pulp,



3.2.4.2.4 Reducing Sugars

For estimation of reducing sugars, boiling mixture of § m! each of fehling A
and felhing B as taken in case of total sugars was titrated with unhydrolyzed solution
which was left behind after taking 100 m for the estimation of total sugars. The same
process as given for the estimation of total sugar was followed and the solution used

for titration was noted to calculate the per cent reducing sugar.

3.2.4.2.5 Non-reducing sugars

The amount of non-reducing sugars was calculated by substracting the
reducing sugars from total sugars and multiplying the difference by a standard factor

1o D95 The tesults were expressed as per cent non-reducing sugars.

3.2.4.2.6 Ascorhic acid

Asenrbic acid was determined with the help of indophenol solution (2. 6,
dichlorophenol indophenol dve). Indophenol dye solution was first standardized
acainst standard ascorbic acid. Then freshly extracted juice was mixed with equal
volume of 3 per cent metaphosphoric acid and an aliquot of 10 cc was titrated against
standard indophenol solution. The end point was determined by the appearance of

tose pink colour which persist for a few seconds (AOAC, 1980).

I'he indophenol dve and metaphosphoric acid solutions were prepared fresh
for each set of experiment and standardized against standard ascorbic acid to calculate
the factor. The results were expressed in terms of mg of ascorbic acid in 100 g of fruir

pulp,

325 Determination of leat nutrient contents

3250 Colleetion and preparation of leaf sample

Leal samples along with petiole were collected in the tirst week of Augusi
from muddle partion of bearing shoots. The sampled leaves were washed first by 1ap
waler, lollowed by 00N HOCL distilled water and finally with double distilled water
Fhey were then dtied by spreading on elean blotting papers and the linal drying was
accomphshed in aven at 60"C (Chapman, 1964). The samples were subsequently

ground by grinder for lurther analysis.

16



3.2.5.2 Digestion of leaf samples

The digestion of one gram leaf samples for estimation of nitropen was carned

out in concentrated sulphuric acid by adding digestion mixtures of the following:

Potassium sulphate - 400 parts
“Copper sulphate = 20 parts
Mercuric oxide - 3 parts
Selenium powder - i part

For the estimation of other elements, the digestion was done 11 diacid mixture
prepared by mixing nitric acid and perchloric acid in the rauo of 4 1, taking all

relevant precautions as suggested hy Piper (1966).
3.2.5.3 Determination of nutrient elements

The nitrogen was estimated by micro-kjeldahls method (AOAC, 1980
Phosphorus was determined by vanedo-molybdophosphoric yellow colour method
(Jackson, 1967) on spactronic-20. The potassium, calcium. magnesium and micro
nutrients viz., iron, zinc. copper and manganese were determincd en atomic

absorption spectrophotometer.

3.2.6  Soil analysis

A.2.6.1 Collection and preparation of soil samples

Before the start of experiment composite soil samyple il it Tl
hielp of serew auger from experimental plot for physico-chamical e ol able 1

The composite soil samples were again drawn at 20 ond o0 sorment fom
the basin of cach vine. The samples were dried in shade s cros ¢ help
wooden pastel and mortar and passed through 2 mm sieve and stored i cloth bags.
The soil anulysis for various charactenstics viz pH. eleetreal vonan. v anhable

LD and ¥ : S
N. Pand K were done as per method eiven in Table 1.
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Table 1. Chemical characte

ristics of the experimental orchard soil

(0-15 cm

depth)
'S, Particulars Results
\ No. I S
[ | pli 1.25
|

2 Electrical conductivity (dsm™) . 0.14

Available nitrogen (kg ha') 360.07

4 Availahle phosphorus (kg ha') | 3027

]

|
| Available potassium (kg ha'y | 27333

Methods

12 soil water suspension glass
electrode pH meter (Jackson, 1967)

]:2  soil waler suspension,
systronics  conductivity — meler
(Juckson, 1967)

Alkaline potassium permanganale
method (Subbiah and Asijia, 1956)

Olsen’s method of extraction with
0.5 M NallCO; at pH 85 and
development  of  colour by
chlorostannous reduced
molybdophorphoric acid (Olsen ef
al 1954)

Ammonium acetate (I N) extraction
and determination using flame

!

photometer (Jackson, 1973)

3.2.7  Statistical analysis

e deta obtained from the present investigations were statistically analysed

Ih..

« emploving Factorial Randomized Block Design in accordance with procedure

vuthined by Gomez and Gomez (1984). Least square differences at 5 per cent level

et warked out to compare the treatment effects and 1o interpret the differences.

I8
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Chapter-4

EXPERIMENTAL RESULTS

The results obtained during the present investigations on the “Studies on the
effect of N, P and K fertilizer levels on growth, yield and quality of kKiwifruit ov.

Allison™ are presented as under:

4.1 EFFECT OF N, P AND K FERTILIZERS ON VINE GROWTH AND
VIGOUR

4,1.1 Trunk girth

The data on the effect of NPK fertilizers on trunk girth is presented in Table 2
The data reveals that the trunk girth increased with the increasing dose of N and K. In
case of N, the maximum increase in trunk girth (3.59 em) was recorded in N which
was significantly higher than N, (3.19 em) and N, (2.93 ¢m), The minimumn merease
in trunk girth (2.93 cm) was abserved in N, which was significantly lower than all
other N levels. In case of P, the maximum increase in trunk girth (3.30 e¢m) was
ebserved in P,, which was statistically at par with P, (3.26 cm). The minimum
increase in trunk girth was recorded in P, (3.15 cm), which was also significantly
lower than all other levels of P. In K, K, registered the maximum increase in trunk
girth (3.32 om). which was statistically at par with K, (3.30 em). The minmun

increase in trunk girth was recorded in K, which was significantly lower than K |

and K

([N

In case of N x P interaction. N

R

P.and N_P

e ol Tecorded the maximum

increase in trunk girth of 3.61 cm, which was statistically at par with N P, While

130

the minimum increase in trunk girth was observed in NP . (2.83 cm), which was
statistically at par with N, P,, (2.89 cm). In NxK interaction, the maximum increase in
trunk girth (3.72 ¢m) was observed in N, K, Which was significantly higher than ull
other combinations of NxK. The minimum increase in trunk girth (2.78 ¢m) was

recorded in N, K, , which was significantly lower than rest of NxK combinations. In



aximum increase in trunk girth (3.56 cm) was recorded

case of PxK interaction, the m ' b
K,, and P,K [he minimum

. e . . a 3
in P, K. which was statistically at par with P,,

increase in trunk girth (2.78 cm) was recorded in PyKy, Which was significantly

lower than other combiantions of PxK.

In the combined effect of three factor interactions i.e. NxPxK. the maximum

increase in trunk girth (4.00 em) was recorded in N P, K g, which was found to be

= : -ombinations inimum increase in
significantly higher than all other combinations of NxPxK. The min

wrunk girth (2.33 ¢cm) was observed in N P.K,. which was significantly lower than

other combinations of NxPxK.

4.1.2  Annual shoot growth

I'he data on the effect of NPK fertilizers on annual shoot growth is presented
inn Table 3. It is evident from the data that different N, P and K levels showed direct

relationship with annual shoot growth. In case of N, N, recorded the maximum
annual shoot growth (182.3 ¢m). which was significantly higher than N (177.3 ¢cm)
and N (173.8 em). The minimum annual shoot growth (173.8 cm) was recorded in

N. . which was found to be statistically less than N, and N ... In P, the maximum

L0

annual shoot growth of 1811 ¢m was observed in P, which was significantly higher
than P_ (1763 em) and P, (176.0 cm). However, P, was statistically at par with P,

While in K. the maximum annual shoot growth (179.7 ecm) was observed in
ko which was significantly higher than other levels of K. However, the minimum

Al shoot growth (1766 ¢m) was recorded in K which was statistically at par

st

iy K

I case of 1wo way interaction e, NxP. the maximum annual shoot wrowth

N H 1 - ST : vas " =1t ’
i was observed i NI which was significantly higher than all other

LYY

Wit "NxP > mini rease i 7
totis of NP The minimum increase in annual shoot growth (170.2 ¢m) was

e
H

weorded m NP, which was significantly lower than other combinations ol NxP. In
e o NxKoanteraction, the maximum annual shoot growth (183.6 em) was abtained
MoK which was significanily higher than other NxK combinmtions. The
mimum increase in annual shoot growth (172.5 em) was observed in N_K . which

20



Table 2.

Main and interaction effect of NPK fertilizers on increase in trunk
girth (cm)

a) NxP and NxK inferactions

_— ——— —
Py Pap Pyos Mean 1 Ksn Ky K jsn
: |
Ny 2.83 2.89 306 293 2.78 3.00 3.00
Niao 3.06 3.39 301 319 3.00 317 339
|
Niso 3.56 3.61 3.61 3.56 3.50 3.72 3.56
Mean 3.15 330 326 3.09 3.310) | 332
b) PxK interaction
Ksa Koo Kis
Pis 2,78 3.56 .11
Py 3.50 2.89 3.50
Plos 3.00 144 3.33
¢) NxPxK interaction
P_h P-q IJl'
. . . = | e | 2w Wora
Ksg K 1 Kizo Ksn Ko K50 Ke Ky Kis
: — —— : =
Nan 2.33 3.33 ‘ 2.83 A7 250 | .00 o | 7 217
|
Nino 2.67 25D 3 1) 3.5 283 | 383 2.83 7 333
|
Nysn 3.33 K3 3A 383 O A i3 4.0 <)
CDHL‘S
N = (.04 Nxk N
P =004 Pyk = 07
K (.04 NaPxK (14
NxP = 0.07




Table3. Main and interaction effect of NPK fertilizers on annual shoot growth

(cm)

a) NxP and NxK interactions

Pss P Pios Mean F Ksy K100 Kiso
Nsp 172.7 170.2 178.6 1738 172.5 172.8 176.2
Ny 176.4 177.1 178.3 177.3 176,2 1764 179.2
Niso 179.0 181.6 186.4 1823 181.1 182.2 183.6
Mean 176.0 176.3 181.1 176.6 J 177.1 179.7 'I
b) PxK interaction
Ksg Ko Kisu !
Pis 176.2 172.6 1795 |
Pso 171.7 178.5 178.7 !
Pios 181.8 1803 181.0
¢) NxPxK interaction
P3s P I Pios

Kso | Kio | Kiso | Ko | Koo | Kiso | Kso | Ky }»Km
Nso 173.0 | 169.0 | 175.5 | 167.8 | 167.0 1?5: 179.3 1?‘?.3“ I-?'.".:
Njoo 1774 | 172.8 | 1789 | 170.6 | 183.2 | 177.5 | 1805 | 173.1 | I851.2
Nysp 1772.7 | 1759 | 1835 | 176.8 J 185335 | 1826 | 1BAS ; 1889 | IN4,7
e . .

N = 0.71 NxK = 1.24

P = 07 PxK = 14

K = (N NxPxK = 214

NxP = 124



was statistically at par with N K . (172.8 c¢m). While in PxK interaction, the
maximum annual shoot growth (181.8 ¢m) was recorded in P, K, . which was
statistically at par with P K, (181.0 cm) but significantly higher than P K, . which

attained minimum annual shoot growth (171.7 em).

In case of three factor interaction ic. NxPxK, the maximum annual shoot

which was significantly higher than all

Lig®

growth (188.9 cm) was obtained in N P K
other combinations of NxPxK. The minimum annual shoot growth (167.0 cm) was

recorded in NP, K, . which was statistically at par with NP, K, (167.8 cm) and

N,;.PuKm (169.0 cm).

4.2 EFFECT OF N, P AND K FERTILIZERS ON YIELD
4.2.1 Total yield

The data on the main effect of NPK fertilizers on vield (Table 4) reveals that
increasing doses of N and K showed direct relationship with total yvield but ' hund
direct relation upto P, and there after, vield decreased with the increase i dose of
phosphorus. The maximum yield of 53.03 ky'vine was obtained in N . which was
statistically at par with N, (52.69 kg/vine). but significantly higher than N, (42.56
kg/vine). In case of P, the maximum yield (51 60 kg/vine) was recorded in P. . which
was significantly higher than P, {49.29 ke'vine) and P, (47.39 kg/vine). Among the
individual effect of K. K ,; registered the maximum yield ot 34.08 kg/vine. which wus
significantly higher than K, and K, . However. the minimum yield (4394 ke vine

was recorded in K, treatment.

In NxP interaction. N P,

113

recorded the maxmmim yvield (3338 ke vined
which was statistically at par with NP G208 Re/vine). whereas. the nunntun
vield (40.01 kg/vine) was oblained in N, Pl combination. Similarly i Nk
Interaction, the maximum vield of 3944 ke vine was found in N, K which o
significantly higher than any other NyK combinations  The N_K_ combinalion
recorded the minimum yield of 39 33 ke'vine In PXK interaction. the maxinmin vichd
(56.29 kg/vine) was obtained in P.K, . which was significantly higher thun other
combinations of PxK. Whereas, the minumum vield (41 9] kg/vine) was observed in

P K

1l i



o showed significant effect on iotal yield. The

The NxPxK interaction als i
PoK.., which was significantly
0t

maximum vield (62.12 kg/vine) was recorded in N
higher than all other combinations of NxPxK. However, the minimum yield (36.6

kg/vine) was obtained in NP

4.2.2  Grade wise yield

42.2.1 Grade A

The data pertaining to the effect of NPK fertilizers on yield of A grade fruits is
presented in Table 5. The data reveals that among the different levels of N, the highest
vield of A grade fruits (21.16 kg/vine) was recorded in N . which was significantly
higher than N, (20.41 kg/vine) and N, (10.83 kg/vine). In case of P, the maximum
yield of A grade fruits (18.68 kg/vine) was obtained in P . which was sigmficantly
higher than P, , (17.37 kg/vine) and P,, (16,33 kg/vine). However, the minimum yield
(16.35 kg/vine) was recorded in P. K fertilizer showed the direct relationship with
vield of A grade fruits and it increased with the increase m level of K, The maximum
vield of A grade fruits (23.42 kg/vine) was recorded in K, which was significantly

higher than K, (18.87 kg/vine) and K (10.10 kg/vine). Similarly, K,,, produced

significantly more A grade fruits than K.

