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         Introduction 

 

Today's main priority is feeding ever-increasing populations. We have to look 

for the approaches for vertical growth in crop production on a sustainable basis, as the 

horizontal expansion in area is not possible. The per capita land availability is likely 

to be reduced from 0.14 ha in 2000 to 0.10 ha in the year 2025 (Kumar and Shivay, 

2010). It would mean augmenting the food production from the shrinking land and 

other natural resources by increasing their use efficiency. To meet out the future 

necessities, there is a need of better planning and resource management except for 

intensification of cropping intensity. Improving soil health is important for India as it 

support 17 per cent of the world’s population on just 2.4 per cent of the world’s 

geographical area. Agriculture continues to be a dynamic component of India’s 

economy contributing over 13.7 per cent of India’s GDP and providing employment 

to 55 per cent of its population. Managing soil health is a difficult challenge for 

national food security to ensure productivity, profitability and sustainability. 

Maintaining soil health is one of the key elements that contribute to sustainable 

production of agriculture. 

Intensive cropping has led to impressive growth in food grain production 

driven by advanced seed varieties, fertilizer application, and assured irrigation. NPK 

consumption ratio changed from 7.2:2.9:1 during 2012-13 to 6.1:2.5:1 during 2017-

18 (FAI, 2017-18). The inadequate and imbalanced nutrient use coupled with low 

nutrient use efficiency and devoid of organic manures has caused multinutrient 

deficiencies in many areas with time. Moreover, low nutrient use efficiencies, which 

vary from 30-50% (N), 15-20% (P), 60-70% (K), 8-10% (S) and 1-2% 

(micronutrients). The overall fertilizer response in the irrigated area decreased nearly 

three times from 13.4 kg grain kg-1 NPK in 1970 to 3.7 kg grain kg-1 NPK in 2005. 

This indicates that nearly four times more fertilizers are being required presently 

compared to that of 1970 to sustain the same yield (Chaudhary et al., 2015). Benbi et 

al. (2006) reported that NPK's deteriorating partial factor productivity in food grain 

production fell from 81 kg of grain per kg of NPK in 1966-67 to 16 kg of grain per kg 

of NPK in 2003-04. 

Chapter 1 
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Fertilizers are the key player among different factors contributing towards 

agricultural production. One of the most vital factors in sustaining agricultural 

production and soil health is balanced nutrient use. Due to their differential production 

potential and their ability to mine nutrients from native and fertilizer sources, the 

fertilizer needs of different crops differ. The amount of fertilizer applied to crops 

therefore, depends on the soil's initial nutrient status, yield and management of crop and 

fertilizers. Management of fertilizers plays an essential role in achieving a satisfactory 

yield. This can be done by involving organic resources, bio-fertilizers, and 

micronutrients in order to increase crop productivity (Pingali and Pandey, 2005). 

The present day objective of soil testing is to recommend “balanced and 

integrated use of fertilizers”. Balanced fertilization would essentially mean rational use 

of fertilizers and organic manures (integrated use) for the supply of plant nutrients for 

agricultural production in such a way as to ensure; i) fertilization efficiency ; (ii) 

optimal positive and synergistic interactions between the various other production 

factors (seed, water, etc.); (iii) least adverse environmental effects (for example, 

leaching, denitrification and other N losses), (iv) minimum nutrient losses, and (v) high 

yields appropriate to the biological potential of the crop variety under the unique soil-

climate-agro-ecological set-up (Goswami, 1982). In many cases, farmers apply very 

high doses of fertilizers than required particularly N without adequate P and K. Such 

conditions not only results in crop failures through pest and diseases but also causes 

soil deterioration and pollution risks besides increasing input cost. Thus, balanced 

nutrition after soil testing will enhance the fertilizer use efficiency and help in 

achieving sustainable economic farming. Balanced nutrition no longer means the 

application by fertilizer of nitrogen, phosphorus and potassium alone in a certain 

proportion, but it should ensure that the nutrients in the available forms are the 

insufficient quantity and proportion required within the soil to satisfy the requirement 

of the crops to acquire the desired yield levels. In soil, nutrients are often found in 

sufficiently good quantities and in a balanced proportion to meet the requirements of 

crop nutrients. In order to attain this, it is essential that the number of nutrients removed 

from the soil should be replenished through judicious use of fertilizers and manures. 

This needs a more comprehensive approach for fertilizer use, incorporating components 
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like soil test, field research and economic evaluation of the results. Soil test provides 

the required information on the amount of nutrients available in the soil and its 

imbalances, while recommendations for fertilizers are intended to correct crop 

requirements for nutrient imbalances. Soil testing has been recognized as reliable 

tools for balanced fertilization and efficient fertilizer management. Soil testing 

programme turned into began in India during the year 1955-56 with the setting-up of 

16 soil testing laboratories under the Indo-US Operational Agreement for 

“Determination of Soil Fertility and Fertilizer Use”. At present 1250 soil testing labs 

are in operation in the country. Soil testing is a sound scientific device for measuring 

soil's inherent ability to deliver plant nutrients, established through scientific 

research, extensive field demonstrations and on the premise of actual fertilizer use 

recommendations by farmers on soil test based fertilizer use. 

Among various fertilizer recommendation approaches, including general 

recommended dose, recommendation based on soil testing, critical soil test value 

approach, etc. The targeted yield approach based on soil test-crop response (STCR) is 

unique in the sense that this method indicates not only the soil test-based fertilizer 

dose, but also the extent of yields that the farmer may wish to achieve if good 

agronomic practices are applied to the crop. The concept of targeted yield strikes a 

balance between crop fertilization and soil fertilization. Numerous fertilizer 

adjustment equations have been generated by the All India Coordinated Research 

Project on STCR (AICRP on STCR) to recommend fertilizers to crops grown on 

different soils in different agroecological areas across the country. Further, for 

recommending fertilizers to cropping systems, initial and predicted post – harvest soil 

test values have been employed with reasonable success (Rao and Srivastava, 1998). 

One of the important advantages of this approach is that farmers have the options to 

relate their resources with a desired level of yield target. Choosing the appropriate 

target and application of required amount of plant nutrient ensure the most judicious 

and balance fertilization and also helps to sustain soil productivity and crop 

production. The theory of formulating optimum fertilizer recommendation for a 

targeted yield of crops was first given by Truog (1960), which was further modified 

by Ramamoorthy et al. (1967).  
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Experimental data based on field experiments with soil test crop response 

(STCR) provide scope for a wide range of soil test values, nutrient uptake, and yield 

levels, enabling a researcher to derive four basic parameters: (i) nutrient requirement 

(NR), (ii) per cent contribution of available nutrient from soils (CS). (iii) Per cent 

contribution from the applied fertilizer (CF), and (iv) per cent contribution from the 

organic manures (CFYM). Applying soil-based fertilizer doses to a crop would help 

achieve a higher response ratio and a higher benefit cost ratio as the nutrients are 

applied in proportion to the magnitude of a particular nutrient's deficiency. This 

targeted yield approach is also scientifically sound as balanced fertilization is ensured 

not only among the nutrients of the fertilizer but also among the nutrients available in 

the soil. Rao and Srivastava (1999) reiterated that the calibration of the soil test is 

intended to establish a relationship between the levels of soil nutrients as determined in 

the laboratory and the response of crops to fertilizers observed in the field. Because of a 

wide variety of soils, different climates, crops, and management practices, the great 

difficulty in soil testing crop response increases. A well-established calibration of soil 

testing, therefore, helps to apply fertilizers in accurate quantities and to obtain high 

efficiency of use for maximum possible yield in an eco-system.  

Continued use of inorganic nutrients can adversely affect the soil's 

physicochemical properties and thus affect crop yields. Conjunctive use of organic 

manures, biofertilizers, and fertilizers is very important in order to maintain yield and 

reduce dependence on inorganic fertilizer use. The various AICRP centers on STCR 

have developed equations to include organic manures and/or biofertilizers to prescribe 

the nutrients to the crop's specific yield target. However, such information on the use of 

fertilizer adjustment equations for prescribing nutrients from different sources is very 

meager. 

Vegetables are of great importance as a source of vitamins, minerals and plant 

proteins which play vital role in human diet all over the world. India is the world’s 

second largest vegetable producer, next to china and accounts for about 15% of the 

world’s production of vegetables. Significant emphasis has been placed on increasing 

vegetable crop production in India over the last two decades. Consequently, adequate 

and balanced use of fertilizer in vegetable production will not only improve the 

nutritional requirement but can also meet the challenge of providing adequate food to 

the country's growing population. 
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Cauliflower (Brassica oleracea var. botrytis L.) is one of the most popular 

vegetable crop among the cole crops and has originated from the Mediterranean region. 

It was introduced in our country in 1822. Cauliflower belongs to family brassicaceae 

and is grown for its white tender curd which is used for vegetable, curry, soup and 

pickle preparations. The name cauliflower originated respectively from the Latin words 

'caulis' and 'floris' meaning cabbage and flower. The edible part of this vegetable is 

about 45% of the plant. (Rai and Yadav, 2005). Besides being good source of protein 

and carbohydrates, cauliflower is a rich source of vitamins and minerals (Bana et al., 

2012). Cauliflower fresh curd are highly nutritive and contain moisture 90.8 g, protein 

2.6 g, fat 0.4 g, minerals 1.0 g, fiber 1.2 g, carbohydrates 4.0 g, calcium 33 mg, 

phosphorous 57 mg, iron 1.5 mg, carotene 30 mg, thiamine 0.04 mg, riboflavin 0.10 

mg, niacin 1.0 mg vitamin-C 56 mg per 100 g of edible portion (Jood and Neelam, 

2011). Cauliflower's therapeutic effect was well recognized. The inflorescence extract 

was used as a blood purifier and as an antacid in the treatment of scurvy. The seeds 

have the properties of contraception. It has been reported that cauliflower extract is 

effective in inhibiting carcinogenesis initiation and promotion in vitro. Ascorbic acid, 

carotenoids, tocopherols, isothiocyanates, indoles, and flavonoids are potential 

chemopreventive agents. When consumed, the vegetable provides health benefits for 

both humans and animals due to its abundance of vitamins, particularly vitamin C, 

which is known to provide protection against certain types of cancer, help lower blood 

cholesterol and serve as strong antioxidants Batabyala et al. (2016).  

India ranks second in area and production of cauliflower in the world after 

China. India contributes approximately 13 per cent of the world's vegetable production 

and ranks first in the world's cauliflower, second in onion and third in cabbage. In India 

major cauliflower growing states are West Bengal, Bihar, Maharashtra, Madhya 

Pradesh, Orissa, Gujarat, and Haryana, etc. It is grown in an area of 9,73,452 ha at 

global level with an annual production of 1,76,62,424 MT (FAO, 2005). Cauliflower in 

India occupies an area of 426,000 ha with a production of 80, 90,000 MT while 

cauliflower occupies an area of 3,010 ha with a production of 38,490 MT in 

Uttarakhand (NHB, 2017). With the adoption of high yielding varieties and improved 

production technologies, there has been a significant increase in both vegetable 

production and productivity. At the same time, indiscriminate use of chemical fertilizers 
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has resulted in many problems such as soil productivity degradation, pollution of the 

environment, depletion of non-renewable energy sources, etc. The use of chemical 

fertilizers should, therefore, be balanced, judicious and minimized and can be replaced by 

the integrated use of manures, fertilizers, green leaf manure and bio-fertilizers. 

The reason behind poor productivity is the adoption of unscientific crop 

management practices. The growing of high yielding varieties and the use of chemical 

fertilizers are increasing day by day. Among the crop management practices, balanced 

use of nutrients plays a key role in improving productivity and quality. Plant nutrients are 

the essential components of sustainable agriculture. Undoubtedly, for optimum plant 

growth and production, the essential nutrient must be readily available in sufficient 

amount and balanced form. Nitrogen, phosphorus, and potassium are the most effective 

nutrients for enhancement of growth, yield, and quality of cauliflower. Nitrogen enhances 

vegetative growth, phosphorus promotes the development of root and shoot and 

potassium provides resistance against diseases and insect pests (Das, 2012).  

Cauliflower is a heavy nutrient feeder that thoroughly responds to nutrient 

supplements through farm yard manure (FYM), bio fertilizers, green manures, and 

chemical fertilizers (Sharma and Rana, 1993). The doses of fertilizer recommended by 

the Soil Test Crop Response (STCR) correlation method are based on fertilizer 

adjustment equations. These equations are developed after a significant relationship has 

been established for a particular soil type between soil test values and added fertilizer 

levels and crop response. Therefore, recommendations for fertilizers based on the 

concept of STCR are more quantitative, accurate and meaningful because it involves the 

combined use of soil and plant analysis. It provides a real balance between the nutrients 

applied and the nutrients already present in the soil. 

Keeping above all in view, the present experiment “Optimization of fertilizer 

doses through STCR approach for cauliflower (Brassica oleracea L var. botrytis) grown 

in Mollisols” was conducted with the following objective: 

1. To study response of soil and applied N, P, K and FYM on growth, yield 

and quality of cauliflower. 

2. Evaluation of availability indices of phosphorus and potassium for 

cauliflower. 
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3. To estimate the soil and applied nutrients efficiencies of N, P, K and FYM 

by cauliflower. 

4. To predict post-harvest soil test value for N, P and K. 

5. To generate database for online fertilizer recommendations. 

 



 

 

Review 
of 

Literature 



Review of Literature…? 

Review of Literature  
 

 

Soil testing is a scientific tool to estimate soil fertility by predicting the 

probability of a profitable response to fertilizer recommendation. Soil testing plays 

a vital role in recommending soil test fertilizer that ensures balanced crop nutrition 

and also avoids the wasteful use of this expensive input. Soil testing is the first 

entry point to the field of the farmer to extend the transfer of agro-technology to 

him, including long-term management of soil fertility (Ramamoorthy and 

Velayutham, 2011). Therefore, soil-based application of fertilizer is encouraged 

worldwide. Soil testing helps us to know the nutrient status and soil imbalances and 

apply the amount of nutrients needed to overcome imbalances and maintain yield 

(Subba Rao and Srivastava, 1998). In conventional soil testing, the fertilizer 

recommendation is usually given for different crops, taking into account only the 

available soil nutrient status prior to growing a crop, by classifying soil into low, 

medium and high fertility classes. Within a fertility class there is a very wide range 

of particular nutrients, ignoring vast differences in the absolute amount in the soil 

while recommending fertilizer. “Inductive cum Targeted yield approach” provided 

initially by Truog (1960) and redesigned by Ramamoorthy et al. (1967) states a 

scientific principle for balanced fertilization and balance of soil and applied 

nutrients.  

The STCR based fertilizer recommendations also known as “Prescription 

Based Fertilizer Recommendations” takes into account every bit of nutrient present 

in the soil for achieving a targeted yield of crops under a particular agro-climatic 

situation. The prescription-based fertilizer recommendation approach not only helps 

in achieving higher yield, benefit-cost ratio and response ratio but also in improving 

crop nutrient uptake. Khosa et al. (2012) achieved reasonable limits of yield and 

economic return when the fertilizer was applied on a soil test basis in the majority 

of the crops thus establishing the usefulness of the prescription equations for 

recommending soil test-based fertilizer application to the farmers, they also 

established the superiority of the target yield concept over other practices. The 

recommendations here are more quantitative, more accurate and more meaningful 

Chapter 2 
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because it involves the combined use of soil and plant analysis. Like other 

vegetables, cauliflower responds well to the addition of nutrients through Farm 

Yard Manure (FYM), organic fertilizers, green manures and chemical fertilizers 

(Sharma and Rana, 1993). 

 Therefore, the present investigation entitled “Optimization of fertilizer 

doses through STCR approach for cauliflower (Brassica oleracea L var. botrytis) 

grown in Mollisols” was carried out and search of relevant review is made in this 

chapter. The information on above aspects has been reviewed under following 

heads: 

2.1 Suitability of different methods of N, P and K to determine 
available nutrients status 
In research and development of soil testing, the greatest efforts initially 

devoted to (I) development of better tests and techniques for obtaining indices of 

nutrient availability and (II) use of these tests to chemical analysis of soil samples 

and make fertilizer recommendation for farmers. Since soil test methods differ with 

crop and soil. Therefore, to increase the suitability of soil tests necessitates an 

update of methods and instrumentation. The development of new procedures, 

refinement and standardization of existing ones ensure increased accuracy and 

precision of tests, and reproducibility of results needed in the rapid analysis of soil 

samples. The development of a multinutrient sextractant is one of such advancement 

needed to cut down cost, save time and increase the efficiency in routine analysis of 

large numbers of soil samples (Jones, 1990 and Westerman, 1990). Since the studies 

involved establishing extractant for determination of available N, P and K from 

soils, number of extractant were used by the researcher to make testing more precise 

and accurate. 

Soil test method for available nitrogen, phosphorus and potassium were 

evaluated for various crops are as follow: 

2.1.1  Available nitrogen 

Some important chemical methods for estimation of available nitrogen are 

given as in Table 2.1. 
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Table 2.1: Important chemical methods to estimate availability index of soil 
nitrogen 

S. No. Method Reference 

1. Organic carbon  Walkley and Black (1934) Peterson 
et al. (1960) and Bajaj et al. (1962) 

2. Alkaline KMnO4 oxidizable N (0.32% 
KMnO4 + 2.5% NaOH) 

Subbiah and Asija (1956) 

3. Boiling water extractable N Livens (1959) 

4. 0.25 N H2SO4 Richard et al. (1960) 

5. 1NNaOH Cornfield (1960) 

6. Ca (OH)2-Nitrogen  Prasad (1961) 

7. Nitrate-nitrogen  Bremer (1965) 

 

Joshi et al. (1973) found that ‘A’ value of wheat was closely correlated with 

organic carbon (r=0.95). Vatsa et al. (1973) evaluated eight methods for determination 

of nitrogen in Tarai soils using maize (Ganga-4). The linear and multiple regression 

analysis revealed that organic carbon method (R2=0.48) is good for estimating the 

availability of nitrogen for soils of Nainital Tarai.  

Dhawan et al. (1992) concluded that alkaline KMnO4 method was best suited 

for nitrogen determination in rice grown soils but organic carbon method was most 

suitable for wheat grown soils. 

Hussain et al. (1994) found that computation of mineral plus mineralizable 

nitrogen by modified alkaline KMnO4 method which was most closely correlated with 

wheat dry matter and nitrogen uptake, compared with mineral nitrogen as (NH4
+ + NO3

-) 

by 2 N KCl and mineral nitrogen as NO3
- by 2N KCl while measuring soil available 

nitrogen in fifty soils from agricultural fields of Pakistan. Among chemical methods, 

available nitrogen extracted by hot K2Cr2O7, cold K2Cr2O7 and alkaline KMnO4 was 

suitable for predicting nitrogen availability to rice. But the K2Cr2O7 oxidizable nitrogen 

method was simple, rapid, reliable and large number of samples could be handled in a 

short time (Laxminarayana and Rajagopal, 2000). Estimates of correlation between 

organic carbon and soil nitrogen were significantly correlated (Rao et al., 2002). 

Laxminarayana and Patiram (2006) reported that ammonical N determination is 

a simple, rapid and reliable method and it is adaptable for routine analysis for 
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determining the available N status in rice soils of Mizoram. Sati (2008) observed that 

organic carbon and alkaline-KMnO4 methods were equally suitable for evaluation of 

available nitrogen for yellow sarson in Pantnagar, Uttrakhand. 

Sati (2008) and Upadhayay (2012) observed that organic carbon and alkaline-

KMnO4 methods were equally suitable for evaluation of available nitrogen in Mollisol 

of Uttrakhand. 

Bordoloi (2013) conducted a pot experiment to study the estimate of soil N-

supplying capacity which is essential for efficient fertilizer use. Six chemical indices of 

soil N-availability were evaluated in this study involving twenty acidic soils that vary 

widely in properties, viz. organic carbon, total N, acid and alkaline-KMnO4 extractable-

N, hot KCl extractable-N and phosphate-borate buffer extractable-N, Based on their 

correlation strength with available-N values obtained through aerobic incubation and 

anaerobic incubation, as well as dry matter yield, N percentage and plant (maize) N 

uptake. Correlations of the N-availability indices with aerobic incubation and anaerobic 

incubation decreased in the order: Phosphate-borate buffer extractable-N (r = 0.784** 

and 0.901**) > KCl extractable-N (r = 0.773** and 0.743**) > acid KMnO4-N (r = 

0.575** and 0.651**) ≥ organic carbon (r = 0.591** and 0.531**) ≥ alkaline KMnO4-

N (r = 0.394** and 0.548**) > total N (r = 0.297** and 0.273*). Of all the indices 

evaluated, Phosphate-borate buffer extractable-N showed the best correlations with 

plant parameters (r = 0.790** and 0.793** for dry matter yield and plant N uptake 

respectively). Based on the highest correlations of extractable-N phosphate-borate 

buffer with biological indices as well as plant responses, they reported extractable-N 

phosphate-borate buffer as an appropriate N-availability index in India's acidic soils 

and other similar soil regions. 

Thus considering suitability, simplicity and cost. The organic carbon and 

alkaline-KMnO4 oxidizable nitrogen methods seemed to be promising for testing 

available nitrogen in Mollisol. 

2.1.2  Available phosphorus 

Available phosphorus in soil is estimated by common methods listed in table 

2.2. 
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Table 2.2:  Important chemical methods to determine availability index of soil 

phosphorus  

S.No. Method Reference 

1. 0.002 N H2SO4 (pH 3.0) Truog (1930) 

2. 0.125 N NaOH + 0.175 N NaOAc Morgan (1941) 

3. 0.025 N HCl + 0.03 N NH4F (Bray I) Bray and Kurtz (1945) 

4. 0.1 N HCl + 0.03 N NH4F (Bray II)  Bray (1945) 

5. 0.05 N HCl + 0.025 N H2SO4 Nelson et al. (1953) 

6. 0.05 N HCl + 0.025 M H2SO4 Mehlich No. 1 (1953) 

7. 0.5 M NaHCO3(pH 8.5) Olsen et al. (1954) 

8. Phosphorus fractionation  Chang and Jackson (1957) 

9. Phosphate potential  Beckett and White (1964) 

10. Neutral 0.0025 N Na2EDTA Ahmed and Islam (1975) 

11. AB-DTPA (1 M NH4HCO3 + 0.005 M 
DTPA at pH 7.6) 

Soltanpour and Schwab (1977) 

12. 0.73 M NaOAc + 7.4 M HOAc (at pH 4.8) Morgan and Wolf (1982) 

 

Singh (1973) reported that Olsen’s method to be highly correlated with 

phosphorus uptake and percentage yield response using wheat as a test crop in six 

alluvial soils of Uttar Pradesh. Similar results were also obtained in maize by Singh 

(1973) and in wheat by Dubey et al. (1974). 

Pathak et al. (1975) found that Olsen’s extractable phosphorus have significant 

correlation with crop yield while working on alluvial soils of Indo-Gangetic plains. 

Thakur et al. (1977) observed that Olsen’s phosphorus was closely correlated with 

yield and phosphorus uptake of crop while testing six available phosphorus methods. 

Dalwadi (1993) evaluated different methods of Phosphorus at NAU, Navsari. 

Soil samples were collected from nine soil series of Navsari district and P determined 

through Olsen’s, Modified Olsen’s, Bray’s P-1, Ammonium acetate + Acetic acid, 

Sodium acetate + Acetic acid, North Carolina, Triacid, Mehlich 2, Mehlich 3 and AB-

DTPA methods. He also correlated the P amount extracted by different methods with 

yield and uptake of P by sugarcane and found that P extracted by Olsen and AB-DTPA 

methods were significantly and positively correlated. 
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Sharma and Parmar (1998) reported that Olsen’s phosphorus gave positive and 

significant correlation value of 0.708 with crop yields and phosphorus uptake by wheat. 

Gonzalez et al. (1999) studied the correlations and calibration of four extraction methods 

for available phosphorus viz. Olsen’s, North Carolina, Bray P and Soltanpour and 

Schwab, and found that best extraction method was the Olsen’s method. 

Sarkar and O’connor (2001) used Pi soil test method successfully to assess 

phosphorus availability in a variety of soils of Florida, USA, followed by Mehlich-1 

method. 

Sonar and Palwe (2002) carried an experiment to calibrate soil test methods for 

available phosphorus in swell-shrink soils for wheat. Soil available P was estimated with 

6 extractants viz. 0.5 M NaHCO3 pH 8.5 (Olsen P), 10% NaOAc pH 4.8 (Morgan P), 

0.03N NH4F+0.025N HCl (Bray P), 1 M NH4- HCO3+0.005 M DTPA pH 6 (Soltanpour 

P), 0.002 N H2SO4 pH 3, (Truog P) and 0.05 N HCl+0.0025 NH2SO4 (Nelson P). Critical 

limits were calculated using the scatter diagram and yield percentage and P uptake. Soils 

with low Olsen P recorded lower grain yield percentage pointing to efficient use of 

applied P than in medium and high Olsen P soils. The percentage of wheat yield showed 

a significant relationship with soil-extractable Olsen, Morgan, Soltanpour, and Bray 

estimates. Between Olsen P and percentage of wheat grain yield (r=0.915) and Olsen P 

and percentage of wheat uptake (r=0.894) the highest correlation coefficient values were 

observed. The scatter diagram showed that, according to Olsen's method, the critical limit 

for soil P was 29 kg ha-1. Thus, it was found that Olsen's method is best suited for 

estimating available P in Western India swell-shrink (Inceptisols) soils. Bonfim et al. 

(2003) observed phosphorus recovery was in the order: Bray-1>Mehich-3> Mehlich1 and 

concluded Mehlich-1 and Mehlich-3 were best extractants to estimate the plant available 

phosphorus in the surface soils collected from Brazil.  

Dolui and Majumdar (2003) reported extracting power of different extractants 

in the order: Bray-2> Olsen> North Carolina>Bray-1>Soltanpour and Schwab, to 

estimate the available phosphorus status in soils of West Bengal and Uttar Pradesh.  

Bolland et al. (2003) concluded that for superphosphate-treated soils in south-

western Australia (most soils), Instead of the Colwell sodium bicarbonate method, the 

Mehlich-3 method could be used to measure soil test P, supporting the Mehlich-3 

procedure to be developed as a multi-element soil test for the region. 
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Boparai and Sharma (2003) reported the amount of P extracted by different 

extractants was in the order of Bray P > Olsen P > water soluble P > saturation extract P. 

Maftoun et al. (2003) found that the Olsen method provided the best correlation 

coefficients with rice growth parameters (dry matter yield and P uptake), followed 

under aerobic conditions by Colwell and Soltanpour and under anaerobic conditions by 

Soltanpour, and suggested Olsen's test method as a more suitable extract to predict rice 

availability of P under oxidized and reduced soil conditions. 

Ghanei (2004) in his experiment showed that the amount of extractable P 

decreases in the order: 0.01 M CaCl2<Pi2<AB-DTPA<Pil< Olsen<Colwell< Mehlich-

1<0.1M HCl.  

Mallarino and Atia (2005) observed that extraction of phosphorus through ion 

exchange provided a better estimate of plant available phosphorus. Further calibrated a 

test based on a commercially available ion- exchange resin membrane and compared it 

with Bray-1, Mehlich-3 and Olsen’s test with corn and showed that ion- exchange resin 

membrane and Olsen’s had similar capacity to predict corn response to phosphatic 

fertilizer but lower than for Mehlich-3 and Bray-1 was equally good except for high pH 

and calcareous soil. 

Olsen (0.5 M NaHCO3, pH 8.5), Mehlich-3 (0.2 N CH3COOH + 10 0.013 N 

HNO3 + 0.015 N N NH4F + 0.25 N N NH4NO3 + 0.001 M EDTA) and Bray and Kurtz-

1 (0.03 N N NH4F + 0.025 N HCl) were compared by Enamul et al. (2013) in 

Bangladesh. In Olsen > Mehlich-3 > Bray and Kurtz-1, they found the mean extractable 

P. The correlation between Olsen-P and mehlich-3-P (r=0.924**) and Bray and Kurtz-

1-P (r=0.929**) was significantly higher. 

The result of this study indicated that a specific extractant did not always hold 

good to assess the available P status of all soils, as was done in routine soil testing 

laboratory. In conclusion, it would be mentioned that land use pattern which influenced 

the physio-chemical characteristics of the soils and thereby stability of different 

inorganic P forms, must be considered to choose the most suitable soil test method for 

estimating available P status. Therefore, it may be inferred that among all the methods 

mentioned above, Olsen’s method is mostly used for neutral and alkaline soils to 

determine available phosphorus in soil. 
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2.1.3  Available potassium 

Important chemical methods to estimate availability index of soil potassium are 

listed in table 2.3. 

Table 2.3:  Important chemical methods to determine availability index of soil 
potassium  

S.No. Method Reference 

1. 1 N NHO3 soluble (1: 10 soil extractant 
ratio, 10 min shaking) 

Wood and De Turk (1940) 

2. 0.125 N NaOH + 0.175 NNaOAc Morgan (1941) 

3. 1 N neutral NH4OAc (1:5 soil extractant 
ratio, 5 min shaking) 

Hanway and Hiedal (1952) 

4. Acetic acid soluble (1:2 soil extractant 
ratio, 30 min shaking)  

Willium and Stewart (1955) 

5. 1.38 N H2SO4 soluble (1:2 soil 
extractant ratio, 15 min. shaking)  

Hunter and Pratt (1957) 

6. Q/I parameters  Beckett (1964) 

7. Water soluble (1:5 soil water ratio, 30 
min shaking) 

American Society of Agronomy 
(1965) 

8. AB-DTPA (1 M NH4HCO3 + 0.005 M 
DTPA at pH 7.6) 

Soltanpour and Schwab (1977) 

 

Soil test crop response correlation studies at Pantnagar showed good correlation 

between potassium extracted by neutral normal ammonium acetate and yield of paddy 

and wheat (ICAR, 1970). Sachan et al. (1972) found that neutral normal ammonium 

acetate method of potassium extraction worked well in Mollisol using mustard as a test 

crop. Pathak et al. (1975) reported that in alluvial soils of Indo-Gangetic plains, 

exchangeable and hydrochloric acid soluble forms of potassium correlated well with 

available potassium as determined by NH4OAC and Morgan’s extractant, respectively. 

At the same time as examining the routine soil analysis methods, Johnston and 

Goulding (1990) concluded that exchangeable K as determined by extraction with normal 

neutral ammonium acetate provides a good estimate of soil K availability to plants.  

Pal and Bansal (1999) evaluated different soil extractant for better prediction of 

plant available potassium in smectite soils and noticed the average amount of K 

extracted by six extractant was in the order: H2SO4> NH4OAc > HNO3> AB-DTPA > 

Mehlich-3 >NaCl. On the basis of final regression values, NH4OAc was the best 

predictor of K availability in smectite soils. 
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Soil potassium supply power was studied by Ziadi et al. (2001) in Canada to 

evaluate efficiency by electro-ultra filtration (EUF) and chemical methods. Potassium 

extracted by various methods were as follows: EUF at 200 V and 200C (59 mg kg-1), 

EUF at 400 V and 800C (68 mg kg-1), Mehlich III (202 mg kg-1), 1 M NH4OAC (214 

mg kg-1) and 1 M HNO3 (1808 mg kg-1). But highly significant relationships 

(0.97<R2<0.99) between potassium extracted by EUF at 200 V and 200C. 

Shanwal and Singh (2004) observed that 0.5 N HNO3 at 250C extractable 

potassium was found best method for barley and maize and 3 N HNO3 at 400C 

extractable potassium for wheat and bajra, while testing fifteen soil samples collected 

from light textured soils of Haryana, Punjab and Rajasthan. 

Matula (2009) conducted an experiment to test the universality of three water, 

NH4OAc and Mehlich 3 multinutrient soil tests with 36 soils. Barley pot experiment 

was also conducted in a growth chamber to determine soil bioavailability of K. The 

range of water, NH4OAc and Mehlich 3 extracted K was 8-212, 82-831 and 89-1032 

mg kg-1. However, nutrient uptake by barley was highly correlated with NH4OAc 

extracted K (r=0.83**) followed by water (r=0.82**) and Mehlich 3 (r=0.79**) 

extracted K. 

Hosseinpur and Zarenia (2012) were classified into 4 groups based on the 

extraction mechanism using nine extraction solutions for soil potassium extraction. The 

first group was acid extractants, boiling 1 mol/L HNO3, 0.1 mol/L HNO3, 0.1 mol/L 

HCl, and Mehlich 1. The second group includes 0.1 mol/L BaCl2, and 0.01 mol/L 

CaCl2. The third group includes 1 mol/L NH4OAc (ammonium acetate), and AB-DTPA 

(ammonium bicarbonate-diethylenetri-aminepentaaceticacid), and finally distilled 

water. The correlation studies showed that NH4OAc, AB-DTPA, 0.1mol/L BaCl2, 0.1 

mol/L HCl, and boiling 1 mol/L HNO3 could not be used as available K extractants. 

But other extractants were significantly correlated with relative yield, plant response, K 

concentration, and K uptake. These extracting solutions can therefore be used as K 

extractants available. 

2.2 Different approaches of calibration of Soil Test Value, 
Interpretation and Fertilizer Recommendation 
After soil testing, calibration become next most critical step, unless soil test 

values are related to some measures of crop productivity, the soil test values are simple 

numbers with no relevance for fertilizer recommendation. The process of determining 
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the crop productivity and soil test value relationship is commonly referred as 

calibration of chemical soil test value. The calibrated soil test value indicates the degree 

of the nutrient's deficiency and the amount of nutrient used as fertilizer to correct the 

deficiency. While interpretation of the soil test includes an economic evaluation of the 

relationship between the value of the soil test and the response of nutrients. The task of 

making fertilizer recommendation from soil test require comprehensive knowledge of 

diverse area such as soil chemistry, fertility, mineralogy, classification of crop and 

economics. Various approaches for calibration of soil test values, interpretation and 

fertilizer recommendation are as follows: 

2.2.1 Various approaches of calibration and interpretation of soil test 

values 

2.2.1.1 Mitscherlich’s approach 

Relationship between yield, added fertilizer and amount of nutrient present in 

soil was mathematically expressed by the Mitscherlich’s equation “the law of the soil” 

and later as “the law of the action of the growth factors”.  

Mitscherlich (1909) derived the “law of diminishing return” which was based 

on the assumption that a plant under optimum conditions produces maximum yield but 

if one essential factor is deficient, a corresponding decrease in yield takes place. Which 

was expressed as: 

 Y)-(A C  
dX
dY

=  

Where, 

 dY= Increase in yield caused by small increment of growth factor X 

 dX = Increment of growth factor X  

 A = Maximum yield under optimum supply of growth factors 

 C = Proportionality constant, called efficiency factor  

The integration of the above equation leads to:  

log (A-Y) = log A – CX 
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Where, 

Y = Yield obtained with X quantity of growth factors  

X = amount of growth factor  

Range of C = 0-30 

 According to Mitscherlich’s equation, the value of C is same for a soil as well 

as for a fertilizer form of nutrient.  

2.2.1.2 Mitscherlich-Bray approach 

 However, Bray (1944) suggested that the efficiency factor (C) depends on 

nature of growth factor and has different values for soil and nutrient sources. He 

modified the Mitscherlich’s equation as: 

log (A-Y) = log A – C1b-CX 

Where, 

 A= Maximum yield when all nutrients are present in adequate  

quantities 

 Y = Yield obtained with nutrient b, when it is less than adequate. 

 C1 = Efficiency factor for nutrient, supplied by soil  

 X = Quantity of fertilizer nutrient  

 C = Efficiency factor for apply fertilizers 

This equation gave only the effect of growth factor on the yield of plants. It did not take 

into account that different types of plants grown on the same soil give different yield 

(Wilcox, 1949). 

2.2.1.3 Targeted yield approach 

Concept of fertilizer prescriptions for desired targeted yields based on the 

available nutrient status was first put for- ward by Truog (1960). Ramamoorthy et al. 

(1967) established theoretical basis and experimental verification for the principle of 

fertilizer application for the targeted yield of field crops.  

2.2.1.4 Multiple regression approach  

Ramamoorthy et al. (1967) suggested a realistic and more practical approach for 

prescribing fertilizer doses based on soil test values for achieving either maximum yield 
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or maximum profit, based on the creation of artificial fertility gradients (Inductive 

approach). In this approach, Ramamoorthy (1974) established a significant relationship 

between soil tests, fertilizer doses and crop yield by fitting a multiple regression of the 

quadratic form taking linear terms of soil and fertilizer nutrients and interaction terms 

of soil and fertilizer nutrients. By conducting gradient experiment, a range of soil test 

values are created in one and the same field for minimizing interference of other factors 

affecting crop yield and relate them through multiple regression with curvilinear 

response function. 

The regression equation obtained using quadratic function is as given below:  

Y = A ± b1SN ± b2 SN2 ± b3 SP ± b4SP2 ± b5 SK ± b6 SK2 ± b7 FN ± b8 FN2 ± b9 

FP ± b10 FP2 ± b11 FK ± b12 FK2 ± b13 FN SN ± b14 FPSP ± b15 FK SK 

Where, Y = crop yield (kg ha-1), A = intercept (kg ha-1), b1 to b15 = regression 

co-efficient; SN, SP and SK are soil available N, P and K (kg ha-1) respectively and FN, 

FP and FK are fertilizer N, P2O5 and K2O (kg ha-1) respectively. Fertilizer calibrations 

for obtaining maximum yield and profit per hectare could be derived where the 

response to added nutrient follows the "law of diminishing return" with a response type 

of +, - and - typified by significant linear, quadratic and interaction terms and by partial 

differentiation of regression equations as fertilizer dose for maximum yield is [ 

(b7/2b8) - (b13/2b8)] x soil test value (kg ha-1) and for maximum profit is [(b7/2b8) - 

(b13/2b8)] x soil test value (kg ha-1) - 1/2b8 x R where b7, b8 and b13 represent the 

coefficients of linear, quadratic and interaction terms of fertilizer nitrogen and R 

represents the ratio of the cost of one kg of fertilizer nutrient to one kg of economic 

produce. The R2 value should be more than 67 per cent to make use of the regression 

equation for improved prediction of yield and optimization of fertilizer doses. Santhi et 

al. (2005) reported that there was an over optimization of fertilizer doses and the 

fertilizer K2O requirement could not be optimized by regression model for rice on 

inceptisol. 

2.2.1.5 Law of the maximum 

 The “Law of the Maximum” advocated by Wallace (1993) states that “when 

the need is fully satisfied for every factor required in the process, the rate of the process 
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can be at its maximum potential, which is greater than the sum of the individual parts 

because of the sequentially additive interactions”. This law has two major 

characteristics; first, the effect of a given input is progressively magnified as other 

limiting factors are corrected. The final result is greater than the sum of the effects of 

the individual inputs, because of the way in which they interact and the interaction 

multiplies the effects of each. Second, yields can be the highest or maximum only if 

there are no remaining limiting factors; the less limiting factors that remain, the higher 

will be the yield. 

2.2.1.6 Law of Optimum 

The “Law of Optimum” proposed by Ramamoorthy and Velayutham (2011) is 

propounded as the merging concept in plant nutrition for realizing “Targeted yield of 

Crops” through soil test based Nutrient management, as calibrated from a novel 

factorial field experiment technique, designed and used under the All India Coordinated 

Soil Test Crop Response (STCR) project investigations, on a range of soils and crops in 

India over four decades and validated through hundreds of demonstrations in farmers’ 

fields. The "Law of Optimum" is defined as the concept of soil-based application of 

major plant nutrients (N, P and K) to crops, taking into account the percentage of soil-

based nutrient contribution as estimated by chemical soil testing and the percentage of 

nutrient contribution from added fertilizers and manures and the nutrient requirement of 

the crop as estimated from plant uptake.  

The principles underlying the “Law of Minimum”, “Law of Diminishing 

Returns” and the “Law of the Maximum” governing plant nutrition are not only 

embedded in the “Law of Optimum” but this Law also provides a basis for soil fertility 

maintenance and efficient Nutrient management in “Precision Farming” for sustainable 

and enduring Agriculture. Operationally this law harmonizes the much deliberated 

approaches namely, “Fertilizing the soil” versus “Fertilizing the crop” ensuring for real 

balance (not apparent balance) between the applied fertilizer nutrients among 

themselves and with the soil available nutrients. 

2.2.2  Various approaches for fertilizer recommendations 

 "Soil testing is a phase where the basic research on soil chemistry culminates 

and applied research on soil fertility begins. The combined research efforts of soil 
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chemist and soil fertility expert are reflected in and explained to farmers as fertilizer 

recommendations" (Goswami, 1982). Many approaches based on soil test levels have 

been tried to get a precise or workable basis for predicting the fertilizer requirement of 

crops are as follow: 

2.2.2.1 General / Blanket recommendation  

 This was the first attempt made in India in 1953 to relate the knowledge of soils 

to the judicious use of fertilizers. Based on the results of model agronomic experiments 

on Government farms and simple fertilizer trials on cultivator's field, blanket fertilizer 

recommendations were reached at. Since the fertility variations were not accounted for, 

uniform adoption of this kind of recommendations did not ensure economy and 

efficiency of fertilizer use. Although this is a sound recommendation for majority of the 

situations, it leads to either over or under usage of fertilizer nutrients (Reddy et al. 

1994). 

2.2.2.2 Soil test rating and fertilizer adjustments  

Making use of the services of soil testing labs at IARI and the results of Adhoc 

Research Projects, tentative soil testing procedures were identified and soil test values 

were empirically grouped into categories like low, medium and high (Muhr et al. 1965 

and Perur et al. 1973). The general or blanket recommendation is equated to medium 

fertility status of soil available NPK. For soils testing low or high category, the 

fertilizer recommendations are increased or decreased by 30 per cent of the general 

recommendations. This is a development over the general recommendation, since the 

fertilizer adjustments are made not entirely on qualitative basis but on semi quantitative 

basis. An average increase of 11 per cent in crop yield was reported when fertilizer 

doses were based on this adjustment over the blanket recommendation (Randhawa and 

Velayutham, 1982). 

2.2.2.3 Nutrient indexing system 

Parker et al. (1951) developed the Nutrient indexing system which is very 

valuable in formulating area wise Fertilizer recommendations and in comparing fertility 

status of different areas. Nutrient index is calculated by giving weightage to number of 

samples falling in low, medium and high soil fertility classes. In this concept, 

weightage 1 is given for the samples with low fertility class, 2 for medium fertility 

class and 3 for high fertility class.  
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Nutrient index = (Nl x 1) + (Nm x 2) + (Nh x3)/Total number of samples 

Where,  

Nl, Nm and Nh were the number of samples falling in low, medium and high 

category of nutrient status respectively. Separate indices are calculated for 

different nutrients like N, P and K. The index value of less than 1.67 and more 

than 2.33 indicates low and high fertility class respectively. Nutrient index 

value ranging from 1.67 to 2.33 indicates medium fertility class. 

2.2.2.4 Critical level of a nutrient in soil 

The critical limits of available nutrients are established by adopting three 

techniques viz., the graphical procedure (Cate and Nelson, 1965), mathematical 

procedure using two mean square discontinuous model (Cate and Nelson, 1971) and 

Linear Response Plateau (LRP) model (Anderson and Nelson, 1975).  

Tandon (1987) has summarized such critical limits of available P for various 

crops as reported by different workers in various soils and agro-climatic situations and 

these critical limits vary depending on soil, crop, variety, soil test method employed 

and seasonal variations (Subba Rao and Reddy, 2005) However this approach does not 

provide how much of fertilizer is to be adjusted for varying soil test values below the 

critical level. The obvious advantage of knowing the level is that fertilizer addition is 

not warranted for those soils which test above the critical limit. 

2.2.2.5 Soil test based fertilizer recommendations for a certain percentage of yield 
maximum 

This is commonly called the approach of Mitscherlich and Bray. In this, an 

empirical relationship develops between per cent yield and soil and fertilizer nutrient in 

order to recommend fertilizer doses for different percentages of maximum yield (Bray, 

1944, 1945; Ranganathan et al., 1969). The Department of Agriculture is currently 

using this approach in a modified method. Tamil Nadu for giving site specific fertilizer 

recommendations. The Mitscherlich- Bray equation is: 

Log (A-Y) = Log A-C, b-CX 

Where,  

A is the calculated maximum yield, Y is the percentage yield, b is the soil test 

value, C, is the proportionately factor for soil form of the nutrient, C is the 
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proportionately factor for added form of the nutrient and X is the dose of 

fertilizer added. The maximum yield (A) could be calculated by extrapolation 

method of Ranganathan et al. (1969). 

2.2.2.6 Colwell’s deductive approach 

Colwell (1968) of Australia developed this approach which includes conduct of 

multilocational trials and the data generated are pooled and used to establish the soil 

test based calibration. Velayutham et al. (1978) used this model to derive location 

specific Fertilizer recommendations for wheat grown in black soils. Multilocational soil 

test crop response experiments in farmer’s fields were conducted in All India Co-

ordinated Research Project on Soil Test Crop Response Correlation studies based on 

Colwell's approach and optimization of fertilizer nutrients was done for crops such as 

rice, millets, groundnut and cotton (Anon, 1982). However, the data from these 

experiments have not met with much success in deriving soil test based fertilizer 

calibrations in India (Velayutham et al., 1985). 

