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INTRODUCTION



INTRODUCTION

The citrus fruits represent the third largest fruit industry 
of India, next to the mango and the banana. The estimates show that 
an area about 1.48 lakh hectares is covered by its various species 
with an annual fruit production of 17 lakhs tonnes (Ghosh, 1983). The 
climatic conditions in many parts of this country being highly suita­
ble for their culture, these fruits occupy a place of considerable 
importance in the development of country's fruit industry. It is, 
however, discouraging to find that there is a wide-spread decline of 
citrus plants in many parts of India. The trees do well in first few 
years, bearing heavy crop and then begin to deteriorate in vigour and 
bearing.

The most important commercial citrus in the country is the 
mandarin orange which is grown in certain areas of Karnataka, Nagpur, 
Darjeeling, Sikkim and North Eastern States of India.

It is popular for its rich Juice containing sugars, acids, 
minerals and vitamins. Mandarin orange (Citrus reticulata Blanco.) 
commonly known as Darjeeling mandarin which occupies nearly 1500 hec­
tares in Darjeeling, Kurseong and Kalimpong sub-divisions, is one of

(the best in the world but due to absence of any scientific cultiva­
tion practices, the orchards are fast declining both in tree health 
and productivity, and the average productivity of about 5 to 6 tonnes 
of fruits per hectare is considered to be very low.
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The decline in production is a serious malady in citrus 
cultivation arising out of different causes of complex nature. The 
declined tree shows sparse, yellow and variously symptomic foliage, 
stunted growth, sickly appearance with a dried up top growth. The 
shoots of the trees begin to die from the top downward, and produce 
fruits of inferior quality (with rough surface, thick skin and less 
juice)| and some times immature fruit drop also occurs /

Among the factors responsible for citrus decline, plant 
nutrition occupies an important place. Malnutrition, among many other 
factors, often results in a chlorotic condition of the leaves. Major 
elements play an important role in the physiological functioning of 
the plant. The essentiality of maintaining proper nutrient balance 
in the citrus orchard to ensure tree health and productivity has been 
reported by Chapman et al. (1945). In 7 to 3-year old sweet orange 
tree, application of 600 g of N per tree, 50 per cent N from farm 
yard manure and 50 per cent from ammonium sulphate, resulted in maxi­
mum fruit yield and the increased yield due to this treatment was 
about 60 per cent more in comparison to the unfertilized control trees 
(Bajwa and Kaura, 1952). According to Randhawa (1970), the poor 
nutrient status of the soil was the greatest single factor responsible 
for the decline of orange trees in Kerala. From a trial conducted in 
a 15-year old Khasi mandarin orchard, Ghosh et al, (1981) reported 
that a fertilizer dose of 300 g N, 250 g P2°5 311(1 S K2° p*r tr*# 
per year was found to be optimum for an economic yield. Increased
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yields were also obtained at different locations In Darjeeling Dis­
trict with the annual application of 400 g nitrogen, 200 g phosphorus 
and 400 g potassium per plant by Mitra et al. (1985).

There is considerable evidence of the existence of micro- 
nutrient deficiencies in different parts of India which is considered 
to be one of the major factors associated with citrus decline. The 
chlorotic condition and dieback in citrus could effectively he corr­
ected by spraying with micronutrients such as Zny Fe, B (Chcudhury, 
1954), 2n and Cu (Dikshit, 1958), 2n and B (Singh and Mishra, 1980). 
Ghosh et al. (1981) obtained significantly higher yield of Khasi man­
darin orange through foliar application of spring flush. Chapman 
(1960) and Calvert (1970) have reported about the significant role 
of 2n, Cu and B on growth, yield and quality of citrus fruits. Mann 
et al. (1935) also observed increased fruit yield, fruit weight, juioe 
content and acidity when Zn alone or in combination with Fe, Mb and 
Cu were applied as foliar spray.

Efficient orchard management programme should provide, besi­
des nutrients .crther inputs at the right season, particularly at the 
critical stagey of growth. To ensure a healthy and productive orchard, - 
it is also necessary to supply moisture to the trees according to 
their requirement. Improper moisture management lead to abnormal 
water relation in the plant and it is also an important factor res­
ponsible for citrus decline.

Trees irrigated in field capacity produced fruits with a 
better storage life, whereas, those irrigated at 80% of field capacity



produced fruits with thinner peel with poor storage life (Akhmedov, 
1983). Kuriyama et al. (1983) recorded few puffy fruits and also 
few fruits with rind disorder in Satsuma mandarin when the soil was 
kept moist from July to September and dry during October and November. 
They noticed quick fruit colouration and ioprovement in the fruit 
quality.

The diseases like powdery mildew, guamosis, scab, root rot, 
canker eto. are prevalent in the mandarin orchards of Darjeeling
district. The vitality of the trees reduced due to the diseases

sinfection. A number of major and minor insect pest like stem borer,
—

citrus leaf miner, scale insects, mealy bugs, citrus butterfly, fruit 
sucking bugs, aphids etc. also give a set-back to the normal growth 
of the trees and also contribute to citrus decline.

From the results of the investigations mentioned above it
ois evident that the citrus decline can be reduced by adapting impro­

ved cultural practices such as nutrient management, water management, 
plant protection measures etc.

In order to improve the conditions of the existing mandarin 
orchards in Darjeeling district for increasing the yield of better 
quality fruits the following experiments were carried out during 
198-4-85.

1. Effect of different levels of N, P and K on growth.
yield and fruit quality
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2. Effect of Irrigation and different levels of N on 

growth, yield and fruit quality.

3. Effect of application of urea and Zn as foliar spray 

on growth and yield of mandarin orange.

4. Effect of Mg, Cu, Zn, Fe and B on growth, yield and 

fruit quality.

„ 5. Effect of pruning and nutrients application on rejuve­

nation of declined orange trees.



CHAPTER II

REVIEW OF LITERATURE



REVIEW OF LITERATURE

Citrus, require a fairly good amount of nutrients for better/
growth and yield. The estimate made on the removal of nutrients by 

the citrus fruits (18 tonnes), were in the order of 21 kg N, 5 kg P,

41 kg K, 19 kg Ca, 3.6 kg Mg, 2.3 kg S, 45 g B, 50 g Fe, 13 g Mn, 13 g 

Cu and it amply demonstrates the necessity of nutrient application to
£y c XV'. C V

the plants (Chapman et al., 1945). The results of the investigations
i

on the effect of both macro and micronutrients on growth, yield and 

quality and nutrient uptake have been summarized hereunder.

Effect of nitrogen on growth, yield and fruit quality s

The plants of Valencia orange receiving higher N were rela­

tively dwarf with greener foliage in comparison to optimum level of N, 

Such a suppression of growth may be attributed to the fact that exce­

ssive N reduced the root population which ultimately affected the 

plant vigour (Cameron and Appleman, 1934). A marked reduction of 

feeder roots in Valencia orange on Florida soil receiving high nitro­

gen was also noted by Ford et al. (1957).

Klein and Monsellse (1962) reported that Shamouti orange on 

sweet lime rootstock showed an increase in internode length, leaf 

number and leaf area by the application of nitrogenous fertilizers.

Smith et al. (1968-69) also observed that application of 

nitrogen significantly influenced tree height of Valencia orange and
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there was distinct effect of nitrogen placement on root development. 
The most prominent symptom of inadequate nitrogen on Valencia was 
thinness of foliage and premature leaf abscission (Smith, 1970). 
Nokrashy et al. (1977) reported marked increase in yield on young 
Balady orange tree by the application of N at 350-380 g/tree in equal 
dose plus an additional 30 g/tree for each year of tree age. In 10 to 
11-year old trees, the yield rose with N rates, whereas in 12-year 
old trees it rose with rates up to 630 g/tree and than declined,
Deidda et al. (1980-81) obtained higher yield (218-241 q/ha) by trea­
tment with nitrogen 60 kg N/ha along with P20^ and K20, compared to 
unfertilized control (142 q/ha). In a 3-year trials with 13-year old 
tree of Valencia orange on sour orange rootstocks, N was applied at 
600-1200 g/tree per year in split doses in February, May, July and 
August (Alla et al., 1985). The yield rose from 40.80 to 57 kg/tree 
with 600 kg N and from 60.1 to 68.6 kg/tree at 120 g N but the treat­
ments had no appreciable effect on physical and chemical properties 
of fruit. Franciosl et a^. (1985) reported that supplementary foliar 
application of N, P, K to Washington Navel orange trees affected by 
tristeza gave the highest yield of 37.9 kg/tree when treated with 
N:P20^:K20 (6000*6000*4000 ppm) plus normal NPK fertilization.

Sato and Ishihara (1964) reported that plants of mandarin 
orange treated with the higher rates of nitrogen showed stronger 
growth than those treated with the lowest rate, Tomita (1971) repor­
ted that in Satsuma orange plants nitrogen treatment (18 g/tree in 
pot) improved new shoot growth even in dry condition. Singh and Singh
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(1977) reported that the lowest nitrogen rate (454 g CAN/tree/year) 
gave the best result in term of tree vigour, yield and fruit quality 
of Nagpur mandarin.

In an experiment carried out in a Satsuma orchard on volca­
nic ash soil over 5 years, Hong and Chung (1979) reported that higher 
level of nitrogen than the normal combination (125 g N, 175 g P and 
100 g K/tree) increased trunk circumference but the shoot growth was 
not appreciably affected. Hirobe (1981) found increased trunk growth 
in Satsuma (cv.FuJinaka) tree with 300 kg N/ha,while the crown volume 
was greatest with 400 kg N/ha. He also noted increased non-flowering 
shoots with increasing N rate.

In an eaqperiment, Bopaiah at al. (1963) noted the effect of 
NPK application on growth parameters of Coorg mandarin on different 
rootstocks and found no significant effect in this respect. However, 
the chlorosis level varied in the tree due to rootstocks.

In another experiment, 5 doses each of N, P and K were applied 
on mandarin orange trees (N - 0, 159 , 400, 646 and 800 g; PgO^ - 0,
39, 100, 161 and 200 g and K£0 - 0, 77, 200, 323 and 400 g/tree) and 
medium level of P and K and increasing levels of N resulted in incre­
ased number of fruits per tree. Juice content and TSS decreased with 
increasing levels of N. The medium level of N and K and increasing 
levels of P resulted in increased number of fruits and fruit size. At 
the medium levels of K, the fruit yield increased and decreased the 
Juice content (Anon. 1982-84).
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Nadareishivili (1934) found that the recommended fertilizer 
application produced good vegetative growth on young mandarin trees.
He also found that the older trees needed higher application rates, 
namely 150 g N/tree annually, and 420 g P20^ + 200 g KgO/tree once 
in four years.

Improvement in growth was recorded with application of N, P 
and K (Anon, 193$, ). The number of fruits, fruit size and also the
yield increased with progressive increase in each nutrient. The juice 
percentage was found to be improved with the increase in the dose of 
each nutrient. An increase in N and P decreased TSS, while K explica­
tion exerted beneficial influence. Acidity was increased significantly 
by N application, while it decreased by K application. Higher levels 
of N and P were found to reduce vitamin C, while K application increa­
sed it.

It was concluded by Kacharava (1985) from a long-term ferti­
lizer trials, where P20^ 33:1(1 
or 100 kg/ha and N in split doses at 0, 250, 500 or 750 kg/ha that 
application of NsP^O^iK^O at 500*1008100 kg/ha produced the highest 
yield.

In a fertilizer trial on Baianinha orange tree, in which 
each plant received annually 0, 250 or 500 g N, 0, 200 or 400 g PgO^ 
and 0, 150 or 300 g K20, Hiroce et al. (1985) found that N fertiliza­
tion increased leaf N, Ca, S and Mn contents and decreased K, B end

KgO were applied at constant rates of 0
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Cl contents, while P fertilization led to higher contents of P, Ca,
Mg and reduced B, Cl and Cu contents. K fertilization increased K 
content and reduced Ca, Mg and B contents.

Fruit production and initial fruit set were usually highest 
with the increased levels of nitrogen in sweet orange as reported by 
Singh (1961). In a two-year nitrogen fertilization trial on Navel 
orange, Azzony et jl. (1970) found that the yield enhanced in the 
first year, though not significantly in all the treatments, specially 
with urea. In the second year, yields of all trees including the con­
trols were much higher. They obtained 46% yield increase over control 
with CaNOj at 0.75 and 1.0 kg N/tree and foliar application of urea* 
Size of fruit and juice content were greatly enhanced by application 
of nitrogen either in the form of Captor urea. However, vitamin C 
and soluble solids contents were not affected, but acidity and rind 
thickness were increased by all treatments, especially by urea* From 
a 6-year trial on sweet orange cvs. Hamlin, Pineapple and Valencia, 
Reese and Koo (1975) found that increase in N rate increased the 
juice content, acidity percentage and produced more green fruit of 
smaller size.

In a 7-year trial with young Nagpur mandarin trees on Kama 
Khatta rootstock the effects of N (454, 908 and 1362 g/tree/year) 
were compared and it was noted that the lowest application rate gave 
the best result in terms of tree vigour, yield, and controlling of 
fruit drop and the fruit quality (Singh and Singh, 1977). Kodama
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et al. (1977) obtained higher fruit weight and juice percentage with 
increased application of nitrogen in Satauma mandarin orange. Su'jukl 
et al. (1977) obtained the highest fruit yield from young Satauma 
trees receiving the 2 highest N rates and lowest fruit yield from 
tree receiving no N. The juice content, soluble solids and citric 
acid were highest in fruit from no N and low N trees. Koo et jy.,
(1977) reported that higher rates of N and K fertilizers resulted in 
higher juice and acid content in Temple orange.

In an experiment on Satauma mandarin with N at the rate of 
40, 80 or 120 g/tree along with basal dressing of FYM ♦ PK, Lomtadze 
(1979) obtained a yield of 5016 kg/ha from trees receiving 80 g N/ 
tree compared with 2409 kg/ha in the control.

In Kinnow mandarin, with urea at the rate of 1 or 2 lb N/ 
tree, Lodhi and Rashid (1980) found that the size of fruits increased 
with urea treatment and the fruits also showed lower acidity, higher 
T.S.S. and higher total sugar content than the control.

According to Hirobe (1981) the yield of Satsuma (cv. Fuzl- 
Naka) orange was increased by different levels of nitrogen (100-400 
kg/ha). Rind thickness was affected by N level, while the shape of 
fruit did not vary due to different levels of N.

Bopaiah and Srivastava (1982) reported that 5-year old man­
darin trees receiving 500 g/tree showed lower incidence of chlorosis 
and the highest yield per tree compared to other treatments. Fruit 
quality (TSS and vitamin C) was also better.
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Effect of phosphorus on growth, yield and fruit quality i

Many workers have failed to notice any significant effect of 
P, despite its application at various rates (Van der Plank and Turner, 
1936; Anderson, 1937; Morris, 1937; Parker and Butcheler, 1942; Finch 
and McGeorge, 1945; Jones, 1946; Reuther et al.. 1948; Heyman-Hersh- 
berg, 1956; Bouma, 1959; Smith et al.. 1963; Sakamato et al,. 1964) 
Hernandiz, 1979).

In contrast, significant response to phosphorus application 
has also been reported from various citrus growing areas of the world. 
The increase in fruit size due to P application was reported by Crous 
(1937), All- wright (1938) and Anderson (1966) in Valencia oranges. 
Innes (1946) in grape fruit; Jones and Parker (1949) and De villi era 
(1969) in Washington Navel orange; Rosselet et al.(1962) in Valencia 
orange; Suzuki et al.(1972, 1977) in Satsuma mandarin and Leyden(1978) 
in Rubi Red grape fruit.

Gold-webber et al. (1956) obtained positive effect of P fer­
tilization in respect of trunk growth and relative tree size in 
Persian lime but number of fruits per tree, total yield and fruit 
quality remained unaffected.

Mouma and McIntyre (1963) noted that application of super­
phosphate markedly improved the yield and quality of Valencia Late 
and Washington Navel orange in non-tilled plots.

In a long-term trial, Pineapple orange trees were grown in 
a virgin sandy soil for 20 years with different rates of applied
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superphosphate. Neither tree growth nor yield was appreciably affec­
ted by P levels. Fruit quality in the first 10 or 12 crops was not 
greatly affected by P treatment, but thereafter, the fruits on high 
P was poorly coloured and had low soluble solids, acid and vitamin* C 
content than fruits grown without added P (Smith et al,, 1963).

Anderson (1966) found that added P increased the yield of 
Valencia orange, but lowered the fruit quality. In another study, 
Anderson and Calvert (1967) found that application of P fertilizers 
improved tree growth on different types of soil except on calcareous 
soils, although the added fertilizers were effective in increasing P 
content of the leaves.

In general, P fertilization reduced peel thickness (Smith,
1966| Bar-Akiva et al.. 1968j Moss, 1972). Most observations indica­
ted that additional application of P increased the percentage of 
Juice in the orange fruit (Chapman and Eayner, 1951| Smith et al..
1963? Rosselet et al.. 1962; Bar-Akiva et al.. 1968; Chapman, 1968; 
Moss, 1972).

Effect of potassium on growth, yield and fruit quality t

Reed and Hass (1923) noted reduction in leaf size and found 
less chlorophyll in the leaves due to K deficiency in the young orange 
tree. According to Krishnamurthy and Randhawa (1953) the early pota­
ssium deficiency symptoms were stunted growth, sparse foliage and some­
what bronzed and lusterless appearance.