In NxP" interaction, N, P, recorded the maximum yield of A grade fruits

(23.11 kg/vine). which was statistically at par with N, P, (22.49 kg/vine) and NP

(22.08 keivine). The combination of NP, produced the minimum yield of A grade

fruits (9.15 kg/vine). which was significantly lower than all other combinations of

NxP. In case of NxK interaction, the maximum vield of A grade fruits (29.04 kg/vine)

was recorded in N K| which was statistically at par with Ny K, (28.11 kgfvine).
The minin : B35 kp/vine) of A grade fruits wis ohse i i

mimum vield  (8.35 kg/vine) of A grade fruits was observed in N, K, which

was significantly lower than ather NxK combinations. However. in PxK interaction
the maximum vield of A grade frints (24,34 ko vinel was obtained ; i

\ o 2% Rl was obtained in P K, which

was stalistically at par with P K (24.09 kg/vine). The minimum vield of A grade

fruits (2.05 kervine) was obtained in K



Table 4. Main and interaction effect of NPK fertilizers on fruit vield (kg/vine)

a) NxP and NxK interactions

CDgos

LA S | T

ALY

===
L L L

=2
O

[ Lad o Lag

NxK
PxK
NxPxK

(.92
092
1.59

TR

[
Pss P Pios Mean Kso Kino Kiso
Nso 40.01 44,33 43.35 42.56 39.53 43.51 44.64
Nioo 50.92 55.08 52.08 52.69 45.16 5347 59.44
Niso 51.25 55.38 52.45 53.03 47.12 53.81 58.14
Mean 47.39 51.60 4929 43 94 5027 54.08
— il |
b) PxK interaction
Kso Koo Kizo
Pis 4191 48.21 ' 52.05
P2 44.88 53.63 56.29 |
Pios 45.02 48.97 53.89
¢) NxPxK interaction
Pis Pag Piiss
Ksg Kioo ! Kizo Kso Kiow | Kiso Ksp Kioo | Kiso
Nsa 36.62 | 42.50 [ 4091 | 4073 | 44.73 | 4754 | 41.26 | 43.32 | 4549
Nioo 43.54 | 52.65 i 56.56 | 44.27 | 58.85 | 62.12 | 47.66 | 4892 | 59.65
Niso 45.58 | 4947 ‘ S8.69 | 4964 | 37.30 | 59.21 | 015 | 5487 | 56,53




Table 5. Main and interaction effect of NPK fertilizers on yield of ‘A" grade
fruits (kg/vine)

a) NxP and NxK interactions

P3s P Pies | Mean K Kina Kisa
Niso 915 | 1043 | 1291 | 1083 | 835 | 1101 13.12
1 Niso 1781 | 2249 | 2093 | 2041 | 11.28 | 21.83 8.1
Mirsa 2208 | 2311 | 1828 | 2116 | 1068 | 2375 | 29.04
Mean 1635 | 1868 | 17.37 1010 | 1887 | 2342
b) PxK interaction
K ]I Kioo - -Kl-hl
Pss 9,05 18.15 | T
Pro 10.64 21.04 | 3434
Pios 10.62 17.41 24.09
¢} NxPxKinteraction
Pys Pay Enf- _]
Ko | Kuo | Ko | Ko ' B || sy | f K | KWJ
Neo 758 | 1052 | 034 | 561 ] 1139 | 1428 | 1186 T |l|u
Nie | 9.67 | 1525 ' 38:50 | 1366 | 23540 [ 2842 ) 1051 | 2pss 743 |
Niso | 990 | 2867 | 2767 | 1266 | 2634 | 30.33 | 948 1625 912
CDyos _ -
N = 06 Nxk = 04
P = 06l BN = 14
K = .61 NxPsk = 1.83
NxP = 104



In case of three factor interaction i.c. NxPxK, the maximum yield of A grade
fruits (30.33 kg/vine) was recorded in N P.K . which was statistically at par with
NPk (29-12 kgfvine), N P K (2850 kg/vine) and N P K  (28.67
kg/vine). However, the minimum yield of A grade fruits (5.61 kg/vine) was recorded

in N, P, K, which was significantly lower than all other combinations of NxPxK.

4.2.2.2 GradeB

’

The data on the influence of NPK fertilizers on yield of B grade fruits (Table
6) reveals that increasing doses of N, P and K showed direct relationship with yield of
B grade fruits. The highest level of N (N, ) recorded the maximum yield (21.50
kg/vine) of B grade fruits, which was significantly higher than N (19.26 kg/ving)
and N, (15.07 kg/vine). Similarly, N, produced significantly higher yield of B gradc
fruits than N, In P, significantly higher yicld (19.38 kg/vine) of B grade fruits was
recorded in P .. However, lowest yield (17.34 kg/vine) of B grade fruits was recorded
in P,,. The yield of B grade fruits increased with the increase in dose of K and K |

registered the maximum yield of 19.19 kg/vine of B grade fruits. which was
significantly higher than K (18.75 kg/vine) and K, (17.89 kg/vine).

In NxP interaction, N, P, registered the maximum yield (22.09 kg/vine) ot B
grade fruits, which was significantly higher than all other NxK combinations.
Whereas, the minimum yield of B grade fruits (12.87 kg/vine) was observed in N_P_ .
which was also significantly lower than all other combinations ol NxP. In NxK
interaction, the maximum yield (22.56 kg/vine) of B grade fruits was obtained in
NiwKy which was significantly higher than all other NxK combinations. The

minimum yield (13.95 kg/vine) of B grade [ruits was recorded in Ny K o Which was
statistically at par with N, K, (14.25 kg/vine), but lower than other combinations of
NxK. In case of PxK interaction, the maximum yield (20.47 kg/vine) was obtained in
P K .»which was significantly higher than all other PxK combinations. Whereas, the

minimum yield (15.49 kg/vine) of B grade fruits was observed in P K.

In three factor interaction of NxPxK, the maximum yield (25.22 kg/vine) of B

grade fruits was recorded in N, P osKs Which was significantly superior than all



m vicld of B grade fruits (11.84

ther inati K the minimu
binations of NxPxK. However.
i lower than other

. igni u
kg/vine) was observed in NP, Koo which was also significantly

combinations of NxPxK.

4.2.2.3 GradeC

[t is evident from the data presented in Table 7 that various levels of N, P’ and

K exerted significant effect on yield of C grade fruits. Among the individual effect of
N. the highest vield of C grade fruits (16.67 kg/vine) was observed in Ny, which was
statistically superior than N (12.64 kg/vine) and N (11.03 kg/vine). The lowest
yield (11.03 kg/vine) of C grade fruits was obtained in N . In case of P, the
maximum yield of C grade fuits (13.99 kg/vine) was registered in P, which was also
significantly higher than P, (13.81 kg/vine) and P, (12.55 ke/vine). Similarly, P,
rreatment produced significantly higher vield of C grade fruits than P In K, the
maximum vield (16.04 kg vine) of C grade fruits was obtained in K, which was

significantly higher than K (12.85 kg/vine) and K, (11.46 kg/vine)

In case of two factor interaction r.e. NxP, the maximum yield (18.00 kg/vine)
of C grade fruits was recorded in N, P, which was significantly higher than all other .
NxP combinations However. the minimum yield of C grade fruits was observed in
N, P, (1010 kg/vine). In NxK interaction, the maximum yield (18.35 kg/vine) of C
grade fruits was recorded in N K . which was significantly superior to all other NxK
combinations. However. the minimum yield was obtained in N K, (9.66 kg/vine).

In case of PxK interaction. the maximum yield (17.65 kg/vine) of C grade fruits was
recorded in P K, . which was significantly higher than any other combinations of

PxK. The mintmum vield of C grade fruits was observed in P K, (1071 kgivine).

In three factor interaction of NxPxK. significantly gher vield (19.73 kg/vine)

of U grade frunts was observed in N_P_K . closcly followed in NP K., which

bl WA 38
was next best treatment produced yield of 19.33 ke/vine of C grade fruits, However
the minimum vicld of € grade fruits was observed in NI KL (733 kgfvine), which
was significantly lower than all other combinations of NxPx k.



Table 6. Main and interaction effect of NPK fertilizers on yield of ‘B grade
fruits (kg/vine)

a) NxP and NxK interactions

Pis P P1os Mean K K i ‘ K
Nio 1287 | 1737 | 1498 | 1507 | 1425 | 1395 | 17.02
" Wi 18.18 17.88 21.72 19.26 16.86 20,18 | 20.74
|
Nisa 20.98 22.09 2142 21.50 22.56 22.11 ‘ 19.82
&dean 17.34 19.11 19.38 17.80 18.75 19.19
b) PxK interaction
Kao K 100 K 5o
Pas 15.49 18.52 18.02
Pag 18.35 18.52 2047
Pos 19.83 19.21 1904
¢) NxPxK interaction
P}S P'Tu PI"
Kﬁﬂ- K]!]D K 150 K{:j ‘ l'\ 100 K (] .I";iu 1 J.\ -. JI I‘\.. 't
Nsa 13.35 | 1343 | 11.84 | 16.67 ‘ 1438 | 2086 | 1275 ! 1384 i 1830
Njan [4.30 | 18.67 | 21.36 [4.75 I 1823 L2066 | 1A 1 2864 1 20000
|
Ny 18.83 | 23.45 | .67 | [ 7L jew0 | 250 (RN TR B 0T
CDuus
N = 021 Nak = 056
7 = 021 Py = 0.3p
ke = 0.21 NaPxk = 062
NxP = 036



Tahle 7.

Main and interaction cffect of NPK fertilizers on vield of *C' grade
fruits (kg/vine)

a) NxP and NxK interactions

Py Py Pios Mean Ksy K o K 140
Nso 18.00 16.55 15.47 16.67 17.15 18.35 14.52
Nigo 11.77 14,09 12,07 12.64 17.62 10.63 0.66
. |
Niso 12.19 1080 10,10 11.03 13.33 10.21
Mean 13.99 13.81 12.55 16.04 | 12.85 I1.46
b) PxK interaction
K-sﬂ { [\. (R K.] &l
1
Pis 17.65 12,12 | 1209 |
P 15.89 14.07 | 11.48 |
‘ '|
Pios 14.539 12.35 | 10.71 |
|
¢) NxPxK interaction
P;ﬁ P‘.*n <\ (s
- - N
|
Ksp Koo K 150 Ksy K yan Keay | I'\[Iul | Ki=
Nsg 16.33 | 17.95 | 1973 | 184> | 18.76 | 1243 | l6. u\ 1833 | 11.39 |
N oo 19.35 | 864 7.33 16.86 | 1428 | 1113 1a66 0 903 | 1033
| | '
Nijsi L 9,77 i 952 | 12.35 | 9.16 | TOSY | W42 ' 967 | 10.2)
CDu}uS
N 0.09 NaK AL
P = 009 PyK 0 14
K = 0,04 NxPxk 00
NxP = 0.14



43 EFFECT OF N, P AND K FERTILIZERS ON PHYSICAL
CHARACTERISTICS OF FRUITS

4.3.1 Fruit size
4.3.1.1 Fruit length

Perusal of data presented in Table 8. reveals that NPK and their interaction
exhibited significant effect on fruit length. The maximum fruit length (67.43 mm) wis

recorded in N, which was significantly higher than N, (65.28 mm) and N, (59.99

100
" mm). However, the minimum fruit length (59.99 mm) was found in N,,. In case of P,
the maximum fruit length was observed in P, (65.24 mm), which was statistically a1
par with P, (64.64 mm), bul significantly higher than P,,. However, the minimum
fruit length (62.82 mm) was observed in P,,. In K, fruit length increased with the
increase in dose of K and significantly higher fruit length of 66.24 mm was recorded

in K ,,. However, the minimum fruit length was observed in K, (61.57 mm), which

was significantly lower than all other levels of K.

In NxP interaction, the maximum fruit length (68 .86 mm) was observed in

N, Pqe Which was statistically at par with N P, (67.83 mm). However, the

minimum fruit length was recorded in N, P, (38.97 mm), which was statistically at
par with N, P, (59.73 mm). In NxK interaction, the maximum fruit length of 69.45
mm was registered in N K .., which was statistically at par with N K (6913 mm)
and N K o (68.13 mm), but significantly higher than other combinations of Nxk
However, the minimum fruit length was observed in N, K, (59.42 mm). which was
statistically at par with N K. (60.58 mm), N K (60:42 mm) and N, K, (60.13
mm). While in case of PxK interaction, the maximum fruit length was observed in
P, K (67.24 mm), which was statistically at par with P, K , (65.83 mm), P K
(65.80 mm) and P K, (66.05 mm). The minimum fruit length (59.99 mm) was

obtained in P,,K,,, which was statistically at par with P, K, (60.85 mm).

In N, P and K interaction, the maximum fruit length was recorded in

Pk NooPooKoe

N oP2K, i, (71.34 mm), which was statistically at par witly NPt NP

NP oK,y and N Py K ;o The minimum fruit length (58.08 mm) was tound in



: . N, P.K
NP K, which was statistically at par with N PoKg N, Puksn NaFrais

LT Bl

NoPoK e Ny PaK g NP K g and NP K

4.3.1.2  Fruit breadth

The data pertaining 1o the effect of NPK fertilizers on fruit breadth is

presented in Table 9. The data reveals that [ruit bre

increased. The maximum fruit breadth (41.11 mm) was recorded in N

adth increased as the N level
which was

significantly higher than N, (40.13 mm) and N,, (38.72 mm). Similarly. N, also
produced the fruits of significantly higher breadth as compared to those produced in

N, treatment, In P levels, P registered the maximum fruit breadth (40.27 mm),

Ny

which was statistically at par with P, (40.04 mm). but significantly high,cr than P.,
(39.64 mm) In case of K. the maximum fruit breadth was recorded in K, (40.42
mm}, which was statistically at par with K, (40.16 mm) but significantly higher than

K (3938 mm). which had minimum fruit breadth.

In case of NxP interaction, the maximum fruit breadth was recorded in N (P

(41.86 mm). which was significantly higher than all other combinations of NxP. The

minimum fruil breadth was observed in N_P, , (38.6]1 mm), which was statistically at
par with N PP N P oand N P,,. In case of NxK interaction, the maximum fruit

breadth (=1.88 mm) was obtained in N K _ which was statistically at par with

N, K. (3115 mm). Whereas, the minimum fruit breadth was recorded in MoK

(3822 mmi. This treatment was statistically a1 par with NiKy and N K.,
[H)
combmations. In PXK inferaction. the maximum fruil breadth (40.86 mm) was

recordedan I K which was swtisucally at par with Py Prl s and PK . The

mummunt trut breadth (39204 mm) was observed in K, which was statistically at

parwath P UK P K PR, and PK

I N 7 .
APSK interaction. the maximum It breadih (4232 mm) was recorded in

' [EIT 1T}

NLPOK . which was statistically a0 par with N p :
y a% p th Pk NP, 3ty NP K

i 3 3 ' . P #
s 3 =0 i i .10 Iull ']ll!chl..'-tl mh" :\lml)nh \ii® Iﬁi")"\:":“}cr‘ I'he THni T
oK LK | e 2 omimmum  (ruit

h T 372 W & » 1 | i A s 14
teadth (37.27 mm) was observed in N PUK. which was statistically at par with

Mol s NP NP oKy NP R NP LK aid NP K

| Gl .1



Table 8. Main and interaction effect of NPK fertilizers on fruit length (mm)

a) NxP and NxK interactions

Pis P Pias Mean I Ksn K a1y Kiso |
:I,,u 58.97 59.73 61.28 59.99 3942 60.42 60.13 ‘
Do 6389 | 6637 | 6560 | 6528 | 6058 | 6614 | 69.13
N30 65.61 67.83 68.86 6743 64.72 68.13 69.45 i
Mean 62.82 64.64 65.24 0 6.1_:"7'? 64.90 66.24
h) PxK interaction
Kso K o0 Ky
Py 59.99 63.06 63.42
P 60.85 65.83 67.24
Pios 63.89 65.80 663
¢) NxPxK interaction
Pis Py P s
Kso Ko Kiso Ksa Koo Kiso I:l,-.. Ko BT
Nso 5808 | 60.17 ‘.‘"'."Ji.[‘nﬁ 3846 | 608 | 6054 | 0173 60890 | 61.21
Nio | 5982 | 6282 | 69103 | 60.06 | 67.69 | 7134 | 6] 8o | 6792 | 67.01
Niso 62.07 _["-U.II‘-; Hi 39 : 64.03 | 69 H2 | 9,84 | _r_-b' U7 | U-\'.:'\i_ (o
Cyos
N (.85 NxK F.48
P = (N3 PxK = 145
K = (L83 NxPxK 257
NxP = 1 48




Table 9. Main and interaction effect of NPK fertilizers on fruit breadth (mm)

a) NxP and NxK interactions

[ Pss P Pos Mean Kso Kiuo Kist
—Tisn 38.72 38.83 38.61 38.72 3851 39.43 38.22
T?jmﬂ' 39.44 40.13 4081 40.13 38.97 40.26 41.15
Niso 4077 | 4186 | 4071 | 41.11 | 4066 | 4080 | 4188 :
Mean 39.64 40.27 40.04 39.38 40.16 4042 |
h) PxK interaction
Kso Ky Kiso
P3z 39.04 39.83 40.06
Py 39.35 40.86 40.62
Pios 39.76 39.80 40.57
¢} NxPxK interaction
_ P3s P Pyos b
Ksop | Kioo | Kiso | Kso | Ko | Kyzo | Kso | Ky }\_,._
Neo | 3782 | 3983 | 3850 | 3892 | w9 | 3773 | 3879 | sws2 | as o
Nioo = | 3940 | 3931 | 39.61 | 37.27 | 4082 | 4230 | 4026 | 40.36 | 4141
Niso | 39.89 | 4036 | 42.05 | 4186 | 4192 | 4181 | 4022 | 4033 | 4157
CDyos _
N = 0.54 NxK (4
P = 054 Pxk 094
K = 0.5 NxPsk 163
NxP = 0.94



4.3.2 Fruit weight

The data pertaining to the effect of NPK fertilizers with respect to fruit weight
is presented in Table 10. The perusal of data indicate that the average fruit weight was
significantly influenced by different levels of N, Pand K. The maximum fruit weight
(66.64 g) was recorded in N ., which was signilicantly higher than N, (64.40 g) and
N,, (57.36 g). In case of P, significantly higher fruit weight (6380 g) was recorded in
P, However, the minimum fruit weight (61.39 g) was found in P which was
significantly lower than P, and P In K, the maximum [ruit weight (66.45 g) was
recorded in K

5o Which was significantly higher than K,  (62.78 g) and K, (59.17 g).

