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ABSTRACT 
 

An experiment was conducted at instructional farm of I.G.K.V., Raipur (C.G.) 

during kharif season of 2018 to study “Calibration of soil test, fertilizer dose and crop 

yield with and without FYM for hybrid rice under SRI in Vertisol of Chhattisgarh 



 

 
 

plain”.)  with  the  objectives-  1.  Evaluating  response  of  the  hybrid  rice  to  added 

fertilizers (NPK) and FYM.  2.  Estimation of requirement of NPK by hybrid rice 3. 

Evaluation of efficiencies (soil test, fertilizer and FYM efficiencies) for hybrid rice in 

Vertisol, and 4. Derivation of “soil test based fertilizer prescription equation” for hybrid 

rice. A special field method – “Inductive cum targeted yield model”- for  soil test crop 

response study evolved by Ramamoorthy et al. (1967) was utilized in this experiment. 

“Re-enforced resolvable block design” was used for experiment. 

First of all, three equal sized vertical fertility strips (Replication) of low fertility 

(L0), medium fertility (L1) and high fertility (L2) level were created in the experimental 

field. All the strips were further divided into three equal parts (blocks) for 3 doses of 

FYM “0, 5 and 10 t ha
-1

”, hence total 9 blocks had been there in the experimental field. 

Each block was further divided into 08 equal plots. Total 24 treatment combinations 

comprise of four different doses of N with “0, 60, 120 and 180 kg ha
-1

”, P2O5 with “0, 

40, 80 and 120 kg ha
-1

” and K2O with “0, 40, 80 and 120 kg ha
-1

” were selected and 
 

given as fertilizer treatments. These 24 treatment combinations were again divided in to 

three groups of eight treatments (A, B and C) and applied in each strip. 

The hybrid rice (var. IRH-103) was taken as test crop. Soil samples taken before 

sowing were tested and uptakes of nutrients were estimated for the calculation of basic 

parameters. The hybrid rice yield in L0 fertility strip varied from 32 to 91.55 q ha
-1 

with 

an mean value of 68.31. Yield of rice in L1  strip was between 37 to 94 q ha
-1  

with 

average of 72.27 q ha
-1

, whereas the yield in L2  strip was between 41.20 to  93 q ha
-1 

with average of 75.18 q ha
-1

. For production of one quintal of hybrid rice the nutrient 

requirements  were  calculated  as  1.57  kg,  0.32  kg  and  1.71  kg  of  “N,  P  and  K“ 

respectively. The contribution  from “N, P and K fertilizers” (as percent efficiencies) 

were determined as 39.87, 30.53 and 94.53 percent respectively. In same way the 

contribution from soil were recorded as 32.66, 73.38 and 16.39 percent for “N, P and 

K” respectively. The contribution from FYM was calculated as 13.01, 5.43 and       

10.10 percent for “N, P and K” respectively. For SRI hybrid rice (IRH-103),     

equations for fertilizers adjustment were generated based on all above                      

basic parameters for achieving  a  definite  targeted  yield.  Based  on  the             

results  of  the study and developed fertilizer prescription equations  a  ready



reckoners chart were also prepared for the farmers point of view. 

Based on all above basic parameters following fertilizer prescription equations 

were derived for hybrid rice (var. IRH-103) in vertisol of Chhattisgarh plain. 
 

 
 

S.No Fertilizer prescription equations 

1. FN=3.93Y-0.82SN-0.33FYM 

2. FP2O5=1.03Y-1.03SP-0.18FYM 

3. FK2O=1.81Y-0.17SK-0.11FYM 

 

 

Here  

 

“FN, FP and FK” represents the fertilizer N, P2O5 and K2O (kg ha-1). 

“Y” represents crop yield. (q ha-1)

 

  “SN, SP and SK” represents the NPK values of  soil 

   test. (kg ha
-1

) 

   FYM represents “Farm Yard Manure “(t ha-1). 

 

The fertilizer adjustment equations derived and ready reckoners chart prepared 

are useful for the extension workers at field level and also soil testing laboratories can 

utilize it for the recommendation of fertilizers on the basis of “soil test results” and 

amount of FYM need to be incorporated in the field. 
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NŸkhlx<+ ds eSnkuh Hkkx dh aaadUgkj Hkwfe esa ,l-vkj-vkbZ fof/k esa ladj /kku ¼fdLe&vkbZ-vkj-,p- 103½ 

Qly gsrq larqfyr moZjd dk fu/kkZj.k djus ds fy, ba-xka-d`-fo-] jk;iqj ds vuqns'kd iz{ks= ij o"kZ 

2018 ds [kjhQ ekSle esa iz;ksx fd;k x;kA iz;ksx ds fuEufyf[kr mn~ns'; Fks % 1- /kku dh mit ij 

moZjd dh ek=k vkSj e`nk ijh{k.k Lrj ds izHkko dk v/;;u djuk 2- dUgkj Hkwfe esa ladj /kku ds fy, 

iks"kd rRoksa dh vko';drk dk vuqeku yxkuk 3- ladj /kku dh Qly ds fy, feV~Vh ijh{k.k moZjd 

vkSj xkscj [kkn dh n{krk dk vuqeku yxkuk 4- ladj /kku ds fy, e`nk iks"kd rRoksa ds Lrj ij 

larqfyr moZjd fu/kkZj.k lehdj.k fodflr djukA iz;ksx iz{ks= dks ,d o"kZ iwoZ rS;kj fd;s x;s moZjrk 

Lrjksa ds vk/kkj ij rhu ,d cjkcj yEch iV~Vh;ksa esa ckVk x;k RkFkk bUgsa L0, L1, L2 uke fn;s x;sA 

iz;ksx dh :i js[kk fj&buQkslZM fjtkYoscy CykWad ¼Re-inforced Resolvable Block Design½ esa 

xkscj dh [kkn dh rhu iV~Vh;ksa ¼0, 5 ,oa 10 Vu izfr gsDVs;j½ ds lkFk fd;k x;kA iz;ksx esa moZjd 

u=tu dh pkj ¼0, 60, 120 ,oa 180 fd-xzk-@gsDVs;j½ rFkk QkLQksjl ,oa iksVk'k ds pkj&pkj Lrjksa 

¼0, 40, 80, 120 fd-xzk-@gsDVs;j½ ds dqy 24 la;kstuksa ¼21$rhu daVªksy½ dk mipkj gsrq p;u dj 

izR;sd moZjrk Lrj iV~Vh;ksa esa v/;kjksfir fd;s x;sA  

   

  iz;ksx esa ladj /kku dh vkbZ-vkj-,p-&103 fdLedk ,l-vkj-vkbZ fof/k esa vkSlr 

mRiknu L0 iV~Vh esa 68.31] L1 IkV~Vh esa 72.27 rFkk L2 IkV~Vh esa 75.18 fDoaVy izfr gsDVs;j izkIr 

gqbZAiz;ksx ds ifj.kkeksa esa ladj /kku dh ,d fDoaVy mit ¼nkuk½ izkIr djus gsrq1-57 fd-xzk- u=tu]  

0-32 fd-xzk- QkLQksjl rFkk 1.71 fd-xzk-iksVk'k rRoks dh vko”;drk ikbZ xbZAiz;ksx esa e`nk ijh{k.k 

n{krk 32.66, 73.38, 16.39 izfr”kr dze”k% u=tu] LQwj ,oa iksVk'k gsrq izkIr gqbZAiz;ksx esa moZjd 

n{krk u=tu] QkLQksjl ,oa iksVk'k gsrq Øe'k% 39.87, 30.53 ,oa 94.53 izfr'kr ik;h xbZA iz;ksx esa 



dkcZfud L=ksr dh n{krk u=tu ds fy, 13.01 izfr'kr] QkLQksjl ds fy, 5.43 izfr'kr rFkk iksVk'k 

ds fy, 10.10 izfr'kr izkIr gqbZA  

mijksDr ewyHkwr ekinaMks ds vk/kkj ij NRrhlx<+ ds eSnkuh Hkkx dh dUgkj ènk esa ,l-vkj-

vkbZ fof/k esa ladj /kku ¼fdLe vkbZ-vkj-,p-&103½ dh Qly ds fy, fuEufyf[kr yf{kr mit moZjd 

lek;kstu lehdj.k fodflr fd;k x;k % 

 

 

Ø- moZjd lek;kstu lehdj.k 

1  FN = 3.93 Y –0.82 SN –0.33 FYM 

2  FP = 1.03 Y – 1.03 SP– 0.18 FYM 

3  FK= 1.81 Y – 0.17 SK– 0.11 FYM 

 

  tgka FN, FP ,oa FK fd-xzk- izfr gsDVs;j esa Øe'k% u=tu(N)]QkLQksjl (P2O5) 

,oa iksVk'k (K2O)moZjdksa dh ek=k gSA FYM Vu izfr gsDVs;j esa xkscj [kkn dh ek=k gSA SN, SP 

,oa SK fd-xzk- izfr gsDVs;j esa e`nk ijh{k.k ifj.kke gSAYfDoaVy izfr gsDVs;jesa Qly dh mit ek=k 

gSA  

   

d`f"k foLrkj vf/kdkfj;ksa ,oa e`nk ijh{kd iz;ksx'kkykvksa dh lqfo/kk ds fy, e`nk ijh{k.k ds 

vk/kkj ij ladj /kku dh yf{kr mit izkIr djus ds fy, u=tu] QkLQksjl ,oa iksVk'k moZjdksa dh 

ek=k ds x.kuk gsrq ,d Rofjr rkfydk ¼Ready Reckoner Chart½ Hkh rS;kj fd;k x;kA 

 

 

 

 

 

 



 
 
 

CHAPTER I 

INTRODUCTION 

Adequate and balanced supply is a pre requisite to optimum plant growth and 

realizing potential crop yield. The growth and the yield of crop depend upon the 

ability of soil fertility. Soil analysis, plant analysis and their interpretation using the 

critical level approach are some methods for assessing crop nutrient requirements 

which is the base for the fertilizer recommendations.  

 Plant nutrients are neither adequately available from soil reserves nor 

can they be procured in sufficient amount from alternative sources like organic 

manures, crop residues or bio-fertilizers. “Application of fertilizer nutrients by the 

farmer without information on soil fertility status and nutrient requirement by crop 

affect soil and crop adversely” (Ray and krishnaiah, 2000). “Use of right amount of 

fertilizer is fundamental for farm profitability and environmental protection” (Kimetu 

and Rouse, 2004).  In the era of precision agriculture, the concept of “Soil test based 

fertilizer recommendation” harmonizes the much debated approaches namely; 

“Fertilizing the soil” versus “Fertilizing the crop” ensures the real balance between 

the applied fertilizer nutrients among themselves and with the soil available nutrients. 

Among the various methods for  formulation of  fertilizer recommendations, the 

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

indicates soil test based fertilizer dose but also the level of yield in realizing the yield 

potential of high yielding varieties of cereals and vegetable crops. ”The most 

appropriate balanced and economic doses of fertilizer can be evolved on the basis of 

soil test and crop response studies”. (Berger, 1954)  

Considering the high cost of fertilizers and adverse effect of its over use on 

environmental and soil health, proper organic manure- fertilizer recommendations on 

the bases of soil test values, residual effect and yield targets becomes vital. At such 

point of time, unique “inductive cum targeted yield model” of Ramamoorthy et al. 

1



 
 
 

(1967) to develop proper manure- fertilizer prescription became very useful  (Santhi 

et al., 2010). Theory for formulation of optimum fertilizer recommendation for any 

targeted yield was first given by Troug (1960) which was further modified by 

Ramamoorthy et al. (1967) as “Inductive cum targeted yield model”. “Soil test crop 

response (STCR) studies help to generate fertilizer adjustment equations and 

calibration charts for recommending fertilizers on the basis of soil tests and achieving 

targeted yield of crops” (Singh and Biswas, 2000).  

Rice is the major food grain crop of Indian economy. India is the world's 2nd 

largest producer with approximately 43.2 m. ha planted area. In the year 2016-17 the 

production of rice in the country was 110.15 M.T. with an average productivity of 

25.5 q/ha (Pocket book of Agricultural statistics, 2017). In Chhattisgarh, rice crop 

occupies 4.05 million ha area and produce 8.79 million tons yield (2016-17). The 

productivity of rice in the state was 2.17 t/ha (Agricultural statistics, 2017) which is 

quite low in comparison of the national average. Area under hybrid rice is 

continuously increasing. Area under hybrid rice was 10,000 hectare in 1995 which 

drastically changed to one million hectare in 2006. Area under hybrid rice was over 

2.5 million hectares during 2014, which was about 5.6% of the total rice cultivated 

area in the country (Vadlamani,  2016). More than 80% of the total hybrid rice area is 

in Eastern Indian states like Uttar Pradesh, Jharkhand, Bihar, Chhattisgarh. 