2.2.2.7 Inductive approach  

In the STCR field experimentation "Inductive Approach," all the desirable 

variant in soil fertility level is not obtained by selecting soils at different locations as in 

previous Agronomic studies, But by deliberately developing it in one and the same 

field experiments to reduce the heterogeneity of the studied soil population (types and 

units), management practices and climatic conditions. Ramamoorthy and Velayutham 

(1971, 1972 & 1974) have developed this inductive approach and the field design of 

STCR, which Black (1993) also quotes. The experimental records can be used to 

develop recommendations on fertilizer for maximum yield and profit as well as desired 

crop yield targets. Various types of recommendation under this approach are as follow: 

a. Fertilizer recommendations for maximum yield and profit  

From significant multiple regressions of the quadratic form recognized between 

the soil tests, the added fertilizer levels, the interaction term for the soil and fertilizer 

nutrients and crop yield, fertilizer calibration for varying soil test values for obtaining 

maximum economic yield (MEY) and maximum profit ha-1 have been derived, where 

the response to added nutrients follow the “Law of Diminishing Returns” 

(Ramamoorthy, 1974). Hariprakasa Rao and Subramanian (1994) calculated fertilizer 
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doses for maximum yield of vegetable crops such as bhendi, tomato, brinjal, onion, 

cabbage, cauliflower and green chillies in Alfisols of southern India making use of the 

multiple regression models. Highly significant relationships indicated by the co-

efficient as high as 0.80 have been reported by various workers for different crops 

(Subba Rao and Srivastava, 1998). However this approach suffers from the limitation 

that fertilizer doses worked out for getting maximum profits would usually give yields 

lower than the potential yields. This may lead to low levels of crop production (Dev, 

1997). Moreover, if the response type of +, - and – for linear, quadratic and interaction 

terms are not obtained, the optimization could not be done. 

b. Soil test based fertilizer recommendations through targeted yield approach 
under fertilizers alone and IPNS 

Truog (1960) illustrated the possibility of “Prescription method” of fertilizer use 

for gaining high yields of maize using empirical values of nutrient availability from soil 

and fertilizer. However, during 1965-67 Ramamoorthy and his associate established the 

theoretical basis and field experimental evidence and validation for the fact that 

Liebig's "Law of Minimum" on Plant Nutrition works equally well for N, P and K on 

high yielding wheat, rice and pearl millet varieties, although this law is generally 

believed to be valid for N and not for P and K which were supposed to follow 

Mitscherlich and Baule and Mitscherlich and Bray's percentage sufficiency concept. 

Among the numerous methods of formulating fertilizer recommendations, the one 

based on yield targeting is unique in the sense that this method indicates not only the 

soil-based fertilizer dose but also the level of yield that the farmer may wish to achieve 

if a good cultivation package is followed when the crop is raised (Velayutham, 1979). 

This procedure takes into account the nutrient requirement (NR) of a crop for 

production of unit quantity of economic produce, the per cent contribution of nutrients 

from soil (Cs) by a given soil test and the per cent contribution of nutrients from the 

added fertilizer (Cf). These three parameters are used to relate yield target (T) with soil 

nutrients (S) and Fertilizer nutrients (F) as below: 

FD = {(NR x 100 T) / Cf} - {(Cs x STV) / Cf} 

Under IPNS situations, the fourth parameter viz., the per cent contribution of 

nutrients from the added organic manure (Co) is also used to relate with the yield target 

(T), then the equation takes the form as indicated below 
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FN = {(NR x 100 T) / Cf} - {(Cs x SN) / Cf} - {(Co x ON) / Cf} 

This approach coupled with inductive methodology termed as “Inductive cum 

targeted yield approach” forms the basis for the ICAR sponsored All India Coordinated 

Research Project for Soil Test Crop Response Correlation Studies (AICRP-STCR). 

Experiments have been conducted in all the centres and fertilizer adjustment equations 

were developed for various crops (Subba Rao and Srivastava, 2001a &b; 

Muralidharudu et al., 2007 & 2011). Singh et al., 2007, documented soil test based 

fertilizer recommendations for different crops- A success story of Uttarakhand & 

Western Uttar. Pradesh and Singh et al., 2016, documented advisory on soil testing and 

fertilizer use for Uttarakhand (In Hindi). The dimensions, scope and prospects of 

fertilizer recommendation based on the concept of yield targeting were documented by 

Randhawa and Velayutham (1982). These soil test equations have been dynamically 

tested and evaluated for their predictability through series of field verification trials 

(follow up trials) in farmer's holding. If 90 per cent of the targeted yield was achieved, 

then the equations are found to be valid (Velayutham et al., 1984). The fertilizer 

prescription equations, after evaluation in the follow-up trials, are used to rationalize 

the fertilizer recommendations for all the major crops grown in the states.  

The results from more than 2000 follow-up trials in farmer’s fields over the four 

decades indicated that by following the soil test based fertilizer use for targeted yield 

approach adopting the recommended best agronomic management practices, it is 

possible to achieve the yield targeted within a variation of ± 10 per cent, provided the 

targets are within the range of yields obtained in the STCR calibration field experiment 

conducted at the research station. The outcome was brought out from time to time 

through documentations (Reddy et al., 1994; Subba Rao and Srivastava, 2001b & 

Subba Rao and Rathore, 2003 and Muralidharudu et al., 2007 & 2011a). 

c. Fertilizer recommendations for a cropping sequence based on initial soil test 

values through post-harvest soil test values prediction equations  

Sustainable agriculture requires soil test based nutrient management practices to 

be adopted for better productivity, profitability, sustainability and environmental safety 

(Venugopalan et al., 2011). Using a soil test-based approach to nutrient management 

needs index measurement associated with crop yield or effective nutrient supply over 

the growth period, regular monitoring of soil test values and well-developed quality-
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controlled service infrastructure (Dobermann et al., 2003), which is not viable from the 

farmer's point of view. So the soil test values had to be predicted after a crop was 

harvested. Also, though there are numerous soil testing laboratories in operation, in a 

massive country like India with millions of hectares of cultivated land, soil testing for 

each field season after season and prior to the cultivation of each crop seems to be 

practically difficult for the want of time, money and labour. Hence the prediction of 

post-harvest soil fertility status using the pre-sowing soil test values, fertilizer doses 

and yield or uptake by the crop has much of practical significance. Studies on this 

aspect were carried out by many workers for various cropping sequences and soil types 

which has been documented by Subba Rao and Rathore, 2003 and Muralidharudu et al. 

(2007 & 2011a). 

d. Fertilizer recommendation for maintenance of soil fertility through yield 

targeting  

It is judicious to adjust the fertilizer practices over seasons in such a way so as 

to strike a balance between high yields and maintenance of soil fertility. The generation 

of basic data for targeted yield of crops in a crop rotation would hence enable 

application of fertilizer for appropriate yield targets in multiple cropping for 

maintenance of soil fertility. Ramamoorthy and Mahajan (1974) showed that the yield 

target and the required fertilizer dose for maintenance of soil fertility can be calculated 

from the equations: T = n.s / (m-r) and F.D = r.n.s / (m-r) where T is yield target in q 

ha-1; n is ratio between the per cent contribution from soil and fertilizer nutrient; r is 

nutrient requirement in kg q-1; m is ratio between nutrient requirement and contribution 

from fertilizer nutrient; s is soil test value in kg ha-1 and F.D is fertilizer nutrient dose in 

kg ha-1. Currently long-term demonstrations are being carried out at several STCR 

centers to obtain the most suitable fertilizer rate to obtain optimum yield and maintain 

soil fertility. Sharma and Singh (2000) reported that the targeted yield approach was 

more balanced, profitable and helpful in proving soil nutrient mining as compared to 

fertilizer recommendations for economic yield based on regression approach. 

e. Yield targeting for a fixed cost of fertilizer investment 

The significance and value of soil testing increases by choosing the yield target 

at such a level so that the cost of fertilizer requirement becomes more or less same as 

what was being practiced by the farmer already (Ramamoorthy and Velayutham, 2011). 

The results of such demonstration trials conducted in Delhi villages reveal that the 
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response per unit Fertilizer is higher than that from other practices, when balanced 

fertilization is adopted for targeted yield (Velayutham, 1979). 

f. Yield targeting under resource (fertilizer/credit) constraints  

When fertilizer availability is limited or the resources of the farmers are also 

limited, planning for reasonable yield targets, which are at the same time higher than 

the yield levels normally obtained by the farmers or the average yield of the district, 

provides means for saturating more areas with the available fertilizers and ensuring 

increased total production also (Ramamoorthy and Velayutham, 2011). The 

consequence of this approach - Ramamoorthy and Velayutham, (1973); Velayutham et 

al. (1975); Ponnamperuma, (1979) and Velayutham, (1979) shows that fertilizer use 

efficiency and the total production are higher when the available fertilizers are applied 

for low or moderate yield targets rather than arbitrary reduction in fertilizer dose. This 

approach allows balanced fertilizer use under resource constraints and maintenance of 

soil fertility ensuring efficient and economic use of available fertilizers (Muralidharudu 

et al., 2012). 

2.3 Response of Soil and applied N, P, K and FYM on growth, yield 

and quality of cauliflower 

Cauliflower is a heavy nutrient feeder and thoroughly responds to nutrient 

supplements through Farm Yard Manure (FYM), organic fertilizers, green manures and 

chemical fertilizers (Sharma and Rana, 1993). Nitrogen is an essential plant nutrient, 

which involved in physiological processes and enzyme activities. Nitrogen may 

increase cauliflower production, but it affects curd quality. High levels of nitrogen with 

other nutrient deficits could reduce cauliflower storage life (Kirthisinghe, 2006). 

Phosphorus is a constituent of nucleic acid, phytin and phosphorus. It is also an 

important component of most enzymes that are of great importance in the energy 

transformation in carbohydrate and fat metabolism as well as in plant respiration. 

Potassium imparts increased vigor and disease resistance to the plant. It also controls 

water conduction in the plant cell and water loss from the plant by means of 

maintaining the stability among anabolism, respiration, and transpiration. Thus reduces 

the tendency to wilt and help in better utilization of available water which ultimately 

helps in the formation of protein and chlorophyll and quality (Rutkauskiene and 

Poderys, 1999).  
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Mineral nutrition also plays a vital role in influencing the quality of crops and 

soil health deteriorates due to the continuous use of chemical fertilizers (Savci, 2012). 

At the same time, the indiscriminate use of chemical fertilizers has led to many 

problems such as soil productivity degradation, pollution of the environment, depletion 

of non-renewable energy sources, etc. The use of chemical fertilizers should therefore 

be judicious and minimized and can be replaced by the integrated use of organic 

fertilizer. Therefore, since fertilizer is expensive input in agriculture, economic criteria 

for its use are essential for maximizing profit in the current product marketing. 

Therefore, the response of soil and applied N, P, K and FYM on growth, yield, nutrient 

content and uptake and quality parameters of cauliflower are described here with 

consideration of the economics of fertilizer use. 

2.3.1  Growth, Yield and Economics 

Raut and Kedar (1981) reported that application of 100 kg N ha-1 was found best in 

respect to plant growth of cauliflower preferentially increasing vegetative growth. Sharma 

and Lal (1986) observed that plant height, plant spread and number of outer leaves 

increased in cabbage by increased application of nitrogen from 60 to 120 kg ha-1. 

Sharma and Arora (1987), with application of N @ 150 kg ha-1 in CV Pusa 

Synthetic, observed the highest curd yield of 18.9 t ha-1. In CV Snowball-16, i.e. 210.9 

q ha-1 and 196.8 cm2, the marketable yield of cauliflower and curd size index was high 

at 120 kg N ha-1. 

Singh and Sharma (1990) observed the maximum yield (10.24 t ha-1) and high 

ratio of curd to foliage in cauliflower cv Snowball-16 were obtained with the 

application of 100 kg N and 15 t FYM ha-1 along with 22 kg and 42 kg P and K, 

respectively in potato- cauliflower cropping sequence. Khurana et al. (1990) reported 

that for cauliflower crop planted at 60 x 30 cm spacing with optimum nitrogen and 

phosphorus doses were 120 and 40 kg ha-1 respectively for highest yield. 

Thakur (1991) found that the net curd weight of cauliflower (CV Pusa 

Snowball-1) was high (725.7 g plant-1) when N @ 200 kg ha-1 was applied in and also 

reported that significant in gross weight and net curd yield with the application of 

phosphorous. Application of phosphorous at 200 kg ha-1 significantly increased the 

morphological characters viz., number of leaves, leaf size and stalk length, thereby 

increasing the yield. 
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Samant et al. (1993) reported that in trial with cabbage cv. Pride of India, 

application of 80 kg P2O5 ha-l gave the highest yield (17.42 t ha-1 ) in the first year and 

(12.03 t ha-I ) in the second year. Singh and Naik (1993) reported that 100 kg P2O5 ha-l 

gave the highest number of marketable curds and maximum yield of cauliflower. 

Kunwar and Pandey (1994) found that the combination of NPK @ 120:60:60 kg 

ha-1 was found to be the best way to achieve maximum cauliflower yield, but found that 

75 kg K2O ha-1 and N and P are needed to achieve higher yield.  

Hariprakash Rao and Subramanian (1994) developed fertilizer prescription 

equation for cauliflower. The study indicates that there is a decline in response to 

applied fertilizer with increasing soil fertility levels. Yong et al. (1994) advocated that 

application of potash at the rate of 0, 50 and 100 kg ha-1 increased growth, curd yield 

and improved photosynthetic rate of broccoli up to 100 kg ha-1. 

Baghel and Singh (1995) observed that the application of 100 kg K2O ha-1 

increased the curd yield to 24.98 t ha-1 in comparison to 19.53 t ha-1 with no 

fertilization application. 

Tarata et al. (1995) observed that the application of two doses of potassium at 

50 and 100 or 150 kg ha-1 increased the leaf area and number of leaves per plant of 

cabbage. The number of leaves, plant height and head weight of cabbage cv. “Golden 

Acre” were also found to be increased with increasing levels of nitrogen by Lai and Lai 

(1996). 

Lisiewska and Kmiecik (1996) conducted an experiment on broccoli cultivar, 

Corvet F and cauliflower cultivar, Sernio RS, which were grown in the autumn cycle 

located in southern Poland (Krakow region). The vegetables were grown in loamy-silty 

soil. They found that nitrogen fertilization doses of 80 and 120 kg N ha-1 had 

significantly produces higher commercial yield of broccoli (80 kg ha-1: 19.1 t ha-1; 120 

kg N ha-1: 23.2 t ha-1) and cauliflower (80 kg N ha-1: 26.5 t ha-1; 120 kg Nha-1: 31.0 t ha-

1) over control. 

Pant and Kumar (1996) conducted a field experiment at Pithoragarh (1650 m 

above sea level in Kumaon hills, India) to evaluate the influence of N (40, 60, 80, 100, 

120, 140, 180 or 200 kg ha-1) on the marketable head yield of cabbage (cv-ARU Glory) 

and found that yield increased up to 498.33 q ha-1 with increasing rates of N up to 180 

kg N ha-1.  
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Ingle and Jadhao (1997) conducted a field experiment in Akola, Maharashtra, 

India, applying nitrogen at 150 kg ha-1 resulted in a significantly higher yield of 

cabbages (cv. Pride of India, Golden Acre and Pusa Early) compared to the control. 

Dixit (1997) conducted an experiment on the growth of cabbages (cv. Pride of 

India) at Himachal Pradesh. He investigated the effect of nitrogen (0, 40, 80, 120 or 

160 kg ha-1) and Farmyard manure (0 or 20 t ha-1) and found that yield increased (from 

136.8 to 175.1 q ha-1) with increasing nitrogen rate (0 and 160 kg N ha-1, respectively) 

and with increasing FYM rate yield increased (from 129.5 to 144 q ha-1) and yield 

increased (176.1 qha-1 in presence of FYM+160 kg N ha-1). 

Sharma (2000) conducted an experiment on Broccoli production (variety Green 

curd) and found that integrated organic and inorganic fertilizer application significantly 

increases the curd yield over inorganic fertilizer alone and also control. 

Das et al. (2000) reported that application of 200:150:125 kg NPK ha-1 being at 

par with 160:120:100 kg NPK ha-1 resulted in significantly tallest plant, highest number 

of leaves, plant spread, curd yield over other lower levels. 

Singh et al. (2000) conducted a field experiment to standardize the K 

requirement of broccoli @ 0, 25 and 50 kg ha-I. Plant height was increased with the 

application of K rates. Potash improved the development of root and utilization of 

nitrogen. The highest net head weight and yield were obtained with the application of 

50 kg K ha-l. 

Singh et al. (2001) found that application of nitrogen significantly influenced 

the number, length and area of leaf, plant spread and height of plant in cabbage. The 

length and diameter of stem showed significant improvements up to 50 kg N ha-1 level. 

Significantly higher yield was recorded with -200 and 250 kg N ha-1 levels, 

respectively, in the first and second years (74.6 and 81.5 t ha-1, respectively). 

Jana and Mukhopadhyay (2001) conducted an experiment in Cooch Behar, 

West Bengal to study the effect of N (0, 50, 100, and 150 kg ha-1) and P (0, 40, 80, and 

120 kg ha-1) on the yield and yield components of cauliflower cv. Aghani. The results 

indicated that an application of 150 kg N and 80 kg P2O5 ha-1 recorded the highest 

value with respect to number of leaves per plant, curd diameter, curd depth, net curd 

weight, curd solidity, marketable curd yield and net returns (Rs. 37,285 ha-1) and 

improved the benefit: cost ratio (3.25:1) than other treatment combinations. 
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Sharma and Arya (2001) conducted an experiment on cabbage cv. Pride of 

India under dry temperature conditions in Himachal Pradesh and reported that the 

marketable yield increased with increasing levels of nitrogen up to 160 kg N ha-1 and 

FYM at 20 t ha-1 compared with the controls.  

Mohd et al. (2002) studied the impact of organic and inorganic fertilizers on 

yield and quality of tomato (cv. Parbhani "Yashashri") at Parbhani, Maharashtra. 

They found that application of 50% recommended a dose of FYM (12.5 t ha-1) along 

with reduced levels of recommended doses of fertilizers (50% of the RDF 100:50:50 

NPK kg ha-1) resulted in the maximum yield with high quality. 

Kumar and Chaudhary (2002) carried out an experiment at Kullu, Himachal 

Pradesh on cauliflower cv. Pusa Snowball-1 to study the effects of chemical fertilizer 

alone or in combination with 25 t FYM ha-1 on the yield and yield components of 

cauliflower. They found that the application of FYM with 100 per cent recommended 

NPK enhanced the yield of cauliflower by about 27 per cent compared to NPK alone. 

Kanwar et al. (2002) carried out an experiment to study the effect of different 

NPK fertilizer rates (0, 50 and 100 per cent) applied alone or in combination with 

different organic manures (no manure, vermicompost, and FYM) on cauliflower (CV, 

Pusa Snow Ball K-1) yield and soil fertility in Dhaulakuan, Himachal Pradesh. They 

reported increased curd weight, diameter, plant height, and curd yield by applying 

NPK fertilizer (100 per cent). But when organic manure (vermicompost or FYM) was 

applied, a significant increase in all these parameters viz., curd diameter (21.88 cm), 

plant height and marketable curd yield (25.7 t ha-1) was found at 100 per cent NPK 

level with vermicompost. 

Kumar and Rawat (2002) observed that highest head diameter (14.30 cm) was 

obtained with 200 kg N ha-1. However, 150 kg N ha-1 gave the highest mean head 

weight (1127.22 g) and head yield (312.42 q ha-1). 

Shalini et al. (2002) studied the effect of integrated nitrogen management on 

yield of knol-khol and found that application of 50 per cent nitrogen (Urea) + 50 per 

cent nitrogen (vermicompost) + Azospirillum resulted in maximum yield (37 t ha-1). 
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Brahma et al. (2002) conducted a field experiment to ascertain the effect of 

NPK fertilizers on yield of broccoli cv. KTS-1. The treatment comprised application of 

80:30:20, 100:60:40, 150:80:60 and 200:120:80 kg NPK ha-1. NPK at 200:120:80 kg 

ha-1 resulted in the highest values for head diameter (19.52 cm), head number (7.09), 

head yield (13.41 t ha-1), secondary head yield (4.70 t ha-1) and total yield (18.11 t ha-1). 

Mohd et al. (2003) studied the effect of nitrogen and phosphorus on growth and 

yield of cauliflower at Leh, Ladakh (Jammu and Kashmir) on sandy soil. They found 

that an application of nitrogen and phosphorus at higher rate markedly influenced plant 

height (44.74 cm), plant spread (56.70 cm), curd diameter (12.16 cm), curd depth (9.55 

cm), average curd weight (0.999 kg) and curd formation (60.33 per cent) over the 

control. They suggested to apply of 225 kg N ha-1 along with 100 kg P2O5 ha-1 for 

obtaining maximum growth of plant. 

Choudhury et al. (2004) studied the effect of integrated use of organic manure, 

biofertilizers, and chemical fertilizer on cauliflower growth and yield and found that 

increases in plant growth and cauliflower yield were recorded with Azotobacter, PSB, 

and manure from farms along with inorganic fertilizers. 

Singh (2004) reported that the application of 140 kg N and 80 kg P2O5 ha-1 had 

the highest number of leaves per plant (19.44), curd diameter (16.42 cm), curd depth 

(10 cm), net curd weight (740.38 g), curd solidity (66.84 g cm-1) and marketable curd 

yield (236.92 q ha-1) with the highest net yield and improved benefit: cost ratio (6.81) 

compared to other combinations of treatment. Wenqiang et al. (2004) reported that 

nitrogen application increases curd weight and diameter. 

Tripathi et al. (2004) found that the integrated application of 75 per cent RDF 

with vermicompost @ 5 t ha-1 significantly gave higher marketable head yield (340 q 

ha-1) over control and other treatments. They further reported that for better vegetable 

growth, yield attributes and marketable yield in cabbage, integrated use of inorganic 

and organic/biological sources of nutrient supply is suggested than their sole 

application. 

Chaudhary and Choudhaty (2005) conducted a field experiment on hybrid 

cabbage consisting four level of phosphorus (30, 60, 90 and 120 kg ha-l) and found that 

maximum plant height, plant spread and number of outer leaves were recorded with 

phosphorus application up to 90 kg ha-1. 
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Sharma et al. (2005) carried out a field experiment to study the response of 

broccoli (Brassica oleracea L. var. italica cv. Palam Smridhi) to the integrated use of 

chemical fertilizers and FYM. There were eight treatments (0, 50, 75, 100, 125 and 150 

per cent of RD of NPK along with FYM at 20 t ha-1, 100 per cent NPK alone and a 

control. The highest net returns (Rs. 132 220 ha-1) were recorded in 150 per cent 

NPK+20 t FYM ha-1 with a benefit-cost ratio of 3.27. 

Kumar and Sharma (2007) conducted an experiment and applied different INM 

practices in cabbage-tomato sequence under mid hill conditions of Himachal Pradesh 

and reported that treatments FYM 10 t ha-1+ 150% NPK (i.e. 90:90:45 kg ha-1 NPK) in 

cabbage was found best for obtaining higher values for growth and yield in both the 

crops. 

Kumar et al. (2008) studied the effect of integrated nutrient management on 

growth attributing parameters in cabbage and found that treatment (100:80:60 kg NPK 

ha-1 +20 kg ZnSO4 ha-1 +10t FYM ha-1) and treatments (80:80:60 kg NPK ha-1 +20 kg 

ZnSO4 ha-1 + 5t VC ha-1) recorded the highest values for the growth-attributing 

parameters. 

Padamwar and Dakore (2009) recorded maximum curd weight (1335 g) and 

curd yield (51.91 t ha-1) due to vermicompost application, followed by the mixture of 

biofertilizers. Sharma et al. (2009) mentioned higher marketable curd yield (9 per cent) 

together with maximum net returns and benefit-cost ratio of 3.99 obtained when 

recommended chemical fertilizers (NPK) were combined with Azotobacter and PSB 

vis-a-vis NPK alone. 

Gayathri et al. (2009) developed soil-based fertilizer prescription equations for 

potato under the Integrated Plant Nutrition System (STCR-IPNS) in Ultisols. These 

equations have been demonstrated in the fields of farmers and it has been found that 

more than 90 per cent of the targets have been achieved. The STCR-IPNS for 40 t ha-1 

recorded relatively higher response ratio (38.05 kg kg-1) and benefit-cost ratio (15.3) 

over other treatments indicating the validity of the equations for prescribing fertilizer 

doses for potato. 

Thilagam (2011) reported that efficient nutrient management was a prerequisite 

for achieving maximum yield in cauliflower with good curd quality. Neither chemical 

fertilizers alone nor the organic manures exclusively sustain the productivity of 
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cauliflower but a judicious combination of both along with their efficient management 

is potential tool for sustaining the productivity. Combined use of FYM and bio-

fertilizers with chemical fertilizers will increase the yield with higher cost: benefit ratio. 

Bashyal (2011) conducted an experiment on cauliflower at Rampur, Chitwan, 

Nepal and found that maximum stem height, stem diameter, highest curd height, curd 

diameter, fresh curd weight and curd yield were recorded at 120 kg nitrogen and 2 kg 

biofertilizers ha–1. So the application of nitrogen along with the biofertilizers 

significantly increased morphological and yield characters as compared to application 

of nitrogen without biofertilizers. 

Chatterjee et al. (2012) reported that the application of inorganic fertilizers with 

organic manure and bio-fertilizers has significant effect on curd initiation and curd 

maturity of cauliflower. 

Kumar et al. (2013) reported that integration of organic and inorganic fertilizers 

application significantly increased the yield in broccoli over inorganic fertilizers alone 

and also over control. 

Mishra et al. (2013) gave the fertilizer adjustment equation for tomato (cv. BT-

10) under rice-tomato cropping system in an Ustochrept of Odisha. The fertilizer 

adjustment equations are FN = 1.32T – 0.45SN, FP2O5 = 0.72 T – 1.72 SP and FK2O = 

0.92 T - 0.96 SK. It was observed that with increase in graded doses of fertilizer the 

tomato fruit yield increased with increase in fertility strip 149.4, 162.7 and 175.8 q ha-1 

in L0, L1 and L2 respectively. 

Shree et al. (2014) carried out an experiment on cauliflower cv. Poosi. The 

experiment comprised different sources of nutrients including organic, inorganic and 

bio fertilizers alone and in combinations. They found that maximum curd diameter 

(16.09 cm), depth of curd (11.76 cm), weight of curd (568.00 g) and yield (252.48 q ha-

1) was noted by application of ½ N:P:K (recommended dose)+ FYM@5t ha-1 + poultry 

manure@2t ha-1+ Azospirillum. 

Amran et al. (2014) located that application of FYM @ 25 t ha-1 significantly 

increased growth and yield attributes viz. number of leaves, number of branches and 

plant height, average number of fruit per plant, average fresh weight of fruit, fruit yield 

per plant and maximum average fruit yield per hectare (16.25 t ha-1) in okra fruits. 
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Prabhakar et al. (2015) conducted a field experiment at the IIHR farm in 

Hessaraghatta, Bengaluru to study the effects on cauliflower growth and yield of 

various levels of organic manures and conventional practices. They found that 

treatment that received a recommended dose of farmyard manure along with 

recommended NPK produced the highest mean curd yield (21.23 t ha-1) followed by 

treatments that received 100 per cent and 75 per cent of recommended organic dosage 

of nitrogen (19.36 and 18.42 t ha-1). A higher growth value and yield parameters like a 

number of leaves, curd diameter and curd weight were also recorded in the same 

treatment. 

Kumar et al. (2017) conducted an experiment at Varanasi (U.P.) on cauliflower. 

The soil was sandy loam and has good fertility. They found that nitrogen sprayed in the 

form of urea was found significant in each growth characters i.e. a number of leaves per 

plant, height, thickness, fresh weight and dry weight of leaves and curd 

Dhinesh et al. (2017) conducted an experiment in Tamil Nadu's Western Zone 

Thondamuthur Block, Coimbatore Dt.) to assess the soil test-crop response fertilizer 

prescription model under the Integrated Plant Nutrition System (STCR-IPNS) for 

desired yield targets of brinjal on red non-calcareous soils. The experimental results 

indicated that the percentage achievement of the targeted yield was within ±10 per cent 

variation proving the validity of the equations for prescribing integrated fertilizer doses 

for brinjal. Among the treatments, STCR-IPNS-35 t ha-1 of brinjal has proved its 

superiority and recorded a yield increase of 23.7 and 45.3 per cent, respectively over 

blanket and farmer’s practice. The increase in response ratio due to STCR-IPNS-35 t 

ha-1 over blanket and farmer’s practice was 4.71 and 19.57 kg kg-1, respectively and 

that of BCR was 0.62 and 0.90, respectively. Among the treatments, STCR-IPNS-30 t 

ha-1 recorded relatively higher Response Ratio (97.37 kg kg-1) and STCR-IPNS-35 t ha-

1 BCR in (3.01) than other treatments. 

In Varanasi (UP) India, Singh et al. (2018) accompanied an experiment to 

investigate the impact of integrated nutrient management on cauliflower growth, 

quality and yield. Application of half dose of NPK ha-1 + Vermicompost @ 2.5 Tonnes 

ha-1 + Azospirillium @ 5 Kg ha-1 + VAM @ 5 Kg ha-1 observed significantly higher 

number of leaves plant-1 (24.44), diameter of curd (17.99 cm), weight of curd (943.55g) 
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and yield of curd (265.65q ha-1) as related to other treatments and this treatment was 

observed to be the most profitable treatment in cauliflower exhibiting highest net return 

Rs.157757. 

2.3.2  Nutrient content and uptake 

 Sharma and Rana (1993) observed that nitrogen content in leaves and curds and 

uptake of nitrogen in cauliflower cv. Pusa Snowball K-1 increased linearly with 

increasing levels of N and the significant increase was recorded up to 200 kg N ha-1. 

Boogaard and Kristensen (1997) reported that a higher nitrogen uptake by 

cauliflower crop resulted in higher total nitrogen concentrations in the leaves and in the 

curds. 

Sharma and Arya (2001) evaluated the effect of different rates of N (0, 40, 80, 

120 and 160 kg ha-1) and farmyard manure (0 and 20 t ha-1) on cabbage cv. Pride of 

India and found that the uptake of N, P and K increased significantly with 20 tonnes 

FYM ha-1 (18, 15 and 26 kg ha-1, respectively) and increasing N rates (from 40 to 160 

kg N ha-1). 

Gowda et al. (2002) reported higher accumulation of N, P and K with increase 

in fertilizer levels. Highest content of N (2.72 per cent), P (0.63 per cent) and K (3.65 

per cent) in okra leaves was observed at higher dose of fertilizers (175:125:100 kg NPK 

ha-1). Gyanendra et al. (2002) reported that increasing doses of nitrogen (0 to 120 kg 

ha-1) significantly increased the N content (2.13 to 2.62 per cent) and K content (2.29 to 

2.35 per cent) in potato tubers. Increasing doses of potassium (0 to 100 kg ha-1) also 

increased N content (2.13 to 2.59 per cent) and K content (2.20 to 2.41 per cent). 

Maximum N content (2.99 per cent) and K content (2.47 per cent) was recorded when 

120 kg ha-1 N was applied along with 100 kg K2O ha-1. 

Gupta et al. (2002) conducted a field experiment to study the influence of 

nitrogen, boron on dry matter accumulation and uptake of nutrients in cauliflower. 

Plants were supplied with 15, 20 or 25 kg B ha-1 and 100, 150 or 200 kg N ha-1. Dry 

matter content, nitrogen and boron content in the leaves and curd, and N and B uptake 

increased with increasing rates of N. Except for dry matter content, all the parameters 

measured increased with increasing rates of B up to 20 kg ha-1 and decreased with 

further increase in B rates. 
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Shalini et al. (2002) studied the impact of integrated nitrogen management on 

nutrient uptake by knol-khol. Application of 50 % nitrogen (Urea) + 50 per cent 

nitrogen (vermicompost) + Azospirillum resulted in more uptake of nutrients via knol-

khol. 

Kadam and Sahane (2002) observed higher NPK content and uptake in both 

fruits, as well as a plant in tomato with the application of 100 per cent, recommended a 

dose of NPK as compared to 50 per cent. 

Bhatt et al. (2002) conducted a field experiment on Kashmir's temperate 

conditions to study the response of four phosphorus levels in field pea (0, 30, 60, and 

90 kg P2O5 ha-1). The results indicated that the use of phosphorus up to 60 kg P2O5 ha-1 

significantly increased the uptake of nutrients.  

Brahma et al. (2002) conducted a field experiment to ascertain the effect of 

NPK fertilizers on the nutrient uptake of broccoli cv. KTS-1. The treatment comprised 

application of 80:30:20, 100:60:40, 150:80:60 and 200:120:80 kg NPK ha-1. NPK at 

200:120:80 kg ha-1 resulted in the highest values of nutrient uptake and content in leaf 

N (3.90 per cent), P (0.44 per cent) and K (2.75 per cent).  

Datt et al. (2003) studied the impact of supplementary use of FYM along with 

chemical fertilizers on nutrient uptake by pea in Lahaul valley of Himachal Pradesh. 

They reported that there was a consistent increase in nutrient uptake with each 

increment in NPK fertilizer along with a constant level of FYM. 

Pintu and Das (2006) reported that adoption of INM practices increased the 

yield and nutrient uptake by cabbage. The application of recommended levels of N, P 

and K with 4 t organic manure ha-1 and 0.5 kg Zn ha-1 proved superior in augmenting 

yield and nutrient uptake. A significant positive correlation was observed between yield 

and uptake of N (r=0.928**), P (r=0.935**), K (r=0.949**), Fe (r=0.758*), Mn 

(r=0.744*), Cu (r=0.598**) and Zn (r=0.846*). 

Sharma et al. (2009) accompanied an experiment to investigate the impact of 

biofertilizers alone or in combination with chemical fertilizers in the uptake of 

cauliflower nutrients and concluded that the highest uptake of nitrogen, phosphorus and 

potassium was recorded with the combined inoculation of azotobacter and phosphorous 

solubilizing bacteria. 
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Patel et al. (2011) carried out an experiment at Anand Agricultural University, 

Anandon integrated nutrient management in cauliflower. The treatment consisted of 

four levels of organic manure (FYM @ 15 and 20 t ha-1 and vermicompost @ 3 and 4 t 

ha-1) and three levels of NPK (100 per cent RDF, 75 per cent RDF and NPK according 

to soil test values). Vermicompost application @ 3 or 4 t ha-1 recorded a higher 

uptake of nutrients compared to FYM application. 

Wani et al. (2011) reported that twelve treatments were tried in cauliflower cv. 

Snowball-16. Among the organic manures, poultry manure (PM) in combination with 

chemical fertilizers proved superior. The uptake of nutrients (NPK) by the cauliflower 

plants significantly increased with individual and combined application of organic 

manures and/or inorganic fertilizers over control. The maximum gross income of Rs 

227, 570/-, net income Rs. 178,096/- per hectare with the highest benefit: cost ratio to 

the tune of Rs 3.59 was obtained by the treatment combination of 50 per cent PM+50 

per cent RDF. 

2.3.3  Quality parameters 

The crop quality is an integrated effect of nutritional, physiological and 

biochemical factors. Quality is an important parameter which fetches good market price 

to the farmer. Application of fertilizers ensure quick supply of nutrients, resulting in 

increased quality but due to their ill effects on soil health and vegetable quality they 

need to be partially replaced by organic source for obtaining sustainable and higher 

quality. Using biofertilizers in combination with chemical fertilizers and organic 

manures provides a great opportunity to increase cauliflower production and quality. 

Therefore, quality parameters in response to the fertilization framed in the trail with 

respect to curd protein, ascorbic acid content, total soluble solid and antioxidant 

properties are described here: 

Maurya (1992) conducted an experiment on cauliflower (CV Snowball-16) and 

found that foliar application of 30 per cent N was beneficial for cauliflower. Yield and 

ascorbic acid content were increased significantly by 3.0 per cent spray of N (197.90 q 

ha-1, 70.25 mg 100g-1) from control (68.25 q ha-1, 61.00 mg100 g-1). 

Farag et al. (1994) found that leaf nitrogen content in cauliflower increased with 

increased nitrogen application. Whereas, increased amount of nitrogen fertilizer from 80 

to 120 kg N ha-1 decreased the concentration of vitamin C, in cauliflower by 7 per cent. 
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Kunwar and Pandey (1994) observed that application of 75 kg K2O ha -1 along 

with N and P is required for obtaining higher quality of cauliflower and also to maintain 

K status of the soil to avoid hidden hunger. 

Mahendran and Kumar (1997) observed highest TSS and ascorbic acid contents 

in cabbage with 75 % of the recommended rate of NPK combination with digested 

organic supplement and vermicompost. Sendurkumaran et al. (1998) found that the 

quality parameters such as TSS, ascorbic acid and licopene were comparatively higher in 

tomato when grown organically. 

Kumar and Veeragavathatham (2001) carried out a field experiment with brinjal 

cv. ‘Palur-1’ at Tamil Nadu and found that the treatment containing 100 per cent NPK 

(100 : 50 : 30 kg NPK ha-1, respectively) + FYM + Azospirillum and Phosphobacteria @ 

2 kg each ha-1 mixed in 20 kg FYM produced the fruits with maximum ascorbic acid, 

carbohydrate and crude protein contents. Kumar and Rawat (2002) observed that highest 

total soluble solid (8.80 per cent) and chlorophyll (0.29 mg g-1) contents were obtained 

with 200 kg N ha-1.  

Mohd et al. (2002) studied the effect of organic and inorganic fertilizers on 

quality of tomato (cv. Parbhani "Yashashri") at Parbhani, Maharashtra. They revealed 

that application of 50% recommended dose of FYM (12.5 t ha-1) along with reduced 

levels of recommended doses of fertilizers (50 per cent of the RDF 100:50:50 NPK kg 

ha-1) resulted in high quality. 

Brahma et al. (2002) carried out a field experiment to ascertain the impact of 

NPK fertilizers on quality of broccoli cv. KTS-1. The treatment comprised application of 

80:30:20, 100:60:40, 150:80:60 and 200:120:80 kg NPK ha-1. NPK at 200:120:80 kg ha-1 

resulted in the highest values for protein (3.36 per cent), total chlorophyll (0.46 mg g-1) 

and ascorbic acid content (128.05 mg 100 g-1) of the crop. 

Prabhakaran and Pichai (2003) studied the impact of different organic nitrogen 

sources on pH, TSS, titratable acidity, crude protein reducing and non-reducing sugar and 

ascorbic acid content of tomato fruits. They pronounced that application of organic N 

sources increased the quality parameters because it improved the physicochemical and 

biological properties of the soil which might have improved the root growth, higher 

nutrient content, increased dry matter production and nutrient uptake finally leading to 

improvements in quality of fruits. 
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Sharma and Sharma (2006) studied the response of nitrogen, phosphorus, and 

potassium on some quality traits of cabbage and found that combined application of the 

nutrients improved the nutritive value of the product in terms of vitamin A (retinol), 

ascorbic acid and TSS compared to the independent application of any of the nutrients. 

Sable and Bhamare (2007) studied quality attributes of cauliflower through an 

experiment conducted in three levels (0, 75 and 100 per cent) of recommended dose of 

nitrogen (120 kg ha-1) combined with four different strategies of biofertilizers i.e. no 

inoculation, Azospirillum, Azotobacter and Azotobacter + Azospirillum and observed 

that 75 per cent nitrogen + (Azotobacter + Azospirillum) exhibited significant increase in 

ascorbic acid content in curds (87 mg 100g-1), protein content in curds (18.62 per cent), 

total nitrogen content in plant (2.98 per cent) and compactness of curds (97.39 per cent). 

Padamwar and Dakore (2009) found highest dry matter, protein, carbohydrate 

and vitamin C and calcium contents in cauliflower due to vermicompost application, 

followed by the mixture of biofertilizers.  

Wang et al. (2010) established significantly higher levels of vitamin C, phenols 

and flavonoids when Chinese cabbage was grown in vermicompost-filled plastic pots: 

soil mixtures at 4:7 ratios and found 5.8- fold higher than pure soil treatment. 

Sentiyangla et al. (2010) reported that the integrated use of chemical fertilizers, 

organic manures and biofertilizers alone or in combination significantly increased 

radish quality characters compared to control. They suggested that with an integrated 

application of 50 per cent NPK + 50 per cent FYM + biofertilizers, the optimum quality 

production of a crop can be achieved. 

Bashyal (2011) applied nitrogen along with the biofertilizers resulting into 

significantly increased vitamin C content and the highest vitamin C content of curds. 

The most attractive curd color were obtained when 60 kg nitrogen and 2 kg 

biofertilizers ha-¹was applied. 

Shree et al. (2014) found maximum ascorbic acid (63.12 mg 100g-1) when 

plants were grown under the treatment containing ½ N: P: K (recommended doses of 

NPK+ FYM 5 t ha-1+ poultry manure 2 t ha-1+ Azospirillum in cauliflower. 

Prabhakar et al. (2015) carried out a field experiment at IIHR farm, 

Hessaraghatta, Bengaluru to study the impact of different levels of organic manures and 
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conventional practices on quality of cauliflower. They reported that quality parameters 

in terms of total antioxidant capacity, total flavonoids and vitamin C were better with 

integrated nutrient management as compared to chemical fertilizers only. Similar 

results were reported by Young et al. (2005), Dangour et al. (2009), and Shankar et al. 

(2012). 

Quality parameters of Okra (Abelmoschus esculentus L.) under integrated 

nutrient management was studied by Sachan et al. (2017). The results showed that 

plants treated with NPK @ 75 per cent recommended dose+ FYM @ 2.5 t ha-1 + 

Poultry manure @ 2.5 t ha-1 + Vermicompost @ 2.5 t ha-1 significantly exhibited 

maximum protein content (16.61 per cent) and TSS (2.44° Brix) as quality parameters 

compare to the treatment control which showed lowest response. 

2.4 Response of applied Nitrogen, Phosphorus and Potassium on soil 

fertility status 

After a crop is harvested, nutrient availability in the soil is greatly influenced by 

the initial soil nutrient status, the amount of fertilizer nutrients added and the nature of 

the crop risen. In order to apply soil-based fertilizer recommendations, soils must be 

tested after each crop, which is not feasible. Therefore, after harvesting the crop, it has 

become necessary to predict the soil test values. It can be done by developing equations 

of prediction (Ramamoorthy and Velayutham, 1971). This provides the way to give 

fertilizer recommendations based on initial soil test values for the entire crop sequence. 

This is very useful because for practical reasons the soil of the field of the farmer under 

intensive cultivation cannot be tested for each crop. The available nutrients in the soil 

are greatly influenced by certain factors such as nature and age of crops, microbial 

activity, enzymatic transformations and application of organic manures and inorganic 

fertilizers. Distinguished changes in the soil fertility under the intensive system of 

agriculture are likely to occur due to high cropping intensity with high yielding 

varieties and high levels of nutrient input. The effect of the application of fertilizers and 

manure on available nutrient status of soils has been reported by numerous workers. 

Maragatham and Chellumutthu (2000) reported that, the post-harvest soil of 

sunflower crop showed a significant build-up of soil nitrogen compared to the initial 

level ranging from 165 to 228 kg ha-1 due to addition of FYM. 
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Parmar and Sharma (2001) studied the response of cauliflower cv. PSB-1 to 

NPK fertilizers and farmyard manure and observed that soil available N, P, and K 

increased with the increase in the rate of NPK fertilizer and farmyard manure. 

Duraisami et al. (2001) registered progressive increase in NH4-N and NO3-N 

with similar increase in the level of nitrogen applied to the sorghum crop on sandy clay 

loam soil. The available N and inorganic nitrogen fractions were positively correlated 

with N uptake. 

Singh et al. (2001) observed that the organic matter and total N status decreased 

with application of fertilizers alone and increased with conjunctive use of fertilizer N 

and organic manure. The amount of available N in soil increased from 140 to 300 kg 

ha-1 in 1997-98 as the dose of FYM increased from 0 to 10 t ha-1. The corresponding 

increase in 1998-99 was from 139 to 300 kg ha-1. The N balance due to the use of 

fertilizer N alone was negative and integration of organic and biological N resulted in 

positive N balance (Duraisami et al., 2002). 

Verma et al. (2002) observed that prescription based fertilizer recommendation 

for the yield targets could be integrated with additional 5 t FYM ha-1 , would not only 

increase rice, maize and wheat yields by 4.2 to 5.7 q ha-1 but also build up soil fertility 

in terms of available N, P2O5 and K2O and DTPA extractable micronutrients. 

Duraisami and Mani (2002) found a positive increase in the available K with the 

increase in the dose of potassium in loamy sand soils for tomato and highest 

availability of K (209.5 kg ha-1) was recorded at 80 kg K2O ha-1 as against only 181.8 

kg K ha-1 at control. 

Brahma et al. (2002) conducted a field experiment to ascertain the effect of 

NPK fertilizers on the fertility status of soil. The treatment comprised application of 

80:30:20, 100:60:40, 150:80:60 and 200:120:80 kg NPK ha-1. NPK at 200:120:80 kg 

ha-1 resulted in the highest values for residual available N (383.84 kg ha-1), P (41.58 kg 

ha-1) and K (72.37 kg ha-1). 

Shalini et al. (2002) conducted an experiment on knol- khol and studied the 

effect of integrated nitrogen management and nutrient availability in soil. Application 

of 50 per cent nitrogen (Urea) + 50 per cent nitrogen (vermicompost) + Azospirillum 

resulted in higher availability of nutrients in soil. 
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Santhi et al. (2002) reported that the post-harvest soil fertility was maintained 

due to IPNS for onion in Inceptisols of Tamil Nadu. Similar results were obtained by 

Gayathri (2003) for potato in Ultisols, Thilagam (2004) for cauliflower, John (2004) for 

cabbage and Devi (2005) for carrot. 

Choudhury et al. (2004) studied the effect on soil nutrient status and cauliflower 

productivity of integrated use of organic manure, biofertilizers and chemical fertilizer. 

