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CHAPTER I 

INTRODUCTION 

Soils are the natural bodies in which plants gro,"'. They provide the starting 

point fOI· successful agricultul·e. People are dependent on soils,. and conversely good 

soils are dependence on people and the use they Inake of land. Most great 

civilizations have dependence on good soils. Good soils help to build flou.-ishing 

civilizations~ in contrast~ soil destruction or Inisll1anagenlent is a contributing factor in 

their downfall. Thus~ soil is a finite resource and has been Ineeting the basic 

requirerl1ents of hUIllan and aniInal population in the fonn of food~ fodder~ fuel and 

fibre. The demand of this finite soil resource is increasing exponentially due to the 

increasing population at the rate of 2.1 per cent in India. Experts predict that the 

population is doubling in many developing areas \vhere {\.vo thirds of the \vorld"s 

population now lives. This population growth is leading to unfavorable 111an to land 

ratio. In our countl·y~ the per capita cultivable land holding has been declined frolll 

0.5 ha in 1951-52 to 0.14 ha in 2000 A.D. The food production increased from 52 In 

tons and in 1950's to almost 200 m tons in 2000"s. But this increase has been largely 

as a result of expansion in cultivated area and high inputs. The significant gl·o\vth of 

agriculture has been at a cost of decline in soil quality and risk of soil degradation 

(Abrol and Sehgal, 1992). 

The conservation and irnprovement of soils is one of the keys to meeting the 

challenge of feeding an increasing population. Soil and crop management systems 

I1lust be developed and adapted to increase food production and sill1ultaneously 

prevent soi I deterioration . 

Citrus ' . have a prolninent place alnong popular and extensively gro\vn 

tt·opical and sub-tropical fruits. In India, citrus fruits rank third in area and production 

after banana and mango \-vith an estimated production of 3699 thousand Inetric tons 

and an area of 442.9 thousand ha (Ghosh,. 1999). The important comlnercial citrus 

fruits in India al·e the mandarin orange (C'itru.y reticulala Blanco) follo\-vcd by S\vcct 
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orange (C. sinensis Osbeck) and acid lime (C. auranttfblia Svvingle). AITIong these 

citrus fruits~ mandarin orange constitutes about 41 per cent~ sweet orange 23 per cent 

and lin1.e and lemons (C. !inion) about 23 per cent of the total citrus produced. 

(Ghosh, ) 999). Maharashtra state stands first follovved by Andhra Pradesh and 

Punjab in area (75115 thousand ha) and second in production (418.6 thousand tones) 

next to Andhra Pradesh (842.5 thousand tons) (Singh~ 1999). 

Of the four regions of Maharahstra~ Vidarbha grows tnandarin in nlore than 97 

per cent mandarin area of state t? expecfe.c:t .. toipYod~~ 600060' tones. Districtwise 

distribution of area is as, Amravati - 68300 ha~ Nagpur - 3,~ 794 ha Wardha-:12.. g9·0 .J' ,)" ~ 

ha~ Yavatmal-j~759 ha and Akola (including vYashiln)-:1o,.95sha. 

While other districts viz. Buldhana:> Bhandara and Chandrapur have very 

limited area CqOOO ha) under orchards. This indicates that there is a scope for 111andarin 

gro\-ving in the Western Vidarbha through expansion of area as \.vell as through 

increased productivity. Citrus fruits are available throughout the year. They arc not 

only delicious and refreshing to eat~ but also provide vitamins:> minerals and Inany 

other essential substances which are required for human health. They are especially 

irnportant for growing children and are important natural source of vitamin-C. 

Citrus plants require judicious supply of plant nutrients for proper growth and 

yield of high qual ity fruits. . hnproper and inadequate nutrition is one of the Inajor 

causes of citrus decline in India. Citrus trees are quite sensitive to excess of salts and 

are injured if total salt concentration in soil exceeds 1000 ppITI (Rajput and Sri 

HariBabu~ 1995). Calcium carbonate (CaC03) is important contributing factor for 

decreased availability of iron and zinc in soils. Zinc deficiency is \.videly seen in 

citrus (Bojappa and Bhargava~ 1993). 

Determination of the nutritional need is an important problem of the fruit 

gro'\vers. Often the fruit orchards are fertilized by the gt'ovvers on the basis of 

reCOlTIlnendation by the horticulturist, speculation, salesmanship, and experience of a 

successful grower or enlotion. However to ensure high economic productivity and to 

sustain the available soil nutrient status at a desirable level, correct doses of manures 

and fertilizers must be applied using reliable diagnostic tools. Considerations of 
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econoJny~ energy and environment make it imperative that fertilizers should be used 

efficiently. This can be obtained best by the use of one or more of the diagnostic 

Inethods in consideration with a background of research results. 

The best diagnostic tool is one that recommends nutrient application only 

\.-vhen a direct economic response is probable. Diagnostic tools are designed to avoid 

nutrient shortage or excess and used properly, so that no decrease in fruit production 

or quality should occur. AITIong several diagnostic methods, leaf analysis seCJTIS to be 

the most efficient in arriving need based manuring schedule for application of 

nutrients particularly to long duration crops (Bhargawa and Chadha, 1988). Since 

leaf is the principal site of plant nletabolism~ changes in nutrient supply are retlected 

in the composition of leaf. These changes are Inore pronounced at certain stages of 

development and are related to the perfonnance of the crop. 

Diagnosis is the art of investigating or analyzing the causcs or nature of a 

condition, situation or problem. Therefore, in attempting to make diagnosis of factors 

limiting crop perfonnance, it should be recognized that the yield and quality of a 

particular crop are governed by numerous factors having direct 01· indirect influence 

on crop growth. In any event, these factors often interact with one another. Under 

normal field condition, some of these factol·s are uncontrollable, for example, light 

and telnperature and one has to accept ,,,hatever a given season brings. Ho\.-vever~ 

they should be used to calibrate the environlnent at a given site in terms of sustainable 

average yield. Over other factors such as soil ITIoisture and cultivar, man has a 

considerable degree of contro). For example~ he can introduce ilTigation ,,,,here 

rainfall is insufficient or he can fertilize infertile soils or breed ne\tv more adapted 

varieties. However, there are elements of these factors that are not readily 

controllable, for exanlple, excessive rainfall or poor physical soil conditions. Under 

certain conditions, these can become the most lilniting factors to crop production. 

Nevertheless~ it is essential to record as many parameters characterizing these factors 

as are capable of expression \.-vhen establishing nonTIS and 111aking diagnosis. Man 

has a controllable degree of control over managelTIent practices which should be 

recorded in the saine \.-vay as the uncontrollable and partially controllable factors. 
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AI) the above factors can or do have a direct or indirect effect on plant 

metabolisln and all these intluences must be studied and calibrated to obtain an 

understanding of hovv plant cOlnposition varies under different field conditions and 

\-vhat the relationship is bet\-veen plant composition and crop yield and quality. 

The Diagnosis and Recolnmendation Integrated System (ORIS) proposed by 

Beaufils (1971) offers a means of handling the collection~ storage and cal ibration of 

data and the diagnosis and recommendations required if one recognizes that all these 

factors should be taken into account. The DRIS approach is a general experill1cntal 

philosophy, \-vhich is capable of handling lal·ge amounts of data and studying and 

calibrating the interrelationships bet\-veen all the above factors. This system is a form 

of plant~ soil and environmental calibration, \vhich takes into account as many factors 

affecting crop yield and quality as are capable of quantitative or qualitative 

expression. It should be borne in l11ind that the ORIS as well as all other diagnostic 

systems can only attempt to ilnprove the chances of obtaining a higher yield and 

better crop quality at a given site because the possibility of onc of thc uncontrollable 

factors bccolning the overall lilniting factors in a given season is always very real. 

On deriving ORIS norms it is possible to make a diagnosis of the condition of 

a particular crop thereby isolating these factors~ which are likely to be limiting grovvth 

and production~ in order of lill1iting importance. Plant indices considered on their 

own do not give an automatic indication of the nature and amount of a particular 

elel11ent which must be added to the soil, as indeed plant response is a function of soil 

propcrties and soil response to treatnlents. Finally optirllizing of these factors creates 

conditions? which are likely to increase the chances of obtaining higher yields and 

quality of the particular crop. The ORIS proved satisfactol"y In fertilizer" 
" 

recomll1endations to the fruit crops like grape (Bhargava and Raghupathi 199~ & 

1996) and pomegranate (Raghupathi and Bhargava, 1998). 

Considering the importance of plant nutrition in detcrnlining the quality and 

production of citrus fruits and lack of information regarding the optimllln range of 

nutrients in soil and plant particularly for Inaintaining the yield potential of quality 

fruits of Nagpur Mandarin orange in Western Vidarbha region.l the present 
• 
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investigation is proposed. The investigation will generate the information to develop 

soil and plant nutrient diagnostic norms for Nagpur Mandarin orange using Diagnosis 

and Recommendation Integrated System (ORIS). 

The proposed investigation was undertaken with following objectives: 

1. To study the soil nutrient status of selected Nagpur Mandarin 

Orchards. 

II. To study the leaf nutrients status of selected Nagpur Mandarin 

Orchards. 

Ill. To evaluate and classify the Nagpur Mandarin Orchard~ on the basis 

of soi I and leaf analysis. 

IV. To develop the leaf nutrients norms for Nagpur Mandarin using DRIS. 

v. To develop the soil fertility norms for Nagpur Mandarin using DRIS. 

It is hoped that leaf and soil fertility norms atteJTIpted lIsing ORIS for 

evaluation of nutrients status in relation to yield and to rationalize quantity of 

manures and fertilizers to be applied will be proved to be most useful for getting 

optilTIUm yield economically as well as socially acceptable in the proposed area. 
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Chapter II 

REVIEW OF LITERATURE 

Citrus is one of the important fruit crop comlnonly grown in Vidarbha with 

good drainage under an assured irrigation facilities of well '\vater. It can be gro\vn 

satisfactorily on a \-vide range of soil providcd \-vith the proper cultural practices. In 

Western Vidarbha region particularly in Arnr"avati. Akola and WashilTI districts 

Nagpur Mandarin is most popular. There has been continuous incr·case in this arca 

Nagpur mandarin orchards after fifties mostly due to spread of an clectricity which 

served the source of po\ver for lifting '\vater fr·om '\vells and tr"anspor"t facilities for· 

11larketing of fnlits that gave more rnargin of profit as corTIparcd to othcr cash crops 

like cotton (Dixit~ 1955). The implementation of Employment Guarantee Scherne 

(Rozgar I-Ialni Yojana) for fI"uit crops in thc state by the Governnlcnt of Maharashtra 

is also onc of the important reasons of increase in thc Clr·ca under· this fruit crop. 

Today~ Maharashtra enjoys topnlost position in area in India" nlaxilTIUJ11 accragc 111 

Vidarbha. 

Citrus plants rcquire judicious supply of plant nutrients for proper gro\-vth and 

yield of high quality fruits. As it is the perennial crop, is quite differcnt frolll scasonal 

crops in its nutritional requirement. Under nonnal field condition, a nUJllber· of soil 

factors like pH~ EC, organic Inatter, free CaC03 contents, nutrient status etc, can or 

do have a direct or indircct effect on crop yicld and quality. If rnore than one nutrient 

is diagnosed, as being deficient is not possible to establish \-vhich is most limiting in 

tenns of yicld by traditional mcthod like critical or sufficicncy Icvcl approach. 

Thcreforc in the prescnt investigation, ORIS approach~ \-vhich derivc such nonns 

\-vhich rnakc it possible to diagnose the condition of a particular crop thereby isolating 

those factors '\vhich arc likely to bc linliting gro\-vth and yicld has been crnploycd very 

first tinle for Nagpur Inandarin in Vidarbha rcgion. 

Although considerable research has been devoted to developing soil tests, they 

are p.-inlarily designcd to pI"edict the possible occurrencc of a dcficicncy. The soil 

6 

• 



tests have limited usefulness, particularly for citrus, in diagnostic situation. One 

should not undet'estimate the value of soil test ~vhen leaf analysis result is being 

interpreted. The two techniques "'lhen used together can effectively evaluate the soil 

plant nutrient environment by confirming the need for a particular nutrient and by 

specifying a corrective treatment (Munshi et aI., 1978). 

l-lowever, no attelnpts have been made so far, to study the soils of these areas 

along ~vith leaf analysis using ORIS approach for citrus crop. 

The existing literature in respect of soil fertility status, leaf nutritional status 

and development of ORIS norms for growing citrus has been reviewed and presented 

briefly under the following heads. 

2.1 Soil characteristics of citrus orchards 

2.2 Soil fertility status of citrus orchards 

2.2.1 Macronutrient 

2.2.2 Micronutrient 

2.3 Leaf nutritional status of citrus trees 

2.3.1 Leaf macronutrients 

2.3.2 Leaf micronutrients 

2.4 Development of Diagnostic Norms using ORIS 

2.1 Soil characteristics of citrus orchards 

The ilnportant soil characteristics besides the available nutrients limiting the 

growth of citrus fruit trees are pI-I, EC, CaC03 and organic matter. These are briefly 

revievved here. 

I-lass (1940) studied the soils requirements of different citrus species and 

claimed that citrus grows better in acidic soil than that of alkaline one. I-Iowever, he 

advised to apply sufficient lilning Inaterial to prevent the pH value falling below 5.5. 
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He also advised that the soil pH value of every citrus orchard should be determined 

once a year. 

Richards (1954) reported that the cation exchange capacity (CEC) is a 

Ineasure of soil activity to retain and supply plant nutrients. An exchange complex 

dOlninated by calcium is desirable and this is due to the case when the pl-I value is 

greater than 5.5. 

Dhavvan et al. (1957) observed that the safe limit of pH in citrus soil is 7.0 to 

8.5. While Kanwar and Randha\va (1960) observed that the citrus cultivation \-vas 

successful at the soil pH less than 8.5. 

Hayes (1957) noted that the presence of Lime in tnoderate amount is good for 

citrus cultivation as it is thought that this helps to the success of orchards. 

Martin et al. (1959) reported that the trifoliate orange seedlings did not appear 

to be sensitive to excess CaC03. Two per cent lilne added to the soil did not reduce 

growth. Whereas Kan,\var and Randhavva (1960) reported high content of CaC03 in 

citrus soils of Punjab, which is believed to be an important contributing factor for 

deficiencies of Zn, Fe and Mn. They further reported that electdcal conductivity 

(EC) of the 1:2 soil : water suspension should not be tnore than 0.5 min hos / cm or 

dS m- I . Otherwise the growth and production of citrus would be adversely affected 

and lead to chlorosis due to deficiency of zinc. 

Bould (1963) conducted the experiment in California and found that pH value 

betvveen 5.5 to 6.0 is considered to be optimuln tOI' citrus cultivation. Values lo,\ver 

than 5.5 tend to increase leaching of lilne and magnesium and higher values are likely 

to reduce the availability of trace elclnents. 

Dhingra and Kanwar(1963) studied various soil conditions such as soil 

reaction (pI-I), EC, CaC03 and organic Inatter affecting chlorosis of citrus. They 

observed the pl-l was slightly alkaline in both healthy and chlorotic cases and was 

ahnost sirnilar. There vvas no salt concentration problenl. The CaC03 content of the 

soils bearing chlorotic plants was about 2.0 per cent as compared to 0.5 per ccnt 

healthy soi Is. 

8 
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Dudal and BraITIo (1965) reported that dark clay soils of tropical and 

subtropical region have neutral to alkaline reaction due to their fonnation over 

basaltic (calcium rich) parent nlaterial and high or moderately alkaline earth contents. 

Dhingra et al. (1965) studies the citrus belt of Punjab and shovved that loamy 

soils with pI-I 8.1 to 8.5 and EC of 0.4 mmhos / cm or dsm- I supported healthy 

orchards. 

Kan"var et al. (1965) suggested that the pH of the soil should not be tnore than 

8.5 and EC should be less than 0.5 mm hos/cm or dSn'l-1 for successful gro,vth of 

citrus. I-lo,vever a detailed survey of the citrus soils of Bhatinda district has sho'\vn 

that citrus continued to make nonnal growth when the soil pl-l was as high as 8.8 

(Singh, 1966). 

A soil survey of the proposed citrus belt in Ferozpur, Bhatinda and Hissal· 

districts (Dhingra et al. 1965, Kanwar et al .. 1965., Sehgal el at.. 1965) revealed that a 

high proportion of CaC03 and presence of lime concreations layer 111ight be a hazm"d 

for sllccessful cultivation of citrus in these districts. 

Randha"va et al. (1966) suggested that citrus thrives "veIl in soils "vhich are 

very deep, loose, well aerated and devoid of any impregnated layers due to CaC03 

concretions or clay. The presence of these pans affected both the penneability and 

aeration of such soil. 

Sehgal et al. (1965) reported that the high EC (more than 0.5 dS1TI- 1) at 25°C 

is unsafe for the successful growth of citrus due to the toxic effect of acclilnulated 

ions in the plant tissues. 

Singh and Lal (1968) reported that cation exchange capacity of soil depends 

upon the alnount of nature of the clay and ot·ganic matter content. They further 

sumlnarised that there is a significant correlation behveen organic cal·bon and CEC of 

soi Is. 

Nijjar and Singh (1971) conducted experiment on the mineral status of healthy 

and declined sweet orange orchards located in Amritsar distt"icts of Punjab. They 

observed that organic Inatter of the declined orchards was lovl/est. They further 

• 
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observed that EC and pH vvere higher In the declined orchards as compared with 

those of the healthy ones. 

Anderson (1972) conducted a trial with young valencia oranges on rough 

lemon rootstock on newly cleared lakeland fine sand soil, alTIendlTIents were applied 

annually so as to give soil pH levels of 4.0, 5.0, 6.0 or 7.0 together with calcium 

additions of 0-400 lb/acre/year in all combinations. With the first crop, differential 

treatment effects on tree size were marked!> the largest trees occurring on high pH 

soils with high Ca addition. Yields v·,lere closely related to tree size. Data are also 

tabulated on the effects of the various treatlTIents on internal quality of fruits. 

The comparative studies were made of soi 1 conditions in young orange 

orchards with patches of poor growth, and in adjacent areas with norn1al growth. 

Soil conditions in the affected areas were characterized by higher total soluble 

salt content (Milad et al., 1975). 

According to Lande et at. (1977):J total organIc and vvater soluble sulphur 

showed positive correlation with organic carbon and pI-I of soil. How'ever no 

significant correlation have been observed with CaC03 and different forms of 

sulphur. 

Bhutani et al. (1978) planted sweet oranges Cv. Blood red in the soil pits (I x 

1 x 1 m) to which litne stone had been added and mixed so as to give 10, 20 or 30 per 

cent CaC03 by weight. Four and five years later leaf samples of svv'eet orange ""ere 

analysed for the effects on nutrient elen1cnt. They observed that leaf contents of 

nutrient elelTIents were slightly affected but leaf Ca content of sweet oranges \-vas 

slightly increased whereas leaf Mn contents and leaf Fe contents vvere reduced. 

Malewar et al. (1978-a) studied healthy and declined citrus orchards of 

Marathv,lada region and revealed that organic carbon in healthy and ll1edium orchards 

was lTIOre (0.88 to 1.56 per cent) as compared to declined orchards (0.70 to 0.76 per 

cent). Even though the orchard soils had pH and EC in narro,v range of7.4 to 7.8 and 

0.174 to 0.418 miTI hos per CITI, respectively the values of pH and EC were higher in 

declined orchards than in healthy orchards . 
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They further showed that low zinc contents below norrnal level of five healthy 

leaf saInples might have been associated with low status of available zinc and highly 

calcareous nature of soils. 

While studying some Citrus grovvIng tract of Marathwada in another case 

Malewar et al. (1978 b) observed that organic carbon was associated with availability 

of copper and clay or CaCD3 with availability of manganese, while pH showed 

negative relationship vvith their availability. 

Mann et al. (1978) suggested that citrus trees continue to make apparently 

normal growth vvhen the pH is as high as 9.0" ,vhereas EC was in the safe lilnits (less 

than 0.50 rllInhos / cln) except orchards in Bhatinda district. They further reported 

that higher alnount of free calcium carbonate in horizon upto 180 cm depth of soi 1 

vvill render the soil unfit for citrus cultivation. The poor grovvth of citrus was 

attributed to excessive free lilne in 30 to 150 cnl depth, \.vhich renders nlany nutrients 

such as Zn, Fe and Mn less available to plants. Similar results \.·vere demonstrated by 

l-larding and Chapman (1950), Randhawa et al. (1961), Bhella (1966), Chadha (1966) 

and Singh (1966). 

Mann et al. (1978) also observed that presence of lilne concretions or hard 

pans more than critical limit 20 per cent affect both the permeability and aeration of 

the soil with the result the renewal of oxygen and displacement of carbon dioxide is 

adversely affected which attributed as the Inajor cause of citrus decl ine. 

Pati 1 (1979) reviewed that although there exists large variations among citrus 

species and varieties, they all are rated as salinity sensitive. Lelnons are 11lore 

sensitive to salinity than orange and grape fruit. 

Sha\.vky et al. (1980) investigated the effect of pH on the growth and mineral 

content of some citrus root stock seedling and found that gro\.vth of citrus seedlings 

wa.s best at pl-I 6 and it reduced on an average of 9.80/0, 25.4% and 40.1 % at pf-l 5" 7 

and 8, respectively. 

Hannful effccts of cxcessive accumulation of CaCD3 on citrus have been 

reported by Nilangekar and Patil (1981). They reported that excessive accul11ulation 
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of one or the other form of CaC03 in the layer of 0 to 80 cln depth might leave 

adversely affected the citrus trees. They concluded that it is difficult for orchard 

crops to penetrate their roots through clay and calciuln pan, particularly at the lower 

horizons. Aeration and infiltration are also hampered thereby resulting into the 

chlorotic conditions of citrus. 

Mohrotra (1963). 

Silnilar results were observed by Aganvala and 

Nilangekar and Patil (1981) reported that the organic carbon \.-vas mediuln in 

the profile of nonnal orchards while in the profile of chlorotic gardens it was rather 

low. 

Six soil profiles from important citrus grovving areas fatnous for quality citrus 

In Chan-Ioli district of U.P. hills were studies in detail for their morphological and 

physico-chelnical characteristics by Singh and Kunwar (1981). They found that these 

soils due to their good depth with good texture (sandy to clay 10aIn), structure and 

adequate in organic carbon (0.70 to 2.36%) vvith suitable pH loange (5.8 to 6.9) In 

surface horizons provide favorable physical conditions for the cultivation of citrus In 

the area except at Pipalkoti. 

KOillr et al. (1982) reported that though non-cultivation and soil l11Ulch 

decreased the pH, organic carbon and exchangeable cation exchange shading 

promoted these properties in Coorg mandarin cultivation. 

Nilangekar and Patil (1982) studied soil profiles upto depth of 1.5 In at two 

locations in Aurangabad district of healthy and chlorotic citrus orchards. They 

observed that the all soils throughout profile depth vvere slightly alkaline in nature. 

The pH of the third layer of the profile (60-11 0 cm) of chlorotic trees was rather high. 

Profile samples of chlorotic site retained high amount of soluble salts~ \:vhich SeeJl1S to 

be undesirable for successful citrus cultivation. They also observed that high EC 

contributed to the citrus decline at Aurangabad soils affecting the availability of the 

plant nutrients to the plant on black soils. 

N i langekar and Pati I (] 982) further noted the total CaC03 content, \vh ich was 

substentially high (more than 1 1.28%) in the profiles upto the depth of 1 10 cm, 

supporting chlorotic trees. They observed that organic carbon content in the normal 

12 



protiles was substantially higher than in the one having chlorotic plants and more 

particularly in the upper layer. 

Singh and Kunwar (1982) conducted studies in eight orchards of sweet range 

selected at different locations in Chamoli district of U.P. hills and observed that the 

pH of SOlne s\-veet orange orchards soil was 6.7 to 6.8 and organic carbon was 0.69 to 

1.81 per cent in different soil depth. 

Stevenson (1982) reported that organic matter has indirect effect on nutrient 

availability. Organic matter acts as a major factor regulating the availability of 

organic forms ofN, P and S in soil. 

Singh (1982) observed that all the soils of sv .... eet orange orchards \-vere 

alkaline in reaction (pH 8.1-9.9). 

Chakravarty and Barua (1983) found that clay contribute sign ificantly tovvards 

increasing the acidity of soils vvhere pH decreased down the profile \vhile organic 

matter has significant contribution \vith pH in the soils where surface pH is lo\ver and 

has a tendency to increase downwords. 

Kalbande et af. (1983) investigated four lnajor orange gro\ving soils 

(Musarkhapa, Karla, Panjra and Linga series) in Nagpur district to assess their 

suitability for cultivation of orange. They revealed that Panjra soils showed healthy 

and superior in grovvth than Linga soils where the pH of surface soils of Panjra series 

is c0111paratively lnore than pH of Linga soils and EC shovved no more difference. 

Singh and Tripathi (1983) studied tvventy citrus orchards of Agra region and 

observed that organic carbon was highest in the surface layer vvhile in case of CaC03 

it \vas so in 120-130 cm depth vvhile organic carbon had positive correlation with 

available Mn, pH and CaC03 • 

Chauhan et oZ. (1984) surveyed 13 citrus orchards of vvestern Haryana and 

observed that most of the soils of orchards were found to be low in organic carbon 

(0.17 to 0.530/0), EC ranged from 0.06 to 0.38 mtnhos /cln which was in safe lilnit, pH 

was alkal ine (8.20 to 8.70) which \vas found to be associated with general health and 
• 

yield of orchards \\,hile CaC03 was observed in desired range (0.61 to 5. 12 0/0). 
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K.aushal et al. (1986) reported that the soil nses vvith depth due to 

corresponding increase in CaC03 and to sonle extent salt content in sonle lov./cr 

layers. 

Otha el al. (1986) observed that fine organic particles and \vater-soluble 

organic ll1atter nlight be l-etained in soil san1plc by the sieving etrccts and adsorption 

I-espectively. From their experinlents on soluble organic Inattcr penetration into the 

soi I COlU111nS by water showed that distribution of organic Illatter translocated into 

colUlllns decreased vvith depth ancl C/N ratio of the organic Inattcr \vhich penetl-atcci 

dO\VI1 to the lovvcr parts of coitullns \-vere lo\,ver than those in the upper sectors. The 

sinlilar observations vvere noted by Gite (1990). 

IZo and Killl (1987) analysed the soil sal11ples fron1. 200 Satsllina orchards and 

the average values for the soils \vere found to be pI I 5.7 and organic nlattcr X.86 per 

cent. 

SOIlle of the physiochelllical properties of citrus grovving soils of I)haulakuan 

III Sirnl0ur district of I-lin1.achal Pradesh \.-vere studied by Raina (1988)_ The soils 

\.-vere l11ecliunl to high in organic carbon (average 0.37 <Yo) and nearly neutral in soil 

reactioll (average pI-I 6_6). l\. slight incrcase in pI-I vvas observed \·vith illcn~asing 

depth and vvas negatively and significantly correlated with available IZ. All soil 

pI·ofilcs exhibited a decrease in organic carbon \-vith increasing depth. A significant 

positi ve correlation bet\.-veen organic carbon and available K .. \vas observed. 

Positive relation \.-vas found bet\vecn soil organic carbon and yield of K.inno\.-v 

orchards in Ferozpur district in Punjab, but the organic carbon of soil ShO\~led a 

negative correlation \-\lith fruit \veight, both in healthy and dcclining plants (f)hillon 

and Dhatt, 1988) . 
• 
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Giri (1990) observed that the soil pH increases with depth and may be 

influenced by presence of CaC03 content, and most of the nutrients are available in 

pI-I range of6.5 to 7.5. 

Khanna and KUll'lar (1990) studied the effect of sodium chloride, sodilllTI 

sulphate and a mixutre of these two salts at three different levels of salinity, that is 

EC-3, 6 and 9 mmhos/cm on Nagpur mandarin budded on Jalnbheri rootstock. They 

reported that shoot growth and leaf number per shoot "vas reduced after 90 days of 

treatment in NaCI treated plants whereas Na2 S04 treated plants did not show 

significant change. After 60 days of treatn1ent, the reduction In leaf area was 

significantly in NaCl and mixed salts whereas Na2 S04 treated plants showed no 

significant change. 

Kharche (1990) observed slight variation in EC with increasing depth at the 

surface horizons due to leaching of salts fron1 surface to do"vn below through 

percolating "vater follo"ved by evapotranspiration resulting in the salt acculnulation at 

the surface horizon. 

Shanna and Mahajan (1990) started that the pH and organic carbon content of 

soils in mandarin orchards in Himachal Pradesh was slightly neutral to alkaline and 

10"Y to Inedium, respectively. 

Kharkar et al. (1991) observed that Nagpur mandarin orchards in Vidarbha 

region contain lo,",v soil organic carbon (0.16 to 0.36 0/0) excepting few soils. The pH 

of upper layer (0-30 cln) had lower values (7.8 - 8.2) as cOlnpared to lower layer 

excepting very fe'\v satnples (pH 8.8 to 8.7). The reverse trend of the pH "vas 

exhibited by EC~ '\vhich was "vithin pennissible limit (0.10 to 0.53 mmhos I cn1 In 

surface layer). The calcium carbonate was higher (15%) in surface soil layer. They 

further reported that the presence of excessive CaC03 reduces the availability of P 

and Inicronutrients. 

Walia and ChatTIuah (1991) reported that soils of citrus growing belts of North 

Cachar hills was acidic "vith low base saturation and classified under Ultisols and 

Alfisols, while organic carbon also favours the spread of citrus cultivation. 
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Electrical conductivity of low yielding areas of citrus orchards in setniarid 

climate of north"vestern Mexico ",,'as higher (3.8 dSn1- 1
) than of high yielding areas 

(Nunez 'd:l')d \J~tdez _, 199 6) ~ 

Citrus trees thrive "veil in the soil having pI-I 5.5 to 6.5. In alkaline soils the 

availability of Inicronutrients is reduced to such an extent that deficiency symptoms 

vvill occur sooner or later. High organic tTIatter in the soil tninimize the adverse effect 

of CaC03 in citrus (Rajput and Sri Hari Babu, 1995). 

According to Patil and Malewar (1998).,available Zn, Fe, Mn and Cu had 

negative correlation vvith pI-I, EC and CaC03 content, while positive correlation with 

organic carbon content in soils of lTIandarin orange orchal'ds in Amravati district of 

West Vidarbha. They observed lTIoderately alkaline pH of SOlIs 

EC, (dSm- l ) 4.45 i.e. saline in nature, CaC03 varied frOlTI 43.8 to 162.5 g kg-I 

indicating the calcareous nature of soils \vhile organic carbon ranged from 4.30 to 

1 1.90 g kg-I in these soils. 

Dey and Singha (1998) studied healthy and decline citrus orchards of hill 

region of Assaln and revealed that citrus soils were acidic (pH 4.4-6.0), the EC was 

lovv (0.030-0.406 dSm- l
) and had high organic matter content to a depth of 45 Clll 

(1.52 to 6.0%). 

Patiram et af. (2000) studied micronutrient status of mandarin orchards of 

Sikkiln and found that soil pI--I had the negative correlation with available Fe Mn and 

positive with Zn and Cu. They further observed that the ITIicronutrient concentration 

of leaf \-vas significantly and negatively related to soil organic carbon. Soil pH of 

Inandarin orchards varied from 5.0 to 6.9, \vhich relnained aln10st constant at all 

depths of soil, while organic carbon 6.4 to 30.9 g kg-I, which decreased with 

increasing soil depth . 

• 
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2.2 Soil fertility status of citrus orchards 

2.2.1 Macrollutrients 

Martin et al. (1959) studied the influence of exchangeable cations (Na 

and K) on growth of tri tol iate orange seedl ings in clay loam and sandy loam soi Is. 

They observed that increasing Na and/or K decreased growth of trifoliate orange 

seedlings. Growth reduction was Inuch Inore severe in the clay loaln soil. Similar 

effect ofNa and K was also observed by Jones el al. (1957). 

Dhingra and Kanwar (1963) found that total Nand P 2 0 S status of both 

healthy and chlorotic citrus orchards were low while total K 2 0 content was high 

under unhealthy condition. 

Randhawa et al. (1966) reviewed that citrus soils of Punjab are 

mediutn to lo\.v in available nitrogen and phosphorus excepting some soils, which are 

in the deficient range" while most of these soils are lo\v to Inediuln in available 

potassiuln. 

S\.-veet orange orchards in Alnritsar district were surveyed by Nijjar 

and Singh (1971) for mineral nutrition status. They observed that available N was 

more in the soils supporting the healthy orange trees as compared \.-vith that of 

declined one. Unlike N, the exchangeable P and K \vere higher in the declined 

orchards than those of the healthy ones \.vith one exception. 

Comparative studic·. were Inade of the soil conditions in young orange 

orchards \.-vith patches of poor growth, and in adjacent areas with nonnal gloowth. Soil 

conditions in affected areas \.vere characterized by higher per centage of soluble and 

exchangeable Na and lower per centage of soluble Ca and Mg. (Milad el al. 1975). 

According to Chapman (1975) a normal soil \.-vould have an exchangeable Ca , 
content of 60 to 85 per cent of the total exchange capacity and such soils are neutral 

• 
in reaction 

Pinto and Leal (1976) studied the nutritional status of sOlne orange orchards in 

the Vales Altos of Carabobo, Venezuela and observed that all orange orchard soils are 
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well drained and very acid, with low Ca and P contents as medium to high K 

contents. 

Male\-var et al. (1978-b) observed that available phosphorus of citrus orchards 

of Marathwada region soils was in the range of 0.0024 to 0.070 per cent. l-Iov\lever~ 

relatively high content of available phosphorus in l11ediul11 and healthy orchards may 

be attributed to the intermittent application of organic manure, \vhich further builds 

up high level of phosphorus. 

Nilangekar and Patil (1981) reported that the available nitrogen was 1 o 'A' 

throughout the soil profiles of chlorotic citrus gardens. Poor supply of nitrogen l11ay 

be one of the reasons of chlorosis in citrus. Such results are also reported by Dikshit 

(1963). Available phosphorus content was of higher order in the profile of normal 
'" gardens. They further observed that exchangeable Ca and Mg values were of higher 

order in the profiles of chlorotic gardens. The profile of chlorotic gardens also had 

decreasing Ca content with increasing depth. 

Six soil profiles from important citrus gro\-ving areas fatnous for quality citrus 

In Chamoli district of U.P. hills were studied in detail for their nlorphological and 

physicochemical characteristics (Singh and Kunwar, 1981). The data reflect that all 

the surface soils were l11ediul11 in available nitrogen except for Joshil11ath soils where 

it \vas under low category, \-vhich may attributed to slow rate of mineralization due to 

lo\ver telnperature at high altitude. The status of available P and K in surface 

horizons falls under medium to high category except for Pipalkoti soils. 

Kotur et at. (1982) evaluated sotne long-term cultural practices in relation to 

chemical properties in Coorg mandarin cultivation. They reported that exchangeable 

Ca and Mg was highest in shading treatment than all other treatments \-vhile in respect 

of exchangeable potassium content shading showed a higher content than the rest of 

the treatments tvith no significant effect. 

Nilangekar and Patil (1982) vvhile studying the soil factors as related to the 

citrus decline observed that exchangeable Ca and Mg contents \-vere sonle\-vhat lo\-y in 

chlorotic pro·file than in the normal one, while exchangeable K and Na \vere high in 
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chlorotic profile than in the normal one. Available nutrients particularly Nand P 

"vere more in the pro'file supporting normal citrus plants. 

Soils in general of citrus growing belts of Assam were found to be high In 

available K, high to tnedium in organic carbon and medium to low in available P. 

The influence of profile depth on the fertility status can be judged from the 

observation that the lower horizons were mostly mediuln in available K and lov·; in 

organic carbon and available P. (Chakravarty and Barua~ \983). 

J)a_±d_ revealed that the declining condition of Inandarin 

orchards was associated with low available N, K and Ca status and Inediunl to 

high available P and signilicantly higher exchangeable Mg status of the citrus .. 
growing soils(. A v--Ja..sth i et: Cl.t. > 1984-) .. 

Chauhan et al. (1984) rcported that soils of' citrus orchards of I-Iaryana low in 

available phosphorus (12-25 kg / ha) and mediuln to high in available potassiuln (206 

to 1 190 kg / ha). They state that the low level of phosphorus seelns to be due to the 

fact that farmers were applying very less quantity of this nutrient. 

Exchangeable K, Ca and Na levels of 1.37, 6.73, 2.26 and 0.2 1l1Cq. 

respectively were observed in soil samples froln Satsuma Orchards. All Inineral 

levels were slightly higher in the northern area of Cheju country. Higher yielding 

orchards "vere generally high in soil mineral content but Io-\v in P (Ko, et al . . 1987) 

Raina (1988) observed that surface citrus growing soils of Dhanlakuan In 

Hilnachal Pradesh were low in available N, medium to high in available P and 

tnedium in available K content. The depth wise distribution of available P varied 

frotn 13.4 80.5 kg I ha with a mean of 39.2 kg I ha,\vhilc of available K varied from 

89.6 to 278.5 kg / ha "vith an average of 184.7 kg/ha. Thus, the entire profile soil 
• 

satnples "vcre high in P status and Inedium to high in K status 

Fawzi et al. (1989) ·stud ;'ed the citrus orchards in Egypt and found that 

cr ty \.,~ e;'Yo"~(Y)g alluvial soils \vere very rich in K and that sandy and 

calcareous soils were low In K. Annual application of K cOlnbined \-vith balanced 

application of other nutrients increased fruit yield. It was concluded that orchards on 
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poor sandy and calcareous soils, and also those on Nite-alluvial soils are in need of 

annual-K fertilizer application, and that the reliability of exchangeable soil K as an 

index of availability under Egypitica] conditions \vas doubtful. 

While studying nutritional status and productivity of Kinno'\v orchards in 

Ferozepur district in Punjab Dhi lion and Dhatt (1988) observed P and K levels 

havc~~ significantly higher correlation \vith yield 'Whe,ye~ s 
<:.J 

<t__ negative 

significant correlation was found between soil P and fruit weight of healthy citrus 

trees. Potassium content of soil sho\ved a negative relation with fruit weight:> both in 

healthy and declining trees. 

Diware and Kolte (1990) analised the factors responsible for decline of citrus 

In Vidarbha region and observed that tl·ees receiving less than 0.5 kg N sho'\ved 

lTIaximum tree decline (28.31 %), while tree decline in the range of 0.5 to I kg N was 

decreased to 18.10 per cent and "vas the least (3.06 0/0) with the N level above one kg. 

Shanna and Mahajan (1990) studied the nutrient status of 17 citr·us orchards to 

represent general tree conditions of I-limachal Pradesh. Soil analysis up to 120 cm soil 

depth revealed that orchards were low in available N, low to medillJl1 in available P 

and K and optimU1TI in Ca and Mg. Except Ca and Mg?all the nutrients \vere higher in 

surface than sub-surface soils. It may be due to higher organic carbon content and 

addition of fertilizers on surface layers. 

The 4-year survey "vas carried out III 60 orchards In I I municipalities 

distributed alTIOng the 3 nlain citrus producing areas of Bahiu state:> by Coehlo and 

Matos (1991). They reported that Ca and K levels were lo"v in 65 and 40 per cent of 

the orchards, respectively. Unsatisfactory P and Zn level \vere also found in 35 per 

cent 0 f the orchards . 
• 

Kharkar et ale (1991) undertook the survey of Nagpur 111andarin orchards of 

Vidarbha region with a vie\.v to knovv the nutritional status of the orchard soils and led 

to the conclusion that available phosphorus \vas low to optirl1um (13.44 to 72.68 

kglha) in majority samples while available K 2 0 content was in a ITIoderately high to 

excessive range (268.8 to 85 1.1 kg/ ha) at upper layer. 
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Lim et al. (1993) studied the problelTIS of decline in neck oranges at Alnphul' 

Chana and analyzed the soil samples. The soil was found to be deficient in Nitrogen 

and Phosphorus. In greenhouse trials using maize:> the optimulTI concentrations of 

these elements were 120 and 150 kg/ha:> respectively. These rates were subsequently 

tested \.-vith mandarins in the field. 

The Inain nutritional probletns encountered by citrus production in Tai\.-van are 

high soil N contents and low soil K contents (Chang et al . ., 1994) 

Dey and Singha (1998) revealed that citrus soils were deficient In available 

P 2 ()s (l-j6 kg/ha) \.-vhile available Nand K 2 0 ,"vere ITIediulTI to high in the surface 

layer (220-568 and 246-820 kglha, respectively) and Io\.v to high in the subsurface 

(I 12-517 and 122 - 65 I kg Iha:> respectively). The content of Mg tended to be higher 

in the subsurface than surface layer in Karbi Anglong. In respect of al1 tTIajor 

nutrients (N, P, K., Ca and Mg) citrus orchards frolTI Cachar hills \.-vere richer than that 

of Karbi Anglong. 

They further reported that in Karbi Anglong, the declining citrus orchards had 

higher soil contents of available N, P, Ca, and Mg but, lo\.-ver in respect of available K 

than that of healthy orchards. 

Saini el al. (1999) conducted the study at two locations i.e. Hoshiarpur and 

Abohar in Punjab to correlate the nutritional status of orchard soil and K.innow leaves 

\.vith fruit drop. They found that the soil (0-15 cJn) of the orchard at both locations 

during the period of maximum fruit drop (May and Septclnber) \.-vas lo\.-v in nitrogen 

and ITIediulTI in phosphorus and potassium. Govind and Prasad (1982) reported the 

sitnilar trend of nitrogen and suggested that the application of nitrogen decreased fruit 

drop in sweet lime . 
• 

Exchangeable Ca and Mg of Mandarin orchards soils of SikkilTI v\"as found in 

the range of 3.82 to 22.93 clnol (p+) kg- l which V\./as decreased with increasing soil 

depth. (Patirarn et aI., 2000). 
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2.2.2 Micronutrients 

Smith and Specht (1953) studied heavy lnetal nutrition In I'elation to Iron 

chlorosis of citrus seedlings who found that heavy nlctals like Cu, Zn and Mn 

interfered with iron metaboliSlTI in such a \-vay as to induce iron chlol·osis. 

Chapman (1960) reported that Zn less than 1.0 ppm in the soil having pH 

above 7.0 was inadequate for citrus. 

Dhingt·a and Kan\-var (1963) revealed that the exchangeable Cu, Zn and Fe 

status of chlorotic citrus grovving soils was lower than that of healthy soils~ whcreas 

the exchangeable Mn content "vas slightly higher in soils bearing chlorotic citrus 

plants than healthy plants. 

The nutritional balance between different micronutrients lnight have been 

disturbed by this fairly high content of available Mn in unhealthy soils as, was also 

observed by R.euther and SInitl( 1953). 

Dhingra et al. (1965) repor·ted that the high amount of exchangeable Mn 

rnight have caused an antagonistic effect on the availability of other Inicronutrients 

like Cu, Zn, Fe and the deficiency of Fe might be due to the calcareous nature of the 

ot'chard soils of Punjab. 

The available as well as total Zn was found to be higher in the first 30 CIn and 

gr'adually decreases \-vith depth as the plants take up Zn f'rom subsoil and translocate 

to the leaves. When these leaves fall and decay, Zn is released from the plant tissues 

and fixed in the surface soil (Nair et al. 1968). 

ladhav et al. (1978) studied seventeen soil samples from Tour profiles fronl 

citrus gro,"ving tract of Marathwada. They revealed that the total zinc and iron • 
content varied traIn 84 to 124 ppm and 5.28 to 7.20 per cent, t·espectively. Available 

(DTPA extractable) zinc and iron ranged fronl 0.] 8 to 2.82 ppm and 9.0 to 19.8 

ppIll, respectively. In general, total and available zinc decreased with depth, 

ho\-vever, in few profiles it increased suddenly in the fourth horizon. Total and 

available il'on did not indicate any definite pattern of distribution. No soil paranlctcr 

was associated \\lith the availability oT zinc and iron. 

22 



Deficiencies of ITIicl'onutrients cannot be detected from their total contents, as 

the amounts involved are too SInal}, The ITIicronutrients such as Fe~ Mn, eu and Zn 

become less available in alkaline conditions. Oranges grown on calcareous black 

cotton soi Is sometimes show deficiencies of Mn:> Fe., and Zn (Anonymous 1952 and 

Singh 1953). Soil tests ITIeaSUre one or more forms of the nutrient elements present 

and help to separate out deficient areas fro III non-deficient ones giving some 

information about their extent and their likely response to their applications (Tisdale 

et al.. 1985). 

Malewar et al. (1978-a) reported that in the citrus orchard soils contents of 

total zinc., iron manganese and copper \-vere independent of decl inc and healthy 

condition of orchards. The orchard soils contained 0.72 to 1.40 ppm and 15.0 to 23.0 

ppm available zinc and tnanganese, respectively. However available zinc and 

manganese content \-vere invariably higher in healthy orchards as compared to the 

declined one except that of declined lalna orchard. Available iron and copper \,vere 

present in the range of 9.4 to 20.6 ppm and 2.40 to 8.84 ppm" respectively. They 

further depicted that availability of iron and copper ITIostly depends on their total 

reserves. 

In another study MaJe\-var et al. (1978-b) observed that total nlanganese and 

copper content of citrus growing soils varied froln 1042 to 1814 and 84 to 176 pPlll, 

respectively. Available Mn and eu ranged [rolll 32 to 88 ppm and 1.84 to 4.56 pptll., 

respectively. Total/available Mn showed no consistant trend., while., total/available 

ell decI'eased \·vith depth. 

According to Nilangekar and Patil (1982)" there was no appreciable difference 

In Fe and Zn contents of various soil profiles from citrus orchards vvith healthy and 
• 

chlorotic trees at two locations in Aurangabad district. 

Badhe et al. (1983) observed Inedium high range of Zn., Fe and Mn and 

sufficient quantity of eu in the citrus orchard soils of Nagpur district. 

Singh and Tripathi (1983) reported that the available iron in citrus gro\oving 

soils of Agra region ranged between 1.68 and 25.20 ppm (average 5.96 pplll)., which 

\vas lovvest in surface soils and highest at 90:-120 and 120 - 180 cm depths. In case of 
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avai lable Mn in the profi Ie, highest concentration \.-vas in the surface layer and 

dccreased with depth, the average \.-vas 20.4 ppm which could be rated as adequate in 

alnlost all the soils. Thc available Cu in the soils (0.5 to 2.4 ppnl) seemed to be 

sufficient and \vas found to be decreased with depth. The conccntt'ation of 

available Zn sho\.-ved a progressive decline with depth and \.-vas considered sufficient 

in average available Zn (2.04 ppnl) . 
• 

Chauhan et ale (1984) observed that 69 per cent of total citrus orchards 

surveyed were deficient in zinc content (0.28 to 1.12 PPITI), while iron content varicd 

froln 3.92 to 12.52 ppln, which was in desired l'ange in all the orchards except few 

orchards of Mirpur and Tejakhera. 

A wasth i et al. (1984) observed that avai lable Zn, Cu and Mn \.-vere found to be 

significantly higher in healthy than the declining orchard soils of Nurpur ar'ca in 

HilTIachal Pradesh~ while there were no significant differences between available Fc 

of the healthy and declining orchar'd soils. IIowcvel', Mn and Fe strongly interact to 

the extent of their proportional presence and more supply of one Illay induce the 

deficiency of other by oxidation. 

Raina (1988) revealed that available Inicronutrients (Cu, Zn, Fe and Mn) 

contents decreased progressively \.-vith increasing depth and reported a positive 

significant correlation of available Cu, Zn Fe, and Mn with clay and organic content 

in acidic soils of Dhaulakuan in I-limachal Pradcsh. Available Mn and Zn were 

deficient, while the Cu and Fe \vere in sufficient alTIount in these soils. 

The interrelations and antagonislns of the elenlents influcnce theil' rolc in 

plant metabolism. Such antagonistic effects between manganese and iron, calciuln 

and copper arid also behveen calcium and boron are alnongst Inany. Manganese 

toxicity is associated with calcium deficiency and vice versa. A close antagonisln 

bet\.-veen calciulTI and boron is well known (Bis\.-vas and MukheLjce, 1987). This 

antagonism of Ca and boron for citrus is also reported by Nijjar (1990). 

Koo (1988) reported that the specific effects of omitting Mn, Cu, Band Fc on 

trce growth fruit production, and fruit quality ,vas observed in a long-ternl experilncnt 

\.-vith pineapple orange trees in Flol·ida. Reduction in tree gro\.-vth \.-vas observed fi'orn 
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omission of Mn" Zn~ eu and B fro In a standard fcrtilizer progl'amme~ but not from the 

omission of Fe, A decline in fruit production was found only in trees that had not 

received Mn fertilization, The 0111ission of the micronutrients had little effect on 

external fruit quality, 

Shanna and Mahajan (1990) found that the surface layers of Indol'a-Nurpur 

soils of Inandarin orchards in Hilnachal PI'adesh contain InOI'e al110unts of available 

Inicl'onutrients (Zn~ Mn~ Fe and Cll) than subsurface soils, It ,\vas thought to be due to 

continuous decay and fall of Inandarin leaves maintain higher concentration of 

nutl'ients in surface layers, The orchards were found to be lo'\v to high in available 

Zn, optilTIum in Mn and high in Cu and Fe, 

According to Rajput and Sri J-Iaribabu (1995), availability of Zn in the soils is 

affected by Fe, Ca and P etc, and soil pI-I more than 6,0, Deficiency of iron is n10st 

COmlTIOn in calcareous soils where the availability of iron is reduced by calcium 

carbonate while excess of nitrogen induces copper deficicncy '\vhich is cOlnmonly 

kno'\vn as 'Die-back~, 'ammoniation~, "red-rust' and 'exanthenla', Manganese 

exercises an influence on iron transport and its utilization '\vithin the plant, of vv'hich 

deficiency is found in almost all citl'us gl'o'\ving areas, 

Ouyang (1993-a) studied micronutrient content in major citrus soils of 

southern China including seven great soil gl'OUpS In eight provinces and an 

autonornous region of southern China, Citrus orchard soils derived from sandstone, 

sandy shale quaternary red clay, alluvial deposit, granite gneiss and neritic deposits 

,\vere deficient in available Mo and B and low in Zn, Those developed on purple 

sandy shale, limestone and slope deposits were deficient in available Zn, B and Mo . 
• 

Costal solonchak was fairly abundant in B, but was low in available Fe, Zn and Mo. 

Diwakar and Singh (1995) studied the micronutrients in soils~ clays and 

concretions in vertisols of Bihar and observed that DTPA-Zn, Fe, eu and Mn sho\-\.I 

decreasing trend with depth '\vithin the pedons, The variation of these elell1ents is 

Inainly attributed to pl-I and organic mattei', 

Patil and Male'\val' (1998) studied micronutrient status of export oriented 

Inandal"in orchards in Alnl'avati area of Maha rashtra, They observed that among the 
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micronutrients~ DTPA-Zn in orchal'ds soils val'ied from 1,05 to 4.80 111g kg-I showing 

marginality to sufficiency in available zinc. The soils were adequate in Fe content 

v"ith three exceptions. The iron availability started to decline due to fornlation of iron 

carbonate in presence of high lime in these ol·chards. Thel'e was adequacy of 

available Mn (3.10 to 13.20 mg kg-I) and eu (0.75 to 1.85 mg kg -I) to Ineet the 

requil'enlent of mandarin. 

Saini el al. (1999) conducted the study at two locations i.e. Hoshiarpul' and 

Abhar in Punjab to con'elate the nutritional status of Inandarin orchards soils and 

Kinno\v leaves ~vith n'uit drop. They revealed that the soil (0- 15 crll) of the ol'chal'd at 

both locations during the period of maximuln fruit drop \.-vas low in zinc and high in 

copper, iron and l11anganese. 

Micronutrient cation status of 32 Mandarin orchards of Sikkim \vas studied in 

soils of 0-20, 20-40 and 40-60 cln depths by Patil'am el al. (2000). They observed 

that the orchard soils were sufficient in available Zn, eu, Mn, and Fe. The total 

micronutrient concentration \.-vas high in 20-40 cm depth excepting Fe and highly 

correlated to each other and clay content. Available ITIicronutrient cation content 

decreased "vith increasing soil depths, and did not correlate to theil' concentration in 

mandarin leaf. It indicated that the availability of micl'onutrients \.-vas ~vell controlled 

by their total concentl'ation in soils. 

Yadav el al. (1995) conducted the project on ITIicronutl"ient deficiencies in 

Nagpur Jllandarin and their InanagelTIent in ditTerent soil types of Nagpur district and 

observed that the D~rpA extractable Zn, Mn, Fe and eu in sUI'face soil layers ranged 

from 0.31 to 3.14 ppm, 12.9 to 39.45 ppm~ 5.71 to 15.41 ppm and 1.73 to 8.2 ppm 

respectively. It seen"lS that Zn was deficient in majority of soils, eu ,"'as in optiIllUlTI 

I'ange in all the orchards and the critical contents of Mn and Fe val'y \.-videly fl'OIll crop 

to crop hence no generalization can be made. 
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2.3 Leaf nutritional status of citrus trees 

2.3.1 Leaf macronutrients 

Martin et al. (1959) studied nutrition of trifoliate orange and reported that, in 

the leaves remaining on plants at harvest, about 3 per cent K and 0.03 per cent Na 

\vere associated \vith plants ,",hich had shovvn leaf injury. With cxcess K in'cgular 

necrotic spots developed at the leaf tnargins and \Vitllin the leaves. 

Embleton et al. (1963) investigated the effects of sampling leaves of various 

ages and locations on orange trees. Compal'ed to the standard saJnple (5-nlonth-old­

basal leaves from nonfruiting spring cycle growth) older leaves or leaves from 

fruiting tenninals contained lower concentrations of N, P and K and higher Ca and 

Mg concentrations. Nitrogen, Ca and Mg concentrations were lo\vcr in young basal 

leaves than in the young terminal leaves,> both from non-fruiting t'"'igs. 

In studies on orange low K contcnt in the tree was shown to be partially 

responsible for rind splitting \-vhich causes premature fruit drop. Fruit drop over a 6 

vveek pcriod varied from 1090 fruits / tree on K deficient trees to ] 58 fruits / tree, 

\-vhere K level \vas adequately tnaintained. Leaf K ranged from 0.45 to 1.35 per cent. 

The nutnber of split fruit fall sharply \-vhere K was above 1.25 per cent. (Koo,.1963). 

Randha\va et al. (1967) studied the role of soil and plant composition In 

diagnosis of citrus decline in Punjab and reported that the N in the leaves of healthy 

trees ,"'as higher tilan that in the leaves of declining trees. 

Ortuna et at. (1968) observed the change in major elements during the active 

gro\vth and development of lelnon leaves and reported that the leaf nitrogen under 

nonnal cond itions increased even Iy upto 200 days and thereafter, it rClnains constant. 

While studying the tnineral composition of orange leaves of certain varieties 

Gonzaler and Guardisla (1969) have observed that the phosphorus content of the 

citrus leaves decreased with increasing age of the leaves. 

Citrus leaf samples were taken in January in three successive years fi'otn a 

terraced orchard divided into areas receiving lo\v, 1110derate and high aillollnts of 

sunlight. There was evidence in the first year that sunlight favourcd the uptake of N, 
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P and K but not of Ca. The higher the terrace, the greater were the foliar K levels. 

These were negatively correlated with Mg (Braga~ 1970). 

Nijjar and Singh (1971) reported that leaf N \-vas higher In the healthy citrus 

orchards as cOlllpared with the declined ones in Amritsar district of Punjab Mediuln 

and declined orchards were in low to deficient leaf N. The fol iar P and K in the 

healthy and declined orchards sho\-ved no definite trend, ho\-vever, P was higher than 

the optimulll range in five out of eight citrus orchards and the fol iar K was in excess 

in all the orchards. 

Bar-Okiva (1973) observed that the nitrogen content of citrus leaves decreased 

\vith increasing age of the leaves. He also observed nitrate content in the leaves as a 

sensitive indicator for the fertilization. 

Working with l11andarin grown on sandy clay soil, Milella and Deidda (1976) 

observed that leaf nitrogen was affected by nitrogen application but it \-vas not 

affected by irrigation. High nitrogen and irrigation intervals decreased in the foliar P, 

K and Ca. 

A 7-year-old orchard of Washington Navel orange on sour orange at Miranda 

and a 6-year-old orchard of Valencia orange on sour orange at Bejuma \vere studied 

by Pinto and Leal (1976). Leaf analysis sho\ved deficiencies of Ca, P and N. In the 

second orchard, lillle application at two tlha lead to enhanced nutrient absorption by 
• the trees. However, application of 0.5 kg Mg sulphate/ tree did not lead to enhanced 

Mg absorption as shovvn by leaf analysis. 

Mann et al. (1979) reported that the total N content In the leaves of healthy 

sweet-orange trees was significantly higher (average 2.21 %) than the leaves of 

declining trees (average 1.890/0). Apparently P is not the cause of decline, although 

about 50 per cent of the orchards fall under lo\v to deficient range because of P 

deficiency in the Punjab orchards soils. Healthy trees had less P than declining trees 

in most cases, with a Inean value of 0.1 1 per cent in both the cases. The K content in 

the leaves of healthy trees \vas 1.49 per cent (average), \-vhile in the declining trees the 

value \-vas 1.78 per cent. 
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Ca (3.22 to 3.70 %)was present in the optimuln concentration in the leaves of 

healthy trees, but the amount was significantly lovver in declining trees and vvas 

attributable to the antagonistic effects of the excess of K. Though there ,.vas no 

definite trend, the healthy trees had slightly ITIOre Mg and were low to optin-lulTI in 

both healthy and declining trees (0.28 and 0.26,respectively). 

Twelve mandarin and mandarin like cultivars were studied for nutritional 

status in mature leaves of non-fruiting terminals at the beginning and the end of each 

growing season. In all the cultivars nutrients tended to acculTIulate in aututTIn rather 

than spring. There was significant difference in the leafN .. P, K .. Ca, Cu and N levels 

bet'VI.'een cultivars. These differences could be related to vigour. (Casu and Agabbio., 

1981 ) 

Ahla\vat et al. (1982) observed that the leaf nitrogen content ,.vas rTIore In 

healthy sweet orange trees as compared to declining one. Leaf Phosphorus and 

potassiulTI contents of declining sweet orange trees vvere higher as compared to 

healthy ones. The nitrogen content in tTIost of healthy orchards was found to be In 

satisfactory range. Phosphorus levels was nOrJTIal in eight orchards out of ten and rest 

of the orchards \vere in deficient range, while potassiuJn content of the leaves was in 

satisfactory range. 

Eight orchards of svveet orange selected at different locations in Chamoli 

district of U.P. hins of 10-12 years age vvith uniform size and vigor were studied for 

the tnineral composition of sweet orange leaves from ditlerent flushes. Singh and 

Kun'VI.'ar (1982), In this investigation reported that there vvere non-significant 

differences bctvveen thc lcaves of different flushes for N, K and Mg contents. P 

content was however, significantly higher in spring flush vvhereas Ca in autulnn flush 

leaves. They suggested that nutrient status in citrus should be detcnTIined by 

sampling analyzing the spring flush leaves. 

Singh (1982) reported that the leaf analysis of leaf samples of s'VI.'cet orange 

indicated a deficiency of nitrogen in the orchard studied, \vhich varied fronl 1.85 to 

3.00 per cent with a mean value of 2.44 per cent. Nitrogen content in leaves had 
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significant and negative con'elation with P and Fe. "1~he phosphorus status of leaf at 

aJl the locations \-vas adequate (0.17 to 0.30%) for the growth of plants. 

Gururani and Singh (1983) analysed leaf samples fronl three growth flushes of 

Kinno\-v mandarin naniely spring (February- March), summer (June- July) and 

autumn (October- November). In spring flush calcium vvas in highest mTIounts 

nitrogen and sulphur in ITIoderate alTIOunts, "'\Iher-eas phosphorus and potassiunl in the 

lo"yest alTIOunt. In SUmlTIer flush, the content of phosphorus ,"vas moderate and the 

contents of nitrogen, sulphur, calciulTI and magnesium were the lowest. The autUI11n 

flush contained the highest contents of nitrogen, phosphorus, suiphul' and Inagnesiunl, 

"vhereas potassium and calcium "yere intermediate. As ITIOSt of the Inineral nutrients 

were in their optinlUITI range in spring flush, this flush was suggested as the standal'd 

for collection of leafsamples to diagnose the nutrient status of the plant. 

I-Iernandez (1983)reported that healthy citrus (orange) trees had 2.1 to 2.6 per 

cent leaf N., \-vhile deficient trees had less than 2.0 per cent leaf N. Increasing the N 

supply did not markedly increase leaf N concentration. Mean P and K values in 

healthy trees '\'-lere 0.1) and 1.02 per cent respectively, "'\Ihile critical values vvere 

about 0.091 and 0.70 per cent, respectively. 