(Viraktamath, 2012). Due to increasing area under hybrid rice and its high yield 

potential than other rice varieties, there is a strong need to study the calibration of soil 

test, fertilizer dose and crop yield for the balanced use of the fertilizer and yield 

maximization of  hybrid rice.  

System of Rice Intensification (SRI) method of rice production was developed 

in Madagascar in early eighties. This method showed that the yield of the rice crop 

can be significantly increased by growing the rice plants in a reduced plant density 

generally in 25x25 cm. This method includes cultivation of rice with higher amount 

of organic matter. The younger seedlings are planted singly with wider spacing in a 

square pattern and with the amount of irrigation which keeps the soil moist but not 
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inundated and frequent weeding which keeps the soil aerated. The seed rate in SRI 

method is 10-12 kg per hactare as compared to 100 kg per hectare in conventional 

method. The SRI method benefits plant by promoting higher root growth and higher 

amount of biological activity in the soil. The SRI method provides maximum and 

strong tillering. 

Farm yard manure is an excellent source for enhancing soil health and for 

providing nutrients up to some extent. FYM refers to the decomposed mixture of the 

cattle’s dung, urine, waste straw and other dairy wastages .The farm yard manures are 

bulky source of nutrients which generally contains 0.5% nitrogen, 0.2% phosphorus 

and 0.5% of potassium in it. The higher amount of FYM can lead to higher amount of 

organic matter and better phsico-chemical properties for soil for crop production. 

FYM also works as a slow release source of nutrients since it provides nutrients when 

it decomposes completely. 

Therefore, study of the soil test based fertilizer application and response of 

crop for achieving targeted yield of hybrid rice in SRI method to be of great 

importance. In view of the above facts the present experiment entitled “Calibration 

of soil test, fertilizer dose and crop yield with and without FYM for hybrid rice 

under SRI in Vertisol of Chhattisgarh plain“ will be carried out with the following 

objectives: 

 

OBJECTIVES:  

1. To study the crop response to added fertilizer NPK and FYM 

2. To estimate the NPK requirement for hybrid rice 

3. To evaluate the soil test, fertilizer and FYM efficiencies for hybrid rice in Vertisol 

4. To derive soil test based fertilizer prescription equation for hybrid rice 
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CHAPTER – II 

REVIEW OF LITERATURE 

The literature was relevant to the present investigation entitled "Calibration of 

the soil test, fertilizer dose and crop yield with and without FYM for hybrid rice 

under SRI in Vertisol of Chhattisgarh plains” have been reviewed under following 

head:-  

2.1 Regression model 

2.2 Establishment of rice by SRI method  

 2.3 Crop response to added fertilizer and FYM 

 2.4   Uptake and nutrient requirement of crop 

2.5 Nutrient use efficiency 

 2.6 Soil fertility status  

 2.7 Targeted yield approach 

Fertilizer is any material that is either of natural or synthetic origin (other than 

amendments) that is applied to soil or plant for providing nutrients. Fertilizers hold 

the key to enhance the growth of plants. Some fertilizers also enhance the 

effectiveness of the soil by enhancing water retention and aeration. Considering the 

higher costs of fertilizer and the low purchasing power of farmers the balanced use of 

fertilizer becomes essential. Integration of inorganic fertilizers with the organic one 

also helps farmers for achieving the balanced fertilizer doses.  The integrated use of 

nutrients not only provides the right amount of nutrients but also improves various 

soil properties. The most suitable, balanced and economic doses of fertilizer can be 

produced on the basis of soil test and crop response studies. In the soil testing we 

analyzed soil for various aspects which affects the crop production. Tisdale and peck 
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(1967) also expresses the importance of soil testing as “soil testing is as impotent to 

the art of crop production what the thermometer is to the medical profession”

 Kanwar (1971) stated that “Soil testing as the key weapon in the armory of 

soil Scientists".  

2.1 Regression model 

 Polynomial models of various degrees allow direct calculation of optimum 

application rate under certain conditions also the interaction of fertilizer nutrient and 

soil can be included hence it is quite useful to relate crop yield and fertilizer nutrients.  

Colwell (1967) has demonstrated superior fitness of information of fertilizer 

experiments to a quadratic or similar kind of response function. A general system has 

been depicted by Colwell and Tisdale (1968) for the estimation of fertilizer utilizing 

polynomial response function and emphasized on necessity that all factors which 

influence yield response to the fertilizer should be included to the calibration 

equation. They marked a statistical procedure for changing over soil test estimation of 

any site into a fertilizer recommendation. 

Ramamoorthy et al. (1974); Velayutham and Perumal (1976), Velayutham 

(1979) and Velayutham et al. (1985) have proposed a method for establishment of 

relationship between soil test values, added fertilizer dose and crop yields by using 

“multip\le regression equations” using the quadratic model as given below. 

Y = A± b1SN ± b2SN2 ± b3SP ± b4SP
2
 ± b5SK ± b6SK

2
 ± b7FN ± b8FN

2
 ± B9FP ±     

b10FP
2
 ± b11FK ± b12FK

2 
± b13SNFN ± b14 SPFP ± b15 SKFK. 

Where, Y represents crop yield, A represents intercept, b1 to b15 are regression 

coefficient and S and F represents available soil and fertilizer nutrients, respectively. 

Crop response from added nutrients is expressed by various mathematical 

models. To relate soil nutrient levels to crop growth, mathematical expressions such 

as quadratic, exponential and straight lines are used. Immobile nutrients for example, 

P, K, Ca and Mg that are consumed by soil hence consequently diffuse, migrate and 

move at such moderate rate that the root tip penetrate the soil. Such supplement can 
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usually be related with development through either the quadratic or exponential 

equation. Mobile nutrients, for example, nitrates and borates  are most certainly not 

adsorbed by the soil and can diffuse, relocate and move in and out of soil with water 

at  quicker rates are more often related to plant development through straight line 

function (Melsted and Peck, 1977). 

Sharma and Singh (2005) conducted field experiment at Haplustept of Delhi 

on two varieties of wheat. The experimental results were statistically analyzed for 

multiple regressions. They have taken wheat grain yield as dependent variable and 

soil available nutrient (N, P and K) fertilizer nutrients and interactions between 

fertilizer nutrients and soil as independent variables. Highly significant R
2
values of 

0.88 and 0.91 for multiple regression equations were obtained. 

Srivastava et al. (2017) carried out the calibration of multiple regression 

equation, the relationship of rice yields with different nutrients working as 

independent variables were derived by using regression analysis for rice in the Kharif 

season of 2008 and 2009 for evaluating the contribution of soil tests for modifying 

the crop response to added fertilizer nutrients. Results indicate that the larger part of 

variation for hybrid rice grain yield was accounted by N alone. However, its quadratic 

term gave better fit into the data as evidence from the higher R
2
 value (0.80) with 

curvilinear equation in both the seasons. High response of hybrid rice was found 

because of the high N requirement and being a mobile nature of this element, it is 

available to the plant in the root system sorption zone. 

 

2.2 Establishment of rice under SRI method 

Many countries have been practicing the System of Rice Intensification (SRI) 

technique. In India, it is also becoming popular among farmers. The SRI method was 

developed by Henri De Laulanie (1983) after working for over two decades on the 

rice crop. By his observation and experimentation, he showed that rice crop gives 

better agronomic and economic results with moist soil which is not continuously 
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saturated. The SRI method needs a high application of organic matter in the field. SRI 

methodology deals with the rice production in irrigated condition, according to local 

conditions that change the nutrients, soil and water management practices. In the SRI 

method, 10-12 days old rice seedlings are transplanted used and only one seedling 

transplanted per hill was  in a square pattern with a recommended spacing of 25 x 25 

cm. The SRI method saves water by 20-25 %, saves labor wages up to 14%, and 

increases crop productivity by 20-45% and seedling savings by 70-80 %. In the SRI 

method takes up to 10 days less duration for maturity as compared to other methods. 

The grain weight is higher in the SRI method with less chaffy grains (Kumar et al. 

2015) 

 SRI is a well-planned rice planting method that generally needs a lesser 

amount of land, labor and water resources and also protects soil and groundwater 

from chemicals. Lin et al., (2006) concluded that the use of SRI method in rice can 

lead to superior phenotype and agronomic practices for a wide range of rice 

genotypes.  

Krishna et al. (2008) evaluated the influence of SRI method on yield and 

quality of rice (variety- BPT-5204) in Agricultural Research Station, Sirsi, Karnataka 

during kharif 2004-05.The treatment combinations with SRI method showed more 

number of productive tillers. SRI method produced significantly higher (3.99 t ha
-1

) 

yield over traditional method (3.45 t ha
-1

). The percent increase in yield per hectare 

under SRI method was 15.65 over traditional method. 

Malwath (2008) field trial was conducted in kharif 2005 and 2006 to compare 

the System of Rice Intensification (SRI) method over to Conventional method of 

planting of rice. The results revealed that highest grain yield 6735 and 6125 kg ha
-1

 

was recorded with green manuring and FYM under SRI method of planting, 

respectively as compared to conventional method (6467 and 6053 kg ha
-1

 yield) 

during both the years.  

Verma et al. (2014) concluded that SRI method with some manipulations (10 

days aged seedlings + 100% nutrients through inorganic or 50% through organic + 
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50% through inorganic + irrigation as per SRI) contributed  13.52% higher grain 

yield (7.52 t ha
-1

) and 16.80% higher net income over recommended practices of 

hybrid rice. 

Kumar (2015) carried out a trial at Agricultural Research Station, 

Thirupathisaram, Tamil Nadu during kharif and rabi of 2011-12 to examine the 

different methods of cultivation on growth and yield of rice. The treatment structure 

includes wet seeding, drum seeding, arbitrary transplanting, line planting, SRI square 

planting and SRI machine planting. Among the diverse development techniques, SRI 

altogether impacted the development and yield characters and yield was comparable 

to SRI square planting. The greatest plant tallness, number of tillers per hill, LAI, dry 

matter production, number of panicles m
-2

, and number of grains panicle
-1

, panicle 

length, grain yield, straw yield, net return and return per rupee were recorded under 

SRI machine planting . 

Bhavya and Kumar (2016) conducted a field experiment in kharif season of 

2015 on sandy loam soil of Bihar to compare the performance of SRI method of 

plantation and by other conventional method of rice establishment under the STCR 

approaches. The STCR approach recorded the grain yield 8314 kg ha
-1

 whereas 

method of establishment by SRI with STCR approach achieved higher grain yield of 

8348 kg ha
-1

. 

Hidayati and Anas (2016) worked on rice crop in Indonesia for the effect of 

the SRI method on the rooting pattern of the rice crop and reported that the plant 

roots were significantly longer and heavier under the System of rice intensifications 

compared to the conventional method which increased the water and nutrient uptake 

and indirectly increased the yield of crop.SRI method also showed characteristics 

such as a higher number of root hairs (60% more) healthier root and more vigorous 

roots.  

Shukla et al. (2016) revealed that in one bunch of paddy panicles(var.Kranti)  

in the SRI method of paddy there were 3500-3700 grains while in the traditional 

technique just 2400-2600 grains were gained.  
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Nahar et al. (2018) conducted an experiment and found that the highest grain 

yield of 4.49 t ha
-1 

was recorded with the SRI method along with BRRI recommended 

fertilizer doses.  

Chandankutte et al. (2018) carried out an experiment in Agriculture Research 

Farm (B.H.U.) to evaluate various rice establishment methods and INM practices on 

nutrient parameters and quality attributes of rice. The results of the experiment 

showed that the maximum nutrient uptake ( 97.56 kg ha
-1

 N, 15.58 kg ha
-1 

P and 

113.24 kg ha
-1 

K), Highest yield and better quality parameters viz. protein content in 

grain (9.04 %) was found under SRI method of transplanting as compared to another 

method of transplanting .  

Mittal et al. (2018) conducted a field experiment and revealed that in SRI 

method soil test-crop response based fertilizer application treatment performed 

excellently as compared to all other approaches of fertilizer application in terms of 

net returns and benefit-cost ratio. However, the STCR approach was satisfactory up 

to yield target of 4.0 mt ha 
-1

 

Kangile et al. (2018) carried out a field experiment to validate the SRI method 

for small farm holders in Tanzania. Farmers used the SRI method for rice cultivation 

and resulted that the highest yield of 9.1 t/ha was found by TXD 88 variety whereas 

the lowest yield was received by SUPA variety (6.2 t/ha). It indicates that the SRI 

method leads to higher yield. Also, all the other varieties grown under SRI method 

performed well. 

Choudhary and Suri  (2018) worked on short duration rice hybrids sown under 

the SRI method. He worked in rice crop from 2007-12 and also conducted 10 multi-

location trials .the results showed the higher productivity, as well as higher resources, 

use efficiency was received by rice hybrids as compared to high yielding verities both 

under conventional and SRI transplantation method. The rice hybrid Arize-6129 

showed wider adaptability for conventional transplanting and SRI under varying bio-
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physical regimes. Arize-6129 rice-hybrid under SRI yielded 6.75–6.88, 7.00–7.86, 

and 7.58-8.32 t ha
-1

 grains in rainfed medium-fertility, irrigated medium-fertility and 

irrigated high-fertility situations respectively. The net income return was 29.4% 

higher in the SRI method as compared to the conventional transplanting method.  

