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ABSTRACT 

 

In order to the increase the productivity of red rice, three separate field experiments, first 

on performance of different red rice genotypes under varied spacing and fertility level, second on  

grain yield and nutrient uptake of red rice as influenced by integrated use of inorganic, organic 

and micro nutrients ,while  third on enhancement of productivity and quality of red rice through 

organic and inorganic application of nutrients were conducted  during kharif season of 2013 and 

2014 at Instructional cum Research Farm of Shaheed Gundadhoor College and Agricultural 

Research Station, Jagdalpur, Chhattisgarh. The soil of the experimental site is characterized as 

silty loam (fairly leveled). The soil was locally known as Mal (Alfisols). It is well fertile soil 

belongs to mid land situation of landscape in Jagdalpur .The soil was slightly acidic in reaction 

and medium to low in fertility levels having low in nitrogen and phosphorus and high in potash 

contents . Rainfall received during cropped period was 695.9 mm and 792 mm   in 50 and 49 

rainy days in the year of 2013 and 2014, respectively. 
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       In first experiment,  treatments comprised  of 3  red rice genotypes (RR 14 EN-7, RR 14  

EN-8 and RR 12 EN-11) in main-plot, 2 spacing   (15 cm x 10 cm and 20  cm x 10 cm) in sub-

plot and 3 fertility levels ( 60:40:30 N:P2O5:K2O kg ha
-1

, 90:60:40 N:P2O5:K2O kg ha
-1

) and 

120:60:40 N:P2O5:K2O kg ha
-1

) in sub-sub plot were tested  in split-split design with three 

replications. In second experiment, treatments  was composed of 12 integrated use of inorganic, 

organic and micro-nutrient Viz. N80P60K40 (T1),N120P80K60  (T2),  N80P60K40+FYM5t   (T3),   

N120P80K60+ FYM5t   (T4), N80P60K40+Zn (T5), N80P60K40+SI  (T6), N80P60K40+B (T7), N80P60K40+Zn 

+SI (T8), N80P60K40+Zn +B (T9), N80P60K40+B+ SI (T10), N80P60K40+Zn+ SI +B (T11)and   Control 

(T12). These treatments were laidout in randomized block design with three replications. Red rice 

genotype RR12EN-11 was taken as a test crop. In third experiment, 9 treatments comprised of 

organic and inorganic application of nutrients i.e. N60P40K30 (I) (T1), N 120P60K40 (I)  (T2),  N 60 

P40K 30 (25% O +75% I) (T3), N120P60K40  (25% O +75% I) (T4), N60 P40K30 (50% O +50 % I)  

(T5), N120P60K40 (50% O +50% I)  (T6),  N of T1 applied through organics (O) + FS of N at T and 

PI stages  (T7), N of T2 applied through organics (O) + FS of N at T and PI stages (T8)  and  

Control (T9) were laid out in randomized block design with three replications. Red rice genotype 

RR12EN-1 was grown as test crop.   

The findings on performance of different red rice genotypes grown at varied spacing and 

fertility levels revealed that genotype RR 12 EN-11 produced significantly highest number of 

grain panicle
-1

, longest panicle, test weight, grain and straw yield. The gross return, net return, 

B:C ratio , energy use efficiency, energy output input ratio, energy productivity,  and production 

efficiency were also registered in genotype RR12EN-11. The planting of these genotype at 

spacing 20cm x10cm   registered   higher number of effective tillers hill
-1

, longer panicle, panicle 

weight, grain panicle-1, test weight, root volume and straw yield. While the higher grain yield, 

net return and B:C  ratio were registered under spacing 15cm x10cm  during both the years. The 

increase in above parameter was supported with the observation of growth and yield 

components. The concentration of zinc and uptake nitrogen and phosphorus followed similar 

pattern to that of grain yield. The application of 120:60:40 N:P2O5:K2O kg ha
-1 

increased growth, 

yield components, grain yield, gross and net return and B:C ratio. The highest energy use 

efficiency, energy output input ratio, energy productivity and energy of intensiveness was also 

observed under fertility levels 60:40:30 N:P2O5:K2O kg ha
-1 

during both the years.  
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        The interaction of genotypes and spacing revealed that red rice genotype RR 12 EN-11 

planted at spacing of 20cm x 10cm gave the highest grain yield, net return and B: C ratio and 

energy use efficiency during both the years. While interaction of genotype and fertility levels 

revealed that red rice genotype RR 12 EN-11fertilized with 120:60:40 N:P2O5:K2O kg ha
-1

 gave 

the highest grain yield, net return and B:C ratio  and it was followed  by  genotype RR 14  EN-8 

with  spacing 15 cm x10cm  and fertility level of  120:60:40 N:P2O5:K2O kg ha
-1

. 

            The findings of inorganic, organic and micronutrients application of nutrients  indicated 

that application of N80P60K40+Zn25 +S4+B10 ha
-1 

(T11) increased grain yield, net return and B:C 

ratio, which was comparable to that of N120P80K60 ha
-1

 (T2), N120P80K60 FYM5t h
-1 

(T4) and 

N80P60K40 + S4 ha
-1

 (T6). The increase was mainly due to enhancement in growth and yield 

attributes. The concentration and uptake of nutrient also increased in these treatments.  

The results obtained from organic and inorganic application of nutrients revealed that 

effective tillers hill
-1

, panicle length and weight, grains panicle
-1

, grain and straw yield, harvest 

index, root volume, zinc and iron content in grain, nitrogen, phosphorus and potash content in 

grain and straw, gross and net returns and B:C ratio  were significantly highest under treatment 

N120P60K40 (50% O +50% I) (T6) but it was comparable to N120P60K40 (25% Organic +75 % 

Inorganic (T4) was applied to the crop during both the years.  
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'kks/kxzFk lkjka'k 

 

v-  'kks/kxzaFk dk 'kh"kZd                     %        yky /kku ¼vksjkbtk lsVkbok ,y-½ ds fofHkUu izesnksa dh mRikndrk ,oa 

xq.oDrk dks izHkkfor djus okys tSfod jklk;fud ,oa ,dh—r iks"kd 

rRoksa ds izca/ku dk izHkko  

c-  fo|kFkhZ dk uke                       % euh"k dqekj 

l-  izeq[k fo"k;                           % lL; foKku 

n-  eq[; lykgdkj dk uke o irk          % MkW- ,u- ik.Ms] izk/;kid ,oa foHkkxk/;{k 

lL; foKku foHkkx] —f"k egkf|ky;] ba-xka-d`-fo- 

jk;iqj 492012 ¼NRrhlx<+½ 

b-  mikf/k ls lEekfur djus ds fy,         % —f"k esa MkWDVj vkWQ fQykWlkQh ¼lL; foKku½ 

  

fo|kFkhZ ds gLrk{kj 

 

 

eq[; lykgdkj ds gLrk{kj 

 

 

 

 

 

 

 

 

fnukad % 

 

foHkkxk/;{k ds gLrk{kj 

 

 

lkajk'k 

 

“kghn xq.Mk/kwj d`f’k egkfo|ky; ,oa vuqla/kku iz{ks= esa o’kZ 2013 vkSj 2014 ds [kjhQ ekSle esa yky /kku 

¼vksjkbtk lsVkbok ,y-½ ds fofHkUu izesnksa dh mRikndrk ,oa xq.oDrk dks izHkkfor djus okys tSfod jklk;fud ,oa 

,dh—r iks"kd rRoksa ds izca/ku dk v//lu vyx&vyx rhu ijh{k.k fd;s x;sA ;g rhuksa ijh{k.k fLkYVh ykse feVVh 

¼lery Hkwfe½ esa fd;s x;s ftls LFkkuh; Hkk’kk esa eky ¼vYQhlksy½ dgk tkrk gSA ;g Hkwfe vPNh moZjd gksus ds lkFk 

e/;e fLFkfr dh Hkwfe txnyiqj es aik;h tkrh gSA ;g Hkwfe de vEyh; rFkk de moZjrk okyh gksrh gS ftlesa u=tu 

vkSj LQwj dh de ek=k iksVk”k dh vf/kd ek=k ik;h tkrh gSA /kku dh Qly vof/k es adze”k% o’kZ 2013 vkSj 2014 esa 

dze”k% 695-9 fe-eh- vkSj 792 fe-eh- o’kkZ 50 vkSj 49 o’kkZ fnolksa esa gqbZ gSA  

igys iz;ksx esa 3 thuksVkbZi dze”k% vkj-vkj- 14 bZ-,u-&7 ¼oh-1½] vkj-vkj- 14 bZ-,u-&8 ¼oh-2½ vkSj vkj-vkj- 12 

bZ-,u-&11 ¼oh-3½ eq[; IykV] varj.k 15ls-eh- x 10ls-eh- ,oa 20ls-eh- x 10ls-eh- lc IykV esa moZjd Lrj 60%40%30 ¼,Q-1½] 
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90%60%40 ¼,Q-2½ vkSj 120%60%40 ¼,Q-3½ fdyksxzke u=tu] LQqj vkSj iksVk”k izfr gsDVs;j] 2013 vkSj 2014 esa 

LihfyV&LihfyV fMtkbZu esa rhu iqujkòfRr esa fd;s x;sA nwljs ijh{k.k esa 12 iz;ksx  u=tu% LQqj% iksVk”k%,Q-ok;-,e 

vkSj lw{e iks’kd rRo tLrk] cksjku ,oa flfydku fofHkUu la;kstu ,u-80ih-60ds-40 ¼Vh1½] ,u-120ih-80ds-60 ¼Vh2½] ,u- 

80ih-60ds-40$,Q-ok;-,e-5Vh ¼Vh3½],u-120ih-80ds-60$,Q-ok;-,e-5Vh ¼Vh4½],u-80ih-60ds-40 $tsM-,u-¼Vh5½] ,u-80ih-60ds-

40$,l-vkbZ ¼Vh6½] ,u-80ih-60ds-40$ch ¼Vh7½] ,u-80ih-60ds-40$tsM- ,u-$,l-vkbZ ¼Vh8½] ,u-80ih-60ds-40$tsM- ,u $ ch 

¼Vh9½] ,u-80ih-60ds-40$ch$,l-vkbZ ¼Vh10½] ,u-80ih-60ds-40$tsM-,u-$,l-vkbZ$ch ¼Vh11½] vkSj fu;a=.k ¼Vh12½ ds lkFk fd;s 

x;s] vkj- ch- Mh- fMtkbZu esa yky /kku ds izHksn vkj-vkj- 12 bZ-,u-&11 esa o’kZ 2013 vkSj 2014 esa rhu iqujko`fRr esa fd;s 

x;s] rhljs ijh{k.k esa 9 ijh{k.k 60ih40ds30¼vkbZ½¼Vh1½],u120ih60ds40¼vkbZ½¼Vh2½,u]la;kstu],u60ih40ds30 

¼25%vks$75%vkbZ½]¼Vh3½],u120ih60ds40¼25%vks$75%vkbZ½]¼Vh4½],u60ih40ds30¼50%vks$50%vkbZ½]¼Vh5½],u120ih60ds40¼5

0% vkbZZ½] ¼Vh6½],u Vh1 tSfod ek/;e ds }kjk $ i.khZ; fNM+dko dals dh voLFkk rFkk isuhdy fudyrs le; ¼Vh7½ ,u 

Vh2 tSfod ek/;e ds }kjk $ i.khZ; fNM+dko dals dh voLFkk rFkk isuhdy fudyrs le; ¼Vh8½] vkSj fu;a=.k ¼Vh12½ lkFk 

fd;s x;s] vkj- ch- Mh- fMtkbZu esa yky /kku ds izHksn vkj-vkj- 12 bZ-,u-&1 esa o’kZ 2013 vkSj 2014 esa rhu iqujko`fRr esa 

fd;s x;sA  

 yky /kku ds fofHkUu izHksn laca/kh ijh{k.k esa ;g Kkr gqvk fd o`f) ekid ¼ikS/kksa dh ÅapkbZ] dalksa dh la[;k] 

“kq’d inkFkksZ dk lap;] iRrh {ks= lwpdkad½ vkSj mit ekid ¼izHkkodkjh dals] ckyh dh yackbZ] ckyh dk otu] 1000 

nkuksa dk otu] ckyh esa dqy nkuksa dh la[;k½] nkuksa vkSj iSjk dh mit] u=tu] LQqj vkSj iksVk”k dh xzkg;rk nkuksa esa] 

iSjk esa ,oa bu nksuksa esa] dqy mRiknu n{krk vkSj mRikndrk dzze lwpdkad] ldy vkSj “kq) izfrQy vkSj ykHk ykxr 

vuqikr dh izkfIr izHksn vkj-vkj- 12 bZ-,u-&11 ¼oh-3½ esa gqbZA ikS/kksa ls ikS/kksa dh nwjh 20 ls-eh x10 ls-eh esa o`f) ekid 

¼ikS/ks dh ÅapkbZ] dlksa dh la[;k] “kq’d inkFkksZa dk lap;] ckyh dh la[;k] Qly òf) nj vkSj lacaf/kr òf) nj½ vkSj 

mit ekid ¼izHkkodkjh dalksa dh la[;k] ckyh dh yackbZ] ckyh dk otu] 1000 nkuksa dk otu] ckyh esa dqy nkuksa dh 

la[;k] tM+ dk vk;ru Hkjs gq;s nkuksa dh la[;k½] nkuk vkSj iSjk dh mit] u=tu] LQqj vkSj iksVk”k dh xzkº;rk nkuksa esa] 

iSjk esa ,oa bu ÅtkZ mRikn] ÅtkZ mRikn&ykxr vuqikr] ÅtkZ mi;ksx n{krk ,oa ÅtkZ la?kurk] ldy ,oa “kq) izfrQy 

vkSj ykHk ykxr vuqikr nksuksa o’kksZ ,oa muds vkSlr ds vk/kkj ij mipkj mijksDr ekid rqyukRed #i ls cjkcj ik;s 

x;sA  

mipkj moZjd Lrj 120%60%40 u=tu% LQqj% ,oa iksVk”k esa mRiknu ,ao mRikndrk dks izHkkfor djus okys 

dkjd tSls ¼ikS/ks dh ÅapkbZ] dalksa dh la[;k] “kq’d inkFkZ lap;] Qly o`f) nj½ vkSj mit ekid ¼izHkkodkjh dals] ckyh 

dh yackbZ] ckyh dk otu] 1000 nkuksa dk otu] ckyh esa dqy nkus vkSj izfr ckyh Hkjs nkuksa dh la[;k½] nkuk vkSj iSjk 

dh mit] nkus esa u=tu xzkg;rk] iSjk ,oa nksuksa ¼nkuk ,oa iSjk½ esa iksVk”k dh xzkº;rk] mRiknu n{krk vkSj mRikndrk 

dze lwpdkad vkSj ldy izfrQy dh x.kuk dh izkfIrA 

vkj-vkj- 12 bZ-,u-&11 ¼oh-3½ varj.k 20ls-eh- x 10ls-eh- o`f) ekid ¼ “kq’d inkFkksZ dk lap;] iRrh {ks= 

lwpdkad½ vkSj mit ekid ¼izHkkodkjh dals] ckyh dh yackbZ] ckyh dk otu] 1000 nkuksa dk otu] ckyh esa dqy nkuksa 

dh la[;k½] nkuksa iksVk”k dh xzkg;rk nkuksa esa] iSjk esa ,oa bu nksuksa esa] dqy mRiknu n{krk vkSj mRikndrk dzze lwpdkad] 

ldy vkSj “kq) izfrQy vkSj ykHk ykxr vuqikr dh izkfIr gqbZA 
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izHksn vkj-vkj- 12 bZ-,u-&11 ¼oh-3½ x mipkj moZjd Lrj 120%60%40 òf) ekid ¼ikS/ks dh ÅapkbZ] dlksa dh 

la[;k] “kq’d inkFkksZa dk lap;] ckyh dh la[;k] Qly o`f) nj vkSj lacaf/kr o`f) nj½ vkSj mit ekid ¼izHkkodkjh dalksa 

dh la[;k] ckyh dh yackbZ] ckyh dk otu] 1000 nkuksa dk otu] ckyh esa dqy nkuksa dh la[;k] tM+ dk vk;ru Hkjs gq;s 

nkuksa dh la[;k½] nkuk vkSj iSjk dh mit] u=tu] LQqj vkSj iksVk”k dh xzkº;rk nkuksa esa] iSjk esa ,oa bu ÅtkZ mRikn] 

ÅtkZ mRikn&ykxr vuqikr] ÅtkZ mi;ksx n{krk ,oa ÅtkZ la?kurk] ldy ,oa 'kq) izfrQy vkSj ykHk ykxr vuqikr 

nksuksa o"kksZa ,oa muds vkSlr ds vk/kkj ij mipkj mijksDr ekid rqyukRed #i ls cjkcj ik;s x;sA  

jklk;fud tSfod rFkk vkSj lw{e iks’kd rRoksa ds iz;ksx ds varxZr ,u-80ih-60ds-40$tsM-,u-$,l-vkbZ$ch ¼Vh11½ 

nksuksa o’kksZ ,oa muds vkSlr ds vk/kkj ij mipkj mijksDr ekid ,u-120ih-80ds-60 ¼Vh2],u-120ih-80ds-60$,Q-ok;-,e-5Vh 

¼Vh4½ ,oa ,u-80ih-60ds-40$,l-vkbZ ¼Vh6½rqyukRed #i ls cjkcj ik;s x;sA of̀) ekid ¼ikS/ks dh ÅapkbZ] dlksa dh la[;k] 

“kq’d inkFkksZa dk lap;] ckyh dh la[;k] Qly of̀) nj vkSj lacaf/kr of̀) nj½ vkSj mit ekid ¼izHkkodkjh dalksa dh 

la[;k] ckyh dh yackbZ] ckyh dk otu] 1000 nkuksa dk otu] ckyh esa dqy nkuksa dh la[;k] tM+ dk vk;ru Hkjs gq;s 

nkuksa dh la[;k½] nkuk vkSj iSjk dh mit] u=tu] LQqj vkSj iksVk’k dh xzkº;rk nkuksa esa] iSjk esa ,oa bu ÅtkZ mRikn] 

ÅtkZ mRikn&ykxr vuqikr] ÅtkZ mi;ksx n{krk ,oa ÅtkZ la?kurk] ldy ,oa “kq) izfrQy vkSj ykHk ykxr vuqikr 

nksuksa o’kksZ ,oa muds vkSlr ds vk/kkj ij mipkj mijksDr ekid rqyukRed #i ls cjkcj ik;s x;sA  

 

jklk;fud ,oa tSfod iks"kd rRoksa dk /kku dh mRikndrk ,oa xq.koRrk c<+kus gsrq fd;s x;s vuqlU/kku ds vk/kkj 

ij ;g ik;k x;k fd /kku ds izHkkoh dalksa dh la[;k izfr fgy] ckyh dh yEckbZ ,oa otu] nkuksa dh la[;k izfr ckyh] 

nkuk ,oa iSjk dh mit ,u-120ih-60ds-40 ¼50%vkbZZ½] ¼Vh6½ rFkk ,u-120ih-60ds-40 ¼25%vks$75%vkbZ½] ¼Vh4½] òf) ekid 

¼ikS/ks dh ÅapkbZ] dlksa dh la[;k] 'kq"d inkFkksZa dk lap;] ckyh dh la[;k] Qly o`f) nj vkSj lacfU/kr of̀) nj½ vkSj 

mit ekid ¼izHkkodkjh dalksa dh la[;k] ckyh dh yackbZ] ckyh dk otu] 1000 nkuksa dk otu] ckyh esa dqy nkuksa dh 

la[;k] tM+ dk vk;ru] Hkjs gq;s nkuksa dh la[;k½] nkuk vkSj iSjk dh mit] u=tu] LQqj vkSj iksVk’k dh xzkº;rk nkuksa esa] 

iSjk esa ,oa bu ÅtkZ mRikn] ÅtkZ mRikn&ykxr vuqikr] ÅtkZ mi;ksx n{krk ,oa ÅtkZ la?kurk] ldy ,oa 'kq) izfrQy 

vkSj ykHk ykxr vuqikr nksuksa o"kksZa ,oa muds vkSlr ds vk/kkj ij mipkj mijksDr ekid rqyukRed #i ls cjkcj ik;s 

x;sA 

ijh{k.k esa ÅtkZ mRikn] ÅtkZ mRikn&ykxr vuqikr] ÅtkZ mi;ksx n{krk ,oa ÅtkZ la?kurk] 

,u60ih40ds30¼50% vks$50%vkbZ½]¼Vh5½ ds varxZr lokZf/kd ik;s x;sA  



CHAPTER - I 

INTRODUCTION

Rice is an important food crop for a large proportion of the world's 

population. It is staple food in the diet of the population of Asia, Latin America 

and Africa (Fageria, 2001). Rice is cultivated on all the continents except 

Antarctica, over an area of more than 161 million ha (production of about 680 

million metric tonnes), but most rice production takes place in Asia (Fageria, 

2014). It occupies about 23% of the total area under cereal production in the world 

(Jagadish et al., 2010). The historical importance of rice in Asia is so significant 

that it supported many civilizations in the river deltas of India, China, and 

Southeast Asia and has become deeply intertwined with the cultures in these 

regions (Krishan et al., 2011). More than 90% of rice is produced and consumed in 

Asia (Grewal et al., 2011). During the thousands of years since its domestication, 

Asia rice has been cultivated under significantly diverse agro-ecosystems to meet 

different human demands (Xiong et al., 2011). This has resulted in tremendous 

genetic diversity in rice around the world, as shown by different molecular tools 

such as the analysis of restriction fragment length polymorphism and simple 

sequence repeats (Zhang et al., 1992). As a consequence, many rice varieties with 

different characteristics have arisen under natural and human selection (Vaughan et 

al., 2007). Yan et al. (2010) studied genetics diversity in the USDA rice world 

collection and concluded that germplasm accessions obtained from the Southern 

Asia, Southeast Asia, and Africa were highly diversified, while those from North 

America and Western and Eastern Europe had the lowest diversity.  