With the conjunctive use of inorganic fertilizers, biofertilizers, and farmyard manure, 

the organic carbon and available N status increased significantly. Soil nutrients such as 

N, P and K increased significantly over chemical fertilizers alone with the application 

of various organic and microbial nutrient sources in combination with fertilizers. 

Roy et al. (2006) noted that integrated applications with a judicious combination of 

mineral fertilizer with organic and biological nutrient sources are not only complementary 

but also synergistic since organic inputs have beneficial effects. Therefore, INM was used 

to make sustainable cauliflower cultivation and to improve soil productivity and fertility. 

Sharma et al. (2006) studied the response of different levels of potassium on the 

green pea production at Nauni (Solan). They observed that there was significant 

increase in available potassium in the soil after crop harvest for different potassium 

levels. The maximum value 279.3 kg K2O ha-1 was recorded at 130 kg K2O ha-1 which 

was 19.3 per cent higher than its initial available K status (234.2 kg ha-1). 

Sharma et al. (2008) conducted an experiment to study broccoli's response to 

integrated nutrient management using organic manure, Azotobacter and synthetic 

fertilizers. It concluded that the application of 100 per cent NPK+Azotobacter+20 t ha-1 

cow manure resulted in the highest increase in the content of organic carbon and 

available nitrogen, phosphorus and potassium, respectively, by 36, 32 and 19 per cent 

over their initial soil status. Approximately 31, 8.4 and 12.5 kg ha-1 of nitrogen, 

phosphorus and potassium can be saved in broccoli production if cow manure @ 20 t 

ha-1 is used in combination with synthetic fertilizers. 

Organic manures significantly influenced the chemical properties of the soil. 

With poultry manure, the Nitrogen (32 kg ha-1), Phosphorus (68 kg ha-1) and Potassium 

(4 kg ha-1) levels of the soil improved (Madukue et al., 2008). 
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Gopinath et al. (2009) in a study found that both composted farm yard manure 

(FYMC) and (FYMC+ Poultry manure + Vermicompost + Biofertilizers) enhanced soil 

pH (7.1) and oxidizable organic carbon (1.2-1.3 per cent) compared with 

(FYMC+NPK) and un- amended control after a two-year transition period in capsicum. 

Sur et al. (2010) while analyzing the availability status of N, P, K and cationic 

micronutrients in soils in relation to ' Green Express ' cabbage (Brassica oleracea L. 

var. capitata) indicated that the adoption of INM practices generally contributed to the 

development of soil nutrient status in relation to N, P, K, Fe, Mn, Cu and Zn content. 

The treatment receiving recommended N, P and K levels, 4 t ha-1 organic manures and 

0.5 kg ha-1 Zn as Zn-EDTA proved superior in soil fertility increase. However, the 

highest organic carbon content (0.88 per cent) was observed in the treatment where 4 t 

ha-1 organic manure and recommended NPK and zinc levels were applied at 0.5 kg ha-1. 

Bharadwaj et al. (2010) observed that Increase in NPK application changes 

macronutrient availability in soil after harvesting of pea and available NPK increased 

significantly with increase in NPK application. Highest available N (334.9 kg ha-1), P 

(42.80 kg ha-1) and K (265.56 kg ha-1) were recorded with 100 per cent NPK over 

control. 

Reddy et al. (2010) in a field experiment on a sandy loam soil during kharif 

(onion) and rabi (radish) seasons found an increase in the exchangeable NH4 + -N (37.76 

to 43.82 mg kg-1) and NO3-N (10.99 to 14.80 mg kg-1) after the harvesting of onion crop 

with the levels of nitrogen increasing from 0 to 120 kg N ha-1. Similar results were found 

after the harvest of radish crop. 

Santhi et al. (2011) reported that the magnitude of buildup of available nutrient 

status was higher with STCR-IPNS treatment under beetroot cultivation in red calcareous 

soil (TypicHaplustalf). Similar finding was also obtained by Poongothai et al. (2011) 

under radish and Dixit et al. (2011) in maize cultivation. 

Sarangthem et al. (2011) conducted an experiment to study the impact of organic 

manures on soil parameters and cabbage (Brassica oleracea L. var. capitata) yields in 

acid soils. The study consisted of two sources of organic manure (vermicompost and 

FYM) and Azospirillum (4 Kg ha-1). The post-harvest organic carbon and available NPK 

content of soil drastically improved with using vermicompost and Azospirillum. The 
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concentration of nutrient (NPK) in shoot and root of cabbage was also observed highest 

in the treatment receiving vermicompost 3 t ha-1 along with Azospirillum as compared to 

FYM treatments. 

Ceronio et al. (2012) analyzed soil properties after growing cabbage for two years 

under different organic regimes viz. chicken manure, kraal manure and compost and found 

their significant influence on chemical status of the soil. Of the three manures, compost 

significantly affected most of the chemical properties of the soil, increasing the phosphorus, 

potassium, sulphur, calcium, total carbon and total cations content of the soil. They 

concluded that though two years were relatively short period, yet compost and kraal 

manure seamed to improve the chemical properties of soil more than chicken manure. 

Angelova et al. (2013) reported that the soil treated with organic amendments 

showed apparent increase of organic matter, total N, EC, available macro ( P, K, Ca and 

Mg ) and secondary nutrient content of soil. 

Ashima et al. (2017) conducted an experiment at ICAR Research complex 

Tripura Centre, Lembucherra to evaluate the efficacy of organics (vermicompost and 

Farm yard manure) with or without Azotobacter on the soil fertility of cauliflower. 

Vermicompost and FYM were applied @ 1, 2 and 3 t ha-1 with or without Azotobacter 

@ 4 kg ha-1 in cauliflower. Results revealed that available nitrogen, phosphorus, 

potassium and organic carbon content of the soil after the harvest of cauliflower was 

significantly enhanced as compared to that of control.  

2.5 Soil test based fertilizer recommendation for desired yield 
targets of various crops 
Fertilizer prescription equations based on targeted yield model was generated by 

Thilagam and Natesan, 2009, for desired cauliflower yield targets under integrated 

plant nutrient system. The nutrient requirement for the production of one quintal of 

cauliflower was 0.34 kg of nitrogen, 0.19 kg of phosphorus and 0.36 kg of potassium. 

Per cent contribution of nitrogen, phosphorus, and potassium from soil was 29.0, 33.5 

and 12.3, respectively. Per cent contribution of nitrogen, phosphorus and potassium 

from fertilizer was 36.9, 44.2 and per cent respectively. Per cent contribution of 

nutrients from applied FYM for nitrogen, phosphorus and potassium was 23.3, 16.3 and 

31.8, respectively. Per cent contribution of nutrients was 29.5, 17.4 and 33.8 with 

FYM+AZO for nitrogen, phosphorus and potassium, respectively. Rao and 
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Subramanian (1994) also worked out basic parameters for cauliflower. The above 

parameters were also worked out by Saxena et al. (2008) for onion and Chatterjee et al. 

(2010) for potato crop. 

John, 2004 developed basic data for Cabbage and found that 0.28 kg of nitrogen, 

45.71 kg of phosphorus and 51.08 kg of potassium required for the production of one 

quintal of cabbage. Per cent contribution of nitrogen, phosphorus and potassium from soil 

was 0.13, 53.10 and 44.19, respectively. Per cent contribution of nitrogen, phosphorus 

and potassium from fertilizer was 0.29, 20.28 and 79.59, respectively. Per cent 

contribution of nutrients applied from FYM for nitrogen, phosphorus and potassium was 

30.20, 38.80 and 35.30, respectively. Per cent contribution of fertilizer nutrients was 

38.70, 44.90 and 46.70 with FYM+AZO.  

Fertilizer adjustment equations were developed by Arya et al. (2017) on tomato. 

The nutrient requirement for the production of one quintal of tomato was 0.58 kg of 

nitrogen, 0.11 kg of phosphorus and 0.55 kg of potassium. Per cent contribution of 

nitrogen, phosphorus and potassium from soil was 45.22, 66.08 and 48.61, respectively. 

Per cent contribution of fertilizer nutrients was 72.55, 76.98 and 140.67 with FYM and 

67.84, 69.98 and 134.37 without FYM for nitrogen, phosphorus and potassium, 

respectively. Per cent contribution of nutrients from applied FYM for nitrogen, 

phosphorus and potassium were 22.29, 30.46 and 30.96, respectively. The Cooperating 

Centers of Soil Test Crop Response Correlation (STCR) have developed fertilizer 

prescription/adjustment equations for targeted yields of some important crops on different 

soils and they are as given below: 

Fertilizer prescription equations developed for cabbage (Var. Pragati) during 

2009- 10. The nutrient requirement for the production of one quintal of cabbage was 0.37 

kg of nitrogen, 0.21 kg of phosphorus and 0.18 kg of potassium. Per cent contribution of 

nitrogen, phosphorus and potassium from soil was 16, 40 and 13, respectively. Per cent 

contribution of fertilizer nutrients was 46.1, 57.3 and 44.2 for nitrogen, phosphorus and 

potassium, respectively. Cabbage (Var. Green Express) during 2006-07, nutrient 

requirement for the production of one quintal of cabbage was 2.07 kg of nitrogen, 0.42 kg 

of phosphorus and 1.74 kg of potassium. Per cent contribution of nitrogen, phosphorus, 

and potassium from soil was 23.77, 31.77 and 24.55, respectively. Per cent contribution 

of fertilizer nutrients was 44.65, 45.47 and 44.33 for nitrogen, phosphorus and potassium, 

respectively. Per cent contribution of nutrients from applied FYM for nitrogen, 
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phosphorus and potassium was 33.62, 21.95 and 36.34, respectively. For cauliflower 

(Var. Sungru Pusi) during 2007-08, the nutrient requirement for the production of one 

quintal of cauliflower was 0.57 kg of nitrogen, 0.10 kg of phosphorus and 0.66 kg of 

potassium. Per cent contribution of nitrogen, phosphorus and potassium from soil was 

11.54, 20.06 and 5.61, respectively. Per cent contribution of fertilizer nutrients was 39.41, 

27.00 and 116.17 for nitrogen, phosphorus and potassium, respectively. Per cent 

contribution of nutrients from applied FYM for nitrogen, phosphorus and potassium was 

3.55, 1.35 and 2.45, respectively.  

For cabbage (Var. NTJ-2) during 2008-09, the nutrient requirement for the 

production of one quintal of cabbage was 0.76 kg of nitrogen, 0.09 kg of phosphorus and 

1.00 kg of potassium. Per cent contribution of nitrogen, phosphorus, and potassium from 

soil was 72, 82 and 131, respectively. Per cent contribution of fertilizer nutrients was 89, 

9 and 145 for nitrogen, phosphorus and potassium, respectively. Per cent contribution of 

nutrients from applied FYM for nitrogen, phosphorus and potassium was 59, 14 and 53, 

respectively (Anonymous, 2007-10 and Anonymous, 2010-13). 

Anonymous (2013-16), reported basic data for fertilizer prescription/adjustment 

equations for targeted yields of some crops on different soils. For cabbage (var. Golden 

Acre) nutrient requirement for the production of one quintal of cabbage was 2.20 kg of 

nitrogen, 0.50 kg of phosphorus and 2.90 kg of potassium. Per cent contribution of 

nitrogen, phosphorus and potassium from soil was 21.20, 40.60 and 24.90, respectively. 

Per cent contribution of fertilizer nutrients was 25.20, 20.60 and 100.20 for nitrogen, 

phosphorus and potassium, respectively.  

For broccoli (Var. CSH-1) nutrient requirement for the production of one quintal 

of cauliflower was 0.72 kg of nitrogen, 0.08 kg of phosphorus and 0.55 kg of potassium. 

Per cent contribution of nitrogen, phosphorus, and potassium from soil was 18.86, 16.98 

and 31.67, respectively. Per cent contribution of fertilizer nutrients was 50.01, 22.79 and 

98.49 for nitrogen, phosphorus and potassium, respectively. Per cent contribution of 

nutrients from applied FYM for nitrogen, phosphorus and potassium was 8.38, 19.93 and 

9.58, respectively and for cauliflower (Var. Swati) nutrient requirement for the production 

of one quintal of cauliflower was 0.72 kg of nitrogen, 0.07 kg of phosphorus and 0.47 kg 

of potassium. Per cent contribution of nitrogen, phosphorus, and potassium from soil was 

26.25, 72.70 and 228.35, respectively. Per cent contribution of fertilizer nutrients was 

89.36, 7.64 and 115.27 for nitrogen, phosphorus and potassium, respectively. Per cent 
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contribution of nutrients from applied FYM for nitrogen, phosphorus, and potassium was 

78.01, 6.82 and 59.58, respectively.  

Fertilizer prescription equations developed by Pande and singh (2016) on 

cabbage. The nutrient requirement for the production of one quintal of cabbage was 0.92 

kg of nitrogen, 0.10 kg of phosphorus and 1.03 kg of potassium. Per cent contribution of 

nitrogen, phosphorus and potassium from soil was 59, 66 and 123, respectively. Per cent 

contribution of fertilizer nutrients was 104, 11 and 162 with FYM and 85, 9 and 126 

without FYM for nitrogen, phosphorus and potassium, respectively. Per cent contribution 

of nutrients from applied FYM for nitrogen, phosphorus and potassium was 59, 14 and 

53, respectively. Similar findings have also been made by Kadam and Sonar (2006) on 

onion, Muralidharudu et al. (2007) on potato, turmeric, garlic, pumpkin, and ladies finger 

and Muralidharudu et al. (2011a) on brinjal, tomato, radish, chilly, carrot and fenugreek. 

Gogoi and Mishra (2015) on the pumpkin. 



 

 

Materials and 
Methods  
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Materials and Methods  
  

The details of the materials used and methodology adopted during the research 

work entitled “Optimization of fertilizer doses through STCR approach for 

cauliflower (Brassica oleracea L var. botrytis) grown in Mollisols” are described in 

this chapter. 

3.1  Experimental Site  

3.1.1  Site  

 Field experiments were conducted at Vegetable Research Centre (29° N 

latitude, 79° 27’ E longitudes and an altitude of 217 m above the mean sea level) 

during 2015-16 and at Crop Research Centre (290 N latitude, 79029’ E longitudes and 

an altitude of 243.84 m above the mean sea level) during 2016-17 of G.B. Pant 

University of Agriculture and Technology Pantnagar, Udham Singh Nagar 

(Uttarakhand). Follow up trial was also conducted on farmer’s field at Golapaar, 

Haldwani during 2016-17.  

3.1.2  Weather and climate 

Pantnagar falls in the humid subtropical zone and comes under the tarai region 

of Uttarakhand at the foothills of Shivalik range of Himalayas. This place has humid 

and subtropical climate with the maximum temperature ranging from 32ºC to 44ºC 

during summer and minimum temperature ranging from 4.4ºC during winter. The 

summers are dry and hot, winters are too cold and frost expected from last week of 

December to end of the January. The onset of monsoon usually occurs from the last 

week of June and continues in appreciable amount up to the middle of September. 

During this period maximum rainfall occurs. The mean annual rainfall records 

approximately 1300 mm. A few or little showers also expected during the winter 

month. Different weather parameters during the period of experimentation (October 2015 to 

march 2016 and October 2016 to march 2017) as recorded at the meteorological observatory 

located at CRC are depicted in figure 3.1 and 3.2 and presented appendix I & II. 

Chapter 3 
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            Fig 3.1: Weather data during experimental period October, 2015 – March, 2016 
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                   Fig 3.2: Weather data during experimental period October, 2016 – March, 2017
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3.1.3  Soil 

The soil of the experimental site was classified (Deshpande et al., 1971) as 

Order    – Mollisol  

Suborder   –  Udoll 

Great group   –  Hapludoll 

Subgroup   –  Aquic hapludoll 

Family   –  Fine, mixed loamy, hyperthermic  

Soil series   –  Pattharchatta Sandy loam 

Soils of this region are developed from medium to moderately coarse textured 

calcareous alluvium brought down from mountains by numerous streams flowing 

through the Bhabar and Tarai. These are mainly silty and loamy in texture with weak 

fine to medium fine granular structure, having good moisture storage capacity and are 

highly productive.  

Soil samples from several spots (0-15 cm. soil depth) were collected from the 

experimental field before start of the experiment. Composite soil samples were 

processed and analyzed for various physico-chemical properties (Table 3.1). A profile 

study was also conducted at experimental site. Detail of the profile study is given in 

table 3.2.  
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Table 3.1: Physicochemical properties of the soil of experimental site 

S. 
No. 

Property Value 
obtained 

Method employed 

1. Textural analysis  Bouycos Hydrometer method (Black, 
1965)  Sand (%) 53.6 

 Silt (%) 34.2 

 Clay (%) 12.2 

 Textural class  Sandy loam USDA textural triangle  

2. pH (1:2 soil water 
suspension)  

6.8 Glass electrode pH meter (Jackson, 
1958)  

3. Electrical conductivity 
(dSm-1) 

0.20 Bower and Wilcox (1965)  

4. Organic carbon (%) 0.89 Walkley and Black method (1934) 

5. Available nitrogen (kg 
N ha-1) 

152.89 Alkaline KMnO4 method (Subbiah and 
Asija, 1956) 

6. Available phosphorus 
(kg P ha-1) 

17.21 Olsen’s extraction method (Olsen et al., 
1954) 

7. Available potassium 
(kg K ha-1) 

260.61 Neutral 1 N NH4OAc extraction method 
(Hanway and Hiedal, 1952) 

8. P fixing capacity (%) 80.16 Waugh and Fits (1996) 

9.  K fixing capacity (%) 44.08 Waugh and Fits (1996) 

 

3.1.4 Study of Soil Profile 

Soil profile details of experimental site are listed in table 3.2. Other soil 

characteristics of experimental site were as follows: 

v Slope    :  1-3% 

v Drainage   :  Moderately well to well drained 

v Present land use  :  Cultivated land. 

v Colour   :  Yellowish brown 

v Soil texture    :  Sandy loam  

v Consistency    :  Moist friable to loose 

v Soil Structure    :  Granular  
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Table 3.2: Characteristics of soil profile 

Horizon 
Depth 
(cm) Characteristics 

Ap 0-20 Very dark grayish brown 10 YR 3/2 (moist), 10 YR 5/2 grayish 
brown (dry), sandy loam, weak fine to medium granular structure, 
moist friable consistency, clear smooth boundary, abundant roots, 
effervescence nil, pH-6.9, EC-0.21, Org. C-0.89%, Available N-
150.71 kg ha-1, Available P-18.41 kg ha-1, Available K-251.60 kg 
ha-1. 

A 20-35 Very dark grayish brown 10 YR 3/2 (moist), 10 YR 5/2 grayish 
brown (dry), sandy loam, weak coarse granular to weak fine sub-
angular blocky structure, friable consistency, gradual smooth 
boundary, abundant roots, effervescence nil, pH-6.5, EC-0.20, Org. 
C-0.85%, Available N-147.98 kg ha-1, Available P- 16.46 kg ha-1, 
Available K- 230.40 kg ha-1. 

BA 35-45 Dark Brown 10 YR 3/3 (moist) and grayish brown 10 YR 5/2 
(dry), gravelly sandy loam, weak medium to fine sub-angular 
blocky structure, friable consistency, gradual smooth boundary, 
common roots, effervescence nil, pH-6.2, EC-0.18, Org. C-0.79, 
Available N-130.42 kg ha-1, Available P- 15.20 kg ha-1, Available 
K-192.98 kg ha-1. 

B 45-72 Dark Brown 10 YR 3/3 (moist), brown10 YR 4/3 (dry), sandy 
loam, sub-angular blocky structure, friable consistency, weak 
medium to fine gradual smooth boundary, common roots, 
effervescence nil, pH-6.1, EC-0.16, Org. C-0.70, Available N-
100.26 kg ha-1, Available P- 10.25 kg ha-1, Available K-115.12 kg 
ha-1. 

BC1 72-105 Dark Brown 10 YR 3/3 (moist), brown 10 YR 4/3 (dry) light sandy 
loam, very weak, medium sub-angular blocky structure; very 
friable consistency, gradual smooth boundary, occasional roots, 
effervescence nil, pH-6.0, EC-0.16, Org. C-0.65, Available N-
94.20 kg ha-1, Available P- 9.46 kg ha-1, Available K-86.66 kg ha-1 
. 

BC2 105-127 Dark Brown 10 YR 3/3 (moist), brown 10 YR 4/3 (dry), light 
sandy loam with few fine distinct light brownish gray mottles, very 
weak medium to fine sub-angular blocky structure, very friable 
consistency; clear smooth boundary, occasional roots, 
effervescence nil, pH-5.8, EC-0.15, Org. C-0.60, Available N-
87.89 kg ha-1, Available P- 9.20 kg ha-1, Available K-78.68 kg ha-1. 

2C 127+ Dark grayish brown 10 YR 4/2 (moist) and dark brown 10 YR 4/3 
(dry); loose sand and gravel with few fine distinct light brownish 
gray and dark brown to brown mottles, single grain, no roots, 
effervescence nil, pH-5.8, EC-0.13, Org. C-0.58, Available N-64.2 
kg ha-1, Available P- 8.0 kg ha-1, Available K-56.87 kg ha-1. 
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3.2  Methodology of Experiments 

This study comprised of three field experiments in three phases viz., Phase I,  

fertility gradient experiment with maize var. (Kanchan), Phase II, test crop 

experiment Cauliflower var. (Snowball-16) in year 2015-16 and Phase III, 

verification trial with cauliflower of same variety in year 2016-17. Before starting 

experiment composite soil sample from the experimental field was collected and 

analyzed for various physico-chemical properties as presented in table 3.1. The 

above experiments were conducted as per the technical programme and 

methodology of STCR (Annonymous 2013-16) to Optimizing fertilizer doses for 

cauliflower. The details of the field experiments carried out and methods of analysis 

of soil and plant samples done and the methodology followed in fulfilling objectives 

of study are presented as follow:  

Experiment-1 

The field experiment was carried out in two phases i.e. fertility gradient 

stabilizing experiment (preparatory trial) and test crop experiment (main trial). 

3.2.1  Soil Fertility gradient Experiment (First Phase):  

 In the soil fertility gradient experiment, operational range of variation in soil 

fertility was created deliberately. For this purpose, the experimental field was 

divided into three equal strips, the first strip received no fertilizer (N0P0K0), the 

second strips received 100:100:100 N, P2O5 and K2O Kg ha-1 (N1P1K1) and third 

strip received 200:200:200 N, P2O5 and K2O Kg ha-1 (N2P2K2) and a exhaust crop 

of Maize (kanchan) was grown during kharif 2015 for successful conduct of soil test 

crop response correlation study and to minimize the interference of other soil and 

management factors affecting crop yield. By adopting usual agronomic practices, 

the crop raised till maturity. The layout of first phase is shown in figure 3.3. 
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Fig. 3.3: Layout of the soil fertility gradient experiment 

In the first phase during 2015, land was prepared in the month of July. For 

preparation of field one disc ploughing followed by two cross harrowing was done on 

July 20. The field was leveled with the help of tractor drawn leveler to give gentle slope 

for smooth drainage on the same day. Experimental site was divided into three equal 

strips (60.0m × 7.5 m) to apply three levels of nutrients, viz. 0, 1, 2 (i.e. N0P0K0, 

N1P1K1 and N2P2K2) as given in table 3.3. 

Nitrogen, phosphorus and potassium were applied as urea, single super 

phosphate and muriate of potash, respectively. Half dose of nitrogen and total dose of 

phosphorus and potassium were broadcasted on sowing as basal. While remaining half 

dose of nitrogen was applied in two splitting doses as top dressing. 

Table 3.3: Nutrient levels applied in fertility gradient experiment. 

Strip (Symbol) 
Nutrient level (kg ha-1) 

N P2O5 K2O 

I (N0P0K0) 0 0 0 

II (N1P1K1) 100 100 100 

III (N2P2K2) 200 200 200 

 

N1

P1

K1 

N0

P0

K0 

N2

P2

K2 60 m 
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Sowing was done in deep furrows at 22 cm row to row distance on July 20, 

2015. Seeds of variety kanchan were sowing at the rate of 20 kg ha-1. Plant population 

was maintained by gap filling at improper germination sites after fifteen days of date 

after sowing. An attempt was made to keep crop free of weeds, insects, pests and 

diseases through recommended agronomic practices. Crop was harvested at full 

maturity Stover yield recorded strip wise (Table 3.4). Photographic view of this 

experiment is presented in Plate 1. 

Table 3.4: Strip wise yield of maize in fertility gradient experiment 

Strip Symbol Fertilizer Dose 
(N,P2O5 & K2O) 

Grain + Stover yield (q 
ha-1) 

I N0P0K0 0,0,0 90 

II N1P1K1 100,100,100 120 

III N2P2K2 200,200,200 150 

 

3.2.2  Test Crop Experiment (Second Phase):  

For conducting test crop experiment on cauliflower, first nursery was raised and 

then cauliflower seedlings were transplanted in the experimental field. The details of 

nursery raising and transplanting are given below. 

A. Raising of nursery 

To prepare the nursery cauliflower seeds were sown in well prepared raised 

nursery bed in rows 15 cm apart and at 1.5 cm deep (Plate 2). Nursery bed was well 

prepared before 3-4 days of sowing so that the soil may be well solarized and free from 

disease organisms. Well rotten FYM @ 15-20 kg/ bed and N, P and K @ 15-20g, 25-

40g and 40-60g/ bed in the form of urea, single super phosphate and muriate of potash 

were applied and mixed well with soil. After sowing the seeds, bed was covered with 

straw mulch just after sowing for 4-5 days to protect the germinating seedlings from 

adverse weather conditions and maintaining moisture. The seed bed cover was removed 

as soon as the emergence of young seedlings started. After one week thinning was done 

for proper growth and development of seedlings. Water supply maintained as and when 

required. 
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B. Transplanting 

 The four weeks old seedlings were transplanted on the site of fertility gradient 

experiment during rabi, 2015-16. Land was prepared in the month of October with 

one disc ploughing followed by four cross harrowing. The field was leveled without 

disturbing strip boundaries with the help of leveler to furnish gentle slope for better 

drainage. Layout of field was done as mentioned in figure 3.4 and presented in plate 

3. Each strip was divided into 24 plots (23 treatments+ 1 control) of size 12m2 

(4mX3m), and initial soil samples were collected for analyzing available N, P and K 

status of experimental plot of cauliflower. The levels of nitrogen, phosphorus, 

potassium and FYM used in the experiment are given in table 3.5 and photographic 

view of transplanting is presented in plate 4. 

Table 3.5: Levels of nitrogen, phosphorus, potassium and FYM used for the 
experiment on cauliflower 

Levels FYM (t ha-) N (kg ha-1) P2O5 (kg ha-1) K2O (kg ha-1) 

0 0 0 0 0 

1 10 50 30 30 

2 20 100 60 60 

3 - 150 90 90 

 

Nitrogen, phosphorus, potassium and organic manure were applied through 

urea, single super phosphate, muriate of potash and FYM, respectively. Half of 

nitrogen, total phosphorus, total potash and total dose of FYM were applied as basal. 

While remaining half of nitrogen was applied after 35 days of transplanting. Healthy, 

disease free, four weeks old cauliflower seedlings were transplanted in the field at 

60×50 cm spacing. Important dates for various operations during crop season are 

presented in the table 3.6. 

C. Gap filling  

A week after, damaged and dead seedlings were replaced by healthy ones to 

maintain the desired plant population in the plot. 

D. Irrigation  

A light irrigation was applied just after the transplanting and subsequent 

irrigations were given at an interval of about 10-12 days depending upon the soil 

condition and crop requirement. 
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Plate 1: Photographic views of exhaust crop- Maize (var. Kanchan) 
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Plate 2: Photographic views of Cauliflower nursery 
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Plate 3: Layout of the experimental field 
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Plate 4: Transplanting in the experimental field 
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Fig. 3.4: Layout and treatment combinations of the test crop experiment 
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E. Weeding operations 

 Manual weeding was done after six weeks of transplanting. 

F. Plant protection  

Application of Endosulfan 35% @ 0.2 per cent was done to control insects like 

cutworm and aphids. 

Table 3.6: Important dates of different operations of Cauliflower (test crop) 

Operations Date 

Harrowing and leveling,  07.11.2015 

Layout preparation 07.11.2015 

Date of initial soil sample collection 07.11.2015 

Application of fertilizers & FYM 09.11.2015 

Transplanting  10.11.2015 

First irrigation 10.11.2015 

Second irrigation 26.11.2015 

Top dressing of half dose of urea 14.12.2015 

Observation and plant sampling 24.02.2016 

Harvesting  15.03.2016 

Post-harvest soil samples  16.03.2016 

 

3.3  Observations recorded 
 In the present investigation five plants were randomly selected for all the 

observations listed as below. Strip wise and plot wise data of these observations are 

presented in appendix IV. 

3.3.1  Number of leaves per plant 

Total numbers of leaves per plant was recorded at the time of curd harvesting in 

the randomly selected plants and their mean was calculated. 

3.3.2  Gross plant weight (Kg) 

 The weight of plant including the stalk, leaves and curd was recorded at the 

time of harvesting on five randomly selected plants and their mean was calculated as 

average plant weight. 
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3.3.3  Marketable curd weight (Kg) 

The individual curd weight (excluding stalk and including 3-4 leaves) was 

recorded at the time of harvest. 

3.3.4  Net curd weight (Kg) 

The individual net curd weight (excluding stalk and leaves) was recorded at 

the time of harvest. 

3.3.5  Curd diameter (cm) 

The equatorial diameter of the half cut curd was measured with the help of 

scale. 

3.3.6  Curd depth (cm) 

The vertical distance between the tip of the half cut curd and the lower most 

button was measured with the help of scale. 

3.3.7  Curd size index (cm2) 

The product of the curd diameter and the curd depth was taken as curd size 

index for each curd. 

3.3.8  Yield per plot (kg) 

The yield of curds was recorded individually per plot and converted into 

quintal per hectare. 

3.4 Collection of Soil Samples  

Soil samples at 0-15 cm depth were collected from 72 plots before transplanting 

of cauliflower seedlings and application of fertilizer and manure. Post-harvest soil 

samples were also collected after harvesting of cauliflower. 

3.4.1  Processing of Soil Samples 

After collection of soil samples, were air dried in shade, ground with the help of 

mortar and pestle, passed through 2 mm sieve and stored for further chemical analysis. 

Photographic view of chemical analysis in laboratory is showed in plate 5. 
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3.4.2 Chemical analysis of Soil Samples 

3.4.2.1 Availability indices of Nitrogen 

a)  Organic carbon was determined by modified Walkley and Black (1934) method 

as described by Jackson (1967). The values were reported in per cent. 

b)  Nitrogen was determined by Alkaline KMnO4 method as described by Subbiah 

and Asija (1956). The values were recorded in kg ha-1.  

3.4.2.2 Availability indices of Phosphorus 

(a) Olsen method : Phosphorus was determined by 0.5 M NaHCO3 (pH 8.5) 

extraction method (Olsen et al., 1954) followed by colour development by 

ascorbic acid method (Murphy and Riley, 1962) and the available phosphorus 

concentration in soil samples was recorded with the help of spectrophotometer 

at 730 nm wavelength. Final values of P in soil were reported in kg ha-1. 

(b) AB-DTPA method : By using AB-DTPA (1M NH4HCO3 +0.005M DTPA at 

pH 7.6) as extractant (Soltanpour and Schwab, 1977) followed by colour 

development by ascorbic acid method (Murphy and Riley, 1962) and the 

available phosphorus concentration in soil samples was recorded with the help 

of spectrophotometer at 820 nm wavelength. Finally the values were recorded in 

kg ha-1. 

(c) Mehlich I method: By using Mehlich I (Double acid) (0.05N HCl and 0.025 N 

H2SO4) as extractant (Korcak and Fanning, 1978) followed by colour 

development by ascorbic acid method (Murphy and Riley, 1962) and the 

available phosphorus concentration in soil samples was recorded with the help 

of spectrophotometer at 730 nm wavelength. Finally the values were recorded in 

kg ha-1. 

(d) Bray and Kurtz P-1 Method: This method estimates the relative 

bioavailability of ortho-phosphate (PO4-P) in acid to neutral pH soils using a 

0.025MHCl and 0.03 M NH4F dilute acid solution. Phosphorus content is 

determined by spectrophotometrically at 882 nm at an acidity of 0.19M H2SO4 

(Rodriguez et al., 1994) by reacting with ammonium molybdate using ascorbic 

acid as a reductant in the presence of antimony (Murphy and Riley, 1962). 
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Plate 5: Photographic view of chemical analysis in the laboratory 
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3.4.2.3 Availability indices of Potassium 

(a) Neutral ammonium acetate method: Potassium was determined by using 

neutral ammonium acetate as extractant (Hanway and Hiedal, 1952). Potassium 

concentrations in the extracts were read by using flame photometer. Final values 

in soil were reported in kg ha-1. 

(b) AB-DTPA method: By using AB- DTPA (1M NH4HCO3+ 0.005M DTPA at 

pH 7.6) as extractant (Soltanpour and Schwab, 1977). Final values in soil were 

reported in kg ha-1.  

(c) Mehlich I method: By using Mehlich I (Double acid) (0.05N HCl and 0.025 N 

H2SO4) as extractant (Korcak and Fanning, 1978). Final values in soil were 

reported in kg ha-1. 

(d) Non exchangeable K: Boiling Nitric acid extraction method (Pratt, 1982) 2.5g 

of finely ground soil sample was added to a 125ml Erlen Meyer flask and 25 ml 

of 0.1N HNO3 was added to it. The flask was kept on a ring stand over a gas 

burner. The flame was reduced when the contents were boiling and the 

suspension was boiled gently for 10 min. The flask was removed and the 

contents were poured into a filter and filtrate was received in a 100 ml 

volumetric flask. Wash the soil 4 times with 15 ml portions of 0.1N HNO3. 

Cool the solution, dilute it to volume and mix it thoroughly. Determine K with a 

flam photometer using appropriate K standards prepared using 0.1N HNO3 such 

that the concentration of the acid is maintained as that in the sample. 

3.5  Collection of Plant Samples  

Plant samples were taken from each plot. Five plants were selected from each 

plot and samples of curd and leaves were taken and fresh weight was recorded (Plate 

6). The plant samples were first air dried and subsequently kept in paper bags and oven 

dried at 60°C for 48 hours and dry matter content and dry matter yield was recorded. 

These samples were also used for determination of quality parameter of cauliflower. 

Dry matter content (per cent) = 100
(g) sample fresh ofWeight 

(g) sample dried oven ofWeight 
´  

Dry matter yield (q ha-1) = Fresh curd yield (q ha-1) × Dry matter content (%) 
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3.5.1  Processing of Plant Samples 

Plants samples were dried at 60°C for 48 hours in an electric oven and then the 

samples were ground in a ‘Wiley’ type mill and stored in plastic bags. Oxidation of 

organic material and release of mineral elements was done by digestion with di-acid 

mixture (9:4) of concentrated HNO3 and 70 per cent perchloric acid (Jackson, 1967). 

The residue of digested material was dissolved in 6 N HCl. The volume was 

made up by glass distilled water in volumetric flask in the ratio of 1:100. Details of 

these analyses are given below. 

3.5.2  Chemical analysis of Plant Sample  

3.5.2.1 Nitrogen 

The nitrogen content (curd+ leave) was determined by Modified micro-jeldahl 

method (Jackson, 1967). The digestion of dried plant sample (0.2 g) is done with 10 ml 

of H2SO4 and 1 g of catalyst mixture in a digestion tube. Further, the digestion is 

carried on digestion assembly till the digest becomes colourless. The digested material 

was distilled and ammonia liberated was absorbed in 4% boric acid solution containing 

mixed indicator. Nitrogen content was estimated by titrating the distillate with N/20 

H2SO4 solution. It was expressed in percentage on dry weight basis. 

3.5.2.2 Phosphorus 

Phosphorus was determined by Vanadomolybdo-Phosphoric acid, yellow 

colour-method in acid system and the intensity of yellow colour was read by UV-VIS 

spectrophotometer at 420 nm as described by Chapman and Parker (1961). The content 

was expressed as per cent in curd and leaves. 

3.5.2.3 Potassium 

The potassium content of the digested material was estimated by flame 

photometer. The content was expressed as percent potassium in curd and leaves.  

3.6  Total nutrient uptake  

(a) Uptake by curd (kg ha-1) = Nutrient content (%) in curd × Dry matter yield 

of curd (q ha-1) 
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Plate 6: Harvesting and Collection of plant samples 
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(b) Uptake by leaves (kg ha-1) = Nutrient content (%) in leaves × Dry matter 

yield of leaves (q ha-1) 

(c) Total nutrient uptake by plant (kg ha-1) = Uptake by curd (kg ha-1) + Uptake 

by leaves (kg ha-1) 

3.7  Basic data for Fertilizer Recommendation 

Basic data were calculated with the help of soil & applied fertilizer nutrients, 

crop yield, nutrient uptake of curd and leaves.  

3.7.1  Nutrient requirement for production of one quintal of economic 

produce (curd) 

The nutrient requirement was calculated as follows: 

Nutrient requirement (NR) = 
) (q  yield Curd

 (kg)  uptakenutrient  Total
 

The values were reported as kg of nitrogen (N), phosphorus (P) and potassium 

(K) required for producing one quintal of curd. These values were calculated separately 

for each plot and then averages were taken. 

3.7.2  Contribution of nitrogen, phosphorus and potassium from soil (Cs) 

In this method, the efficiency of soil nutrients was calculated from soil test 

values of unfertilized plots (control plots). The soil efficiency was calculated as a ratio 

of total uptake and soil test value of a nutrient for each control plot and make their 

average. The soil contribution in each plot was determined by multiplying the soil test 

value of the plot with the average soil efficiency as determined from the unfertilized 

plots. The soil efficiency was calculated as follows: 

100  
plot  control innutrient  that of e test valuSoil

plot contorl innutrient  of uptake Total
  (Cs) soil fromnutrient  available of oncontributiPercent ´=

The mean of all control plots with respect to nutrient in question was calculated for 

each nutrient. 

3.7.3 Contribution of nitrogen, phosphorus and potassium from FYM 
(Cfym) 

FYM efficiency of any nutrient was calculated only from the FYM treated plots 

(6 plots). For calculating the efficiency of fertilizer in FYM treated plots, the value of 
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nutrient uptake from that treatment be deducted from uptake of that nutrient supplied 

through soil and further divided by added nutrients by FYM respectively. The values 

were calculated as given in the following formula:  

Percent contribution of nutrient from FYM = 

100
(kg/ha)  applied (N/P/K)  dose  nutrients manure  organic

    /100CS   plots  organiconly in       -     plots    treatedmanure  organiconly in   

nutrients of  es test valuSoil                     (kg/ha)  nutreints of uptake Total  

´
´

 

3.7.4 Contribution of concerned nutrient from fertilizer without FYM (Cf) 

The fertilizer efficiency was calculated from treated plots after giving allowance 

for soil contribution. The fertilizer efficiency was calculated as a ratio of the difference 

between the total uptake and contribution of soil & FYM and divided by applied 

fertilizer dose in each treated plot. Take the average of such plots separately for per 

cent N, P and K contribution from fertilizers. 

100
(kg/ha) applied (N/P/K)  dose Fertilizer

                   100 / CS  plots ated       tre                    plots  treatedFYM 

FYM through -              FYM and fertilizerin            -         and fertilizerin  (kg/ha) 

100 / CFYM X  (kg/ha) addedNutrient      nutrients of es test valuSoil                 nutrients of  uptake  Total

´
´

 

3.7.5 Contribution of concerned nutrient from fertilizer with FYM (Cf*) 

The fertilizer efficiency of nutrient with FYM was calculated from treated plots 

after giving allowance for soil and FYM contribution. The fertilizer efficiency was 

calculated as a ratio of the difference between the total uptake and soil & FYM 

contribution and divided by applied fertilizer dose in each treated plot. Take the 

average of all such plots separately for per cent N, P and K contribution from 

fertilizers. 

Per cent contribution of nutrients from fertilizer with FYM (CF %) = 

100
(kg/ha) applied (N/P/K)  dose Fertilizer

  100 / CS  plots ed FYM treatand  fertilizer in  -     plots ed FYM treatand  fertilizer in (kg/ha) 

nutrients of es test valuSoil                                  nutrients of  uptake  Total

´
´  

3.8  Fertilizer requirement for targeted yield 

Equations for fertilizer requirement of nitrogen, phosphorus and potassium for 

targeted yield were worked out as follows: 
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3.8.1  Fertilizer doses of nitrogen, phosphorus and potassium for targeted 
yields were worked out as follows: 

Without FYM 

FN= (NR/Cf) ×100T-(Cs/Cf) ×SN 

FP2O5= (NR/Cf) x 2.29 ×100T - (Cs/Cf) × 2.29 x SP 

FK2O= (NR/Cf) x 1.21 ×100T – (Cs/Cf) × 1.21 x SK 

With FYM 

FN = (NR/Cf*) ×100T – (CS/Cf*) × SN – (Cfym/Cf*) × M 

      FP2O5 = (NR/Cf*) x 2.29 × 100T – (CS/Cf*) × 2.29 x SP – (Cfym/Cf*) × 2.29 x M 

      FK2O = (NR/Cf*) x 1.21 × 100T – (CS/Cf*) × 1.21 × SK – (Cfym/Cf*) × 1.21 M 

Where, 

FN =  Fertilizer nitrogen (kg N ha-1) 

F P2O5 =  Fertilizer phosphorus (kg P2O5 ha-1) 

FK2O =  Fertilizer potassium (kg K2O ha-1) 

NR = Nutrient requirement of nitrogen, phosphorus and potassium 

Cf  =         Per cent contribution of concerned nutrient from fertilizer without  

  FYM 

Cf* =  Per cent contribution of concerned nutrient from fertilizer with  

  FYM. 

CS =  Per cent contribution of concerned nutrient from soil 

Cfym =  Per cent contribution of concerned nutrient from FYM 

 T =  Targeted yield (q ha-1) 

SN =  Soil test value for available nitrogen (kg ha-1) 

SP =  Soil test value for available phosphorus (kg ha-1) 

SK =  Soil test value for available potassium (kg ha-1) 

M =  Concerned nutrient content in organic matter 
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3.9 Quality parameters of cauliflower: 

Curd samples were analyzed for total phenolic, flavonoids and ascorbic acid. 

After the collection, sample was left to dry under shade and after some time kept in 

oven for drying. Finally, samples were ground into a fine powder using a mortar and 

pestle. 

3.9.1 Determination of total phenolic and flavonoids content  

Preparation of sample 

 Exact amount of 1.5 g of sample was weighed and underwent for extraction 

with 85% methanol which is acidifies to pH 2.0 with the addition of 6N HCl along with 

the constant agitation using magnetic stirrer for the duration of 30 minutes, for the 

analysis of antioxidant activity. The supernatant was decanted and the residue was re-

extracted for complete removal of phenolic and flavonoid compounds. The procedure 

was repeated two times and then mixture of three supernatants was centrifuged at 6000 

rpm for 15 min. The supernatants was collected and filtered through Whatman No. 1 

filter paper, resulting finally into 50 ml crude extract. The extracted sample was stored 

at -20°C for phenolic and flavonoid activity.  

Total phenol content: The Total Phenol content was determined according to the 

method given by Singleton et al. (1999) using Folin- ciocalteu reagent. 

Principle: Polyphenol in plant extract reacts with specific redox reagent (Folin-

ciocalteu reagent) to form blue chromophore constituted by a phosphotungustic- 

phosphomolybdenum complex. The blue color was measured at 750 nm.  

Reagent Preparations: 

· Gallic acid (GA) standard solution (100 mg %) 

Stock solution: 100 mg Gallic acid was dissolved in 100 ml distilled water. 

Working solution: 1 ml stock solution was taken and volume was made up 20 

ml with D/W. 

·  Folin- ciocalteu (FC) reagent (50%): 1:1 dilution with distilled water 

· Sodium carbonate (7.5%): 7.5 g Na2CO3 was dissolved in 100 ml distilled 

water  
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Procedure: 

Sample: A known aliquot of sample was taken and volume was made upto1.5 ml with 

distilled water. After this, 0.5 ml of Folin- ciocalteu reagent was added. Also 10 ml of 

7.5% Na2CO3 was added and incubated at 37°C for 60 minutes. The resulting blue 

color was read at 750 nm against blank. 

Standard: Standard series of known concentration of gallic acid (5-20 µg) was 

prepared. Aliquots of 0.1, 0.2, 0.3, 0.4 ml was taken and volume was made up to 5 ml 

with D/W and treated same as sample. 

Blank: Blank was prepared by taking 1.5 ml of D/W and treated same as sample.  

Calculations: 

Total Phenol (mg GAE/100g): 

 

3.9.2  Total flavonoid content 

Total flavonoid content was determined according to the method given by Zhishen et 

al. (1999). 

Reagent Preparation: 

· Rutin standard solution (10 mg %): Dissolve 10 mg Rutin in 100 ml 

methanol. 

· Sodium Nitrite (5 g %): Dissolve 5 g NaNO2 in 100 ml distilled water 

· Aluminium Chloride (10 g %): Dissolve 10 g AlCl3. 6H2O in 100 ml distilled 

water 

· Sodium Hydroxide (1N): Dissolve 4 g NaOH in 100 ml D/W and standardized 

with oxalic acid.  

Procedure: 

Sample: A known aliquot of sample was taken and volume was made upto 5 ml with 

distilled water. A 0.3 ml of 5% NaNO2 was added and after 5 min, 0.6 ml of AlCl3 was 

added and mixed well. After 6 min, 2 ml of 1N NaOH was added and mixed. Then 2.1 
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ml D/W was added to make volume up to 10 ml. The absorbance of resulting pink color 

was read at 510 nm against blank.  