Yamdagni et al. (1983) observed that phosphorus and potassiulTI content of 

kinnovv leaves were higher in the declining trees (0.235 and 0.342 % respectively) as 

cOlnpared to healtll)' trees (0.183 and 0.302 % respectively) lesser amounts of calciuln 

and Inagnesium in leaf samples were also observed in healthy trees. Nitrogen content 

\vas more (3.490)0/0 in nornlal growing trees as compared to the declined trees (3.190 

0/0). 

Chauhan el al. (1984) surveyed 13 citrus orchards of "\.vestcrn I~laryana. The 

leaf nutrient status of the orchards revealed that the phosphol"lls and potash ""ere in 

desired l'ange of 0.075 to 0.120 per cent and 0.76 to 1.81 per ccnt_p respectively 

whereas nitrogen \.vas deficient (1.5 to 2.9 0/0) in nlost of the ol·chards. They 

concluded that the area is not deficient in phosphorus and potash, while nitrogen level 

'was lov,/ and needed to be rectified by regular foliar and/ or soil application of 

fertilizers to get higher yield. 
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Awasthi et al.(1984) observed that mean leaf concentrations of nitrogen and 

calcium were significantly higher in healthy mandarin trees (1.86~ and 5.67 0/0 

respectively) than the. declining trees (1 .63 and 5. 13 % respectively). Most of these 

trees represent low range of nitrogen and optimum range of calcium. The Inean P and 

Mg concentration of healthy and declining trees was not found to be significantly 

different from each other and represented optitnum P and Mg status of the orchards. 

The leaf K status was significantly higher in the declining (0.580/0) than the healthy 

(0.50%) trees~ and represented low range. 

Rana et al. (1984) selected sixty mandarin orchards randolnly froln SIX 

villages in Indora and Nurpur areas of Kangra district in l-litnachal Pradesh and 

analysed the leaf salTIples for different nutrients. They found that orchards vvere 

deficient in nitrogen. On the average 37% in Ca, 28% in N, 50/0 in Mg and one per 

cent in K were below optitTIum nutrient status. Sixty nine per cent orchards in K and 

58 per cent in P \,vere high in nutrient status. N content shov·led a highly significant 

negative relationship with P concentration. 

Dhillon and Dhatt (1988) observed that the healthy kinnow trees fr0l11 all the 

productive orchards in Ferozepur district of Punjab vvere ahvays higher in their leaf 

N, P and K contents than the declined kinnow trees. Leaf N in the healthy trees 

ranged between 2.72 and 2.98 per cent~ P between o. 12 and O. 16 per cent and K 

betvveen 1. I 7 and 1 .34 per cent. 

The declined trees, on the other hand contained 1.90 to 2.13 pel· cent N; 0.09 

to 0.13 per cent P and 0.90 to 1.02 per cent K. They further reported that the fruit 

yield vvas significantly higher in the healthy trees as compared with declined trees. 

Foliar N, P and K sho~ved positive correlation vvith the yield in both healthy and 

decl ined trees. 

I-Iernandez (1988) recolnmended that leaf N analysis should be used mainly 

for the control of N deficiency in citrus. In mandarin orange the leaf nitrogen level 

vvas found related to yield and maxin1um fruit production occun·ed vvhen a leaf 

nitrogen level of 1.90 to 2.13 per cent was maintained in trees of 38 to 40 years in age 

(Mitra et al. 1988). 
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Sharnla and Mahajan (1990) reported that concentration of leaf nitl'ogen was 

significantly higher in healthy trees than in the declining trees of mandarin orchards. 
sf! 

Total alTIOunt of P" K, Ca and Mg in mandarin leaves were statr:-ally smne in trees 

representing different health conditions. On the basis of leaf composition; 3, 8 and 9 

ol'chards were found deficient in K, P and N,respcctively. 

Tv./elve elite acid lilTIe orchards in Gujrat '\vere studied for manurial practices 

and leaf nutritional status by Chunda'\-vat et al. (199 I). They observed that the 

average leaf contents of N (2.52%), K (0.92)" Ca (3.25%) and Mg (0.35%) fell '\-vithin 

the recommcnded optimum ranges for citrus. The level of P in the leaves (1 .48) ,\-vas 

ho\-vever in excess of the recommended range indicating overfeeding with P. 

Kharkar el ol. (1991) revealed that nitrogen content in Nagpur Inandarin leaf 

\-vas found generally low (1.56% av.) in about 59 per cent samples n'onl healthy 

orchards and nine per cent samples from declining orchards (1.4% av). In about 45 

per cent sanlpIes, phosphorus content '\vas deficient to low (0. 10 to O. I 10/0) in healthy 

orchards, while it ,\-vas 84 per cent in declining orchards (0.04 to 0.8%). The 

potassiulll content was in optimuln range. Most of the healthy and declined orchards 

\vere optinlum in leaf Ca and Mg. 

Citrus leaf analysis in Fujan country indicated that leaves of affected leaf 

yeJlo\ving trees contained lo'\v magnesium (0.22 to 0.310/0). (Zhang et al., 1991) . 
• 

Chang et al. (1994) establ ished leaf diagnosis criteria in -rai\-van for 

fel-tilization recommendation for citrus orchards as - 3.0 to 3.2 per cent N for Ponkan 

(c"itrus tankan )" 2.9 to 3.1 per cent N for Liucheng and 2.2 to 2.5 per cent N for 

PumJTIelo CV Wentan. 

Souza el al. (1997) reported that nitrogen and InagneslurTI followed nonnal 

distribution, while phosphorus, potassiurTI and calciulTI follo\-ved long nOI'mal 

distribution in leaves of orange trees. The highest coefficients of variation ,\vere t()r K 

and the lowest was for N. 

Dey and Singha (1998) observed that both healthy and declined citrus 

orchards in hill region of ASSalTI of Karbi Anglong ,\-vere high in K, but lo'\v in both Ca 
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and P in respect of foliar content. These orchal'ds showed positive correlation of fruit 

yield with foliar K content. In North Cachar Hills~ orchards vvere low in leaf Ca but 

comlnonly high in leaf K. Declining orchards of these hills were low in foliar P 

content; and low fruit yield in these orchards was associated vvith lower foliar Ca 

content and lower ea: Mg ratio in leaf. 

Seasonal changes in the nutritional status of citrus leaves in Nevv-Zealand 

were studied by Sale (1998). He reported that Navel oranges,. Selninol tangelos and 

satsumas showed similar seasonal patterns. Navel oranges had significantly higher 

leaf Nand K concentrations than standard lemons. There were significant difference 

between the hvo season for all nutrients except N, Ca and Fe. 

Varlakshmi and Bhargava (1998) studied plant nutrient status and leaf 

diagnostic nonns for acid lime. The norms for optimum N ranged from 1.53 to 2.10 

per cent" for P 0.10 to 0.95 per cent, for K 0.96 to 1.66 per cent, for Ca 3.05 to 3.43 

per cent, for Mg 0.46 to 0.60 per cent and for 5.025 to 0.29 per cent. The l11can 

concentration in the index leaf of N~ P and K was 1 .82" 0.12 and 1.31 per cent 

respectively. Calcium availability vvas adequate to excess in Inajority of the orchards 

(2.89 to 4.23%)" which may be attributed to neutral to alkaline nature of soils and 

regular application of calcium amlnoniuln nitrate fertilizer by growers of this area. 

Magnesiunl concentration in index leaf of acid lilne ,\vas lovv vvhich ranged fl'om 0.22 

per cent to 0.30 per cent vvith a mean value of 0.27 per cent. 

The study was conducted at two locations i.e. I-ioshiarpur and Abohat· in 

Punjab to correlate the nutdtional status of orchard soil and kinnow leaves with fruit 

drop (Saini et of., 1999). The Inean levels of the nutrients viz. N, P, K, ea and S in 

leaves were found low in declining plants than in healthy plants during May and 

September. The average level of N in plant was optimum at Abohar, but deficient at 

Hoshiarpur in healthy and declining plants during 111id May. The P level vv'as 

optimutTI at both locations and in both types of plants. Similar trend was observed for 

plant K. Ca was low in healthy as well as declined plants at both locations during fruit 

drop. 
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2.3.2 Leaf micronutrients 

ChalTIplllan (1960) suggested that the optimulll level of Mn~ and Cu in or'ange 

leaves should be in range of 20,0 to 80,0 ppm and 6,0 to 16,0 ppm respectively. He 

also suggested the optimum level of Zn and Fe as 25.0 pplTI and 60.0 ppm 

respectively in leaves of citrus tree. 

Kanwar and Dhingra (1961) collected healthy and unhealthy citrus leaves 

from six different garden colonies in Punjab and revealed that zinc and nlanganese 

~vere significantly high in healthy plants. Chlorotic condition of citrus might be due 

to the deficiency of zinc and nutritional distribution of other' trace elerTIents due to 

presence of high amount of Mn in soils supporting unhealthy citrus. 

'rhe characteristic pattern of iron deficiency was ITIOre unifol'm and strikingly 

evident onjamberi leaves~ where it occurred than on Santra leaves in which confusing 

variations \-vere common, Of the citrus species budded on jalnberi, the Santra ~vas 

most susceptible to iron shortage followed by the sour lime (C.alnazanlllolia) and 

MusaJnbi (C. sinensis) in that order (Singh 1953). 

Nijjar and Singh (1971) reported that Zn was deficient in all the citrus 

orchards surveyed of Alllritsar district as it ranged from 8.02 to 20.32 ppm. Iron and 

Mn were optimum only in three orchards. They further suggested that the low uptake 

of Zn might be due to the poor Zn status; high pH and the high P and K contents in 

the soil. Kanwar et al. (1963) also reported a deficiency of zinc in citrus orchards of 

Punjab. Zn deficiency \-vas observed in range orchards of Venezuela by Pinto and 

Leal (1976). 

Male\-var et al. (1978-a) observed that zinc~ manganese and copper content of 

leaves of unhealthy trees ~vas significantly lo\-ver than that of healthy trees of citrus 

orchards of Marathwada region. They further revealed that differences in zinc 

content of healthy and unhealthy leaves were highly significant. Out of nine or'chards 

samples of healthy trees~ five orchards were optimum in content of Zn (25 ppm) 

vvhere as four orchards contained zinc bela,,\, the nonnal level. The concentration of 

iron in healthy and unhealthy leaves ~vas quite high when compared with optiJnum 

level (60 pplll). 
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Mann et al. (1979) reported that in the declining citrus trees the Zn in the 

leaves decreased significantly from those of healthy citrus trees by 5.3 to 13.7 ppm 

(av. 8.4 ppln). They further reported that 1110st of the citrus orchards contained the 

optimum range of Cu, Fe and Mn in the leaves in both healthy and declining trees. In 

the leaves of the both healthy and declining trees, Boron was optimul11 to excess and 

its alnount was not related to the health of the trees. 

Ahlawat et ale (1982) revealed that zinc content in healthy sweet orange trees 

\vas higher as compared to that in declining ones, though all the salnple trees \vere in 

deficient range. Acute deficiency of zinc in these orchards was further evidenced by 

resetting of leaves and chlorosis. Similarly, Dixit el al. (1970) and Manchanda et al. 

e 1971) also reported deficiency of zinc in citrus plants. Ah lawat el al. (1982) further 

reported that iron content in the leaves of healthy and declining trees did not indicate 

any trend. I-Iowever, it was in satisfactory range in all the orchards. 

Singh (1982) observed that all leaf smnples \vere rated to have either very 

high or excess level of iron in the leaves of sweet orange trees, as they contained 200 

ppl11 or nl0re. Leaf Mn and Cu status of sweet orange trees were satisfactory or high 

as its content in leaves varied from 25 to 80 ppm and 6.0 to 24.0 ppll1, respectively. 

The leaf zinc con~nt varied from 9.0 to 3 1.5 pplTI "vith a Inean value of 17.8 ppm; 

while 50 per cent leaf samples belong to deficient category, 38 per cent sho\ved 10v .... 

level of zinc and relnaining 12 per cent sanlples contained satisfactory level of zinc. 

Variation in Illineral cOI11position of leaves froln different flushes of Kinnow 

Mandarin under Tat'ai conditions was studied by GUt-urani and Singh (1983). They 

observed that copper (16.40 ppm) and zinc (12.53 ppm) \-vere the lo\-vest in spring 

flush leaves \vhen compared vvith the other flushes. Manganese content was all110st 

constant (31.25 ppln) during June, July and August in spring flush, \-vhi Ie boron and 

iron \-vere the highest e 134.58 ppm and 69.1 ppm, respectively) when cOlnpared with 

standard. In summer flush the leaf iron content was moderate; and the leaf content of 

Mn and B were the lo"vest. In the autumn flush there "vas highest contents of Cu, B 

and Zn whereas the Fe content was the lowest. 
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Yamdagni et al. (1983) reported that copper and zinc content of citrus leaves 

\Vel·e found in deficient range in healthy as well as declining Kinnow trces. Ho\-vevcr~ 

Zn and Mn were found to be higher (10.4 and 29.7 ppln respectively) in healthy 

conditions than that of in declined one (8.4 and 28.6) respectively), \-vhile eu contcnt 

in Kinno\-v leaves was more in declined health of trees. 

It was observed that aln10st all the 13 citrus orchards of \vcstern I-Ial-yana \vel-e 

deficient in foliar zinc, \-vhich varied from 8 to 26 ppln; and leaf iron content of 

different orchards of the area ranged bet\vcen 75 and 125 ppln, which was in 

satisfactory range (Chauhan el al., 1984). 

A \-vasthi et al. (1984) revealed that the leaf Zn and Cu concentrations were not 

significantly different bet\veen healthy and dcclining Inandarin trces and n10st of the 

orchards indicated that the deficiency of Zn \-vas identical in healthy and declining 

tl-ees. Ifowever the Cu uptake by healthy and declining trees \-vas within the optilnum 

range. The leaf Mn concentration \vas significantly higher in declining than the 

healthy trees~ \-vhereas reverse \-vas found for Fe. 

Rana e( al. (1984) observed that out of four Inicronutrients under study 75 per· 

cent mandarin orchards in leaf Zn and three per cent orchards in leaf Mn \-"ere belo\-v 

optimuln. Out or·these 75 per cent Inandarin orchards; 68 per cent orchards were lov·" 

in Zn revealing a vidc spread hidden hunger for Zn in these orchards and only seven 

per cent orchards ,\-vere deficient in Zn_ In contrast to this, 90 per cent orchal-d in Fe 

and seven per cent in Cu were above optilnum in nutl·ient status, and only Fe in 33 per 

cent orchards ,\-vas in excess_ Micronutrients status of healthy and declining Inandarin 

orchard showed that Cu and Fe content in mandarin leaves were statistically sanle in 

both healthy and declining condition of trees; \vhereas healthy trecs sho\ved 

significantly higher leaf concentrations of Zn and Mn than declining trees (Shanna 

and l'vIahajan, 1990). 

Kharkar el al. (1991) repol-ted that leaf zinc content was deficient (less than 18 

ppm) In about 90 per cent samplcs irrespective of the sarnplcs from hcalthy 01-

declined 1l1andarin orchards_ Manganese content \vas found in optilnUITI range (20 to 

50 ppll1 respectively). Copper content \vas found in an excessive range (mor·c than 50 
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ppm and lIptO 138 ppm) in both healthy and declined Inandarin orchards, About iron 

content in mandarin leaves, 99 per cent samples from healthy categol'y were in an 

optimtlln to high (40 to ) 97 PPlTI) range, 

Zhang et ale (1991) observed that the leaves of affected citrus trees contained 

Inuch more boron (1 10-258 ppm) and eu (26-41 ppln) than the recomlnended values 

for these nutrients ,-,,-,hile Mg Vias low (0,22 - 0.31 %). 

Ollyang () 993-b) reported the significant positive correlation behveen 

available Inicronutrients such as Zn, Mo and eu in the soil and those in the leaves of 

citrus tl·ee. The ultramicroscopic characterized Zn deficiency in citrus leaves '.-vas 

also investigated. 

Yadav et al. (1995) observed that the total Zn, Fe and eu contents in 5-7 

months old I'nrig_flush leaves varied fron1 8.40 to 27.70 ppm, 62.50 to 149.70 ppm 

and 4.50 to 18.15 ppm respectively. As per standards, all ol"chal'ds except one '\\lere 

found to be deficient or low in Zn and optimun1 in eu and Fe. 

In next year study the same orchards of Nagpur district showed the same 

range of Zn, Cu and Mn ".-vith slight changes in values of lcaf Zn, Cu and Mn contents, 

'.-vhile the leaf Fe contents (67.9 to 143.1 ppm) ,.vere in optimun1 range as per the 

California standards (Yadav el ale 1996). 

Singh et al. (1997) investigated the leaf nutrients status of fruiting and 

nonfrlliting tenninals, and observed that leaves of bearing t\.-vigs contained higher 

concentrations of Zn and Cu than those of nonbearing shoots, whereas there was not 

lTIuch difference behveen both the t".-vigs for and Mn and Fc. 

Souza et ale (1997) reported that zinc and copper ,-verc found to be normally 

distributed in all points '\vhere from citrus leaves were collected, while Mn and Fe 

follo".-ved long-normal distribution. 

Patiranl et af. (2000) observed that the concentrations of Zn, Cu, Mn and Fe of 

the non-bearing mandarin t".-vigs leaf ranged froln 19.5 to 50.0, 5.5 to 24.0 16.5 to 80.5 

and) 00 to 373 mg Kg-I, respectively. On the basis of leaf analysis guide for nutrient 
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status of orangc tl'ees,. one-third orchards were found low in Zn and Mn, sufficient in 

eu and in 80 per cent high in excess for Fe, 

Patiran1. el at. (2000) further suggested that leaf analysis is the only useful tool 

for deterrnining the current rnandarin nutritional status for fertilizer application. 

2.4 Developnlent of diagnostic norms using DRIS 

Use of Beaufil's Diagnosis and Recolnmendation Integrated Systeln 

(ORIS) is quite a new approach on ,vhich little r'csearch has been initiated and 

therefore, a scanty literature is available to compare the findings of present 

investigation vvith DRIS, 

The dynalnic nature of leaf composition \.vhich is governed by a large number 

of inherent factors, environment and managen1.ent Inakes foliar diagnosis a cOlnplex 

exer'cise, A process involving multiple steps has been ·\·vorked out and is named as 

ORIS, \.vhich was developed by Beaufils (1971 and 1973) for improving nlaize 

production, He Jloted that in ORIS par'ameters, which have influence on yields, are 

irnportant factors while others have little or no influence on yields, It was assuI11cd 

that the irnportant parameters are those in which the variancc of the dcsirable 

population is significantly lo,ver than that of an undesirable popUlation, He has 

shown that the highest yields are obtained only \.vhen the valucs of irnportant 

parmnetcrs approach their optima, 

Sumner (1975) studied the pl'elin1.inary diagnosis of the NPK requil'crncnts of 

sugarcane irrespective of plant age and season using [)RIS and reported that DRIS 

was found to agree well \vith diagnosis by the sufficiency range or critical level 

appl'oaches, Because DRIS is based on nutl"icnt balance, it indicates not only the 

most lilniting nutrient but also the ordcr' in \,vhich other nutr·ients are likely to limit 

yield. 

Sumner and Beaufils (1975) reported that the greatel' accuracy of ORIS 

cOlnpar'ed w·ith the conventional approach may be due to its insensitivity to factors 

such as the age of the tissue, the position of leaf, and cultivar factors \'vhich can 
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strongly affect nutrient concentrations of the tissue and diagnosis produced by the 

critical concentration approach. 

Beaufils and Sumner (1976) developed DRIS nonns for soil test P" K" Ca and 

Mg to be applied to sugarcane culture on South African Soils. As '\-vith foliar nutrient 

values, soil test levels of the various nutrients were retained and norms were 

generated by averaging values fronl those observations associated \vith high yields. 

Coefficients of variation were also generated from these data and ORIS indices were 

calculated in a Inanner identical to the described by plant tissue data. 

Beallfils and SUlnner (1977) investigated the effect of tillle of salnpling on the 

diagnosis of the N, P, K, ea and Mg requirelnents of sugarcane by the ORIS approach 

and observed that ORIS was less sensitive to satnpling variables" and so could nlake 

accurate diagnosis using tissue of a time or age other than that nOrlnally 

recolnn'lended. 

Slunner (1977-a) derived foliar diagnostic norms for NPK in \vheat leaves 

using DRIS and reported that the prel iminary nOrIns appear to be appl icable to '\-vhcat 
• 

irrespective of variety and age at \vhich the leaf sanlple was taken. These n01"111S are 

able to correctly diagnose the requirements of the crop more than those based on the 

critical or sufficiency level approach. 

Data for corn previously published in the literature ,\-vere used to test the 

precision of the ORIS and critical value approaches by Sumner (1977-b). He sho\.-ved 

that the ORIS approach is not only superior because it is capable of Inaking valid 

diagnoses irrespective of crop age" but also able to rank nutrients in their linliting 

order on crop yield which emphasizes the importance of nutrient balance in plant 

nutrition. 

Sumner (1977-c) used the ORIS indices to interpret previously published data 

on the variation in N, P, K ea and Mg content in corn leaves. He observed that the 

ORIS approach is able to make consistent diagnoses of the order of requiretnent of 

above elements by the plant irrespective of position of the leaf on the plant and 

portion of the leaf salnpled within certain I ilnits. I-Ie also found that the diagnoses are 

cOlnpletely consistent if any whole leaf fr0l11 the Iniddle of the plant is sanlpled. The 
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sirnilar results were observed by SUlnner (1977-d), when he dcveloped prcliminary 

ORIS norms for soybean leaves from 1245 sets of data on N, P, K leaf composition 

and corresponding yields. l-le suggested that the advantage of the I")RIS systern in 

pr·cdicting nutrients ilnbalance even '\vhen the nutrients concentration in the plant is in 

or above the critical or sufficiency Icvel range. 

SUITIner (1979) compared the classical critical value approach '\vith the newcr· 

ORIS in evaluating diagnosis frorTI the some sets of data. He observed that ORIS is 

superior to the critical value approach in that it is able to Inake valid diagnosis more 

frequently because variations due to tissue age were taken into account. 

According to Jones (1981), though several wor·kers have shown that ORIS 

often produces more accurate diagnoses of nutrients element deficiency than 

conventional approaches, the cOITIplexity of the ORIS methodology has discouraged 

its use. I-Ie offered three ITIodifications of the ORIS methodology and clailned that 

these 1110difications can simplify its use and interpretation. 'rhese modifications later • 
have been refused by Walworth and Stunner (1987) "\;vith sorne discussion. 

Jones and Bo,\ven (198) sugges~that both locally calibrated crop log and 

DRIS approaches give slightly more accurate diagnoses of nutl"ient deficiencies than 

the conventional crop log approach on the I-lilo and J-Iambleur sugar companies of the 

Island of I-Iawaii. 

f:.iwali andG45dJ.o( 1983) obsc[·ved that application of nutrients during thc gl·and 

gro'\vth period (July) as indicated by ORIS indices significantly increased both cane 

and sugar yields, of sugarcane on Florida I-listosols (Medisaprists) over thosc 

obtained from plots '\-vhich did not receive fertilizers in July. The IJRIS indices for 

leaf nutrients during the grand gro,\vth period revealcd that a shortage of P and excess 

of K had been applied at planting, a fact \"vhich '\-vould have gone undetected by 

conventional nutrients level lTIonitoring. The increase in cane and sugar· yields frOITI 

the ORIS con-ective treatlTIent resulted prinlarily [room bctter nutrient balance as 

revealed by ORIS indices for leaf nutricnts late in the season. 
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Mayer () 981) also evaluated the ORIS based on leaf analysis for sugarcane in 

South Africa and observed that ORIS was reliable in diagnosing nutrients treatment 

despite ranges in the tissue sampled or the time of sampling. 

Erickson et aZ. (1982) predicted alfalfa P, K and S needs thl"ough ORIS and 

observed that when in the base treatlnent the nutrient having 100\vest ORIS index 

considered the Inost lacking and added, it increased as did the yield, \-"'hile the SUlll of 

indices declined. They conclude that the additional nutrient lIsing ORIS index was 

the proper treatlnent and found it correct. 

Though ORIS was often less sensitive to sampling variables, and so could 

make accurate diagnoses using tissue of a type or age other than that nonnally 

recolnmended in various crops, it was found sensitive to sampling variables i.e. type 

and age of the tissue sampled in citrus (Beverly et aZ. 1984). ORIS t"etlected changes 

in nutrients concentrations due to alternate bearing or crop load effects and agreed 

"vith sufficiency range method when concentration changes Vo.'ere sufficient to affect 

the latter method. I-Iunson (1981) also found that ORIS was sensitive to plant age for 

soybean plants nearing Inaturity. 

Elwali and Gascho (1984) observed that fertilization to the ORIS significantly 

increased both cane and sugar yields compared with those obtained \-vhen fertilization 

"vas guided by foliar analysis using the Critical Nutrient Level (CNL) approach Ot" 

soil testing In sugarcane. Differences "vere not significant between foliar analysis 

using CNL approach or soil testing. The high cane and sugar yields obtained by 

ORIS guided fertilization were distributed to the better nutrient balance as revealed 

by ORIS indices late in the season. Foliar analysis using the ORIS proved to be a 

better guide for fertilization of sugat·cane than the soil testing method cutTently in use. 

Letzsch and SUlnner (1984) investigated the effect of population size and 

yield level in selection of ORIS with a data bank comprising over 8000 observations 

of yield and tissue composition asseJnbled from a wide range of locations and 

conditions. They observed that the best banks "vere those, "vhich "vere large, random 

and had a substantial nUlnber of high yield observations. 
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Ehvali el at. (1985) conducted the study to detennine the ORIS reference 

nOI'ms of 1 I nutrients (N, P, K, Ca, Mg, S, Fe, Mn, Zn, Cu and B), A database of 

approxilnately 10000 observations of leaf nutrient concentrations and yield of corn 

gro'\vn in several states and countries '\-vas used to establish the norms on corn leaves, 

They excepted that the ORIS nonns should bc useful in diagnosis of nutrient 

imbalance in order to nlake adjustlnents in the nutritional status of corn plants, 

ORIS was applied for foliar diagnosis of soybean (Glycine Inax) using a data 

bank in excess of 3500 tissue samples, reference values for evaluating the status of 

soybean with respect to N, P, K, Ca, Mg, Mn, Fe, Cu, Zn, Mo, B and Al were derived 

(Beverly, 1986). He observed that ORIS diagnosis generally agreed with those 

obtained by the sufficiency range Inethod. I-Ie also identified geographic differences 

in DRIS nonns and suggests that regional derivation of diagnosis values may be 

necessary. 

Wahvorth and Sumner (1987) suggested that, there is particularly a need of 

data representing plants at various stages of gro,\-vth, and for evaluation of these data 

vvith respect to stability of various fonns of nutrient expressions that \1I",ill ultiJllately 

allow greater flexibility in tissue sampling a wider applicability of subsequent 

recolnmendations for '\-videspread routine use of DRIS. 

Bhargava and Chadha (1988) stated that the leaf nutrient guide appl'oach 

utilized in interpreting the leaf analysis, has severe constraint on the pel'iod dUI'ing 

v"hich leaf samples can be taken. ORIS provide the facility of taking sanlples at any 

stage of growth. 

The efficiency of predicting nutrient inlbalances and deficiencies in coconut 

were tested using ORIS by Khan et al. (198tl). 'rhey reported that based on the norrns 

developed nutrients application can be suggested for a targeted production. They 

further suggested that there is ample scope fOl' refincment of [)RIS nOl"l11S by 

sampling a larger population and utilizing it as an effective tool for fertilizer 

recommendation fOI- coconut. 

Ramchander and Shikhalnany (1989) Inade an attcrnpt to replace sOlne of the 

empirical methods involved in the calculations of ORIS norms by mathematical and 
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statistical basis. In the development of norms they brought out t"",o modifications and 

nutrient indices were worked out by the Inodified approach using the bloom time 

petiole nutrients contents of Thompson Seedless grape. Yield vvas considered as 

po"",er function of the loatios of nutrients contents instead of I inear functions. 

Secondly, in the grouping of plants as low or high yielding, the population rneans ± 

standard deviation was used instead of arbitrary categorization. In addition, the 

discriminate function is elnployed to maxilnize the di fferences bet"veen the two 

groups. 

Shanna (1991) applied the ORIS for developing N, P and K foliar diagnostic 

norms for potato, from 1536 sets of data on N, P and K composition and 

corresponding yields. He also suggested the usual thought that the diagnosis could be 

made for the deficiency of nutrients in the order of their requiloelnents. 

Bhargava and Raghupathi (1996) carried out a sUI'vey in the states of 

Maharashtra, Andhra Pradesh and Karnataka to study the present status of calcium in 

petioles of vineyards. The optilnum range of calciuln requirelnent in petioles of 

gl'apevines and soils was \vorked out using ORIS. 

Hundal and Arora (1996) observed that DRIS nonns al'e generally better than 

the diagnosis Inade by sufficiency range method, with the advantage that DRIS 

reflects nutrient balance, and identifies the order in which the nutrients are likely to 

becolne limiting. They further sho"ved that ORIS norms can be llsed irrespective of 

variety and position of leaf sampled fl'0111 the floral or non-floral panicles. 

Raghupathi and Bhargava (1998) developed I)RIS nonns of leaf and soil 

nutrients for POlnegranate in Bijapur district of northern Karnataka and optilnum 

range of nutrient in leaf and soi I \-vas recorded. They observed that the yield level of 

pomegtOanate ranging fl'oIn 15.5 to 18.8 t ha- I for the optimum ranges of nutrients. 

Sinli larly leaf nutl'ients diagnostic nonns for acid I inle fr0l11 50 orchards gr'ovvn on 

Entisols and Alfisols in Cuddapah district of Andhra Pradesh were developcd llsing 

ORIS by Varlakshmi and Bhargava (1998). 

Ragt}Pathi and Bhargava (1999) carried out a regional sUI'vey in 1 12 sclected 

comrnercial orchards of pornegranate. The diagnostic norms developed using 
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unvariable critical value approach (CV A)~ bivariate DRIS and multivariable 

compositional nutritional Diagnosis (CND) were compared. The differences in the 

norm values were noticed for N~ Ca, Fe and Zn between CV A~ DRIS and eND. They 

reported that the nonn values and identification of yield limiting nutrients ,"vere close 

to each other with DRIS and CND while there was no consensus \-vith CV A norms 

and diagnosis when several nutrients are lin1iting yield silTIultaneously, the diagnosis 

of mineral disorder by multivariate CND approach is required for higher diagnostic 

precision. 
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CI-IAP'TER III 

MATERIAL AND METHODS 

The study area for present investigation consists of Akola, Anlravati, Buldana. 

vVashinl and Yavatolal districts of Western Vidarbha in Maharashtra State. One 

hundred and fifty 111andarin or"chards. i.e. seventy-five each rroln Clll1bia (spring) and 

Inrig (sUl1ll11er) flushes each \vere selected in 52 different villages (Fig. 1). Care was 

taken that the age of nlandarin orchar"ds is in the productive age range of 10 to 13 

years. Representative leaf and soi I sanlples fTorn each Inandarin orchard were 

collected as recornnlended by Srivastava (1997). The set of these soil and leaf 

saillples \,vere analysed in the laboratory for nutrient status to provide diagnosis and 

nutrient lllanagernent for subsequent crops. 

This investigation is to generate the infonnation to develop soil and plant 

nutrient diagnostic nortns for Nagpur 111andarin uSIng Diagnosis and 

Recornnlendation Integrated SysteIn (ORIS) so as to arrive at the soil and plant 

characters or paranleters that contribute to the growth and yield of nlandarins in the 

area. The yields of t\VO seasons (flushes) viz., clIl1hia and Inrig flushes from each 

orchard on ditTerent soils \-vere recorded frOlll fanners as nurllber ofrruits per plant. 

The details of nlaterial and 111ethods adopted during this: 

ar"e presented under the following heads and subheads. 

3. I Material 

3. 1 . 1 Location 

3.1.2 Clinlate 
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3.1 Material 

3.1.1 Location 

The area selected fOl" the study covers a part of Akola, Anu-avati, 

Buldana. Washim and Yavatmal districts in Maharashtra State, where Nagpur 

Inandarin is extensively cultivated. It extends froln 19° 26( to 2 t 46' N Latitudes and 
0, <:), 

75 57 to 79 98 . E Longitudes. Within this area fiftY-hvo villages '.vere identified and 

list of cultivators along with information regat"ding the orchard is presented in 

Appendix I. 

3.1.2 Climate 

The clinlate of the study area is tl·opical rnonsoon type and characterized by 

three distinct seasons viz., sumrner ,",vith hot and dl"y \,vcathcr rr-oln Mat·eh to May~ 

rainy season-wann and rainy from June to Septe111ber and winter-dry with JniId cold 

fi"orn Novelnber to Fcbl·uary. The annual rainfall varics fl"0111 750 to 950 111111 

distdbuted ovcr 48 to 60 days. Based on the distribution of rainfall, the study area 

cornes undcr the "assured rainfall zone" (Buldana, Washinl, Akola and Al11l"avati 

districts). The average annual ten1perature I-anges fl·Ol11 26 to 40 nC. High 

temperature of 45°C or more are observed during May, while temperatures of about 8 

to 10°C are recorded in the l110nth of Dccel11ber and January (Thakre el al. , 2000). 

Monthly weather data for the year 1998-99 and 1999-2000 collected 

fro In Akola Amaravati, Buldana~ Washiln and Yavatrllal and recorded at 

rneteorological observatory of Dr. Panjabrao Ocshlnukh Krishi Vidyapeeth, Akola is 

prcsented in Tables I and 2 and figures 2 to 6 . 

3.1.2.1 Precipitation 

Mandarin has two flowering seasons in a year_ FlowCl"ing that occurs 

during February is called 'anlbia ' or spring flush and that during June- July is 'Inrig' 

or summer flush _ The rainfall data (Table 1) sho\,v the average pl-ccipitation of five 
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Table 1 : Monthly rainfall data collected from different locations of Western 

Vidarbha at meteorological observatory of Dr. PDKV Akola 

Table 1 (a) : Monthly rainfall data in rnm during the year 1998-99 

Month Akola Amravati Buldana Washirn Yavatrnal Average of 
five districts 

--- ------- --------_.-
May-1998 13.0 14.0 5.4 
Jun-1998 95.9 85.0 246.0 305.2 126.2 171.7 
Jul-1998 164.4 195.0 177.4 394.3 176.3 221.5 
Aug-1998 160.2 283.0 216.6 273.8 163.0 219.3 
Scpt-1998 225.2 351.0 310.8 205.6 185.4 255.6 
Oct-I998 80.3 28.0 1 12.8 65.4 7.0 58.7 
Nov-1998 67.8 43.0 65.4 34.4 62.4 54.6 

Dcc-1998 

Jan-J999 

Fcb-1999 46.2 40.0 8.0 41.4 27.12 

Mar-1999 0.06 0.01 
Apr-1999 

Total 840.1 1038 1129 1286.7 775.7 1013.9 

Table 1 (b) : Monthly rainfall data in 10m during the year 1999-2000 

Month Akola Amravati Buldana Washinl Yavatmal A verage of five 
districts 

-
May-l 999 29.6 19.0 39.8 68.0 31.3 
Jun-1999 191.8 151.2 144.8 284.4 200.7 194.6 
Jul-1999 138.2 329.7 138.8 283.0 271.3 232.2 
Aug-1999 297.0 238.1 163.8 326.0 258.1 256.6 
Scpt-1999 188.4 225.9 122.6 206.4 319.5 212.6 
Oct-1999 122.0 98.0 120.6 176.1 49.2 113.2 
Nov-1999 

Dcc-1999 

Jan-2000 

Fcb-2000 25.2 22.5 24.7 14.5 
Mar-2000 

'l'otal 992.2 1084.4 690.6 1315.7 1191.5 1054.9 
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districts of Western Vidarbha during ) 998-1999 and 1999-2000. 'fhe total average 

rainfall of Western Vidhrbha (average of five districts) during 1998-]999 and 1999-

2000 '\"'as 1013.9 mnl and 1054.9 1111117respectively. The total precipitation of Western 

Vidarbha during the alnhia flush (Feb. 1999 to Dec. 1999) i.e. frolll cllllbia flo'\vering 

to first maturation vvas 1082.1 111m and there V\/as no precipitation during stress period 

(l'\vo nlonths before flo'\vering in Dec. 1998). I-loV\/ever, the total precipitation during 

Inrig flush (June 1999 to March 2000) i. e. from Inrig flo'\-vering to fruit l11aturation 

'was 1023.1 111111 and it was 31.3 nlln dudng the stress period (May 1999) \",hich '\vas 

Inuch less. 

'rhe precipitation received at Akola, Amravati, Buldana, Washim and 

Yavatillal districts during al11bia flush V\'as 1013.3, 1101.9,690.6,1323.7 and 1208.2 

111m respectively '\-vhereas during Inrig flush it was recorded as 962.6, 1065.4, 690.6, 

1275.9 and ] 223.5 111111, respectively (Table 1). The condition of no or less rain fall 

dUI-ing the stress period is favorablc to mandarin crop for flo'\vering. The rainfall is 

required during tlo'\-ver initiation, initial fruit setting and upto pea size fruit 

developlllcnt for this crop. 'rhe alnount of rainfall dUI'ing the critical stages is of 

prillle irnporancre than the total alnount of I'ainfall during the year for gro",th and 

yield of mandarin crop. 

3.1.2.2 Temperature 

The temperature data Crable 2 and Fig_ 2 to 6 ) showed that the average of 

Inean air telnperature ( MAT) of five districts dUI'ing 1998-1999 and 1999- 2000 \vas 

22.90C and 29.4oC I·cspectively. The hottest 1110nths in 1998-1999 and 1999-2000 \vere 

May 1998 and May 1999 with the MAT of 35.2oC and 32.1 °C,respcctively 
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Table 2 : Monthly tcmperaturc data collectcd fronl diffcrcnt locations of 

Wcstcrn Vidarbha at meteorological observatory of Dr. PDKV Akola 

Table 2 (a) : Monthly tenlpcraturc data in °C during thc ycar 1998-99 

Akola Amravati Buldana \Vashim Yavatnlul Average 
Month MAT of 

Max Min Mean Max Min Mean Max Min Mean Max Min Mean Max Min Mean five 
districts 

May-1998 43.7 28.7 36.2 42.9 25.5 34.2 39.6 28.6 34.1 41.0 32.1 36.6 41.8 27.7 34.8 35.2 
Jun- 1 998 38.5 27.1 32.8 38.3 26.4 32.4 33.1 25.9 29.5 34.9 28. J 31.5 36.9 27.0 32.0 3 1.6 
Jul- 1998 32.8 24.2 28.5 33.0 24.0 28.5 29.2 23.2 26.2 29.9 25.6 27.8 31.2 23.9 27.6 27.7 
Aug-I 998 31.3 23.8 27.6 32.1 24.5 28.3 28.8 23.1 26.0 28.2 24.8 26.5 29.8 23.9 26.9 27.0 
Scp-1998 31. 7 23.1 27.4 32.5 22.4 27.5 28.0 22.5 25.3 29.0 24.5 26.8 28.4 23.3 25.9 26.5 
Oct-) 998 32.3 20.9 26.6 32.9 21.2 27.1 29.9 21.5 25.7 29.8 24.5 27.2 30.9 23.1 27.0 26.7 
Nov-1998 29.8 ) 5.4 22.6 32.6 ) 8.4 25.5 27.9 21.0 24.5 27.7 22.0 24.9 27.8 18.3 23.1 24. ) 
Dcc-I 998 28.8 8.5 18.7 26.5 13. 1 19.8 22.0 13. I 17.6 27.6 19.5 23.6 27.0 13.7 20.4 20.0 
Jan-1999 28.7 9.0 18.9 27.4 10.9 19.2 ) 7.0 12.2 14.6 28.4 17.6 23.0 28.8 14.8 21.8 19.5 
Fcb- 1999 32.2 I 5. I 23.7 30.4 16.3 23.4 20.0 15.5 17.8 30.0 21.5 25.8 32.5 19.7 26.1 23.3 
Mar-1999 37.8 17.8 27.8 36.6 16.9 26.8 30.0 17.5 23.8 36.3 26.4 31.4 37.2 23.8 30.5 28.0 
Apr-I 999 42.9 23.3 33.1 41.9 18.8 30.4 28.9 ) 8.0 23.5 40.3 21.1 30.7 41.8 27.3 34.6 30.4 
Average 31.6 18.2 24.9 31.3 18.3 24.9 25.7 18.6 22.2 29.5 22.1 25.8 30.3 20.5 25.4 22.9 

Table 2 (b) : Monthly tcmpcrature data in °C during the year 1999 - 2000 

1 I 'Average 
II Akola 1 Amravati I Buldana Washirn I Yavatrnal MAT of 

Month I I . 1 r 

_ p~IMil1!Meanl~a~IMi~I[\l[~ea~M~0inIMe~iM~xIMi~1Me~nIMaX\Mi~iMean:~~~ricts 
May -1999

1
40. 7125.8/33.3 14) .0127.2134. 1 b7.4.21 .1124.3 38.0129.8133.9 40.2 130.0i 35.1 32.1 
... I 1 1 I I 1 I I 1 I ... 

Jun-1999 1-,4.6.24.4
1
29.5 134. 1,25.3129.7 129.5,22.7j 26.1 13) .1,26.6

1
28.9 1.)3.4124.8129.1 28.7 

Jul-1999 131.3:23.5127.4 130.7124.5/27.6124.3'22.2123.3 129.0/24.4i 26.7129.2:23.7126.5. 26.3 

AUg-1999i30.0122. 7/26.4 /29.223.1 26.2 23.1'21.3122.2 127.3123.6 25.5128.9123.2\ 26.1', 25.2 

sep-1999j29.322.3 25. 8j28. 5122.8 25.7 122.5,2 I .2121 .9126.9123.1125.0 !28. Ij22.6125.4 24.7 

Oct-1999 31.21/19.1 25.2j30.7eO.5 25.6 i22.6'19.1120.9128.7i23.7126.2130.3i21.0125.7 24.7 

NOV-1999131.312.SI22.1 /2S.71 16 . O 22.4121.1:15.5/18.3129.3123.3126.3129.6117.6/23.6, 22.5 

Dcc- ) 999128.8 ! 9.8 I 1 9.3 127 . 0 1 0.6 1 8.8 11 7.8,1 2.91 I 5.4 27.2 ) 9.4 23.3 /27.4 h 4.91 2 1 .2 1 9.6 

Jan-2000 '30.2111.3i 20.8 128. 7)12.5! 20.6 jl7. 7'12. 7!15.2128.51t 8.9l23. 7 129.21) 6.5: 22.9 20.6 

FCb-2000!30.0113.5 21.8129.812.412).) 120.3115.8118.129.8121.11025.5129.1117.5123.3, 2).9 

Mar-2000 135.9 1 6.8 26.4 134.31 6. 7 25.5 13 1 .2 1) 8.21 24.7 35.9125.4 30.7 136.5122.71 29.6 I 27.4 

Average i29.4!t 6.8123.2128.6117.6 23.1 121.5.16.9119.2 27.6121.6 124.6 128.4119.5124.0' 29.4 
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\-vhereas the coldest month \-vas January 1999 in 1998-99 (Tenlp. 19.50 C) and 

December 1999 in 1999-2000 (Temp. 19.6oC). The MAT during Qlnbia flush (Feb. 

1999 to Dec. 1999) of Western Vidarbha (average of five districts) \-·vas 25.7oC and 

during stress period (in Dec. 1998 ) it \-vas 20.0oC . The MAT during Inrig flush (June 

) 999 to March 2000) was 24.2oC and during the stress period (May 1999) it was 

32.1 oC. 

The mean air temperature recorded under report was 26.7, 26.4, 21.6, 

22.7 and 27.6oC during all1bia tlush and 24.5 24.3,20.6,26.2, and 25.30 C during Inrig 

flush at Akola, Anlravati~ Buldana, Washim and Yavatrnal districts, respectively 

(Table 2). 

3.2 Methods 

The various methods followed during the present investigation are described 

in brief under the follo\ving heads. 

3.2. I Field 111ethods 

3.2.1.1 Selection of orchards 

3.2.1.2 Crop pararneters 

3.2.2 Soil satnpling and laboratory analysis 

3.2.2. 1 Collection of soil sample 

3.2.2.2 Processing and storing 

3.2.2.3 Soil analysis 

3.2.3 Leaf sampling and analysis 

3.2.3.1 Period of collection 

3.2.3.2 Selection of leaf on shoot 

3.2.3.3 Number of leaves. 

3.2.3.4 Leaf processing and storing 

3.2.3.5 Leaf analysis 
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3.2.4 Computation of ORIS norms 

3.2.4.1 Diagnosis and Recommendation Integrated System 

3.2.4.2 Oeveloplnent of ORIS nornlS 

3.2.1 Field Incthods 

The details of survey conducted and the field method adopted is descl'ibed as 

under 

3.2.1.1 Selection of orchards 

The sUl'vey of mandarin ,.vas conducted for leaf and soil sampling as 

I'ecolnnlended by Srivastava (1997) for two different seasons. One hundred and fifty 

bearing ol'chards, seventy-five each from alnbia flush and Inrig flush of 10 to 13 year·s 

old were selected from Akola, Amravati, Buldana Washim and Yavatmal districts of 

\Vestern Vidarbha region to study the nutritional status of soil and leaf of Nagpur 

Inandarin. 

3.2.1.2 Crop parameters 

The number of Nagpur Inandarin plants per hectare and yield pel· plant 

\-vere t'ccorded and prcsented in Appendix I. The plants per hectare rangcd bct\-veen 

237 to 277, Yield of fruits in tenns ofnurnber offl·uits per plant \-vas recol'ded in each 

orchat·d. 

3.2.2 Soil sampling and laboratory analysis 

The collection of soi' satnples and the furthcr processing \vas carTicd 

out as described as belovv. 

3.2.2.1 Collection of soil sanlples 

The circular band of 30 to 40 crn \vide underneath the perimeter of that 

tree f1'0111 which leaf samples were to be collected was selected for the soil sampling. 

The surface (0-30 cm) samples \-vere taken fronl the said circular band 30 to 40 crn 

avvay from stem and vvere kept separately, 
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3.2.2.2 Processing and storing 

l'he collected soil samples were kept separately accol'ding to orchard 

and high or low yielding sub-population. These sanlples vvere air dried in shade, 

ground gently in pestle and mortar sieved through 2 mIn sieve for detennination of 

available nutrients and through 0.2 mrn sieve for organic carbon and free calciurn 

car'bonate estill1ation, Thus processed samples of 2 mnl and 0.2 1111n size wel'C duly 

labcled and stored in clean polyethylene bags for fUI-ther analysis. 

3.2.2.3 Soil analysis 

The soil characteristics and different available nutrients detenllined 

through different methods in the laboratory are described as undeL 

Soil characteristics 

a) Soil pI-I (1 :2.5, soil:'\vater suspension) 

It ,\vas detcnnined by pI I 11letel' after equilibrating soil \\lith \vatel' f'Or 

60 rninutcs in the ratio of I :2.5 soil \-vater sllspension (Jackson, 1967). 

b) Electrical conductivity (EC) (1 :2.5 soil:'\vatcr suspension) 

Electl'ical conductivity of the soil \-vater suspension \-vas deterrnined 

using ELleO conductivity bridge (Richards~ 1954). 

c) Calciulll carbonate 

It was detennined by rapid titration method (Piper, 1966), Soil was 

treated \vith strong acid (standard HCI) and the amount of acid ,\vas equivalent to the 

calcium carbonate present. The left over HCI \-vas titrated \-vith standard NaOH using 

phenolpthelene as an indicator, 

d) Organic carbon 

It ,\vas dctermincd by V./alkley and Black Incthod (Piper~ 1966). 

Ground soil sample of 0.2 mIn size ,\vere used for estimation of organic carbon, Soil 

salnples \-vere oxidized by potassium dichoromate and concentratcd sulphuric acid 

l11ixtul"e and the anlount of dichrolnate rClllaining ,\vcre estilllated by back titration 
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\vith a standard ferrous alTII110niuI1l sulphate solution using diphenylanline as an 

indicatol', 

Available nutrients 

a) Nitrogen 

The avai table nitrogen from soi I 

pennanganate method of Subbiah and Asija (1956), 

was estill1ated by alkaline 

The easily oxidi7..<"lble organic 

nitrogen present in the soil was oxidized by potassium permanganate in the presence 

of NaOl-l by distillation, During oxidation, the released arTIll10nia was absorbed in 

boric acid to convert the amrTIonia to all1moniulTI borate, '\-vhich ,\vas titrated '\vith the 

standard sulphuric acid, 

b) Phosphorus (1)2 0 5 ) 

The Olsen's method (Olsen et ai, 1954) \-vas used for determining plant 

available P in soil in which phosphorus ,\vas extracted fronl the soil uSing 0.5 M 

sodiull1 bicarbonate (NaHC03), pl-l 8,5 as an extractant. Phosphonls ,\vas 

estilnated colourimetrically by adding all1monium Inolybdatc to -a_li1_uo-t. a.nd reducing 

the Illolybdenull1 phosphate cOITIplex in acidic nlediuln. The intensity of blue colol' on 

reduction as a nleasure for concentration of P in extract \-vas ,·ead on colourillleter 

using 730 nnl red filter. 

c) Potassiunl 

The available potassiuln i.e. exchangeable and water soluble K in soil 

\vas detennined in neutral nOrInal anl1110niuIll acetate (N Nll.tOAc) extract of soil. 

The extraction \-vas carried out by shaking follo'\-ved by filtration and the potassiUITI In 

extract '\vas estinlated flame photolnetrically (Jackson, 1967), 

d) Calciunl and rnagncsiunl 

Exchangeable (available) Ca and Mg were detennined in the same 

anliTIoniull1 acetate extracts of soil under K by direct titl'ation '\-vith El)TA, suggested 

by Jackson ( 1967). 
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e) Sulphur 

Sulphate sulphur in soil was extracted "vith Mor'gan's solution i.e. sodiurl1 

acetate-acetic acid rl1ixture Bal"iUI11 chloride was added to extract and bariulll sulphate 

\-vas pl'ecipitated, GUln acacia "vas used to stabilize the fine colloidal suspension of 

barium sulphate. The resulting turbidity "vas measured colorimetrically using blue 

fi Itcr (Jackson~ 1967), 

t) Micronutrients 

The soil ,vas satur'ated and leached \vith Diethyl trialnine penta acetic acid 

(DTPA) solution (pH 7,3); the leachate ,vas analysed for available 111icronutrients Fc, 

Mn, Cu~ and Zn using an Atomic Absorption Spectrophotometer (AAS) (Lindsay and 

NorvelL, 1978), 

3.2.3 Leaf sampling and analysis 

Leaf sanlples of Nagpur Inandarin froln the selected orchards \vere 

collected, processed as per the standard procedure and analysed for their nutritional 

contents, The detail Inethodology adopted for sampling and Chclllical analysis is 

given belo'\-v, 

3.2.3.1 Period of collection 

The leaf salnpling '\vas done at the leaf age of 7 months old during the 

month of October 1999 for alJlbia flush and 8 months old dUl'ing January 2000 for 

nlrig flush, separately, To distinguish leaves of right age, typical tvvigs were Inarked 

by tagging with suitable lable at the very young stage in advance for selecting the 

desired shoot as described by Munshi et al. (1978). 

3.2.3.2 Selection of leaf on shoot 

Only Inaturc leaves characterized by dull green colour having rough 

surface were coJJccted avoiding the ilTIlnature leaves, The non-fruiting terminals vver'c 

selccted for collection of leaves fi'oln Inarked t\vigs, The salnples \-vere at hcight of 

1.5 to 2,0 m from ground from all sides of tl'ee i.e, North, SOllth, East and \Vest. 

Selected leaves \vere fully exposed to the atlTIosphere, to avoid shading effects, The 

sarnple covered minimurl1 t'\vo per cent of the trees in the site selected fOI' the purposc. 
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3.2.3.3 NUDlbcr of leaves 

The final sample consists of minimum 100 to 125 leaves, \-vhich were 

collectcd in bro\vn paper bags and \,,'ere brought to laboratory for analysis. 

3.2.3.4 Leaf processing and storing 

The collccted leaf samples were subdividcd into four parts and were washed 

sequentially \vith t\vo per cent detergent, Nil 0 HCI, tap \vater and distilled \Vatel· and 

irnmediately \viped out llsing ordinary filter paper. Then thc samples \-vere dried at 

70°C and h0l110genized using grinder. The processed sanlples \verc preserved in 

bro\vn paper bags \vith appropriate labels and llsed for cheillical analysis. 

3.2.3.5 Leaf analysis 

The processed samples \vere analysed for different Inacro and 1l1icro­

nutrients viz.~ nitrogen~ phosphorus~ potassium~ calcium~ magncsiunl, sulphur, zinc, 

iron, manganese and copper using standard procedures as follows. 

a) 'I'otal nitrogen 

Total nitrogen in plant sanlples \vas deternlined by Kjcldahl 11lcthod in \.vhich 

cOlllplcx nitt·ogenous cOlllpounds in plant smnples \-vere converted into alll1l10nia and 

thcn to ammonium sulphate. Thc ammonia in the ammonium sulphate is released 

\\lith NaOH during distillation and absorbed in a kno\vn excess of standard sulphuric 

acid. The unutilized excess of standard l-hS04 is determined by a back titration \vith 

standard sodium hydl·oxide. The total nitrogcn is then calculated froln aanount of the 

standard ll2S04 neutralized by absorbed alnl110nia during distillation (Jackson~ 1967). 

b) I)igestion of sample 

For the nutrients other than nitrogen, the plant nlaterial \.vas digested in a di­

acid 9:4 l11ixture of HN03 :HCI04 • The samples \vere predigested \-\lith 25 ml HNC)3 

per graIn satnple to avoid explosion. Vo)ulne was Inade up with deionized \.vater and 

the aliquots of this solution \vere used for the detennination of P" K, Ca, Mg~ S" Fc~ 

Mn, Zn, and Cu. 
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c) Phosphorus in di-acid extract 

Phosphorus contained in the extracts was estimated by reacting the extract 

\vith vanadoll1olybdate fOl-ming yello\v colour cOll1plex in I-IN03 111ediul11_ The colour 

\-vas developed in about 30 minutes and the transmittance 01- absorbance of solution 

\-vas read at colourilneter using the blue filter (Jackson, 1967)_ 

d) Potassium 

Thc extract was diluted to appropriate conccntration and was directly 

atolnized to the flame photolneter at 548 nm \.vavelength (Jackson, 1967)_ 

e) Sulphur 

The sulphate content in the digest was detcnnined by bariunl sulphate 

turbidimetry method by reading the absorbance or transmittance of solution on 

colourimetcl- using blue filter_ 

f) Calcium and magnesiunl 

For calcium and magnesiuln, thc diacid digest \.-vas further dilutcd 50 

tinles and \vas estilnated by EDTA 111ethod (Jackson, 1967)_ 

g) Microllutrients 

Iron, 111anganese, copper and zinc content In diacid extract \vere deternlined 

using Atomic Absorption Spectrophotometer (AAS) (Jackson, 1967)_ 

3.2.4 Computation of DRIS norms 

Diagnosis and Recommendation Integrated Systerl1 (ORIS) developed by 

Beaufils (1973) as outlined by Bhargava and Raghupathi (1996), was Llscd for 

interpretation of results and soil fer-til it)' and leaf nutrient nonns \.vere developed to 

kno'\v the soil and leaf nutrient status and their relationship ",,·ith yield parameter_ The 

brief outline of the ORIS technique adopted in the study is Inentioncd as under. 

3.2.4.1 Diagnosis and Recommendation Integrated Systeln 

ORIS is a holistic system in \vhich as Illany yield determining factors as are 

capable of quantitative or qualitative expression are calibrated as a function of yield. 
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The interrelationship between plant, soil and environmental factors, as well as their 

relationship with yield are studied irrespective of whether any particular factor is 

known to have an influence on yield or not. This is essential because anyone of these 

yield determining factors may become lilniting in a particular case. Therefore to 

obtain as complete a picture as possible all factors must be studied for best results in 

diagnostic and recolnlnendation purposes. 

The ORIS system characterizes all the components like soil properties, 

clinlatic conditions, fanning practices, plant response~ yield in terms of indices \vhich 

are derived as comparable functions of yield (Sumner, 1977-a). Not only do these 

indices allow one to classify yield factors in order of limiting importance, but they 

also give an indication of the intensity \-vith which the plant requires a given nutrient. 

Because these indices rank the yield factor in order of litniting ilnportance, the 

autotnatically incorporate the concept of balance into the system. These indices for 

soil, plant and environlnental parameters constitute a set of calibrated nornlS that can 

be used for diagnosis and recolTImendation. 

The indices for soiL, clilllatic conditions and farming practiccs indicate \-vhat is 

offered or not offered to a particular plant at a given site. These indices are calibrated 

in terms of the nature and alTIOunt of a specified tt'catlnent, which is required. 

(SUI11ner, 1977-d). 

On the other hand, the soil and plant nutrient indices to \-vhich this 

investigation \-vill be confined simply indicate the nature and degree of nutrient 

balance in the plant at a given site. Soil and plant nutrient indices considered on their 

o\-vn do not give an automatic indication of the nature and amount of a particular 

elclnent which must be added to the soil, as plant response is a function of soil 

properties and plant response to treatments. 

Given a target yield under specified econolllic conditions the DRIS calibration 

systenl can be used to silTIultaneously bring the largest number of plant and 

environmental characters as close as possible to established optiITIUITI values. 

It is therefore the correct and judicious use of the cOInplete set of calibrated 

indices, which will enable one to establish the most appropriate practicc or treatment 
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for each particular case under consideration. Furthermore, although the application of 

the n10st appropriate treatment will increase the chances of obtaining a higher yield or 

production efficiency, one should bear in Inind that uncontrollable factors can ahvays 

playa part in I imiting the chances of success. 

ORIS nonns are developed from a survey of Nagpur Mandarin In ,vhich soil 

and leaf samples \-vere collected and yields were recorded. The most irnportant 

advantages of ORIS approach are its ability to 

I. make a diagnosis at any stage of crop developrnent. 

ii. list the nutrient elements in their order of limiting itnportance on yield. 

Ill. indicate not only the most limiting nutrient but also the order in \vhich 

other nutrients are likely to limit yield (Bhargava and Chadha, 1988). 

3.2.4.2 Development of On.IS norms 

In the simples case, the nonns of three selected nutrients can be related to one 

another in a so called ORIS chart in which specific circle is dra\vn and the degree of 

irnbalance of nutrients is denoted by particular an·o\vs. Although the use of this 

diagrarn enables one to make three nutrient diagnosis, ORIS also provides a n1cthod 

of developlnent of norms. 

Following is the procedure explained derived the nonns for fertility status of 

soils and leaves. 

The mean of high yield orchards constituted the rncan for optin1ulll. The 

standard deviation (SO) of high yielding population is associated \-vith the particular 

parameter. The range of "OptilnuIl1" is the value derived froln n1ean - 4/3 SO to rncan 

+ 4/3 SO. The range of '''Io''v'~ \vas obtained by calculating Jnean --4/3 SO to rncan -

8/3 SO, and beloW the mean-8/3 SD was considered as deficient. The value from 

1l1ean + 4/3 SO to Inean + 8/3 SO vvas taken as high and the value above 1l1Can +8/3 

SO \vas taken as toxic or excessive (Bhargava -. , 1995) 

The steps adopted for dcveloplnent of ORIS norms are described belovv. 
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1. Survey"rcchnique 

In ORIS approach a survey technique was employed where total 150 

orchards; 75 each in all1bia and n1rig flush randomly distributed through the study 

area were selected. Orchards were selected in such a way that these can represent 

general tree conditions of areas under study. In one site~ an orchard vvhich was 

centrally located and had similar topography (slope) with near by orchards of that site 

\vas taken for study. 

2. Establishment of data bank 

In this step the paraJneter to be improved and thosc factors likely to affect 

theln defined. The paranlcter to be ilnproved was yield per plant of each Nagpur 

lnandarin orchard and other factors were soil fertility and leaf nutrient status. 

'rhe soil fertility factors vvere soil pH, EC~ organic carbon content~ free 

calciuln carbonate (CaC03 ) content, available nutrients contents viz., N, P, K, Ca, 

Mg, S, Fe, Mn, Cu. and Zn. 

In case of leaf nutrients N, P, K, Ca, Mg, S, Fe, Mn, Cu. and Zn. were 

considered. 

3. Collection of reliable data 

All the reliable data available froIn filed and laboratory as Jnentioned above 

""vas collected. 