Sato and Ishihara (1964) reported that the effect of potassium
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application on growth of mandarin orange tree was not apparent. Hash 
and Ishlhara (1972) found that leaf number, dry weight of most organs 
of Satsuma mandarin were higher at lower potassium level. According 
to them, the higher level of K reduced trunk diameter and fruit sice. 
The application of potassium fertilizer in mandarin orange resulted 
in increasing the crown diameter (Tsotsonava and Marshaniya, 1973).

A fertilizer trial was conducted with the mandarin at the 
Punjab Agricultural University, Ludhiana with 5 levels each of N (0, 
159, 400, 646, 800 g/tree), P (0, 39, 100, 161 and 200 g/tree) and 
K (0, 77, 200, 323 and 400 g/tree) (Anon. 1982- ). It was noted that
at the medium level of P and K and with the increasing level of P the 
number of fruits increased appreciably. The number of fruit as also 
the size of the fruit increased at the medium level of N and K with 
the increasing level of P, However, the Juice content and TSS decrea­
sed with the increase in the level of N.

Effect of magnesium on growth, yield and fruit quality s

As summarised by Camp (1947), Mg deficiency caused severe 
chlorosis of leaves (bronzing), premature defoliation, extreme sus­
ceptibility to cold damage, die-back of branches, poor root growth, 
alternate bearing, reduction in yields and poor fruit quality. Appa­
rently, the detrimental effect of Mg deficiency was associated with 
photosynthetic capacity of the leaves and defoliation. Therefore 
application of Mg to deficient plants removed chlorosis and restored 
health and vigour of plants. However, there are many reports that
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application to prevent visible deficiency symptoms had no effect on 

vegetative growth, yield and fruit quality (Reuther and Smith, 1952? 

Spencer and Wander, I960; Smith et al.. 1954; Smith, 1954; Calvert, 

1970). In fact, mild cases of deficiency did not show any adverse 

effect. On the other hand, there are reports showing the beneficial 

effect of Mg application, Calvert and Reitz (1966) in a long-term ex­

periment found that higher dose of MgSO^ significantly increased the 

yield of grape-fruit for a period of 16 years but the tree condition 

and fruit quality remained unaffected by Mg application. Kuznestov 

and Korid^e (1977) obtained the best result with regard to yield per 

tree and fruit quality in Satsuma tree receiving 200 g magnesium. 

Kuznestov and Treshchov (1979) reported that higher rates (above 200 

g/tree) of MgSO^ increased the fruit dry matter and decreased the 

pulp ratio in young mandarin. Plessis and Smart (1982), however, found 

no marked effect on yield and fruit size.

Effect of zinc on growth, yield and fruit quality t

It appears that zinc is indispensable for normal growth, 

flowering and fruiting of citrus. Dwarf and mottle-leaved plants 

recovered quickly after application of zinc, Reed and Parker (1937) 

recorded development of healthy leaves of normal size in the first 

growth flush following foliar spray of zinc sulphate. They also obser­

ved improvement in shoot growth and flowering. Internally, there was 

no significant difference between the thickness of phloem in twig from 

zinc sprayed and unsprayed trees, but the xylem cylinder was found to
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be distinctly thicker In the treated trees, particularly when the 

older twigs were compared. Increased oambial activity resulted In 

greater Increase of chlorophyll bearing area* Marked increase in yield 

after corrective treatments was also reported by Parker (1936, 1937).

In an experiment, Golan (1963) mentioned that low volume 

spray, which was 80 per cent cheaper than high volume spray, with a 

mixture of 0.5 kg zinc oxide and 0.5 kg zlneb per dunam (1000 sq,m.) 

in 30 lb of water completely corrected deficiency of Valencia and 

Washington Navel orange.

Soil and foliar application of zinc increased Zn content of 

leaves of treated plants. Several other workers also demonstrated the 

effectiveness of ZnS04 in combating die-back and leaf mottle in oltru. 

(Aiyappa and Subramaniam, 1958; Man! et al., 1959; Singh and Agarwal, 

1961).

Labanauskas et al. (1963) found that zinc as foliar sprays 

on moderately Zn-deficient trees increased the amount of ascorbio 

acid per unit volume in the juice, but decreased the percentage of 

juice by weight.

Samoladas (1964) reported that applied zinc stimulated pho­

tosynthetic activity, increased yield and controlled irregular bearing 

of citrus. Zinc added to Bor deux spray and applied to mandarin trees 

on alluvial soil brought about an increase in yield by 20 per cent 

over control (Samoladas, 1965). Chanturiya (1974) obtained 7.3 per 

cent fruit set in lemons receiving NPK basal dressing plus Zn at 3 g
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per tree as compared to 4-8 per cent fruit set in trees receiving 
only basal dressing of NPK.

Chanturiya (1974) reported 25.8 per cent yield increase in 
young mandarin trees and Chanturiya and Mikaberidje (1976) obtained 

30 per cent yield increment in Satsuma orange tree receiving Zn 9 3 g 
per tree.

The effect of Zn on the quality of citrus has also been 
reported by several workers, Bacha (1977) recorded increase in total

usoluble solid content of Succary orange in the second year following 
zinc application and improvement in storage of Satsuma fruits. Spray­
ing on Kinnow mandarin with zinc sulphate or ferrous sulphate (0,5-1%) 
resulted in better sized fruits with increased juice percentage. Total 
soluble solids, total sugar and ascorbic acid concentration (Dikshit 
et al., 1977). From a 2-year old trial on Hamlin sweet orange tree, 
Sahota et al., 1981 found that spraying of zinc at the rate of 0.6% 
in February and in April did not affect tree girth, height or spread.

Effect of copper on growth, yield and fruit quality :

Bayers and Jonbert (1952) found that soil application of 
CuSO^ + compost greatly improved juice content of Tangerine, whereas, 
foliar sprays gave unsatisfactory response, Majorana (I960) obtained 
positive response of sweet orange and mandarin trees to injection of 
0.012 per cent Cu and spraying with Bordeaux mixture containing 2 
per cent Cu, in respect of improvement in fruit size and yield, More
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vigorous growth and Increased fruit production in Satsuma mandarin 
were recorded following treatments of Cu containing fungicide| sugar 
content and sugar acid ratio of the fruit also increased (Ishihara e£. 
al.. 1974). Bacha (1977) showed that vitamin C content of Balady 
orange fruit increased following sprays with CuSO^ at 250 ppm. Mann 
et al. (1983) noted higher Cu content in leaves when Cu was applied 
at the rate of 0.2 per cent as a foliar spray in springy summer and 
autumn.

Effect of iron on growth, yield and quality of fruits *

Lisanti and Catalano (1956) found that neither vitamin C nor 
total sugar content in orange, was influenced significantly by ferrous 
sulphate treatment. Ford et al. (1957) noticed a significant increase 
in feeder roots, primarily to the zone below 25 cm following soil 
application of Fe-£DTA. Jones and Smith (1964) pointed out that with 
increasing Fe deficiency the tree decreased in size and the yield was 
reduced. In severe stage, the tree became almost fruitless. In this 
case, the fruit became small, hard, coarse, dry, misshapen and very 
pale in colour, Wallihan and Garber (1966) noted a close relationship 
between yield of Navel orange trees and Fe concentration in the lea­
ves. When the concentration of Fe In the spring cycle (September) 
leaves was below 30 ppm (based on dry weight of leaves), the produc­
tion of fruit was less than when Fe concentration exceeded 30 ppm.
As the Fe content decreased below this value, fruit production decli­
ned progressively. Fruit quality at harvest was not seriously affected
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except for some loss In colour. The Fe concentration of the .juice 
was almost proportional to that in the leaves. The decrease in yield 
was due to fewer fruits being matured, while fruit size was same or 
slightly longer in Fe deficient trees.

Effect of boron on growth, yield and fruit quality :

Smith and Reuther (1951) found no difference in tree size 
of Valencia as a result of treatment with different levels of boron 
ranging from deficiency to toxicity. They, however, noted the only 
concentration of ascorbic «cid in low B culture. A field study con­
ducted for several years with different cultivars of orange and grape 
fruit failed to express any beneficial effect of B at levels above 
deficiency state (Smith, 1955).

Ishihara and others (1965) showed that boron application 
increased fruit and seed weights, improved seed development and 
lowered the total sugar content and sugar acid ratio of fruit.

Kodua (1980) reported beneficial effect of boron on mandarin 
in increasing the yield by 15-20 per cent when applied with lime and 
NPK. Boron treatment also increased the ascorbic acid content in 
fruits.

From a micronutrient trial on mandarin orange tree, in which 
micronutrients were sprayed ® Zn (0.5%), Mn (0.5%), Cu (0.25%), Fe 
(0.25%) and B (0.1%), it was observed that all treatments wire supe­
rior to control. The fruit weight increased in all the treatments
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compared to control and the Increase was more with Zn+Ng +Mn+Cu+Fe+B 
and Zn+Mg+Mn+Cu+Fe. Juice percentage also increased in all the trea­
tments and it was more with Zn+Hg, Zn alone and Zn+Mg+Mn+Cu. T.S.S, 
content also improved by the application of micronutrients (Anon.
1982- ).

Plant analysis
Sweet orange (C.sinensis Osbeok) t

There are a number of evidences that application of nitroge­
nous fertilizers to sweet orange tree cultivars Hamlin, Washington 
Navel, Valencia, Shamouti etc. resulted in increased leaf nitrogen 
content (Thombesi et al., 1962; Leyden, 1963; Chhonkar and Tiwari, 
1966; Jones and Embleton, 1967; Smith et al.. 1969; Feungchan and 
Sharma, 1974; Reese and Koo, 1975), and consequent decrease in leaf 
phosphorus and potassium content (Thombesi et al., 1962; Leyden, 19631 
Reese and Koo, 1975).

Labanauskas et jgyL. (1962) observed that in Washington Navel 
orange trees when treated with organic manure increased the foliar 
concentration of K and decreased N and Fe as compared with leaves 
treated with similar quantities of N, P and K from chemical sources. 
The optimum level of leaf nitrogen content of normal orange trees 
varied according to the cultivar; for Shamouti orange it was 2,2#
(Pat and Zafrir, 1963) and for Valencia and Navel orange, it varied 
from 2,4-2,6# (Jones and Embleton, 1968).

From an Investigation on mineral nutrition status of sweet
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orange trees In healthy and declining condition, NIJjar and Singh 
(1971) noted that leaf Mn, Fe and Zn were insufficient at most sites 
and foliar N was adequate only in the healthy plants.

Leaf NO^-N (often sot more than 0.25% of total N) varied 
directly with applied N in Valencia and Shamouti orange, Eureka lemon 
and Marsh grape fruit trees (Bar-Akiva, 1972). Hernandlz (1979) 
reported that in Valencia orange the difference in foliar N content 
was not very pronounced to reflect the different rates of N (160, 320, 
480 kg/N/ha) application.

Mann et al. (1979) reported that healthy sweet orange tree 
cv. Hood Red usually contained higher leaf N, Ca and Zn contents 
than those showing symptoms of chlorosis and dieback.

Mandarin orange :

Sinha and Randhawa (1961) observed in sweet orange a marked 
reduction of N content in the leaves of autumn flush and an increase 
in early spring, Calabrese (1965) reported that in Avana and Tardi- 
vodi Ciaculli mandarins, foliar N (in fruiting shoots) increased from 
early June till late July or early August, remained fairly constant 
for several weeks and did not increase again in the late autumn.

Randhawa and Kar (1967) reported that in mandarin, the total 
N content decreased with leaf age. In Valencia orange foliar N of 
fruiting branches was incluenced by the rate of N applied and showed 
a sharp fall at the spring flush, followed by summer and fairly gra­
dual decline until the end of winter (Aso and Dantur, 1969).
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Deidda and Virdis (1969) working with various types of oitrus 
viz., Washington Navel, Torocco sweet orange, Avana Mandarin, Comune 
Clementine and Teresa lemons found that leaf N and P contents fell 
between January and May of spring flush, rose during summer and 
autumn until December. Plessis and Smart (1970) reported that M con­
tent was highest (3.8%) in young leaves, in September but during the 
following two months it declined rapidly to 2.3%. The variation in 
leaf content of different elements was least from April to June i.e. 
when the leaves were 7-9 months old.

Reese and Koo (1976-77) found that in Temple mandarin, leaf 
N and Mg were increased by N application but foliar P, K and Ca tended 
to decrease as N rate increased. However, Suzuki <r| jJL. (1977) repor­
ted that leaf N was inversely related to foliar Ca, Mg and K. Leaf 
age, season of growth and type of shoots (bearing/non-bearing), also 
influenced nutrient content of leaf.

Suzuki et al. (1977) also recorded that leaf nitrogen content 
in the leaf changed within 10-15 days of application of fertilizers 
in proportion of the amount applied and the difference persisted until 
harvest. In Navel orange, the N content of spring growth on the non­
fruiting terminals increased gradually as the rate of N fertilizer 
increased (Shawky et gl., 1979).

Lodhi and Rashid (1980) found increased leaf N and better 
shoot growth with urea at 1 or 2 lb N/tree in Kinnow mandarin,

Prasad and his associates (1981) observed that the leaves
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(64% of the samples) from non-fruiting shoots contained low N (1*96 
to 2.66%), while 38% of the samples contained low Zn (10-13 ppm) in 
the mandarin trees of the North-Eastern hill region.

With an annual application of 0.4 kg N/tree, average leaf N 
content of Imperial was 2,8% in non-fruiting terminal and 2,32% in 
fruiting terminals while, with an application of 0.7 kg M/tree both 
these figures were increased by 0,11% (Chapman, 1982),

Effect of F and K nutrient on foliar nutrient content t

A comprehensive study of citrus leaf analysis as a diagnos­
tic tool with special reference to K was made by Chapman and Brown 
(1950).

Sinha and Randhawa (1961) reported that in sweet orange 
leaves, K decreased in November. Marked variation in the composition 
of twig of different growth flushes were observed. In autumn flush P 
and K were highest. Labanauskas et jyL. (1962) reported that in Washin­
gton Navel orange application of K and urea increased the K and Cl 
content of leaves as compared with leaves of trees treated with urea 
alone. Milella (1963) reported that in Washington Navel and Toroooo 
orange, K values of leaves rose gradually from April to duly, sharply 
from July to August and fell comparatively steadily from August until 
the following March, In orange trees, the chief effects of applica­
tion of potassic fertilizer were observed as a marked reduction in 
leaf N and Ca and an increase in P and K, Neither P nor K showed sig­
nificant correlation between the amounts applied and the percentage
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present In the leaves (Thombesi et al., 1962).

Abo and Dantur (1969) reported that except for a slight rise 
in mid-summer, followed by a very sharp fall, the K content of the 
leaves fell fairly steadily with age. Both N and P, especially the 
former depressed K values.

Deidda and Virdis (1969) working on a number of citrus like 
Washington Navel, Torocco sweet orange, Avana mandarin, Comune Clem­
entine and lemon reported that Leaf P contents fell between January 
and May during spring flush. Total foliar P rose until October- 
November and then again decreased sharply.

Has® and Ishihara (1972) claimed that the optimum level of 
K in leaf of mandarin should be between 1,2 and 1,6% for high fruit 
quality and yield. However, in the normal healthy tree it was 1,0- 
1.3% and when the K value fell beyond 0,3%, it was found to show 
potash deficiency. Whereas, Magnitsi and Takidze (1972) reported that 
critical foliar K level was 1,6%. They observed a positive correla­
tion between leaf P and K contents and yield of mandarin tree.

In a study Mann et al. (1979) found leaf P, Ca and Mg con­
tents, low to optimum and leaf K, B, Cu, Fe and Mn contents, optimum 

to high in most orchards of sweet oranges, irrespective of the tret 
conditions (healthy and decline).

Intrigliolo et jil. (1981) reported that leaf P and K decli­
ned with leaf age. Chapman (1982) found that K contents resulting 
from treatment with 0, 0,5 and 0,6 kg K/tree were 0.85, 0,93 and 1,35%
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respectively, in non-fruiting terminals and 0.40, 0.44 and 0.77% in 
fruiting terminals.

Basso et al. (1983) found that leaf N and Cu were high and 
P and Zn were low in the leaves of Valencia orange trees receiving Nf 
P20(j and/or KgO at 75-150? 75-150? 75-225 kg/ha. They also found a 
positive correlation between leaf P and K contents. High K rates 
decreased leaf Mg and Ca. Leaf-age, season of growth and type of 
shoots also influenced foliar P and K content.

From a long-term NPK fertilizer trial on Baianinha orange 
tree in which each plant received annually 0, 250 or 500 g N, 0, 200 
or 400 g P20^ and 0. 150 or 300 g K^O, it was observed that, N fer­
tilization increased leaf N, Ca, S and Mn contents and decreased K,
B and Cl contents. P fertilization led to higher contents of P, Ca»
Mg and reduced B, Cl and Cu contents while,K fertilization increased 
K content and reduced Ca, Mg and B contents (Hiroce, 1985).

Effect of irrigation on growth, yield and quality of fruit i

Koo et al. (1965,1966) reported that fruit production was 
Increased by irrigation in Dancy tangerines. Irrigation resulted in 
lower total soluble solids and acid contents but higher juice as 
compared with no irrigation. Maturity date was advanced in certain 
years by Irrigation and supplemental irrigation had no effect on 
decay of the fruit,

Koo at al. (1976) further reported that increase In N and K 
fertilizer resulted in higher juice content of fruit. Fruit from the
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split irrigation treatment had higher total soluble solids than 
autumn irrigation. Treatment with N decreased and K increased the 
fruit size and weight while no consistent trend was found with 
irrigation treatments. More intense orange colour in the rind was 
produced by high N and spring irrigation treatments. More later-fruit 
was found in plot treated with high N and autumn-irrigation.