Rice is the major food of more than 3 billion people representing the major 

carbohydrate and even protein source not only in South East Asia but also in some 

part of Africa. Deficiencies of from (Fe) and Zinc (Zn) results in impaired mental 

development, anaemia, reduced immunity, poor appetite and stunting. 

Micronutrient malnutrition is caused by poor quality diets. Increasing the Fe and 

Zn concentration of staple foods, such as rice could solve Fe and Zn deficiencies. 
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Enhancement of cereals grains with micronutrients is a high priority area of 

research and will contribute to minimising micronutrients deficiency related health 

problems in humans (Prasad et al., 2013). Foliar feeding is a relatively new and 

controversial technique by applying liquid fertilizer directly to their leaves (Mahdi 

et al., 2011). Ferti-fortification, which involves fertilizing crops with micro 

nutrients, gives immediate results by increasing the concentration of micronutrients 

in plant with an increase in yield. Foliar feeding results in rapid absorption and is 

less costly (Elfouly and El-Saxed, 1997). Iron (Fe) and zinc (Zn) can play an 

important role in increasing yield of cereals including rice. 

The rice is stable food crop of nearly 60% population of the country and in 

Chhattisgarh too rice is a staple food for majority of the population. In 

Chhattisgarh, rice is grown in nearly 74% of total cultivated area during rainy 

season having the productivity level of 1.6 t ha
-1

 with total production of 9.23 

millions tonnes. The Chhattisgarh is mainly having three defined agro climate 

zones i.e. Chhattisgarh plain, Bastar plateau and Northern hilly region. Among 

these Northern Hills of Surguja and Baster plateau is dominated by tribal 

population. The malnutrition is serious problem in these agro climate zones. The 

red rice is popularly grown in Baster plateau of the state with low productivity and 

so far, no attention have been given to enhance the productivity of red rice.   

Health conscious individuals or those with special nutritional needs are 

often recommended to consume colour rice in place of the more popular type of 

rice i.e. white rice. It is said that of the three colours, brown and red bring more 

nutritional benefits to the consumer than white rice. Red rice can refer to many 

forms of rice of which one common description is that red rice is partially hulled or 

unhulled rice that have red husks. They are similar to brown rice in terms of the 

milling process and have a nutty taste and provide high nutrition. Red rice can also 

mean ‘red yeast rice’ which is a product offered by Japan and China. Red yeast 

rice may be eaten as regular rice or a medical ingredient as part of dietary 

treatment for a variety of health conditions such as indigestion, harmful 

cholesterol, and blood circulation concerns. Lastly, red rice can also mean a wild 
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rice variety that is regarded as a weed because it produces very few grains and can 

cross-breed with regular rice, resulting in low-quality rice crops. Anthocyanins are 

the pigments that give the rice its red colour.  Anthocyanin is a known antioxidant 

that is linked to lowering the risk of developing several chronic health conditions. 

Similar to brown rice, red rice is found to be rich in fiber, iron, zinc, B vitamins 

and even calcium. Unfortunately, the potential and it use have been by in large 

neglected by the research community and the farmers. With the awareness about 

health, red rice has gained the importance and demanded for research needs in 

view to increase the productivity and quality of the produce. In general, low yield 

of red rice has been reported due to less panicle bearing tillers and panicle density   

          The nitrogen, phosphorus and potassium are the major nutrient required by 

rice crop. Besides many micro nutrients one also needed for growth development 

and yield of rice. Rice plant requires an adequate supply of nutrients from various 

sources for optimal growth. These nutrients are supplied by indigenous sources 

such as soil minerals, soil organic matter, rice straw, manure, and water (rain, 

irrigation), but the amount supplied is usually insufficient to achieve high and 

sustainable yields. Fertilizers need to be applied to overcome the deficit between 

crop requirement and nutrient supply from the above-mentioned sources. The crop 

requirement of nutrients depends on variety and season. However, the full potential 

of improved nutrient management can only be reached with good crop 

management and selection suitable varieties. Searching rice cultivars or variety 

with high yield potential quality under different levels of nutrient supplied and 

plant population are prime important in the present context of rice research.  

An effective agronomic management is therefore necessary to exploit the 

yield potential of red rice. Integrated nutrient management (INM) involving 

organic and inorganic sources of nutrient are very important in rice production. 

Many of our problems on declining productivity (increasing cost, declining yield) 

can be traced to improper and inefficient use of nutrients. Improper nutrient 

management has resulted in the nutrient imbalances in the soil with nutrients in 

excess while other nutrients depleted. Through this, farmers can increase 

3



agricultural productivity and safeguard the environment as they efficiently use 

fertilizer. 

            Bastar Plateau Zone joins boundaries with Orissa state in the East, Andhra 

Pradesh in the south and Maharashtra state in the west. It comprises of large 

plateau having elevation ranging from 550 m to 760 m from mean sea level in 

between 17°46’ N and 20°34’ N latitudes and 80°15’ and 82°15’ E longitudes. The 

Bastar plateau region of India which is a mega biodiversity hot spot of the world 

has numerous cultivars of rice with tremendous potential of high quality rice. 

Bastar is rich in indigenous germplasm which have been conserved since time 

immemorial by the traditional culture of the aboriginal people. So far 16 genotypes 

of   red rice have been collected from this region. 

Bastar Plateau is tribal predominantly zone having 6 districts viz. 

Jagdalpur, Narayanpur, Kondagaon, Bijapur, Dantewara and Sukma. Bastar is 

primarly mono cropped area of rice.  Rice is grown during kharif season.  Most of 

the field left fallow after its harvest. Besides , many land races commonly grown in 

the region, the zone is also rich in other wild species of rice like. O. rufephogon, O. 

nivara, O. minuta and weedy form i.e. O. spontanum. Red rices are grown in every 

niche of the niche of the region with poor yield. The nutritional qualities of such 

genotypes are still not studied. Thus the present work aim to enhance the 

productivity through selection of suitable genotypes, manipulation of planting 

geometry for yield and nutrient schedule nutritional quality of some indigenous 

rice genotypes from Bastar in order to identify the better genotypes for processing 

and nutritional fulfilment of worldwide consumers.  

In view of the above points, the present investigation entitled 

“Productivity and quality of Red rice (Oriya sativa L.) genotypes as influenced 

by organic, inorganic and integrated nutrient management practices” was 

conducted during kharif season of 2013 and 2014  at the Research cum  

Instructional Farm, SGCARS, Kumhrawand, Jagdalpur, with the following 

objectives:  
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1. To identify suitable genotype, spacing and fertility levels for red rice in Bastar 

plateau.  

2. To study the effect of macro and micronutrient management on productivity 

and quality of red rice. 

3. To examine the effect of organic and inorganic application of nutrients on 

productivity and quality of red rice. 

4. To study the influence of organic, inorganic and INM on nutrient uptake by red 

rice and nutrient balance in soil.  

5. To assess the economics and energy of red rice as influenced by different 

agronomic management. 
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CHAPTER - II 

REVIEW OF LITERATURE 

Food crops grown using organic inputs having less or no chemicals are being 

preferred over conventionally over conventionally produced food by the end users. 

Food materials produced organically has got its place in food market is developed and 

developing countries (Urkurkar et al., 2010). Scientists and policy planner are 

therefore, reassessing agricultural practices, which relied more on biological input 

rather than heavy usage of chemical fertilizers and pesticides 

   There is a wide gap between production and consumption of nitrogen fertilizers and 

considerable interest has been aroused on supplementing the use of chemical fertilizers 

with renewable and low priced organic sources of nutrients. Fertilizer N applied in 

conjunction with organic manure produced equivalent or even higher dry matter and N 

uptake than inorganic source alone.  

The pertinent literature is cited here in the following sections as per the objectives of 

the experiment 

2.1  Effect of genotype   

2.2  Effect of spacing  

2.3  Effect of inorganic nutrient  

2.4  Effect of organic nutrient  

2.5  Effect of integrated nutrient management 

2.6  Effect of micronutrient 

       2.6.1  Effect of zinc 

       2.6.2  Effect of boron 

       2.6.3  Effect of silicon 

2.7  Interaction effect 
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2.1 Effect of genotype 

The review on the breeding progress for high yields indicates that the 

improvement of the harvest index has made substantial contributions to achieve high 

yields of rice (Chandler, 1969). 

The main environmental conditions considered in classifying rice ecosystems 

are soil moisture regime, soil drainage, land topography and temperature (IRRI, 1984). 

Fageria (1984) reported that upland rice genotypes grain yield increased with 

the application of calcium carbonate but increase varied with genotype to genotype. 

Taniyama et al. (1988) reported that the difference in the crop growth rate and 

CO2 uptake in different rice genotypes was due to the variation in the amount of 

chlorophyll in the leaves and that CO2 uptake and yield are positively correlated with 

each other. The genotype with higher DM accumulation and partitioning greater 

amounts into reproductive parts (panicles) at PDM had significantly higher 

productivity and profitability (Pukhraj > F-Malakand > Bamati-385).  

Song et al. (1990) and Yamauchi (1994) stated that hybrid rice had a 15% 

greater yield than inbred rice, mainly because of an increase in biological yield rather 

than HI.  

Amano et al. (1993) noted that the HI of 67% for japonica F1 hybrid rice in 

South China.    

Ishii (1995) mentioned that grain harvest index is an important parameter in 

determining distribution of photosynthetic product between shoot and grain and 

consequently grain yield 

Qui et al. (1995) reported a higher variability in mineral contents in some rice 

cultivars and the 6 level of iron content varied from 15.41 mg kg
-1

 to 162.37 mg kg
-1

 

and zinc content ranged from 23.92 mg kg
-1

 to 145.78 mg kg
-1

. 
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          Rice hybrids have a mean yield advantage of 10-15% over varieties since they 

possess a more vigorous and extensive root system and increased growth rate during 

vegetative period when grown under normal transplanting condition (Yamauchi, 1994 

and Yang et al., 1999). 

Wang et al. (1997) reported that zinc content in grains of rice ranged from 0.79 

- 5.89 mg 100
-1

 g with an average of 3.34 mg 100
-1

 g in a study done among 57 rice 

varieties. The largest zinc value was found in Ganjay  Roozy, a variety grown at IRRI 

while the lowest zinc value recorded was in long grain fragrant rice. 

              Mae (1997) described that the HI of old rice genotypes is about 30% and 50% 

for improved and semi-dwarf ones. The genotypes with higher HI produced higher 

grain yield. The increase in HI of coarse genotypes was attributed to higher DM 

accumulation and partitioning greater amounts into panicles. 

Fageria (1998) reported adequate N concentrations for maximum yield about 8.7 g kg
1
 

in the shoot of upland rice under field condition at harvest. 

   Peng et al. (2000) determined the trend in the yield of rice cultivars/lines 

developed since 1966 at the International Rice Research Institute (IRRI), Philippines. 

These authors concluded that the increasing trend in yield of cultivars released before 

1980 was mainly due to the improvement in grain harvest index (GHI), while an 

increase in total biomass was associated with yield trends for cultivars/lines developed 

after 1980. They also suggested that further increases in rice yield potential will likely 

occur through increasing biomass production rather than increasing GHI. Peng et al. 

(2000) reported that high yielding rice cultivars/lines developed at the IRRI from 1985 

to 1995 were intermediate in canopy height, tillering capacity, and leaf area index. 

Cultivars in this group were able to maintain relatively high grain harvest index. 

Kiniry et al. (2001) reported that the GHI varied greatly among cultivars, 

locations, seasons, and ecosystems, ranging from 0.35 to 0.62, indicating the 

importance of this variable for yield stimulation. Nitrogen concentration was higher in 

grain compared to shoot. Nitrogen concentration in the grain of rice is always higher 
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than the Stover. The yield variability among rice cultivars is highly dependent on grain 

harvest index. 

Uphoff (2002) reported that drought resistance genotypes have thick 

voluminous and deep root system compared to other genotypes. Cassman et al. (2002) 

reported that N concentration of 12 g kg
-1

 is desired in the grain of rice for optimal 

cooking and eating quality. Besides, rice hybrids exhibited highest yield potential even 

under SRI method, due to profuse tillering capacity, lodging tolerance, greater stress 

resistance and wide ecological adaptability (Yan, 2002).      

The largest germplasm collections of rice is available in the world. This 

accessible collection of diverse varieties, landraces and related wild species has made 

great contributions to rice breeding. Landraces harbor a great deal of useful traits with 

genetic potential for rice improvement and they played a very important role in the 

local food security and sustainable development of agriculture, in addition to their 

significance as genetic resource for rice genetic improvement (Tang et al., 2002).   

   Welch and Graham (2004) found 4-fold differences in mineral levels of iron 

and zinc concentration among rice genotypes, which suggests that there is a potential 

to increase the concentration of these micronutrients in rice grain with genetic 

technology. 

Bhattacharjee (2006) observed 0.136 to 11.4 per cent of amylose content in 

glutinous rice cultivars of Assam. Nine genotypes of rice were evaluated for iron and 

zinc content in rice grain at IRRI by found a range of 8.8 to 21.0 ppm, 14.0 to 40.0 

ppm for iron, and zinc, respectively (Martinez et al., 2006). Zozali et al. (2006) 

reported grain of Zn concentration is substantially higher in certain landraces of 

Southeast Asia than in commonly grown high yielding rice varieties.  

Thorat (2007) and Fageria (2007) revealed that different spacing had no 

significant influence on N and P content in grain and straw of rice. Rice genotypes 

differ significantly in N uptake and utilization efficiency. 
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Uphoff and Randriamiharisoa (2007) observed in different root character’s  in  

different genotypes . 

Devi et al. (2008) reported significant variation among cultivars for total starch 

content from 73.77% to 85.33% of carbohydrate content while studying fifteen 

indigenous rice and 100 upland rice cultivars respectively.   

   Ahmed et al. (2008) studied that the yield potential of wild relatives of rice, 

which involves the improvement of seed protein content. A significant increase in seed 

protein content was observed in an interspecific hybrid between Oryza sativa ssp. 

indica and the wild species Oryza nivara. The hybrid showed a protein content of 

12.4%, which was 28 and 18.2% higher than those of the parents O. nivara  and  IR 

64, respectively.  

Lafarge and Bueno (2009) reported that the yield advantage of hybrid rice over 

old rice cultivars in tropical environments is up to 15%. This increase in grain yield is 

because of higher dry matter production due to higher seedling vigor leading to 

quicker growth rate and higher HI. Chakraborty et al. (2009) noticed bold grained rice 

genotypes had starch content varied from 65.60 to 79.88 per cent.  

Islam et al. (2010) noticed that hybrid rice give higher yield over conventional rice. 

Mallikarjuna et al. (2011) studied 126 accessions/varieties of rice germplasm 

including wild relatives O. rufipogon  and O. nivara. The Fe concentration in brown 

rice ranged from 6 ppm (Athira) to 72 ppm (O. nivara). Zn concentration ranged from 

27 ppm (Jyothi) to 67 ppm (O.rufipogon). Iron and zinc concentration varies between 

brown rice and polished rice. Also, when whole rice grains and broken rice grains 

were compared, there was variation in iron concentration but not in zinc concentration.  

Anuradha et al. (2012) analyzed 126 accessions of brown rice genotype 

including 7 accessions of two wild species for Fe and Zn concentration and reported 

that iron concentration ranged from 6.2 ppm to 71.6 ppm and zinc from 26.2 ppm to 

67.3 ppm. Zn concentration and grain elongation (-0.25) were significantly correlated. 

The wild accessions had the highest Fe and Zn.  
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Yadi et al. (2012) described significant effect of Zn fertilizer on HI of rice. More over, 

the coarse rice genotypes (Pukhraj and F-Malakand) had higher HI than fine genotype 

(Bamati-385). Differences in the HI of rice genotypes have been reported by many 

researchers. 

Devi et al. (2012) observed a range of 70% to 89.25% of total carbohydrate 

content studying eighteen indigenous cultivars of North-Eastern hill regions of India. 

79% carbohydrate content is recommended by USDA Nutritional database, U.S. 

      Wiangsamut et al. (2013) reported that hybrid rice has higher DM partitioning 

efficiency and consequently has higher grain yield than inbred. 

2.2 Effect of spacing  

 Bridgit and Potty (2002) and  Nayak et al. (2003) reported  that  higher yield in 

30 cm x 30 cm spacing was due to less competition among the plants for nutrients and 

moisture better aeration which encourages better root development. Productive tillers 

hill
-1

 was not affected significantly by seedling   density. 

Obulamma et al. (2004) mentioned that spikelet’s panicle
-1

 was significantly 

higher at wider spacing. Sterility percentage was observed to be significantly higher at 

closer spacing (20 cm x 10 cm). Grain yield was not significantly affected by spacing. 

However, wider spacing of 20 cm x 15 cm produced more grain yield compared to 

narrow spacing (20 cm x 10 cm).The number of filled grains panicle
-1

 was 

significantly higher with one seedling hill
-1

. This can be attributed to the significantly 

higher sterility percentage recorded at two seedlings hill
-1

. 

Frizzell et al. (2006) while comparing row widths for conventional 

varieties suggested that narrows rows may be preferable over wider rows.  

Islam et al. (2009) reported that thousand grain weight failed to show any 

significant variation with seedling density as it may be an attribute controlled by the 

genetic make up of the variety. 
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2.3 Effect of inorganic nutrient  

           Barker et al. (1985) observed that the impact of increased fertilizer use on crop 

production has been large, but ever increasing cost of energy is an important constraint 

for increased use of inorganic fertilizer. 

Kumar and Prasad (2003) reported that application of 10 t ha
-1

 FYM in rice-

wheat system significantly increased N, P and K content by 4.0, 7.8 and 7.6 percent as 

compared with no FYM. In rice straw N and P content remained unaffected with 

increase in fertilizer levels but K content was increased significantly with increased 

fertilizer dose from 0 to 100 % RDF. Highest level of fertilizer (100 % RDF) produced 

highest K content in straw and was followed by 50 % RDF. Significantly minimum K 

content in Straw was observed with no fertilization.  

Ahmad et al. (2005) reported that the increase in straw yield and harvest index 

at higher nutrient levels. 

Tripathi et al. (2013) mentioned that the better yield attributes and yield with 

the application of highest level of nutrients might be due to its key role in root 

development, energy translocation and metabolic process through which increased 

translocation of photosynthates towards sink development might have occurred. 

Hairmansis et al. (2010) reported that grain yield and straw yield were 

maximum at 150:75:75 kg NPK ha
-1

. This could be attributed to the positive and 

moderate direct effect of number of productive tillers and the strong direct effect of 

filled grains panicle
-1

 on grain yield. Significant improvement in dry matter 

accumulation of rice with increasing nutrition on account of better growth and 

development of the plant.  

2.4 Effect of organic nutrients  

Mathew et al. (1993) also recorded increment in grain yield by application of 

FYM. Manjappa et al. (1994) found  sustaining soil productivity, organic manures 
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also improved nutrient use efficiency of the crop .  Sharma(1994) noted that the grain 

and straw increased with the increased rate of FYM. Gill et al. (1994) reported that 

rice yields increased significantly with the increase in nitrogen levels up to 100 kg ha
-

1
. Rice yields still higher in 100 per cent application of N, P and K and in treatments 

with part of N supplied through various organic sources. Among all the treatments, 

application of 25 per cent and 50 per cent N through paddy straw gave significantly 

higher grain and straw yields, respectively.  

Ladha et al. (1996) noticed that   application of organic sources of nutrients in 

rice crop showed beneficial effect on succeeding crop i.e. maize in the summer season. 

Though the green manures are good source nutrients, they can not meet the total crop 

nutrient requirement in the present day agriculture water management alternatives and 

plant spacing optimum plant density per unit area is an important factor needed for 

realizing higher yields. 

            Mhaske et al. (1997) noted higher plant height and number of tillers plant
-1

 

with the application of FYM @ 12 t ha
-1

 compared to no FYM application.  

Pandey et al. (1999) observed that the head rice recovery was higher with the 

application of 10 t ha
-1

 of FYM. They also reported that the application of 10 t FYM 

ha
-1

 as well as 5 t FYM ha
-1

 were equally effective as 120 kg N ha
-1

 for grain yield of 

scented rice cv.  Madhuri and Pusa Basmati-1. Similarly at CRRI, Cuttack, application 

of 10 t FYM ha
-1

 increased the grain yield compared with no FYM, and the yield was 

similar to that obtained with 20 or 40 kg N ha
-1

  while ,Ghosh and Sharma, (1999)  

noticed there was no significant difference in grain yield due to the application of N-

fertilizer in plots treated with FYM.  Ayoub (1999) reported that use of organic matter 

to meet the nutrient requirement of crops would be an inevitable practice in years to 

come, particularly for resource poor farmers. Further, more ecological and 

environment concerns over the increased and indiscriminate use of inorganic 

fertilizers have made research on use of organic materials as a source of nutrients very 

necessary. 
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  Hossain and Singh (2002) revealed that the organic materials particularly 

farmyard manure and green manure have traditionally been used by rice farmers in pre 

industrial age. But the present day high yielding cultivars, which have higher nutrient 

requirements, the use of inorganic fertilizers has increased considerably leading to 

decline in the use of organic materials. 

 Sharma and Sharma (2002) observed that the increase in organic carbon 

content in treatments with combination of both organic and in organic sources may be 

attributed to higher biomass addition to soil through crop residues.  