4. Dividation of population 

For a normal distribution of observations the mean of the all the valucs 

provides an accurate estirnate of the peak or maxilnuln value. Unfortunately, fe\.\' 

populations of soil fertility status or foliar nutrient data collected in the field l11ay not 

be nonnally distributed. Generally low yields are more frequently associated ""vith the 

lovv than high soil or plant nutrient status. This should not be surpl·ising because 

although excessive nutrient can certainly induce lovv yields, farnlers producing lovv 

yields are Inore likely due to under than to ovcr fertilizc. Therefore, sllch type of poor 

distribution l11ay be nl0re indicative of agricultural practices than of plant responses. 
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Nevertheless~ ske,"Yed distributions can represent a problem if such data arc to be used 

for standard value generation. 

In ORIS, this difficulty has been overCOInc by dividing data sets or 

populations of observations into high and low-yielding subgroups; then averaging 

values only from high-yielding group are used to obtain estimates of pararncter 

optirna have OVCrC0J11e this difficulty. In addition, the coefficients of variation (CVs) 

of the high yielding data provide a measure of the l-elative spread of breadth of the 

yield response surface at upper yield levels. The actual cut off value used to divide 

high and lo'\v yield gl'OUpS is not critical as long as the high- yield data renlain 

normally distributed. In practice, chosen cut off values usually represent yields that 

'better' fanners routinely obtain (Walworth and Sumner, 1987). 

In Vidarbha the Nagpur mandarin orchar'ds are generally classified into thr'ee 

classes on the basis of yield viz . ., low «400 fruits per tree), mediuIn (400 to 700 fruits 

per tree) and high (>700 fruits per tree) yielder. For the purpose of dividation of data 

into t'"YO sets i.e. Jow and high yielding subpopulation, principle explained by Dey and 

Singha (1998) is adopted \vho categorized low yielders as declining and rnediulTI to 

high yielder as healthy orchard. In present investigation the '\vhoJe population \-vas 

divided in two groups based on "high~' and ~'low'" yield performance. The cut off 

value for dividing low and high yield vvas 400 fruits per tree for each orchard. 
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5. Formation of Expressions 

For each pair of nutrients or parameters there are three fonns of 

expression that Inay be considered. pI-I and Ee, for example, can be related as the 

ratio pH/EC, as the inverse ECI pl-l or as the product pH x EC. In ORIS caluclation 

only one expression is used to relate each nutrient pair. The fonn of expression 

(pH/EC~ EC/pl-1 or pH x BC) found best to discrirninate between the high and low 

yielding subpopulations selected for use "vithin ORIS calculations, are those with the 

largest variance ratio (Variance of low yielding -7 Variance of high yielding 

population). As such as many nutrientsl pararneters pairs as possible "vere expressed 

for each index. (Appendix II, III, IV, and V) separately for soil parameters and leaf 

nutrients_ 

6. Calibration of parameters 

To study the relationship behveen yield and the paraJnctcrs I ike soi I 

c0l11position, leaf composition etc, following steps were used_ 

a. "The mean of each sub population vvas calculated for various fonns of 

expression. 

b_ The variance ratios between yields of sub population for all forms or 

expressions \vere calculated together v"ith the coefficients of variations (CYs) 

(Appendix II, III, IV, and V). 

7. Calculation of DI~IS index 

Finally, based on significant variance ratios, formulae \vere \vorkcd 

out to calculate the ORIS indices for soil fel-tility and leaf nutrient status of Nagpur 

rnandarin for all selected orchards. 

Formulae to calculate ORIS indices developed are as follo"ys. 

A) For soil under anlbia flush. 

pH = I - EC OC. pH pH pll 
14[-.I(pH) - f( PH) + f(pH XCC) + -/CN ) + fCp ) + fC K ) + 

./C pH ) + ./C pH ) + fC pH) + f( p!I ) + j'C pH ) + f( pH ) + f( ~H) + f( pH)] 
Ca Mg S r'e Mn Cu Zn Y 

..... ( I ) 
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Equation (1) is solved in the following manner 

In equation (1) -

a) j.(EC) = [EC/PH -IJ 1000 
pl-I ec/ph CV 

.... (2) 

EC ec 
When, > and 

pH ph 

r( Ee) = [1 - ec/ph J 1000 .............. (3) 
. pH EC/pl-l CV 

EC 
When, _-

pl--l 

ec 
<-

ph 
and 

b) EC is the value of ratio of the tvvo parmTIeter (EC and pH) in the soil being 
pH 

diagnosed. 

c) ec is the actual value of the ratio ( which IS the mean value of high 
ph 

yielding orchards) of EC (dSm- l
) and pH. 

d) CV is the coefficient of variation of high yielding orchards associated with 

the norm. 

e) 14 is the number of functions comprising the nutrient index. 

t) In either case 1000 lTIultiplier in the function equations is 100 x 10 ,,\lith the 

value 10 being included as a matter of practicability to give the resultant indices 

convenient ITIagnitudes and having no actual functional purpose. The value 100 is the 

denOlTIinator of the coefficient of variation expressed as a per centage. 

g) OC is used for organic carbon (0/0) and CC for calciutTI carbonate(%). 
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h) Y indicates the yield. 

The need for t\.-vo separate function equations, dependent on \.-vhether the 

san1ple ratio is smaller than or larger than the norm (mean value) can best be 

explained in the following manner. 

The function of 
EC 
pH 

is used In the calculation of indices for both soil 

parallleters EC and pH. When calculating the pH index, f( :~) is added to the other 

functions prior to averaging (Equation 1). However, this same function I( EC) is used 
pH 

vvith a reversed sign in calculation of the index for other parameter for exaJnple 

EC 
f(pH) in equation (1) is negative which is used vvith positive sign in equation (4) for 

calculation of index EC. In other words, because the value of each ratio function \.-vas 

added to one index subtotal and subtracted froln another, all indices were balanced 

around zero. Therefore nutrient indices sums up around zero (Bhargava and 

Raghupathi, 1996). The higher negative index showed that the corresponding 

nutrient parmncter was relatively deficient. Alternatively, a large positive index 

indicated the nutrient \.-vas excessive in quantity. As such, the order of plant 

requirement is given by the most negative index being the Inost required and the l110st 

positive, the least. Each "function" is a cOlnparison of the ratio found in the individual 

plant sample with the mean for that ratio. In the similar Inanner the indices were 

calculated for other parameters and/or nutrients for soil and leaf cOlnposition. These 

formulae are expressed as under. 
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EC = _1_[ r (EC ) + r (EC x OC )+ I (EC X CC) + I (EC ) + r (EC ) + l (EC ) 
14 . pH . N . P . K 

, Ee EC EC EC EC EC ,EC . EC 
+ j (Ca )+ f( Mg )+ f(--s)+ f(Fe-)+ f(-Mn )+ I( CU )+ f ( Zn -)+ f(y-)] ... (4) 

OC = 1 ~ [f (~~ ) - f (EC x OC ) - f (~~ ) + f (o~ ) + f (O~ ) + f (o~ ) 

. OC OC OC OC OC OC OC ... (5) 
+.1 (--)+ f(--)+ f( --)+ f(--)+ f(OC x Mn) + f( ---~)+ f(-,-)+ f(---)J 

Ca Mg S Fe Cu Zn Y 

1 ( ee ce . ee ec cc = 14 [- f(pH x CC) - f EC x CC )- f( OC ) + f(~) + f (-p-) + .f(~) 

+ ,f'( CeCa) ( ce) I(ee ( ee cc (ec cc ,CC (6) + . M ()' + x S) + . ~ ) + .f (Mn ) +, (-Cu ) + f (Zn ) + f ( y )] ... 
b 

N = _1_ [_ I (pH ) _ f (EC ) - f (oc ) - f (ee ) + f ( ~) - f ( ~) 
14 N N N N P N 

, N N S Fe Mn Cu Zn N 
+.f (Ca )+ f( M<7 )- f(N)- fCN )- f(~)- f(~)- f(~)+ fey)] 

o . . . (7) 

p = _1_[_ .f (pH ) _ f (EC ) _ .f (OC ) - ( CC ) - f (~) - f (~) 
14 P P p' p p p 

_ f (Ca ) _ f (Mg ) _ f ( ~) - r ( Fe ) - f (Mn ) - f (eu ) - I ( ?:n -) + f ( ~)1 
p p p' p P' P P Y ... (8) 

Ca = _1_ [_ f (pH ) _ f (EC ) _ I (OC ) _ f (CC ) - f ( ~) + I (Ca ) 
14 Ca Ca Ca Ca Ca P 

_ l(~)- I( Mg )- I(~)- I(~- )- I( Mn )- I( Cll )- f(~n -)+ f( Ca )] ... (10) 
. Ca Ca Ca Ca Ca Ca Ca Y 

Mg = -]-1- l ( _E!i_) - f (EC ) - f (OC ) - f (cc ) - f ( ~) + f (Mg ) 
14 . Mg Mg Mg Mg Mg P 

- f ( _IS_) + r (~!?--) + f ( MS!?_) + f (MFg ) - f (MMn ) + f (Meg ) - f (M
zn 

) + f (~yg -)] ... (11) 
Mg . Ca e g u g 

s = _1_[_ I( pH ) _ f( EC ) - f( OC ) - I (CCxs )+ f(~) + f(~) 
14 S S S N P 

+ I( ~)+ f(~)- I( Mg )- I(!e )- I( Mn )+ f( ~)- f( Zn )+ I( ~)] 
K . Ca S S S ell S Y ... (12) 
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, 1 ,pH ,EC ,OC ,CC Fe Fe 
I·c = -[-.I (-) - j (-,-) - f (--) - j (-) + f(-) + f(-) 

14 Fe T-'e Fe Fc N P 
,Fe ,Fe ,Mo Fe Mn Fe Zn Fe 

+j(K')+j(Ca )-./( F: )+f(s)-f(Pe )+fCCu )-f( Fe )+f(-y-)] ... (13) 

1 pH ,EC (. CC Mn 
Mn =-f-.f(-)-j(-)-I OC x Mn)-I(-)+ f(-) 

14 Mn Mn Mn ' N 
, Mn Mn ,Mn Mn Mn Mn Mn Mn Mn 

+ f (--p' )+ Ie 'K-) + / (-c. )+ I( M )+ f( -s )+ Ie l'~-)+ I( -c )+ fC- )+ I( ._)] (14) 
d g ·e u Zn y ... 

ell = . !_ [ _ I ( .e!i) _ I ( EC ) _ .f (OC ) _ .r ( cc_ ) + I (~u ) -I- l ( Cll ) + r ( Cll ) + I C c~.) - f C Mg ) 
14 Cll Cu Cll Cll N' P 'K Ca Cu 

_ Ie ~ ) - I( ~c) _ f(Mn) _ f(!-n) + ICCl~)] ... (15) 
eu ell Cu Cu Y 

Zn = -'-I-f( pH ) _ f( 1:~C ) _ f(OC ) _ IC CC 
) + I( Zn ) 

14 Zn Zn Zn Zn N 
Zn ,Zn ,Zn ,Zn Zn Zn Mn Zn Zn 

+f(-p )+/C'Z)+/(Ca)+/C
Mg 

)+ICS )+I( Pc )-f( Zn )+f(Cu )+f(~y .)] ... (16) 

y = _1_ r _ r ( E!__!_) _ I (EC ) _ j' (OC ) _ I' CC - I' (~) - I' (~) '4 'Y Y Y' Y 'y . y 

-l(~)- f( c; )- f( M; )- f( ~ l- f( r:;~l- f( M;_l_ f( C~ l~f( z; lJ ... (17) 

B) For soil under Inrig flush 

pll = _1_ [ l (pH X EC ) + l ( ~) + l (pH X CC ) + l (pH ) + l (pH ) + f (pH ) 
14 . . OC' . N 'P K 

,pit ,ptl ,pH ,pH pH ,pH ,Zn ,pH 
+ .I (Ca ) + .I ([\..'1g ) + .I ( S ) + j ( Fe - ) + f (-lV'ln ) + .I (eu ) - .t ( PlI') + .I ( 'y')] ... (18) 

'( , ) pH x EC 1000 \vherc, f pH X EC = [ ... ---- - l]x -'- (19) 
ph x ec CY .. , 

When pH x EC > ph x ec 

( 
_,) ph x cc 1000 

m1d r pH X hC =[l----]x-- (20) - pH x EC Cy· .. 
When pI-I x EC < ph x ec 

pH X EC is the actual value of product ofplJ and EC (dsn1-1) in san1ple under diagnosis and x 

cc is the ll1ean value of high yielding sub-population. 'rhe other tern1S in the fonn of ratio or 

d 
pH and so on are derived in a sirnilar way using their mean pro uets'viz. f ( oc -), f (pll x CC) 

values of high yielding subpopulation as ph loc , ph x cc and like\-vise . CV is the coefficient of 

variation for high yielding orchards. The fonnulae for rest of the parmneters are solved by the 

procedure dcscdbed under equation (1). 
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1 ( ) ( ) ( EC EC EC EC = 14[-f pH X EC + f EC X OC + f EC X CC)-t- f(N)+ f(p)+ .l(K) 

+ f( EC )+ f( EC )+ f( 5S:_) + f(EC X Fe)+ I( EC )+ I( EC)+ f( :C )+ f( Ee_)] ... (21) 
Ca Mg S Mn Cu Zn Y 

OC = _1 [_ f( pH ) _ f(EC X OC)- l( CC ) + f OC + f( OC ) - I(~) 
14 OC . OC N P OC 

+ f(~~)+ f(~~)+ f(OsC)- f(~~)+ f(~~)+ f(~~)- f(~~)+ f(OyC)] ... (22) 

cc = _1 [ _ l (pH X ec ) - f (EC X oe ) + f( ce ) + f C ee ) + (C ce ) + f C cc ) 
14 . OC N' P K 

. CC ec ec (ec). ce ce ec . ec + j C -- --)+ f(-)+ f(~)+ f - + j (--)+ f( - -)+ f(~)+ j C ---- -)] 
Ca Mg S Fe Mn Cu Zn Y 

... (23) 

1 pH EC OC ee N K 
N = -[- (C-) - f(-) - f(-) - lC-) + f(-) - lC-) 

14 . N N N' N P' N 

Ca Mg S Fe Mn . eu Zn N (24) 
- f(N)- f(~)- f(N)- f(N)-: f(N--)- j (~)- fC--N )+ fC y )]' .. 

p = &[-.l (p; ) -f ( E~ ) - .f (0; ) - f (C~ ) - f ( ~ ) - .f ( ~ ) 
Ca Mg . S Fe Mn . eu Zn P - (25) 

-f(-p)- .f( -p----)- f (p)- f('p)- .f(p--)- f (p)- f(p)+ .f(y).1 ., . 

1 pH EC . OC CC Ca Ca 
Ca = -[-f(-) - f(-) - j (-) - f(-) + f(-) + f(-) 

14 Ca Ca Ca Ca N P 
... (27) 

K Mg S Fe Mn Ca . Zn Ca 
- f(- )- f(--)- f(-)- f(-)- f(--)+ f(--)- j (-)+ f(-)] 

. Ca Ca Ca Ca Ca Cu Ca Y 
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1 ,pH EC OC . CC . Mg Mg 
Mg = -[-j(-) - f(-)- [(-)- f(-)+ ./(-) + [(-) 

14 Mg Mg Mg Mg N P 

K . TVlg. S . Fe Mn . Mg . Zn Mg . 
-f( i\-l)+/( C-)-[( M--)-f(-M )-f( M --)+.f(-C -)-.f(M-)+fC-y---)] (28) Ig a g g g u g .,. 

S 
1 L (pH . EC ' OC CC ,S S = __ (-)- j(-)- 1(--)- f(-)+ 1(-)+ (-) 

14 . S S· S S·' N ' P 

S ,S . S . Fe . Mn S., Zn . S - (29) 
+ {(_ -)+ 1(- -)+ I ( -)- I (-)- 1(- -)+ f(- -)- f (--)+ 1(-)] ... 

, K . Ca . - tv1g· . S . S Cu' S . y 

1 pH Fe CC Fe Fe 
Fe = J.4[-f( Fe ) - f(EC X Fe)+ fC

OC 
) - f( Fe ) + feN) + f(p) 

. foe . Fe . Fe Fe. Mn Fe Zn Fe - - - (30) 
+ j (- - -) + f (- --) + f C - ) + f (- -) - f ( --) + f C - -) - .f ( - -) + .f ( -)] 

K Ca Mg S Fe ell Fe Y 

Mn = _1_[_ f( pH ) _ f( EC ) _ I( OC ) _ f( CC ) + I( Mn ) +- f( Mn ) 
14 Nin Mn Mn Mn N P 

. Mn . Mn . Mn , Mn , Mn , Mn Zn . Mn -
+ f (- -)+- IC- :..-)+ j (- -)+ j (- -)+ f ( -~-)+ f (- -)- f(- -)+- j (- -)] 

K ea Mg S I'e eu Mn Y - - - (31) 

ell = _1_ [ _ I (pH ) _ f ( EC ) _ f C OC ) - f C C:C 
) + [( Cll ) + / (Cll ) 

14 Cll Cli Cli CLl N P 
K Ca . Mg , S ' Fe Mn Zn Cll 

_/( _, )-/(--)-/(-)-/(--)-/(-)-/(-. -)-/(-,-)+[(-)] (32) 
Cli CLI Cu Cli eu Cli Cu Y' .. 

Zn = _1 L 1'( Zn ) _ ( EC ) + (C Zn ) _ {( cc ) + (C Zn ) 
14' pH ' Zn ' OC . Zn - N 

Zn Zn Zn Zn , Zn Zn Zn , Zn Zn ("'> "'» 

+- lC --)+ {C- )+ j'C- -)+ [( - -)+ 1(- )+ f(---)+ (C -)+ f (--)+ [(- -)] - ., _,_, 
, P . K . Ca . Mg , S fe' Mn . Cu . y 

y=_l L_f(PI--l)_f(EC)-f(OC)-f
CC -f(~)-fC~) 

14 . Y . Y Y Y Y y 
K Ca Mg S Fe Mn eu Zn 

-f(- )-f(- )-f( --)-f(--)-fC-)-f(--)-f(--)-f( -)] ... (34) 
Y Y Y Y y y y y 
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.. C) For leaves from olnhio flush 

N = ~f-fl~)- flK _ Ca . Mg, . <::> Fe , Mn C -lOl N . N) flN)-.!lN)-j(-)-f(-)-.t(-)-f(· u_)_ j"(Zn) I f"(N)\ . N N N N' N . Y ... (35) 

Where~ 
fC~) = [PIN -1] X 1000 

N pIn CV 

when 

and 

P P ->-
N n 

r(~) = [1- pin] X 1000 
'N PIN CV 

when 
P P 
-<-
N n 

... (36) 

... (37) 

PIN is the 'actual value of ratio of P (%) and N (%) in sample under diagnosis 

whereas pIn is the mean value of high yielding sub-population and CV is the coeffi­

cient of variation for high yielding population. Similarly~ the other indices were calcu-

lated by using the fonnulae given belovv. 

P = -l-ll(~) + f(P X K ) + f(~) + f(P X Mg) + f(E_..) + f(P X Fe) + 
10 . N Ca S 

fC-P -) + f(~) + f(P X Zn) + f('!_)] 
Mn Cu y 

K = _l_[f(~) - fCP X K ) + fC~) + f(K X Mg) + f(~) + fCK X Fe) + 
10 N . Ca S 

fC~) + f(~) + fCK X Zn) + f(~)] 
Mn Cu Y 

1 Ca p K Mg Ca Fe 
Ca = -[f(-) - f(-) - f(-) - f(--) + f(-) - f(-)--

ION Ca Ca Ca S Ca 

Mn eu ZI1 Ca . 
fC--) - f(-) - f(-) + f(-)] 

Ca Ca Ca Y 

Mg = _1 lrC Mg )- rcp X Mg)- f(K X Mg) + fC
Mg

)+ fC
Mg

)+ f(Mg X Fe) + 
10' N . Ca S 

f( Mg) + f( Mg) + f(Mg X Zn) + fC Mg)] 
Mn Cu Y 

s = -fo-( f (~ ) - f (: ) - f (~ ) - f (c: )­

f C Mn ) - f (Cu ) - f C ~) + f (yS )] 
S S S 
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) _ .l (F: )-

... (38) 

... (39) 

... (40) 

... (41) 

... (42) 



I Fe Fe 
Fe = lOlf(N) - f(P X Fe ) - f(K X Fe) + f(Ca ) - f(Mg X Fe) + 

Fc Fe Fe Fe 
f(-, ) + f(--) + f(-.. -) + f(Fc X Zn) + f(-)] 000 (43) 

S. Mn ell Y 

Mn = _I_[)o( Mn ) _ .f(-P-) _ _ l(~) + .f( Mn ) _ f( Mg ) + f( Mil )_ 
ION Mil Mn en Mil S 

f ( Fe ) + .f (Mn ) _ f ( Zn ) + .l (Mn )] 0 0 • (44) 
Mil eu Mn Y 

ell = -I-[l(~)- f(-I->-)- l(~)+ f(~)- l(Mg )+ l(~)-
10 . N eu . Cu Ca 0 Cu . S 

Fe ivl11 211 Cli (45) 
f(--) - 1(--) - f(--) + f(--)] ... 

ell - Cli eu - Y 

Zn = l~ Lr( ~1 ) - .r(p X Zn ) - f(K X Zn) + .l( ~: ) - .f(Mg X Zn) + 

lC Zn ) _ j-(Fe X Zn) + .l( Zn ) + .r( Zn) + _l(Zn)] .. (46) 
. S Mn en Y 

y = _1_[_ l(~) _ f(~) _ j'(~) _ {( Ca ) _ f( I'vIg ) _ {( s ) _ j'( Fe ) 
10 . Y . Y y' y . y . y y 

_ f ( M n ) _ /- (ell ) _ f (Zn )1 
y . y y 

D) For leaves froID Inrig flush 

Follovving equations also should be solved as described in equation 35 ~ 36 

and 37 uncler the n01'n1S [1'on1 I'nrig flush. 

00. (47) 

I r . P -( K .(ea) f' 1\I1g) .(N f Fe) - N) .( N) f( N) feN)] (48) N=-·· -/(-)-/ -)-f --- - (-- +) -)- (- +/(- +/ -- + . --- + - .. 
10 . N . N . N . N S' N . Mil . ell Zn Y 

I . P. . _ P 
P = -[ I (-) + I (P X K ) -I- I (P x ea) + t (P X Mg) + f(-) ... f(P X Fe) + 

10 - N' . - s 
p p P P ... (49) 

{(--) -+ f(--) + f(-) + f(-)1 
- Mn . ell . Zn . y 

K = _1_[ f(_!:S_) - {(P x K ) + {(K X ea) + f(K X Mg) + f( KS_ ) + .l(I<. X Fe) + 
10·' N" _. 

l(-~) + f( K ) + f(~) + r(_!:S_)] ... (50) 
- Mn ell Zn' Y 
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Ca = /o[f(~)- f(PXCa)- f(K XCa) + f(Ca x Mg)+ f(C;)+ f(Ca x Fe)+ 

f(Ca )+.f(Ca)+f(Ca)+f(ca)] .. , (51) 
Mn Cu Zn Y 

I Mo Mg 
Mg = -[f(__E_)- f(PX Mg) - f(K X Mg)- f(Ca X Mg)+ f(-) + f(MgX Fe)+ 

10 N S 

f( Mg) + f( Mg) + f( Mg) + f( Mg)] ... (52) 
Mn Cu Zn Y 

s = ik- l - f (~ ) - f (~ ) - f ( ~ ) - f (C: ) - f (M: ) - f (F: ) + 

f ( S ) +- f (_S_) - f (Zn ) + f ( ~)] 
Mn Cu S y 

Fe = _I_[f( Fe) _ f(P X Fe ) - f(K X Fe) - f(Ca x Fe) - f(Mg X Fe) + 
10 N 

f ( Fe ) + f ( Fe ) + f ( Fe ) + f ( Fe ) + f ( Fe )] 
S Mn eu Zn Y 

... (53) 

.. (54) 

Mn =_l_[_f(~)_f(~)-f(~)-f(ca )_f(Mg)_fC-S_)-
10 Mn Mn Mn Mn Mn Mn ... (55) 

f( Fe )_fC Cu )_f(~)+fCMn)] 
Mn Mn Mn Y 

1 N P K Ca Mg S 
eu = -[-f(-) - .f(-) - f(-) - f(-) - f(-) - f(-)-

10 Cll ell Cu eu Cu Cu ... (56) 

f (~: ) + f (~~ ) - f (~: ) + f (c:; )1 

1 N P K. Ca Mg 
Zn = lO[-.fC

Zn
)- fC

Zn 
)- .f(Zn)- fC Zn )- fC Zn 

f C Zn ) _ f ( Fe ) + f ( Zn ) + f (Zn ) + f C Zn )] 
S Zn Mn Cll Y 

) + 

... (57) 

y = -l-[-fC~) _ f(~) - f(£) - f(Ca ) - f( Mg ) - r(~) - f( Fe) 
10 Y Y Y Y Y' Y Y 

- f( ~n ) - f( c; ) -f( 7~ )] 

... (58) 
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8. DRIS Index Interpretation 

After calJulating DRIS indices~ one should know how the 

interpretation be made to obtain optimum yield. Following are ways to interpret the 

indices. 

In first case~ in general the more negative is an index, the more lacking 

In the nutrient or parameter it represents relative to other parameter llsed in the 

diagnosis. Alternatively~ a large positive index indicates that the corresponding 

nutrients are present in relatively excessive quantity. 

Ho"vever, secondly, it is important to recognize that an individual 

nutrient is not necessarily present in optimuIn concentration if its index equals zero. 

If, for instance~ results of a diagnosis were as follows. 

Parameter A B C D E 

Index 0 +8 +8 +8 
-24 

One could accurately say that, of all nutrients tested, A having the 

most negative index, was relatively least abundant, and was I ikely to be yield 

limiting. Although B index equaled zero, it was relatively less abundant than C, 0 or 

E and was the second most needed parameter in this diagnosis. The C, 0 and E levels 

were excessive relative to A and B. In this example C, 0 and E may have actually 

been more yields liIniting than B, for instance. I-Iowever, because parameters can in 

practical terms be added but not taken a\vay, the recommendations froln such 

diagnosis include supplementing the supply of A and to a lesser extent B, even 

though the B index equals zero. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

Data generated during present investigation are presented and discussed in this 

chapter under follo'\ving heads. 

4. I Location and general information of Nag pur mandal"in orchards 

4.2 Soil fertility status of Nagpur mandarin orchards 

4.3 Leafnutdtional status of Nag pur mandarin orchards 

4.4 ORIS nonns for soil fertility status 

4.5 ORIS nonns for leaf nutrient status and yield 

4.6 COInputation of ORIS indices 

4.1 Location and general information of Nagpur mandarin orchards 

The study area covered Akot, Murtizapul' and Patur tahsi Is of Akola 

district;Achalpur, Amravati, Anjangaon Surji, Chandur (Bazar), Chandur (Rly), 
Mo-r.s[;...; 

Dhamangaon'l and Tiwasa tahsils of Amravati district; Jalgaon and Sangranlpur 

tahsils of Buldana district; Malegaon, Mangl'ulpir and WashiJn tahsils of \Vashitn 

district and Babhulgaon, Digras, Kalamb, Ner Parsopant and Pusad tahsils of 

YavatmaI district of Western Vidarbha where mandarin crop is gnnvn extensively. 

The details of the location and general information of Nagpur Inandarin ot'chards m'e 

presented in Appendix-I. 

The data indicated that the major study area (65 %) is covered by Anlravati 

SiGda: - ;;, (hilL! ("3d 1GLd I. '7' u'adxu b@SJ"§G Dr rOG 
limitation and I:~ited area under productive cultivation. The selected orchards \-vere 

in the productive age of 10 to 13 years. It was further observed that 51 and 49 per 

cent mandarin orchards ,\vere distributed in lo\.v and high yielding sUbpopulations 

respectively of ambia flush. This proportion in case of mrig flush was 48 and 52 per 

cent respectively for low and high yielding subpopulation. 
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Plate1: Low yielding Nagpur mandarin orchard 

Plate 2 ' : Low yielding Nagpur mandarin tree 



Plate 3 : High yielding Nagpur mandarin orchard 

Plate 4 : High yielding Nagpur mandarin tree 



4.2 Soil fertility status of Nagpur mandarin orchards 

Nagpur rnandarin is an itnportant fruit crop of Western Vidarbha reglon_ 

Supply of adequate nutrients and organic matter i.e_~ balanced supply of nutrients and 

ideal soil management system is required to get higher yields of good quality fruits 

over the years, Deficiency of important nutrient elements is wide spread and 

sometimes lead to huge crop losses_ Soil chal'acteristics like pI-I~ electrical 

conductivity., organic carbon, and free calciurn carbonate play important role in 

availability of nutrients in soiL The deficiencies of nutl'ients are associated with poor 

fruit set, heavy fruit drop, poor quality of pl'oduce and make the tree vulnerable to 

diseases and other disorders, To understand this probleJn in a better way, and to 

develop the standard nutdent norms for inlportant elelnents,. pal-ticularly in case of 

Nagpur mandarin it is necessary to investigate the soil and leaf nutr-itional status of 

the productive orchards in Western Vidarbha l'egion, Results in this regard are 

discussed under this chapter. 

4.2.1 Characteristics of soil 

4.2.1.1 Soil reaction 

The soil pl-I is indicative of the degree of acidity or alkalinity in soils. Soil 

acidity (indicated by 10"'.' pH < 6.5) is due to the leaching of exchangeable bases and 

concentration of ITt- ion on the exchangeable cOlnplex, Soil alkalinity is indicated by 

pI-I more than 7.5. It is due to the accunlltlation of exchangeable bases on the 

exchangeable complex and the soil becollles alkali (pH > 8.5) v·.lhen sodium 

dominates on exchange complex. 

The data (Tables 3 and 4 and Fig. 7 and 8) sho\·ved that soils are neutral to 

l110derately alkaline in reaction with pH values ranging [r'oln 7.28 to 8.06. I-Io~vever it 

is observed that average pI-I values were slightly higher in lo~v yielding subpopulation 

(7.54) of Nagpur Jllandarin soils than that of high yielding soils (7.53) undel· cunbia 

flush Crable 3). Similar pattern of low (7.57) and high (7.53) yielding subpopulations 

\vas observed under Inrig flush (Table 4). Chapillan (1960) considers a pI-I range of 

5.5 to 7,5 to be ideal for optiJllUlll citrus gro\:vth. 
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Table 3 : Soil characteristics and available nutrient status of lo'w and high 

Soil 

yielding subpopulation of Nagpur mandarin orchards of Western 

Vidarbha from ambia flush • 

Population' A' (Lo,v yield) Population 'B' (High yield) 

ella racteristic 

and nutrient 

Unit 
Minilnum Maximum Average Minimum Maximum Average 

pH 

Ee 

----_--- -

7.28 8.03 

0.10 0.48 

7.37 

Organ ic carbon per cent 0.12 1.18 

7.54 

0.24 

0.61 

0.10 

0.1 1 

N 

Mg 

S 

Fe 

Mn 

Cu 

Zn 

per cent 4.23 23.97 I 1.79 4.07 

kg ha- I 73.76 291.96 207.77 219.52 

kg ha- 1 2.72 I 15.90 48.56 32.0 I 

kg ha- I 89.28 840.80 436.86 300.16 

c mol (p -i)kg- I 10.05 33.15 22.28 34.10 

c mol (p +)kg- I 1.59 16.85 8.10 6.18 

kg ha- I 2.10 60.90 15.03 1 1.20 

ppm 1.39 10.36 6.49 5.64 

ppm 8.28 29.09 13.20 9.25 

ppm 1.50 6.85 3.05 1.82 

ppm 0.58 0.86 0.65 0.5 I 

• Table derived from appendix VI and VII 
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8.06 

0.38 

1.22 

7.53 

0.20 

0.67 

14.01 7.77 

577.02 391.92 

128.34 73.41 

882.24 588.58 

56.10 44.24 

29.30 14.37 

28.00 19.35 

9.59 7.29 

23.48 13.75 

10.24 5.44 

0.93 0.70 



Table 4 : Soil characteristics and available nutrient status of 10\\' and high 

yielding subpopulation of Nagpur mandarin orchards of Westcrn \ 

Vidarbha from mrig flush" 

Soil Population' A' (LO'w yield) Population 'B' (High yield) 

charactcristic Unit 

and nutrient 
Minimum Maxinlum Average MininlUl11 Maximum Average 

-~ ---------- -------------- - --- - ~--

pH 

EC 

Organic carbon per cent 

7.37 

0.15 

0.26 

Ca 

Mg 

S 

Fe 

Mn 

eu 

Zn 

per cent 3.01 

kg ha-
I 

54.96 

kg ha- I 3.30 

kg ha-
I 

180.32 

c niol (p +)kg- I 13.80 

c mol (p +)kg- I 2.08 

kg ha- I 5.60 

ppm 5.40 

ppm 8.15 

ppm 0.98 

ppm 0.43 

7.75 

0.37 

1.26 

7.57 

0.25 

0.71 

7.35 

0.11 

0.36 

19.73 11.76 3.62 

343.47 204.97 294.96 

125.91 54.30 35.24 

868.00 442.46 266.80 

46.25 26.51 30.25 

15.35 8.18 4.35 

35.00 17.58 9.80 

8.21 6.89 5.16 

21.22 10.20 7.72 

4.25 2.18 2.47 

0.92 0.71 0.41 

• Table derived from appendix VIII and IX 
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7.96 

0.36 

1.05 

7.53 

0.20 

0.73 

13.33 8.35 

564.66 410.59 

86.87 57.97 

1001.52 547.] 2 

53.35 42.87 

13.80 9.58 

31.57 18.44 

10.33 7.78 

21.25 I 1.47 
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Kanwar and Randhawa (1960), Dhingra and Kanwar (1963) and Katl\var el at. 

(1965) opined that the pH of soils should not be more than 8.5 for the successful 

growth of citrus. Dhawan el ale (] 957) reported silnilarity in theiJ' findings that the 

safe I irnit of pI-I ,\vas 7.0 to 8.5 for citrus. In the present investigatiol1~ the results have 

conformity with the findings of Patil and Malewar (1998) \-vho reported that the soils 

of Nagpur mandarin in Western Vidarbha are 1110deratcly alkal ine in reaction (7.9 to 

8.3). 

A perusal of data presented in Appendix-VI and VII sho\",ed that the soils 

surveyed for al11bia flush have highest pH value i.c. 8.03 fOI' 10\'" yielding in site 24 

and 8.06 for high yielding subpopulation in site 24 \-vhile the soils surveyed for mrig 

flush showed highest pH values of 7.75 in low yielding orchards and 7.96 in high 

yielding orchards in sites 13 and 15 respectively. Thus, soil pH of Nagpur' 1l1andarin 

orchards under study did not Inake any significant influence in terrns of yields of 

tnandarin since the pI-I range of 7.28 to 8.06 is in the safe linlit as reported by 

Dha,\van el ale (1957) and othel·s. 

4.2.1.2 Electri_cal conductivity 

The electrical conductivity (EC) is a measure of soluble salt concentration in 

soils. I-ligher amounts of salts in soils (highet· EC) restrict the nutrient uptake and 

thus affect plant gro\"'th. The EC of Nagpur mandarin orchard soi Is ranged frolTI 0.10 

to 0.48 dSm· 1 Crable 3 and 4 and Fig. 7 and 8) \vhich is '\vithin the acceptable limit ( < 

0.5 dSm- 1
) above which gro\"'th and production of citrus crop would be adversely 

affected as was suggested by Kan\-var and RandhaVl.'a (1960). This range of EC values 

showed that all the soils were non-saline in nature. 'rhe EC of soils of lo\-v yielding 

orchards of Gll1bia flush ranged from 0.10 to 0.48 dSln- 1 (mean 0.24 dSnl· l
) while for 

that of high yielding subpopulation, the values ranged from 0.10 to 0.38 dSm- 1 (mean 

0.20 dSm- l
) (Table 3 and Fig. 7). In case of soils surveyed n'om mrig flush the EC 

varied from 0.15 to 0.37 dSln- 1 and 0.11 to 0.36 dSm- 1 in low and high yielding 

subpopulation, respectively (Table 4 and Fig. 8). It was also observed that 111ean ECs 

of lovv yielding sub population wel'e slightly higher than high yielding subpopulation 
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The sin1ilar trend ,\-vas also observed by .Nilangekar and Patil (1982) '\-vhile studying 

the normal and chlot'otic citrus soils of Marath'\-vada region of Mahat'ashtra, 

Cooper and Peynado (1959) reported decrease in gru\vth of young and old 

litne trees '\-vhen treated \-vith salts, Bhan1bota (1965) observed advel'sc effcct in s\-vcet 

orange when EC level was six mIn hos cm- I
. Inhibitory effects of salts on the gro\-vth 

of citrus rootstocks and s\veet orange havc also been l'ccorded by Joolka and Singh 

(1979), Patil (1979) suggested that EC should not exceed three tnln hos em" for 

orange fruit crop, The shoot gro\-vth~ nUl11ber of leaves and the leaf area of Nagpur 

nlandarin \ve.'e advcrsely affected as salinity ]evels inc.'cased in thc soil (Khanna and 

Kumar, 1990). However., EC of mandarin orchards under study \-vas \-vithin safe 

Iilllits « 0,5 dSJn- ' ). 

4.2.1.3 Organic carbon 

Soil organic matter contents is an indication of its general health, It helps in 

granulation of soil separates and maintain conductive acid \vatel' n1tio in soiL Duc to 

its high EC and "vatcr holding capacity, it ilnproves soil fcrtility and crop productivity 

besides for soillnicrobes. 

Thc data of Tablc 3 and 4 and Fig, 7 and 8 revcaled that thc organic carbon in 

10\-'\/ yielding subpopu]ation orchard soils was lu\-ver in both alnhia and mrig flush 

(Inean values 0.61 and 0,71 per cent respectively) than high yielding ol'chal'd soils of 

both flushes (0.67 and 0,73 pcr cent respectively). ()rganic cat'bon contcnt \-vas 

somewhat unifonn at different locations in Nagpur Inandal"in gro\;ving soils of 

Western Vidarbha rcgion, The organic carbon content of soils of cllllhia flush was 

ranging frotn 0.12 to 1.18 per cent under lo\-v yielding. Whcreas under high yielding 

this range VIo'as 0.1 1 to 1,22 per cent (Table 3 and Fig. 7). Organic carbon \vas 0.26 to 

1.26 per cent under lo'\-v yielding and 0.36 to I .05 pc.' cent under high yiclding of 

Inrig flush soils (Table 4 and Fig. 9). It is intcresting to note that although organic 

carbon content of n10st surface soils of lo\v yiclding subpopulation in both flushes 

\-vas Inedium to high, the available nitrogen \-vas found to be in low range, This Inay 

be due to lTIOre humified nature of organic carbon. It indicates that in these soils 

organic carbon content Inay not bc considered as ID)index of available nitrogen. The 
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soils of citrus growing belts of Dhaulakuan district in IIilnachal Pradesh, Raina 

(1988) observed the sinlilar trend of organic carbon. More or less similar trend was 

observed in high fertility population. The organic carbon content of the soils depends 

upon the type, quantity and quality of organic matter and its stage of decoll1position. 

()rganic nlatter acts as a major parameter regulating the availability of organic fOrlns 

of nitrogen, phosphorus, sulphur and trace eleJ1lents in the soils (Stevenson, 1982). It 

also improves soil structure, infiltration rate nutrient retention and reduces soil 

erosion (Smith and Elliott~ 1990). As sllch higher organic carbon content: and 

correspondingly N content of ol·chards of high yielding population J1light have 

contributed to higher yields. High yielding orchards were supplelnented with 

nutrients than lo\.-y yielding orchards. 

4.2.1.4 Free calcium carbonate 

Calcium cal-bonate content (Tables 3 and 4 and Fig. 7 and 8) of lo\v yielding 

subpopulation of soils surveyed during Glnbia flush is higher '\vhich varied fronl 4.23 

to 23.97 per cent with mean value 11.79 per cent than that of high yielding 

subpopulation (4.07 to 14.01 per cent with mean value 7.77 per cent). This indicated 

that all the orchard soils \..vere slightly calcareous to calcarcous in nature excepting 

site nUlnber 7 and 18 in case of lo\.-y yielding subpopulation, which were strongly 

calcareous soils. 

The soils surveyed during Inrig flush also sho\-yed slightly calcareolls to 

calcareous nature of soils in both lo\-y yielding subpopulation of lnandarin orchards 

containing CaC03 ranging from 3.01 to 19.73 per cent (mean 1 J _76 0/0) and 3.62 to 
1 

13.33 per cent (mean 8.350/0), respectively. Sinlilar results wel"C obtained by Patil and 

Male\var (1988) while studying the tnandarin soils of Amravati district of Western 

Vidarbha. This data further sho\ved that the high yielding subpopulation orchard 

soils contain lo\-y CaC03 than that of the lo\-v yielding subpopulation. 

Kanvvar and Radha\va (1960) and Dhingra and Kal1\Var (1963) opined that a 

high CaC03 content in citrus soils of Punjab ,\yas an ilnportant factor to\-vards 

decreased availability of iron and zinc in these soils. llarmful effects of excessive 

accumulation of CaC03 on citrus have been reported by Agarwala and Mohrotra 
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(1963)" Nilangekar and Patil (1981). Kharkar ef aI, (1991) reported that free linlc by 

adversely affccting availability of macro and micro nutl'ients besides its effect on soil 

physical cond ition" particu larly aeration (Randhawa el ai, 1966). Thereforc in 

high yielding orchards CaC03 content (7.77 % and 8.35 % for all1bia and Inrig) may 

not be as adversely affecting factor as it is in lo\-y yielding orchards (1 1 .79 and I 1 .76 

for alnbia and Inrig) . 

4.2.2 Primary available nutrient status 

Results In respect of available prllnary major nutrients I.e. nitrogen" 

phosphorus and potassiurn contcnt in different Nagpur nlandarin orchar'ds are 

presented in 'rables 3 and 4 and Fig. 9 and 10. 

4.2.2.1 Nitrogen 

Nitrogen is referred as 'balance \-vheel' of citrus nutrition because of the fact 

that efficiency of othcr nutrients is based on it. Nitrogen requirelnent vades \vith 

different varieties of citrus. l-lighcr available nitrogen status ,\vas observed in high 

yielding subpopulation of mandarin orchards of Glnbia flush, ranging froln 219.52 to 

577.02 kg ha- 1 '\vith Inean value 39) .91 kg ha- 1 than the low yielding subpopulation in 

'\vhich it \vas ranged [l'om 73.76 to 219.96 kg ha- 1 '\vith Inean valuc 207.77 kg ha- I • 

(Table 3 and Fig. 7). Soil surveyed during Inrig flush showed the similar trend of 

available nitrogen in lo'\v and high yielding subpopulation orchards \vhich is ranging 

from 54.96 to 343.47 kg ha- 1 '\.yith rnean 204.96 kg ha- 1 and 294.96 to 564.66 kg ha- 1 

vvith Inean 410.59 kg ha- I respectively (Table 4 and Fig. 8)_ These l-esults are in 

confonnity with the research findings of Avvasthi el al. (1984) '\-vho studied 111ineral 

nutrient status of Inandarin orchards in Nurpul- area of I-limachal Pradesh. The 

present data silTIilarly indicated that the low yielding orchards in both thc flushes" the 

soils are rated as low in available N on the basis of nlcan values w'hich can be 

attributed to lo\-v fertility status of soil. 
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4.2.2.2 Phosphorus 

Phosphorus~ being a constituent of various nucleoproteins, enzymes, lipids, 

plays ilnportant role in the formation of nevv cells, promotion of root growth and 

promotes Inaturity of plants. 

Available phosphorus (P205) content of the soil ranged from 2.72 to 115.90 kg 

ha- 1 (nlean 48.56 kg ha- 1) under the lo\-v yielding subpopulation orchards and frOJl1 

32.01 to 128.34 kg ha- 1 (mean 73.41 kg ha- I) under high yielding subpopulatioJl of 

an1bia flush (Table 3 and Fig 7). Soils collected froln nJrig flush shovved that 10\.\1 

yielding subpopulation orchards contained 3.30 to 125.91 kg P 20 5 ha-
1 

(Inean 54.30 

kg ha- I) vvhich was lovver than the range of 35.24 to 86.47 kg ha-
I 

(Inean 57.97 kg 

ha- 1) in case of high yielding subpopulation orchard soils (Table 4 and Fig. 8). 

Relatively high content of available phosphorus In high yielding 

subpopulation of mandarin orchards of this region Inay be attributed to the 

intermittent application organic manure \vith applied dose of phosphorus which helps 

in build up of high level of phosphorus (Male\-var et al. 1978-a). Lo\-ver available 

phosphorus in low yielding subpopulation of mandarin orchards seelns to be due to 

the fact that farmers might be applying less quantity of phosphorus and organic 

Inanure. Organic manure due to organic acids produced in deconlposition makes 

native phosphorus available and keeps it in available form by reducing its fixation. 

4.2.2.3 Potassiuln 

Potassiuln serves Inetabolic functions in the grovvth and cell division of young 

tissues. It is necessary for carbohydrate, protein and oil synthesis in plants. It 

ilnproves fruit quality. It regulates vvater economy of trees and greatly increases 

citrus yields not in tenn of nUlnber but in fruit size (Raj put and Sri Haribabu, 1995). 

The data of Table 3 indicated that the available soil potassium status \-vas higher in 

high yielding subpopulation (mean 588.58 kg ha- 1
) than the 10\.\1 yielding mandarin 

orchards (mean 436.86 kg ha- I) under the soils surveyed from alnbia flush. It \vould 

also be seen froln the data in Table 4 that available potassiuJn content of mandarin 

orchard soils surveyed fronl Inrig llush was higher in high yielding (Inean 547.12 kg 

ha- I) the low yielding (mean 442.46 kg ha- 1
). A \-vasthi e/ al. (1984) observed the 
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similar results while studying the healthy and declined 111andarin orchards in 

Himachal Pradesh. Potassiuln ranged betvveen 300.16 to 882.24 kg ha-' in soils 

supporting higher yield of ambia flush vvhereas in case of nlrig flush the range of high 

yielding orchards was 266.80 to 1001.52 kg ha- 1
• The soils bearing low yielding 

subpopulation of ambia and mrig flush were in range of 89.28 to 840.80 kg ha-' and 

180.32 to 868.00 kg ha-', respectively of available potassiuln. Potassiuln is rather a 

regulatory nutrient Inaintaining nutrient balance in plants. 

4.2.3 Secondary available nutrient status 

4.2.3. t Calcium 

Calcium has two fold importance as far as citrus is concerned viz. as a nutrient 

and as a soil improving agent. In many citrus growing regions of the world, 

calcareous soils are extensively used for citrus cultivation. Inspite of the beneficial 

role of calciuln its high content in soils are posing a threat to citrus industry in India 

by way of inducing chlorosis. It occurs in soi Is as cOlnplex salts and as an 

exchangeable cation in vast majority of approxilnately neutral or slightly saline soil. 

Data regarding the exchangeable calcium content in the study area froln different sites 

are presented in Tables 3 and 4. 

The mean available (exchangeable) calcium content of soils of high yielding 

group in both flushes i.e. anlbia and nlrig are 44.24 and 42.87 clnol (p+) kg -I '\vhich 

vvere much higher cOlllpared to that of lo'\v yielding orchard soils (Inean values 22.28 

and 26.51 cmol (p+) kg- I respectively) (Fig. 9 and 10). These results are in 

confonnity with the findings of Nilangekar and Patil (1981 and 1982), Kalbande et al. 

(1983) and Awasthi et al. (1984). 

The Ininimuln and maxilnum values for exchangeable available calciutn 

showed large variation. It varied froln 10.05 to 33.15 cmol (p +) kg -1 and 34.10 to 

56.10 cmol (p +) kg -1 in lo\v and high yielding sub population respectively in soils of 

alnbia flush '\,:\/hile in case of mrig flush it Vlas ranging from 13.80 to 46.25 clnol (p+) 

kg -1 and 30.25 to 53.35 clnol (p+) kg -I in 10'\,:\1 and high yielding orchards, 

respectively. This large variation n1ight have been due to the presence of free 

calciun1 carbonate in soils (Bhargava and Raghupathi, ) 996). 
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4.2.3.2 Magncsiuln 

Magnesium is a constituent of chlorophyll and also an enzynle activator. It 

helps in synthesis of organic acids e.g. citric and Inalic acid. This essential plant 

nutrient has not been observed to be deficient on a "vide scale in any part of India. 

Analytical results as regards exchangeable (available) magnesium content in Nagpur 

mandarin growing soils of Western Vidarbha are presented in Tables 3 and 4. 

The observations revealed that the exchangeable (available) magnesium "vas 

found to be higher in high yielding than the lov .... yielding mandarin soils of both 

flushes. The results further sho\·ved that the exchangeable magnesium status in low 

yielding subpopulation soils varied from 1.59 to 16.85 clnol (p+) kg -I(mean 8.10 

cmol (p+) kg -I) whereas it "vas from 6.18 to 29.30 cmol (p1) kg -I (lnean 14.37 CillO I 

(p+) kg -I) in high yielding subpopulation soils of ambia flush (Table 3 and Fig. 9). 

The identical results as regards to exchangeable lnagnesium "vere recorded 111 

high yielding subpopulation having the range from 4.35 to 13.80 cmol (p +) kg-I \vith 

Inean 9.58 cmol (p +) kg -1 which is slightly higher than low yielding subpopulation 

having the range of 2.08 to 15.35 crnol (p+) kg -I "vith mean 8.18 cmol (p'l) kg-' of 

nlrig flush (Table 4 and Fig. 10). 

Milad et al. (1975) observed that the growth of orange orchard \·vas affected 

due to lower per centage of soluble magnesiuln. Nilangekar and Patil (1981 and 

1982) also observed that exchangeable magnesiuln "vere some "vhat lo\-\' in chlorotic 

than that of in the profile of normal citrus garden. The 111agnesiuln indicated the 

similar trend as that of Ca in respect of high yielding and lo\-\' yielding population. 

4.2.3.3 Sulphur 

Sulphur being the constitutent of proteins~ it plays an important role in 

chlorophyll synthesis. Sulphur deficiency resemble sOlnewhat N deticiency~ but ne\v 

gro\-vth is much yellower than old leaves (Raj put and Sri Haribabu~ 1995). It is 

generally applied as sulphate through amlnonium sulphate~ super phosphate and 
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potassiurn sulphate. Application of copper sulphate through Baurdex mixture is also 

a cornman practice followed in Vidarbha in Nagpur mandarin orchards. 

Studies on the available sulphur status of selected Nagpur mandarin orchards 

of Western Vidarbha region indicated higher concentration in high yielding orchards 

than the low yielding orchards in ambia (Table 3 and Fig. 9) as \.vell as Inrig flush 

(Table 4 and Fig. 10). It was further observed that avai lable sulphur ranged between 

11.20 to 28.00 kg ha-' (mean 19.35 kg ha-') in soils supporting higher yield of (unbia 

flush. In case of nlrig flush the range for high yielding orchards was 9.80 to 31.57 kg 

ha- 1 available sulphur (mean 18.44 kg ha-'). 

The soils bearing low yielding subpopulation of ambia flush and mrig flush 

contain average 15.03 (range 2.10 to 60.90 kg ha- 1
) and 17.58 (range 5.60 to 35.00 kg 

ha-') avai lable sulphur respectively. 

The trend of sulphur content In high yielding and 10V\1 yielding orchards in 

both the flushes fall in the I ine of other nutrients and was also observed by Deshmukh 

(2000). High yielding orchards are probably well cared and manured by the farmers. 

Sulphur is also supplemented through superphosphate and micronutrient preparations 

containing sulphur (sulphates). Thus properly fertilizedltnanurcd orchards are well 

supplied with available sulphur to sustain high yields. 

4.2.4 Available micronutrient status 

Micronutrients play important physiological J·ole in plant groV\rth 

development; a comrTIon one is participation in enzyme systerTIs. Zinc plays a role in 

protein synthesis formation of some growth hormones like auxins and in the 

reproductive process of certain plants. Copper is involved in both photosynthesis and 

respiration and in the use of iron. Copper and iron arc capable of acting as ~'electron 

carriers" in enzyme SYStClTIS that bring about oxidation-reduction reactions in plants. 

1'vlanganese seerns to be essential for photosynthesis, respiration, and nitrogen 

Inetabol isn1. 
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Data regat'ding the soil available iron, Illanganesc, copper and zinc status of 

lo\-v and high yielding subpopulations of Nagpur rnandarin orchards {i'oln alnbia and 

n1rig flush are presented in Tables 3 and 4~respectively. 

4.2.4.1 I ron 

Every Inicronutrient has its o\-vn spccific importance in anaboJislll and 

catabolism of plant system. Iron definciency cause intervcinal yello"v and ivory 

colout· in citrus (Leonard and Stc\vart, 1952). Deficiency of iron is most common in 

calcareous soils '\-vhere availability of iron is reduced by calcium carbonate. The 

resulting chlorosis is called "]ime induced chlorosis". 

It is evident froln the data presented in Tables 3 and 4 that the available iron 

content of soils bearing high yielding subpopulation was higher than that of soils 

bearing low yielding sUbpopulation in anlbia and Inrig flushes. With regards to alllhia 

tlush in low yielding subpopulation available iron \-vas obsel'ved behveen I .39 to 

10.36 ppm (mean 6.49 ppm) whereas in high yielding subpopulation it was ranged 

bet\veen 5.64 to 9.59 pplll (Illean 7.29 pplll) (Fig. 11 and 12). 

The Nagpur mandal"in orchard soils froln Inrig flush sho\-ved the distribution 

of available Fe as 5.40 to 8.21 ppill (Inean 6.89 ppm) in low yielding and 5.16 to 

] 0.33 ppnl (nlean 7.78 PPlll) in high yielding sUbpopulation. Such a trend silllilar to 

other nutrients is indicativc of the fact that high yielding orchards are supplemcnted 

\vith nutrients well Inanaged \vith inlproved soil physical conditions. Thc data fUl·ther 

indicated that available Fe \.vas distributcd ilTcgulady in all soils. Silnilar pattern of 

Fe distribution was observed by Ma1evK\J'" (] 977), Chauhan el al. (1984) and 

Shanna and Mahajan (1990). Irregular distribution of iron may be because of 

impeded drainge conditions and differences in the degree of \-veathering (Nair and 

Cottenie, 1971). 
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4.2.4.2 Manganese 

The data revealed that the available manganese content was invariably higher 

in the soils under high yielding than that of low yielding subpopulation soils(Table 3 

and 4 and Fig. 1 I and 12). These results are in agreement '\yith the findings of Nijjar 

and Singh (1977), Malc,\yar el al. (1978-a) and Awasthi et al. (1984) in case of 

healthy and declined conditions of citrus orchal-ds. The data further showed that the 

available Mn ranged from 8.28 to 29.09 pplTI (ITIean 13.20 ppm) and 8.15 to 21.22 

ppm (mean 10.20 ppm) in low yielding subpopulation soils under anlbia and nlrig 

flush~ respectively~ whereas it was ranging from 9.25 to 23.48 pplTI (ITIean 13.75 

ppm) and 7.72 to 21.25 ppm (mean 1 1.47 ppm) in high yielding sUbpopulation sites. 

4.2.4.3 Copper 

In both flushes the available copper was found to be highet· in high yielding 

than the lo,\y yielding orchard soils (Fig. I I and 12). Under al11bia flush~ soils contained. 

1.50 to 6.85 pplTI Cu (mean 3.05 ppln) and 1.82 to 10.24 ppln Cu (mean 5.44 ppm) 

in lo,\y and high yielding subpopulation respectively (Table 3), whereas the available 

copper status during mrig flush, was 0.98 to 4.25 ppm (Inean 2.18 ppln) and 2.47 to 

8.32 pplTI (mean 4_36 ppm) (Table 4) in low and high yielding subpopulation, 

respectively. These observed values are in accordance with Malewar et al. (1978 -a 

and b), Singh and Tripathi (1983) and Patil and Malevvar (1998). 

4.2.4.4 Zinc 

Zinc deficiency is next to nitrogen deficicncy in citrus, '\vhich is widespread 

all over the '\vorld. The I-esults indicate that the available zinc content was higher in 

the soi 1 of high yielding sites as cOITIpared to that of lo\v yielding sites in case of 

GI11bia flush (Fig. 1 1). Such observations wCI-e also reported by Male\var el al. (1978-

a ) and Awasthi et al. (1984)_ The reverse trend was observed in case of 111rig flush. 

This lo\v availability of available Zn ITIay partly attributcd to lovv organic carbon and 

partly attributed to high P build up (Malewar et al., 1978-a) 

The perusal of the data (Table 3 and 4) fUI-ther indicated that the available Zn 

contents of low yielding subpopulation orchard soil "vas varied frolTI 0.58 to 0.86 
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ppln (Inean 0.65 ppln) and 0.43 to 0.92 ppln (Inean 0.71 ppm) of (IInbia and Inrig 

flush, respectively. It "vas ranged froln 0.51 to 0.93 ppm (mean 0.70 ppnl) and 0.41 

to 0.96 ppln (mean 0.70 ppln) in the soils supporting high yielding subpopulation of 

alnbia and Inrig flush~ t·espectively. The supporting results were also recorded by 

N ijjar and Singh (1971) and Chauhan et al. (1984) "vhi Ie studying the citrus gro\Ning 

soil of Punjab and l-laryana)respectively. 

From the results on Inicronutrients~ it is concluded that high yielding 

population is well supported by higher status of available Inicronutrients in soils. 

Secondly requircment of alnbia orchards "vas cOlnparatively nl0re than Inrig orchards. 

In general higher fertility status of macro and micro nlltrients~highcr organic 

Inatter content and lo"v calciunl carbonates in soils vv'ere favourable conditions for 

higher yields. In high yielding subpopulation particularly, the yields of anlhia \-vas 

comparatively more than Inrig and so was the trend of available nutrients in soils. 

Soils with higher available nutrient status supported highcr yields. 

4.3 Leaf nutritional status of Nagpur Inandarin orchards 

Today the plant analysis technique is being applied to a variety of crops and 

plants. Much of the curt'ent interest in the plant analysis technique pl'obably steIns 

from the significant developlnent in the methods of analysis. Atomic absol'ption and 

direct reading elnission spectroscopy have greatly simplified analytical procedures, 

particularly for the Jnicronutrients. The nutrient elernent content of the plant is a 

reflection of the soiPs available nutrient status. The plants ability to absol'b a nutrient 

in the established environment is reflected by the plant nutrient concentration at any 

tinle. 

Leaf analysis as a guide to fertilization of fruit crop is based on the prernisc 

that "crop perforrnance is related to concentration of essenti al 1l1inerals in this index 

tissues". Leaves are found best index tissue to indicate nutritional status of fruit tree. 

The analytical data regarding nutritional status of lov·.' and high yielding 

subpopulation trees ofNagplir 111andar-in based on leaf analysis is discussed hcre"vith. 
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4.3.1 Primary leaf nutrients status 

Results on prilnary leaf nutrient status are presented in Tables 5 and 6. 

4.3.1.1 Leaf nitrogen 

rrhe results indicated that in general~ leaf nitrogen content of the lovv' yielding 

sUb-population of both flushes was lower than that of high yielding trecs. This is in 

confirmily with findings of Smith el al. (1953), Ahlawat el al. (1982), A'\vasthi el at. 

(1984), Dhillon and Dhatt (1988), Mitra el al. (1988), Sharnla and Mahajan (1990) 

and Kharkar e/ al. (1991) in different parts of India in case of healthy and declined 

condition of orchards. 

The data further sho'\-ved that leaves contained 1.55 to 2.65 per cent (Inean 

2.21 0/0) and 1.62 to 2.58 per cent (Inean 2.29 %) nitrogen in ambia and Inrig flush, 

respectively of low yielding sUbpopulation. J-Iowevcr the differencc '\vas mal·ginal. 

Soils undcr lo'\-v yielding population were similarly lowel· in available N. Leaf N was 

1.67 to 3.08 per cent (mean 2.54 %) and 1.82 to 2.67 per cent (mean 2.39 %) in Qll1bia 

and nlrig flush, respectively of high yielding sub-population trees (Fig. 13 and 14). 

Lower N content under lo'\-v yielding popUlation can be attributed to lo'\-v fcrtility 

status of soil. Added fertilizers Inay not be adequate to 111cet the delnand of plant 

(Sharma and Mahajan~ 1990). On the contrary high yielding orchards tl1ight be '\-vell 

supplemented '\-vith nutrients through fertilizers besides higher native status. 