Standard: Standard series of known concentration of Rutin (50-200 µg) was prepared. 

Aliquots of 0.5, 1.0, 1.5, 2.0 ml was prepared and volume was made up to 5 ml with 

distilled water and treated same as sample. 

Blank: Blank was prepared by taking 5 ml of distilled water and treated same as 

sample. 

Calculations: 

Total flavonoid content (mg RE/100g): 

 

3.9.3  Ascorbic acid (mg/100g) 

2, 6-dichlorophenol-indophenol visual titration method was used to estimate 

ascorbic acid content in Cauliflower, This method given by Ranganna (1977). 

 acid content in the sample was calculated by following formula:  

 

3.9.4  Protein content of curd (%) 

Micro-Kjeldhal method was used to estimate protein content. Nitrogen content 

in the sample was computed by using following formula: 

Nitrogen (%) = Sample titre – Blank titre ×100 × N × 14 

 Weight of sample (g) × 1000 

Protein content was calculated by following conversion formula: 

Protein (%) = 6.25 × Nitrogen (%) 

3.10  Verification trials  
The adjustment equations generated from experiment-1 were utilized for 

validation in verification trial. The verification trial on cauliflower was conducted at 

CRC in next year 2016-17. In this trial ten treatments (Table 3.7) with three replications 

were studied under RBD. The layout of the experiment given in fig 3.5.  

Ascorbic acid content (mg/100g) 
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Table 3.7: Fertilizers and FYM treatments in verification trial of cauliflower 

Treatments Notation 

Control T1 

General recommendation Dose  T2 

Yield Target 250 q ha-1 T3 

Yield Target 300 q ha-1 T4 

Yield Target 250 q ha-1+ FYM 10t ha-1  T5 

Yield Target 250 q ha-1+ FYM 20t ha-1 T6 

Yield Target 300 q ha-1+ FYM 10t ha-1 T7 

Yield Target 300 q ha-1+ FYM 20t ha-1 T8 

FYM 10t ha-1 T9 

FYM 20t ha-1 T10 

The yield and various observations recorded from this experiment were 

recorded. The information generated from this experiment was used for calculation of 

economics analysis of target yield approach. 

 
 R1  R2  R3 

Fig. 3.5: Layout of verification experiment 
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3.11  Follow up trial 
Follow up trial on Cauliflower was conducted at farmer’s field at Golapaar, 

Haldwani during 2016-17. In this trial seven treatments (Table 3.8) with three 

replications were studied under RBD. The layout of the experiment given in fig 3.6.  

Table 3.8: Fertilizers and FYM treatments in follow up trial of cauliflower 

Treatments Notation 

Control T1 

Farmer practice  T2 

General recommendation Dose T3 

Yield Target 250 q ha-1  T4 

Yield Target 250 q ha-1+ FYM 10t ha-1  T5 

Yield Target 300 q ha-1 T6 

Yield Target 300 q ha-1+ FYM 10t ha-1 T7 
 

 
Fig. 3.6: Layout of follow up trial 

N 
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The yield obtained from this experiment was recorded. The information generated 

from this experiment was used for economics analysis of this trial and demonstration of 

importance of target yield approach to farmers. 

3.12  Statistical analysis 

The data of fertilizer requirement and nutrient use efficiency experiments were 

statistically analyzed as per standard design of AICRP on ‘Soil Test Crop Response 

Correlation Project’. Observations recorded during field experiments on various 

characters were analyzed statistically by adopting fisher’s method of analysis of 

variance and correlations as outlined by the Gomez and Gomez (1984).  

 



 

 

Results                        
and                     

Discussion  
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ah P gk( -1) 

10.51 - 33.12  

)66.71(  

10.51 - 39.02  

)79.71(  

77.71 - 21.22  

)08.91(  

10.51 - 21.22  

)74.81(  

6.  elbaliavA    muissatop  
ah K gk( -1) 

86.99 -
27.243  

)36.562(  

61.401 -
21.563  

)43.772(  

42.452 -
63.933  

)94.203(  

86.99 -
21.563  

)18.182(  

:etoN  g eulaV  .egareva etacidni sisehtnerap ni nevi  
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 3.1.4  tneidarg ytilitref fo noitaerc reporp fo noitacifirev lacitsitatS  

 eht gnisu yb tuo deirrac saw ecnairav fo sisylanA  lios  .e.i ,stneirtun elbaliava

a yletarapes )KS( muissatoP dna )PS( suorohpsohP ,)NS( negortiN  tnedneped s

.2.4 elbat ni nevig era deniatbo stluser ehT .selbairav  

 stolp elohw fo seulav tset lios fo egareva dna erauqs R ,ecnacifingiS :2.4 elbaT  

elbairaV tnednepeD  level P  erauqS R  egarevA  %VC  

NS  **10.0<  9297.0  89.061  84.6  

PS  **10.0<  1166.0  74.81  .8 11  

KS  **10.0<  6207.0  28.182  45.41  

 

 ylhgih si pirts eht fo tceffe eht taht wohs ylraelc 2.4 elbat ni atad ehT

 P ,N fo tcepser ni detaerc saw tneidarg ytilitref eht taht setacidni sihT .tnacifingis

s K dna P ,N ot tcepser htiw segnar ytilitref esehT .K dna  ylniam erew seulav tset lio

 porc gnidecerp eht ni erunam dna srezilitref fo noitacilppa laitnereffid ot eud

 egnar siht ot yltrap detubirtnoc osla lios eht ni ytienegoreteh lacol ,revewoH .nosaes

noc eb nac ti ,eroferehT .ytilitref lios eht ni snoitairav fo  stluser evoba morf dedulc

OnMK enilakla ,nobrac cinagrO eht taht 4- s’neslO ,N - HN lamron lartuen dna P 4-

cAO -  eht fo III pirts < II pirts < I pirts fo redro eht ni desaercni lios fo tnetnoc K

o noitaerc reporp saw ereht taht stneserper hcihw dleif latnemirepxe  ytilitref f

 dna surohpsohp ,negortin fo sesod dedarg fo noitacilppa eht htiw tneidarg

 .muissatop  

 ytilitref fo noitaerc reporp saw ereht taht devorp yllacitsitats osla si tI

 fo sisab eht nO .slevel K dna P ,N fo tcepser ni tnacifingis si ti dna tneidarg

ts  latnemirepxe eht taht dedulcnoc eb nac ti tneidarg ytilitref fo noitacifirev lacitsita

 nI .porc nosaes txen eht rof seiduts esnopser porc tset lios rof elbatius si dleif

rts dna II pirts yb dewollof sutats ytilitref ni tsehcir eb dluohs III pirts elpicnirp  I pi

 dna surohpsohp ,negortin rezilitref fo tnuoma tsehgih esuaceB .ytilitref tseroop htiw

 ni deilppa saw rezilitref on elihw II pirts yb dewollof III pirts ni deilppa saw hsatop
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leif ni noitairav tnerehni eb yam dnert evoba fo nosaer elbissop ehT .I pirts  llew sa d

 lufsseccus rof dezilitu neeb sah dnert hcus ,spirts tnereffid ni stneirtun deilppa sa

 yb detroper osla erew sgnidnif fo sepyt ralimiS .tnemirepxe fo noitcudnoc

 losilloM eht ni )6102( ramuK dna )4102( tawaR ,)0102( suodriF ,)8002( eejrettahC

tU fo .dnahkarat  

 2.4   ytilibaliavA  secidnI .muissatoP dna surohpsohP ,negortiN fo  

 lla morf detaulave noitagitsevni tneserp ni K dna P ,N fo secidni ytilibaliavA

 evitaler eht ,sdohtem tnereffid yb K dna P ,N fo eulav tset lios tolp )owt ytneves(

id fo ytilibatius  morf degduj saw tneirtun nevig a rof sdohtem tset lios tnereff

R fo edutingam eht fo nosirapmoc  2  yb deniatbo snoitauqe noisserger eht fo seulav

 stneirtun rehto fo sdohtem eht gnipeek emit hcae dohtem eno ylevitanretla gnidulcni

R eht ,yllareneG .tnatsnoc 2  ,tif doog fo noitacidni sa nekat era 66.0 evoba seulav

 noitauqe eht fo tif roop sa 54.0 woleb dna ,tif etaredom sa 56.0 ot 54.0  ,RACI(

erew ataD .)4791   tnereffid rof noitauqe noisserger elpitlum tuo dnif ot dezylana

dohtem tset lios detceles htiw snoitcnuf OnMK enilakla ro nobrac cinagro .e.i s 4  ,

BA ,s’neslO - hcilheM ,APTD - P yarB ro 1 - HN lamron lartuen dna dohtem 1 4 AO ,C  

BA - hcilheM ,APTD - noN ro 1 - elbaegnahcxe -  elbaliava ,enimreted ot dohtem  K

P yarB ro ni muissatop dna surohpsohp ,negortin - lartuen dna dohtem 1   lamron

HN 4 AO  ,C BA - hcilheM ,APTD - noN ro 1 - elbaegnahcxe -  ,enimreted ot dohtem  K

i muissatop dna surohpsohp ,negortin elbaliava  xidneppA( ylevitcepser ,lios n VI  .)

 gnisu snoitauqe noisserger yb denimreted erew K dna P ,N fo secidni ytilibaliavA

 sa dleiy druc  tnednepedni sa sesod rezilitref ,seulav tset lios dna tnedneped

R fo eulav taht wohs 3.4 elbat ni ataD .selbairav  2  tnereffid fo noitanibmoc ni

.muissatop dna surohpsohp ,negortin fo secidni ytilibaliava  
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dni ytilibaliava tnereffid fo noitanibmoC :3.4 elbaT  surohpsohp ,negortin fo seci
.muissatop dna  

 .lS
.oN  noitauqE  R2 dohteM tseT lioS  

negortiN elbaliavA roF  

.1  

 PS * 6349.4 + NS * 6422.0 + 1902.0  = dleiY -  KS * 2422.0
 PF * 8765.1 + NF * 9995.2 + -  ²NF * 0200.0 + KF * 7198.2 - 

 ²KF * 6510.0 + ²PF * 4530.0 -  NSNF * 7800.0 -  * 3030.0
 KSKF * 1700.0 + PSPF   

**8008.0  

OnMK enilaklA 4N 

P s’neslO  

HN 4 cAO - K 

.2  

 PS * 2037.4 + NS * 2715.43 + 2106.12  = dleiY -  * 9952.0
 PF * 6094.1 + NF * 5903.1 + KS -  * 5100.0 + KF * 9279.2

 ²NF -  ²KF * 1510.0 + ²PF * 6730.0 - .0  NSNF * 4720 -  4620.0
KSKF * 3700.0 + PSPF *  

**4697.0  
 % CO  
s’neslO  HN P 4 cAO - 

K 

 surohpsohP elbaliavA roF  

.1  

 PS * 6349.4 + NS * 6422.0 + 1902.0  = dleiY -  KS * 2422.0
 PF * 8765.1 + NF * 9995.2 + -  ²NF * 0200.0 + KF * 7198.2 - 
 ²KF * 6510.0 + ²PF * 4530.0 -  NSNF * 7800.0 -  * 3030.0

KSKF * 1700.0 + PSPF  

**8008.0  
OnMK enilaklA 4N 

s’neslO  HN  P 4 cAO - 
K 

.2  

 = dleiY -  PS * 9495.4 + NS * 2032.0 + 0518.3 -  KS * 6132.0
 PF * 4279.2 + NF * 7726.2 + -  ²NF * 1200.0 + KF * 2340.3 - 
 ²KF * 8510.0 + ²PF * 5530.0 - NF * 9800.0  NS -  * 1390.0

 KSKF * 5700.0 + PSPF    

**3897.0  
OnMK enilaklA 4  N

APTDBA -  P
HN 4 cAO - K 

.3  

 = dleiY -  PS * 9495.4 + NS * 2032.0 + 8580.21 -  * 6132.0
 PF * 9931.3 + NF * 7726.2 + KS -  * 1200.0 + KF * 2340.3

 ²NF -  ²KF * 8510.0 + ²PF * 5530.0 -  NSNF * 9800.0 - 390.0  1
 KSKF * 5700.0 + PSPF *    

**3897.0  
OnMK enilaklA 4  N

hcilheM -P 
HN 4 cAO - K 

.4  

 PS * 7687.4 + NS * 7691.0 + 1244.84  = dleiY -  KS * 6542.0
 PF * 7214.2 + NF * 9475.2 + -  ²NF * 2200.0 + KF * 9231.3 - 
 ²KF * 8510.0 + ²PF * 0530.0 -  NSNF * 6800.0 -  * 0621.0

+ PSPF   KSKF * 8700.0     
  

**5797.0  
OnMK enilaklA 4  N  

yarB -P 
HN 4 cAO - K 

muissatoP elbaliavA roF  

 .1  

 PS * 6349.4 + NS * 6422.0 + 1902.0  = dleiY -  KS * 2422.0
 PF * 8765.1 + NF * 9995.2 + -  ²NF * 0200.0 + KF * 7198.2 - 
 ²KF * 6510.0 + ²PF * 4530.0 -  NSNF * 7800.0 -  * 3030.0

KSKF * 1700.0 + PSPF  

**8008.0  
OnMK enilaklA 4  N

s’neslO  HN P 4 cAO - 
K 

.2  

 PS * 1015.4 + NS * 5853.0 + 9742.64  = dleiY -  KS * 5252.0
 PF * 5732.2 + NF * 2799.2 + -  ²NF * 6100.0 + KF * 2001.4 - 
 ²KF * 3810.0 + ²PF * 6530.0 -  NSNF * 6010.0 -  * 9001.0

SPF  KSKF * 2800.0 + P   
      

**7497.0  
OnMK enilaklA 4  N

P s’neslO  
APTDBA - K 

.3  

 = dleiY -  * 5720.0 + PS * 8524.5 + NS * 1541.0 + 7425.82
 * 6100.0 + KF * 3445.0 + PF * 7344.2 + NF * 1528.2 + KS

 ²NF -  ²KF * 1320.0 + ²PF * 2240.0 -  NSNF * 6900.0 -  2690.0
 PSPF * -  KSKF * 3500.0   

**5397.0  
OnMK enilaklA 4  N

P s’neslO  
hcilheM - K 

.4  

 PS * 0387.4 + NS * 4964.0 + 6853.8  = dleiY -  KS * 5302.0
 PF * 7302.2 + NF * 0952.3 + -  ²NF * 5100.0 + KF * 0270.3 - 
 ²KF * 9020.0 + ²PF * 0830.0 -  NSNF * 1210.0 -  * 0190.0

KF * 8400.0 + PSPF  KS     
   

**5197.0  

OnMK enilaklA 4  N
 P s’neslO  

elbaegnahcxE noN -
K 
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 dleif rednu ytilibatius rieht rof detaulave erew sdohtem tset lios suoiraV

mahtuyaleV( snoitidnoc  la te .)5891 ,.   ehT  tset lios tnereffid fo ytilibatius evitaler

 tneirtun nevig a rof sdohtem R fo edutingam eht fo nosirapmoc morf degduj saw 2 

 hcae dohtem eno yletanretla gnidulcni yb deniatbo snoitauqe noisserger eht fo seulav

 nanayaranimhskaL dna isoM .tnatsnoc tneirtun rehto fo dohtem eht gnipeek emit

ecorp gnineercs a hcus taht detroper )5891(  tsom eht gnitceles ni lufesu si erud

OnMK enilakla dna nobrac cinagro ,yllareneG .erudecorp gnitset etairporppa  4  sdohtem

 elbatius dnuof erew K rof dohtem etateca muinomma dna P rof dohtem s’neslO ,N rof

.lios eht ni stneirtun elbaliava eht tciderp ot  

ht nO R eht fo sisab e 2  enilakla eht ,snoitauqe noisserger morf devired eulav

OnMK 4–  cinagro tnec reP .)3.4 elbaT( tnec rep nobrac cinagro revo roirepus si N

enilakla dna nobrac - OnMK 4  N rof secidni sa yllauqe desu eb nac htob negortin

S .losilloM ni ytilibaliava enilakla dna nobrac cinagro tnec reP ,ylralimi - OnMK 4 

 ni lios nworg taehw ni ytilibaliava N rof secidni doog yllauqe eb ot dnuof erew negortin

5891 ,RCTS ,troper srotanidrooc( slios naidnI eht fo tsom -  .)39  devresbo )8002( itaS

ilakla dna nobrac cinagro taht en - OnMK  4  noitaulave rof elbatius yllauqe erew sdohtem

 )2102( yayahdapU .dnahkarattU ,ragantnaP ni nosraS wolley rof negortin elbaliava fo

enilakla dna nobrac cinagro taht devresbo - OnMK  4  rof elbatius yllauqe erew sdohtem

elbaliava fo noitaulave   ni negortin  osla erew sgnidnif ralimiS .dnahkarattU fo slosilloM

 yb detroper nayaranimxaL  ,)0002( ,laopogjaR dna a  oaR la te  dna )2002( .  ramuK

 dna nobrac cinagro ehT .tsoc dna yticilpmis ,ytilibatius gniredisnoc suhT .)6102(

enilakla - OnMK  4 s sdohtem negortin elbazidixo  gnitset rof gnisimorp eb ot demee

.slosilloM ni negortin elbaliava  

R( P s’neslO ehT 2 BA ot roirepus si )8008.0= - R( P APTD 2 hcilheM ,)3897.0 = -  I

R( P 2 yarB dna )3897.0 = - R( P 2  setacidni sihT .rap ta era yeht yllacitsitats tub )5797.0 =

sdohtem ruof eht lla taht   hgniS .surohpsohp elbaliava lios fo xedni na sa nekat eb nac

sbo )3791( si dohtem s’neslO ,taht devre   dna ekatpu surohpsohp htiw detalerroc ylhgih

 .hsedarP rattU rof slios laivulla ni porc tset a sa taehw gnisu esnopser dleiy egatnecrep

elbatcartxe s’neslO   dna dleiy htiw noitalerroc evitisop tnacifingis evah surohpsohp

 kahtaP yb devresbo sa sporc fo ekatpu la te  rukahT ,)5791( . la te  ,)7791( .

nahmisaranimhskaL  la te  .)8991( ramraP dna amrahS dna )8791( . lumanE  .la te   )3102(

t ni P elbatcartxe naem eht dnuof hcilheM > neslO fo redro eh - ztruK dna yarB > 3 -  .1
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neslO neewteb dnuof saw noitalerroc rehgih yltnacifingiS - hcilhem dna P -3-  P

ztruK dna yarB dna )**429.0=r( -1-  taht derrefni eb yam ti ,eroferehT .)**929.0=r( P

m s’neslO ,evoba denoitnem sdohtem eht lla gnoma  dna lartuen rof desu yltsom si dohte

.lios ni surohpsohp elbaliava enimreted ot slios enilakla  

lamron lartuen ehT  HN 4 R( CAO 2 R( K hcilheM ot roirepus si )**8008.0 = 2  =

BA ,)**5397.0 - R( K APTD 2 R( K elbaegnahcxe noN dna )**7497.0 = 2  tub )**5197.0 =

acitsitats nahcaS .retal htiw rap ta yll  la te  lamron lartuen taht detroper )1791( .

HN 4  lartueN .dratsum fo dleiy htiw noitalerroc tnacifingis ylhgih dah dohtem CAO

 losilloM ni llew dekrow noitcartxe muissatop fo dohtem etateca muinomma lamron

rc tset a sa taehw gnisu  hgniS( po la te nahcaS dna 9691 ,.  la te  ereht ,revewoH .)2791 ,.

 ,lawilaP dna yhtroomamaR( muissatop rof dohtem tset lios fo tnemenifer rof deen a si

dna nohkeS dna 5691  noitavresbo evoba eht morF .)8791 ,mahtuyaleV s  eb nac ti ,

c cinagro htob taht detseggus enilakla dna dohtem nobra - OnMK  4  lios rof dohtem

 lartuen dna surohpsohp elbaliava lios rof dohtem s’neslO ,negortin elbaliava

HN muinomma 4  rof secidni sa nekat eb nac muissatop elbaliava lios rof dohtem CAO

 .dnahkarattU fo losilloM ni K dna P ,N gninimreted  

 3.4  rewolfiluaC fo sretemarap htworG  noitalerroc rieht dna  
 egareva na ekat dna noitavresbo eht lla rof detceles ylmodnar erew stnalp eviF

 .ti fo  xidneppa ni nevig rewolfiluac fo sretemarap htworg esiw tolp dna esiw pirtS I  V

fo egareva dna egnar elihw  org .4.4 elbat ni nevig si sretemarap htw  

 1.3.4  tnalp rep sevael fo rebmuN  
 fo egareva na htiw 02 ot 21 morf degnar dleif latnemirepxe fo sevael fo rebmuN

 egarevA .71 rebmun   sevael fo  dedrocer .I pirts ni dna II pirts ,III pirts ni 71  

 2.3.4  thgiew tnalp ssorG  (K )g  

( thgiew tnalp ssorG k  morf degnar rewolfiluac fo )g 25.0  6 ot 71.   egareva na htiw

2 fo .64 ( thgiew tnalp ssorG egarevA . k )g  ( III pirts ni dedrocer k 99.2  dewollof saw )g

( II pirts yb 26.2  k 2( I pirts ni dna )g 62.  k .)g  

3.3.4   ( thgiew druc elbatekraM K )g  
M ( thgiew druc elbatekra k  morf degnar )g 2.0 2 2 ot 84.  1 fo egareva na htiw 51.  .

( thgiew druc elbatekram egarevA k 1( III pirts ni dedrocer )g .30 k  yb dewollof saw )g

1( II pirts 81.  k ( I pirts ni dna )g 99.0  k .)g  
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4.3.4   ( thgiew druc teN K )g  

 teN ( thgiew druc k  )g r 11.0 morf degna  1 ot . 72   fo egareva na htiw 95.0  egarevA .

ten  ( thgiew druc k ( III pirts ni dedrocer )g 95.0  k ( II pirts yb dewollof saw )g 76.0  k  )g

( I pirts ni dna 25.0  k .)g  

5.3.4   )mc( retemaid druC  

retemaid druC   )mc( 8 morf degnar  23 ot   fo egareva na htiw 14  druc egarevA .

retemaid   dedrocer )mc( I pirts ni dna II pirts ,III pirts ni 41 . 

 6.3.4  )mc( htped druC  

5 morf degnar )mc( htped druC  21 ot   druc egarevA .9 fo egareva na htiw

.I pirts ni dna II pirts ,III pirts ni 9 dedrocer )mc( retemaid  

7.3.4    ezis druC mc( xedni 2) 

xedni ezis druC  mc( 2 54 morf degnar )  462 ot   .331 fo egareva na htiw

mc( xedni ezis drucegarevA 2) mc 931( II pirts ni dedrocer 2  III pirts yb dewollof saw )

131(  mc 2 921( I pirts ni dna )  mc 2 .)  

C fo sretemarap htworg fo egareva dna egnaR :4.4 elbaT rewolfilua  
 

Sl. 
.oN  

 sretemarap htworG  I pirtS  II pirtS  III pirtS  elohW  

.1   tnalp rep sevael fo rebmuN  41 -  91
)71(  

21 -  02
)71(  

41 - 02  
)71(  

21 -   02
)71(  

.2  ( thgiew tnalp ssorG K )g  .0 52-3 88.  
2( 62. ) 

95.0 -5 72.  
2( .62) 

.0 82-6 71.  
99.2( ) 

.0 52-6 71.  
2( .64) 

.3  tekraM  thgiew druc elba
(K )g  

22.0 -1  65.
99.0( ) 

52.0 - 53.2  
1( 81. ) 

3.0 3-2 84.  
1( .30) 

2.0 2-2 84.  
1( 51. ) 

.4  ( thgiew druc teN K )g  11.0 -  29.0
25.0( ) 

21.0 - 72.1  
76.0( ) 

71.0 -  12.1
95.0( ) 

11.0 -  72.1
95.0( ) 

.5  )mc( retemaid druC  8-  23
)41(  

9- 81  
)41(  

01 - 91  
)41(  

8- 23  
)41(  

.6  )mc( htped druC  7- 11  
)9(  

5- 21  
)9(  

7- 11  
)9(  

5- 21  
)9(  

.7  mc( xedni ezis druC 2) 55 -  462
)921(  

54 -  802
)931(  

56 -  212
)131(  

54 -  462
)331(  
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8.3.4  gnoma noitalerroC  dleiy druc stneirtun deilppa ,   dna  htworg

 sretemarap rewolfiluac fo  

dekrow noitalerroc suoiraV  agitsevni tneserp ni tuo  ni detneserp si noit

V xidneppa hgih dna tnacifingis meht gnomA .   seulav alerroc  ni detneserp era noit

5.4 elbat  deilppa htiw detalerroc yltnacifingis rewolfiluac fo dleiy druc ehT .

s osla saw dleiy druC ylralimiS .)**696.0( negortin  htiw detalerroc yltnacifingi

 druc elbatekram ,)**618.0( thgiew tnalp ssorg ,rewolfiluac fo retemarap htworg

 ezis druc dna )**537.0( htped druc ,)**287.0( thgiew druc ten ,)**328.0( thgiew

nacifingis dna evitisop swohs osla negortin deilppA .)**866.0( xedni  noitalerroc t

 tnalp ssorg ,)**457.0( sevael fo rebmun ,rewolfiluac fo retemarap htworg htiw

 ,)**268.0( thgiew druc ten ,)**078.0( thgiew druc elbatekram ,)**968.0( thgiew

 .)**217.0( xedni ezis druc dna )**358.0( htped druc  

,rewolfiluac fo retemarap htworG   yltnacifingis erew sevael fo rebmun

 ten ,)**847.0( thgiew druc elbatekram ,)**917.0( thgiew tnalp ssorg htiw detalerroc

 rewolfiluac fo thgiew tnalp ssorG.)**927.0( htped druc dna )**257.0( thgiew druc

hgiew druc elbatekram htiw detalerroc yltnacifingis si  thgiew druc ten ,)**689.0( t

 .)**577.0( xedni ezis druc dna )**078.0( htped druc ,)**419.0(  

 druc ten htiw detalerroc ylevitisop si rewolfiluac fo thgiew druc elbatekraM

 druc teN .)**097.0( xedni ezis druc dna )**198.0( htped druc ,)**739.0( thgiew

 thgiew  druc dna )**429.0( htped druc htiw detalerroc yltnacifingis si rewolfiluac fo

.)**438.0( xedni ezis  

 )**319.0( xedni ezis druc htiw detalerroc yltnacifingis si druc fo retemaiD

 xedni ezis druc htiw detalerroc ylevitisop si rewolfiluac fo htped druC dna

8.0(  .)**27  fo dleiy druc taht dedulcnoc eb nac ti seiduts noitalerroc eht morf ,suhT

 tnereffid htiw detalerroc yltnacifingis dna ylevitisop saw rewolfiluac  fo sretemarap

rewolfiluac  ,K dna ,P ,N deilppa neewteb noitalerroc tnacifingis ylhgih a saw erehT .

katpu  yb detroper osla erew sgnidnif ralimiS .rewolfiluac fo retemarap htworg dna e

rawrihA   .la te .)6102( ramuK dna )5102(  
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5.4 elbaT :-  tnacifingiS  noitalerroc  htworg dna tneirtun deilppa ,dleiy druc gnoma

retemarap s rewolfiluac fo  

Sl. 
No. sretemaraP  noitalerroC  htiw  noitalerroc fo eulaV  

.1  dleiY  

.a  dleiy druC  negortin deilppA  

thgiew tnalp ssorG  

thgiew druc elbatekraM  

thgiew druc teN  

htped druC  

xedni ezis druC  

**696.0  

**618.0  

**328.0  

**287.0  

**537.0  

**866.0  

.2  tneirtun deilppA  

.a  negortiN  sevael fo rebmuN  

orG thgiew tnalp ss  

thgiew druc elbatekraM  

thgiew druc teN  

htped druC  

xedni ezis druC  

**457.0  

**968.0  

**078.0  

**268.0  

**358.0  

**217.0  

.3  sretemarap htworG  

.a  sevael fo rebmuN  thgiew tnalp ssorG  

thgiew druc elbatekraM  

thgiew druc teN  

htped druC  

**917.0  

*847.0 * 

**257.0  

**927.0  

.b  thgiew tnalp ssorG  thgiew druc elbatekraM  

thgiew druc teN  

htped druC  

xedni ezis druC  

**689.0  

**419.0  

**078.0  

**577.0  

.c  thgiew druc elbatekraM  thgiew druc teN  

htped druC  

xedni ezis druC  

**739.0  

**198.0  

**097.0  

.d  thgiew druc teN  ruC htped d  

xedni ezis druC  

**429.0  

**438.0  

.e  retemaid druC  xedni ezis druC  **319.0  

.f  htped druC  xedni ezis druC  **278.0  
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4.4  rewolfiluaC fo tnetnoc tneirtun dna dleiY  

 tnetnoc K dna P ,N htiw dleiy rettam yrd dna hserf esiw tolp dna esiw pirtS

evig druc fo V xidneppa ni n II  IV & II  emirepxe fo egareva dna egnar elihw  dleif latn

6.4 elbat ni nevig si . 

4.4  1.   dleiy hserF  

ah q( tnalp fo dleiy hserF -1  00.05 morf degnar dleif latnemirepxe fo )

N( 0P2K2 MO 2 N( 00.516 ot ) 3P2K3 MO 1 alp egarevA .16.442 fo egareva na htiw )  tn

ah q 75.282( III pirts ni dedrocer dleiy -1 ah q 68.932( II pirts yb dewollof saw ) -1  )

ah q 93.112( I pirts ni dna -1 ah q( dleiy druC .) -1  morf degnar dleif latnemirepxe fo )

N( 76.63 3P2K1 MO 0 N( 33.314 ot ) 3P2K3 MO 1 ah q 14.291 fo egareva na htiw ) -1  .

 egarevA ah q79.512( III pirts ni dedrocer dleiy druc -1  II pirts yb dewollof saw )

ah q 06.691( -1 ah q 56.461( I pirts ni dna ) -1  .)  latot htiw detciderp eb nac dleiY

na P ,N fo ekatpu X xidneppA( )tnec rep 77( K d  .)  taht detacidni ylraelc si tI

inagroni fo esu enibmoc  rof retteb si sesac eht fo tsom ni MYF htiw rezilitref c

 .dleiy ni esaercni  ramuK ,)1102( magalihT yb detroper osla erew stluser ralimiS  te

la  eerhS ,)3102( .  .la te rakahbarP ,)4102(   .la te  dna )5102(  hgniS la te )8102( .   ni

.rewolfiluac  

4.4  2.  y rettam yrD dlei  

ah q( tnalp fo dleiy rettam yrD -1  71.9 morf deirav dleif latnemirepxe ni )

N( 0P2K2 MO 0 N( 88.67 ot ) 3P2K3 MO 1 ah q 60.83 egareva na htiw ) -1  yrD egarevA .

ah q 97.93( III pirts fo redro ni dedrocer tnalp fo dleiy rettam -1  yb dewollof saw )

 q 08.83( II pirts ah -1 ah q 06.53( I pirts dna ) -1  q( druc fo dleiy rettam yrd ,revewoH .)

ah -1 N( 76.4 morf deirav dleif latnemirepxe ni ) 0P0K0 MO 2 N( 00.05 ot ) 3P3K3 MO 1  )

ah q 60.12 egareva na htiw -1  fo redro ni dedrocer druc fo dleiy rettam yrd egarevA .

ah q 60.42( III pirts -1 ah q 57.91( II pirts yb dewollof saw ) -1 ah q 73.91( I pirts dna ) -

1  yb detroper osla stluser ralimiS .) ramuK dna )0102( lliG dna sahnaM  .)6102(  
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6.4 elbaT  :  fo tnetnoc tneirtun dna dleiy rettam yrd dna hserf egareva dna egnaR
rewolfiluaC  

sralucitraP  pirtS  I II pirtS  III pirtS  dleif elohW  

tnalP  

dleiY hserF  
ah q( -1) 

00.05 - 76.683  
)93.112(  

00.55 - 76.684  
)68.932(  

76.18 - 00.516  
)75.282(  

00.05 - 00.516  
)16.442(  

ah q(dleiy rettaM yrD -1) 71.9 - 27.96  
)06.53(  

46.9 - 06.17  
)08.83(  

84.41 - 88.67  
)97.93(  

71.9 - 88.67  
)60.83(  

N )%( tnetnoC  33.1 - 66.2  
)29.1(  

62.1 - 42.2  
)67.1(  

74.1 - 13.2  
)68.1(  

62.1 - 66.2  
)58.1(  

)%( tnetnoC P  01.0 - 31.0  
)11.0(  

90.0 - 21.0  
)11.0(  

90.0 - 31.0  
)11.0(  

90.0 - 31.0  
)11.0(  

)%( tnetnoC K  32.0 - 65.0  
)83.0(  

22.0 - 35.0  
)63.0(  

72.0 - 26.0  
)14.0(  

22.0 - 26.0  
)83.0(  

druC  

rF dleiY hse  
ah q( -1) 

76.63 - 00.062  
)56.461(  

76.14 - 76.193  
)06.691(  

00.55 - 33.314  
)79.512(  

76.63 - 33.314  
)14.291(  

ah q( dleiy rettaM yrD -1) 04.5 - 32.14  
)73.91(  

76.4 - 00.53  
)57.91(  

88.6 - 00.05  
)60.42(  

76.4 - 00.05  
)60.12(  

)%( tnetnoC N  74.1 - 22.3  
)37.2(  

74.1 - 51.3  
6.2( )0  

33.1 - 22.3  
)96.2(  

33.1 - 22.3  
)76.2(  

)%( tnetnoC P  60.0 - 01.0  
)80.0(  

60.0 - 90.0  
)70.0(  

60.0 - 90.0  
)80.0(  

60.0 - 01.0  
)80.0(  

)%( tnetnoC K  54.0 - 48.3  
)23.1(  

24.0 - 03.2  
)62.1(  

54.0 - 17.3  
)22.1(  

24.0 - 48.3  
)72.1(  

 
4.4  3.  tnetnoc negortiN  

( tnalp fo tnetnoc negortiN 62.1 morf deirav dleif latnemirepxe ni )%   66.2 ot

 29.1( I pirts fo redro ni dedrocer tnalp fo tnetnoc N egarevA .% 58.1 egareva na htiw

 druc fo tnetnoc N ,revewoH .)% 67.1( II pirts dna )% 68.1( III pirts yb dewollof saw )%

deirav dleif latnemirepxe ni )%(   N egarevA .% 76.2 egareva na htiw 22.3 ot )33.1 morf

 )% 96.2( III pirts yb dewollof saw )% 37.2( I pirts fo redro ni dedrocer druc fo tnetnoc

 .)% 06.2( II pirts dna  



noissucsiD dna stluseR …  

4.4  4.  tnetnoc surohpsohP  

rf deirav dleif latnemirepxe ni )%( tnalp fo tnetnoc surohpsohP  ot 90.0 mo

 pirts hcae ni dedrocer tnalp fo tnetnoc P egarevA .% 11.0 egareva na htiw 31.0

 ot 60.0 morf deirav dleif latnemirepxe ni )%( druc fo tnetnoc P ,revewoH .)%11.0(

 I pirts fo redro ni dedrocer druc fo tnetnoc P egarevA .% 80.0 egareva na htiw 01.0

.)% 70.0( II pirts yb dewollof saw )% 80.0( III dna  

4.4  5.  tnetnoc muissatoP  

 ot 22.0 morf deirav dleif latnemirepxe ni )%( tnalP fo tnetnoc muissatoP

 pirts fo redro ni dedrocer tnalp fo tnetnoc K egarevA .% 83.0 egareva na htiw 26.0

wollof saw )% 14.0( III  K ,revewoH .)% 63.0( II pirts dna )% 83.0( I pirts yb de

 egareva na htiw 48.3 ot 24.0 morf deirav dleif latnemirepxe ni )%( druc fo tnetnoc

 saw )% 23.1( I pirts fo redro ni dedrocer druc fo tnetnoc K egarevA .% 72.1

 pirts dna )% 62.1( II pirts yb dewollof  osla erew stluser ralimiS .)%22.1( III

ardnenayG yb detroper  la te  amharB ,)2002( . la te  enahaS dna madaK )2002( .

nayekihtraK )2002(  .la te   .)6102( ramuK dna )9002(  

5.4  rewolfiluac yb ekatpu tneirtuN  

satop dna surohpsohp ,negortin esiw tolp dna esiw pirtS  fo ekatpu muis

c XI xidneppa ni nevig rewolfilua  emirepxe fo egareva dna egnar elihw  si dleif latn

7.4 elbat ni nevig . 

5.4  1.   ekatpU negortiN   

ah gk( ekatpu negortiN -1  morf deirav dleif latnemirepxe ni tnalp eht yb )

40.61  N( 1P1K1 MO 0 N( 02.271 ot ) 3P2K3 MO 1 w ) ah gk 87.17 egareva na hti -1  .

ah gk 92.67( III pirts fo redro ni dedrocer ekatpu negortin egarevA -1  yb dewollof )

ah gk 82.57( II pirts -1 ah gk 67.36( I pirts dna ) -1 ah gk( ekatpu negortin ,revewoH .) -

1 N( 32.31 morf deirav dleif latnemirepxe ni druc eht yb ) 1P1K1 MO 0  05.631 ot )

N( 3P3K3 MO 1 ah gk 82.75 egareva na htiw ) -1  druc eht yb ekatpu negortin egarevA .

ah gk 88.56( III pirts fo redro ni dedrocer -1 ah gk 97.45( II pirts yb dewollof ) -1  dna )

ah gk 81.15( I pirts -1 ah gk( ekatpu negortin latot ,eroferehT .) -1 b )  ni porc eht y

N( 72.92 morf deirav dleif latnemirepxe 1P1K1 MO 0 N( 02.892 ot ) 3P2K3 MO 1  na htiw )
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ah gk 60.921 egareva -1  III pirts fo redro ni dedrocer ekatpu negortin egarevA .

ah gk 71.241( -1 ah gk 70.031( II pirts yb dewollof ) -1 ah gk 49.411( I pirts dna ) -1 .)  

 rewol ehT .lortnoc revo ekatpu sti decnahne yltnacifingis N fo noitiddA

 esehT .stolp eseht ni deniatbo dleiy rewol ot eud eb yam stolp lortnoc ni N fo ekatpu

 atpuG fo gnidnif eht etadilav stluser la te  dna amrahS dna rewolfiluac rof )2002( .

of )1002( ayrA  yb detroper osla saw tI .egabbac r  hgniS la te  na taht ,)5002( .

 ni esaercni ot eud stneirtun fo ekatpu eht desaercni stneirtun fo slevel eht ni esaercni

 esod KPN dna MYF fo noitacilppa denibmoC .sretcarahc gnitubirtta htworg

pu N eht decnahne yltnacifingis  .enola KPN ot derapmoc sa rewolfiluac yb ekat

 dnahC yb detroper osla saw ekatpu N no MYF fo tceffe laicifeneB la te  dna )1002( .

ttaD  la te .)3002( .  

5.4  2.  ekatpu surohpsohP  

ah gk( ekatpu surohpsohP -1  88.0 morf deirav dleif elohw ni tnalp eht yb )

N( 1P1K1 MO 0 N( 51.01 ot ) 3P2K3 MO 1 ah gk 62.4 egareva na htiw ) -1  egarevA .

ah gk 74.4( II pirts fo redro ni dedrocer ekatpu surohpsohp -1  III pirts yb dewollof )

ah gk 93.4( -1 ah gk 49.3( I pirts dna ) -1 ah gk( ekatpu surohpsohp ,revewoH .) -1  yb )

if latnemirepxe ni druc eht N( 83.0 morf deirav dle 0P0K0 MO 0 N( 85.4 ot ) 3P3K3 MO 1  )

ah gk 26.1 egareva na htiw -1  ni dedrocer druc eht yb ekatpu surohpsohp egarevA .

ah gk 58.1( III pirts fo redro -1 ah gk 85.1( II pirts yb dewollof ) -1  gk 44.1( I pirts dna )

ah -1 rohpsohp latot ,eroferehT .) ah gk( ekatpu su -1  dleif latnemirepxe ni porc eht yb )

N( 03.1 morf deirav 1P1K1 MO 0 N( 54.31 ot ) 3P2K3 MO 1 ah gk 98.5 egareva na htiw ) -1  .

ah gk 42.6( III pirts fo redro ni dedrocer ekatpu surohpsohp egarevA -1  saw )

ah gk 40.6( II pirts yb dewollof -1  pirts dna ) ah gk 83.5( I -1  stluser esehT .)

aroborroc  fo gnidnif eht et  ttahB la te S ,)2002( . h sawineer  la te rawnaK dna )0002( .  

la te .)2002( .  

 htiw stneirtun cinagroni deilppa eht ni porc eht yb ekatpu tneirtun retaerG

ler tneirtun neewteb ynorhcnys doog detacidni MYF  tnemeriuqer porc dna esae

 yb gnidnif stluser ralimiS .egats htworg evitategev evitca eht gnirud  nasavinirS  te

.la  .)6102(  
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7.4 elbaT :spirts tnereffid ni rewolfiluaC fo ekatpu tneirtun egareva dna egnaR :  

ah gk( ekatpU -1) I pirtS  II pirtS  III pirtS  if elohW dle  

tnalP  

negortiN  40.61 - 24.641  
)67.36(  

12.81 - 95.731  
)82.57(  

83.72 - 02.271  
)92.67(  

40.61 - 02.271  
)87.17(  

 surohpsohP  88.0 - 79.7  
)49.3(  

10.1 - 24.8  
)74.4(  

87.1 - 51.01  
)93.4(  

88.0 - 51.01  
)62.4(  

 muissatoP  71.4 - 57.12  
)72.21(  

42.3 - 55.83  
)23.41(  

09.5 - 25.13  
)30.61(  

42.3 - 55.83  
)02.41(  

druC  

 negortiN  32.31 - 87.601  
)81.15(  

07.41 - 82.89  
       )97.45(  

96.02 - 05.631  
)88.56(  

32.31 - 05.631  
)82.75(  

 surohpsohP  24.0 - 04.3  
)44.1(  

83.0 - 68.2  
)85.1(  

15.0 - 85.4  
)58.1(  

83.0 - 85.4  
)26.1(  

 muissatoP  31.5 - 22.18  
)73.42(  

54.3 - 38.88  
02.52( ) 

93.7 - 05.27  
)40.72(  

54.3 - 38.88  
)45.52(  

)druC+ tnalP( latoT  

 negortiN  72.92 - 92.232  
)49.411(  

42.33 - 41.332  
)70.031(  

04.84 - 02.892  
)71.241(  

72.92 - 02.892  
)60.921(  

 surohpsohP  03.1 - 73.11  
)83.5(  

93.1 - 39.01  
)40.6(  

44.2 - 54.31  
)42.6(  

03.1 - 54.31  
)98.5(  

 muissatoP  30.01 - 13.59  
)46.63(  

96.6 - 62.801  
)15.93(  

90.51 - 09.89  
)90.44(  

96.6 - 62.801  
)47.93(  

 

5.4  3.  ekatpu muissatoP  
ah gk( ekatpu muissatoP -1  42.3 morf deirav dleif elohw ni tnalp eht yb )

N( 0P0K0 MO 0 N( 55.83 ot ) 2P2K3 MO 1 ah gk 02.41 egareva na htiw ) -1  egarevA .

satop ah gk 30.61( III pirts fo redro ni dedrocer ekatpu muis -1  II pirts yb dewollof )

ah gk 23.41( -1 ah gk 72.21( I pirts dna ) -1 ah gk( ekatpu muissatop ,revewoH .) -1  eht yb )

N( 54.3 morf deirav dleif latnemirepxe ni druc 0P0K0 MO 0 N( 38.88 ot ) 2P2K0 MO 2  htiw )

eva na ah gk 45.52 egar -1  fo redro ni dedrocer druc eht yb ekatpu muissatop egarevA .

ah gk 40.72( III pirts -1 ah gk 02.52( II pirts yb dewollof ) -1 ah gk 73.42( I pirts dna ) -1  .)

ah gk( ekatpu ,muissatop latot ,eroferehT -1  deirav dleif latnemirepxe ni porc eht yb )

N( 96.6 morf 0P0K0 MO 0 N( 62.801 ot ) 2P2K0 MO 2 ah gk 47.93 egareva na htiw ) -1  ehT .

ah gk 90.44( III pirts fo redro ni dedrocer ekatpu muissatop egareva fo redro -1  II pirts > )

ah gk 15.93( -1 ah gk 46.63( I pirts> ) -1  .)  
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esaercnI   devresbo saw ekatpu muissatop ni  detargetni eht lla tsomla ni

 detroper erew stluser ralimiS .noitazilitref lacimehc elos eht revo stnemtaert lanoitirtun

rudahaB yb   .la te  K ni tnemecnahne ot eud eb thgim sihT .egabbac ni )4002(

K fo smrof eht gnoma muirbiliuqe eht gnitfihs yb ytilibaliava   ylevitaler morf

 .lios eht ni smrof K elbulos ot K elbaegnahcxe  

inaW  la te  rewolfiluac eht yb )KPN( stneirtun fo ekatpu taht devresbo )1102( .

 cinagro fo noitacilppa denibmoc dna laudividni htiw desaercni yltnacifingis stnalp

itref cinagroni ro/dna serunam lortnoc revo srezil  .  ni esaercni tnetsisnoc a saw erehT

 fo level tnatsnoc a htiw gnola rezilitref KPN ni tnemercni hcae htiw ekatpu tneirtun

ttaD( MYF  la te .)3002 .  

 fo redro eht ni saw rewolfiluac ni ekatpu tneirtun fo tnuoma eht ,lareneg nI

p < surohpsohp  htiw K dna P ,N fo ekatpu fo segareva dna segnaR .negortin <muissato

filuac rof MYF fo slevel gniyrav 7.4 elbat ni detneserp era rewol  tneirtun egarevA .