In a trial with orange cv. Natal, it was found that applica­
tion of irrigation increased number of fruits by 56# and fruit weight 
by 70# (Vieira, 1985).

The size of the tree was increased with supplemental irri­
gation, Fruit production increased with N, K and irrigation treat­
ment. Yield and -total soluble solids content of fruit increased with 
N rates and decreased with increased K and irrigation rates. Higher 
fruit production from irrigation treatment was due to larger tree 
size and increased production efficiency of canopy surface area. N 
ways more efficiently used with irrigation than without irrigation 
(Koo, 1979), GoeH et al, (1983) reported that sub-optimally irrigated 
or partially stressed trees did not grow to the same size compared to 
those receiving optimum water. A short period of moisture stress dur­
ing the irrigation season was very effective in initiating and pro­
moting vegetative growth flushes.

Kuriyama et al. (1983) carried out experiments in pots and 
in framed boxes in the field from 1965 to 1973. When the soil was 
kept moist from July to September (the period during which the fruit 
develops) and dry from October to November (the period during which
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fruit matures) the fruits developed colour rapidly. There were few 
puffy fruits or those affected with rind disorder. The Juice was con* 
centrated and quality was markedly improved. Akhmedov (1983) reported 
that lemon trees irrigated at field capacity produced fruits with a 
thick peel, low Juice and sugar contents hut with good storability, 
while those irrigated at 80% of field capacity produced fruits with a 
thinner peel and poorer storability.

Plessis et al. (1983) reported that in Valencia orange 
orchard moisture conservation during 3 stages* during full bloom to 
the end of December (about 10 weeks); end of December to early May 
(about 18 weeks); and early May to end of August (16 weeks); growth 
enhanced rapidly during the second stage.

In an experiment with 2-water regimes on different citrus 
crops, Yusufi and Gulov (1985) noted that all types (lemons cv.
Meyer, Mandarins cv. Kovanovase and oranges cv. Hamlin) had a high 
leaf water content and water retaining capacity was highest in man­
darin. Chilembewe (1985) found that application of irrigation to Marsh 
Seedless' grape fruit from flowering stage to fruit maturity stage 
was more effective than frequent irrigation throughout the year.

Koo and Smajstrla (1985) studied the effect of trickle irri­
gation and fertilization on fruit production and Juice quality of 
Valencia orange. They recorded increased fruit production by 39.649% 
over control and the increase being directly related to the increase 
in ground coverage due to irrigation and fertilizer treatment.
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Irrigation and partial fertilizer reduced both TSS and acid concen­
tration in Juice.

Effect of pruning on growth, yield and fruit quality s

Bziava and Kvlrkveliya (1980) noted longest tree height, 
average yield and greatest productivity by pruning young lime trees. 
Sanikidze (1981) recommended semi-hard pruning as most economic 
method to obtain higher yield of aged mandarin tree. Whereas, Zargoza 
and Alansocabo (1981) found that mean yields for the first 4 years, 
were highest in unpruned trees (127.56 kg/tree). They further noted 
that pruning had no effect on fruit weight, fruit diameter, rind 
thickness or percentage of Juice. Tavadze (1983) pruned mandarin 
trees, to open the canopy and found yield reduction in the first year 
but economic production was reported from pruned trees afterwards.

Raciti et al. (1982) in an experiment with 3 orange cvs,, 
Femminello Commune, Lemons and Avana mandarins concluded that mech­
anical pruning had no deterimental effect on total yield over 3 years 
and had little effect on fruit quality. Sorrell et a^,. (1983) found 
that pruning stimulated growth and improved yield and fruit quality 
of Valencia late orange. In a pruning and fertilizer trial Iwagaki 
et al. (1985) observed that canopy growth was suppressed by pruning 
and yields were decreased. However, the fruit size was longer and 
biennial bearing was slightly reduced by pruning. Fruit quality was 
slightly lower in the pruned and high fertilised plants.
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MATERIALS AMD METHODS

The experiments were carried out at two locations Sakyong 
and Pedong in Kalimpong sub-division of Darjeeling district* Vest 
Bengal in two successive years 1984 and 1985*

The orchards are situated between 900-1050 metres above sea 
level. The meteorological data during the period of investigation have 
been presented in Table 1. The soil of the orchards is sandy loan in 
texture with pH between 5.6-5.8. A composite soil sample was taken 
before laying out the experiments and the chemical analysis indicates 
the fertility status of the soil as follows.

Location Nitrogen 
(per cent) Available

phosphorus(kg/ha)
Available
potash(kg/ha)

Sakyong
Pedong

0.181
0.158

10.01
11.50

79.00
75.00

In order to improve the yield and fruit quality of the man­
darin orange in Darjeeling district the following experiments were 
taken up.

Experiment 1. Effect of different levels of N« P and K on growth. 
yield and fruit quality.

The trial was carried out on 15 years old bearing mandarin 
orange plants of uniform vigour. The details of the treatments employed
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TABLE 1. Meteorological data (mean) pertaining to 
the period of experimentation (1984 and 
1985).

Months Temoerature (*C)Maximum Minimum Rainfall
(*m)

Humidity(percent)

January 17.77 7.18 37.00 85.50
February 19.88 8.26 39.89 89.75
March 24.09 13.98 70.93 88.50
April 27.18 14.86 87.02 39.50
May 25.69 16.86 180.20 92.50
June 27.60 19.31 326.15 91.00
July 25.78 20.02 222.48 92.50
August 27.61 19.47 217.73 91.00
September 24.62 19.73 174.98 91.50
October 26.20 18.85 174.48 94,00
November 23.08 13.18 51.10 91.00
December 19.67 8.63 46.36 85.50
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In this experiment are given below.
Design of the experiment - 3 confounding
Number of replications •> 3

Number of treatments - 2?
Spacing - 6 m x 6 m
;s : Levels of N, P and K
Nitrogen N^ n2 N3

400 600 800 g/plant
Phosphorus P2 P3

200 400 600 g/plant
Potassium K2 K3

400 600 800 g/plant
anent combinations are as follows s

N^^ H2P1K1 Wi
H1P1K2 N2P1K2 N3P1K2
N1P1K3 N2P1K3 N/iK3
N1P2K1 N2P2K1 N3P2K1
N1P2K2 N3P2K2

V* N2p2K3 N3P2K3
N1P3K1 N2P3K1
■ipA N3P3K2
N1p3k3 N2P3K3 V*

The land of the experimental field was kept clean throughout 
the period of investigation by timely intercultural operations. Nitro­
gen, phosphorus and potassium were applied in the form of urea (46# N),



32

single superphosphate (16# P20^) and muriate of potash (60# KgO),
t- ' r

respectively. In order to prevent fiowof leachlngthe fertilizers 
from one plot to another, channels were provided around each plot, 
/kitrogen fertilizer was given in two split doses once in June and 

another in September, while the phosphorus and potassium ware applied 
along with the first dose of nitrogen.

Irrigation was given following fertilization as well as dur­
ing the winter months to provide uniform moisture content beneficial 
for plant growth. Thimet 10-G d 10 g per plant was applied at the base 
of the plant during manuring to control the trunk borer. The plants 
were sprayed with Bavistin (0.1#) followed by Cythion (1 ml/litre) at 
an interval of 15 days from May to October to control powdery mildew, 
mites and shoot borer and spraying of Rogor(l ml/litre) was made to 
minimise the incidence of fruit borer.

Experiment 2, Effect of different levels of nitrogen and irrigation 
on growth, yield and fruit quality.

Studies were made on 8 years old mandarin orange plants of 
uniform growth.

Design of the experiment - Randomized Block Design
Number of replications - 3
Number of treatments - 16
Spacing - 6 m x 6 m

The treatments consisted of three levels of nitrogen at the 
rate of 200 g (N^), 400 g (N2) and 600 g (N^) per plant per year and
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three levels of irrigation at an interval of 10 days (1^ ), 20 days 
(I2) and 30 days (I^)alone and in combinations. The irrigation was 
started from the month of February and continued till the beginning 
of monsoon.

The treatments are as follows :

1. Control 5. I-j
2. N1 6. I2

3* N2 7. I3
4. N3 8. H1^X1

9. N2+I1
10. n3+i1

11.
12. K2+I2

13. N3+22
14. M1+I3
15. N2^I3
16. N3+I3

The intercultural operations were the same as done in 
esqperiment 1. The source of nitrogen fertilizer was urea and time 
of application was the same as in experiment 1.

Experiment 3. Effect of application of urea and Zn as foliar spray 
on growth and yield of mandarin orange.

The experiment was conducted on 8 years old mandarin orange
plants.

Design of the experiment - Randomised Hook Design
Replications - 4
Number of treatments - 10
Spacing ~ 6m x 6m

The details of the treatments employed in this experiment 
are given below i

1. Control
2. Urea - 400 g N/tree (soil)
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3. Zinc - 0.5% (foliar spray)
4. Urea (soil) ♦ urea 0.5% (foliar spray)
5. Urea (soil) + urea 1% (foliar spray)
6. Urea (soil) + urea 1.5% (foliar spray)
7• Urea (soil) + Zn
8. Urea (soil) + urea 0.5% ♦ Zn
9. Urea (soil) + urea 1.0% + Zn

10, Urea (soil) ♦ urea 1,5% + Zn

The intercultural operations were the save as done in 
experiment 1. The source of zinc was zinc sulphate.

In case of foliar application of nutrients, the required 
amount of fertilizer was dissolved in water separately, the pH of 
the ZnSO^ solution was adjusted by lime and sprayed twice in the 
month of May and September with a foot sprayer, soil application of 
urea was done twice i.e. June and September.

Experiment 4, Effect of Mn. Cu. Zn. Fe and B on growth, yield and 
' ffuit quality.

About 18 years old mandarin orange plants were selected for
the study.

Design - Randomised Block Design 
Number of replication - 4 
Number of treatments - 10 
Spacing - 6m x 6m

The treatments consisted of one level each of magnesium
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sulphate (2.0%) copper sulphate (0.4%), zinc sulphate (0.5%), boric 
acid (0.1%) and ferrous sulphate (0.25%). The nutrient were sprayed 
either singly or in various combinations. The details of the treat­
ments are as follows.

1. Control
2. Mg

3. Cu
4. Zn

5. Fe

6. B

7. Cu ♦ Zn
8. Mg + Cu 4- Zn
9. Mg + Cu ♦ Zn + B

10. Mg + Cu 4 Zn 4* Fe 4* B

The required amount of nutrients were dissolved in water 
separately and sprayed twice in the month of May and September.

The intercultural operations were the same as $ene in 
experiment 1.

Experiment 5. Effect of pruning and nutrients application on 
rejuvenation of declined orange trees.

The investigation was carried out on more than fifty years 
old mandarin orange plants.

Design of the experiment - Randomised Block Design
!

Number of replications - 3
Number of treatments - 17

The treatments consisted of four levels of nitrogen at the 
rate of 400 g (N1), 600 g (N2), 800 g (Nj) and 1000 g (N4)/plant and 
one level each of phosphorus 400 g (P), potassium 600 g (K), zinc



+ Zn
♦ Mg
4 pruning
♦ pruning 
4 pruning 
4 pruning

The intarcultural operations were the same as done in 
experiment 1.

The plants were old and in a declining state. As such removal

(0.5%) and magnesium (2,0%). Pruning was done along with the treat­
ment. Nitrogen, phosphorus and potash were applied in the soil in 
the form of urea (46% N), single superphosphate (16% PgO^) and muriate 
of potash (60% KgO), respectively^ while zinc and magnesium were spra­
yed as sulphates.

The details of the treatments are as follows.

1. Control (pruning)
2. Control (without pruning)
3. N1 4 P + K
4. N2 4 P 4 K
5. N3 4 P 4 K
6. N4 4 P 4 K
7. Mg 4 Zn

4 
4 
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of tranches was necessary and all diseased and declined shoots were 
pruned. Nutrients were also applied after thorough pruning for
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rejuvenation. After pruning the cut surfaces were painted with 
Blitox. Time of application of the nutrients was same as done in 
previous experiments. Pruning was done In the first week of January, 
1984.

Observations recorded :
Plant height :
•MMMMMaHMawaMIllHa

The plant height was recorded before starting the experiment 
and also after a period of one year. The data were pooled and the 
Increase In growth was expressed In centimeter.

Plant spread i

The spread of tree In both East-West and North-South direc­
tions was measured at maximum width once at the beginning and again

* - .A

CK *after a period of one year. The data were pooled^ erf the increase in 
spread was expressed in centimeter.

Girth i
Stem girth (5 cm above ground level) of plant was measured 

before starting the experiment and two years after the treatment and 
the Increase was expressed In centimeter.
Total numoer of fruits *

The number of fruits per tree was recorded at harvest and 
individual-fruit weight was recorded.

Yield i
The total yield per tree was recorded in kilogramme at har­

vest and yleld/ha was calculated In quintal.
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Fruit quality *

Uni formal/ ripened, fruits of marketable appearance were 
analysed for physical parameters and chemical constituents. Each 
sample consisting of 10 fruits, from each replication per treatment 
was taken at random.

Diameter of fruit :

The diameter was measured after harvest with slide caliper. 
Ten fruits under each treatments were taken and the average was 
determined.

Pulp W6lsfat S
The weight of pulp excluding peel and seeds was measured. 

Peel weight *
The peel of fruits was separated by hand and weighed and 

average was calculated.
Juice content i

After peeling, the pulp of the fruit was crushed to extract 
the Juice. The Juice was strained through fine strainer. The quantity 
of the Juice was measured in a measuring cylinder and expressed in 
percentage with respect to the fruit weight.

Total soluble solids i

The total soluble solid was recorded with the help of a 
hand refraotometer calibrated in °Brix,

The different sugar fractions of fruit were determined by 
copper reduction method (A.O.A.C., 1970).



39

Total titratable acidity »

Total titratable acidity was determined with N/10 NaOH 
using phenolpthalein as an indicator.

Leaf analysis *

Leaf samples were collected four times in a year i. e. ^ 
January, April, July, October. Leaves of same physiological age were 
taken from plants under each replication and the composite samples 
were prepared for estimation. Leaf nitrogen was estimated by the 
micro-k^oldahl apparatus (Humphries, 1930).

The phosphorus content of leaf was determined by phospho- 
molybdovendate yellow colour method and was read at 670 n»/U in a 
colorimeter (Jackson, 1967).

The potassium content in leaf was determined by flame pho­
tometer (Piper, 1944). The constituents of leaf nutrients was expre­
ssed as percentage dry matter.

Statistical analysis :

The experimental data were analysed statistically following 
the analysis of variance method given by Panse and Sukhatme (1978).
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RESULTS AND DISCUSSION



RESULTS AND DISCUSSION

Experiment 1. Effect of different levels of N, P and K on growth. 
yield and fruit quality.

The different levels of nutrients used In this experiment,
f>;.' r ■ i'M't

were nitrogen (N1- 400, N~- 600, N,- 800 g N/plant/year), phosphorus
A * Uv-- -1 A(P^- 200, P2- 400, Pj- 600 g P20^/plant/year) and potassium (K^- 400,

K2- 600, K3- 800 g KgO/plant/year).

Plant height i

The data on increase in height during a period of two years 
due to the treatment with different levels of N, P and K presented 
in Table 2 revealed that an increase in the rates of N and K conside­
rably increased the plant height, while the effect of P was not con­
sistent, The highest level of nitrogen (N^) was found more effective 
compared to phosphorus and potassium. An increase in the level of 
nitrogen from 400 to 800 g per plant increased the total height by 
more than 15.03 cm, while the differences between the highest and 
lowest level of P and K were 0,86 and 4,84 cm, respectively.

The interaction effects of N x P, P x K and N x P x K were 
also significant. The highest level of N and K (N^K^) resulted in 
more (43.99 om) increase in height compared to /42.30 cm.) with high­
est level of N and (N^P^) and 37.20 cm with higher level of P and 
K (P2K3). The treatment caused maximum increase (44,21 cm)
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In plant^while the increase was minimum (24.25 cm) with the lowest 
level of the nutrient (N^P^K^). Better results were also obtained 
with N^Kg (42.20 cm), (42.70 cm), (43.63 cm) and
N3P2K3 cm) treatments.

Stem girth i

Like the increase in height of the plant, the stem girth 
also increased considerably due to different levels of N, P and K 
and the variation was significant (Table 3). Increase in the level 
of nitrogen, phosphorus and potassium from 400 to 800 g, 200 to 
600 g and 400 to 800 g respectively, increased the basal girth of

C
the stem. Among the interaction of N x P, N x K and P x K, the 
increase was maximum (4.80 cm) with treatment. The highest 
level of nitrogen (N,) along with different levels of phosphorus and 
potassium nutrients resulted .better girth growth in the present 
investigation. However the stem girth was found to be maximum (4.91 
cm) with NjPgK-j,

Spread of the plant.
East-Vest I

The spread growth presented in Table 4 showed that an 
increase in the level of nitrogen increased the spread of the plant 
during the period of two years. An increase in the level of P and K 
did not improve markedly the spread of the plants. Among the diff­
erent interaction treatments, interaction between N x P and N x K 
and P a K was found significant and showed 48,30 cm increase 
i^pread compared to 46.62 cm with N3P3 and 39.36 cm with PjK., in
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the Bast-West direction. The maximum increase in spread growth in
the East-West direction was recorded (49.19 cm) with followed
by X^2K3 ^•01 c®)» N3P1K3 (*7.72 <*») and (47.14 cm) and
the spread was minimum (21.09 cm) with the lowest rates of the nutri­
ents (N1?1K1).