Tolanur and Badanur (2003) reported that FYM and green manure addition 

with inorganic fertilizers had the beneficial effect on increasing the available P status 

of soil. 

Mirza et al. (2005) reported that productive tillers were increased by the 

application of FYM but differences were not significant between 10 and 20 t ha
-1

 of 

FYM application. The increase in paddy yield due to application of 5, 10 and 20 t ha
-1

 

of FYM were 6.8%, 24.4% and 37.6%, respectively over control. 

Laxminarayana (2006) reported that the declining trend of available potassium 

among all the treatments may be attributed to crop removal due to continuous 

cropping. 

 Singh et al. (2008) mentioned   that lowering of organic carbon content of soil 

was common in control and in treatments with only inorganic fertilizers .This type of 

lowering of organic carbon content of soil may be due to its rapid mineralization 

resulting from intensive cropping and also as a result of attaining stable equilibrium 

with the changing soil crop environment.  

        Singh et al. (2008) noted that organic sources have maintained relatively higher 

available potassium content. 

 Yogananda et al. (2012) reported that transplanted rice responded 

positively with increasing level of FYM. The maximum average grain yield 

(4166 kg ha
-1

) and straw yield (5212 kg ha
-1

) was observed with application of 
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12.5 t FYM followed by 10 t FYM equivalent (3918 and 4769 kg ha
-1

 , 

respectively) and found superior over all other treatments. 

  Pandey (2012) and Rathod et al. (2012) the improvement in organic 

carbon, microbial population and physical properties of the soil may be the 

reason of the more crop  productivity . 

2.5 Effect of integrated nutrient management  

Diverse studies across different agro-ecosystems have shown importance of 

organic nutrient sources in improving crop yield and improving soil quality. Reference 

reported that response of rice to nutrient supply by organic and inorganic fertilizer is 

universal but may vary with locations, soil and fertilizer types. Similarly, crops have 

been reported to respond differently to different composts under similar soil fertility 

condition.  

 Santhy et al. (1998) observed that total uptake of N, P and K increased 

progressively in the supply of NPK to the crops, because of higher availability of these 

nutrients. Application of NPK at 100 % of optimum level along with FYM @ 10 t ha
-1

 

increased nutrient uptake over the application of 100 % optimum level of NPK alone. 

Pandey et al. (1999) reported that application of 10 t FYM ha
-1

, 80 kg N ha
-1

 

along with 5 t FYM ha
-1

 and 40 kg N ha
-1

 were as effective as 120 kg N ha
-1

 for grain 

yield of scented rice cv. Madhuri and Pusa Basmati-1. 

Sarawgi and Sarawgi (2004) found that higher level of nutrients (i.e. 50:50:40 

kg NPK ha
-1

 + nitrogen blended with FYM) recorded significantly higher number of 

tillers plant
-1

, plant height, panicles plant
-1

, length of panicle, number of filled grains 

panicle
-1

, filled grain weight, test weight and grain yield of tall and short slender 

scented rice varieties compared to lower level of nutrients (i.e. 25:40:30 kg NPK ha
-1

) 

with or without blending with FYM. At both level of nutrients, blending with FYM 

proved better in all growth, yield and yield attributing characters. It was also found 
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that application of 10 t FYM ha
-1

 (i.e. 45:20:40 kg NPK ha
-1

) did not show any 

positive effect on yield and yield attributes of short to medium slender rice varieties. 

 Sarawgi and Sarawgi (2004) revealed that higher level of nutrients (i.e. 

60:50:40 kg NPK ha
-1

 + N blended with FYM) recorded significantly higher number 

of tillers plant
-1

 at maximum tillering stage, plant height, panicles plant
-1

, panicle 

length, panicle weight, test weight, filled grains as well as total number of grains 

panicle
-1

, grain and straw yield of semi tall and short to medium slender scented rice 

varieties followed by same level of nutrients blending and lower level of nutrients 

(40:40:30 kg NPK ha
-1

) with or without blending. Further, it was observed that there 

was no significant differences in between lower level of nutrient blended with FYM 

(40:40:30 kg NPK ha
-1

 + N blended with FYM) and higher level of nutrient without 

blending (60:50:40 kg NPK ha
-1

) for plant height, panicle length, test weight, number 

of filled grains as well as total number of grains panicle
-1

 and straw yield. It was also 

found that application of 10 t FYM ha
-1

 (45:20:40 kg NPK ha
-1

) proved as good as 

higher level of nutrient (60:50:40 kg NPK ha
-1

) without blending. 

 Pandey and Nandeha (2004) reported that application of chemical fertilizers @ 

120:60:30 kg NPK ha
-1

 produced significantly higher grain yield of scented rice 

during both the years. However, the response of FYM alone was at par with all the 

chemical fertilizers.  

Singh et al. (2005) reported that soil OC and available P content increased 

significantly due to organic farming practice compared the control as well as chemical 

fertilizer application. 

Khadayate et al. (2005) reported that the different organic and inorganic 

sources of nutrients, alone and in combinations, significantly influenced the rice yield, 

yield attributing parameters, content and uptake of nutrients (N P and K) by rice. 

Among the different organic sources, FYM was recorded the highest yield. 
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Sarawgi et al. (2006) revealed that the grain yield of scented rice varied 

significantly due to nutrient management. Higher level of nutrients (i.e. 60:50:40 kg 

N: P2O5: K2O ha
-1

 + Nitrogen blended with FYM) recorded significantly higher grain 

yield of scented rice than rest of the nutrient management practices. 

Urkurkar et al. (2006) found highest yield sustainability and net return of rice 

and available N in soil under 50% of N substituted through green manure in 

conjunction with 50% of recommended NPK through inorganic fertilizers than 100% 

recommended dose of fertilizer and other combination of organic and inorganic 

sources over 16 years of study at Raipur. 

     Roul et al. (2007) reported that the growth parameters like plant height, dry matter 

accumulation, root mass density as well as the physiological parameters like leaf area 

index, leaf area duration, light interception etc were significantly higher under 100% 

recommended dose of nitrogen blended with FYM at 3 t ha
-1

 . Similar trend was also 

recorded with different yield attributes, grain and straw yield of rice. 

 Salahuddin et al. (2010) studied that five levels of nitrogen (0, 50, 100, 150, 

200 kg N ha
-1

) and three spacing’s (25 cm x 20 cm, 25 cm x 15 cm, 25 cm x 10 cm)  

and noted gradual increase in panicle length (24.50 cm), grains panicle
-1

 (110) and 

grain yield (4.91 t ha
-1

) were with the increase in nitrogen levels upto 150 kg ha
-1

 and 

declined thereafter. Thousand-grain weight was not significantly influenced by 

application of different levels of nitrogen. The maximum grain yield (4.22 t ha
-1

) was 

observed at the spacing 25 cm x 10 cm closely followed by 25 cm x 15 cm (4.21 t ha
-

1
). Wider spacing (25 cm x 10 cm) produced the tallest plant (108.38 cm), but 

significantly highest tllers hill (8.06) and grains panicle
-1 

was recorded from (25 cm x 

20 cm). Plant spacing had also no significant effect on 1000 grain weight. The 

interaction effects of nitrogen and plant spacing was significant in panicle length, 

grains panicle
-1

, and grain yield. The higher grain yield (5.00 t ha
-1

) was recorded from 

the treatment combination of 150 kg N ha
-1

 with 25 cm x 15 cm spacing, but 
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statistically identical to same N dose with other two spacing. Response of grain yield 

to added N was quadratic. The optimum doses were found to be 132 kg N ha
-1

 for 25 

cm x 20 cm, 119 kg N ha
-1

 for 25 cm, and 177 kg N ha
-1

 for 25 cm x 10 cm spacing, 

yielding 4.38, 4.63 and 4.75 t ha
-1

 respectively. 

 Satish et al. (2011) noticed significant increase in rice yield in treatments with 

paddy straw as source of nitrogen (25 to 50%). Higher maize yield was observed in 

treatments with both organic and inorganic fertilizers in kharif followed by 100 per 

cent NPK in summer season, thus showing the beneficial effect of organic sources of 

nutrients on the succeeding crop and also improving the soil fertility levels. 

 Gogoi (2011) reported that the application of 50% recommended dose of 

fertilizers (RDF) + 50% N (FYM) showed the lowest bulk density and the highest 

water holding capacity of soil. The above treatment was at par with 50% N (inorganic) 

+ 50% N (FYM) + PK. However, effect of integrated nutrient management had a non 

significant effect on pH of soil. At the end of the cropping sequence, significant soil 

organic carbon increased and higher available N, P2O5 and K2O of soil were 

observed when 50% recommended dose of fertilizers (inorganic) substituted through 

50% N FYM (organic) over RDF and control. 

 Ghosh et al. (2011) informed that on adoption of INM technology, the soil 

quality index (SQI) improved from 11.9 to 18.8% exhibiting highest in maize-potato-

onion and lowest in paddy-wheat system. It is inferred that maize-potato-onion under 

limited irrigation treatment and maize-wheat + mustard under rainfed conditions are 

the best management options for maximizing water productivity, net return and soil 

quality. 

Upadhyay et al. (2011) noted that at the end of 5 cropping cycles, application 

of organic manures resulted in higher soil organic carbon, available N, P and K than 

the chemical fertilizers. Maximum beneficial micro-organisms were recorded under 
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organic nutrient management (ONM) after completion of 5 crop cycles and the bulk 

density of soil was also lowered significantly in ONM. The B:C ratio was higher for 

chemical fertilizers in case of rice-durum wheat-green manuring (3.6) and rice-potato-

okra (3.1) due to lesser cost of cultivation. 

 Jahiruddin et al. (2012) stated   that the integrated use of poultry manure or 

compost with fertilizers demonstrated about 25% yield increase over 100% fertilizer 

treatment. Positive residual effect of manure was observed in the following 

two rice crops. A separate field trial was made to evaluate the effect of INM with cow 

dung or poultry bio-slurry on potato crop. It revealed that bio-slurry had better effect 

on tuber yield compared to cow dung or poultry manure. This study indicates 

that integrated use of manure and fertilizers is a better practice for obtaining higher 

crop yield. 

 Hussain et al. (2012) noted that the values of  yield attributes viz., panicle 

length and number of spikelets panicle
-1 

 were  significantly higher with application of 

RFD + poultry manure @ 20 t ha
-1

, whereas grains panicle
-1

 and panicles m
-1

 were 

significantly higher with application of FYM @ 20 t ha
-1 

+ 75% recommended 

fertilizer dose. 

 Nath et al. (2012) investigated  the multifaceted effects of INM treatments that 

facilitated beneficial soil conditions were reflected in terms of significant 

increase in the grain yield of both rice (3.87 t ha
-1

 ) and toria (1.04 t ha
-1

 ) even over 

the 100% NPK. 

 Dheri et al. (2013) studied five treatments (100%N, 100%NP, 100%NPK, 

100% NPK + FYM and the control). In the surface soil layer (0–15 cm), soil organic 

carbon (SOC) increased from the initial status of 2.42 to 3.26 g kg
-1

 in the control, 

which significantly increased with the application of 100% NPK (4.11 g kg
-1

) and 

100% NPK + FYM (4.55 g kg
-1

). The rice–wheat cropping even without any 
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fertilization (control) contributed toward carbon sequestration (1.94 Mg C ha
-1

) with 

soil organic carbon pools and carbon sequestration rate of 7.84 Mg C ha
-1

 and 

0.22 Mg C ha
-1

 yr
-1

, respectively.  

 Cao et al. (2013) reported that the integrated high-efficiency practice is 

effective in reducing NH3 loss and increasing rice yield and nitrogen use efficiency 

(NUE), and can be used for the sustainable development of rice production 

systems in the Taihu Lake region. 

 Patel et al. (2013) from Varanasi reported that for securing higher yield and 

remuneration in rice - sugarcane (plant)– sugarcane (ratoon) cropping sequence, 

application of 25% N through FYM + 25% N through poultry manure + 50% N 

through inorganic fertilizer to the rice–sugarcane (plant)–sugarcane (ratoon) cropping 

sequence not only gave net return and B:C ratio close to that obtained with application 

of 100% recommended dose of fertilizer as per soil test value or as per general state 

recommendation but also improved the soil health in terms of 

positive nutrient balance. 

 Mohanty et al. (2013) reported from Odisha that application of 1/3 rd 

recommended dose (RD) of N each through chemical fertilizer; FYM and Azolla 

registered the highest plant height and leaf area index in rice (Oryza sativa L.) as 

compared to other treatment combinations. Higher yield components (viz. number of 

panicles m
-2

, number of filled grains panicle
-1

) and grain and straw yield of rice were 

also achieved from the same treatment as compared to 100% recommended dose of 

fertilizer and control. 

 Singh et al. (2013) observed that application of 75% of recommended NPK 

through inorganic + FYM @ 10 t ha-1+ BGA @ 15 kg ha-1 recorded significantly 

higher plant height, more no. of tillers/hill and yield.  
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 Tripathi et al. (2013) noted that the residual soil fertility improved 

considerably with the combined application of inorganic fertilizer and organics. It was 

concluded that integration of organics (Rhizobium, PSB & FYM) with in organics led 

to 50% saving of inorganic fertilizer without scarifying the yield of sun hemp-

rice cropping sequence and improved soil fertility status. 

 Singh et al. (2013) noticed that INM resulted in higher plant height with longer 

leaves than chemical fertilizer alone. The seed quality parameters like germination rate 

and vigor index as well as N uptake and soil organic carbon content were 

higher in INM than those in chemical fertilizer alone. 

2.6 Effect of Micronutrient  

            Micronutrient deficiencies are becoming serious because of escalated nutrient 

demand from more intensive and exploitative agriculture coupled with use of single 

nutrient fertilizers and low amount of organic manures (Savithri, 2008). Cultivation 

shift for fine genotypes from flooded to aerobic condition have raised another question 

for rice growers on micronutrient deficient soil. Although significant amount of water 

may save in this shift but it may not suitable for already existing genotypes which can 

lead toward poor crop performance. 

2.6.1 Effect of  Zinc  

                   Rashid.(2001) reported that diffusion is belived to be the 

dominant mechanism for Zn
2+

 transport to  plant roots.Dubey and Chauhan (2002) 

reported that the minimum Zn uptake was recorded at no crop residue (control) and 

maximum at 100% crop residue. Tripathi and Rawat (2002) reported that the increase 

in Zn content may be attributed to increased availability of Zn due to addition of crop 

residue.  Singh and Tripathi (2005) reported that solubilisation of native as well as 

applied zinc at higher levels by crop residues which produces complexion   agents.   
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Meena et al. (2008) noticed that the minimum Zn uptake was recorded at no 

crop residue (control) and maximum at 100% crop residue.  

          Ehsanullah et al. (2011) evaluated the effect of different methods and 

timing of zinc application on growth and yield of rice at Faisalabad. Zinc 

application methods and timing had significantly pronounced effect on paddy 

yield. Maximum paddy yield (5.21 t ha
-1

) was achieved in treatment Zn (Basal 

application at the rate of 25 kg ha
-1

 21 % ZnSO4) and minimum paddy yield (4.17 

t ha
-1

) was noted in Zn7 (foliar application at 75 DAT @ 0.5% Zn solution). Zinc 

application increases the crop growth rate of rice. 

           Jha et al. (2013) noted that green manure had the greatest contribution to total 

N, total P, zinc, iron, and manganese (Mn). Yadav et al. (2013) observed that   Zn 

uptake obviously increased with the application of Zn.  Zn and crop residue treatment 

exerted a favourable influence on zinc uptake by rice crop. Tripathi and Kumar (2013) 

noticed that minimum Zn uptake was recorded at no crop residue (control) and 

maximum at 100% crop residue. Chandel et al. (2013) showed that crop residue 

increased the grain and straw yield of rice and iron content and ultimately iron uptake 

by the crop. Yadav et al. (2013) studied the response of rice to zinc and organic matter 

application and noted that rice grown in flooded conditions has higher 

requirement of zinc because the availability of other nutients in submerged condion 

increases which decrease zinc availibily to crop. 

2.6.2   Effect of Boron 

        Boron is second emerging deficient nutrient in rice tract which is affecting crop 

impassively. 

Garge et al. (1979) found that Boron may stimulate the enzymatic activity, 

availability of sugar and respiration which leads toward improved pollen growth. 

Hossain et al. (2001) reported that in case of severe boron deficiency, root 

growth of plant ceases which leads toward the death of root tips. Paddy yield was 
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significantly higher with the application of micronutrients (Zn, B and Mo) alone or in 

combination with each other.  

Rashid et al. (2009) perceived the effect of boron on rice cultivars Super 

Basmati, Basmati 85 and KS- 282 and reported 14-25% increase in paddy yield as 

compared with control. Rice crop behaved positively with optimum boron dose at 0.75 

kg ha
-1

.  

Rafique et al. (2006) reported that crop production and quality is desperately 

affecting with emerging deficient micronutrients (B and Zn) all over the world.  

Jin et al.  (2008) found that concentration of Fe, B and Zinc contents increased 

significantly in rice grain with combined foliar application of these nutrients.  PARC 

(2002) Studied on boron fertilization and explained that paddy yield consistently 

increased with boron application.  

Boron application improved all the agronomic growth parameters and 

increased the yield. Both B fertilizers significantly increased the plant height, panicles 

plant
-1

, number of grains panicle
-1

 and weight of 1000 grains. Both B sources were 

found equally effective in supplying B to rice crop. Borax gave significantly high 

yield at 2 kg B ha
-1

 and powder colemanite at 3 kg B ha
-1

. Yield difference between 

borax and powder colemanite was not significant at all three levels .Powder 

colemanite applied plots had significantly high residual B in compare to borax at 0-15 

and 15-30 cm and at 30-45 cm depth borax applied plots had high B content. Granular 

colemanite application did not significantly increase the crop growth and yield due to 

the large particle size B so that release was very slow. 

 

2.6.3 Effect of Silicon  

          Although silicon has not been recognized as an essential element for higher 

plants, its beneficial effects have been observed in many plants. Rice plant has 

been considered to be a typical siliciphilous plant. It is recognized that silicon 

promotes photosynthesis prevents fungal and insect injuries and alleviates 
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lodging. In Japan, silicon materials are widely applied to paddy fields to 

enhanced rice production. 

 Okuda and Takahashi (1961) studied the effect of silicon application on 

the growth of rice plant at different growth stages, and observed that the plant 

height, grain weight, and uptake of silicon were larger when silicon was added at 

later growth stages (after panicle initiation stage) than at earlier growth stages. 

They therefore suggested that silicon application is more important in the later 

growth stages. 

 Takahashi et al. (1966) found that silicon promotes CO2 assimilation in 

the leaf blades and translocation of assimilated products to the panicle. 

 The first reports of such a response appears to be those of Yamauchi and 

Winslow (1989), and Winslow (1992) in West Africa. Si sharply reduced all 

fungal diseases, particularly neck blast and grain discoloration which are the most 

serious problems in the humid forest zone; and clear differences in Si response 

among rice varieties were observed. 

 The role of Si in plants has been reviewed by Lewin and Reimann 

(1969) and Werner and Roth (1983).  Commercial Si fertilizer use in irrigated 

rice is well established in Japan. Nearly one third of Japan's rice hectare age falls 

into this category. Si fertilizers are also used in Korea. In the Asian humid 

tropics, responses to Si in irrigated rice were observed in Sri Lanka where leaf Si 

fell below 5%, and straw Si was below 2% for indica varieties (Taakijima and 

Gunawardena, 1969) or 2.5% for japonicas (Yoshida et al., 1969). Irrigated rice 

yield responses have also been observed in Taiwan and India, according to Silva 

(1973). In comparison to lowland culture, little is known about the Si responses 

of upland rice. 
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 Transport of Si up the shoot appears to be passive, via the transpiration 

stream (Yoshida et al., 1962) upon reaching the end of the transpiration stream, 

most (90-95%) of the silicic acid condenses to form insoluble, hydrated, 

amorphous silica, cIten called "silica gel" (SiO2.nH2O). When dehydrated, this is 

called biogenetic opal, which Lanning (1963) argued is the real form present (not 

gel) within rice tissues. Monomeric silicic acid constitutes just 0.5 to 8% of plant 

silica, and colloidal silicic acid forms the remaining O to 3.3% (Yoshida el al., 

1962b). No enzyme appears to participate in the condensation that converts 

soluble Si to the insoluble form in rice (Yoshida et al., 1962). 

      Winslow (1992) found varietal differences in Si content which were 

associated with differences in resistance to neck blast and grain discoloration 

diseases in West Atrica. Furthermore, the varietal differences were greatest 

between the two major genetic sub-groups of cultivated rice, the indica and 

japonica types. Japonica types, which are the traditional upland rices of the 

tropics.had substantially higher levels of Si in plant tissues, and were more 

resistant to these ímportant upland díseases. While this is circumstantial 37 

evidence, it is significant in light of the known effect of applied Si in reducing 

hose same diseases. When Si was applied in that same study, the indica types 

showed a greater response in terms of increased Si content, yield and disease 

control, than did japonicas, as might be expected given the greater "inherent 

deficiency" characteristic of indicas. 

 Kaufman (1979) suggested that silica cells might serve as a "window" 

in the epidermal system of sugarcane, and they may allow light to be transmitted 

to photosynthetic mesophyll tissue below the epidermis better. Therefore the 

silicon absorbed during the reproductive stage plays an important role in 

promoting the photosynthesis of leaves, especially the flag leaf.  
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 Mizuno (1987) reported that the hull size and 1000 grain weight increased 

with the increase in the silicon content of the hull. The leaf blades are the main 

organ of photosynthesis and the flag leaf contributes significantly to the yield. 