Irrespective of yield, so far high yielding subpopulation is concerned, more critical 

examination of the data indicated that nitrogen was found to be lo,\-ver (Inean 2.39 0/0) 

in the leaves of mrig flush (sunlmer flush) '\-vhen cOlnpared to the amhia flush (spring 

flush) (mean 2.54 0/0). Similar trend as l·cgards to flush V\'as earliel· rcported by 

Gururani and Singh (1983). It is known that Inorc than any other elclnent, N is spent 

by trecs in leaf, flower and fruit production (Wallace et al., 1951). 
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Table 5 : Leaf nutrient status of lo\v and high yielding subpopulation of 

Nagpur mandarin orchards of Western Vidarbha from anlbia flush" 

Leaf Ilutrients Unit 
Population' A' (Lon' yicld) Population 'B' (High yield) 

(oven d.·y basis) Minimum Maximum Average Minimum Maxinluln Average 

N per cent 1.55 2.65 2.21 1.67 3.08 2.54 

P per cent 0.08 0.38 0.18 0.03 0.27 0.14 

K per cent 0.52 3.33 1.50 0.96 1.86 1.45 

Ca per cent 2.61 4.10 3.30 2.50 5.20 3.90 

Mg per cent 0.37 0.88 0.61 0.49 0.78 0.65 

S per cent 0.14 0.32 0.2] 0.19 0.43 0.27 

Fe ppm 50.00 199.60 102.90 71.32 190.73 121.50 

Mn ppm 18.45 63.15 30.67 26.62 70.95 39.82 

Cu pplTI 8.44 34.85 15.41 11.35 41.40 24.74 

Zn ppm 10.97 49.28 27.94 16.51 47.66 30.91 

Table derived from appendix X and XI 

Table 6 : Leaf nutrient status of 10'\\' and high yielding subpopulation of 
Nag~ur mandarin orchards ofWcstern Vidarbha from mrig flush *" 

Leaf nutrients Unit 
PopulatiQn 'A' (Lo)y yield) Population 'B' (!-lig_h_yield) . 

(oven dry basis) Mini.'Dum Maximum Ayerage Minimum ~~xilnum Ayerag~ 

N per cent 1.62 2.58 2.29 1.82 2.67 2.39 

P per cent 0.05 0.45 0.18 0.07 0.26 0.13 

K per cent 0.77 2.86 1.57 0.61 2.67 1.22 

Ca per cent 2.26 5.07 3.24 2.68 4.78 3.68 

Mg per cent 0.17 1.22 0.64 0.39 1.00 0.66 

S per cent 0.14 0.27 0.20 0.18 0.37 0.23 

Fe ppm 41.16 138.55 88.52 78.76 174.70 124.69 

Mn ppm 15.69 58.28 26.97 20.50 70.57 35.80 

Cu ppm 12.40 34.40 18.96 13.20 45.24 25.25 

Zn ppm 20.82 36.31 28.19 17.61 48.08 30.54 

** Table derived from appendix XII and XIII 
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4.3.1.2 Phosphorus 

Comparing the mean values in ambia and Inrig flush P content was higher in 

low yielding trees (0.18% each) as compared to high yielding subpopulation (0.14 

and 0.13%, respectively) (Fig. 13 and 14). It was ranged [I"oln 0.08 to 0.38 per cent 

and 0.03 to 0.27 per cent in leaves of 10vy and high yielding orchards respectively, of 

alnbia flush (Table 5). In case of Inrig flush the range ,"'as 0.05 to 0.45 per cent and 

0.07 to 0.26 per cent in 10vy and high yielding orchards, respectively. Similar results 

vvere reported earlier by other workers (Nijjar and Singh 1971; Yamdagni et al., 1983 

and Dhillon and Dhatt~ 1988). Phosphorus content in leaves was cOlnparatively higher 

in low yielding sUbpopulation in both the flushes. 'rhis might be due to the tendency 

of crop tree to accunlulate the essential nutrients whenever there is apparent or latent 

deficiency as justified by Yatndagni el ale (1983) for P and K. This is further 

indicative of less utilization of P for fruiting in low yielding population. It was further 

observed that leaf P \vas not related to soil P \vhich showed reverse trend with each 

other. Awasthi et al. (1984) who studied leaf and soil nutrients status of mandarin 

orchards in Punjab reported similar findings. Leaf P in anlhia and nlrig flush showed 

no Inuch variation. While studying svveet orange of UP. Singh and KUlnvar (1982) 

also reported similar relationship between spring (ulnhia) and summer (Inrig) flush 

phosphorus. 

4.3.1.3 Potassium 

It i's seen fronl the data that the potassiuln concentration in leaves of NagpuI" 

Inandarin of low yielding sUbpopulation varied frolll 0.52 to 3.33 pCI· cent (nlcan 1.50 

%) and 0.77 to 2.86 per ccnt (mean 1.57 %) in cllnbia and Inrig flush respectively. In 

high yielding subpopulation the K concentration ,"'as observed between the range of 

0.96 to 1.86 per cent (nlean 1.45 %) in alnbia flush (Table 5) and 0.61 to 2.67 per 

cent (Inean 1.22 %) in Inrig flush (Table 6). The Inean values indicating the nlore 

accuJllulation of K in lov-o' yielding than high yielding trees (Fig. 13 and 14) in 

accol·dance with the findings of Sivaraman Nair ef ale (1968), Nauriyal el al. (1970), 

YaJlldagni el al. (1983), A,"'asthi el al. (1984)~ and Rana el al. (1984) for healthy and 

decljp;pv trees of eitr"s Sjrnj 1a r to P K starts acclllnlllatinQ in the leaves IJndpr Jo'\.v 
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yields probably when some gro,\vth factors or any nutrient becomes more lilniting 

than K. The another probable reason for lesser amount of K in leaf from high yielder 

trees Inight be the fact that these trees were bearing fruit at the time of leaf sampling 

and comparatively higher amounts of this nutrient was utilized in fruit developlnent 

process. On the contrary, lo\.-v yielding trees carried poor load of crops. 

As regards to flush differences taking high yielding subpopulation into 

consideration, the data revealed that the K concentration was found to be lower in the 

leaves of mrig flush when cOinpared to the an1bia flush. For low yielding orchards K 

in leaves., there was no much variation in mrig and ambia flush. 

4.3.2 Secondary leaf nutrients status 

Secondary major nutrients were analysed [roin the leaves of high and low 

yielding subpopulation of Nagpur Inandarin orchards. The results m'e presented in 

Tables 5 and 6. 

4.3.2.1 Calcium 

Citrus plants contain more calcium than any other Inineral plant nutrient. The 

sampling of leaves at ambia flush indicated a higher Ca concentration (mean 3.90 0/0) 

ranging from 2.50 to 5.20 per cent in high yielding subpopulation than 10"" yielding 

(3.30 0/0) ,..vhich ranged froln 2.61 to 4.10 per cent (Table 5 and Fig. 13). The mean Ca 

concentration_ in leaves sampled at Inrig flush low yielding sUbpopualtion \.-vas 3.24 

per cent (ranging froln 2.26 to 5.07 0/0). This ,\vas lovver cOJnpared to the Ca status in 

leaves of high yielding subpopulation of the Saine flush where the Inean Ca 

concentration was 3.68 per cent (range 2.68 to 4.78 o/c» (Table 6 and Fig. 14). This is 

probably due to higher available Ca in soils of corresponding areas. This supports the 

earlier observations by Kan\.-var et af. (1963)., Mann et af. (1978 and 1979) and 

A \.-vasthi e/ af. (1984) \vho reported lower Ca content in leaves of declining gardens 

than healthly. If looked into K content it was higher in low yielding population than 

high yielding population. Mann et af. (1978 and 1979) attributed such a lower Ca 

content in declining gardens is the antagonistic relationship of K and Ca. 
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The data also indicated that in both 10\"/ and high yielding subpopulation, the 

Ca concentration \-vas found to be higher in Glnbia flush leaves than the Inrig flush. 

Gururani and Singh (1983) observed silnilar results for spring (a/l1bia) and SUITIITIer 

(Inrig) flushes in Kinnow tnandarin. Ca being less mobile in plant and due to its role 

in the formation of calcium pectate, its withdrawal from the leaves is restricted and 

thus it increases in the leaves as the season advances. (Gururani and Singh~ 1983). 

Gonzalez-Sicilia and Koen Mosse (1963) also observed that Ca concentration 
Kar 

gradually increased in mandarin Randhwa and,,-(1967) observed that Ca was the 

highest in the March (anlhia) flush. 

4.3.2.2 Magnesium 

Magnesium is not only a constituent of chlorophyll, but also an enzylne 

activator. Magnesium deficiency is con1monly characterized by bronzing. The need of 

citrus for magnesium is fairly small until the trees bear an appreciable crop load. 

The Inean magnesium concentration in leaf of Nagpur nlandarin of low 

yielding subpopulation is slightly lo\-ver (0.61 0/0) compared to that from high 

yielding sUbpopulation (0.65 0/0) when sampled at GJl1bia flush time (Table 5 and Fig. 

13). [t ranged from 0.37 to 0.88 per cent and 0.49 to 0.78 per cent in low and high 

yielding subpopulations, respectively. For mrig salnpling it was observed that Mg 

content of lo\'v and high yielding subpopulation ranged frol11 0.17 to 1.22 per cent 

(tnean 0.40/0) and 0.39 to 1.00 per cent (tnean 0.660/0) respectively (Table 6 and Fig. 

14). 

The lower concentration of Mg in lo\v yielding population could sirnilarly 

(like Ca) be attributed to the antagonistic effects of K present in highcr alnount in lo\-v 

yielding population. Slnith (1966) considered Mg to be a "veak conlpetitor against K. 

These results are in argulncnt \-vith the results reported by Mann el al. (1979). 

Considering the variation in nutrient content of leaves of different flushes, it \-vas 

observed that the Inean values showed no l11uch differences bet\veen Inrig (sulnlner) 

and al'nbia (spring) flush. It agrees \-vith the findings of Pennisi and Scuderi (1959), 

and Nadir (1967). 
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4.3.2.3 Sulphur 

It plays an ilnportant role in chlorophyll synthesis. The sulphur content in 

leaves samples of an1bia flush collected from low yielding trees ranged fronl 0.14 to 

0.33 per cent (mean 0.21 0/0) whereas that of high yielding trees the range was 0.19 to 

0.43 per cent (mean 0.27 0/0) (Table 5). A perusal of data further showed that the 

sulphur content in the leaves of Inrig flush of low and high yielding tl'ees ranged fronl 

0.14 to 0.27 per cent (tnean 0.20 %) and 0.18 to 0.37 per cent (mean 0.23 %), 

respectively (Table 6). The results indicate that high yielding subpopulation in 

general had higher values of S concentration in both flushes, as cotnpared to leaves 

low yielding sUbpopulation (Fig. 13 and 14). 

The increasing trend in sulphur content froln high yielding Inandarin leaves is 

in harmony \-vith the results obtained by Saini el al. (1999), who sho\ved that sulphlli' 

content in Kinnow tnandarin leaves was higher in healthy trees than the declined one. 

With respect to the flushes, sulphur was in higher quantity in alnbia (spring) 

flush when compared with Inrig (surnmer) flush. This may be due to the fact that 

during winter Inonths, when the plant enjoyed the long rest period, there \vas an 

accumulation of sulphur in leaves and \-vhen a1l1bia (spring) season advanced it was 

partly reduced to nourish the fruits of spring flush (GliruraniC\lldSi1)~h,) 983). Silnilar 
u 

trend~ \vas also observed by Harding el al. (1962). 

4.3.3 Micro'nutrient status in leaf 

Minilnum, maxirnum and average contents of micronlltrients in the leaves of 

Nagpur ll1andarin plant are presented in Tables 5 and 6. 

4.3.3.1 Iron 

The content of iron In leaves of low yielding subpopulation froln ambia and 

111rig flush ranged from 50.00 to 199.60 ppln (mean 102.90 ppm) and 41.16 to 

138.55 pprn (mean 88.52 ppm) respectively. The mean leaf Fe concentration rn 

high yielding Nagpur l11andarin trees \vas 121.50 ppln (range froln 71.32 to 190.73) 



and 124.69 ppm (range froln 78.76 to 174.70 ppln) in alnbia and Inrig flush sall1ples 

re~pectively . 

A study of the data sho'vved that leaf Fe content \vas higher in high yielding 

Nagpur mandarin trees as cOlnpared \vith the low yielding ones (Fig. 15 and 16). 

Similar results were reported by Nijjar and Singh (1977) and the values are in 

confirmation with the findings of Patil and Male\var (1998) for mandarin gro\vn in 

Amravati District. 

The data of low yielding subpopulatioon reagarding leaf Fe content indicated 

that iron was higher in leaves of alnbia flush than Inrig flush. Fe being less mobile is 

generally not removed from old leaves and thus an increasing trend was observed in 

spring (anlbia) flush, (Wallihan et aI., 1974). The silnilar trend V\/as also observed by 

Gururani and Singh(1983)_ 

4.3.3.2 Manganese 

Manganese deficiency is found in almost all citrus gnnvlng areas of India, 

"vhich causes chlorosis of the ne"v gro\vth. It is evident from the data that the high 

yielding plants had Inore Inanganese in leaves cOlnpared to low yielding 

subpopulation. The range in low yielding subpopulation was 18.45 to 63.15 ppm 

(lnean 30.67 ppm) in ambia flush (Table 5) and 15.69 to 58.28 ppnl (mean 26.97 

ppm) in Inrig tlush(Table 6) V\/hereas it ranged fron1 26.62 to 70.95 ppn1 (Inean 39.82 

ppm) in ambia and 20.50 to 70.57 ppm (mean 35.80 ppnl)) in Inrig flush of in high 

yielding subpopulation. Malevv'ar el af. (1978- a) recorded significantly higher leaf 

Mn in healthy than decl ined citrus trees. 

It "vas further observed that leaves from ambia flush sho\ved higher leaf Mn 

content compared to leaves of Inrig flush. This Inay be due to accun1l1lation of this 

nutrient in leaves during "vanner Inonths \vhen the absorption is lnore (Roy and 

Gardens, 1946). 
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4.3.3.3 Copper 

The data of Tables 5 and 6 reflected that Cu in leaves low yielding 

subpopulation was lower than the high yielding population in both of the flushes. 

(Fig. 15 and 16) Malewar et al. (1978-a) have Inade similar observations for the lower 

concentration of Cu in unhealthy than healthy leaves. I-ligh yielding leaves contained 

eu from I 1.35 to 41.40 ppln (rnean 24.74 ppm) and 13.20 to 45.24 ppm (nlean 

25.25 ppln) froln ambia and Inrig flush respectively. Whereas in leaves fronl lovv 

yielding subpopulation it was in range froln 8.44 to 34.85 ppln (nlean 15.41 ppln) 

and 12.40 to 34.40 ppm (mean] 8.96 ppm) in afnbia and fnrig tlllsh~ respectively. 

eu content was higher in nlrig (sunlmer) flush than aIJlbia flush. Gururanictl'}d 

SiY}~h( 1983) similarly recorded lower Cu and Zn content in spring flush (ambia) than v 
other flushes. 

4.3.3.4 Zinc 

Zinc is involved in the biosynthesis of a plant hannone-Indole acetic acid and 

is a component of variety of enzylnes. A nUlnber of nalnes have been given to zinc 

deficiency such as "frenching~~ in Florida, "mottle leaf or I ittle leaf of foIl iocellosis" 

in California and India. Zinc deficiency is next to nitrogen deficiency in citrus. The 

mean values of Zn concentration of lo\-v and high yielding population sho\,ved higher 

concentration In high yielding subpoplliation (Fig. 15 and 16). The mean z'n 

concentration In high yielding orchards \vas 30.91 ppln in alnbia (range 16.5 I to 

47.66 ppm) and 30.54 ppm in Inrig (range 17.61 to 48.08 ppln). Whereas in low 

yielding subpopulation the range was 10.97 to 49.28 ppm (mean 27.94 pptn) in 

Glnbia flush and 20.82 to 36.31 ppln (mean 28.] 9 ppJn) in Inrig flush leaves (Fig. 15 

and 16). This trend \-vas similar to other rnicronutrients. Sharma and Mahajan (1990) 

and Kharkar et al. (1991) reported similar results. 

Considering alnbia and Inrig flushes, it was observed that Zn content did not 

sho\,y any variation. This happened because available Zn in soil under both flushes 

was above cr~tical level and hence it \vas not lilniting. 



'l'he studies revelaed that maXil11Uln nutrients (excluding Mg, eu and Zn) were 

havi~g higher concentration in Glnbia flush than in Inrig tlush and so was the yield 

performance. This trend of nutrients \.vas also observed in soil fertility status. Iligher 

concentration of leaf nutrients perfonned higher yields. 

4.4 DRIS nornlS for soil fertility status 

Critical limits of soil nutrients that separate deficient froln nondeficient soils 

vary with the soiL, crop and the extractant used. These variations are to sOlne extent 

related to their differential sensitivity to nutrient stress. Even for the saine crop, 

critical limits are not universal for different soils since several factors lnodify 

availability of these nutrients. 'rherefol-e, critical limits or standards should be used 

with reference to a crop and established to Inatch the local soil and environrnental 

conditions. 

Considering the precision of ~iagnosis and Recomrllendation Integrated 

Systenl (ORIS) described by Beaufils (1971, 1973) and others over the other 

Inethods, the norrns for different soils paranleters of Nagpur 111andarin are developed. 

These norms are divided into five classes., viz. very lovv., lovv, optimum., high and 

excess and are reported and discussed below (Appendix XIV and XV). The 

evaluation and classification of the total orchards (low and high yielding together) 

vvas done based on the composition of individual soil nutrient or parameter· \.vith norm 

value in ORIS. The observed ORIS nonns vvere cOlnpared \vith the nutrient standards 

or rating Pl-oposed by various workers for soil available in literature (Appendix XVIII 

and Table 7). 

4.4.1 Soil characteristics 

Soil reaction 

The soils under study are neutral to slightly alkaline vvith pH ranging from 

7.28 to 8.06 dSn,-I. The new norms developed for pH showed that the optinluln pl-I 

for Nagpur mandarin ranges fl-oln 7.35 to 7.71 for clIl1bia flush and 7.40 to 7.65 for 
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Table 7: CODlparisoll of soil fertility DRIS norms with conventional standard values 

A t 1 b d DRIS norms for ""'bia DRIS no,'ms for mrig 
c ua 0 sc,'vc range flush flush 

Convcntional 
Rangc 

Safc Limit 

Paranleter / 
nutricnt 
(Unit) Ambia 

flush 
l-.trig 
flush 

Vcry Low 
(Less 
than) 

Optimum 

Vcry 
Low 
(Lcss 
t!-~_!l) 

Optimum (Less Optimum 

pH 

EC 
(dSm- ' ) 

Organic 
Carbon (0/0) 

CaC03 

(0/0) 

N 
(kg ha- ' ) 

P20 5 

(kg ha- ' ) 

K 20 
(kg ha- ' ) 

Ca (c mol 
(p -)kg- ' ) 

Mg (c mol 
(p~)kg-I) 

S 
(kg ha- I

) 

Fe 
(ppm) 

Mn 
(ppm) 

Cu 
(ppm) 

Zn 
(ppm) 

7.28-8.06 7.35-7.96 

0.10-0.48 0.1 1-0.37 

0.] ] -1.22 0.26-1.25 

4.06-23.97 3.01-19.73 

74-577 55-343 

3-128 3-]26 

89-882 180-1002 

]0-56 14-53 

1.59-29.30 2-15 

2.10-60.90 6-35 

] .39-10.36 5.16-10.33 

8.27-29.09 7.70-21.20 

1.50-10.24 0.97-8.32 

0.51-0,93 0.41-0.96 

a-Kanwar et al. (1965) 
c-Kanwar and Randhawa (1960) 
c-Muhr et at. (1965) 
g-Rajput and Sri Haribabu (1995), 
i-Gupta ( 1 993). 

7.16 

0.01 

0.05 

0.74 

168 

II 

141 

30 

2.62 

5 

4.80 

4.56 

0.56 

0.35 

96 

7.35-7.71 7.27 7.41-7.65 

0.12-0.29 0.05 0.14-0.28 

0.37-0.98 0.24 0.49-0.98 

4.26-11.29 1.09 4.73-) 1.98 

281-504 216 3) 4-508 

43-105 17 38-78 

366-812 148 348-747 

38-51 26 36-51 

8.51-20.24 2.4 6.01-13.20 

13-26 4 12-26 

6.03-8.56 4.80 6.32-9.24 

9.16-18.34 3.60 7.51-15.40 

3.01-7.88 0.45 2.41-6.30 

0.53-0.87 0.33 0.52-0.89 
---------- --.~ 

b-Dhawan el al. (1957) 
d-Patil (1979) 
f-Bhella (1996), Singh (1966) 
h-Biswas et al. (1985), 

than) 

a h 

8.5 7.0-8.5 
d 

0.5 < 2.5 
c 

0.2 0.41-0.8 

10 0-10 
c 

100 201-400 
c c 

34 70-149 

120 181-300 
h 

1.5 
h 

4.5 

0.2 

2 

0.6 
~'-----



Inrig flush soils.The optimum pl-l was observed In 89 per cent o.·chards of clInbia and 

88 per cent orchards Inrig flush soils. 

Electrical conductivity 

The electrical conductivity of soils under study \-vas ranging from 0.10 to 0.48 

dSnl- l
• The optitnuln EC varied from 0.12 to 0.29 dSm- 1 and 0.14 to 0.28 dSln- 1 for 

alnbia and Inrig flushes respectively indicating relatively much lower EC in Nagpur 

Inandarin gro"ving soils as cOlnpared to critical EC level (0.5 dSm- l
) ( Kanwar and 

Randhava, 1960). Most of the soils under present investivation \verc optillluin to high 

( > 90 0/0) in EC in both soils under alJlbia ( 81 + 1 1 0/0) and Inrig (73 + 20 %) flush. 

Organic carbon 

The organic carbon requirement ranged froln 0.37 to 0.98 per cent in anlbiu 

flush and 0.49 to 0.98 per cent under mrig tlush soils for optimum yield (Table 7). 

Ho\-vever Nagpur 111andarin "vas observed to gro\vn on soils of \vide range of organic 

carbon i.e. 0.1 1 to 1.22 per cent and of 0.26 to 1.25 pcr cent in cllnbia and Inrig flush, 

respectively. Majority of Nagpur mandarin orchards (79 % in alnbia and 75 % in 

Inrig) were in optilnum range of organic carbon as per ORIS norlllS under both 

flushes. 

The data showed that optilTIUln values of ORIS nOrIllS are in 10\\/ to high range 

according to Muhr el al. (1965) for critical soil limits. Highet· values of ot'ganic 

carbon in these orchard soils Inight be due to the fact that the cultivators Inight be 

using high doses of FYM to mandarin orchards for getting higher yield. Similar 

observations \-vere also made earl ier by Malewar et al. (1978-a). 

Free CaC03 

The optimulTI ranges value of free CaC03 content of soils observed for 

Nagpur Inandarin in Western Vidarbha were 4.26 to I 1.29 per cent in an1bia flush and 

4.73 to I 1.98 per cent in Inrig flush. In alnbia and Inrig flush soils it was ranging froln 

4.06 to 23.97 pcr cent and 3.01 to 19.73 per cent respectively (Table 7). The majority 

of gardens (64 % anlbia and 72 % Inrig) \verc in the optimUI11 range. Ho\vever sOlne 
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orchards though on soils of high CaC03 range, produced higher yield in ambia and 

mrig flushes may because of some other factor such as higher organic matter content. 

Bhella (1966) and Singh (1966) observed limit beyond which growth of citrus 

\-vas adversely affected could be ten per cent. Rajput and Sri Haribabu (1995) 

reported that the optimum range of CaC03 for citrus 0 to 10 per cent. 

4.4.2 Primary available nutrients 

Nitrogen 

It is observed from Table 7 that the available nitrogen content of soils under 

present investigation varied froln 74 to 577 kg ha- I for an1bia flush and 55 to 343 kg 

ha- I for mrig flush soils. The optimum range of available N in soils using ORIS for 

soils of ambia flush ranged froln 281 to 504 kg ha- I and that of Inrig flush fronl 314 to 

508 kg ha- I
. 

In the present investigation, evaluation of orchards indicates that 44 and 48 

per cent orchards in anlbia and mrig flush, respectively were under optilnuln nitrogen 

status. Only four per cent in alnbia and five per cent in Inrig tlush orchardswere 

under high N level. The optimum available N requirement for Nagpur mandarin is 

met at nledium to high available N (Muhr et al., 1965) indicating that the crop can be 

grown successfully in soils of mediunl to high fertility. But low level of N is a 

lil11iting factor under present investigation. 

In case of anlbia flush 52 (= 8 + 44) per cent orchards \-vere under lo\v in 

available N \-vhile in mrig flush this per centage \-vas 47 (31 + 16) under in lo\v 

available N. Such low yields "\vere due to the low available N which is not adequate 

to meet the demand of plants. Most of the citrus growing soils of India are ]ov" to 

medium in available nitrogen (Nilangekar and Patil, 1982 and Raina, 1988). Diware 

and Kolte (1990) also observed the deficiency of available N in orange growing soils 

of Western Vidarbha. 
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Phosphorus 

The observed range showed 3 to 128 kg ha- J avai lable phosphorus (1)205 in 

alnbia flush and 3 to 126 kg ha- I P20sin Inrig flush soils. The optilnum phosphorus 

varied from 43 to 105 kg ha- I and 38 to 78 ka ha- I in Glnbia and Inrig flush 

respectively indicating that the 1>2 0 5 requirelnent of Nagpur Inandarin is 111ct from 

medium to high soil available P 2 0 5 (Muhr et al.., 1965) (Tablc 7). Orchards under low 

soil available P20S (24 % in alnbia and 20 % in Inrig) vvere low yielding and it Inay 

be a limiting factor for these orchards. }-lo'\vever it was optimuln in 69 and 60 per cent 

orchards in ambia and mrig flush respectivcly. 

Potassium 

A vailablc potassium (K2() was ranging frol11 89 to 882 kg ha- I and fronl 180 

to ) 002 kg ha- J in G111bia and Inrig flush soils, respectively. The optilnuln norms for 

available K 20 for alnbia and Inrig flush ,\vere found to be 366 to 812 and 348 to 747 

kg ha-
I 

respectively, indicating that the Nagpur mandarin growing soils of Western 

Vidarbha are very high in available K (Muhr el al.. ) 965) (Table 7).The evaluation of 

orchards sho'\ved that the 1110st of orchards (730/0) cOlne undcr optill1um catcogory in 

both flushes. Kharkar et of. (1991) observed that the available K 20 was excess in 

Nagpur Inandarin growing soils of Vidarbha. 

4.4.3 Secondary available nutrients 

Calcium 

The InlI11Il1Uln and maXimUl11 values of available calciull1 for all1bia flush 
14- to 

were from 10 to 56 cmol (p +) kg- 1 and for Inrig flush this range \vas.z - 53 cOlol (p +) 

kg- J DRIS norms developed indicated 38 to 51 cmol (pi) kg-I soil and 36 to 5 I cmol 

(p +) kg- 1 for al11bia and Inrig flush respectively. Fourty per cent all1bia and 48 per 

cent Inrig orchards were under optimull1 I)RIS nonns. The available Ca in these soils 

less than 30 cillol (p +) kg-I and 26 clnol (p+) kg--- I for cunbia and Inrig flush 

respectively were observed in very lo'\v range and 1l1ay be critical lilnits (Table 7). 
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Soils containing exchangeable Ca less than 1.5 cmol (pt) kg-I have usually been 

considered as Ca deficient (Bis'\vas el al., 1985). Fifty six per cent orchards in ambia 

and 51 per cent of nlrig ""ere gro\"ling on soils \",jth low available calcium ORIS 

norms. 

Magnesium 

The available magnesium was ranging froln 1.59 to 29.30 cl1101 (p +) kg-- I 
111 

orchards from alnbia flush, 'whereas it was recorded bet\-veen 2 to 15 clnol (p) kg-I in 

orchards froln mrig flush. The optilnum yield was recorded at 8.51 to 20.24 clnol 

(p+) kg-I and 6.01 to 13.20 cmol (p+) kg-I of available Mg in alnbia and mrig flush 

soils respectively (Table 7). The evaluation of these orchards indicated that most of 

the soils ( 67 % in alnbia and 63 % in mrig ) were in optilnull1 range. About 3] per 

cent sites froln alnbia tlush \vere very low to low and the Mg concentration was less 

than 2.62 cmol (p+) kg- 1 whereas in Inrig flush these concentration was less than 2.40 

clnol (p+) kg-I and 21 per cent orchards observed under very low to low in available 

Mg. Hence 2.26 and 2.40 cmol (p+) kg-I may be considered as critical limits for 

ambia and Inrig flush respectifely. Soils containing less than 1.00 clnol (p+) kg-- I 

exchangeable Mg are considered deficient (Bis,\\'as el al. , 1985). 

Sulphur 

The available sulphur concentration in soils from clIl1bia and Inrig flush was 

ranged from 2.10 to 60.90 kg ha- I and 6 to 35 kg ha- I respectively. 

The optimunl available sulphur requirelnent ranged froln 13 to 26 kg ha- I in 

al11bia flush. In Inrig tlush however this range ,\\'as 12 to 26 kg ha- I available S (Table 
In . 

7). In case of alnbia flush 57 per cent orchards and in nlrig 71 per cent orchrds wer9fpiJrr>u'J't) 

'Y<tnge oj available sulphur. Only 8 per cent gardens in alnbia were under very low range 

indicating S critical level of 5 kg ha- I. 

4.4.4 Available micronutrients 

Iron 

The available iron concentration in soils showed ,\\fide variation from 1.39 to 

10.36 ppln and from 5.16 to 10.33 ppm in alnbia and Inrig flush respectively. The 
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optimum requirement of DTPA extractable Fe ranged from 6.03 to 8.56 ppnl In 

Glnbia and from 6.32 to 9.24 pprn in Inrig flush soils. The lowest yield \-vas obscl'ved 

when available iron content of thcse soils \·vas less than 4.8 ppm in both flushes and 

only 3 per cent orchards were found in this category of DRIS nonns undel' ulnbia 

flush. Therefore 4.8 ppm available Fe can be considered as nc\-v critical lilnit fOI' 

OTPA extractable Fe (Table 7). The most acceptable critical liJnit of available Fe is 

4.5 pprll in soils (Lindsay and Norvell~ 1978). The data l'egar'ding evaluation of 

orchards indicated that most of soils under Gl'nbia (76 %) and Inrig (79 0/0) flushes 

\vere in optimuln range of the ORIS nann. 

The wide range (1.68 to 25.2 ppm) DTPA extractablc of availablc Fe in 

surface soils under citrus cultivation '\-vas observed earlier by Singh and Tripathi 

(1983). For maratlnvada region of Maharashtra~ Male\-var' el al. (1978-a) reported 

OTPA extractablc Fe in rangc of9.4 to 20.6 ppm. 

Manganese 

The \-vider range In available Mn \-vas rccol'ded in alnhia (8.27 to 29.09 ppln) 

as vvell as in Inrig flush (7.70 to 21.20 ppln) soils. The optiJnUnl DRIS nOI'm J'ange 

\vas 9,16 to 18.34 pplll for al11bia and 7,51 to 15.40 for Inrig flush soils \vhich is 

considercd as higher range (> 2.0 pprn) by Lindsay and Nor'vell (1978). Optirnum 

range of exchangeable Mn for gro\ving healthy citrus is considered to be 10 ppnl 

(Ogata~ 1967). The observed values al'C in confonnity \-vith thc findings of Malc\var 

et ale (1978 a and b), Singh and Tripathi (1983) and Patil and Malc\lvar (1998). Thc 

orchards observed in optinlllln range \vcre 88 per cent in anlbia and 95 pel' cent in 

Inrig flush. Data of optilTIUlll nonns furthel' indicated that Mn rcquirelnent of Nagpur 

mandarin is met at ITIuch higher Mn status than prcsent critical lirnit. 

Considering VCI'y low category of DRIS 4.56 pplll and 3.6 pplll can be 

critical limits for an-lbia and mrig, respectively since no ol'chards \lvere available under 

th is category. 

....,"" .. _ 
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Copper 

The available copper was higher than critical lifnit (0.2 ppm) (Lindsay and 

Norvell" 1978) in all the soils l'anging froln 1.50 to 10.24 ppln in alnbia and from 

0.97 to 8.32 ppm in Inrig flush. The optimum range of available Cu \vas 3.01 to 7.88 

ppln and 2.41 to 6.30 ppln in soils under anlhia and mrig flush respectively (Table 

7) indicating that the Cu requirenlent of Nag pur Illandarin was Inet at nluch higher eu 

status than the present critical limit. This adequate Cu concentration of surface soils 

is supported by the findings of Malewar el aJ. (1978 a and b), Singh and Tripathi 

(1983)" Raina (1988)" Sharrna and Mahajan (1990) and Pati I and Malewar (1998) in 

different parts of the country. 

From the evaluation of data it vvas observed that 60 per cent sites under alnbia 

and 59 per cent sites under Inrig flush \vere in optimum range in the new ORIS 

nonns. Since no orchards vvere observed under very low category of ORIS nonns 

0.60 ppln and 0.45 can consider as ne\v critical I imits for ~lInbia and Inrig flush~ 

respectively. 

Zinc 

The soils under present study shovved that the available zinc \-vas ranging fronl 

0.51 to 0.93 pplTI for alnbia and 0.41 to 0.96 ppnl for n1rig flush soils. The 

requirement of available Zn for optinlum yield recorded \vas in the range of 0.53 to 

0.87 ppm in anlbia flush and 0.52 to 0.89 pplll in mrig flush soils indicating that 

these optimunl limits were nearer to critical lilnit (0.8 ppnl) rccon1Jllended by Lindsay 

and Norvell (1978). Chapnlan (1960) I'epol'ted that the zinc less than 1.0 ppln in soils 

having pI-I above 7.0 were inadequate for citrus (Table 7), Most of the orchards 

(about 83 0/0) were found to be in optinlum range in both flushes, I-Iovvever, there 

\-vere no gardens in very low class of ORIS « 0.35 ppm for alllbia and 0.33 for Inrig 

flush). Hence these liJnits can be considered as new critical limits of ORIS norms. 

The pl'esence of higher lime with alkaline soil reaction is likely to pose problenl of its 

avai labi I ity in soi I (Pati I and Malc\-var, 1998). 
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4.5' DRIS norms for leaf nutrients and yield 

Nutrition managernent of fruit crops is one of ilnportant practices to impl'ove 

the productivity of fruits. Fertilizer requirement of the tree is determined by visual 

aSSeSSlTIent of deficiencies.. soi I nutrient status and plant tissue nutrient status, 

Standardized norms for various soil nutrients or parameters as well as plant tissue 

nutrients for different crops are available. 

Patil and Malewar (1998) observed that though leaf Zn and Fe values 

indicated relatively higher magnitude than critical limits the leaves expl'essed 

ITIorphological deficiency sylnptoms of Zn and Fe in ITIandarin orchards of Western 

Vidarbha. Thus, presently established critical leaf Zn and Fe lilnits in ITIandarin 

failed to keep pace "vith their deficiencies. Therefore they further suggested that the 

present leaf nutrient standards need to be I-eassessed. 

Therefore an approach "vas made to develop ne"v DRIS norms for NagpuI' 

mandarin in the present investigation. These norms vv'cre classificd as deficient, low, 

optilnUITI, high and excess and are presented in Appendix XVI and XVII for aJ17hia 

and Inrig flush respcctively_ 

4.5.1 Major nutrients 

Nitrogen 

The nitrogen concentration III leaf ranged froln 1_55 to 3_08 per ccnt and froll1 

1.62 to 2.67 per cent in a111bia and Inrig flush, I-espectively. The optilTIUm N 

concentration ranged fl-orn 2.06 to 3_02 pel' cent in atnbia flush and 2.10 to 2.68 per 

cent in Inrig Hush leaves (Table 8). ORIS norn1S for optimuln yields are 1110re or less 

nearer- to the ranges reported by other workers using other methods_ ORIS indicated 

low to optirnum range as desci-ibed by Srnith (1966). The optin1UlTI value suggested 

by Reuther el al. (1950) for Citl'US is in range of 2.4 to 2.8 pel' cent. Randha\-va (1970) 

has suggested less than 2.2 pel' cent N in leaves from non fruiting tenninals as 

deficient, 2.2 to 2.4 pel- cent as low, 2.5 to 2.7 per cent as optimum and ITIOre than 2.8 

per cent as high. Hernandez (1983) considered that trees of Valencia latc range 
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Table 8 : Comparison of leaf nutrient DRIS norms ,vith conventional standard 

values 

Actual observed range DRIS norms for DRIS norms for Standards of Snlith 
anlhill flush IIlrig flush (1966) 

Nutrient ~--------- ~ 

Very Very Critical 
(Unit) Ambia Mrig 

Low Low limit 
flush (Less 

Optimum 
(Less 

Optimum 
(Less Optimum 

flush 
tha_!}) ___ __t_ha~)_~ __ __t _~an) 

N 
1.55-3.08 

(0/0) 1.62-2.67 1.57 2.06-3.02 1.79 2.10-2.68 2.2 2.5-2.7 

p 
0.03-0.38 0.05-0.45 0.01 0.09-0.22 0.02 0.08-0.19 0.09 0.12-0.16 (%) 

K 
0.52-3.33 (%) 0.61-2.86 0.62 1.05-1.87 0.09 0.66-1.79 0.7 1.2-1.7 

Ca 
2.50-5.20 2.26-5.07 2.38 3.18-4.66 2.24 2.97-4.40 1.5 3.0-4.5 (%) 

Mg 
0.37-0.88 0.17-1.22 0.49 0.58-0.73 0.25 0.47-0.87 0.20 0.30-0.49 (%) 

S 
0.14-0.43 0.14-0.37 0.11 (0/0) 0.20-0.36 0.1 1 0.18-0.30 0.14 0.20-0.39 

Fe 
50.00-199.60 41.16-174.70 25 (ppm) 74-170 58 92-158 35 50-120 

Mn 
18.45-70.94 15.69-70.57 1 1 26-54 8 23-50 18 25-49 

(PPt11) 

Cu 
8.43-41.40 12.40-45.24 5.73 15.25-34.25 2.36 13.82-36.70 3.6 5-12 (ppm) 

Zn 
10.97-49.28 17.61-48.08 10 22-41 14 23-39 18 25-49 (ppm) 

---- --------- ---- - -----
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having less than 2.0 per cent leaf N as deficient. Chauhan el al. (1984) repol-ted N 

c·~ntent in citrus leaves ranged from 1.5 to 2.9 per cent as optimum. 

The evaluation of the orchards sho\.ved that from alnhia and Inrig flush N was 

optin1um in 87 and 85 per cent orchards respectively indicating that it was not 

limiting the yield in these orchards. lIovvever deficient lilTIits of 1.57 per cent afnbia 

and 1.79 pel' cent in Inrig can be considered as real critical limits. Similar 

observations regarding ORIS norms were also made by Varlakshmi and Bhargava 

(1998) in acid lime. 

Phosphorus 

Leaf P concentration ranged fr'om 0.03 to 0.38 per cent and fron1 0.05 to 0.45 

per cent in anlbia and Inrig flushes respectively., indicating wide variation (Table 8). 

The optilllum leaf P concentration ranged from 0.09 to 0.22 ppm in anlbia flush and 

frotTI 0.08 to 0.19 ppnl in Inrig flush leaves \.vhich indicated deficient to high range of 

leaf P as per standards of Smith (\966) for orange leaves. Randha\.-va (1970) reported 

the concentration of P in leaf of sweet orange higher than O. 17 per cent as high level. 

Mann et al. (1979) obtained P level in sweet orange leaves of Punjab orchards 

ranging from 0.04 to O. 17 per cent in healthy trees. P content ranging from 0.09 to 

0.28 per cent in leaves of Nagpur mandarin in Vidarbha region was recorded by 

Kharkar et al. (1991). The optiJTIuln P \.-vas observed in 80 and 75 per cent orchards in 

alnbia and Inrig flush respectively as per ORIS norms. The deficient lirnit of 0.0 I 

and 0.02 per cent in afnbia and mrig flush can be considered as ne\-v critical limit for 

leafP. 

Potassium 

The potassiun1 concentration in Inandarin leaves was found to be in the range 

of 0.52 to 3.33 per cent and 0.61 to 2.86 per cent in Gfnbia and Inrig flush 

respectively. The ORIS nOrITIS developed for orchards indicated K froll1 1.05 to 1.87 

per cent and 0.66 to 1.79 per cent in anlbia and Inrig flush respectively as optilnurn 

(Table 8). Standards laid do\vn by Smith (1966) sho\-\Ied that the requirement is lo'vv to 

high (0.70 to 2.30 0/0) in 111andarin leaf for optinlunl yield as per ORIS. As reported by 
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Kharkar el ala (1991) K concentration ranged Croln 0.66 to 1.89per cent in healthy 

mandarin trees of Vidarbha region of Maharashtra. 

The data indicated that potassiuln vvas optilnum in 67 per cent orchards fronl 

clInbia flush and 75 per cent from Inrig flush. In respect of deficient level of K in 

leaves 0.62 per cent can be taken as critical level. 

Calcium 

The calcium availability was adequate in Inajority of the orchards ranging 

fronl 2.50 to 5.20 per cent and 2.26 to 5.07 per cent in al17bia and Inrig nush 

respectively, '\-vhich \.vas because of higher free CaC03 is soil and of neutral to 

alkaline nature of soils. 

The optimum range of leaf Ca concentl'ation ranged fronl 3.18 to 4.66 per cent 

in ambia flush and from 2.97 to 2.40 per cent in Inrig tlush ol·chards (Table 8). This 

optinluln range is coincides with the optimuJn I·ange established by Sinith (1966). 

A'\-vasthi el al. (1984) reported leaf Ca in the I'ange above optimurl1 level in both 

healthy and declined type of nlandarin orchards in Hilnalchal Pradesh. Kharkar et ala 

(1991) recorded calciuJn concentration of Nagpur Inandarin leaves in Vidarbha region 

of Maharashtra bet\.veen 2.84 to 6.00 per cent in healthy trees, The leaf Ca ,\-vas 

optimunl in 76 and 73 per cent orchards from anlbia and n1rig flush, respectively in 

present study. The new critical linlit for leaf Ca can be 2.38 per cent fOI' al11bia and 

2.24 pel· cent for Inrig tlush which was observed as deficient as per nc'\-v DR IS nonns, 

Magnesiunl 

The magnesiuln concentration ranged froJn 0,37 to 0.88 per cent and 0,17 to 

1.22 per cent in ambia and Inrig flush respcctively. The optitnum nonn for Mg 

ranged from 0,58 to 0.73 per cent fOI· al11bia and 0.47 to 0,87 pel· cent fOl· Inrig flush 

indicating these optimunl Mg ORIS range in high level as per the standards of Sinith 

(1966) (Table 8). The evaluation of orchards shov·/cd that Inost of the orchards are in 

optimuln range in alnbia (79 %) as '\-vell as in rnrig flush (67 %) soils. Thc higher leaf 

Mg tnight have the reflction of soils, higher in Mg. The deficient lirnits for anzbia 

and Inrig flushes ""TCI'e 0.49 and 0.25 per cent I'espectively which can considel'ed as 
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nevv' critical limits. l-1owever, there \-vere sufficient numbers of fruiting ol·chards 

under deficient class. As such Mg Inay not be that critical as other nutrients. 

Sulphur 

Sulphur concentration of Nagpur mandarin leaves was ranged froln 0.14 to 

0.43 per cent in ambia flush leaves and 0.14 to 0.37 per cent in mrig flush. The ORIS 

norms showed that S concentration ranging from 0.20 to 0.36 per cent in Glnbia flush 

and from 0.18 to 0.30 per cent in mrig flush was found as optimulTI (Table 8). These 

optimum values are Inore or less similar to the optimum standard values suggested by 

Smith (1966) for orange leaves. Hovvever, the nonns developed in present 

investigation for S are near to agreelllent \-vith the ORIS nonns developed by 

Varlakshmi and Bhargava (1998) for acid lilne in Cuddapah district of Andhra 

Pradesh. 

From evaluation of the data it is observed that 65 and 83 pCI· cent orchards in 

ambia and n1rig flush, were in optimum range. This trend of sulphur \-vas also noted 

in soils. Critical limit observed for leaf S can be 0.1 1 per cent which was deficient 

value observed in both flushes according to ORIS. 

4.5.2 Micronutrient status 

Iron 

Leaf iron concentration sho\-ved \-vide variation from 50.00 to 199.60 pplTI in 

ambia flush and 41.16 to 174.70 pplTI in n1rig flush, which indicated adequacy of iron 

in leaves. The optilTIuln concentration of Fe ranged froln 74 to 170 pp111 and 92 to 

158 ppm in alnbia and mrig flush respectively (Table 8). As pel· Snlith (1966), these 

optilllum ranges from ORIS were in optimulTI to high range of leaf Fe status. 

Male'\var et al. (I 978-a) reported higher concentration of iron in leaves~ irrespective 

of healthy and unhealthy trees associated vvith high content of leaves, which 

ilnmobilizes the iron in roots and younger leaves. The evaluation sho\vcd that 77 per 

cent orchards in ambia flush and 64 per cent orchards in Inrig flush \vere found to be 

in optilnUITI status. The deficient leaf Fe content less than 25 and 58 pplTI in alnbia 

and Inrig fl ush respectively can be considered as nevv critical lim its. 

107 



Manganese 

The concentration of manganese in Nagpur mandarin leaves of arnbia and 

Inrig flush ,",vas varied froln 18.45 to 70.94 pplTI and 15.69 to 70.57 ppln respectively 

(Table 8). Most of the orcahrds \-vere detected in optimum range of norms ,",vhich 

ranged froln 26 to 54 ppm in ambia (80 0/0) and 23 to 50 ppm in rnrig (85 %) flush. 

These optilnum values are very close to optinlunl ranges of leaf Mn (25 to 50 ppm) 

given by Smith (1966) for this crop. It might have been due to the adequacy of Mn in 

these orchards soiL These observations are confinned with the findings of Malewar 

el al. (1978-a), Mann el al. (1979) and Singh (1982). 

Copper 

The copper concentration ranged fronl 8.43 to 41.40 pplll and from 12.40 to 

45.24 ppm in ambia and Inrig flush respectively. The optirnulll Cu status in 

Illandarin leaf varied frolll 15.25 to 34.25 ppln and froln 13.82 to 36.70 pplTI In 

alnbia and Inrig flush respectively (Table 8). This optilnum leaf Cu range ,",vhell 

cOITIpared \-vith nutrient standards given by Sinith (1966) it cOlnes under very high to 

excess level of Cu. In alnbia 65 per cent orchards and in Inrig 88 per cent orchards 

,",,,ere in optilnum ORIS range. l-lo,",vever, sufficient numbers of orchards \.vere fruiting 

at lo\.:v level of available ell in soils of both flushes and the SalTIe was reflected in 

leaves. Awasthi ef al. (1984) from his studies observed Optil11UlTI range of eu in 1110st 

of the citrus orchards. Sharma and Mahajan (1990) and Kharkar el at. (1991) also did 

not report deficiency of Cu in their studies. Deficient level of leaf Cu. 5.73 prlTI for 

al11bia and 2.36 ppm for Inrig are the ne"\;v critical 1 imits. 

Zinc 

Zinc, the most il11portant 111icronutrient in citrus nutrition sho\-ved deficient to 

high range in Nagpur Inandarin trees varying fronl 10.97 to 49.25 pplTI and 17.61 to 

48.08 ppnl in al11bia and Inrig flushes respectively. The optimUJ11 Zn concentration 

ranged froln 22 to 41 ppln in all1bia flush and n·oln 23 to 39 pplTI in Inrig flush 

leaves of Nagpur mandarin (Table 8). Cornparing these values \.vith the standards of 

Smith (1966) it \:vas observed that Nagpur nlandarin produced the optilllum yield \-vith 

optitTIum leaf Zn content. Most of the orchards i.e. 77 per cent frolll clIllbia and 83 
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per cent froln nlrig flush indicated optimutn range of the DRIS nonns for leaf Zn. 

The similar trend was observed for Zn in soil (Table 8), However 10.0 ppnl and 14.00 

ppm concentration of leaf Zn in all1bia and nlrig are the deficient levels and so are the 

critical limits for Nagpur tnandarin. 

4.5.3 Yield level 

In present investigation DRIS \vas expanded to establish the ne\v 

categorization of yield from ORIS norms. To date the Nagpur tnandarin orchards of 

Vidarbha region are generally classified into three classes on the basis of yield viz., 

low (400 tree), medium (400 to 700 fruits per tree) and high (> 700 fruits per tree) 

yielder. Therefore the cutoff value taken for dividing high and lo"v yield in present 

study vvas 400 fruits per tree for each orchard. ORIS norlllS established for yield level 

of Nagpur tnandarin in \Vestern Vidal'bha sho""ed that the yield level should be 

considered as 'low" when yield is less than 767 fruits per tree for ambia and 80 I fruits 

per tree for Inrig flush (Appendix XVI and XVII). Therefore the ne"v cutoff value of 

yield level for dividation of population into lo\\' and high yielding orchards should be 

rouned off to 800 fruits per tree. The data futother indicated that the yield "vas low to 

very 1o"" in 55 per cent and 53 per cent orchards of alnbia and Inrig flush 

respectively. It was optimum in 41 per cent of ambia flush and 47 per cent of Inrig 

flush orchards. 

4.6 DRIS indices 

In order to kno\v the effects on yield of Nagpur mandarin, the yield data at 

various locations froln orchard growers were collected and yield (nulnbers of fruit per 

tree) was recorded from the randomly selected trees in each orchards, ORIS indices 

are derived for soil fertility and leaf nutrient status of low as well as high yielding 

Nagpur Inandarin orchards, \vhich have negative, positive and zero values. The 

relative order of ranking of soil parameters / nutrients and leaf nutrients in ternlS of 

requirement by the plant for optimum yield are established and loeported here. 
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4.6.1 Lo\v yielding subpopulation 

ORIS indices are the quantitative evaluation of relative degree of imbalance of 

nutrient in lov .... yielding orchards. These sets of diagnostic indices lead to sound 

recommendation of nutrient capable of obtaining higher yields. 

4.6.1.1 Soil fertility indices for anlbia flush 

DRIS indices cOlnputed for 10,"' yielding orchards from alnbia nush for soil 

fertility are presented in Table 9. 

DRIS indices for soil are presented sequentially in order of requirelnent of 

nutrients or parameter for getting optilnum yield. These indices are separated for each 

10Vv' yielding site, The Inore lacking is the nutrient~ relative to other nutrients llsed in 

the diagnosis. Alternatively a large positive nutrient index indicates that thc 

corresponding nutrient IS present In relatively excessive quantity. In present 

investigation yield index (Y) is calculated v.lith nutrient indices in both soil and Icaf 

for mOl'e accuracy. As lo'\v yielding orchards are taken into consideration for indices, 

yield index (Y) is ahvays negative (Table 9). While detecting the most limiting 

parameter / nutrient, yield index must be neglected. Therefore, most negative indcx 

i.e. most lilniting parameter is be that which cOlnes first in order of requirement. 

This can be best illustrated fron1 the example below. 

At site nUlnber 19 froln clIl1bia flush (Table 9) N showed Inost negative value. 

(-51) and the order of I'cquirement (lilniting factor) was N > Ca > K > P > Cu > ac. 
This I11eanS that in tenns of relative requirelnent to yield~ N is the Inost linliting than 

Ca follo'\ved K and subsequaently by P,Cu,OC . In this case it further noted that the 

paralneter organic carbon (OC) sho'"ting zero index is with optilnal balance . Froln 

postive values of indices in the saine site it can be concluded that sulphur is in 

optimull1 range and Mg, Fe, EC , Mn, Zn, pH, and CaC()3 are relaticvely excessive. 

Of the higher or excessive nutrients, one or other nutrient l11ay also be yield liirllting. 

In this particular case (site 19) free CaC03 (higher +ve index) Inay be lilniting, even 

Inore than the deficient factors. Ho\-vever, by correcting deficient factors, the 

excessive factors Inay C0l11e in proper nutrient balance ensuring optin1um yields. 
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Table 9 : DRIS indices ,vith order of requirement of soil parameters for lo,v 

yielding Nagpur mandarin orchards in ambia flush 

~I Site No. I - Order of requirement fromWt to rigW- ----- ] 

-~- i-Y----~ Cu Mg OC S EC -Ca MD PeCK Zn F--;-pII I 

I 1 -63 -36 ~----u-3-----=1 3 4 7 101o~ ---y:J n-j-l I r- _- y 

2 -93 

Ca--S ~ N-F-;--Cu CC Zn -MD POC Mg- pH EC I 

-17 ~-~9 -=s ~ -1() 1-)-1-318 ~ -23 -2.(j 4}1 
------~ --

------ -- --- --- --
Y Mg S K Cu N MD Fe Ca Zn OC EC CC pH P I 

---- -------- -- --- -- --- -

3 - 53 -4 1 - 1 2 -7 - 5 -2 -2 1 8 10 11 21 25 46 I 

-----1 

S 

I 4 -92 

p Y CC Mg Cu Ca N ZD OC K Fe Mn EC pH I 

-64 -42 -26 -20 -2 14 ~--n ~2832 3236401 
---- ---- --- -- ---- -- -- --- - -- ---, 

~-_ 
I Y P Mg Cu . ~C"_N __ S MD CC OC Z~~ Fe EC 1 

, 5 -59 -54 -47 -22 -18 -5 5 8 12 24 27 27 30 31 41 I 

1-- -- -p--y ------rvIg Ca -Cu S N--K EC CC -Mn OC -pI-I z~cl 
I 6 -37~7~32-s -1-10 l() 12284161 64 -72-79"1051 

I~--- --Fe--Y--C--;-N Ca Mn P Mg Z~-SOC -K EC pH-- CC I 

7 
--- ----- --- -- - -- -- -- --- -_ 

-132 -63 -34 -32 -31 -6 -5 10 16 23 32 37 39 48 96 I 
---- -- ---- --- ------ -- -- -

Y Fe Mg N S Ca Cu MIl OC K CC Zn P pH EC 1 

8 -49 -37 -37 -9 ~ ~ =2 7--9--12-1421 2t - 29 Wi 
I-----+--M--gy--y---c;--SN OC Cu CC MD p-KFe plI ECZ~-I 
I 9 -91 -4s-::I6-=t4---=9--=6-=2 10 1-1-12-132733 35 42 I 

1

-- P ~y~ Cll Ca Mg S CC OC MD EC ZnpH Fe-1 

10 -145 -----=4544---=15-1---3- -9- -W 1-3-1722314546-53 1 

1--- C-a-Y---N-~--C-u-M-D--K-O-~-p~-Z-D-E-C-F-e-C-C--S-~gl 
____________ ~ _________ - ---------i 

I 11 -131 -59 -57 -25 -22 2 5 17 28 30 3 1 33 40 48 59 
_---------- - - ------1 

I S Y Ca Cll CC N Mn Mg OC pH P Zn EC Fe K I 

I 12 -41 -40 -25 -24 -14 -8 4 7 12 16 17 17 24 24 32 
I__---- --- -- --- ------ ----- - -- --__j 

... continued ... 
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Order of requirement from left to right 

y K Mg N Ca P S Mn CC Zn Fe Cu pI-I OC EC 

13 
----

- 34-1011 -87 -84 -76 -2 2 5 6 6 9 10 18 24 34 
- -- -- - - --

Mg Y Cu Zn Ca S Mn N Fe P pH K OC CC ECI 
14 

-- -- --- ---- ---- - -----_ - _-- -- --- ---- ------------- -

-92 -83 -19 -9 -5 -4 0 2 5 12 22 30 39 50 52 . 
I 

Ca Y N P S Fe Cu ZIl Mg pH Mil CC DC K EC 

15 -98 -90 -9 -8 -4 -1 1 1 3 23 26 30 30 30 65 

S Ca y N Mn Zn DC K Cu CC Mg P Fe pH EC 

16 -1 15 -68 -50 -3 3 4 6 9 10 13 16 25 30 45 74 
- - - -

Ca y Mg S Cu N Mn P Zn Fe DC pH CC K EC 

17 - 1 18 -109 -78 -4 -1 4 1 1 16 17 27 28 38 49 49 70 

K N OC y Cu Ca Mg Mn Zn P Fe EC pH S CC 

18 -113 -99 -67 -64 -39 -36 -16 20 25 29 36 40 58 83 143 

Y N Ca K P Cu OC S Mg Fe EC Mn Zn pI-I CC 
-- ---------

19 -58 -51 -37 -19 -13 -10 0 1 3 9 28 30 33 35 48 
t - - - -- --

Mg Y S N Ca P Cu CC OC Mn K Zn Fe pH EC 
- -

20 -1 16 -46 -32 -8 -4 -2 2 8 1 1 18 20 22 37 41 49 
----- -- ---- -

Ca Y P S Cu N CC DC Zn Fe Mg Mn pH EC K 
--- -- ---

21 -45 -40 -38 -34 -12 -2 6 9 1 1 12 14 16 33 33 38 
- - -------

K Y Ca OC N EC CC S Mn P Mg CD Fe pI-I ZIl 
- - -

22 -39 -27 -18 -15 -1 1 .... 
-j -2 2 4 4 9 1 1 19 29 38 

- --

y Ca N Mg K EC CD Mn Fe ZIl OC S P pH 

~~I - - --

23 -63 -30 - 14 -3 -3 -2 0 2 3 3 7 16 17 23 
- - - - -

1 y Ca K N P S OC Cu Zn Fe Mil EC Mg CC pI-I 
- ---

24 I -64 -26 -19 -1 1 -10 -10 -3 0 12 17 18 22 22 22 29 _I I - - - - - -

y Ca Mg Cu N OC P EC K Zn S Mn Fe pI-I CCI 
- -

25 -85 -42 -25 -24 -15 -7 -4 0 9 13 14 20 33 41 74 i 
I ----- ------ - --

... continued ... 
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--, 

I Site No. Order of requirement from left to right I 

S Mn Fe I y 

_-_" _2_6 __ ll04 
P 

Ca Cli N Mg EC K OC J> 

-48 -20 - 13 - I 0 1 5 6 6 

y Ca EC Cu Mg OC N S 

Zn pH CC I 

12 22 26 38 39 41 

K Mn Fe CC pH zn_1 

I 

r 

27 -340 -108 -25 -3 7 19 20 21 25 29 47 60 70 80 98 

Y Mg Ca N oe Cu Mn P K EC S Fe Zn pH CC· 

28 -86 -86 -7 -6 -6 3 4 9 10 18 25 28 36 57 I 

Y Mg Cu P N OC Ca Zn S K Fe Mn EC pH CC 

29 -102 -59 -24 -22 -3 4 13 14 14 15 15 17 17 40 62 -] 

y 

-90 
----

y 

31 -51 

y 

32 -66 

y 

33 -123 

Y 
-" 

34 -61 

K Mg N EC OC Ca P Mn Zn Fe Cn pH S CC 

-72 -70 -13 -10 
-

Ca K P N 

-42 -30 -10 -9 

Cli S Zn Mn 

-26 -19 -19 -8 

Ca S P Cn 

-32 -18 -5 -2 

Ca Cn N S 

-34 -17 -15 -9 

-1 9 13 

Mg Mn OC 

-8 -5 3 

Mg Ca N 
-

-5 -4 -4 

N EC Fe 

-1 2 10 

EC OC Fe 
--

4 5 6 

17 18 
-

S Cn 

6 8 

EC Fe 

3 5 

Mg pI-I 

16 18 

Mg pH 

1 1 14 

31 37 40 42 4-8-1 

EC Fe Zn pH ec 
9 17 27 33 51 -I 

K pI-I ce oe p 

13 17 26 27 60 
- -

Zn Mn OC K CC 

20 27 27 28 

Zn CC K Mn 

31 1 

p 

-I 
24 

1

1

___ _35 __ ~ 100 -12 -8 -_5 __ -2_ 

I--Mgy N Cu Ca K 

-

Ca Y N OC Fe Cn Zn 

o 
p 

--

K Mn 

16 17 17 20 

Mg pI-I EC ec 
9 1 1 27 47 72 

P 

S CC Mn Zn OC pH Fe 

S I 

77 

Eel 
36 -91 -64 -9 -8 -7 2 4 4 8 9 19 29 30 35 38 

k;. ·_S __ y_ Zn Cu CC Mg Ca N 

I _3_7 __ 
1 

- 1 09 - 1 07 -95 -9 -6 1 0 1 1 12 1 7 

Y Mg K S EC Ca N ce p 

K EC Fe OC pH MIl 1 

19 38 39 43 49 89 
_" 

Cn pI-I Fe Mn Zn oe I 

l __ 3_8 __ 1-51 -24 -9 -8 -6 -6 -3 -1 3 11 13 14 15 23 28 

113 



Since the excessive nutrient can not be withdrawn, it can be balanced by 

supplitnenting limitilng nutrients. 

In first low yielding orchard of anlbia flush, soil fetility ORIS indices inferred 

that nitrogen is the Inost insufficient nutrient by Cu>Mg>OC>S, whereas others were 

in sufficient ( +ve) range in the order of sufficiency as EC < Ca < Mn < P < CC < K < 

Zn < Fe < pH. In second orchard DRIS indices showed the 1110st required nutrient as 

Ca followed by S > K >N > Fe > Cu whereas sufficiency requirement was as CC < 

Zn < Mn < P < OC < Mg < pI-I <EC. Similarly order of requirelnent can be 

interpreted in other 10vY yielding orchards. 