North-South :

A marked increase in spread growth was also noted with 
the highest level of nitrogen application. The increase in the 
spread of the canopy in North-South direction in two years was 
43.56 cm in plant receiving 800 g N compared to 23,42 cm in the 
plant treated with 400 g N per year (Table 5), Tne highest level of 
N and K (N3K3) showed 45.59 cm increase in spread in North-South 
direction compared to 36.73 cm with the highest level of P and K 
(PjK^) and 44.34 cm with N^P^, The treatment N^P^K^ resulted in the 
maximum (46.83 cm) spread in North-South direction. Better response 
was also obtained with N^P-jK^ (46*63 cm), N^PgKg (45.36 cm) and 
NjPjKg (45.16 cm).

Number of fruit per plant i

Data presented in Table 6 revealed that an increase in the 
level of nitrogen, phosphorus and potassium markedly increased the 
fruit production. The increase in fruit number was more pronounced 
due to higher rates of nitrogen. The plants treated with 800 g 
nitrogen produced, on an average 778 fruits per plant compared to 
538 with 400 g nitrogen. It was interesting to note that the produc­
tion during the second year was much higher compared to that in the
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Ihotographe-showing the plants treated with- 
1• N400^200*800 fi/Plant

WfioAoO 6/Ta?mt
4. fi/nlant



Photograph 5. Plant treated with N800p600*800 e/plant

♦hotograph 6, Plant treated with K4ooP600K400 g/plant
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first year with nitrogen nutrition only, while application of
C- 'iA f -i-'-CSr ' : - """ ft

phosphorus and potassium ^showed a |rvu^xuau^n fruit production, 7

The interaction^efleet of N x K was, however, more pronoun­
ced compared to NxP and P x K. The plant receiving 800 g nitrogen 
and 800 g potassium per year showed an average of 845 fruit per 
plant compared to 498 with 400 g nitrogen and 200 g phosphorus. The 
highest levels of the nutrients (N^P^K^) producedthe largest number 
of fruits per plant i.e. 933 and 857 in 1984 and 1985, respectively, 

.while the lowest level of the nutrients ) used In this expe-
riment produced an average of 514 fruits only. Higher production wee 
also obtained with (824), (823), NjPgKj (816) and
N3?3K1 (803) treatments (Table 6).

Weight of each fruit :

It is clear from the data presented in Table 7 that appli­
cation of nitrogen caused marked improvement in the individual fruit 
weight and level produced fruits weighing 80.09 g each compared 
to 72.47 g with level. The maximum fruit weight of 93.93 and 
87.48 g was produced by N^P^-i in 1984 and 1985, respectively. Tl|ea

Vr-- >*.variationuwelght due to various levels of phosphorus and potassium 
was not so pronounced as recorded in the case of nitrogen.

Yield per plant :

The data presented in Table 8 revealed that the yield of 
fruit increased with the application of nitrogen. It was found to
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38

increase from 45.35 to 65,39 kg per plant in 1984 and from 35.19 kg 

to 52,54 kg in 1985 by increasing the level of nitrogen from 400 to 

800 g per plant. An increase in the level of phosphorus and potassium 

also resulted in higher yield in both the years. The interactions 

between N x P and N x K appreciably increased the yield when used at 

higher levels and treatment with produced an yield of 67.84 kg 

per plant. The highest average yield of 76.04 kg per plant was 

obtained with N^P^K^.

.Yield per hectare i

Like the yield per plant the yield per hectare was also 

found to increase with the increase in the levels of nitrogen, 

phosphorus and potassium (Table 9). The average yield of fruit was 

found to increase by about 53.15 and 22.78 quintals by increasing 

the levels of nitrogen and potassium from 400 to 800 g per plant.

The yield per hectare was considerably increased in the year 1984 

compared to that recorded in 1985. Among the N x P, N x K and P x K 

interactions the highest (188,75 q) average yield was recorded with 

N,K, treatment and N,P, combination produced ,184.80 q of fruits. The 

combination of P and K has effected in this respect. The
... rv,
v

average yield of two year, was, however, maximum (211,23 q/ha) by 

treatment with highest level of the nutrients (N^P^K-jHTable 9).

Diameter of fruit i

The data in Table 10 showed that an increase in the level 

of potassium and nitrogen from 400 to 800 g increased the average
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fruit diameter from 5.16 cm to 5.54 cm and 5.29 cm to 5.34 cm, res­
pectively, The interaction of N x P, H x K, PxK and N x P x K were 
significant. The average fruit diameter was found maximum (5.96 cm) 
in plants receiving 800 g N, 600 g P2°5 md 800 8 K20 per year com­
pared to 5.16 cm recorded under N^P^K^ and Vfr

Peel weight 5

The data presented in Table 11 revealed that the peel weight 
of fruits did not show marked variation with the different levels of
e
the nutrients. The interactions effect of N x K, N xP, PxK and 
N x P x K were not statistically significant. The peel weight was 
found maximum (21.81 g) under Kffy and mlnlnun (16.10 g) under
K^2K2 <Table 11 )•
Pulp weight i

An increase in the level of nitrogen and phosphorus could 
not improve the pulp weight of fruit. However, application of K 
appreciably increased the pulp weight (Table 12), Among the inte­
ractions of N x P, N x K and PxK the highest average pulp weight 
»as recorded with (60.67 g). Application of different levels
of N, P and K showed more pulp weight (65.43 g) with N^P^K^ and 
minimum (51.25 g) with N^P^K^treatment.

Juice content i

The juice content of the fruit was found to increase with 
the increase in the levels of nitrogen, phosphorus and potassium
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(Table 13). It showed a decrease with the higher levels of nitrogen 
in 1984 but in the second year,it increased considerably. The plants 
treated with higher level of potassium (800 g/plant) produced 42,68 
per cent juice (maximum) compared to 38.74 per cent (minimum) under 
400 g N in 1985. The interaction effects of N x P, N x K, P x K and 
N x P x K were not statistically significant. The highest level of 
nitrogen, phosphorus and potassium caused 42,20 per cent
juice in the present investigation (Table 13).

Total soluble solids t

In general, an increase in the level of the nutrients decr­
eased the T.S.S, content in the fruit (Table 14). The interaction 
effect of N x K, P x K and N x P was significant,while the variation 
due to different levels of N x P x K was not significant.

Total sugar s

The variation in total sugar of fruits due to increase in 
the level of nitrogen, phosphorus and potassium was not consistent 
(Table 15). In the interaction between N x P and N x K, the highest 
level of nitrogen (800 g/plant) showed a decrease in sugar content 
compared to higher (600 g/plant) dose of the nutrient, the P x K 
interaction at the highest level of P showed a similar trend, Treat­
ment combination with N2P3K2 resu^te<i i*1 highest average (7.15%) 
total sugar content followed by 7.08 per cent under N^Kj, treatment.

Reducing sugar :

It is apparent from the data in Table 16 that different
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75

levels of N, P and K and their interactions showed no significant 
variation on the reducing sugar content of fruits* The treatment 

exhibited the highest percentage of reducing sugar (3.18) 
during 1983* In general* reducing sugar was found to be higher in 
1985 compared to 1984.

Acidity i

The data on percentage of acidity presented in Table 17 
indicated that application of the highest dose of nitrogen increased 
the acidity while,the variation due to phosphorus and potassium was 
not consistent. The interaction effects of N x P, N x K, P x K and 
N x P x K was also not significant. The highest fruit acidity (0.97 
per cent) was noted with highest rate of N, P and K (N^pyc^), in 
1985.

Leaf analysis l 
Nitrogen s
■■HMMMlMai

The nitrogen content in leaf was found to increase gradually 
and reached the maximum in the month of July* which declined in the 
month of October i.e. when the fruit began to mature. In general, 
an Increase in the level of nitrogen from 400 to 800 g per plant 
considerably increased the leaf nitrogen content at all the stages 
of sampling but the effect of different levels of phosphorus and 
potassium was less pronounced. The leaf nitrogen during January was 
found to vary between 2.28 to 3.00 per cent* while it showed maximum 
value (2.40 to 3.46 per cent) during July (Table 18).
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TABLE 18. Leaf nitrogen content as Influenced by treatment with 
different levels of N, P and K (expressed as per cent 
dry weight).

Treatments January April July October
N1P1K1 2.28 2.36 2.40 2.26
H1P1K2 2.32 2.38 2.41 2,30
N1P1K3 2.36 2.42 2.46 2.34

2.39 2.45 2.50 2.38
VA 2,41 2.48 2.52 2.39
nhp9k. 2,44 2.50 2.53 2.41

Wi 2.46 2.52 2.56 2.43
»1P* 2.49 2.55 2.58 2.46

2.52 2.57 2.61 2.48
Wl 2.54 2.60 2.63 2.51
^l^ 2.59 2.64 2.66 2.58
N2P1K3 2,62 2.66 2.69 2.60
n2p2k1 2.65 2.69 2.72 2.61
N2P2K2 2,67 2.75 2.79 2.64
n2p2k3 2.70 2.76 2.79 2.68
N2P3K1 2.72 2.79 2.82 2.69
N2P3K2 2.75 2.82 2.84 2,71
n2P3K3 2.79 2.85 2.87 2.73
n^piki 2.81 2.86 2.89 2,73
N3P1K2 2.83 2.89 2.89 2.78

2.86 2.91 2.94 2.80
N3P2K1 2.89 2.95 2.98 2.82
N^P?K? 2.92 2,98 3.16 2.85
N,P?K, 2.94 3.10 3.30 2.86
N^pxKi 2.95 3.16 3.39 2.90
N^P^K9 2.96 3.14 3.42 2.91
N3P3K3 3.00 3.20 3.46 2.96

Before treatment - 1.96
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Phosphorus t

The data in the Table 19 showed the maximum amount of leaf 
phosphorus in the month of July. Phosphorus content of the leaf 
however showed a slight decrease in the October sampling* The varia­
tion in leaf phosphorus content at different times of the year and 
due to different levels of phosphorus, in particular was not prono­
unced. The highest level of the nutrients (N^P^K-j) exhibited 0.20 
to 0.29 per cent leaf P compared to 0.11 to 0.13 per cent with the 
.lowest rates (N^P^K^) at different times of sampling.

Potassium :

Potassium concentration of leaf also showed an increasing 
trend up to the third sampling (July) and a sharp decline was noticed 
at the last sampling in October (Table 20). The leaf K was found to 
vary between 1.02 and 1.89 per cent in January, between 1.13 and 
1.92 per cent at April, between 1.23 and 1.96 per cent at July. The 
potassium concentration of the leaf in Octob«- with treatment
was 1,06 per cent and 1.82 per cent with N^P^Kj.

/
v/ Discussion :

The results, in the present experiment revealed that treat­
ment with higher rates of N significantly promoted the growth of the 
plant. The beneficial effect of nitrogen on growth may be explained 
from the fact that the nitrogen is the ma^or constituent of protoplasm 
and high nitrogen increased the size and total number of cells
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TABLE 19. Leaf phosphorus content as influenced by treatment with 
different levels of N, P and K (expressed as per cent 
dry weight)

Treatments January April July October

NipiKi 0.11 0.12 0,13 0.12
N1P1K2 0.11 0.12 0.13 0.12
N1P1K3 0.12 0.13 0.14 0.12
VA 0.12 0.14 0.16 0.12
■ipA 0.13 0.15 0.18 0.12
NiPpK, 0.16 0.19 0.22 0.15
?1P3K1 0.18 0.19 0.23 0.17
■ipA 0.18 0.21 0.24 0.16
N1P3K3 0.19 0.20 0.25 0.18
N2P1K1 0.13 0.16 0.19 0.12
VA 0.13 0.17 0.20 0.12
N2P1K3 0.13 0.17 0.20 0.11
NpPpK^ 0.18 0.21 0.24 0.17
VA 0.19 0.22 0.24 0.16
N2P2£3 0.18 0.20 0.23 0.16

Wi 0.20 0.23 0.26 0.18

Wz 0.21 0.23 0.25 0.17
VA 0.20 0.24 0.28 0.18
Wi 0.18 0.22 0.24 0.16
N3P1K2 0.18 0.20 0.23 0.17

0.17 0.22 0.24 0.16
N,PPKi 0.19 0.21 0.24 0.17
n,p?k2 0,20 0.23 0. 26 0.18
VA 0.19 0.23 0.25 0.19
N3P3K1 0.20 0.24 0.26 0.18
N3P3K2 0,21 0.25 0.28 0.19
n3p3k3 0.22 0.27 0.29 0.20

Before treatment - 0*89
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TABLE 20* Leaf potassium content as influenced by treatment with 
different levels of N, P and K (expressed as per cent 
dry weight).

Treatments January April July October

NipiKi 1.02 1.15 1.28 1.06
N1P1K2 1.16 1.26 1.39 1,20
N1P1K3 1.25 1.32 1.42 1.25
N^K.j 1.35 1.43 1.56 1.39
VA 1.39 1.44 1.57 1.42
N1P2K3 1.42 1.49 1.59 1.43

1.36 1.52 1.62 1.44
1.47 1.53 1.64 1.48

NiP,K, 1.52 1.59 1.68 1.49
1.40 1.48 1.54 1.36

V* 1.52 1.58 1.65 1.48
N?PiK^ 1.62 1.72 1.79 1.54
NpP^K^ 1.46 1.53 1,61 1.44
*2*2*2 1.63 1.69 1.73 1.56
*2*2*3 1.72 1.68 1.79 1.64
n2p3k1 1.51 1.65 1.68 1.48

1.68 1.72 1.82 1.61
NpP^K, 1.75 1.83 1.92 1.73
n3p1k1 1.56 1.65 1.69 1.53
ti3P1K2 1.72 1.75 1.82 ‘1.69
N,P1K, 1.79 1.83 1.89 1.75
N3P2K1 1.62 1.68 1.75 1.56
*3*2*2 1.75 1.82 1.89 1.71

1.83 1.89 1.92 1.78
N3P3K1 1.65 1.69 1.73 1.61
n^k2 1.79 1,85 1.92 1.75
M 1.89 1.92 1.96 1.82

Before treatment - 0.76
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(NJoku, 1957). Protein and chlorophyll synthesis are markedly asso­
ciated with application of higher rates of nitrogen (tfadleigh, 1957)* 
Marked improvement in growth of orange trees by additional N appli­
cation has been reported by many investigators from different citrus 
growing regions of the world (Klein and Monselise, 1962 )| Dornelles, 
19631 Smith et al.. 1968-691 Smith, 1970| Nokraahv at al.. 1977).

The effect of phosphorus and potassium although was not so
pronounced as recorded with nitrogenK higher levels of P and K ,howe- /

¥

ver, increased the height, spread as well as girth of the stem. It
may be mentioned here that Hewitt (1963) noticed that phosphorus
deficiency decreased deoxyribonucleic acid synthesis as well as that
of ribonucleic acid and such an effect chiefly restricted nuclear
division and plant growth. The beneficial effect of K in inproving
growth may be explained from the fact that it is an activator of
enzymes, promotes growth in meristematic tissues, hutrilizes organic j

6> ’ acid and activated stomatal opening. Latzko (1959) concluded that
potassium is directly involved in the photo synthetic phosphorylation. 
Increase in vigour of orange tree (Dornelles, 1963) and crown diame­
ter (Takatsuji and Ishihara, 1960) of mandarin orange has been repor­
ted due to potassium application.

The number of fruits per plant and weight of individual 
fruit increased significantly due to application of higher rates of 
nitrogen. The increase in fruit number was mainly due to better vege­
tative growth and improvement in physiological condition.



Spencer (1963), however, found no effect of phosphorus on Juice con­
tent of Valencia orange while, Weir et al, (1973) found that K increa­
sed the Juice percentage. In an experiment at Maharashtra* application 
of HPK improved the Juice percentage of citrus (Anon, 1984-85). ^

The T.S.S. content was found to increase by treatment with 
400 g N but at higher rate upto 800 g, a decline in T.S.S. was recor­
ded. A decrease in T.S.S. with increasing level of N was reported 
from Punjab (Anon, 1982- ), Phosphorus application had no effect on
the T.S.S. content of fruit. In similar experiment* Devilliers(i969) 
in Washington Havel orange* Smith et al.(1963) in Pineapple orange* 
Spencer (1963) in Valencia orange and Bar-Akiva et (1968) in
Marsh grape fruit also found no significant effect with phosphorus 
application. However* Babel Iton et alj( 1973) reported an increase 
in T.S.S. with additional application of potassium.

The total and reducing sugar and acidity of fruits were 
found to increase with higher potassium and phosphorus level from 
200 to 400 and 400 to 800 g per plant but the highest level of nitro­
gen decreased the sugar content of fruits. The percentage of reducing 
sugar and acidity however, showed no significant variation due to 
different levels of N, P and K.

The nitrogen content in leaf increased due to increased
.S'

level of nitrogen application. Thombesi et al.(1962}, Leyden (1963) 
Jones and Qahleton (1967) and Reese and Koo (1975) also reported 
higher leaf N with added nitrogen. The foliar nitrogen decreased as
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higher percentage of fruit set and retention, Nabawy si (1975) 
Singh and Singh (1977) also recorded similar increase in fruit num­
ber with higher doses of N application.