:spirts eht gnoma dnert gniwollof eht dewollof K dna P ,N fo ekatpu  

.I pirtS > II pirtS > III pirtS  

P ,N  dnert gniwollof devresbo MYF ot noitaler ni spirts tnereffid ni ekatpu K dna  

F2 F >  1 F> 0 

ewohs MYF fo slevel gniyrav htiw stolp lortnoc ni K dna P ,N fo ekatpU  eht d

8.4 elbaT( dnert gniwollof :)  

8.4 elbaT  ni MYF fo slevel gniyrav htiw K dna P ,N fo ekatpU : .stolp lortnoc  

oN tolP  tnemtaerT  

I pirtS  

 ah gk( ekatpu -1) 
oN tolP  

II pirtS  

ah gk( ekatpu -1) 
oN tolP  

III pirtS  

ah gk( ekatpu -1) 

N P K N P K N P K 

11  N0P0K0 MO 2 41.681  78.7  99.08  53  79.181  04.7  32.85  85  08.65  58.2  15.04  

22  N0P0K0 MO 1 73.261  85.7  55.75  74  19.541  30.6  07.82  27  86.55  77.2  36.91  

7 N0P0K0 MO 0 56.53  58.1  20.11  14  42.33  93.1  96.6  76  04.84  44.2  90.51  

 

8.4 elbat ni ataD  N( stolp lortnoc ni taht etacidni ylraelc 0P0K0 MO 0  ,N fo ekatpu )

.MYF fo level gnisaercni htiw sesaercni K dna P  
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nert evoba ehT  dnert eht dewollof porc eht yb stneirtun fo ekatpu taht swohs d

 eht morf detluser pirts eht fo ytilitref dna porc eht fo dleiy eht htiw ecnadrocca

 .tnemirepxe gnizilibats tneidarg ni srezilitref fo noitidda  osla si dleiy dna htworg porC

p eht yb denimreted  eht ni stneirtun fo seititnauq tneiciffus fo lios eht ni ecneser

 muidem lanretxe htiw detaicossa si ekatpu tneirtuN .ekatpu rieht rof mrof elbaliava

 lios eht desaercni noitacilppa erunam cinagrO .noitubirtsid dna noitartnecnoc noi

 noitulos fo noitartnecnoc  .snoi tneirtun  

 stneirtun fo ylppus desaercni ot eud eb thgim ekatpu negortin ni esaercnI

 cinagroni dna sediser porc fo noitisopmoced tsaf dna )MYF( cinagro hguorht yltcerid

 stneirtun fo ssol eht gnikcehc hguorht yltceridni sa llew sa sporc eht ot secruos  morf

 ni esaercni yam MYF fo ecneserp nI .htworg retteb ni detluser hcihw noitulos lios

 htiw stolp detaert MYF nI .tnemnorivne lios srovaf hcihw noitalupop laiborcim

 ,senomroh gnitomorp htworg ot eud desaercni negortin fo ekatpu ,rezilitref lacimehc

u hcihw  fo ekatpu ni esaercni fo esac nI .ekatpu negortin desaercni yletamitl

 deilppus ylno ton MYF taht ot eud eb thgim si MYF fo esu eht htiw surohpsohp

 eht morf decudorp sdica cinagro htiw ti dezilibulos osla tub nwo sti yb surohpsohp

m cinagro fo noitisopmoced  eht rof snoitidnoc lios elbarovaf sedivorp osla dna retta

 doog ot eud si ekatpu muissatop ni esaercni rof nosaer elbaborp ehT .smsinagroorcim

 morf muissatop fo noitazilarenim dna )MYF( secruos cinagro ni muissatop fo tnetnoc

stluser ralimiS .rettam cinagro   irhS yb dnuof osla erew .la te  tawaR dna )4002(  .la te  

.)5102(  

 fo noitacilppa htiw sporc elbategev yb stneirtun fo ekatpu eht ni esaercni ehT

 ,stneirtun tnalp fo esuoherots a sa deredisnoc si ti sa suoivbo si MYF htiw gnola KPN

irtun mumitpo edivorp hcihw  inahhcaV htiw tnetsisnoc era stluser esehT .porc rof stne

 tneirtun detargetni rednu stneirtun fo ekatpu desaercni ehT .sgnidnif )1991( letaP dna

 toor suorefilorp a dna seilppus tneirtun fo noitidda eht ot eud osla saw tnemeganam

alab rednu depoleved metsys  dna retaw erom ni gnitluser ,noitirtun tnalp decn

 naherT dna lawerG( tnemnorivne lacisyhp lios etauqeda dna noitprosba stneirtun

791 9  relliM ; .la te ,  yb detroper osla erew stluser ralimiS .)7891 ttaD  la te  dna )3002( .

inaW  la te .)1102( .  
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6.4  atad cisaB  of  fo noitaluclac eht r  sdleiy detegrat rof esod rezilitref
( rewolfiluaC fo aecarelo acissarB  )sityrtob .rav L  

 lios laitini ni stneirtun elbaliava ,ekatpu tneirtun ,dleiy druc fo atad latnemirepxE

rht stneirtun K dna P ,N fo desod deilppa porc tset fo selpmas  draymraf dna srezilitref hguo

 gnicudorp rof tnemeriuqer tneirtun eht ,.ziv sretemarap cisab etupmoc ot desu erew erunam

C( lios morf stneirtun fo noitubirtnoc tnec rep eht ,)RN( rewolfiluac fo latniuq eno S  ,)

C( srezilitref F C( MYF dna ) MYF rap cisab esehT .)  eht gnitalumrof rof deriuqer sretema

filuac fo dleiy detegrat rof MYF tuohtiw ro htiw noitauqe noitpircserp srezilitref l  era rewo

9.4 elbat ni detneserp  .  

eno fo noitcudorp eht rof tnemeriuqer tneirtun ehT -  gk 07.0 saw rewolfiluac latniuq

k 30.0 ,negortiN fo K( muissatoP fo gk 32.0 dna )P( surohpsohP fo g  .)  fo noitubirtnoc tnec reP

 ,31.8 dna 48.31 ,02.33 saw lios morf muissatoP dna surohpsohP ,negortin  .ylevitcepser

 86.45 dna 26.51 ,72.57 saw tnetnoc tneirtun sti fo egatnecrep sa rezilitref morf noitubirtnoC

w  ,muissatop dna surohpsohp ,negortin rof MYF htiw 36.55 dna 05.61 ,44.28 dna MYF tuohti

 saw tnetnoc tneirtun sti fo egatnecrep sa erunam draymraf morf noitubirtnoC .ylevitcepser

sehT .ylevitcepser ,muissatop dna surohpsohp ,negortin rof 5.31 dna 91.2 ,26.54  era atad e

 )9002( nasetaN dna magalihT dna egabbac no )4002( ,nhoJ fo stluser htiw ytimrofnoc esolc

 si secruos rezilitref morf noitubirtnoc tneirtun taht etacidni stluser esehT .rewolfiluac no

 sgnidnif esehT .secruos cinagro ro lios morf taht naht retaerg  htiw tnemeerga ni era

udurahdilaruM  la te ag ,ciremrut ,otatop no )7002( . ;regnif seidal dna nikpmup ,cilr  anexaS   te

la  eejrettahC ,noino rof )8002( . la te udurahdilaruM ,porc otatop rof )0102( .  la te  no )a1102( .

 dna torrac ,yllihc ,hsidar ,otamot ,lajnirb  ,keergunef  ,nikpmup no )5102( arhsiM dna iogoG

ednaP  hgnis dna   egabbac no )6102(  dna  ayrA la te .otamot rof )7102( .  

9.4 elbaT esod rezilitref gnitaluclac rof atad cisaB : s  rof MYF tuohtiw dna htiw
rewolfiluaC fo dleiy detegrat  

Sl  .
oN  sralucitraP  

MYF tuohtiW  MYF htiW  

N P K N P K 

.1  q gk( tnemeriuqer tneirtuN -1) 07.0  30.0  32.0  07.0  30.0  32.0  

.2   elbaliava fo noitubirtnoC
)%( lios morf tneirtun  02.33  48.31  31.8  02.33  48.31  31.8  

.3   deilppa morf noitubirtnoC
)%( rezilitref  72.57  26.51  86.45  44.28  05.61  36.55  

.4   morf noitubirtnoc stneirtuN
)%( MYF deilppa  - - - 26.54  91.2  05.31  



noissucsiD dna stluseR …  

7.4  snoitauqe tnemtsujda rezilitreF : 

 surohpsohp ,negortin rof snoitauqe noitadnemmocer rezilitref desab tset lioS

rewolfiluac fo sdleiy tegrat derised rof depoleved erew muissatop dna   tuohtiw dna htiw

.4 elbaT( atad cisab eht gnisu MYF 9 01.4 elbat ni detneserp era ) . 

01.4 elbaT :  fo dleiy detegrat rof snoitauqe tnemtsujda rezilitref desab tset lioS
rewolfiluaC  

MYF tuohtiW  MYF htiW  

 T39.0  = NF - 44.0 NS  948.0 = NF  T - 204.0  NS - 355.0 MYF -N 

PF 2O5 934.0 =  T - PS20.2  PF 2O5  T614.0 = -  PS19.1 - 192.0 MYF -P 

KF 2O =  T805.0 - 971.0 KS  KF 2  T005.0 = O - 671.0  KS - MYF392.0 -K 

 
ah q( tegrat dleiy =T -1 OnMK enilaklA =NS ,) 4- ah gk( N -1 s’neslO =PS ,) - ah gk( P -1  .cA .mmA =KS ,) -  K

ah gk( -1 MYF,) -  N fo tnuomA= N ah gk( MYF hguorht deilppa -1 MYF ,) -  hguorht deilppa P fo tnuomA =P
ah gk( MYF -1 MYF dna ) - ah gk( MYF hguorht deilppa K fo tnuomA =K -1  fo esod rezilitreF =NF ,)

ah gk( negortin -1  ,) PF 2O5= ah gk( surohpsohp fo esod rezilitreF -1  ,) KF 2 =O issatop fo esod rezilitreF  gk( mu
ah -1 .ylevitcepser ,)  

 

 gniwollof eht rednu ylno detpoda eb nac snoitauqe noitpircserp rezilitref esehT

:snoitautis  

a.  ralucitrap a ni gnirrucco slios deilla dna ralimis rof desu eb dluohs snoitauqe ehT

orga - .noiger oce  

b. udnu eb ton dluohs nesohc stegraT  egnar eht nihtiw eb dluohs dna wol ro hgih yl

deniatbo sdleiy latnemirepxe fo . 

c.  tset lios fo egnar latnemirepxe eht nihtiw desu eb tsum snoitauqe noitpircserP

.detalopartxe eb tonnac dna seulav  

8.4  leiy tnereffid rof sesod muissatop dna surohpsohp ,negortiN  d

 MYF fo noitanibmoc tuohtiw dna htiw rewolfiluac fo stegrat  

 gnitaluclac rof snoitauqe tnemtsujda rezilitreF sesod rezilitref   tuohtiw dna htiw

F 01.4 elbat ni nevig era MY  cisab fo pleh eht htiw depoleved erew snoitauqe esehT .

 rezilitref ehT .atad sesod  fo   tset lios tnereffid ta muissatop dna surohpsohp ,negortin
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leiy dna eulav 11.4 elbat ni nevig era stegrat d , 21.4 elbat ,)MYF fo esu tuohtiw( , htiw(  

31.4 elbat dna )MYF t 01  .)MYF t 02 htiw(  

8.4  1.  MYF gnisu tuohtiW  

tegrat dleiy tnereffid rof sesod tneirtuN  fo pleh eht htiw detaluclac erew s

P ,N fo srenokcer ydaeR .snoitauqe dleiy detegrat 2O5 K dna 2 sesod O   ni nevig era

11.4 elbat  .3.4 ot 1.4 gif ni margaid rab fo mrof eht ni gnitneserp osla dna  

 76.63 morf deirav noitagitsevni tneserp eht ni dleiy druc ecniS  q 33.314 ot

ah -  1 ah q 14.291 fo egareva na htiw -1 ah q 003 dna 052 ,002 ,eroferehT . -1  dleiy

lac sesod tneirtun rof detceles erew stegrat  eulav tset lios ehT .snoitaluc  negortin fo

egnar d ah gk 89.002 ot 89.731 morf -1 degnar surohpsohp ,  k 21.22 ot 10.51 morf  g

ah -  1 degnar muissatop dna  ah gk 21.563 ot 86.99 morf -1  seulav tset lios ,eroferehT .

 fo dleiy detegrat rof sesod tneirtun etaluclac ot segnar eseht nihtiw deredisnoc

 .rewolfiluac  

 11.4 elbat ni ataD esod negortin taht detacidni erew s   ta 532 dna 881 ,241

2 ah q 003 dna 052 ,00 -1 tegrat dleiy s ah gk 001 eulav tset lios ta ylevitcepser , -1  fo

OnMK enilakla 4- eulav eseht elihW .N s  051eulav tset lios ta 312 dna 661 ,021 erew

ah gk -1 OnMK enilakla fo 4- t no N  rezilitreF .stegrat dleiy emas eh esod surohpsohP  s

erew  86 ah q 003 dna 052 ,002 ta 211 dna 09 , -1 tegrat dleiy s  tset lios ta ylevitcepser ,

ah gk 01 eulav -1 eulav eseht elihW .surohpsohP s’neslO fo s  ta 19 dna 96 ,84 erew

ah gk 02 eulav tset lios -1 .tegrat dleiy emas eht no surohpsohP s’neslO fo  

ezilitref muissatoP esod r erew s  ah q 003 dna 052 ,002 ta 431 dna 801 ,38 -1 

tegrat dleiy s ah gk 001 eulav tset lios ta ylevitcepser , -1 HN 4 CAO -  eseht elihW .K

eulav s ah gk 003 eulav tset lios ta 89 dna 37 ,84 erew -1 HN 4 CAO -  emas eht no K

i sesod rezilitref snaem tI .tegrat dleiy  revewoh ,tegrat dleiy gnisaercni htiw sesaercn

 yb detroper osla saw dnert ralimiS .eulav tset lios gnisaercni htiw sesaerced ti

ihtnaS  la te tawaR ,slositpecnI no noino rof )2002( .  la te ednaP ,arkO rof )5102( .   te

la  ayrA dna egabbac rof )6102( . la te 02( . .slosilloM no otamot rof )71  
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11.4 elbaT  stegrat dleiy tnereffid rof sesod muissatop dna surohpsohp ,negortiN :
MYF gnisu tuohtiw rewolfiluaC fo  

eulav tset lioS  ah gk( -1) ah q( rewolfiluac fo tegrat dleiY -1) 

 002  052  003  

OnMK enilaklA 4- N  rezilitreF –  N ah gk( -1) 

001  241  881  532  

521  131  771  422  

051  021  661  312  

571  901  551  202  

s’neslO -P  rezilitreF – P2O5 ah gk( -1) 

01  86  09  211   

51  85  08  201   

02  84  96  19   

52  73  95  18   

.cA .mmA -K  rezilitreF – K2 ah gk( O -1) 

001  38  801    431  

002  56  19    611  

003  48 37    89  

004  03  55    08  

 

 T39.0 = NF - 44.0 NS  

PF 2O5  T934.0 = - 20.2 PS  

KF 2O =  T805.0 - 971.0 KS  
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stegrat dleiy dna seulav tset lios tnereffid ta rewolfiluaC fo sesod negortiN :1.4 giF  

 
 

 
v tset lios tnereffid ta rewolfiluaC fo sesod surohpsohP :2.4 giF  dleiy dna seula

stegrat  
 

 
 

 dleiy dna seulav tset lios tnereffid ta rewolfiluaC fo sesod muissatoP :3.4 giF
stegrat  
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8.4  2.  MYF fo esu tniojnoc htiw sesod rezilitreF  

8.4 1.2.   MYF t 01 htiw sesod rezilitreF  ah -1 

grat dleiy tnereffid rof stnemeriuqer tneirtuN  eht htiw detaluclac erew ste

 dna surohpsohp ,negortiN fo srenokcer ydaer ehT .snoitauqe dleiy detegrat fo pleh

uqer muissatop 21.4 elbat ni nevig era stnemeri   fo mrof eht ni gnitneserp osla dna

 .)6.4 ot 4.4( gif .e.i margaid rab  

21.4 elbat ni ataD  etacidni esod negortin taht d erew s   ta 002 dna 851 ,511

ah q 003 dna 052 ,002 -1 tegrat dleiy s ah gk 001 eulav tset lios ta ylevitcepser , -1  fo

OnMK enilakla 4- eulav eseht elihW .N s  051eulav tset lios ta 081 dna 731 ,59 erew

ah gk -1 OnMK enilakla fo 4- iy emas eht no N  .tegrat dle  rezilitreF esod surohpsohP  s

erew  ah q 003 dna 052 ,002 ta 201 dna 18 ,16 -1 tegrat dleiy s  tset lios ta ylevitcepser ,

ah gk 01 eulav -1  ta 38 dna 26 ,14 erew eulav eseht elihW .surohpsohP s’neslO fo

ah gk 02 eulav tset lios -1 surohpsohP s’neslO fo   .tegrat dleiy emas eht no  

esod rezilitref muissatoP erew s  ah q 003 dna 052 ,002 ta 321 dna 89 ,47 -1 

tegrat dleiy s ah gk 001 eulav tset lios ta ylevitcepser , -1 HN 4 CAO -  eseht elihW .K

eulav s ah gk 003 eulav tset lios ta 88 dna 36 ,93 erew -1 HN 4 CAO -  eht no K  emas

 revewoh ,tegrat dleiy gnisaercni htiw sesaercni sesod rezilitref snaem tI .tegrat dleiy

 .eulav tset lios gnisaercni htiw sesaerced ti 1.4 elbat eht morf raelc osla si tI 2  taht

yb stegrat dleiy dna seulav tset lios eht lla ta desaerced sesod rezilitref   MYF fo desu

 htiw derapmoc sa rezilitref htiw 11.4 elbat .  yb detroper osla saw dnert ralimiS

ihtnaS  la te tawaR ,slositpecnI no noino rof )2002( .  la te ednaP ,arkO rof )5102( .   te

la  ayrA dna egabbac rof )6102( . la te .slosilloM no otamot rof )7102( .  
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elbaT  21.4  stegrat dleiy tnereffid rof sesod muissatop dna surohpsohp ,negortiN :
MYF t 01htiw rewolfiluaC fo  ah -1 

seulaV tseT lioS  

ah gk( -1) 

ah q( rewolfiluac fo tegraT dleiY -1) 

002  052  003  

OnMK enilaklA 4- N  rezilitreF – ( N ah gk -1) 

001  511  851  002  

521  501  841  091  

051  59  731  081  

571  58  721  071  

P s’neslO   rezilitreF – P2O5 ( ah gk -1) 

01  16  18  201  

51  15  27  39  

02  14  26  38  

52  23  35  37  

.cA.mmA -K  rezilitreF – K2 ( O ah gk -1) 

001  47  89  321  

002  65  18  601  

003  93  36  88  

004  12  64  17  

 
 T948.0 = NF -  NS204.0 - 0 355. MYF -N 

PF 2O5  T614.0 = -  PS19.1 - 192.0 MYF -P 

KF 2  T005.0 =O - 671.0  KS - MYF392.0 -K 

P%23.0 ,N%75.0 niatnoc MYF yduts tneserp nI :etoN 2O5 K%85.0 dna 2O 
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 stegrat dleiy dna seulav tset lios tnereffid ta rewolfiluaC fo sesod negortiN :4.4 .giF

MYF t 01 htiw  
 

 
 dleiy dna seulav tset lios tnereffid ta rewolfiluaC fo sesod surohpsohP :5.4 .giF

MYF t 01 htiw stegrat  
 

 
 dleiy dna seulav tset lios tnereffid ta rewolfiluaC fo sesod muissatoP :6.4 .giF

MYF t 01 htiw stegrat  
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8.4 MYF t 02 htiw rezilitreF 2.2.  ah -1 

tneirtuN   eht htiw detaluclac erew stegrat dleiy tnereffid rof stnemeriuqer

P ,N fo srenokcer ydaer ehT .snoitauqe dleiy detegrat fo pleh 2O5 K dna 2  O esod  era s

31.4 elbat ni nevig   ot 7.4( .gif ni margaid rab fo mrof eht ni gnitneserp osla dna

 .)9.4  

.4 elbat ni ataD 31   ta 681 dna 341 ,101 erew sesod negortin taht detacidni

ah q 003 dna 052 ,002 -1 ah gk 001 eulav tset lios ta ylevitcepser ,stegrat dleiy -1  fo

OnMK enilakla 4-  051eulav tset lios ta 661 dna 321 ,18 erew seulav eseht elihW .N

ah gk -1 OnMK enilakla fo 4-  no N  sesod surohpsohP rezilitreF .tegrat dleiy emas eht

ah q 003 dna 052 ,002 ta 99 dna 87 ,75 erew -1  tset lios ta ylevitcepser ,stegrat dleiy

ah gk 01 eulav -1  ta 97 dna 95 ,83 erew eulav eseht elihW .surohpsohP s’neslO fo

ah gk 02 eulav tset lios -1  s’neslO fo  .tegrat dleiy emas eht no surohpsohP  

ah q 003 dna 052 ,002 ta 511 dna 09 ,56 erew sesod rezilitref muissatoP -1 

ah gk 001 eulav tset lios ta ylevitcepser ,stegrat dleiy -1 HN 4 CAO -  eseht elihW .K

ah gk 003 eulav tset lios ta 08 dna 55 ,13 erew seulav -1 HN 4 CAO -  emas eht no K

 .tegrat dleiy ihtnaS yb detroper osla saw dnert ralimiS  la te  no noino rof )2002( .

tawaR ,slositpecnI  la te ednaP ,arkO rof )5102( .  la te  ayrA dna egabbac rof )6102( .

la te .slosilloM no otamot rof )7102( .  
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31.4 elbaT a surohpsohp ,negortiN :  stegrat dleiy tnereffid rof sesod muissatop dn
MYF t 02 htiw rewolfiluaC fo  ah -1 

 

seulaV tseT lioS  

ah gk( -1) 

ah q( rewolfiluac fo tegraT dleiY -1) 

002  052  003  

OnMK enilaklA 4- N  rezilitreF – ( N ah gk -1) 

001  101  341  681  

521  19  331  671  

051  18  321  661  

71 5 17  311  551  

P s’neslO   rezilitreF – P2O5 ( ah gk -1) 

01  75  87  99  

51  74  86  98  

02  83  95  97  

52  82  94  07  

.cA.mmA -K  rezilitreF – K2 ( O ah gk -1) 

001  56  09  511  

002  84  37  89  

003  13  55  08  

004  31  83  36  
 

 :etoN P%23.0 ,N%75.0 niatnoc MYF yduts tneserp nI 2O5 na K%85.0 d 2O 
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 stegrat dleiy dna seulav tset lios tnereffid ta rewolfiluaC fo sesod negortiN :7.4 .giF

MYF t 02 htiw  
 

 
 dleiy dna seulav tset lios tnereffid ta rewolfiluaC fo sesod surohpsohP :8.4 .giF

MYF t 02 htiw stegrat  
 

 
C fo sesod muissatoP :9.4 .giF  dleiy dna seulav tset lios tnereffid ta rewolfilua

MYF t 02 htiw stegrat  
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uhT 31.4 dna 21.4 ,11.4 on elbat ni detneserp atad s  etacidni ylraelc d  P ,N taht

esod K dna s  ti ,revewoH .rewolfiluac fo tegrat dleiy eht gnisaercni htiw sesaercni

ercni htiw sesaerced  magalihT yb detroper erew gnidnif ralimiS .eulav tset lios gnisa

 rezilitref lacimehc fo noitacilppa ehT .)4102( hgniS dna rageR dna )9002( nasetaN dna

 fo smret ni syaw lareves yb tceffe laicifeneb sah rennam detargetni ni MYF htiw

ytilitref lios gnisaercni   lacisyhp gnivorpmi dna lios fo noitidnoc   rezilitref rehgih dna

 .seicneiciffe esu 31.4 dna 21.4 elbat morf tnedive sA   rep sa detubirtnoc sah MYF taht

 rof detseggus si desu sti ,eroferehT .desu MYF fo noitisopmoc dna MYF fo esod

 fo gnivas dna dleiy mumitpo  lios niatniam osla ti revoeroM .rezilitref lacimehc

 .ytilitref lios deniatsus dna seitreporp lacigoloib dna lacisyhp  rewoL  yam tegrat dleiy

 tneps tsoc tinu rep tiforp mumixam niatbo ot sremraf ecruoser roop a rof deredisnoc eb

gih a ,saerehw ,rezilitref no  detseretni era ohw sremraf lufecruoser a rof tegrat dleiy reh

 ti ,ytilitref lios gniniatniam rof ,ecneH .aera tinu rep noitcudorp laitnetop mumixam rof

 eveihca taht secitcarp esu rezilitref dna stegrat dleiy etairporppa esoohc ot yrassecen si

ejbo niwt eht  dleiy tegrat eht suhT .ytilitref lios fo ecnanetniam dna dleiy hgih fo sevitc

 snoitautis eht tius ot gnicnalab tneirtun serusne noitadnemmocer rezilitref fo hcaorppa

 remraf eht fo secruoser dna ytilitref lios ,slaog dleiy tnereffid gnivlovni ( veD  la te  .

91  ,)5891( ,litaP noitpircserp rezilitref fo hcaorppa siht desu evah srekrow lareveS .)58

 ayrahcA la te  itaS ,)3002( ,ayrA ,)8891( . la te  ,)0102( . matuaG  la te 3102( .  ,) tawaR   te

la ednaP dna )5102( .  la te .)6102( .  

9.4   filuac rof MYF fo ecnelaviuqe rezilitreF  rewol   

 yb detaluclac saw noitagitsevni tneserp eht ni MYF fo ecnelaviuqe rezilitreF

 MYF tuohtiw dna htiw noitseuq ni tneirtun fo sesod rezilitref ni secnereffid gnikat

 0.01 yb rezilitref fo gnivas egareva ehT .dleiy tegrat dna eulav tset lios nevig a ta

t  erew MYF senno 43.92  ah gk -  1  ,N 85.7  ah gk -  1 P2O5  dna  35.9 ah gk -  1 K2  gnola O

lav tset lios latnemirepxe eht htiw 41.4 elbaT( stegrat dleiy dna eu .)  
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41.4 elbaT ah t 01( MYF fo ecnelaviuqe rezilitreF : -1  stegrat dleiy tnereffid rednu )
C fo eulav tset lios dna .rewolfilua  

 seulav tset lioS
)ah/gk(  

ah q( tegrat dleiY -1)  rezilitreF
 t eno fo ecnelaviuqe

ah gk ( MYF -1) 002  052  003  egarevA  

OnMK enilaklA 4 N ah gk ( ecnelaviuqe rezilitref N -1) 

001  37.62  87.03  28.43  87.03  80.3  

521  77.52  28.92  68.33  28.92  89.2  

051  18.42  68.82  09.23  68.82  98.2  

571  68.32  09.72  59.13  09.72  97.2  

egarevA  92.52  43.92  83.33  43.92  39.2  

P s’neslO  P2O5 ah gk ( ecnelaviuqe rezilitref -1) 

01  22.7  83.8  45.9  83.8  38.0  

51  96.6  58.7  10.9  58.7  87.0  

02  51.6  13.7  74.8  13.7  37.0  

52  26.5  87.6  49.7  87.6  76.0  

egarevA  24.6  85.7  47.8  85.7  57.0  

.cA .mmA -K K2 ah gk ( ecnelaviuqe rezilitref O -1) 

001  55.9  89.9  14.01  89.9  99.0  

002  52.9  86.9  11.01  86.9  69.0  

003  59.8  83.9  18.9  83.9  39.0  

004  56.8  80.9  15.9  80.9  09.0  

egarevA  01.9  35.9  59.0  35.9  59.0  
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taD  elbat ni detneserp a  51.4 dna 41.4  era  ecnelaviuqe MYF taht wohs ylraelc

 htiw esaercni osla sah ti ralimis dna eulav tset lios sesaercni htiw sesaerced

ceffe eht taht raelc si tI .stegrat dleiy gnisaercni  dna cificeps porc si MYF fo t  osla

level htiw seirav   gnivas ni spleh yletamitlu taht tegrat dleiy dna ytilitref lios fo

 elbaliava eht desaercni srezilitref lacimehc htiw noitanibmoc ni MYF .rezilitref

P ,N fo gnivas egarevA .lios eht fo sutats tneirtun 2O5 K dna 2  dna 85.7 ,43.92 erew O

ah gk 35.9 -1
, vitcepser  rehtruF  .rezilitref lacimehc htiw MYF sennot 01 fo esu yb yle

 erew rezilitref fo gnivas egareva eht MYF fo sennot 02 gnikat yb 37.34  ah gk -1  ,N

22.11  ah gk -1 P2O5  dna  86.71 ah gk -1 K2  tset lios latnemirepxe eht nihtiw gnola O

morF .stegrat dleiy dna seulav  P ,N fo gnivas taht raelc si ti eulav eseht 2O5 K dna 2  O

erapmoc sa MYF sennot 02 ta erom saw MYF morf d eulav ehT .MYF sennot 01 ot s 

P ,N fo gnivas tnec rep fo 2O5 K dna 2 660.0 ,52.0 erew O  dna  290.0   yb ylevitcepser

MYF fo noitidda  51.4 elbaT( ).  ecniS deilppa   P %23.0 ,N %75.0 gniniatnoc MYF

K %85.0 dna .  tuoba saw MYF fo noitubirtnoc ,eroferehT  %05 rof  %02 dna N  P rof  

 ot K &  MYF fo laitnetop noitazilarenim wol nosaer elbaborp ehT .rewolfiluac

r osla erew stluser ralimiS .nworg saw porc nehw nosaes retniw gnirud  yb detrope

ihtnaS  la te  rof )2002( .  slositpecnI no noino ednaP dna  la te  ni egabbac rof )6102( .

.slosilloM  

 t 51 ta MYF fo noitacilppa taht detroper osla )9002( nasetaN dna magalihT

ah -1 dna 9.01 ,53 fo gnivas a ni detluser rezilitref lacimehc htiw rehtegot  ah gk 3.32 -

1  gnidneped MYF fo ecnelaviuqe rezilitreF .rewolfiluac ni ,ylevitcepser ,K dna P ,N

 ,sesaercni seulav tset lios sA .dedda tnuoma sti dna MYF fo noitisopmoc no

 ni gnisaercni htiw sesaercni ti ,revewoh ,sesaerced MYF fo ecnelaviuqe rezilitref

eiy tawaR yb detroper osla erew tluser ralimiS .stegrat dl  .la te   MYF nehw )5102(

P ,N fo eulav egareva ehT .rezilitref fo noitanibmoc ni desu 2O5 K dna 2  rezilitref O

ah gk 59.0 dna 57.0 ,39.2 erew ,desu MYF fo enot eno morf secnelaviuqe -1 

 ralimiS .ylevitcepser ihtnaS yb detroper osla erew sgnidnif fo epyt  la te  dna )1102( .

vahdaJ  la te  . .ylevitcepser porc otamot dna toor teeb ni )3102(  
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51.4 elbaT : ah t 02( MYF fo ecnelaviuqe rezilitreF -1  stegrat dleiy tnereffid rednu )
.rewolfiluac fo level ytilitref dna  

et lioS  ts
 seulav
)ah/gk(  

ah gk( MYF t 02  fo ecnelaviuqe rezilitreF -1  )   rezilitreF  

 fo ecnelaviuqe
 MYF t 1               

ah gk( -1) 

 rezilitreF llarevO
 t 1 fo ecnelaviuqe

ah gk( MYF -1) 
ah q( tegrat dleiY -1) 

51  02  52  egarevA  

 enilaklA
OnMK 4 N qe rezilitref N ah gk ( ecnelaviu -1) 

001  21.14  71.54  12.94  71.54  62.2  76.2  

521  61.04  12.44  52.84  12.44  12.2  06.2  

051  02.93  52.34  92.74  52.34  61.2  35.2  

571  42.83  92.24  33.64  92.24  11.2  54.2  

egarevA  86.93  37.34  77.74  37.34  91.2  65.2  

P s’neslO  P2O5 nelaviuqe rezilitref ah gk ( ec -1) 

01  68.01  20.21  81.31  20.21  06.0  27.0  

51  33.01  94.11  56.21  94.11  75.0  86.0  

02  08.9  69.01  21.21  69.01  55.0  46.0  

52  62.9  24.01  85.11  24.01  25.0  06.0  

egarevA  60.01  22.11  83.21  22.11  65.0  66.0  

.cA .mmA -K K2 ah gk ( ecnelaviuqe rezilitref O -1) 

001  07.71  31.81  65.81  31.81  19.0  59.0  

002  04.71  38.71  62.81  38.71  98.0  39.0  

003  01.71  35.71  69.71  35.71  88.0  19.0  

004  08.61  32.71  66.71  32.71  68.0  88.0  

   egarevA  52.71  86.71  11.81  86.71  88.0  29.0  
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01.4   esnopser dleiy druC  
a ralucitrap a fo esnopseR  dah stneirtun rehto fo sesod elddim ta tneirtun deilpp

ah q( dleiy druC .tuo dekrow neeb -1  htiw MYF dna negortin fo sesod tnereffid ta )

 K dna P fo esod elddim areva neht dna nekat erew  ylralimiS .deg o esnopser  K dna P f

 ,N fo esnopseR .tuo dekrow osla erew  elbat ni detneserp era K dna P 61.4   osla dna

.01.4 erugif ni nwohs  fo weiv cihpargotohp A   fo sesod tnereffid fo esnopser  K dna P ,N

9 dna 8 ,7 etalp ni detneserp si htworg rewolfiluac no , .ylevitcepser  

01.4  1.  P fo sesod elddim ta N ot esnopseR 2O5 K dna 2  O ah gk( -1) 
 saw lortnoc revo noitacilppa negortin fo gk 051 dna 001 ,05 fo esnopser ehT

gk gk 73.08 dna 22.241 ,00.001 eb ot dnuof -1 .ylevitcepser ,   esnopser egarevA  saw

ah N gk 001 otpu gnisaercni -1 ah N gk 051 ta gnisaerced tub deilppa -1  .noitacilppa

disnoC  gk 05 ot 0 rof ,sesod evisseccus revo gnire e.i  ni detluser N gk 05 fo tnemercni .

 gnisaercni ah q 05 fo tnuoma eht ot dleiy fo -1. gk gk 00.001 saw tnemercni eht oS -1  fo

 gk 001 ot 05 rof ylralimiS .N fo esod evisseccus revo e.i etluser N gk 05 fo tnemercni .  d

 fo tnuoma eht ot dleiy fo gnisaercni ni q 22.29  ah -1 54.481 saw tnemercnI eht oS .  gk gk -

1 ah q 76.12 saw dleiy fo gnisaerceD .N fo esod evisseccus revo fo -1  N fo gk rep dleiy

 05 morf noitacilppa N fo tnemercni ,ecneH .egnar gk 051 ot 001 rof noitacilppa  001 ot

.K dna P fo sesod elddim ta esnopser tsehgih dewohs gk   erew sgnidnif fo epyt ralimiS

 amrahS dna hgniS ,)7891( arorA dna amrahS ,)1891( radeK dna tuaR yb detroper osla

 .egabbac ni )7991( oahdaJ dna elgnI dna rewolfiluac ni )1102( layhsaB dna )0991(  

01.4 2.  P ot esnopseR 2O5 K dna N fo sesod elddim ta 2 ah gk( O -1) 
 saw lortnoc revo noitacilppa surohpsohp fo gk 051 dna 001 ,05 fo esnopser ehT

gk gk 73.02 dna 65.04 ,54.47 eb ot dnuof -1  ot pu desaercni saw dleiy ehT .ylevitcepser ,

esaercni mumixam tub gk 051  P gk 001 ta saw 2O5 ah -1  evisseccus revo gniredisnoC .

 gk 05 ot 0 rof ,sesod e.i P gk 05 fo tnemercni . 2O5  eht ot dleiy fo gnisaercni ni detluser

ah q 22.73 fo tnuoma -1 gk gk 54.47 saw tnemercni eht oS . -1  revo fo gk rep dleiy

P fo esod evisseccus 2O5 ralimiS .  gk 001 ot 05 rof yl e.i P gk 05 fo tnemercni . 2O5 

ah q 33.3 fo tnuoma eht ot dleiy fo gnisaercni ni detluser -1  66.6 saw tnemercnI eht oS .

gk gk -  1 P fo esod evisseccus revo fo gk rep dleiy 2O5  q 00.01 saw dleiy fo gnisaerceD .

ah -1 P fo gk rep sdleiy 2O5 cilppa  fo tnemercni ,ecneH  .egnar gk 051 ot 001 rof noita

P2O5  dna N fo sesod elddim ta esnopser tsehgih dewohs gk 001 ot 05 morf noitacilppa

 .K  yb detroper osla erew sgnidnif fo epyt ralimiS  anaruhK la te  rawnuK  dna )0991( .

ni )4991( yednaP dna   rewolfiluac dna   tnamaS la te  )3991( . .egabbac ni  
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 :7 etalP esnopseR   fo htworg no negortin fo sesod tnereffid fo
 rewolfiluac  

 

N0 

N 05  

N 001  

N 051  
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 :8 etalP esnopseR   fo htworg no surohpsohp fo sesod tnereffid fo
rewolfiluac  

 

P0 

P 05  

P 001  

P 051  
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:9 etalP  esnopseR   fo htworg no muissatop fo sesod tnereffid fo
rewolfiluac  

K0 

K 05  

K 001  

K 051  
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61.4 elbaT  fo level tnereffid ta muissatoP dna surohpsohP ,negortiN fo esnopseR :
.rewolfiluaC fo dleiy druc no MYF  

 rezilitreF ah/gk esod  

)ah/q( dleiy druC  tneirtun fo gk rep gk esnopseR  

0 MYF  01 MYF  02 MYF  egarevA  0 N revO  esod evisseccus revO  

0N  00.54  33.39  76.101  00.08  0 0 

05N  00.521  33.35  76.112  00.031  00.001  00.001  

001N  76.142  00.071  00.552  22.222  22.241  54.481  

051N  33.333  00.09  33.871  55.002  73.08  - 43.34  

egarevA  52.681  76.101  81 76.6     

0P  33.332  76.602  00.501  76.181  0 0 

05P  00.582  76.671  00.591  98.812  54.47  54.47  

001P  76.142  00.071  00.552  22.222  65.04  66.6  

051P  33.812  00.032  33.881  22.212  73.02  - 00.02  

egarevA  85.442  38.591  38.581     

0K  33.822  76.112  00.502  00.512  0 0 

05K  1 76.69  76.142  76.612  33.812  76.6  76.6  

001K  76.142  00.071  00.552  22.222  22.7  87.7  

051K  76.142  76.632  33.871  98.812  95.2  - 76.6  

egarevA  90.722  00.512  57.312     
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 fo level tnereffid ta muissatop dna surohpsohp ,negortiN fo esnopseR :01.4 .giF

 no MYF .rewolfiluaC fo dleiy druC  
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01.4  3.  K ot esnopseR 2 P dna N fo sesod elddim ta O 2O5 ah gk( -1) 

 saw lortnoc revo noitacilppa muissatop fo gk 051 dna 001 ,05 fo esnopser ehT

gk gk 95.2 dna 22.7 ,76.6 eb ot dnuof -1 oitacilppa htiw gnisaercni saw tI .ylevitcepser ,  n

K gk 001 ta saw esaercni mumixam revewoh muissatop fo 2 ah O -1  .  revo gniredisnoC

 gk 05 ot 0 rof ,sesod evisseccus e.i K gk 05 fo tnemercni . 2  fo gnisaercni ni detluser O

33.3 fo tnuoma eht ot dleiy  ah q -1  fo gk rep dleiy gk 76.6 saw tnemercni eht oS .

issatop K fo esod mu 2  gk 001 ot 05 rof ylralimiS .O e.i K gk 05 fo tnemercni . 2  detluser O

ah q 98.3 fo tnuoma eht ot dleiy fo gnisaercni ni -1  dleiy gk 87.7 saw tnemercnI eht oS .

K fo esod evisseccus revo fo gk rep 2 ah q 33.3 saw dleiy fo gnisaerceD .O -1  gk rep dleiy

K fo 2 K fo tnemercni ,ecneH .egnar gk 051 ot 001 rof noitacilppa O 2  morf noitacilppa O

ah gk 001 ot 05 -1 o epyt ralimiS .K dna N fo sesod elddim ta esnopser tsehgih dewohs  f

yb detroper osla erew sgnidnif   gnoy la te )4991( .   ni 5991( hgniS dna lehgaB ,iloccorb  )

 ataraT dna rewolfiluac ni la te .egabbac ni )5991( .  

11.4   snoitcnuf tnereffid rof snoisserger elpitluM  

yhtroomamaR  la te  rof hcaorppa lacitcarp erom dna citsilaer a detseggus )7691( .

ie gniniatta rof seulav tset lios no desab sesod rezilitref gnibircserp  dleiy mumixam reht

 evitcudnI( stneidarg ytilitref laicifitra fo noitaerc eht no desab ,tiforp mumixam ro

r tnacifingis a dehsilbatse )4791( yhtroomamaR ,hcaorppa siht nI .)hcaorppa  pihsnoitale

seulav tset lios neewteb tif yb dleiy porc dna sesod rezilitref ,  citardauq elpitlum gnit

 tneirtun rezilitref dna lios dna smret tneirtun rezilitref dna lios raenil htiw noisserger

 era seulav tset lios fo egnar a ,tnemirepxe tneidarg gnitcudnoc yB .smret noitcaretni

fretni gniziminim rof dleif emas eht dna eno ni detaerc  gnitceffa srotcaf rehto fo ecnere

 esnopser raenilivruc htiw noisserger elpitlum hguorht meht etaler dna dleiy porc

.noitcnuf  

 sa dleiy druc neewteb pihsnoitaler a stneserper noitauqe noisserger elpitlum ehT

ezilitref ,seulav tset lios dna elbairav tnedneped  tset lios neewteb noitcaretni ,sesod r

 tnednepedni sa MYF sa llew sa stneirtun rezilitref neewteb dna sesod rezilitref ,seulav

.noitauqe noisserger epyt citardauq elpitlum a hguorht selbairav  

f elbissop era srezilitref rof snoitadnemmocer noitacol cificepS  htiw slios ro

 lios ralimis rof slevel dleiy detegrat dna snoitidnoc ecruoser ’sremraf ,ytilitref gniyrav
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 demhA( tnemnorivne dna sessalc la te eseht roF .)2002 ,.   seulav tset lios eht ,snoitauqe

OnMK enilakla erew desu 4- neslO N - etateca muinomma lamron dna P - ah gk K -1  eht sa

nahcaS( losilloM dnahkarattU rof dohtem tset lios dednemmocer  la te  fo esoD .)2891 ,.

P ,N stneirtun sa desu rezilitref 2O5 K dna 2 ah gk O -1  snoitauqe noisserger gniwollof ehT .

:woleb nevig sa noitauqe citardauq gnisu yb tuo dekrow neeb evah  

 = dleiY -  PS * 4785.6 + NS * 8084.0 + 8790.18 -  9887.2 + NF * 1599.2 + KS * 6511.0
 PF * -  ²NF * 6100.0 + KF * 0739.1 -  ²KF * 0910.0 + ²PF * 5630.0 -  NSNF * 7010.0 - 

 KSKF * 8200.0 + PSPF * 7290.0 -  NO * 6081.33 -  * 6394.83 + PO * 9678.81
…………………KO        R2= 5138.0  **

  

,erehW  

Y  =  ah q( dleiy druC -1) 

NF   =  ah gk( rezilitref hguorht negortiN -1) 

PF   =  P( surohpsohP 2O5 ah gk( rezilitref hguorht ) -1) 

KF   =  K( muissatoP 2 ah gk( rezilitref hguorht )O -1) 

NS   =  OnMK enilaklA ,negortin rof eulav tset lioS 4- xedni na sa N  ah gk( -1) 

PS   =  s’neslO yb surohpsohp rof eulav tset lioS - ah gk( xedni na sa P -1) 

KS   =  HN lamron lartueN ,muissatop rof eulav tset lioS 4 cAO -  xedni na sa K

ah gk( -1 .)  

 NO  = ah gk( MYF hguorht negortiN -1) 

 PO  = ah gk( MYF hguorht surohpsohP -1) 

KO  = uissatoP ah gk( MYF hguorht m -1) 

.level % 1 ta tnacifingiS **  

.level % 5 ta tnacifingiS *  

 

smret eerht sah tneirtun rezilitref hcae ,ledom siht nI -  dna citardauq ,raenil .ziv

 ro + htiw rehtie srucco smret esehT .evoba nwohs sa stneirtun lios htiw mret noitcaretni

– + eht ,meht fo tuo sepyt esnopser elbissop thgie era erehT .ngis --   enola epyt esnopser

 rezilitref fo noitazimitpo rof sisab a sedivorp dna snruter gnihsinimid fo wal eht swollof

.sesod  
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 dna MYF ,tneirtun rezilitref fo slevel ,tset lios eht erehw ledom ehT  atad dleiy

 ytilibatciderp fo tneiciffeoc tnacifingis dna hgih dah dettif saw porc rewolfiluac fo

( 5138.0  .)  amrahS la te  )5002( . R tnacifingis ylhgih dnuof  2  rof 19.0 dna 88.0 fo seulav

 no snoitauqe noisserger elpitlum  tpetsulpaH .iloccorb ni  nopser fo sepyT  deifitnedi ses

( :erew noitagitsevni tneserp eht ni ++ - +( ,) -- ( dna ) - vitcepser ,K dna P ,N rof )++  ,yle

71.4 elbat ni detneserp dna . 