Among major nutrients, nitrogen, phosphorus, calciuln~ rnagnesium and 

sulphur showed insufficiency in majority of orchards. It is interesting to note that site 

No. 10 reflects the requirelnent of only prinlary nutrients in order P > K > N 

expressing yield 254 fruits per tree. It nleans that though the other nutrients are In 

balanced condition yield is rnostly affected when these prilnary nutrients are 

deficient. Likewise indices can be interpreted for individual gardens. 

Among micronutrients, copper was found to be deficient in 1110st soils 

orchards with very low yield level. Zinc was limiting in two sites only i.e. sites 14 

and 37. Fe vvas deficient in five orchards and Mn was liJniting in three sites. 

Though negative indices showing nutrients affecting yield, the excess of some 

soil parameters may also result in 10\.\1 yield. Free calciunl carbonate is such ilnportant 

factor for citr.us. In some of the sites CaC03 sho\.ving most positive index might have 

resulted in lovv yield rather than some lilniting nutrient in the particular case. Site 

nUlnbers 7, 18, 19, 23, 25, 26, 28, 30, 31 and 33 showed most postive index of 

CaC03 . 

4.6.1.2 Soil fertility indices for mrig flush 

Soil fertility ORIS indices for 10\\' yielding subpopulation from Inrig tlush are 

presented in Table 10. All the orchards indicated requirement ofN (negative indix) 
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Table 10 : DRIS indices '\vith order of requirement of soil parameters for lo'\v 

1 

2 

3 

4 

5 

6 

7 

I~-
8 

9 

10 

I--
I 
I 11 

[ 12 

yielding Nagpur mandarin orchards in mrig flush 

Order of requirement from left to right 

N Cu K P CC Ca OC Mn S EC Fe pI-I ~n_ Mg_ 

-45 -18 -15 -8 -6 -2 -1 2 7 8 8 15 26 
-------- 271 

p y S , ______ N __ C_u_ OC Ca Mn CC Fe EC M_£:g:z.__ plI K Zn 

-185 

Y 

-29 

~-
-48 

Y 

-76 

y 

-61 

Y 

-60 

Y 

-55 

Y --

-42 

N 

-191 

Y 

-103 

N 
- -

-61 

-49 -39 -1 I -6 2 17 24 30 30 32 32 
_--

35 44 4~ 
N ----=-~_C~a K Cu Fe P Mn OC Mg S EC pH Zn CC 

-23 -21 -20 -20 -6 -5 1 6 12 14 16 21 23 

Cu --=--==--------=-N__:_ Ca P S EC M n CC K pH Fe Zn OC 

~ 1 __ 1 

Mg 

31--1 
-34 -31 -19 

Ca N K 

-43 -28 -19 

N Ca _Mg 

-47 -20 -20 

Cu CC Ca 

-28 -20 -9 

Mg Ca P 

-14 -13 -9 

Cu Ca N 

-31 -30 -28 

Y S Mg 

-87 -25 -16 

N Cu Ca 

-50 -31 -17 

Y K Cu 
--

-37 -27 -14 

-7 1 1 o 11 12 13 14 14 14 21 ___ 

CC S C o Mg __ OC Fe plI Mn Zn EC _~ 

1 2 4 
- -

6 8 10 13 16 17 30 60 
_ I 

K S M n Fe P Co Zn OC p_H CC EC 

-1 1 -3 - =---_I.:_________::_1 0=---_1_2 24 24 28 32 33 I 

N Mg M n Zn Fe OC S P plI_ ~c:_~ 

-5 -4 1 7 9 11 1 I 11 15 30 33 I 

Cu Zn M n N OC CC K Fe EC plJ S -- I 

-2 -2 2 4 5 7 8 9 1 0 14 36 
---

Mg OC F c EC P Mn S Zn pI-I CC 

-26 -8 

Cu OC 

-13 8 

K Mn 

-2 -2 

Ca P 
---

-7 -3 
-

- 4 8 13 13 1 7 23 36 53 
---

C a K Fe Mn CC EC pH ?-~ 

1 2 14 21 22 44 49 50 52 61 I 

Fe _P:_:___~S Zn OC Mg pH CC EC I 

2 ---=1~5 __ 16.:______2_0 24 25 _ _2.]____ ~_Q___}5 _\ 

Fe OG Mg EC Zn pI-I S CC I 

1 

Mn 

5 6 11 12 16 19 20 24 37 
... continued ... 
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'Site~ Order of requirement from left to right 

I, I N_ P Y Cn Ca Mn K CC Zn Fe OC pH_Mg S 

I 13 _ _-_12_9 __ -6__:__7 -65 -28 -9 13 18 23 25 25 29 35 40 44 

ECI 

46 

S 

I 
14 

Y Ca Cu K -----=--__:_____ 
p CC N MD Fe pH ZD Mg_ OC EC 

18 25 26 30 34 I ----------- ---- -J 1 1 12 -6 4 -47 -36 -26 -25 - 1 3 -7 
--\-____.:__-

N Cu __ Y __ S __ M __ g=-_C_a_F __ e_M_D_Z_n_C_C~p~H____.:__ __ P 
I 15 

K EC OC 

31 38 39 I 64 56 51 43 13 4 6 9 18 20 30 31 

~ ---1----N~_-~-___'_C~U~~~--Y___c_-~~~~-a:-~-~s==-p--Fe-M-D-M-g EC CC OC K plI Zn I 

I 16 -44 

-66 -62 -44 -26 -18 -7 6 6 7 8 16 34 35 43 68 
i _____ I_---=--=---_ 

Y Cu K Ca Mg S OC Mn N Fe Zn pI-I CC EC P 
23 

33 33 38 39 76 I -90 -40 -37 -36 -32 -8 2 2 8 1 1 
--- --+____.:_____:__---- -----------

24 
Y N Mg Cu OC MD K Fe P Zn Ca pH EC S CC 

__ -+----_38 -29 -23 -8 -6 -5 -2 5 5 6 15 17 17 21 27_1 

25 
_P ___ N Y K DC Cu Mg ZII CC MD Ca ___ S ___ Fe EC p_,-I_, 

-343 -45 -41 -17 -7 12 12 27 46 47 54 54 62 65 72 j 
--__ ------"--

... continued ... 
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rSit';NO'-~ . 

I : N 1\Ig 

Order of requirement from left to right 

Y K Cu S EC Mn OC Zn Ca Fe CC pI-I P 
. 26" 

27 

28 

29 

30 

31 

32 

33 

34 

-96 -64 -40 -25 -13 2 6 16 16 17 21 22 25 31 8 ] 

y OC N S Cu Mg _Ca CC EC Mn Fe Zn pH K p 

-62 -34 -21 -13 -I I -9 -3 5 1 1 14 15 18 25 64 

Y N OC Co EC Ca Mn Fe l\1g CC S p_1:I Zn K I> 

-50 -37 -22 -21 -8 -5 -2 0 1 2 4 15 23 31 71 

Ca Y Cu N P K Mn Fe S Mg CC Zn pI-I EC OC 

-60 -59 -31 -29 -12 -10 7 9 1 1 15 19 26 27 34 53 

P Y Cll Ca N Mg Zn K S Fe CC lVIn~H EC OC 

-174 -87 -57 -43 -4 0 4 21 30 30 35 38 54 65 86 I 

y Cll N Ca Zn Fe S CC Mg Mn OC K pH P EC 

-54 -48 -33 -5 3 6 8 8 .-____ ~ 9 12 12 14 17 25 26 
--~I 

y S C~ __ ~g Mn K Cu N Zn OC CC Fe EC pI:!__ y_ 

-67 -1 I -9 -5 -5 -4 -4 0 2 7 9 12 13 13 49 
-~~~~ 

Y N Co Ca S Mn Mg K Fe Zn EC CC pI-I _ P OC 

-105 -60 -22 -5 -2 3 5 7 15 19 27 27 28 30 33 

Y P Cll K S N Ca Zn Fe CC OC pI-I M_I!__Mg EC 

-53 -25 -23 -22 -20 -5 -3 0 7 13 15 23 23 30 38 ___ ---+ __ ~ 

P Ca Y S N Cll Mg Zn Mn Fe CC pII K OC EC I 

35 
-445 -57 -49 -27 12 13 26 28 38 48 63 64 90 96 101 

36 
l_~~~~-6~8~~-20 -16 -12 -11 -6 -2 -I 6 7 17 19 24 31 32 

N Cll Mn S __ ¥~ ___ !<_~Z~n~~P~~pJI <.:2C Mg__OC EC Ca 
t-------~ 

Y 
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excepting sites 8~ 22~ 32 and 35. Indices also showed insufficiency of Ca, Mg and S 

in Inajority of the soils under mrig flush. 

Regarding micronutrients~ Cu indicates negative index In most of the 

orchards. l-Iowerver Zn, \vas in sufficiency ( positive index ) in all the orchards 

except site No.8 in "vhich it was lueail to balance. 

In site 17 DRIS reflects lnost required nutrient as N followed by Cu > P > K 

only. Other nutrients sho\"ved positive indices. As such N is 1110St yield-lilniting 

nutrient in this case. 

Besides yield linliting effect of negative index showing nutrients low yield 

Inight have been contributed by excess CaC03 which sho\"ved Inost positive index in 

sites 3~ 12, 21 and 24. Likewise nutrient indices can be interpreted. Nutrients with 

positive indices are in sufficient ranges and may not be lilniting in tenns of quantity. 

But the nutrient insufficiency Inay result in luxury consulnption and may distur'b 

nutrient balance causing lo\v yield. However, such effects need to be quantified with 

fUI"ther studies of paranleter such as CaC03 may definitely cause other nutrients such 

as P and micronutrients unavailable and limiting. 

The nutrient diagnosis made by ORIS indices indicated that Inore than two 

nutrients V\'ere limiting for yield in low yielding orchards. The orchards sutTering 

from inadequacy of nutrients can be diagnosed [rain indices and order of limiting can 

be fixed. 

The fertilizer recommendation IS then made on the basis of order of 

requirelnent of particular nutrient. 

4.6.1.3 Leaf nutrient indices for ambia flush. 

The data regarding the ORIS indices for leaf nutrient status in low yielding 

ol'chards from anlbia flush are presented in Table 11. In first low yielding or'chard 

ORIS indices for ambia leaf inferred that Cu was the most yield lilniting followed by 

Fe > Mn. Other nutrients showed positive indices and as such are in balanced or 

excess quantity. In second low yielding orchard, ORIS reflected least requirelnent of 

nitrogen and only iron and copper were most yield limiting. All other nutrients 
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Table 11 : DRIS indices '\vith order of requirement of leaf nutrient for lo,'V 

yielding Nagpur mandarin orchards in anlbia flush 

Site No. -, 
--

Order of requirement from left to right 
- -

1 Y Cu Fe Mn Ca S K N P Zn 

-5711 344 -226 -131 417 650 757 772 898 1044 
- - -

2 Y r- Fe Co Zn Mn K S P lV!_g Ca 

-5695 161 -1 1 161 231 412 427 6] ] 1204 1309 

3 Y Co S Mn Ca Fe Zn K N P 

-4500 -1 797 -70 100 131 171 445 450 625 923 -- -

4 t--Y_-- S Ca Co Fe Zn N P K Mn 
- -

I 3329 - -484 - 167 -. - 125 426 ) 427 556 559 589 591 
--

5 Y Cu K Mn Ca S Fe Zn N lV!g 
-5190 -1463 -370 -92 -88 194 417 600 851 2129 

- -

-

--

K N S Zn P ----6 Y Cu Fe Ca Mn I 

-6743 -1281 -406 -169 255 562 830 1029 1458 2123 

7 Y Cu Ca Mn Fe S N Zn P K 
- - -

-4881 -901 -363 -294 86 348 555 6]0 1098 1679 
---- ---

8 _y Cu Mn S Fe 
-

P Ca N Zn K 

-4170 -805 -185 47 164 180 538 616 869 1249 
-- -

9 r---Y Cu Mn S Ca Fe Zn N Mg P 

356 412 584 722 753 i -3319 -283 -82 -39 9 L 

10 . Y 1<: Ca Mn S Cu N I> Zn Fe ---

-4726 -18 6 49 56 86 569 596 639 978 --._ -

11 Y Cu Mn Ca N S P Zn Fe K --

-4134 -887 -223 -17 353 360 690 834 956 968 - - ---

N Fe Zn Mg P 

402 414 738 1 131 1941 L 
12 Y Co S Ca Mn 

- -

-3745 -1856 -645 -544 -3 
... continued ... 

119 

-_ 

Mg 

1874 

N ---

15] I 

Mg 

3522 -_ 

Mg 

957 
-----

P 

3012 
--_ 

Mg 

2342 
-

Mg 

2063 

Mg 

1498 

K -_ 

885 

Mg_ 

1765 

Mg 

] 101 

K 

2168 



- - -- --~---- ~-~--

l Site No. Order of requirement froln left to right 

13 y Mn Ca Fe S K Zn Mg Cu P N 

-5114 -213 154 270 373 418 459 576 807 1108 I 163 
---~--~-

Y Cu Mn S Ca Zn N Fe P K Mg -- ~ ---- -~ 

14 
! -4658 -655 -220 127 160 331 566 615 695 1235 1803 - ---- ---- - -_ -- --- ----

I Y Fe Ca S Zn N MD Cu K P l'\t!g 
: 

15 
----

-5244 -431 122 131 195 589 724 756 992 1004 1162 
-------

16 Y Mn S Zn Fe P Cu N Ca K Mg 
-- <-

-3798 -762 81 123 152 238 365 558 716 753 1573 
-

Y S Mn Zn Cu Ca Fe N K P Mg __ 
--~------- -- - .. _-- - -- - -- --

I 17 
-7157 141 245 345 397 547 737 868 1252 1284 1341 

Y Cu K P MD Zn Fe N Ca Mg S 
18 

-4544 -997 -464 85 199 520 562 836 1 I 10 1288 1405 

Y Cu Fe S Mn K P N Ca Zn Mg 
19 

-4666 -236 -129 30 89 217 378 527 776 1315 1698 
- _- ---- - ---- ~ 

: y Cu Mn S P Zn Ca N Fe K Mg 
~------ --- --- -- --

20 
-3920 -805 -683 -345 82 330 352 623 763 1 172 2430 

~ - ---_ ------~- --

y ClI S Ca Mn Fe Zn N P __ Mg_~ K 
- _._-_-

21 
-3898 -707 -399 -248 30 55 337 526 917 1340 2048 --_ - -- ~~ 

; y MD Ca S K Fe Cu N Zn J>~Mg_~ 22 --- -- --

-3140 -664 -293 -261 -1 15 -37 16 298 747 977 2472 
--- -

23 Y Mn Cu Zn Fe P S N K Ca _l\1g ___ 
---~ 

_-_ - - -- - - --

-4543 -259 -185 -35 284 368 574 601 709 734 1752 _-_--

Y Cu S K Ca Mn ZI! ____ J?~_~ _N _~l\1__g __ ~ ---------

24 
-5359 -184 -124 60 182 241 333 436 826 1305 2285 

- -

... continued ... 
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Site No. 
-

y Cll 
25 -7252 -1567 

26 Y Cll 

-8422 -1011 

Y :-------- Cll 
27 -8960 -98 

-

Y Ca 
28 -7000 -101 

Y Cll 
29 -7976 -1169 

Y Ca 
f-----

30 -7246 -463 

Y Ca ---
31 -4114 -433 --

y Cll 
32 -3682 -1436 

_y S 
33 -7619 -181 

Y Cll 
--- - -

34 -4105 -957 

35 Y Ca 
--- --

-633 ] -655 

36 Y Cll 

-5307 -651 -

37 Y ZIl 

-7580 -570 
-

38 y Ca 

-3904 -331 

--- - -----

Order of reqll ir ement from left to right 

Mn 

65 

Ca 

328 

Mn 

-87 

Cll 

-61 

Fe 

-109 

K 

-284 

K 

-223 

S 

-362 

Cll 

154 

S 

-151 

Cll 

-260 

Ca 

-93 

S 

21 

S 

-246 

Ca 

99 

Mn 

354 
-

S 

569 

Mn 

242 

Ca 

374 

Zn 

26 

Mn 

-114 

Fe 

144 

P 

356 

Ca 

-1 1 

Mil 
-

-152 

Mil 

-13 

Cll 

155 

Fe 

-160 

S 

34 2 

1 

7 

S 

61 

_K 

77 

Z 

53 

n 

7 

4 -- -

S 

46 

M 

26 

Il 

3 

e F 

10 

Z 

7 

n 
--

7 

e 

27 

F 

42 

F 

24 

1 

e 

5 
-- ----

F c 

0 
-

35 

Z 

20 

n 

7 

~ 
..) 

Il 

4 

N 

26 

M 

18 

121 

Zn 

623 

Fe 

720 

Ca 

862 

S 

564 

Mn 

512 

Fe 

340 

S 

216 

P 

294 

Zn 

730 

N 

343 

Zn 

491 

K 

288 

Ca 

696 

N 

256 

-

Fe N K P 

825 1 181 1293 2182 

K N Zn P 

772 1 151 1205 1435 

Fe N ZIl Mg 
883 1174 1268 1802 

Fe P K N 
- -- ----

610 984 1013 1052 
--

ZIl P N K 
---

615 1400 1464 1591 
- -

N S M Cll g-- ---
892 1040 1458 1641 

Cll Zn N Mg 

294 473 601 1524 

N K Ca Mn 

667 700 907 944 _ 

N Ca Mil K 

929 1004 1223 1360 

Zn I> Mil M --g 
528 751 909 1042 

--

N S K Mg 

680 1012 1 192 1526 
- --

S N Fe P 

482 773 1238 15]9 

Fe K P Mg 

708 1051 1394 1806 
---

K Co ZII Mg 
--

270 329 599 921 _ 

-

Mg ,,-
2209 

Mg __ 

2857 

P 

181 1 

M__g 

2160 
-----

_Mg__ 
2834 

P 

2333 
---_-

P 
--

1669 

Mg 

1544 

Mg 

1622 

1<' 

1406 
----

P 

2145 
-

Mg 

1559 

Mil 
--- --

2056 
-- ----~---

P 

2084 



sho\.-ved positive indices. In third orchard also only copper and sulphur were found to 

be Inost yield limiting. Likewise, the order of requirement of fourth and subsequent 

low.yielding orchards can easily be detected. In site 13 only Mn showed negative 

index and other showed higher positive indices. The excess of SOlne of these 

nutrients might have also limited yield. Site 17 showed that all the nutrients \vere in 

optilnU1l1 to excess. In relation to soil (Table 9) for site 17, all the nutrients \.-vere 

found to be balanced in soil excepting Ca and Mg. In spite of deficiency of Ca and 

Mg in soil, their absorption in plants was not affected since CaC03 was in excess. In 

this case yield Inight have been reduced because of excess nutrients or other factor 

like soil and weather condition, disease, insects, plant physiological condition, etc. In 

SOSl11e orchards only single nutrient showed yield limiting effect. Such orchards were 

10, 13, 15, 16, 25, 26, 33 and 37 indicating negative indices of K, Cu, Fe, Mn, Cu, 

Cu, Sand Zn respectively. In such cases the yield lllight have also been lo~'ered by 

one or more excess nutrient and/or other environnlental and uncontrollable factors. In 

rest of orchards more than t\.-vo nutrients \.-vcre found to be yield liJniting \vhich also 

carried the nutrient imbalance in plant. 

To inlprove the nutritional balance and to increase the chances of obtaining 

higher fruit yield, it is necessary to increase the aInount of those nutrients showing 

negative index and should be recolnmcnded for citrus under alnbia flush soils. 

4.6.1.4 Leaf nutrient indices for Inrig flush 

DRIS indices for lov'l yielding orchards from mrig flush (Table 12) shov,,'ed 

the similar pattern as described under ambia flush. ORIS indices of rnandarin leaf in 

first and second orchard inferred Inost relatively insufficiency of Mn follo\.-vcd by Cu. 

Other nutrients showed positive indices. ORIS indices for third and fourth orchards 

reflected that eu and Mn were the first and second lim iting nutrients whereas the 

order of requirement Cu > Mn > Fe in third and Cu > Mn > S in fourth orchard. In 

this way order of requirelnent of all lo\.-v yielding orchards is presented in Table 12. 

Orchard site number 11 sho\ved that only Cu was yield lilniting and remaining 

nutrients were in adequate alnount in leaves. The low yield of this orchard might 

have also been due to some excessive nutrients. 
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Table 12 : DRIS indices '\vith order of requirenlcnt of leaf nutrient for lo'\v 

yielding Nagpur mandarin orchards in mrig flush 

! n ~ Site No. __ r ~ Order of requirement from left to right 

1 y Mn Cu Ca -------=-----
p S Mg_K __ Fe Zn N 

-2028 -158 -125 5] 70 136 158 163 213 713 809 
-----1 

2 

3 

1-
4 

y Mn 
t----

y Cn 
-

Cu Mg K S p 
---

-154 93 113 145 148 

Fe S K Mg 
---

Mn 

-64 - 14 84 1 1 4 1 22 
----

Mn __ S __ !"1g Zn p 

Ca Fe Zn 

164 234 

Ca p 
---

207 224 

Ca Fe 

-

829 

Zn 

666 

K 

N 

976 

N 

840 

N 

I 

I 

-2470 -1458 -500 -120 208 487 505 580 

K 

632 

N 

988 1 149 

5 y _M_n __ S __M_g _ _Sa Zn Fe Cn p 

6 

7 

-3454 -1904 
------

y 

-2943 

Y r----- - -

-2490 

Fe 

-539 

Mn 

-301 -r---- ----

-44 105 314 425 569 592 903 981 1512 
---

Mn S Ca P K M N Zn --- --- -~g--- - -_-------- Cn 

-414 27 69 148 355 532 741 762 1262 
--- - ------- -

_Z_n __ lV!g __ P __ Ca __ N_ K ---Cu Fe S 

-275 -143 -132 79 85 339 665 695 1478 
- ----- .------ ---

I 
I-

Mn ---

I 8 ~-;:71 
P Zn M Fe --- ---g-- Cn N Ca S 

707 

K 

K 

795 

N '/ ---9 -~Y 

I 10 ·_1-2~49 
I _~~8-0-}---2-7-6 

-433 

Cu 

-691 

Cn 

11 I y L- ! -4681 

I 12 1 __ ] ~03 

Cn 

-1 14 

Cn 

-234 

-297 -98 29 165 

Mg 

-513 

Mn S 

31 97 1 19 
---

Mil Fc K 
----

-13 99 

S Mn 

184 279 

_K __ M_g 
--

457 

Fe 

161 

482 

Zn 

459 488 

Zn Ca 

324 516 997 1208 

Ca Zn N P 

698 875 1047 1429 
---

Fe p Ca N 
-

96 192 226 304 443 577 679 759 1518 

S 

-83 

Mn Ca 

5 31 
-- ---

... continued ... 
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Sitc No. Order of .-cquirclllcnt from left to right 
'--_~-~~-f-~~~~~-

13 

14 

15 

16 

17 

18 

I() 

20 

21 

y Mil Cu P 1<- Ca }?e S Mo- N Zn 
~~~~~~~~~~- ___ 0 .. __ -------1 

-2842 -478 -459 - 72 70 89 412 578 828 925 949 

y ~~M_<g-,---~l\_1_I_l ~_C_l_l ~_l_)~_l~ ___ J< __ §'_ ~_C~a~~N~~_Z_I_l _I 

-2201 -203 -79 139 143 183 207 379 383 508 542 

y Cll 1\'1 g J"c lVI n s Zn p Ca 1<- N 
--------1 

-2367 -739 -636 -483 -174 71 657 685 704 786 1496 

y ~ __ C_u~~M~n~~F_e~~S~~_C_a~~_P~~Z_I_l~_N __ I< _ Mg_ 

-2348 -1274 -527 -145 56 247 527 552 735 1052 1124 

y 

-4442 

_ <':;1l __ l\1 g Fe 

-853 -710 235 

p s 
349 548 

J( 

570 

IVln Zn Ca N 
~~~~~~I 

772 807 1044 1680 
~~~~~~~~~~~~~~~~~~~~~_ 

1 __ Y~~~M~n~~_F_e~~I(~~lV_I.g,-,--~S~~~P~~C_'1~_l~_Z_I __ l~ __ N ____ C~ 

-4107 -521 -486 248 300 318 377 688 728 1180 1274 

y Fe P N s 
I-~~~~~- - - ---

l( Zn Ca ell lVlo b_ iVln 

-3811 -1374 -219 111 388 416 470 594 605 992 1829 

y Cll Zn Mg S N Mn Fe I( Ca P 

-2251 -347 -130 -56 45 109 129 171 608 640 1081 
~~~~~~~~~~~~~~~~~_---~ ---- -

Y Zn Cu IVIn S Fc Ca P N l( 
~~~~~~~~~~~~~~~~~~~- - _~-

I -2564 -233 -146 42 78 180 334 488 489 570 - -1 

1\'1 (,­
b 

762 

22 I Y Cll 

~ __ __,I ~25(57 __ ·:754 

Fe S ~_Z_I_l ~~K~~]\i_1_n~_M_g~ Ca_ P N 

23 

-367 -256 -69 

y Cll lVln S Ca 
~~~~~~-