1imt

Under NxP interaction, the maximum fruit weight (67.87 g) was recorded in
N,,.P,,» which was significantly higher than all other combinations of NxP. While, the
minimum fruit weight was observed in N P, (36901 g). This treatmenl was
statistically at par with NP, (57.68 g) and N, P., (37.47 g) in respect to frut weight
In NxK interaction, the maximum [ruit weight (70.86 g) was recorded in N, K .
which was found to be statistically at par with N K, (70.67 g). However, the
minimum fruit weight (56.26 g) was registered in N, K, . which was significantly

lower than any other combinations of NxK.

Similarly, in PxK interaction, P, K, registered the maximum fruil weight ot
68.08 ¢, which was significantly different from all other combinations o PxK.
However, the minimum fruit weight was recorded in P K, (3849 g). which was

statistically at par with P, K, (58.88 g).

Three factor interaction of NxPxK was also found significant, and the

maximum fruit weight of 73.51 g was recorded in N P_K . which was statstically

at par with N P. K . (72.12 g), but significantly higher than other combinations of
N, P and K. However, the minimum fruit weight was recorded in N, P, K, (55.15 ),

which was statistically at par with N P_ K, (56.17 g).

k-

4.3.3 Flesh firmness

The data on the effect of NPK fertilizers on flesh firmness is presented in

Table 11. A perusal of data indicate that different levels of N and P showed the non-

35



K, recorded the maximum flesh

significant effect on (lesh firmness. In casc of K,
2 kg/em?) and K

firmness (7.05 kg/cm®). which was significantly higher than K, (6.8

(6.78 kg/em?). K, was statistically at par with K, in respect 10 flesh firmness.

3 E 2
In NxP interaction, the maximum flesh firmness of 7,42 kg/em’ was recorded
in N, P, which was significantly superior than rest of the NxP combinations. The

minimum flesh firmness was found in NP, (6.70 kg/em®), which was at par with all

other NxP combinations except N P... In case of NxK interaction, N, K, , registered

the maximum flesh firmness of 7.14 kg/em?, which was statistically at par with

N K. NK N K. NK,and N K, However, the mimmum fruit firmness

(6.72 kg/em?®) was recorded in N_K,, and N_K . which was statistically at par with
4ll the NxK combinations except N K .. In PxK interaction, the maximum flesh
firmness (7.23 kg/cm®) was recorded in P,K, . This treatment was statistically at par
with P K. PLK, and P K in respect of flesh firmness. Whereas, the minimum

flesh firmness was observed n P K, (6.60 kgfem?), which was statistically at par

withP K . P.K . P . K andP K

LR L 1

In three factor interaction i.e NxPxK. the maximum fesh firmness (7.63
haem’) was recorded in N P K = which was statistically at par with Nl oo
NPy K NP LK o NoPoK Ny P.K, and NP K, While, the minimum
flesh firmness (6:40 kg/cm®) was observed in NP5 Ky, which was statistically at par
with N P .K.. NP K. Mool inslaie NigPaKo NaPuKee N PK.
Nl K NP Ko NP K . NP e NP Ko NPK L NLPK

P RLER PR NP K, and N P K.

[

14 EFFECT OF N, P AND K FERTH IZERS ON CHE
. X JLER! . “HEM
CHARACTERISTICS OF FRUITS B

141 Total soluble solids (TSS)

Ihe data on the effect of N. I and K lertilizers on TSS of kiwifruit is
wwented in Table 12. The effect of various levels of N and P on TSS was found 1o be
hon-sgmficant, however, different levels of K exerted significant influence on TSS

wHtents of Kiwifruit. In case of K, masimum TSS was observed in K, (11.78%)
(E] . .



Table 10. Main and interaction effect of NPK fertilizers on fruit weight (g)

a) NxP and NxK interactions

Pss Pao | Pips Mean Kso Klm_ _-_I'EI-‘?IJ _
Nso 56.91 5747 57.68 57.36 56.26 57.9;’ —;_7_3:?. I
Nt 62.17 66.06 64.98 64.40 59.05 63.29 70.86
Nisg 65.08 67.87 66.98 66.64 62.19 67.08 70.67
Mean 6139 63.21 63.80 59.17 6278 6&.-4_.:1
b) PxK interaction
! Ky Ko Kjsn
; Pis 58.49 60.81 64.86
| Py 58.88 6444 68,08
‘ Pios 60.13 63.10 66 40
¢) NxPxK interaction
Pas Psq Pus -
Kao | Kioo | Kiso | Kso | Koo | Kiso | Kso | Kiao | Kis
N3y 5617 | 57.65 | 5692 | 55.15 | 58.60 | 55.61 | 5747 | 3765 57 I*
Nyoo 5853 | 6025 | 67.73 | 58.78 | 6388 | 73.51 | 3985 [ 63.73 ' 7133
Niss | 60.77 | 64.54 | 69.93 | 6273 | 6877 | 7212 | 6306 6793 a9
CDaos -
N = 0.30 NaK .88
2 - 0.50 PxK .88
K = (.50 NxPsh 52
NxlP = (.88



Table 11. Main End interaction effect of NP fertilizers on flesh firmness
(kg/em™)

a) NxP and NxK interactions

e P-u Pips | Mean K Koo | K
-l:.lz,. = | 687 6.70 6,90 ‘ (.82 | 672 | 672 | 7.02
Nioo | 684 742 678 | 702 | 702 |i 6.88 7.14
Niso | 681 | 690 673 | 682 | 639 | 647 l b 99
Mean | 6.84 7.01 | 681 l | 678 | 682 1 7.05

b) PxK interaction

Ksp Ko Kiso
Pss 6.78 6.61 ' 7.13
P .96 7.23 | 6.83
Pigs 6.60 6.62 | 7.19
¢) NxPxK interaction
| Pss Pso | P1os

Kso Kiop Kisg Kso Kioo Kiso Kso Kino Kisu

Nso 690 | 680 [ 690 | 683 | 633 | 6.73 6.43 | 6.83 743

Nigo 6.83 | 6.53 717 | 7.63 | 7.60 | 7.03 6.60 | 6350 | 7.23

Niso 6.60 | 6.50 7.33 640 | 7.57 | 6.57 6.77 6.53 6.90

CDupos
N = NS NxK = 0.32
P = NS PxK = 032
K = 0.20 NxPxK = 0.51
NxP = 0.32



Table 12. Main and interaction effect of NPK fertilizers on total soluble solids
(%)

a) NxP and NxK interactions

e
Pis P Pios Mean Ksg | Koo Kiso
Nz 11.44 11.00 12.22 11.56 . 11.33 12.00
Nioo 11.11 11.89 10.67 11.22 11.33 10.89 11.44
- r
|
Nijso 10.67 11.22 11.67 11.19 ' 10.56 Il 11.89
Mean 11.07 11.37 | 11.52 | 11.07 [1.11 11.78
b) PxK interaction
Kso Ky K ysn
Pis 10.89 10.33 12.00
Py 10.89 11.44 11.78
Pios 11.44 11.36 11.56
¢) NxPxK interaction
Pis P Pyos
|
KSlI KIIK'- Klﬂ-] Ki{l K1n~1 i‘:i-_‘-n I‘:.:'tn | K]JHI ' Rp‘r.
Nsg | 1200 | 10.67 | 11.67 | 10.00 | 1100 | 1200 | 12.00 1233 12533
Nipo 1500 | 1000 | 1233 | 1233 | 12353 | 11.00 | 10,67 1033 | 1100
| |
Nz 967 | 10.33 | 12,00 ' 10.33 | 116 | 1233 LH,r:F | 12000 | 11.33
oSl ) oot d) IBGLatl |
CDgps
N = NS Nxk 0,86
P = NS PxK (.86
K = 0.49 NxPxK - |.49
NxP = (.86




while the minimum was recorded in K, (11.07%), which was statistically at par with

K, (11.11%).

The interaction effects of NxP. NxK and Pxk were found significant in respect
1o TSS contents of the fruit. In the interaction of NxP, the maximum TSS was

registered in NP . (12.22%), which was statistically at par with N, P... N

T L 12

P, and

N,..P,.- However, the minimum T8S was recorded in N P

and NP, (10.67%),

10 140

which was statistically at par with NP, NP N P and N P Whereas. in NxK

86" T oo™ 35 &1}
interaction, the maximum TSS (12.00%) was recorded in N K . which was
statistically at par with N, K, . N K . N K, N K and N, K, . The minimum

b0t L 1 e 1 13077 180"

TSS was found in N K., (10.56%), which was statistically at par with N, K, /N K
N?MK.‘M’ NIMKIW a'nd NI!-BK'WE"

In PxK interaction, the maximum TSS was observed in P, K _ (12.00%:).

which was at par with P,K . P K_. P K. P, K  and P

£ (ah |*

.. While the

minimum TSS (10.33%) was recorded in P, K, . which was statistically at par with

p K, and P K,

5750

In case of three factor interaction of NxPxK, the maximum 155 (12.33%)
was: recorded’ in N PoK o WiPaKie NePuKe NPk NP Ky, and
NSOPTMK
NP K

L

which was statistically at par with N P, K . N P K . N P K.
NP XKoo MoPukes N

15i1° {15 I U e -

18

it 150 I\IIP‘-ﬂKI!-ﬂ" NIMPHKM" N!—JPI-'-*R" N'-\P'-\E'I'--'

N, PoK o NP K and N P K, but significantly higher than other combmations
of NxPxK. The minimum TSS (9.67%) was recorded in N P K . which was

statistically at par with N P K . N

e

PR N PR NP KON PR

(R114 Jel {13

NmeKuu' Nmnp:-sK'mn' 'l"-'uin]"hi\---v N_'--Pn:-Km . N-rp'n}':'w and N, rI,--l"-..-.--

422 Acidity

The data on the effect of NPK fertilizers on titratable acidite 15 presepted m
Table 13. It is evident from the table that ditTerent levels of N showed direct
relationship, while, P and K showed the inverse relation with titratable acidiny, In case
of N, the maximum titratable acidity was recorded in N, (0.88%0), which was

50

Ah



and N,, However, the minimum acidity (0.81%) was

significantly higher than N, '
_In case of P, the maximum

observed in N,,. which was statistically at par with N,

acidity was recorded in P, (0.95%), which was significantly superior than P

(0.73%) and P_ (0.84%). In case of K, the maximum titratable acidity (0.91%) was
obscrved in K., which was significantly higher than all other levels of K. However,

the minimum acidity was registered in K, (0.78%), which was statistically at par
with K 10.83%)

In NxP interaction. the maximum acidity (0.97%) was recorded N, P, which
was statistically at par with N, P, N, P, and NP . Whereas. the minimum acidity
was observed in N_I' . (0.68%). which was statistically at par with N P and
NP, Incase of NxK interaction, the maximum acidity was recorded in N, K,
(0.95%). which was statistically at par with N, K . N, K, and N_K . However, the
minimum acidity was observed in N K . (0.72%), which was statistically at par with
NoKor NKoe NoK, and N K o In case of PxXK interaction, the maximum
acidity was registered in P.K,, (1.03%), which was statistically a1 par with P, K.
P.K, and P K, . While. the mimimum acidity was registered with P K, (0.68%),

which wasatparwith P, K . P K P K andP K _.

In three factor interaction i.e. NxPxK, the maximum titratable acidity (1.08%)

was recorded in NP K_ which was statistically at par with NigPoukes NP LKoo

'\T:xl'rl;*,Klm‘NI.‘nPj,kF"--‘ N:lnp‘uky.' Nn'[.PuK'uu' N!HP’GKﬁI ﬂnd N'-JP).'KIW' Thc miﬂimum

Kl-m‘ N:N-meAc al'ld Ninpimk:'wn‘

which was statistically @ par with N_p Ko NP Ko N RE . N.PEK
i LT (ke i 1) e

30 s LT LT

titratable ucidity (0.66%) was recorded in NP
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N, PLK,, and significantly lower than other combinations of NxPxK.

423 Total sugars

I'he data on the effect of N, P and K fertilizers on total sugars of kiwifruit cv.
Allison is presented in Table 14. The data reveals that ditferent levels of N, P and K
produced significant effect on total sugars. N showed the inverse relation, while P and
K had direct relationship on total sugars. In ease of N. the highest 1ol sugars was

4]



Table 13. Main and interaction effect of NPK fertilizers on per cent titratable
acidity

a) NxP and NxK interactions

Ps | Po | Pus | Mean | Keo | Ko | Koo
Ny | 094 | 082 | o068 | 081 | 092 | 080 | 072 |
Niw 092 | 08 | 072 | 083 | 085 | 08 | 080
Miso 097 | 086 | 079 | o088 | 095 | 086 | 083
Mean 0.95 0.84 0.73 0.91 0.83 0,78
b) PxK interaction
Kso Ko : Kis
Py; 0.95 0.95 094 I
Pag 1.03 0.78 | 0.73 |
Pros 0.75 0.75 i (.68
¢) NxPxK interaction
Pis P5 Pos _i
Kso .| Kigo | Kiso | Koo | Ky | Kiso Ko | K.,L..;—' K !
N 1.08 0.97 0.78 0.99 ! 0.76 .71 i l-r _'Fn_ I l u_." [ .U_t_'rh _j
Nigo 0.85 N.R7 .03 1.04 | D78 I niz | (s (8l 166
Nysg (.91 1.00 1.01 1.05 | 080 | 074 i Uss U7 | 973
CDoos - -
N = 0006 Nxk k11
P ' 0.006 PxK il
K = 0.06 NxPxK s
NxP = 0.11



Table 14. Main and interaction effect of NPK fertilizers on per cent total sugars

a) NxP and NxK interactions

B Ps3s P P08 Mean Ky K;; T_K;_
Nsp 7.84 7.74 7.78 1.78 7.16 192 | 8.47
Niw ~ | 734 | 777 | 2717 | 763 | 7.20 786 \
Nisg 7.34 7.52 .92 7.53 7.06 7.55 7.97 \
Mean 7.50 7.68 7.76 704 7.70 810 |
b) PxK interaction
Ksg Kioo Kiso |
Pis 7.78 6.67 8.06
P2 7.16 823 7.64
Pros 6.47 8.20 8.60
¢) NxPxK interaction
P3s P Pios
Kso Kino | Kiso Kso : Nion | Kaiso Ksp Ko | K ‘
Nsg 1.53 6.62 9.35 7.27 802 7.92 6.67 8.51 [ 8.13
Niw | 810 | 687 | 703 | 707 | 839 | 775 | 632 | 820 | 8.7
Niso 7.71 6.51 .79 7.05 8.26 | 725 640 7 88 S 87
O . o
N = 007 Nak miz
P = 0.07 Pik 012
K 0.07 Nxl'sk 0.20
NxP = 012



observed in N, (7.78%), which was significantly higher than N, (7.63%) and N,
(7.53%). In case of P, highest total sugars (7.76%) was observed in P, which was
significantly better than P, (7.68%) and P,, (7.50%). Similarly in case of K, K,

recorded the maximum total sugar contents (8.10%), which was significantly higher
than K, (7.70%) and K, (7.14%).