Potkile et al. (2018) conducted an experiment in the College of Agriculture, 

Nagpur for the effect of various planting methods on rice crop. The results revealed 

that the rice crop under the SRI method had higher grain yield (27.96 q ha
-1

) and 

higher straw yield (42.93 q ha
-1

) as compared to other planting methods. Highest B:C 

ratio of 4.01 was also recorded with the planting method SRI transplanting at 25 cm x 

25 cm which was followed by SRI transplanting at 20 cm x 20 cm.  

 

2.3 Crop response to added fertilizer and FYM 

The addition of fertilizer and FYM holds the key for the higher yield. The 

response of the crop to added fertilizer and FYM is affected by various factors such 

as inherent soil nutrient status, the type of soil as well as crop verities. The existing 

level of some of the nutrients such as Nitrogen, phosphorus and zinc levels are low in 

Indian soil. The level of one nutrient significantly affects the level of other nutrients 

also. The inorganic and organic sources of nutrients together are beneficial in most of 

the conditions. 

Gill et al. (2012) studied the influence of “integrated nutrient management” 

(INM) in basmati rice and found that the highest grain yield (34.9 q ha
-1

) was 

obtained with combined application of FYM (15tons) with 50 % of recommended 

nitrogen dose (100kg). 

Singh et al. (2013) evaluated the effect of N, P, K levels ,FYM  on growth and 

yield of rice crop (HUBR 2-1) and concluded that integration of moderate NPK levels 

100 % of RDF (120:60:60 Kg NPK) with FYM (5 ton ha
-1

) has given good net return 

(Rs.30,289 ha
-1

) as well as benefit-cost ratio(1.27). 
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Reddy et al. (2017) studied the effect of applied FYM on the yield of the rice 

crop and on the cracking pattern of the soil and found that the yield of the rice crop 

significantly increased with higher FYM doses. The grain yield (4.86 t ha
-1

) and straw 

yield (6.41 t ha
-1

) was recorded high when 10 tons FYM was applied. Also, no. of 

cracks was less in the treatment with 10 tons of FYM dose as compared to no FYM.  

Verma and Kaur (2016) conducted a field experiment to evaluate the effect of 

nitrogen level alone with farmyard manure, phosphorus (p) and potassium (k) on 

grain yield of rice and wheat crop. The results showed that the treatment receiving 

nitrogen along with the FYM produce a maximum grain yield 73.4 q/ha in rice and 

72.1 q/ha in wheat.  

Dash et al. (2017) evaluated various combinations of inorganic and organic 

sources of nitrogen on rice crop planted under SRI method. The results indicated that 

among the different treatments, the combined application of organic and inorganic 

sources of nitrogen showed a significant influence on the growth and yield of hybrid 

rice grown under SRI. Application of 100% RDF ( 100:50:50 kg NPK) recorded the 

highest plant height but the maximum number of tillers m-
2
, leaf area index (LAI) and 

dry matter accumulation (DMA) were observed under 75% RDFN + 25% N through 

vermicompost and were comparable with 75% RDFN + 25% N through FYM. 

Mitran and Mani (2017) studied the effect of various combinations of organic 

and inorganic sources of nutrients on rice crop and resulted in the application of 

nitrogen, phosphorus, potassium and its combination with FYM, PS, and green 

manuring increased the grain yield of rice. All plots treated with organic amendments 

showed better uptake as well as the use efficiency of applied phosphorus. The 

positive yield trend of rice was maintained due to buildup of P from various organic 

inputs. 

Anning et al. (2018) studied the effect of various nitrogen sources combined 

with different soil management practices and results revealed that an integrated dose 
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of urea and compost fertilizer with alternate wetting and drying of the field produced 

higher grain yield (5.3 t ha
-1

) and N use efficiency (40%).  

 

2.4 Uptake and nutrient requirement by crop 

Nutrients are essential for plants to complete their life cycle and scarcity of 

any essential nutrient inhibits the plant growth stimulates slow growth or cell death. 

Plant needs some of the nutrients (macronutrients) is larger quantity while some of 

the nutrients are required in smaller quantity (micronutrients).    

Krishnakumar et al. (2005) worked for the optimization of NPK requirements 

for hybrid rice and found that the application of NPK in the ratio of 150:75:50 kg ha
-1

 

resulted highest grain yield for hybrid rice whereas the fertilizer treatment of 

150:50:50 kg ha
-1 

NPK registered the higher total phosphorus and potassium uptake. 

NPK doses of 200:75:75, 200:10:100, 200:50:75 kg ha
-1

 gave higher soil available 

NPK after harvesting of hybrid rice in soils. 

Srinivasan and Angayankanni (2008) worked on STCR rice (ADT-36) at 

Annamalainagar and revealed that in rice The percent contribution of K from FYM 

was 28.79% . the FK2O requirement to get a yield target of 70 q ha
-1

 of rice was 135 

kg ha
-1

 with fertilizer alone, whereas the FK2O requirement reduced to 110 kg ha
-1

 

with fertilizer + FYM . 

Mete (2010) conducted field experiment in rice - yellow sarson cropping 

system to estimate the fertilizer requirement for specific yield targets in old alluvial 

zone of West Bengal and reported nutrient requirement of 20.14 kg N, 17.32 kg P2O5 

and 11.90 kg K2O for one tonne production of rice. 

Prasad et al. (2011) evaluated that the most extreme uptake of NPK was seen 

at the point when half N was substituted by FYM in maize (114.6, 23.9 and 125.5 kg 

ha
-1

), wheat (99.7, 18.1 and 89.8 kg ha-1) and maize-wheat framework (214.3, 42.0 

and 215.3 kg ha
-1

), individually which was seen to perform similar with 50% N 

through FYM+50% through RDF and 100% NPK in both the crops and furthermore 

discovered that the NPK take-up by maize, wheat and in complete cropping system 
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increased with increase in dose of fertilizer. Substitution of half N by FYM displayed 

better reaction in supplement take-up over chemical fertilizer because of the constant 

supply of supplements all through the developing period of crops. (Laxminarayana, 

2006). 

Regar and Singh (2014) worked on the rice crop (var.Saryau-52) under soil 

test-crop response correlation in Varanasi and reported that the nutrient requirement 

of N, P2O5, and K2O for the production of one quintal of rice yield was found to be 

2.56 kg, 0.56 kg, 2.21 kg respectively. 

Ahmed et al. (2015) worked on autumn rice (var. Pusa 2-21) under soil test-

crop response in 2011-12 under integrated plant nutrition system and reported that 

The nutrient requirement (NR) for producing one quintal of autumn rice was found to 

be 2.40 kg, 0.84 kg and 2.25 kg of N, P2O5 and K2O, respectively. 

Sahu et al. (2017) worked on “soil test-crop response” rice-wheat cropping 

system on vertisol at IGKV Raipur under integrated plant nutrient system. Based on 

the experiment she reported that the nutrient requirement for producing one quintal of 

rice grain (var. Swarna) was 1.54 kg of N, 0.29 kg of P2O5 and 1.72 kg of K2O and 

that for wheat was 1.94 kg N, 0.53 kg P2O5 and 1.94 kg K2O. 

Srivastava et al. (2017) conducted a field experiment on rice crop (var. Indira 

Sona) in vertisol of Chhattisgarh plains and resulted that rice crop required 1.52 kg N, 

0.38 kg P2O5 and 2.03 kg K2O to produce one quintal of grain yield. 

` Verma et al. (2017) found that the average nutrient requirement for the 

production of one quintal of mustard was 5.22 kg N, 0.99 kg P2O5 and 4.25 kg K2O. 

Mittal et al. (2018) conducted an experiment on rice (var.HPR-2612) in 

palampur (H.P.) in Alfisols and observed that the “soil test crop response (STCR) 

approach based fertilizer application” significantly increased the available nitrogen 

(N), phosphorus (P) and potassium (K) status in the soil as compared to all the other 

approaches of fertilizer recommendations. In SRI method at 50% flowering stage the 

available NPK content was highest in STCR based yield target of 5 t ha
-1 

(370 kg 

 ha
-1  

N, 38.3 kg ha
-1

 P, 147 kg ha
-1 

K). 
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Kumar et al. (2018) reported that the grain yield in rice was higher with 

STCR equation based fertilizer application as compared to Farmers’ practice 

(Imbalanced fertilization 250:155:133 kg ha
-1

) and Recommended package of 

practices (100:50:50 kg ha
-1

). 

Beena et al. (2018) studied the STCR based targeted yield model on chilly in 

Vertisol of kerela and evaluated that 11.85, 0.60 and 14.03 kg of N, P2O5 and K2O 

respectively were required for producing one-tonne fruit yield of chili. 

Kashyap et al. (2018) worked on soil test-crop response in hybrid rice (c.v. 

US-382) and reported that for producing 1 quintal of grain yield 2.00 kg N, 0.31 kg 

P2O5 and 2.35 kg K2O was required.  

 

2.5 Nutrient use efficiency  

Many agricultural field soils are deficient in some of the essential nutrients 

needed for plant growth. The soil works as a source of nutrients for plants other than 

that the fertilizers and amendments are given to the soil also adds to nutrient 

availability. The efficiency of the given source of the nutrient is also an important 

prospect since it has been estimated that the applied fertilizers have an efficiency of 

50% or less for N, Less than 10% for P and about 40% for K.   

 Srinivasan and Angayankanni (2008) studied the contribution of potassium 

from various sources of nutrients in rice (var. ADT-36) in Annamalainagar and found 

that contribution from the soil, contribution from fertilizer and contribution from 

FYM was 10.67, 54.05 and 28.79 percent respectively for potassium. 

Regar and Singh (2014) evaluated that the nutrient contribution for rice (var. 

Saryau-52) at B.H.U. Varanasi from the soil was 26.35, 51.17 and 26.14 of N, P and 

K nutrients. Contribution from fertilizer and FYM were 54.03, 36.35, 75.38 and 

18.59, 3.10, 8.56 of N, P and K nutrients.  

Parihar et al. (2015) worked on STCR based integrated plant nutrient system 

for targeted yield concept in maize and resulted that in all the four locations where the 

experiment was conducted the percent achievement of the target yield was under +/- 
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10% variation and proved the validity of the STCR equation for fertilizer prescription 

in maize. 

Verma et al. (2017) worked on mustard crop at B.H.U. Varanasi and reported 

that the percent contribution of soil nitrogen, phosphorus, and potassium were 23.94, 

70.45 and 22.14%.  The percent contribution from applied fertilizer was 42.53, 21.44 

and 90.52 percent of nitrogen, phosphorus, and potassium respectively. 

Srivastava et al. (2017) conducted an experiment on integrated nutrient 

management in rice crop in vertisols of Chhattisgarh plains and estimated that  

Fertilizer and soil test efficiencies 27.75, 24.60 and 87.15 percent and 25.60, 66.35 

and 15.85 percent respectively for NPK. The efficiency of FYM in terms of available 

nutrient was evaluated as 13.85, 7.10 and 11.05 percent respectively. 

Sahu et al. (2017) carried out an experiment on SRI rice in vertisol of 

Chhattisgarh plains and found that the contribution of soil in percent was 33.64% N, 

81.86% P, and 16.87% K for rice and soil’s contribution for wheat was 9.96% N, 

45.50% P, and 4.87% K. 

Sahu et al. (2017) studied the efficiency of various sources of nutrients for 

calibration of “Soil Test Based Balance Fertilizer Doses” with FYM for Wheat and 

reported that the efficiency of fertilizers for N, P and K was estimated as 34.4, 22.0 

and 72.1 percent respectively. The soil test efficiency for high-density wheat crop 

was observed as 13.08% N, 65.02% P, and 7.98% for K. The farmyard manures 

efficiency was found to be 13.7% N, 5.6% P and 8% for K. The contributions of 

fertilizer towards crop response were 39.55% N, 28.22 % P and 97.87 % K for rice 

and 29.49% N, 20.44 % P, 61.57% K for wheat. The farmyard manures contribution 

was 23.30 % N, 7.69 % P and 10.73 % K for rice and 10.26% N, 5.50 % P, 4.39% K 

for wheat. 

Raghuveer et al. (2017) studied the effect of fertilizers applications and soil 

test values on yield and nutrient status of garlic crop and revealed that the nutrient 

usage effectiveness of N, P and K from soil source was discovered 12, 66 and 26 
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percent separately while the percent usage of essential fertilizers given through 

fertilizers was found 41, 36 and 51 percent for N, P and K, individually. 

Beena et al. (2018) studied the contribution of various sources of nutrients 

and resulted that the percent contribution of P2O5 (11.19 kg ha
-1

) from soil was 

relatively higher while the percent contribution of N was higher from fertilizer source 

(152 kg ha-1) and FYM (15.59 kg ha
-1

). 