120 

Fc 

240 363 656 1233 

I(~_lV_I,g ZI_l _ N 

1402 

P 

-5139 -1002 -465 -279 277 282 446 753 800 1858 2469 

Y Mn Cu COl [1"e .K Zn p S N 1\'1(,-
~~~_~~ __ 0 __ _ 

-1969 -1563 -895 31 118 195 340 534 726 1191 1292 
... continlled ... 
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Site No. I 
-~~~- -----

25 1-2;~3 -::7 --_ 
26 y 

-2769 
-_--_-----

Cu 

-268 

Order of requirement from left to right 

Mn 

-91 

~ ___Mg ~. Zn _ C_u_ Fe 

56 128 130 288 295 
---~ - - ~--~ -

M_n __ S Zn _ ~ ___ ~e_ Mg 

-171 -73 94 279 365 372 _----

Ca 

429 

Ca 

444 

s 
693 

N 

608 

N 

761 

P 
~---

1 1 19 

Y K Cu S IVln Fe Zn Ca N ~l\1g_ ~_ P __ 

.. _ ~ ___ 2_7 ___ 1-3373 -224 -203 -141 29 286 461 508 767 8(U_~J 99J_ 

I
: Y Cu Mn Fe K S _ ___Mg __ S_a Zn N 

28 
1- ~25~_ --;~~;60 -255 -32 3 13 56'!_____§_Q9 630 938 1 130 

~~ Cu Mn Fe 
29 11 -856 -464 64 -_ 

Cu Fe Zn P Mn Ca S K__ Mg ~ 

Ca 

720 

1<. 

1023 

P S N Zn 

97 389 532 605 702 

30 1-4;~7---9-70 ~ -15~--~2~~ z±____J33_ ~ 27d 581 1401 _1614 1908 

31 1;;;27 _ -1~:4 -;:~ -:6~- ~: ~~- ~: 4:9 874 1 ~5 2~~1 
Y Cu Zn Mn S Ca Fe K 

~----

N M.g_ 
32 -756 -231 -149 48 369 472 730 1006 I 157 1269 --_ 

__ Mg __ IVln Cu Fe K s Ca ZII N 

33 -463 7 -829 -3 1 45 478 529 537 652 653 709 1894 
--~-I--y-.--

Fe Cu p K Ca N I Mn Zn _Mg_ _ S 

34 __ ~27:';;---2~O c234 58 165_1_1W 195 218 __ 5Q9_724 1174 

1-2:45 -;4: -~:9 -:2 -~o ;:~ :;,: :~ 6~9 7:4 1~;8 35 

--I. --. -__ . ----~-- -- _ --- S 

36 ~. y __ <;_!!_ ~l\IIg __ ~¥~ __ Zn Ca p N K 

-3327 -700 -664 -33 51 169 472 747 851 I 178 1256 

The data revealed that the yield is affected due to the ilnbalance condition of leaf 

nutrient status in Nagapul' Inandal"in, The application of fertilizer containing the yield 

limiting i.e. negative index sho\-ving nutl'ients is expccted to incl-case the yield. In all 

orchards two or Jll0re elements are to be needed for increasing the yield excepting site 

1 :. 
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4.6.2 High yielding subpopulation 

l-ligh yields can only be obtained when all controllable and incontrollable 

yield factors are favourable or optimaL As one or Inore of the yield factors become 

unfavourable~ crop perfornlance ,,viII decrease and in general the more unfavourable 

the factor or the greater the nUlnbers of unfavourable factors, the lower will be the 

yield. Despite the fact that all nutritional factors Inay be favourable in a given 

situation~ high yields will not necessarily be obtained because a single factor such as a 

severe pest infestation:> can render the crop barren. In present investigation the data 

are used to illustrate the ability of the ORIS approach to make meaningful diagnosis 

at high yield levels. 

While dividing population into two categories viz. low and high yielding 

single cut off value was used. High yielding orchards having yield nearer to this cut 

off value can sorted out in \-vhich further increase in yield is possible using ORIS. In 

pt·esent investigation ORIS has been expanded to include nutrient ratios with yield 

(Y). In this case yield was considered as additional constituent and an index was 

calculated for yield as for other paratneters. In fact~ yield index is precisely used fOI· 

sorting the high yielding orchards in \vhich yield level can further increased 

economically. In casc of high yielding subpopulation positive 'Y' index \-vas 

observed in Inost cases \vith balanced nutritional status. In SOine cases one or other 

parameter showed I ilniting or excess. Since yield index \-vas positive~ correction of 

these factors \-vere not going to contribute fot· further increase in yield. Ho'\vever, 

whel·C yield indices are negative or nearer to optitnum there is SOJlle scope of 

increasing yields further even under high yielding situations. This can be achieved by 

providing the lilniting nutrients so that better utilization of nutrients in higher alnount 

can be effected resulting in still higher yield. 

Data regarding ORIS indices for high yielding orchards is presentcd in Tables 

13 and 15 for anlbia flush for soil and leaf respectively. For Inrig flush ORIS indices 

for soil and leaf are presented in Tables 14 and 16 respectively. Orchard site showing 

negative index values or values nearer to zero~ \-vhere chances for increase in yield are 

possible are presented in Table 17. The Illllnber of orchards found in sllch situation 

were 15 under an7bia and 14 under Inrig flush. 
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Table 13 : ORIS indices ",'\lith order of requireillent of soil parameters for high 

yielding Nagpur nlandarill orchards in afflhia flush 

I. r 
1_!lte_!lO'_, __ Order of requirement froll1 left to right 

. Mg Ca EC Mn Cu plI N CC Fe Y S Zn K OC 

! 1 fl -10 -3 -2 -2 -2 -1 0 1 4 4 6 9 1 1 
---I 
16 

2 

3 

4 

8 

9 

N S Mn Zn EC Cu Y CC pI-I Ca J> OC Fe Mg K 
------

-22 -12 -9 -6 -4 - 1 0 o 3 3 4 6 11 13 14 

Cu Zn S Mn EC J> N OC CC Y Fe pH Ca Mg K 
1---- ---------

-35 

Cu 

-17 

EC 

-13 

-10 -5 -5 -2 -1 2 2 4 5 6 6 12 19 
---I 

Cu 

-7 

CC 

-7 

Mn 

-9 

OC CC Y EC P Mg pI-I Mn Ca K Fe S Zn 
--------

-6 -5 -5 -3 
._--- ------

-2 -2 o 
y 

3 5 

OC N 
--- - ----- ---

-3 -3 -2 2 2 6 

N 

4 

5 5 7 

Fe Ca P 

6 8 10 

Ca J> S 

9 5 6 

20 

K 

14 

Y 

10 

Mg Zn OC Ca EC 

4 

P S pH Mn Fe EC Mg ()C Y 

-5 -4 -3 -1 - 1 -1 2 2 3 

OC Zn CC N Ca Y Fe pI-I P 
- --- ----

-8 -7 -6 -5 -5 -2 o 2 5 

N K p OC S EC Zn pI-I Cu 

7 

plI EC K 

7 8 9 

Ca Zn N 

3 8 ]0 

--

1 1 

K 

1 1 

Cu S Mg K 

7 10 14 

Ca CC Fe Mn 

12 15 15 19 

Mn Cu Mg 

11 -4 -1 3 

S 

1 1 17 -2-4-31 -I 
---------_ --_------ -- --

s Mg pH P Cu Ca N K CC Zn Mn OC EC 

12 -6 -4 -3 -3 o 2 2 3 4 7 9 
J -----

... continued ... 
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1- -~-

, Site No. j 
~---- ~----

Order of requirement from left to right 

I I Ca Zn pH CC OC Mn K S Y Fe Cu P N 

1 13 - -8 -- -7 -5 -4 -2 -1 0 0 ° 2- -~;- 3 3 
Mg_!i:C I 

i --- l P -- -~--Mn ZII pII M;g CC Ca OC -C-u--~--~ ~- ~~~ 
14 I ______ 1-:8 -10 -5 -5 -4 -2 -1 

r-----~ P __ Cu Mn Ca CC Mg p~1 OC y _~_Fe EC K 

7 1 1 

K EC 
i o 2 3 3 4 1 1 15 17 

Zn 
15 

-14 -10 -7 -6 -5 -2 0 ° 2 3 4 7 9 9 10 I 

-~, 

16 

17 

18 

I 

1V!g_ CC EC Cu pH OC Mn S N Fe Y P Zn Ca K 

-17 -10 -7 -6 -5 -5 -4 -I 

_ Q_C __ ~ __ C_~ Mg __ E:C M~_ pl-I Fe 

3 4 

N S 

9 9 10 14 

Ca Cu P Zn 

: -22 - 14 - 14 -8 -8 -4 - 1 2 3 7 

5 

Y 

9 10 10 14 14 --

EC lV1;g __ !YIn_CC O~ K Zn pI-I _ Fe S Ca Y N Cu P _j 

-18 -10 -9 -8 -7 -5 -5 -2 3 3 4 6 7 19 20 

_J_r9---t---o_~-----p - EC K S 

I 
-96 -14 -13 -2 -_-. -------------

3 

~ _~_?:n ~___!!__pli _~C Ca _()~_ ~ _y CU CG Mg __ ~_ K 

I- 20 _1-~7 _:7 _ -6_~5_ :2_-1 __ O_ 2 4 5 5 5 5 6 8 

I 21 1- s Fe - C~ __ Mn pH P OC Cu CC Y N Zn K ~EC _ 

- J 2 -8 -7 -6 -6 -3 2 2 5 6 6 6 7 8, 

~- ---- -1 EC oc K N l\1~-C~ PI~- CC Co P _s M~_Ee Y zn-
I 

~==--_ J_-17 _ -10 -9 -9 -4__=-~ ______ 2_ 3 

I­

I 
I 

I 
L 

3 5 7 9 10 1 I 

23 I-E:C CC oc K p_c;a. pH Cu ~M_g_Fe Mn Zn _ ___y__ S 

24_l-~ ~~ ~~-: ~~ ~:_ Ca : :n p:. : ~n :u ~:_: 
_ _-23 ___ -_1;5_ -10 -9 -8 -6 -2~_:-1 __ -1 __ 3_ 7 __ 7_ 8 20 29 

25 

I 

'Cu M N ()C K 

I -;7---1 :--1 I -10 -8 
-

Zn EC Fe 

-8 o 4 
.•• COlltil1ueti ••. 
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Order of requirement from left to right 

-23 

I 
I 26 

EC OC ZIl_~____M_g_ N Mn Fe CC pH P Ca Cu V S 
I 

-5 -5 -4 -2 -2 0 3 4 6 __ 7 __ 8 
! 

9 10 

I~ 27 I:: 
- r 

Zn OC K P N _~H Fe Ca Mn CC EC Y 

-14 -8 -8 -7 -6 -3 0 3 4 6 7 7 ----

S Cu! 

17 26 

28 
I K ZI! __ Ga OC EC Mn CC_Mg pH N Fe P S Cu y 

! - 1 6 - 1 0 -9 - 7 -5 -5 -5 -2 0 3 3 8 1 1 I 3 2 I 

29 ~_---=E=--~C=--- Fe _K __ S_ CU_M_--_-n-_-p-~~-~~ -~n _-_N __ ca -~C-_ ~C 
! -23 - 1 5 - I 0 -6 -3 -2 2 4 4 4 5 6 8 I I I 5 ! 

30 
~-_-

EC 

! -17 

Fe 

-12 

K CC Ca pI-I Cu Zn 

- 1 1 -7 -6 -5 -5 -2 ---- ---

S OC Mn Y 

1 1 I I 12 24 

I 
31 

EC Ca Zn F~_ pI-I Cu CC __ _K __ P _ Q_C _ __"-'i. __ Mn_ l'f __ _ Mg Vj 
-16 -12 -1 J -9 -6 -6 -5 o 1 3 6 6 ]2 17 19 ---

Cu 

I 

I 33 

~_ Mg Mn Z_!1_____1i_Ca __ ~~_ OC CC K 

_3_2 __ 1_ -2_2 __ -_14_ -6 -6 -6 --- -3 2 -5 4 6 7 

I----
Mn Zn Ca P ---- -----Fe K pH 

-7 -6 -3 -2 
---

-9 

OC 

-8 

S Fe pI-I_Mn Zn 

. -12 -6 -6 -4 -3 -3 -1 

Y _Mg CC OC N 

2 3 3 4 6 --

N Y EC CC K 

2 3 4 4 4 ---

10 

Cu 

I 1 

P 

4 

S 

13 

s EC 

1 1 15, ---I 
Ca Cu 

6 7 I 1 ___ 

34 

T:; -·_F_e __ M_ n Zn--V- P EC pH ___ Mg_QC CC N Cu Ca K 

7 
, 35 I 

1 ___ - -W-~ -8 -4 -4 -2 -I 

I 
36 I_Mg __ ~_ --~~ Y _J!!-L¥C Cu OC Mn Ca ZIJ.~ N 

-I 1 -10 - J 0 -6 -5 -3 -3 0 0 4 6 7 9 .. - -_ ------ ---- ----

o 5 o o 2 6 7 7 

S 

10 

J> I 

12 

I U __ K ____ EC Mg_pI-I Zn Fe Mn CC Y Ca Cu N OC P 
37 I -~ L _L -2] -7 -7 -6 -4 -3 -2 -9 o 1 3 9 

--

18 13 14 ----- ---
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Table 14 : DRIS indices '\-vith order of requirement of soil parameters for high 

yielding Nagpur mandarin orchards in mrig flush 

Site No. r -
1------" 

Order of requirement from left to right 

I
' 1 r___:_c-c--v-___:_~g- _K_____:_N __ I!!!_ Z!!_ - OC 

- 1 5 - I 3 -1 1 -8 -8 -5 -4 0 
---f---

S Mn EC Fe Ca Cu 

4 5 8 7 8 17 

I 2 Y __ -----'C=-C-=--------'=K:.=__--=-N OC Ca Fe M n pI-I Zn _ _§___~~ M__g Cu 

P 

17 

P- 1 
I 

-22 -18 -13 -9 -8 -1 0 1 3 6 6 9 18 26 

K OC S CC N Fe Ca Zit pH EC V Mn P Mg Cu i 

3 
__ ~I -14 __ -9_ -8 -7 -7 -5 -4 -3 -1 

OC K CC Zn Ca Fe N 1-1 S ---_p --

f- ~ -_1_9 __ -_9_ -7 -5 -4 -4 -4 -2 2 

4 5 7 10 14 18 -=---_ 
EC Cu Y Mn Mg pi 

I 

5 5 5 7 14 17 

I 5 _M_n_ M=g __ S __ F_e_p~~ _K __ P_OC_C_a __ N_ EC CC _X_ _Z-_n C_u_
j 

- 1 6 - 1 0 - 1 0 -4 -2 -2 - 1 - I 5 5 6 7 8 1 5 

---Lr--~~ _Mg_____Mn Fe K N OC c-u===v===p_l-l_ P Zn Ca CC __ ~~_I 
6 ~- -8 _ 7 -6 -2 -2 - 1 0 3 4 7 7 9 10 
1-----

T 

LMg Mn CC OC K Fe EC N Cu pH Ca S Zn P Y 

I -15 - 1 I -7 - 7 -3 - 1 - 1 - I 0 1 4 4 I 1 I 1 13 

7 

'-8-
I_K ___ C_C_ EC Mg J.?!_I_Zn OC Fe Ca Mn N 

-28 - 14 - 13 - 1 3 -2 
-'----

Cu s Y P I 

--~---I 
I 1 15 22 -2 -1 o 

---_ 
7 

---
5 I I 

1 
~~_ Cu Zn P Mg K pI-I OC Mn CC Fe Ca S V N_I 

~ - -17 -7 -6 -4 -3 -3 -1 0 2 3 4 5 8 8 10 

I - 10-1:- EC J1~1_ Cu Mg_c:C P__Fc_ V MD OC K Ca N S 

r----1-1 1_-y22 -S12 -2 -2 -1 -I -1 3 3 4 ~ __ 15 

EC OC N P Cu Mn pH Fe Ca Z~ ___ CC_Mg_~ 

I 14 12 -9 -9 -8 2 2 2 3 6 8 I 3 14 _ -:---tv ~u P K CC Fe MD Mg pH ZD S ~~ Ca ~ -OC: 

, 12 I -23 -16 -4 -3 -3 -2 0 3 5 7 9 1 I 13 L_ __ _ 

9 

-

... continued ... 
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r- Site No. 

I I 13 

I 14 

15 

16 

17 

18 

19 

22 

23 

r - Order of requirement froln left to right 

I Cn EC OC Mn P Fe N 

1_-_1_1 __ -1_1 -9 -7 -_6_-_4_-4 

K Ca ~ll CC y Zn Mg __ S_1 
-3 -2 2 9 __ 1_O __ lQ _ 1 1 ] 7 j 

Cu P 
1-----"------ K OC Ca EC Mn =Z=n=----=-N_:___ pI-I Fe Y CC M_g 

-17 -9 -4 -4 -3 -3 -2 -1 o 2 3 8 12 
--1------ -_ 

K OC P Cu CC EC Fe N Mg_____X_IYII!_~ _ _5.:~ Zn S _ I 

-13 -8 -8 -2 -2 -2 - I 0 2 3 3 3 5 9 10 

CC pH_ EC Cu Fe P OC Zn Ca N Y ~~_ K__Mg __ S 

6 6 12 -7 -6 -6 -5 ~ 
-_' -2 2 7 18 -15 -7 

_l\1g'----_Fe CC P Mn pH EC Cu OC Ca Zn N __ Y_ J<_.S 

-1 5 - 5 -4 -4 -4 -2 0 .-----_ -~--~ 
3 4 5 7 10 I 

CC Cu pH Zn Y K N 1 

_ --I 

-21 -10 -6 -4 -3 -3 -3 2 3 4 4 7 7 I 1 I I , 

Fe EC 1!!1 CC N OC S Ca Y _?-_n Mg P K Mn __ Cu I 

-23 

-16 

- 1 5 - 1 2 - 1 1 -1 0 -9 - ] 0 1 6 1 1 ] 1 12 18 23 ~ 
----

Mn _EC QH C_u Fe Z~ CC Mg_Y_ OC N P Ca K_j 

-13 -12 -6 -2 -2 -1 0 3 4 5 __ 7 __ 8_? _~_l_1 

JVlu _EC Fe Ca P pH Zn OC Y __ _N__CC~ Mg-_ ~-i 

- 10 - 10 -8 -8 -5 -5 0 2 5 5 8 8 12 22 
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Site No. Order of rcquirement from left to right 
--------

26 Zn Ca Cu Mn EC OC K CC N pI-I Fe Y l\1g~S __ P_1 

-12 -8 -4 -3 -3 -2 -1 

27 
Ca Mn Zn N OC Mg~~H EC Cu K CC S Fe Y 

'-------'--------

-8 -4 1 4 5 6 9 

28 N Zn 
f----- p S Y MD l\1g K EC OC Ca CC _ Cl!_"F~l!!!_ 

-]5 -10 - 7 -6 -5 -2 _ -I 0 2 4 5 5 6 __ 1;2 _ J;3J 
M N S EC MD pI-I V OC Fe Cu CC Ca P K ~ I 29 Zn 

-12 __ -7 __ -_7 __ -_4_ -2 -1 -1 0 1 2 2 9 9 10 I 
p CC y p!! Fe Mn Mg CD Zn K OC Cn S E~ 

- I 7 - 7 -5 -5 -4 - 1 - 1 2 2 2 6 6 6 :--------?:--1 
S Cu Mil CC P pI-I Fc Ca OC Zn N EC Mg K _y : 

30 

31 
-14 -1 3 -9 -7 -6 -5 -5 2 3 3 6 8 1 1 1 3 13 

32 Ca _Mg_ J.~ll_C_C __ N __ S __ F_c_ .. _E_C_ Zn ___ Y __ Cu OC P K MD 

-15 -13 -12 -12 -9 -6 -5 -5 2 8 9 9 10 18 22 
~----II---- ---------_~ ___ ___ 

33 OC S N EC K pI-I P Fe CC Ca Mg Y Zil Mil Cu 

f------- -
-18 -1 8 -14 -1 1 -8 -3 -2 -] 6 7 8 8 9 15 23 

34 S __ C_a_JLP_H __ F_e __ Z_Il __ P __ Y CC Mn Cu OC Mg N EC K 

-20 -14 -10 -9 -6 -5 -4 -3 5 6 6 6 9 13 25 
f------j--- --~~---~-~-~------'------

35 ,___C_a ___ S __ M_Il___.__p_f_I_~ ___ IYIg Zn EC _::.N-----'-----_Y=---_::.Cc_:u-----'-----C_::::__C=----=F__:e'--O=--_C __ p_ 

:.--____ 1---=14 ___ -=-1_3 __ -_8-----'-----_-4 __ -3 __ -2 __ -2 __ -2 __ 2 __ 2 __ 4 ___ 5 7 10 17 

36 
Mg P Zn K Mn S pH C~ F~n EC OC Ca N Y Cu 

-27 - 1 6 -4 - 3 - 2 1 4 4 6 6 7 7 7 8 

37 
N M Fe Zn K Cu S P Ca EC CC Y Mn OC H 

~----=-------~~- -- ----

- 1 6 - 1 0 - 1 0 -7 - 7 -6 -4 - I 3 5 7 8 12 25 

38 __ N __ Mg_~_~_--=P_--=Y:._____::Z=Il _ __:K_:_____:E__:C_=___---=S _ __:C=_C_=____F_i _c ___ MIl Ca OC 1)_1-1:_ 

-22 -17 -13 -8 -5 -5 -3 2 2 5 5 6 7 12 34 
- -----_-----------=---------

39 N Zn I> S Y M~~_Mg~ EC OC Ca CC Cu F_c __ p!I __ 

- 37 - 5 -5 -4 - 3 -2 0 0 2 3 4 5 7 7 29 
~ ____ L ___ _ 
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Table 15 : DRIS indices '''ith order of requirement of leaf nutrient for high 

yielding Nagpur mandarin orchards in antbia flush 

rsii'; N~. 

1 

2 

Ca 

-585 

N 

-525 

Order of requirement from left to right 

Mn Zn K Fe Cu Y S N Mg P 

-390 -137 - 1 37 -7 4 -42 30 1 70 I 98 3 3 8 628 

__ -=S:___ _ ___:M:...:.-=-:n _~_:tylg ___ Y __ C--=--u __ P __ Zn K Fe Ca 

-302 -209 -141 -108 -20 37 6 1 1 93 253 760 
------1----- ~------ ---

3 I______::M~n--=--_---=K=----__ ~ P ____ Y-=--_ __________:_S=----__ F e N Zn Ca l\1g Cu 

-268 -235 -150 -118 -114 -89 -47 -44 228 235 602 
---1-----

4 Y __ ~M__==g'___________ __ C~u: ___ Z_n __ F_e ___ N~ ~ _---=P_----=K=-=--_~S Ca Mn 

-51 1 -304 -263 ----=----=------------- -158 -60 -6 2 109 280 388 522 
----:___:____--

5 Cu N Ca S Y Mn Fe ----------------
K 1\1g P Zn 

. 1_ ::2"U_____:_602 . -460 -126 24 64 313 339 452 480 489 

. 6 ~ca ___ N __ M"ncc_:___S=--"_--=-K Fe 

---------j -95§ -765 -27_3 ____ -1_4_8_~_113 150 283 

P Zn Y Mg 

360 370 378 486 

7 I Cu S Mn __ P _---=F--=e_---=N_-_ Mg 

'-556 -142 -129 -91 -46 55 60 

y K Ca Zn 

90 170 290 300 

8 

9 

10 

12 

------ -----

I_C-=--=-:U:_____________ K ____ M_n __ S Fe N.______:___P=---__ Y 

-68 -79 
-

-18 -11 36 113 
---------_~408 -170 

Y Ca Fe ----- _Z_n ___ K ___ M~_g Mn N 

-13 17 32 46 

1~~3:_8_-__ -_31_:_6=_-=~_=_7__::_:: _ __________:__K=_=__ __ Ca N Mg 

- ---

Zn Ca _¥g_ 

1 17 242 246 

s p Cu 

93 421 556 

Zn I?e Mil 

363 432 688 __ 1-1578 -292 -230 __ -2_0_ 45 74 159 358 

Fe Mg ____ Y__ K-=----__ N=--_:____ P Zn Ca __ S __ Cu Mil 

-621 -474 -451 -349 -340 -145 -123 31 1 439 829 924 

Zn 

-407 

- ------ ~----_ 

Fe Y K 

-246 -200 -176 
-------

P 

10 
... continued ... 
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Mg~ N S 

7 _l~ __ _______:1:..__:0___:__9 _ _:___:_1 22 

Ca Cu Mil 

153 217 347 
---__ --_ 



--

I Site No. Orde r of reqnirelnent from left to right 

I 13 K 
f--

~ 
I 14 

-273 

p 

-1 161 

P 
15 

-328 

16 Cn 

-646 

Ca 
f---

17 
-1523 

18 
f--Ca 

-926 

MD 
19 

-384 

S 
20 

t------

-4] 6 

Zn 

-217 -----

Mil 

-530 

P 

-310 

N I 

N 

-139 
-- ~ 

S 

__ Mg 

-70 

Mn 
----

-4]4 -177 
----

S MI 1 
----

-263 -19 3 
----

Ca y 

-478 -15 8 

Mn Fe 

-639 -53 

MD Zn 

-668 -64 

P S 

-270 -22 

N 

-13 

S 

6 

Ca 

-241 

N 

-196 

Cn 

-256 

Cn ---

-249 

7 

-18 4 

Ca 

-16 1 

Ca 

-19 2 
---

Y C a 
---

y Cn S P 

-67 -64 -34 -5 
- - _-

Cn Ca Zn N 

-22 19 80 177 

Ca y Cn ZII 

2 7 33 36 
. -

S N Fe K 
- -

-27 48 128 133 

Cn N Zn S 

-30 -16 53 78 

Fe Mg Y N 

-38 -34 21 59 

Cn N Fe Ca 

-165 -127 -78 51 

Zn Fe K Mn 

-136 -16 -7 23 
- ---

P Fe Mn Mg 

-71 -42 -15 -6 
----

P N S Mg 

-47 9 73 138 

K Zn N l\t1g 

-21 -14 38 40 

S Fe Cn Zn 

L24 __ , __ _ -597 -297 -29 7 -290 -19 30 86 
---

... continued ... 
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Mn Zn Ca Fe 
-.-------

131 148 184 190 
---

Y K Mg .. Fe 

207 231 299 760 

N Mg K Fe 
.-

75 ] 12 221 298 
.. 

Mg Mn Zn P 
.----- -

149 154 162 536 

Y K I\1_g __ P_ 

198 234 246 1454 
- -

S K Cn P 
.- ---

70 182 399 999 
.- . 

K Mg Zn Y 
- .-

111 161 370 557 

Y Mg___Cu P 

121 152 186 471 

K Cn Ca Y 
-

84 88 229 331 
------- ----

K Y Zn Fe 
--.-

159 160 173 284 ._-

y Fe S MD 

85 107 188 328 

Mg Mn K P 

128 136 138 983 



!- Site N~ -)------ ---O-~de~ of requirement r;om left to righl -
, -- -- t---- --- -- ---------- ____ _ 

~_Cu_ ~a __ Mn Fe N __ ~n_ Y S K P M 

25 ~l' -1213_ -469__-:)94 -16_~ ___ ~ __ 3~ __ _1Q 340 _ 444____&_19 __ <?_§_2 __ 

26 Ca ~ ___ Mn Zn _~ ~ S Mg__ _X_ _ Cu_ P 

-476 -265 -219 -188 -107 89 95 130 194 370 376 -- -- ------ ----------_--

~_ ~_ ~ __ ~ __ M_g__Z!!__ ~~lV!I!__ Cu y S 
27 -4 13 -1 92 -I 68 -97 -96 2 I 13 122 148 1 5 I 429 

Ca Mn ,Mg N Fe K Zn S _Cu __ P Y 

-824 -305 -226 -195 -98 -47 -31 170 304 458 795 r- -- ~y Cu Fe K S N Zn _I> _C~____Mg Mil 

28 

L ~ ---r-I!3 1_ - 324 -199 _ -82 ~'!!_ 33 14()_205 5 12 __ 61,8 653 

I ·_E_c _____ Ca Cu Mg ___ N K ___ Zn_ S Mn P Y 

1- 30 ___ ~2_7 __ -5_!_±__-463 -326 -309 -83 __ -46 _ _g_ 490 _5_4Q_11_57 

-564 

Y 

___ 32 __ PI517 
Zn 

33 --r· _ -453 
Mil 

31 

------

34 -249 
.~-- --

I 

K Fe Zn N Cu P Ca S Mn Y 
-550 

Ca 

-643 

N 

-425 

Zn 

-249 

-------

-432 -162 -145 -66 -31 127 
----

Mn Fe Zn N Mg .--K __ 
-219 -90 -74 55 196 364 

--

K Fe Mg Mn Y 

-314 -283 -276 -122 238 

307 

Cu 

425 

Ca 

286 

507 1009 

S P 

696 807 

S 

488 

K N 

-242 -155 -101 

Fe 

36 

P 

20 

Y 

73 

P __ IV~g_~a_ Cu 

85 107 218 476 
------

~ 35 
I S Mg Mn Y Zn P N K Fe Ca Cu 

_ J~4 ___ -27_1_-_153 -150 _=_I 1_7 ___ -4_7 __ -4 __ 43 ___ 15_1 __ 3_3_7 545 

y 36 Cu Ca K --- Zn M~ ___ N __ Mg, S Fe P 

-641 -630 -267 -193 -33 3 181 187 197 339 856 

37 S Ca Y K _,?_n_ N __ Fe __ M_g_ Mn Cu p 

_j -578 -516 -55 -8 -6 16 
,,-___ - - --- - -- 71 124 39 224 690 
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Table 16 : Dn.IS indices ,vith order of requirenlent of leaf nutrient for high 

yielding Nagpur mandarin orchards in mrig flush 

r- Site- No. --j---- -- Order ~f requirement from left to rigl~t -- --
_ -- 1--- -------- -------- -- ----

I 
I 

I 
1 

2 

~ _ __y_ ___ MJ! _~ K __ ~ ___ Mg __ ~!! __ Fe ___ Ca 

I -771 -4] 2 -250 -] 95 -91 -62 68 148 233 352 

i Y~ -K~ ~~ -ca Fe =~n _; ~- -~ _ Mn 

ClI 

982 

eu I 
I 
I 
I 
t 
I , 

, -1086 -292 -268 -124 -44 15 29 55 64 417 1234 

3 __ K _____ C_a ___ S __ ~I!__f(! ____ ~ __ 1V!g y Mn P ell 
-523 -293 -284 -244 -199 -189 -87 84 

S 

54 

84 122 1530 

4 Fe _ Zn _~g_ 

l I -258 ---- -220 -83 

I 5 Mn Fe p 

Ca K 

-35 -18 

___§_ __ M_g_ 

N 

22 

N 

Mn 

27 

K Ca 

» 
I 18 

Y 

y 

160 

Zn 

I ______ -512_ -368 -2] 1 --=-_I1l__ -I 06_ -4Q_ -27 Q__ ~03_ 383 

! _6 _ _I 77: -~~;6 ~;:Q -1:2-~-:~ _;o ~ _ :~ ~: -;~7 
N y I 7 I __?:n_ _MIl__y,,_ _ ~ _Mg Ca _ ~__ S 

: _ __ j__:} J 6 __ ~~_04 __:_~3_~_ -226 _ -~?_ ~5? __ _7:J 127 23 I 335 

I 8 J_c-u- _lV!_n_ ye ____ K ___ <::a ____ P __ ~ ___ S _ IYJg Y 

I I -430 _ -305 ---=192 -30_ 17_ ___]~__ ~9 62 82 __ ~_!_4 j- --_-
I 9 ._Zn _ Mn _ K _P_ eu _M__g_ Fe _ Y Ca N 

I I -907 -215 -36 -24 -18 68 96 158 161 327 

I 10 

I i -
I 11 

12 

_Z_I_l __ Y ____ P ___ C_u_ M~ __ K __ _Mg_ Fe 

-141 -132 -88 -67 -66 -6 19 38 

! Y~_ ~ __ J~ __ ~N_ Fe ___ ~~I- l\1g__ - S - -c-a 

I Cu 

_!_ - 1311_ 

Y 

-914 

P Mn K Fe Zn 

-205 61 7] 150 I 84 
-- - - --

... contillued ... 
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N 

194 

Ca 

40 

Mn 

Mg 

371 

S 

168 

K 

Ca 

558 

ClI 

232 

ClI 

720 

Zn 

425 

ell 

457 

Zn 

390 

S 

392 

N 

235 

Zn 

S 

842 



I Order of requirement from left to right 

~~ __ l\1n __ 

Site No. 

13 K Fe Ca P N y Mg ZD S 

1

-1 150 -313 

Cli Zn 
14 

1

-1470 -393 

Mn K 
15 

-278 -137 -38 39 

Mg __ ~_ Ca P 

-133 -55 81 ]23 

N P Y Cli 

209 265 285 427 691 
- -

y MD Fe N S 

143 176 226 415 887 

Ca _ _l~,!g Fe S Zn 

-385 -325 
t-~----

-165 -157 1 1 69 89 92 96 269 407 
-- -

16 Zn Mg Fe Ca K Y N S Mil 

-123 -51 -22 5 87 163 239 487 521 

ClI Ca Fe y K P Zn Mg N 
---

-242 -4 2 1 1 88 107 139 189 301 

Cu N Ca p S K Mn M_g Fe Zn y 

18 
-812 -28 o -25 -16 55 159 161 169 174 178 237 

------- ---- --

N Mg 
f----

S P Fe Ca Y K Zn ClI Mn 
19 

-783 -45 8 -309 -272 -233 -84 -64 29 98 892 1 184 _-

Cli Mn ZD K y P Mg Ca S Fe N 
20 

-121 1 -26 6 -199 -79 -56 63 120 277 310 502 540 
----

Cu Mn S Fe Zn Y Mg N K Ca P 
21 

-432 -32 -219 -135 -130 71 1 80 227 260 279 318 
----

22 S N Mn Fe Zn P l\1g y K Ca Cu 
-

-412 -33 2 -205 -108 -31 16 99 1 12 183 252 427 
- - - ---- -

23 Cu Mr 
~-

Fe N Ca Zn 
-

1 
-

p K Mg_ y S 

-643 -28 -206 -190 -149 13 
---

o 
--__::__ 

24 103 143 264 921 

Cli M Mg Zn y S n 
---""''--

1< P N I~"e Ca 
- --

24 
-329 -27 -86 -72 -9 3 1 32 96 180 200 256 

••. col1til1ued .•• 

137 



- --

Site No. rorD left to right Order of requirement f 

I 
~,-

-i-

Mn Zn S y K P 
---- ---- -- -

25 -813 -279 -124 -95 -65 -22 _--- ._-

I 

Zn Ca Mg K P 
------ -26 LCu 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

-529 -177 -104 -98 -8 17 
- -- --- - ----

Ca Mn S Mg Zn K 

-32 -224 ---- -- ------ -- --- --------- -----=------192 -185 -132 -70 

S Zn Ca Cu Mn Y 
--'-=-----=~_----- - -------~-==--=_ 
-489 -430 -222 -169 -113 60 

- - - - -

Fe Cu N Mn 
- --

Y S 
----'---

-410 -234 -171 -107 35 40 

y Cu =_--=-_--=-=--_ 1<: Zn P Fe 

-243 -202 -173 -143 -2 
--

Cu S _ ____:=----Mg____MI~ P 

-1097 -242 -236 -143 -101 

N P S 

-435 -370 -329 

p K ___ Mg_ 
-718 -397 -350 -343 -337 

----

S Ca Zn y Fe 

3 

Fe 

-277 

P 
f--~------ ---------

-467 

Mn 

-505 

K 

-196 

Ca 

-318 

-189 _ ____:.::____-7_ -1 16 -76 

S Mg 

-299 -95 
--- ---- ---_-----

K 

-55 

Y 

45 

S ___ -"-p __ ?-~1 __ ~g _____ N 

-109 -106 -90 -85 -43 -9 
---~--~--~~---'---

37 

38 

__ ri__ ___ ~g_ P K S Fe 

-593 -456 
- ---l-~~--=~--~~ 

-108 -105 

p Mg Cu y 
------

-143 -55 

9 

Zn 

-29 

32 

1<: 

-) ) -715 -276 
-----!f---'--=-=- - --- --- ---__:__-

39 Mg ___ Y }> S K N 

-296 -252 -146 -74 -40 -15 

138 

Ca Mg Cu Fe N 
-- - ---

43 60 315 457 524 
-

Mn Y S Fe N 
--- --

20 102 1 12 205 462 
----- -- ---------

N P Cu Fe Y 
. ---- -------

89 128 132 240 246 
-

N K 
-

Fe Mg P 

145 179 260 304 475 

Zn K Ca P Mg 

55 131 149 253 259 

!Vln Ca S N Mg 
- -- --- -

42 140 144 205 229 

K Zn Ca N y 
_------_._- - -----

169 192 258 518 588 
-- --

K Zn Y Cu Mn 
--- - - - -

1 12 165 238 408 1250 
- -~ --

Ca y ZIl Mil Cu 

-21 1 I 10 502 957 1063 

N Mil 
--

Cli Mg K 

103 133 157 226 432 
-------

P N Fe Zn Cu 

97 1 12 302 312 404 
- -----.-------~----- - -

Ca Fe y Mn Cu 
--- -- -- ----

10 20 59 83 272 

Ca Cu ZIl Y Mil 
---

64 81 274 363 438 

Mn S Ca Fe N 
------ -

106 144 244 265 471 
- ---

Ca Fe Mil Zn Cu 
----

20 121 161 177 345 



Table 17 : Orchard sites of high yielding subpopulation shO'\ving yield (Y) 
indices where yield can further increase 

Antbia flush Mrig flush 

Site Site Yield 
Soil Y LeafY Yield (fruits Soil Y LeafY 

No. No. (fruits 
index index per tree) index index 

per tree) 

2 0 -141 1033 I -13 -771 718 

3 +4 -I 18 1058 2 -22 -1081 512 

4 -5 -511 836 6 +1 -23 1015 

9 -2 -370 968 10 +1 -132 101 I 

10 -14 -1578 635 1 I -14 -1 10 632 

1 I -5 -451 1045 12 -23 -914 558 

12 -6 -200 948 19 +1 -64 1218 

13 0 -67 1265 24 +4 -72 1 1 13 

16 +5 -158 1217 25 +1 -95 893 

24 -1 -297 1061 29 0 -234 988 

29 -23 -1531 568 30 -5 -243 932 

32 -22 -1517 672 34 -4 -I 16 1104 

35 -2 -334 1052 38 -5 -276 865 

36 -6 -641 927 39 -3 -252 913 

37 +1 -55 1312 - - - -
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In case of ambia flush the orchard (site 29) showing lo"vest yield (568 fruits 

per tree) showed yield index -23 under soil and - 1531 under leaf. I I ighest yield level 

'\vhich can further increase \.vas 1312 fruits per tree and was observed in site 37 with 

Y index + 1 under soil and -55 under leaf. 

Under nlrig flush the lo"vest yield was 512 fruits per tree in site 2 "vith highest 

negative indices in soil (-22) as ~vell as in leaf (-1081). The highest yield level \-vas 

1218 fruits per tree in site 19 with yield index + I in case of soil and -64 in case of 

leaf. 

Fertilizer recoHunendation is to be made as described under low yielding 

orchards. Supplying the limiting nutrients through fertilizers will resulted in still 

increase of yield level of these orchal·ds. 

4.6.3 Interpretation for fertilizer recolnrnendation 

ORIS i.c. Diagnosis and Recolnmendation Integrated Systenl is the procedurc 

of diagnosing the yield limiting factors and making recomlnendation for getting the 

optimUlTI yield. For making reCOlTIlllendation one should kno"v t\VO important points 

i.e. what is to be recomlnended and ho"v much to be recomlnended. Therefore it is 

necessary to recognize the limiting factor to make the recomlnendation of that needed 

nutl·ient in diagnosis. ORIS provides the advantage of nutrient balance and ranking 

nutrients in order of Inost insufficient or nl0st lilniting to Inost relatively excessive or 

least limiting nutrient. The nutrient with most negative index is considered relatively 

the most limiting. The increasing indices in smne line represent the order of 

limitation. Hence what is to be recomlnended can be decided from these indices in 

case of soil as "veIl as leaf. 

4.6.3.1 Soil indices 

Soil indices established froln alnbia and Inrig flushes for low yielding (Table 

9 and 10) and for high yielding (Table 13 and 14) are used for fertilizer 

recolllmendation to an orchard for increasing the yield. 

In particular orchard nutrient status of lilniting nutrient IS cOlnparcd "vith 

ranges of ORIS norms. In ambia -flush of lo\v yielding subpopulation site 2 is taken 
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as an exmnple to quantify the fertilizer requiren1ent using DRIS. ORIS indices (Table 

9) sho\-ved the order of requirement as Ca > S > K > N > Fe > Cu. In this case Ca is 

most required. The soil Ca status of this particular orchard is 22.70 cmol (p")kg- I 

(Appendix VI) which comes under very low category as pel' ORIS nonns for alnbia 

tlush (Appendix XIV). Therefore fertilizer recomlTIendation for Ca should 50 per 

cent more than the recolnmended dose for Nagpur Inandarin. SilTIilarly N content in 

this soil was 215.13 kg ha- 1 (Appendix VI) \-vhich is in low range (169 - 280 kg ha- 1
) 

according to ORIS nOl"lns. The recomn1ended amount of fertilizer for N should be 

more than 25 per cent of the recolTIlnended dose. In the san1e \vay Fe and Cu can be 

l·ecoJTIlnended. Indices showing positive valucs in the orchard in qucstion IS 

considered as optimull1 to high or excess. These nutrients should similarly be 

con1pared with corresponding ORIS norms and recoJ11Jnendation be fixed on the basis 

of recommended dose for this crop. Required amount of fertilizer for optimurn range 

is as per recommended dose for high range it is less than 25 pel' of recommended dose 

and fOl' very high range excess it should be less than 50 per cent of recolnn1ended 

dose. The set of recolTIlnendation based on indices vis-a-vis ORIS nonns for the 

orchard if appl ied wi 11 result in increase of yield of su bsequent Cl·Op. 

In case of Inrig flush of low yielding subpopulation site 1 is taken into 

consideration for deciding fertilizer dose. In this case according to ORIS norms 

(Table 10) order requirelnent of nutrients is N > Cu > K > P > Ca. N status of this 

orchard soil \-vas 21 1.76 kg ha- 1 (Appendix VIII) \-vhich was detected as very lo\-v ( < 

216 kg ha- I
) according to corresponding ORIS norn1S for Inrig flush presented in 

(Appendix XV). Hence the N requirement of the soil \-vill be 50 per cent ITIOre than 

its recommended dose for Nagpur mandarin. Similarly eu, K, P and Ca requirement 

can be decided. The I'equirelnent of nutrients showing higher indices should also be 

decided in similar pattern and the set of recolnlnendation can be prepared. 

4.6.3.2 Leaf indices 

In case of leaf indices, thc pattern of comparing leaf indices \-vith ORIS nonns 

and leaf nurient status is followed as described in case of soil indices. ORIS indices 

for lovv yielding all1bia and Inrig flushes are presented in Tables 1 1 and 12 
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respectively whereas~ for high yielding ambia and mrig flushes are presented In 

Tables 15 and 16 respectively. 

In case of ambia flush of low yielding subpopulation taking orchard I as an 

example? order of requiretTIent of yield limiting nutricnts is Cu > Fe > Mn (Table 11). 

Leaf Cu~ Fe and Mn content of this orchard is 13.83~ 50.45 and 24.38 ppm 

I'espectively (Appendix X). All thesc nutrients cotTIes under 10\ty nutrient status as per 

ORIS nonns for leaves of arnbia flush. Thereforc recomlTIendation will indicate 25 

per cent more of recomlTIended dose in this orchard. Similarly the nutrients showing 

positive indices should be recolllmended. 

For mrig flush site 3 of low yielding subpopulation sho\tycd order of 

requirement as eu > Mn > Fe (Table 12). Leaf Cu , Mn and Fe content of this orchard 

\lvere 15.60, 28.31 and 85.04 ppm respectively (Appendix XII). In this case, Cli and 

Mn COllles under optilTIUlTI or medium range and Fe in low range (Appendix XVII). 

Hence recolTIITIended dose should be given for Cu, Mn as reconlmended dose and tor 

Fe, 25 per cent Inore dose should be recolnmended. 

4.6.3.2 Soil and leaf indices together 

With ORIS approach application of most lilniting nurient based on leaf index 

could result in yield increase, assuming that the nutrient was also present In 

insufficient amount in the soil. Sometime situation could arise \tvhere application of 

Inost lilTIiting nutrient does not result in yicld increase. This is usually the case \-vhen 

other factors (like leaching, soil nloisturc~ pI-I, CaC03 , unfavourable clilnate, etc.) are 

lilniting the uptake of the particular nutrient. 

Thus in lllaking lTIeaningful recomlnendation which will have the highest 

chancc of increasing yield profitably, both soil and plant indices together should be 

taken into consideration. 

In present investigation \vhat is to be recolnmended can be decided from the 

soil and lcaf ORIS indices together. The critical study of the data from soil and leaf 

indices showed that w'hile deciding the limiting nutt'eint for recolnmendation, four 

situations nlay be created. 
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I . Negative index of the nutrient in soil showed correspondingly negative 

index in plant. 

2. Positive index of the nutrient In soil showed correspondingly positive 

index in plant. 

3. Negative index of the nutrient in soil showed correspondingly positive 

index in plant. 

4. Positive index of the nutrient in soil showed correspondingly negative 

index in plant. 

As soil is a natural reservoir of nutrients in \.vhich plants grow" the elllphasis is 

to be given on soil fertility status while using both 11lethods i.c. soil and plant analysis 

together. The plant nutrient status is nothing but the reflection of fertility status of 

soil 11l0dified to some extent by soil atmosphere and environmental situations. 

In first and second case mentioned above thcre is no problem for 

recommendation of that nutrient considering negative index as limiting and positivc 

as sufficient or optilllUln. In third case, when negative soil index of particular nutrient 

shows positive value of index in leaf analysis it indicates that though the nutrient is in 

lower proportion in soil, it has been exausted in large quantity by the plant or crop 

and hence it is not limiting in the plants but soil 11lay be exhausted and sho\. .... l 

deficiency subsequently. Therefore, it should be added as per soil fertility status 

vvhich will improve the potential of soil \-vithout any illlbalance of nutrients in soil as 

vvell as in plant. 

For example" results of site I (Table 9) from low yielding alnbia flush 

indicated negative indcx for N (-36) in soil fertility status" whcreas in lcaf nutrient 

status it showed positive index (+772) (Table 11). This 11leanS that though soil is 

deficient in N it is not the yield limiting. But for 11laintaining soil health and to avoid 

deficiency subsequently N should be diagnosed as lirniting. 

In fourth case if positive index of soil coincides negative index in leaf 

nutrient, it indicates in practical tenll that the nutrient was supplied but not taken up 

because of unvourable soil conditions or any other relative factors which need to be 
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further studied and corrected. Othenvise~ the l"ccon1111endation of lil11iting nutrient 

should be made on the basis of leaf nurient standal·ds. Iron was observed in such 

situation in site I of al11bia flush, \-vhich show'ed positive value (+27) for soil and 

negative (-226) for leaf index besides ilnproving soil condition. 

After deciding \-vhat is to be applied it is necessary to kno\-v ho\-v much 

quantity of nutrient to be added. For this purpose status of lin1iting nutrient in 

orchard under diagnosis should be compared with ranges of ORIS nonns presented 

for soil (Appendix XIV and XV) and for leaf (Appendix XVI and XVII). Alnount of 

fertilizer reqauired will be dependent on the recollllnended dose for crop and new 

DRIS rating norms established in the present study. In above mentioned example of 

site I we have decided to apply N on soil fel-tility basis. Available N content of this 

orchal'd is 116.78 kg ha"t (Appendix VI) which cOlnes under very low « 168 kg ha"l) 

according to new DRIS nonn (Appendix XIV). Therefore the nitrogen required to be 

applied for this orchard soil should be 50 per cent Inore than l"eC0l11lnended dose of 

nitrogen of Nag pur mandarin for study area. 

Ultimately yield is the concern of the tanners. Inspite of anyone of the four 

situations as described earlier preveiling at his orchat'd site~ yield is the result of 

efficient and balanced uti lization of nutrients by the plant as indicated by the leaf 

nutrient status. I-Ience leaf analysis can be adopted over soi I analysis applying ORIS 

nOrl11S and indices~ because soil situation n1ay not exactly reflect in yield, Inay be due 

to ilnproper physical condition. 

The study indicated that Inore than 1\vo nutl'ients are I irniting the yield in 38 

lo\-v yielding orchards in arnbia and 36 lo\-v yielding orchards in Inrig flush. In case of 

high yielding subpopulation, 15 orchal'ds under' ambia and 14 ol'chards under mrig 

flush showed the chances of further increase in yield. It further indicated that 

supplying the nutrients, \-vhich are limiting, thl'ough fertilizers \-vill increase the yields 

of the orchards. 

ORIS \-vas found to be more I"elevent by using leaf and soil analysis together 

for Ineaningful recomrllendation of nutrients. ORIS indices \-vere used to ranking of 

soil paran1eter nutrients and leaf nutrients in tenns of order of their requirelnent by 
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plant for getting higher yield. ORIS indices 'vvere used not only for increasing the 

yield of low yielding orchards but also for those high yielding orchards in 'vvhich there 

'vvere chances of further increase in yield economically were possible. It was possible 

as DRIS was expanded to include nutrient ratios with yield (Y). 

ORIS non-ns as new rating for soil feritlity and leaf nutrient status were 

developed and divided into five classes viz. very low or deficient, low, optilnuln, high 

and excess and these nonns were compared with nutrient standards established else 

where. New critical limits for soil rnircronurients were also established froin the data 

generated through ORIS for the study. Overall performance of ORIS approach 

showed successful diagnosis of nutrient requirement for getting higher yield. 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

Mandarin (Citrus reticulata Blanco) is a popular and extensively grovvn 

tropical and subtropical fruit crop in different parts of the \vorld. In India Maharashtra 

state stands first follovved by Andhra Pradesh and Punjab in area and second in 

production of Inandarin next to Andhra Pradesh. Of the four regions of Maharashtra~ 

Vidarbha grown mandarin in more than 97 per cent Inandarin area of state producing 

dbout 600 thousand tons. 

Citrus plants require judicious plant nutrients supply for proper growth and 

yield of high quality fruits. Determination of nutritional need is an important problelll 

of the fruit growers. To ensure high econolnic productivity and to sustain the 

available soil nutrient status at a desirable level~ correct doses of manures and 

fertilizers must be applied by using reliable diagnostic tools. Considerations of 

economy~ energy and environInent Inake it ilnperative that fertilizers should be used 

efficiently. This can be achieved by the use of one or more of the diagnostic Inethods 

in consideration vvith a background of research results. The best diagnostic tool IS 

one that recomlnends nutrient application only vvhen a direct econolnic response is 

probable. 

Diagnosis and Recomnlcndation Integrated Systcm (ORIS) IS a holistic 

system of nutrient diagnosis and can be used for isolating nutrients and other factors, 

vvhich determine yield level and the quality of produce. ORIS was used to develop 

nonns of soil fertility and leaf nutrients for optimum crop pt·oduction. 

To study the soil fertility and leaf nutrient status as vvell as to develop the 

ORIS nonns of soil fertility and leaf nutdents for Nagpur mandarin froIn Western 

Vidarbha 150 Nagpur nlandarin orchards \vere selected 75 each for anlbia (spring) 

and mrig (sulnnlcr) flushes. 

The surface (0 to 30 cm) soil saInples ",-,ere collected ii'oln circular band of 30-

40 CIn wide underneath the periJneter of tree and analyzed for di fferent paratneters 
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using standard pl'ocedure, The leaf satnpling ,\vas done at leaf age of seven tnonths 

old during the month of October 1999 fOI' an1hia flush and eight months old during 

January 2000 for n1rig flush, separately, The leaf satnples ,\vere collected at height of 

1,5 In froln gl'ound level from all sides of tree i.e, nOI,th, south~ east and \vest. Only 

mature leaves characterized by dull green colour having rough surface \verc collected 

avoiding the irnlnature leaves, The non-fruiting tenninals \vere selected for collection 

of leaves ft'Oll1 marked hvigs, The final sample consists of nl inirnuill 100 to 125 

leaves, which were used for analysis for different Inacro and InicI'onlltrients using 

standard procedures, 

AccoI'ding to DRIS the whole population was divided in t\VO groups based on 

"high" and ~'Iow" yield perfonnance, The cut off value for dividing lo\v and high 

yield was 400 fruits per tree for each ol'chal'd, 

Characteristics of Nagpul' mandarin soils In study area showed that Inost of 

the soils \.-vere neutral to nloderately alkaline in reaction, Soils surveyed for anlbiu 

flush showed pI-I ranging from 7.28 to 8.03 in lo"v yiclding and from 7.37 to 8,06 in 

high yielding whereas Inrig flush showed pI I ranging fronl 7.37 to 7.75 in lo"v 

yielding and froln 7.35 to 7.96 in high yielding subpopulation, The EC of soils in lo'\\' 

yielding orchal'ds of alnhia flush ranged [roln 0.10 to 0.48 dSln- 1 \tvhile in high 

yielding subpopulation the values ranged fl'oln O. 10 to 0.38 dSln- l
, In casc of Inrig 

flush it ,\vas ranged behveen 0.15 to 0.37 dSnl- 1 and 0,11 to 0,36 dSnl· 1 in lo'\v and 

high yielding sllbpopulation, respectively. This range of EC values sho"ved that all 

the soils \.-vere non-saline in nature. It "vas also obsel'ved that nlean ECs of lo\v 

yielding sub-population were slightly higher than high yielding sub population. 

Organic carbon in low yielding SUbpoPlllation orchard soils was lower in both anlhia 

and Inrig flush (Inean 0,61 and 0.71 % respectively) than high yielding orchards soils 

of both flushes (0,67 and 0.730/0 respectively). It "vas some"yhat llnifonn at different 

locations of study area. Calciuln carbonate content of low yielding sub-population 

soils fi'om ulnbia flush ,\vas higher (Inean 11.79 %) than high yielding subpopulation 

(Inean 7,77 %) Soils froln Inrig flush orchards containing 1 1.7 per cent and 8.35 pCI' 

cent CaC03 in lo\.-v and high yielding sub populations respectively sho\vcd the sin1ilat, 

trend, Most of the soils ,\vere slightly calcareous in nature \vith sorlle exceptions, 
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Soil nutritional status of Nag pur 111andarin orchards in Western Vidarbha under 

studv indicate that Inean available N, P')O" and K')O content in these soils \"cre 207.77, . . - - -
4X.S6 and 436.86 kg ha- I , respectively in 10v\I' yielding subpopulation and 391.92, 

7,).41 and 5X8.58 kg ha- I in high yielding subpoplilation of (l1ubia flush. In case of 

l11rig. l1ush these nlean available N!, P20S and K2() content ".;ere 204.97 ~ 54.30 and 

'-l42.46 kg ha- I respectively in lo,-v yielding and 410.59, 57.97 and 547.12 kg ha-
I 

respectively in high yielding subpopulation. Relatively high content of prilnary 

llutrients in high yielding population \vas observed than lo\v yielding sllbpoplilation in 

both flushes. 

In case of secondary nutrients an average available (exchangeable) calciull1 and 

magncslllln contents of soils of 10\\1 yielding \vas 22.28 and 8.10 CillO) (p+) kg-
I 

r~':-;pccti\"(.'ly In anlbia flush and 25.51 and 8. I S clll01 in Inrig tlush, 

l\:sp...:ctiv...:)y. It \vas Inuch less cOJllpared to that of high yielding orchard soils, \vhich 

was 44.24 and 14.34 cmol (p+) kg- I Ca and I\1g, respectively in arnhia tlush and 42.87 

::l1d 9.5X Cll10l (pt-) kg-I Ca and i\1g. respectively in Inrig flush soils. Higher 

l'\)l1c~'ntr~lli()ll or available sulphur in high yielding orchards (19.35 and 18.44· kg l1a-
1 

S 

ii~ UlIlhi(l ~uid IHrig flush respectively) \vas l)bs~rvcd than 10\\' ,yielding orchards (15.03 

<l!1d 17.58 kg ha- 1 S in Gll1bia and Inrig flush respectively). 

R.:garding soil available nlicronutrients, available Fe. 1\11n, ell and Zn contents 

I \!' soi Is b\..'aring high yielding subpopulatioll \ven.: highcl' than thal or soi Is bcaring lo\.v 

yil..'lding subpopulation in Gll1iJia flush \vith exception of zinc in Inrig. flush. With 

regards to ("lInbia Hush in low yielding subpopulation averagc available Fe, Mn, Cu 
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and Zn content was 6.49~ 13.20, 3.05 and 0.65 pprn respectively, whereas in high 

yielding sUbpopuIation it was 7.29, 13.75, 5.44 and 0.70 ppm respectively. Low 

yielding sUbpopulation of Nagpur mandarin orchard soils frolll Inrig flush sho\ved the 

distribution of available Fe, Mn~ Cu and Zn content as 6.89, 10.20, 2.18 and 0.71 ppm 

respectively and it \-vas 7.78, 1 1.47,4.36 and 0.70 pplll respectively in high yielding 

subpopulation. 

In general higher nutrient status and higher organic Inatter content and lo\v 

calcium carbonates in soils were favourable conditions for higher yields. The yields 

as well as available nutrient content of ambia \vere cornparatively Inore than Inrig. 

Soils with higher available nutrient status supported higher yields. 

The analytical data regarding nuritional status based on leaf analysis showed 

that among the maJor nutrients nitrogen concentration \·vas higher \-vhereas, 

phosphorus and potassiunl concentr-ations \vere lower in high yielding than lo\v 

yielding subpopulation. Leaf N \-vas 2.21 and 2.54 per cent in lo\v and high yielding 

subpopulation respectively of alnbia flush whereas, it \-vas 2.29 and 2.39 per cent 

respectively in Inrig flush. In lovv yielding subpopulation the P and K concentration 

vvas 0.18 and 1.50 per cent respectively under alnbia flush ,,"vhile 0.18 and 1.57 per 

cent, respectively in mrig flush. The P and K concentration in leaves of high yielding 

subpoplliation was 0.14 and 1.45 per cent and 0.13 and 1.22 per cent in an1hia and 

nlrig flush l-espectively. 

Regarding secondary nutrients smnpling of leaves at alnbia and Inrig Ollsh 

indicated a higher Ca, Mg and S concentration in high yielding sllbpopulation than 

low yielding. The Jllean Ca, Mg and S concentration in leaves saJllpled at Gll1bia 

tlush were 3.30, 0.6] and 0.21 per cent respectively in lo\v yielding subpopulation 

and 3.90, 0.65 and 0.27 per cent respectively in high yielding subpopulation. The 

sampling at nlrig flush shovvcd 3.24, 0.64 and 0.20 per ccnt concentration of Ca, Mg 

and S respectively in lovv yielding vvhere as 3.68~ 0.66 and 0.23 per cent concentration 

of Ca, Mg and S respcctively in high yielding sub-population. 

The leaf 111icronutrients status indicates that leaf Fe, Mn, Cu and Zn 

concentrations in low' yielding trees \vere lo\-ver than the high yielding trees in both 
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alnbia and Inrig flushes. The contents of Fe~ Mn, eu and Zn in leaves of lo\\' yielding 

subpopulation \-vas 102.90, 30.67, 15.41 and 27.94 ppm respectively from aJnbia tlush 

whereas 88.52, 26.97, 18.96 and 28. 19 ppln respectively frorn Inrig fl ush. The leaves 

froln high yielding subpopulation sho\\'cd 121.50, 39.82, 24.74 and 30.91 ppnl in 

(lInbia flush and 124.69, 35.78, 25.25 and 30.54 ppln in Inrig flush Fe. Mn, Cu and Zn 

concentration respectively. In general excepting Mg, Cu, Zn, \vere having higher 

concentration in ambia flush leaves than Inrig flush as observed in soil fertility status. 

The soil fertility and leaf nutrient nornlS \.vere developed using ORIS for 

Nagpur nlandarin in Western Vidarbha region. The nevv DRIS nonns developed for 

soil characteristics showed that the optimum range of pi-I \-vas 7.35 to 7.71, EC 0.12 to 

0.29 dSln· l , organic carbon 0.37 to 0.98 per cent and calciuln carbonate 4.26 to 1 1.29 

per cent under Glnbia flush, while these ranges were for pH 7.41 to 7.65, for EC 0.14 

to 0.28 dSln· I , for organic carbon 0.49 to 0.98 per cent and for calciuln carbonate 4.73 

to 1 1.98 per cent under Inrig flush. The evaluation and classi fication of the total 

orchards sho\-ved that optilnum observed in pI I, EC, organic carbon and calcillll1 

carbonate \-vas observed in 89, 81, 79 and 64 per cent orchards respectively for clInbia 

flush and in 88, 73, 75 and 72 per cent orchards, respectively for Inrig flush. 

The norms ft'om cllnbia flush for Illajor available nutrients sho\.ved that 

optilllunl ranges ,,,,,ere as for N fronl 281 to 504 kg ha-l for, P20S 43 to 105 kg ha-
I 

for K 2 0 366 to 812 kg ha-) for ea 38 to 51 CillO) (p+) kg-) for Mg 8.51 to 20.24 clnol 

(p+) kg-land for S 13 to 26 kg ha- I
. These optimulll ranges of ORIS nonns for Inrig 

flush were as for N [rorn 314 to 508 kg ha- I
, for P20S 38 to 78 kg ha-) for K 20 348 to 

747 kg ha- l for Ca 36 to 51 clTIol (p+) kg-! for Mg 6.01 to 13.20 crnol (pi") kg-! and for 

S I 2 to 26 kg ha -I • 

The optilllUlll ranges for available soil Inicronutricnts for ulnbia flush \.vere: l;'e 

6.03 to 8.56 ppm, Mn 9.16 to 18.34 ppln, ell 3.10 to 7.90 ppm and Zn 0.53 to 0.87 

ppln, \vhereas for Inrig Hush \vcre: Fe 6.32 to 9.24 pPlll, Mn 7.51 to 15.40 ppnl, Cu 

2.41 to 6.30 ppJn and Zn 0.52 to 0.89 ppm. 
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The evaluation of the individual orchards indicated that Inore than 50 per cent 

orchards were in optimuln range of most of the soil nutrients except Nand Ca for 

both cllnbia and Inrig flushes. 

The optinlum ranges for Glnbia flush in leaf nutrients were as N 2.06 to 3.02 