2.7 Interaction effect   

           Akita (1989) and Amano et al. (1993) also reported that higher grain yield 

from rice was achieved by increasing biomass production. 

According to Peng et al. (1999), grain yield improvement of lowland rice cultivars 

released by the International Rice Research Institute in the Philippines after 1980 is 

due to increases in biomass production.             

      Fertilizers are a costly input, such that their use limits the profitability of rice 

farming for high- or low-input systems, and the use of fertilizers for these two rice 

nutrients is extremely inefficient .About the interaction of Zn and P, numerous studies 

have been done and all confirms that Zn and P imbalance in the plant, as a result of 

excessive accumulation of P, causing Zn imposed, deficiency (Cakmak, 2000; Das et 

al., 2005 and Alloway, 2009). 

 Marschner, (2002) stated that phosphorus (P) and zinc (Zn) deficiencies are 

two of the most important nutritional constraints to rice growth. Zn is absorbed by 

plants as cations (Zn
2+

) and P is taken up by plants as phosphate anions (H2PO4 or 

HPO4
2-

). These cations and anions attract each other which facilitates the formation of 

chemical bonds that can form within the soil or the plant. If excess P binds a large 

quantity of Zn normally available to the plant, the result can be a P-induced Zn 

deficiency. This generally results in reduced shoot Zn concentration and reduced 

growth  

 Mafi et al. (2013) reported that increasing P and Zn levels increase yield and 

HI in rice. Fageria et al. (2011) stated that HI increased with Zn fertilization, and the 
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increase in HI was 32% while using 5 mg kg
-1

 Zn of soil as compared to the Zn-

control plots. 

   HI in rice increased with application of higher P (80 and 120 kg ha
-1

) and Zn 

rates (10 and 15 kg ha
-1

) and the increase was more when both nutrients were applied 

in combination than sole application. The increase in yield components and grain yield 

as well as higher dry matter accumulation and partitioning greater amount of dry 

matter into panicles was attributed to the higher P and Zn levels that resulted in higher 

HI of rice and vice versa (Rose et al., 2013). 

 High soil pH appears to be the main factor associated with the widespread Zn 

deficiency in the calcareous soils of the Indo-Gangetic plains of India and Pakistan 

(Tahir et al., 1991).  

 The yield of rice is an integrated result of various processes, including canopy 

photosynthesis, conversion of assimilates to biomass and partitioning of assimilates to 

grains (Weng and Chen, 1984; Wu et al., 1998; Ying et al., 1998). 

 Next to nitrogen (N) and P deficiency, Zn deficiency is now considered as the 

most widespread nutrient disorder in lowland rice (Quijano et al., 2002 and Singh et 

al., 2005).  

 Studies on Zn and P interaction and their impact on dry matter (DM) 

accumulation and partitioning into leaf, culm and panicle at different growth stages 

and harvest index (HI) of lowland rice are scanty. The hypothesis was tested that there 

is no difference in the DM accumulation and partitioning into various plant parts at 

different growth stages (Tillering, heading and physiological maturity), and the HI of 

lowland rice genotypes when applied with variable rates of P and Zn.  
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CHAPTER - III 

MATERIALS AND METHODS 

The present investigation on “Productivity and Quality of Red Rice (Oryza 

sativa L.) Genotypes as Influenced by Organic, Inorganic and Integrated Nutrient 

Management Practices” was carried out during kharif season of 2013 and 2014. The 

details of the materials used, experimental procedures followed and techniques adopted 

during the course of investigation are described in this chapter. 

3.1 Experimental Site 

The location of the experimental site was Instructional cum Research Farm of 

Shaheed Gundadhoor College and Agricultural Research Station, Jagdalpur, 

Chhattisgarh. It comes under baster plateau of Chhattisgarh which comprises of large 

plateau having elevation of 553 m above  mean sea level and lies between 17°46’ N 

and 20°34’ N latitudes and 80°15’ and 82°15’ E longitudes.

3.2 Climate 

Climatologically, Jagdalpur comes under the seventh agro-climatic region of 

India i.e. Eastern plateau and hills which is classified as sub tropical humid with hot 

summer and cold winter. The source of rainfall is south-western monsoon. It receives 

an average annual rainfall of 1326 mm, mostly (85%) precipitated during the period of 

June to September. A few showers are expected during winter and occasionally during 

summer months.  

3.3 Weather condition during the crop growth period (kharif 2013 and 2014) 

Weekly pattern of different meteorological parameters during the crop period of 

kharif 2013 and 2014 are depicted in Fig 3.1 and 3.2 (Appendix-I & II). During kharif 

2013, a total of 1180.9 mm rainfall was recorded against the normal rainfall of 1195 

mm. With the onset of monsoon, 102.2 mm of rainfall was received during 23
rd 

SMW.

Total rainfall received during the June month was 477.1 mm. In the months of July, 

August and September rainfall of 189.2, 204.9 and 133.8 mm was received, 

respectively. Thereafter rainfall continues till the end of the season and a total of 76.3 

mm of rainfall was recorded in 43
rd 

SMW in the month of October before the
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withdrawal of monsoon. The evapo-transpiration, maximum and minimum temperature 

and wind velocity ranged between 0.6 to 6.7 mm, 27
0 

to 34
0 
C, 19.2

0
 to 22.8

0
C and 1.0 

to 8.6 km ph respectively (Fig 3.1).   

        During kharif 2014, a total of 1250.8 mm rainfall was recorded against the normal 

rainfall of 1195 mm. With the onset of monsoon, 94 mm of rainfall was received during 

26
th 

SMW. Total rainfall received during June, July, August and September was 152, 

336, 327.9 and 351.3 mm, respectively. Thereafter rainfall continues till the end of the 

season and a total of 106.6 mm of rainfall were recorded in 41
st 

SMW in the October 

before the withdrawal of monsoon. The evapo-transpiration, maximum and minimum 

temperature and wind velocity ranged between 1.7 to 3.9 mm, 27.7
0 

to 33.6
0 

C, 14.6
0
 to 

24.4
0
C and 1.4 to 6.6 km ph, respectively (Fig 3.2). 

3.4  Physico-Chemical Characteristics of Soil  

 Soil samples from 0-20 cm depth were collected from 15 randomly selected 

spots in the experimental area priar to start of the field experiment with the help of soil 

auger and the composite sample was prepared for mechanical and chemical analysis 

during both the years. The soil of the experimental site is characterized as silty loam 

(fairly levelled). The soil was locally known as Mal (Alfisols). It is well fertile soil 

belongs to mid land situation of landscape in Jagdalpur. The textural composition and 

other soil physical and chemical properties of experimental field are given in Table 3.1. 

3.5  Cropping history of the field  

The experimental field was under cultivation since many years during kharif 

and rabi season. The rice - maize/wheat system was adopted since last five years with 

recommended package and practices. 

3.6   Test crop 

 In Experiment No-I, genotypes viz V1- RR 14 EN-7, V2- RR 14 EN-8 and 

V3-RR 12 EN-11; in Experiment No-II, genotype RR 12 EN-11 and in Experiment 

No-III, genotype  RR 12 EN-1 were grown as local ideotype of red rice. 
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Table 3.1: Initial physico-chemical properties of the soil (0-20 cm) of the experimental 

soil 

Properties Values Method of estimation 

Experiment  

No-I 

Experiment  

No-II and III 

A. Physical Values Rating Values Rating  

Fine Sand (%) 23.42  21.22  International pipette method 

(Black, 1965) Silt (%) 44.72  43.22  

Clay (%) 31.86  35.56  

Soil class  Alfisols 

(Mal) 

 Alfisols 

(Mal) 

Bulk density 

(Mg m
-3

) 

1.52  1.41  Soil core method (Black, 1965) 

B. Chemical 

pH (soil: 

water 1:2.5) 

6.1 Acidic 6.4 Acidic Glass electrode pH meter (Piper, 

1967) 

EC (dS m
-1

 at 

25
o
C) 

0.21 Normal 0.28 Normal Solubridge conductivity method 

(Black,1965) 

Organic 

carbon (%) 

0.39 Low 0.42 Low Walkley and Black’s rapid titration 

method   (Black, 1965)  

Available N 

(kg ha
-1

) 

218 Low 238 Low Alkaline permanganate method 

(Subbiah and Asija,1956) 

Available 

P2O5 (kg ha
-1

) 

13.45 Low 15.13 Low Olsen’s NaHCO3 (Olsen,1959) 

Available 

K2O (kg ha
-1

) 

296 High 308 High Flame photometer method 

(Jackson,1973) 

 

3.7  Experimental details 

 In Experiment No-I, the treatments comprised of 3 genotype in main-plot, 2 

spacing in sub-plot and 3 fertility levels in sub-sub plot. The Experiment No-II was 

composed of 12 integrated use of inorganic, organic and micro-nutrient, whereas in 

Experiment No-III, the treatment consisted of 9 organic and inorganic application of 

nutrients. The treatment details of Experiment No-I, Experiment No-II and III are given 

in Table 3.2, 3.3 and 3.4, respectively. The layout plan of Experiment No-I, II and III is 

depicted in Fig 3.3, 3.4 and 3.5, respectively.  
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Experiment No-I 

Title: Performance of different red rice genotypes under varied spacing and 

fertility levels  

Table 3.2: Treatment details of Experiment No-I 

Notation Treatment details Abbreviation Treatment details 

(A) Main-plot : Genotype (3) (B) Sub-plot:Spacing (2) 

  V1 RR 14 EN-7    S1 15 cm x 10 cm 

  V2 RR 14  EN-8    S2 20 cm x10 cm 

  V3 RR 12 EN-11   

(C) Sub-Sub Plot : Fertility levels (3) 

   F1 60:40:30 (N:P2O5:K2O kg ha
-1

)   

   F2 90:60:40 (N:P2O5:K2O kg ha
-1

)   

   F3 120:60:40 (N:P2O5:K2O kg ha
-1

)   

 

Design of experiment : Split-Split plot design 

Number of replications : 03 

Crop : Red Rice 

Sub-sub plot size   

             Gross : 8.0 m x 5.0 m = 40 m
-2

 

             Net    

                  S1  7.4 m x 4.6 m = 34.04 m
-2

 

                  S2  7.2 m x 4.6 m = 33.12 m
-2

 

Seed rate : 40 kg ha
-1

 

Spacing between   

           Replication : 1.0 m 

           Main- plot : 0.75 m 

           Sub-plot : 0.50 m 

           Sub-sub plot : 0.50 m  

Date of transplanting : 8.8.2013 and 15.7.2014 

Date of harvesting : 27.11.2013 and 2.11.2014 
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V3S1 
F1 

Rep-I 

Rep-II 

0.5 m 
→

0.75 m 
→ ← 

5.0 m 

8.0 m 

1.0 m 

Rep-III 

Treatment details 

(A): Main plot : Genotype (3) 
V1:  RR 14 EN-7 
V2: RR 14  EN-8 
V3: RR 12 EN-11 
(B): Sub plot : Spacing (2) 
S1: 15 cm x 10 cm 
S2: 20 cm x10 cm 
(C): Sub-Sub Plot : Fertility levels (3) 
F1: 60:40:30 (N:P2O5:K2O kg ha-1)
F2: 90:60:40 (N:P2O5:K2O kg ha-1)
F3: 120:60:40 (N:P2O5:K2O kg ha-1)

Design  : Split-split 
Replication : 03 
Sub-sub plot size: 

Gross : 8.0 m x 5.0 m = 40 m-2 
Net  
     S1 :  7.4 m x 4.6 m = 34.04 m-2 
     S2 : 7.2 m x 4.6 m = 33.12 m-2 

Spacing between 
    Replication : 1.0 m 
    Main-plot : 0.75 m 
    Sub-plot : 0.50 m 
    Sub-sub-plot : 0.50 m 
D/T  : 8.8.2013 and 15.07.2014 
D/H  : 27.11.2013 and 02.11.2014 

52.25 m2 

49.50 m2

N 

S 

E W 

Fig.3.2: Layout of Experiment no. I (Kharif season of 2013 and 2014) 

0.5 m 
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Experiment No-II 

Title: Grain yield and nutrient uptake of red rice as influenced by integrated use 

of inorganic, organic and micro nutrients 

Table 3.3: Treatment details of Experiment No-II 
 

Notation Treatment details Abbreviation 

T1 80:60:40 (N:P2O5:K2O kg ha-1)                             T1: N80P60K40 

T2 120:80:60  (N:P2O5:K2O kg ha-1) T2: N120P80K60 

T3 80:60:40 (N:P2O5:K2O kg ha-1) + 5t FYM ha-1         T3:N80P60K40+FYM5t 

T4 120:80:60  (N:P2O5:K2O kg ha-1) + 5t FYM-1        T4 :N120P80K60+ FYM5t 

T5 80:60:40 (N:P2O5:K2O kg ha-1) + Zinc (Zn)                      T5 :N80P60K40+Zn 

T6 80:60:40 (N:P2O5:K2O kg ha-1) + Silicon (Si)                                              T6 :N80P60K40+SI 

T7 80:60:40 (N:P2O5:K2O kg ha-1) + Boron (B)                                              T7 :N80P60K40+B 

T8 80:60:40 (N:P2O5:K2O kg ha-1) + Zn + Si                  T8 :N80P60K40+Zn +SI 

T9 80:60:40 (N:P2O5:K2O kg ha-1) + Zn + B                 T9:N80P60K40+Zn +B 

T10 80:60:40 (N:P2O5:K2O kg ha-1) + B + Si                  T10: N80P60K40+B+ SI 

T11 80:60:40 (N:P2O5:K2O kg ha-1) + Zn + Si + B            T11 :N80P60K40+Zn+ SI +B 

T12 Control ( No fertilizer) T12 :Control 

 

 

 

Design of experiment : Randomized Block Design       

Number of replications : 03 

Variety : RR 12 EN-11      

Plot size   

      Gross : 8.0 m x 5.0 m = 40 m
-2

 

      Net : 7.2 m x 4.6 m = 33.12 m
-2

 

Seed rate : 40 kg ha
-1

 

Spacing between   

     Row x plant : 20 cm x 10 cm 

     Replication : 1.0 m 

     Plot : 0.75 m 

Date of transplanting : 11.08.2013 and 16.07. 2014 

Date of harvesting : 20.11.2013 and 23.10.2014 
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T1 T10 T2 

T7 T2 T9 

T5 T5 T7 

T8 T1 T1 

T2 T11 T8 

T9 T3 T3 

T4 T7 T5 

T10 T12 T6 

T3 T4 T10 

T6 T9 T12 

T12 T8 T4 

T11 T6 T11 

Rep-I Rep-II 
1.0 m 
→

5.0 m 

8.0 m 

0.75m 

1.0 m 

Rep-III 

Treatment details 
Integrated use of inorganic, organic and 
micronutrients 
T1: 80:60:40 (N:P2O5:K2O kg ha-1)

T2: 120:80:60  (N:P2O5:K2O kg ha-1)

T3: 80:60:40 (N:P2O5:K2O kg ha-1)+ 5t FYM ha-1

T4: 120:80:60  (N:P2O5:K2O kg ha-1)+ 5t FYM-1

T5: 80:60:40 (N:P2O5:K2O kg ha-1) + Zn

T6: 80:60:40 (N:P2O5:K2O kg ha-1) + S

T7: 80:60:40 (N:P2O5:K2O kg ha-1) + B

T8: 80:60:40 (N:P2O5:K2O kg ha-1) + Zn + S

T9: 80:60:40 (N:P2O5:K2O kg ha-1) + Zn + B

T10: 80:60:40 (N:P2O5:K2O kg ha-1) + B + S

T11: 80:60:40 (N:P2O5:K2O kg ha-1) + Zn + S + B
T12: Control ( No fertilizer) 

Design  : Randomized Block Design 
Replication : 03 
Gross plot size : 8.0 m x 5.0 m = 40 m-2 
Net plot size : 7.2 m x 4.6 m = 33.12 m-2 

Spacing between 
Replication : 1.0 m 
Plot to plot : 0.50 
D/T  : 11.8.2013 and 16.07.2014 
D/H  : 20.11.2013 and 23.10.2014 

52.25 m2 

49.50 m2

N 

S 

E W 

Fig.3.3 Layout of Experiment no. II (Kharif season of 2013 and 2014) 
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Experiment No-III 

Title: Enhancement of productivity and quality of red rice through organic and 

inorganic application of nutrients  

Table 3.4: Treatment details of Experiment No-III 

Notation Treatment details Abbreviation 

T1 60:40:30 (N:P2O5:K2O kg ha-1) 

 through Inorganic 

T1: N60P40K30 (I) 

T2 120:60:40 (N:P2O5:K2O kg ha-1)  

through Inorganic 

T2: N 120P60K40 (I) 

T3 60:40:30 (N:P2O5:K2O kg ha-1) through 

25% organic(O) + 75 % through Inorganic 

T3: N 60 P40K 30 (25% O +75% I) 

T4 120:60:40 (N:P2O5:K2O kg ha-1) 

through 25% organic + 75 % through 

Inorganic  

T4: N120P60K40  (25% O +75% I) 

T5 60:40:30 (N:P2O5:K2O kg ha-1) through  

50% organic + 50 %through Inorganic 

T5: N60 P40K30 (50% O +50 % I) 

T6 120:60:40 (N:P2O5:K2O kg ha-1) 

through 50% organic + 50 % through 

Inorganic  

T6: N120P60K40 (50% O +50% I) 

T7 N of T1 through organic + 2 Foliar 

spray of N at active tillering and 

panicle initiation stages  

T7:N of T1 applied through 

organics (O) + FS of N at T 

and PI stages  

T8 N of T2 through organic + 2 Foliar spray of 

N at active tillering  and panicle initiation 

stages 

T8:N of T2 applied through 

organics (O) + FS of N at T 

and PI stages 

T9 Control (No fertilizer)             T9: Control 
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T1 T9 T2 

T7 T2 T4 

T5 T5 T7 

T8 T1 T1 

T2 T8 T8 

T9 T3 T6 

T4 T7 T5 

T6 T6 T3 

T3 T4 T9 

Rep-I Rep-II 
1.0 m 
→

5.0 m 

8.0 m 

0.75m 

Rep-III 

Treatment details 
Integrated use of inorganic, organic and micronutrients 
T1: 60:40:30 (N:P2O5:K2O kg ha-1) through inorganic

T2: 120:60:40 (N:P2O5:K2O kg ha-1) through inorganic

T3: 60:40:30 (N:P2O5:K2O kg ha-1) through 25% organic + 75% through inorganic

T4: 120:60:40 (N:P2O5:K2O kg ha-1) through 25% organic + 75% through inorganic

T5: 60:40:30 (N:P2O5:K2O kg ha-1) through 50% organic + 50% through inorganic

T6: 120:60:40 (N:P2O5:K2O kg ha-1) through 50% organic + 50% through inorganic
T7: N of T1 through organic + 2 foliar spray of N at active tillering and panicle initiation stages 
T8: N of T2 through organic + 2 foliar spray of N at active tillering and panicle initiation stages  
T9: Control ( No fertilizer) 

Spacing between 
Replication : 1.0 m 
Plot to plot : 0.50 
D/T  : 13.8.2013 and 16.07.2014 
D/H  : 18.10.2013 and 02.10.2014 

52.25 m2 

49.50 m2

N 

S 

E W 

Fig.3.4 Layout of Experiment no. III (Kharif season of 2013 and 2014) 

Design  : Randomized Block Design 
Replication : 03 
Gross plot size : 8.0 m x 5.0 m = 40 m-2 
Net plot size : 7.2 m x 4.6 m = 33.12 m-2 
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3.8  Nursery management and transplanting 

Red rice seedlings were grown on raised bed nursery having of 3.0 m length x 

1.5 m width. Bed was raised up to height of 15 cm. To achieve good germination and 

healthy seedlings, seeds were sown in line with 5 cm apart. Seed rate @ 40 kg ha
-1

 was 

taken and treated with bavistin @ 2.5 g kg
-1

 seed.  Nursery was kept insect pest, 

diseases and weed free. Twenty to twenty five days seedlings were transplanted at 

shallow depth. Two to three seedlings hill
-1 

of each genotype was used as required in 

different experiments. 

3.9  Fertilizer application 

In Experiment No-I, the nitrogen, phosphorous and potash were applied as per 

treatments. The 50 % dose of nitrogen and 100 % recommended dose of phosphorus 

and potassium were applied as basal and remaining nitrogen was applied in two equal 

split during tillering and panicle initiation stages of the crop. In Experiment No-II, N, P 

and K were applied as indicated in Experiment No-I. Further, the organic source FYM 

(N and K 0.5 % and P 0.2 %) and K and micro nutrients like Zinc sulphate @ 25 kg ha
-

1
, borax @ 10 kg ha

-1
 and silicon @ 4 kg ha

-1
 were applied as basal dose. In Experiment 

No-III, the N, P and K were applied as indicated in above experiments. Further, the 

Design of experiment : Randomized Block Design       

Number of replications : 03 

Variety : RR 12 EN-1      

Plot size   

 Gross : 8.0 m x 5.0 m = 40 m
-2

 

  Net : 7.2 m x 4.6 m = 33.12 m
-2

 

Seed rate : 40 kg ha
-1

 

Spacing between   

Row x Plant : 20 cm x 10 cm 

Replication : 1.0 m  

Plot : 0.75 m   

Date of sowing : 13.08.2013 and  16.07.2014 

Date of harvesting : 18.10.2013 and 02.10.2014 
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organic manure was applied as basal and foliar application of nitrogen was done as per 

treatments. 

3.10  Weed management 

 One manual weeding was done at 30 DAT in all three experiments. 