 

2.6 Soil fertility status 

The expansion inaccessible potassium content in the treatment STCR 

approach may be because of the higher amount of potassium applied. Comparable 

outcomes were accounted for by Jagadeeswari and Kumaraswamy (2000).  

Verma et al. (2002) found that “prescription based fertilizer recommendations 

for the yield targets” could be incorporated with extra 5 t FYM ha
-1

, would not just 

increment rice, maize and wheat yields by 4.2 to 5.7 q ha
-1

 yet additionally develop 

soil richness regarding accessible N, P2O5 and K2O and DTPA extractable 

micronutrients.  

Subehia et al. (2005) detailed that the expansion of FYM or lime alongside 

organic fertilizers, not only continued higher harvest yields, yet additionally 

improved the soil quality too. Imbalanced utilization of inorganic fertilizers then 

again decreased the crop profitability and disintegrated the soil wellbeing as far as 

expanded soil acidity and high P adsorption. The ceaseless utilization of chemical 

fertilizers diminished the soil pH altogether in every one of the treatments with the 

exception of in the lime-treated plots. Nitrogen alone (urea) had the most malicious 

impact on soil pH. The organic carbon substance of the test plots expanded, because 

of continuous farming. Among the accessible N, P and K, just P demonstrated a 

noteworthy develop over the initial level, aside from treatment wherein it was not 

included.  
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Dalal and Nandkar (2011) worked on cotton crop in dark soil to research the 

impact of different dimensions of NPK on the plant stature, number of branches and 

on the seed yield. NPK application from 20:10:10 kg ha
-1,

 logically and altogether 

improved the seed yield. The greatest seed yield was with the utilization of 50:40:25 

kg NPK ha-1, while the NPK application at the rate of 60:50:30 and 70:50:35 kg 

NPK ha
-1

, gets decline in Yield of supply (NPK), resulting into a decent seed yield of 

Brassica juncea (var. Pusa bold). 

2.7 Targeted yield approach 

The soil testing program can be used to get an idea about nutrient supplying 

power of soils, crop response to added nutrients and amendments needs. Soil test 

calibration that is intended to establish a relationship between the levels of soil 

nutrient determined in the laboratory and crop response to fertilizers in the field 

permits balanced fertilization through the right kind and amount of fertilizers. The 

most important basic data required for formulating fertilizers recommendations for 

targeted yield are:- 

i. The nutrient requirement in kg q
-1 

of produce, grain or other economic 

produce. 

ii. The percent contribution from the soil available nutrients. 

iii. The percent contribution from the applied fertilizer nutrients. 

 

. Bera et al. (2006) carried out a “soil test-crop response correlation studies” 

and validity of the yield target of 7 and 8 tons per hectare was tested in farmer’s fields 

and the variation in yield target was less than 10 %. The percent achievement of the 

targets aimed at a different level was more than 90% which showed that soil test 

based fertilizer recommendations approach was economically viable with relative 

uniform cropping practices and socio-economic conditions.  
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Chaubey et al. (2015) studied the effect of STCR technology for target yield 

approach on rice in Bhatapara (C.G.) The demonstrated STCR technology was able to 

increase the yield of hybrid rice & improved rice over the framers practice 11.7 and 

13.9 percent, respectively. The value of net returns from demonstrated STCR 

technology was observed to be Rs. 48579 & Rs. 35117 in comparison to farmers 

practice i.e. Rs. 42080 & Rs. 18080, respectively for hybrid rice & improved rice. 

The Benefit-Cost ratios of STCR technology and farmers practice were 3.67 & 3.35 

and 3.38 & 2.27, respectively for hybrid rice & improved rice. 

Tegegnework et al. (2015) worked on the response of soil test-crop response 

(STCR) based  approach on yield and quality of rice the results revealed that the 

targeted yield approach had higher head diameter, 100 seed weight, no of filled seed 

head, seed filling percent, seed yield ha
-1

,over yield ha
-1

, oil content, and oil yield. 

Also, a higher benefit-cost ratio was observed. Hence he concluded that the STCR 

approach had positive quantitative and qualitative traits of sunflower. 

Sellamuthu et al.(2016) conducted a “soil test and target yield based balanced 

fertilizer prescription” for rainfed maize and the extent of saving of inorganic 

fertilizers for rainfed maize was evaluated using the fertilizer prescription equation 

under IPNS with application of FYM @ 12.5 t ha
-1

 was 22, 17 and 20 kg of fertilizer 

N, P and K respectively. 

Das et al. (2016) conducted field trials on autumn rice- winter rice crop 

sequence and results revealed that treatment based on targeted yield precision model 

with and without “integrated plant nutrient supply”(IPNS) component ensured higher 

grain yield and additional net profits over farmers practice and conventional fertilizer 

recommendations. 

Basavaraja et al. (2016)  worked on inductive cum targeted yield model to 

quantify the fertilizer requirement for puddled rice crop based on soil test-crop 

response correlations studies and the results revealed that the grain yield received was 
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significantly higher (65.73 q ha
-1

) in STCR integrated approach with 75 q ha
-1

 target. 

The results suggest that targeted yield equation developed under puddle condition can 

be well adopted  for both wetland and aerobic conditions of Karnataka. 

Rajput et al. (2016) studied the effect of soil test based long term fertilization 

targeted yield approach on various aspects of rice crop in vertisols of central India 

and concluded that the balanced fertilization based on soil test targeted yield 

approach performed better over the general recommended dose of fertilizer. The 

STCR based recommendations significantly enhanced the soil organic carbon, 

available NPK and also the microbial activity. 

Pacharne et al., (2016) completed a field experiment at Rahuri, Maharashtra 

in groundnut crop under 4 nutrient management practices viz. recommended dose of 

fertilizer (RDF), fertilizer dose as per soil test, fertilizer dose as per soil-test crop 

response (STCR) equations and control (main-plots). The yield target of 2.5 t ha
-1

 

was accomplished in the rainy season (kharif) groundnut by utilization of fertilizer 

according to STCR condition with under 10% variety (−5.8%). At the finish of the 2 

years cropping cycles, use of fertilizers according to STCR condition (2.5 t ha
-1

) to 

kharif groundnut, trailed by 75% RDF (75, 37.5, 37.5 N, P2O5, K2O kg/ha) to onion 

during the winter (rabi) season found most gainful recommendation to accomplish 

the greatest yield and fiscal advantages in groundnut-rabi onion editing framework. 

 Madhavi et al. (2017) studied the STCR approach for targeted yield and an 

experiment was carried out to validate the STCR equation developed for Bt cotton 

and concluded that for target yield of 30 q ha
-1

 with chemical fertilizers the yield 

obtained was 30.03 with STCR approach which was higher as compared to farmers 

practices of 27.71 q ha
-1

 . Also, a higher benefit-cost ratio was achieved with the 

targeted yield approach as compared to farmers practice. 
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Kumar et al. (2018) worked on “soil test based nutrient management” of rice in 

Baloda bazar. The STCR equation based application of fertilizer with a target yield of 

50 q/ha. Performed better than farmer’s practices and recommended dose also. These 

results clearly indicated that the application of fertilizers to crops based on soil test 

values and the target yield approach was effective in getting the higher yield.  

 Choudhary et al. (2019) conducted a field experiment to evaluate the effect of 

STCR- based manures and fertilizer doses for the targeted yield approach on the 

growth and yield of rice and also in various chemical properties of soil. The results 

revealed that the highest yield was found with a target yield of 60 q ha
-1 

with 5 t FYM 

doses and also the chemical properties such as available nitrogen, phosphorus, and 

potassium were found higher in targeted yield approach based nutrient doses. Hence 

it can be said that the integrated use of NPK+FYM based on STCR approach gives 

higher yield and also sustains the soil fertility. 

 

  

20



 
 
 

CHAPTER – III 

MATERIALS AND METHODS 

 

This chapter deals all the materials and methods used during the investigation under the 

following sub heads:  

3.1 Experimental site 

3.2 Soil Characteristics of experimental field 

3.3 Experimental details 

3.4 Treatment details 

3.5 Technical program of work 

 3.5.1 Field preparation 

 3.5.2 method of transplanting 

3.6 Soil analysis for nutrient status of experimental plots 

3.7 Observations recorded 

 3.7.1 Plant Growth parameters 

 3.7.2Yield  attributing parameters  

3.8 Plant analysis for uptake study 

3.9FYM analysis for uptake study 

3.10 calculation of basic parameters  

3.11 Interpretations of soil test in terms of quantity of fertilizer 

3.12 Statistical analysis 

 

3.1Experimental site 

Field experiment was carried out at research farm of I.G.K.V., Raipur during 

Kharif season of 2018 for soil test crop response correlation study with application of 

different combination of N, P, K nutrients and FYM in order to evolve “Calibration 

of soil test, fertilizer dose and crop yield with and without FYM for hybrid rice under 

SRI in Vertisol of Chhattisgarh plains”. 
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3.1.1Geographical situation 

Trial site is situated at research farm of I.G.K.V., Raipur in Raipur city which 

is belongs eastern part of Chhattisgarh state and lies at 21O16" N scope and 81
o
 36" E 

longitudes with altitude of 298.56 meter over the mean ocean level. 

 

3.2 Soil Characteristics of experimental field 

The experimental field’s soil belongs to the vertisol order of soil which is 

identified as Arang 2 series. Soil is represented as typical fine montmorillonitic, 

hyperthermic, udic chromustert. The soil is locally recognized as kanhar. The soil is 

clayey in texture ,dark brown to black in colour ,neutral to alkaline in reaction due to 

presence of lime in lower horizon. The soil structure varies from course angular 

blocky to massive and cloddy and in few cases from prismatic or columnar. The soil 

samples (0-15 cm) were gathered from the trial site before the initiation  (Kharif 

2018) of the investigation and its fertility richness status was evaluated. Some 

physico-chemical properties of the exploratory soil are given in the table no. 3.2.1. 

 

3.2.1 Climate and Weather condition 

The area comes under sub humid condition. The normal yearly precipitation 

of the zone is 1400-1600mm. The more noteworthy measure of precipitation happens 

among June and September month which is main rice developing season. The most 

hottest and coolest month are May and December, respectively. The detailed weekly 

meteorological information recorded from meteorological observatory during the 

yields time frame is given as below. 
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Table 3.1.2 Initial physico-chemical properties of experimental soil 

S. No. Properties Value 

1 pH (1:2.5)   7.7 

2 EC (dS m
-1

) 0.2 

3 Organic C (g kg
-1

) 5.6 

4 CEC [C mol (p+ ) kg
-1

 ] 36.11 

5 Alkaline KMnO4-N (kg ha
-1)

 221 

6 Olsen’s P (kg ha-1) 19.3 

7 Neutral Normal NH4OAc. Extractable -K (kg ha
-1

) 496 

8 Mechanical analysis  

 Sand (%) 24 

 Silt (%) 23 

 Clay (%) 53 

9 Textural class  Clayey 

 

3.3: Experimental details  

The field is splitted in three equal sized vertical strips and is represented as L0 

(low fertility strip), L1 (medium fertility strip) and L2 (high fertility strip). Before 

experiment the graded doses of N, P and K fertilizers are given in the field for 

creating an fertility gradient and for getting the needed variation in soil fertility in 

different strips. By applying 0-0-0, 100-75-50 and 200-150-100, kg ha
-1

 of N, P2O5 

and K2O in L0, L1 and L2 the soil fertility variation is created according to N, P and K 

levels in strip. Different sources of N, P and K such as urea, DAP, and muriate of 

potash were used. In fertility strips ranges of soil fertility were created which were 

evaluated in terms of variations in yields and soil test values. 

After creating three equal long fertility strips, each strip (or replication) were 

further divided  into three equal parts for three levels of FYM  (0, 5 and 10 t ha
-1

) and 

was regarded as block. So that there was each strip have three blocks. The three strips 

on each level of FYM were the three blocks and hence total 9 blocks has been there in 

the experimental field. Each block was further divided into 08 equal plots. There were 

total 72 plots in the experiment. 

 Total 24 treatment combinations of various of doses of N, P and K fertilizers 

(21 combinations + 03 control) were selected for the application in each fertility strip. 
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All three blocks in each strip were introduced in a re-inforced ressolvable block 

design such that the 24 selected treatment combinations were divided in to three 

groups (A, B and C) of eight treatments (seven combinations and one control) and 

applied. 

 

Table 3.3.1: Experimental details. 

Soil Vertisol 

Crop Hybrid Rice 

Plot Size 5m x 4m 

Spacing 25 cm X 25 cm 

Method of establishment SRI 

Experimental Design Re-inforced Resolvable Block Design  

Replication 3 (L0, L1 and L2 as fertility strips) 

Number of Blocks within             

replication  

3 (0, 5, 10 t ha
-1

 as FYM levels). 