71.4 elbaT noitauqe noisserger yb deniatbo epyt esnopseR :  

R2 eulav  tneirtuN  epyT esnopseR  

5138.0 **  

negortiN  ++ - 

urohpsohP s + --  

muissatoP  - ++  
 

++ saw negortin rof deniatbo epyt esnopser ehT -  tset lios rewol ta taht swohs

 tub esod rezilitref gnisaercni htiw esnopser eht ni esaercni suounitnoc a si ereht ,seulav

a otpu seulav tset lios gnisaercni htiw sesaerced esnopser siht   nehw retal eht ni timil

 a otpu dleiy ni noisserped si ereht hcihw ni nrettap tnereffid a ot segnahc epyt esnopser

 ot esnopser evitisop a eb lliw ereht hcihw evoba esod rezilitref eht ni level niatrec

.esod rezilitref ni esaercni rehtruf  

 dewohs surohpsohP  epyt esnopser eht  +‛ - -  dna evitisop yb deziretcarahc si ’

 noitalerroc evitagen si erehT .stneirtun rezilitref deilppa fo esnopser gnisaerced

 ni etarepo eb ot dias si nruter gnihsinimid wal ehT .stneirtun rezilitref dna lios neewteb

di eht si tI .esac siht  +( epyt esnopser lae - - mret noitcaretni dna citardauq ,raenil rof ) .s  

 epyt esnopser eht dewohs muissatoP ‛-  tset lios rewol ta taht swohs hcihw ’+ +

 hcihw ta timil a ot pu esod rezilitref gnisaercni htiw dleiy ni esaerced a si ereht ,seulav

muminim yrev a   gnisaercni htiw dleiy ni esaercni na hcihw evoba dna srucco dleiy

.ni stes esod rezilitref  

21.4  ecnalab tneirtun tnerappa dna seulav tset lioS tsevrah tsoP  

tsop esiw pirts dna tnemtaerT -  era K dna P ,N elbaliava fo seulav lios tsevrah

vig IX xidneppa ni ne  dna  s tsop fo egareva dna egnar esiw pirt -  seulav tset lios tsevrah

p dna surohpsohp ,negortin rof 81.4 elbat ni nevig era muissato . 
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81.4 elbaT  tnereffid ni tsevrah retfa seulav tset lios eht fo egareva dna egnaR :
spirts  

lS . oN . sralucitraP  I pirtS  II pirtS  S III pirt  dleif elohW  

1.  nobrac cinagrO  
)%(  

84.0 - 78.0  
)66.0(  

84.0 - 09.0  
)27.0(  

84.0 - 41.1  
)57.0(  

84.0 - 41.1  
)17.0(  

2.  negortin elbaliavA  
ah N gk( -1) 

38.841 -
90.422  
)34.671(  

34.641 -
97.291  
)53.471(  

86.261 -
95.791  
)58.871(  

34.641 -
90.422  
)45.671(  

3.   elbaliavA
urohpsohp s 

ah P gk( -1) 

11.8 - 47.61  
)88.21(  

11.8 - 34.41  
)67.01(  

66.11 - 29.51  
)36.31(  

11.8 - 47.61  
)24.21(  

4.  elbaliavA  
muissatop  

ah K gk( -1) 

98.442 -
10.033  
)41.392(  

33.09 - 31.133  
)79.352(  

18.49 - 41.253  
)70.462(  

33.09 - 41.253  
)93.072(  

 

f latnemirepxe fo tnetnoc nobrac cinagrO  tnec rep 41.1 ot 84.0 morf degnar dlei

 ot 84.0 morf degnar I pirts ni tnetnoc nobrac cinagrO .tnec rep 17.0 fo egareva na htiw

 nobrac cinagro eht II pirts ni elihW .tnec rep 66.0 fo egareva na htiw tnec rep 78.0

iw tnec rep 09.0 ot 84.0 morf degnar tnetnoc  fo egnaR .tnec rep 27.0 fo egareva na ht

 fo egareva na htiw tnec rep 41.1 ot 84.0 morf deirav III pirts ni tnetnoc nobrac cinagro

 yb dewollof III pirts ni tsehgih saw nobrac cinagro fo eulav egareva ehT .tnec rep 57.0

.ylevitcepser ,I pirts dna II pirts  

 A enilakla yb detcartxe negortiN elbaliav - OnMK 4  latnemirepxe eht fo dohtem

ah N gk 90.422 ot 34.641 morf deirav dleif -1 ah N gk 45.671 egareva na htiw -1  pirtS .

 ,I pirts ni 34.671 fo egareva na htiw 90.422 ot 38.841 morf degnar noitairav esiw

7.291 ot 34.641 ah N gk 9 -1 ah N gk 53.471 fo egareva na htiw -1  ot 86.261 dna II pirts ni

ah N gk 58.871 fo egareva na htiw 95.791 -1  negortiN fo eulav egareva ehT .III pirts ni

.ylevitcepser ,II pirts dna I pirts yb dewollof III pirts ni tsehgih saw  

  surohpsohP elbaliavA  11.8 morf degnar dleif latnemirepxe eritne eht fo tnetnoc

ah P gk 47.61 ot -1 ah P gk 24.21 fo eulav egareva na htiw -1  deirav egnar esiw pirtS .

ah P gk 88.21 fo eulav egareva na htiw 47.61 ot 11.8 morf -1  34.41 ot 11.8 ,I pirts ni

01 fo eulav egareva na htiw ah P gk 67. -1 ah P gk 29.51 ot 66.11 dna II pirts ni -1  htiw

ah P gk 36.31 fo eulav egareva na -1  saw surohpsohP fo eulav egareva ehT .III pirts ni

.ylevitcepser ,II pirts dna I pirts yb dewollof III pirts ni tsehgih  
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 lartuen yb detcartxe muissatoP elbaliavA  HN lamron 4  degnar dohtem cAO

ah K gk 41.253 ot 33.09 morf -1 ah K gk 93.072 fo egareva na htiw -1  eritne eht rof

 egareva na htiw I pirts ni 10.033 ot 98.442 morf degnar seulaV .dleif latnemirepxe

ah K gk 41.392 fo eulav -1 na htiw II pirts ni 31.133 ot 33.09 ,   fo eulav egareva

ah K gk 79.352 -1 ah gk 41.253 ot 18.49 dna -1  fo eulav egareva na htiw III pirts ni

ah K gk 70.462 -1  yb dewollof I pirts ni tsehgih saw muissatoP fo eulav egareva ehT .

.ylevitcepser ,II pirts dna III pirts  

tsop esehT - of desu seulav tsevrah  detegrat yb noitadnemmocer rezilitref r

.metsys gnipporc eht ni porc txen rof hcaorppa dleiy  

21.4  ecnalab tneirtun tnerappA 1.  

tsop dna eulav tset lios laitini yb detaluclac si ecnalab tneirtun tnerappA -

wolfiluac fo gnitsevrah retfa eulav tset lios tsevrah  .re  eht sedivorp hcaorppa sihT

.tnemeganam tneirtun porc ecnalab dna noitazilitu secruoser mumitpo fo sisab  

 ot sesaerced hcihw %98.0 saw dleif latnemirepxe fo tnetnoc nobrac cinagrO

tsop ni %17.0 - s ni tnetnoc nobrac cinagro egarevA .eulav tset lios tsevrah  I pirt

 nobrac cinagro egareva eht II pirts ni elihW .tnec rep 66.0 ot 28.0 morf degnahc

 ni tnetnoc nobrac cinagro egareva dna tnec rep 27.0 ot 19.0 morf degnahc tnetnoc

 ylthgils tnetnoc nobrac cinagro lla revO .tnec rep 57.0 ot 49.0 morf degnahc III pirts

 ot laitini morf esaerced 91.4 elbaT( eulav tset lios tsop  .)  

ah N gk 45.671 ot 89.061 morf degnahc dleif latnemirepxe fo negortiN -  1  fo

 I pirts ni negortiN egarevA .ylevitcepser eulav tset lios tsevrah tsop ot laitini

ah N gk 34.671 ot 64.061 morf degnahc -1  degnahc negortiN eht II pirts ni elihW .

89.061 morf   ot 05.161 morf degnahc III pirts ni negortiN egareva dna 53.471 ot

ah N gk 58.871 -1  .eulav tset lios tsop ot laitini morf esaercni negortiN lla revO .

 MYF dna KPN %001 htiw negortin elbaliava ni esaercnI  tcerid eht ot eud eb yam

 eht fo loop elbaliava eht ot MYF dna secruos cinagroni hguorht negortin fo noitidda

 thgim noitacilppa slairetam cinagro ot eud negortin elbaliava ni esaercni ehT .lios

ac seborcim fo noitacilpitlum retaerg eht ot detubirtta osla eb  fo noitidda eht yb desu

 cinagroni ot negortin dnuob yllacinagro fo noisrevnoc eht rof slairetam cinagro

tsop eht ,taht detroper )0002( uhttumullehC dna mahtagaraM .mrof -  fo lios tsevrah
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dliub tnacifingis a dewohs porc rewolfnus -  derapmoc negortin lios fo pu  laitini eht ot

ah gk 822 ot 561 morf gnignar level -1  lios elbarovaf ehT .MYF fo noitidda ot eud

 lios fo noitazilarenim eht ni depleh evah thgim noitidda MYF rednu snoitidnoc

la erew stluser ralimiS .negortin elbaliava rehgih fo pu dliub ot gnidael negortin  os

nahtnaY yb dnuof  la te                          .)0102( .  

ah P gk 24.21 ot 74.81 morf degnahc dleif latnemirepxe fo surohpsohP -  1  fo

 I pirts ni surohpsohP egarevA .ylevitcepser eulav tset lios tsevrahtsop ot laitini

ah P gk 88.21 ot 66.71 morf degnahc -1  .  degnahc surohpsohP eht II pirts ni elihW

 ot 08.91 morf degnahc III pirts ni surohpsohP egareva dna 67.01 ot 79.71 morf

ah P gk 36.31 -  1  etis ralucitrap fo yticapac noitaxif P hgih ot eud eb yam

.scitsiretcarahc  

2 morf degnahc dleif latnemirepxe fo muissatoP ah K gk 93.072 ot 18.18 -  1  fo

 morf degnahc I pirts ni muissatoP egarevA .eulav tset lios tsevrahtsop ot laitini

ah K gk 41.392 ot 36.562 -1  ot 43.772 morf degnahc muissatoP eht II pirts ni elihW .

 94.203 morf degnahc III pirts ni muissatoP egareva dna 79.352 ah K gk 70.462 ot -1  .

 tsop ot laitini morf desaerced erew yeht ,muissatop dna suorohpsohp fo esac nI

 emos dna sporc yb dezilitu ylluf si rezilitref deilppa esuaceb eulav tset lios tsevrah

psohp hgih ot eud lios eht ni xif muissatop dna suorohpsohp fo tnuoma  dna suoroh

 saw ti ,negortin fo esac ni tub lioS latnemirepxe fo yticapac noitaxif muissatop

 yam MYF deilppA .eulav tset lios tsevrah tsop ot laitini morf desaercni ylthgils

OnMK enilakla no atad ehT .lios eht ot tnetnoc K dna P ,N elbaliava ot etubirtnoc 4-

neslO ,N - HN dna P 4 cAO - dliub eht detacidni K -  ytilitref lios fo ecnanetniam dna pu

 etipseD .MYF htiw KPN rednu noitadnemmocer rezilitref desab tset lios ot eud

 ni level rehgih ta deniatniam saw sutats ytilitref eht ,stneirtun fo lavomer rehgih

a MYF htiw KPN  eht ot detubirtta eb thgim sihT .enola KPN ot derapmoc s

 porc eht gniteem retfa neve ,MYF htiw KPN rednu stneirtun fo sessol fo noitneverp

ihtnaS dna )1002( hgniS dna iruahcaP fo sgnidnif ehT .sdeen  la te  osla )2002( .

 eht ni dedrocer stluser eht detroppus .yduts tneserp  
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91.4 elbaT tnemirepxe gnirud ecnalab tneirtun tnerappA :  

Sl. 
oN . sralucitraP  

I pirtS  II pirtS  III pirtS  dleif elohW  

laitinI  tsoP  laitinI  tsoP  laitinI  tsoP  laitinI  tsoP  

1 )%(  nobrac  cinagrO  35.0 - 80.1  
)28.0(  

84.0 - 78.0  
)66.0(  

84.0 - 23.1  
0( )19.  

84.0 - 09.0  
)27.0(  

06.0 - 53.1    
)49.0(  

84.0 - 41.1  
)57.0(  

84.0 - 53.1    
)98.0(  

84.0 - 41.1  
)17.0(  

2   negortin  elbaliavA  
ah N gk( -1) 

89.731 - 26.571  
)64.061(  

38.841 - 90.422  
)34.671(  

89.731 - 07.002  
)89.061(  

34.641 - 97.291  
)53.471(  

35.051 - 26.571  
)05.161(  

86.261 - 791 95.  
)58.871(  

89.731 - 89.002  
)89.061(  

34.641 - 90.422  
)45.671(  

3  surohpsohp elbaliavA
ah P gk( -1) 

10.51 - 33.12  
)66.71(  

11.8 - 47.61  
)88.21(  

10.51 - 39.02  
)79.71(  

11.8 - 34.41  
)67.01(  

77.71 - 21.22  
)08.91(  

66.11 - 29.51  
)36.31(  

10.51 - 21.22  
)74.81(  

11.8 - 47.61  
)24.21(  

4 A elbaliav    muissatop  
ah K gk( -1) 

42.452 - 63.933  
)94.203(  

98.442 - 10.033  
)41.392(  

86.99 - 27.243  
)36.562(  

33.09 - 31.133  
)79.352(  

61.401 - 21.563  
)43.772(  

18.49 - 41.253  
)70.462(  

86.99 - 21.563  
)18.182(  

33.09 - 41.253  
)93.072(  
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31.4  tsop fo noitciderP - tset lioS tsevrah  eulav  

 yb decneulfni yltaerg si lios eht ni ytilibaliava tneirtun ,detsevrah si porc a retfA

 fo erutan eht dna ,dedda stneirtun rezilitref fo tnuoma eht ,sutats tneirtun lios laitini eht

 ,snoitadnemmocer rezilitref desab tset lios ylppa oT .nesir porc eht  eb ot era slios eht

.elbacitcarp ton si hcihw ,porc hcae retfa detset   ot yrassecen emoceb sah ti ,eroferehT

 lios fo tsoc dna emit evas ot porc eht fo tsevrah eht retfa seulav tset lios eht tciderp

qe noitciderp fo tnempoleved eht yb enod eb nac tI .gnitset  .snoitau  eht sedivorp sihT

 no desab ecneuqes gnipporc elohw rof snoitadnemmocer rezilitref eht gnivig rof yaw

.seulav tset lios laitini   rednu dleif s’remraf fo lios eht esuaceb lufesu yrev si sihT

rp rof porc hcae rof detset eb tonnac noitavitluc evisnetni  .snosaer lacitca  eht gnisu yB

 tset lios laitini dna elbairav tnedneped a sa selpmas tsevrah tsop eht fo eulav tset lios

 eht selbairav tnednepedni sa ekatpu ro dleiy dna sesod rezilitref deilppa ,eulav

qe laimonylop raenil gniwollof baT( devired erew snoitau 02.4 el ) 

02.4 elbaT  dna dleiy no desab tneirtun lios tsevrahtsop fo noitauqe noitciderP :
rewolfiluaC fo ekatpu  

dleiy no desaB  noitauqe noitciderP  R2 

.1   = NHP -  NS * 6899.0 + 9630.31 -  NF * 6300.0 -  Y * 4100.0  **1289.0  

.2   = PHP - 0 + PS * 9740.1 + 7942.6  PF * 9700. -  Y * 5400.0  **4227.0  

.3   = KHP -  KF * 6800.0 + KS * 9500.1 + 7987.21 - Y * 3300.0  **9799.0  

ekatpu no desaB  noitauqe noitciderP  R2 

.1   = NHP -  NS * 7999.0 + 4563.31 - NU * 8100.0 + NF * 6700.0  **1289.0  

.2   = PHP -  PS * 2189.0 + 6666.5 - 3900.0   PU * 3820.0 + PF *  **4796.0  

.3   = KHP -  KF * 7300.0 + KS * 9600.1 + 3383.31 - KU * 4300.0  **8799.0  

 

2( level 10.0 eht ta tnacifingis si noissergeR ** -  )deliat  

2( level 50.0 eht ta tnacifingis si noissergeR * - )deliat  

 

NF  = litreF =PF ,negortin rezilitreF muissatop rezilitreF =KF ,surohpsohp rezi  

NS   =  ,muissatop lioS =KS .surohpsohp lioS=PS ,negortin lioS  

NHP   =   surohpsohp lioS tsevraH tsoP =PHP ,negortin lioS tsevraH tsoP  

KHP   =  .dleiy druc =Y ,muissatop lioS tsevraH tsoP  
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ruc nehw taht dewohs stluser ehT  tnetxe eht gnitciderp rof desu saw dleiy d

R muissatop dna surohpsohp ,negortin elbaliava rof ytilibatciderp fo 2  erew seulav

 deredisnoc saw rewolfiluac yb ekatpu nehw ,elihw ,ylevitcepser ,99.0 dna 27.0 ,89.0

egortin rof 99.0 dna 96.0 ,89.0 erew seulav eht  muissatop dna surohpsohp ,n

 detciderp devresbo esiw pirts snoitauqe noitciderp evoba no desaB .ylevitcepser

tsop - OnMK( eulav tset lios tsevrah 4- neslO ,N - HN dna P 4 cAO - ah gk K -1  eb nac )

tiw desu eb nac snoitauqe noisserger hcus taht stseggus sihT .detaluclac  h

 mumitpo rof rewolfiluac retfa K dna P ,N elbaliava fo noitciderp eht rof ecnedifnoc

.sporc gnideeccus rof noitadnemmocer rezilitref desab dleiy detegrat fo level  

 hgniS .la te  tsop eht tsgnoma pihsnoitaler eht detroper )5102( -  lios tsevrah

ref ,seulav tset  morf dleiy niarg dna seulav tset lios laitini ,sesod deilppa rezilit

 rof stolp detaert firahk  R egral ylbaicerppA .porc eziam 2  morf deniatbo erew eulav

 rof ecnedifnoc htiw desu eb nac noitauqe noisserger taht stseggus sihT .noitauqe eht

a fo noitciderp eht  desab tset lios gnikam rof eziam retfa K dna ,P ,N elbaliav

 yb dnuof osla erew stluser ralimiS .sporc gnideeccus rof noitadnemmocer rezilitref

 oaR abbuS  .la te paliM ,)9002( - dnahc   .la te amreV dna )6002(  .la te   eht rof )7102(

K ,P ,N( stneirtun rojam eerht tsop detciderp dna devresbo ehT .) -  tset lios tsevrah

t deriaP yb derapmoc erew seulav -  snoitaived eht taht wohs ylraelc stluser ehT .tseT

 fo seulav tset lios detciderp dna lautca htob dna elbigilgen yrev/llams etiuq erew

 dna surohpsohp ,negortin elbaliava  hcae htiw tnemeerga doog ni erew muissatop

non erew eulav devresbo dna detciderp taht taht swohs tset sihT .rehto -  .tnacifingis

 lios ehT .snoitauqe eulav tset lios tsevrah tsop eht fo ytidilav eht swohs ylraelc sihT

ciderp siht hguorht detareneg seulav tset  tset lios rof dezilitu eb yam noitauqe gnit

 noitciderP .noitator porc eht ni porc txen eht rof noitadnemmocer rezilitref desab

areB yb depoleved osla erew snoitauqe  la te  arhsiM ,ecir ni )6002( . la te  rof )5102( .

levaramuoC ,aepkcihc  la te ziam rof )6102( . alognaG ,e  la te eziam rof )7102( . -

 ramuK dna ecneuqes aepkcihc la te .ciremrut rof )8102( .  

 fo sisab eht no eulav tset lios detciderp dna devresbo esiw tolp dna pirtS

X xidneppa ni nevig si dleiy I  dna devresbo fo egareva dna egnaR .ylevitcepser ,

p detciderp  seulav tset lios detsevrah tso 12.4 elbat ni nevig era . 
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12.4 elbaT : tsoP fo eulav devresbo dna detciderP - eulav tset lios tsevrah  

sralucitraP  
I pirtS  II pirtS  III pirtS  

devresbO  detciderp  devresbO  detciderp  devresbO  detciderp  

negortin elbaliavA  

ah N gk( -1 ) 
34.671  95.671  53.471  19.571  58.871  31.771  

 gk( surohpsohp elbaliavA
ah P -1 ) 88.21  20.21  67.01  55.11  36.31  07.31  

muissatop elbaliavA  

ah K gk( -1 ) 
41.392  82.192  79.352  90.452  70.462  18.562  

 

41.4   )III esahP( lairt noitacifireV  

 slairt noitacifirev ehT  mraf hcraeser no deniatbo stluser eht ecnis tnatropmi era

 taerg evah slairt noitacifireV .esu rieht rof ytidilav rieht rof detset eb ot deriuqer era

 rezilitref rof gnitset lios fo ecnatropmi eht gniwohs fo eulav noitartsnomed

dna sremraf ot snoitadnemmocer   eht ot gnitset lios fo ytilibatpecca rediw ni tluser

 stluser fo ytidilav eht tset ot )i( era slairt eseht fo evitcejbo ehT .ytinummoc gnimraf

 seicnega noisnetxe eht ot noitadnemmocer erofeb tnemirepxe niam eht morf deniatbo

rp sremraf eht wohs ot )ii( dna  noitadnemmocer rezilitref desab tset lios eht fo ytilibatifo

.esod dednemmocer lareneg naht  

6102 gnirud detcudnoc saw rewolfiluac no lairt noitacifireV - eht yfirev ot 71  

01.4 elbaT( snoitauqe tnemtsujda 5102 gnirud stnemirepxe porc tset eht detareneg ) -  .61

I  egareva ehT .DBR rednu nekat erew snoitacilper eerht htiw stnemtaert net lairt siht n

mtaert hcae fo dleiy druc 22.4 elbat ni woleb nevig si tne   .11.4 giF ni detneserp osla dna

 detneserp si stnemtaert tnereffid rednu htworg rewolfiluac fo weiv cihpargotohP  ni

.01etalp  
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rewolfiluac no lairt noitacifirev fo weiv cihpargotohP :01etalP  

MYF + 2YT  

1YT  
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22.4 elbaT stnemtaert suoirav rednu rewolfiluac fo dleiY :  

tnemtaerT  )ah/q( dleiY  

lortnoC=1T  49.721  

)06:06:001( DRG=2T  71.841  

I dleiY tegraT=3T - ah q 052 - )201:08:541(1  1 04.57  

 II dleiY tegraT=4T - ah q 003 - )821:301:091(1  05.202  

I dleiY tegraT =5T - ah q 052 - ah t 01+ 39:47:811(1 - )MYF1  39.581  

I dleiY tegraT =6T - ah q 052 - ah t 02+58:07:301(1 - )MYF1  62.902  

II dleiY tegraT =7T - ah q 003 - ah t 01+811:59:061(1 - )MYF1  98.832  

aT =8T II dleiY tegr - ah q 003 - ah t 02+011:09:641(1 - )MYF1  28.812  

ah t 01=9T - MYF1  22.261  

ah t 02=01T - MYF1  33.061  

 %5 ta DC  17.21  

±.mE.S  82.4  

VC  50.4  

 

 hcaorppa dleiy tegrat taht detacidni ylraelc si ti ,elbat evoba fo sisab eht nO

 dna lacimehc htob stnemtaert  lareneg revo roirepus yltnacifingis era edom MNI rednu

 ta )7T( noitadnemmocer rezilitref fo edom MNI ylralimiS .)DRG( esod dednemmocer

ah t 01 fo etar eht -1  htiw rezilitref fo edom lacimehc naht retteb yltnacifingis si MYF

 .)4T( stegrat dleiy emas  
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4.giF 11. :  desab RCTS dna D.R.G ,lortnoC neewteb nosirapmoc dleiy rewolfiluaC

snoitadnemmocer rezilitref  
 

 era stnemtaert eht lla taht dewohs lairt noitacifirev fo sisylana cimonocE

.lortnoc sa llew sa DRG revo roirepus  ah q 003 htiw tsehgih saw tifeneb teN -  1 eiy  dl

ah t 01 htiw tegrat -1 ah q 003 dleiy tegraT .MYF -1 ah t 01 htiw -1  roirepus si MYF

.tegrat dleiy rezilitref fo edom lacimehc revo  

32.4 elbat ni ataD   rezilitref erehw rehgih saw oitar C/B eht taht detacidni

 hguorht dednemmocer ( RCTS cinagroni ) derapmoc sa   dednemmocer lareneg ot

 stegrat dleiy eht htob ni retteb saw oitar esnopseR .esod  rednu htob  MNI/lacimehc

 sa stegrat detargetni ni retteb saw oitar esnopser ylralimiS .DRG revo sedom

.tnemirepxe eht ni stegrat fo edom lacimehc ot derapmoc  

h ylevitaler ehT i rednu RCTS rednu dedrocer RR rehg   nehw stnemtaert SNPI

 ,rezilitref morf stneirtun fo ylppus decnalab ot eud eb thgim ,DRG ot derapmoc

 secruos cinagro fo ecneserp eht ni stneirtun rezilitref deilppa fo noitazilitu tneiciffe

eht fo tceffe citsigrenys eht dna   oaR( stneirtun fo secruos cinagro fo esu tniojnoc

avirS dna 9991 avats  .)  amrahS yb detroper osla saw tluser ralimiS .la te   ,)5002(

nahtnaY  .la te   ,)0102( ednaP ,)1102( magalihT  la te hsenihD dna )6102( .  .la te  

.)7102(  
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32.4 elbaT noitacifireV fo scimonocE :  rewolfiluac no lairT  

stnemtaerT  esod rezilitreF  N-P-
K   ah gk( -1) 

dleiy lautcA  
ah gK( -1) 

dleiy lanoitiddA  
ah gK( -1) 

 lanoitidda fo eulaV
dleiy  ).sR(  

 fo tsoC
rezilitref  ).sR(  

 tifeneb teN
).sR(  

 C/B
oitar  

esnopseR  
oitaR  

lortnoC  0-0-0 49721  0.0  0.0  0 0.0  0 0 

DRG  001 - 06 - 06  71841  7.2202  7.62202  8.1865  9.44541  6.2  2.9  

ah q 052( 1YT -1) 541 - 08 - 201  04571  8.5474  8.75474  9.1238  9.53193  7.4  5.41  

ah q 003(2YT -1) 091 - 301 - 821  05202  2.6547  1.26547  8.06601  3.10936  0.6  7.71  

ah q 052( 1YT -1  t 01+ )
ah -1 )MYF  811 - 47 - 39  39581  6.8975  9.58975  5.27422  4.31553  6.1  3.02  

ah q 052( 1YT -1  t 02+ )
ah -1 )MYF  301 - 07 - 58  62902  9.1318  3.91318  6.58863  7.33444  2.1  5.13  

ah q 003(2YT -1  t 01+ )
ah -1 MYF  061 - 59 - 811  98832  9.49011  9.849011  6.35642  3.59268  5.3  7.92  

ah q 003(2YT -1  t 02+ )
ah -1 MYF  641 - 09 - 011  28812  2.8809  9.18809  9.03093  0.15815  3.1  3.62  

ah t 01 -1 MYF  0-0-0 22261  2.8243  2.28243  00051  2.28291  3.1  9.083  

ah t 02 -1 MYF  0-0-0 33061  3.9323  3.39323  00003  3.3932  1.0  0.081  

 
gk/ .sR 01 =rewolfiluac fo tsoC  

P ,N ,q/051.sR =tsoc MYF 2O  5 K dna 2 ( tsoc 0 gk/ .sR 47.72 dna 45.74 ,56.11 = )gk/ .sR
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1.4 4 rewolfiluac fo ytilauq no rezilitref dna ytilitref lios fo tceffE 1.  

esu suoiciduj A   rezilitref dna erunam cinagro fo  si  ni ylno ton evitceffe

nivorpmi ni osla tub ,htlaeh lios dna ytivitcudorp porc gniniatniam  noitisopmoc porc g

 noitacilppa elos dna denibmoc eht taht wohs hcihw stroper lareves era erehT .ytilauq fo

 ni setubirtta ytilauq ecneulfni dna dleiy esaercni srezilitrefoib dna serunam cinagro fo

rudahaB( selbategev  la te .)6002 .  

 auq taht nwonk llew si tI  dna ytilitref lios yb detceffa saw rewolfiluac fo ytil

 esoprup siht rof deiduts erew sretemarap ytilauq gniwollof ,eroferehT .rezilitref deilppa

detcudnoc saw hcihw lairt noitacifirev gnirud detcelloc selpmas druc eht ni   liated rep sa

22.4 ni denoitnem . 

aT 42.4 elb  rewolfiluac fo sretemarap ytilauQ :  

tnemtaerT  

 
 nietorP

tnetnoc  

 cibrocsA
 dicA

)g001/gm(  

 latoT
slonehp  sdionovalF  

lortnoC=1T  91.9  80.04  41.83  21.3  

)06:06:001( DRG=2T  52.31  67.05  25.93  36.3  

ah q 052( 1YT=3T - )1  00.41  84  50.04  86.3  

ah q 003(2YT=4T - )1  05.21  05.24  12.44  37.3  

ah q 052( 1YT =5T - ah t 01+ )1 - )MYF1  36.41  56.84  76.44  60.4  

ah q 052( 1YT =6T - ah t 02+ )1 - )MYF1  57.51  39.94  60.54  25.4  

ah q 003(2YT =7T - ah t 01+ )1 - MYF1  96.91  50.54  80.74  56.4  

ah q 003(2YT =8T - ah t 02+ )1 - MYF1  00.71  39.64  89.54  65.4  

ah MYF t 01=9T -1 57.01  50.55  9.44  92.4  

ah MYF t 02=01T -1 44.01  35.85  2.34  33.4  

%5 ta DC  935.0  68.1  00.2  251.0  

±.mE.S  181.0  826.0  376.0  315.0  

VC  92.2  42.2  96.2  91.2  

 

 ,dica cibrocsA ,tnetnoc nietorP .e.i ,rewolfiluac fo retemarap ytilauq eht llA

 revo roirepus yltnacifingis erew stnemtaert tnereffid ni sdionovalf dna slonehp latoT

.lortnoc  



noissucsiD dna stluseR … 

tnemtaert MYF ylno ni roirepus yltnacifingis saw tnetnoc dica cibrocsA s  naht

htiw deniatbo saw druc ni )35.85( tnetnoc dica cibrocsa tsehgih ehT .tnemtaert rehto   eht

ah MYF t 02( 01T tnemtaert -1  htiw dedrocer saw dica cibrocsa )80.04( tsewol ehT .)

 hgniS yb detroper reilrae esoht htiw tnemeerga esolc ni era sgnidnif esehT .lortnoc

ouG ,rewolfiluac ni )4002(  la te  ni )7002( eramahB dna elbaS dna egabbac ni )4002( .

c  ylno tpecxe stnemtaert eht lla ni roirepus yltnacifingis saw tnetnoc nietorP .rewolfilua

 eht htiw deniatbo saw druc ni )96.91( tnetnoc nietorp tsehgih ehT .tnemtaert MYF

ah q 003( 2YT( 7T tnemtaert -1 ah t 01+ ) -1  saw tnetnoc nietorp )91.9( tsewol ehT .MYF

er  rehgih niatniam ot detcepxe eb dluow porc cinagro ,eroferehT .lortnoc htiw dedroc

rudahaB yb detroper sa nietorp ssel dna setardyhobrac dna ’C‘ nimativ  la te  ni )3002( .

 .iloccorb  

G revo stnemtaert eht lla ni roirepus yltnacifingis saw tnetnoc lonehp latoT  .DR

 003( 2YT( 7T tnemtaert eht htiw deniatbo saw tnetnoc )80.74( lonehp latot tsehgih ehT

ah q -1 ah t 01+ ) -  1  .lortnoc htiw dedrocer saw )41.83( lonehp latot tsewol ehT .)MYF

detaert MYF & tneirtun detargetni ni roirepus yltnacifingis saw tnetnoc sdionovalF  

 saw stnetnoc )56.4( sdionovalf tsehgih ehT .tnemtaert rezilitref lacimehc revo stolp

ah q 003( 2YT( 7T tnemtaert eht htiw deniatbo -1 ah t 01+ ) -  1  tsewol eht dna )MYF

 rednu taht detacidni stluser llarevO .lortnoc htiw dedrocer saw )21.3( sdionovalf

targetni  MYF fo etar rehgih htiw stnemtaert cinagro dna tnemeganam tneirtun de

 ni nworg rewolfiluac ot derapmoc yticapac tnadixoitna retteb dewohs snoitacilppa

 gnuoY yb detroper erew stluser ralimiS .srezilitref lacimehc ylno gnisu dna lortnoc  te

la uognaD ,)5002( . r la te  raknahS dna )9002( . .la te   tnedive si ti yduts siht morF .)2102(

 decudorp metsys cinagro ro metsys tneirtun detargetni htiw nworg rewolfiluac taht

.ylno srezilitref lacimehc htiw nworg porc naht seitilauq tnadixoitna rehgih  

51.4  lairt pu wolloF  

loF  fo tcirtsid ni dleif s’remraf ta detcudnoc erew rewolfiluaC no lairt pu wol

6102 gnirud latiniaN - ujda eht yfirev ot 71 01.4 elbaT( snoitauqe tnemts  eht detareneg )

5102 gnirud stnemirepxe porc tset -  .61  sa snoitacol eerht ta detcudnoc erew slairt esehT

cilper rt neves htiw noita 52.4 elbat ni detsil sa stnemtae  .21.4 giF ni detneserp osla dna  

 dna elbat siht ni detneserp snoitacol eerht fo egarevA  rewolfiluac fo weiv cihpargotohp

.11etalp ni detneserp si stnemtaert tnereffid rednu htworg  
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52.4 elbaT uac fo dleiY : stnemtaert suoirav rednu rewolfil  

tnemtaerT  )ah/q( dleiY  

1T - lortnoC  0.311  

PF =2T  7.661  

DRG =3T  7.091  

ah q 052( 1YT =4T -1) 0.322  

YT =5T 1 ah q 052( -1 ah t 01 MYF +) -1 1.892  

YT =6T 2 ah q 003( -1) 9.542  

YT =7T  2 ah q 003( -1 ah t 01 MYF +) -1 6.512  

%5 ta DC   27.8  

±.mE.S  38.2  

VC  24.2  
 

 hcaorppa dleiy tegrat taht detacidni ylraelc si ti ,elbat evoba fo sisab eht nO

 lareneg revo roirepus yltnacifingis era edom MNI rednu dna lacimehc htob stnemtaert

ocer rezilitref fo edom MNI ylralimiS .)DRG( esod dednemmocer  ta )5T( noitadnemm

ah t 01 fo etar eht -1  htiw rezilitref fo edom lacimehc naht retteb yltnacifingis si MYF

 .)4T( stegrat dleiy emas  

0.0
0.0002
0.0004
0.0006
0.0008
0.00001
0.00021
0.00041
0.00061
0.00081
0.00002

lortnoC  PF DRG  052( 1YT
ah q - )1

 052( 1YT
ah q -  +)1

 t 01 MYF
ah -1

 003( 2YT
ah q - )1

 003( 2YT
ah q -  +)1

 t 01 MYF
ah -1

 )ah/q( dleiy

 stnemtaerT

)ah/q( dleiy
dleiy lanoitidda

 

21.4.giF :  desab RCTS dna PF ,lortnoc neewteb nosirapmoc dleiy rewolfiluaC
dnemmocer rezilitref snoita  
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rewolfiluac no lairt pu wollof fo weiv cihpargotohP:11 etalP  
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62.4 elbaT  fo scimonocE : rewolfiluac rof dleif s’remraf ta slairt pu wolloF  

tnemtaerT   rezilitreF
)ah/gk(sesod  

 druc hserF
)ah/q(dleiy  

 esnopseR
oitar  

 nruter teN
).sR(  

 C:B
oitar  

oC lortn  0 0 0 0.311  - - - 

PF  - - - 7.661  - 7.60735  - 

DRG  001  06  06  7.091  4.53  9.89027  7.21  

ah q 052( 1YT -1) 841  67  09  0.322  0.53  2.961201  0.31  

YT 1 ah q 052( -1  +)
ah t 01 MYF -1 021  76  08  1.892  4.96  7.583361  5.7  

YT 2 ah q 003( -1) 491  89  711  9.542  5.23  08221 3.1  1.21  

YT  2 ah q 003( -1  +)
ah t 01 MYF -1 261  09  601  6.512  82 .7 7.33587  3.3  

 
P ,N ,q/051.sR =tsoc MYF ,gk/ .sR 01 =rewolfiluac fo tsoC 2O  5 K dna 2  45.74 ,56.11 = )gk/ .sR( tsoc O

gk/ .sR 47.72 dna  
 

esod dednemmocer lareneg htiw derapmoc erew stnemtaert esehT   s’remraf dna

 tnemtaert ni tsehgih saw oitar esnopser dna tifeneb ten ,dleiy druC .stnemtaert ecitcarp

ah q 052 fo sisab eht no deilppa saw rezilitref erehw -1 ah t 01 htiw dleiy tegrat -1  MYF

tnemtaert esod dednemmocer lareneg dna ecitcarp s’remraf eht naht  ramuK .s la te  .

 noitacilppa srezilitref cinagroni dna cinagro fo noitargetni taht detroper evah )3102(

 dna ramuK .enola srezilitref cinagroni revo iloccorb ni dleiy eht desaercni yltnacifingis

ah q 72 fo esaercni dleiy eht detroper )2002( yrahduahC -1 ac ni  asuP .vc rewolfilu

llabwons - ah t 52 @ MYF fo noitacilppa htiw 1 -1  ot nosirapmoc ni KPN tnec rep 001 +

 fo ylppus decnalab ot eud eb thgim sihT .enola KPN tnec rep 001 fo noitacilppa

rtun rezilitref deilppa fo noitazilitu tneiciffe ,rezilitref morf stneirtun  eht ni stnei

.MYF fo ecneserp  

ah q 052 tegrat dleiy htiw tsehgih dnuof saw oitar tsoc tifeneB -1  osla saw erehT .

 q 003 ot 052 morf stegrat dleiy gnisaercni htiw ecitcarp s’remraf revo tiforp ni esaercni

ah -1 .4 elbaT( 62  dnahC .) la te t devresbo osla )6002( .  no desab noitacilppa rezilitref tah

 rof ecitcarp sremraf eht revo oitar C/B dna nruter ten ,sdleiy rehgih evig stegrat dleiy

 desab RCTS taht stseggus osla yduts tneserp ehT .porc deesepar dna dratsum

ciffe eht rof retteb era rewolfiluac rof snoitadnemmocer  fo esu cimonoce dna tnei

.enola srezilitref cinagroni eht naht srezilitref  
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 ni dleiy mumixam gniveihca rof etisiuqererp a si tnemeganam tneirtun tneiciffE

 eht ron enola srezilitref lacimehc eht rehtieN .ytilauq druc doog htiw rewolfiluac

cxe serunam cinagro  suoiciduj a tub rewolfiluac fo ytivitcudorp eht niatsus ylevisul

 tnemeganam tneiciffe rieht htiw gnola htob fo noitanibmoc rof   eht gniniatsus

.ytivitcudorp  

61.4  noitadnemmocer rezilitref enilno rof esab atad fo noitareneG  
i krow hcraeser eht sraey eht revO  ytilitref eht taht dehsilbatse sah ytilitref lios n

 ni ytilibairav laitaps no noitamrofni sedivorp yevrus lioS .yllaitaps seirav lios fo sutats

 lios eht taht tpecnoc eht fo tnempoleved eht htiw ytilitref lios ot detaler si taht slios

o ton seirav ytilitref .tolp ro dleif a nihtiw osla tub snoiger neewteb yln  

 taht metsys desab retupmoc a si )SIG( metsyS noitamrofnI lacihpargoeG

 decnerefer yllacihpargoeg fo sisylana laitaps rof dengised erawtfos dna atad fo stsisnoc

pargoeg fo noitargetni eht ni spleh tI .atad  dleif dna rehtaew ,sporc ,slios no atad lacih

 evah lliw metsys SIG a ni atad suoiraV .sledom noitalumis htiw gnola yrotsih

 ot detrevnoc eb nac stes atad esehT .noitisop cihpargoeg dna ecnerefer cihpargoeg

nihtiw ytilibairav laitaps rieht etartsulli ot spam   eht etalsnart ot elbane tI .dleif eht

 doog a gnidivorp yb level mraf ta esu rof smetsys lanoitarepo otni gnidnif hcraeser

 a fo tnempoleved ,stluser fo noitatneserp ,gnilledom ,atad esab fo egarots rof mroftalp

oisiceD a poleved ot spleh dna ecafretni resu etis rof )SSD( metsyS troppuS n -  cificeps

 ijaM( tnemeganam tneirtun  ,.la te  .)5002  SPG tnemucod ot spag hcraeser eht fo weiv nI

 modnar deifitarts egatsitlum no desab stneirtun eht lla rof esab atad tset lios desab

 enil no edivorp ot dna ,euqinhcet gnilpmas  noitaraperp eht ,snoitadnemmocer rezilitref

 eht fo setats tnereffid ni stcirtsid detceles rof spam ytilitref lios desab SIG dna SPG fo

0102 gnirud tuo deirrac saw yrtnuoc -  ,ecneicS lioS fo etutitsnI naidnI eht yb 3102

 sretnec gnitarepooC eht lla dna lapohB  gnirrefsnart fo mia etamitlu na htiw PRCIA fo

 eht ot snoitadnemmocer SNPI cificeps etis desab esnopser porc tset lios detareneg eht

 ycilop dna ,srennalp ,srehcraeser eht ot laicifeneb eb lliw noitamrofni sihT .sremraf

etatS eht fo srekrow noisnetxe ,srekam   seirtsudni rezilitref ,erutlucirgA fo tnemtrapeD

 ihtnaS ylgnidroccA .sremraf dna la te  lios desab SIG dna SPG deraperp evah )6102( .

 esiw tcirtsid detseggus dna udaN limaT fo stcirtsid detceles enin rof spam ytilitref

 udurahdilaruM .nalp noitca la te 102 ,.  fo spam ytilitref lios desab SIG deraperp ,1

.dnahkarattU gnidulcni aidnI fo setats tnereffid  
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SIG ni gnippam dna atad ytilitref fo gnissecorP  

SM ni seulav xedni K dna P ,N no atad ytilitref lios ehT -  tcirtsid ta sseccA

si aidnI fo setats tnereffid rof level   laitaps tcirtsid sa raf sA .tnempoleved rednu llits

 eb nac stcirtsid fo tsisnoc hcihw ,spam yradnuob etats eht ,denrecnoc si reyal

 stniop lortnoc dnuorg ehT .metsys SIG crA ot detropmi dna tamrof ffit ni dennacs

na etats hcae rof deifitnedi eb yam )s’PCG(  etats laudividni eht meht no desab d

 ot dezitigid eb yam seiradnuob tcirtsid dna etats ehT .decnereferoeg eb nac spam

 eb nac snoitcerroc yrassecen eht ,noitazitigid retfA .tamrof pihc ni edom cinocylop

golopot rof reyal tcirtsid dna etats eht naelc ot enod  laudividni ehT .gnidliub y

 ,hguorhT .esabatad etubirtta eht ngissa ot reyal eht ni dengissa eb nac sdi tcirtsid

 eht retne ot reyal eht ni dedda eb nac K dna P ,N rof snmuloc eht gnigolatac

.atad etubirtta  

 eht ,denrecnoc ni esabatad etubirtta eht sa rof sA  fo seulav xedni K dna P ,N

SM morf detropmi eb nac etats ni stcirtsid hcae -  ni deifitcer eb yam srorre ehT .sseccA

 fo seulav xedni K dna P ,N no spam citameht tnereffid etareneg ot reyal etats retsam

effid eht ,esabatad etubirtta eht morF .SIG ni etats hcae  neeb evah sreyal citameht tner

 elohw ehT .seulav xedni K dna P ,N no spam citameht suoirav etareneg ot deifissalcer

 .trahc wolf eht yb denialpxe eb nac ssecorp  

 K dna P ,N fo seulav nwonk eht evig nac eno sutats ytilitref nwonk fo esac nI

ac rof timbus dna  .sresu eht ot spam ytilitref fo esu laer sedivorp metsys sihT .noitalucl

 ehT .noitamrofni eht gnidneped level egalliv/kcolb ot nwod worran rehtruf eb nac tI

 a taht tseggus emehcs RCTS rednu snoitacol tnereffid ta detcudnoc stnemirepxe

o tnuoma elbaredisnoc  gnisu debircserp era srezilitref eht fi devas eb nac yenom f

 .remraf eht fo snoitidnoc cimonoce eht rep sa tegrat dleiy dna seulav tset lios elbissop  

 tneirtun ,dleiy .e.i tnemirepxe eht fo atad eht ,noitagitsevni tneserp eht nI

nemeriuqer tneirtun ,ekatpu  rof desu seicneiciffe MYF dna rezilitref lios ,t

 atad a sa krow yam noitamrofni sihT .snoitauqe tnemtsujda rezilitref gnipoleved

metsys enilno rof esab   rezilitref fo mrof eht ni noitpircserp rezilitref fo

 eht ni nwohs sa setubirtta knil ni deef eb yam noitamrofni sihT .noitadnemmocer

trahc wolf gniwollof  31.4 giF( .)  
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Summary and Conclusion   
  

The present investigation was conducted at Vegetable Research Centre (29° N 

latitude, 79° 27’ E longitudes and an altitude of 217 m above the mean sea level) during 

2015-16 and at Crop Research Centre (290 N latitude, 79029’ E longitudes and an 

altitude of 243.84 m above the mean sea level) during 2016-17 of G.B. Pant University 

of Agriculture and Technology Pantnagar, Udham Singh Nagar (Uttarakhand). The 

experiments were conducted as per the technical programme and methodology of 

AICRP on soil test crop response. The first experiment was conducted in two phases. In 

first phase soil fertility gradient was created by dividing experimental field into three 

equal strips and applying graded doses of fertilizers in these strips and growing of 

exhaust crop maize (var. Kanchan). In the second phase i.e. next season test crop 

Cauliflower (var. Snowball-16) was grown by dividing each strip into 24 plots having 

21 treated and 3 control. Response to selected combinations of three levels of FYM (0, 

10 and 20 t/ha), four levels of nitrogen (0, 50, 100 and 150 kg N ha-1), four levels of 

phosphorus (0, 30, 60 and 90 kg P2O5 ha-1) and four levels of potassium (0, 30, 60 and 

90 kg K2O ha-1) at different fertility levels of cauliflower was studied. Verification trial, 

i.e. second experiment was conducted during 2016-17 to validate the fertilizer 

adjustment equations developed in first experiment with ten treatments and three 

replications, having combinations of inorganic and organic sources. Follow up trial, i.e. 

third experiment was also conducted on farmer’s field at golapaar, Haldwani during 

2016-17. 