3.11  Water management  

 The experiments were raised totally based on natural rainfall maintaining water 

depth of 5 ± 2 cm with provision of drainage to remove excess of rainfall. 

3.12  Plant protection 

In both years, fungicide tricyclazole was sprayed at the rate of 0.3 % as per 

need. 

3.13  Harvesting and threshing 

 Harvesting and threshing of all red rice ideotypes was done manually to 

minimize yield losses and reducing experimental error by using sickle. 

3.14  Cultural operations and application of treatments  

Table 3.5: Calendar of cultural operations in red rice 

SN. Operation Experiment No-I Experiment No-II Experiment No-III 

  2013 2014 2013 2014 2013 2014 

1. Ploughing 13.07.2013 19.06.2014 13.07.2013 19.06.2014 13.07.2013 19.06.2014 

2. Nursery 15.07.2013 20.06.2014 15.07.2013 20.06.2014 15.07.2013 20.06.2014 

3. Transplanting 08.08.2013 15.07.2014 11.08.2013 16.07.2014 13.08.2013 16.07.2014 

4. Hand weeding 05.09.2013 08.08.2014 07.09.2013 09.08.2014 15.09.2013 13.08.2014 

5. Top dressing       

  I-At Tillering 04.09.2013 12.08.2014 06.09.2013 14.08.2014 11.09.2013 13.08.2014 

 II-At PI stage 29.09.2013 09.09.2014 30.09.2013 10.09.2014 26.09.2013 06.09.2014 

6. Fungicide 02.09.2013 28.08.2014 13.09.2013 02.09.2014 22.09.2013 26.08.2014 

7. Rouging 1.10.2013 19.09.2014 3.10.2013 21.09.2014 25.09.2013 09.09.2014 

8. Harvesting 27.11.2013 2.11.2014 20.1120.13 23.10.2014 18.10.2013 02.10.2014 
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3.15  Observations recorded 

3.15.1  Pre-harvest studies 

In order to record pre - harvest observations of red rice, five randomly selected 

hills in each treatment were marked in all the three experiments. The observation on 

different parameters was taken at 30, 60 and 90 DAT. 

3.15.1.1  Plant height  

Five randomly selected hills were marked and the plant height was measured 

with the help of meter scale from the base of the plant to the tip of the top most leaf and 

then average was worked out.  

3.15.1.2  Leaf area index (LAI) 

Leaf area index is defined as leaf area per unit land area. It was calculated by 

dividing the leaf area per plant by the land area occupied by single plant (Sestak et al., 

1971). 

    
                          

                              

3.15.1.3  Dry matter accumulation (g hill
-1

)

Plants from five hills in each plot from the second were selected randomly and 

uprooted carefully then thoroughly washed and after complete drying, the sample was 

oven dried at 60°C to get constant weight. The oven dry weight was recorded and 

expressed in g hill
-1

.

3.15 .1.4 Crop growth rate (CGR) 

The crop growth rate was calculated for period 0-30, 30-60 and 60-90 DAT 

with the help of following formula:  

W2 - W1 

Crop growth rate (g hill
-1

day
-1

) =  -------------------

  t2 - t1 

Where, 

W2 and W1 are the total dry weight of plant at the time t2 and t1, respectively. 
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3.15.1.5  Relative growth rate (RGR) 

The RGR was worked out with the help of following formula: 
 

                                                                   

                                                                      LnW2 - LnW1 

Relative growth rate (g g
-1

 hill
-1 

day
-1

) = ----------------------
 

                                                                           t2 - t1 

Where,  

LnW1 and LnW2 are the natural logarithm of total dry weight of plant at the 

time interval t2 and t1, respectively. 

3.15.2  Post-harvest studies 

3.15.2.1 Number of effective tillers hill
-1 

 Numbers of effective tillers were counted from five randomly selected hills and 

then mean was worked out for expressed as effective tillers hill
-1

. 

3.15.2.2  Panicle length (cm) 

  The length of five randomly selected panicles was measured and then mean was 

worked out. 

 3.15.2.3  Panicle
 
weight (g) 

The weight of five randomly selected panicles was measured and then mean 

was worked out. 

3.15.2.4  Grains panicle
-1

  

 Total grains were counted from five panicles which were already collected for 

measurement of length and then mean was worked out. 

3.15.2.5  1,000 grain weight (g) 

The weight of thousand grains were recorded from the samples drawn from the 

produce obtained in each of the net plot and is expressed in gram per thousand grains. 

3.15.2.6  Grain yield (q ha
-1

) 

 The harvested crop was threshed manually and the grain weight was recorded. 

Average grain yield for each plot was worked out separately and converted into q ha
-1

. 
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3.15.2.7  Straw yield (q ha
-1

) 

It was calculated by subtracting the grain yield from the total biomass 

production. 

3.15.2.8  Harvest index (%) 

It was calculated by using the following formula:  

                                        Grain yield (kg ha
-1

)  

Harvest index (%) = ---------------------------------------- x 100 

     Total biomass yield (kg ha
-1

) 

3.15.2.9  Root biomass (cc) 

Five hills were uprooted carefully from the second row of each plant with the 

help of root sampler, washed it and measured with help of measuring known volume of 

water filled cylinder and dipping the root and increased in volume of water was 

measured.  

3.16  Chemical analysis 

Soil samples were collected from each plot following standard soil sampling 

technique at initially and at harvest of rice. Analysis of organic carbon (Walkely and 

Black’s rapid titration method; Black, 1965), available N (Alkaline permanganate 

method; Subbiah and Asija, 1956), P (Olsen’s NaHCO3; Olsen et al., 1959) and K 

(Flame photometer method; Jackson, 1973) were carried out.  

N, P and K content were determined in grain and straw of red rice .The analysis 

was done by micro kjeldhal, vanadomolybdate yellow colour and flame photometer for 

nitrogen, phosphorus and potassium, respectively. The N, P and K uptake was also 

worked out by multiplying concentration with respective dry weight of rice grain on 

oven dry basis. 

3.16.1  Iron and Zinc estimation 

Whole rice grains were subjected to di-acid mixture based digestion as 

described below in triplicate with rice flour as a standard in each batch of digestion to 

establish accuracy of digestion. Iron and zinc content was estimated by using standard 

method described under Harvest Plus, (2006) guidelines using Atomic Absorption 

Spectrophotometer (AAS 200, Perkin Elmer make). Rice flour standards (SRM 1568a; 

National Institute of Standards and Technology, Gaithersburg, MD) were digested and 
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analyzed along with the tissue samples to ensure accuracy of the instrument calibration. 

The protocol for step-wise procedure is as follows. 

1. 0.5 g of rice sample of each rice genotype under study was placed in a vessels and 

11ml of di-acid mixture (9 ml HNO3, 2 ml HCl) was added and kept overnight at 

room temperature for pre-digestion. 

2. Digestion was carried out at temperature 180
0
C in a microwave digestion chamber 

(CEM-MARS equipment) for 45 minutes. 

3. Completion of digestion was confirmed when the liquid turns colorless.  

4. After cooling, the solution was filtered through a whatman’s No. 40 filter paper and 

volume of the filtrate was made up to 50 ml using double distilled water. Aliquots 

of this solution were used for determination of Fe and Zn using atomic absorption 

spectrophotometer. 

Reagents and solutions used for Iron and Zinc estimation 

1.     Acid mixture  

 9 ml Nitric acid (HNO3), 

 2 ml Hydrochloric acid (HCL) (All glass distilled or A.R. grade) 

1. Zero TDS water (Total Dissolved Solutes) for volume make up to 50 ml. 

3.17Quality characters 

3.17.1 Paddy length and breadth (mm) 

           Ten paddy were taken randomly and average length and breadth were recorded in 

mm. 

3.17.2 Paddy length: breadth ratio 

It was calculated by the formula: 

     Length of paddy grain 

 Paddy length: breadth ratio = ------------------------------------- 

    Breadth of paddy grain 

3.17.3 Head rice recovery percentage 

Head rice recovery percentage was recorded on 100 g composite seed sample 

collected from each plot in each replication separately .Seed samples were hulled and 

milled by Satake huller and miller and the percentage of head rice recovery was 

calculated as procedure given by Govindasawamy and Ghosh, (1969). 
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3.18  Production efficiency 

Production efficiency was calculated using formula given by Tomar and Tiwari 

(1990) as fallows:  

     Seed yield (kg ha
-1

) 

Production efficiency (kg ha
-1

 day
-1

)  = ------------------------------------- 

     Duration of the crop (Days) 
 

3.19  Energetic 

Energy inputs were calculated and estimated in Mega Joule (MJ) ha
-1

 with 

reference to the standard values prescribed by Mittal et al. (1985). These inputs were 

taken to each treatment of rice. The standard energy coefficient for seed and straw of 

rice was multiplied with their respective yields and summed up to obtain the total 

energy output. The energy input for rice was calculated by adding the respective values. 

Energy use efficiency, energy output-input ratio, energy productivity and energy 

intensiveness were calculated as per the following formulas:  

                                                                     Total produce 

Energy use efficiency (MJ
-1

x10
-3

) =  ---------------------------------- 

                                                                  Energy input (MJx10
-3

) 

 

Energy output 

Energy output input ratio =  --------------------- 

Energy input 

 

 

                                                             Mean grain yield (g) 

Energy productivity (g MJ ha
-1

) =  ----------------------------------- 

                                                            Total energy input (MJ) 

 

                                                               Total energy output (MJ) 

Energy of intensiveness (MJ Re
-1

) =  ------------------------------------- 

                                                               Total cost incurred (Rs) 

 

3.20  Economic analysis  

The cost of cultivation of individual crop was calculated on the basis of 

prevailing market prices for different inputs. Net return was calculated by deducting the 

cost of cultivation from the gross return. Benefit- cost ratio was compared by dividing 

net return with cost of cultivation. The values for calculation of cost of cultivation were 

presented in Appendix III and IV. 
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3.21  Statistical analysis 

The data obtained on various parameters were tabulated and subjected to 

statistical analysis. The difference of treatment was tested with ‘F’ test, where ‘F’ test 

shown their significance, the level of treatment were compared by critical difference at 

5% level of probability. The skeleton of analysis of variance and formula used for 

various estimations are given by Gomez and Gomez, (1984). 

48



CHAPTER-IV 

RESULTS AND DISCUSSION 

   Research trials on “Productivity and Quality of Red Rice (Oriza sativa L.) 

Genotypes as Influenced by Organic, Inorganic and Integrated Nutrient 

Management Practices” were conducted at Instructional cum Research Farm of 

Shaheed Gundadhoor College and Agricultural Research Station, Jagdalpur, 

Chhattisgarh during kharif season of 2013 and 2014. In both kharif season three 

experiments were conducted .In first experiment entitled “Performance of different 

red rice genotypes under varied spacing and fertility level”, the treatments 

comprised of 3 genotype in main-plot, 2 spacing in sub-plot and 3 fertility levels in 

sub-sub plot. Whereas, in second experiment entitled “Grain yield and nutrient 

uptake of red rice as influenced by integrated use of inorganic, organic and micro 

nutrients”, the treatments was composed of 12 integrated use of inorganic, organic and 

micro-nutrient. Further, in third experiment entitled “Enhancement of productivity 

and quality of red rice through organic and inorganic application of nutrients”, 

the treatment consisted of 9 organic and inorganic application of nutrients. 

In this chapter experiment wise findings are presented   with help of table and 

graphics   related to the mandate of experiments .The interpretation in terms of cause 

and effect relationship highlighted in this chapter along with earlier established 

scientific views of national and international research works.  

4.0 Weather effect 

Rice is one of the most important agricultural products and it is cultivated in 

almost all countries in the world. Climate chooses the right crop for a particular 

environment, while the prevailing weather condition of that environment decides the 

potentiality of that crop. The most important weather parameters are rainfall, 

temperature and solar radiation.  Rainfall (spatial and temporal variation) is the direct 

critical weather parameter in rainfed ecologies. When considering the growth stages of 

rice, reproductive and ripening stages are the most sensitive stages to weather. 
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Spikelet fertility is the most sensitive yield component when rice is subjected to 

stress viz., low or high temperature, low solar radiation or water deficit (drought).  

The rice plant usually takes 3-6 months from germination to maturity, depending 

on the variety and the environment.  Agronomically   the growth cycle can be divided into 

3 growth stages: vegetative, reproductive, and ripening. Vegetative stage: tillering, gradual 

increase in plant height and leaf emergence. Start of tillering when the 5th or 6th leaf 

develops.  Differences in growth duration are primarily due to differences in the length of 

the vegetative growth stage. (e.g. early maturing varieties have short vegetative 

stages). Heading synonym for anthesis usually defined as the time when 50% of the 

panicles have exerted. It takes 10-14 days for a crop to complete heading because there is a 

variation in panicle excretion within tillers of the same plant and between plants in the 

same field. 

The weather data during the experimentation periods indicated that the weekly 

average sunshine hour varied from 0-7.3 hrs day
-1 

and 0.1-7.5 hrs day
-1

 during  kharif  

period 2013 and 2014, respectively. Even due to cloudy weather diffused sun light favored 

the red rice crop during both years. So far rainfall is concerned during cropped period 

695.9 mm and 792 mm with 50 and 49 rainy day were noted in 2013 and 2014 rainfall, 

respectively. The rainy days indicate that on an average after three days rain was received 

during both cropping season. The maximum temperature varied from 25.6
0
 C in   fourth 

week of July to 30.7
0
C in third week of September 2013, further in year 2014, its varied 

from 26
0
 C in fourth week of November to 31.6

0
C in fourth week of September month. 

The minimum temperature experienced by rice crop varied from 17
0
 C in fourth week of 

October to 23.1
0
C in third week of August during 2013, further in year 2014, it varied from 

6.3
0
C in fourth week of November to 29.80C in third week of July. The relative humidity 

ranged between 45.4–89.9 and 33.4- 96.6, during 2013 and 2014, respectively. The evapo-

transpiration ranged between 0.6-5.5 mm and 1.7-4.7 mm during 2013 and 2014 

respectively. Further, the wind velocity ranged between 1.4-9.1 km hr
-1

 and 1.7-11.4 km 

hr
-1

 during 2013 and 2014, respectively.                             
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4.1 Experiment No. I : Performance of different red rice genotypes under varied 

spacing and fertility level 

4.1.1 Pre-harvest studies 

4.1.1.1 Plant height (cm) 

The data on plant height of different red rice genotypes under varied spacing and 

fertility level   recorded at 30, 60 and 90 DAT are presented in   Table 4.1.1. Among the 

genotypes, taller plant of red rice was recorded for red rice genotype VRR12EN-11which 

was significantly superior over RR14EN-7 and RR14EN-8 at all the crop grwoth stages 

during both the years and on mean basis. 

 As regard to spacing rice planted at 20 cm x 10 cm was found to be better for 

producing taller plant as compared to other planting geometry during both the years and on 

mean basis. 

The fertility levels found non-significant for plant height at all the crop growth 

stages during both the years and on mean basis. 

              The significant interaction effect for plant height was noted under genotype x 

spacing, and it was noted that in interaction RR12EN-11 x 20cm x 10cm produced taller 

plants at all the growth stages during both the years and on mean basis, however, it was at 

par to interaction between RR12EN-11 x 15 cm x10 cm at 30 and 60 DAT during 2014, as 

well as interaction between RR12EN-11 x 15cm x10cm at 30 DAT during (Table 4.1.2). 

Interaction between genotype x fertility levels for plant height was significant 

during both the years and on mean basis at all growth stages. Significantly taller plant was 

noted under interaction between RR 12 EN-11 x 120:60:40 N:P
2
O

5
:K

2
O kg ha

-1
, but it was 

at par with interaction between RR 12 EN-11 x  90:60:40 N:P
2
O

5
:K

2
O kg ha-

1
 at 30 DAT 

(Table 4.1.3). 

 4.1.1.2 Dry matter accumulation (g hill
-1

) 

Dry matter accumulation recorded at 30, 60 and 90 DAT was influenced 

significantly due to genotypes planted under varied spacing and fertility levels (Table 

4.1.1.4). At all the stages significantly highest dry matter accumulation was noticed under 
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genotype RR 12 EN-11 during  both the  years and on  mean basis, however it was at par to 

genotype RR14EN-8 at 30 DAT during 2014. 

As regards to spacing, significantly highest dry matter accumulation was noted 

under 20cm x 10cm (S2) as compared to 15cm x 10cm (S1) at all the growth stages during 

both the years and on mean basis. 

Regarding fertility levels, application of 120:60:40 (N:P
2
O

5
:K

2
O kg ha

-1
) produced 

significantly  highest dry matter accumulation at all the growth stages during both the 

years and on mean basis.  

        The interaction effect of genotype x spacing revealed that interacton between 

RR12EN-11 x 20cm x 10 cm produced significantly highest dry matter accumulation at all 

the stages during both the years and on mean basis, however, it was at par to interaction 

between RR12EN-11 x 15cm x 10cm   at 60 DAT during 2014 and interaction between RR 

14 EN-7 x  20cm x 10cm,  RR14 EN-8 x 15cm x 10cm  and RR12EN-11 x 15cm x 10cm 

at 30 DAT on mean basis (Table 4.1.5). As regards to interaction effect of genotype x 

fertility levels at most of the crop stages interaction between RR12EN-11 x 120:60:40 

N:P
2
O

5
:K

2
O kg ha

-1
 recorded significantly highest dry matter accumulation during both the 

years and on mean basis, however it was at par to interaction between
 
RR 12 EN-11 x 

90:60:40 N:P
2
O

5
:K

2
O kg ha

-1
 at 90 DAT during 2014 (Table 4.1.6). Further, other 

interactions were found non significant. 

4.1.1.3 Leaf area index  

             The data on leaf area index was recorded at 30, 60 and 90 DAT and presented in 

Table 4.1.7. The leaf area index increased from 30 DAT to 90 DAT, but the trend of 

increase was more from 30 DAT to 60 DAT, but after wards it decreased from 60 DAT to 

90 DAT.  

The genotype RR 12 EN-11 registered significantly highest leaf area index as 

compared to RR 14 EN-7 and RR 14 EN-8 at all the stages of observation during both the 

years and on mean basis. 

The red rice planted at spacing of 15 cm x10cm registered significantly highest leaf 

area index at all the stages of observation during both the years and on mean basis, 
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however, at 30 DAT during 2013 at spacing of 20cm x 10cm, gave significantly highest 

leaf area index.  

The effect of fertility levels on leaf area index was noted to be non significant at all 

the stages of observations during both the years and on mean basis.  

The interaction effect of genotype x spacing data revealed that significantly highest 

leaf area index was recorded under interaction between during both the years and on mean 

basis, however,  RR12EN-11 x 15cm x 10cm during 2013 at 30 DAT, interaction 

RR12EN-11 x 20cm x 10cm had significantly higher leaf area index over rest of the 

interaction (Table 4.1.8). The interaction effect of genotype x fertility levels showed that 

interaction between RR12EN-11 x 120:60:40 (N:P
2
O

5
:K

2
O kg ha

-1
) gave the maximum 

leaf area index at 30 and 60 DAT during 2013 (Table 4.1.9). The interaction effect of 

spacing x fertility levels and genotype x spacing x fertility levels were found non 

significant for leaf area index. 

4.1.1.4 Crop growth rate (g hill
-1

 day
-1

) 

The crop growth rate computed at 0-30, 30-60 and 60-90 DAT are presented in 

(Table 4.1.10). In general, crop growth rate increased from 0-30 to 60-90 DAT. The 

genotype RR12EN-11 and spacing 15cm x 10cm registered significantly highest crop 

growth rate, but the effect of genotypes at 30 DAT and spacing at 30 and 90 DAT were 

found non-significant during 2013. During 2014 at 30 DAT and on mean basis and at 60 

DAT the fertility level of 120:60:40 (N:P
2
O

5
:K

2
O kg ha

-1
) recorded significantly higher 

crop growth rate.  

The interaction effect of genotype x spacing data indicate that significantly  highest  

crop growth rate  at 30 and 60 DAT during 2014 and on mean basis and  at 60 DAT during 

2013 was recorded under interaction between genotype RR12EN-11 x 20cm x 10cm which 

was at par to interaction between RR12EN-11 x 20cm x 10cm at 30 DAT on mean basis. 

Further, during 2013 at 30 DAT interaction between RR12EN-11 x 20cm x 10cm recorded 

significantly highest crop growth rate over rest of the interaction (Table 4.1.11).  
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As regards to interaction effect of genotype x fertility levels, the interaction 

between RR12EN-11 x 120:60:40 (N:P
2
O

5
:K

2
O kg ha

-1
) noticed maximum crop growth 

rate  at 30 and 60 DAT (Table 4.1.12).  

4.1.1.5 Relative growth rate (g g
-1

 hill
-1 

day
-1

) 

The data relative growth rate at 0-30, 30-60 and 60-90 DAT are presented in 

4.1.13.The finding revealed that the relative growth rate was found statistically non 

significant at all the stages of observation during both the years and on mean basis. 

4.1.2. Root volume, yield attributes and yield 

4.1.2.1Root volume (cc) 

The data on root volume of red rice as influenced by genotypes under varied 

spacing and fertility levels   are presented in Table 4.1. 14. Significantly highest root 

volume was registered under genotype RR12 EN-11as compared to RR 14 EN-7 and RR 

14 EN-8 during both the years and on mean basis. 

The spacing  at 20cm x 10cm recorded significantly higher volume of root as 

compared to spacing of 15cm x 10cm only on mean basis.  

The fertility levels of 120:60:40 (N:P
2
O

5
:K

2
O kg ha

-1
)
 
gave significnaly higher root 

volume as compared to fertility levels of 60:40:30 (N:P2O5:K2O kg ha
-1

) and 90:60:40 

(N:P2O5:K2O kg ha
-1

) only on mean basis. 