Total number of treatment 

combinations per block 

8 (7+1 Control) 

       Total no of selected treatments            

  per replication 

24  ( 21+3 Control ) 

(As 3 blocks in each replication) 

Level of nutrients for treatment 

combination  

 

Four doses of N- 4  (0, 60, 120, 180 kg ha
-1

) 

P2O5 levels 4  (0, 40, 80, 120 kg ha
-1

) 

K2O levels 4  (0, 40, 80, 120 kg ha
-1

) 

Variety IRH-103 

Date of Nursery raising of Rice 23/06/18 

Date of transplanting 07/07/18 

Date of harvesting 29/10/18 

 

25



 
 
 

3.4: Treatment detail 

Total 24 treatment combinations of four levels of each of N (0, 60, 120 and 

180 kg ha
-1

), P2O5 (0, 40, 80 and 120 kg ha
-1

) and K2O (0, 40, 80 and 120 kg ha
-1

) was 

selected and given as fertilizer treatments. Theses treatment combinations were 

divided in to three groups (A, B and C) of eight treatments and applied in each strip. 

 

Table 3.4.1:  Selected treatment combinations of N, P2O5, K2O levels (Kg ha
-1

) 

for each fertility strip. 

 A  B  C 

T1 120:120:120 T8 180:80:80 T15 60:40:40 

T2 180:120:120 T9 180:80:40 T16 60:40:80 

T3 120:120:80 T10 180:120:40 T17 180:80:120 

T4 120:80:120 T11 180:120:80 T18 120:80:0 

T5 120:0:80 T12 120:40:80 T19 120:80:80 

T6 0:80:80 T13 60:80:80 T20 120:40:40 

T7 180:40:40 T14 60:80:40 T21 120:80:40 

Control 0:0:0  Control 0:0:0  Control 0:0:0  

 

 

 

 

 

 

 

 

26



 
 
 

 

3.5 Technical program of work 

The research experiment for all India coordinated research project on soil test 

crop response was conducted according to the sanctioned layout plan. Ramamoorty et 

al.(1967) developed a special field technique which is currently being implicated in 

the experimental field. 

The experiment was conducted with SRI rice in Kharif season of 2018. The 

experiment has three strips. Each strip constitutes 3 blocks and total 9 blocks are there 

and each block has 8 selected treatments. Urea, DAP and Muriate of potash were 

used as the fertilizer for providing N, P and K nutrient, respectively. Full dose of 

P2O5 and K2O were applied at time of sowing and N was applied in four splits. Plot-

wise soil samples (0-15 cm)were collected before application of fertilizer and FYM 

treatments. Lay out plan is given in the table no.3.5.1 
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3.5.1 Field preparation 

The experimental field was ploughed two times by tractor drawn cultivator 

followed by puddled through puddler and levelled. 

 

 3.5.2Method of transplanting 

Rice was transplanted by using SRI method. Row to row and plant to plant 

distance was 25 cm. Single seedling of rice with two leaves stage (when plants were 

10-12 days old)  were transplanted in each hill in square grid pattern at a distance of 

25 cm. 

 

3.6 Soil analysis for nutrient status of experimental plots 

Soil samples were collected from the surface (0-15 cm) of the experimental 

field before the creation of fertility gradients and analyzed the various physico-

chemical properties of the field. After creation of fertility gradients, soil samples were 

again collected from each strip and analyzed the variation in the fertility gradient in 

the strips.    

Final surface soil samples were collected from each plot of the experimental 

field before the application FYM and 24 selected fertilizer treatments and were 

analyzed for calculation of basic parameters. following methods were used for the 

analysis of the soil.  

3.6.1 pH 

20 gm of soil is taken and 50 ml of distilled water is added. The soil pH was 

determined by using ”electric glass electrode pH meter method” by keeping 1:2.5 soil 

water suspension  and stirring it for 30 minutes as suggested by Piper (1966). 

3.6.2Electrical conductivity (dS/m
2
) 

20 gm of soil is mixed with 50 ml of distilled water and was allowed to settle 

down for 1 day and then the conductivity of the liquid was determined by using 
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“conductivity bridge” as described by Black (1965). Standard KCL solution is used 

for calibration of instrument. 

3.6.3 Cation exchange capacity 

“Neutral normal ammonium acetate method” was used for determination of 

the cation exchange capacity  as given by Black (1965). 1M ammonium acetate of pH 

7.0 is used for CEC measurement. 

3.6.4 Organic carbon  

The organic carbon analysis of soil was carried out by using “Walkey and 

Black’s rapid titration method”. (1934). The oxidisable matter in the soil is oxidized 

by 1N K2Cr2O7. The reaction is helped the heat created when two volumes of H2SO4 

are blended with one volume of dichromate. The rest of the dichromate is titrated 

with ferrous sulphate. The solution received is inversely related to the measure of C 

present in soil sample. 

3.6.5 Mechanical analysis 

“International pipette method” as given by Piper (1966) was used for 

determination of sand, silt and clay content to know the textural class of experimental 

soil.  

3.6.5 Available nitrogen 

The “alkaline permanganate method” was used for determination of available 

nitrogen as described by Subbiah and Asija(1956). The soil is distilled with alkaline 

permagnate solution which gives ammonia. The available nitrogen in ammonia form 

is estimated by using KEL plus nitrogen distillation system using KMnO4 and NaOH. 

Gaseous ammonia dissolved in boric acid were titrated against 0.01N sulphamic acid. 
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3.6.6 Available phosphorus 

The available potassium was analyzed by “Olsen’s method” as described by 

Olsen et al(1954). 0.5M Sodium bicarbonate (NaHCO3) OF pH 8.5 is used as an 

extractent in this method  The readings are taken in a 882 nm wavelength using an 

spectrophotometer. 

3.6.7 Available potassium 

The “normal ammonium acetate method” was used for determination of 

available potassium as described by Muhr et al. (1965). 1 N ammonium acetate of pH 

7 is used for estimation. Reading is taken by using flame photometer. 

3.7 Observations recorded 

The plant observations were taken at the maturity stage just before harvesting 

of crop. 

3.7.1 Plant Growth parameters– 

• Plant Height (cm) 

• No. of effective Tillers/hill 

3.7.2 Yield attributing parameters- 

• Test weight(gm) 

• Grain and straw yield  

3.8 Plant analysis for uptake study 

           The grain and straw samples were collected separately from each plot during 

the harvesting stage of rice. Collected samples were air dried and uniformly grinded 

for the analysis. Nitrogen, phosphorous and potassium content in grain and straw 

were determined by following methods. 
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3.8.1 Nitrogen content (%) 

              The nitrogen content in grain and straw was analyzed separately by using the 

method described by Chaapman and Pratt (1961). Half gram grinded sample with one 

gram of salt mixture (K2SO4 and CuSO4.5H2O in the ratio of 10:1) was taken in the 

digestion tube. 10 ml of the concentrated H2SO4 acid was added and digested at 

350
0
C till the material become colourless Afterwards the nitrogen content in digested 

material was distilled by automatic KEL plus unit using KMnO4 and NaOH. Gaseous 

ammonia dissolved in boric acid was titrated against 0.01N sulphamic acid. 

3.8.2 Phosphorus and potassium content (%) 

               The grain and straw sample were digested separately by using di-acid 

mixture (concentrated HNO3 and HClO4 is taken in the ratio of 9:4. This material was 

digested at 150
0
C until the material becomes colourless. The digested materials were 

transferred in 100 ml volumetric flasks than make upped the volume with distilled 

water and used for the estimation of P and K content.  

             The phosphorus content was analyzed by using “vanado-molybdate yellow 

colour complex method” as given by Jackson (1973). Five ml aliquot  from 100 ml 

digested material was taken in 50 ml  volumetric flask than 10 ml of vanado-

molybdate yellow reagent was added and make upped he volume. The colour 

intensity was measured by using spectrophotometer at 420 nm. 

             The potassium content (%)in plant was determined by using “flame 

photometer” as described by Chapman and Pratt (1961). The K content in the grain 

was determined directly from 100 ml digested material using flame photometer 

whereas 5 ml digested straw aliquot was diluted in  25 ml volumetric flask for 

determination of potassium. 
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3.9 Analysis of FYM for NPK content  

Oven dried FYM sample was digested and NPK content were determined for 

study of contribution of nutrients. The NPK content of organic manure (FYM) was 

0.4%N, 0.3%P, 0.8%K respectively. 

3.10Calculation of Basic parameters 

            Based on the analysis of soil test value of initial soil sample and uptake of 

NPK in kg ha 
-1 

from grain and straw some of the basic parameters are calculated as 

below: 

3.10.1. Nutrient requirement (NR) 

 

                                    Uptake of N in kg ha-1
 from grain + straw 

a) Kg N required =    ------------------------------------------------------ 

    per quintal grain                     Grain yield in q ha-1
 

    production 

 

 

                                    Uptake of P2O5 in kg ha-1from  grain + straw 

b) Kg P2O5 required = -------------------------------------------------------- 

   per quintal grain                        Grain yield in q ha-1 

   production 

 

 

 

                                     Uptake of K2O in kg ha-1
 from  grain + straw 

c) Kg K2O required = ------------------------------------------------------- 

   per quintal grain                          Grain yield in q ha-1
 

   production 

    

 

3.10.2 Per cent nutrient contribution from soil to total nutrient uptake (Es) 

 

 

                                                Uptake of N (kg ha-1) from grain 

                                                    + straw from control plot 

a) Per cent contribution = ------------------------------------------------------ x 100 

    of  N from soil                       Soil test value for available N(kg ha-1) 

                                                            from control plot 
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                                               Uptake of P2O5 (kg ha-1) from grain 

                                                      + straw from Control plot 

b) Per cent contribution = --------------------------------------------------------- x100 

    of P2O5 from soil                    Soil test value for available P2O5 (kg ha-1) 

                                                            from control plot 

 

                         

                                               Uptake of K2O (kg ha-1) from grain 

                                                        + Straw from Control plot 

c) Per cent contribution = ---------------------------------------------------------x100 

    of K2O from soil                    Soil test value for available K2O (kg ha-1) 

                                                           from control plot 

 

3.10.3 Per cent nutrient contribution from fertilizer to total uptake (Ef) 

 

 

                                             Uptake of               Soil test         Per cent 

                                             N in kg ha-1
    -       value for         contribution 

                                             From grain            available    x   of N from 

(a) Per cent                           + straw                 N (kg ha-1)         soil /100 

contribution =                 ----------------------------------------------------------- x 100 

of  N                                                  Fertilizer N applied in kg ha-1
 

from fertilizer 

 

 

 

                                            Uptake of  P2O5           Soil test value       Per cent 

                                            in kg ha-1 from     -    for available   x   contribution 

                                           grain + straw              P2O5 (kg ha-1)     of P2O5 from 

(b) Per cent                                                                                        soil /100 

Contribution =                  --------------------------------------------------------------- x 100 

of  P2O5                                              Fertilizer P2O5 applied in kg ha
-1

 

from fertilizer 
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                                           Uptake of K2O             Soil test value      Per cent 

                                           in kg ha-1
 from     -       for available   x    contribution 

                                           grain + straw                 K2O (kg ha-1)       of K2O from 

(c) Per cent                                                                                            soil /100 

contribution =                    ------------------------------------------------------------- x 100 

of K2O                                            Fertilizer K2O applied in kg ha-1 

from fertilizer 

 

 

 

3.10.4 Per cent nutrient contribution from FYM to total uptake (EFYM) 

 

 

                                                 Nutrient uptake                  Nutrient uptake 

                                                 in Kg ha-1
 from                  in kg ha-1

 from 

                                                grain + straw           -          grain + straw 

                                               from only FYM                   from control 

Per cent contri-                        treated plot                         plot 

bution of Nutrients =            -----------------------------------------------        x 100 

from FYM (EFYM)                      FYM applied in kg ha-1
 

 

 

 
 

. 

3.10.5 Yield targeting equations 

 

Troug (1960) given the introductory concept of evaluation of fertilizer 

prescription for targeted crop yield depended on available nutrient status. The 

theoretical basis of Liebig’s law of minimum was established by Ramamoorty et 

al. (1967) in India which works fairly well for wheat opposite to the trust that it is 

justified only for N alone and not for P and K, which are not expected to pursue 

the percentage sufficiery concept of Mitscherlich and Baule (1961). These 

uncovered that the connection between grain yield and nutrient uptake was 

straight. For getting a specific yield nutrient in a particular amount needs to 

be taken by the plant. Once this is known, the fertilizer that should be applied 

can be evaluated by considering the efficiency of contribution from soil 

accessible nutrients and the effectiveness of uptake from applied fertilizer 
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nutrients towards absolute take-up of the nutrients. This structures the reason 

for fertilizer recommendations for target yield of a crop. 

