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1
Introduction

Plum (prunus salicina Lindl.) is one of the most important stone
fruits of temperate region of North and North-eastern parts of the
country. In North India the plum cultivation has been taken up in
a big way. So fat the North East is concerned, Plum has been a
very popular fruit since time immemorial. A type of wild plum
was avalable earlier in different parts of the state.

With the introduction of techniques and know how this fruit is
produced at a large scale, in Cirnag, Nafra, Bomdila, Rupa,
Kalaktang, Thrizing, Buragaon, Palizi, Tonga in West Kameng,
Lumla, Zimithang in Tawang DistrictSoppa, Chayangtajo,
Pakekesang in East Kameng, Ziro, Koloriang, Palin, Raga, Tamen,
Daporijo, Taksing, Taliha, Nacho in Lower and Upper Subarsiri
Districts. Almost all the places of East and West Siang Districts
Anini, Roing, Dambuk, Heyuliang area of Dibang Valley and
Lohit District and Laju, Wakka and nearby area of Tirap District
of Arunachal Pradesh produce this fruit.

Dirang Agriculture/Horticulture Nursery has been producing
large quantity of Seedlings of the Santa Raja Plum. The total area
under stone fruits in Himachal Pradesh is 21,245 hectares out of
which more than 50 per cent is under plum alone (Anonymous,
1983). It has occupied a special position in the fruit industry of the
state of Himachal Pradesh due to high net returns. The plum
cultivar Santa Rosa is grown between the altitude of 1,000 to 1,600
meters above m.s.l. It is a mid season variety which matures in
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June-July a

found] toybcnri(?;arsr;l!}?avy crop. The Santa Rosa plum has been
under this Cu]tivarFT ific and I'f%gUIar bearer. Therefore, the area
information on th is gradually increasing every year. The precise
B ik sone ecu]tural aspects of plum cultivation is lacking.
Parliculaﬁ t | facing many production problems. It is
e y true in respect of irrigation and fertilizer require-

natuf;rjlg;i:z? i}iiags a.vi_tal role in plum production where the
focici - pitation is inadequate duru:tg.the growth a!nd the
ing period. The plum trees must be irrigated to obtain opti-
mum yield of high quality fruits. The fundamental objective in
controlled irrigation is the maintenance of an adequate moisture
SuPp_Iy in effective root zone of the tree. However, the irrigation .
requirements vary from area to area depending upon climatic
conditions, soil texture and depth, root zone of the fruit plant and
topography of the land (Victor, 1956). Itis, therefore, necessary t0
work out the time and number of irrigations required and the
amount of water to be applied in each irrigat'ion under a particu-
lar set of agro-climatic conditions. In mid-hills of North India
where the weather'in summer is hot and dry, the efficient use of
irrigation water for successful plum cultivation is essential. Since
- water resources in the State are limited it is, therefore, necessary
to investigate the requirements of water to obtain optimum
growth, yield and fruit quality of Santa Rosa plum.

Another major important factor in profitz;able fruit cultivz.itlon
is the judicious fertilizer use. Three of the macro nutrients
namely; N, P and K are removed from the soil in large amounts.
An estimate of such removal has been given gy Ferre (1961)-3 0}?;
reported that 600 bushels of peach crop rem ved 95 1b N,

PO, and 120 IbK,0 per acre. This loss of nutrient from t s
to be supplemented by the use of the manures and fertilize

order to maintain soil fertility on long term basis.
n various €

There is disparity amon rs i
i ¢ gst the plum growe .
gions of India with regard to quantity and types Qf ma_lr}ur.lﬂr
practices based on either common experience in their localitie® %
research works conducted elsewhere.

The fertilizer trial conducted by Chadha and Jassal (1968)

)b ine H i v
(;vittal:m}td increase in yield and better quality of Santa R
the application of nitrogen.

osa plum



Introduction 3

Uptill now, the attempt has been made to conduct separate
experiments on fertilizer and irrigation requirements of stone
fruits. Such studies have obvious limitations and do not furnish
precise information on fertilizer and irrigation requirements in

combination so as to exploit the maximum potential of the plum
trees.

The present experiment was, therefore, undertaken to study
the effects of two important production variables namely; ferti-
Yizer 2nd irrigation in combination so as to find out the opanLs
N, K and water requirements of Santa Rosa plum under Solan
conditions.
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IRRIGATION

The main objective of irrigation studies has been to find out how
much water should be applied each time and at what interval so as
to produce commercial crop of fruits. ‘The results of some of the
experiments conducted on pome and stone fruits have been re-
viewed under following headings:

Plant Growth

Water is indispensable for the maintenance of turgor pressure in
the plant cell. Water deficit interferes with the cell division and
reduces the elongation of stems and enlargement of leaves. Veg-
etative growth is a vital function of plant life. Many research
workers have reported that pome and stone fruit trees under
continuous readily available soil moisture conditions during the
growing season make more total growth than the trees under
limited water supply (Werenfels et al, 1964; Carlson, 1967;
Friedrich, 1967; Goode and Ingram, 1971). Umirov and Shogenov
(1977) reported direct correlation between the rate of tree growth
and soil water contents. Various research workers have shown
_that irrigation increased shoot growth of apple and peach trees
- (Feldstein and Childers, 1965; Rogers, 1965 and Janjic et al, 1972)-
However, Veihmeyer (1972) reported that tree growth was little
affected by wide. differences of soil moisture content provid@d
that permanent wilting point was not reached and maintained at
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any length of time in apricot. The soil moisture content below 60
per cent of field capacity as well as the excessively high soil
moisture content approaching saturation point over a prolonged
period reduced the growth of peaches (Vavra, 1969). Vavra (1966)
also found an increase in shoot growth of apricot trees by main-
taining soil moisture at 80 to 90 per cent of field capacity at a
depth of 30 cm. Kongsrud (1969) reported that the growth of the
black currant and apple trees decreased with the increase in soil
moisture tension from 0.5 to 2.5 bars. Dochev (1974) observed
that by maintaining the soil moisture growth of young apple trees
decreased as compared with no irrigation treatment.

Ninkovski ef al, (1974) observed that irrigation improved the
tree growth in peaches. Garjugin (1962) stressed the importance
of early autumn irrigation in addition to irrigation during grow-
ing season of apple trees. Malcolm (1972) reported that with
irrigation in peaches the rate of growth varied little.
Hilkenbaumer and Engel (1963) reported that shoot growth of
apple trees was strongly promoted by irrigating the plants early
in the year but the irrigation after flowering was almost without
effect. Goode and Hyrycz (1964) also reported that irrigation
stimulated trunk and shoot growth of Laxton’s Superb apple
trees. Beukes and Weber (1982) reported that the irrigation at 85,
65, 45 or 25 per cent of total available water (TAW), the trunk and
shoot growths were positively correlated with TAW levels in
apple. Similarly, Ruger (1981) also observed that the irrigation

increased the trunk and shoot growth of apple trees.

Yield

Total yield is an important factor in fruit growing. The increase ip
yield as a result of irrigation have been reported by many investi-
gators (Goode and Hyrycz, 1964; Werenfels ef al; 1964, Feldestein
and Childers, 1965; Friedrich, 1967; Goode and Ingram,. 1971;
Janjic et al, 1972; Kosevska, 1972 and 1973 and Ninkovski ef al,
1974. Agabbio (1973) observed that irrigation at the rate of 450,
500 or 600 m® per hectare increased the fl:l.ll‘t YIE'E]d per tree in
apricot. Morris et al,(1961) observed that 6 irrigations to supplfa-
ment the rainfall to a total of 2 inches per two \tveeks resulted in
heavier fruit loads and increased the yield. Hllkenl?aurr!er and
Engel (1963) observed that irrigation enhanced the yield in pear
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and morello cherries. Goncharova (1974) in a 10-years trial on
apples observed the best effect on yield by maintaining soil mois-
ture at or above 70 per cent of field capacity during growing
season. Koshevska et al, (1972) obtained mean annual yield of
16,160 kg /ha of peaches by wetting the soil to 80 cm depth.

Gulyamov (1972) observed that the trees of two plum and
cherry cultivars irrigated once in winter and 5 times in growing
period resulted in 14 to 17 per cent increase in yield than control.
Garjugin (1962) obtained 70 to 100, 50 to 60, 60 to 80 and 90 to 100
. per cent increase in yields of apples, plums, cherries and apricots
respectively by irrigating the trees at the rate of 1500 m*/ha in
winter combined with the normal irrigation in the growing pe-
riod. Prazak and Cepicka (1981) reported that application of 57
mm water amounting to total annual rate of 2477m?*/ha increased
average yield of Red Haven peach cultivar by 2.19 t/ha.
Albuquerque et al, (1981) reported that irrigation at 40 per cent
available soil moisture gave good yields. Irrigation increased the
yield of apple was also reported by Chapman and Crew (1978),
Albori et al, (1982); Reday (1981) and Gergely (1973), and Ruger
(1981).