The interactions between RR 12 EN-11 x 20cm x 10cm (Table 4.1.15). RR12EN-

11 x 120:60:40 (N:P
2
O

5
:K

2
O kg ha

-1
) (Table 4.1.16) and 20cm x10cm x 120:60:40 

N:P
2
O

5
:K

2
O kg ha

-1
 (Table 4.1.20) recorded significantly highest root volume only on 

mean basis.  

4.1.2.2 Effective tillers (No. hill 
-1

)  

The data on effective tillers of red rice as influenced by genotypes under varied 

spacing and fertility levels are presented in Table 4.1.14 .Significantly highest number of 

effective tillers hill 
-1 

was registered
 
under

  
 genotype RR 12 EN-11 but it was at par with 

genotype RR 14 EN-8 during both the years and on mean basis. 
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Significantly higher number of effective tillers hill 
-1 

was observed under spacing 

20cm x 10cm as compared to spacing of 15cm x 10cm. 

The fertility level of 120:60:40 (N:P
2
O

5
:K

2
O kg ha

-1
) gave significantly higher 

number of effective  tillers hill
-1 

as compared to fertility levels of 60:40:30 (N:P2O5:K2O kg 

ha
-1

) and 90:60:40 (N:P2O5:K2O kg ha
-1

) during both the years and on mean basis. 

The interaction between genotype x spacing registered  significantly highest 

effective tillers during both the years and on mean basis under treatment RR12EN-11 x 

20cm x10 cm, but it was at par with RR12EN-11  x 20 cm x 10cm and RR 12EN-11 x 

15cm x10cm during 2014 (Table 4.1.15). While, genotype x fertility levels interaction 

revealed that during 2014 and on mean basis RR12EN-11 120:60:40 (N:P
2
O

5
:K

2
O kg ha

-1
)
 

was significantly superior over rest of the treatments (Table 4.1.16).  

4.1.2.3 Panicle
 
length (cm)  

The data on panicle length of red rice as influenced by genotypes under varied 

spacing and fertility levels are presented in Table 4.1.14. Significantly longest panicle was 

registered with genotype RR12EN-11 as compared to RR14EN-7 and RR14EN-8 during 

both the years and on mean basis. 

The spacing of 20cm x 10cm recorded during both the years and on mean noticed 

significantly higher panicle length as compared to spacing of 15cm x 10cm during both the 

years and on mean basis. 

The fertility level on mean basis registared significanlty higher panicle length under 

treatment 120:60:40 N:P
2
O

5
:K

2
O kg ha

-1 
as compared to fertility levels at 60:40:30 

(N:P2O5:K2O kg ha
-1

) and  90:60:40 (N:P2O5:K2O kg ha
-1

).  

Interaction between RR12EN-11x 20cm x 10cm gave significantly longest panicle 

during both the years and on mean basis, but it was at par with RR12EN-11 x15cm x 10cm 

during 2013 (Table 4.1.15). Interaction between RR12EN-11 x 120:60:40 (N:P
2
O

5
:K

2
O kg 

ha-
1
)
 
gave significantly longest panicle during both the years and on mean basis,

 
but it was 

at par with RR 12 EN-11 x 90:60:40 (N:P
2
O

5
:K

2
O kg ha-

1
)
 
during 2014 and on mean basis 

(Table 4.1.16).  
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4.1.2.4 Panicle weight (g) 

The data on panicle weight of red rice as influenced by genotypes under varied 

spacing and fertility levels are presented in Table 4.1.14. Significantly highest panicle 

weight was registered under genotype RR12EN-11, but it was at par with RR14EN-8 

during both the years and on mean basis. 

The spacing of 20cm x 10cm registered significantly heavier panicle weight as 

compared to geometry of 15cm x 10cm during both the years and on mean basis. The 

effect of fertility levels was found non-significant for panicle weight.   

          The interaction between RR12EN-11x 20cm x 10cm gave significantly highest 

panicle weight during both the years and on mean basis (Table 4.1.15).  

4.1.2.5 Grains panicle
-1 

(No) 

The data on grains panicle
-1

 of red rice as influenced by genotypes under varied 

spacing and fertility levels are presented in Table 4.1.17. Rice grains panicle
-1

 was 

significantly higher under genotype RR12EN-11 as compared to RR14EN-7 and RR14EN-

8 during 2014.  

The spacing of 20cm x 10cm registered significantly higher grains panicle
-1

 during 

2014 over the treatment 15cm x 10cm.   

The fertility level at 120:60:40 (N:P
2
O

5
:K

2
O kg ha

-1
)
 

during 2014 gave 

significanlty higher grains panicle
-1

 as compared to fertility levels at 60:40:30 

(N:P2O5:K2O kg ha
-1

) and 90:60:40 (N:P2O5:K2O kg ha
-1

).  

 4.1.2.6 Test weight (g) 

The data on test weight of red rice as influenced by genotypes under varied spacing 

and fertility levels are presented in Table 4.1.17. The test weight was registered 

significantly higher under genotype RR12EN-11 as compared to RR14EN-7 and RR14EN-

8 during both the years and on mean basis.  

 The geometery of  20cm x 10 cm registered significantly higher test weight as 

compared to spacing of 15cm x 10cm during both the years and on mean basis. 

The effect of fertility levels was found non significant during both the years and on 

mean basis. 
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Interaction effect of genotype x spacing revealed that during both the years and on 

mean basis significantly highest test weight was recorded under   RR12EN-11 x 20cm x10 

cm (Table 4.1.18). As regard to interaction effect of genotype x fertility levels significantly 

highest test weight was recorded under RR12 EN-11 x 120:60:40 (N:P
2
O

5
:K

2
O kg ha

-1
) 

during both the years and on mean basis
 
(Table 4.1.19). 

 4.1.2.7 Grain yield (q ha
-1

) 

The data on grain yield of red rice as influenced by genotypes under varied spacing 

and fertility levels are presented in Table 4.1.21.The grain yield was significantly highest 

under genotype RR12EN-11 as compared to RR14 EN-7 and RR14EN-8 during both years 

and on mean basis.  

Under geometery of 15cm x10 cm significantly higher grain yield  during both the 

years and on mean basis was noted as compared to spacing 20cm x 10cm .  

The grain yield was significnaly higher under fertility level at 120:60:40 

(N:P2O5:K2O kg ha
-1

)
 
during both the years and on mean basis as compared to fertility 

level at 60:40:30 (N:P2O5:K2O kg ha
-1

) and 90:60:40 (N:P2O5:K2O kg ha
-1

) . 

The interaction between RR12EN-11 x 20cm x10cm gave significantly higher 

grain yield, but it was at par with treatment RR12EN-11 x 15cm x10cm  during both the 

years and on mean basis as well as RR12EN-7 x 15cm x 10cm  and RR12EN-8 x 15cm x 

10cm during 2014 (Table 4.1.22).  

4.1.2.8 Straw yield (q ha
-1

) 

The data on straw yield of red rice as influenced by genotypes under varied spacing 

and fertility levels are presented in Table 4.1.21. Significantly higher straw yield was 

registered under genotype RR12EN-11 as compared to RR14EN-7 and RR14EN-8 during 

both the years and on mean basis.  

The straw yield was significantly higher under spacing  of 20cm x 10cm  as 

compared to geometery of 15cm x 10cm.  
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The fertitity level at 120:60:40 (N:P
2
O

5
:K

2
O kg ha

-1
)
 
produced significantly higher 

straw yield as compared to fertility levels of 60:40:30 (N:P2O5:K2O kg ha
-1

) (F1) and

90:60:40 (N:P2O5:K2O kg ha
-1

) during both the years and on mean basis.

         The interaction effect of genotype and spacing was significantly  for straw yield 

where interaction between RR12EN-11 x  20cm x 10 cm recorded significantly highest�

straw yield during both the years and on mean basis (Table 4.1.22).  

4.1.2.6 Harvest index (%) 

The data on harvest index of red rice as influenced by genotypes under varied 

spacing and fertility levels are presented in Table 4.1.21. Significantly higher harvest index 

was registered under spacing 15cmx10 cm as compared to geometry 20cm x 10cm (S2) 

during both the years and on mean basis.  However, effect of genotype and fertility levels

was found non significant for harvest index during both the year and on mean basis. 

The interaction between RR 12 EN-8  x 15cm x10cm during 2013 and on mean

basis recorded significantly highest straw yield, but it was at par with RR 12 EN-7  x 15cm

x 10cm, RR12EN-7 x 20cm x 10cm and RR12EN-11x 15cm x10 cm. further it was at par 

to  RR12 EN-7 x 15cm x10 cm, RR12EN-7 x 20cmx10 cm and RR 12 EN-11 x 15cm x 

10cm on mean basis where as,  during 2014 interaction between RR12EN-7 x  15cm

x10cm recorded significantly highest harvest index, but it was at par to RR12EN-8 x 15cm 

x10cm and RR 12 EN-11x 15cm x 10cm  (Table 4.1.22).

4.1.3 Nutrient content in red rice 

4.1.3.1 N content in grain and straw (%) 

The data on N content of red rice as influenced by genotypes under varied spacing 

and fertility levels are presented in Table 4.1.26. Significantly highest N content in grain 

was registered under genotype RR12EN-11, which N content in straw was noted 

significantly higher during both the years and on mean basis. 

As regarding to spacing  significantly highest N content in grain and straw was

registered under 20cm x10cm as compared to geometry 15cm x10cm during both the year 

and on mean basis. 
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The fertility level at 120:60:40 (N:P
2
O

5
:K

2
O kg ha-

1
) reduced significantly highest

nitrogen content in grain and straw during both the years and on mean basis except 

nitrogen content  in straw which was found  non  significant during 2014.  

The interaction between RR12EN-11 x 20 cm x 10 cm gave significantly highest N 

content in grain during both the years and on mean basis, but it was   at par with RR14EN-

7 x 20cm x 10cm recorded (Table 4.1.27). While, interaction between RR12EN-11x 

120:60:40 (N:P
2
O

5
:K

2
O kg ha-

1
) recorded significantly highest N content in grain during

both the year and on mean basis (Table 4.1.28).  Similarly interaction between  20cm x

10cm x 120:60:40 (N:P2O5:K2O kg ha-
1
)
 
gave significantly highest N  content in grain,

but it was at par with 15 cm X 10cm X 60:40:30 (N:P
2
O

5
:K

2
O kg ha-

1
) (Table 4.1.29).

Further,  the interaction between RR 14 EN-7 (V1) X 20cm X 10cm (S2) and RR 14 EN-

7(V1) X 120:60:40 (N:P
2
O

5
:K

2
O kg ha-

1
) noted significantly highest N content in straw.

4.1.3.2 P content in grain and straw (%) 

The data on P content of red rice as influenced by genotypes under varied spacing 

and fertility levels are presented in Table 4.1.30. Significantly higher P content in grain 

and straw was registered under genotype RR12EN-11 in comprison of RR14EN-7 and

RR14EN-8 during both the years and on mean basis. 

Spacing  of 20cm x10cm registered  significantly higher P content in grain and

straw as compared to narrow spacing during both the years and on mean basis. 

The fertility level of 120:60:40 (N:P
2
O

5
:K

2
O kg ha-

1
) recorded significantly highest

P content in grain during  2014 and on mean basis except during 2013 which was found 

non significant. As regards to effect of fertility level, it was found non significant for P 

content straw during both the years and on mean basis.    

 The interaction between  RR12EN-11 x 20cm x10cm  recorded significantly 

highest P content in grain and straw during both the years and on mean basis but, it was  at 

par with  RR14EN-7 x 20cm x10cm   during both the years for P content in grain and 

during 2013 for P content in straw (Table 4.1.31). The interaction between RR12EN-11x 
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120:60:40 (N:P2O5:K2O kg ha-
1
) gave significantly highest P content  in  grain during

both the years and on mean basis (Table 4.1.32). The interaction between 20cm x10cm  x

120:60:40 (N:P
2
O

5
:K

2
O kg ha-

1
)
  
gave significantly highest P content in grain and straw

during 2014 and on mean basis (Table 4.1.33).

 4.1.3.3 K content in grain and straw (%) 

The data on K content of red rice as influenced by genotypes under varied spacing 

and fertility levels are presented in Table 4.1.34. Significantly highest K content in grain 

and straw was registered under genotype RR12 EN-11, but it was at par with RR14 EN-

7during 2013 and on mean and genotype RR 14 EN-7 during 2014.

The spacing of 20cm x10 cm during both the years as well as on mean basis

registered significantly higher K content in grain and straw as compared to narrow spacing. 

The effect of fertility level was found non-significant for K content in grain and straw 

during both years and on mean basis. 

        The interaction between RR12EN-11 xc20cm x10cm recorded significantly highest K 

content in grain, but it was at par with RR14EN-7 x 20cm x 10cm during both the years. 

While, K content in straw was significantly highest under RR12EN-8 x 20cm x10 (Table 

4.1.35). Moreover, interaction between RR12EN-7x 120:60:40 N:P
2
O

5
:K

2
O kg ha-

1

registerd significantly highest K content in grain   but, it was at par with  RR12EN-11 x

120:60:40 N:P
2
O

5
:K

2
O kg ha -

1 
during 2013 and on mean basis. Interaction between

RR12EN-11 x 120:60:40 N:P
2
O

5
:K

2
Okg ha-

1
 registered significantly highest K content  in

straw (Table 4.1.36).  More over the interaction between 20cm x 10cm x 120:60:40

N:P
2
O

5
:K

2
O kg ha-

1
 recorded significantly highest K content in grain and straw during

both the years and on mean basis (Table 4.1.37).

 4.1.3.4 Zinc content in grain (ppm)  

The data on zinc content in grain of red rice as influenced by genotypes under 

varied spacing and fertility levels are presented in Table 4.1.23. Significantly highest zinc 

105



content in grain during both the years and on mean basis was registered under genotype

RR14EN-8, but it was at par with RR14EN-7 during 2013.  

Under  spacing  of 20cm x10cm  noticed significantly higher zinc content in grain

as compared to narrow spacing of 15cm x 10cm during both the years and on mean basis. 

The fertility level of 120:60:40 N:P2O5:K2O kg ha-
1
 recorded significantly higher

zinc content in grain as compared to fertility levels of 60:40:30 (N:P2O5:K2O kg ha
-1

) and

90:60:40 (N:P2O5:K2O kg ha
-1

).

The interaction between RR14EN-8 x 20cm X 10cm  (Table 4.1.24) and  RR14

EN-8 x 120:60:40 N:P
2
O

5
:K

2
O kg ha-

1
 (Table 4.1.25) registered recorded significantly

highest zinc content in grain during both the years  and on mean basis.

4.1.3.5 Iron content in grain (ppm) 

The data on iron content in grain of red rice as influenced by genotypes under 

varied spacing and fertility levels are presented in Table 4.1.23.  

Significantly highest iron content in grain was registered under   genotype RR14 

EN-8, but it was at par with RR14EN-7 during 2014 and on mean basis.

The spacing of 20cm x10 cm recorded significantly higher iron content in grain as

compared to narrow spacing 15cmx 10 cm during both the years  and on mean basis.  

 The  effect of fertility levels for iron content in grain was found non significant 

during both the years and on mean basis.  

The interaction between  RR14EN-8 x 120:60:40 N:P
2
O

5
:K

2
O kg ha-

1
  gave

significantly highest iron content in grain during both the years  and on mean basis (Table

4.1.25).

4.1.4 Economics 

4.1.4.1 Gross return (000 Rs ha
-1

)

The data on gross return of red rice as influenced by genotypes under varied 

spacing and fertility levels are presented in Table 4.1.38. Significantly higher gross return 
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was registered under genotype RR12EN-11 as compared to RR14EN-7 and RR14EN-8 

during both the years and on mean basis. 

The fertility level of 120:60:40 N:P
2
O

5
:K

2
O kg ha-

1
 recorded significantly higher 

gross return  as compared to fertility levels of 60:40:30 (N:P
2
O

5
:K

2
O kg ha-

1
)  and 

90:60:40 (N:P
2
O

5
:K

2
O kg ha-

1
). The effect of spacing for gross return was found non 

significant.   

The interaction between RR12EN-11x 20cm x10cm gave significantly highest 

gross return during both the years and on mean basis (Table 4.1.39).   

4.1.4.2 Net return (000 Rs ha
-1

)
 

The data on net return of red rice as influenced by genotypes under varied spacing 

and fertility levels are presented in Table 4.1.38. Significantly higher net return was noted 

under genotype RR 12 EN-11 as compared to RR14EN-7 and RR14EN-8 during both the 

years and on mean basis. 

 Spacing of 15cm x 10cm recorded significant higher net return as compared to 

spacing of 20cmx10cm  during both the years  and on mean basis. 

 The fertility level of 120:60:40 N:P
2
O

5
:K

2
O kg ha-

1
 gave significantly higher net 

return as compared to fertility levels of 60:40:30 (N:P
2
O

5
:K

2
O kg ha-

1
) and 90:60:40 

(N:P
2
O

5
:K

2
O kg ha-

1
) during both the years  and on mean basis. The interaction between 

RR 12 EN-11 X 20cm x10cm gave significantly highest net return during both the years 

and on mean basis (Table 4.1.39).  

4.1.4.3 B: C ratio  
 

The data on B: C ratio of red rice as influenced by genotypes under varied spacing 

and fertility levels are presented in Table 4.1.38. Significantly highest B: C ratio was 

registered under genotype RR12EN-11 during both the years and on mean basis. 

The  spacing of 15cm x 10cm recorded significantly highest B: C ratio  during both 

the years  and on mean basis.  

107



Similarly fertility level of 120:60:40N:P2O5:K2O kg ha-
1
 gave significantly 

highest B: C ratio during 2014 and on mean basis. 

 The interaction between RR12EN-11x 20cm x 10cm recorded significantly highest 

B: C ratio during both the years and on mean basis (Table 4.1.39).  

4.1.5 Energetics  

4.1.5 .1 Energy use efficiency (qMJ
-1

x10
-3

) 

The data on energy use efficiency of red rice as influenced by genotypes under 

varied spacing and fertility levels are presented in Table 4.1.40.  

Significantly higher energy use efficiency was registered under genotype RR12EN-

11 as compared to RR14EN-7 and RR14EN-8 during both the years and on mean basis. 

The Significantly higher energy use efficiency was recorded under spacing of 20 

cm x 10cm as compared to spacing of 15cm x10cm during both the years and on mean 

basis. 

The significantly higher energy use efficiency was obtained under fertility level of 

60:40:30 (N:P
2
O

5
:K

2
O kg ha

-1
) as compared to 90:60:40 (N:P

2
O

5
:K

2
O kg ha

-1
) and 

120:60:40 (N:P2O5:K2O kg ha
-1

) during both the years and on mean basis.  

The interaction between RR12EN-11 x 20cm x10cm (Table 4.1.41) and RR12EN-

11 x 60:40:30 (N:P
2
O

5
:K

2
O kg ha-1) recorded significantly highest energy use efficiency 

during both the years  and on mean basis (Table 4.1.42).   

  4.1.5 .2 Energy output input ratio 

The data on energy output input ratio of red rice as influenced by genotypes under 

varied spacing’s and fertility levels are presented in Table 4.1.40. Significantly higher 

energy output input ratio was registered under genotype RR12EN-11as compared to RR14 

EN-7 and RR14EN-8 during both the years and on mean basis. 

Significantly higher energy output input ratio was obtained under fertility level of 

60:40:30 (N:P
2
O

5
:K

2
O kg ha-

1
)  as compared to  90:60:40 (N:P

2
O

5
:K

2
O kg   ha-

1
) and 

120:60:40 (N:P
2
O

5
:K

2
O kg ha-

1
) during both the years  and on mean basis. 
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The significantly higher energy output input ratio was noted under spacing of 20cm

x10cm as compared 15cm x10cm during both the years and on mean basis.   

The interaction between RR12EN-11 x 20cm x10cm (Table 4.1.41) and RR12EN-

11 x 60:40:30 N:P
2
O

5
:K

2
O kg ha-

1
 (Table 4.1.42) gave significantly highest  energy output

input ratio during both the years  and on mean basis. 

4.1.5 .3Energy productivity (g MJ ha
-1

)

The data on energy productivity of red rice as influenced by genotypes under varied 

spacing and fertility levels are presented in Table 4.1.40. Significantly higher energy 

productivity was registered under genotype  RR12 EN-11  as compared to RR14EN-7  and 

RR14EN-8 during both the years and on mean basis. 

The energy productivity was significantly highest under fertility level of 60:40:30 

(N:P2O5:K2O kg ha-
1
) during 2014 and on mean basis, but  effect of spacing  was found

non-significant.  

The interaction between RR12EN-11 x 20cm x10cm (Table 4.1.41) and RR12EN-

11 x 60:40:30N:P
2
O

5
:K

2
Okgha-

1
)
 
gave significantly highest energy productivity except

during 2014 (Table 4.1.42).  

4.1.5 .4 Energy intensiveness (MJ Re
-1

)

The data on energy intensiveness of red rice as influenced by genotypes under 

varied spacing and fertility levels are presented in Table 4.1.43. Significantly highest 

energy intensiveness during both the years and on mean basis was registered under 

genotype RR12EN-11 as compared to RR14 EN-7 and RR14EN-8. 

The spacing of  20cm x 10cm recorded significantly higher energy intensiveness as

compared to closer spacing during both the years and on mean basis. 