Treatment with the higher levels of N, P and K showed marked 
improvement in yield. The highest total yields of 83.15 and 68.94 kg 
per plant in 1984 and 1985, respectively were obtained by treatment 
with 800 g nitrogen 600 g phosphorus and 800 g potash per plant in 
which the leaf nitrogen content was found to vary between 2,96 and 
*3,46 per cent at different times of the year. The number of fruit 
per plant and yield in citrus were associated with the level of total 
N or NO^-N concentration in leaves (Bar-Akiva, 1972, 1973| Embleton 
et al,, 1973; Jorgensen, 1978). Higher fruit yield with N-fertilizer* 
was also obtained by Xntrigliolo (1934) in orange cv. Sanguinello 
Morcato. The highest level of nitrogen (800 g/plant) increased fruit 
size which was considerably reduced at lower (400 g/plant) level of 
the nutrient. Kiely et al. (1972) in Valencia orange, Koo and 
McComack (1965) in Dancy tangerine, £1-Mahmoudi (1959) in Egyptian 
orange and Leyden (1978) in Red grape fruit also observed similar 
increase in fruit size with increase in nitrogen rates.

Higher levels of nitrogen and phosphorus and potassium were 
found to increase the juice content of fruit. An increase in juice 
percentage of fruit with higher dose of nitrogen was observed by 
Young and Koo (1973) in Persian lime, Reese and Koo (1974) in Hamlin, 
Pineapple and Valencia orange, Jorgensen (1978) in Navel orange.
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the leaf grew older (Sinha and Randhawa, 1961; Randhawa and Kar,
1967 and Akao et jl,,1978). Similarly, leaf P and K also decreased 
as the age of leaves increased (Randhawa et _§!., 1964; Deidda and 
Yirdis, 1969).

A marked increase in foliar K content was resulted from 
treatment with high dose of K. Similar effect was also noted by Feung- 
Chan and Sharma (1974), Reese and Koo (1973) and Bageleth et al.(1980) 
in Sweet orange; Takidze (1971), Reese and Koo (1976) and Takatsuji 
and Ishihara (1980) in mandarin orange.

Experiment 2. Effect of irrigation and different levels of N on 
growth, yield and fruit quality.

The treatments consisted of three levels of nitrogen at the 
rate of 200 g (N^), 400 g (N2) and 600 g (N^) N/plant/year and three 
levels of irrigation at an interval of 10 days (I1), 20 days (I2) and 
30 days (Xj) alone and In combinations.

Plant height i

The data presented in Table 21 on the increase in plant 
height over a period of two years showed variation due to the treat­
ments, Although application of nitrogen or irrigation alone influenced 
the plant height as compared to control, but their various combina­
tions caused marked improvement in this respect. The treatments 
i.e, irrigation at 10 days interval in combination with different 
levels of nitrogen, in general,had higher plant height compared to 
other levels of irrigation (Table 21), The treatment N^+ 1^, resulted
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in maximum Increase in plant height (43*76 cm) in the two years, 
while the untreated plants recorded a height of 32.63 cm (Table 21) 
only*

Stem girth i

Similar to plant height marked variation in the girth of 
the stem was recorded due to the different treatments (Table 21). 
Application of either irrigation or nitrogen did not have mgch effect 
in increasing the stem girth over control* However, their combined 
effect showed beneficial effect* The maximum increase in stem girth 
(3*68 cm) in a two year study was noted with the highest level of 
nitrogen (N^) in combination with irrigation applied at 10 days inte­
rval (1^) and followed by treatment I^+I^ (3*26 cm),while the incre­
ased was only 2,23 cm in the untreated plants (Table 21).

Spread of the plant i

The increase in spread growth due to the treatments varied 
significantly over control* However, the variation in this respect 
in the directions^ Sast-Vest or North-South was not consistent 
(Table 21). The treatment (N^+I^) which showed the highest increase 
in plant height and girth also showed the maximum spread (45.30 cm) 
in East-West direction but in the North-South direction the treatments 
A|g+ and N.j+ caused the maximum spread (43.42 cm), while the 
untested plants showed the minimum spread in both directions (23.76 
cm E-WN and 25.93 cm N-S). Application of only irrigation or urea 
showed improvement over control but the Increase in spread of the
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canopy was much higher with combined application of nitrogen and 
irrigation.

Number of fruits per plant s

It is evident from the data presented in Table 22 that a 
combined application of nutrient and irrigation markedly increased 
the number of fruits per plant. Although, application of urea or 
irrigation alone produced larger number of fruits as coopered to con* 
trol but the variation did not reach the significant level in the 
first year of the experiment with the urea treated plants, in parti­
cular. The plants treated with 600 g urea (N^) and irrigated at the 
interval of 10 days (1^ ) produced the maximum number of fruits (310/ 
plant) followed by 293 fruits per plant with 600 g urea (Mj) and 
irrigation at the interval of 20 days (I2). The plants under control 
produced only 217 fruits.

Weight of each fruit i

The data in Table 22 also revealed that all the treatments 
resulted in greater fruit weight in both the years over the untreated 
plants. The treatment N^ ♦ I2 exhibited the maximum fruit weight 
(73.70 g in 1984 and 90.93 g in 1985), while the corresponding figu­
res for control were 57.71 g and 61,36 g. The other treatments, which 
improved the fruit weight were N^+ (80.59 g){ Nj* I-j (78.07 g)
and N2+ 74.20 g).

Yield per plant *
The plants treated with urea and irrigation singly or in
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combination provad affective in increasing the yield/plant in both 
the years and the yield was more in the second year, compared to 
first year (fable 22). The maximum average yield (25.03 leg per plant 
was found with 1^ treatment i.e. 600 g urea/plant and irrigation 
at an interval of 10 days. Higher fruit yield (24.31 kg/plant) was 
also obtained with *2 ■fcrea*ai«nt* The untreated plant produced an 
average of 12.94 kg fruit only.

Yield per hectare 1

The data on yield per hectare presented in Table 22 revealed 
a marked difference due to the treatments. The highest yield (35.66 q 
in 198* and 83. *2 , in 1985) «. obtains undT I,. «ark.d l^rc- 
vement in yield was also recorded by treatment with I2 (67*51 q) 
and Ij (61.56 q). All the treated plants also showed higher yield 
compared to the untreated plant (35.94 q/ha). The yield/ha was higher 
in the second year compared to the first year as the individual yield/ 
plant also showed similar treed.

Diameter of fruit i

The data on fruit diameter presented in Table 23 showed no 
significant variation over control due to different irrigation and 
nutrient treatments. The average varied between 4.57 and 5.67 on.

Feel weight s

The variation in peel weight of fruit due to the treatments 
was not statistically significant (Table 23)* In general, treatment 
showed a reduction in peel weight compared to control (21.16 g). The
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average peel weight varied between 17.90 g and 21.16 g.

Pulp weight i

The pulp weight during the first year of the experiment 
varied between 34.83 and 60.96 g,while in the second year it showed 
a reduction in general and varied between 3^.63 and 48.30 g (Table 23). 
Treatment with nitrogen and irrigation increased the average pulp 
weight. resulted in the maximum pulp weight (34.63 g) of fruit.

Juice content i

It is evident from the data presented in Table 24 that the 
treatments increased the Juice content in fruit. The fruits from 
plants treated with 1^, contained the maximum percentage of Juice 
(43.30%), followed by 43.19 per cent with N2+ I1 as compared to 38.91 
per cent in control fruit. Application of only irrigation (at the 
interval of 30 days) decreased the Juice content (33.01%). In generalt
higher doses of urea and irrigation at shorter interval proved more

vr
effective /increasing Juice content of fruit in comparison with other 
treatments.

Total soluble solids t

The data presented in Table 24 revealed that the total solu­
ble solids content of fruit in general, increased due to combined 
treatments of N and Irrigation when compared to that of control.

The average T.S.S, content of the fruits varied between 
10.37 and 11.90% and the treatment N^+ I2 showed 11.90% T.S.3. in 
both the years. The other treatments which had more than 11.0% T.S.S.
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in fresh fruit were H2+lv N3+I1# N2+I2, N3+I2, N2*I3 and U^ly 
Total and reducing sugar *

Similar to T.S.S., the total sugar content showed signi­
ficant variation when treated with N and irrigation (Table 24), The 
maximum total sugar was found under N^I^ (6.94/‘) and minimum (6.28%) 

with I3 treatment i.e* irrigation at the interval of 30 days. No 
significant variation was observed with fruits harvested from the 
treated plants in respect of reducing sugar content which varied 
•between 2.39% and 2,55% (Table 24).

Acidity *

The fruits harvested from plants treated with different 
levels of irrigation and nitrogen showed marked reduction in fruit 
acidity except in those from the plant, treated with the highest dose 
of nitrogen. The percentage in fruit acidity was minimum (0.92%) 

with N^ followed by 0,93 per cent with I2,](,N2+I,j and compared to 
0.99 per cent under control (Table 24).

Leaf analysis I 
Nitrogen i

The data presented in Table 25 showed higher nitrogen content 
in leaf of all the treated plants. The combined application of nitro­
gen and irrigation markedly influenced the leaf nitrogen concentra­
tion. The treatment N^I^ had the highest concentration of the 
nutrient at all the stage of sampling.
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TABLE 25. Leaf nitrogen content as influenced by different 
levels of nitrogen and irrigation (expressed as 
per cent dry weight).

Treatments January April July October

Control 2.14 2.16 2.21 2,16.

■i 2.45 2.54 2.65 2.47

"a 2.58 2.69 2.85 2.62

h 2.78 2.89 2.18 2.82

xi 2.36 2.37 2.39 2.41

h 2.22 2.24 2.26 2.26

h 2. $8 2.21 2.23 2.22

N1+I1 2.75 2.77 2.85 2.76

V*1 2.86 2.92 3.16 2.88

2.94 3.12 3.23 2.98

H1+I2 2.69 2.72 2.79 2.72

N2+I2 2,75 2.86 2.99 2.83

»3+I2 2.85 2.93 3.11 2,89

N1+I3 2.66 2.68 2.75 2.68

n2«3 2.70 2.78 2.84 2.75

N3+I3 2.76 2.86 2.98 2.81

Before treatment - 1,94
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Phosphorus i

The phosphorus content of leaf also showed similar trend 
to that of nitrogen. All the treated plants showed higher amount of 
leaf phosphorus compared to control at all the stages of sampling 
and 1*2+ *1 treatment exhibited the maximum phosphorus concentration 
(Table 26).

Potassium t

Similar to nitrogen and phosphorus, leaf K concentration 
was also found to be influenced by nitrogen fertilization and irri­
gation (Table 27). Leaf analysis showed an increasing trend of the 
leaf nutrient from January to July and declined sharply in October, 
The treatment proved to be most effective in this respect.

Discussion t

The results of the experiment on the effect of different 
levels of nitrogen and irrigation either singly or in combinations 
showed marked response to growth and vigour of the treated plants 
and higher dose of the nutrient in combinations with frequent irri­
gation (10 days interval) significantly increased plant height, stem 
girth and also the spread of the plant. The beneficial effect of 
nitrogen on vegetative growth may be explained from the fact that X 
is indespenslble in various physiological and metabolic activities 
of plant such as chlorophyll, nucleotides, phosphatides, as well as 
in many enzymes, hormones and vitamins, Protein and chlorophyll
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TABLE 26, Leaf phosphorus content as influenced by different 
levels of nitrogen and irrigation (expressed as per 
cent dry weight;.

Treatments January April July October

Control 0.11 0.12 0.15 0.11

Ni 0.14 0.16 0.20 0.15

h2 0,12 0.15 0.18 0.14

N3 0.16 0.18 0.21 0,17

*1 0.13 0.14 0.19 0.13

h 0.12 0.13 0.15 0.12

h 0.11 0.12 0.13 0.11

N1+ 0.16 0.18 0.23 0.19

0.19 0.22 0.25 0.21

n3* h 0,22 0.26 0.31 0.25

V X2 0.14 0.16 0.19 0.17

N2+ I2 0.15 0.18 0.19 0.17

N3+ i2 0.18 0.21 0.24 0.20

V h 0.12 0.14 0.16 0.13

V i3 0.18 0.25 0.16 0,14

N,+ I_-2 12 0.16 0.19 0.21 0.18

Before treatment - 0.09
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TABLE 27. Leaf potassium content as influenced by different levels 
of nitrogen and irrigation (expressed as per cent dry 
weight).

Treatments January April July October

Control 1.29 1.31 1.41 1.33

Ni 1.42 1.47 1.52 1.48

n2 1.45 1.48 1.56 1.51

N3 1.49 1.53 1.62 1.54

X1 1.26 1.28 1.34 1.31

*2 1.24 1.26 1.29 1.28

S 1.23 1.25 1.28 1.27

VJ1 1.50 1.56 1.71 1.58

1.53 1.65 1.78 1.67

N3+I1 1.63 1.68 1.79 1.69
h1+x2 1.48 1.52 1.68 1.56

1.49 1.53 1.73 1.54

K3+I2 1.54 1.58 1.74 1.62

V*3 1.35 1.39 1.58 1.40

N2+I3 1.41 1.46 1.62 1.48

N3+I3 1.48 1.51 1.68 1.54

Before treatment - 0.89
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synthesis are markedly associated with the application of higher dose 
of nitrogen (Wadleigh, 1957). In the present investigation irrigation 
increased the capacity of plant to absorb the nutrients applied, more 
efficiently and therefore, the combined effects resulted in better 
growth in mandarin orange trees. Koo (1980) recorded increased tree 
size in Valencia orange with supplemental irrigation and fertiliza­
tion. The observation recorded in the present investigation on plant 
growth were in conformity with the observations made by workers on 
different citrus species at different citrus growing regions of the

e
world (Klein and Monselise, 1962} Domelles, 1963} Smith et al.. 
1963-69, Nokrashy et gl., 1977; Goell, 1983). In long term irrigation 
trials with grape fruit, Qoell (1983) found that suboptimally irriga­
ted or partially stressed trees did not grow to the sane size as those 
receiving optimum water. Such trees were more compact with a higher 
canopy. He^however, observed that a short period of moisture stress 
was very effective in initiating and promoting vegetative growth 
flushes.

Treatment with N^+ I1 i.e. the highest level of nitrogen 
and irrigation at an interval of 10 days produced 310 fruits/plant 
compared to 217 fruits under control. The other treatments also were 
effective in producing larger number of fruits, particularly the 
combined application of nutrient and irrigation. The results dearly 
indicates that the maintenance of optimum soil moisture in the 
orchard through irrigation causes absorption and utilization of app­
lied nutrients more efficiently and it is manifested through better
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plant growth and flowering* Application of fertilizer and irrigation* 
caused increased translocation of nutrients from the leaves to the 
fruit and resulted in higher yield. Fruit production was increased 
substantially by irrigation in grape-fruit as reported by Koo (1964). 
He (1980) also obtained increased fruit production with nitrogen* 
potash and irrigation treatment. In an experiment with two water 
regimes on different citrus crops* Yusufi and Gutov (1983) noted that 
all species of lemons* mandarins and oranges had a high leaf water 
content in semi-hydroponics. From the results of the investigation*

i

it is suggested that irrigation might have increased the water reta­
ining capacity which helped in better phosphosynthetic activity and 
enhanced the yield of mandarin orange.

Koo and Smajstr la (1983) recorded increased fruit produc­
tion by 39.64% over control and the increase being directly related 
to the increase in ground coverage due to irrigation and fertiliser 
treatment.

Beneficial effect on increasing individual fruit weight was 
also observed due to the treatments* particularly with nitrogen and 
irrigation, Koo et al.(l974) found increased fruit weight with nitro­
gen* phosphorus and potash and split irrigation. Irrigation increased 
the number of fruits by 36% and fruit weight of 70% in orange as 
reported by Vieira (1985).

The results showed that the diameter of fruit increased due 
to the treatments. Increased fruit size of orange was obtained with 
NPK and split irrigation (Koo et jJL, * 1977).
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The Juice content of fruits, total soluble solids and sugar 
increased mainly due to combined application of nitrogen and irriga­
tion, The total soluble solids was found to be maximum (11.90%) with 
$2+ *2 ■fcrea'tfflent in both the years. However, the treatment * I-j 
showed maximum sugar content in the fruits. In general, treatment 
with different levels of nitrogen and irrigation caused less acidity, 
as compared to the untreated fruits, Kuriyama et jJL, (1983) noted 
marked improvement in fruit quality in pot experiment keeping the 
soil moist during fruit development (July and September) and drying 
during maturity (October-November), Koo and Smajstrala (1933) studied 
the effect of trickle irrigation and fertilization on fruit produc­
tion and Juice quality of Valencia orange and found that irrigation 
and partial fertilization reduced both T.S.S. and acid concentration 
in the Juice,

Leaf nitrogen, phosphorus and potash contents increased due 
to the treatments and the Influence of the combined application was 
very much pronounced.

The leaf nutrient content was found to increase after appli­
cation of nutrients and irrigation and declined during October. It 
indicates that the nutrients have been sufficiently utilized during 
th. growth and d.y.lop.«*t of the fruits. The treatment X, had 
higher leaf nutrient concentration in all the samplings and also 
resulted in maximum yield of better quality fruits, Thombesl et 
(1962), Leyden (1963) and Reese and Koo (1975) also reported higher 
leaf N, P and K with added N, Plessis and Smart (1970) observed that
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N content was highest in young leaves sampled in September but dur­
ing the following two months it declined rapidly. In sweet orange, 
Qupta and Nauriyal (1972) recorded the highest amount of nitrogen in 
August and lowest in February,

Experiment 3. Effect of application of urea and Zn as foliar spray 
on growth and yield of mandarin orange.