In NxP interaction, N P registered the maximum total sugars contents

(7.84%), which was statistically at par with N P . NP . N, P, NP . and

" 108
N, P, However, the minimum total sugars (7.34%) was recorded in N, P, ard
N P; Which was significantly lower than all other combinations of NxP. In case of
NxK interaction, the maximum total sugars (8.47%) were recorded in N, K .. which
was significantly higher than rest of NxK combinations. The minimum total sugars
(7.06%) was recorded in N, K, , which was statistically at par with N, K, (7.16%). In
PxK interaction, the maximum total sugars (8.60%) was observed in P K . which
was significantly higher than other PxK combinations. The minimum total sugars

(6.47%) was found in P K,, which was significantly lowest than rest of PxK

combinations.

In NxPxK interaction, NP, K, recorded the maximum total sugars (9.35%).

which was significantly higher than all other NxPxK combinations. However, the

minimum total sugars (6.32%) was recorded in N P, K, ., which was statistically at

VR B g
par with N, P K andN P K .

4.2.4 Reducing sugars

The data pertaining to the effect of N, I and K fertilizers on reducing sugars js
presented in Table 15. The N showed an inverse relation with reducing sugars.
Whereas, different levels of P and K showed the direct relationship with reducing
sugars. In case of N, the maximumn reducing sugars (5.67%) was recorded in N,
which was statistically at par with N, (5.36%), but significantly higher than N
(5.40%). In case of P, the maximum reducing sugars (3.84%) was observed in ' .,
which was significantly higher than P, (5.59%) and P, (5.19%). In case of K. K,

registered the maximum reducing sugars (5.74%), which was statistically at par with
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Ko (5.63%). The minimum reducing sugars was recorded in K, (5.26%). which was

significantly lower than other levels of K.

In case of NxP interaction, the muximum reducing sugars (5.90%) was
registered in N,_P_ . which was statistically at par with N, P, N, Pyos and NP ..
However. the minimum reducing sugars (4.92%) was observed in N, P, .. Similarly in
NxK interaction, N, K,,, registered the maximum reducing sugars (5.88%), which
was statistically at par with N K, N K, and N K, .. The minimum reducing
sugars (4.84%) was recorded in N K,,, which was significantly lower than all other
combinations of NxK. In case of PxK interaction, the maximum reducing sugars
(5.94%) was recorded in P K, , which was statistically at par with P, K and
P.K .. The minimum reducing sugars (4.88%) was observed in P, K, . which was

statistically at par with P,K, .

in case of NxPxK interaction, the maximum reducing sugars (5.99%) was
found in N, P K . which was statistically at par with N P K .. W PUK
NisePiishapr NigPuKor NaPioKin NiaPokKas NP K Nl NPk
NPy K NP K Bl K N PLK NyPK o N PK , and NP K, . The

BEXT T 0t E

minimum reducing sugars (4.25%) was recorded in N P, K. which was statistically

atpar with N, P K, N P K _andN P K.

4.2.5 Nun-ruduciﬁg sugars

The data on the effect of N, P and K fertilizers on non-reducing sugars is
presented in Table 16, In case of N, the maximum non-reducing sugars (2.49%) was
recorded n N, . which was significantly higher than N, (2.06%) and N (1.99%). In

o i ’

. ﬂ ® u

stenificantly higher than 1. (2.28%) and P, (1.65%). Similarly, P was significantly
higher than P, In case of K. K, registered the maximum non-reducing sugar;
(2.32%). which was significantly higher than all other levels of K. The minimum non-
reducing sugars (1.99%) wis recorded in K., which wus slatistically a par with K
([455]

e
(2.02%):
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Table 15. Main and interaction effect of NPK fertilizers on per cent reducing
sugars

a) NxP and NxK interactions

P3s P7o Pyos Mean Kso Kino Kyso

N | 558 | 562 | s80 | 567 | 559 | 572 | 569 ¥
Ny 492 | 590 | 585 | 556 | 535 | 545 5.8
Wisi 506 | 526 | 588 | 540 | 484 | 572 | 564
Mean 509 | 559 | ssa 526 | 563 | 574

b) PxK interaction

Ksq Kioe Ky
P15 4.88 5.06 5.63
Pn 518 5.89 371
Pios 5.71 5.94 5.88
¢) NxPxK interaction
P;ﬁ [ P?ﬂ P|1|t‘
| ; -
KEU Klllﬂ Kiﬁu K:‘n,.\ l Kiﬁﬁ K:su Kﬂu ' ku ‘ Kw ‘
" 1 —_— - T '_ ——
Ny | 578 | 547 | 549 | 535 | 578 | 583 | 573 | 5o | 5.7

Niog 4.59 4.41 3.76 ‘ 381 509 5.90 565 393 S uy

Nyso 4.25 5.31 3.62 | 449 | 589 | 540 577 3 96 S 4]
CDy s

N = 012 NxK = 021

P = 0.12 PxK = 02

K = 0.12 NxPxk = (.36

NxP = 021




Table 16. Main and interaction effect of NPK fertilizers on per cent non-
reducing sugars

a) NxP and NxK interactions

P3s Pap Pyps Mean Ksa Koo Kiso
Nso 1.95 2.84 2.68 2.49 2.07 2.65 274
ng'. 1.51 2.14 2.53 2.06 1.97 1.80 241
Nysp 1.49 1.86 2.63 1.99 1.94 1.63 2.40
Mean 1.65 2.28 2.6l 1.99 2.02 2.52

b) PxK interaction

Kso Kino Kiso
Pis 0.79 2.07 2.10
Pap 2.60 1.61 2.62
Pios 2.60 2.40 2.83
¢) NxPxK interaction
Pss Pa Pios

Kso Kioa | Kiso Kso Koo ] Kiso Kso Koo ‘ Kisp

Nsg 0.71 1.76 3.39 3.1 318 2.22 2.40 302

2.6l

Nwo | 0.75 1.98 1.81 238 1.13 2.89 2.77

Id
L
=

Nysg I 0.89 247 1.10 2.30 (].SIJ 2717 2.63 191 | 334

CDq s
N = 020 NxK = 0.34
P = 020 PxK = 0.34
K = 020 NxPsxK = 039
NxP = 034



In NxP interaction, NP, registered the maximum non-reducing sugars
(2.84%), which was statistically at par with N P, .. N_P . and NP .. The
minimum non-reducing sugars (1.49%) was found in N, P... which was statistically at
par with N, P, (1.51%). Similarly in NxK interaction, the maximum non-reducing
supars (2.74%) was recorded in N_K, . which was statistically at par with N K .

N K, and N K . The minimum non-reducing sugars (1.63%) was observed in

N, Ko which was statistically at par with N, K, N K . and N K . In case of
PxI{' interaction, P, K, registered the maximum amount of non-reducing sugars
(2.83), which was statistically at par with P K ., P, K and P,K,. The minimum
non-reducing sugars (0.79%) was observed in P, K, which was significantly lower

5T

than all other combinations of Pxk.

In three factor interactions of NxPxK, the maximum non-reducing sugars
(3.39%) was recorded in N, P, K, which was statistically at par with N P K .
N ooPoK s NooP oK o NP oK, and NP, K, . However, the minimum non-reducing
sugars (0.51%) was recorded in NP, K . which was statistically at par with

NmP:s'K1m' NunP:.sKw leP:lsK:n and Nsnp;'«Kw

4.2.6 Ascorbic acid

The data on the effect of NPK fertilizers on ascorbic acid content is presented
in Table 17, The data indicate that ascorbic acid content decreased with increase in N
and P levels, In case of N, the maximum ascorbic acid content was recorded in N,
(65.95 mg/100 g), which was significantly higher than other levels of N. While, the
minimum ascorbic acid content was observed in N (64.23 mg/100 g). which was
statistically at par with N, (64.28 mg/100 2). In case of P. the maximum ascorbic
acid content (65.52 mg/100 g) was recorded in P, which was statistically at par with
P., (64.99 mg/100 g). Whereas, the minimum (63.95 mg/100 g) was observed in P, .
which was significantly lower than rest of P levels. However, K had the direct
relationship with ascorbic acid content. The maximum ascorbic acid content (65.80
mg/100 g) was found in K, which was significantly higher than K (64.95 mg/100

g) and K, (63.71 mg/100 g).
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In casc of NxP interaction, N P, registered the maximum ascorbic acid

content (66.45 mg/100 g), which was statistically at par with N, P, (65.16 mg/100 g)
and NP, (66.23 mg/100 g). While the minimum ascorbic acid contents (63.23
mg/100 g) was found in NP, which was statistically at par with NP NP
and N, P,.. However, in NxK interaction, N,K,,, registered the maximum ascorbic
acid (68.09 me/100 g). which was significantly superior to all other combinations of
NxK. The minimum ascorbic acid contents (63.63 mg/100 g) was found in N, K,
which was statistically at par with N, K, . N oK o NipoK o No(oKy, and N Ko In
case of PxK interaction, the maximum ascorbic acid content (67.13 mg/100 g) was
found in P K, which was statistically at par with P_K (6674 mg/100 g).
Whereas, the minimum ascorbic acid (63.18 mg/100 g) was found in P K. which

was statistically at par with P K . P. K and P K,

In different combinations of N, P and K, NP K . recorded the maximum
ascorbic acid content (69.93 mg/100 g), which was statistically 4t par with NP K
(68 74 mg/100 g). The minimum ascorbic acid content (62.36 mg/100 g) was found in
NP LK, which was statistically at par with NistPisKas NigPaKige NiooPoK, o
NooP sl NigPuKus NP NigPoKe NoPK. Mol NP K.,
N PR NJPLGEL NP K, and NP, K

HE 358

45 EFFECT OF N, P AND K FERTILIZERS ON LEAF NUTRIENT STATUS

The effect of NPK fertilizers on leaf nutrient status of kiwifruit cv. Allison are

presented as under:

4.5.1 Nitrogen

Fhe data pertaining to the effect of NPK fertilizers on leaf N status is
presented in Table 18, The perusal of data reveals that increasing ]ﬁ\ul of N showed a
direct relationship with Jeaf N content. The highest leaf N (2.62°) was recorded in
™ .. which was significamly higher than N, (2.52% N) and N, (2.11% N). In case

ol I'. the maximum leal content was i 2.479 ' -
m Jeal content was recorded in P, (2.47%). which was slatistically at

par with ' (2.45%). However. the minimum leaf N content (2.32%) was recorded in

I .. which was significantly lower than other levels of . In case of K. K recorded
1 b
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Table 17. Main and interaction effect of NPK fertilizers on ascorbic acid content
(mg/100 g fruit pulp)

a) NxP and NxK interactions

Pss P30 Pios Mean Ksp Kino Kiso
Nsg . 66.45 66.41 64.98 65.95 63.78 65.97 68.09
Nioo 6496 | 6426 | 63.64 | 6428 | 6372 | 6385 | 6528
Niso 65.16 64.31 63.23 64.23 63.63 65.03 64.03
Mean 65.52 64.99 63.95 63.71 64.95 65.80 |
b) PxK interaction
Ksq K Kiso
Pss 64.33 65.11 67.13
Pro 63.62 64.62 66.74
Pios 63.18 65.13 63.54
¢) NxPxK interaction
Pis P Pios B
Ksog | Kiow | Kisw | Koo | Kino | Kuso so | Kioo | Kiso
Nsg 64.20 | 6641 GR.;*I- 63.4]1 | 6388 . (9 93 3.72 | 65.61 63.01
Nigp | 6426 | 63.29 | 67.32 | 63.45 ’l 6345 | 6388 | 0345 | o482 | 6204
Niso 64.55 | 63.61 | 65.34 | 63,99 | 6433 | 6440 | 62.37 | 64.95 | 06250
CDy s
N = 0.82 NxK = I.41
P = 0.82 PxK J.41
K = 10.82 NaPxk = 245
NxP = 141




Table 18. Main and interaction effect of NPK fertilizers on per cent leaf N
content

a) NxP and NxK interactions

Pss Pro Pios Mean Ksa Kioo Kiso
Nsg ; 2.14 2.12 205 2.11 221 215 1.96
Nlm' 2.61 2.57 2.37 2.52 2.85 2.61 2.09
Niso 267 | 266 | 254 | 262 | 284 | 268 | 235
Mean 247 245 2,32 263 248 213 J
b) PxK interaction
Kso Kaoe Lo
Pss 2.64 T 2.16
P 2.61 2.59 2.16
Pios 2.64 2.24 2.08
¢) NxPxK interaction
P Pjos
Kso | Kioo | Kiso | Kso | Kioo | Kiso | Kso | Kioo | Kiso
Nsp 223 220 1.98 2.20 | 2.20 1.98 2221 2.05 IV
Niog 2.87 283 2:13 282 | 278 212 2.86 222 : 202
Niso 2.84 2.81 2.37 2.82 2.78 2.38 X85 ‘ 245 | 231
CDogs -
N = 0.02 Nxk = 003
P = 0.02 Pxk = IXURS
K = 0.02 NxPxK = 006
NxP = 0.03




the maximum leaf N content (2.63%), which was significantly higher than K

(2.48%) and K., (2.13%). Similarly, K ,, tended to accumulate significantly higher
Jeaf N content than K .

The different interactions were also found significant. In NxP interaction. the

maximum leal N content (2.67%) was recorded in N__P

Isat 18 WhiCh was SI&TES“CH“_‘V at

par with N,,P,,. The minimum leaf N content (2.05%) was observed in NP ., which

was ‘significantly lower than all other combinations of NxP. In NxK interaction, the

maximum leaf N content (2.85%) was recorded in N K, which was statistically at
par with N K, (2.84%). The minimum leaf N content (1.96%) was observed in
N, K, which was significantly lower than rest of NxK combinations. In case of PxK
interaction, the maximum leaf N content (2.64%) was recorded in P, K, and P, K .

which was statistically at par with P, K, and P K . However, the minimum leaf N

Bt
K

content (2.08%) was observed in P,

130

In case of NxPxK interaction, N, P, K, recorded the maximum leal N content
(2.87%), which was statistically at par with NP K . N _P K. N P K _.
N, Pk NP oK NioPrKy and NP K, . The minimum leaf N content
(1.90%) was observed in N, P, K, . which was significantly lower than all other

combinations of NxPxK.

4.5.2 Phosphorus

The P content of the leaves decreased with the increasing levels of N, while P

levels showed direct relationship with leafl P content (Table 19). In case of N. N
recorded the maximum leaf P content of 0.282 per cent, which was significantiy
higher than N, (0.275%) and N, (0.227%). In case of P levels. P, registered the
maximum leaf P content (0.269%), which was statistically at par with P, (0.267" )
However, the minimum leal PP content (0.247%) was recorded in P, In case of K.
lowest level of K (K,,), showed the maximum leal’ P content (0.294%), which was
significantly higher than other K levels. The minimum leaf P contents was recorded in

K., (0.235%), which was also significantly lower than rest of K levels.



nt (0.295%) was

1 1 1 leal P conte
f NxP interaction, the maximum
e (0.286%). The

recorded in N_P,,. which was statistically at par with NP

minimum leaf P content (0.216%) was recorded in N P\, followed in N, P ... These

i i ontent. In
two treatments were statistically at par with each other in respect [0 leaf P co

NxK interaction. N, K,, recorded the maximum leaf P content (0.335%), which was

siunificantly higher than all other combinations of NxK. The minimum leaf P content

(0.219%) was observed in N, K, which was statistically at par with N, K,
(0.225%). In case of PxK interaction, P, K, recorded the maximum leaf P content

(0.300%), which was at par with P K, (0.295%). The minimum leaf P content
(0.224%) was observed in P, K ,,, which was statistically at par with P, K, (0.232%).