Fertility level of 60:40:30 (N:P
2
O:K

2
O kg ha-

1
)
 
recorded significantly highest

energy intensiveness as compared to higher fertility level during both the years and on 

mean basis. 
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The interaction between RR12EN-11 x 20cm x 10cm (Table 4.1.44) and RR12EN-

11 x 60:40:30 (N:P
2
O

5
:K

2
O kg ha-

1
)
 
gave significantly highest energy intensiveness during

2014 and on mean basis (Table 4.1.45).

4.1.5 .5 Production efficiency (kg ha
-1

 day
-1

)

The data on production efficiency of red rice as influenced by genotypes under 

varied spacing and fertility levels are presented in Table 4.1.43. Significantly highest 

production efficiency during both the years and on mean basis was registered under 

genotype RR12EN-11, spacing of 20cm x 10cm and fertility  level of 120:60:40

N:P
2
O

5
:K

2
O kg ha-

1
).

The interaction between RR12EN-11 x 20cm x10cm gave significantly highest 

production efficiency (Table 4.1.44).  

 Discussion on effect of genotype 

Growth and yield characters, grain and straw yields, economic returns energy 

parameters and production efficiency were registered significantly highest under genotype 

RR12EN-11during both the years and on mean basis. The  effective translocation of 

assimilates to the sink, which might have resulted in sound filling of grains as revealed by 

Bouman et al. (2006) in their findings. Underlying   physiological features of plants 

growing in diverse environments and the linkage between structures and functions as 

components of progressive evolution the spirit continues unabated in modern plant 

biology. Searching rice cultivars or variety with good processing and high in important 

essential nutrients are prime important in the present context of rice research. The southern 

plateau region of Chhattisgarh which is a mega biodiversity hot spot of the world has 

numerous cultivars of rice with tremendous potential of high quality rice. Rice has 

tremendous genetic and phenotypic variability among cultivars in competitive ability is 

more commonly the rule rather than the exception across rice cropping systems. Rice is 

unique among in the variety of environments in which it can be grown. The remarked 

increase in the grain yield of rice plants, especially after the 'Green Revolution, was due 

mainly to the release of improved high-yielding varieties with the characteristics of high 

response to nitrogen fertilizer and high tillering ability. However, canopy structure of 
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modern varieties with luxuriant vegetative growth and dense foliar canopy has also created 

lodging and disease problems that cause crop yield fluctuation and reduced benefit because 

of high inputs to prevent pest. The modern rice varieties suffer from many diseases caused 

by fungi, bacteria, virus etc. Estimation of losses due to different diseases under various 

farming systems has not been fully evaluated but in general, it has been estimated to be 10 

to 15 percent annually. In certain cases, individual diseases have been reported to cause 

tremendous losses, even up to 100 percent (Singh, 1999).Lodging is also another constraint 

to achieving higher yields for current varieties when N supply is high. The local land races 

are well adopted for their microclimatic condition and they are quite resistant against plant 

protection and lodging resistant even we observed during the two successive severe 

cyclone during cropping seasons. Thus, crop and nutrient management for better canopy 

should link tidily together for minimizing the input and maximizing profit for farmers. 

Although plant height of rice cultivar is a varietal character, it is also affected by 

environmental conditions (Yoshida, 1981). Tillering plays an important role in determining 

rice grain yield since it is closely related to panicle number per unit ground area. Too few 

tillers result in too few panicles, but excess tillers cause high tiller mortality, small 

panicles, poor grain filling and consequent reduction in grain yield (Peng et al., 1994). 

Modern rice varieties tiller profusely under favorable conditions, but only about 50 

percents of those produce panicles. Unproductive tillers compete for resources with tillers 

those later produce panicles. Reduced tillering is not only thought to facilitate synchronous 

flowering and maturity, more uniform panicle size, and efficient use of horizontal space 

(Janoria, 1989). Leaf area index (LAI) is an important parameter of rice canopy because it 

is directly and positively related to crop photosynthesis. However, increasing LAI cause 

increased shading and tiller mortality and is associated with reduced tillering rate in rice 

crops (Yoshida and Hayakawa, 1970). Additional tillers become unproductive and led to 

excessive LAI and vegetative growth, and a favorable environment for resulting in a higher 

percentage of unfilled grains. In the other hand, Zhong et al. (2002) revealed that LAI and 

plant N status are two major factors that influence tiller production in rice crops. The low 

temperature along with short periods of sunshine in late August particularly under late 

transplanting were responsible for the lower percentage of grain filling (Singh et 
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al.,2006b). Plant height is an important morphological attribute. It is a function of combined 

effects of genetic make up of a plant, soil nutrient status, seedling vigor and the 

environmental conditions in which it is grown. 

Discussion on effect of plant spacing 

Plant spacing influenced the plant height, dry matter accumulation, number of 

effective tillers hill
-1

, panicle length, grains panicle
-1

 and grain yield ha
-1

. Plant height, dry

matter accumulation, CGR, number of effective tillers hill
-1

, panicle length and weight, test

weight were significantly highest at the spacing of 20cm x 10cm. Plant spacing had 

significant effect on grain yield   ha
-1

. Yield increased from 3.90 t ha
-1

 to 4.22 t ha
-1

 with

the decrease in plant spacing. Higher grain yield (4.22 t ha
-1

) was obtained at closer

spacing (15cm x10cm) followed by 20cm x 10cm (4.21 t ha
-1

) .The contribution of closer

spacing for higher yield was strongly supported by Padmajarao (1995) and Islam et al. 

(1994). The increase in grain yield with decreasing plant spacing up to 15cm x 10 cm 

might be attributed to higher number effective tillers hill
-1

 and grains panicle
-1

. Number of

panicles per unit area is the most important component of yield. Similar results were 

reported by Kenneth et al. (1996). Rajesh and Thanunathan (2003) and Uphoff (2001) 

observed that the roots of rice plants have more competition under narrow spacing so that 

growth is stimulated by sunlight and space for the canopy expansion there by increasing 

the yield attributes and yield. 

 Discussion on effect of fertitity levels 

Significantly highest dry matter accumulation , number of effective tillers hill
-1

,

panicle length, grains panicle
-1

, test weight and grain yield were  observed under fertility

level of 120:60:40 (N:P2O5:K2O kg ha
-1

). Plant height, RGR, panicle weight, test weight

and HI remain unaltered due to fertility levels, while  highest energy use efficiency, energy

output input ratio, energy productivity and energy intensiveness during both the years and 

on mean basis were registered under fertility level of 60:40:30 (N:P2O5:K2O kg ha
-1

)

Similar results were also reported by Navin et al. (1996). Number of effective tillers hill
-1

followed a pattern similar to that obtained for panicle length which increased with the 

increase of fertility level up to 120 kg N ha
-1

. The longest panicle (24.00 cm) was observed
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with fertility level of 120:60:40 (N:P2O5:K2O kg ha
-1

) and the shortest panicle (21.17 cm)

was noted from lower level. Nitrogen nutrient takes part in panicle formation as well as 

panicle elongation and for this reason, panicle length increased with the increase of N 

fertilization under fertility level of 120:60:40 (N:P2O5:K2O kg ha
-1

). The highest number of

grains panicle
-1

 was obtained under fertility level of 120:60:40 (N:P2O5:K2O kg ha
-1

),

which was significantly different from other N levels. Nitrogen helped in proper filling of 

seeds which resulted higher produced plump seeds and thus the number of grains panicle
-1

.

Grain yield of rice increased gradually with the increasing  fertility level of 120:60:40 

(N:P2O5:K2O kg ha
-1

). Similar trend was also observed by Haider et al. (1988). The yield

difference between the highest and the lowest yielding treatments was 25 %. The yield 

advantage of N application up to fertility level of 120:60:40 (N:P
2
O

5
:K

2
O kg ha-

1
) was

mainly due to improvement of yield components viz., panicle length and number of grains 

panicle
-1

. Rice requires high quantity of N particularly up to panicle initiation stage for

high production as most of the rice growing soils are poor in N Status. The recovery of 

fertilizer N in rice under lowland system does not exceed 50% (Blaise and Prasad, 1996) 

and in many cases even less due to various losses.Optimization of split application of N at 

critical stage of plant growth by synchronizing with the controlled release N fertilizers are 

the approaches being suggested for improving the nitrogen use efficiency (Reddy et al., 

1986). 

Discussion on interaction effect between   genotype   and plant spacing 

Interaction effect between genotype and  plant spacing  showed significant 

influence on  plant height ,dry matter accumulation, leaf area index ,crop growth rate 

,panicle length and weight, test weight, gross return, net return and B:C ratio, energy use 

efficiency, energy output input ratio, energy productivity, energy intensiveness and  

production efficiency and these parameters were significantly highest under interaction 

between RR12EN-11 x 20cm x10cm. The interaction between RR12EN-11 x 20cm x 

10cm gave significantly highest K content in grain, but it was  at par to RR14EN-7 x  

20cm x 10cm during both the years, while K content in straw was recorded significantly 

highest under interaction between RR12 EN-8 x 20cm  x 10.  The  interaction between 
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RR12EN-11 x 20cmx10cm gave significantly higher grain yield, but it was at par to 

interaction between RR12EN-11 x 15cmx10cm during both the years and on mean basis as 

well as interaction between  RR12EN-7 x 15cmx10cm and RR12EN-8 x 15cm x10cm 

during 2014.  

Discussion on interaction effect between genotype and fertility levels 

Interaction effect between genotype X fertility levels were found non-significant 

for panicle weight ,grain panicle
-1

 grain and straw yield, harvest index, root volume, grain

and straw nitrogen content ,gross returns, net return and B:C ratio. However, the 

interaction effect between genotype X fertility levels for N content was found signitant for 

N grain and straw, where it was noted that interaction between RR12EN-11X 120:60:40 

(N:P2O5:K2O kg ha
-1

)  in case of N content in grain, while interaction between RR 14 EN-7

X 120:60:40 (N:P2O5:K2O kg ha
-1

). In case of N content in straw recorded the highest

values. Many researches on nutrient and crop management are taking separately that the 

interacting effects and the combination of nutrient and crop management for healthy 

canopy are not always achieved. Proper selection of a variety and appropriate nutrient 

management are important in organic rice production (Manjunath   et al., 2009). A number 

of organic waste materials are available, which can supply a good amount of plant 

nutrients, NPK to produce comparable yield (Ghosh, 2005). Maximum uptake of nitrogen, 

phosphorus and potassium were noticed by the rice and it was significantly superior to rest 

of the treatments. Nutrient uptake by red rice is the function of crop yield and nutrient 

content. The results are in conformity with the findings of Debjani et al. (2009). 

Discussion on interaction effect between plant spacing and fertility levels  

Interaction effect of plant spacing and fertility levels showed significant influence 

on panicle length, number of grains panicle
-1

 and grain yield. Plant height, number   of

effective tillers hill
-1

 and 1000 grain weight were not found significant due to interaction

between plant spacing and nitrogen fertilizer. It was evident that significantly the longest 

panicle (25.39cm) was obtained from interaction between 20 cm x 10 cm with 120 kg N 

ha
-1

. The maximum number of grains panicle
-1

 (112.50) was obtained by interaction

between 20cm x 10cm spacing with 120 kg N ha
-1

, which was significantly higher than
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other treatment combinations. Grain yield increased with increasing level of nitrogen up to 

120 kg N ha
-1

 irrespective of plant spacing. The spacing 20cm x 10cm accompanied with

120 kg N ha
-1

 gave the highest yield (4.3 t ha
-1

).The remarked   increase in the grain yield

of rice a higher plant density as well as higher nitrogen application normally led to a higher 

plant height because of competition for light. In the high density rice field, individual plant 

trends to prolong their culm to get light. As a result, plant height of the rice crops is more. 

Short stature reduces the susceptibility to lodging and increases the harvest index. 

 Discussion on micronutrient content  

Significantly highest zinc content during both the years and on mean basis was 

registered under genotype RR14EN-8, but it was at par with RR14EN-7 during 2013. 

Further, spacing of 20cm x10cm and fertility level of 20:60:40 (N:P2O5:K2O kg ha
-1

)

recorded significantly highest zinc content during both the years and on mean basis. The 

interaction between genotypes x spacing under RR14EN-8 x 20cm x 10 cm and interaction 

between genotype x fertility levels under RR14EN-8 x 120:60:40 (N:P2O5:K2O kg ha
-1

)

gave significantly highest value of zinc content during both the years and on mean basis. 

More over, highest iron content was registered under genotype RR14EN-8, which was at 

par to RR14EN-7 during 2014 and on mean basis. The spacing of 20cm x10cm recorded 

significantly highest iron content while, fertility levels was found non significant during 

both the years and on mean basis. The interaction effect of genotypes x fertility levels 

recorded that interaction between RR14EN-8 x 120:60:40 (N:P2O5:K2O kg ha
-1

) recorded

significantly highest iron content during both the years and on mean basis. Iron and zinc 

are very important limiting trace minerals in rice grains. Enhancing or finding out rice 

genotypes having higher content of these two minerals are thrust areas of many rice 

research workers. Rice usually has up to 10 ppm iron and 15 pmm zinc in its kernel. The 

International Rice Research, Philippines, developed the rice variety, IR68144 which has 20 

ppm iron and 34 ppm zinc. Their human trial should increased level of ferrtin in the blood 

of the anemic subjects (Annual report, IRRI).Ahmed et al. (1998) reported the crude 

protein content of nine aromatic rice cultivars ranged from 9.17 to 11.77% and iron content 

from 1.5 to 5.0 mg/1000g. 
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Plate No.1: Photo graphs of red rice during kharif 2013

116



 

   

   

   

   

Plate No.2: Photo graphs of red rice during kharif 2014 
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 Discussion on economics 

         Significantly highest gross return was registered under treatment genotype RR12EN-

11 and fertility level of 120:60:40 (N:P2O5:K2O kg ha
-1

). The interaction between

RR12EN-11 x 20cm x10 cm had significantly highest gross return during both the years 

and on mean basis. Significantly highest net return was registered under genotype 

RR12EN-11, fertility levels of 120:60:40 (N:P2O5:K2O kg ha
-1

) and spacing of 15cm x

10cm during both the years and on mean basis. The interaction between RR12EN-11x 

20cm x10cm gave significantly highest net return during both the years and on mean basis. 

Further, the interaction effect of genotype x fertility levels, spacing x fertility levels and 

genotype x spacing x fertility levels were found non significant B: C ratio was registered 

significantly highest under genotype RR12EN-11 and fertility level of 120:60:40 

(N:P2O5:K2Okgh
-1

) during both the years and on mean basis while, spacing 15cm x10cm

recorded significantly highest B: C ratio during 2014 and on mean basis. The interaction 

between RR12 EN-11x  20 cmx 10cm recorded significantly highest B: C ratio during both 

the years and on mean basis. This was the confirmation of economics in closer spacing as 

reported by Azad et al. (1995). 

Experiment No. II : Grain yield and nutrient uptake of red rice as influenced by 

integrated use of inorganic, organic and micro nutrients 

4.2.1 Growth Parameters  

4.2.1.1 Plant height (cm) 

The red rice variety RR 12 EN-11 was tested under integrated use of inorganic, 

organic and micro nutrients. The plant height at different intervals significantly affected 

due to various treatments Table 4.2.1. At 30 DAT, significantly taller plant of red rice was 

observed under the treatment N120P80K60 (T2) as compared to others during both the years 

as well as on mean basis, excepting the treatment of N80P60K40+Zn +SI+B (T11) during 

2014. At 60 and 90 DAT, treatment of N120P80K60 (T4) FYM5t produced  significantly taller 

plant as compared to others, however it was at par to the treatment of N80P60K40+Zn + SI 

+B (T11) at 90 DAT during both the years as well as on mean basis . 
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4.2.1.2 Dry matter accumulation (g hill
-1

)

The data on dry matter accumulation recorded at 30, 60 and 90 DAT as influenced 

by integrated use of inorganic, organic and micro nutrients are presented in Table 4.2.2. At 

30 DAT, in year 2013, treatment N120P80K60 FYM5t (T4) produced the highest dry matter 

accumulation, which was at par with the treatment N120P80K60 (T2), while in year 2014 and 

on mean basis, treatment N120P80K60 (T2) gave significantly higher dry matter 

accumulation than others, treatments except N120P80K60 FYM5t (T4). At 60 and 90 DAT, 

treatment N120P80K60 FYM5t (T4) produced significantly higher dry matter accumulation 

than that of others treatment, with the treatment of which was at par N120P80K60 (T2) at 60 

DAT during both the years and on mean basis. 

4.2.1.3 Leaf area index (LAI)  

The data on leaf area index recorded at 30,60 and 90 DAT  are presented in Table 

4.2.3. In general, the leaf area index showed increasing trend from 30 DAT to 90 DAT in 

all the treatments. At 30 and 60 DAT, significantly higher leaf area index was registered 

under the treatment of N80P60K40+Zn +SI+B (T11) as compared to others during both the 

years as well as on mean basis, but it was at par with the treatments of N120P80K60 FYM5t 

(T4), N80P60K40+Zn (T5), N80P60K40 +SI (T6) and N80P60K40) +B (T7) at 30 DAT in year 

2013 and treatment N120P80K60FYM5t (T4) during 2014 and on mean basis. At 90 DAT, 

treatment N120P80K60 FYM5t (T4) gave significantly higher LAI than others excepting the 

treatment of N80P60K40+Zn+SI+B (T11) during both the years and on mean basis and 

treatment N120P80K60 (T2) during 2013. 

4.2.1.4 Crop growth rate (g hill
-1

 day
-1

)

The crop growth rate computed at 0- 30, 30-60 and 60-90 DAT are presented Table 

4.2.4. In general, the crop growth rate increased from 0- 30 to 30-60 and thereafter, it 

declined at 60-90 DAT.  At 0-30 DAT, in year 2013, treatment N120P80K60 FYM5t  (T4) 

gave the highest CGR followed by treatments of N120P80K60 (T2), N80P60K40+SI (T6), 

N80P60K40+B (T7), N80P60K40+Zn+SI  (T8),N80P60K40+B10+SI  (T10) and N80P60K40+Zn 

+SI+B(T11), while in year 2014 treatment N80P60K40+Zn +SI+B (T11) gave significantly the 

highest CGR followed by N80P60K40 FYM5t (T3), N120P80K60 FYM5t (T4) , N80P60K40+SI 

(T6) and N80P60K40+B+SI (T10). On mean basis, treatment N120P80K60 FYM5t (T4) gave 
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significantly highest CGR which  was at par with treatments N120P80K60 (T2), N80P60K40 

FYM5t (T3), N80P60K40+SI (T6), N80P60K40+B10+SI (T10)and N80P60K40+Zn +SI+B (T11). At 

30-60DAT , the CGR was registered significantly highest with treatment N120P80K60 

FYM5t (T4) during 2013, but during 2014 and on mean basis, treatment N120P80K60 (T2) 

gave significantly higher CGR than others which was at par to treatment N120P80K60 FYM5t 

(T4). At 60-90 DAT, treatment N120P80K60 FYM5t (T4) gave the highest CGR followed by 

N80P60K40+B+SI (T10) during both the years as well as on mean basis.  

4.2.1.5 Relative growth rate (g g
-1

 hill
-1

 day
-1

)      

The data on relative growth rate (RGR) computed at 0- 30,30-60 and 60-90 DAT 

are presented Table 4.2.5. It was observed that relative crop growth rate declined with 

advancement of crop age. The data revealed that at early ( 0- 30 DAT) and later stages( 60-

90DAT) the relative growth rate were found non- significant due to different treatments of 

integrated use of inorganic, organic and micro nutrients, but at mid stage (30-60 DAT), 

during 2013 treatment N120P80K60 FYM5t (T4) gave significantly the highest RGR, which 

was at par with treatment N120P80K60 (T2) during 2013 where as during  2014 and on mean 

basis treatment N120P80K60 (T2) gave significantly the  highest RGR, which was at par with 

the treatment of N120P80K60 FYM5t (T4). 

4.2.2 Root Volume, Yield Attributes and Yield 

 4.2.2.1 Root volume (cc) 

The data on root volume (cc) of red rice as influenced by integrated use of 

inorganic, organic and micro nutrients are presented in Table 4.2.6. Significantly highest 

root volume was registered during both the years and on mean basis under treatment 

N80P60K40+Zn +SI+B (T11) excepting with treatment of N80P60K40+Zn + B (T9) during year 

2014. 

4.2.2.2 Effective tillers (No. hill 
-1

)

The on effective tillers hill
 -1 

significantly affected by integrated use of inorganic,

organic and micro nutrients (Table 4.2.6). Significantly highest number of effective tillers 

hill 
-1 

in year 2013 and on mean basis was obtained with treatment N80P60K40+Zn +SI+B

(T11) which was at par with the treatment of N120P80K60 FYM5t (T4). In the year 2014 

noticed significantly highest number of effective tillers hill
-1 

was noticed under the
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treatment N120P80K60 FYM5t (T4), which was at par with the treatment of N80P60K40+Zn 

+SI+B (T11). 

4.2.2.3 Panicle
 
length (cm)  

The data on panicle length of red rice as influenced by integrated use of inorganic, 

organic and micro nutrients are presented in Table 4.2.6. Significantly longest panicle was 

registered with treatment N120P80K60 FYM5t (T4) during both the years and on mean basis 

which was at par with the treatment of N80P60K40+Zn +SI+B(T11) and N120P80K60 (T2) 

during 2014. 

4.2.2.4 Panicle weight (g) 

The data on panicle weight of red rice was significantly influenced by integrated 

use of inorganic, organic and micro nutrients (Table 4.2.7). The significantly highest 

panicle weight was registered with the treatment of N80P60K40+Zn +SI+B (T11) as 

compared to others treatments during both the years and on mean basis. The treatments of 

N120P80K60 (T2), N80P60K40 FYM5t (T3), N120P80K60 FYM5t 
(
T4), N80P60K40+Zn +SI (T8) and 

N80P60K40+Zn +B (T9) 2013, treatments N120P80K60 (T2) and N120P80K60 FYM5t (T4) during 

2014 and on mean values were statistically similar to that of N80P60K40+Zn +SI+B (T11). 