The details of the treatments employed in this experiment 
‘are given below *

Control, urea- 400 g N/tree (soil), ZnSO^- 0.5!* (foliar 
spray), urea (soil) ♦ urea - 0.554 (foliar spray), urea (soil) ♦ 
urea - 1% (foliar spray), urea (soil) ♦ urea - 1,554 (foliar spray), 
urea (soil ) ♦ 2n, urea (soil) ♦ urea - 0,554 * aa, urea (soil)** 
urea - 154 * Zb, urea (soil) * urea - 1.554 * Zn.

Plant height t

The plant height presented in Table 28 showed significant 
variation due to treatments compared to control. Soil application of 
urea (400 g/tree) alone and also foliar application of zinc sulphate 
(0,554) although increased plant height significantly but the other 
treatments were more effective in this respect. Application of 400 g 
urea and subsequent foliar application of 1.5 per cent urea and 0,5 u 
per cent zinc sulphate caused the maximum increase (44,30 cm) in 
plant height in a period of two yearsyfhile the untreated plants 
showed an increase of 28,70 cm in plant height. In general, foliar
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application of urea resulted In greater increase in plant height 
(Table 28).

Stem girth i

The girth of the stem in a period of two years also showed 
significant variation due to the treatments as compared to the untrea­
ted plants (Table 28). Similar to the plant height, the treatment with 
urea (soil) + urea (1.5%) + Zn (0.5%) also caused maximum increase in 
stem girth (3.38 cm),while the increase was only 2,44 cm in the un­
treated plant. The treatments which were effective in increasing the 
plant height also proved effective in increasing the stem girth during 
the period of the experiment (Table 28).

Spread of the plant *

In the present investigation, a marked variation in the 
spread growth of the plant was recorded due to different treatments 
(Table 28). The pl^ts treated with urea (soil) + urea (1.5%) + Zn 
(0.5%) exhibited the maximum spread in both directions (48.10 cm

Ovi

East-West and 45.43 in North-South) while the untreated plants showed 
28.83 and 26.70 cm spread in East-West and North-South directions, 
respectively. The foliar application of urea, in general, was found 
to promote the growth of the tree canopy.

Number of fruits per plant i

It is evident from the data presented in Table 29 that the 
number of fruits harvested from the treated plants were much higher 
compared to the untreated plants. The treatments which were effective
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in promoting the vegetative growth were also found to produce more 
number of fruits per plant. The maximum number of fruits were produced 
by treatment with urea (soil) ♦ urea (1.596) + Zn (0,5%) in both the 
pears (192 in 1984 and 200 in 1985 )f while 95 and 96 fruits were har­
vested from the untreated plants in the respective years. The other 
treatments which produced larger number of fruits were urea (soil) ♦ 
urea (1% spray), urea (soil) ♦ urea (1,5% spray) and urea (soil) ♦ 
urea (1% spray) ♦ Zn (0.5%),

.Weight of each fruit I

The maximum weight of individual fruit (89,41 g) was obtai­
ned by treatment with urea (soil) + urea (1.5%) + Zn (0.5%) and mini­
mum (60,15 g) in the untreated plants (Table 29), The weight of each 
fruit was more than 70 g when the plants were treated with urea as 
foliar spray. The other treatments also increased fruit weight com­
pared to control and the differences were significant.

Yield per plant :

Soil (400 g/plant) and foliar application of urea (1,5%) 
and zinc produced the highest average yield (16,09 kg per plant) 
which is about 10 kg more than in the untreated plant (Table 29).
The yield per plant, in general, was higher in the first year as com­
pared to second year of the experiment. Either soil application of 
urea or only zinc spray or the combination could not influence much 
the yield per plant as compared to control. However, foliar applica­
tion of urea resulted in significantly higher yield per plant in both 
the years under investigation.



7. Showing untreated plant.

■nv, *+r\o r*n rh 8 Plant treated with urea (0.5 %) + Zn (0.5



*)

Photograph 10, Plant treated with urea (2 %) + Zn (0,5 %)
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Yield p>r hectare l

The data on yield/heotare presented in Table 29 revealed a 
marked difference due to treatments used in this experiment. The 
yield of fruit per hectare was maximum (44.69 quintal) when the plants 
were treated with 400 g urea (soil) + urea (1*5#) ♦ Zn (0.5%),while
the fruit yield was 16.18 quintals only in the untreated plants.
Higher fruit yield per hectare was obtained by soil and foliar appli- 
cation of urea and zinc and the yield varied between 16.15 and 47.78 
.quintals in the first year (1984),while it was between 16.21 and 
41.61 quintals during the second year (1985).

Diameter of fruit i

The size of the fruits as evident from the data presented 
in Table 30 on diameter showed an increase due to the different treat­
ments, The variation in fruit diameter (4.90 to 6.21 cm) was statis­
tically significant.

Peel weight i

The peel weight presented in Table 30 did not vary signifi­
cantly in the first year (1984) except by treatment with soil and 
foliar application of urea., while it showed appreciable change during 
the second year (1985). The average peel weight varied between 11.89 
and 18.89 g.

Pulp weight i

The pulp weight varied between 44.27 g and 56.56 in the first
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year and was significant over control with most of the treatments, 
while it varied between 48.11 g and 55.70 g in the second year and 
oould not reach the significant level with most of the treatments 
(Table 30). The average pulp weight showed appreciable variation due 
to different treatments and was found to vary between 46.19 g and 
56,13 g.

Juice content s

The Juice content, in general, was found to be influenced 
• by the various treatments. It was noted that fruits harvested in 1984 
contained appreciably higher percentage of Juice compared to that of 
1985 (Table 31). The Juice content of fruits obtained from the diff­
erent treatments varied between 35.1896 and 42.0496.

Total soluble solids I

The total soluble solids of fruits presented in Table 31 
showed significant Increase over control in almost all the treatment. 
The fruits harvested from the plants treated with urea (soil) ♦ urea 
(1.596) + Zn (0.596) showed the maximum T.S.S. (11.85 per cent) com­
pared to 10.44 per cent in those from control plants and 10.37 per 
cent in urea (soil) treated plants.

Total sugar *

The total sugar content of fruits did not show significant 
variation over control due to the treatments (Table 31). The total 
sugar percentage was found to vary between 6.36 and 6.85. The varia­
tion in this respect in the first and second year were, however, not 
consistent.



Reducing sugar l
mmmmmmmmmmmmmmmmmUmmrnmmmimmmmmm

The reducing sugar content of fruits varied appreciably due 
to the treatments and the difference was statistically significant in 
both the years of the experiment (Table 31). The treatment which showed 
the maximum T.S.S. content also showed highest percentage of reducing 
sugar in the fresh fruits in both the years (2.69% and 2.67%), while 
it was minimum in the untreated plants (2.16 and 2*19%).

Acidity j

* The treatments with nutrients did not cause any significant
variation in acidity in fruits,while that the treated plants, in 
general, showed a reduction in fruit acidity (Table 31). Although 
treatment with zinc (0.3%) resulted in slightly higher acidity (1.06%) 
over the fruits under control, the acidity in fruits under the treat­
ments varied between 0.83 and 1.06 per cent.

Leaf analysis.
Nitrogen i

The N content of leaves analysed four times during the period 
of growth presented in Table 32 showed a general increase from January 
to July and then declined in October. All the treated plants had higher 
leaf N content (2.26-2.72 per cent) as compared to control (2,21 to 
2.29 per cent).

Phosphorus i

CM

Phosphorus concentration of leaves presented in Table 33
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showed similar variation like leaf nitrogen, although the variation 
was less pronounced. The leaf F content varied between 0.09 and 0.16 
in January, 0.10 and 0.18 in April, 0.10 and 0.21 In July and between 
0.09 and 0.17 in October.

Potassium i

Similar to nitrogen and phosphorus^ the leaf potassium con- | 
tent also increased from January to July and then declined during 
October. The leaf K content varied between 1.25 and 1.54 due to 
•treatments, while it was between 1.13 and 1.26 in the untreated 
plants (Table 34).

Discussion *

Results of experiments showed that application of urea in 
soil and foliar resulted in marked improvement in growth and vigour 
of the plants. The treatments with foliar application of urea and 
zinc, In general, influenced the vegetative growth appreciably. Mor- 
ton and Watson (1948) found that adequate nitrogen supply increased 
the rate of leaf production and markedly promoted cell size and leaf 
area and thereby increased the tree vigour. The effect of Zn in influ­
encing plant growth may be explained from the fact that Zn is highly 
effective in regulating plant growth because zinc plays a key role in 
enzyme system (e.g. carbonic anhydrase) which regulates plant growth 
(KJulin and Mann, 1940). It is also involved in the bio-systhesis of 
plait auxin 1AA. (Skoog, 1940). Photo synthetic activity of plant is



118

enhanced in presence of Zn (Samoladas, 1964) and its importance for 
protein synthesis is well established (Possingham, 1936). The obser­
vations recorded in the present investigation regarding the plant 
growth were in full conformity with the observations of many scien­
tists working on citrus (Klein and Monseliset 1962) Domelles, 1963)

/
Smith et ai., 1968-69) No krashy et al., 1977) Bopaiah et jl., 1984)
Anon, 1983). The treatments, which were effective in the improvement
of vegetative growth were equally effective in influencing the fruit
number, yield/plant and also the yield per hectare. The plants produ- 
#ced 196 fruits by treatment with urea (soil) + urea (1.3%) ♦ Zn (0.5%) 
compared to 93 fruits under control, clearly indicating a marked 
improvement in the yield. Singh (1961) in an experiment with the diff­
erent levels of nitrogen observed that increase in the level of nitro­
gen increased the production and initial fruit set in mandarin orange. 
The effect of nitrogen in fruit production Is primarily due to enhanced 
plant growth and higher fruit set and retention. Increased yield with 
Zn application was reported by many scientists (Samoladas, 1965) Chan- 
turlya, 1974) Chanturiya and Mikaberid e, 1976), Similar to the pre­
sent investigation, increased number of fruits per tree with urea + 
ZnSO^ spray was also recorded at Ludhiana, Punjab (Anon. 1984). A 
significant increase in yield due to nitrogen fertilization was also 
reported by Sato and Xshihara (1964). Treatment with urea and zinc 
showed an Increase in fruit weight. The fruit weight recorded was more 
than 70 g in all the urea (foliar) treated plants.

The physical characteristics and chemical composition of
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ones. The total soluble solid contents also showed significant increase 
over control in almost all the treatments. However, in the present 
investigation the total sugar did not vary significantly, althouth the 
reducing sugar content showed variation due to the treatments and the 
difference was statistically significant. The results indicated that 
the acidity of the fruit in general, showed reduction due to the treat­
ments as compared to control.

In Klnnow mandarin, urea application increased the juice 
percentage, T.S.S., total sugar and also showed lower acidity than 
control (Lodhi and Rashid, 1980).

Higher concentrations of nitrogen, phosphorus and potassium 
were recorded in the leaves of the treated plants. All the three 
nutrients showed a gradual increase up to July and subsequently the 
leaf nutrient concentration declined. Thombesi et 3I.(1962) and Reese 
and Koo (1975) also reported higher leaf content of nitrogen, phos­
phorus and potash and further subsequent decrease N, P and K with 
application of nitrogen. The declining trend of the nutrients in the 
leaves after July is possible because of the mobilization of the nu­
trients to the growing fruits on the tree. In an experiment with 
Washington Navel orange and Torocco orange K values of leaves rose 
gradually from April to July, sharply from July to August and declined 
steadily from August to March.C CKedda av\d ,19 ,

2L sr p-

►
3

JS+»$’XS9%»oo99 SS f S » S p.2c9"SOo
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Experiment 4. Effect of Mg. Cu. 2n. Fe and B on growth, yield and 
fruit quality.

The treatments consisted of one level each of magnesium 
sulphate (2.0%), copper sulphate (0*4%), zinc sulphate (0,5%),ferrous 
sulphate (0.25%) and boric acid (0.1%). The nutrients were sprayed 
singly or in various combinations.

Plant height i

The plant height presented in Table 35 showed significant 
variation due to treatment with Mg, Cu, Zn, Fe and B over the untrea­
ted plants. The influence was more pronounced when the nutrients were 
applied in combination. The maximum increase (43.76 cm) in plant 
height was recorded with Mg+Cu#Zn+ treatment in a period of two years. 
Application of Zn alone awas found effective in increasing the plant 
height (39.40 cm) followed by Mg, Cu, Fe and B (Table 33).

Stem girth i

It is clear from the data in Table 33 that the stem girth 
in general, increased significantly due to treatments. The mean final 
girth was maximum (3.22 om) with Mg+Cu+Zn+B and Mg+Cu+Zn treatments. 
While the minimum girth (2.23 om) was recorded by the untreated con­
trol and the girth in other treatments was in between the two.

Spread of the plant i

The spread of the plant presented in Table 33 showed signi­
ficant variation over control in all the treated plants in the both
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directions l.e, East-West «nd North-South, Application of Mg+Cu+2n+B 
caused maximum spread in the East-West direction (40.86 cm). The same 
treatment also showed greater spread growth (39.68 cm) In the North- 
South direction,while the spread was 26.93 cm and 27.77 cm In the two 
directions under control. Application of Zn alone resulted In better 
spread'of the orange trees compared to other treatments (Mg, Cu, Fe 
and 3), In general, the spread was slightly better In East-Vest com­
pared to North-South direction.

Number of fruits per plant I

The treatment with Mg and micronutrients was found to Influ­
ence the number of fruits/plant In both the years of the experiment 
(Table 36). Application of Mg (2.0%) and combined application of the 
nutrients markedly Increased the number of fruits per plant coopered 
to control and the differences were significant. The plants treated 
with Mg+Cu+Zn+B+Fe produced the largest number of fruits (442/plant) 
followed by 427 per plant with Mg+Cu+Zn, While the untreated plants 
produced an average of 338 fruits/plant.

Weight of each fruit :

The weight of Individual fruit varied considerably due to 
the treatments (Table 36) and the weight Increased by more than 23 g 
with most of the combined application of Mg and micronutrients as 
compared to control. It was noted from the data that fruit weight 
In general^ was more In the second year (1983) of the Investigation 
compared to that in the first year (1984),



Photographs showing untreated and treated plants with -

11. Untreated plant 12. Zn (0.5 %)

13. Cu (0.4 %) + Zn (0,5$)
14. Cu(0.4 %) + Zn (0.5$) + B (0,1



Photograph 15. riant treated with «g (2 *) + 0n (0>4 %) + Zn(0>5
+ B (0.1 *)

Photograph 16. Plant treated with Kg(2 %) + Cvl (0.4%) + Zn(0.5 *0
+ B(0,1 95) + Pe (0.25 %)
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Yield per plant :

The average yield per plant increased considerably with all 
the treatments except Gu when applied either singly or in combination. 
The yield/plant varied between 22.39 kg and 46.78 kg in the first year 

(1984) and between 28.50 kg and 51.45 kg in the second year (1985). The 
treatments Cu+Zn, Mg+Cu+Zn, Mg+Cu+Zn+B and Mg+Cu+Zn+B+Fe showed marked 
improvement in the fruit yield per plant and the increase was more in 
the second year compared to the first year of the experiment (Table 36)

#Yield per hectare :

The data on yield/ha presented in Table 36 revealed marked 
difference due to the treatments used in this experiments. Applicationr
of Mg + Cu Zn produced 131.67 quintal fruit per hectare, which was

f-

175.65% more over the control (Table 36), Treatment with Mg, Zn, Fe 
or B alone also increased the fruit yield. However, foliar application 
of Cu did not cause higher yield per hectare over control. It was fur­
ther noted that combined application of the nutrients proved very eff­
ective in the production of mandarin orange in both the years.

Diameter of the fruit :

Treatment with Mg and micronutrients used in this investi­
gation, singly or in combinations showed improvement in fruit diameter 
compared to untreated plant but the variation was not statistically 
significant. Foliar application of Mg + Cu + Zn + B showed maximum 
diameter (6,30 cm).
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Peel weight :

The variation in peel weight of fruit due to different treat­
ments was statistically significant* In general» treatment with 
nutrients caused reduction in peel weight as compared to control in 
the first year of the experiment (1984), while the effect in this 
respect was not consistent in the second year (1985)* The minimum petit 
weight was noted with boron treatment and average maximum peel weight 
was recorded with Mg+Cu+Zn treatment (Table 37)*

JPulo weight t

It is evident from the data in Table 40 that spraying of 
nutrients either singly or in combination showed beneficial effect in 
increasing the pulp weight of orange fruit and the variation was sta­
tistically significant. Among the different nutrients used in this 
investigation Zn (80,32 g) and B (92,63 g) were found effective in 
increasing the pulp weight of fruits. Better pulp weight was also 
recorded with Mg+Cu+Zn+Fe+fl (98.65 g) and Mg+Cu+Zn+B (85.92 g) treat­
ments, while the fruit of the untreated plants produced 54*18 g pulp 
only (Table 37).

Juice content i

It is evident from the data presented in Table 38 that 
foliar application of nutrients did not show any appreciable differen­
ce in the juice content of fruits. Fruits from plants treated with 
Mg+Cu+Zn+B contained the maximum amount of juice (46,37#)» followed 
by 46.23 per cent with Zn treatment, while those from B treated plants 
contained the minimum amount (42,78#)*
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Total soluble solids i

The total soluble solid content of fruit although showed 
variation due to the treatments, the difference was not statistically 
significant (Table 38). The average T.S.S. content of fruit was maxi­
mum (11.25%), when treated with Mg+Cu+Zn+Fe+B.

Total and reducing smear i

The variation in total and reducing sugar contents of fruits 
in the different treatment was not statistically significant (Table 38) 

* Treatment with Mg+Cu+Zn+Fe+B however, resulted in the maximum concen­
tration of total (7.22%) and reducing sugars (3.03%) in the fresh 
fruit. The non-reducing sugar content was maximum (4.6%) when treated 
with Mg+Cu+Zn+B. The variations in respect of different sugar frac­
tions in fruit in the first and second years were, however, not pro­
nounced.