In case of three factor interaction i.e. NxPxK, the maximum leaf P content
(0.351%) was recorded in N, P, K, . which was significantly higher than ali other
combinations of NxPxK. However, the minimum leaf P content (0.213%) was
recorded in N P K, . which was statistically at par with N P, K., N P K,

N.\ P‘Ul{lw‘-‘ NI'-.'PH‘.‘K'!‘-L-' Ni“PIMKm'-’ NJWPWSK‘IW' NINPWKJSE" NIMPI!K'IN and N!)‘PBKIN'

4.5.3 Potassium

The data on the effect of NPK fertilizers on leal K status is given in Table 20.
I case of N, the maximum leaf K content (2.022%) was recorded in N, which was
significantly higher than other levels of N. The minimum leaf K content was recorded
11 N, (1.476%). which was significantly lower than all other levels of N. Among the
different P levels. P, recorded the highest leaf K content (1.849%), which was
statistically at par with P (1.836%), while the significantly lowest leaf P content
11.755%) was recorded in P In case of K. K., registered the muximum leaf K
content (2.016%). which wis statistically at par with K., (1.960%), The minimum
leat K content was recorded in K., (1.464%). which was signilicamtly lower than all

other levels of K.

In case of NxP interaction. the maximum leal K contem (2.043%) was
o kst 07 ot

recorded in NP, which was statistically at par with NP N_p NP, and

N.P,,. The minimum leal K content (1.423%) was observed in N P, which was



Table 19. Main and interaction effect of NPK fertilizers on per cent leafl P
content

a) NxP and NxK interactions

Pas Py Pios Mean Ksn Koo Kiso
Nso | 0267 | 0283 | 0295 | 0282 | 0335 | 0273 | 0237
Nioo ' 0.258 0.27% 0.286 | 0.275 0.321 0.273 0.231
Nisp 0216 0.239 0.226 0.227 0.225 0.219 0.237
Mean 0.247 0.267 0.269 0.294 0.255 0.235
b) PxK interaction
Kso Kioo ] Kiso
P35 0286 0.232 0.224
P 0295 0.264 0.243
Pros 0.300 | 0.269 0.238
¢) NxPxK interaction
P1s Pz Pio |
Ksg | Koo K_Iill Ka | Kigo | Kiso | Ks | Ko | Kysi
Nag 0.325 | 0.245 | 0.232 | 0330 1 (1.286 “ (1.233 1-?.35|_i1_:!~':'_2 | il.-fvlh |
Nigo | 0314 | 0237 | 0223 | 0322 | 0284' | 0232 | 0320 | 0.29 | D.237
Nisn 0218 | 0,213 | 0216 i 0232 ! 0.223 l 0263 | Q225 | 0232 | 0.23]
CDupgs
N 0.006 NxK = 0011
P = 0.006 PxK = 0011
K = 0006 NxPxK = 0.019
NxP = 0.011




Table 20. Main and interaction effect of NPK fertilizers on per cent leaf K

content

a) NxP and NxK interactions

Pss P Pios Mean Kso LS Kiso
Nso . 2.043 2.030 1.992 2.022 1.553 2274 2.238
Nigo. 2004 | 1972 | 1850 | 1942 | 1493 | 2065 | 2268
Niso 1.499 1.506 1.423 1.476 1.346 1.540 1.542
Mean 1.849 1.836 1.755 1.464 1.960 2.016
b) PxK interaction
Kso Kioo Kisg !
Pis 1.467 2.002 2.077 _:
P 1.527 1.944 2.038
Pios 1.398 1.933 l 1.933 I
¢) NxPxK interaction
Pss P Pios
Kso Kioo Kiso Ksp Kino Kiso Ky TK;;;._- K:_
Nso 1.560 | 2.330 | 2.239 | 1.583 | 2.239 | 2269 | 1.516 | 2253 | 2.205
Nigo 1.425 | 2.136 | 2451 | 1.566 | 2.052 l 2298 | 1488 | 2.007 | 2054
Niso 1417 | 1.540 | 1.541 | 1432 | 1.540 | 1.547 | 1191 13540 | 1.539
CDo.os
N = 0.060 NxK = 0.104
P = 0.060 PxK = 0104
K = 0.060 NxPxK = 0.18]
NxP = 0.104




statistically at par with N P,  and N_P. . In case of NxK interaction, N K
registered the highest leaf K content (2.274%), which was statistically at par with

N, K, and N K, . However, the lowest leaf K content {1.346%) was recorded in
N,K,,- In case of PxK interaction, the maximum leal K content (2.077%) was
recorded in P K. which was statistically at par with P,K  and P K = The
minimum leaf K content (1.398%) was recorded in P_K.  which was at par with

L=l [V i
P K, (1.467%).

In case of NxPxK interaciion, the maximum leaf K content (2.451%) was

P.K,, and NP K

L 1C 1 L1 I o”

recorded in N P, K,,,, which was statistically at par with N

The minimum leaf K content (1.191%) was observed in NP K, which was

significantly lower than rest of NxPxK combinations.

4.5.4 Calcium

The data pertaining to the effect of NPK fertilizers on leal Ca status is
presented in Table 21. In case of N, maximum leaf Ca content (3.417%) was recorded

in N ., which was statistically at par with N = (3.375%). The minimum leaf Ca

1501

content was observed in N, (3.196%), which was significantly lower than all other N
levels, However, P levels showed non-significant effect on leaf Ca content. In case of
K, the maximum leaf Ca content (3.403%) was recorded in K. which was
significantly higher than K, (3.320%) and K, (3.265%). K, was found statistically

at par with K, in respect to leaf Ca content.

In case of NxP imteraction, N, P, registered the maximum leal’ Ca content

(3.454%). which was stalistically at par with N, P N P N P,

5

and N, P The
minimum leal’ Ca content was observed in N, P (3.186%), which was at par with
NP, and N_P_ . In NxK interaction, the highest leal Ca content (3.544%) was tound
in N, K., which was statistically at par with N K., 13.496%). However. the lowest
leaf’ Ca content (3.152%) was recorded in N K, . which was statistically at par with

NG K and Nk . In case of PxK interaction, P, K registered the maximum leaf Ca

T

content (3.411%). which was at par with P, /K . P K P K P K and PP K, .
While, the minimum leaf Ca content (3.223%) was found in ', K . which was

E\‘"I!ﬂ' p‘-!-i\

"
100

statistically at par with P_K . P and P_K .

s
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statistically at par with N P and N _P__ In case of NxK interaction, N, K

507 100
registered the highest leaf K content (2.274%), which was statistically al par with

N,K,;, and N K .. However, the lowest leaf K content (1.346%) was recorded in
N,,K,. In case of PxK interaction, the maximum leaf K content (2.077%) was
recorded in P_K ., which was statistically at par with P, K, and P K = The

Rl ) i

minimum leaf K content (1.398%) was recorded in P, K, which was at par with

P, K, (1.367%).

507

In case of NxPxK interaction, the maximum leaf K content (2.451%) was

recorded in N P, K, which was statistically at par with N P K and N P K, .

The minimum leaf K content (1.191%) was observed in NP K, which was

significantly lower than rest of NxPxX combinations.
454 Calcium

The data pertaining to the effect of NPK feriilizers on leal Ca status is
presented in Table 21. In case of N, maximum leafl Ca content (3.417%) was recorded

in N, which was statistically at par with N (3.375%). The minimum leal Ca
content was observed in N, (3.196%), which was significantly lower than all other N
levels. However, P levels showed non-significant effect on leaf Ca content. In case of
K, the maximum leaf Ca content (3.403%) was recorded in K., which was
significantly higher than K, (3.320%) and K ,, (3.265%). K, was found statistically

at par with K ,_ in respect to leaf Ca content.

In case of NxP imeraction, N, P, registered the maximum leal Ca content
(3.454%). which was statistically at par with N P N PN P cand NP The
minimum leaf” Ca content was observed in N, P. (3.186%). whith was at par with
NP and N P_ In NxK interaction, the highest leal Ca content (3.544%) was found
in N, K., which was statistically at par with N, K. (3.496%). However. the Jowest
leaf Ca content (3:152%) was recorded in N K, . which was statistically at par with
N, K and N _k . In case of PxK interaction. P_ K, registered the maximum leal Cu

content (3.411%), which was at par with P K . P, K P K. P K

s g

and P K.,

T

While, the minimum leaf Ca content (3.223%) was found in P, K

I’.\-

e Which was

statistically at par with P K P K P.K and P K,
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In NxPxK interaction, the highest leaf Ca content (3.619%) was recorded in

N, P\ K, which was statistically at par with N P 15K 000 N, Pk s NP oK o

NthIuKsn' N:meK}n’ NIMP mKsu and NlmPnKsu' The lowest leaf Ca content (3.071%)

was recorded in NP, K, which was statistically at par with N, Py K o NipoProK o
NP KI!D‘ NMPIOGKI-W Nsuplu.\Kwu' N.\quK!u' NwPIUK‘rin’ NsﬂpiuKJﬂn’ NSGPWKW and

1" 34

NSOPJ!K'W'

455 Magnesium
The data on the effect of NPK fertilizers on leaf Mg status is presented in
Tahle 22. In case of N, the maximum leaf Mg content (0.868%) was recorded in N,

which was significantly higher than all other levels of N, The mimmum leaf Mg

content (0.827%) was observed in N, . which was also significantly lower than all
other levels of N. In P, P, recorded the maximum leaf Mg content (0.856%), which
was statistically at par with P, (0.855%). The minimum leaf Mg content was recorded
in P, (0.842%). In case of K, the maximum leaf Mg content (0.855%) was recorded
in K,,. which was statistically at par with K (0.853%). However, the minimum leaf

Mg content was found in K, (0.845%).

In case of NxP interaction, NP, registered the highest leaf Mg content
(0.874%). which was statistically at par with NP, (0.873%). The lowest leaf Mg
content (0.818%) was recorded in NP, ., which was significantly lower than other
combinations of NxP. In case of NxK interaction, the maximum leaf Mg content
(0.878%) was recorded in N K., which was found to be statistically at par with
NoKw and N K The minimum leaf Mg content (0.818%) was found in N, K.,
which was statistically at par with N, K ., (0.820%), Similarly in PxK interaction,
'K, registered the maximum leaf Mg conten! (0.866%). which was statistically at
par with P_K, and P K, . The minimum leal Mg content (0.833% ) was observed in
P, K o which was at par with P K, (0.837%).

In case of three factor interaction i.e. NxPxK, the combination of N, .P,.K
I 35

recorded the highest leaf Mg content (0.894%), which was statistically at par with
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Table 21. Main and interaction effect of NPK fertilizers on per cent leaf Ca

content

a) NxP and NxK interactions

P3s Pao Pios Mean Kso Kino K—liﬂ—-
Nsg ) 3.186 3.189 3.212 3.196 3.171 3.152 3.264
Nlm' 3.347 3372 3.405 3.375 3.496 3.393 3.235
Niso 3.454 3.407 3.392 3.417 3.544 3414 3.294
Mean 3.329 3.323 3.336 3.403 3.320 3.265
b) PxK interaction
Ksy Kion Kiso
Pis 3.409 3.307 3371
P 3411 3334 3.223
Pios 3.390 3.319 3.300
¢) NxP'xK interaction
Pss Py Pios
Kso | Ko Klsu__ l\Tsu ! Kion | Kiso | Kso -E\l"_! Kisy |
Nag [ 3,145 | 3.071 | 3.343 | 3,183 | 3,179 | 3205 | 3.184 | 3208 | 3.244
Nioo 3463 | 3.389 | 3.190 | 3.528 | 3,572 | 3217 | 3497 | 3419 ' 3299
ilen 3.619 | 3.461 | 3.281 | 3.523 | 3452 | 3.246 | 3.489 1 3:33] | 3336
CDogs
N = 0.039 Nxk = 0102
P = NS PxK = 0.102
K = 0.059 NxPxK = 0177
NxP = 0.102




Table 22. Main and interaction effect of NPK fertilizers on per cent leaf Mg
content

a) NxP and NxK interactions

l-—-"'-'-u

P3s Py Pios Mean Kso Kioo Ky
Nsp = 0.831 0.831 0818 | 0.827 | 0.818 0.842 0.820
Nioo 0.863 0.861 0.851 (.838 0.870 0.B46 0.857
Nyso (.873 0.874 0.858 0.868 0.878 0.870 0.857
Mean 0856 | 0855 | 0842 0855 | 0853 | 0845
b) PxK interaction
Kso Kioo Kiso '
P 0.864 0.866 0.837 \
Puy 0.855 0.859 0.852 ‘
Pos 0.848 0.833 0.845 |
¢) NxPxK interaction
Pas P Pos l
Kso Kion | Kiso Kso Kuw | Kisp Kso Kiw | Kiso i
| =4
Nsgp 0842 | 0.843 | 0.809 | 0.818 | 0.848 | 0.826 | 0.795 | 0.835 ‘ 0,824 |
| [
Nioo 0.869 | 0.861 | 0.859 | 0.873 | 0848 | 0.860 | 0.869 | 0830 1.833
Ny 0.881 0894 | 0,843 | 0873 | 0881 | 0.869 | 0.879 | 0835 @ (.89
CDyos
N - 0.005 NxK - 0.010
P = 0.003 Pxk - 0.010
K = 0.005 NxPxk = 0.016
NxP = 0.010
[ e ouan
46352 ;
ailtn S e



NoPisKay NygoPK o and N P K - The minimum leaf Mg content (0.795%) was

observed in NP, K, . which was at par wath N, P_ K . (0.809%).

1in

4.5.6 Zinc

The data on the effect of NPK fertilizers on leafl Zn status i1s presented in
Table 23. A perusal of data reveals that increasing levels of N, P and K showed direct
relationship with leaf Zn content. [n case of N. the maximum leaf Zn content (94.67
ppmy was recorded in N, which was significantly higher than other levels of N. The
minimum leaf Zn content (87.33 ppm) was observed in N,,, which was signilicantly
less than other N levels. Among the different P levels. P, recorded the maximum leaf
Zn content (92.37 ppm), which was statistically at par with P, (91.33 ppmj. While.
the minimum leaf Zn content (90.41 ppm) was found in P, which was statistically at
par with P, (91.33 ppm). In case of K, the maximum leaf Zn content (92.07 ppm) was
recorded in K, which was at par with K, {(91.96 ppm) and the minimum Zn content
(90.07 ppm) was found in K,.. In case of NxP. the maximum leaf Zn content (96.00
ppm) was recorded in N _ P, which was significantly higher than other combinations
of NxP. The minimum leaf Zn centent (85.67 ppm) wus observed in NP which was
also significantly lower than rest of NxP combinations. Among the NxK interaction.
N, K, registered the highest leaf Zn content (96.22 ppm), which was statistically
par with N, K, and N K .. The lowest leaf Zn content (83.33 ppm) was recorded
in N K, which was statistically at par with N_ K, | (84.78 ppm). Similarly, i Pak
combinations, the maximum leaf Zn content (9478 ppm) was observed m P K .
which was statistically at par with P, K . The minimum leal Zn content (83.67 ppiy
was recorded in PLK_, which was sigmificontly lower as compared o all ol

combinations ol PxIK.