Multiple regression type of equations were fitted to the data on the lines of the 

technical programme of All India Coordinate soil test crop response correlation Project 

(ICAR, 1972). The soil and plant analysis data and curd yield were utilized to develop 

basic data and thereafter fertilizer adjustment equations for targeted production of 

cauliflower. Experiment wise findings of the present investigations are summarized 

below:  

Experiment I 

1. It was possible to create difference in the soil fertility in one and same site by 

differentially fertilizing the strips and plots of the experiment field and growing 

Chapter 5 
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exhaust crop in the preceding crop season. Soil per cent of organic carbon 

ranged from 0.48-1.35 per cent with an average of 0.89 per cent, Alkaline 

KMnO4 extractable nitrogen ranged from 137.98 to 200.98 kg N ha-1 with 

average value of 160.98 kg N ha-1, Olsen’s phosphorus ranged from 15.01 to 

22.12 kg P ha-1 with an average value of 18.47 kg P ha-1 and neutral normal 

NH4OAc extractable potassium ranged from 99.68 to 365.12 kg ha-1 with an 

average of 281.81 kg K ha-1. 

2. Statistically it was established that there was difference in available N, P & K 

status of the experimental field. 

3. Various growth parameters and their correlation worked out in present 

investigation. Number of leaves of cauliflower in experimental field ranged 

from 12 to 20 with an average of 17. Average number of leaves recorded 17 in 

strip III, strip II and in strip I. 

4. Gross plant weight (kg) of cauliflower ranged from 0.52 to 6.17 with an average 

of 2.64. Average Gross plant weight (kg) recorded in strip III (2.99 kg) was 

followed by strip II (2.62 kg) and in strip I (2.26 kg). 

5. Marketable curd weight (kg) ranged from 0.22 to 2.48 with an average of 1.15. 

Average marketable curd weight (kg) recorded in strip III (1.30 kg) was 

followed by strip II (1.18 kg) and in strip I (0.99 kg). 

6. Net curd weight (kg) ranged from 0.11 to 1.27 with an average of 0.59. Average 

net curd weight (kg) recorded in strip III (0.59 kg) was followed by strip II 

(0.67 kg) and in strip I (0.52 kg). 

7. Curd diameter (cm) ranged from 8 to 32 with an average of 14. Average curd 

diameter (cm) recorded 14 in strip III, strip II and in strip I.  

8. Curd depth (cm) ranged from 5 to 12 with an average of 9. Average curd 

diameter (cm) recorded 9 in strip III, strip II and in strip I. 

9. Curd size index (cm2) ranged from 45 to 264 with an average of 133. Average 

curd size index (cm2) recorded in strip II (139 cm2) was followed by strip III 

(131cm2) and in strip I (129cm2). 
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10. The curd yield of cauliflower significantly correlated with applied nitrogen 

(0.696**), gross plant weight (0.816**), marketable curd weight (0.823**), net 

curd weight (0.782**), curd depth (0.735**) and curd size index (0.668**).  

11. Applied nitrogen shows positive and significant correlation with number of 

leaves (0.754**), gross plant weight (0.869**), marketable curd weight 

(0.870**), net curd weight (0.862**), curd depth (0.853**) and curd size index 

(0.712**).  

12. Number of leaves were significantly correlated with gross plant weight 

(0.719**), marketable curd weight (0.748**), net curd weight (0.752**) and 

curd depth (0.729**). 

13. Gross plant weight of cauliflower is significantly correlated with marketable 

curd weight (0.986**), net curd weight (0.914**), curd depth (0.870**) and 

curd size index (0.775**).  

14. Marketable curd weight of cauliflower is positively correlated with net curd 

weight (0.937**), curd depth (0.891**) and curd size index (0.790**).  

15. Net curd weight of cauliflower is significantly correlated with curd depth 

(0.924**) and curd size index (0.834**). 

16. Diameter of curd is significantly correlated with curd size index (0.913**) and 

Curd depth of cauliflower is positively correlated with curd size index 

(0.872**). 

17. Fresh yield of plant (q ha-1) of experimental field ranged from 50.00 to 615.00 

with an average of 244.61. Average plant yield recorded in strip III (282.57 q 

ha-1) was followed by strip II (239.86 q ha-1) and in strip I (211.39 q ha-1). 

18. Dry matter yield of plant (q ha-1) in experimental field varied from 9.17 to 76.88 

with an average 38.06 q ha-1. Average dry matter yield of plant recorded in 

order of strip III (39.79 q ha-1) was followed by strip II (38.80 q ha-1) and strip I 

(35.60 q ha-1). 

19. Curd yield (q ha-1) of experimental field ranged from 36.67 to 413.33 with an 

average of 192.41 q ha-1. Average curd yield recorded in strip III (215.97 q ha-1) 

was followed by strip II (196.60 q ha-1) and in strip I (164.65 q ha-1). 
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20. Dry matter yield of curd (q ha-1) in experimental field varied from 4.67 to 50.00 

with an average 21.06 q ha-1. Average dry matter yield of curd recorded in order 

of strip III (24.06 q ha-1) was followed by strip II (19.75 q ha-1) and strip I 

(19.37 q ha-1). 

21. Fresh and dry matter yield of cauliflower plant and curd followed the same 

trend as of initial fertility of soil. 

22. The average N, P and K content of plant (%) were found 1.85, 0.11 and 0.38 %, 

respectively. While, in curd, the average N, P and K content were found 2.67, 

0.08 and 1.27 %, respectively. 

23. N, P and K contents in both plant and curd of cauliflower were in order of 

N>K>P. 

24. The Nitrogen uptake (kg ha-1) by the crop in experimental field varied from 

29.27 to 298.20 with an average 129.06 kg ha-1. Average nitrogen uptake 

recorded in order of strip III (142.17 kg ha-1) followed by strip II (130.07 kg ha-

1) and strip I (114.94 kg ha-1). 

25. The Phosphorus uptake (kg ha-1) by the crop in experimental field varied from 

1.30 to 13.45 with an average 5.89 kg ha-1. Average phosphorus uptake 

recorded in order of strip III (6.24 kg ha-1) was followed by strip II (6.04 kg ha-

1) and strip I (5.38 kg ha-1).  

26. The Potassium, uptake (kg ha-1) by the crop in experimental field varied from 

6.69 to 108.26 with an average 39.74 kg ha-1. Average potassium uptake 

recorded in order of strip III (43.07 kg ha-1) was followed by strip II (39.51 kg 

ha-1) and strip I (36.64 kg ha-1). 

27. N, P and K uptake by cauliflower in order of strip III> strip II >strip I. 

28. With the help of above basic data parameters viz., nutrient requirement for the 

production of one quintal of cauliflower (NR) and contribution of available 

nutrient from soil (CS), contributing of nutrient from added fertilizer (CF) and 

contribution of nutrient from applied FYM (CFYM) for N, P and K calculated. 

29. For the production of one quintal curd yield, cauliflower required 0.70 kg of 

nitrogen, 0.03 kg of phosphorus (P) and 0.23 kg of potassium (K). 
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30. The contribution of soil in supplying available nitrogen, phosphorus and 

potassium of their soil test value for the crop was 33.20, 13.84 and 8.13 per 

cent, respectively. 

31. Per cent contribution of applied FYM for nitrogen, phosphorus and potassium 

were 45.62, 2.19 and 13.50, respectively. 

32. Contribution from fertilizer as percentage was 82.44, 16.50 and 55.63, with 

FYM and 75.27, 15.62 and 54.68 without FYM for nitrogen, phosphorus and 

potassium, respectively. 

33. On the basis of basic data (NR, CS, CF and CFYM), fertilizer adjustment 

equations were developed and doses of nitrogen, phosphorus and potassium 

were calculated for different yield targets of cauliflower at different soil test 

values with the application of chemical fertilizer alone and with conjoint use of 

FYM. 

34. For a particular yield target fertilizer doses decreased with increasing soil test 

values. However, for a particular soil test value fertilizer doses increased with 

increasing target of the yield. 

35. The value of fertilizer equivalence found highest at higher yield target and the 

value of fertilizer equivalence decreased with increasing soil test values. The 

average saving of fertilizer by 10 tonne FYM were 2.56 kg ha-1 N, 0.66 kg P2O5 

ha-1 and 0.92 kg K2O ha-1 along with the experimental soil test value and yield 

targets. 

36. Fertilizer equivalence of FYM for N, P2O5 and K2O was higher with 10 tonne 

FYM as compared to 20 tonne FYM. 

37. Maximum yield response was observed i.e. 142.22, 74.45, 7.22 kg kg-1 for N, 

P2O5 and K2O, respectively, with 100 kg N ha-1, 50 kg P2O5 ha-1 and 100 kg 

K2O ha-1. 

38. Quadratic type multiple regression equation developed by curd yield as a 

dependent variable and soil test value, applied fertilizer doses, their interaction 

and also FYM as independent variables. From R2 (0.831**) value, it can be 

observed that 83.1 per cent variation in curd yield can be predicted. 
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39. From the present study, it can be concluded that both organic carbon and 

alkaline-KMnO4 methods were equally suitable for evaluation of available 

nitrogen. Olsen’s and AB-DTPA-P methods for soil available phosphorus and 

neutral ammonium NH4OAC and AB-DTPA K methods for soil available 

potassium can be taken as indices for determining N, P and K in Mollisol of 

Uttarakhand. AB-DTPA as universal extractant can be adopted by soil testing 

laboratories for extraction as it can extract both P and K and various 

micronutrients too from the soil. 

40. For prediction the post harvest soil test values prediction equations were 

developed for available N, P and K and post harvest soil test values were 

calculated from these equations. No statistical difference was found between 

observed and predicted values. 

41. The values (R2) of prediction equations based on yield for available N, P and K 

found 0.98**, 0.72** and 0.99**, respectively. 

Experiment II 

42. Verification trial was conducted to test the validity of fertilizer adjustment 

equations. Results of this trial clearly indicate significant superiority of targeted 

yield approach over general fertilizer recommendations. The trend of INM 

treatments of target yields showed significantly superior over chemical mode of 

fertilizer application. Economic analysis of verification trial indicated that B/C 

ratio was higher in chemical fertilizer treatments as compare to INM treatments. 

However, net benefit of fertilizer was the highest in INM treatments with 300 

q/ha yield target using 10 tonne FYM.  

43. All the quality parameter of cauliflower, i.e. protein content, ascorbic acid, total 

phenols and flavonoids in different treatments were significantly superior over 

control. 

44. Ascorbic acid content was significantly superior only in FYM treatments than 

other treatments. 

45. Protein content was significantly superior in all the treatments except only FYM 

treatment. 
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46. Total phenol content was significantly superior in all the treatments over GRD. 

47. Flavonoids content was significantly superior in integrated nutrient & FYM 

treated plots over chemical fertilizer treatment. 

Experiment III 

48. Follow up trial was conducted to test the validity of fertilizer adjustment 

equations at farmer’s field. Results of this trial clearly indicate the superiority of 

targeted yield approach over general fertilizer recommendations. The present 

study also suggests that STCR based recommendations for cauliflower are 

better for the efficient and economic use of fertilizers than the General fertilizer 

recommendations. 

Conclusions drawn from the present study  

In tarai region of Mollisol of Uttarakhand maximum yield response of 

cauliflower was obtained at 100 Kg N ha-1, 50 Kg P2O5 ha-1 and 100 Kg K2O ha-1. 

Integrated fertilizer use on the basis of soil test value for target yield proved 

significantly superior over general fertilizer recommendation. Fertilizer prescription 

equations both under chemical and INM mode developed for cauliflower at desired 

yield targets and fertility status may be used as per economic condition of farmers. 

Equations were also developed for prediction of post harvest soil test value for quick 

fertilizer recommendation to next crop in the cropping sequence.  

Future Thrust 

1. There is need to develop fertilizer prescription equation using drip irrigation for 

enhancing nutrient use efficiency. 

2. To overcome effect of season over the year there is need to develop model by 

including various factors (soil, climate, varieties, management etc), so that 

recommendations may become useful for changing scenario of climate, 

management and varieties. 

3. There is need to develop DSS by integrating GPS/GIS-based soil fertility maps 

with STCR prescription equations for wide use of STCR based recommendations 

for remote areas. 
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4. There is need to popularize this approach among soil testing labs, farmers and 

other stake holders. 

5. Development and validation of more universal extractants/methods of soil testing 

and their calibration for different crops to be used by soil testing labs. 
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Appendices 
 

APPENDIX I 

Weekly weather parameters during the course of experimentation 2015-16 

 

Month 

Temperature 
(0C) 

Relative 
Humidity (%) 

Rainfall 
(mm) 

Sun Shine 
(hrs.) 

Wind 
velocity 
(km/hr) 

Evaporation 
(mm) 

Max Min 
0712 
am 

1412 
pm 

1 Oct-7 Oct 2015 32.89 20.16 82.71 50.57 0.00 9.49 2.11 4.73 

8 Oct- 14 Oct 32.50 20.34 82.57 51.71 0.00 7.46 2.37 4.59 

15 Oct-21 Oct 31.47 19.29 86.43 51.00 0.00 5.11 3.06 3.54 

22 Oct-28 Oct 31.19 13.87 88.14 47.86 0.00 8.69 2.97 3.97 

29 Oct-4 Nov 28.96 13.69 90.00 43.43 0.83 6.21 2.90 3.04 

5 Nov- 11 Nov 27.97 12.10 90.57 43.14 0.29 6.59 3.01 2.53 

12 Nov-18 Nov 29.00 11.89 90.71 38.43 0.00 7.79 2.83 2.67 

19 Nov-25 Nov 27.71 11.26 92.14 41.29 0.00 7.16 1.63 2.29 

26 Nov- 2 Dec 26.66 12.63 91.14 46.14 0.00 3.66 2.69 2.09 

3 Dec- 9 Dec 24.59 10.21 95.86 49.43 0.00 1.79 2.31 1.61 

10 Dec-16 Dec 21.07 10.29 93.71 64.43 0.00 2.11 4.30 1.26 

17 Dec-23 Dec 20.53 4.56 95.71 50.14 0.00 5.34 2.53 1.49 

24 Dec-30 Dec 20.40 4.71 94.71 47.43 0.00 5.91 3.11 1.44 

31 Dec-6 Jan 2016 23.91 6.69 92.57 38.29 0.00 6.51 2.63 1.54 

7 Jan-13 Jan 22.41 7.17 93.43 49.00 0.00 4.20 3.33 1.73 

14 Jan- 20 Jan 17.93 6.39 94.14 59.29 0.00 2.60 3.94 1.36 

21 Jan-27 Jan 17.50 4.76 93.71 59.71 0.00 2.69 3.90 1.36 

28 Jan-3 Feb 22.10 6.77 95.29 45.14 0.00 4.57 4.91 1.77 

4 Feb-10 Feb 22.97 7.89 93.43 48.00 0.00 5.43 4.16 2.51 

11 Feb-17 Feb 26.06 8.91 85.14 32.14 0.00 7.11 4.16 2.89 

18 Feb-24 Feb 26.46 11.99 84.86 44.43 0.36 4.10 7.43 2.99 

25 Feb- 2 Mar 28.39 11.76 87.57 36.86 0.00 7.37 3.07 2.94 

3 Mar-9 Mar 30.60 13.36 86.14 36.14 0.00 8.21 5.74 3.94 

10 Mar-16Mar 29.14 13.60 83.14 37.43 0.15 7.44 7.66 4.70 
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APPENDIX II 

Weekly weather parameters during the course of experimentation 2016-17 

 

Month 

Temperature 
(0C) 

Relative 
Humidity (%) 

Rainfall 
(mm) 

Sun Shine 
(hrs.) 

 

Wind 
velocity 
(km/hr) 

Evaporation 
(mm) 

Max Min 0712 
am 

1412 
pm 

1 Oct-7 Oct 2016 32.66 24.93 88.00 66.29 0.00 3.87 2.41 2.99 

8 Oct- 14 Oct 32.17 19.87 88.71 61.00 0.00 5.90 2.90 2.86 

15 Oct-21 Oct 31.60 17.19 80.00 47.14 0.00 7.67 2.26 2.84 

22 Oct-28 Oct 31.19 13.84 90.14 37.00 0.00 7.70 2.13 2.81 

29 Oct-4 Nov 30.41 13.51 84.86 38.71 0.00 7.93 1.89 2.56 

5 Nov- 11 Nov 28.99 11.36 90.29 36.14 0.00 7.86 2.61 2.43 

12 Nov-18 Nov 28.34 10.59 90.86 37.43 0.00 8.13 2.13 2.76 

19 Nov-25 Nov 26.61 9.80 93.43 40.00 0.00 7.31 2.23 1.94 

26 Nov- 2 Dec 26.13 11.33 92.57 49.71 0.00 4.16 2.60 1.79 

3 Dec- 9 Dec 23.43 11.51 95.00 60.00 0.00 4.11 3.07 1.30 

10 Dec-16 Dec 19.96 9.91 94.43 63.00 0.00 2.23 2.70 1.13 

17 Dec-23 Dec 23.13 6.50 94.57 47.86 0.00 6.14 2.34 1.83 

24 Dec-30 Dec 22.91 8.87 93.57 55.29 1.60 6.03 3.61 1.73 

31 Dec-6 Jan 2017 23.24 8.84 92.29 52.86 0.00 7.13 2.61 1.76 

7 Jan-13 Jan 18.29 5.46 92.71 57.86 2.17 5.54 5.21 1.47 

14 Jan- 20 Jan 18.64 6.50 94.71 58.00 0.00 4.39 4.09 1.20 

21 Jan-27 Jan 23.16 8.41 93.14 55.86 3.94 5.86 5.07 1.64 

28 Jan-3 Feb 20.30 8.87 92.43 59.14 2.83 4.57 3.73 1.74 

4 Feb-10 Feb 23.24 9.21 92.71 49.29 0.00 5.77 5.23 1.93 

11 Feb-17 Feb 24.80 8.54 91.00 46.86 0.00 7.96 2.83 1.73 

18 Feb-24 Feb 27.01 10.99 91.14 45.14 0.00 6.07 4.54 2.36 

25 Feb- 3 Mar 26.99 9.29 87.71 40.71 0.11 8.33 4.73 2.84 

4 Mar-10 Mar 23.24 9.21 92.71 49.29 0.00 5.77 5.23 1.93 

11 Mar-17 Mar 24.80 8.54 91.00 46.86 0.00 7.96 2.83 1.73 
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APPENDIX III 
 

Strip and plot wise initial soil test values of experimental field. 
 

STRIP-I 
 

Plot 
No. 

Treatments 
Alkaline 

KMnO4-N 

(kg ha-1) 

Olsen’s 
P 

(kg ha-1) 

NH4OAC-
K 

(kg ha-1) 

Organic carbon 
(%) 

1.  N2P1K2OM1 137.98 16.98 99.68 1.05 

2.  N3P3K1OM1 150.53 15.40 316.96 0.60 

3.  N1P2K2OM1 137.98 15.01 339.36 0.75 

4.  N3P2K2OM1 175.62 15.80 235.20 0.59 

5.  N2P1K1OM0 163.07 17.77 340.48 0.87 

6.  N2P2K1OM0 163.07 18.56 302.40 0.93 

7.  N0P0K0OM0 163.07 19.35 311.36 0.87 

8.  N1P1K1OM0 175.62 15.40 315.84 1.05 

9.  N3P3K3OM2 150.53 16.98 208.32 0.72 

10.  N3P1K1OM2 163.07 18.96 172.48 0.75 

11.  N0P0K0OM2 175.62 15.01 331.52 0.60 

12.  N2P3K3OM2 163.07 15.80 228.48 0.57 

13.  N0P2K2OM2 150.53 18.17 290.08 0.83 

14.  N3P2K3OM2 150.53 20.14 240.80 0.53 

15.  N1P1K2OM2 175.62 18.96 216.16 0.84 

16.  N3P3K2OM2 163.07 17.77 241.92 0.83 

17.  N3P2K1OM0 150.53 15.40 254.24 1.02 

18.  N2P0K2OM0 175.62 16.59 222.88 0.93 

19.  N1P2K1OM0 150.53 18.17 228.48 0.98 

20.  N2P2K3OM0 163.07 21.33 299.04 0.87 

21.  N2P2K0OM1 150.53 20.14 266.56 0.69 

22.  N0P0K0OM1 163.07 20.93 275.52 0.78 

23.  N2P2K2OM1 175.62 17.77 294.56 0.86 

24.  N2P3K2OM1 163.07 17.38 342.72 1.08 

Mean 160.46 17.66 265.63 0.82 
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STRIP-II 

 

Plot 
No. 

Treatments 
Alkaline 

KMnO4-N 

(kg ha-1) 

Olsen’s 
P 

(kg ha-1) 

NH4OAC-
K 

(kg ha-1) 

Organic carbon 
(%) 

1.  N3P2K1OM1 175.62 18.17 333.76 1.05 

2.  N2P2K3OM1 163.07 17.38 338.24 1.29 

3.  N2P0K2OM1 150.53 18.56 318.08 0.89 

4.  N1P2K1OM1 163.07 15.40 328.16 0.93 

5.  N2P3K3OM0 175.62 16.59 322.56 0.71 

6.  N3P1K1OM0 150.53 18.56 365.12 1.32 

7.  N3P2K3OM0 163.07 20.54 310.24 0.48 

8.  N0P2K2OM0 137.98 15.80 231.84 0.80 

9.  N2P2K2OM2 163.07 16.98 252.00 0.90 

10.  N2P3K2OM2 150.53 18.96 266.56 0.98 

11.  N0P0K0OM2 150.53 18.17 265.44 0.83 

12.  N2P1K2OM2 163.07 19.75 273.28 1.05 

13.  N3P3K1OM2 163.07 18.56 294.56 0.98 

14.  N3P2K2OM2 200.70 17.77 272.16 0.78 

15.  N1P2K2OM2 175.62 18.96 266.56 0.65 

16.  N2P2K0OM2 150.53 20.14 280.00 1.32 

17.  N0P0K0OM0 137.98 20.93 245.28 1.08 

18.  N1P1K2OM0 163.07 18.96 264.32 0.95 

19.  N3P3K2OM0 150.53 18.56 252.00 0.83 

20.  N3P3K3OM0 163.07 17.38 104.16 0.75 

21.  N2P1K1OM1 163.07 18.17 253.12 0.69 

22.  N2P2K1OM1 175.62 15.01 266.56 1.13 

23.  N0P0K0OM1 150.53 15.80 271.04 0.60 

24.  N1P1K1OM1 163.07 16.19 281.12 0.90 

Mean 160.98 17.97 277.34 0.91 
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STRIP-III 
 

Plot 
No. 

Treatments 
Alkaline 

KMnO4-N 

(kg ha-1) 

Olsen’s 
P(kg ha-

1) 

NH4OAC-
K 

(kg ha-1) 

Organic carbon 
(%) 

1.  N2P3K3OM1 175.62 18.96 328.16 1.26 

2.  N3P2K3OM1 150.53 21.33 293.44 1.17 

3.  N3P1K1OM1 163.07 22.12 339.36 1.28 

4.  N3P3K3OM1 150.53 19.75 318.08 1.14 

5.  N2P1K2OM0 150.53 18.56 297.92 1.02 

6.  N2P2K2OM0 163.07 20.54 268.80 0.99 

7.  N2P3K2OM0 150.53 19.35 337.12 1.19 

8.  N3P3K1OM0 163.07 21.72 316.96 0.98 

9.  N2P1K1OM2 175.62 18.56 267.68 0.89 

10.  N0P0K0OM2 163.07 20.93 301.28 0.75 

11.  N2P2K1OM2 150.53 19.35 286.72 0.95 

12.  N1P2K1OM2 175.62 18.17 315.84 0.83 

13.  N1P1K1OM2 150.53 20.14 339.36 0.77 

14.  N2P0K2OM2 163.07 21.72 254.24 0.86 

15.  N2P2K3OM2 150.53 19.35 334.88 0.60 

16.  N3P2K1OM2 163.07 20.54 303.52 0.75 

17.  N3P2K2OM0 175.62 18.96 277.76 1.01 

18.  N1P2K2OM0 150.53 19.75 303.52 0.77 

19.  N0P0K0OM0 175.62 19.35 301.28 0.63 

20.  N2P2K0OM0 163.07 21.33 286.72 0.63 

21.  N1P1K2OM1 150.53 19.75 314.72 0.75 

22.  N0P2K2OM1 163.07 18.96 293.44 1.13 

23.  N3P3K2OM1 175.62 18.17 308.00 0.83 

24.  N0P0K0OM1 163.07 17.77 271.04 1.35 

Mean 161.50 19.80 302.49 0.94 
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APPENDIX IV 
Range and average of growth parameters of Cauliflower 

Strip I 

Plot 
No. Treatment 

No. of 
leaves 

Gross 
plant 

wt. (kg) 

Mar. 
Curd 

wt. (kg) 

N 
curd 
wt. 
(kg) 

Curd 
dia. 
(cm) 

Curd 
depth 
(cm) 

Curd 
size 

index 
(cm2) 

1. N2P1K2OM1 19 2.05 0.76 0.40 11.62 8.74 101.56 

2. N3P3K1OM1 18 3.28 1.20 0.59 14.16 9.7 137.35 

3. N1P2K2OM1 18 1.35 0.64 0.32 12.14 8.52 103.43 

4. N3P2K2OM1 18 3.88 1.56 0.61 14.84 10.1 149.88 

5. N2P1K1OM0 19 2.58 1.06 0.54 13.76 9 123.84 

6. N2P2K1OM0 17 2.72 1.18 0.61 14.26 9.62 137.18 

7. N0P0K0OM0 14 0.79 0.32 0.11 8.4 6.5 54.60 

8. N1P1K1OM0 17 1.08 0.54 0.34 12.42 8.24 102.34 

9. N3P3K3OM2 19 3.25 1.40 0.92 15.52 10.28 159.55 

10. N3P1K1OM2 18 3.36 1.48 0.80 14.86 10.56 156.92 

11. N0P0K0OM2 14 0.65 0.28 0.18 9.74 7.56 73.63 

12. N2P3K3OM2 17 1.05 0.53 0.38 12.36 8.38 103.58 

13. N0P2K2OM2 14 0.52 0.22 0.12 8.8 6.62 58.26 

14. N3P2K3OM2 17 3.14 1.40 0.68 13.94 9.74 135.78 

15. N1P1K2OM2 15 1.12 0.52 0.24 10.62 7.9 83.90 

16. N3P3K2OM2 18 3.22 1.29 0.79 15.08 9.76 147.18 

17. N3P2K1OM0 17 2.75 1.35 0.76 14.9 10 149.00 

18. N2P0K2OM0 15 2.82 1.37 0.63 14.1 9.44 133.10 

19. N1P2K1OM0 18 1.84 1.02 0.47 12.84 9.04 116.07 

20. N2P2K3OM0 17 3.00 1.38 0.73 14.1 10.5 148.05 

21. N2P2K0OM1 17 2.91 1.27 0.64 14.64 10.32 151.08 

22. N0P0K0OM1 15 0.92 0.37 0.25 32.2 8.2 264.04 

23. N2P2K2OM1 18 3.19 1.42 0.77 15.4 10.92 168.17 

24. N2P3K2OM1 18 2.68 1.15 0.63 14 10 140.00 

Mean 17 2.26 0.99 0.52 14 9 129 
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Strip II 
 

Plot 
No. Treatment 

No. of 
leaves 

Gross 
plant 

wt. (kg) 

Mar. 
Curd 
wt. 
(kg) 

N 
curd 
wt. 
(kg) 

Curd 
dia. 
(cm) 

Curd 
depth 
(cm) 

Curd 
size 

index 
(cm2) 

1. N3P2K1OM1 19 4.17 1.96 1.09 17.1 11.1 189.81 

2. N2P2K3OM1 17 3.47 1.55 0.81 15.9 10.3 163.77 

3. N2P0K2OM1 15 2.72 1.24 0.71 14.9 10.08 150.19 

4. N1P2K1OM1 17 2.08 0.88 0.47 13.6 9.5 129.20 

5. N2P3K3OM0 17 2.82 1.20 0.72 15.1 10.94 165.19 

6. N3P1K1OM0 20 4.25 1.95 1.12 17.3 11.8 204.14 

7. N3P2K3OM0 19 4.35 1.99 1.06 16.8 11.86 199.25 

8. N0P2K2OM0 12 0.60 0.27 0.17 10.2 6.5 66.30 

9. N2P2K2OM2 18 2.28 1.07 0.75 15 9.5 142.50 

10. N2P3K2OM2 16 2.29 1.13 0.65 15.3 10 153.00 

11. N0P0K0OM2 15 0.66 0.30 0.14 9.9 5.8 57.42 

12. N2P1K2OM2 17 1.58 0.63 0.44 13.06 8.2 107.09 

13. N3P3K1OM2 17 2.90 1.40 0.84 15.7 10.1 158.57 

14. N3P2K2OM2 19 3.30 1.53 1.01 16.7 10.36 173.01 

15. N1P2K2OM2 15 1.25 0.61 0.32 12.24 7.44 91.07 

16. N2P2K0OM2 20 2.54 1.23 0.70 15 10.16 152.40 

17. N0P0K0OM0 15 0.59 0.25 0.12 8.7 5.18 45.07 

18. N1P1K2OM0 16 1.53 0.68 0.45 12.9 8.42 108.62 

19. N3P3K2OM0 20 5.27 2.35 1.27 17.5 11.9 208.25 

20. N3P3K3OM0 18 4.46 1.95 1.04 17.34 10.78 186.93 

21. N2P1K1OM1 19 3.35 1.50 0.82 15.56 10.04 156.22 

22. N2P2K1OM1 17 3.32 1.45 0.74 15.02 10.18 152.90 

23. N0P0K0OM1 15 1.40 0.51 0.26 10.9 6.58 71.72 

24. N1P1K1OM1 15 1.67 0.68 0.44 12.72 8.36 106.34 

Mean 17 2.62 1.18 0.67 14 9 139 
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Strip III 
 

Plot No. Treatment 
No. of 
leaves 

Gross 
plant 

wt.(kg) 

Mar. 
Curd 

wt. (kg) 

N 
curd 
wt. 
(kg) 

Curd 
dia. 
(cm) 

Curd 
depth 
(cm) 

Curd 
size 

index 
(cm2) 

1. N2P3K3OM1 19 3.83 1.85 0.94 15.68 10.54 165.27 

2. N3P2K3OM1 19 6.17 2.48 1.21 18.54 11.46 212.47 

3. N3P1K1OM1 20 4.79 2.00 0.85 16.06 10.1 162.21 

4. N3P3K3OM1 17 5.13 2.25 0.77 14.7 10.06 147.88 

5. N2P1K2OM0 18 3.89 1.71 0.72 15.2 10.62 161.42 

6. N2P2K2OM0 16 3.20 1.45 0.57 14.84 9.56 141.87 

7. N2P3K2OM0 16 3.21 1.31 0.64 14.6 9.14 133.44 

8. N3P3K1OM0 17 4.00 1.70 0.68 15.94 10.1 160.99 

9. N2P1K1OM2 17 2.40 1.14 0.49 13.84 8.88 122.90 

10. N0P0K0OM2 15 0.82 0.33 0.18 10.58 7.08 74.91 

11. N2P2K1OM2 18 2.99 1.30 0.63 13.76 8.84 121.64 

12. N1P2K1OM2 16 1.47 0.67 0.34 13.16 7.94 104.49 

13. N1P1K1OM2 18 1.70 0.75 0.46 12.9 8.32 107.33 

14. N2P0K2OM2 17 2.80 1.17 0.50 13.42 8.36 112.19 

15. N2P2K3OM2 18 2.57 1.19 0.53 14.1 8.5 119.85 

16. N3P2K1OM2 20 3.61 1.72 0.64 14.8 10.22 151.26 

17. N3P2K2OM0 20 4.27 2.00 1.00 16.8 10.1 169.68 

18. N1P2K2OM0 17 1.71 0.75 0.35 13.1 8.34 109.25 

19. N0P0K0OM0 14 1.05 0.40 0.17 9.92 6.54 64.88 

20. N2P2K0OM0 20 3.34 1.37 0.74 15.48 9.54 147.68 

21. N1P1K2OM1 15 2.24 0.93 0.50 13.26 9.34 123.85 

22. N0P2K2OM1 15 1.25 0.56 0.26 11.66 7.46 86.98 

23. N3P3K2OM1 18 4.00 1.45 0.63 14.84 10.02 148.70 

24. N0P0K0OM1 15 1.35 0.62 0.30 11.7 7.72 90.32 

Mean 17 2.99 1.30 0.59 14 9 131 
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APPENDIX V 
Correlation between important parameter of cauliflower 

 Curd 
Yield SN SP SK OC FN FP FK UN UP UK No. of 

leaves 

Gross 
Plant 
Wt. 

Marketable 
Curd Wt. 

Net 
Curd 
Wt. 

Curd 
Diameter 

Curd 
Depth 

Curd 
Size 

Index 

Curd Yield 1 NS 0.262* NS NS 0.696** 0.445** 0.403** 0.428** 0.401** 0.265* 0.618** 0.816** 0.823** 0.782** 0.455** 0.735** 0.668** 

SN  1 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 

SP   1 NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS 

SK    1 NS NS NS NS NS NS NS NS NS NS NS NS NS NS 

OC     1 NS NS NS NS NS NS NS 0.236* NS NS NS NS NS 

FN      1 0.582** 0.449** 0.249* 0.259* NS 0.754** 0.869** 0.870** 0.862** 4.7000 0.853** 0.712** 

FP       1 0.545** NS NS NS 0.424** 0.483** 0.487** 0.508** 0.239* 0.542** 0.408** 

FK        1 NS NS NS NS 0.405** 0.414** 0.422** NS 0.431** 0.299* 

UN         1 0.951** 0.724** 0.348** 0.412** 0.402** 0.328** 0.298* 0.335** 0.351** 

UP          1 0.748** 0.354** 0.409** 0.393** 0.331** 0.315** 0.365** 0.373** 

UK           1 NS 0.244* 0.254* NS NS NS 0.232* 

No. of 
leaves            1 0.719** 0.748** 0.752** 0.467** 0.729** 0.664** 

Gross Plant 
Wt.             1 0.986** 0.914** 0.528** 0.870** 0.775** 

Marketable 
Curd Wt.              1 0.937** 0.534** 0.891** 0.790** 

Net Curd 
Wt. 

              1 0.576** 0.924** 0.834** 

Curd 
Diameter                1 0.610** 0.913** 

Curd Depth                 1 0.872** 

Curd Size 
Index                  1 
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APPENDIXVI 
 

P and K Soil test value extracted by different methods 

Strip I 

Plot 
No. 

Treatments AB-DTPA 
P 

Mehlich-I 
P 

Bray-
P 

AB-DTPA 
K 

Mehlich-I 
K 

Non- Exchangeable 
-K 

1.  N2P1K2OM1 20.67 22.47 11.17 358.94 371.29 376.18 

2.  N3P3K1OM1 19.88 21.68 10.38 393.44 376.90 381.79 

3.  N1P2K2OM1 21.06 22.86 11.57 386.98 399.33 348.90 

4.  N3P2K2OM1 17.90 19.70 8.41 350.78 363.13 368.02 

5.  N2P1K1OM0 19.09 20.89 9.59 397.92 383.65 388.54 

6.  N2P2K1OM0 21.06 22.86 11.57 368.80 381.15 386.04 

7.  N0P0K0OM0 23.04 24.84 13.54 367.89 380.24 385.13 

8.  N1P1K1OM0 18.30 20.10 8.80 365.87 378.22 383.11 

9.  N3P3K3OM2 19.48 21.28 9.99 367.68 380.03 384.92 

10.  N3P1K1OM2 21.46 23.26 11.96 350.78 363.13 368.02 

11.  N0P0K0OM2 20.67 22.47 11.17 386.72 399.07 300.98 

12.  N2P3K3OM2 22.25 24.05 12.75 383.52 395.87 350.98 

13.  N0P2K2OM2 21.06 22.86 11.57 381.28 393.63 398.52 

14.  N3P2K3OM2 20.27 22.07 10.78 354.24 366.59 371.48 

15.  N1P1K2OM2 21.46 23.26 11.96 381.28 393.63 398.52 

16.  N3P3K2OM2 22.64 24.44 13.14 383.52 395.87 328.98 

17.  N3P2K1OM0 23.43 25.23 13.93 357.76 370.11 375.00 

18.  N2P0K2OM0 21.56 23.36 12.06 383.52 395.87 387.90 

19.  N1P2K1OM0 21.16 22.96 11.67 381.28 393.63 298.07 

20.  N2P2K3OM0 19.98 21.78 10.48 366.72 379.07 383.96 

21.  N2P2K0OM1 20.77 22.57 11.27 394.72 389.56 394.45 

22.  N0P0K0OM1 17.61 19.41 8.11 373.44 385.79 390.68 

23.  N2P2K2OM1 18.40 20.20 8.90 388.00 378.54 383.43 

24.  N2P3K2OM1 18.79 20.59 9.30 351.04 363.39 368.28 

Mean 20.50 22.30 11.00 374.01 382.40 370.91 
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STRIP-II 

 

Plot 
No. Treatments 

AB-
DTPA P 

Mehlich-I 
P 

Bray-
P 

AB-
DTPA K 

Mehlich-I 
K 

Non- 
Exchangeable -K 

1.  N3P2K1OM1 19.58 21.38 10.09 300.98 313.33 318.22 

2.  N2P2K3OM1 18.00 19.80 8.51 396.96 398.56 367.98 

3.  N2P0K2OM1 17.61 19.41 8.11 373.20 385.55 390.44 

4.  N1P2K1OM1 17.70 19.50 8.20 315.20 327.55 332.44 

5.  N2P3K3OM0 19.67 21.47 10.18 312.72 325.07 329.96 

6.  N3P1K1OM0 20.46 22.26 10.97 373.20 385.55 390.44 

7.  N3P2K3OM0 21.25 23.05 11.76 382.16 394.51 399.40 

8.  N0P2K2OM0 17.30 19.10 7.81 386.64 398.99 389.07 

9.  N2P2K2OM2 18.88 20.68 9.39 279.12 391.50 396.39 

10.  N2P3K2OM2 20.86 22.66 11.36 243.28 355.89 360.78 

11.  N0P0K0OM2 16.91 18.71 7.41 402.32 378.40 383.29 

12.  N2P1K2OM2 17.70 19.50 8.20 299.28 311.63 316.52 

13.  N3P3K1OM2 20.07 21.87 10.57 360.88 373.23 378.12 

14.  N3P2K2OM2 22.04 23.84 12.54 311.60 323.95 328.84 

15.  N1P2K2OM2 20.86 22.66 11.36 286.96 356.89 361.78 

16.  N2P2K0OM2 19.67 21.47 10.18 312.72 325.07 329.96 

17.  N0P0K0OM0 17.30 19.10 7.81 325.04 337.39 342.28 

18.  N1P1K2OM0 18.49 20.29 8.99 291.88 304.23 309.12 

19.  N3P3K2OM0 20.07 21.87 10.57 297.48 309.83 314.72 

20.  N3P3K3OM0 23.23 25.03 13.73 368.04 380.39 385.28 

21.  N2P1K1OM1 22.04 23.84 12.54 335.56 347.91 352.80 

22.  N2P2K1OM1 22.83 24.63 13.33 344.52 356.87 361.76 

23.  N0P0K0OM1 19.67 21.47 10.18 363.56 375.91 380.80 

24.  N1P1K1OM1 19.28 21.08 9.78 372.12 384.47 389.36 

Mean 19.64 21.44 10.15 334.81 355.94 358.74 
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STRIP-III 

 

Plot 
No. 