pel' cent, P 0.09 to 0.22 per cent, K 1.05 to 1.87 per cent, Ca 3.18 to 4.66 per cent, Mg 

0.58 to 0.73 per cent, S 0.20 to 0.36 per cent~ Fe 74 to 170 pplll. Mn 26 to 54 ppm, eu 

15.25 to 34.25 ppnl and Zn 22 to 41 ppnl. 

These optimutn ranges for Inrig flush in leaf nutrients ,\vere as N 2.10 to 2.68 

per cent, P 0.08 to 0.19 per cent, K 0.66 to 1.79 per cent, Ca 2.97 to 4.40 per' cent, Mg 

0.47 to 0,87 per cent, S 0.18 to 0.30 per cent, Fe 92 to 158 ppln, Mn 23 to 50 ppm, eu 

13,82 to 36.70 ppln and Zn 23 to 39 ppln. Most of the orchards \vere found in 

optimum range of all leaf nutrients in both ambia and Inrig flushes. 

ORIS indices "vere derived for soil fertility and leaf nutt'ient status of low as 

"veil as high yielding Nagpur tnandarin orchards. which have negative, positive and 

zero values. The more negative an index, the more lacking is the nutrient relative to 

other nutrients used in the diagnosis \vhich have relatively more requirelnent. 

Alternatively a large positive nutrient index indicates that the corresponding nutrient 

is present in relatively excessive quantity and has relatively less requirenlent. 

Therefore Inost negative index i.e. nlost lilniting par'arnetel- is to be that '\vhich conles 

first in order of requirelnent. Zel-O index is with optirnal balance. 

In lo\v yielding subpopulation of all1bia flush soil fertility DRIS indices 

inferred that aJnong major nutrients nitrogen, phosphorus, calciurn, magnesiutn and 

sulphur sho"ved insufficiency in majority of orchards. Among tllicronutrients copper 

was found to be deficient in 1110St soi Is, orchards \vith very lo\v yield level. Zinc \vas 

limiting in t"vo sites only i.e. site No. 14 and 37. Fe was deficient in five orchards 

and Mn \vas lilniting in three sites. 

Though negative indices sho'\ving nutrients affect yield~ the excess of SOll1e 

soil pal'alneters may also result in low yield. Free caleiurn carbonate is such 

ilnportant factors for citrus. In S0l11e of the sites CaC03 sho\ving rnost positive index 

might have resulted in low yield rather than sOlne I ilniting nutrients in that particular 
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case. Site nUlnbers 7 ~ 18, 19, 23, 25, 26, 28, 29, 30, 3 I and 33 shoVo/cd nl0st positive 

index of CaC03 • 

Soil fertility ORIS indices for lov·/ yielding subpopulation from Inrig flush 

inferred that most of the orchards indicated the requirelnent of N excepting site 5, 8, 

22, 32 and 35. Indices also sho\.ved insufficiency of Ca, Mg and S in Inajority of soils 

under Inrig flush. Regarding Jnicronutrients eu indicated negative index in most of 

the orchards. 

The nutrient diagnosis Inade by ORIS indices indicated that more than t\.-yO 

nutrients were limiting for yield in low yielding orchards. The orchards suffering 

from inadequacy of nutrients can be easily diagnosed from indices and ordel· of 

lilnitation can be fixed. The fertilizer reconlnlendation is the.n Inade on the basis of 

order of requirement of particular nutrient. 

Leaf nutrient indices for low yielding ol·chards of Glnbia flush revealed that 

the yield is affected due to ilnbalanced condition of leaf nutrient status in Nagpur 

tnandarin. Site 17 sho\.-yed all the nutrients in optinlun1 to excess vvhere as sOlne 

orchards sho\.-yed only single nutrient yield lin1iting. In other orchards more than two 

nutrients were found to be yield I ilniting which also carried the nutrient inlbalance in 

plant. 

Leaf nutrient indices for lovv yielding orchards fr0l11 Inrig flush revealed that 

in all orchards two or more clelTIents \.-vere to be needed for increasing yield excepting 

site 1 I . 

Fertilizer recomn1endation for getting optin1111TI yield is Inade on the basis of 

either soil fertility index or leaf nutrient index or combining both soil and leaf indices 

of individual orchard. Thus in Inaking nleaningful recolTIlnendation \.vhich \vill have 

the highest chance of increasing yield profitably, ORIS indices based on leaf analysis 

can be adopted for convenience and for correct reflection. 

In case of high yielding subpopulation though the yield is higher, ho\vever 

\.-yhere yield indices are negative or nearer to optirnllll1~ there is SOll1e scope of 

increasing yields further even under high yielding situations. This can be achieved by 
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providing the limiting nutrients so that better utilization of nutrients in higher amount 

can be effected resulting in still higher yield. 

Number of orchards showing negative index values or values nearer to zero, 

where there are chances of further increase in yield are 15 in ambia and 14 in mrig 

flush. 

Conclusions 

From the present investigation following conclusions are drawn. 

1. Characteristics of Nagpur mandarin growing soils in Westem Vidarbha region 

showed that these soils are neutral to n1.oderately alkaline in reaction and non­

saline in nature with pH and EC within the safe limit. Soil organic carbon was 

somewhat uniform at different locations and it was medium to high in most 

(88 %) surface soils in both flushes. Although organic carbon content of I110St 

surface soils in both f1ushes was found medium to high, the available nitrogen 

was found to be in low range in SOlne cases, which might be due to the stage 

of humification of organic matter. The organic carbon in low yielding 

subpopulation orchard soils was lower in both ambia and nlrig flushes than 

high yielding one. All the orchard soils were slightly calcareous to calcareous 

in nature in both low and high yielding subpopulation of both flushes 

excepting two sites of low yielding subpopulation of Q}nbia flush, which ,vere 

strongly calcareous. Calcium carbonate content of low yielding subpopulation 

of soils surveyed during both flushes was higher than that of high yielding 

subpopulation. 

2. The available nutrient status showed relatively higher content of available 

nutrients in high yielding than low yielding subpopulation (excepting Zn in 

mrig flush) of n1.andarin orchards of this region for both flushes which Iuay be 

attributed to the intem1.ittent application of organic manure with applied dose 

of fertilizers which helps in build up of high level of available nutrients. In 

general higher nutrient status and higher organic n1.atter content and low 
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calcium carbonates in soils were favourable conditions for higher yields. In 

high yielding subpopulation perticularly, the yields as well as available 

nutrient content of ambia flush was comparatively more than mrig flush. 

3. Leaf nutrient content of both flushes showed in general" mean leaf N, Ca, Mg, 

S, Fe, Mn" Cu, and Zn concentrations were higher and mean leaf P and 1<­

concentrations were lower in high yielding than low yielding trees of Nagpur 

mandarin. Maximum leaf nutrients excepting Mg, Cu, Zn, were having higher 

concentration in ambia flush leaves than mrig flush as observed in soil fertility 

status. 

4. A new five-tier system of fertilizer reconunendation has been established with 

specific advantages using DRIS approach for achieving enhancement in yield 

of Nagpur mandarin. DRIS norms as new ratings for soils fertility and leaf 

nutrient status were developed and divided into five classes viz., very low or 

deficient, low, optimum, high and excess. ORIS indices for soil and leaf have 

been found to be useful in diagnosing and ranking the most limiting and 

excessive parameter or nutrient. 

5. DRIS indices provide the advantage of nutrient balance and ranking nutrients 

in order of most insufficient or n1.ost lilTIiting to most relatively excessive or 

least limiting nutrient. The nutrient with most negative index is considered 

relatively the most limiting. DRIS offers the ability to evaluate nutrient 

balance and to identify the order in which nutrients n1.ight lilnit yield, which 

can serve to refine mandarin orchard fertility n1.anagement. The sct of 

recolTlll1.endation based on ORIS indices vis- a- vis. DRIS nonns for the 

particular individual orchard if applied, will result in increase of yield of 

subsequent mandarin crop. 

6. In rnaking n1.caningful recolTIll1.endation, which vvill have the highest chance of 

increasing yield profitably, DRIS indices", based on leaf analysis can be 

adopted for convenience and for correct reflection. 

7. In traditional systelTIS of fertilizer recommendation the nutrients were supplied 

to the soil on the basis of nutrient status of soil irrespective of yield. In DRlS 
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the recommendation is made only for yield limiting nutrient / factor in proper 

quantum for achieving optimum yield irrespective of nutrient status in 

corresponding soil. 

8. DRIS indices are used not only for increasing the yield of low yielding 

orchards but also for those high yielding orchards in which there are chances 

of further increase in yield economically. In present research DRlS has been 

expanded to include nutrient ratios with yield (Y) which is precisely used for 

sorting the high yielding orchards in which yield level can further increased 

economically. 

9. On the basis of yield levels recorded at different locations of Western 

Vidarbha new cut off value for dividing high and low yielding orchards has 

been investigated using DRIS for Nagpur mandarin for this area, which is 800 

fruits per tree. 
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Appendix - I A 

Location and genel-at infornlation of Nagpur Mandarin orchards in lo\v yielding 

subpopulation of ambia flush 

Site Nalllc of orchard 
Age of 

Yield 
No. of 

No. Gro\vcr 
Addl"cSS orchard 

(Fruits/trec) 
trees in 

(Years) orchard 
AKOLA DISTU.ICT 

1. Jairuddin Sujoruddin Akot Tq. Akot 1 I 213 400 
2. Purushottatn Motiram KllrLnn, 13 187 300 

Korde Tq. Murtizapur 
-

~ C.S. Vyavvahare Kurum, ..:>. 12 278 350 
__Ig. Murtizapur 

4. Murl idhar Radhakisan Madhapllri 12 297 300 
Laddha Tq. Murtizapur 

5. Pukhraj Pretnraj Dllgad Malsur 10 252 300 
Tq. Patur 

AMRA V ATI DISTRICT 
6. Jivvalal Mahadev Bhandaraj 12 204 350 

Ghatarc Tq. Anjangaon Surji 
7. Anis Aharnad Jalil Bhandaraj 13 264 400 

Tq. Anjangaon SUlji 
8. Sm!. Deokabai Anjangaon (S) 1 1 286 350 

Ratnchandra Borde Tq. Anjangaon 
9. Ratnchandra Prithamj i Anjangaon (S) 

13 297 450 
Borde Tq. Anjangaon 

10. D.R.Dangrc Civil Line Paratwada, 13 254 300 
Tq. Achalpur. 

11. Rajesh Babll Achalpur 13 314 300 
Tq. Achalpur. 

12. Dr. V.N. Kavitkar Pathrot,Tq. Achalpur 13 367 330 

1'3. Pravinbhai At. Po. Dabha, 13 192 450 
.§!~aradchandra tvlalpani Tq. Amravati 

14. . Sahadcvrao Krishnarao At. Po. Borgaon (Dh) 13 246 500 
Tarckar Tq. Amravati 

15. Dr. V.N. Glljar At. Po. Borgaon (Oh) 
Tq. Atnravati 

13 238 250 

16. R.N. Dhannalc At. Po. Borgaon (oh) 13 288 300 
Tq. Amravati 

17. Jairamsingh Rajpllt At. Po. Borgaon (Dh) 13 190 350 
Tq. Amravati 

18. Shri Dalal Morshi, Tq. Morshi 12 237 500 
. .. contlnued ... 
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Agcof 
Yield No. of Site Nall1C of orchard 

Address orchard trees in No. Grower 
(Years) (Fruits/tree) 

orchard 
19. Sarangi Master Morshi, Tq. Morshi 13 253 450 
20. l3abarao Bal iram 13rahmanwadi, 

I I 286 1 150 Madanc Tq. Chandllr Bazar 
21. Baliram Madhuji Brahmanwadi, Tq. 

13 328 1000 Madanc Chandur Bazar 
22. Prabhakarrao rl'alokar Manjarkhcd, 

13 348 400 Tq. Chandllr Rly. 
?'"' Ranjcct J\runklll1lar J\njan\vati, 

12 261 600 
_.). 

Jais\.val Tq. Dhamangaon 
24. Pramod Rarndas Walke J\njan\-vati, 

1 1 247 300 Tg. Dharnangaon 
25. SlIbhashchandra WaghlllL 

1 1 186 200 Pagaria Tq. Dhamangaon 
26. Slnt. IIirabai \Vaghuli, 

10 157 210 la\vaharlal Pagaria Tq. Dhamangaon 
27. Rikhabchand \Vaghllli, 

1 I 149 200 Ja\-vaharlal Pagaria Tq. Dhamangaon 
28. Pravin Motilal langda Waghuli, 

13 196 400 
Tq. Dharnangaon 

29. Kishorc Satyanarayan \Vaghuli, 
12 162 300 

Mundada Tq. Dhamang_?on 
30. Pannalal Kankaria Waghuli, 

12 187 300 
Tq. Dhamaf!_gaon 

31. Ranchhoddas Mundada Masadi, 
1 1 271 400 

'~hamangaon 

32. Ramrao Ran1krishan Masadi, 
12 286 400 

FlInsc Tq. Dhamangaon --
~'"' AI'vind Chatnpat Masadi, 

12 187 350 
.)_, 

Dongrc Tq. DhaJnangaon 
BULDANA DISTU.ICT 

- ----~-~--

TlInki, 34. Gancsh lal Darshan lal 
10 308 250 

lais\val Tq. Sangratnpur 
35. Shri. J\gra\val Sonala, 

12 216 1000 
'l~angramRur 

W ASHIM DISTRICT 

I 

36. Shafiulla Khan Poghat, 
10 

I 
234 375 

Tq. Mangrulpir 
37. Dattatray Sakharam Mungala, 

10 183 300 
[3andurge ~.Malegaon. 

YAVATl\1AL DISTRICT 

I 
38. SlIdhakar Lahanllj i Sarur, 

I 13 I 312 500 
Dhawane Tq. Babhulgaon. 
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Appendix - I B 

Location and gencral infonnation of Nagpur Mandarin orchards in high yielding 

subpopulation of ambia flush 

Site Narne of orchard Address Age of Yield 
No. Grower orchard (Fruits/trce) 

No. of 
trees in 

_(Years_) orchard 
AK()LA DISTU.ICT -_ _ 

1. Balwant Mahadev Patil Mana,s 
12 1158 450 Tq . M urtizaRur 

2. Ramesh Bah-vant Patil Mana 
12 1053 450 Tg. Murtizc!2_ur 

AMH.A V A TI D IST'H.ICT , 
Arlin Mahadev J Ulnde Bhandmj ..). 

13 1058 500 Tq. Anjangaon Surji 
4. Sukhdcv Ramchandra Anjangaon Surj i 

12 836 400 Borde Tq. Anjangaon Surj i 
5. Ramchandra Pohne Kural (Purna) 

13 1215 400 Tg. Achal~ur 
6. Prafulla Pohne Kural (Purna) 

12 1585 250 Tq. Achalpur 
7. District fruit Nursery, Paratwada 

12 1178 400 Gov!. of Maharashtra Tg. Achal12ur 
8. District fl·uit Nursery, Paratwada 13 ]226 450 Govt. of Maharashtra Tq. Achalpur 
9. Eknath Venna AchaI2_lIr 13 968 400 
10. SIn!. Sitabai Nanakranl Bclora 

1 1 635 300 Malani Tq. Amravati 
11. Chandrakant Mahadcv Selora 

12 1045 300 \Vardhekar Tq. Amravati 
12. Shethbabll Ansori At. Po. Borgaon 

(Ohm·male) 13 948 450 
Tg_. Amravati 

13. Ilirasingh Rajput At. Po. 13orgaon 
(Ohm·male) 13 1265 300 
Tq. Amravati 

14. Bhagwant Purushottam Morshi 12 1 183 450 
Kale Tg. Morshi 

15. Panjabrao Purushottam 1\.10rsh i 
I I 1228 450 

Kale Tq. Morshi 
16. Baliram Madhuji Brahnlanwadi 

13 1217 1200 
Madane Tq. Chandur Bazar 

17. Pramod Narayanrao Manjarkhed 13 1325 400 
__ J?_Uawe __ Tg. Chandur Rly. . 

••• cOllI III ued ... 
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Site Narllc of orchard Address Age of Yicld No. of 
No. Grower orchard (Fruits/ts·cc) trees in 

(Ycars) orchard 
18. Jadhav Saheb Munjarkhcd 12 1274 400 

Tq. Chandllr R1X' 
19. Prabhakarrao Talokar Manjarkhed 13 1483 500 

Tq. Chandllr Rly. 
20. Nauhll \Vanbaj i Sapatc Anjanwati 13 1297 400 

--- --- - -- -_ _lg_. __ Qha~at!g~0!1 _____ 
f--- _------_ _------ - --------- - -

21. Rangarao SlIryabhan Anjanwati 13 1536 350 Thote Tq. Dhamangaon 
22. Bublldas Mahadev Anjanwati 1 I 1452 300 

Lavankar Tq. Dhamangaon 
23. Marotrao Shelokar Anjarnvati 

I I 1416 300 
Tq. Dhamangaon 

24. Kisanrao Ganthale Anjanwati 12 1061 350 
Tq. Dhamangaon --I--

SlI-bhash Zamaj (-Bhorse Anjan\vati 25. I I I I 17 300 
~. Dhamangaon 

26. Plindlik Shridhar Anjanwati 13 1284 400 
Shirbhate Tg. Dhamangaon 

27. Prcmraj ivlotiram Matre \Vagholi 13 1305 400 
Tq. Dhmallgaon 

28. Shri Kole Anjanwati 10 1938 350 
Tq. Dhalllangaon 

29. Ramkrishan Devrao Masadi 
I I 568 150 

Chavan Tq. Dhamangaon 
30 Vijay SlIlllarsingh Masadi 10 2254 350 

Nahate Tg. Dhalllangaoll 
31. Babanrao Jadhav Masadi I I 2127 400 

Tg. Dhamangaon 
32. Ashik Kunjalal Kudla, 12 672 400 

MUlldada Tq. Tiwasa 
.......... Rajcndra Shamrao Klirha 12 1319 350 .).). 

Ambadkar Tq. Tiwasa 
BULDANA DISTRICT l Sonala I 34. Sitaram Mahadcy 12 1239 500 

Agrawal Tg. Sangrampllr 
\VASHIM DISTRICT 

35. Suresh Chhappalwar Sakalwadi 10 1052 800 E_q_. Wash_i!~_l _______ -- -_- - ----- -----~---

-Ci1~\ndr-akant (jaikwad Malegaon 400 36. 12 927 
T~ rV1alegaon 

YAVATMAL DISTRICT 
37. Glilabrao Tajane Sarllr 12 1312 700 

Tq. Babhlligaon 
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Appendix - I C 

Location and general inforrnation of Nagpur Mandarin orchards in lon' yielding 

subpopulation of Inrig flush. 

Site Nanle of orchard Address Age of 
Yield No. Grower orchard 

(Fruits/tree) (Years) 
AI<OLA DISTRICT 

1. Pandurang Narsaji Akot 
12 305 Dhanne Tq. Akot 

2. Lakshmanrao Dabhade Akot 
I I 289 Tq. Akot 

~ TraYll1bak Namdeo Wai 
396 

-'. 
I 1 Randhe Tq. Akot 

4. Sahdeo Lakshman Divthana 
10 325 Shende TCI. Akot 

5. Nemichand Parasmal Malsur 
10 265 Dugad Tq. Patur 

6. Keshavl-ao Motirarn Khanapur 
I 1 248 Deshmukh Tq. Patur 

7. Chakl-adhar Mahadeo Khanapur 
12 264 Band Tq. Patur 

8. Ganesh Sitaram Khanapur 
1 1 284 Khandarc Tq. Patur 

9. Chandrasingh. Bais Patur 
10 321 Tq Patur 

AlVlRAVATI DISTRICT 
10. Shri Shivaji Collegc of Amravati 

12 186 Agriculture Amravati 
11. Shivrajsingh Rathod Nandgaon Peth 

13 181 Tq. Amravati 
12. I3.J. Kalamkar Nandgaon Peth 

13 364 Tq. Amravati 
13. Anupall1 Zan war Nandgaon Pcth 

12 288 Tq. Alnravati 
14. Gajanan Jaware Mawali 

12 354 Tq. Alnravati 
15. Shriram Daulatrao Sategaon 

12 291 Lahane Tq. Anjangaon Surji 
J 6. Anis Ptail Adgaon 

12 324 Tq. ~nj_angaon SUljJ. 
l1andu Dudhe Anjangaon(S) 17. 

12 167 Tq. Anjangaon SUlji . ... contlnued ... 
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Sitc Nalllc of orcluu-d Address Age of 
Yicld 

No. of 
I 

orchard trees in No_ Grower 
(Fruits/tree) 

(Years1 orchard 
18. Pravin Sharadchandra Dabha 1 1 205 300 MalQ<:ll1i Tq. Amravati 
19. Chandrakant Mahadev Bclora I 1 238 450 

Wardhckar rl~q. Amravati 
20. Vinayak Uttamrao Anjanwati 10 314 600 

Gadhavc ~l~ Dhaman_g_aon __ --- ----_ -------t--- --------------
Anjanwati 21. Ranchoddas iVlunde 1 1 328 300 
Tq. Dhmangaon 

22. 
I 

Sanjay Arun Rathi EraJa 13 295 750 
Tq. Morshi 

23. R.B. Agrawal Erala 10 187 700 
Tg. Morshi 

24. Pllndal ik Aghadc Nimbhi 1 1 357 400 
Tq. Morshi 

25. Ratanlal Rathi Nimbhi 12 268 300 
T_g. l\1orshi 

26. Sahcbrao Ramchandra Shirkhcd 12 316 300 
TaUc Tg. Morshi 

27. Arvind Tatte Shirkhed I 1 256 200 
Tq. Morshi 

28. Narayanrao Dholc Morshi, 13 299 500 
Tq. Morshi 

29. Mahavccr Daduji KlIrha 13 268 350 
Shingadc Tq. Tiwasa 

30 Prakash MlIlchand Kurha 10 183 400 
Sharma Tq. Tiwasa 

31. Vasanta Pohane Kurha 13 291 500 
rI~. Tiwasa 

BULDANA DISTRICT 

r 32._Larlekar GlIrllj i 1 !~Igaon J ~mod I 13 256 I 400 I q:J~lgall1 (J) _ ---- ------------

- - - WASHIM DISTRICT 

33. Kashinath Lakshman Jambhrllll (Parandc), 
Moholc Po. Kata 12 168 500 

Tg. \Vashim 
YAVATMAL DISTRICT 

34. Ramdas 13apurao \Veni Kotha 12 284 350 
Dioambar l~~_Iamb ------ - ------ -__ 0_--

iVlanikwada 35. Shankarrao Dudhe 13 306 250 
Tq. Ner Parsopant 

36. Dr. Prakash Khadse Digras 13 273 1000 
Tg. Digras 
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Appendix - I D 

Location and gencral iufornlation of Nagpur Mandarin orchards in high yiclding 

subpopulation of mrig flush 

Sitc Nanlc of or·chard 
Age of Yield 

No. of trees 
No. Gro,,,"cr 

Addrcss orchard (Fruitss/t 
in orchard 

(Ycars) rce) 
AK()LA DISTR.ICT 

I. PlIk_hraj Prenlraj Dugad Malsur, 1'g_ Patur 10 718 300 
2_ Manohar Kashiram Babhulgaon 

Pachpor (Dadulgaon) 12 512 350 
Tg_ Patur 

3_ Vasanta Bapu Diware Babhulgaon 
(Dadulgaon) 1 1 1 158 400 
Tg_ Patur 

--
4_ Ananda Motiram Harde Dculgaon (Br.) I 1 1 183 400 

Tg_ Patur 
5_ Shyamrao Sakharam Khanapur 12 1347 300 

Raut _I~l- Patllr _ --- _--------- _ - -- _ 
f--- -- --- -

6_ Tryambak Govinda Khanapur 1 1 1015 350 
Khandarc Tq_ Patur 

7_ .lankiram Govinda Khanapur 
-;\lambc Tq_ Patur 

12 1312 400 

8_ Rarncsh Baliram Khanapur 
\Valokar Tg_ Patur 

13 1366 500 

9_ Kashiram Motiram Khanapur 12 1219 200 
Kavvalc f--T~t Patur --_ - ---- ---_-- ~ ---- --- -- ------------ ---

10_ Rambhau Govinda Khanapur 12 101 1 400 
Ta~pc Tq_ Patur 

11. Parashram Deu 19onkar Patur Tq Patur 1 1 632 600 
AMRA V ATI DISTRICT 

12_ Shankar Panjabrao Rahatgaon 1 1 558 300 
Jichkar Tq_ An1ravati 

13_ Sundarlal Srivastav Nandgaon Pcth 13 1317 800 
Tg_ An~ravati 

14. Mohansingh Thakur Nalldgaon Pcth 13 I 192 200 
Tg. Amravati 

15_ Kirallkumar Shah Nandgaon Peth 
T'1. Amravati 

13 1073 350 

16_ Vasantrao Akotkar Nandgaon Peth 
1''1_ Amravati 

12 1248 300 

17_ Jaju Seth Nandgaon Pcth 13 1135 300 
Tq_ Amravati 

... continued ... 
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Site Name of or'chard Age of Yield 
No. of trees 

No. Gro'wer Address orchard (Fruitss/t 
in orchard {Years) reel 

18. Ramcsh J a\vare Nandgaon Pcth 
13 1298 300 Tq. A Inravati 

]9. Hirasingh Rajput Borgaon (Dh) 
13 1218 350 Tq. Amravati 

20. Abdu] Ilasan Bhandaraj 
12 969 350 

----,-- Tq. __ Anjag~on (S) 
------- -

21. D.J. Dcshpandc Aniagaon (S) 12 ]253 350 
22. Vi i~kllnla)" Ladole Anjagaon (S) 13 I 131 200 
23. Mahadevl"ao Dudhe Anjagaon (S) 1 I 1325 350 
24. Chandu Madanlal Anjanwati 

10 1 I 13 600 NllIndada Tq. Dhalnangaon 
25. Maroti Govind Parate Erala T_q. Morshi 1 I 893 200 
26. SlIdhakar Chirdc Kurha Tq. Tiwasa 12 1024 300 
27. Jagansingh Dhulnale Kurha 1''1. Tiwasa 12 1316 300 
28. Ramcsh Nerkar KlIrha Tg. Tiwasa 12 1192 400 

BULDANA DISTRICT 
29. Onlkar Khandchval Sonala 

I I 988 275 Tq. Sangrampllr 
30 Ganesh Kisan Dhule Eklara 

10 932 500 Tg. SangramJ2ur 
31. A nantrao Bhode Eklara 

13 1563 325 
-- Tq. Sangral1lJ2ur 

32. Shankar Lakshlnan Eklara 
12 1449 400 Hage Tq. Sangrampur 

W ASHIM DISTRICT 
--

-'"'>-'"'> Chandalal Mane Zodga (Kh) -' _). 

l2 ]328 400 
- - Tq. rvlaleg_~on 

-- --~- --

34. Dhanjay Jaidev Mane Zodga (Kh) 
I ] 1104 800 Tq. Malegaon 

35. Dalliatrao Ananda Jambhrun (Parande) 
12 1130 200 Paramde T9. \Vashim 

36. Motiram Ananda Jambhrun (Parande) 
1 1 1224 200 I>arande Tq. \VashilTI 

37. Radhcshyuln Govinda Jambhrun (Parande) 12 1347 600 
Mantri _ Tq: Washim 

--'--- --- -- -

Y A V ATMAL DISTRICT 
38. Ravindra Marotrao Digras 

12 865 300 Chircle Tq. Digras 
39. Renlldco Dnyanoba Limbi 

13 913 300 
DlIbewar" Tq. Pusad 

179 



Appendix - II 

Stastitical parallleters for different fOI'nls of expressing soil paranleters for low and 

high yielding population of Nagpur 111andarin orchards in anlbia flush 

F f 
i Population A (Low yield) Population B (J Ii~h yicld) Variancc 

onn 0 t -'-__C::__---l 
CXIH'CSSiOIlIPanlll1ctcl SD CV Variance Pannneter SD CV Vadance r'atio 
____ • _ __!!'!__C~!!_l ___________ (SA) ___ mean _________ ~J~) ___ (SA+SU) 

pl-IlEe 37.38 15.30 40.92 233.94 41.91 13.59 32.42 184.61 1.27 

EC/pH 

I'll x EC 
pH/CC 
CC/pl-l 

pl-l x CC 

pliiOC 

OC/pH 

pH xOC 

1'1 liN 

N/pl-J I 
pH x N . 

pHiP I' 
P/pll 

pl-J x P 

pl-l/K 

K/pll 

pH x K 
pHiCa 

Ca/pH 

pH x Ca 

pH/Mg 

MglpH 

pil x Mg 

pIllS 
S/pl I 

pH x S 

pll/Fc I 
Fe/pH 

I'll x Fe I 
pI liMn 

Mnipll 

1'1 I x 1\'1n I 

pI lieu 

elllpH 

pI I x ell 
pH/Zn 

Zn/pH 

pi I x Zn 

pillY 

0.03 
1.79 

0.80 

1.56 

89.02 

15.35 

0.08 

4.59 

0.04 

27.58 
1565.44 

0.37 

6.45 

365.71 

0.02 

58.00 

3291.46 

0.38 

2.96 

168.03 

1.57 

1.07 

61.25 

0.88 

1.99 

113.43 

1.30 

0.86 

48.94 

0.61 

1.75 

99.63 

2.78 

0.40 

22.98 

12.10 

0.09 

4.93 

0.03 

0.01 

0.73 

0.39 

0.72 

40.90 

9.41 

0.03 

1.89 

0.01 

6.76 

42.67 

40.60 

49.06 

46.17 

45.95 

61.26 

42.75 

41.10 

36.44 

24.51 

366.24 23.40 

0.62 169.33 

4.18 64.76 

235.64 64.43 

0.02 

28.65 
I 594.()7 

0.14 

0.90 

50.40 

1.16 

0.77 
44.71 

0.86 

1.54 

87.00 

0.76 

0.20 

11.42 

0.15 

0.55 

31.53 

0.92 

0.15 

8.62 

2.78 

0.02 

1.06 

0.01 

73.21 

49.40 

48.43 

37.49 

30.32 

30.00 

74.19 

72.01 

72.98 

98.69 

77.39 

76.70 

58.29 

23.21 

23.34 

24.93 

31.39 

31.65 

33.18 

37.57 

37.50 

22.94 

20.62 

21.50 

24.01 

0.00 

0.53 
0.15 

0.52 

1672.83 

88.46 

0.00 

3.56 
0.00 

45.70 
134133.04 

0.39 

17.44 

55527.25 

0.00 

820.72 

2541065.30 

0.02 

0.80 

2540.56 

1.35 

0.60 

1998.55 

0.75 

2.38 

7568.85 

0.58 
0.04 

130.44 

0.02 

0.30 

994.08 

0.85 

0.02 

74.27 

7.71 

0.00 

1.12 

0.00 

180 

0.03 

1.50 
1.09 

1.03 

58.41 

13.64 

0.09 

5.05 

0.02 
52.09 

2949.3 I 
0.] 1 

9.74 

553.60 

0.01 

78.32 

4424.49 

0.17 

5.88 

332.90 

0.57 

1.91 

108.29 

0.42 

2.57 

145.71 

1.05 

0.97 

54.85 

0.58 

1.83 

103.52 

1.57 

0.72 

40.98 

I 1.17 

0.09 

5.25 

0.01 

0.01 35.32 0.00 2.06 

0.52 34.28 0.27 1.99 

0.38 34.65 0.14 1.09 

0.36 34.45 0.13 4.10 

19.54 

10.11 

0.03 

1.73 
0.01 

11.32 
624.66 

0.04 

3.04 

180.38 

0.00 

33.45 

74.11 

35.27 

34.27 

25.04 

21.73 

21.18 

35.70 

31.23 

32.58 
32.54 

22.62 28.88 

1248.40 28.22 

0.02 

0.74 

40.19 

0.19 

0.58 

33.73 

0.13 

0.69 

39.52 

0.14 

0.13 

6.97 

0.12 

0.46 

26.20 

0.67 

0.24 

13.86 

2.11 

0.02 

0.96 

0.00 

12.93 

12.65 

12.07 

32.89 

30.31 

31.14 

29.76 

26.70 

27.12 

13.71 

13.57 
12.70 

21.57 

24.98 

25.31 

42.56 

33.54 

33.82 

18.89 

19.27 

18.34 

30.86 

381.77 4.38 

102.19 0.87 

0.00 1.21 

2.99 1.19 

0.00 8.02 

128.18 0.36 
390195.26 0.34 

0.00 234.72 

9.25 1.89 

32535.20 1.71 
0.00 14.91 

511.73 1.60 

1558508.84 1.63 

0.00 40.16 

0.55 1.45 

1615.41 1.57 

0.04 38.02 

0.33 1.78 

1137.50 1.76 
0.02 47.62 

0.47 5.05 

1561.94 4.85 

0.02 27.85 
0.02 2.31 

48.52 2.69 

0.02 1.52 

0.21 1.45 

686.69 1.45 

0.45 1.91 

0.06 0.39 

192.09 0.39 

4.45 1.73 

0.00 0.99 

0.93 1.21 

0.00 14.48 



~ Fonn of I_~_._ .. __ . ~~'_I_ation_A (Lo~v yiel~).. __ Population B (High yield) Variance 
- -- ----,----'--- - - - ~-- ---

ratio expression:' .1I .uuete. SO CV Vallance Pal·aluetel SD CV V~lI·iallce 
mean (S,d mean - (So} (SA-7S n) 

Y/pH 32.67 7.38 22.58 54.41 164.26 47.16 28.71 2223.68 0.02 
pH x Y 1858.11 419.18 22.56 175708.87 9303.29 2627.24 28.24 6902399.86 0.03 
EC/CC 0.03 0.02 66.10 0.00 0.03 0.01 35.99 0.00 2.84 
CC/EC 58.68 36.84 62.78 1357.03 42.18 19.69 46.68 387.59 3.50 

EC xCC 
I 

2.80 1.82 64.91 3.30 1.61 0.89 55.54 0.80 4.14 

EC/OC I 0.45 0.30 65.69 0.09 0.34 0.22 64.49 0.05 1.83 
OC/EC 2.87 1.55 54.06 2.41 3.64 1.67 46.00 2.80 0.86 

EC x OC ' 0.15 0.11 70.39 0.01 0.14 0.07 53.37 0.01 2.14 

EC/N 0.00 0.00 48.68 0.00 0.00 0.00 36.99 0.00 9.16 

N/EC 1013.67 455.59 44.94 207562.02 2153.72 780.99 36.26 609944.42 0.34 

EC xN 50.43 27.09 53.71 733.63 79.37 34.40 43.34 1 183.33 0.62 
EC/P 0.01 0.01 127.13 0.00 0.00 0.00 60.20 0.00 43.48 

: 

P/EC 241.18 205.04 85.01 42039.74 416.62 199.94 47.99 39977.02 1.05 

EC x P 11.57 8.06 69.70 65.01 14.32 6.15 42.96 37.84 1.72 

EC/K 0.00 0.00 100.14 0.00 0.00 0,00 33.32 0.00 39.37 

KJEC 2031.61 1055.35 51.95 1113761.54 3152.20 1085.85 34.45 1179078.29 0.94 

ECx K 109.79 85.23 77.63 7263.86 122.26 64.32 52.61 4137.09 1.76 

ECICa 0.01 0.01 74.51 0.00 0.00 0.00 37.50 0.00 30.14 

CaJEC 113.43 61.95 54.62 3838.14 245.27 81.05 33.04 6568.35 0.58 

EC x Ca 5.10 2.34 45.87 5.47 8.85 3.13 35.43 9.82 0.56 

EC/j\·fg 0.05 0.05 98.73 0.00 0.02 0.01 41.61 0.00 64.41 

Mg/EC 38.06 26.20 68.85 686.60 79.48 34.83 43.83 1213.36 0.57 

ECx Mg 1.99 1.86 93.30 3.45 2.90 1.42 48.84 2.0 I 1.72 

EC/S ~ 0.03 0.04 123.82 0.00 0.01 0.01 47.47 0.00 47.85 

S/EC I 76.44 63.41 82.96 4021.28 108.87 48.70 144.74 2371.81 1.70 

EC x S 
I 

3.55 3.88 109.07 15.02 3.85 1.78 46.26 3.16 4.75 

EC/Fc 0.04 0.03 75.94 0.00 0.03 0.01 35.78 0.00 10.47 

Fe/EC 

I 
32.75 16.25 49.62 264.02 40.31 13.20 32.74 174.15 1.52 

EC x Fe 1.51 0.66 43.43 0.43 1.47 0.58 39.53 0.34 1.28 

EC/iVln ! 0.02 0.01 49.05 0.00 0.02 0.01 41.90 0.00 2.19 

J'vlniEC 65.10 32.66 50.18 1066.94 76.65 32.55 42.46 1059.34 1.01 

EC X Mil 3.14 1.64 52.32 2.70 2.74 1.1 1 40.68 1.24 2.17 

EC/Cu 0.09 0.04 42.11 0.00 0.04 0.02 48.80 0.00 3.27 

Cu/EC 15.44 11.62 75.30 135.09 29.75 12.59 42.31 158.42 0.85 

EC x Cli 0.74 0.49 65.97 0.24 1.12 0.63 56.77 0.40 0.59 

EC/Zn 0.39 0.22 54.90 0.05 0.30 0.1 I 38.42 0.01 3.65 

Zn/EC 3.32 1.69 50.98 2.86 3.86 1.37 35.55 1.88 1.52 

EC x Zn 

I 

0.15 0.05 36.54 0.00 0.14 0.06 39.79 0.00 0.97 

I-:C/Y 0.00 0.00 47.30 0.00 0.00 0.00 51.03 0.00 27.55 

Y/EC 1193.63 500.42 41.92 250417.08 6977.69 3442.40 49.33 I 1850126.65 0.02 

L·:C x Y 

I 
59.12 26.87 45.45 722.00 242.84 92.21 37.97 8501.86 0.08 

CCiOC 25.77 30.81 119.55 949.36 13.49 10.30 76.34 106.10 8.95 

OC/CC I 
0.06 0.04 61.33 0.00 0.09 0.03 37.19 0.00 1.32 

CCxOC 7.17 4.99 69.61 24.93 5.44 3.09 56.80 9.57 2.61 

CC-:_~l_ 0.06 0.05 82.81 0.00 0.02 0.01 140.~<-!_ 0.00 40.14 
- -- ---- ------ ----- -- - - ------ --
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r--------,---------------------------------r----------------__________________ ~------~ 
FOl"ln of l _ ~ ___ ~__!!eulatiOl~ ~Lo~v X~ld) __________ I~~pulation B {_1I__i_gh __ ~icl<!2____ _ ___ Variancc 

I cxpl'cssion!Panllllctcl Va.-iancc Pal'ametel --r- Variance ratio 
\----_1 mean SD CV (S .. \) • mean SI> CV (SII) (SA+SB) 

N/CC I 22.05 11.75 53.29 138.01 56.02 21.58 38.53 465.77 0.30 
CCxN 

CC/P 

Pice 
CCx p 

CC/K 

K/Ce 

CCx K 

CCICa 

Ca/CC 

CC xCa 

CC/Mg 

Mg/CC 

CCx Mg 
eCls 
S/CC 

ce x S 
CCiFe 

FdeC 
CC x Fe 

CC/Mn II 

MniCC 
ec x 1\,1n I 
(~CICLI I 
Cu/CC I 

CC x ell \ 
CC/Fc 

Fc/Ce 

CC x Fe 
CCIY 

Ylce I 
CCx y 
OClN I 
N/oe I 

oex N I 
oe/f> I 
P/oe I 

OCx P I 
OC/K 

I<./OC I 

2424.22 

0.47 
4.77 

606.92 

0.04 
44.18 

5354.98 

0.62 
2.46 

252.84 
2.33 

0.81 

98.90 
1.13 
1.3 ) 

212.72 
2.22 

0.71 

73.80 

0.97 
1.39 

153.82 

4.50 
0.33 
35.1 ) 

2.22 
0.71 

73.80 

0.05 

27.36 

281 1.27 

0.00 
382.14 
135.01 

0.03 
95.92 

31.55 

0.00 
762.98 

1238.10 51.07 

0.70 148.31 
3.51 

494.33 

0.04 
30.16 

73.69 
8) .45 

116.00 
68.27 

4060.84 75.83 
0.42 68.32 

1.53 62.08 
13 I. 16 51.88 

1.91 82.15 

0.65 80.28 
88.73 89.73 
0.97 85.66 

0.74 56.38 
251.25 I I 8. I I 

2.63 118.17 

0.42 
34.10 

0.57 
0.77 
78.40 

3.22 
0.22 
19.49 

2.63 

0.42 

34.10 

0.03 
18.19 

59.33 

46.20 

58.97 
55.22 
50.97 
71.54 

67.27 

55.50 
118.17 

59.33 
46.20 

53.96 

66.48 
1293.74 46.02 

0.00 34.78 
33.42 
58.87 
172.71 

1532880.18 3077.84 1369.57 44.50 1875716.07 0.82 

0.48 0.12 0.06 49.56 0.00 138.80 
12.34 10.78 5.75 53.32 33.03 0.37 

244363.49 562.19 248.23 44.15 61617.79 3.97 

0.00 0.01 0.01 42.81 0.00 51.18 
909.85 83.06 33.68 40.55 I 134.15 0.80 

16490416.47 4637.40 2122.19 45.76 4503671.82 3.66 
0.18 
2.33 

17203.94 

3.65 

0.43 
7873.89 

0.93 

0.55 

63125.83 
6.90 

0.18 
1162.61 

0.33 
0.59 

6147.01 
10.37 

0.05 
379.74 

6.90 

0.18 

1162.61 

0.00 

330.94 
1673753.21 

0.00 
16310.46 
6317.74 

0.00 

0.18 0.06 31.35 0.00 58.94 
6.32 2.23 35.31 4.98 0.47 

347.61 138.80 39.93 19266.34 0.89 

0.60 0.3 I 52.58 0.10 37.33 
2.07 1.00 48.31 ) .00 0.43 

I I 1.15 47.74 42.95 2279.08 3.45 
0.45 0.23 52.06 0.05 17.08 
2.87 1.45 50.61 2.12 0.26 

145.77 53.88 36.96 2903.32 21.74 
1.09 0.43 39.70 0.19 36.71 
1.05 0.39 37.08 0.15 1.17 

56.31 19.09 33.90 364.32 3.19 
0.59 0.22 36.43 0.05 7.) 2 
1.98 0.88 44.42 0.77 0.77 

107.38 47.17 43.93 2225.38 2.76 
1.58 0.74 46.94 0.55 18.74 

0.78 0.38 48.58 0.14 0.35 
43.03 22.14 51.46 490.34 0.77 
1.09 0.43 39.70 0.19 36.71 

1.05 0.39 37.08 0.15 1.17 

56.31 19.09 33.90 364.32 3.19 

0.0) 0.00 62.92 0.00 39.0) 

181.66 86.22 47.46 7434.29 0.04 

9328.14 3415.14 36.61 11663159.44 0.14 

0.00 0.00 134.82 0.00 2.81 
683.53 490.48 71.76 240575.39 0.07 

132.77 48.75 17628.54 0.36 
0.00 44.59 0.00 124.42 

127.71 
79.48 

0.05 
85.47 

31.49 

0.00 

89.1 I 7305.33 64.47 51.71 4156.74 1.76 
99.81 991.65 27.28 54.01 744.32 1.33 

68.57 0.00 0.00 36.56 0.00 7.29 
331.91 43.50 I 10164.18 500.0 I 5 I .08 2500 I 1.24 0.44 

OC x K i 295.22 235.13 79.65 55286.32 

272.38 
0.0 I 

124.68 

50.52 

0.00 

978.88 
412.23 

0.02 

197.93 48.0 I 39) 74.94 1.41 
()C'/('-a 1 0 0" 0 0" I . _, . -CaJOC1 43.86 25.37 

OC x Ca 13.95 8.35 

9<;~/~'!g __ 9..:.1_2~_~,--<2.:11 __ 

58.64 0.00 

57.84 643.64 

59.82 69.66 
80.76 
29.72 

86.67 0.0 I 0.05 
-_---~~ --~ ---- -- _ 
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0.0 I 37.07 0.00 9.60 
66.2) 81.99 4384.) 7 0.) 5 

I 1.08 37.28 122.76 0.57 

0.02 46.08 0.00 21.2) 



Fo.-m of ,_ _ _ ~!!~lati~r~~(Low X~,=ld) ____ _ __ Population B (lIi~h yield) ____ Variance 

eXPI-CSSionlPanHllcter SI) CV Var-iancc Pa.-amctc. SD CV Variance .-atio 

. mean (SA.) mcan (Sn) (SA+SIJ) 

Mg/Oe 15.28 11.42 74_73 130.32 25.54 19.22 75.28 369.54 0.35 
OCx Mg 5.18 4.86 93.85 23.61 9.71 4.28 44.07 18.29 1.29 

OC/S 0.07 0.08 105.02 0.01 0.04 0.02 54.66 0_00 12.95 
sloe 

I 
35.65 54.44 152.68 2963.50 35.51 26.15 73.63 683.77 4.33 

OCx S 8.48 6.32 74.56 39.99 12.68 5.02 39.61 25.21 1.59 
OC/Fe 

I 
0.11 0.10 92.14 0.01 0.09 0.04 39.33 0.00 7.48 

FelOC I 13.29 8.63 64.93 74.45 13.12 9.12 69.50 83.14 0.90 

OC x Fe \ 3.92 1.91 48.78 3.66 4.88 1.74 35.73 3.04 1.21 

OC/I'..,1n 

I 
0.05 0.02 48.50 0.00 0.05 0.02 39.79 0.00 1.35 

Mn/OC 25.68 14.05 54.71 197.34 24.30 15.49 63.75 239.98 0.82 

OCx Nln 8.31 5.05 60.77 25.51 9.28 4.10 44.16 16.80 1.52 

oc/ell 0.22 0.11 51.14 0.01 0.14 0.08 53.70 0.01 2.25 

CuiOC 5.98 3.66 61.10 13.36 9.71 6.73 69.29 45.28 0.30 

OC x ClI 

I 
1.88 1. 1 1 58.76 1.22 3.64 1.73 47.59 3.01 0.41 

OC/Zn 1.01 0.56 56.08 0.32 0.98 0.33 34.07 0.11 2.85 

Zn/OC i 1.34 0.83 61.74 0.68 1.23 0.81 65.92 0.66 1.03 

OCxZN 0.39 0.17 43.80 0.03 0.47 0.20 42.06 0.04 0.74 

OC/Y 0.00 0.00 45.55 0.00 0.00 0.00 48.89 0.00 16.55 

Y/OC 495.57 318.75 64.32 101604.37 2274.57 2081.41 91.51 4332252.06 0.02 

OCx Y 

\ 

151.53 73.58 48.56 5413.64 833.15 410.99 49.33 168913.10 0.03 

NIP 10.00 16.91 169.12 286.04 5.83 2.19 37.59 4.81 59.52 

PIN I 0.25 0.16 66.29 0.03 0.19 0.06 33.09 0.00 6.52 

NxP 10466.03 8574.88 81.93 73528628.87 29418.55 13245.58 45.02 175445484.34 0.42 

NIl'. I 0.60 0.36 59.47 0.13 0.72 0.25 34.22 0.06 2.14 

KIN I 2.1 I 0.94 44.6 I 0.88 1.57 0.57 36.71 0.33 2.67 

NxK 96098.98 60655.12 63.12 3679043621.25 233024.13 88345.22 37.91 7804878494.60 0.47 

N/Ca 

I 
10.29 4.68 45.43 21.87 8.96 2.1 I 23.58 4.46 4.90 

CaiN 0.11 0.04 39.21 0.00 0.12 0.03 25.81 0.00 2.13 

N xCa 
; 

4708.55 2063.90 43.83 4259671.86 17412.83 4618.34 26.52 21329020.31 0.20 

N/I\·1g I 43.12 32.79 76.06 1075.39 29.34 9.22 31.43 85.05 12.64 

Mg/N 

I 
0.04 0.04 88.26 0.00 0.04 0.02 40.05 0.00 5.97 

N x ivlg 1678.25 1232.50 73.44 1519048.22 5689.67 2276.30 40.01 5181556.90 0.29 

N/S I 25.69 28.80 112.09 829.16 22.16 9.20 4 1.50 84.57 9.80 

SIN 0.09 0.10 I 1 1.95 0.01 0.05 0.02 37.82 0.00 23.51 

NxS 2958.09 2383.42 80.57 5680698.12 7505.06 2370.71 31.59 5620249.61 1.01 

N/Fe 35.40 17.87 50.48 319.26 54.84 14.21 25.90 201.81 1.58 

FeiN I 0.03 0.02 44.98 0.00 0.02 0.01 31.25 0.00 6.16 

N x Fe 1344.13 422.28 31.42 178320.84 2847.16 688.08 24.17 473456.29 0.38 

N/~'ln 16.68 5.25 31.50 27.60 29.89 8.37 27.99 70.00 0.39 

Mn/N 0.07 0.03 39.49 0.00 0.04 0.01 36.84 0.00 3.81 

N x 1\,ln 
\ 2804. I 8 1336.19 47.65 1785397.71 5399.03 1807.77 33.48 3268026.09 0.55 

N/Cu 

I 
74.28 25.42 34.22 646.14 79.74 3 1.44 39.43 988.53 0.65 

Cu/N 0.02 0.01 39.01 0.00 0.01 0.01 37.93 0.00 1.19 

N x Cll L646.72 293.19 45.33 85958.52 2165.06 898.33 41.49 806998.20 0.11 

L- N/Zn _. 339.39 _._!_:~-?38 _39.89~328.98 575.95 _ __!12.:_29 L?_±:l? 19403.01 0.94 ---____ 
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Fonn of 
cxplocssiol 

Zn/N 

N x Zn 
N/Y 

YIN 
NxY 

P/K 

KiP 
PxK 
PICa 

Ca/P 

P x Ca 
P/Mg 

1',,1g/P 

P x Mg 
PIS 
SIP 

PxS 
P/Fc 

Fell> 

P x Fe 

P/Mn 

Mn/P 

P x Mn 

P/Cu 

Cull> 

P x Cu 

P/Zn 

Zn/P 

P x Zn 

! Population A (Low yield) 
r _... .--~ 

ll>al"anlctclo 
SO CV 

Variancc 
Incan {S,,) 

0.00 0.00 42.65 0.00 

133.85 38.83 29.01 1507.80 

0.89 0.30 34.13 0.09 

1.28 0.53 41.28 0.28 

51206.26 17114.11 33.42 292892838.41 

0.15 0.14 95.51 0.02 

18.77 30.03 160.01 901.96 

22611.99 20859.80 92.25 435131351.13 

2.37 1.55 65.33 2.40 

1.05 1.65 156.39 2.71 

I 122.93 997.52 88.83 995046.74 

9.77 8.74 89.46 76.44 
i 0.36 0.59 164.07 0.35 

401.96 401.86 99.97 161488.77 

5.14 5.63 109.49 31.71 

0.74 1.61 217.43 2.60 

737.61 768.56 104.20 590684.56 

8.67 7.12 82.13 50.70 

0.36 0.73 199.84 0.53 

301.59 198.37 65.78 39351.58 

4.15 3.26 78.65 10.65 

0.70 1.24 177.10 1.53 

606.12 387.88 63.99 150451.73 

17.54 13.68 78.04 187.28 

0.13 0.20 152.35 0.04 

151.06 103.09 68.25 10627.50 

80.70 67.02 83.05 4491.86 

0004 0.07 198.74 0.00 

30.62 18.16 59.32 329.81 

! 0.20 0.12 59.82 0.01 

10.70 15.28 142.76 233.54 

Population n (High yield) Variance 
- --,,~-----_--

Pa.oametel SD CV Val"iance .oatio 

Incan (Su) (S,,+Su) 

0.00 0.00 31.98 0.00 6.05 

274.95 81.99 29.82 6722.57 0.22 

0.34 0.1 I 31.36 0.01 8.30 

3.24 0.94 29.09 0.89 0.32 

494754.01 204151.18 41.26 41677703491.74 0.01 

0.14 0.08 54.81 0.01 3.32 

9.07 4.59 50.68 21.1 I 42.73 

42398.43 16121.33 38.02 259897288.52 1.67 

1.68 0.57 33.78 0.32 7.43 

0.67 0.26 38.47 0.07 40.60 

3256.05 I 161.41 35.67 1348880.67 0.74 

5.67 2.70 47.59 7.27 10.52 

0.22 0.12 53.83 0.01 24.36 

1037.23 421.56 40.64 177716.45 0.91 

4.09 1.98 48.42 3.93 8.07 

0.29 0.11 39.58 0.01 198.10 

1425.30 576.84 40.47 332747.31 1.78 

10.25 3.52 34.37 12.40 4.09 

0.11 0.05 42.90 0.00 232.65 

533.94 180.95 33.89 32741.94 1.20 

5.61 2.07 36.88 4.29 2.48 

0.21 0.10 47.59 0.01 153.71 

1006.19 398.87 39.64 159097.74 0.95 

14.81 6.18 41.75 38.24 4.90 

0.08 0.04 51.44 0.00 22.84 

407.21 203.65 50.01 41471.71 0.26 

108.41 38.56 35.57 1486.90 3.02 

0.01 0.00 38.92 0.00 288.18 

51.29 18.80 36.65 353.26 0.93 

0.06 0.03 43.48 0.00 18.31 

18.58 7.97 42.88 63.47 3.68 
PlY 
YIP 

PxY 
K/ea 

CalK 

12403.87 9349.42 75.38 8741 1677.72 91321.00 39847.33 43.63 1587810048.37 0.06 

K x Ca 

K/Mg 

lvtg/K 

Kx Mg 

K/S 

S/K 

KxS 
K/Fe 

Fe/K 

K x Fe 

Kirvin 

22.83 
0.07 

9511.71 
85.69 
0.02 

3852.76 

54.19 
0.05 

6114.54 
79.98 

0.02 
2784.20 

34.56 

17.14 
0.06 

5324.18 
78.42 
0.02 

3816.21 

60.18 
0.08 

5467.54 
82.69 
0.02 

1490.18 
18.17 _--

75.09 293.90 

81.57 0.00 

55.98 28346942.82 

91.52 6150.18 

80.84 0.00 

99.05 14563485.24 

111.06 3622.02 

146.03 0.01 

89.42 29894028.57 

103.39 6837.21 

77.18 0.00 

53.52 2220629.84 

52.56 330.04 
- . -._-
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13.47 4.13 30.65 17.04 17.25 

0.08 0.03 32.09 0.00 5.06 

26113.29 8411.02 32.21 70745292.53 0.40 

43.72 16.0 I 36.62 256.22 24.00 

0.03 0.01 39.98 0.00 3.12 

8622.98 3887.46 45.08 15112353.01 0.96 

33078 16.04 47.49 257.37 14.07 

0.04 0.02 45.88 0.00 22.45 

11072.34 3435.97 31.03 11805887.12 2.53 

81.44 23.06 28.31 531.73 12.86 

0.01 0.00 32.23 0.00 13.98 

4325.57 1505.39 34.80 2266190.19 0.98 

45.84 18.25 39.81 333.08 0.99 
----



Form of I ____ P~pulatioll A (Lo~v yield) ________ ~opulation B (1I!~h_yiel~_) ____ Vari~llce 
expression!Panulletcl SO CV Val'iance Panullctel SD CV Val'iallce ratio 

'I mean - (SA) mean ~ (So) (SA7SO) 

Mn/K I 0.04 0.03 65.49 0.00 0.03 0.01 45.26 0.00 4.89 
K x Mn 5977.34 3916.50 65.52 15338957.28 7932.77 2467.84 31.1 1 6090221.97 2.52 
K/Cu 163.65 95.82 58.55 9180.58 125.65 74.75 59.49 5587.1 I 1.64 
Cu/K 0.01 0.01 111.01 0.00 0.01 0.01 48.75 0.00 5.48 

K x Cu 11273.26 713.91 56.07 509663.89 3144.37 1254.91 39.91 1574808.94 0.32 
K/Zn 709.45 402.01 56.67 161612.07 867.70 288.69 33.27 83344.34 1.94 

ZniK \' 0.00 0.00 71.44 0.00 0.00 0.00 34.13 0.00 I 1.41 
K x Zn 282.33 146.92 52.04 21584.27 413.1 I 149.88 36.28 22465.44 0.96 

KJY , 1.84 0.97 52.58 0.94 0.52 0.21 39.97 0.04 21.98 

Y/K I 0.77 0.57 73.74 0.32 2.32 1.11 47.77 1.23 0.26 
K x Y 109483.9664490.99 58.90 4159088135.81 718435.38251231.28 34.97 63117158439.35 0.07 
CaJMg 5.03 4.34 86.28 18.83 3.40 1.27 37.44 1.62 I 1.59 
Mg/Ca 0.46 0.51 I I 1.75 0.26 0.33 O. I 3 38.14 0.02 16.13 

Ca x l\'1g 162.28 100.43 61.88 10085.82 627.57 169.65 27.03 28780.84 0.35 
CalS 2.68 2.98 111.41 8.90 2.50 0.87 35.03 0.76 I 1.64 
SICa 0.84 1.03 122.03 1.05 0.45 0.15 32.75 0.02 48.75 

Ca x S 'I' 308.87 194.98 63.13 38018.05 847.55 222.82 26.29 49648.71 0.77 
CaiFe 3.85 2.38 61.90 5.68 6.16 1.03 16.76 1.07 5.33 
Fc/Ca 0.33 0.15 46.43 0.02 0.17 0.03 17.02 0.00 28.49 

Ca x Fc i 143.99 53.27 36.99 2837.36 323.10 61.40 19.00 3770.05 0.75 
Cail'vln 1.82 0.73 40. I 6 0.53 3.40 0.85 24.90 0.72 0.74 

Mn/Ca 0.66 0.30 45.56 0.09 0.32 0.10 30.55 0.01 9.54 
Ca x Mn 295.42 137.70 46.61 18960.41 605.34 151.56 25.04 22971.48 0.83 

CaiCu I' 8.23 3.77 45.80 14.19 9.25 4.06 43.93 16.50 0.86 
Cu/Ca 0.15 0.08 52.58 0.01 0.13 0.05 37.37 0.00 2.93 

Ca x eu 68.35 37.67 55. II 1419.04 239.98 84.30 35.13 7 I 05.66 0.20 

CalZn I 36.40 16.45 45.2 I 270.71 65.21 12.36 18.96 152.80 1.77 
Zn/Ca 0.03 0.0 I 44.39 0.00 0.02 0.00 20.60 0.00 19.89 

Ca x Zn 

Ca/Y 

Y/ea 

Cax Y 
Mg/S 
S/Mg 

MgxS 

MglFc 

14.33 
0.10 
12.33 

! 5482.76 
0.98 
2.98 

133.78 
1.44 

1.39 Fc/Mg 

Mg x Fe I 
Mgli'V1n I 

52.19 

0.65 
2.64 Mn/Mo I 

Mg x IV;'} , 110.96 

I 
2.98 
0.66 

4.57 
0.04 
5.50 

31.90 
39.08 
44.56 

2031.52 37.05 
1.27 129.73 
2.78 93.25 

215.04 160.74 

1.46 

1.14 

44.76 

0.50 
1.93 

93.65 
2.35 
0.64 

Mg/Cu 

Cu/Mg 

Mg x eu 

l-_~~!.gJ_?:_!! I
, 24.15 18.32 

__ 1._~.8_ ~ ____ ?Q4 __ 

101.20 
82.09 

85.75 

77.79 
73.20 
84.40 
78.84 
96.99 

75.85 
70.59 

20.90 
0.00 

30.2 I 
4127054.36 

1.60 
7.73 

46243.03 
2.13 

31.01 
0.04 

28.67 
54150.18 

0.72 
3.21 

255.41 
2.04 

7.62 
0.01 

24.56 
35.46 

10.43 36.39 
14304.67 26.42 

0.68 94.09 
3.45 107.43 

272.74 106.78 

0.83 40.48 

58.02 
0.00 

108.85 
204623483.94 

0.46 
1 1.90 

74387.27 
0.68 

1.30 0.56 0.23 40.65 0.05 

2003.18 103.02 27.85 27.03 775.41 

0.25 0.84 0.53 63.36 0.28 

3.72 2.0 I 1.68 83.70 2.84 
8771.12 163.07 142.13 87.16 20199.89 

5.50 2.35 1.82 77.42 3.32 
0.41 0.85 0.84 98.72 0.70 

335.69 62.59 57.15 91.31 3265.66 
81.80 21.57 9.10 42.18 82.81 

0.36 
7.22 
0.28 
0.02 
3.47 
0.65 
0.62 

3.12 

24.63 

2.58 

0.90 
1.31 
0.43 
1.66 
0.59 

0.10 

0.99 ._----- -- --------- _--- - - ---- ----- - - -- - --_ .. _----
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Form of P()pulati~~~_(Low yicld) Population B (High yicld) Va.·iancc 
-- f------- - --- - ---1- CV--

---~~---

cxp.·cssion!Par·anlctcl Val"iancc Pal'arnctcr Var'iance .·atio 
SD CV so I nlcan (S,d nlcan (So) (S,\-:-S8) 

Zn/Mg i 0.13 0.10 75.71 0.01 0.05 0.02 37.35 0.00 25.82 

Mg x Zn 5.40 4.59 84.97 21.08 9.90 3.00 30.26 8.98 2.35 

Mg/Y 0.03 0.02 70.35 0.00 0.01 0.01 71.54 0.00 11.59 

Y/f\1o 
~ 

49.68 38.43 77.36 1477.24 181.56 155.42 85.60 24155.29 0.06 

MgxY 2077.37 1764.08 84.92 3111983.68 14388.66 11054.30 76.83 122197510.83 0.03 

S/Fc 2.68 2.93 109.11 8.57 2.70 0.83 30.53 0.68 12.58 

Fe/S 0.76 0.79 103.03 0.62 0.41 0.14 33.71 0.02 32.56 

S x Fe 96.82 76.99 79.52 5927.92 140.70 40.92 29.08 1674.26 3.54 

S/Mn 1 1.27 1.07 84.10 1.14 1.59 0.89 56.08 0.80 1.42 

Mn/S 1.70 2.43 142.56 5.9 I 0.87 0.56 65.15 0.32 18.56 

S x Mn 186.73 132.84 71.14 17646.14 309.69 237.03 
1
76

.
54 56184.45 0.31 

S/Cu 5.63 5.12 90.98 26.23 4.14 2.26 54.68 5.13 5.1 1 

eu/S ! 0.35 0.35 101.87 0.12 0.33 0.21 62.31 0.04 2.93 

S x ell 46.86 47.43 101.22 2249.87 125.76 102.35 81.39 10476.54 0.21 

S/Zn 23.61 19.79 83.80 391.46 29.13 10.95 37.59 119.86 3.27 

Zn/S 0.07 0.06 78.87 0.00 0.04 0.02 38.02 0.00 13.43 
! 

S x Zn : 9.92 7.50 75.60 56.28 13.30 3.75 28.23 14.10 3.99 

SlY 0.07 0.06 82.95 0.00 0.02 0.01 67.63 0.00 20.34 

Y/S 30.12 32.25 107.07 1040.16 76.15 46.89 61.57 2198.29 0.47 

SxY 3548.47 2739.68 77.21 7505869.54 28048.36 21727.09 77.46 472066417.44 0.02 

Fei;'\,ln I 0.52 0.16 31.60 0.03 0.56 0.15 26.29 0.02 1.25 

f\1n/Fe 2.20 1.02 46.35 1.04 1.94 0.66 34.03 0.43 2.39 

Fe x 1\1n 86.65 35.07 40.47 1229.63 99.35 24.23 24.38 586.87 2.10 

Fe/eu 2.40 1.04 43.45 1.09 1.52 0.66 143.23 0.43 2.51 

ell/Fe 0.51 0.26 50.40 0.07 0.77 0.30 39.68 0.09 0.73 

Fe x ell 19.67 8.21 41.73 67.40 39.40 13.05 33.12 170.31 0.40 

Fc/7.n i 10.29 2.99 29.09 8.96 10.75 2.18 20.23 4.73 1.89 

Zn/Fe 0.11 0.06 55.88 0.00 0.10 0.02 20.27 0.00 9.97 

Fe x ZIl 4.29 1.56 36.27 2.42 5.11 1.27 24.86 1.61 1.50 

Fc/Y 0.03 0.01 33.84 0.00 0.0 I 0.00 33.15 0.00 19.76 
I 

Y/Fe 42.90 28.42 66.24 807.58 173.()3 59.54 34.41 3545.2 ] 0.23 

Fe x Y 1596.23 533.45 33.42 284568.25 8969.55 2493.25 27.80 6216282.47 0.05 

Mn/( "u 4.83 2.04 42.21 4.15 2.80 1. 12 39.97 1.25 3.31 

Cull\'1 Il 0.25 0.12 46.97 0.01 0.41 0.]6 38.48 0.03 0.54 

Mil x ClI 
, 

40.29 19.56 48.55 382.64 76.32 39.14 51.28 1531.58 0.25 

Mn/Zn i 21.4'1 11.35 52.93 128.77 20.40 6.81 33.38 46.36 2.78 

Zn/Mn 0.05 0.02 31.06 0.00 0.05 0.01 26.41 0.00 1.37 

Ivl n x Zn 8.60 3.15 36.62 9.91 9.57 2.73 28.49 7.43 1.33 

Mn/Y 0.06 0.03 45.32 0.00 0.01 0.01 45.63 0.00 22.03 

Y/Mn 20.36 7.67 37.67 58.83 94.39 30.44 32.25 926.47 0.06 

MnxY I 3203.18 1075.18 33.57 ] 156017.25 17112.56 7930.64 46.34 62895007.26 0.02 

CulZn I 4.89 
2.19 44.68 4.78 8.20 3.69 44.98 13.60 0.35 

Zn/ClI 0.24 0.09 37.98 0.0 I 0.15 0.06 43.81 0.00 2.03 

ClI x 7.n 1.99 0.84 42.11 0.70 3.73 1.13 30.31 1.28 0.55 

ClI/Y 0.01 0.01 46.86 0.00 0.00 0.00 43.35 0.00 8.86 
L--- _ _ --- -_ ----- -- - - --_-- - _--- --- ___ L___ __ ----
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" f J PopulaHon A (Low yield) Population ~ (High yield) Variance ~ Ol-nl 0 . . ----_,--, 
expression Panlnletel- SD CV Val-~ance Paralnetel- Val-iance ratio 

SD CV 
(Su) (SA+SB) ! Inean ____ (SA) nlean 

Y/Cu 

I 

90.21 34.28 38.01 1175.30 253.79 113.37 44.67 12852.91 0.09 ell x Y 750.61 312.43 41.62 97610.25 6780.87 3018.06 44.51 9108660.70 0.01 
Zn!Y 0.00 0.00 33.60 0.00 0.00 0.00 38.39 0.00 15.69 
Y/Zn 392.92 1) 4.21 29.07 ) 3044.)0 1842.95 664.03 36.03 440931.08 0.03 

Zn x Y i 16) .68 54.58 33.76 2979.) 7 856.55 269.50 31.46 72632.25 0.04 
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j\ppendix -I II 
Stastitical panuuctc."S fOl" diffcl"cnt fonus of exp.-essing soil pa ."aluctc."S for low and high 

yielding population of Nagpur mandal"in orchards in Inrig flush 

Population A (Low yieltl) POllulation B (High yield) Variance 

FornI of Pa r'Ulleter I I Variance J>anlJueter \ Variance ratio 

expression Inean SD CV (SA) lucan SD CV (Sn) (SA-=-Sn) 

plliEC , 1.911 I X.X(, 

I 
27.7(, 7X...t~ ·to.39 1 12.11 29.97 146.57 U.54 

EC:/pH ()_I'.' I 11.01 2·1.·11 II.OI) OJ)] I 0.01 2~.9M O.on 1.1 () 

pllxEC 1.'>2 I) -l7 2"."5 0.22 1.52 0..12 27.7" U.I~ 1.2:\ 

I 

pl-lfCC (17':1. 0 .... "' 55.311 0.19 1.02 0.39 37.X9 0.15 1.25 

('Cipll 1.55 (l5X ~7.~~ 0.3-1 1. I I \ (136 32.59 0.13 2.5X 

pH x C(, X'J.05 _'~~.(17 37.XO 1133.34 62.84 
1 

20.50 31.62 420.19 2.70 

pH/OC 12.2-1 5.2:< ..13.1 (, 27.91 11.0 ... 3.17 2K67 10.1)3 2.7~ , 
OC'!pH lI.tl9 0.0.", 3(, 17 I (1.110 (1.1 n I 0.03 25.77 0.00 1.86 

pHxOC 5.·10 1.'J5 3('.001 3.79 5.50 

! 
1.37 24.X4 I.X6 2.0} 

Jlll/~ 0.04 0.112 51.50 O.lIO 0.02 0.00 17.93 0.00 43.37 

Nipll 27.111 9.50 .,5.0(, '-)0.32 54.57 I 9.::16 IKU6 97.15 0.93 

pllxN 1550.12 5·12.6., 35.01 29-1-151.27 3089.67 5-10.3-1 17.-19 291 967.MS 1.01 
I 

pH.iP 0.35 0.5·1 15('.69 0.29 (1.1" I 0.0-1 25.(.0 O.(HI 2.~2.34 

P/pH 7.17 .1.(,5 (>·u<x 21.62 7.71 I 2.08 26.95 4.31 5.0t 

pll xP ·&11.3:.< '!.(,7.7X 6S.0') 7170::l.3X 435.9:'< 11".35 26.2.\ 13075.IX 

I 
5.4:'< 

pH·X I) 02 0.0 I I .lIt. 9~ I IUIO I lUll \ 11.00 27.05 1).011 4.11 ! 
I 
I 

I Kipll 5l'> .t 5 21 .(,11 :_:\('.9(, ·16672 72.74 20.20 27.77 40X.o7 1.14 

I'll xK .,3·19.02 I:!S-I'(>3 :-7.-1(, I 57409f).47 4115.51 I 1111.56 27.01 1235557.63 1.27 

pH/Ca 0.31 II. I (I 31.72 0.0 t O.t X 

\ 

(un 1:'\.29 0.00 12.94 

Ca'pII :~.SO l.tllI 2:<. S~~ I.UO 5.69 IU~2 14.36 C).67 1.50 

pll xCa 200.63 57.64 2K7.' 3322.75 322.90 \ -I~.24 14.94 2327.06 1.4:;\ 

pll/I\·fg 1.26 (I.X4 (,6. 7~) 0.71 0.::15 I 0.26 3CJ.XX ().(,7 10.25 

:-"_'lg/pH I.OX 11.:>-1 -J').5() 0.29 1.27 I 0.36 2X.IX O.D 2.24 

pH x .\Ig () 1.7<) .,11.57 -1<) .. 1:'< 934.7_~ 721') 20.50 2X.-lO 4211.22 2.22 

i 
plt-·S 0.55 0.2<) 53.~"'5 O.(lX 1I.-l4 11.13 30.17 (1.1)2 -1.71 

Sipll 2.~.~ l.m; 46.:_q 1.16 2.45 \ 0.71 29.07 0.51 2.29 

pH xS D2.(n (j l.XX 46.5,1 3::129.54 13~.9() I 41.28 29.72 1703.73 2.25 

pllrY:<; 1.12 0.1-1 12.62 OJ)2 0.99 I (1.14 14AX 0.1)2 0.97 

Fe/pi I 0.91 0.11 12.3(· 0.01 1.03 0.15 1-1.46 0.02 0.57 

I'll x Fe 52.11'> 6.25 )2.01 39.11 5K51 I ~.O9 I:UQ 6S.:W 0.60 

pi 1/1\.·111 0.77 O.ll 16.0 ::. 1l.O2 0.69 0.14 20.')6 0.02 0.72 

i\hv'pl I 1.35 11.31 22.71 0.1)<) 1.52 I 11.-10 26.00 O.lc, O.lIO 