 The yield targeting equations were calculated from the above parameters as 

given below: 

 

             NR                      Es                            EFYM 

FN =   -------- x Y    
_     

 ------- x SN    
 _        

   --------  x  FYM (t ha
-1

) 

              Ef                          Ef                            Ef 

 

 

 
                NR              Es                              EFYM 

F P2O5= -----   x Y
  _ 

 ----- x 2.29 x SP    
_   

 ------    x FYM (t ha
-1

) 

                 Ef                Ef                                Ef 

 

 

 

 

                   NR                  Es                                EFYM 

F K2O =    ------ x Y   
_       

 ----- x 1.21 x SK  
_    

 ------   x FYM (t ha
-1

) 

                    Ef                   Ef                                  Ef 

 

Where, 

     FN = Fertilizer N (kg ha
-1

) 

     F P2O5= Fertilizer P2O5 (kg ha
-1

) 

     F K2O = Fertilizer K2O (kg ha
-1

) 

     NR=Nutrient requirement of  N or P2O5 or K2O kg q-1produce. 

     SN= Soil test value for available N (kg ha-1) 

     SP= Soil test value for available P (kg ha-1) 

     SK= Soil test value for available K (kg ha
-1

) 

      Y=Yield  target(q ha-1) 

      FYM=Farm yard manure (tha-1) 

      Es=Soil’s contribution in percentage 

      Ef=     Fertilizer’s contribution in percentage 

     EFYM=FYM’s contribution in percentage 
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  3.11 Interpretation of soil test in terms of quantity of fertilizer 
 

Yield targeting equation or fertilizer adjustment equation as 

recommended previously derived from the linear response and plateau 

consideration in the form of equation as given by Goswami et al.1986,   

Randhawa and Velayutham, 1982, Velayutham, 1979 and Velayutham  et al. 

1985 as, 

 

 

  NR                   Es                     EFYM 

     F   =             × Y  -               × S -                    ×   FYM 

  Ef                                Ef                                    Ef 
 
 

Considering the basic equations calculation, fertilizer adjustment 

equations were inferred. 

3.12 Statistical Analysis 
 

The standard regression procedure was utilized to co-relate the soil test 

and fertilizer with crop yield response. The nutrient requirement, soil and 

fertilizer efficiencies were assessed by the STCR software created from the All 

India Coordinated Research Project on ”Soil Test Crop Response Correlation", 

Indian Institute of Soil Science, Bhopal.  
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CHAPTER V  

RESULTS AND DISCUSSION 

 This section introduces the results of analysis carried out on “Calibration of 

soil test fertilizer dose and crop yield with and without FYM for hybrid rice under 

SRI  in Vertisol of Chhattisgarh plains” in research farm of “College of Agriculture”, 

Raipur, I.G.K.V. (C.G.) during Kharif season of 2018-19. The various parameters 

were analyzed and the results obtained are discussed below under following heads 

4.1 Soil test levels by creation of fertility gradient 

4.2 Soil nutrient status  

4.3 Response of rice crop to added nutrients 

4.4 Relationship between yield and nutrient uptake 

4.5 Nutrient requirement for rice crop 

4.6 Efficiencies of fertilizer, soil test and FYM 

4.7 Estimation of fertilizer adjustment equations 

4.8 Ready reckoners chart for fertilizer recommendations in SRI rice 

4.9 Plant growth and yield parameters 

 

4.1 Soil test levels by creation of fertility gradient 

 Soil fertility variations were intentionally created according to the 

methodology proposed by Ramamoorthy (1967) by including graded fertilizer doses 

(Table 4.1). During the summer season, 2018 maize was planted as exhaust crop for 

normal transformation of added nutrients into the soil complex. The fodder maize 

yield in different fertility strips showed that the fertility level gradient exists. Soil was 

analyzed from each fertility strip after harvesting of maize crop. Yield of Maize and 

soil test information (Table 4.1) demonstrated that soil test value variations of N 

(Alkaline KMnO4-N) was  little , with respect to N no gradient was created due to the 

dynamic nature of N in the soil further more, its various forms are lost through the 

processes “leaching, volatilization and nitrification”. The fertility gradient was quite 
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significant with respect to P due to the immobile nature of P. It gets fixed in the soil 

where particularly phosphorus is high in vertisols. Phosphorus ions reacts very 

rapidly with soil constituents for formation of compounds which are insoluble relying 

upon the nature of soils nature and subsequently stays in soil. Similar levels of soil 

test potassium was seen in all strips due to higher K status of the experimental fields 

soil and conservation of its dynamic harmony. 

Table 4.1: Pre requisite fertilizer doses given in various strips for creating 

fertility gradient in the field and maize fodder yield during summer season of 

2018 

 

Fertility 

strips 

Fertilizer doses  

(kg ha
-1

) 

Fodder 

yield of 

maize 

Post harvest soil test values  

(kg ha
-1

) 

N P2O5 K2O SN SP SK 

L0 0 0 0 19.10 226.0 11.27 469.5 

L1 100 75 50 21.81 233.0 17.56 483.0 

L2 200 150 100 26.48 238.5 26.96 488.5 

 

4.2 Soil nutrient status  

 Just before coordinating the main experiment soil samples were drawn from 

each plot and examined for determination of nutrient status of soil as available 

nitrogen (N), phosphorus (P) and potassium (K). Table 4.2 shows the range and mean 

value of available nutrients viz. N, P and K kg ha
-1

 of the experimental plots. 

 The mean values of available N of the experimental plots varied from 202.72 

to 220 kg ha
-1

. Available P level recorded in the range of 14.77 to 25.68 kg ha
-

1
.Correspondingly the mean value of available K varied from 475.82 to 500.37 kg ha

-

1
 (Table 4.2). 
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 The available N, P and K values showed variation among fertility strips 

however the variation in available N and K levels with change in fertility strips were 

marginal whereas the variation in available P level in different strips were quite 

significant (Table 4.2) and it showed an increase as per fertility strips from L0 to L2. 

The immobile nature of P and fixation with soil constituents for formation of 

compounds of insoluble nature depends on the nature of soil thus it remains in soil. 

The results showed formation of fertility gradient with respect to available P.  

 The level of available N and K do not form this type of gradient since the 

nature of N is very mobile and it declines in soil due to the processes like “runoff,  

leaching, volatilization and de-nitrification”. The soil test value of available K of 

experimental soil was found to be in high level and maintenance of its dynamic 

equilibrium may have resulted in less variation on soil test potassium levels in all 

strips. Similar results were also reported by various researchers like Sharma et al. 

(2015), Milapchand et al. (2006) and Mahajan et al. (2013). 

Table: 4.2 Range and mean values of soil nutrient status (kg ha
-1

) in fertility 

strips of experiment before sowing of crop. 

        Soil 

Nutrients 

L0 L1 L2 S.D. C.V.(

%) 

Alkaline 

KMnO4-N 

176.2- 208.8 

(202.72) 

196.6-229.9 

(216.6) 

199.5- 229.9 

(220) 

12.43 5.83 

Olsen’s P 7.88- 17.16 

(14.77) 

14.86-29.39 

(22.49) 

21.32- 30.28 

(25.68) 

5.87 28.00 

Neutral normal 

Ammonium 

Acetate 

extractable K 

428.74- 

476.9 

(475.82) 

464.58-

518.34 

(488.87) 

448.90- 

536.26 

(500.37) 

22.39 4.58 
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4.3 Response of rice crop to added nutrients 

 The range and mean yield of hybrid rice (IRH-103) presented in table 4.3 with 

regarding to three fertility strips. The results showed from L0 to L2 strip an increasing 

trend in grain yield. The grain yield of rice increased with respect to fertility gradient 

it might be due to the fertility gradient created for available P in soil status from L0 to 

L2. 

Table no.-4.3 Range and mean value of grain yields (q ha-1) of rice in relation to 

fertility strips . 

Crop L0 L1 L2 

Rice 

(IRH-103) 

32.00-91.55 

(68.31) 

37.00-94.00 

(72.27) 

41.20-93.00 

(75.18) 

S. D. 18.95 19.41 17.46 

C.V. (%) 27.75 26.85 23.22 

 

The response of SRI rice (In terms of grain yield q ha
-1

) to fertilizer N, P, K  

and FYM has been showed in graph 4.1 to 4.4. Rice crop responses to the N and P 

fertilizer was good whereas the response to K fertilizer was comparatively less 

consistent. FYM application response it the form of nutrients source was not quite 

marked by the crop as shown in graph (Fig.4.4). “Mahendar Kumar et al. (2009), 

Pandey et al. (2009), Singh et al. (2009) and Banerjee and Pal (2009)” already 

resulted on responses of various crops to applied N, P, K and FYM. 

 The relations between rice yields and various plant nutrients acting as 

independent variable were acquired by the use of regression analysis for evaluation of 

the yield variation due to various nutrients as given in table 4.4. The higher variation 

in grain yield of SRI rice was accounted for N alone as showed by the results. 

“Higher crop responses (R
2
=0.846) were assigned to the high N requirement and due 

to its mobile nature, it is accessible to the plant in the root system sorption zone 

(Ramamoorthy et al., 1967)”. The remaining variation in the yield was caused by 
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fertilizer P2O5 and K2O. The insoluble compounds are formed by P ions by its 

reaction with soil constituent hence they are immobile in soil. Results revealed that 

the rice crop showed less requirement of P nutrient as compared to N. Rice yield 

responses curvilinear nature to P application also did not get reflected on yield 

variation because of the poor R
2 

value as compared to linear relationship. The yield 

variation caused due to FYM application was also seen to have very poor correlation. 

The combination of fertilizer N and fertilizer P was highly responsive to the yield as 

showed by the equation. (Table- 4.4)   In Figure 4.1 the higher value R
2 

(regression 

coefficient) shows higher correlation between yield and  nutrient (N) .     

 

 

Fig.4.1 Response of Rice (grain yield) to added fertilizer nitrogen (kg ha
-1

) 

y = 0.271FN + 42.68 
R² = 0.846 
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Fig.4.2 Response of rice (Grain yield) to added  fertilizer  phosphorus(kg ha
-1

) 

 

Fig.4.3 Response of rice (Grain yield) to added  fertilizer  potassium (kg ha
-1

) 
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y = 0.249FK + 56.51 
R² = 0.268 
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Fig.4.4 Response of rice (Grain yield) to added  FYM (kg ha
-1

) 

 

Table 4.4: Selected regression model to account for yield variation of rice. 

S.No. Model for SRI rice R
2

 

1. Y= 42.68 + 0.271FN 0.846 

2. Y = 49.05 + 0.343FP 0.537 

3. Y = 56.51 +  0.249 FK 0.268 

4. Y =  69.37+ 0.509 FYM 0.012 

5. Y= 38.90 + 0.22FN + 0.14FP 0.905 

6. Y=40.64 + 0.25FN + 0.06FK 0.850 

7. Y=46.90 +0 .30FP + 0.08FK 0.557 

8. Y=53.96 + 0.25FK + 0.51FYM 0.281 

9. Y=40.14+0.27FN+0.51FYM 0.859 

10. Y=46.50+0.34FP+0.51FYM 0.550 

y = 0.509FYM + 69.37 
R² = 0.012 
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Where, 

“FN, FP and FK” represents the N, P2O5 and K2O (kg ha
-1

) given in fertilizer form. 

FYM represents “Farm Yard Manure “(t ha
-1

). “SN, SP and SK” represents the NPK 

values of soil test.“Y” represents crop yield. (q ha
-1

). 

 

4.4 Relationship between yield and nutrient uptake 

 The hybrid rice crop yield showed close interrelation with total uptake of N, P 

and K. Nutrient requirement for rice crop was estimated by using this relation (Table- 

4.5). Nutrient requirement can be defined as “the amount of nutrient (kg) required to 

produce per unit amount of yield. The nutrient requirement can be given by using the 

regression coefficient (b1) of yield (Y) and total nutrient uptake (U)”. 

 

Y = b1 U or U = 1/b1 * Y 

Where, 1/ b1 gives the NR. 

 

 

 

11. Y = 38.59 + 0.22FN + 0.13FP+ 0.015FK 0.906 

12. 
Y =36.04 + 0.22FN + 0.13FP + 0.014FK + 

0.51FYM 
0.918 

13. Y=35.47 +0.76SP + 0.31FP 0.590 

14. Y= -81.67 + 0.18SK + 0.29FK 0.360 

15. Y= -16.87 + 0.29SN + 0.26FN 0.886 

16 Y=47.91 + 0.27 FN – 0.0003 FN
2
 0.860 

17 Y = 50.32 + 0.59 FP – 0.0015 FP
2
 0.570 

18 Y = 57.47 + 0.43 FK – 0.003 FK
2
 0.290 

19 Y = 75.93 – 0.28 FYM + 0.07 FYM
2
 0.018 
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Table 4.5: Relation of rice yield (Y) with total nutrient uptake (U) 

 

Nutrient SRI  hybrid Rice 

 Y = b1 U (NR*Uptake) R
2

 

N 

P 

K 

Y =1.59 UN 

Y=0.88 UP 

Y=0.91 UK 

0.97 

0.90 

0.83 

 

Table 4.5 showed that there is almost close linear relation observed between hybrid 

rice yield and total nutrient uptake. Relationship between nitrogen uptake and rice 

yield were found highest nearly one (R
2
=0.97) among the N,P and K uptake.  