However, Veihmeyer (1972) reported that the fruit yields in

prune, peach, walnut and apricot were little affected by wide
differences in soil moisture contents.

Fruit Quality

Fruit quality is subject to varying methods of evaluation. It is,
therefore, not possible to correlate appraisal of fruit quality from
diverse sources as different evaluators do not adopt common
standard of evaluation. Werenfels and others (1964) reported that
irrigation maintained at high levels of soil moisture produced
large fruits with the highest soluble solids in peach. Rogers (1965)
also observed that supplementary irrigation increased the fruit
size by an average of 29 per cent in Sun High and 24 per cent In
Elberta peaches. The increase in fruit size as a result of irrigation
was also reported by (Feldstein and Childers, 1965; Vavra and
Melichar, 1968; Ryan et al (1974). Veihmeyer and Hendrickson
(1955) reported that moisture regimes when maintained between
field capacity and wilting percentage do not greatly affect the
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quality of fruits. It is only when moisture was depleted beyond
the wilting percentage for a considerable time that peaches be-
come tough and leathery in texture. Vavra (1969) reported that
irrigation did not affect the dry matter, sugar and acid contents of
the peach fruits. A reduction in the marketable crop and increase
in yield following irrigation in Elberta peaches was obtained by
Morris et al (1961). A slight decrease in sugar content as a result of
more irrigation has also been reported by Dochev et al (1976) and
Ninkovski (1976). - Albuquerque et al (1981) observed that irriga-
tion had little effect on the percentage of soluble solids in peach.

On the other hand, Gadziev and Jakubov (1968) observed that
when the soil moisture level was between 60 to 80 per cent of field
capacity at harvest time, the sugar content of apple was more. In
general, irrigation improved the quality of pome and stone fruits
(Hilkenbaumer and Engel, 1963; Unrath and Sneed 1974). Unrath
(1973, 1975) found an increase in soluble solid contents of apple
fruits with irrigation. The acidity in apple fruit juice was slightly
increased by applying irrigation (Dohono et al, 1964; Rom 1965
and Dochev et al, 1976).

Vavra (1969) reported that irrigation did not affect the dry
matter, sugar and acid contents of fruits but ascorbic acid content
of peach fruit was increased. Veihmeyer (1972) also found that
fruit quality of peach, prune, walnut and apricot was little af-
fected by wide differences in soil moisture regimes.

INTERVALS OF IRRIGATION

The intervals of irrigation in fruit trees vary widely depending
upon the variety, environmental conditions and other basic vari-
ables. Gulyamov (1972) obtained an increase in the yield of plum
and sour cherry by irrigating once in winter and 5 times during
riod. According to Goode (1975) trickle irrigation in
ed monthly produced more fruits than annual, fort-
nightly or weekly application. Sulyok and Marko (1963) showed
that the critical time for the application of irrigfmon water to
Jonathan apples was after 66 per cent c_:f the season’s growth. The
second irrigation may be applied at m{d-August when §O per c:el?t
of the season’s growth is over. Irrigation at wrong periods in the
tree’s growth stages resulted in flower drop, reduced cropping,

growing pe

apples appli
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and delayed dormancy. Nasharty and Ibrahim (1961) observed
that irrigation treatments of 16, 20 or 24 days intervals from
March to October over two consecutive years in Japanese plum
trees did not affect yields or weight of individual fruits, but fruit
size was more with more frequent irrigations and the percentage
of dry matter was more in dry conditions.

SOIL MOISTURE AND UPTAKE OF NUTRIENTS

Results of some of the experiments relating to soil moisture and
uptake of nutrients are available. It is generally believed that a
reduction in the absorption of potassium by roots of plants may
occur under dry soil conditions (Weissenbarn, 1965). Dochev
(1974) showed a positive correlation between N, P, K, Ca, Mg,
Mn, water soluble carbohydrates, sucrose and fat concentrations
in apple trees and soil moisture content. Branton and others
(1961) found the highest content of K, P and Zn in apricot leaves
grown under low soil moisture stress whereas N, Mg and Mn
concentrations were the highest in the leaves from the trees grown
under high soil moisture stress. The N, P and K content of peach
leaves increased with the soil moisture levels (Dochev, 1968).
Irrigation significantly increased P and K contents of Elberta
peach leaves whereas the K concentration of Newday peach
leaves was not affected by irrigation (Feldstein, 1963).
Dimitrovski et al (1968, 1969) obtained higher contents of leaf N, P
and K in one year old shoots of irrigated peach trees than of
unirrigated ones. Dochev et al {1976) observed increased contents
of P, Ca, Mg, Fe and Mn in the apple fruits from irrigated trees.
Stojkovska et al (1972) also observed increased nutrient contents
in the leaves, shoots and fruits of irrigated peach trees both in
fertilized or non-fertilized soils. Kumashiro and Tateishi (1967)
also observed marked reduction in the leaf P content of Jonathan
apples at the low soil moisture levels. Smith andrKenw.orthy
(1979) reported that irrigation increased the leaf concentration of
Na, Ca, Mg, Mn in sour cherry; P, Cu, B and Al in peach and P,
Na, Fe and Cu in plum. Lehova and Dochev (1983) reported that
irrigation maintained at 70 to 80 per cent field capacity increased
the leaf content of P, Fe, B and N in- Golden Delicious apple.
Barrera and Slowik (1980) reported that irrigation increased the
levels of P, K and Mg in McIntosh apple leaves.
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EFFECT OF FERTILIZER

The information available in literature regarding the effect of
nitrogen and potassium nutrition on growth, cropping and fruit
quality and the leaf nutrient contents in pome and stone fruits is
briefly reviewed below:

1. Tree Growth

(a) Effect of Nitrogen

Various fertilizers greatly influenced the tree growth of stone
fruits (Overcash et al, 1961). Application of N has been observed
to increase the girth of peach tree (Mc Munn, 1933; Howeston,
1955; Rom, 1976). In cherry also similar results were obtained by
Werner, 1976; Vang, 1977 and Matzner and Maurer, 1981. Rawat
(1974) reported that plum tree growth increased with the increase
in the rate of nitrogen. Bordeianu and others (1964, 1965) re-
ported that application of N fertilizer was conducive to growth,
increased the trunk girth, shoot length and also the canopy of
apricot and plum trees. Chohan and Sohan (1976) observed that
in Titron, Ladakh, Zordalu and Alubukhara Sharbati plum, the
highest tree growth was observed when the dose of N was raised
from 25 to 100 gm per tree. Janjic (1979) reported that 125 or 250
kg N as Calcium Ammonium Nitrate per hectare improved the
growth of Red Haven peach.

Kosher (1971) reported that N at the rate of 90 and 100 kg per
hectare increased the annual growth increment of peach trees by
50 to 90 per cent as compared to control. Chadha and Jassal
(1968) observed that application of nitrogen increased the linear
shoot growth in plum. Chand (1969) also found that shoot
growth in plum increased with the increase in doses of N. Similar
reports were also given by Rogers (1971) in peach and in cherry by
Kenworthy (1974), Marinov (1983) and Yamazaki et al (1977) in

apple.

(b) Effect of Potassium
Kwong and Fisher (1962) observed marked increase in shoot
length with the application of K at the rate'of 4 1b and 12 Ib per
tree to K deficient peach orchards. Sanvad-(1962) reported that
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the application of K at the rate of 100 kg per hectare increased the
tree growth of cherry and plum. Gurgenidge (1974) reported that
peach tree’ growth was best at 600 kg P,0, plus 360 kg K,O per
hectaré. ‘However, Lenina ef a! (1977) did not record any benefi-
cial effect of K fertilization on the growth of young peach trees.
Liwerant (1955) also found that potassium fertilizer had no effect
on the growth of young plum trees in soils low in potassium
contents. Cline and Archibald (1965) did not observe any signifi-

cant growth in cherry as a result of K or P fertilizer applications.