In NxPxK interaction. the maximum leat Zn content (97.00 ppni was

registered in N P K ..

whith was statistically ot par with NP K N P K

T et NV B P

NPl o N.«.I‘;.Km.- NG R NP K e DUPUR, dd N P K Voweser,

(1] (o)

the mimimum leaf Zn comtent (82.00 ppm) wus observed in N P K. which wis

statistically at par with N P K, and N_ P K .

Atk

S11



45.7 Iron
The data pertaining to the effect of NPK fertilizers on leaf Fe status is
presented in Table 24. In case of N, the maximum leaf Fe content (327.0 ppm) was

recorded in N,,,, which was significantly higher than other N levels. The minimum
leaf Fe content (310.0 ppm) was observed in N, which was statistically lower than
N, and N,,. In P, the maximum leaf Fe content (327.3 ppm) was observed in P,
which was significantly higher than P, (317.0 ppm) and P,, (311.6 ppm). In case of
K, K, registered the highest leaf Fe content (232.9 ppm), which was significantly
higher than other K levels. The lowest leaf Fe content (309.3 ppm) was obscrved in
K, which was significantly lower than K, and K ..

In two factor interaction of NxP, the maximum leaf Fe contenl was recorded in
NP, (336.9 ppm), which was statistically at par with N P, (329.6 ppm). The
minimum leaf Fe content (305.7 ppm) was observed in N, P, ., which was statistically
at par with NP . and N_P,.. In case of NxK interaction, the highest leafl Fe content
(343.8 ppm) was recorded in N, K, which was statistically at par with N K,, (336.7
ppm). The lowest leaf Fe content (305.6 ppm) was observed in N_K,;, which was
statistically at par with NK . N K. N, K. and N _K . In case of PxK
combinations, P, K,, registered the maximum leaf Fe content (344.1 ppm), which was

significantly higher than other combinations of PxK. The minimum leaf Fe content
(3054 ppm) was recorded in I’ K, . which was statistically at par with P, K .
rK,adP K

(b

In case of NxPxK interaction, N,.P.K,, registered the maximum leaf Fe
content (349.0 ppm), which was statistically at par with N P K. N P.K..
NiPyuRe NP K and N_PUK, . The minimum leaf Fe conlent (294.0 ppm) was
recorded in NP K . which was statistically at par with N,P.K.. NP K

. _ 109" 1087 T 150
NP NP K NP K and N PLK .

458 Copper

The data pertaining to the effect of NPK fertilizers on lcaf Cu content is
presented in Table 25. Among the different levels of N, the highest level of N j.e. N
ety 150
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Table 23. Main and interaction effect of NPK fertilizers on leaf Zn content (ppm)

a) NxP and NxK interactions

Pis P10 Pios Mean Ksq Koo Kiso
Nso 85.67 87.89 88.44 87.33 83.33 84.78 B8.89
Nioge 91.44 02.22 92.67 92.11 89.56 94 89 91.89
Niso 94.11 93.89 96.00 94.67 92.33 96.22 95.44
Mean 90.41 91.33 92.37 90.07 . 91.96 92.07
b) PxK interaction
Ksg Kion ’ Kiso
P 85.67 90.78 - |r_ B le.?S
P 91.22 92.00 90.78
Pias 93.33 93.11 90.67
¢) NxPxK interaction
Ps3s P Pios
Ko | Kiso | Keo | Kio | Kisw | Kso | Koo [ Kuso
Nsp 82.00 | 82.67 | 9233 | 91.67 | 84.67 | 87.33 | 91.33 | 87.00 | 87.00
Nio | 85.00 | 94.00 | 9533 | 90.00 | 9533 | 91.33 | 93.67 | 9533 | 89.00
Niso 90.00 | 95.67 | 96.67 i 92.00 | 96.00 | 93.67 | 9300 | 97.00 | 96.00
CDyos - o
= 0.92 NxK = Y
= 0.92 PxK = S8
0.92 NxPxK = 5

1.58




Table 24. Main and interaction effect of NPK fertilizers on leal Fe content

(ppm)

a) NxP and NxK interactions

Pss Pro Pios Mean Ksao Kiao Kiso
Nso 306.7 316.2 307.1 3100 318.1 306.3 305.6
Nos | 3057 | 3369 | 3144 | 3190 | 3367 | 3099 | 3104
Niso 322.6 328.8 329.6 327.0 343.8 325.1 312.0
Mean 311.6 3273 317.0 3329 3]3; i 3_0;.?3—
b) PxK interaction
Ksp Koo Kisg
Pis 320.0 308.2 306.7
Pro 344.1 3219 359 |
Pios 334.4 3112 305.4
¢) NxPxK interaction
P3s Pao Pros |
Ko | Kioo | Kiso | Kso | Kioo | Kiso | Kso | Kioo | Kiso |
Nsa 307.3 | 308.7 | 304.0 | 3373 | 303.0 | 308.3 | 3097 | 307.3 | 304.3
Mo | 3127 | 294.0 | 3103 | 3490 | 3353 | 326.3 | 3483 | 3003 | 2947 |
Niso 340.0 | 322.0 | 305.7 | 346.0 | 3273 ! 313.0 | 3450 | 3260 | 3173 |
CDy o _
N = 431 NxK = 745
P = 43 PxK = 745
K = 4.3l NxPsK = 12.91
NxP = 745



Table 25. Main and interaction effect of NPK fertilizers on leaf Cu content
(ppm)

a) NxP and NxK interactions

Pss P Pios Mean Kso Kim Kiso

Nso 20.67 20.56 20.11 20.44 20.56 20,56 20.22
Nuwos | 23.56 24.78 24.33 2422 | 23.78 25.00 23.89

Niso 25.44 26.56 2544 25.81 2544 26.22 25.78

Mean 23.22 23.96 23.30 23.26 2393 23.30

b) PxK interaction

.
Ksp Koo Kisp
Pas 22.67 23.67 23:33
P 23.89 24.33 23.67
Pios 2322 23.78 22.89
¢) NxPxK interaction
Pis Pag Pins

Kso Kioo | Kiso Kso Ko | Kiso Kso Kiw | Kiso

Nsq 19.67 | 22.00 | 20.33 | 21.67 | 20.533 | 19.67 | 20.33 | 19.33 | 20,67 |

Niog 20,67 | 24.00 | 24.00 | 24.67 | 25.67 | 24.00 | 24.00 | 253

T

Nysn 25.67 | 25.00 | 25.67 | 2533 | 27.00 J 27.53 | 25333 | 2667 | 2433
CDyos

N 0.82 Nxk > 1.41

P = NS Pak - 141

K = NS NxPsk = 246

NxP = 141



recorded the maximum leal Cu content (25.81 ppm). which was sigmficantly higher
than N, (24.22 ppm) and N,; (20.44 ppm). Similarly, N, was significantly lower
than N, and N .- However, the effect of P and K on leaf Cu content was found to be

non-significant.

In case of NxP interaction, the maximum leaf Cu content (26.36 ppm) was

observed in N P, which was statistically at par with N, P and N P .. However.,

the ginimum leaf Cu content (20.11 ppm) was recorded in NP .. which was

W

statistically at par with N P, and NP, In, NxK interaction, N K, regisicred the

maximum leaf Cu content (26.22 ppm), which was statistically at par with N K, .
N K and N, K . The minimum leaf Cu content (20.22 ppm) was registered in
N K, which was at par with N K, and N K . Similarly, in PxK interaction. the

maximum leal Cu content (24.33 ppm) was observed n P K . which was

statistically at par with P K P K . P K P K. . P.K_  and P K . While, the

minimum leaf Cu content (22.67 ppm) was ebserved in P, K, .

In case of NxPxK interaction, the highest leaf Cu content (27.33 ppm was
recorded in NP, K . which was statistically at par with N P K N P K.

Il L Sl g
NLt'r:P:uKm* Nu‘z'\PmKw Nnnp *.sK N PBK

150% 7 7 My

NP Ky M P06

b1 i {1 B |1

and NP K .

1

The lowest leaf Cu content (19.33 ppm) was observed in N P, K = which was

statistically at par with N, P K. . NP K

| 5 St K11

Nu.puxmn N,J’!,Kw and N P Kl

[ 3% 45*

o NPK o NPK. NPK

4.5.9 DMangancse

The data on the effect of NPK Lertilizers on the leaf Mncontent 1s prosented (1
Table 26. It is evident trom the data that mereasing dose of N had direct roluonshie
with leaf’ Mn content. The maximum leat Mpcontent (3019 ppamd was reca dad g
N,.. which was significamtly higher thar other levels of No The mininu: lea:
content was recorded i N (4442 ppmdowhich was statstically ar par woh N
(44.59 ppm). In case of P, the maximum leal Mo content (46,32 ppmiwas recondad i
P .. which was significantly lngher than ol other PP levels. The minimun leat Vo

content of 44119 ppm was observed m ' which was statistically ot par with U

1=



(44.30 ppm). In K. K, registered the maximum leaf Mn content (46.41 ppm), which

was significantly higher than K, (4522 ppm) and K, (43.37 ppm). Similarly K,

was significantly superior than K, in respect 1o leaf Mn content.

In case of NxP interaction, the maximum leaf Mn content (51.44 ppm) was
recorded in N, P, ... which was significantly higher than all other combinations of
NuP. The minimum leaf Mn content (42.78 ppm) was observed in N,,;P,,, which was
statistically at par with N, P, (43.78 ppm). In NxK interaction, N, K, registered the
highest leaf Mn content (48.11 ppm), which was at par with N, K, (47.67 ppm).
While. the lowest leaf Mn content (40,44 ppm) was observed in N K,,. In case of
PxK interaction, the maximum leaf Mn content (48.00 ppm) was recorded in P, K
and P_K, . which was significantly higher than all other combinations of PxK. The
minimum leaf Mn content'(41.78 ppm) was observed in P, K, which was statistically

at par with P, K, and P, K

AT A 05t

In case of three factor interaction i.e. NxPxK, the maximum leaf Mn content
(54.33 ppm) was recorded in N P, K ., which was significantly higher than other
combinations of NxPxK. The minimum leaf Mn content (39.33 ppm) was recorded in

NP K, and N P, K, . which was statistically at par with N, P,_ K, .

foc T ST

4.6.3  Available soil nitrogen

The data on the effect of NPK fertilizers on available nitrogen content in the
soil 1s presented in Table 27 1t is apparent from the data presented in the Table 27,
that soil application of N, P and K fertilizers exerted an appreciable effect on
available N content. Nitrugen content in the soil was found to be highest (365.4
kg'ha) with the soil application of N, level, which was significantly higher than the
uther N levels. Whale, the fowest nitrogen content in sail was recorded in N, (362.3
hehi). which was sigmificantly lower than other levels of N. In case of I, higher level
of P (P ) recorded 3633 kg N/ha in the soil, which was sigmficantly higher than
ather P levels. While. minimum N content in soil was found n P (363.5 kg/ha),
which was statistically at par with P, (363.9 kg/ha). Similarly, K recorded the

maximum N content (365.7 kg/ha) in the soil. which was significantly higher than
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Table 26. Main and interaction effect of NPK fertilizers on leaf Mn content

(ppm)

a) NxP and NxK interactions

Pas Prg | Pios Mean Ksq Koo Kiso
Nisp 44.89 44.00 43.78 | 4422 | 4044 47.67 44.56
Nig» | 4522 | 4422 | 4433 | 4459 | 4533 | 4544 | 43.00
Niso 42.78 44.33 51.44 46.19 4433 46.11 48.11
Mean 4430 | 4419 | 46.52 4337 | 4641 | 4522
b) PxK interaction
Kso Koo Kiso
Pss 41.78 46.00 45,11
P 42.00 48.00 4256
Pios 46.33 45.22 48.00
¢) NxPxK interaction
Pis P Pros
Kio | Kio | Kiso | Ko | Kio | Kiso | Ksy | Koo | Kisg
Nsp 4233 | 4833 | 44.00 | 39.33 | 50.33 4_?._.33 3‘.?,(17_ 44,33 | 47.3
Njoo 43.67 | 46.67 : 4533 | 43.67 | 47.67 | 41533 | 48.67 | 42.00 | 4233
Niso 3933 | 43.00 | 46.00 | 43.00' | 46.00 | 44.00 | 50.67 | 4933 | 5433
CDgos
N = (.66 NxK = .14
P = 066 PxK = L4
K = 0.66 NxPxK = 1.98
NxP = 1.14




Table 27. Main and interaction effect of NPK fertilizers on available N status

(kg/ha)

a) NxP and NxK interactions

Pss P Pros Mean Kso Ky Kiso |
Nsp 362.1 361.7 363.1 362.3 361.5 362.1 363.4
Nigos | 364.0 | 3648 | 3660 | 3649 | 3644 | 3640 | 3665
Niso 364.3 365.2 366.6 I 3654 364.9 364.1 3673
Mean 363.5 363.9 3653 | 363.6 363.4 | 365.7
b) PxK interaction
Kso Koo | Kiso
Py 163.0 363.0 364.4 |
P 363.5 363.1 365.2
Pios 3642 364.] 3673
¢) NxPxK interaction
Ps: Py Pros .i
Ko | Koo | Kiso _-K-so ' B | Kisp | T | Bim | i
N | 3614 | 3620 | 3628 | 3610 | 3618 | 3623 | 3619 | 3624 | 3651
Nipo 363.5 | 3634 | 3649 | 644 . AT l 3664 | 3652 | 3649 308
Niso 3641 l 3634 | 365.5 | 3651 i 3037 ! J006.9 | 3654 | 3631 | 3.
CDyps _ | _
N = 0.45 NxK 0.79
P = 0.45 PxK = 0.79
K = 045 NxPsKk = 1.37
NxP = 079



other levels and minimum N content was recorded in K, (363.4 kg/ha), which was

statistically at par with K, (363.6 kg/ha).

Among NxP interaction, N, P . recorded the maximum content of N (366.6
kg/ha), which was statistically at par with N, P . (366.0 kg/ha), while the mininum
was recorded in NP, (361.7 kg/ha), which was statistically ut par with NP (3621
kg/ha). In case of NxK interaction, N, K . registered the highest N content in soil
(367.3 kg/ha), which was significantly higher than all other NxK combinations.
Wher;as. lowest N content in soil was recorded in N K, (361.5 kg/ha), which was rt
par with N K (362.1 kg/ha). Similarly in PxK interaction, the maximum content of
N in soil was recorded in P, K . (367.5 kg/ha). which was significantly higher than
all other combinations of PxK. While, the minimum N {363.0 kg/ha) was recorded in
P.K,, and P, K . which was statistically at par with P, K, (363.1 kg/hay and P, K |
(365.5 kg/ha).