Acidity i

The plants treated with different nutrients showed marked 
reduction in fruit acidity as compared to control. Application of 
micronutrients alone (Mg- 1.08, Cu- 0.84, Zn- 0.96, B-0.98 and Fe- 
1.18%) showed reduction in fruit acidity compared to control(1.43%).
The acidity varied between 0.84% and 1.43% due to treatments. It was 
further noted that acidity in the harvested fruits of second year 
was higher compared to those harvested in the first year (Table 38),
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Leaf analysis I 
Nitrogen t

The data presented in Table 39 revealed that nitrogen content 
in leaf increased appreciably due to the treatments with various 
nutrients* Leaf N content was higher in the month of January, declined 
markedly in the month of April and increased again in the month of 
July and then declined in the month of October, irrespective of the 
treatments. In all the dates of sampling, control plants had the
lowest leaf N content.•
Phosphorus t

The leaf P content was also found to vary in a manner similar 
to that of N* All the treated plants had higher amount of leaf phos­
phorus in comparison to control plants at all the stages of sampling. 
The highest leaf P contents in the treated plants in the months of 
January, April, July and October were 0.27, 0.26, 0,29 and 0.2% per 
cent, respectively and the corresponding figures in the untreated 
plants were 0.15, 0.13, 0.21 and 0.14 (Table 40).

Potassium s

The leaf potassium content was found to vary between 1.46 
and 2.10 per cent due to the various treatments at different stages 
of sailing,while in the untreated plants it varied between 1.17 and 
1,42 per cent during the same period (Table 41). Similar to leaf N 
and P, the leaf K content was higher in January, decreased in the
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month of April and increased during July sampling and declined again 
in the month of October (Table 41).

Discussion i

Treatment with magnesium, zinc, copper, iron and boron 
showed beneficial effect on plant growth, particularly, when applied 
in combinations. Spraying of Zn alone proved effective in increasing 
the plant height followed by Mg, Cu, Fe and B, while treatment with 
Cu caused greater stem girth cospared to other nutrients. Foliar 
application of Zn also resulted in the maximum growth in respect of 
spread of the plants. The role of micronutrients in regulation of 
plant growth is already established. The micronutrients take part 
in many vital metabolic activities in plants necessary for better 
growth and development and their deficiency is reflected in foliar 
symptoms and poor growth of plant.

Zinc is activator of enzyme, involves in protein synthesis 
and has a direct influence on the level of auxin-1AA in plants 
(K.e<lln and Mann, 1940{ Skoog, 1940| Fossingham, 1936). Zn an expe­
riment^ Read and Parker (1937) recorded development of healthy leaves 
of normal size in the first growth flush following foliar spray of 
ZnSO^. They also noted improvement in shoot growth and also flowering. 
Increased photosynthesis with application of zinc was noticed by 
Chanturrya and Mikaberid^t (1976),

' 5 S
Cu also activate several enzymes in plant, help in chloro-

h t
phyll synthesis and is involved in carbohydrate and protein metabolism.
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In the present investigation, the plants responded veil to applica­
tion of micronutrients as they are usually deficient in the porous 
and highly leached soil in Darjeeling hills. The nutritional defici-

V"ency is the major factor for the decline Darjeeling mandarin orange. 
Similar to present observation Ishihara et jl. (1974) also observed 
vigorous growth even by the treatment of Cu containing fungicides.

Optimum amount of Fe is also necessary for some of the vital 
plant metabolic functions such as chlorophyll synthesis, various enzy­
matic reactions, respiration and photosynthesis (Halfcare and Barden,

►

1979). Wallihan and Garber (1966) noted a close relationship between 
yield of Navel orange trees and Fe concentration in the leaves.

Boron regulates metabolism involved in translocation of car­
bohydrate, cell wall development and also RNA. However, contrary to 
the present study Smith and Reuther (1931) found no difference in 
tree size of Valencia orange as a result of treatment with different 
levels of boron*

Magnesium is the metallic constituent of chlorophyll (Vills- 
lattes, 1906) and regulates the uptake of other nutrients. Similar 
to the present investigation, beneficial effect of Mg and 2n on 
growth of mandarin orange was also observed by Ghosh et al, (1983)*

Spraying of micronutrients either singly (except Cu) or in 
combination proved very effective in producing higher yield. Treat­
ment with Mg+Cu+Zn+Fe+B also showed marked increase in yield. The 
average fruit yield was higher in the second year compared to that
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in the first year, this is possibly due to supply if sufficient 
amount of mioronutrients necessary for better plant growth which 
resulted higher yield due to increased growth, better flowering 
and higher fruit set.

The treatment with mioronutrients resulted in higher indi­
vidual fruit weight, particularly by more than 25 g,when they were 
applied in combinations. Improvement in fruit size (diameter) as 
compared to untreated control was also recorded with the application 
of micronutrients although the variation was not significant. It

«>

may be mentioned that Dikshit et j|., (1977) obtained better-sized 
fruit through spraying of zinc or ferrous sulphate in Kinnow mandarin
V* W«

The Juice content of fruits, T.S.S. and total sugar were 
also influenced due to the micronutrient treatments. In general, the 
combined application of micronutrients caused improvement in the 
quality of fruits. The effect of Zn in improving fruit quality was 
reported by Chantuijya (1975), Bacha (1977) and Dikshit et «£. (1977). 
Improvement of fruit quality by using Mg was reported (Ease and 
Ishihara, 1972j Kuznestov and Koridge, 1977). Ishihara et al.(1974) 
noted increased sugar content and optimum sugar acid ratio following 
treatments of Cu containing fungicides in Satsuma mandarin orange.
Zinc and boron also improved fruit quality of Satsuma orange (Tala- 
k wadze, 1973).

The nitrogen, phosphorus and potash content in leaf increased



136

appreciably due to the treatment with various micronutrients. The 
leaf analysis data indicated higher concentration in the month of 
January, a reduction in the month of April, an increase in the month 
of July and again a decline during December. The reduction is due 
to mobilization of nutrients from leaves to its reproductive parts. 
Plessis and Smart (1970) observed that P content was highest in 
young leaves sampled in September but during the following two months 

it declined rapidly. In sweet orange leaf Nauriyal et jl. (1968) 
recorded the highest concentration of nitrogen in August and lowest 

in February.

Experiment 5. Effect of pruning and nutrients application qjd 
re.iuvenation of declined orange trees.

In this experiment, four levels of nitrogen at the rate of 
400 g (N1), 600 g (Ng), 800 g (N^), 1000 g (N^)/plant/year and magne­
sium (2% as a MgSO^), zinc (0,5# as a ZnSO^) and pruning alone or 
in combinations along with a common level of phosphorus and potash 
(400 g PgO^ and 600 g Kg0/plant/year) were applied on 50 year old 
mandarin orange trees.

Plant height i

The data presented in Table 42 clearly showed positive res­
ponse in increasing the height of the orange trees over control with 
all the treatments under investigation. The increase in plant height 
was maximum (40.50 cm) with the application of 1000 g nitrogen and 
400 g phosphorus and 600 g potassium along with pruning, whereas it 

was only 117.13 cm under control.
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increase In the level of nitrogen increased the height 
of the plant, treatment with zinc showed greater response to plant 

height compared to magnesium. Better plant height was also noted 
with N^PK+Mg+Zn+pruning and N2PK+Zn+pruning treatments.

Stem girth I

Similar to the plant height and girth also varied signifi­
cantly over control due to the treatments. It was maximum (3.12 cm) 
by treatment with N^PK+Mg+Zn+pruning, while the girth growth was 
#1.83 cm only in the untreated plants. The treatments which caused 
more than 3*0 cm increase during the period of investigation were 
N^PK+Zn+pruning, N^PK+pruning, N^PK+Mg+pruning, N^PK+ (Table 42).

Spread of the plant i

The increase in spread of the canopy was found to vary due 
to different treatments and the variation was significant over con­
trol. The treatment N^PK+Mg+Zn+pruning showed the highest spread 
(38.55 cm) in Bast-West direction followed by 37.92 cm with NjPIU 
Mg+pruning and 37.82 cm with M^PK+Zn+pruning treatments. The increase 
of plant spread under control was only 18.64 cm (Table 42).

Similar to Bast-West spread the North to South spread of the 
plant was also increased. In a two-year study the highest increase in 
North-South direction was 37.16 cm with N^PK+proning treatment com­
pared to tg, 'jft cm under control (Table 42).

Number of fruits per plant i

The data on the number of fruits per plant presented in
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Table 43 revealed that N2PK+Hg+2n+pruning produced the largest num- 
her of fruits (632/plant), followed by 604 fruits per plant under 
N^FK+Zn+pruning. The corresponding figures under control were 420 
and 439 in pruned and unfertilized plant.

Weight of each fruit i *

Almost all the treatments responded wall- to increase the 
individual fruit wight. The treataant MjPK.Mg.pruning oauaad «urt- 
mum fruit weight (68.42 g) compared to 38.06 g in the untreated 
^plants. Other treatments,which proved effective in increasing the 
fruit weight were N^PK+Zn+pruning (68.38 g), N2PK+Mg+Zn+pruning 
(66.16 g) and ^PK+Zn+pruning (66,07 *) (Table 43).
Yield per plant t

The treatments with different nutrients and pruning proved 
highly effective in producing higher yield per plant. Almost all the 
treatments recorded significantly higher yield in both the years of 
the investigation. The maximum average yield per plant was 43.68 kg 
by treatment with N2PK+Hg+Zn+pruning followed by 41,32 kg under 
N^PK+Zn+pruning treatment compared to 24.4? kg in the unfertilized 
and unpruned plants and 26.38 kg in pruned and unfertilized plant 
(Table 43).

Yield per hectare i

The variation in yield per hectare, obtained during the 
two years showed significant effect due to the treatments. In gene­
ral, the treatments caused higher yield in the second year. A



Photograph 17. Plant treated with N600P400K600+ Zn (0.5 90+

Photograph 18. Plant treated with KB00P/,00^00+ ^ (2%) +Zn (0.5*0 + Pruning
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production of 126.87 quintal, fruits par hectare was raoordad due to 
ttos treatment N2PK+Mg+2n+pruning while the untreated plants produced 
67.46 quintals per hectare. Higher production of fruits was also 
obtained with the treatments N^K+Zn+pruning (114.83 q)» N^PIUMg+Z 
p mining (107-89 q) and N^PK+Mg+Zn (101.41 q) in the declined manda­
rin orange plants (Table 43).

Diameter of the fruit t

However, the fruit diameter showed considerable variation 
#due to the treatments in both the years of investigation. The effect 
of N-^PK+Zn+p mining was found superior and caused maximum increase 
(3.22 cm). The untreated plant produced fruits with an average dia­
meter of 4.66 cm. The fruit diameter was more than 5.0 cm with 
NgPK+Zn+pruning, N2PK+Mg+pruning, NgPK+Mg+Zn+pnming and N^PK+Mg* 
pruning treatments (Table 44).

Peel weight immmmmrnmmmmmimmmmmmmmmm

The variation in peel weight of fruit due to different trea­
tment was not statistically significant. The peel weight varied 
between 16.85 and 20.39 g. The effect of different treatments was 
not very effective in this respect (Table 44),

Pulp weight t

It is evident from the data in Table 44 that the maximum 
average pulp weight (47.86 g) of fruit was caused by treatment with 
N^PK+Mg♦pruning, followed by 47.70 g with N^PK+Zn+pruning. The pulp 
weight was higher in the first year of the investigation compared to
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the second year. The treatments, in general, resulted in increase 
in pulp weight of fruit.
Juice content i

%

It is revealed from the data presented in Table 47 thai 
all the treatments increased the Juice content of fruit significantly 
which varied between 32.40 and 44.63 per cent. The maximum amount 
of Juice (44.6390 was obtained with N^PK+Zn+pruning treatment and 
minimum (32.4094) in the fruits of control plants. The treatments 
which produced higher Juice content in the fruits of declined mas- * 
darin plants were N2PK+Ng+2h4pruning (43.6094), N^PK+pruning (41.0894), 
N2PK (40.3894), NgPK+Mg+pruning (40.2494), MgPK+pruning (40,1794) and 
N^PK+pruning (40.0094).

Total soluble solids t

The total soluble solid content of the fruits increased 
due to the different treatments coopered to control but the diffe­

rence was not significant (Table 45). Application •'£.!■> < ...-i-rua-v-
j^oaviivoU- —.....

pruning^in the first year (1984) of investigation showed 9*2194 and
10.3694 T.S.S., respectively, while it was found to vary between 

9.67 and 10.3594 in the second year (1985).

*

The total sugar content in the fruit Juice varied between 
6.13 and 6.48 per cent due to different treatments compared to 6.14 
per cent in control (Table 45). The maximum concentration of total 
sugar was found in the fruit harvested from plants treated with 
Hg+pruning. The variation among the treatments was not significant.
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Reducing sugar t

The highest concentration of reducing sugar was obtained by 
treatment with ^PK+Mg+Zn+prunlng (2,87 per oent). Although the 
treatments showed a beneficial, effect over control, the increase in 
concentration did not attain a significant level (Table 45 )•

Aoldity I
The acidity of fruits varied appreciably due to the treat­

ments. However, an increasing trend in respect of acidity was noted 
• with higher N level in combination with F and K, The concentration 
varied between 0.96 and 1 per oent and the difference among the 
treatments was not statistically significant (Table 45).

Leaf analysis.
Nitrogen i

The nitrogen content in leaf at four stages of growth have
been presented in Table 46, The treatments, in general, shewed an )

C
increase in the leaf N content compared to that of the untreated 
plants. The nutrient concentration in the leaf increased steadily 
from January to July and then declined. It was between 1.91 and 2.47# 
in January, 2.18 and 2.65# in April, 2.21 and 2.71# in July and 2.18 
and 2.69# in October.

Phosphorus s

Phosphorus concentration in leaves presented in Table 47 
did not show any consistent variation due to treatments. The percen­
tage of P varied between 0.08 and 0.17# at different stages of sam- 
pline (Table 47).
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Potassium t

It is revealed from the data presented in Table 48 that 
♦potassium content of leaf was also influenced by the application of 
nutrients along with pruning treatment. The nutrient contact varied 
between 0.81 to 1,14 per cent.

Discussion {

Results of the experiments showed that application of higher 
, dose of nitrogen in combination with phosphorus and potash + pruning 
caused marked improvement in the height of the declined plants. Maxi­
mum increase in stem girth was found with N^PK+Mg+Zn+pruning treat­
ment and the spread of the plant was also maximum by the same 
treatment particularly, in the East-West direction. The beneficial 
effect of nitrogen on growth may be explained from the fact that N is 
the major constituent of many compounds of physiological importance 
in metabolism, such as chlorophyll, nucleotides, phosphatides, as 
well as in many enzymes, hormones and vitamins. Protein and chloro­
phyll synthesis are closely associated with the application of higher 
doses of nitrogen (Wadleigh, 1957). Marked inprovement in growth of 
orange tree by N application was recorded by many investigators in 
different citrus growing regions of the world (Klein and Monselisa, 
19621 Domelles, 1963{ Smith et al.. 1968-691 Nokrashv et al.1977). 
The beneficial effect of Zn it is mainly due to its important role in 
enzyme system (e.g. carbonic anhydrase) which regulates the plant 
growth (Kellin and Mann, 1940). Beside, Zn stimulates photosynthetic
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activity (Saaoladas, 1964} and its presenca is iE^portant for protein 
synthesis (PoasIngham, 1956). While.Mg is the only metallic cons­
tituent of chlorophyll (Willslattes, 1906) and it is a component of 
carboxylase and peptidase, fhe beneficial effect of Zn and Mg on 
growth of mandarin orange was also observed by Ghosh et j£, (1985).
The higher yield in the declined plants is the direct effect of spp- 
lication of H, P, K, Mg and Zn along with pruning of water sprouts 
diseased shoots etc.

fhe declined plant produced 632 fruits each by treatment
►

with NgPK+Mg+Zn and pruning compared to 420 under control. Marked 
increase in yield was also recorded in plants under N^K+Zn+pruning 
treatment, Singh (1961) in an experiment with different levels of 
nitrogen observed that increase in the levels of nitrogen increased 
the flower production and initial fruit set of mandarin orange, fhe 
beneficial effect of nitrogen in fruit production is due to the for­
mation of larger number of branches, higher fruit set and retention, 
and enhanced fruit growth. A significant increase in yield due to 
higher levels of nitrogen fertilization was also reported by Sato 
and laiiihara (1964), Chanturiya and Mikaberidge (1976) in an experi­
ment on the utilization of Zn, Mo and Cu by mandarin orange trees 
reported that in addition to N, P and K, application of Zn at 3 g 
per tree increased the yield by 30 per cent over control, fhe phy­
siological role of 2a and Mg in photosynthesis, leaf pigment content 
and carbohydrate metabolism as the pre-requisite of yield components 
are well established (Singh and Kumar, 1983). The yield of fruits was.
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however, higher in second year of experiment. This may be explained 
from the fact that supply of nutrient in two consecutive years caused
greater uptake and utilization in the second year which resulted in
*
more yield due to increased growth and higher percentage of fruit 
set. Azzony et al.(197Q) reported that application of CalMO^at 0.75 
and 1 kg N per tree increased the fruit yields which was however, 
found to increase considerably in the second year.