(c) Effect of NPKﬁ L _
Bajwa and Chadha (1966) reported that the application of N+P+K
increased the. girth of apricot trees significantly-as compared to
the control. The increase in trunk girth of stone fruits was also
reported by Keremidarska, 1969;. Degtyar and Krolik, 1972;
Klossowki et al, 1977 and 1978; Degtyar, 1979, ,
- Parnia (1965) obtained best shoot growth with application of
40 tonnes. of FYM and 120 kg each of N and P per hectare in
‘cherries.- Nijjar ¢t. al; (1972) reported that maximum growth of
apricot trees was-obtained when all the three nutrients, N, P and
K were applied at the rate of 369.0 gm N, 198.45 gm P,0, and
476.28 gm K,0 per tree, respectively. Lenina et al, (1977) reported
that N at 0-256 kg, P,O; at 0-128 kg and K0 at 80 kg per hectare
each or in combination increased the tree growth. Popovich et al,
(1975) observed that plum tree receiving 90 : 45: 45 kg N, P and K
per hectare gave the best tree growth. Whereas Marinov (1983)
found a little effect of mineral fertilization on growth of young
apricot trees. - B '

3 batSet

Ludders and Bunemann (1969) reported that increased amount of
N produced more prolific flowering as well as higher fruit set in.
apple, since higher N supply was stored by plants. Bunemann.
an.d Ludders (1969) found that development of flowers
primordia, fruit set and June drop were all affected by N availabil-
ity in Cox’s Orange Pippin apple. Pejkic (1966) observed that
NPK application gave more fruits set as compared to N or P and
K treatment alone in'apple. Yangaratnam and Greenham (1982)
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reported that in Discovery ‘and. Cox’s: Orange’ Pippin 1apple
cultivars the increase fruit set was.recorded with N-application to
soil. - - T L T N S T Rt
Yield

(@) Effect of Nitrogen s
Fertilizer effects on yield havebeent reported by various workers
jiv stone:fruits. .- The’ application ©of nitrogenous : fertilizérs it
creased the yield in peach (Mc Munn, 1933; McHauttorvet al; 1946;
Cowait and Savage, 1947; Ritter, 1961; Kidman, 1960; Stembridge
et al, 1962; Shoemaker and Gammon,. 1964 Taylor and Van;1970;
Cidderis ot a, 1972 Janjic, 1979 and Cumings and Madox, 1983).

Gimilarly increase, in_yield of, peaches with the application of
nitrogenous fertilizers was- also, .obtained by Cahoon (1971),
Uchiyama (1973) and Orphanos (1974) and Baxter (1974). In most
of the studies the yield increase was reported with N application .
in peach trées: buit ori-cofitrary Rogeis. (1971) observed: hiat N
application failéd 't6 incréase the yield in'Giant Elberta frees as
compared with control. © Sanivad (1962) obtained an increased
yield ‘of plum and cherries with the applicatiofi-of nitrogenous
fertilizers.” However, Ystaas (1966) did not obtain’ significant
increase in the yield:of plum withthe application of nitrogenous
eortilizess, Bajwa and Mishra (1970)observed that 450 gm N per
free. was the optimuni dose- v'\‘rhiél"\*ga“re*ﬁg’hiﬁéaﬁf'iﬁ‘cre‘a'sé in
ield of New Castle apricot as comparéed with the other dosés.
Sadowalki and Zolcik (1978) reportéd that with the application of

N at 40, 140 and 240 kg/ha; the yield per tree was inéreased with

(1983) in apples. " -

o) Effct o pobassiom
The significant increase in the yield of plums was observed by
Johanson (1962) with the application of K at Alnarp and Ugerup
Research Stations il Sweden.. Semenyuk (1974) observed a sharp
response of K inimproving the yield in peach, plum, sweet cherry
and sour cherry fruit trees. Lenina et al, (1977) also nogxged 'the
improved yield in young peach orchards with K fertilization.
Application of K fertilizer was also recommended by Humbert
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(1968) for getting increased yield in peaches. Similarly, Sanvad
(1962) reported that the application of K at the rate of 100 kg per
hectare increased the yield of plums and cherries but higher dose
of 200 kg K per hectare did not increase the yield any more.
Cummings (1980) reported that K application at the rate of 66 1b
per acre gave the yield of 144 Ib per trde in Elberta peach. Uebel
(1982) reported that K fertilization increased the yield in Idared
apples. Gherghi et al, (1981) found that the application Ca +PK at
180 : 280 kg/ha gave the highest yield in Golden Delicious apple
than other treatment combinations.

(c) Effect of NPK Combination

The highest cumulative yield in peaches was obtained by Tawfik
et al (1974) from the trees receiving N, P and K fertilizers. Degtyar
and Krolik (1972) also noted the highest yield in peaches with the
application of N and K at the rate of 100 : 100 kg per hectare.

Increase in yield of peaches by the application of N, P and K
has also been observed by Over Cash et al 1960; Ritter (1961);
Esayan (1973); Kiss and Tamasi (1975); Degtyar (1979) and
Sharma and Singh (1982). Bajwa and Chadha (1966) observed in
their fertilizer experiment on New Castle cultivar of apricot that
N+P+K treatment significantly increased the yield as compared
with other treatments. Keremidarska (1969) reported that appli-
cation of 9 gm per sq.m. of NPK in combination gave higher yield
thari when the nutrients were applied alone in apricot orchard.
Parnia (1965) also observed that NPK treatment combination gave
38 per cent more yield of cherries as compared with the
unfertilized trees. Bubic (1969) reported the increase in yield of
plum with the application of NFPK fertilizers. Ghena and Cepoiu
(1966) also observed 14 per cent increase in yield of cherries with
the application of N, P and K at the rate of 100 kg per hectare each
as compared with the control. Popovich et al (1975) reported that
best fertilizers combinations for plum trees were 45 : 45 : 45 kg per
hectare of N, P,0, and K,0 . Eismond (1976) reported that plum
Cv. Vengeska Italyanskaya produced optimum yield with the
application of N, P,0, and K,O at the rate of 120 : 60 : 60 kg per
hectare. Similarly Mokasz ef al (1979) also found that application
of N, P,0, and K0 at the rate of 120 : 30 : 150 kg per hectare to
plum Cv. Reine Claude d’Althan, Reine Claude verte gave the
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best yields. Werner (1977) reported that application of 150 kg N +
75 kg P,0 + 300 kg K,O per hectare produced good yield in
Morello cherry. Ljones (1982) reported that application of 50 kg
Ca (NO,), + 20 kg K,SO, /ha gave best yield as compared to other
treatment.

3. Effect on Fruit Size and Weight

(a) Effect of Nitrogen

The application of N increased the fruit size of peach and plum
(Ystaas, 1966). Kwong (1973) also revealed that the higher rate of
N application resulted in larger fruit size of Stanley prunes. Simi-
lar were the observations of Uchiyama (1973) in peaches. Bajwa
and Mishra (1970) obtained the highest fruit size and weight of
New Castle apricot with the application of N at the rate of 450 gm
per tree. Chand (1969) reported that N at 2.32 Ib per tree gave the
highest fruit size, fruit weight and pulp stone ratio and stone
weight in Santa Rosa plum. However, Proebsting (1945) observed
little effect of N fertilizer on fruit size and weight of apricot, plum,
peach and cherry. Helm and Ludders (1982) reported that in-
creasing N resulted in increase glucose and fructose contents in

Cox’s Orange Pippin apple.

(b) Effect of Potassium

Kwong and Fisher (1962) obtained marked increase in fruit size
with the application of K at the rate of 4 Iband 12 Ib per tree to K-
deficient peach orchards. Similarly, Humbert (1968) obtained
increase in fruit size and weight with the application of K'to peach
trees. Application of K has also been shown to increase the fruit
size of Victoria and Reine Claude d’Althan plums by Ystaas
(1966). Sanvad (1962) reported that applics.ztic?n of Potast.\ at the
rate of 100 kg per hectare increased the fruit size in cherries and
plum. Cummings (1965) observed that application of K or Mg
increased the fruit weight significantly in peach. Kwong (1965)
also reported that fruit size in cherry was increased as a result of

K application.
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(c) Eﬁect_ofNPK

Parnia (1965) obtained the maximum fruit weight in cherries with
the application of 40 tonnes of FYM and 120 kg each of N, Pand K
per hectare. Bajwa and Chadha (1968) also reported that N+P+
K fertilizer combination resulted in a sigrificant increase 1nt f.rult
size of New Castle apricot than all the other treatment cqmbma-
tions. Ystaas (1966) observed that with the application ot pota.s—
sium chloride and nitro-chalk the fruit size was increased in
Victoria and Reine Claude d’ Althan. Kwong (1973) reported that
793.8 gm N and 120.6 gm K per tree produced large fruit in plum.
However, Yang (1977) reported that rising level of N and K
diminished the fruit size in cherry Cv. Stevnsbaes.

4. Effect on fruit Quality

(a) Effect of Nitrogen

In general, increasing the rate of N increases the percentage of
total soluble solids (T.5.5.) in stone fruits (Ritter, 1961; Bajwa and
Chadha, 1965; Chadha and Jassal, 1968 and Chand 1969). Bajwa
and Mishra (1970) obtained the highest T.5.5. contents in fruit
juice of apricot with the application of 450 gm N per tree and
lowest under the control. Uchiyama (1973) reported that applica-
tion of 240 kg N per hectare per year enhanced the fruit quality in
peach. Choureitah and Lenz (1974) observed a decrease in glu-

cose and fructose in sour cherry fruits with the increasing Jevel of
N.