  

46



 
 
 

 

Fig.4.5  Relationship between rice grain yield  and N nutrient uptake 

 

 

Fig.4.6 Relationship between rice grain yield  and P nutrient uptake 
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Fig.4.7 Relationship between Rice grain yield  and K nutrient uptake 
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Fig.4.8 Some views of rice crop experimental field 

4.5 Nutrient requirement for rice crop 

The amount of biomass production is directly related to the amount of nutrient 

absorption by the crop. The conventional and regression models were used for 

estimation of nutrient requirement of SRI hybrid rice. The above graphs show that 

there is a close relation between hybrid rice yield and its nutrient uptake almost close 
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to a linear relationship. The amount of nutrient required to produce one quintal of SRI 

hybrid (IRH-103) was found as 1.57 kg N, 0.32 kg P and 1.71 kg K (Table- 4.6). 

Similar trend for mean nutrients requirement earlier reported by  AICRP on STCR, 

Raipur centre for various rice verities of different duration(Annual progress report 

2008,2009,2010).The conventional method is also used for estimation of nutrient 

requirement  as given below: 

 

Total Nutrient Uptake ( kg ha-1) 

NR (kg q-1 ) = 

 Grain Yield (q ha-1) 

Nutrient requirement for various crops has been reported by various scientists 

from time to time. Ramamoorthy et al. (1967) reported for producing one quintal of 

wheat grain the nutrient requirement was 2.5 kg N, 0.8 kg P2O5 and 1.0 kg K2O. 

Srivastava et al. (2017) estimated that rice crop (var. Indira sona) required 1.52 kg N, 

0.38 kg P and 2.03 kg K for production of one quintal grain yield. Sahu et al. (2017) 

worked on soil test crop response rice (c.v. Swarna) crop on vertisol  at IGKV farm 

Raipur under integrated plant nutrient system and reported for production of one 

quintal of rice grain nutrient requirement was found as 1.54 kg of N, 0.29 kg of P and 

1.72 kg of K . 

 

4.6 Efficiencies of fertilizer, soil test and FYM 

The software developed by AICRP on STCR Indian Institute of Soil Science, 

Bhopal (MP) was used for calculation of contribution of nutrient from fertilizer, soil 

and FYM in term of percent efficiency of fertilizer, soil test and FYM (results given 

in the table 4.6). Efficiencies for N, P and K fertilizers were estimated as 39.87, 30.53 

and 94.53 percent respectively. In same way the soil test efficiencies were recorded as 

32.66, 73.38 and 16.39 percent NPK, respectively.  The organic source (FYM) 

efficiency was found as 13.01%, 5.43% and 10.10 % for N, P and K respectively.  
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Table 4.6: Efficiencies (%) of fertilizer, soil test and FYM and nutrient 

requirement of SRI hybrid rice var.IRH-103 (kg ha
-1

) 

 

Parameters 

Rice 

N P K 

Soil test Efficiency (%) E
s
 32.66 73.38 16.39 

Fertilizer Efficiency (%) E
f
 39.87 30.53 94.53 

FYM Efficiency (%) E
org

 13.01 5.43 10.10 

Nutrient requirement (kg ha
-1

) 1.57 0.32 1.71 

 

Due to various processes such as de-nitrification, volatilization, leaching,, and 

run-off approximately 2/3
rd

 percent of the fertilizer nitrogen applied was lost. A big 

part of the applied phosphorus gets fixed in the soil by reaction with dominant cations  

such as Fe, Mn, Ca, Mg etc present in soil. Efficiency of fertilizer K applied was 

recorded to be higher  due to its greater uptake by plants as luxury consumption. The 

soil test efficiency was lower as compared to fertilizer efficiency for N and K but it 

was recorded to be higher for soil test P. Ramamoorthy et al. (1967), Shrivastava et 

al.(2017), Sahu et al.(2017), Regar and singh (2014), Parihar et al.(2015) also 

calculated efficiencies for soil, fertilizer and FYM respectively. 

 

4.7 Estimation of fertilizer adjustment equations for SRI hybrid rice 

The basic parameters such as “nutrient requirement, efficiencies of fertilizers, 

soil test and organic source (FYM)” were used to evolve fertilizer adjustment 

equations for SRI hybrid rice crop for achieving a definite yield goal. equations were 

evolved by using these basic parameters for adjustment of fertilizer N, P2O5 and K2O 

in SRI hybrid rice crop (var.IRH-103) are given as Follows: 
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Table 4.7 Fertilizer prescription equations derived for SRI hybrid rice (var.IRH-

103). 

 

 

Fertilization 

 

Fertilizer prescription equations 

 

NPK + FYM 

FN = 3.93Y - 0.82 SN - 0.33 FYM 

FP2O5 = 1.03 Y - 1.03 SP - 0.18 FYM 

FK2O= 1.81 Y - 0.17 SK - 0.11 FYM 

 

Here,  

“FN, FP and FK” represents the N, P2O5 AND K2O (kg ha
-1

) given in fertilizer form. 

FYM represents “Farm Yard Manure “(t ha
-1

). “SN, SP and SK” represents the NPK 

values of  soil test. “Y” represents crop yield. (q ha
-1

). 

 

4.8 Ready reckoners chart for fertilizer recommendations in SRI rice 

 The ready reckoners chart has been prepared for recommendation of fertilizers 

(with FYM @ 5 t ha
-1

) in SRI hybrid rice (var-IRH-103) as per the fertilizer 

adjustment equations derived from the experiment conducted.  

 The use of FYM resulted in reduction of the fertilizer needs since FYM also 

works as a source of nutrient. The integrated use of FYM and Fertilizer has shown 

many benefits which includes increase in soil fertility and improvement of the soils 

physical properties. It has been seen that fertilizer requirement is inversely related 

with soil test value hence as soil test value increases fertilizer requirement decreases. 

Hence it can be said that low yield target should be considered for an poor farmer 

with less resources to get maximum amount of profit per unit cost whereas for rich 

and resourceful farmers higher yield target should be used so that he can obtain 
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maximum potential yield from per unit of the land. Hence yield target should be 

chosen appropriately and it should be complimented with balanced fertilizer dose to 

achieve objectives such as maintain soil fertility as well as high grain yield.  

 

 

Table 4.8: ”Ready reckoners for fertilizer N P and K recommendations based on 

soil test levels with 5 tons of FYM for  SRI Rice (IRH-103) in Vertisols of 

Chhattisgarh” 

 

Soil Test Values Yield Target of Rice (q/ha) 

    (kg ha
-1

)                                  65 (q ha
-1

) 75 (q ha
-1

) 85 (q ha
-1

) 

SN S P SK FN FP FK FN FP FK FN FP FK 

150 4 200 131 62 83 171 72 101 210 83 119 

175 6 225 111 60 79 150 70 97 190 80 115 

200 8 250 90 58 75 130 68 93 169 78 111 

225 10 275 70 56 70 109 66 88 149 76 107 

250 12 300 49 54 66 89 64 84 128 74 102 

275 14 325 29 52 62 68 62 80 108 72 98 

300 16 350 8 50 58 48 60 76 87 70 94 

325 18 375 8 48 53 27 58 71 67 68 90 

350 20 400 8 45 49 7 56 67 46 66 85 

375 22 425 8 43 45 7 54 63 26 64 81 

400 24 450 8 41 41 7 52 59 5 62 77 

 

 

Where 

“FN, FP and FK” represents the N, P2O5 and K2O (kg ha
-1

) given in fertilizer form. 

FYM represents “Farm Yard Manure “(t ha
-1

). “SN, SP and SK” represents the NPK 

values of  soil test. “Y” represents crop yield. (q ha
-1

). 
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4.9 Plant growth and yield parameters 

4.9.1 Plant growth parameters 

Plant height results of (Table 4.9) showed an increase as we go from L0 to L2. In the 

fertility strip L0 plant height varied in the range of 110.7 cm to 135.7 cm with an 

average of 123.26 cm. In the fertility strip L1 Plant height were in the range of 120.1 

cm to 137.1 cm with an average of 130.3 cm whereas in the fertility strip  L2 plant 

height varied between 126.6 to 143.1 with an average of 135.87 cm. 

Similarly panicle length also increased from L0 to L2. In L0 panicle length were 

observed in between 26.1 cm to 29.8 cm with an average of 28.02 cm. In L1 panicle 

length were from in the range of 26.4 cm to 30 cm with an average of 28.57 cm. In L2 

panicle length ranges between 27.5 cm to 30.3 cm with an average of 28.59 cm. 

Table 4.9: Range and mean of plant height and panicle length (c.m.) in  fertility 

strips of experiment. 

Parameters L0 L1 L2 

Plant height 110.7-135.7 

(123.26) 

120.1-137.1 

(130.3) 

126.6-143.1 

(135.87) 

Panicle length 26.1-29.8 

(28.02) 

          26.4-30 

           (28.57) 

27.5-30.3 

(28.59) 

 

4.9.2 Yield parameters 

 The yield parameters showed close relation with the grain yield of rice. The 

grain yield as well as yield parameters increased as we go from L0 to L2 (Table 4.2 

and Table 4.10). Number of effective tillers in L0 varied between 10.4 cm to 17.5 cm 

with an average of 13.82 cm. In L1 numbers of effective tillers were in the range of 14 

to 21.3 with an average of 17.77. Similarly in L2 the effective tillers were between 

17.8 to 22.2 with an average of 20.64 cm.  

 Weight of rice grain is one of the most important factor affective amount of 

grain yield received . Test weight of rice in L0 strip  were between 22.1 gm to 28.7 

gm with mean of 25.94 grams. In L1 strip it varied in the range of 22 gm to 28.5 gm 

with an average of 26.1 grams. In L2 strip it was between 23.8 to 28.8 with an average 
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of 26.93gram. All the yield and growth parameters supported the higher yield in 

higher fertility strips.  

Table 4.10 Range and mean of Yield parameters in  fertility strips of 

experiment. 

Parameters L0 L1 L2 

No. of Effective 

tillers (per hill) 

10.4-17.5 

(13.82) 

14-21.3 

(17.77) 

17.8-22.2 

(20.64) 

Test weight (in 

gm) 

22.1-28.7 

(25.94) 

22-28.5 

(26.1) 

23.8-28.8 

(26.93) 
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CHAPTER V 

SUMMARY AND CONCLUSIONS 

An experiment was conducted at instructional farm of I.G.K.V., Raipur (C.G.) during 

Kharif season of 2018 to study “Calibration of soil test, fertilizer dose and crop yield 

with and without FYM for hybrid rice under SRI in Vertisol of Chhattisgarh plain” 

with the objectives- 

1. Evaluating response of the hybrid rice to added fertilizers (NPK) and FYM.   

2.  Estimation of requirement of NPK by hybrid rice 

3. Evaluation of efficiencies (soil test, fertilizer and FYM efficiencies) for hybrid rice         

in Vertisol 

4. Derivation of “soil test based fertilizer prescription equation” for hybrid rice. 

A special field method – “Inductive cum targeted yield model”- for soil test 

crop response study evolved by Ramamoorthy et al. (1967) was utilized in this 

experiment. “Re-enforced resolvable block design” was used for experiment. 

First of all, three equal sized vertical fertility strips (replication) of low (L0), 

medium (L1) and high (L2) fertility levels were created in the experimental field. All 

the strips were further divided into three equal parts (blocks) for 3 doses of FYM “0, 

5 and 10 t ha-1”, hence total 9 blocks had been there in the experimental area. Each 

block was further categorized into 08 equal plots. Total 24 treatment combinations 

comprise of four different doses of N with “0, 60, 120 and 180 kg ha
-1

”, P2O5 with “0, 

40, 80 and 120 kg ha
-1

” and K2O with “0, 40, 80 and 120 kg ha
-1

” were selected and 

given as fertilizer treatments. These 24 treatment combinations were again divided in 

to three groups of eight treatments (A, B and C) and applied in each strip. 

Soil samples were taken from each plot just before applications of the selected 

24 treatments and were analyzed for available nitrogen, phosphorus and potassium 

status in the plots. The mean values of available N in the soils were found in the 

ranged from 202.72 to 220 kg ha
-1

. Mean value of soil P ranged from 14.77 to 25.68 

kg ha
-1

. The mean available K value found ranged from 475.82 to 500.37 kg ha
-1

. The 

values of available nitrogen, phosphorus and potassium in the soil varied in different 
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fertility strips but it has been seen that variation of available nitrogen and potassium 

with different fertility strips were marginal whereas variation in available P value was 

quite marked and in different fertility strips increased from L0 to L2. 

The hybrid rice grain yield productivity of overall 72 plots was recorded in 

the range of 32 to 93 q ha
-1 

with an average of 71.92 q ha
-1

. The grain yield also 

showed an increasing trend from L0 to L2. The increasing trend in different fertility 

strips (replication) may be due to change in fertility gradient from L0 (low) to L2 

(high). 