In three factor interaction, N,_ P

wsok 1o By 5o Fe@istered the maximum N content in

soil (369.4 kg/ha), which was statistically at par with NP K . (368.1 kg/ha)

Whereas, minimum N content in soil was recorded in NP, K, (361.0 kg/ha), which

was statistically at par with N P K (N P K NP K NP K and N P K

p et 115 [T LA T i % Sat jud

4.6.4 Available soil phosphorus

The data on the main effect of NPK [ertilizers on available phosphorus content
is presented in Table 28. In case of N, N, registered the highest P content of 39.87
kg/ha in soil, which was statistically at par with N, (39.34 kg/ha). while the lowest
was recorded in N, (38.02 kg/ha). In case of P, maximum P content in soil was
recorded in P, (45.81 kg/ha), which was significantly higher than all other levels of
P. The minimum available P content was recorded in P, (33.21 kg'ha). which was
significantly lower than all other levels of P. Among the different levels of K. the
maximum P content in soil (40.95 kg/ha) was recorded in K . While, the minimum

was recorded in K, (36.44 kg/ha),

In case o7 NxP interaction, N, P, recorded the maximum content ol P (47.04

kg/ha) in soil, which was statistically at par with N,_ P . (46.33 kg/ha), However. the

69



In sl { i Y (32,78 kglh ich was also at par
minimum B content in soil was found in N, Py (32.78 kg/ha), wh p

with N P (33.11 kg/ha) and NP, (33.73 kg/ha). Among NxK interaction, the
hichest P content of 42,12 kg/ha in soil was recorded in N K, which was
statistically at par with N, K, (41.46 kg/ha). While, the lowest P content in soil was
found in N, K,, (35.70 kg/ha). Similarly in PxK interaction, P, K, registered the
maximum P content of 49.79 kg/ha in soil, which was significantly highest than all

T i T @A e T 3 W
other PxK combinations. The minimum P content in soil was recorded in PK,

(32.06 ka'ha), which was also significantly lowest than rest ol PxK combinations.

Under NaPxk interaction the maximum P content of 52,13 kg/ha in soil was
recorded in NP K . which was statistically at par with NP, K, However, the
minimum P content in seil was found in N P.K, (31.65 kg/ha), which was

statistically at par with N, P, Koo NP K o NPy Ky and N PLK

4.4.5  Available soil potassium

I'he data on the effect of NPK fertilizers on available potassium is depicted in
Table 29, The perusal of data presented in the table indicate that seil application of N,
P and K exerted considerable influence on available potassium content of the soil.
Highest available K (293.5 kg/ha) was recorded with N ., which was statistically at
par with N (292.7 kg/ha). While, the lowest K content in soil was found in N,
(2914 kg'ha). However, all the P levels were significantly different. The maximum
available K content was recorded in Py, (296.0 kg/ha), while the minimum (289.5
kg'ha) was recorded in P Similarly, all K levels exhibited significant effeet on the
K content in the soil. The highest available K content in soil was recorded in K

(3054 kgrha). Whereas, the minimum K content was found in K, (280.0 kg/ha).

Under NxP interaction, N, P,, registered the maximum available K content
(296.9 kg/ha) in the soil, which was statistically at par with N P (2962 kg/ha).
Whereas, the minimum K content in the soil was recorded in NP . (288.3 kg/ha),
which was stavistically at par with N P . (289.6 kg/ha). In NxK interaction, N _ K

1307 ™ 4D
registered the maximum available K content (306.2 kg/ha) in soil, which was

statistically at par with N K . (305.8 kg/ha). The minimum available K content in
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Table 28. Main and interaction effect of NPK fertilizers on available P status

(kg/ha)

a) NxP and NxK interactions

Pss P Pios Mean Ksy ST Kisa
I_ ——. i} . I —
Nso 33.73 38.84 47.04 19.87 316.81 42132 40,69
Niwe | 3311 | 3859 | 4633 | 3934 | 3680 | 4146 | 3977
Niso 32.78 37.25 44.04 38.02 | 3570 3927 39.09
Mean 33.21 38.23 4581 36.44 40.935 39.83 |
b) PxK interaction
' I
Ksi ! Koo I Kisa
I 4
P33 32.06 34.54 33.02 |
P 35.44 38.51 10.73
Pios 41.82 49.79 45,30
¢) NxPxK interaction
Pss Pay Piws
S :
KSE! t E":It'hlﬂl ]":Iﬁr: K:‘u I":Itru Km: K Kiiw K,
r | |
Ney 3242 | 3474 02 53577 WA | 4136 ] 4223 205 1 4674
Niow 3200 i 3468 | 3256 0 3579 3890 | 4107 | 4252 0 3079 | 4509
Ny | 31.65 ’ M09 | 3248 | 3476 | 3708 | 3981 | 4070 do43 | 43w
|- ! i R I
CDyos
N = 0.33 Nxk = 0.95
P = 0.33 'xK .95
K = 0.55 NxPxKk 1.64
NxP 0.95



Table 29. Main and interaction effect of NPK fertilizers on available K status

(kg/ha)

a) NxP and NxK interactions

Pis P Pios Mean Ksq Kt_uu K1z |
Wiz 2948 | 2012 | 2883 | 2014 | 2792 | 290.8 | 3043 |
Nigg * . 296.2 2924 289.6 292.7 280.1 | 2923 | 3058 il
Niso 296.9 293.0 290.6 293.5 280.7 1 293.6 | 306.2
Mean 296.0 292.2 289.5 ! 280.0 2922 | _‘%-#}?:14-
b) PxK interaction
Kso Kino & |
Pas 282.9 294.9 310.1
P 279.6 20923 304.8
Pios 277.6 l 289 4 3014
¢) NxPxK interaction
—— e e
Pss P Pyes
Kso Koo Kyso Kso | LT Kiso Ksp K Kyso
Nisg 2823 | 293.0 | 309.0 | 2783 | 291.3 | 304.0 | 277.0 | 288.0 3(10,(')_7
Ny | 283.0 | 295.3 | 310.3 | 280.0 | 292.3 | 305.0 | 277.3 | 289.3 | 302.0
Niso 2833 | 2963 | 311.0 | 280.3 | 293.3 | 3053 | 278.3 | 291.0 | IS
CDy.os
N = 0.90 NxK = 1.50
P = 0.90 PxK = 1.50
K = 090 NxPxk = 200
NxP = 1.50



soil was recorded in N K, (279.2 kg/ha), which was statistically at par with N K
(280.7 kg/ha) and N, K, (280.1 kg/ha). However, in PxK interaction. maximum
available K content of 310.1 kg/ha was recorded in P K, . which was significantly

higher than rest of PxK combinations, while the minimum available K contenl (2776

kg/ha) was found in P K,

In three factor interactions, N, P, K, registered the highest available K
coment’nf 311.0 kg/ba in soil, which was statistically at par with N P K (3103
kg/ha) and N, P, K, (309.0 kg/ha). While, the lowest content of availuble K (277 0
kg/ha) was recorded in N, P K. which was statistically at par with N P K_ (2783

kg/ha), N, P K., (277.3 kg/a) and N, P, K, (278.3 kg/ha.

NT T
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Chapter-5

DISCUSSION

The results abtained in the present investigations on the “Studies on the effect
of N, P and K fertilizer levels on growth, yield and quality of kiwifruit cv. Allison”

are discusped as under:
.

5.1 VINE GROWTH AND VIGOUR

Application of different levels of N, P and K fertilizers wus found o exert o
significant influence on vine growth in terms of trunk girth and shoot growth. Vine
growth increased with increase in the level of N. The maximum girth and shoot
growth was recorded with highest dose of N i.e. N and minimum with lowest dose
of N i.e. Ny These results are in conformity with those of Costa er all (1997) who
reported significant increase in vegetative growth with the increasing nitrogen
application from 0 to 450 kg/ha in kiwifruit. The higher level of N increased uptake ol
N in the plant (Table 18), which increased the chlorophyll content U{iﬁer. 1956) and
rate of photosynthesis (Lysenko er al, 1974), which might have accounted for lugher
growth of vine grown under higher level of nitrogen. These findings are supported by
the earlier reports of Costa er al. (1997), who recorded more vegetative growih in
Kiwifruit due to the increased photosynthetic rate with the increasing levels of No The
various levels of K also showed similar trend in terms of vine growth. The maxipmum

girth and shoot growth was recorded with K, and minimum in K_. Bussi and

Defrance (1986) also observed increased growth and vigour with increased level of K
in peach. Regarding the P application, no consistent results were obtained and the
maximum vine girth was recorded at P, . however, the shoot growth was found to be

maximum at P .

The two and three factor interactions were found significant in terms of vine

growth. The maximum vine girth and shoot growth was recorded with N P, K

150
treatment combination. The increased growth with the combined application of NPK
might be attributed to the cumulative effects of N, P and K, as they play a pivotal mole

in the metabolic processes in the plant (Nijjar, 1996). These findings are in agreement



by Smith and Miller (1991); who reported that the
1420 kg N, 490 or 1090 kg P and 600 or 1200

with the observations mude
application of NPK fertilizers (@700 or |
ke K ha increased the vegetative growth and root growth of kiwilruil vines. I-Il_ghcr
tree growth with N and K. N and Pand N. P and K has also heen reported by Bussi

amd Dettance (19801 in peach and Cirespan &1 ol (1999) i grapes.

s,

=

YIELD

Significant variations v total yield as well as vield of differem grades of fruits
was observed in vines subjected ta differem levels of NPK fertilizers. The yield
showed a inereasing trend with increase in N application. N o gave the highest total
vield and vield of A and B grades fruit, which was statistically at par with N
However. the lowest total vield and vield of A and B grades fruit was recorded in
lowest level 0f N 1.e. N, . The heuer size and weight of fruits (Tables 8. 9 and 10) in
vines which received igher N Tentilizer in the present study niay accoum lor higher
vield  These restilts are in accordance with those of Testont ¢f wf  (1990). who
staned bighest yield in kiwitruit with inereased N application from 160 kg 1o 200
ae hae Vizzonwo or al (1999) observed positive corfelation ol vield to the iates of N
tertilizanon m kiwilruit. The application of K fertilizer also showed similar trend as in
cuse of W The maximum toral vield and vield of A and B grades fruit was recorded in
K mdminimumoan K, . These findings are in conformity with those of Borghi ef al
(1995), who reported jncrease in fruit yield from 55,9 w 64.6 Kg/ tree in peaches with

the increase in k.0 ﬁu}n 100 L!_‘_ ta 200 I{H'h;[

Phe individual effect of P fentilizer showed that the maximum yield was
recorded with medium level of P, 1Le. P_. which was significantly higher than P, and
P .. The highest vield in P_ was ascribed due to the better fruit size and weight of
frutts with P as compared 10 other levels of P. Similar increase in fruit vield of peach

wder medium P level has also been reported by Bussi ef af (1991,

Phe interaction effects af NPK fertilizers were observed 1o be significant on
toth total yield and yield of different grades of fruit Thie maximum total vield and
Lip ] id Y 4 3 fmal1e T »ié ” H - .
vield of A grade fruits was recorded in N PLK L however. further inerease (n the

Likl'\'\: il :\1 S .3 ! g ] ' o " P T 4] 3 - .
[N oand Pie NP K, did not show any significant increase in vield as
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compared to N, P, K . These findings are inconformity with those of Testoni ef al
(1990), who also obtained highest yield with 200 kg N and 200 kg K.O/a in
kiwifruit. However, they observed a decrease in yield when dose was increased to 300
kg/ha in kiwifruit. Monastra er al (1995) also recorded highest yield with the
application of 150 kg N, 39 kg PO, and 124 kg K,OMha in kiwifruil, they funhet
reported that further increase in NPK fertilizers had no beneficial effect on yvield
Increase in yield with combined application of NPK fenilizers have also seen
reported l;y Smith and Miller (1991) in kiwifruit and Terra ¢r o/ (2000) in grapevine.
The minimum yield was recorded in the lowest level of NPK e N P K, = The
smaller fruit size and weight (Tables 8, 9 & 10) in the vines receiving N P K,

fertilizer treatment might have accounted for lower yield in the present study.

53 FRUIT QUALITY
5.3.1 Physical characteristics of fruit

Fruit size in terms of length and breadth and fruit weight were signiticantls
increased with the application of NPK fertilizers at various levels. Among N levels.
N,,, resulted in maximum fruit length and diameter as well as fruit weight. However,
the minimum fruit size and weight was obtained at the lowest level of N e N
These findings are in agreement with those of Buwalda er al. (1990), who observed u
significant increase in fruit size and weight in kiwifruit cv. Hayward with nitrogen
application. Whereas, Vizzotto ef al. (1999) recorded larger and heavier fruits with
increase in N doses upto 300 kg/ha, but found reduction in fruit size and weight with
the increase in N application thereafter. The production of heavier berry weight with
optimum N dose has also been reported by Dhallon er af. (2002). The increase in the
fruit size by nitrogenous fertilizer may be attributed to stimulation of growth and
photosynthesis and subsequent translocation of assimilates to sustain growth of
developing fruits. This gains support from experimental findings of Childers (1966),
who reported that addition of N increased the rate of photosynthesis per unit of leal
area as well as the duration of photosynthesis and may increase fruit size and weight.
The fruit size and weight showed increasing trend with increase in the K level and the
maximum fruit size (length and breadth) and weight was recorded in K. The resulis

are in conformity with those of Testoni ¢t al. (1990), who reported increased fruit size
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reased from 0 to 200 kg/ha in

and weight from 102 g to 114 g when K was ¢ \
The

kiwifruit. Similarly, P application resulted in increase in fruit size and weight.

maximum fruit size (length and breadth) and weight was recorded under P, treatment.

Tagliavini er al. (1993) also obtained increase in fruit size with P fertilizer in

kiwiiruit.

Ihe interactions among N. P and K fentilizers also exhibited significant effect
on the fruit size and weight. The application of N, P, K, resulted in the production
of fruits of maximum size and weight, which was swtistically at par with N, PLK
the second best tregtment combination. However, the minimum fruit size and weight
was obtained at the lowest levels of N, P and K ie. N P K, trcatment. These
ahservations are. more or less. in conformity with the findings of Sauth and Miller
19491, Testoni vf af: {1090) and Ahad ef af (1992). who recorded the maximum fruit

siz¢ and weight with combined application of N, P and K fertilizers at optimum level,

Nitrogen and phosphorus applications failed to produce any significant effect
on tlesh firmness (Table 11). These results are in conformity with the findings of
Scudellan vewl 11996) and Costa ez ¢l (1997), who reported that N application had
no significant elfect on flesh firmness in kKiwifruit, Similar results were also abserved
by Muster and Hubner (1994) and Khattari and Shatat (1996) in apple. However, K
apphicution had significant efTect on Mesh firmness. The maximum Desh firmness was
recorded in K The flesh firmness showed increasing trend with increase in the K
level  These findings are in agreement with those of Testoni ef al (1990), who

recorded the increased flesh firmness with the application of KO in kiwifruit.

The flesh firmness was significantly influenced by NxP, NxK, PxK and
NAPRK interactions. The application of NoPK,, resulted in the maximum flesh
frmness. These resulls are in accordance with those of Nosal (1995), Mass ¢f af
11998) and Wang er al (2002), who reported that NPK  fertilizers significantly
increased flesh firmness.

5.3.2  Chemical characteristics of fruit

Application of nitrogenous and phosphatic fertilizers did not show any

significant effect on the 1SS content in the fruit juice. however, TSS content
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increased significantly with the inerease in dose of K fertilizer and the maximum |55
content was recorded in K. The present finding in respect ol TSS conten; are in
conformity with those of Monastra ef @l (1997) and Vizzotto er af (1999). who
recorded non-significant effect of N at different doses on 1SS in kiwifruit. Tolal,
reducing and non-reducing sugars were observed to be maximum in N, P and K , .
respectively, among the various N, P and K fertilizers levels. Reduction in sugar
contents of [ruils in present investigation with increasing N levels might be due w the
prefgrential utilization of melabolites in the more luxuriant vegetative growth,
developing fruits and utilization of sugars in the synthesis of amino acids and proteins
(Boynton er al. (1944).

A marked increase in the TSS and sugars with the application of K may
probably be due to more synthesis of carbohvdrates and other melubolites followed by
their translocation to the sterage organs. These results are in agreement with the

findings of Testoni er al. (1990).

The various interactions of N, P and K fertihizers exhibited significant effect
on the TSS and sugar contents. The maximum TSS and sugar conterts was recorded
at higher potassium level in combination with N and P levels. These results are in
conformity with those of Nijjar er @l (1972) and Sharma er «f (1979), who also
observed significant increase in TSS and sugar content with the application of’ NPK

fertilizers in apricot and peach.