Treatment with different nutrients and pruning proved highly 
effective in production of higher yield/plant. The highest yield of 
45.68 kg was obtained by treatment with 600 g nitrogen, 400 g phos­
phorus, 600 g potassium, 2n (0.5%), Mg {2%) and pruning in which the 
leaf nitrogen content was varied between 2.47 and 2.62 per cent at 
different times of the sampling. The higher level of nitrogen (800 gj 
plant) in combination with P, K, Zn (0.5%) and pruning showad Increa­
sed fruit size (diameter), which was considerably reduced with low 
(400 g/plant) level of N, The beneficial effect of pruning in this 
investigation is due to induced vegetative growth resulting in better 
photosynthesis and consequently encouraged flowering and fruiting 
by maintaining of a balance between vegetative growth and production. 
Tavadge (1983) reported that separation of closed crowns of mandarin 
trees reduced the yield in the first year but economically improved 
both yields and quality in the subsequent years over unpruned control# 
Raclti et gl.(l982) recorded that mechanical pruning caused no fall 
in total yield over 3 years. Similar result also obtained by Borroll 
et al. (1983) that pruning stimulated growth end improved yield in
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Valencia Late orange, Sanikidze (1981) recommended hard pruning as 
most economic method to obtain higher yield of aged mandarin -tree* 
Treatment with different nutrient and pruning influenced considerably 
the fruit size (diameter) of declined mandarin orange, Kiely e% £l« 
(1972) in Valencia orange, Koo and Me Co mack (1965) in Dancy tange­
rine, EX-Mohmoudi (1959) in Egyptian orange and Leyden (1978) in 
Red grape fruit also observed similar increase in fruit size with 
increased rate of nitrogen. Larger fruit size was obtained in a 
pruning and fertilizer trial by Iwagaki jt, al. (1985).

In the present investigation higher percentage of juice 
(44.63%) was found by treatment with I^PK+Zn and pruning. An increase 
in juice percentage of fruit with higher dose of nitrogen was obtai­
ned by Young and Koo (1973) in Persian lime, Reese and Koo (1974) in 
Hamlin, Pineapple and Valencia orange, Jorgensen (1978) in Havel 
orange,

la general, the treatments Increased the total soluble solid 
content of fruit and also various sugar fractions. However, the 
acidity of fruits was not Influenced appreciably due to the treat­
ments, It appears that pruning caused better admitance and distribu­
tion of light in all the portion of the plants and thereby increased 
the photosynthetic activity and carbohydrate production which was 
mobilized to the developing fruits and improved the fruit quality. 
Sorrell et al. (1983) obtained better quality fruit in Valencia Late 
orange by mechanized pruning. While, Raciti et al. (1982) found 
little effect of pruning on fruit quality in three orange oultivars.
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Fruit quality was generally lowest in the pruned and heavily ferti­
lized plants and better in non-p mined, low fertilized plants (Iwagaki 
et Ji., 1985).

The nitrogen, phosphorus and potassium content in leaf 
increased due to increased level of nitrogen, Thombesi ft fl, (1962), 
Leyden (1963) and Reese and Koo (1975) also reported higher leaf N,
P and K with added N, The effect of Zn and Mg on the leaf tissue com­
position, however, was not so pronounced. The nutrient content in 
'leaf was found to increase steadily from January to July and than 
declined.

Plessis and Smart (1970) observed that N content was highest 
in young leaves sampled in September but during the following two 
months it declined rapidly. Leaf N, P and K decreased in the month 
of October. Similar observations were made by Deidda and Virdis 
(1969) and Randhawa ft fl, (1964).



CHAPTER V

SUMMARY AND CONCLUSION



SUMMARY AND CONCLUSION

Experiment 1, Effect of different levels of N. P and £ on growth. 
yield and fruit quality.

The results of the experiment on the effect of different 
levels of N, P, K and their interactions on the growth, yield and 
fruit quality of orange variety Darjeeling mandarin.are summarised 
below.

The levels of nitrogen and potassium were 400, 600 and 800 g 
eaoh/plant/year and that of phosphorus were 200, 400 and 600 g, and 
were applied in June and September.

In this experiment the growth of the plant (height, girth 
and spread of crown) increased significantly with the increase in 
the level of N. Higher level of P and K also influenced the plant 
growth but the effect was less pronounced than with N. The interac­
tions of N x P, N x K, P x K and N x P x K also promoted the vegeta­
tive growth of the orange plant. Maximum increase (44.21 cm) in plant 
height in the two-year period was noted with the highest level of the 
nutrients (N^P^K^), However, girth growth was maximum (4.91 cm) with 
N^P^K^ treatment. The plant treated with the highest level of N (800 
g/plant), P (600 g/plant) and K (800 g/plant) exhibited the maximum 
increase in spread of crown in East-West (49*19 cm) and
North-South (46.83 cm) direction).
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The fruit production increased markedly with higher rates 

of the nutrients. The plants treated with 800 g N produced an average 
of 778 fruits per plant compared to 538 fruits with 400 g N. The 
interaction effect of N x K was however, more pronounced compared to v 

N x P and P x K, Treatment with nqqoP600K800 P1*®^®®4 the highest 

number of fruits per plant (933 in 1984 and 857 in 1985) compared to 
an average production of 314 fruits with the lowest level of the 

nutrients (ni^P200K400^* ^Sher production was also obtained with 

N3P3K2» N3Pi&3» N3P2K2» N3P2K3 821(1 N3P3K1 treatments.
The individual fruit weight was maximum with treat­

ment and the yield wan maximum (211.23 q/ha) by treatment with highest
v

level of the nutrients (N^P^K^).

Fruit size (diameter) increased appreciably with the appli­

cation of N, P and K. The plants treated with 800 g K^o/plant produ­

ced 42.68 per cent Juice (maximum) compared to 38.74 per cent (minimum) 

with 400 g N/plant. The treatment produced 42.20 per cent

Juice.

The highest T.S.S. percentage was found under N^P^K^ treat­
ment (11.18). As regard,total sugar treatment combination of N^P^Kg 

resulted in the highest average (7.15%) followed by 7.08 per cant 

with NjP^Kg. The treatment N^P^K^ exhibited the maximum (3*18#) 

reducing sugar in fruit in 1985.

The leaf nutrients (N, P and K) were found to increase gra­

dually upto July and then declined during October. The increase in
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the leaf nutrient status was related with the increase in the level 
of fertiliser application*

It is, therefore, suggested that a high yield in mandarin | 
orange plant of Darjeeling, is possible with the application of 
800 g N, 600 g P205 and 800 g K20/plant/year.

' v'S.

Ejqperiaent 2, Effect of irrigation md different levels of H on 
growth, yield and fruit quality.

In this experiment, the effect of three levels of nitrogen 
8 200 g (N<|), 400 g (N2), 600 g (N^ )/plant/tear and three levels of 
irrigation, at an Interval of 10 days (1^), 20 days (Z2) and 30 days 
(1^) alone and in combinations were studied on 7 years old mandarin 
orange trees.

Application of nitrogen or irrigation alone influenced 
vegetative growth (plant height, stem girth and plant spread) over 
control but their various combinations resulted in marked improvement 
of these growth parameter. The vegetative growth was maximum (44,9.1 
cm increase in plant height, 3.68 cm plant girth and 43.30 cm plant / 
spr.mil in th. East-West dir.otlon) under HJ+I1 treatment 1... hifder 
level of nitrogen in combination with frequent irrigation (10 days 
interval).

The maximum number of fruits was obtained with Nj+ treat- 1 
ment (310/plant} followed by 293 fruits under I2 compared to 217 
from the untreated plant. All the treatments showed beneficial effect
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in increasing the individual fruit weight. The highest level of the 
nutrient (N^) in combination with frequent irrigation (I2) exhibited 
maximum fruit weight (73.70 g in 1984 and 90.93 g in 1985), the fruit 
weight in the untreated plants were 57.71 g and 61.36 g in the res­
pective years. Marked improvement in fruit yield/ha was recorded 
under the treatments (69.54 q), N^+I2 (67.51 q), N^+Ij (61,56 q)
The yield was only 35.94 q/ha x in the control plant.

In general, the treatments showed a reduction in peal weight 
of fruit compared to control. The average pulp weight, however, in­
creased due to treatments with nitrogen and irrigation.

The fruit size (diameter) did not vary significantly over 
control due to different nutrient and irrigation treatments*

The maximum .Juice content (43.50%) was found in the fruits 
harvested from N2+ I2 treated plants and minimum with (35.01%) 
treatment. The combined treatments mainly showed significant varia­
tion in respect of T.S.S, and total sugar content of fruits* The 
maximum T.S.S. and total sugar (6.84%) was recorded with N3+X2 tr..t- 
ment. The reducing sugar content of fruits did not vary appreciably 
due to the treatments. In general, the fruits of treated plants con­
tained more acid. Higher percentage of fruit acidity was noted with 

and its combination with different irrigation frequencies.

Leaf nitrogen, phosphorus and potash contents increased due



to treatments and the influence of the combined application was very 
pronounced.

From the results of the investigation, it is concluded that 
application of 600 g N in the form of urea along with irrigation at 
an interval of 10 days gave the highest yield (69.54 q/ha) In manda­
rin orange.

Experiment 3. Effect of application of urea and Zn as foliar spray 
on growth and yield of mandarin orange.

In this experiment, the effect of 400 g urea as soil applica­
tion as well as foliar application (0.3%, 1% and 1.3%) was a studied. 
Zinc was also applied as foliar spray (znSO^- 0.3%) alone and in com­
bination with different nitrogen treatments (twice a year) on 7-year

- rr'Ye'V-old mandarin plants during 1984 and 1983. Soil application of urea c 
(400 g) and subsequent foliar application of 1.3 per cent urea and 
0.3 per cent zinc showed the maximum increase (44.30 cm) in plant 
height in the two years of the investigation. Similar to plant height, 
soil application of urea and foliar application of urea (1.3%) + Zn 
showed maximum stem girth (3.38 cm) and spread of the canopy (48.10 
cm in East-Vest and 43.43 in North-South). The number of fruits har­
vested in the second year was more compared to the first years har­
vest. The treatments which were effective in influencing the vegeta­
tive growth resulted higher fruit production in terms of number, 
weight and yield. The maximum number of fruits (196) and individual
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fruit weight (89.41 g) were obtained by treatment with 400 g urea 
(soil) ♦ urea (1.5%) and Zn (0*5%) as foliar spray.while the corres­
ponding figures were 95 and 60.15 g in the untreated plant* The yield/ 
ha showed a marked difference due to treatments used in this experi­
ment. The maximum fruit yield/ha (44.69 q) was also obtained with 
soil and foliar application of urea and Zn,while the untreated plant 
produced only 16*16 quintals fruit/ha* A significantly higher fruit 
yield was obtained by the application of urea (soil) + urea (1.5%), 
urea (soil) + urea (1%) + Zn, urea (soil) ♦ urea (0*5%), urea (soil)

% urea (1%) and urea (soil) + urea (0,5%) ♦ Zn,

The peel weight did not vary due to the treatments although 
the pulp weight showed appreciable variation in the present investi­
gation* The size (diameter) of the fruit was 6*21 cm due to various 
treatments in comparison to 4*90 cm in control.

The Juice content, in general, was found to increase under 
different treatments and it varied between 35.18 and 42.04 per cent* 
The fruits from plants treated with 600 g urea (as soil application)
+ 1.5 per cent spray with zinc (0.5%) contained more Juice (42.04%), 
total soluble solids (11.85%) and total sugar (6.85%) compared to 
control plant (i.e. 36.33%, 10.44% and 6.36%, respectively). The 
percentage of acidity did not show significant variation due to treat­
ments.

Nitrogen, phosphorus and potassium content in leaf increased 
with the spray of urea (1.5%) and zinc (0.5%) as compared to untreated 
plants. All the treated plants had higher leaf N, P and K



concentration over control. The nutrient content was found to increase 
from January to July and declined in October. The treatments that 
produced higher yield (44.69 q/ha) also showed higher leaf nutrient 
content (2.72% N, 0.21% P and 1.54% K).

Therefore, soil application of urea # 400 g/plant along with' 
foliar application of urea (1.5%) + 2n (0.5%) proved very effective/ 
in increasing the production of Darjeeling mandarin orange.

Experiment 4, Effect of Mg. Cu. Zn. Fe and B on growth, yield 
and fruit quality.

In the present investigation the treatments consisted of one 
level each of copper sulphate (0.4%), zinc sulphate (0.5%), boric acid 
(0.1%), magnesium sulphate ( 2%) and ferrous sulphate (0.25%). Magne­
sium and micronutrienta were sprayed either singly or in various com­
binations on 15 years old mandarin orange plants in the month of May 
and September. A soil application of 600 g N, 400 g P and 600 g K 
in two split doses was done to supply N, P and K to the plants.

The influence of magnesium and mioronutrients was significant 
in respect of vegetative growth i.e. plant height, stem girth end 
spread of the canopy. The effect in these nutrient was more pronounced 
when applied in combinations. Treatment with Cu+ Zn + Mg showed the 
maximum increase in height (43.76 cm) stem girth (3.22 cm) and also 
the spread of the plant (39.94 cm in East-Vest and 39.86 cm in North- 
South).

i

The plants treated with Mg + Cu + Zn also produced the largest
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7 -
^fumber of average fruits (427) plant followed by Mg+Cu+Zn+B (418), /

338 fruits were produced in control plants. The fruit weight increa­
sed considerably due to various treatments and most of the combined 
applications caused an increase in fruit weight by 23 g over that 
under control.

Treatment with magnesium and micronutrients except Cu 
resulted in higher fruit yield than control and the yield/plant 
varied between 22.39 kg and 46.78 kg in the first year and between 

, 28.50 kg and 51.45 kg in the second year. The treatments Mg+Cu+Zn+Fe, 
Mg+Cu+Zn+B showed marked improvement in the yield. Application of 
Mg+Cu+Zn produced 131.67 q fruits per hectare compared to 74.96 q in 
the untreated plant.

The maximum pulp weight (98.65 g) was recorded with the 
Mg+Cu+Zn+Fe+B, but the variation in peel weight of fruit was not 
significant over control. Improvement in fruit size was recorded due 
to the treatments and foliar application of Mg+Cu+Zn+B showed grea­
ter diameter (6.30 cm).

Application of Mg, Cu, Zn, Fe and B in combination increa­
sed the juice content whereas effect of these nutrients on T.S.S., 
total sugar, reducing sugar and acidity of fruit juice was not sig­
nificant.

The total soluble solids content of fruits and also diffe­
rent sugars fractions were not influenced very much due to treatments
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and the fruits harvested from the treated plants showed marked redu­
ction in fruit acidity.

The leaf nitrogen, phosphorus and potassium content increased 
appreciably due to application of magnesium and mioronutrients. The 
nutrient concentration was maximum in the month of July and minimum 
in October,

It is, therefore, concluded that, foliar application of Us 
2% + Cu 0.4% ♦ Zn 0,5% and Mg+Cu+Zn+B (0,1%) produced higher yield in 
Darjeeling mandarin orange.

Experiment 5. Effect of pruning and nutrients application oil 
rejuvenation of declined orange trees.

An experiment was conducted to improve the fruit production 
of declined mandarin orange trees (30-year old) in Darjeeling district. 
The treatments consisted of four levels of nitrogen (400 g, 600 g,
800 g and 1000 g/plant), one level each of phosphorus (400 g), pota­
ssium (600 g), zincf (0,3%) and magnesium (2%). Pruning was also inclu­
ded as treatment. The results obtained in this investigation are 

summarised below.

The Increase in plant height was much higher with all the 
treatments over control. It was maximum with N^PK+pnming (40.30 cm) 
and the treatment N^PK+Mg+Zn+pruning also resulted almost similar 
increase in height (40.01 cm). Stem girth was also influenced with 
the treatments and N^PK+Mg+Zn+pruning produced the maximum girth of 
stem (3,12) and the untreated plants showed an increase of 1.83 cm.
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The spread of the plant also showed positive response due to treat­
ment.

The treatment ^PK+Mg+Zn+pruning produced the largest num­
ber of fruits (632/plant) followed by 604 fruits with NZn+pruning 
and the untreated plants produced 420 fruits only A yield of 126.67 
q/ha was found with N^PK+Mg+Zn+pruning treatment while, it was 6?,4$ 
q in the untreated plants. A higher production was also obtained with 
N,PK+Zn+pruning (114.83 q/ha). The fruit weight was maximum (68.42 g)
^ ft

with NgPK+pruning followed by N^PK+Zn+pruning (68.38 g) and the fruit 
weight of untreated plant was 38.06 g.

The fruit size (diameter) also varied to the treatments and 
it was maximum (5.22 cm) with N^PK+Zn+prunlng.

The maximum amount of juice (44.63#) was obtained with 
NgPK+Zn+pruning and minimum (32.40#) in the untreated plant. The 
fruits obtained from plants treated with different macro- and micro­
nutrients along with pruning showed beneficial effect in improving 
quality of fruits (tot^l soluble solids, total sugar, reducing sugar) 
compared to those from the untreated plants. The acidity was found 
to increase from to level in combination with P and K.

An increase in the leaf nutrient (nitrogen, phosphorus and 
potassium) concentration was observed in the treated plants. The 
nutrient content in the leaf increased steadily up to July and then 
declined progressively and was lowest in October sampling.
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From the results of the investigation, it is concluded 
that application of 600 g nitrogen in the form of urea along with 
400 g P, 600 g K, zinc (0.5%), Mg (2#) + pruning gave the highest 
yield (126.87 ^,/ha) in the declined mandarin orange plant of Oar Ree­

ling district.
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