Bajwa and Mishra (1970) observed the highest acidity in t%‘c
fruits of the trees receiving 600 gm N per tree and lowest in fruits
of the trees under control. However, Kwong (1973) reported that
N did not affect the titrable acidity or soluble solids but high K
level increased the titrable acidity:

(k) Effect of Potassium

The application of K markedly increased the titrable acidity of
~peach fruits (Kwong and Fisher, 1962 and Kwong 1973). Clire
ard Archibald (1965) reported that application of K and P re-
sulted in no significant improvement in fruit quality. Prevotet al
(1965) observed that all treatments receiving potassium increased
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the sugar contents in plum fruits. Cummings (1980) reported that
application of K to Elberta peach trees at 20, 66 or 132 Ib per acre
per year, the quality was generally increased with the increasing
K level. However, Kwong (1965) reported that K application has
no effect on soluble solids but titrable acidity was slightly in-
creased in cherry. Chadha and Bajwa (1966) reported that K
application alone reduced the acidity and also reduced the pulp

stone ratio.

(c) Effect of NPK

Ferre (1961) obtained the best flavour, texture and colour of fruits
with high N and K application to peach trees. Chadha and Bajwa
(1966) reported that with the application of NPK, the effect on
fruit quality was variable in apricot. Nijjar et al (1972) observed
that NPK application at the rate of 369.90, 198.45 and 476.28 gm
per tree did not affect the fruit quality of apricot. Henze (1976)
reported that titrable acid and Vitamin C contents were positively
correlated with NPK but soluble solids showed negative correla-
tion in cherry. Matzner (1976) reported that application of high
amount of N fertilizer with K;SO, resulted in the lowest Vitamin
C content but the application of KCI fertilizer alone improved the

Vitamin C content in cherry.
5. Effect on Nutrient Content of the Leaf

(a) Effect of Nitrogen ;
An increase in leaf N content following the soil application of this
element to apricot and peach trees has been reported by
Margaryan (1976) and Orphanos (1974), respgctively. Soil appli-
cation of N has also been reported to increase the leaf N content in
peaches by Monastra et al 1975. Vitonova (1973) observed that the
application of N to soil increase the available N in the sgﬂ a.nd l?af
N concentration in plum. However, P and K application in-
creased the leaf N content still further. Rawat .(1.974) reported that
P content of leaves fell with increasing N ferflllzer but decrei:sed
Calcium and Magpesium contents of leaves in Santa Rosf: rl:ﬂuzl:r
Leece (1976) observed that application of mtmgenqusth l 1v

increased the concentration of N, Fe, Cu, Mn and Zniin the elaé 735
but decreased the K, Ca, Mg, B and P concentration. Janjic (15 )
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e s i3 e e -

reported that application of N fertilizer induced K deficiency but
leaf P, Feand Cu were not affected. Meland (1982) reported that
leaf N content was positively.correlated with fruit size and léaf K
content with the titrable acidity of the fruits. Sharma and Singh
" (1982) reported that the high N rates increased the leaf N but
decreased leaf P and K in peach. Werner (1976) observed that
application of 160 kg of N per hectare increased the leaf N and K
content but decreased the P and Ca contents in cherries. .

Stoilov and Marinov (1983) reported a high positive correla-
tion between N application rate and leaf N content in Hungarian
apricot. Jentsch and Eaton (1982) also found a similar trend in
apple leaves,. Barsnes (1982) reported that increasing rate of N
fertilizer lead to decreased levels of P, K arid B and increased the
levels of Ca-and Mn in Karin Scheider apple leaves. Johnson and
Johnson (1982) observed that N treatment jncreased that leaf N
conitent but decreased the leaf P and K conttents'in apple. Ottme
and Ludders (1983) reported that with the N application there
‘was higher N and Ca content in Cox’s Orange Pippin leaves. -

(b) Effect of Potassium . .

‘Cummings (1973) reported that application of either K or Mg
increased the concentration of K in leaves but found an antagonis-
tic effect on Ca content. Bruchholz and Fielder (1979) found that
leaf K content depended markedly on the amount and relative
proportion of N or K ferlitizers’ application to soil in apples.
~ Vang (1980) reported that application of fertilizer to soil reduced
the leaf Ca concentration in Cox’s Orange Pippin apple.

Effect of NPK . e
Kenworthy and Gilligaii (1948) reported that applicatiof of N, P
“and K gavé positive correlation between N, P and K content in
peachileaves. Lenina et af {1977) reported that NPK application to
soil increased the N and K content in the peach leaves but P
contenit did not increase. Krivoruchko (1980) reported that NPK
hutrition increased the leaf N but decreased the P and K content
in Melab’and Renet Simireriko apples and Williar pears. -

D S SO

PP
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6. Combined Effect of Irrigation and Nutiition
Nour (1956) reported that growth of the tree was proportionate to
the amount of water content in soil, P and K levels in apple leaves
of peach and strawberries. Dimitrovski et al (1972) reported that
application of fertilizer and irrigation at 40 to 60 cm improved the
trunk diameter, shoot lenigth and fruit number per tree and Vita-
- min C content in Cardinal peach. Till (1958) reported that highest
yield was obtained from the high N plus irrigation treatment in
apricot. Brapton and others (1961) observed that leaf N, Mg and
Mn concentrations were higliést from the treesigrown under high
moisture stress while leaf K, P and Zn contents were highest in
low moisture stress. Stojkovska et. al (1975) reported that applica-
tion of NPK to soil increased the leaf N, P and K and irrigation
improved the uptake of these elements in Cardinal peach.

“were higher in irrigated tree than those under unirngated trees

Dochev et al (1981).reporied that ifrigafion at 80 per cent soil
moisture capacity and fertilized with N at 12 or 187m® gave
higher shoot length, trunk diameter and increased the yield and
. fruit size. , Deliver (1982) reported that irrigation plus compost
 gavie HigheF Shook gfbvith and yield i eotipaitto unirfigatéd
ControlinJofagoldapple, o o
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Materials and Methods

The present investigations were carried out to study the effect of
different levels of nitrogen, potassium and irrigation on growth,
cropping and quality of plum Cv. Santa Rosa.

Location

The studies were conducted in the Experimental Orchards of the
Department of Pomology and Fruit Technology, Himachal
Pradesh Krishi Vishva Vidyalaya at Satyanand Stokes Horticul-
tural Complex, Oachghat-Solan. The climate of this place is repre-
sentative of Solan district of Himachal Pradesh with an average
rainfall of 125 cm to 130 cm, the major amount of which is re-
ceived during June to September. The temperature and rainfall
pertaining to the study period are given in the Appendix-.

Soil

Before the commencement of the experiment soil samples were
taken from the field at 30 cm depth. The sample taken from
different places were composited and analysed for some ph.ysmo-
chemical properties (Table-1). Mechanical analysis of soil was
* done by Hydrometer method (Bouyoucos, 1927). Available P and
K contents were extracted with Olsen’s reagent (Olsen et al, 1954)
and neutral normal ammonium acetate (Jackson, 1967) respec-
tively, and were determined by the stannous chloride reduced
phosphomolybdate method in hydrochloric acid system and
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Flame-photometerically, respectively. The available N was deter-
mined by alkaline potassium permanganate me+hnd described by
Subbiah and Asija (1956).

TABLE:1
Physico-Chemical Properties of Orchard Soil
(a) Physical Properties Values
Sand % 37.15
Silt % 22.91
Clay % 139.94
(b) Chemical Properties
Available N (kg/ha) 280.00
Available P,0,(kg/ha) 24.00
Available K,0 (kg/ha) 320.00
pH 6.7
Bulk density (cc/gm) 1.4
Plant Material

Five year-old Santa Rosa plum trees of uniform vigour were
selected for the experiment in plum orchard at Satyanand Stokes
Horticultural Complex, Oachghat-Solan (H.P.). The plants were
planted 6 metres apart and trained on modified central leader
system. Uniform agro-cultural practices were followed for all the
trees under experiment. A basal dose of 200 gm of P,0,, half
doses of N and full doses of K were applied to all the trees under
experiment. Half dose of N was top dressed after one month of

first application.

Layout

Fifty four trees cut of a compact block were selected for the
experiment. The experiment was laid out according to Complex
Randomised Block design having eighteen factorial combinations
of three level each of N and K and two levels of irrigation.



20 Plum Cultivation in the Himalaya

Details of Experiment
Treatment combinations = 18
Trees under each treatment = 1
(experimental unit)
Number of replications =43
Total number of experimental trees = 3x18=54

Soil Moisture Characteristic Curve

In order to determine the soil moisture percentage retained by the
soil at different moisture regimes as a guideline to irrigate the
trees under each treatment, a composite mixture of orchard soil
was taken from 0 to 150 cm depth. The samples of this comiposite
soil mixture were saturated with water for 24 hours and then
subjected to 0.3, 0.5, 1.0, 5.0, 10.0 and 15.0 atmospheric pressure in
porous plate (Baver, 1956) and pressure membrane apparatus
(Richard, 1949). The moisture contents of the soil were obtained
by oven drying the samples at 105°C for 48 hours and were
expressed in terms of percentage dry weight basis. Thus the soil
moisture characteristic curve was drawn. These levels were used
as guideline to irrigate the trees kept under different irrigation
regimes. i

TABLE: 2

Per Cent Moisture Retained at Different Atmospheric
Pressure Tensions

Tension (Bar) Moisture (%)
0.3 19.40 (F.C.)
0.5 17.07
1.0 1337
5.0 7.40
10.0 5.79

15.0 4.66 (PWP)
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Percent Moisture
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Fig. 1 : Soil Moisture Characteristic Curve (0-150 cm Depth)

Doses of Fertilizer and Irrigation Levels

Three levels each of N, K and two levels of irrigation were applied
to the trees under experiment. The Nand K were applied through
calcium ammonium nitrate and muriate of potash, respectively.
The fertilizers were applied in the last week of February each
year. The first irrigation was given to the experimental trees just
after the application of fertilizer doses. The P content of the

orchard soil was high.