77.23 Il'>. II') 2.,.42 327.25 X6.35 
\ 

22.23 25.7.' 49-1.20 0.66 
I'll x .\In 

1.54 3KIlX 2.~6 1.91 0.60 31.1 X 035 6.67 
pll:Cu ·1.tI" 

0.29 O.ll 41.13 (l.U I 0.58 I 0.20 33.81 0.04 0.36 
("u/pH I 

1(,.·1:'< (,.\) 1 -lI.n 47.70 ='2.::11 10.96 :U.41 120.12 OAO 
pH:..:Cu 

11I.9~ 2.17 IY.75 -1.70 11.21 I 2.3~ 21.24 5.6~ O.lB 
pll:Zn 

Zn/pH 1I.0Y 0.02 17.:N 0.00 11.(19 I (1.02 19.70 (I.Ol) (U<5 

I'll xZn 5.-10 (l.W. 17.79 0.92 5.27 I 1.07 20AO 1.15 (U(() 

Il.(l.~ (1.1) I 24.411 (U'II lUll I O.tJO ':H1.03 0.00 10.71 
plt·y 

.,( • .4·1 7.('(' 21.02 5~.711 1-18.45 1 31.6~ 21.3-J 1003..1-1 0.(16 
-

Y/pl_l -
- . - -- - - -
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Populatiun A (Low "icld) POllulatiun B (11iJ.!h \'ield) Variance 

Form of Parameter ~ Variance Parameter \ Variance ratio 

expression Inean CV (S.\) Inean \ SD CV (Su) (SA+SU) 

pII x Y ;>OX5..1·1 ·L'5.2·1 20.X7 IX<)4~5.44 X409.()<) I 177937 21.16 3166164.74 O.()(j 

I':C:CC 11.(13 0.02 ('9.:\~\ 1).IlO 0.113 I 1).0 I 4x..I5 0.00 I.S6 

CC'l~C -IS..lX 19.9-1 -11.1.' :'97.67 ·I·u.n \ 19.x9 -14.32 395.60 1.01 

ECxCC 3.(11 1.36 ,15.23 I.X6 1.68 \ 0.71 42.48 0.51 3.66 

ECiOC ().:V) 0.15 Y)A2 IUI2 0.29 I 0.11 36.34 0.01 2.13 

OC/l~C 2.:<x 1).')·1 ~2.51 IU<8 3.S6 I 1.35 3·1.93 UH 0.48 

E<~ x OC 11.1') 11.111 52.66 0.01 0.15 \ 0.07 -1-1.19 0.00 2.22 

EC/N 11110 11.1111 59.·11 II.on lU)I) \ lUlU 30,47 0.00 30.70 

N:FC X-I4.71 319.1:' 37.7X I () 1843.(,:- 21 <.>2.45 I 773.63 35.29 59S505.03 0.17 

E(' x ~ :s 2. ')(, 25.57 ·1:<.29 <i54.114 X3.81) I 32.66 38.97 11166.52 0.61 

EelI' lUll 11.112 1:<0.35 1).(10 Il.UO I 0.110 36.66 0.00 278.99 

P/1'(' 23·1.113 1:<·1.1'> 7:<.70 ~:'926.='~ .~Ol\.O() \ 117.16 38.0" 13726."2 2.47 

ECxP 13.51 ,> .• 1(, 70.05 X9.5X 11.82 \ 4.95 4U<2 24.45 3.66 

E(:;'J..:. (1.00 11.1111 4·1.7(; 11.00 0.00 I () .00 35.XI lUll) 4.37 

Kfl·:C 1 :<75.96 '>7101 51. 7(, 942866.·17 2921.35 \ 1203..10 ·11. I 9 loWS167.07 0.65 

ECxK 111.74 511.S5 45.51 25:<5.92 III.XI I 53.6" ·n.97 2X76.93 0.90 

ECi('a (1.111 11.1111 4(,.SS 11.110 lI.oll \ 
o.ml 32.10 0.0(1 Ill. 29 

Cwl':( , 112.XI 4(,.7x 41.47 2IX:<.lG 230.02 I 79.30 34.4:< 6289.07 0.35 

EC xCa 6.(,2 2.22 33.51 ·1.92 X.67 I 2.77 31.99 7.69 0.64 

I·:CIM~ (1.114 0.03 6·1.10 lUll) 0.02 \ 
0.01 "2.0" 0.00 7.49 

:,\It:iEC ~,I.I C) 1').')2 5:<'26 39('.81 51.28 I 2(l.3~ 39.66 -t13.51 0.96 

He x 1\1£ 2.10 1.2·' 59.0J 1.53 1.95 
\ 

OJ,S 43.49 o.n 2.14 

EelS (1.1)2 11.111 65.111) 11.00 0.01 \ lUll 43.72 0.00 5.34 

S;EC 75.0S 41.7<) 55.66 17·16.20 99.32 
\ 

,13.57 -13.87 1898.68 0.92 

EC xS ,I.W 2.27 51.(>:-~ 5.14 3.68 I 1.26 3~.26 1.59 3.2~ 

E(,lFc lUI.' 0.01 24.12 l).ll() 0.03 I 0.0 I 32.09 O.{)O 1.10 

FclEC .!X.7·' 7..16 25.9·' 55.5X ·11. 55 \ 12.x5 31).92 165.11') 0.3-1 

ECxFe 1.76 0.52 2".7S 1127 1.57 I OA9 .~ 1.14 0.24 1.1., 
: 

E(,·:\III 0.0:' 11.111 29.~(, 11.110 0.02 I 
0.111 30.~.t 0.(111 UC~ 

Mn·1·:C ·P.7'> 21.111 47.'N 441.59 60.62 I 21.29 35.1 ? 453.25 0.97 

EC x~ln 2.51; 0.75 29.17 0.56 2.35 
I 

Cl.98 41.(,·1 0.')6 0.5~ 

EC'(.'u 11.1·' 11.11(, 46.57 O.llll 0.05 
I 

0.1)2 37.13 0.00 11.63 

CuiEC <) ~·I ~..l.' 5~.2:! 29.57 22.S; 
\ 

9.lI2 39.50 Xl.45 0.36 

EC X('II 11.55 0.26 4X.IS 0.07 1l.90 I 
OAS 50.09 0.20 0.34 

EC/Zn 11.\7 (I.D 35.211 0.112 0.30 
I 

OJ)9 30.32 0.1)1 2.11 

ZI\/l·:C ~ OS 1.1·1 .';7.5.- I 31 3.70 1.22 32.loC4 1. .. 8 0.~8 

I 
EC xZn 1I.1l< 0.115 27.29 lI.lIO 0.14 I 

11.115 36.7l< (1.00 (1.86 

E('·Y 0.00 0.(10 35.4·1 (UIO lUll) 
I 

(l.01l 47.16 O.UO 14.03 

YlEC I 1711.·17 ·130.2!. 36.76 Jl<SII')1.57 6015.53 I 2213.85 36.l:(() 4<)()l135.79 0.04 

ECxY (,9 .. ' :; ~~1.19 30.55 .'·Il<.~1 22..J.6·' I 79.30 35.:\0 6288.70 0.07 

C("/OC I x.25 X.711 47.(1) 75.76 12.02 I -1.73 39.39 22.41 3.38 

0('/("(' 0.07 (1.11., 57.IIS (l.OO II.) (I I 0.04 43.26 O.(lO 0.91 

CC x 0(' l<.(,5 ·I.SS 56.05 23.51 (,.19 
\ 

2.73 44.20 7.4l< 3.14 

("eN IUl7 0.115 (,<).2:-< I) (1) 0.1)2 i 0.01 37.~~ 0.110 37.75 

~:( "(' 21. Sc, 1<..32 7~.(,1) 266.4" 55..17 I 2·1.39 4~.97 59-l.75 0 ... 5 
L-___ 

189 



Populatiun A (Lon' yicld) POjlulation B (High yicld) Variance 
Fonll of Pararnctcr Variance Paralneter \ Variance ratio 

expression Inean SD CV (SA) Iltcan I SO CV (S8) (SA+SU) 
CCxN 2~(,1.99 1197.15 50.6X 1433157.06 .'432.5~ 

I 
1315.51 3H.32 1730569.43 0.83 

CCiP 0.S2 CU«(' lei4.77 0.74 cUG 0.07 44.22 n.Oo 153.06 i 
pice 5.57 .. ue5 ~7.21 23.57 lU6 I 4.76 5K30 22.63 1.04 

CCxi> (>'307.63 .. 155.·12 71...l2 207-4U2.97 -46~.O6 I 159.52 34.me 25447.99 tUS 
CC;K 0.03 0.02 55.99 0.00 (U)2 I (1.01 36.52 0.00 t<.62 

K!CC ·U .. 54 3().71. 7K9() 134K:;9 73.53 I 3G.72 49.93 1348.17 1.00 

CCxK 51 511.(;<) 27 .. 10.:<6 53.21 75 I 2292..l9 45:.<1.62 
I 

19<)0.4·1 41.4:< 3611672.99 2.08 

CCiCa O ... IS !I.D ·1:<.67 Il.I)6 0.20 0.07 36.06 lUll 10.70 

CalCC 2.71 I ().~ GO. or. 2.65 5.~W ! 2.45 42.19 5.9:< 0.44 

CC xCa .' 14.1·1 1()O.2X SI.02 25690.17 357.91 I 129.14 36.08 1 667lU)9 1.54 

CCII\'[g 2.07 I. 71 :<2.57 1..92 0.95 I 0.43 45.49 0.19 15.71 

~fg/CC CU<9 0.7 .• XI.53 0.53 1.30 

I 
0.62 4KI7 0.39 1.35 

(:C x Mg 9UQ 55.()2 60.5X 3093.73 79.84 34.88 43.69 J 216.72 2.54 

eClS (l,l(6 o.:')S 64.4t< 0.31 0.51 

I 
0.26 51.17 0.07 4.GO 

SiCC un 1.4:< 79.12 2.19 2.53 1.25 49.-12 1.56 1.40 

CCxS 205.27 I:~:L~·I (.7.39 1<)13:<.12 151.71 I 70.36 46.3:< 4951.23 3.87 

CCil-'c 1.7·' 0.7:' 41.6 .. 1 0.5:> 1.09 

I 
(1.38 34.95 0.14 3.65 

Fc/CC 0.71 0.3') 55.00 0.15 1.04 

I 
0.39 37.25 0.15 1.02 

CC xFc XII .. IX 2').92 37.17 X94.99 65.34 24.04 36.79 578.02 1.55 

C<'i:,\fn 121 0.5·, 44.43 0.29 0.77 I 11.32 41. ... 9 lUll 2J:O 

:'I.fn!("C 107 0.6<) G-4..11. 0 .... 8 156 I 0.70 45.13 0.49 0.97 

CC x 1\1n 116.95 40.·'X 34.61 163K62 94.92 I 36.75 3K7] 1350.3N 1.2] 

CC/Cu hAl .U,() 57.0'2 L'.:;7 2.13 
I 

1.02 48.09 1.05 12.73 

("uiCC II.L~ O.IX 7:<.X5 IU)3 11.59 0.31 52.69 0.10 0.34 

CCxCu 2·I.X7 130.' 52.42 169.93 36.13 I 16.X2 46.55 282.92 0.60 

CCIZn 17.112 6.7() 39.70 45.67 12 .. ~8 I 4.58 36.95 20.94 2.IN 

Zn/CC 0.07 0.0 .. 1 5l<.OO I).O() O.n9 I O.D", 42.XI 0.00 1.12 

CCxZn x. .. <> 3.5') ·12.XO 12.X9 5.X7 

I 2.48 42.23 6.15 2.W 

CCi)' 0.05 (1.112 52.97 0.00 lUll 

I 
lUlU 37.71 0.00 67.19 

)'iCC 2X .. ~2 15.~7 56.114 251.96 149.7.> 66.1·1 44.17 4374.35 0.06 

(X' x Y -'230.5·' 14·BA5 44.(,8 20l<3543.05 9405.98 I 3849.74 40.93 14820477.(17 0.14 

OC/N (1.110 11.00 50.81 IUIO C).on \ 0.00 I~UG 0.00 35.72 

~/O(" .~21.6·1 155.211 4:<'25 240X5.75 5:-\1.38 I 109.31 lK80 11949.37 2.02 

OCxN 14<>.61 XII.92 54.09 654:-\.2:' 309.74 I ]23.D 39.75 15162.15 0.43 

neil' 11.03 O.U7 195.11'2 (1.01) (Ull 

I 
0.00 35.35 0.00 206.44 

]>/0(" 94.119 92.M) 9K4X XS:<6.17 84.69 32.69 38.60 1068.71 8.(}3 

OC x I' .'S.X·' 22.1'> 61.76 ·189.91 -42.47 I 16.1·1 3:<'00 261'1.44 U<8 

OCK 11,(111 II Oil -46.117 (1.00 (1,(10 I O.()(I 25.6l< O.ClO 5.64 

Ki()( . 7:n.2() 01 x I .. ~ I 6().56 nl75K17 76939 I 185.78 24.15 34513.41 6.72 

OCXh 317.'>X 17(j.<JO 55.74 31291.96 415.24 
I 

19(UG 47.40 38741.78 0.81 

OC;( ';, 1I.0:~ CI.II.! (,S.ClI 11.011 0.02 CI.O 1 30.5·' 0.00 14.34 

Ca:OC ·'·1.66 27.4.~ 61 All 751.7() ('2.S1 I 1:<.60 29.7(> 345.99 2.17 

OC x ('a 1:<'1:< ().X:~ ~7.59 46.69 :H.45 I 9.59 30.5 ) 92.05 0.51 

OC/!\'lg 11.11 (I.me 69.76 (Ul1 (U)l( I ()'()4 43.49 O.O() 4.62 

Mg/O(,' 12.51 (,.:<2 54.511 46..l9 14,44 I 7.15 49.49 5 J.(IK 0.91 
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Po IHlla tinn A (Lmv Yield) Population 8 (High_yield) Variance 
FOrln ()f Paralneter Variance Pannneter ,--- Variance ratio 

expression Incan SO CV (S,\) Inean I SD CV (Su) (SA""'""SU) 

OCx=vtg 6.09 4.05 6('.47 16.3X 6.X6 2.32 33.XX 5.40 3.03 

oe/s 0.05 O.O·J 7:'.70 o.O() 0.04 I 
0.02 41.77 0.1)0 4.4M 

SiOC lKI7 16.43 5X.33 269.95 21.30 11.83 43.34 140.02 1.93 

OCxS 12.55 7.XI 62.27 GI.OS 13.31 
\ 

4.66 35.03 21.73 2.XI 

O(';l;c 11.10 0.04 ~6.32 (l.UIl 0.1 (I (UB 27.XI (UIII 2.(lS 

Fc/OC 11.14 5.24 47.05 27.49 11.35 

I 
3.54 31.1 Ci 12.52 2.20 

OC xFc 4.93 1.94 39 . ."X 3.7X 5.11 1.18 31.13 3.1 Ci 1.20 

OC/:\III IU)1 (1.113 ·to.55 0.00 0.01 

\ 

0.02 2K94 0.110 2.3-1 

MntOC 16.43 7.5X ..t6.15 57.51 16.66 6.02 36.13 36.22 1.59 

oC x i\tll 7.27 2.<)0 39.X9 XAO l<.49 

I 
3.63 42.74 D.Il< 0.64 

oe/Cn IU9 I) 2S (,LX I 0.11(, O.IX n.07 40.05 (l.O I 11.14 

CuiOC :~.5(, 2.115 57.52 4.19 6.40 I 2.95 46.12 X.72 OAX 

OC-XCII 1.51 (UW 52.55 0.6·1 :'UX \ 1.29 -10.69 1.67 O.3X 

OC/7.n 1.05 11.50 47.65 11.25 1.09 

I 
0.36 33.07 0.13 1.92 

ZniO(' I . I (j (l.,5 ·n.!)·l o.]!) 1.03 0.3X 36.72 0.14 2.09 

OCxZ~ 0.5(1 11.1 x .\(>.19 1.1.03 0.51 

\ 

0.16 30.62 0.412 1.36 

<X'/Y IUJI) IUIII 4').13 (UIO 11.00 11.00 37.63 0.(10 21.30 

YiOe 44X.37 211.51 47.17 44735.17 162·1.05 

I 
536.52 33.04 2R7X5K07 0.16 

OC x '{ 19·1.X5 77.11 :;<).57 594<>.(14 X21.56 2~5.64 34.77 815X9.X2 (1.07 

N'l> 9.15 15.611 170.51 2·13.21 7.62 

\ 

2.49 32.74 (j.22 39.12 

P/K lUI o.~o 'X'.(,X n.09 0.15 0.05 35.20 O.(l(l 34.4~ 

NxP 11"12.66 ')1175.60 )<0.23 ~2366435.50 23606.54 

I 
6!<59.27 29.06 4704952·t.59 1.75 

NiK 0.53 0.2') 55.n o.()') 0.79 0.20 25.MI 0.04 2.09 

KiK 2.49 1. .. 13 57.(jO 2.06 1.35 0.35 25.77 0.12 17.04 

NxK 91246.7·J ·I1X95...t3 52.·19 2293911 S87.o9 22927S.75 I 92185.67 ·10.47 8609180121.94 0.27 

N!Ca S.(,6 ·1..15 51.36 19.X() 9.77 2.19 22.:.w 4.IX 4.14 

Call\) 0.16 11.1 I (,7. ,)X (UII 0.11 I 0.02 22.62 (1.01) 19.49 

NxC .. I S~X5.75 . ~ 1 xc;. 39 "I.~( • ·17::<02<)(1.(,5 17641.3~ 4.'22.50 24..J9 I X6X398 I.XX o.2e; 

:-J'~ Ig 34.16 .~7.:~G XII.OX 74S.55 -16.97 \ 
17.~9 3~.OX 32tUKI 2.3.1 

:\Jg/i' (1.{15 0.0., (,(,.15 0.00 1l.02 (J.ll I 35.76 n.on 12.07 

l\) x J\.·lg 1677.37 10:W.31 61.42 I061529.9X 3910.56 I 1272.05 32.53 161X116.03 0.60 

N/S 1 .. 1.6 I '>.21 (,3.03 84.S.' 24.22 

I 
X.59 35.48 73.83 1.15 

Srl' 11.111 11.07 (,(,.XO lUl(l 0.05 lUll 31..16 lUIO 20.XO 
I 

l'xS 3(,(1-1.22 2237.111 (,2.111 5(10-12(15.72 7589.18 

I 

2652.47 34.95 7035621.21 0.71 

N/Fc :><1.114 11).21:< -'4.23 105.71 53.95 12.68 23.50 160.79 0.66 

FelN 0.04 (Ull 52 99 (U )1) 0.02 I).Ol) 24.06 0.110 19.63 

Nx Fe 141S.59 56-1.5!:; 39.XO 31X746.116 3182..1(, 
\ 

663.18 20.X·1 439811.46 0.72 

Nill.ln 20.78 ~.2X ~~).::<~ 6KC,4 37.64 9.KO 26.05 96.14 0.71 

J\.·lniN (I.n6 0.03 53.75 0.0(1 0.03 I (l.(H 34.20 1).00 9.95 
I 

N x :'vln 2097.09 87 .. J.1:<3 41.12 765319.42 4702.01 

\ 

1423.55 30.2X 20264~X.42 0.38 

N;Cu 107.19 52.20 -IX.70 2725.0X 105.5" "O.S" ~X.70 I 667.9X 1.63 

Cu··N O.lI I (UII 59.26 11.00 0.01 

\ 
(1.01 .. · •. 95 0.00 2.04 

NxCu .. 57.06 271.05 5'>.30 73·1('().57 175K08 569.57 31.39 324412.94 ().2~ 

NiZn '03.(,(, 1.'\X.71:< 45.70 19260.90 611.41 

\ 
164.20 26.X6 26960.l<X 0.71 

Zll/~ 0.00 (,.~ 62.')1 0.(1) 1).00 0.00 2~.35 11.0(1 27.90 
. __ '--
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Population A (LOll" Yield) Population B (HiJ!h "'ield) Variance 

Fonn of Paralnetcr Variance Parallletcr \ Variance ratio 

expression Incan SO CV (SA) Inean SO CV (Sn) (SA+SU) 

NxZn I·n.:-s 49.7:< 3·"73 247K4S 286.79 I 74.5X l('.OI 5562.XI (l.45 

NiY 0.77 l).:~ 1 39.73 OJ)') 0.39 I 0.12 30.37 I).()l 6.~() 

Y/~ I.S-1 0.71 -15.X·' 1l.50 2.78 
\ 

0.68 24.40 0,46 1.09 

KxY 5715.~.53 2401lUG 42.111 57(,5199·'9.77 ·t6269K5X 1370;K91 29.62 I ~X51445 12.(18 0.03 

P,J.:. 0.14 0.12 )(3.27 (l.O 1 0.11 \ 0.0; 43.46 (1.00 5.53 

K/P 21.2X ·12.7') 201.0X 1 x30.X7 9.97 I 3.11 31.19 9.67 189.41 

PxK .~J,,).\S.57 17:<53.60 7·'-5') .1.1 S7509X1.90 31937.2') 13231.53 ., 1.43 17507."\272.41 1.~2 

p.·C" 2.11 I."') 711.·17 2.22 lAO \ 0.50 35.53 0.25 8.9X 

Cail' 1 16 2.13 18-1.29 -1.56 0.80 

I 
0.25 31.39 ().(I(, 72.92 

PxC .. 1·lxK:n I073.n 72.11 1151826.92 2462.8() 691.16 2lUl6 477701.49 2.41 

P/)..(g 10.X5 12. 7·' 117A(, 162.31 6.54 I 2.55 39.06 6.53 24.:<7 

fl.lgiP 0.3X 11.55 142.62 1I.30 11.1 X I 0.07 37.13 0.00 70.55 

II x ;\t~ ~::<3.32 2(>-l...t2 6S.9X 69917.63 557.Xl 225.75 4(1.47 50964.84 1.37 

PIS 4.31 3,XX <)0.00 15.05 3.46 I 1.41 40.61 1.97 7.62 

SIP 11.:<5 1..'2 156.49 1.75 0.35 I 0.15 4·"60 O.1l2 73.59 

PxS l<27.2-1 ·182.00 5l<.27 23232:<.51 1051.94 366.-13 3-1.X3 134271.5-1 1.73 

P;Fc K1I3 5.21 6-1.l<3 27. )(I 7.63 

1 

2.46 n.23 6.05 4.48 

Fell' 0.:;3 0,57 17(J.20 032 0.14 0.04 30.01 0.00 173.65 

Px Fe 372 .... 2 255.49 6x.(,11 (,5273.57 450.24 

I 
143.25 31.M2 20520.74 3.1~ 

Pi).ln 5.56 .-.71 66.(,(' 13.74 5.24 1.5~ 30.12 2..19 5.51 

!loIn -p II.·IX II 74 155.11 0.55 0.21 I 0.06 2K36 lUI(I 159.59 

P x ],,,111 54-1.71 :~ 77. 75 69.:~5 142694. ')0 67K91 

I 
30'J.05 45.52 95511.7X 1.49 

I'!Cu 2S.-l6 21.3X 75.11 456.911 14.07 3.77 26.:<0 14.21 32.15 

CwP 0.111 11.1:< 1760.' 1).03 II.O~ \ 0.02 32.20 O.l)C) 51.91 

Px eu 120.02 103 .. ,11 X6.06 10670.311 264.11 

\ 

141.97 5:-.76 20156.19 1).53 

P//.n 77.51:\ 52.·11 I 67.55 2746.52 86.34 21:\.97 33.56 839.48 3.27 

Zn/1' ll.ft3 11.(14 D7.9S 0.00 (Ull I (l.OI) 32.15 (l.01) 99.73 

Px Zn J,l<.9l< 26, .\3 (,7.S6 693.-'1 -10.50 
I 

13.26 32.75 I 75.l<9 3.94 

PiY 11.21 1).1 :S 71.93 0.02 0.06 n.03 46.0-1 0.00 34.56 

Y'l' 12.51 211.17 161.2·' -106.90 2l1.51 I 6..10 31.18 40.91 9.95 

I'xY 1·IX2S.74 9757.46 oS.XO 9520~095.0S 648()4.03 I 22279.24 34.3x 4963644n.07 0.19 

K/Ca 1l<.35 IO.2X 56.(12 105.63 13.02 

I 
.... 21 32.30 17.69 5.97 

CalK 0.117 11.(1.' 52.l<6 U.on O.lIS u.02 27.56 0.00 2.54 

KxC .. 11613.-16 .1:<75.X7 41.9)( 23774UX5.:S3 23525.13 I 74:;\9.48 31.(,2 55345906.91 n.·n 

K/!'v1g 7-1.13 S(,.53 7('.2(, 3195.27 61.09 
I 

21.76 35.62 473.49 6.75 

:\Ig/K 11.(12 II.II.~ (,9.1X 11.111) 11.(12 11.0 I 36.27 0.00 5.03 

Kx:-"Ig .':.525.~~'-' 1 ')')(,.0·' 5(t.l;~ .-')X65(J9.21 5.nO.31 i 2347.52 44.12 55IOl:n3.35 0.72 

K!S 33.·16 25.XX 77.:-6 6711.111 33.14 

I 
16.25 49.0.' 264.12 2.54 

S,K II.OS IUI3 (,l\,(,5 tl.lIO 0.04 0.02 42,31 O.O() 4.43 

KxS 7·1')6. I 7 .111·1.1 X 54.Xl< 1(,')26495.22 %90.95 I 351lU 1 35.57 123770~5.46 1.37 

K-'Ve 65.-111 27.1.' -11 ... 9 736.15 72.27 
\ 

25.03 34.63 626.53 1.17 

h;·J.:. O.O:! 0.111 42.17 0.00 0.02 

\ 

0.00 29.~6 o.on 2.76 

K x Fe .'O~K()X 1 1·1'.>_.tC) :;'7.S4 1321322.3(, 4224.59 1159.41 27,44 1344234,!(6 0.98 

f0L\ln ·15.211 IX.O·I 39. <)() 325.35 ·'9.62 I 15.36 31).96 235.96 1.3l:< 

l\ln'K 11.113 11.02 6('.l<() lUll) 0.112 i lUll 32.64 I).Otl 6.49 
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Population A (Low yield) Population B (Hi~h :yield) Variance 

Form of Pararneter Variance Pararneter • Variance ratio 

expressiun Inean SD CV (SA) Incan i SD CV (SB) (S,\+SB) 

K x "·tll 4·n7 ... D 171 KX(, JH.74 2954·1l<1.72 (,405.71 ! 3144.07 49.lH~ 9885161.55 0.30 

KiCu 2 .. 11.·10 1~·I.X7 55.:n 1:-1191.17 1:\7.34 
\ 

50.24 36.5~ 2524.2~ 7.21 

Cu·K 11.0 I 11.1111 71.311 11.00 (l.IH 0.1)0 45.23 0 .. 00 1.18 

KxCu '>35.22 472.~.J 50.56 2235~2 .. W 2407.51 

\ 

1184.04 49.1~ 1401947.22 0.16 

KiZn 647.05 27').79 43.24 7S2x4.ll X(l7.16 24M.15 30.74 6157lUIC) 1.27 

Zn/K (l.OO 1).00 49.50 (I.Ilt) I).()O I 0.0(1 31.0() O.Of) 4.93 

K x ZII .Q2.17 I ;~O. 92 ~~_73 14620.74 3x6.07 I 1 .. 12.12 36.~1 20198.45 0.72 

KY l.i,(, I 11.(,2 37.44 n.:w 0.51 I 0.17 32.55 U.03 14.00 

'1'.10:. 1I.7.'! 1I.:n 46.2(, 11.1 1 2.16 0.71 33.07 (l.S 1 0.21 

KxY 12~':~1:-I.2~' 5(,2HO .. ~ 1 .. I 5. ():-I J 1l.746 1:-173.17 62(1)7(),42 \ 24076 SAO 3KH3 57967977541UO (1.05 

Ca!l\lg ·I.('S 4.1111 x(,.06 15.9<) 4.91 I I.x2 36.96 3.30 4.85 

:'\ I g.' ('a 0 .. '·1 O . ..!O 5K9~ 0.04 0.23 0.08 35.34 O.lll 6.15 

ell x :'I.lg 20').39 107.2M 51.23 I I 5()~.92 406.93 116.47 2H.62 13564.4(1 0.85 

Ca/S 1.89 1.15 GO.HI 1.J3 2.55 0.93 36.51 O.X7 1.53 

Si( 'a 11.71 O .. ~ <) S·IAl 11.15 1).44 IUS 34.45 0.1)2 6.52 

C;, xS .171.1~ .:7~.O<) S'.>-ll2 77.'34.47 7x5.39 I 239.16 30.45 57197.02 135 

CwVc .~.~~ I.II~ n.X9 1.17 5.63 

I 
1.21 21.41 1,46 0.80 

Fe.lCa O.'2H (l.O() 33.08 0.01 II. I 9 0.04 23.54 Il.OO 4.52 

('a x Fe I X~. 75 60.XI -'.HI9 .'697.76 332.60 
\ 

66.IX 19.90 4379.68 0.S4 

C;L')'ln ~.71 0.')2 33.91J lU'''' 3.93 I .Oll 25.39 1.00 0.84 

)\·lniCa 0.·13 0.2(1 46.6.t 0.04 0.27 
\ 

0.09 31.22 (1.01 5.40 

ea x l\1n 2(,7..11 :<4.24 31.50 7095.x6 ~91.63 

I 
143.55 29.20 20606.60 (134 

eu/ell U.H7 5.X:- 41.99 33.93 11).~6 3.72 34.24 13.X3 2.45 

CU/CII 11.11<) 11.115 55.45 11.1)(1 11.111 I O.tM 36.03 0.110 ).73 

('axeu 57.'X' 27.,>-' o.l!<.2~ 779.99 1~735 72.32 3S.6O 5230.26 (US 

('ai/." -,K~5 I·J.')5 3:<..1 X 223.511 63.71 I 1(,.4(; 25.84 271.04 0.82 

Zn/( ~a 11.0.- 0.01 .'\:-1.19 1).(10 0.112 
\ 

OJ}!) 22.29 0.00 932 

CaxZn 1:<.(,7 5.~2 27.95 27.23 311.09 7.9x 26.53 63.73 0..13 

Ca·"Y o. III IUI.I .. ~6.51 (I.llll (1(14 \ (1.01 3.t.98 (I.on 6.57 

Yi('a II.:H) ·.,22 .17.39 17.~4 26.76 

I 
7.39 27.61 54.59 0.33 

('II X Y 7.'·I'i.X5 2X17.53 3X.36 793X493.30 476X:>.31 11563.40 24.25 133712120.55 0.06 

M!-,S 0.53 11.:\.' 61.5 I 0.1 1 1).55 I 0.29 53.13 0.1)9 1.25 

S;:--I!-, 2.60 1.55 59.69 2.·12 2.36 1.20 50.93 1.45 ).67 

rvlg x S 155.57 1211.25 77.3tl 1.J·~60.6X 219.94 \ 172.91 7x.62 29898.72 (I,4S 

i\.lg/1-'e 1 .1 <) O.5x 4~.67 11.33 1.27 I OA·I 34.:<4 0.19 1.72 

Fc/i\.lg I 1.' 11.72 63.:H 0.52 II.X':) o.:n 36.5:< lUI 4.91 

i\.1~: X Fe 57.111 311.96 5 .... 22 95~"'3 74.00 
, 

21.Xl 29.47 475.68 2.01 

:vlgi:--In O.xl O.U 511.56 0.17 0.90 
\ 

0.36 39.72 0.13 1.34 

Mn/~lg 1.70 1.24 7'J.19 1.54 U2 I 0.62 47.06 0.39 3.97 

i\.lg x i\ln x5.0·1 5L:<x 62.IX 27W,.llIi 116.52 
I 

59.33 50 .. 91 3~19.53 0.79 

l\1~/('1I ·1.22 2.·13 57. Sll 5.S,) 2.58 IA6 56.52 2.13 2.77 

CIII:'I.I~ 0.35 0.2:- (,(,.M2 0.05 11.51 I 0.27 sun 0.07 0.75 

Mg x <"u I X.2·l 12.7(, (,9.92 162.73 4:>.:'" I 23.52 54.31 553.11 0.29 

M~:ZII IIAI S ... 1 46.57 :!~.23 I·U9 
I 

4.67 32.9H 21.79 1.30 

ZII'1\h' 11.1 I 0.07 5~\'(.1 lUlU (1.11:< 0.03 36.69 lUlU 5.27 
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POI)ulatinn A (Low "iehl) Population B (High Yield) Variance 
FornI of Pa.·arneter Variance Paralneter : Variance ratio 

expression Inean SO CV (S.\) 
: SO CV (Su) (SA-:-Sn) Inean 

1\1!~ x ;I.n (,.04 ':;.·15 57.20 11.92 ('.7':; , 2.41 35.~5 5.~2 2.05 

Mg!Y 0.03 0.01 53.0S 1).011 0.0 I I (l.OO ·'-1.31 (UlO 15.55 

Y:l\lg .• r. .. \.1 3-1.76 75.00 12117.97 UIl.25 I 62.32 -I7.~5 3~8".O9 0.31 

MgxY 22(,9.25 129().3~ 56.~«, I ()(,~,)95.0(, 112~5..16 I 5}()7.2:< 47.56 2880769239 0.06 

S;Fc 2.5~ 1.15 .1·1')·1 1.:'2 2.43 I O.~5 3'1.83 0.72 1.~4 

l'"ciS 11.·1') 0.25 'i0 .. 1(I IUI(, 11..16 
I 

0.02 I 
0.1(, 34.1l9 2A5 

S x I·c I 2.~.XII ()3.~9 5 I. 5·' ~OU(, 011 1·12. 5.~ ",2.97 30.15 18-'6.62 2.17 

S~ln 1.7X II.Xl' .J~.:'.~ 0.77 1.92 
I I.on 52.3" 1.01 0.76 

I\lniS 1I.7.~ 0.-11 55.52 0.1 (, 0.64 I 0.29 4·UW (1.(18 1.9X 

Sx I\.ln I XII. 97 1113.11 5 (,.'>? I ()(,3().XX 23<).l'(, I 119.56 4 C).X5 14295.55 1).74 

S"'CII 9.15 5.61 61.32 31..1X 5.7"' I ",.3·' 75.54 18.~1 1.67 

Cu;S 11.15 II.IIX 5() .. H cull 0.26 \ 0.1-1 55.01 n.1I2 035 

SXCII :'W.2S 26.21 (,(,.7x ():<7.0~ 85.13 \ 31.75 37.30 10()K20 (1.68 

SiZn 25.2C) 12.n SO.53 163.27 27.72 I l(U{(, 39.16 117.~6 1.39 

ZIl:S II 05 n.n3 :5 S.I'_'~ 11.110 o.cH I C).H2 39.87 II .(1) 2J<2 

Sx Zn 11.(.5 6A6 51 11-1 .II.(,~ 12.7~ I 4.:H 3·1.15 19.0(, 2.19 

S:Y 11.(17 (1.(1-1 5('.6·1 IUlO O.H2 \ 
0.0 I 52.13 O.(HI 13.46 

YiS ) ').X4 1) .41 57.50 ) 30.13 62.92 I 27.37 43.50 74'>.06 0.17 

SxY ",x(,1I.2') 2S<)3.~5 5.'.37 672l-<O56.7·' 23659 ... 6 I 13572.50 57.:\7 I X,",212761.12 0.04 

Fc·~ln 11.70 (1.1 ·1 I 9. 5~ 11.02 11.72 I 11.19 26 CIS 0.03 0.54 

1\'lnTo: I.~ I liAr. :-0 . .''1 11.21 152 \ 11.55 36.13 O.~() (1.70 

Fo: x 1\.1" 711.0.1 15.9X 22.:-:2 255.47 xI(49 I 22.73 25.61\ 516.53 0.49 

FcI('u -' (,:,\ 1.28 ~5.21 I.(.~ 1.97 I 0.(,5 .'2.92 0.42 3.~9 

Cu'Fo: CI .. ~.! 11.1 ·S ·I·S . ..t·I lUll 0.57 I O.2..t ·'I.~·' 0.06 0.35 

Fcx('u 15.119 (,.sx ~ .~.(,II ·'~.29 ~~.~~ I 12.26 ~6.1~ 150.22 0.29 

Fe!;I." 1 n.03 ).·17 2·1.(.1 6.) 0 11.72 j 3.46 29.50 11.95 O.S) 

Zn/Fe 0.) I 0.0 ~~ 2·1.(,2 11.110 ".Il<_) I 0.03 29.66 ().III) (U<9 

Fc x Zn ..t.~9 11.95 19 .. '1 11.')(1 ~U7 
\ 

1.00 IS.67 1.11 I n.~9 

Fe Y 0.113 11.('1 26.(,5 0.1111 0.0 I 1I.01l 3·1.26 11.011 7.5? 
I 

1(,95.22 )',rc 411'(,9 I 11.56 25.95 ) )1.·19 1·.17.:'9 
I 

41.17 27.93 0.07 

Fe x Y IS97.:Q ·157.~6 2·'.1.'> 2OC)('3·1.-J7 X6J 1.42 
I 

1 966A() 22.78 3X6674 I. 16 1).05 

1\ In:ell 5 . .'·1 2.119 .~9.()9 ,' . .'6 2~1 

I 
0.82 29.31 O.6~ 6 ... 3 

en:;" I" u.:!~ IU'l( .~9.2" 1I.1l I 0.39 0.) 2 .'0..15 lUll 0.52 

;\10 x ('" 2?.o-l 15.29 66.3·' 23?.71 52.43 
I 

31.49 60.06 991.66 0.24 

,\--tlll;l.n 14.7X ·1.2() 2X.3X ) 7.(,0 lci.'n I 4.64 27.42 21.55 O.X2 

Zl1i:'l. In 0.117 II 02 2·'.()<) 11.00 IUI(, I 0.02 -'0. I 5 0.0(1 I).X6 

~fn x Zn 7 .. , I 2.53- ~.,.(,o (,.3<) ~Uo 
I 3.11 -'~.·17 <>.711 0.66 

:\fn'Y ll.l)·1 11.(1) 33.47 11.1111 lUll \ CUI(I ?4.49 CI.(I(I 12.16 

"/i\ In 27.'n 7.25 25.'>7 52.5X 102.15 I 30.65 :W.OI '>.19.57 O.1l6 

1\111 x Y 2Xo<) I 5 7')').3·' 7.:->.·15 ('3l-<941.()<) I 29.n. 1(, I 
·'976.23 .\K·.X 2",761XI~.31 Il.U3 

CuZ" 3.09 1.22 _,9.52 I ... ') 6.3<) I 2.1I9 32.(,3 4.35 O.~-I 

Zn'Cu 0.:'7 1I.1..t ~(,97 0.02 (l1~ 
I 0.0(> ~5.94 0.110 'UW 

eu x ;I,ll 1.51< II.XO 5().XO 0.(,·1 3.10 I 1.44 40.5X 2.119 (1.11 

CuiY CU)I O.IHI ·1<). I () lI.on (),III) I 0.00 47.3·1 C).Ill) ,'.26 

Yieu 1·'5.91 5'>.·'", .111.7·1 35~~.~(, 2:<2.5·' I J()5.S~ 37 .. \7 111",7.06 0.32 
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POl)ulati()n A (Low Yield) P(~)ulation B (High yield) Variance 
Fonn of Pet r.uneter Variance Paranleter I Variance ratio 

expressioll Incan SD CV (SA) Incan SD CV (S,,) (Sj\+Sn) 
Cux Y S9X.26 2S~.4~ 42.36 6423:un 4X79.37 I 2017.52 41.35 4070369.91 0.02 

ZniY () .00 lUlO 3l..H 11.110 i).OO I 0.00 33.M7 IU)() 14.54 

Y/Zn 

I 
39l<.74 1C15.3:-> 26--'3 11104.95 164K III I 426.20 25.M6 lSI6-B.7~ O.1l6 . ZnxY I 96.X9 56.11 2X.So 314X.11 790. )(l j 269.03 34.05 72375.95 0.04 
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Appendix - IV 

Stastitical pa."arllcte."S fo." diffe."ent fOI"IllS of expressing leaf nutrient fo." low and high 

yielding population of Nagpu." Inandal"in ol"chards in al11bia flush 

FornI of 
Populatioll A (Low yield) Population B (High yield) Varian(.'C 

expression Parailleter Variance Pararneter Variance 
ratio 

SD CV SD CV SA+SB 
Inean SA rncan SB 

NIP 12.60 2.5S 0.20 ().64 17.40 6.7~ 0.39 45.93 0.14 

PIN o.ox o 39 "l S9 0.15 0.06 0.15 2.57 0.02 6.92 

NxP 03\) 0.01 ~()O.3X 0.00 0.37 0.02 520.50 0.00 0.53 

N/K 1.·1X 0.28 0.19 0.08 1.74 1.16 0.66 1.34 0'()6 

KIN O.()X 3.56 5.25 12.64 0.57 0.86 1.51 0.75 16.90 

NxK 3.31 O.I~ 38('.77 0.02 3.69 0.1 1 305.97 0.0 I 1.28 

N/Ca O.()7 0.45 0.68 0.21 0.65 0.63 0.97 0.40 0.52 

CaIN 1.49 2.20 1.47 4.X3 1.54 1.58 1.03 2.49 1.94 

N xCa 7.2X ().O~ IOX.60 0.01 9.8~ 0.21 208.29 0.04 0.15 

N/Mg 3.()3 I.XS 0.51 3.41 3.90 603 1.55 36.37 0.09 

MglN O.2X 0.54 1.97 0.29 0.2() 0.17 0.65 0.03 10.66 

NxMg 13--1 0.02 144.98 0.00 l.65 0.02 131.07 0.00 0.81 

N/S 1 O.() I 4.22 0.40 17.84 9.22 5.73 0.62 32.82 0.54 

~/N 0.09 0.24 2.51 0.06 O. I I 0.17 1.61 0.03 1.84 

NxS 0.46 0.01 IX5.27 0.00 0.70 0.02 326.49 0.00 0.14 

NIh: 0.02 0.01 0.24 0.00 0.02 0.01 0.48 0.00 0.27 

FdN 4(l.57 194.(,2 4.18 37878.77 47.91 100.44 2.10 10088.14 3.75 

N x h: 227 19 7.00 30S 10 48.99 I 308.15 13.10 425.09 171.59 0.29 

Nl1vln 0.07 0.02 0.29 0.00 0.06 0.03 0.52 0.00 0.38 

Mn/N 1 ~.8,) 4855 3.50 2356.62 15.70 29.93 1.91 895.82 2.63 

NxMn 67.75 1.75 257.71 3.05 101.00 3.<)0 386.49 15.24 0.20 

N/Cu O.l-l 0.03 0.24 0.00 0.10 0.05 0.49 0.00 0.45 

CuiN 6.98 2941 4.22 ~64.74 9.76 19.75 2.02 389.87 2.22 

N x Cll 34.04 1.06 310.73 1.12 62.75 2.58 410.36 6.63 0.17 

N/Zll 0.08 0.02 0.2X 0.00 0.08 0.05 0.57 0.00 0.23 

/.nlN 12.(,5 44.68 3.53 1996.18 12.19 21.24 1.74 450.93 4.43 
- - -

YIN 111.53 292.30 2 ()2 85440.21 4~7.34 973.09 2.00 946H98.91 0.09 

NxY 544.12 10.51 193.20 110.51 3134.74 126.91 404.85 1610().29 0.01 

I>/K 0.12 O. I 1 0.93 0.0 I 0.1 () 0.17 1.70 0.03 0.41 

KIl> g.54 9.1 () 1.07 ~3.97 9.97 5.86 0.59 34.37 2.44 

PxK 0.2() 0.05 18~)O.80 0.00 0.21 0.02 785.46 0.00 8.89 

PICa O.OS 0.1 X 3.32 0.03 0.04 0.09 2.50 0.01 3.5() 

Ca/P I~.XO 5.(1() 0.30 32.09 2('.73 10.70 0.40 114.39 0.28 

P x Ca ()SX ().O~ 530.':>0 000 0.57 0.03 534.70 0.00 1.02 

P/Mg 
I 

0.2') 0.72 2.4') 0.51 0.22 0.89 3.97 0.79 0.65 

Mg./!' 3.:17 1.40 OAO 1.')5 <l.4G 1.12 0.25 1.26 1.54 

P x l'vlg 0.11 0.01 708.77 0.00 0.09 0.00 336.46 0.00 5.61 
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Fonn of 
Population A (Lon· ~·iclc.l) Population B (High yield) VarianC(! 

expression Paralnetcr Variance Paralneter Variance 
ratio 

SD CV SD CV SA+SB 
Incan SA Illcan SB 

PIS (U~4 1.(,4 1.95 2.6<) 0.53 0.S5 1.59 0.71 3.76 

SfP 1.19 0.(, I 0.51 0.37 1.89 LIS 0.63 1.40 0.27 

PxS ()_()4 0.00 905.74 O.O() 0.04 0.00 ~3K12 0.00 0.97 
PfFe 0.00 0.00 1.17 0.00 0.00 0.00 1.22 0.00 1.84 

Fe/!"> 5S().71 501,(;0 0.85 251600.45 833.52 680.73 0.82 463396.05 0.54 

P x Fe 18.<.)1 2.72 1506.21 7.38 17.71 1.93 1091.25 3.74 1. <)7 

I'/f'vln (Ull 0.01 lAO 0.00 0.00 0.00 1.35 0.00 2.63 

l'v1n!P 174.95 125.1 1 0.72 15(,53.26 273.19 202.85 0.74 41149.19 0.38 

P x Mn 5.38 O.()S 1259.90 0.46 5.S I 0.5S 992.14 0.33 1.38 

P/Cu 0.01 0.01 1.16 0.00 0.01 0.01 1.27 0.00 3.12 

Cuff> 87.90 75.79 O.S6 5743.84 169.74 133.82 0.79 1790K69 0.32 

P x Cu 2.70 0.41 1519.09 0.17 3.61 0.38 1053.44 0.14 1.17 

P/.i'.n 0.01 0.01 1.38 0.00 0.00 O.U 1 1.47 0.00 I.S(, 

/.nll> 159 3() 115 15 072 13259.10 212.05 143.92 O.6S 20713.44 () (,4 

P x /.n .:.\ 90 0(,2 1272.98 n.39 4.51 0.41 906.87 0.17 2.33 

PlY 0.00 0.00 1.87 0.00 0.00 0.00 1.29 0.00 76.64 

YIP 1405.19 753.14 0.54 5(;7515.68 8479.05 6595.12 0.7S 43495554.58 0.01 

l'xY 43.19 4.0S 944.51 10.64 180.17 18.73 1039.29 350.63 0.05 

K/Ca 0.45 1.(,2 3.56 2.62 0.37 0.55 1.47 0.30 8.71 

CalK 2.20 0.62 0.28 0.38 2.(,8 1.82 0.68 3.33 O. I I 

Kx Ca 4.93 0.28 569.77 0.08 5.(,6 0.18 314.32 0.03 2.49 

K/l'vl~ 2.4() 6.57 2.67 43.13 2.23 5.22 2.33 27.21 1.58 

Mg/K 0.41 0.15 0.37 0.02 0.45 o. 19 0.43 0.04 0.63 

KxMg 0.91 007 760.67 o.on 0.95 0.02 197.78 o.on 13.70 

K/S 7. I l) 15.02 2.09 225.47 5.29 4.96 0.94 24.56 9.18 

S/K 0.14 0.07 0.48 000 0.19 0.20 1.07 0.04 0.11 

KxS 0.31 0.03 972.07 n.oo OAO 0.02 492.oX o.on 2.36 

K/Fe 0.0 I 0.02 1.26 0.00 0.01 0.01 0.72 000 4.50 

Fe/K (,8.72 54.74 () XO 299().40 ~3.5~ 116. 12 1.39 13481.07 0.22 

K x Fe 153.9(, 24.X,) 1616.51 619.3(, 17().()4 1 1.33 641.48 128, 39 4.82 

KIrvin I 0.05 0.07 1.50 o () ( 0.04 0.03 0.79 n.oo 6.42 

MniK 20 ·19 13.(,5 (l.67 I ~6.42 27.39 34.()0 120 1197.29 0.16 

Kx I'vln 45.91 (,.2 I 1352.17 38.53 57.89 3.38 583.22 1 1.40 3.38 

K/Cu 0.1 () 0.12 1.24 0.01 O.O() 0.04 0.75 0.00 7.62 

Cu/K (0.2') 8.27 n.80 68.41 17.02 22.83 1.34 521.08 0.13 

K x ell 23.0() 3.7(, 1630.33 14.14 35.97 2.23 619.26 4.96 2.85 

K//.n 0.05 0.08 1.49 0.01 0.05 0.04 O.~7 0.00 3.82 

.i',n/K I x.()() 12.57 n.()7 157.91 21.26 24.55 1.15 602.68 0.2(, 

K x /.1\ 41.82 5.71 1366.20 32.64 44.<)4 2.40 533.10 5.74 5.09 

K/Y 0.0 I 0.0 I 2.0n o.on 0.00 0.00 0.76 0.00 187.25 

Y/K 1(,4.5X 82.21 0.50 6758.74 850.21 1124.97 1.32 1265556.09 0.0 I 

KxY 3()8.73 37.38 1013.68 1397.04 179().S5 109.78 610.94 12050.85 0.12 

Ca/l\ltg 5.42 .:LO(; 0.75 16.49 5.99 9.52 1.59 90.58 n.l x 
f'vtg/Ca 0.18 0.25 1.34 0.0(, 0.17 0.1 I 0.63 0.0 I 5.49 
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FOrln of 
Population A (Lo'w )·iclc.l) Population B (High .yield) Varian~'C 

exprc.. .. sioll Paralneter Variance Paranlctcr Variance 
ratio 

SD CV SD CV SA-:-SB 
Incan SA Inean SB 

Ca x Mg. 2.00 0.04 213.58 0.00 2.51 0.03 134.04 0.00 1.57 
Ca/S 15.g4 9.28 0.59 86.17 14.17 9.04 0.64 81.73 1.05 
SICa O.OG I 0.11 1.71 0.01 0.07 0.11 1.57 0.01 0.95 

Ca x S 0.69 0.02 272.94 0.00 1.07 0.04 335.39 0.00 0.27 

Ca/F~ 0.01 O.()1 0 . .15 0.00 0.03 0.02 0.49 0.00 0.52 

FdCa 11.21 XX 54 2.X4 7X40.12 31.19 63.65 2.04 4051.12 1.94 

Ca x F~ 33K9X 15.39 453.88 216.71 473.37 20.67 436.69 42731 0.55 

Ca/Mn 0.1 1 0.05 OA2 0.00 O. I (J 0.05 0.54 0.00 0.74 

Mn/Ca <) . .3 1 22.09 2.37 487.77 10.22 18.97 1.86 359.74 1.36 

CaxMn 101.08 3.X4 179.()o 14.73 155.15 ().16 397.03 37.94 0.39 

Ca/Cu 0.2 I 0.07 0.35 0.01 0.16 0.08 0.51 0.01 0.87 

Cu/Ca 4.68 11 38 2.S() 178.98 6.15 12.51 1.97 156.56 1.14 

Ca x ell 50.78 2.32 4577() 5.40 96.40 4.06 421.5() 16.51 0.13 

Ca//'n 0.12 0.05 0.42 000 0.13 0.07 0.59 0.01 0.44 
I 

/'n/Ca 8.48 20.33 2.40 413.17 7.93 13.46 1.70 181.08 2.28 

Ca xZn 92.07 3.53 383.60 12.47 120.43 4.37 362.90 19.] 0 0.65 

Ca/Y 0.01 0.01 0.56 0.00 0.00 0.00 0.51 0.00 21.50 

Y/Ca 74.75 132. <)8 1.78 17684.34 317.25 616.64 1.94 380248.30 0.05 

Ca x Y 811.86 23.11 284.()2 533.93 4815.39 200.27 415.90 40108.08 0.01 

1\/1g/S 2.92 2.29 0.7X 5.23 2.37 0.95 OAO 0.90 5.79 

S/!v1g. 
I 

0.34 0.44 1.2X 0.19 0.42 1.05 2.49 1. 1 I 0.17 

Mg.xS 

I 
n.1 3 0.00 1(,4.3X o.on 0.18 0.00 21 1.04 0.00 1.49 

t\..1g/F~ 0.01 0.00 0.47 0.00 0.01 o.()() 0.31 0.00 2.84 

I h:ifv1.g 1(),)_17 35().5 I 2_13 129244.95 186.77 605.75 3.24 366931.48 0.35 I 

14.36 I Mgx Fe ()254 3.7l) G05.95 79.04 2.17 274.78 4.72 3.04 

Mg/Mn 0.02 0.01 0.56 0.00 0.02 0.01 0.34 0.00 4.05 

Mn/Mg 50.45 Xl) ()7 1.78 X040.94 61.21 180.5 I 2.95 32583.2 I 0.25 

!'vI g x Mn 18.65 0.95 506.86 (U~9 25.91 0.65 249.83 0.42 2.13 

Mg/Cu ().()-I 0.02 0.47 0.00 0.03 0.01 0.12 0.00 4.81 

CU/Mg 25.34 54.32 2.14 2950.56 3X.()3 1 19.()8 3. I 1 14180.66 0.21 

iVIg. :-,: ell 9.37 0.57 G 1 1.13 0.33 16.10 0.43 265.26 Olx 1.80 

MgILn ().O2 0.0 I O.5() 0.00 0.02 0.01 0.37 o.on 2.41 

.I'. n 11\..1 g. 45.<)5 X2.53 1.80 6811.09 47.51 128.07 2.70 16401.55 0.42 

Mg x ZIl I ().99 0.87 512.12 0.76 20.11 0.46 22K36 0.21 3.59 

Mg/Y O.O() o.on 0.75 0.00 0.00 0.00 0.32 0.00 IIK14 

Y Itv1g 405.17 53l).93 1.33 291527.84 1899.90 5868.66 3.09 34441139.94 0.01 

!'vlg x '{ 14<) 7S 5.()') 37<).9X 32.39 804.09 21.04 261.70 442.81 0.07 

SiFe (LUU () 00 O.(JO 0.00 (U)() o.()O 0.77 0.00 0.49 

FdS 4')4.27 X21.94 I. ()(, ()75591.63 441.l)4 575.41 1.30 131098.87 2.04 

S:-,: h.: 21 c~(_) 1 .()() 77.:1..35 2.75 13.41 2.29 684.49 5.23 0.53 

I 
S/£vln 0.01 0.00 0.72 0.00 0.01 0.01 0.84 0.00 0.70 

Mn/S 147.39 205.02 1.39 42031.77 144.85 171.47 1.18 29401.31 1.43 

S x Mil ('.38 ().41 6tP.72 0.17 10.95 0.68 622.32 0.46 0.37 

S/Cu 0.01 0.01 0.60 0.00 0.01 0.01 0.80 0.00 O.S3 
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Forrn of 
Population A (Low )'ield) Population B (High yield) Varian<..'C 

expression Paralneter Variance Paranleter Variance 
ratio 

SD CV SD CV SA+SB Inean SA mean SB 
elliS 74.05 124. I 9 1.6S 15423.23 90.00 113.12 1.26 12795.85 1.2 I 

S:--: Cli 3.21 0.25 780.97 0.06 0.80 0.45 660.77 0.20 0.31 
S/Zn 0.01 C)'() 1 0.71 0.00 0.01 0.01 0.92 0.00 0.42 
7,n/S 134.25 188.69 1.41 35603.04 1 12.43 121.65 1.08 14799.8(, 2.41 

S X/,ll 5.8 I 0.38 ()54.44 0.14 8.50 0.48 568.84 0.23 0.62 
SlY 0.00 0.00 0.96 0.00 0.00 0.00 (un 0.00 20.39 
Y/S 1183.78 1234.46 1.04 1523879.79 4495.65 5574.75 1.24 31077798.58 0.05 

SxY 51.2() 2.49 485.58 6.20 339.82 22.15 651.90 490.74 0.01 
FelMn 3.35 4.01 1.20 16.07 3.05 3.36 1.10 11.26 1.43 
MnfFl! 0.30 0.25 0.84 0.06 0.33 0.30 0.91 0.09 0.70 

Fe:--: [\;111 3154.(>4 339.80 1077.13 I 1 54()] .29 4838.67 392.07 810.28 153717.39 0.75 
FdCu 6.68 6.62 0.99 43.80 4.91 5.09 1.04 25.88 1.69 
CulFl! 0.15 0.15 1.0 I 0.02 0.20 0.20 0.97 0.04 0.59 

Fe x Cll 1584.90 205.83 1298.72 42367 .() 1 3006.37 258.65 860.34 66899.93 0.63 
Fc/Zn 3.68 4.3G 1.18 18.98 3.93 4.73 1.20 22.17 0.85 
/,Il/Fc 0.27 0.23 0.85 0.05 0.25 0.21 0.83 0.04 1.18 

Fe:--: ./,n 2873.55 312.73 1088.31 97801.55 3755.78 278.17 740.64 77377.36 1.26 
FclY 0.42 0.67 1.59 0.44 0.10 0.10 1.05 O.() 1 41.61 
Y/Fc 2.40 1.50 0.03 2.26 10.17 9.69 0.95 93.86 0.02 

Fc x Y 25337.65 2040.00 807.49 4186098.23 150177.44 12746.86 848.79 162482499.22 0.03 
Mn/Cu 1.99 1.65 0.83 2.73 1.61 1.52 0.94 2.30 1.19 
CLI/MIl 0.50 0.(:; 1 1.21 0.37 0.62 0.66 1.06 0.44 0.84 

1\.1n x ell 472.60 51.34 IW{6.34 2635.89 985.36 
. 

77.08 782.20 5940.66 0.44 
Mn/Zn 1.10 1.09 0.99 1.18 1.29 1.41 1.09 1.99 0.59 
Zn/lVln 0.91 0.92 I .0 I (U~~5 0.78 0.71 0.91 0.50 1.68 

Mn :--: /n 85().X7 78.00 <) I 0.34 6084.70 1230.99 82.89 673.38 6871.05 0.89 
Mn/Y 0.12 0.17 1.33 O.U3 (un 0.03 0.95 0.00 29.15 
Y/Mn 8.03 (j.02 0.75 3G_2() 31.04 32.51 1.05 1057.02 0.03 

Mn:--:Y 7555.45 510.33 675.45 260437.09 49221.93 3798.46 77 I .70 144283] 2.78 0.02 
CUi/,ll 0.55 O.6Ci 1.19 0.43 (U~() 0.93 1.16 0.X6 0.50 
Zn/Cu 1.81 1.52 0.84 2.31 1.25 1.08 O.X6 1.16 2.00 

Cu x /.11 430.49 ~n.25 10<)7.62 2232.73 764.84 54.68 714.98 2990.37 0.75 
CufY 0.06 0.1 () 1.61 0.01 0.02 0.02 1.0 ] 0.00 24.58 
YlCu 15.99 9.94 0.62 98.80 49.95 49.28 0.99 2428.74 0.04 

ell:--: Y J795.8() 309.14 814.40 95565.34 30582.65 2505.87 819.38 6279400.47 0.02 
Zn/Y 0.11 0.15 1.35 0.02 0.03 0.02 0.87 0.00 49.06 
Y I/.n 8.82 6.54 0.74 42.80 39.99 45.82 1.15 2099.87 0.02 

7.11 x Y 6882.25 469.68 682.46 220603.40 38206.10 2694.97 705.38 7262839.95 0.03 
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Appendix -V 

Stastitieal panllllctcl"S for differcnt fonlls of exp."essing lcaf nutl"ient fo." low and 

high yielding population of Nag pur nlandarin oreha."ds in 11lrig flush 

_ Popul_c!_ti(Hl i\. (Lo_w yield) 
-

Po,ll_!!!ati~)!l B (~igh ... ~~ehl) _ 

FornI of 
- -- - -~ 

Paraillter Variance Paranlter Variance 
expression 1l1ean SD CV (SA) mean SD CV (Sn) 

NIP 12.44 2.08 0.17 4.32 18.01 5.08 0.28 25.80 

(>/N O.OX O.4~ 5.~~ 0.23 0.06 0.20 3.54 0.04 

NxP 0.42 0.02 55~.38 0.00 0.32 0.01 308.94 0.00 

N/K 1.46 0.35 0.24 0.12 1.96 0.53 0.27 0.28 

KIN CUS8 2.88 4.21 8.30 0.51 1.90 3.72 3.62 

NxK 3.58 0.14 3~3.23 0.02 2.~1 0.09 324.50 0.0 I 

N/C .. 0.71 0.39 0.55 0.15 0.65 0.41 0.63 0.17 

CaIN 142 2.60 183 6.74 1.54 2.43 1.58 5.89 

Nx Ca 7.42 0.13 171.06 0.02 8.78 0.12 137.28 0.01 

N/Mg 3.55 0.73 0.21 0.53 3.60 1.43 0.40 2.06 

Mg/N 0.28 l.:n 4.87 1.88 0.28 0.70 2.51 0.49 

Nx Mg 1.47 007 455.:n () 00 1.58 0.03 218.75 0.00 

N/S I 1.()t) 6.34 0.54 40.14 10.23 4.79 0.47 22.91 

SIN 0.0';) 0.16 1.85 0.02 0.10 0.21 2.14 0.04 

NxS O.-l5 0.01 172.45 0.00 0.56 0.01 186.28 0.00 

N/h: 0.03 0.0 I o.:n 0.00 0.02 0.01 0.46 0.00 

FdN 38.69 I 17.] 3 3.03 13719.24 52.24 ] ] 2.76 2.16 12714.29 

N x F~ 202.51 5.73 282.88 32.82 2~7 .(;{) 5.60 188.11 31.34 

N/Mn 0.08 0.03 o.:n 0.00 0.07 0.02 0.32 0.00 

IvlnlN 11.79 31.50 2.67 992.50 15.00 47.48 3.17 2254.44 

Nx Mn 61 .7(J 1.5.:.l 2:19.73 2.37 85.45 2.36 275.86 5.56 

N/Cu 0.12 0.04 0.32 0.00 0.09 0.03 0.27 0.00 

CulN 8.29 25.69 3.10 660.08 10.58 38.53 3.64 14X4.62 

N x Cll 43.37 1.26 289.75 1.5S 60.27 1.91 317.38 3.66 

N/Zn O.OX 0.05 0.55 0.00 0.08 0.04 0.46 0.00 

7n/N 12.32 22.21 1.80 493.48 12.80 27.63 2.16 763.43 

N x ;I,ll 64.50 1.09 I ()X.44 1.18 72.90 1.37 IXKl8 1.88 

N/Y 0.01 () 00 0.46 0.00 0.00 0.00 0.44 0.00 

YIN 120 . .50 260.79 2.1() 68009.87 4()8.09 1063.68 2.27 I ] 31411.03 

NxY 630.()5 12.75 202.24 1 ()2.()7 266(>.60 52.81 198.04 2788.90 

P/K 0.12 0.17 1.42 0.03 0.11 0.10 0.95 0.01 

KIP 8.52 5.99 0.70 35.86 9.21 9.67 1.05 93.53 

PxK 0.29 0.07 2353 93 0.00 0.1 () 0.02 ] 150.31 0.00 

PICa 0.06 0.19 3.27 0.03 0.04 0.08 2.25 0.01 

Call' 17.()4 5.40 0.3 I 29.11 27.74 12.33 0.44 151.98 

P x Ca o.()O 0.06 1024.00 0.00 0.49 0.02 486.65 0.00 

PiI'vlg 0.29 0.35 1.23 0.12 0.20 0.2X 1.41 0.08 

Mg.!]> 3.50 2.85 0.81 8.]2 5.00 3.54 0.71 12.54 

Px Mg 0.12 0.03 2725.88 0.00 0.09 0.0 I 775.42 0.00 

PIS 0.94 3.0':; 3.24 9.29 0.57 0.94 1.66 0.89 
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Variant..'C 
ratio 

(S",--;-S8) 

0.17 
5.97 
5.80 
0.44 

2.29 
2.22 
0.87 
1.14 

1 . 1 1 
0.26 
:un 
3.75 

1.75 
0.57 
0.55 
0.93 
1.08 
1.05 
2.27 
0.44 

0.43 
2.25 
0.44 
0.43 
1.55 
0.65 
0.63 
16.64 

0.06 
0.06 
2.61 
0.38 

13.27 
5.22 
0.19 
6.63 

1.54 
0.65 

22.41 
10.47 



Population A (Lon' yield) Population B (High yield) Varianl.'C 

Foran of Paraluter 'Variance Paranlter Variance ratio 

expressiun lucan SD CV (SA) Inean SD CV (S") (SA-:-Sn) 

SIP 1.06 0.33 0.31 0.1 1 1.76 1.06 0.60 1 .1:3 0.10 

PxS ()'()4 0.00 1032.3 I 0.00 0.03 0.00 6GO.34 0.00 3.31 

P/Fe 0.00 0.00 1.98 0.00 0.00 0.00 I.G4 0.00 5.54 

FelP 4~1.3g 243.43 0.51 59259.70 940.67 572.77 0.61 328060.04 0.18 

P x Fe 16.28 2.7() 1693.:n 7.60 16.53 1. I () 666.83 1.21 6.25 

P/Mn O.t> I 0.02 2.24 0.00 0.00 0.00 1.12 0.00 13.57 

MIl/P I "l().()6 (,5AX 0.45 4287.0() 270.11 241.18 0.89 58170.13 0.07 

P x rvln ·L <)() () 74 1494.90 0.55 4.75 0.46 977.88 0.22 2.55 

P/Cu O.U I 0.02 1.93 0.00 0.01 0.01 0.97 0.00 13.44 

Cui),> 103.0X 53.40 0.52 2851.19 190.52 195.72 1.03 38306.82 0.07 

P x Cll 3.49 0.60 1734.50 0.37 3.35 0.38 1125.07 O. 14 2.58 

P/Zn 0.01 0.02 3.32 0.00 0.00 0.01 1.64 0.00 9.24 

7,n/P 15332 46.17 0.30 2131.57 230.42 140.35 0.61 19698.34 0.1 1 

P X/,ll 5.18 0.52 1008.31 0.27 4.05 0.27 607.05 0.07 3.75 

PlY n.O() 0.00 2.77 0.00 0.00 0.00 1.56 0.00 99.38 

Y/I) I·l<)l) 13 542.00 0.36 293765.79 8428.64 5403.07 0.64 2919319 I 34 0.0 I 

t>xY 50.(,9 (,. I 4 12]0.64 37.6() 148.09 10.40 702.03 108.09 0.35 

K/Ca O.4X I. 11 2.30 1.23 0.33 0.78 2.3() 0.62 2.00 

CalK 2.07 0.90 0.44 0.81 3.01 1.27 0.42 1.62 0.50 

K x Ca 5.08 0.37 719.85 O. I 3 4.49 0.23 5 I 1.16 0.05 2.54 

KJM:g 2.43 2.10 0.86 4.42 1.84 2.73 1.48 7.46 0.59 

J'v1g/K 0.41 0.4X I. I () 0.23 0.54 0.37 0.67 0.13 1.69 

K x Cvlg 1.01 0.19 19 1 ().24 0.04 o.~ 1 0.07 S 14.47 0.00 8.59 

K/S S.OI lX.25 2.28 333.24 5.23 9.1 I 1.74 83.04 4.01 

S/K 012 0.05 0.44 0.00 0.19 0.11 0.57 0.01 0.25 

K:-.:S 0.31 0.02 725.(,9 0.00 0.28 0.02 693.60 0.00 1.27 

K/F~ 0.02 0.02 1.39 0.00 0.01 (U)2 1.73 0.00 2.12 

Fe/K 5('.51 :H>.65 0.72 1652.64 102.16 59.22 0.58 3507.42 0.47 

K x Fe 13K65 16.50 I 190.38 272.41 152.18 10.66 700.4 I 113.6 I 2.40 

K/Mn O.Of> 0.09 1.57 0.01 0.03 0.04 1. I ~ 0.00 5.20 

Mn/K 17.22 10.93 0.64 119.56 29.34 24.94 0.85 621.92 0.19 

KxMn :l2.2"' 4A4 1050.S8 19.71 43.70 4.49 1027.13 20.14 0.98 

K/ClI O.O~ o I 1 1.36 0.01 0.05 0.05 1.02 o.on 5.15 

ClI/K 12.10 8.92 0.74 79.51 20.69 20.24 0.98 409.55 0.19 

K x Cll 29.()<) 3.()2 1219.32 13.1 1 30.82 3.64 1181.73 13.27 0.99 

KlZn 0.0(, 0.13 2.33 0.02 0.04 0.07 1.72 0.00 3.54 

ZnlK 18.00 7.7 I 0.43 59.45 25.03 14.51 n.5~ 210.60 0.28 

K :-.: 7.n ·14.16 3.13 70~UQ 9.S0 37.28 2.61 700.65 6.82 1.44 

K/Y 0.0 I 0.0 I 1.94 0.00 0.00 0.00 1.()4 0.00 38.10 

Y/K 175.')() <)() 5 1 0.51 8192.57 915.41 558.67 0.6 I 3121 15.94 0.03 

KxY ·n I.XO 3(.,.75 ~51.05 1350.42 1363.55 100.55 737.39 1010968 0.13 

Ca/lVlg 5.04 1.89 0.38 3.59 5.55 3.48 0.63 12.12 0.30 

Mg/Ca 0.20 0.53 2.66 0.28 0.18 0.29 1.59 0.08 3.38 

Cax Mg 2.0<) 0.17 833.60 0.03 2.44 O.OS 344.57 0.01 4.29 

Ca/S 1().58 16.45 0.99 270.51 15.76 11.62 0.74 134.93 2.00 
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Population A (Low '\'iehl) Po lulation B (High ,dcll) Variance 

Fornl of Paralnter Variancc Paralnter Variancc ratio 

expressioll Illcan SD CV (SA) nlcan SD CV (Su) (SA+Sn) 

SICa O.O() O.O() 1 .0 I 0.00 O.O() 0.09 1.36 0.01 0.50 

Ca:-.: S 0.63 0.02 315.69 000 (U~6 0.03 293.44 0.00 0.63 

Ca/F<..: 0.04 0.02 0.60 0.00 0.03 0.02 0.73 0.00 1.06 

FdCa 27.29 45.12 1.65 2035.X6 33.91 46.46 1.37 2158.58 0.94 

Ca:-.: F<..: 287.17 14.87 517.84 221.13 458.52 13.59 296.32 184.60 1.20 

CalMn 0.12 n.08 O.()9 0.0 I O.lO 0.05 0.50 n.oo 2.60 

Mn/Ca 8.31 12.14 1.46 147.28 9.74 19.56 2.01 382.75 0.38 

Ca:-.: tvtn X749 4.00 ,157.15 16.00 131.66 5.72 434.54 32.73 0.49 

Cn/Cll 0.17 n. 1 () 0.59 0.01 0.15 0.06 0.43 0.00 2.57 

Cu/Ca 5,84 9.90 1.()9 97.95 6.87 15.88 2.31 252.05 0.39 

Ca x ell 61.49 3.26 530.43 10.64 92.86 4.64 499.95 21.56 0.49 

Car~n 0.12 0.12 1.02 0.01 0.12 0.09 0.73 0.01 1.77 

Zn/Ca 8.69 K56 0.98 73.23 8.31 11.38 1.37 129.61 0.56 

Ca:-.: /.11 91.4(l 2.82 308.35 7.95 112.32 3.33 296.42 II.m~ 0.72 

Ca/Y n.o I 0.01 0.85 0.00 0.00 000 0.69 0.00 19.()3 

Y/Ca 8-t.97 IOO-t6 118 10092.31 303.82 438.28 1.44 1920~6.96 0.05 

Ca:-.: Y 894.30 33. II 370.22 109(l.22 ·\108.43 128.17 31 1.96 16426.97 0.07 

Mg/S 3.29 K69 2.()4 75.45 2.84 3.34 1.17 1 1. 14 6.78 

S/Mg 0.30 0.12 0.38 0.01 0.35 0.30 0.85 0.09 0.15 

tvlg x S n. I 3 o.n I 840.36 000 0.15 0.01 467.55 0.00 2.14 

lvlgfF<..: n.o 1 0.01 1.61 0.00 0.01 0.01 1.16 0.00 3.58 

FdMg 137.53 85.43 O.()2 729(),07 188.0(, 161.72 0.86 26154.14 0.28 

Mg:-.: Fl! 5().1.)7 7.85 1378.47 61.68 82.67 3.90 472.14 15.24 4.05 

1'v1g/Mn 0.02 0.04 1.~2 0.00 0.02 0.01 0.79 0.00 8.78 

N1.n/Mg. 41.90 22.98 0.55 52K04 54.00 68.10 1.26 4637.53 O. I I 

MgxMn 17.3(l 2.11 121('.93 4.46 23.74 1.64 692.39 2.70 1.65 

Mg/Cu 0.03 0.05 1.57 0.00 0.03 0.02 0.69 0.00 ~.70 

Cll/Mg 29.45 IK74 0.(,4 351. I X 3S.09 55.26 1.45 3053.96 0.1 I 

Mg x ell 12.20 1.72 1411.98 2.97 16.74 1.33 796.60 1.78 1.67 

Mgl/.ll 0.02 0.06 2.70 0.00 0.02 0.03 1.16 0.00 5.98 

Zn/Mg 43.80 16.20 0.37 262.55 4().O7 39.63 (U~6 1570.42 0.17 

Mg x /.n 18.15 1.49 820.82 2.22 20.25 0.96 472.31 0.91 2.43 

Mg/Y 0.00 0.0 I 2.25 0.00 0.00 0.00 1.10 0.00 64.32 

Y/tv1g -t2K30 190.22 OA4 361 X3.42 1 ()X5.05 1525.5X 0.91 2327387.22 0.02 

MgxY 177,43 17.49 985.53 305.76 740.75 36.82 497.07 1355.77 0.23 

S/Fl! n.oo 0.00 n.() I O.on 1).00 0.00 0.99 0.00 0.53 

FdS ·152.41 7-12.11 1.64 550721.26 534.<14 539.(,X 1.01 291255.76 1.89 

S x 1-"<..: 17.32 0.90 522.03 (UQ 29.09 1.17 402.08 1.37 0.60 

SIMII 0.01 0.01 0.(,9 0.00 ().() I 0.00 0.68 0.00 1.30 

I'vln/S 137.~-J 11.)9.60 1.45 39~41.13 153.46 227.25 1.48 51644.17 0.77 

S x Mn 5.28 0.24 .1(lO.86 O_()6 8.35 OA9 589.63 0.24 0.24 

Siell 0.0 I 0.0 I 0.60 0.00 0.01 0.01 0.59 0.00 1.28 

ellIS 96.88 162.78 1.68 26497.12 108.24 184.42 1.70 34009.27 0.78 

S x ell 3.71 0.20 534.73 0.04 5.89 0.40 678.38 0.16 0.25 

S/Zll 0.01 n.o I 1.02 0.00 0.01 0.01 0.99 0.00 0.88 
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-
Population A (Low 'f'iehl) P(>Ilulatiol1 B (High yield) Varian~"C 

FornI of Panlluter Va.-iance Pararuter Variance ratio 
expression lucan SD CV (SA) Inean SD CV (S8) (SA+S8) 

7.n/S 144.10 1·10.75 0.98 19809.43 130.91 132.24 1.01 174SK43 1.13 

S x 7.11 5.52 0.17 310.H5 0.03 7.13 0.29 402.21 O.OS 0.36 

SlY 0.00 0.00 0.85 0.00 0.00 0.00 0.94 0.00 9.49 

Y/S 1408.91 1652.29 117 27 30()69. 10 4788.66 5090.98 1.06 25918076.55 0.11 

SxY 53.94 2.01 373.23 4.05 260.6() 11.03 423.30 121.74 0.03 

Fdtv1n 3.28 3.72 1.11 13.82 3.48 2.37 0.68 5.64 2.4S 

MnfF~ 0.30 0.27 0.88 0.07 0.29 0.42 1.47 0.18 0.41 

F~x Mn 2387.27 180A7 755.96 325(,9.08 4464.23 26581 595.42 70655.08 0.46 

h::/('\.I 4.67 4.56 0.98 20.78 4.94 2.93 0.59 K56 2.43 

Cl1/F~ 0.2 I 0.22 1.02 O.OS 0.20 0.34 1.(,!.) 0.12 0.41 

F~ x ell 1(,77.92 147 18 877.13 21660.70 3148.78 215.70 685.04 46528.54 0.47 

FdZn 3.14 5.27 1.68 27.80 4.08 4.08 1.00 16.65 1.67 

Zn/Fc 0.32 0.19 0.60 0.04 0.24 0.25 1.00 0.06 0.60 

Fe: x Zn 2495.68 127.25 509.90 16193.69 3808.35 154.68 40G.16 23926.16 0.68 

FelY 0.32 0.45 lAO 0.20 0.11 0.1 1 0.95 0.01 17.95 

Y/F~ 3.1 1 2.23 0.71 4.96 8.96 9.43 1.05 88.99 0.06 

Fex Y 24401.71 1493.91 612.21 2231759.86 139305.08 5954.74 427,46 35458872.86 0.06 

MIl/Cll 1.42 1.23 0.86 1.50 1.42 1.23 0.87 1.52 0.99 

CulMn 0.70 (U~2 1.16 0.67 0.71 0.81 1.15 0.66 I.n 1 

Mn x ClI 511.21 39.59 774.34 1567.01 904.15 90.83 1004.60 8250.23 0.19 

MniZn 0.96 1..12 lAX 2.01 117 1.72 1.47 2.95 0.68 

Zn/iv1n 1.05 () 7 I 0.(,7 0.50 0.85 0.58 O.6H 0.34 1.47 

MnxZn 7()O.36 34.23 450.15 1171.5 I 1093.54 (;5.13 595.63 4242.48 0.28 

tvtn/Y 0.10 0.12 1.23 0.01 O_(J3 0.04 1.39 0.00 7.32 

Y IrvIn 10.22 R.2X (U~1 68.52 31.20 22.40 0.72 501.86 0.14 

MnxY 7·n4.47 401.81 540.47 161453.44 40000.53 2507.47 626.H6 6287408.31 0.03 

Cu/7.n o.() 7 I .1(, 1.72 1.34 O.S3 1.39 1.69 1.94 0.69 

ZniCu 1.49 0.8(, 0.58 0.75 1.21 0.72 0.59 0.51 1.45 

Cli x Zn 534.43 27.91 522.30 779.13 771.31 52.86 685.28 2793.80 0.28 

Cui)}' 0.07 0.10 1.43 0.01 0.02 0.04 1.()O 0.00 7.110 

Y/Cu 14.54 10.15 n.70 103.(n 44.24 27.61 0.62 762.09 0.14 

Cli x Y 5225.4 I 327.69 627.10 107377.74 28213.80 2034.81 721.21 4140451.38 O_()} 

7.n/Y n. 1 () ()_()9 (Un 0.01 0.03 0.03 0.95 0.00 10.75 

Y/Zn 1 978 11.74 1.20 137.82 36.58 38.50 1.05 1482.01 0.09 

Zn x Y 7772.08 283.33 364.55 80276.33 34123.67 1459.15 427.61 2129125.74 0.04 
'---. 
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Appendix - XVIII 

Rating liInits of available nutrient elenlents for assessing the soil fertility status 

Lo\v / Critical High 
Nuh·ient (Unit) l\1ediulll Reference 

(Less than) (More than) 

Organic carbon (0/0) 0.50 0.50 - 0.75 0.75 

N (kg ha- I
) 280 280 - 560 560 Muhr et al. 

P20S (kg ha- I
) 22.90 22.90 - 56.33 56.33 

(1965) 

K 20 (kg ha- I
) 108 108 - 280 280 

Fe (ppm) 4.5 - -

Mn (ppn1) 1.0 - - Lindsay and 

Cu pptn) 0.2 - - Norvell (1978) 

Zn(ppn1) 0.8 - -
--~ 

Appendix - lXX 

Standa.·ds fo." classification of nuta"ient status of OI"ange tt"ees based on concentration of 

mineral elements 4 to 7 months old spl"jng cycle leaves from non-fruiting terminals * 

Range on dry nlaUe .. basis 

Element Unit Deficient (Less Excess(More 
Low Optin1UlTI High 

than) than) 

N 0/0 2.2 2.2 - 2.4 2.5 - 2.7 2.8 3.0 3.0 

P 0/0 0.09 0.09 - 0.1 1 0.12 - 0.16 0.17 - 0.29 0.30 

K 0/0 0.7 0.7-1.1 1.2-l.7 1.8 - 2.3 2.4 

Ca % 1.5 1.5 - 2.9 3.0 - 4.5 4.6 - 6.0 7.0 

Mg 0/0 0.20 0.20 - 0.29 0.30 - 0.49 0.50 - 0.70 0.80 

S % 0.14 0.14 - 0.19 0.20 - 0.39 0.40 - 0.60 0.60 

Fe ppm 35 35-49 50-120 120-200 250 

Mn ppm 18 18-24 25-49 50-500 1000 

Cu ppm 3.6 3.7-4.9 5-12 13-19 20 

Zn ppm 18 18-24 25-49 50-200 200 

* Values are adapted from Smith (1966). 
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ABSTRACT 

Mandarin (Citrus reticulata Blanco) is a popular and extensively grown 

fruit crop in Vidarbha region of Maharashtra. The present study 'Nas undertaken to 

establish DRIS nonns in Nagpur mandarin for fertility evaluation from both soil 

and leaf nutrient status to make IneaningfuL fertilizer recomtnendations for 

achieving higher productivity(one hundred and fifty bearing orchards, seventy­

five each froln an1bia and n1rig flushes of 10 to 13 years old were selected froln 

Western Vidarbha region. COlnposite soil and leaf samples were collected 

analyzed using standard procedures. 



According to DRIS, orchards were divided into two sub-groups based on 

'low" and "'high" yield perf"ormance as population - 'A ~ and population-' B' 

respectively. The cutoff value tor dividing high and low yield "vas 400 truits per 

tree for each orchard. Soil f"ertility and leaf nutrient norms were developed for 

each flush of Nag pur Inandarin orchards in Western Vidarbha using ORIS. 

Soil characteristics showed that the soils are neutral to moderately alkaline 

In reaction, non-saline in nature and mediuln to high in organic carbon. All the 

soils were slightly calcareous to calcareous in nature. In general higher nutrients 

and higher organic 111atter content and low CaC0
3

- in soils were favourable 

conditions for higher yields. In high yielding sUb-population particularly, the 

yield of ambia \-vas comparatively more than mrig and so \-vas the trend of 

available nutrients in soil. 

Leaf nutrient status of both flushes indicated higher mean values of N, Ca, 

Mg, Sand Inicronutrients \-vhereas status of mean P and K was higher in IO'\-" 

yielding orchards. MaxiInurn nutrients (excepting Mg, Cu and Zn) were having 

higher concentration in ambia flush than in nlrig flush and so was the yield 

perfoTlnance. 

ORIS norn-IS as new ratings for soil fertility and leaf nutrient status ,\-vere 

developed and divided into five classes viz. very low or deficient, low, optilnum, 

high and excess. DRIS indices vvere derived for soil fertility and leaf nutrient 

status of low as well as high yielding orchards which have negative, positive and 

zero values. The nutrient with most negative index '\.vas considered relatively the 

1110St limiting i.e. 1110St required where as positive index indicates relatively 

excessive quantity and lesser requireJnent. Zero index is with optirnutTI balance. 

rrhe set of recomlnendation based on ORIS indices vis- Q- vis DRIS nOrJns for the 

individual ot·chard it applied, will resulted in increase of yield ot subsequent crop. 

rrhllS in Inaking Ineaningflll recommendation, \-vhich will have the highest chance 

of increasing yield profitably, ORIS indices, based on leaf analysis can be adopted 

for conven ience and for correct reflection.DRIS indices are not only used for lo\-v 

yielding but also for those high yielding orchards in which yield can further 

increase econolnically. 