Treatments 
AB-

DTPA P 
Mehlich-I 

P 
Bray-

P 
AB-

DTPA K 
Mehlich-I 

K 
Non- 

Exchangeable -K 

1.  N2P3K3OM1 20.86 22.66 11.36 398.65 378.90 383.79 

2.  N3P2K3OM1 23.23 25.03 13.73 366.78 379.13 357.90 

3.  N3P1K1OM1 24.02 25.82 14.52 387.08 399.43 376.02 

4.  N3P3K3OM1 21.65 23.45 12.15 397.16 350.87 355.76 

5.  N2P1K2OM0 20.46 22.26 10.28 391.56 379.13 384.02 

6.  N2P2K2OM0 22.44 24.24 12.25 394.56 347.91 352.80 

7.  N2P3K2OM0 21.25 23.05 11.07 379.24 391.59 396.48 

8.  N3P3K1OM0 23.62 25.42 13.43 300.84 313.19 318.08 

9.  N2P1K1OM2 20.46 22.26 10.28 321.00 333.35 338.24 

10.  N0P0K0OM2 23.93 25.73 13.74 335.56 347.91 352.80 

11.  N2P2K1OM2 22.35 24.15 12.17 334.44 346.79 351.68 

12.  N1P2K1OM2 21.17 22.97 10.98 342.28 354.63 359.52 

13.  N1P1K1OM2 23.14 24.94 12.95 394.56 354.34 359.23 

14.  N2P0K2OM2 24.72 26.52 14.53 372.16 384.51 389.40 

15.  N2P2K3OM2 22.35 24.15 12.17 366.56 378.91 383.80 

16.  N3P2K1OM2 23.54 25.34 13.35 380.00 392.35 397.24 

17.  N3P2K2OM0 21.96 23.76 11.77 345.28 357.63 362.52 

18.  N1P2K2OM0 22.75 24.55 12.56 364.32 376.67 381.56 

19.  N0P0K0OM0 22.35 24.15 12.17 352.00 364.35 369.24 

20.  N2P2K0OM0 24.33 26.13 14.14 302.56 314.91 319.80 

21.  N1P1K2OM1 22.75 24.55 12.56 351.12 363.47 368.36 

22.  N0P2K2OM1 21.96 23.76 11.77 364.56 376.91 381.80 

23.  N3P3K2OM1 21.17 22.97 10.98 369.04 381.39 386.28 

24.  N0P0K0OM1 20.77 22.57 10.59 379.12 391.47 396.36 

Mean 22.38 24.18 12.31 362.10 364.99 367.61 
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APPENDIX VII 

Strip and treatment wise fresh and dry matter yield of plant and curd  

Strip I 

Plot 
No. Treatments 

Plant Fresh 
yield 

(q ha-1) 

Plant Drymatter 
yield 

(q ha-1) 

Curd Fresh 
yield 

(q ha-1) 

Curd Drymatter 
yield 

(q ha-1) 

1.  N2P1K2OM1 215.00 44.20 176.67 18.93 

2.  N3P3K1OM1 346.67 36.13 196.67 19.67 

3.  N1P2K2OM1 118.33 35.24 53.33 8.89 

4.  N3P2K2OM1 386.67 28.57 90.00 10.00 

5.  N2P1K1OM0 253.33 39.71 233.33 35.00 

6.  N2P2K1OM0 256.67 44.23 246.67 27.41 

7.  N0P0K0OM0 78.33 45.38 46.67 4.67 

8.  N1P1K1OM0 90.00 9.17 88.33 8.28 

9.  N3P3K3OM2 308.33 40.33 228.33 24.46 

10.  N3P1K1OM2 313.33 32.22 200.00 24.00 

11.  N0P0K0OM2 61.67 13.64 126.67 13.57 

12.  N2P3K3OM2 86.67 23.28 260.00 31.20 

13.  N0P2K2OM2 50.00 46.88 211.67 26.46 

14.  N3P2K3OM2 290.00 43.70 61.67 7.71 

15.  N1P1K2OM2 100.00 20.00 236.67 29.58 

16.  N3P3K2OM2 321.67 43.67 191.67 18.70 

17.  N3P2K1OM0 233.33 15.11 36.67 5.09 

18.  N2P0K2OM0 241.67 22.67 233.33 31.11 

19.  N1P2K1OM0 136.67 64.04 86.67 13.00 

20.  N2P2K3OM0 270.00 69.72 215.00 29.32 

21.  N2P2K0OM1 273.33 41.11 225.00 28.13 

22.  N0P0K0OM1 91.67 46.75 106.67 10.00 

23.  N2P2K2OM1 295.00 22.25 170.00 24.29 

24.  N2P3K2OM1 255.00 26.40 230.00 24.64 

Mean 211.39 35.60 164.65 19.35 
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Strip II 

Plot 
No. Treatments 

Plant Fresh 
yield 

(q ha-1) 

Plant Drymatter 
yield 

(q ha-1) 

Curd Fresh 
yield 

(q ha-1) 

Curd Drymatter 
yield 

(q ha-1) 

1.  N3P2K1OM1 368.33 41.81 326.67 24.50 

2.  N2P2K3OM1 320.00 69.33 258.33 24.22 

3.  N2P0K2OM1 246.67 26.30 206.67 22.14 

4.  N1P2K1OM1 200.00 71.60 146.67 18.33 

5.  N2P3K3OM0 270.00 56.30 200.00 18.75 

6.  N3P1K1OM0 383.33 57.04 325.00 29.85 

7.  N3P2K3OM0 393.33 17.80 331.67 30.85 

8.  N0P2K2OM0 55.00 30.00 45.00 5.40 

9.  N2P2K2OM2 201.67 57.81 178.33 19.81 

10.  N2P3K2OM2 193.33 50.13 188.33 17.66 

11.  N0P0K0OM2 60.00 9.64 85.00 9.11 

12.  N2P1K2OM2 158.33 27.08 105.00 11.14 

13.  N3P3K1OM2 250.00 21.43 233.33 22.76 

14.  N3P2K2OM2 295.00 48.33 255.00 21.25 

15.  N1P2K2OM2 106.67 27.27 101.67 11.86 

16.  N2P2K0OM2 218.33 61.86 205.00 19.84 

17.  N0P0K0OM0 56.67 35.00 41.67 5.68 

18.  N1P1K2OM0 141.67 27.88 113.33 13.22 

19.  N3P3K2OM0 486.67 17.08 391.67 41.23 

20.  N3P3K3OM0 418.33 32.40 325.00 27.86 

21.  N2P1K1OM1 308.33 42.05 250.00 24.39 

22.  N2P2K1OM1 311.67 11.46 241.67 24.79 

23.  N0P0K0OM1 148.33 49.17 50.00 6.52 

24.  N1P1K1OM1 165.00 42.50 113.33 13.22 

Mean 239.86 38.80 196.60 19.75 
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Strip III 

 

Plot 
No. Treatments 

Plant Fresh 
yield 

(q ha-1) 

Plant Drymatter 
yield 

(q ha-1) 

Curd Fresh 
yield 

(q ha-1) 

Curd Drymatter 
yield 

(q ha-1) 

1.  N2P3K3OM1 330.00 36.67 308.33 31.62 

2.  N3P2K3OM1 615.00 76.88 413.33 40.00 

3.  N3P1K1OM1 465.00 60.00 333.33 40.40 

4.  N3P3K3OM1 480.00 63.16 375.00 50.00 

5.  N2P1K2OM0 363.33 54.50 285.00 35.63 

6.  N2P2K2OM0 291.67 34.03 241.67 25.89 

7.  N2P3K2OM0 316.67 30.65 218.33 17.70 

8.  N3P3K1OM0 383.33 58.08 283.33 33.06 

9.  N2P1K1OM2 210.00 28.64 190.00 21.11 

10.  N0P0K0OM2 81.67 18.85 103.33 11.23 

11.  N2P2K1OM2 281.67 50.70 216.67 22.81 

12.  N1P2K1OM2 133.33 28.07 111.67 14.57 

13.  N1P1K1OM2 158.33 29.69 125.00 13.89 

14.  N2P0K2OM2 271.67 42.89 195.00 18.28 

15.  N2P2K3OM2 230.00 43.13 198.33 23.80 

16.  N3P2K1OM2 315.00 54.78 286.67 28.67 

17.  N3P2K2OM0 378.33 39.14 333.33 33.33 

18.  N1P2K2OM0 160.00 16.67 125.00 15.63 

19.  N0P0K0OM0 108.33 16.25 55.00 6.88 

20.  N2P2K0OM0 328.33 48.64 228.33 24.46 

21.  N1P1K2OM1 218.33 29.11 155.00 24.80 

22.  N0P2K2OM1 115.00 19.17 93.33 8.89 

23.  N3P3K2OM1 425.00 60.71 241.67 24.17 

24.  N0P0K0OM1 121.67 14.48 66.67 9.72 

Mean 282.57 39.79 215.97 24.06 
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APPENDIX VIII 

Strip and treatment wise N, P and K content (%) in plant and curdof cauliflower 

STRIP-I 

Plot no. Treatments 
Nitrogen Phosphorus Potassium 

Plant Curd Plant Curd Plant Curd 

1.  N2P1K2OM1 1.82 2.24 0.12 0.08 0.51 0.62 

2. N3P3K1OM1 1.68 2.80 0.12 0.07 0.56 1.19 

3. N1P2K2OM1 1.33 1.47 0.12 0.07 0.41 0.77 

4. N3P2K2OM1 1.68 3.15 0.11 0.08 0.35 1.29 

5. N2P1K1OM0 2.17 2.94 0.12 0.07 0.30 1.42 

6. N2P2K1OM0 2.1 2.52 0.12 0.07 0.26 0.77 

7. N0P0K0OM0 2.31 2.10 0.12 0.09 0.52 3.84 

8. N1P1K1OM0 2.17 3.15 0.12 0.09 0.55 2.11 

9. N3P3K3OM2 2.38 2.73 0.12 0.08 0.30 1.48 

10.  N3P1K1OM2 2.66 2.31 0.12 0.06 0.28 0.65 

11.  N0P0K0OM2 1.89 3.22 0.11 0.08 0.34 0.74 

12.  N2P3K3OM2 2.1 2.73 0.10 0.10 0.40 1.34 

13.  N0P2K2OM2 2.03 3.01 0.11 0.08 0.36 1.67 

14.  N3P2K3OM2 1.68 3.15 0.11 0.07 0.24 0.86 

15.  N1P1K2OM2 1.54 2.59 0.11 0.08 0.37 2.11 

16.  N3P3K2OM2 2.17 2.94 0.13 0.10 0.31 3.03 

17.  N3P2K1OM0 1.75 3.01 0.10 0.09 0.39 0.53 

18.  N2P0K2OM0 1.47 2.94 0.11 0.09 0.23 0.81 

19.  N1P2K1OM0 1.82 2.73 0.12 0.08 0.32 1.76 

20.  N2P2K3OM0 1.96 2.45 0.11 0.09 0.33 1.16 

21.  N2P2K0OM1 1.61 3.01 0.10 0.07 0.45 0.91 

22.  N0P0K0OM1 1.75 2.80 0.11 0.06 0.51 0.82 

23.  N2P2K2OM1 1.89 3.01 0.11 0.07 0.33 1.42 

24.  N2P3K2OM1 2.03 2.45 0.12 0.10 0.43 0.45 

Mean 1.92 2.73 0.11 0.08 0.38 1.32 



Appendices…? 

STRIP II 
 

Plot no. Treatments 
Nitrogen Phosphorus Potassium 

Plant Curd Plant Curd Plant Curd 

1. N3P2K1OM1 1.82 2.80 0.12 0.06 0.49 0.62 

2. N2P2K3OM1 1.47 1.82 0.09 0.07 0.39 0.78 

3. N2P0K2OM1 1.4 2.94 0.12 0.08 0.36 1.33 

4. N1P2K1OM1 1.4 2.31 0.12 0.07 0.41 1.72 

5. N2P3K3OM0 1.61 2.80 0.11 0.07 0.24 0.42 

6. N3P1K1OM0 1.82 2.80 0.10 0.08 0.23 0.74 

7. N3P2K3OM0 1.96 3.15 0.12 0.07 0.45 1.96 

8. N0P2K2OM0 1.75 2.45 0.10 0.08 0.53 0.95 

9. N2P2K2OM2 1.68 2.45 0.09 0.07 0.38 1.36 

10.  N2P3K2OM2 1.82 2.73 0.11 0.08 0.47 1.52 

11.  N0P0K0OM2 1.61 2.10 0.10 0.08 0.31 1.05 

12.  N2P1K2OM2 1.4 3.01 0.10 0.07 0.42 1.3 

13.  N3P3K1OM2 1.89 3.08 0.10 0.08 0.24 1.89 

14.  N3P2K2OM2 1.68 3.15 0.10 0.07 0.32 0.88 

15.  N1P2K2OM2 1.47 2.87 0.12 0.08 0.40 0.97 

16.  N2P2K0OM2 1.26 2.24 0.10 0.06 0.35 1.43 

17.  N0P0K0OM0 2.1 2.52 0.12 0.09 0.28 1.72 

18.  N1P1K2OM0 1.75 2.45 0.12 0.08 0.37 1.66 

19.  N3P3K2OM0 1.96 2.59 0.12 0.08 0.22 1.97 

20.  N3P3K3OM0 2.1 2.73 0.11 0.08 0.30 0.86 

21.  N2P1K1OM1 2.24 2.66 0.12 0.06 0.34 0.43 

22.  N2P2K1OM1 2.1 2.59 0.12 0.09 0.40 1.56 

23.  N0P0K0OM1 2.03 2.59 0.12 0.08 0.36 2.3 

24.  N1P1K1OM1 1.96 1.47 0.12 0.07 0.26 0.78 

Mean 1.76 2.60 0.11 0.07 0.36 1.26 
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STRIP III 
 

Plot no. Treatments 
Nitrogen Phosphorus Potassium 

Plant Curd Plant Curd Plant Curd 

1. N2P3K3OM1 1.89 3.22 0.13 0.07 0.51 0.71 

2. N3P2K3OM1 2.24 3.15 0.13 0.08 0.41 0.68 

3. N3P1K1OM1 2.1 3.22 0.10 0.07 0.30 1.05 

4. N3P3K3OM1 2.17 2.73 0.11 0.09 0.42 1.45 

5. N2P1K2OM0 2.31 2.73 0.11 0.08 0.44 0.98 

6. N2P2K2OM0 1.47 3.15 0.13 0.08 0.35 1.98 

7. N2P3K2OM0 1.61 2.10 0.11 0.08 0.41 0.91 

8. N3P3K1OM0 1.82 3.01 0.09 0.07 0.29 0.68 

9. N2P1K1OM2 1.61 2.73 0.12 0.07 0.32 1.55 

10.  N0P0K0OM2 1.47 3.01 0.12 0.07 0.62 1.15 

11.  N2P2K1OM2 1.89 1.47 0.12 0.08 0.57 0.45 

12.  N1P2K1OM2 1.75 2.03 0.09 0.08 0.27 0.69 

13.  N1P1K1OM2 1.54 2.59 0.11 0.08 0.36 1.52 

14.  N2P0K2OM2 1.68 2.59 0.10 0.07 0.40 1.4 

15.  N2P2K3OM2 2.24 2.94 0.09 0.08 0.31 0.54 

16.  N3P2K1OM2 1.96 1.33 0.10 0.06 0.33 0.75 

17.  N3P2K2OM0 2.03 3.08 0.10 0.07 0.37 1.21 

18.  N1P2K2OM0 1.68 2.24 0.12 0.09 0.35 3.71 

19.  N0P0K0OM0 1.82 2.80 0.11 0.07 0.47 0.76 

20.  N2P2K0OM0 2.1 2.80 0.09 0.08 0.52 0.9 

21.  N1P1K2OM1 1.96 3.01 0.11 0.08 0.44 0.95 

22.  N0P2K2OM1 1.75 3.01 0.10 0.09 0.40 1.45 

23.  N3P3K2OM1 1.61 3.01 0.13 0.07 0.44 0.83 

24.  N0P0K0OM1 1.89 2.52 0.13 0.08 0.55 2.9 

Mean 1.86 2.69 0.11 0.08 0.41 1.22 
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Appendix IX 
 

Strip and treatment wise uptake by plant and curd 
 

Strip I 
 

Plot 
No. 

Treatment Nutrient Uptake by 
plant 

Nutrient Uptake by 
curd  

Total Nutrient Uptake 

N P K N P K N P K 

1. N2P1K2OM1 80.44 5.37 21.75 68.60 1.58 15.19 149.04 6.95 36.94 

2. N3P3K1OM1 53.11 3.25 14.09 44.08 1.63 18.89 97.19 4.89 32.98 

3. N1P2K2OM1 49.33 4.18 12.62 65.10 1.73 29.45 114.43 5.90 42.07 

4. N3P2K2OM1 40.00 3.47 11.77 42.35 1.32 31.53 82.35 4.79 43.30 

5. N2P1K1OM0 63.93 4.53 9.69 52.50 1.29 7.88 116.43 5.82 17.56 

6. N2P2K1OM0 80.50 4.38 10.08 83.57 2.33 22.09 164.07 6.71 32.17 

7. N0P0K0OM0 21.95 1.31 4.17 13.70 0.54 6.85 35.65 1.85 11.02 

8. N1P1K1OM0 16.04 0.88 4.90 13.23 0.42 5.13 29.27 1.30 10.03 

9. N3P3K3OM2 67.76 3.75 15.17 48.55 1.31 26.95 116.31 5.06 42.11 

10. N3P1K1OM2 58.64 3.48 15.21 48.20 1.35 26.84 106.85 4.83 42.05 

11. N0P0K0OM2 98.18 5.68 20.51 97.18 2.27 60.47 186.14 7.87 80.99 

12. N2P3K3OM2 32.60 2.34 9.87 33.52 0.75 14.48 66.12 3.09 24.35 

13. N0P2K2OM2 88.59 4.50 11.16 70.11 1.78 43.02 158.71 6.28 54.18 

14. N3P2K3OM2 73.42 4.33 14.16 66.94 1.43 18.70 140.36 5.76 32.86 

15. N1P1K2OM2 29.40 2.31 8.08 34.04 0.94 11.51 63.44 3.25 19.59 

16. N3P3K2OM2 55.02 4.52 15.46 44.44 1.25 28.37 99.46 5.77 43.83 

17. N3P2K1OM0 31.73 1.77 4.29 14.32 0.49 9.77 46.05 2.26 14.06 

18. N2P0K2OM0 39.67 2.62 8.48 32.39 1.05 21.95 72.06 3.67 30.43 

19. N1P2K1OM0 125.51 7.97 14.09 106.78 3.40 81.22 232.29 11.37 95.31 

20. N2P2K3OM0 146.42 7.84 20.92 76.05 2.26 23.96 222.47 10.10 44.87 

21. N2P2K0OM1 92.09 4.87 14.14 64.88 1.57 10.49 156.97 6.44 24.63 

22. N0P0K0OM1 88.95 5.31 18.89 64.20 2.19 38.67 162.37 7.58 57.55 

23. N2P2K2OM1 45.17 2.60 8.01 23.59 0.68 20.95 68.76 3.29 28.96 

24. N2P3K2OM1 51.74 3.21 6.92 19.99 0.98 10.61 71.74 4.19 17.52 

Mean 63.76 3.94 12.27 51.18 1.44 24.37 114.94 5.38 36.64 
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Strip II 
 

Plot 
No. 

Treatment Nutrient Uptake by 
plant 

Nutrient Uptake 
by curd  

Total Nutrient Uptake 

N P K N P K N P K 

1. N3P2K1OM1 76.09 4.89 21.24 30.40 1.10 8.41 106.49 5.99 29.65 

2. N2P2K3OM1 116.48 8.42 38.55 67.20 1.76 28.56 183.68 10.19 67.11 

3. N2P0K2OM1 34.97 3.20 10.68 14.70 0.71 7.70 49.67 3.90 18.38 

4. N1P2K1OM1 120.30 7.84 25.06 98.28 2.53 40.25 218.58 10.37 65.31 

5. N2P3K3OM0 122.16 6.67 17.00 55.65 1.28 26.88 177.81 7.95 43.88 

6. N3P1K1OM0 119.78 7.10 14.94 49.56 1.39 15.14 169.34 8.49 30.09 

7. N3P2K3OM0 41.13 2.14 9.26 18.67 0.79 34.13 59.79 2.92 43.39 

8. N0P2K2OM0 65.10 3.74 16.50 31.50 0.90 21.10 96.60 4.64 37.60 

9. N2P2K2OM2 137.59 6.85 17.58 95.55 2.68 51.80 233.14 9.53 69.38 

10. N2P3K2OM2 133.35 5.79 14.24 63.31 1.73 17.81 196.67 7.52 32.05 

11. N0P0K0OM2 92.93 5.31 16.23 89.05 2.62 42.01 181.97 7.40 58.23 

12. N2P1K2OM2 56.88 2.76 10.73 22.61 0.81 11.10 79.48 3.57 21.82 

13. N3P3K1OM2 43.50 2.44 7.80 15.33 0.42 8.50 58.83 2.86 16.30 

14. N3P2K2OM2 81.20 5.44 11.79 98.00 2.29 26.76 179.20 7.72 38.55 

15. N1P2K2OM2 42.00 2.99 10.04 33.67 1.07 27.43 75.67 4.06 37.47 

16. N2P2K0OM2 134.23 8.07 19.42 86.20 2.86 88.83 220.43 10.93 108.26 

17. N0P0K0OM0 18.21 1.01 3.24 15.03 0.38 3.45 33.24 1.39 6.69 

18. N1P1K2OM0 40.99 3.05 6.53 71.93 2.13 19.82 112.92 5.18 26.34 

19. N3P3K2OM0 31.09 1.97 5.43 66.30 1.93 42.74 97.39 3.90 48.18 

20. N3P3K3OM0 63.50 3.50 10.63 60.38 2.18 28.59 123.88 5.68 39.21 

21. N2P1K1OM1 67.70 4.35 18.84 79.64 1.94 24.08 147.34 6.30 42.92 

22. N2P2K1OM1 20.05 1.31 5.80 21.58 0.49 6.32 41.64 1.79 12.12 

23. N0P0K0OM1 61.25 3.41 13.79 84.66 2.09 14.91 145.91 6.03 28.70 

24. N1P1K1OM1 86.28 4.91 18.28 45.81 1.82 8.41 132.09 6.73 26.69 

Mean 75.28 4.47 14.32 54.79 1.58 25.20 130.07 6.04 39.51 
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Strip III 
 

Plot 
No. 

Treatment Nutrient Uptake by 
plant 

Nutrient Uptake by 
curd  

Total Nutrient Uptake 

N P K N P K N P K 

1. N2P3K3OM1 69.30 4.73 18.55 101.83 2.32 22.45 171.13 7.05 41.01 

2. N3P2K3OM1 172.20 10.15 31.52 126.00 3.30 27.20 298.20 13.45 58.72 

3. N3P1K1OM1 126.00 6.12 17.88 130.10 2.85 42.42 256.10 8.97 60.30 

4. N3P3K3OM1 137.05 6.63 26.40 136.50 4.58 72.50 273.55 11.21 98.90 

5. N2P1K2OM0 125.90 6.05 23.98 97.26 2.78 34.91 223.15 8.83 58.89 

6. N2P2K2OM0 50.02 4.29 11.84 81.56 2.14 51.27 131.58 6.42 63.11 

7. N2P3K2OM0 49.34 3.26 12.69 37.18 1.43 16.11 86.51 4.70 28.80 

8. N3P3K1OM0 105.71 5.40 16.73 99.50 2.33 22.48 205.20 7.73 39.21 

9. N2P1K1OM2 46.10 3.44 9.11 57.63 1.46 32.72 103.74 4.89 41.83 

10. N0P0K0OM2 29.58 2.35 11.72 28.30 0.94 32.57 56.80 2.85 40.51 

11. N2P2K1OM2 95.82 6.24 28.70 33.53 1.78 10.26 129.35 8.02 38.96 

12. N1P2K1OM2 49.12 2.65 7.58 29.57 1.18 10.05 78.69 3.83 17.63 

13. N1P1K1OM2 45.72 3.30 10.81 35.97 1.17 21.11 81.69 4.46 31.92 

14. N2P0K2OM2 72.06 4.18 17.24 47.35 1.32 25.59 119.41 5.50 42.84 

15. N2P2K3OM2 96.60 3.75 13.20 69.97 1.93 12.85 166.57 5.68 26.05 

16. N3P2K1OM2 107.37 5.51 18.08 38.13 1.72 21.50 145.50 7.23 39.58 

17. N3P2K2OM0 79.45 3.87 14.64 102.67 2.35 40.33 182.12 6.22 54.97 

18. N1P2K2OM0 28.00 2.03 5.90 35.00 1.45 57.97 63.00 3.48 63.87 

19. N0P0K0OM0 27.38 1.78 7.70 20.69 0.51 7.91 48.40 2.44 15.09 

20. N2P2K0OM0 102.15 4.60 25.10 71.04 2.06 22.83 173.19 6.65 47.93 

21. N1P1K2OM1 57.06 3.23 12.81 74.65 1.86 23.56 131.71 5.09 36.37 

22. N0P2K2OM1 33.54 1.87 7.67 26.76 0.79 12.89 60.30 2.66 20.56 

23. N3P3K2OM1 97.75 8.01 26.96 72.74 1.60 20.06 170.49 9.61 47.02 

24. N0P0K0OM1 27.70 1.83 7.94 27.22 0.66 7.39 55.68 2.77 19.63 

Mean 76.29 4.39 16.03 65.88 1.85 27.04 142.17 6.24 44.09 
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APPENDIX X 
 

Regression equation for different functions for the Cauliflower 

R2 

value 
Regression Equation 

0.7730 
Linear regression of yield on total uptake of Nitrogen, phosphorus and potassium 

Yield =  23.6246 + 1.1936 * UN + 2.3804 * UP + 0.0183 * UK 

0.7193 

Quadratic regression of total uptake of Nitrogen on fertilizer N, soil test value and 
interaction between soil and fertilizer nutrients 

Availability index- Alkaline KMnO4-N 

UN =  103.0747 - 0.3256 * SN + 0.3119 * FN + 0.0036 * FN² + 0.0009 * FNSN 

0.3150 

Quadratic regression of total uptake of Phosphorus on fertilizer P, soil test value and 
interaction between soil and fertilizer nutrients 

Availability index- Olsen-P 

UP = - 1.7096 + 0.2897 * SP + 0.1115 * FP - 0.0002 * FP² - 0.0002 * FPSP 

0.0984 

Quadratic regression of total uptake of Potassium on fertilizer K, soil test value and 
interaction between soil and fertilizer nutrients 

Availability index- Amm. Ac.-K 

UK =  45.6791 - 0.0649 * SK + 0.0183 * FK - 0.0034 * FK² + 0.0017 * FKSK 

0.1450 

Linear regression of yield on soil test value 

Availability index-combination (Alkaline KMnO4-N, Olsen-P and Amm. Ac.-K) 

Yield =  187.9481 - 1.5278 * SN + 15.2702 * SP - 0.1125 * SK 

0.7589 
Quadratic regression of yield on fertilizer N 

Yield =  59.2139 + 1.2741 * FN + 0.0018 * FN² 

0.2464 
Quadratic regression of yield on fertilizer P 

Yield =  104.7310 + 5.5425 * FP - 0.0524 * FP² 

0.1743 
Quadratic regression of yield on fertilizer K 

Yield =  123.6194 + 2.2596 * FK - 0.0088 * FK² 

0.7738 

Linear regression of yield on soil test value and fertilizer doses 

Availability index-combination (Alkaline KMnO4-N, Olsen-P and Amm. Ac.-K) 

Yield =  41.4094 - 0.5251 * SN + 5.3090 * SP + 0.0116 * SK + 1.4845 * FN - 0.3687 
* FP + 0.2423 * FK 

0.7738 
Quadratic regression of yield on fertilizer Nitrogen, phosphorus and potassium 

Yield =  62.5550 + 1.3152 * FN + 0.0017 * FN² + 1.2238 * FP - 0.0373 * FP² - 
1.2278 * FK + 0.0187 * FK² 
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0.7909 

Quadratic regression of yield on Soil test value and fertilizer dose 

Availability index-combination (Alkaline KMnO4-N, Olsen-P and Amm. Ac.-K) 

Yield =  92.8287 - 0.7164 * SN + 4.8818 * SP + 0.0046 * SK + 1.2061 * FN + 
0.0019 * FN² + 1.2891 * FP - 0.0392 * FP² - 1.2749 * FK + 0.0202 * FK² 

0.8008 

Quadratic regression of yield on Soil test value, applied nutrient and interaction 
between soil and applied nutrient 

Availability index-combination (Alkaline KMnO4-N, Olsen-P and Amm. Ac.-K) 

Yield =  0.2091 + 0.2246 * SN + 4.9436 * SP - 0.2242 * SK + 2.5999 * FN + 0.0020 
* FN² + 1.5678 * FP - 0.0354 * FP² - 2.8917 * FK + 0.0156 * FK² - 0.0087 * FNSN - 
0.0303 * FPSP + 0.0071 * FKSK 

0.8151 

Quadratic regression of yield on Soil test value, applied nutrient, interaction between 
soil and applied nutrient and among fertilizer nutrient 

Availability index-combination (Alkaline KMnO4-N, Olsen-P and Amm. Ac.-K) 

Yield = - 15.6523 + 0.3884 * SN + 5.0354 * SP - 0.2626 * SK + 2.8504 * FN + 
0.0021 * FN² + 4.1934 * FP - 0.0190 * FP² - 4.1502 * FK + 0.0024 * FK² - 0.0114 * 
FNSN - 0.0230 * FPSP + 0.0077 * FKSK - 0.0291 * FNFP + 0.0210 * FNFK - 
0.0046 * FPFK 

0.8315 

Quadratic regression of yield on Soil test value, applied nutrient, interaction between 
soil and applied nutrient and FYM 

Availability index-combination (Alkaline KMnO4-N, Olsen-P and Amm. Ac.-K) 

Yield = - 81.0978 + 0.4808 * SN + 6.5874 * SP - 0.1156 * SK + 2.9951 * FN + 
0.0016 * FN² + 2.7889 * FP - 0.0365 * FP² - 1.9370 * FK + 0.0190 * FK² - 0.0107 * 
FNSN - 0.0927 * FPSP + 0.0028 * FKSK - 33.1806 * ON - 18.8769 * OP + 38.4936 
* OK 
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APPENDIX XI 
 

Strip and plot wise post harvest soil test values of experimental field predicted on 
the basis of yield 

 
STRIP-I 

 
Plot 
No. 

Treatments Alkaline KMnO4-N 
(kg ha-1) 

Olsen’s-P 
(kg ha-1) 

NH4OAC-K 
(kg ha-1) 

Observed 
Value 

Predicted 
Value 

Observed 
Value 

Predicted 
Value 

Observed 
Value 

Predicted 
Value 

1 N2P1K2OM1 193.99 194.15 14.37 12.33 318.81 317.33 

2 N3P3K1OM1 178.93 178.77 13.58 11.38 284.09 281.94 

3 N1P2K2OM1 163.88 164.34 14.76 12.93 330.01 328.66 

4 N3P2K2OM1 178.93 178.67 11.60 8.93 308.73 306.74 

5 N2P1K1OM0 193.99 194.06 12.79 10.45 288.57 286.53 

6 N2P2K1OM0 163.88 163.96 14.76 12.53 259.45 257.17 

7 N0P0K0OM0 178.93 179.68 16.74 15.03 327.77 326.16 

8 N1P1K1OM0 148.83 149.33 12.00 10.01 307.61 305.97 

9 N3P3K3OM2 178.93 178.72 13.18 10.81 258.33 256.35 

10 N3P1K1OM2 163.88 163.66 15.16 12.62 291.93 289.67 

11 N0P0K0OM2 163.88 164.66 14.37 12.58 277.37 275.48 

12 N2P3K3OM2 178.93 179.18 15.95 14.36 306.49 305.28 

13 N0P2K2OM2 178.93 179.71 14.76 13.25 330.01 328.89 

14 N3P2K3OM2 224.09 223.81 13.97 11.54 244.89 242.83 

15 N1P1K2OM2 193.99 194.43 12.06 13.33 325.53 324.22 

16 N3P3K2OM2 163.88 163.72 13.24 14.21 294.17 292.25 

17 N3P2K1OM0 148.83 148.67 14.03 14.89 268.41 266.09 

18 N2P0K2OM0 178.93 178.94 12.06 12.59 294.17 292.20 

19 N1P2K1OM0 163.88 164.23 11.66 12.65 291.93 289.93 

20 N2P2K3OM0 178.93 178.94 10.48 11.14 277.37 275.51 

21 N2P2K0OM1 178.93 178.97 11.27 12.05 305.37 303.10 

22 N0P0K0OM1 193.99 194.69 8.11 9.20 284.09 282.19 

23 N2P2K2OM1 163.88 163.89 8.90 9.45 298.65 296.68 

24 N2P3K2OM1 178.93 179.00 9.29 10.17 261.69 259.65 

Mean  176.43 176.59 12.88 12.02 293.14 291.28 
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Strip II 

Plot 
No. 

Treatments Alkaline KMnO4-N 

(kg ha-1) 

Olsen’s-P 

(kg ha-1) 

NH4OAC-K 

(kg ha-1) 

Observed 
Value 

Predicted 
Value 

Observed 
Value 

Predicted 
Value 

Observed 
Value 

Predicted 
Value 

1 N3P2K1OM1 148.83 148.49 10.08 10.29 90.33 86.61 

2 N2P2K3OM1 163.88 163.86 8.50 8.94 307.61 305.84 

3 N2P0K2OM1 146.43 148.91 8.11 8.55 330.01 328.33 

4 N1P2K1OM1 191.59 194.33 8.90 9.86 225.85 223.53 

5 N2P3K3OM0 176.53 178.99 10.87 11.79 331.13 329.69 

6 N3P1K1OM0 176.53 178.56 11.66 11.85 293.05 290.54 

7 N3P2K3OM0 176.53 178.54 12.45 12.75 302.01 299.96 

8 N0P2K2OM0 191.59 194.72 8.50 9.90 306.49 305.21 

9 N2P2K2OM2 161.48 164.00 10.08 10.96 195.54 196.60 

10 N2P3K2OM2 177.73 179.01 12.06 13.08 159.70 160.52 

11 N0P0K0OM2 192.79 194.71 8.11 9.25 318.74 320.53 

12 N2P1K2OM2 177.73 179.15 8.90 9.94 215.70 217.13 

13 N3P3K1OM2 162.68 163.68 11.27 12.06 277.30 278.45 

14 N3P2K2OM2 162.68 163.65 13.24 13.92 228.02 229.02 

15 N1P2K2OM2 192.79 194.41 12.06 13.37 203.38 204.74 

16 N2P2K0OM2 177.73 178.98 10.87 11.66 229.14 229.88 

17 N0P0K0OM0 162.68 164.66 8.50 9.70 241.46 242.82 

18 N1P1K2OM0 192.79 194.39 9.69 10.73 210.10 211.47 

19 N3P3K2OM0 162.68 163.41 11.27 11.35 215.70 216.17 

20 N3P3K3OM0 177.73 178.56 14.43 14.96 286.26 287.59 

21 N2P1K1OM1 162.68 163.87 13.24 13.84 253.78 254.74 

22 N2P2K1OM1 177.73 178.92 14.03 14.81 262.74 263.78 

23 N0P0K0OM1 192.79 194.65 10.87 11.99 281.58 283.24 

24 N1P1K1OM1 177.73 179.36 10.48 11.56 329.74 331.80 

Mean 174.35 175.91 10.76 11.55 253.97 254.09 
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Strip III 

Plot 
No. 

Treatments Alkaline KMnO4-N 

(kg ha-1) 

Olsen’s-P 

(kg ha-1) 

NH4OAC-K 

(kg ha-1) 

Observed 
Value 

Predicted 
Value 

Observed 
Value 

Predicted 
Value 

Observed 
Value 

Predicted 
Value 

1 N2P3K3OM1 192.79 193.83 12.06 12.55 320.78 322.57 

2 N3P2K3OM1 162.68 163.37 14.43 14.46 325.26 326.73 

3 N3P1K1OM1 177.73 178.54 15.22 15.54 305.10 306.28 

4 N3P3K3OM1 162.68 163.44 12.85 13.08 315.18 316.71 

5 N2P1K2OM0 162.68 163.81 11.66 12.03 309.58 311.17 

6 N2P2K2OM0 177.73 178.92 13.64 14.40 352.14 354.12 

7 N2P3K2OM0 162.68 163.93 12.45 13.36 297.26 299.00 

8 N3P3K1OM0 177.73 178.63 14.82 15.56 218.86 219.70 

9 N2P1K1OM2 192.79 194.04 12.76 12.46 239.02 240.29 

10 N0P0K0OM2 182.53 179.67 15.13 15.44 253.58 255.17 

11 N2P2K1OM2 167.48 163.93 13.55 13.27 249.66 253.72 

12 N1P2K1OM2 197.59 194.39 12.37 12.50 257.50 261.96 

13 N1P1K1OM2 167.48 164.30 14.34 14.40 278.78 283.32 

14 N2P0K2OM2 182.53 179.00 15.92 15.64 256.38 260.77 

15 N2P2K3OM2 167.48 163.96 13.55 13.35 250.78 255.34 

16 N3P2K1OM2 182.53 178.62 14.74 14.20 264.22 268.13 

17 N3P2K2OM0 197.59 193.57 13.16 12.33 229.50 233.27 

18 N1P2K2OM0 167.48 164.30 13.95 14.09 248.54 253.11 

19 N0P0K0OM0 197.59 194.69 13.55 13.73 236.22 240.49 

20 N2P2K0OM0 182.53 178.94 15.53 15.28 94.81 91.23 

21 N1P1K2OM1 167.48 164.25 13.95 13.85 243.77 241.75 

22 N0P2K2OM1 182.53 179.61 13.16 13.41 257.21 255.47 

23 N3P3K2OM1 197.59 193.73 12.37 12.02 261.69 259.48 

24 N0P0K0OM1 182.53 179.59 11.97 11.91 271.77 269.66 

Mean  178.85 177.13 13.63 13.70 264.07 265.81 
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ABSTRACT 

 

 Field experiments were conducted at Vegetable Research Centre during 2015-16 and at Crop 

Research Centre during 2016-17 of G.B. Pant University of Agriculture and Technology Pantnagar, U.S 

Nagar (Uttarakhand) to optimize fertilizer doses for cauliflower grown in Mollisols. The experiments were 

conducted as per the technical programme and methodology of AICRP on soil test crop response in soil. In 

first phase soil fertility gradient was created by dividing experimental field into three equal strips and applying 

graded doses of fertilizers in these strips and growing of exhaust crop maize (var. Kanchan).  In the second 

phase, i.e. next season test crop cauliflower (var. Snowball-16) was grown by dividing each strip into 24 plots 

having 21 treated and 3 control. Response to selected combinations of three levels of FYM (0, 10 and 20 t/ha), 

four levels of nitrogen (0, 50, 100 and 150 kg N ha-1), four levels of phosphorus (0, 30, 60 and 90 kg P2O5 ha-1) 

and four levels of potassium (0, 30, 60 and 90 kg K2O ha-1) at different fertility levels of cauliflower was 

studied. Verification trial, i.e. second experiment was conducted during 2016-17 to validate the fertilizer 

adjustment equations developed in first experiment. Follow up trial, i.e. third experiment was conducted on 

farmer’s field at Golapaar, Haldwani during 2016-17. 

The value of the organic carbon, Alkaline KMnO4 extractable nitrogen, Olsen’s phosphorus  and 

neutral normal NH4OAc extractable potassium in the experimental field ranged between 0.48-1.35 per cent, 

137.98 to 200.98 kg N ha-1, 15.01 to 22.12 kg P ha-1 and 99.68 to 365.12 kg K ha-1 respectively. Statistically it 

was established that there was difference in available N, P & K status in experimental field. The average curd 

yield of experimental field ranged from 50.00-615.00 with an average of 244.61 q ha-1. Total average uptake of 

N, P and K were 129.06, 5.89 and 39.74 kg ha-1, respectively. Nutrient requirement to produce one quintal 

curd yield, cauliflower required 0.70 kg of nitrogen, 0.03 kg of phosphorus (P) and 0.23 kg of potassium (K). 

Per cent contribution of N, P and K was 33.20, 13.84 and 8.13 from soil and 45.62, 2.19 and 13.50 from FYM, 

75.27, 15.62 and 54.68 from chemical fertilizer and 82.44, 16.50 and 55.63 from conjoint use of chemical 

fertilizer with FYM. Coefficient of determination (R2) was found highly significant (0.831**) between curd 

yield, soil test values, applied fertilizer doses, their interaction and also FYM. Maximum response to 

cauliflower obtained at 100 kg N, 50 kg P2O5 and 100 kg K2O ha-1. Curd yield was also significantly correlated 

with growth parameter of cauliflower. Quality parameter of cauliflower, i.e. protein content, ascorbic acid, 

total phenols and flavonoids in different treatments were significantly superior over control. Prediction 

equations were developed for available N, P and K. Results of verification and follow up trials clearly 

established the superiority of target yield approach over general fertilizer recommendation. Thus, with the help 

of above findings, fertilizer prescription equation for cauliflower was developed which may also be used for 

similar soil and climatic condition after verification trial. 
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 ततुस्प्र  र्याक धोश 5102 -  61 �म  ंवए द्र�क नाधंसनुअ ीजब्स 6102 -  71 �म द्र�क नाधंसनुअ लसफ , ॰ोग  ॰ब   तंप ौप्र ंवए ष�कृ ॰ 
व�वश्व� रगनतपं यलायद्  �म ासल�ौम ल �म  ात्राम �क करर्वउ एल� के ीभोगलफू तद�ापत्उ  धोश ।ायग ायक� एल� के नेरक नलकूुनअ ाक

 र्याक हस ायक्र�ुनअ लसफ ंवए ण��रप ादृम धबंंस   रासुनअ के मक्रर्याक �कीनकत के ानजोयर�प धोश तवन्िमस यीतराभ लख�अ रप  ायक�
ायग कग�ोयाप्र मे णरच लेहप ।   त्रे�  ोक नामस नीत  �यट्ट�प  �म मेनउ वंए रकटाब   द्धबीणशे्र  रकलाड ात्राम �क करर्वउ  ाथत  �राहातरर्वउ

 ाकक्म लसफ ( मस्क� – नचकं  )  रकागउ ोक  ादृम  �क  ातरर्वउ ातणवप्र   ोक  तस�कव� ायग ायक� । सौम लेगअ तर्ाथअ णरच यीतव�द्  म  �म
 ोक ीट्टप कयेत्प्र  42 रकटाब मे ोडंख ,  ीभोगलफू लसफ ण��रप ( मस्क� – लॉबोनस् - 61 ) ोक   मेसजि । ायग ायागउ  12 उ  नीत ंवए तर�ाचप
थे डंख तर�ाचपुनअ फए । ॰ ईाव ॰ मए ॰  रतस् नीत के (0,  01  ंवए 02  हे नट ॰-1),  रतस् राच के नजोट्रइान (0, 05 ,  001  ंवए 051  ाग्रक� ॰ 

हे नजोट्रइान ॰-1 ,)  सरोफस्ाफ   रतस् राच के (0, 03 ,  06  ंवए  09 ाग्रक� ॰  सरोफस्ाफ हे॰-1  )  ंवए  के मयश�टेोप   रतस् राच ( ,0  ,03   06  ंवए
 09 ाग्रक� ॰ हे शाटोप ॰-1  ) तस् ातरर्वउ नन्भ�व� के ीभोगलफू नयध्अ ाक �र  ायग ायक� रप । नाम ण��रप ादृम , णहग्रद्उ वत्त कषोप ,  लफू

 से जपउ �क लफू ��ल ंवए �नाम ण��रप ादृम येल� के ीभोगलफू से �ड़कआ नइ ।येग एक� रायैत ेड़कआ तूभलूम येल� के ीभोग  जपउ त
 ।ायग ायक� साकव� ाक �णरकीमस तर�ाधआ  गोयप्र मथप्र �म नजोयामस करर्वउ तस�कव�   एल� के नयध्अ के �णरकीमस 6102 -  71 �म 

 गोयप्र नपायत्स ( गोयप्र यीतव�द्  ) ायग ायक�  ।  ोज गोयप्र ारसीत क�  ाथ गोयप्र णरसनुअ कए , 6102 -  71  रप तखे के नासक� नारौद के
रापलोग ,  ीनावद्ल्ह �म क� ायग ाय  ।  

 कग�ोयाप्र  त्रे� �म नर्बाक वजै , नजोट्रइान तर्ष�कष्न� से टनेगमेरप मयश�टेोप य�रा� ,  नीसादउ यन्ामास वंए सरोफस्ाफ नेसल्ओ
 नाम रसर�प ाक मयश�टेोप तर्ष�कष्न� टटेस�ऐ मयन�ोमअ ःशमक्र  0. 84 -1.  53 तशत�प्र , 731 . 89 - 002 . 89  ाग्रक� ॰ हे॰-1, 10.51 - 21.22  

ाग्रक� ॰ हे॰-1  ंवए 99 . 86 - 563 .  21 ाग्रक� ॰ हे॰-1 ।ाथ यध्म के  क�ोज   कग�ोयाप्र  त्रे� �म नजोट्रइान धब्लपउ ,  ंवए सरोफस्ाफ ोप टे मयश�   के
 रतस् �म  ातनन्भ�व� ातर्ाशद  है  । ीभोगलफू �म गोयप्र सइ  �क   जपउ 05 .  00  से 6.  51 कु॰ हे॰-1  के यध्म    जपउ तसऔ ंवए 442 .  16 कु॰ हे॰-1 

 ।ीथ नजोट्रइान , ाफ  ंवए सरोफस्  मयश�टेोप र्णपू ाक  तसऔ  ःतंअ  णहग्र ःशमक्र  921 . 60 , 5.  98  ंवए 93 . 47  ाग्रक� ॰ हे॰-1 ाथ  लटंवक्ि कए ।
 एल� के नदापत्उ के रावादैप �क ीभोगलफू 0.  07 ाग्रक� ॰ नजोट्रइान , 0.  30 ाग्रक� ॰ ाफ  ंवए सरोफस् 0.  32 ाग्रक� ॰  मयश�टेोप  कषोप गोयप्र ाक

त ग ायाप कयश्वआ मे परू के �वत् ाय ।  

 �म ादृम ण��रप सइ नजोट्रइान , सरोफस्ाफ , मयश�टेोप   नादगोय ाक ःशमक्र   से ीट्टम� 33 . 02 , 31 .  48  ंवए 8.  31  तशत�प्र
 क�बज फए ॰ ईाव ॰ मए ॰  से 54 . 26 , 2.  91  ंवए 31 .  05 नजोट्रइान एग येाल मे गोयप्र ।ायग ायाप तशत�प्र ,  ंवए सरोफस्ाफ मयश�टेोप  

 कषोप से ोकरर्वउ �वत्त   गोयपउ के  �क ातम�  ःशमक्र  57 . 72 , 51 .  26  ंवए 45 .  86 तशत�प्र  वंए  फए रऔ करर्वउ ॰ ईाव ॰ मए ॰  तक्ुयंस के
नजोट्रइान से गोयप्र ,  ंवए सरोफस्ाफ मयश�टेोप   �क गोयपउ के ातम�  ःशमक्र  28 . 44 , 61 .  05  ंवए 55 .  36 ीयग ीयाप  ।  

जपउ लकु �क ीभोगलफू , ृम  ण��रप ाद �नाम , करर्वउ एग येाल मे गोयप्र , ृम ाद   ंवए �करर्वउ  फए वंए ायक्र�ुनअ �क ॰ ईाव ॰ मए ॰ 
 यध्म के  नमगत�प्र कांणुग  (R2)  कर्थास तयंत्अ (0. 138  ) ायग ायाप  ायक्र�ुनअ लसफ मतचच्उ ।  001 ाग्रक� ॰ नजोट्रइान ,  05 ाग्रक� ॰ 

 ंवए सरोफस्ाफ  001 ाग्रक� ॰  मयश�टेोप ईहु तप्ाप्र मे  । जपउ लफू   ीभ लफू  ीभोग  के  द्ध�ृव  कनाम ास थास के  से परू कर्थ  तध�ंबम्सहस  ीयाप
ीयग  । लफू  के ीभोग  ातत्वणुग सेजै कनाम लेाव  क�  नाम न�टोप्र , लम्अ कर्ब�ाकस्ए ,  ंवए लोनफे र्णपूंस  डइोनवेलेफ्  नन्भ�व� �राचपउ  �म 

से परू कर्थास   लोट्रकं एग येाप रतहबे से  ।  दाब के ईाटक �क लसफ नजोट्रइान धब्लपउ ,  ंवए सरोफस्ाफ  मयश�टेोप  के एल�   नलकआं
णरकीमस नामुनअ  एग एक� तस�कव�  �गोयप्र णरसुनअ ाथत नपायत्स । के  जपउ य�ल से माणर�प �लाणप्र , यन्ामास  �क त�तुस्ंस करर्वउ 

ा�पेअ   ठष्शे्र णरकीमस णरर्ाधन� करर्वउ एग एक� तस�कव� एल� के ीभोगलफू रप राधआ के �माणर�प ततुस्प्र ःतअ ।ईहु तप�ाथस् ,  नामस
 ादृम ीवयावलज व  के �यत�थस्िर�प य  गोयप्र नपायत्स एल� है तेकस ाज एक� गोयप्र ताचश्प के । 

 