Treatment Nutrient doses/ trees

N, = 250gmN 2 ot

N, = 500gmN S/ \(?)
N, - 750gmN (™ % !

K, = 250gmK,0 N /,©§'

K, - 500 gmK,0 s « 2

K = 750 gm K,0

w

—

Irrigation at 75 per cent soil moisture depletion
Irrigation at 50 per cent soil moisture depletion

Y
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Method and Schedule of Irrigation

Basins measuring 1 x 1 metre radius having the experimental trees
in the centre were made. All the basins were levelled. First
irrigation of 25 cm was applied to all treatments by flooding
method to maintain the soil at field capacity. The subsequent
irrigation was given at 75 and 50 per cent moisture depleﬁqn
levels. The measured quantity of water was applied to ea?h bas_m
by fixing water-meter to measure the exact water being dis-
charged through the flexible pipe which in turn was directly
connected with the main water line.

Calculation of Quantity of Water

The amount of water applied under respective treatment to each

basin was calculated as under:
A xd = Total quantity of water to be applied (Litres), where
A
d

The depth of irrigation watez for each application was calcu-
lated by the following formula:

]

Basin area in hectares

Depth of irrigation water (cm)

PwxBdxD
Tabs eV T
100
where; .
d = depth of irrigation water to be applied
Pw = moisture percentage to be raised
(14.55 and 9.7)
Bd = Bulkdensity of the soil
(14gm/cc)
D = Depth of the root zone to be moistened
(150 cm)
Time of Irrigation

i from the top 90 cm

In order to study the loss of soil moisture et this depth

- depth of soil, the samples were taken regula
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and moisture content were recorded. These samples were oven
dried at 105°C for 48 hours and moisture percentage was re-
corded on dry weight basis of the soil. Based upon these soil
moisture data, irrigation was applied to each treatment when the
soil moisture content reached at the required depletion point (4.85
per cent and 9.70 per cent).

Soil Moisture Studies

Soil samples were taken at two times in a week from 0-30, 30-60
and 60-90 cm soil depth to study the pattern of consumption of
water by the trees at various root depths. The moisture content of
these samples was determined by gravimetric method, ie. by
drying them in an oven at 105°C for 48 hours.

Consumptive Use

The consumptive use under 75 per cent and 50 per cent soil
moisture depletion points was estimated from the irrigation wa-
ter applied plus the precipitation occurring during the period of
study.

Soil Temperature
The soil temperature at 15 cm and 30 cm depth were l'EC.OI’d(?d
daily at 2.30 P.M. to study the soil temperature fluctuation in

different moisture regimes.
OBSERVATIONS RECORDED

Trunk Girth

h experimental tree
o measure the tree growth, the trunk of each expe

Tvas marked with permanent red circle at 15 cm above the graft
point. The diameter of the tree was measured with the help of
Freeman’s measuring tape once before the commencement and

then at the erid of growing season each year.

Pruning Weight

i diffe
To have an idea of the effect of
irrigation levels on the growth of the trees,

rent doses of fertilizers and
the weight of prunings
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in Kg was also recorded at the time of pruning operation in 1980,
1981 and 1982.

Shoot Growth

Twenty shoots in each tree were randomly selected from the
current season’s growth in the periphery to study the compara-
tive linear shoot growth as affected by different treatment combi-
nations. The annual extension growth of shoots were recorded
during the dormant period.

Fruit Set

To study the percentage of fruit set, one meire branch was se-
lected from each tree in four sides. The number of flowers preseflt
on these branches were counted which ranged from 300 to 600 in
1980, 291 to 678 in 1981 and 285 to 500 in 1982 and a month later
the fruit set on those branches were counted again. The percent-
age of fruit set was calculated as number of fruits set multiplied
by hundred; divided by the total number of flowers present on
the branch. -

Yield ;
At the time of harvest fruit yield was recorded in Kg per tree.

Physical Analysis of Fruits

The representative fruits from each experimental tree were ran-
~ domly selected to determine their average weight, size and pulp/
stone ratio.

Fruit Weight

The average weight of the fruit in each treatment was calculated
in kg with the help of top pan balance. The weight of twenty
randomly selected matured fruits was recorded and the mean
weight for each treatment was worked out.

Fruit Size
The average fruit size was determined by measuring the length of
the fruit from base to the apex and diameter at the broadest
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portion of the fruit shoulders. The fruit length and breadth were
recorded with the help of Vernier’s Callipers.

Pulp/Stone Ratio

This ratio was calculated by finding out the weight of fruit flesh
and weight of pit separately and dividing the average weight of
flesh by the average weight of the pit.

FRUIT QUALITY

Total Soluble Solids (TSS)

The juice of ten fruits was extracted and stained through muslin
cloth. The T.S.S. was recorded with the help of Erma hand
refractometer and the readings were corrected at 20°C.

Reducing Sugars ‘
Boiling solution of mixture containing 5 ml each of Fehling's
solution A and B was titrated against unhydrolysed but deleaded
and clarified pulp solution.

Non-reducing Sugars

The amount of non-reducing sugars was calculated by subtracting
reducing sugars from total sugars and by multiplying the differ- '
ence by 0.95 factor.

Total Sugars

25 gm of the fruit pulp thoroughly mixed with distilled water ina
Wareing blender, was made upto the volume 250 ml. To this 10
ml of saturated lead acetate was added and then filtered into flask
containing potassium oxalate. The filtrate was shaken and again
filtered. 100 ml of this deleaded and clarified solution was taken
and hydrolysed by adding concentrated HCl and leaving it over-

.HCl was neutralised by saturated sodium

night. The excess . sodit
hydroxide solution. Total sugars were then estimated by titrating

i i ini ing’ B solu-
boiling mixture containing 5 ml each of Fehling's A and
tions ggainst the hydmlysed aliquote (A.0.AC, 1970) using me-

thyl blue indicator.
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Titrable Acidity

25 gm of fruit pulp was thoroughly mixed with water in wareing
blender. The volume made upto 250 ml in conical flask. This was
filtered through Whatman filter paper. 10 ml of the sample
solution was titrated against N/10 sodium hydroxide solution
using phenolphthalein as indicator. The total titrable acidity was
calculated in terms of malic acid on the basis of 1 mI N /10 sodium
hydroxide is equivalent to 0.0067 gm anhydrous malic acid. The
result expressed as percentage of titrable acidity.

Quantitative determination of Ascorbic acid/(A.0.A.C., 1970)
Extracting Solution

15 gm of metaphosphoric acid pellets were dissolved in 40 ml of
glacial acetic acid and 20 ml of water and diluted to 500 ml. The
solution was filtered rapidly through fluted paper in glass stop
bottle and stored in refrigerator.

Ascorbic Acid Standard Solution

50 ml analytical grade ascorbic acid (Reference standard) was
weighed and transferred to 50 ml volumetric flask. It was diluted
to volume immediately before use with metaphosphoric acetic

acid solution.

Indophenol Standard Solution

50 ml of 2, 6 dichlorophenol indophenol sodium salt that had been
stored in a desicca*or over CaCO, was dissolved in 50 ml water to
which was added 42 mg of sodium bi-carbonate. It was shaken
vigorously and when dye had dissolved then solutions diluted to

200 ml with distilled water and filtered through fluted paper into

amber glass stopped bottle and stored in refrigerator.

Procedure ;
H n
A known quanti f homogenous fruit extract was taken a
e e ed and titratec

equal volume of extracting solutiont was add deter-
against Indophenol Standard Solution. The end point }Nas : ra
mined by appearance of rose pink colour which pel‘ﬁllsted ° d
few seconds. The titration was repeated with water for blank an
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with standard ascorbic acid solution. The results were expressed
as mg ascorbic acid per 100 gm fresh weight of fruit pulp.

TSS and Acid Ratio

The ratio was worked out by finding dut the total soluble solids
and acidity of the fruit juice separately and dividing the former by
latter.

Leaf Analysis
The leaves for N, P, K, Ca and Mg were collected according to the
method recommended by Chapman (1964).

DIGESTION OF PLANT MATERIAL

The ieaves taken from each plant were placed in polythene bags
and brought to laboratory. These leaves were washed with tap
water, 0.1 N HCl solution and finally with distilled water. These
were then transferred to paper bags and dried in the oven at 65°C
for 48 hours. Fully dried leaves were ground in willy mill and
placed in an oven for 12 hours at 65°C before weighing for chemi-
cal analysis.