Regression model showed that nitrogen and phosphorus explained 90.5% of 

the yield variation in hybrid rice and it showed that inclusion of fertilizer K had less 

contribution towards crop yield.  Maximum yield variations has been seen when all 

the three major nutrients combined with FYM but it was at par with the yield 

variations when all three major nutrients were added without FYM. This showed that 

the contribution of FYM towards yield variation in hybrid rice was very less in the 

form of nutrient. It may be due to the slower nutrient releasing pattern of FYM. 

For production of 1 quintal of hybrid rice the nutrient requirements were 

calculated as 1.57 kg, 0.32 kg and 1.71 kg of “N, P and K” respectively. Nutrient 

requirements of NPK were utilized for calculation of fertilizer requirements based on 

soil test value for achieving the targeted yield of hybrid rice. Relationship between 

nutrient uptake and grain yield was very close to linear. 

The contributions from “N, P and K fertilizers” was determined as 39.87, 

30.53 and 94.53 percent (efficiency of fertilizers), respectively. In same way the 

contribution from soil were recorded as 32.66, 73.38 and 16.39 percent (efficiency of 

soil test) for “N, P and K” respectively. The FYM contribution was calculated as 

13.01, 5.43 and 10.10 percent (efficiency of FYM) for “N, P and K” respectively. 

On the basis of the basic parameters viz. nutrient requirements and fertilizer, 

soil test and FYM efficiencies, the equations for Fertilizer prescription were evolved 

for SRI hybrid rice (Var. IRH-103). 
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Fertilizer prescription equations 

Fertilization Fertilizer prescription equations 

 

NPK + FYM 

FN=3.93Y - 0.82SN - 0.33FYM 

FP2O5=1.03Y - 1.03SP - 0.18FYM 

FK2O=1.81Y - 0.17SK - 0.11FYM 

 

Here 

  “FN, FP and FK” represents the fertilizer N, P2O5 and K2O (kg ha
-1

). 

  FYM represents “Farm Yard Manure “(t ha
-1

).  

  “SN, SP and SK” represents the NPK values of soil test. 

  “Y” represents crop yield. (q ha
-1

). 

The ready reckoners chart was also prepared as per the derived equations for 

the recommendations of fertilizers application (with 5 tons of FYM) on the basis of 

soil test values. It can be used by farmers and extension workers at the field levels. 

Derived fertilizer equations is very use full for soil testing laboratories for the 

recommendation of fertilizers on the basis of “soil test results” and amount of FYM 

to be incorporated in the field. 

 

Conclusion: 

It has been seen that the SRI hybrid rice (var.IRH-103) response to fertilizer N 

and P were  good while its response to fertilizer K was very less. Response of the 

crop was depends on the level of nutrients in the soil. Crop response to FYM as a 

source of nutrients was not quite marked. Relationship between fertilizer N and 

hybrid rice yield was observed very close to linear.  

Based on the basic parameters, “soil test based fertilizer adjustment 

equations” for a targeted grain yield of SRI hybrid were derived. Fertilizer 
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recommendations can be calculated by using these equations (with FYM under IPNS) 

for SRI hybrid rice for the balanced nutrient application and sustainable farming. 

SUGGESTIONS FOR FUTURE RESEARCH WORK: 

 Developed fertilizer prescription equations and other information’s gathered 

in this experiment can be tested in farmer’s field with SRI method, hybrid rice 

or both with similar soil situation. 

 Since demand of food grains is continuously increasing in India and since rice 

being the major food grain of India hence further research work is required for 

hybrid rice. 

 Fertilizer prescription equations also should be developed for other major 

food grain crops. 
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                  Appendices 

 Appendix-A 

Table: Weekly meteorological data during crop growth period (07 July 2018 to 29 October 2018) 

Week Temperature Rainfall 

(mm) 

Relative humidity Evaporation 

(mm day
-1

) 

Sunshine 

(hours day
-1

) 

Max.. 

(°C) 

Min. 

(°C) 

RH I 

(%) 

RH II 

(%) 

28 31.1 25 19.92 94.0 86.0 2.3 0.9 

29 29.74 25.4 10.85 92.28 82.28 2.52 0.41 

30 29.9 25.28 1 87.25 69.25 2.7 0.5 

31 30.9 24.7 13.2 90.4 75.4 3.5 2.1 

32 30.1 25.2 15.6 92.9 86.4 3.5 1.3 

33 29.6 25.0 4.4 93.3 77.7 2.6 2.4 

34 28.4 24.2 42.9 95.4 84.4 2.3 0.2 

35 29.3 23.9 5.9 92.3 78.7 2.7 2.2 

36 31.4 24.7 0.0 91.1 56.7 3.5 5.0 

37 32.6 24.8 2.9 90.4 63.6 3.6 5.9 

38 31.8 24.5 2.7 93.2 61.6 3.1 6.1 

39 34.1 23.8 0.0 91.4 43.9 4.0 8.0 

40 32.4 22.8 0.0 87.1 51.1 4.0 7.1 

41 33.4 21.3 0.0 88.6 40.1 3.4 8.5 

42 32.1 18.9 0.0 85.3 45.5 3.7 8.6 

43 32.4 20.3 0.0 86.1 43.7 3.8 8.8 

44 31.0 14.9 0.0 86.0 29.3 3.4 8.7 
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Table. Plot wise data for crop yield, nutrient uptake, soil test value, fertilizer doses and FYM applied 

S.No Rice yield 

 (q/ha) 

       Nutrient uptake (kg ha
-1

)  Soil test values (kg ha
-1

) Fertilizer dose (kg ha
-1

) FYM 

(q ha
-1

) UN UP UK SN SP SK N P2O5 K2O 

L0 

1 86.40 131.20 26.90 128.45 206.3 17.74 500.42 120 120 120 10 

2 91.55 139.73 26.94 147.62 206.3 18.64 516.10 180 120 120 10 

3 38.90 66.18 11.64 78.30 184.4 13.78 463.22 0 0 0 5 

4 80.35 128.75 25.08 119.15 203.3 15.95 485.86 120 120 80 5 

5 78.05 114.56 24.02 133.83 216.9 14.16 474.66 120 80 120 0 

6 52.50 88.89 12.81 95.11 189.8 9.68 455.62 120 0 80 0 

7 41.25 67.57 12.13 82.82 199.8 14.68 470.10 0 0 0 10 

8 40.90 66.68 10.02 80.20 193.0 14.16 497.06 0 80 80 10 

9 81.50 124.55 23.43 115.11 203.3 13.26 474.66 180 40 40 5 

10 86.85 128.42 25.50 128.71 210.1 16.84 493.70 180 80 80 5 

Appendix-B 

Soil  test crop  response data of rice 

Location : Instructional Farm, IGKV, Raipur Crop : Rice 

Soil Depth: 0-15 cm Variety : IRH-103 

Season:Kharif, 2018 Soil Type :Vertisols 
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11 80.15 120.72 22.88 130.39 196.5 15.95 482.50 180 80 40 0 

12 32.00 56.72 6.72 67.95 197.0 7.88 428.74 0 0 0 0 

13 90.35 133.14 28.06 139.08 216.9 19.53 511.62 180 120 40 10 

14 91.00 135.93 27.49 145.34 223.6 18.64 515.30 180 120 80 10 

15 70.50 116.24 21.20 105.51 210.1 13.26 463.46 120 40 80 5 

16 58.45 92.50 17.82 95.67 196.5 13.26 452.26 60 80 80 5 

17 60.30 92.67 18.67 108.48 189.8 14.16 451.14 60 80 40 0 

18 45.00 71.36 13.25 80.63 176.2 13.44 446.66 60 40 40 0 

19 52.75 84.99 16.15 88.33 196.5 15.05 460.10 60 40 80 10 

20 89.00 134.33 29.02 129.31 219.1 17.74 511.62 180 80 120 10 

21 71.15 108.05 21.90 148.85 213.3 13.26 462.34 120 80 0 5 

22 79.30 121.84 24.34 135.27 210.1 15.95 475.78 120 80 80 5 

23 65.10 103.92 21.16 108.03 203.3 13.26 462.34 120 40 40 0 

24 76.20 115.75 25.74 125.34 203.3 14.16 464.58 120 80 40 0 

L1 

25 41.45 70.22 12.38 85.90 200.1 14.86 472.06 0 0 0 10 

26 60.20 96.49 18.15 111.24 210.9 15.32 474.66 60 80 40 10 

27 52.75 84.81 15.51 113.19 208.9 15.74 486.98 60 40 80 5 

28 40.45 63.80 13.60 73.07 208.8 22.22 482.50 0 0 0 5 

29 84.75 122.33 22.24 172.55 199.5 17.16 462.34 180 40 40 0 

30 68.10 107.98 27.50 155.07 209.9 17.74 486.98 120 40 80 0 

31 50.35 80.56 18.84 102.56 196.6 15.95 471.30 60 40 40 10 

32 86.50 127.75 30.83 154.30 213.4 21.32 489.22 120 80 40 10 

33 92.80 144.83 26.31 150.99 226.6 24.01 488.10 180 120 40 5 

34 91.70 138.10 27.59 147.42 219.9 29.39 484.74 180 80 120 5 

35 86.80 130.33 22.77 125.21 209.9 21.32 484.74 180 80 80 0 

36 37.00 65.30 11.59 63.70 225.9 22.22 486.98 0 0 0 0 

73



 
 
 

37 73.55 119.86 25.19 121.50 229.9 27.60 513.86 120 40 40 10 

38 88.55 143.22 26.19 134.93 226.3 28.18 518.34 120 80 120 10 

39 93.50 148.74 30.03 137.00 216.6 24.01 473.54 180 120 80 5 

40 94.00 144.46 31.20 147.97 206.6 23.12 491.46 180 120 120 5 

41 83.50 130.25 21.95 123.88 226.6 20.43 484.74 120 80 80 0 

42 60.75 93.06 21.32 135.48 219.9 21.12 480.26 60 80 80 0 

43 65.75 116.28 18.99 109.35 229.9 23.80 514.98 120 0 80 10 

44 88.85 147.49 27.28 154.83 226.9 28.08 516.10 180 80 40 10 

45 43.65 74.89 15.36 74.99 223.6 26.49 500.42 0 80 80 5 

46 89.95 135.60 27.27 140.88 223.6 28.18 513.86 120 120 120 5 

47 84.90 132.49 26.45 179.80 228.8 27.60 486.98 120 120 80 0 

48 74.60 112.05 25.25 130.18 210.1 24.01 467.94 120 80 0 0 

L2 

49 83.15 128.46 27.97 125.67 210.1 24.01 500.42 120 80 0 10 

50 89.10 137.97 29.83 134.13 216.9 23.12 521.70 180 80 80 10 

51 41.20 67.79 14.20 69.94 218.9 23.12 489.22 0 0 0 5 

52 66.90 105.93 24.28 118.55 208.8 22.22 464.58 60 80 40 5 

53 53.50 80.43 18.18 85.94 199.5 21.32 482.50 60 40 80 0 

54 47.55 81.36 16.64 76.96 219.9 30.28 510.50 0 80 80 0 

55 86.30 126.38 30.14 149.75 226.6 27.60 514.98 120 80 80 10 

56 81.50 115.58 26.96 115.67 233.4 30.28 536.26 120 40 80 10 

57 75.25 115.33 25.60 133.04 226.6 28.49 519.46 120 40 40 5 

58 56.48 94.23 19.58 87.92 219.9 23.12 486.98 60 40 40 5 

59 88.60 132.28 29.36 154.64 219.9 30.08 508.26 180 120 80 0 

60 87.00 124.86 29.76 140.52 219.9 30.28 510.50 180 80 120 0 

61 89.70 142.34 28.73 150.42 219.9 22.22 508.26 180 40 40 10 

62 69.00 104.37 23.47 119.83 216.3 24.01 480.26 60 80 80 10 
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63 87.00 131.47 27.91 131.57 226.6 28.49 500.42 120 80 40 5 

64 72.00 115.02 24.55 118.96 226.6 27.60 502.66 120 0 80 5 

65 92.75 145.02 29.86 149.57 226.6 24.91 520.58 180 120 120 0 

66 89.00 141.43 29.59 142.26 219.9 26.70 493.70 180 120 40 0 

67 48.45 79.11 16.55 94.09 229.9 20.43 503.78 0 0 0 10 

68 93.00 138.87 30.69 138.11 226.9 30.28 508.26 120 120 80 10 

69 91.25 141.76 28.00 148.77 223.6 25.80 476.90 180 80 40 5 

70 87.50 142.01 27.28 137.16 223.6 29.39 525.06 120 80 120 5 

71 43.15 74.02 12.86 79.68 208.8 18.64 448.90 0 0 0 0 

72 85.05 129.01 29.08 132.90 210.1 24.01 494.82 120 120 120 0 
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