Different N, P and K levels showed significant effect on fruit acidity. An
increase in acidity with the increased levels of N was recorded, whereas. increased
levels of P and K had inverse effect on the titratable acidity (Table 13). The increase
in acidity with N application might be due to the increased synthesis of amino acids.,
proteins and other metabolities and their consequent translocation to the fruits (Clark
et al., 1992). These results are in conformity with those of Nijjar ¢f @l (19723, who
recorded increase in acidity with N application in apricot and with those ol Sharma ¢
al. (1979), who reported reduction in the acid content of peach fruit with P and K

fertilizer application in the soil.

The ascorbic acid content decreased with increasing levels of N and P (Table

17). The results are in accordance with those of Vizzotto er al. (19991, who also

79



> Sl SR ree i 3 i ‘1 I.," ¥ ui!‘
reported that ascorbic acid content decteased will inereasing levels of N in Kiwilr
However, ascorbic acid content increased with increasing levels of K. Similar results

have also been recorded by He er af. (2002) i peach.

54  LEAF NUTRIENTS

4.1 Maerp-nutrient content

Soil applications of NPK fertilizers at vanous levels were abserved W have
significant influence on leaf nutrient content. Leat N, Ca and Mg contents mereased
whereas, leaf P and K contents decreased with the increase in the N doses. Nitrogen
being highly mobile (Kirkby. 1970), its efficient translocation under higher level
could have added to its enhanced accumulation in the leaves, Smith and Miller (1991)
alse reported higher N content in Kiwifruit leaves with the increase in doses of N in
the soil. Nitrogen status of the leaf has great effect in regulating the uptake or
Jistribution of practically all other elements of which most striking reactions are
antagonistic effeets between N and P oo K (Sinith, 1962). The reduction in the P and
K contents as 4 result of higher doses of N can thus be atiributed to the antagonistic
eftects of Nowith P and K, These lindings are in conlormity with these of Shikhamany
of Wl 1988 in grapes and Rupp and Hubner (1993) in peach, who also observed
reduction m leal’ P and K contents with the application of N fertilizer in the soil.
Increasing levels of applied N were associated with increased contents of Ca and Mg.
Lhe higher Ca and Mg contents with increased level .of N application suggest the
strong synergism between N and Ca or Mg. Such synergism was also reported by
Camn (1953) and Shikhamany ef al (1988) in apple and grapes. respectively. Increased
Cicantentin the leal with mereased rate of N application could be due to higher
levels of assouiated Ca lons with nitrogen nutrition, since N was applied as Calcium

Ammomum Nitrate in the present investigation.

With regard to phosphiorus application, the leaf P was significantly increased
with the increase in doses of P application in the soil, whereas, leaf N, K and Mg
contents decreased. However, leaf Ca was not aftected with the application of P.
I'hese results are in accordance with those of Tagliavini et al. (1993), who was of the
spinion that addition of P 10 the soil increased leaf P content but depressed leal' N and
K contents. A plausible explanation for lower N and K contents in the leul may he

that tugh level of P might have curtailed the supply of N to the leaves as reported by

80



Kenworthy and Gilligan (1948). Loupassaki er af. (1997) also ebserved decreuse in

the K contents in kiwifruit leaves with P fertilizer.

Varying levels of potash irrespective of N and P levels influenced signiticantly
the leal’ macro-nutrient contents. The increasing levels of K were associated with
increased K content in leaves as compared lo lower level. Whereas, leal N, P, Ca and
Mg contents showed decreasing trend with increasing levels of K application in the
soil. Similfl.r results were obtained by Shikhamany er al. (1988) in Thompson Scedless
graped, The decrease in N content with increase K levels might be due to the fact that
these two nutricnts have tendeney for preferential accumulation n the leat (Cook and
Kishaba, 1956) and NO, ions are negatively charged, while, K' 1ons are positivels
charged, they have affinity for each other in neutralizing the charges in the tissue.
This could be the reason [or antagonism between N and K contents. Similarily,
increased rate of K application were associated with increased K content in the leaves.
It might be attributed to the higher concentration of K ions released into the soil
solution from the clay complex (Steward. 1963). Loupassaki er al (1907). also
observed increased leal K content with the highest level of K in most of the ¢vs. of
kiwifruit.

Decrease in Mg and Ca content with increased application of K in the present
investigations are in line with the findings of Cain (1933)., Shikhamuany und
Satyanarayana (1972) and Shikhamany ef al (1988), who have reported similar

antagonistic effect of K on Mg content in grapes.

Interaction effects of varying levels of N. P and K were found significant on
the leal macro-nutrient elements. Though the varying levels of P on the leat Ca
content was non-significant, but its interaction with N and K levels was found to he
significant. [n general, higher N and Ca contents of the leaves were associated with
higher doses of N coupled with lower doses of P and K. The present findings are in
agreement with those of Saini and Singh (1973), who also recorded higher leal” N i
treatments having higher doses of N and lower doses of P and K. The P coment of
leaves was found higher with highest level of I along with lowest levels of N and K.
Similarly, leaf K was recorded more with medium levels of N and P coupled with

highest dose of K and Mg content of the leaves was highest with N | P K . These
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results are in conformity with those of Smith and Miller (1991), who reported
significant effect on the N and K content in the leaves of kiwifruit vines supplied with
NPK mixture (12:10:10), as compared to the control vines. Similar observations were

also recorded by Monastra ef al. (1995) in kiwifruit and Shikhamany et al. (1988) in

grape vines.

5.4.2 Micro-nutrients

Soil application of different levels of NPK fertilizers exerted a significat effect
on leaf micro-nutrient contents. In the present study, the leaf Zn, Fe, Cu and Mn
contents increased significantly with the increase in levels of nitrogen. These findings
are in line with the observations of Dhillon ef al (2002), who obtained higher Zn, Fe
and Mn contents in nitrogen treated vines as compared to non-nitrogen fertilized
grape vines. Similarly, Testoni ef al. (1990) also observed that increased levels of
nitrogen application significantly increased the leal micro-nutrient contents in
kiwifruit. The synergistic effect of N on leaf Mn content was also observed by

Shikhamany ef al. (1988) in grape vines.

With respect to P application, it was observed that leaf Zn and Mn contents
were significantly increased with increased P levels; however, no consistent trend was
observed on leaf Fe content. The leaf Cu content showed non-significant effect with
the application of P fertilizer. Similarly, the application of K at varying levels resulted
in increased Zn content but the leaf Fe showed decreasing trend with increasing K
levels,which indicates that K had antagonistic effect on Fe content. The findings are
in agreement with those of Shikhamany er al. (1988), who also observed antagonistic
effect of K on Fe content in petioles of Thompson Scedless grapes. Similar
observations were also made by Sharma and Singh (1982), who observed increased
Fe, Zn and Cu contents of leaves with K fertilizers in peach. There was no consistent
effect on the Mn contents in the leaf with the different levels of K.

Interactions among the various levels of N, P and K were found to exert
significant effect on the micro-nutrient concertrations in the leaves. Zinc content of
the leaves was observed higher with N, P, K. treatment. The combination of lowest

levels of K and higher N, resulted in highest Fe content in the leaves, The Cu and Mn

contents were recorded highest with N P K and N P K. combinations,
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respectively. The increased levels of Fe, Zn, Cu and Mn contents in leaves may be
attributed to the acidifying effect of N fertilizer (Mengel and Kirkby. 1982), wilich
might have lowered the soil pH and increased the absorption of Fe, Zn and Cu

contents.

The variation in the micro-nutrient elements at different levels of N, P and K
might be attributed to the cumulative effect of N in acidification of the soil solution in
the mediuql root zone (Mengel and Kirkby, 1982) and the synergistic and antagonistic
effectd of K on Cu and Fe, respectively, as reported by Shikhamany (1988). The
increased Fe and Mn contents in the leaves in present study is in line with the findings
of Testoni er al. (1990) in kiwifruit. Similarly, Kassem er af (1994) also recorded

increased leaf Fe and Mn contents with the application of NPK fertilizers in apple

56 AVAILABLE NUTRIENT CONTENTS OF THE SOIL

In the present study available N in the soil increased with the increasig N, P
and K fertilizers. Increase in available N in the soil may be attributed to marked

increase in the availability of NH," ion to the soil bacteria for nitrification and 1o
produce NO, ions, and thus increasing the availability of N in the soil. These results

are in conformity with those of Rom and Arrington (1974) and Singh (19921 who
also observed an increase in the availability of N in soil following NPK lertilizers

application.

The available P content of soil was increased over the initial status ( Table 2§)
with the application of P fertilizer. However. available P content of the soil decreased
with inecrease in levels of N, but increased with increasing levels of P, whercas, no
definite trend was observed with the application of increased levels off K. lhe
decrease in soil P with the increase in levels of N may be attributed lowering ol soil
pH due to higher N fertilizer. Fe and Al oxides become more effective at low pll
thereby increasing the phosphorus fixation in the soil. The present results are
conformity with those of Singh (1982) and Singh (1992), who observed decivase in
available P content of soil with increasing levels of N in peach. However. phosphorus
application increased the available phosphorus in soil. This could be expected because

of the addition of phosphorus to the soil.



Nitrogen as well as potassium application in the soil resulted in a marked
increase in available potassium content of the soil (Table 29). This might be due to
inerease in K- ion concentration in the soil solution. The increase in acidity due (o N
application might have favoured sublimation of K and other cations (Kanwar, 1979).
Singh (1982) reported that increased supply of N and K fertilizers increased the soil K
availability. Similar results have been reported by Sharma (1987) and Singh (1992) in

peach, However., P application exhibited inconsistent effect on the K content in the

sail

The combined application of N, P and K and their interactions were observed
to have a significant effect on the available N, P and K contents in the soil. The
availabie N, I and K contents in the soil increased with the combined application of
NPR fertibzers. These results are in conformity with those of Singh (1982). who
abserved significant increase in available N, P and K contents in the soil of peach

orchard following the application of NPK fertilizers.
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Chapter-6

SUMMARY AND CONCLUSION

The present investigations on the “Studies on the effect of N, P and K fertilizer

levels on growth, yield and quality of kiwifruit cv. Allison” were conducted during

2002-2003. The salient findings of the studies are summarized as under:

L]

0.

L
’

The maximum vine girth and annual shoot growth was recorded in NP K
while, the minimum vine girth was observed in N, P_ K, and annual shoot

155
growth in NP, K .

The maximum yield was recorded in N P_K .. while, the minimum yield

was found in NP, K_

The maximum yield of A grade fruits was observed in N P.K  and
minimum in N, P, K,

The maximum yield of B grade fruits was recorded in N
P, K

L e

P,XK,. The

LAk

minimum yicld of B grade fruits was found in N

The maximum yield of C grade fruits was recorded in N_P. K . and the
mimimum in N, P, K

The maximum fruit size and weight was obtained in N, P. K and minitem
fruit length was recorded in NP, K,. fruit breadth in N, P.K_ and fruit

weight inN_P, K,

The maximum flesh firmness was recorded in N P. K. and minimum in

10" 10" "%
N,,.P,.K

1307 707 7507



el

The maximum TSS was recorded in NoProKse Nl oK o0 N uPsK s
PIEK'SI'I'

NP oK o and NP, K, The minimum TSS was observed in N
L

The maximum titratable acidity was recorded in Ny Py K, and minimum in

N:mpmsK‘su‘ leplwﬁl.m and Nsupmﬁl\:lﬂ'

The maximum total and non-reducing sugars were observed in NP, K,

While, the minimum total sugars were observed in NP, K, and non-

reducing sugars in N P, K, .

The maximum reducing sugars was recorded in N, P, K  and minimum in

N, oPKe,

13038

The maximum ascorbic acid content was found in N, ,P_ K . and minimum in

N;SUPI:I-;R:': T

The maximum leaf N content was recorded in N P, K., While, the minimum

leaf N content was recorded in NP, K .

The maximum leat’ P content was observed in NP K. and mimimum in

NP K

The maximun leal K content was recorded in N, PK . While.the minimum

cal K contont was sibeasid i 3% 14
leal' K content was vhseryed 1l T

. Whilethe lowest leaf
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18. The maximum leaf Zn content was found in N, P K,  and minimum in

N!UP:I!K'!O'

19. The maximum leaf Fe content was observed in N P K . While, the

minimum leaf Fe content was found inN P K, .

20.  The maximum leaf Cu content was recorded in NP, K, and minimum in

;N‘SQBIGSKIM‘

21.  The maximum leaf Mn content was recorded in N P, K . Whilethe

minimum leaf Mn content was observed in N P, K and N P, K_.

22. The maximum available soil N was recorded in N P K . While, the

minimum available N was observed in N_P, K, .

23. The maximum available soil P was observed in N_P. K While, the

i | - e R

minimum available P was recorded in N, P, K, .
24, The maximum available soil K was recorded in N _P_K _ and minimum in
NiDPID!K'SD'
On the basis of results obtained in the present investigations. it may be
concluded that seil application of 100 ¢ N, 70 ¢ P.O, and 150 ¢ K.O = vear age of vine

of ev. Allison resulted in the production of higher vield of better size and guality

fruits,
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ABSTRAC

The investigaions were conducied on seven-sair-old vittes of bosaloat oo Sison having
uniform prowth, vigour and size, phuned a o spucinge of 4 oo mand poped oo Tbuar svstem The
vines were given uniforin culluml pragtives during the conrse ol tivestigation The csperment swas i
out in mndomized block design witly thwee levels ol cach S o3 Tofamed T30 g v nee ol vy B s
T0 and 105 g/ year uge of vine) and K (S0 DO Jind 130 0 venn sl dF ey i baenty seven Gictaral
combinations. Each treatment was replicated three tmcs with ane sine under coch rephcation The
maximum vine girth and annual shoot growth was recorded i ™ PK - wlile the winmum vine
girth was observed in N P K_ and amal shoot weowth e ™ 1" K The Toghest ol vield and vield
of "A" grade [ruits was recorded 1 N P K . olule, the Towest vield wass lonpd e N P K The
maximum yield of C grade frumts was recorded in N_P K nd the mummnn m NP K The vines

fertilized with NygPs, and Kye produced fruns of maximum size and weight, whereas the mmumui
fruit size and weight was found in N P K_. The muximum flesh fimmess and 1SS contemt was

recorded in N _P_K_ and minimum firmness in N P K _and TSS in N_P K The highest total and

e W™ W
non-reducing sugars was observed in N_P K . while. the lowest totnl sugars was observed in N P K.
and non-reducing sugars in N_P K . The musimum ascorbic acid content was lonnd in X P K and
minimum i N P K . The highest leaf N, P, K. Ca and Mg contents was recorded in N P K

18 ey e’

NsoPigs. Kso, NioePasKyu. NysoPasKe and Ny PaKe, respectively Similaely e ssistinum leaf Zn,
Fe, Cn and Mn contents were recorded in NP Ko NooP- Koo S0P ko and Moo PulK

respectively. The maximum available soil N. P and K was recorded i N .10 k. NoP Gk, and
NisoPasK s while the mindmum was observed m Noc 1 ko SoPuke amd S P R respectngls

On the basis of results obtained in the present invesnganions, it iy be concluded il soil application
of ID0EN. 70 g PO, and 150 g !{‘0 { vear age of vine of ¢ Allison resulicd mothe production of
higher yield of better size and quality fruns

” 2

_'] Q/_,J—:L— { W
.‘-il-_;rr.n%ﬂll i stanlent

Signuture of Major Advisur

(‘nunlunlgnm*
” T e &
milessor Ilndﬁ:l:??i J L‘ l':'l’
_ Bepartment of Pomulupy
Dr. Y.S. Parmur University of Horticulture and Foresim.,
Nauni, Solun-173 230 (H.P,) '