The digestion of samples for nitrogen estimation was carried
out separately using concentrated sulphuric acid (A.R. Grade)
and digestion mixture was prepared by mixing 20 : 1 : 3 parts of
copper sulphate, selenium and mercuric oxide, respectively. One
part of this mixture was thoroughly mixed in 20 parts of anhy-
drous sodium sulphate.

The digestion of samples for P, K, Ca and Mg nutrient ele-
ments were done in diacid mixture (A.R. Grade nitric acid and
per-chloric acid in ratio of 4 : 1, Jackson (1967).

Leaf Analysis

Nitrogen was analysed by Technicon Auto-analyser System II.
Phosphorus was determined by Ammonium molybdate van date
yellow colour method described by Chapman and Pratt (1961.).
Potassium, Calcium and Magnesium was determined by Perkin
Elmyr Atomic Absorption Spectrophotometer, Model No. 2380.
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Experimental Results

The present studies on the effect of factorial combinations of three
levels each of nitrogen, potassium and two regimes of irrigation
on growth, cropping and quality of Santa Rosa plum were con-
ducted in the plum experimental orchards of Department of
Pomology and Fruit Technology at Oachghat-Solan during 1980,
1981 and 1982. Other aspects such as uptake of N, P, K, Ca and

Mg were also studied. The results during these periods are given
below:

Soil Moisture

Frequency and Number of Irrigations Applied

The data on the number of irrigations applied under two irriga-
tion regimes of 75 per cent and 50 per cent soil moisture deple-
tions are given in Tables 3A, 3B and 3C for 1980, 1981 and 1982.
Starting from first irrigation in March, the schedule of irrigation
shows that the interval between the subsequent irrigations went
on decreasing under both the irrigation treatments. The mterv.al
between the first and second irrigation was 47 and 75 days in
1980, 46 and 74 days in 1981 and 38 days and 72 days in 1982 1n
the case of 50 per cent and 75 per cent moisture depletion point
respectively. The trees started consuming more moisture after
middle of May, the period corresponding to the rapid fruit devfl—
opment stage and rise in the atmospheric temperature. The 1n-
crease uptake of moisture continued till the fruit maturity stage-
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The irrigation had to be applied on 14 days under 50 per cent soil
moisture depletion point towards the end of May. This was the
peak water use period and corresponded to the rapid fruit devel-
opment stage. The shortest interval in the case of 50 per cent
moisture depletion point was 6 days and in the case of 75 per cent
moisture depletion point was 30 days which occurred in the
month of June.

A total of six irrigations were applied to plum trees under 50
per cent moisture depletion point and three irrigations were ap-
plied to trees under 75 per cent moisture depletion point during
1980, 1981 and 1982.

Consumptive use of Water

The data with respect to the consumptive use of water (from
March to 2nd week of June) presented in Table 4 showed that
under the 50 per cent moisture depletion point of irrigation, in
moisture consumption by the trees was higher as compared to
those under 75 per cent moisture dgpletion point. The trees
consumed 158.24 and 117.49 cmi in 1980, 282.15 and 241.40 cm in
1981 and 203.95 and 163.20 cm under 50 per cent and 75 per cent
moisture depletion points, respectively. Under both the irrigation
treatments the water used was the highest in the month of June.
The consumptive use of water for the month of April under 75 per
cent soil moisture depletion treatment has been included in

March on all the three years of study.

FIGURE: 2(ABC)

Consumptive use of water In Santa Rose Plum Trees during March -
June period under different irrigation treatments
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Moisture Consumption from Different Soil Depths

The data presented ir Table 5 show the effect of different irriga-
tion regimes on per cent moisture consumption from different soil
depths. The highest consumption or uptake of moisture was from
upper 30 cm depth of soil and the lowest from 61-90 cm layer.
The consumption of meisture decreased with increased soil depth

in all the years of study.

_ TABLE: 3A
Irrigation Schedule in Plum Trees Under Different Soil Moisture
Regimes during 1980
50 per cent 75 per cent
moisture depletion point moisture depletion point
Dates of Depth  Interval Dates of Depth Interval
irrigation (cm) (days) irrigation (cm)  (days)
5.3.80 25.00 - 5.3.80 25.00 2
21.4.80 20.37 47
12.5.80 20.37 21 19.5.80 30.55 75
26.5.80 20.37 14
5.6.80 20.37 10
14.6.80 20.37 9 19.6.80 30.55 31
126.85 6 86.10 3
Number of 3
irrigations
Total irrigation 126.85 cm 86.10 cm
water applied
Rainfall received 31.39cm 31.39cm

Total water received 158.24 cm 117.49 cm
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TABLE : 3B
Irrigation Schedule in Plum Trees Under Different Soil Moisture
Reglimes during 1981
50 per cent 75 per cent
moisture depletion point moisture depletion point
Dates of Depth  Interval Datesof _ Depth  Interval
irrigation (cm) (days) irrigation  (cm) (days)
5.3.81 25.00 S 5.3.81 25.00
20.4.81 20.37 46
18.5.81 20.37 28 18.5.81 30.55 74
1.6.81 20.37 14
8.6.81 20.37 7
15.6.81 20.37 7 18.6.81 30.55 31
126.85 6 86.10
‘Number of 6
irrigations
Total irrigation 126.85 cm 86.10 cm-
water applied
Rainfall received 15530 cm - 155.30 cm
Total water 282.15 cm 241.40 cm
received
TABLE : 3C
- Irrlgatlon Schedule in Plum Trees Under Different Soil Moisture
Regimes during 1982
50 per cent 75 percent
moisture depletion point moisture depletion point
Datesiof Depth  Interval Dates of " Depth Interval
Irrigation (cm) (days) irrigation (cm) (days)
5.3.82 25.00 s 5.3.82 25.00 i
12.4.82 20.37 38
16.5.82 20.3 72
; 34 15.5.82 T

_—d—?éom‘d-)
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(Contd.)

50 per cent
moisture depletion point

75 per cent

moisture depletion point

Dates of Depth  Interval Dates of Depth - Interval
irrigation (cm) (days) irrigation (cm) (days)

31.5.82 20.37 15

9.6.82 20.37 9
15.6.82 20.37 6 14.6.82 30.55 30
126.85 6 86.10 3
Number of 6
irrigations
Total irrigations 126.85 cm 86.10'cm
applied
Rainfall received 77.10 cm 77.10 cm
Total water 203.95 cm 163.20 cm
received
TABLE : 4

Consumptive Use of Water (cm/acre) in Plum Trees during March to
June Periods in 1980, 1981 and 1982 Under Different Irrigation

Regimes

Consumptive use of water (cm/acre)

1980 1981 1982
50 per 75per 50 per 75per  S0per 75per
cent cent cent cent cent cent
March 2599 2687 9270 122.90* = 53.90  67.40*
April 21.25 - 40.57 - 33.87 2
May 56.76 ~ 46.57 47.77 57.95 4544 3525
June 54.24 44.05 91.11 60.55 70.74  60.55
Total 15824 11749 28215 24140 20395 163.20

* = Consumptive use of water for March and April
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Soil Temperature

The soil temperature as affected by different moisture regimes are
presented in Tables 6, 7 and 8 for 1980, 1981 and 1982.

ate indicates that the soil temperature was
ent moisture depletion point as compared
ure depletion point. This showed that
itions tended to keep the soil at rela-
tively lower temperature at both the soil depths. The data further
revealed that the soil temperature tended to decrease with the soil
depth as the higher soil temperatures were recorded at 15 cm
depth and lower at 30 cm depth in both the irrigation regimes in

all the years of study.

A perusal of the d
higher under 75 per ¢
with the 50 per cent moist
higher soil moisture cond

Tree Growth
The tree growth was measured in three ways:

(@) Trunkgirth
(b) Shoot growth
(c) Pruning weight

TABLE:5
Effect of Different Irrigation Regimes on Per Cent Molsture
Soil Depths in Plum Tree

Consumption from Different
during 1980, 1981 and 1982

1980 1981 1982
Soil moisture depletion point
depth per cent moisture consumption
5%
(cm) 50% 75% 0% 75% 50%  75%
0-30 35.50 37.04 34.62 38.50 39.32 gg.gg
31-60 3449  33.66 34.61 31.25 31. 0-77
3001 29.30 30.77 30.25 28.07 3077

61-90
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TABLE: 6
Effect of Irrigation Treatments on the Soil Temperature (°C) at
Different Depths (1980)
Date Weekly soil temperature variations (°C)
75 per cent moisture Soil 50 per ceni moisture
- depletion point depth depletion point
15cm 30 cm 15cm 30 cm
5.3.80 10.50 9.50 10.25 9.25
12.3.80 12.00 11.00 11.50 10.60
19.3.80 13.90 11.25 12.78 10.82
26.3.80 14.40 12.40 1450 12.50
2.4.80 15.08 13.90 15.00 13.50
9.4.80 15.00 13.14 13.36 11.36
16.4.80 18.71 17.00 16.64 15.28
23.4.80 24.78 23.58 24.07 22.07
30.4.80 25.16 23.50 24.83 23.50
7.5.80 25.50 24.12 25.25 23.50
14.5.80 26.50 25.50 26.00 24.00
21.5.80 25.50 23.83 23.83 22.16
28.5.80 26.60 24.90 24.90 23.40
4.6.80 27.00 25.25 25.25 24.00
11.6.80 28.33 26.33 28.16 26.33
18.6.80 27.00 25.16 25.83 23.92
25.6.80 27.33 25.66 25.83 24.66
TABLE :7
Effect of Irrigation Treatments on the Soil Temperature (°C) at
Different Depths (1981)
Date Weekly soil temperature variations ()]
75 per cent moisture Soil 50 per cent moisture
depletion point depth depletion point
15cm 30 cm 15cm 30 cm
5.3.81 1137 9.25 11.25 9.50
12.3.81 12.75 11.67 12.90 11.2
193381 14.35 12.25 14.10 12.
26.3.81 14.50 12.50 14.43 12.56
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24.81 16.70 1460- 16.40 14.50

9481. 1737 . 15.12 16.75 . 1550
16481 2345 1983 217 2012
234.81 . o B37T 2092 . 262 20.08
30481 . 12528 -7 2256 - - - ¢ 2489 21.06:
7581 - 27.07 22.92 o 22.86 20.57
145; 81‘ o.»17 275 - 2093 . 18.06
21581 [ w37 2am . BY 21.54
28581 - 2689 = 261 - 2680 23.05
4681 - 2644 23.22 .- ;. 25.70 22.65.
116.81 12925 25.06° 2431 - 2206
18.6.81 . 3150 2650 - . 31.25 26.37
25.6.81 . 35.00 3017 . : 3133 28.67
S TABLE :8

Effect of Irrigation Treatments on the Soll 'l'emperatumﬂ.r ¢O)at -

i ~ :, " Different Depths (1982) ,
Date - . Weekly soil temperature variations (*C)
75per cent moislure " Soil 50 percent moisture

depletion point " ~ depth ~depletion point .

. “15em _ 30cm " feem  30cm
5.3.82 812 7.00 - 8.00 6.90
12.3.82 1166 1060 1141 1009
9382 . De 1231 - Va0 12207
26.3:82 15.00 400 19N 1391
2482 1850 1610 . 1820 16.00
9.4.82 18.54 1646 - 1830  163%
16.4.82 ¥ /4 271 2306 2143
23482 - 1831 16.50 18.00 15.12
20482 1735 1645 17 1570
7582 959 232 C 2100 191‘;4
uss2 W92 10 - 2066 :gm
215.82 20.98 1840 . 2000 "

g ‘ 2340 2090

. 2380 21.20



i Experimental Résults ~ - 37

P, .. N

(Contd).. . a. . -'-.L"Z JULAR i s
Date ‘ Weeklysoil hemperaturevariatfons (°(;) T
"_‘,‘:., S R 75pet‘cent moisture ~-Soil - 50perc:e’nl:nmfsturel
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The data with respect to the increase in trunlt'gu'th of»the lrees
were taken in 1980, 1981 and 1982 and are pmented;rﬂable 9.~ -

" The data for three yeaxs show thai there was sngmﬁmnt effect;
of variaus levels of N-on the increase in trunk girth The trées
receiving 750 gmN produced the highest i increasé m"h-unliglrth
than mediuni-and low levels of N. With the'i incredse in N level;’
there was an increasé mtrunkgtrthmall the years ofstudy A

" The K  leve l‘sﬂalso dnffened sngmﬁcantly ﬁ,'om each other m’_
198‘1 “Duting 1980'4nd 1982 the 1ow and medium K levels gave
significantly more trunk ‘girth than high level of K whereas the
low and medium K levels did not dlffer sngmﬁcantly w1th each
other in respect of trunk’ glrth AR :

‘The trees under two moxshn'e reglmes dlffered sngmﬁcantly‘
from éach other in’ respect of i mcrease in trunk gnrth The itriga-
tion at 50 per cent moistiire depIetxon ‘point produoed sngmﬁ '
cantly greater trunk gn'th thah thosé"under 75 per. et morstune:
deplehon pomt in ‘all the years of study: 7 a .

‘The first order NK, NI and KI dlffered sngmﬁcantly u; all the ,
years of study except K 'in 1980.  The second order interaction
NKI was mgmﬁcant in'1980 and non-sngmﬁcant in1981 and 1982, -

The differences among various fertilizers and irrigation treat- -
ments in respect of trunk girth were found to be significant in all
the years of study The treatment combmatlons N,KLand Nusl,-‘
gave the highest increase in trunk glrth ‘and significant over the
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rest of the treatment combinations except N,K,I,and N,KI,dur-
ing 1981 and 1982. In 1980, N,K I, gave significantly more in-
crease in trunk girth than all other treatment combinations except
N,K I, N,KI,and N K]L. The treatment combinations N,KL,
N,K ]I, and N,K I, gave the greatest increase in trunk girth (5.14,
8.28 and 4.44 cm per tree in 1980, 1981 and 1982, respectlvel}f).
The least increase in trunk girth 2.95, 3.81 and 2.35 cm per tree in
1980, 1981 and 1982 were recorded in trees which received N K[,
treatment combination.

Shoot Growth

The data with respect to shoot growth were recorded in 1980,
1981 and 1982 and are presented in Table 10.

The data for the three years of study show that the trees
receiving different N levels differed significantly from each other
with respect to shoot growth. The highest level of N produced the
longest shoot growth.

The various K levels also differed significantly from each
other. The medium K level produced the longest shoot growth in
1980 and 1981. However, the low and medium levels of K did not
differ from each other in these years. During 1982 K levels did not
differ from each other with respect to shoot growth although the
longest shoot growth was produced by low level of K.

The trees under different irrigation regimes differed signifi-
cantly from each other with respect to shoot growth. The irriga-
tion at 50 per cent soil moisture depletion point produced signifi-
cantly more shoot growth than those under 75 per cent soil mois-
ture depletion point in all the years of study.

The first order interactions NK and KI were not significant in
1980 while NI interaction was significant. In 1981, the first order
interaction NK, NI and KI were significant while in 1982 only
interaction KI was found significant and interaction NK and NI
remained non-significant. The second order interaction NKI was
found to be significant in 1980 and 1982. However, in 1981 the
second order interaction NKI was not significant.

The differences in treatment combination of N, K and Irriga-

tion were found to be significant in all the years of study. The
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treatment combination N,K)I, gave the longest shoot growth
(96.47 cm) which was significantly greater than all other treatment
combinations except N,K,L, N.K I, N,K I, and N_K,I, during 1980.
In 1981 the treatment combination N,K I during 1980. In 1981 the
treatment combination N,K /I, gave the longest shoot length (97.23
cm). However, this treatment did not differ from N,KJI, and
N;KL,. During 1982 N,K/I, gave significantly the longest shoot
growth (88.61 cm) than aii other treatments except N,K L, treat-
ment combination. The shortest shoot growth (48.11, 54.90 and
53.19 cm) was recorded under treatment combination of N, KL in
all the years of study.

TABLE: 9

Effect of Factorlal Combination of Nitrogen, Potasslum and Irriga-
tion Regimes on Average Trunk Girth Increases in Santa Rosa Plum

Treatments Average Trunk Girth Increase (cm)
1980 1981 1982
NK I, 332 - 4.18 248
NI, 4.27 5.22 345
NK ]I 3.43 4.53 3.01
NK.I, 433 555 345
NJK I, 444 5.75 3.41
NK I, 5.14 8.28 441
NK], 3.17 4.54 2.65
NKJ, 4.78 5.65 3.58
NK,I, 3.87 5.10 252
NI, 453 7.22 342
NI 3.70 525 345
NKI, 489 7.88 4.44
NK], 2.95 3.81 2.35
NK[, 4.14 4.68 2.74
NK.I, 3.78 4.55 3.10
N,K,I, 4.22 5.48 3.76
NI 3.39 5.29 349
NK,I, 4.84 6.68 3.80

C.D. at 5% level 0.42 7067 0.32
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TABLE: 10

Effect of Factorial Combinations of Nitrogen, Potassium and Irriga-
tion Regimes on the Average Shoot Growth in Santa Rosa plum

Treatments

Average Shoot Growth (cm)

1980 1981 1982
NK]I 48.11 54.90 53.19
NKI, 68.41 67.05 65.13
NK 1, 7113 7541 72.07
NK]I, 77.30 87.93 72.53
NK 90.83 86.24 76.82
NI, 95.34 97.23 88.61
NK,L 59.82 64.74 60.89
NK,I, 68.43 75.39 56.34
NI, 72.67 79.84 68.12
NKI, 80.44 84.70 72.28
NKL, 90.77 90.34 74.98
NK], 96.47 95.62 81.05
N.K, 52.01 60.19 54.35
N K, 63.48 78.11 65.94
NK.I, 68.78 75.23 67.47
NK,I, 87.12 81.26 71.00
NK.I, 89.35 86.09 77.37
NKJ], - 96.03 95.97 84.56
CD.at5% level 5.98 4.68 6.16

Pruning weight of the Trees

The data pertaining to this aspect was recorded in 1980, 1981 and
1982 (Table 11).

The data for 1981 and 1982 show that differen.t N level (‘ilf-
fered significantly from each other. In 1980 the medium and high
N level gave significantly more pruning weight than the trees
under low N level. However, the medium and high N level did

not differ significantly from each other with respect to prunings
weight in 1980,

The K levels also differed significantly during 1980 and 1981.
In 1980, 500 8ms K,0 and 750 gms K,O gave significantly more
prunings weight as compared to the application of 250 gms K,0
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per tree. The medium and high K levels did not differ signifi-
cantly from each other. During 1981, the medium K level gave
significantly more prunings weight as compared to low or high K
levels. However, low and high levels of K did not differ signifi-
cantly from each other with respect to prunings weight. In 1982 K
level did not differ significantly from each other although the
medium K level gave the highest prunings weight.

The trees under 50 per cent moisture depletion point pro-
duced significantly more prunings weight than those under 75 per
cent moisture depletion po.:.t in 1980, 1981 and 1982.

The first order interactions NI, KI were found to be non-
significant in all the years of study. The NK was found to be
significant in 1980 and 1982 but non-significant in 1581. The
second order interaction NKI with respect to prunings weight
was significant in 1981. In 1980 and 1982 it remained non-signifi-
cant.

The treatment combinations were found to be significantin all
the years of study. In 1980, N,K ]I, gave the highest prunings
weight (2.87 kg per tree) which was significantly superior to all
other treatment combinations except N,K L. In 1981, N,K L, pro-
duced the highest prunings weight (5.89 kg per tree). During 1982
the treatment combinations NJKI, produced the highest prunings
weight (3.57 kg per tree) and gave significantly more prunings
weight as compared to rest of the treatment combinations except
N,K,I,and N,K,I,. The last prunings weight 1.14, 2.52 and 1.81 kg

per tree was recorded in treatment combinations of Nlelz, NlKal1
and N,KJI, in 1980, 1981 and 1982, respectively.

TABLE : 11

Effect of Factorial Combinations of Nitrogen, Potassium and Irriga-
tion on Prunings Weight in Santa Rosa Plum

Treatments Average Pruning Weight (kg/ tree)

_ 1980 1981 1982
N K], 1.22 3.34 2.01
NK]L 1.54 3.65 2.86
NzKlll 1.72 342 241

NKI, 182 5.47 2.70
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NK], 1.94 4.67 2.67
NK]I, 2.05 5.27 2.82
NK], 1.36 4.19 181
NKJI, 1.14 447 192
NK,I, 2.32 4.81 2.25
NK], 2.29 5.27 2.82
NKJ, 2.09 5.57 3.57
NK]J, 2.46 5.81 3.47
NI, 1.19 2.52 2.05
NI, 115 4.59 2.09
NI, 2.08 4.80 2.42
NKIL 2.25 4.49 2.69
NKJ, 2.15 5.17 2.97
NK], 2.87 5.89 3.29
CD. at5% level 0.45 0.75 0.58

Per cent Fruit Set

The data with respect to the fruit set are presented in Table 12.

TABLE : 12

Effect of Factorlal Combinations of Nitrogen, Potassium and Irriga-
tion Regimes on the Percentage of Fruit Set in Santa Rosa Plum

Treatments Average Percentage of Fruit Set
1980 1981 1982
NK]I 10.66 9.63 11.73
NK][, 13.00 16.58 12.87
NXK]I, 18.14 18.59 13.19
NK], 11.42 10.39 12.06
NKT, 10.23 16.19 11.94
NK I, 15.31 18.32 12.27
N K1, 15.13 - 11.40 11.77
NK]I, 13.22 20.46 12.51

(Contd.)
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Treatments Average Percentage of Fruit Set
1980 1981 1982
NI, 20.58 20.09 13.44
NK,I, 13.07 11.19 11.90
N.K,I, 14.18 14.92 14.02
NSKZI2 18.50 21.71 13.49
N K, 13.71 1442 12.50
N]K312 16.77 18.50 12.86
NK.I, 21795 22.94 14.40
NK.I, . 19.26 10.39 11.04
N, K, 19.61 20.41 11.44
NK,]I, A 19.74 22.82 12.14
C.D. at 5% level 4.04 6.21 0.75

The differences in per cent fruit set in the trees receiving
different N levels were significant. During 1980, medium and
high N levels gave significantly more fruit set than low level of N.
The medium and high N level did not differ significantly from
each other. In 1981, the high N level gave significantly more per
cent fruit set as compared to low and medium N levels. However,
the low and medium levels did not differ significantly from each
other as far as the fruit set was concerned. In 1982, the different N
levels did not differ significantly from each other. However, the
medium level of N produced more per cent fruit set as compared
to low and high levels of N.

The K levels differed significantly among each cther in re-
spect of fruit set in all the years of study. In 1980, the high K level
gave significantly more fruit set as compared to low K level. The
high and medium K levels did not differ significantly from each
other although both the levels gave significantly more fruit set as
compared to low level of this element during 1981. In 1982, the
medium K level gave significantly more fruit set as compared to
low and high K levels. However, the low and high K levels did
not differ significantly with each other in this respect.

The trees under 75 per cent moisture depletion point pro-
duced significantly more per cent fruit set as compared to 50 per
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cent moisture depletion point in 1982. The two irrigation levels
were found to be non-significant during 1980 and 1981. However,

75 per cent moisture depletion point produced more per cent fruit
set in these years.

The first order interactions NK, KI were not significant in
1980 and 1981. But NI was significant in these years. In 1982 NK
and KI were significant but NI was not significant. The second
order interaction NKI was significant in 1980 and 1982 but not
significant in 1981.

The treatment combination’s effects were found to be signifi-
cant in all the years of study. The treatment combination N,K,I
gave the highest (21.95, 22.94 and 14.40 per cent) fruit set in 1980,
1981 and 1982, respectively. The lowest fruit set (10.23, 9.63 and
11.04 per cent) were recorded in N.K I, N, K], and N,K], treat-
ment combinations in 1980, 1981 and 1982, respectively.

Yield

The c?ata on the effect of different levels of N, K and irrigation on
the yield of Santa Rosa plum are presented in Table 13.

TABLE:13

Effect of Factorial Combination of Nitrogen, Potassium and Irriga-
tion Regimes on the Average Yield in Santa Rosa Plum

Treatments

Average Yield in Kg.

1980 1981 1982
NK]TL, 42.88 10.71 11.95
NKI, 44,58 10.67 13.90
NK], 45.18 10.86 12.55
NK], 43.21 11.33 13.51
NK I, 44.47 10.75 12.33
NKI, 47.84 10.88 12.47
N K], 43.91 10.87 12.13
NKJ, 44.98 © 1108 12.18
NK], 4747 1145 14.48

(Contd.)
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(Contd.)
Treatments Average Yield in Kg.

1980 1981 1962
NKJ, 46.38 12.43 15.09
NKL, 18.75 10.60 12.80
NKJI, 50.91 11.23 13.38
N KL, 4541 10.80 13.24
NK], 45.20 10.93 13.25
N KT, 46.72 10.94 13.33
N,K,I, 45.10 11.20 1345
NK]L, 46.55 11.37 13.46
N,K,I, \ 48.58 11.68 13.49
C.D. at 5% level 3.12 N.S. 161

The data for 1980 show that the trees under high level of N
gave significantly greater yield as compared with low and me-
dium N levels. However, there was ho significant difference in
yield between low and medium levels of N. With the increase in
N dose there was an increase in yield of plum. In 1981 and 1982
the medium level of N (500 gm N per tree) gave significantly more
yield than 256 gm N per tree. The high level of N (750 gm per
tree) did not differ significantly from medium level of N in these
years.

With respect to yield per tree, the different K levels differed
significantly from each other in 1980. Whereas in 1981 and 1982
the K levels did not differ significantly in this respect. In 1980, the
medium K level produced significantly more yield as compared
to low level of this element. However, the medium and high
levels of K did not differ signiﬁcantly. During 1981 and 1982 also,
the medium K level gave the highest yield per tree.

The trees under two levels of irrigation did not differ signifi-
cantly during 1980 and 1982. However, the irrigation at 50 per
cent moisture depletion point of irrigation produced - more ylf%ld
as compared to irrigation given at 75 per cent moisture dep}ehon
point. In 1981 high moisture level gave significantly more yield as
compared to low moisture level.
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