4.2.2.5 Grains panicle
-1 

(No) 

The data on number of grains panicle
-1

 of red rice significantly affected by 

integrated use of inorganic, organic and micro nutrients (Table 4.2.7). The significantly 

highest number of grains panicle
-1

 was registered under the treatment of N80P60K40+Zn25 

+SI+B10 ha
-1

(T11) during both the years and on mean basis which was on par with the 

treatment of N120P80K60 FYM5t ha
-1

 (T4) in year 2013 and on mean basis. 

4.2.2.6 Test weight (g) 

The test weight of red rice was significantly influenced by integrated use of 

inorganic, organic and micro nutrients (Table 4.2.7). The highest test weight was registered 

under the treatment of N80P60K40+Zn +SI+B (T11) as compared to others treatments, which 

was at par with the treatments N120P80K60 (T2) and N120P80K60 FYM5t (T4) during both the 

years and on mean basis. The treatment of N80P60K40+SI (T6) also produced similar test 

weight to that of N80P60K40+Zn +SI+B (T11) during 2014. 
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Discussion on growth and yield attributes and root volume 

The  data on growth and yield attributes revealed  that integrated use of inorganic, 

organic and micronutrients significantly  affected  plant height, dry matter accumulation, 

leaf area index, number effective tillers hill
-1

, panicle length, panicle weight, test weight

and total grain panicle
-1

.  At most of stages   application of N120P80K60 +FYM5t (T4)

produced taller plant as compared to others treatments, however it was at par to the 

treatment N80P60K40+Zn +SI+B (T11) during both the years as well as on mean basis. The 

soil was in general low in available, N, P and K and the availability of these nutrients 

through inorganic and organic sources enhanced the Culm length and finally plant height. 

Application of N120P80K60+ FYM5t (T4) produced the highest dry matter accumulation 

which was at par with the treatment of N120P80K60  (T2) during both the years  and on mean 

basis. The dry matter accumulation is the function of number of tillers and leaves, plant 

height and tillers panicle weight. The release of nutrients while application of said sources 

and levels and its observation, translocation and conversion of energy for growing parts 

helped to increase the dry matter accumulation. The crop growth rate followed all most 

similar trend to that of dry matter accumulation, while its reverse trend was notices for 

relative crop growth rate. Further, treatment N120P80K60 FYM5t (T4) gave significantly 

highest CGR but it was at par with treatments N120P80K60 (T2), N80P60K40+SI (T6), 

N80P60K40+B (T7), N80P60K40+Zn +SI (T8), N80P60K40+B+ SI (T10)and N80P60K40+Zn + SI 

+B (T11) .Significantly longest panicle was registered with treatment N120P80K60 FYM5t 

(T4) during both the years and on mean basis , while treatment N80P60K40+Zn + SI +B (T11) 

was at par during the year 2014 and mean basis. These result corroborate with those 

reported by Belder et al. (2005) and Sathiya and Ramesh (2009). Awan et al. (2000) and 

Shanmugam and Veeraputhran (2001) they also reported beneficial effects of FYM 

application on growth, yield parameters and yield of rice. Either, use of macro and micro 

nutrients or FYM  the release of organic acids and other microbial products through the 

mineralization of organic matter might have influence the availability of all these essential 

nutrient and resulted on better growth and yield attributing characters (Katyal et al., 2003) . 

Leaf area index, root volume (cc),  highest number of effective tillers hill 
-1

  panicle

weight, highest number of  grains panicle
-1

  and  test weight  was registered  under
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treatment N80P60K40+Zn + SI +B (T11) during both the years and on mean basis but, it was  

at par with treatment N120P80K60 FYM5t  (T4) I. The higher growth, yield attributes and 

yield under NPK+Zn+Si treatment may be due to the combined effect of both Zn and Si 

which might have triggered the overall growth of the crop. Similar increase in growth and 

yield of rice to zinc application were also observed by Chapale and Badole (1999) and  

availability of other essential nutrients, which resulted in improvement of plant metabolic 

process and finally increased the crop growth These results are in accordance with Naik 

and Das (2007) who reported that adequate supply of zinc produced more number of 

productive tillers per m
-2

.These findings are in line with the results of Maqsood et al. 1999

and Naik and Das (2007), who reported that the application of zinc, kernels per panicle 

was increased. These results are in line with the findings of Jin et al. (2008) who reported 

that soil application of zinc increased paddy yield.  

 Boron is a micronutrient essential for normal healthy plant growth and 

development of reproductive tissues. The sodium salts of B are reasonably soluble and 

hence are used widely. Boron application significantly increased the growth and yield of 

rice by crushing the number of tillers, panicles, grains and its weight. Fertilizer application 

also increased in the content of plant tissue. Application of Zn, S amd B improved crop 

growth and yield of rice reported by Singh et al. (2008), Khurana et al., (2008) and Singh 

and Bansal (2010). Batter performance under higher level of N in respect of yield attributes 

of rice under aerobic culture confirms the findings of Maheswari et al. (2007).  Bouman et 

al., (2006) using different N levels, which was due to enhanced of yield attributes, forming 

larger sink size coupled with efficient translocation of photosynthates to the sink. There is 

evidence from field research that high and sustainable yields are possible integrated with 

fertilizers and manure. Farmyard manure is a heterogeneous composted organic material 

comprising of dung, crop residue, and or sweeping in the various stages of decomposition 

on growth, yield and yield of red rice. 

4.2.2.7 Grain yield (q ha
-1

)

The data on rice grain yield of red rice as influenced by integrated use of inorganic, 

organic and micro nutrients are presented in Table 4.2.8. The significantly highest rice 

grain yield was registered under treatment N80P60K40+Zn +SI+B (T11) during both the years 
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and on mean basis but, it was at par with treatment N120P80K60 FYM5t ha
-1

 (T4) during year 

2013 and mean basis. 

4.2.2.8 Straw yield (q ha
-1

) and harvest index  

The straw yield of red rice was significantly affected by integrated use of inorganic, 

organic and micro nutrients are presented in Table 4.2.8. Significantly highest rice straw 

yield during both the years and on mean basis was registered under the treatment of 

N120P80K60 FYM5t (T4) over rest of treatments, but it was at par with treatments of 

N80P60K40+Zn+B (T9) and N80P60K40+Zn +SI+B (T11) during 2013 and on mean basis and 

treatments N80P60K40 (T2) and N80P60K40+B+SI (T10) during 2014. On the other hand 

harvest index of red rice found to be Non significant.    

Discussion on yield and harvest index  

Significantly highest rice grain yield (54.9 qha
-1

) was registered under treatment 

N80P60K40+Zn+ SI +B (11) during both the years and on mean basis but, it was on par with 

the treatment of N120P80K60 +FYM5t (T4) during year 2013 and mean basis. Increasing 

levels of nutrients probably exerted a positive effect on the development of source and sink 

strength of the plants, which ultimately resulted in the higher yield attributing traits. This 

might be due to either direct or cumulative effect of supplied macro and micro nutrients on 

metabolic processes of rice. Availability of nutrients, especially the micro nutrients at 

optimum level has direct impact on accelerated cell division and enlargement, root growth 

and plant vigor. Use of NPK along with application of Si, B, and Zn  results in significantly 

larger and higher panicles m
-2

 having higher and heavier grains, which have positive 

correction with grain yield. Similar results were also reported by Shinde et al. (2005), 

Misra and Abidi (2006), Zhang et al. (2006), Gill (2006), Mubarak and Bhattacharya 

(2006) and Rui et al. (2007). Boron and zinc are known to influence translocation of 

metabolites and improving sink strength in plants. Zinc is constituent of several enzymes 

namely carbonic anhydrase, tryptophan synthetase, alcohol  dehydrogenase etc. which are 

responsible for better photosynthesis and auxin metabolism directly affecting source 

strength leading to better tillering, growth, yield attributing characters like panicle number, 

grain number and weight, which ultimately increased crop growth and yield of red rice. 
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Similar finding was also reported by Singh et al. (2008), Khurana et al. (2008) and Singh 

and Bansal (2010). 

Total biomass production of rice is determined mainly by crop photosynthesis and 

respiration losses, both of which are sensitive to temperature (Horie et al., 1994).Gill 

(2006) also advocated the use of balanced site specific nutrient management in 

combination with micronutrients, which may break the cereal yield barrier with an 

advantage of 3-4 t ha
-1

 annum
-1

 more yields of rice and wheat. While  highest rice straw

yield  during both the years and on mean basis was registered under treatment N120P80K60 

FYM5t over rest of treatments, but it was at par with treatmentsN80P60K40+Zn+B (T9)and 

N80P60K40+Zn + SI +B (T11) during 2013 and on mean basis  and treatments N80P60K40 (T2) 

and N80P60K40+B+ SI  (T10) during 2014. The data on harvest index was found non-

significant differences were noticed in both years as well as on mean basis. Organic 

manures regulated supply of N by releasing it slowly resulting in increased yield of rice 

Similar results were obtained by Sharma (2002).The high rice yield due to zinc is attributed 

to its involvement in many metallic enzymes system, regulatory function and auxin 

production Hacisalihoglu et al., (2002), enhanced synthesis of carbohydrates and their 

transport to the site of grain production. Slaton et al. (2005) observed 12 to 18% increase in 

rice yield due to zinc fertilization application and could be ascribed to variation in the root 

zone in applied zinc and their role in the growth and development of plant .  

Slaton et al. (2005)reported that application of zinc significantlyaffected total number 

of tillers Number of panicle bearing tillers m
-2 

contributes towards theproduction potential of

rice crop. Increase in productive tillers  m
-2

 could be ascribed to adequateupply of zinc that

had increased the uptake. The integrated nutrient supply system is the most logical concept 

for managing long-term soil fertility and productivity Ramesh et al., (2009), Use of 

chemical fertilizers and organic manures has been found promising in arresting the decline 

trend in soil-health and productivity through the correction of marginal deficiencies of 

some secondary and micro-nutrient, micro and fauna and their beneficial influence on 

physical and biological properties of soil. Integrated nutrient management system can 

bring about equilibrium between degenerative and restorative activities in the soil eco-

system (Upadhyay et al., 2011). The manurial treatment might have improved soil 
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environment, encouraged root proliferation and root surface absorption zone, which in 

turn, drew more water and nutrients, In addition to the major nutrients from organic 

sources, the contribution of other macro and  micro nutrients for enhancing the crop yield  

cannot be ruled out. The Increase in organic carbon content due to use of chemical 

fertilizer, direct incorporation of organic matter through  FYM  can be attributed to higher 

contribution of biomass to the soil in the form of better root growth, crop residues and 

biomass (Katyal et al., 2003 and Ghathala et al., 2007). Yaduvanshi (2003) also reported 

that 100% NPK + FYM (10 t/ha) significantly increased the grain yield in comparison to 

150% NPK. However, due to said reason yield has been increased under the treatments 

where inorganic and FYM was applied. 

4.2.3 Nutrient Content  

4.2.3.1 N content in grain and straw (%) 

The data on N content in grain and straw of red rice as influenced by integrated use 

of inorganic, organic and micro nutrients are presented in Table 4.2.9. Significantly highest 

N content in grain and straw was registered under the treatment of N120P80K60 FYM5t (T4) 

which was superior over rest of the treatments during both the years and on mean basis. 

4.2. 3.2 P content in grain and straw (%) 

   The data on  P content in grain and straw of red rice significantly affected by by 

integrated use of inorganic, organic and micro nutrients (Table 4.2.10). The highest  P 

content in grain and straw during both the years and on mean basis  was noted under 

treatment N120P80K60 FYM5t  (T4),which was significanlty superior than other treatment 

except N80P60K40+ Zn +B (T9) during  2013 in case of p content in straw . 

4.2. 3.3 K content in grain and straw (%) 

 The data on K content in grain and straw of red rice as influenced by integrated use 

of inorganic, organic and micro nutrients (Table 4.2.11). The highest K content in grain 

and straw during both the years and on mean basis was registered under the treatment of 

N80P60K40+FYM5t (T3) which was significantly superior over rest of the treatments. 
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4.2. 3.4 Zinc content in grain (ppm)  

The data on zinc content (ppm) in grain of red rice was significantly affected by 

integrated use of inorganic, organic and micro nutrients (Table 4.2.12). The significantly 

highest zinc content (ppm) was registered under the treatment of N 120:P80:K 60 (T2) during 

both the years and on mean basis, but  it was at par with the treatments of  N120P80K60 

FYM5t (T4), N80P60K40+Zn (T5), N80P60K40+S (T6) and N80P60K40 +B (T7) during 2014 and 

treatment of N80P60K40) + B (T7) on mean basis. 

4.2. 3.5 Iron content in grain (ppm)  

The data on iron content (ppm) in grain of red rice as influenced by as influenced 

by integrated use of inorganic, organic and micro nutrients (Table 4.2.12). The 

significantly highest iron content was registered under the treatment of  N80P60K40+Zn (T5) 

during 2013 and on mean basis, but it was  at par with the treatment of N 120:P80:K 60 (T2). 

During 2014 significant different among the treatment was not observed for iron content in 

grain. 

4.2. 4 N, P and K uptake by red rice  

4.2.4.1 N uptake (kg ha
-1

) 

The data on N uptake in grain, straw and in their total as influenced by integrated 

use of inorganic, organic and micro nutrients are presented in Table 4.2.13. Significantly 

highest N uptake in grain, straw and also in total N uptake was noticed under the treatment 

of N120P80K60 FYM5t (T4) which was significantly superior over rest of treatments during 

both the years and on mean basis. 

 4.2.4.2 P uptake (kg ha
-1

) 

The P uptake in grain, straw and in their total was significantly influenced by 

integrated use of inorganic, organic and micro nutrients are presented in Table 4.2. 14. 

Significantly the highest P uptake in grain, straw and in their total was obtained under the 

treatment of N120P80K60 FYM5t (T4) during both the years and mean basis, but it was at par 

with the treatments of N80P60K40+Zn + B (T9) and N80P60K40+Zn +SI+B (T11) in straw 

during 2014 as well as treatment N80P60K40+Zn +SI+B (T11) in case of their total uptake 

during 2014. 
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4.2.4.3 K uptake (kg ha
-1

)

The data on K uptake in grain, straw and in their total was significantly affected by 

integrated use of inorganic, organic and micro nutrients (Table 4.2.15). Significantly the 

highest  K uptake in grain was observed under the treatment of N80P60K40 FYM5t (T3) 

during both the years and on mean basis, but it was  at par with the treatment of 

N80P60K40+Zn +SI+B (T11) during 2013 and 2014 .While,  K  uptake  in straw was 

significantly the highest with treatment of N80P60K40+Zn +SI+B (T11) during  both the  

years and on mean basis,  but it was at par with the treatments N120P80K60 FYM5t (T4) and 

N80P60K40+Zn + B (T9 ) during 2013 and 2014 as well as treatment N80P60K40+Zn +SI (T8) 

during 2014.The total  K uptake was  significantly superior under the treatment 

N80P60K40+Zn +SI+B (T11) during  both  the years and on mean basis,  but it was  at par 

with treatments N120P80K60 FYM5t (T4) during both the years as well as mean basis , 

treatment  N80P60K40 FYM5t (T3) during 2013, treatment N80P60K40+Zn +B (T9) during 

2013 and 2014 treatment N80P60K40+SI+B(T10) during  2014. 

Discussion on nutrient concentration and uptake 

Significantly highest N and P content during both the years and on mean basis in 

grain and straw was registered under treatment N120P80K60 FYM5t (T4). Significantly 

highest K content in grain and straw during both the years and on mean basis was 

registered under treatment N80P60K40+FYM5t (T3) over rest of the treatments. Significantly 

highest zinc content (ppm) was registered with treatment N 120P8:K 60 (T2) during both the 

years and on mean basis, but  it was at par with treatments N120P80K60 FYM5t (T4), 

N80P60K40+Zn (T5), N80P60K40+SI (T6) and N80P60K40) + B (T7) during 2014 and treatment 

N80P60K40) + B  (T7) on mean basis. Significantly highest iron content (ppm) was registered 

under treatment N80P60K40+Zn (T5) during 2013 and on mean basis ,but it was  at par with 

treatment N 120:P80:K 60 (T2). The application of nutrients under said treatments, enable the 

plant for better absorption due to readily available form  and their translocation and 

mobilization in productive parts enhanced the concentration of above nutrients in grain and 

straw. The highest N uptake in grain, straw and in their total was noticed under treatment 

N120P80K60 +FYM5t (T4) over rest of treatments during both the years and on mean basis. 
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The P uptake in grain, straw and in their total was under treatment N120P80K60 FYM5t (T4) 

during both the years and mean basis. Significantly highest K uptake in grain was observed 

with treatment N80P60K40 FYM5t (T3) during both the years and on mean basis. However, K 

uptake in straw was significantly highest with treatment N80P60K40+Zn +SI + B (T11) during  

both the  years and on mean basis .The total  K uptake was  significantly highest under 

treatment N80P60K40+Zn +SI+B (T11) during  both  the years and on mean basis .The uptake 

is the function of dry matter production and concentration of nutrients in plants. However, 

treatments received inorganic source of nutrients in addition to FYM are micro nutrients 

enhanced the uptake of N, P and K  and grain and straw offer more balanced nutrition to be 

plants especially secondary and micro nutrients (Rakshit et al., 2008). The yield attributing 

characters viz. plant height, number of panicles
-1

, panicle length, grains panicle
-1

 and test

weight increased with higher doses of NPK along with use of S, B and Zn as compared to 

control. The application of Zn, B and S also influenced yield attributes of rice positively 

during both the years and if omitted, a notable reduction was observed in yield. Farmyard 

manure helps in improving soil organic matter content, water-holding capacity, nutrient 

exchange and maintains soil health (Khan et al, 2010; Tadesse et al., 2013). Nutrient 

uptake values in rice indicates that addition of FYM to inorganic fertilizer enhances the 

treatments  Sharma and Bali (2001) confirmed that nutrient uptake (N, P and K) values 

were of higher order in FYM treated plots and these further improves with graded levels of 

nutrient application. Yadav et al. (2002) corroborate the similar finding, under rice-wheat 

cropping sequence. Judicious use of chemical fertilizers in combination with organic 

manures is required to improve the soil health as well as to achieve sustainable production. 

This might be attributed to improved soil physical condition and higher availability of 

macro- and micro-nutrients with the addition of FYM. There was improvement in organic 

carbon reserve, soil N, P and K in all the combination of organic manure from their initial 

values except control. The increase in organic carbon content of the soil with the 

application of organic manure has also reported by Banwasi and Bajpai (2006). The higher 

biomass and yields has enhanced nutrient uptake.  
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4.2.5 Quality Parameters 

4.2.5.1 Head rice recovery of paddy 

The data on head rice recovery of red rice as influenced by integrated use of 

inorganic, organic and micro nutrients are presented in Table 4.2.17. Significantly highest 

head rice recovery was registered with treatment N80P60K40+Zn +SI+B (T11) which was 

significantly superior over other treatments during both the years and on mean basis, but it 

was at par with treatments N120P80K60 (T2), N120P80K60 FYM5t (T4), N80P60K40+B (T7), 

N80P60K40+Zn +SI (T8), N80P60K40 + Zn +B (T9) and N80P60K40+B10+SI (T10) during 2014. 

4.2.5.2 Length, breadth and L/B ratio of paddy  

Data pertaining length, breadth and L/B ratio of red rice as influenced by integrated 

use of inorganic, organic and micro nutrients during both the years and on mean basis are 

presented in Table 4.3.16. The application of N120P80K60 FYM5t (T4) registered 

significantly longer paddy length and L/B ratio over other treatments during both the years 

and on mean basis.  Whereas  breadth of paddy was significantly highest  under treatment 

N80P60K40+B10+SI (T10) which was at par with treatments N80P60K40+Zn+ SI (T8) and 

N80P60K40+ Zn +B(T9) during 2013 and on mean basis as well as N80P60K40+SI (T6)and 

N80P60K40+B (T7) during 2013 and  treatment N80P60K40+Zn +SI+B (T11) on mean basis. 

But during 2014, breadth of paddy significantly highest under treatment N80P60K40+Zn + SI 

+ B (T11). 

Discussion on quality Parameters  

Significantly longer paddy length and L/B ratio was registered under treatment 

N120P80K60 FYM5t (T4) over other treatments during both the years and on mean basis. 

Whereas breadth of paddy was significantly highest under treatment N80P60K40+B10+SI 

(T10) which was at par with treatments N80P60K40+Zn+SI (T8) and N80P60K40+ Zn +B (T9) 

at most of recorded period. This might be due to either direct or cumulative effect of 

supplied macro and micro nutrients on metabolic processes of rice. Application of zinc is 

significantly affected total number of tillers, number ofpanicle bearing tillers, panicle length, 

number of branches per panicle and number of kernels panicle
-1 

 and other qualiy parameters.

Food crops grown using organic inputs having less or no chemicals are being preferred 
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over conventionally produced food by the end users. Food market in developed and 

developing countries Urkurkar et al.,( 2010). Scientists and policy-planners are, therefore, 

reassessing agricultural practices, which relied more on biological inputs rather than heavy 

usage of chemical fertilizers and pesticides. Yadav et al. (2013) reported that the organic 

production systems maintain and improve the soil health through stimulating the activity of 

soil organisms. 

4.2.6 Economics 

4.2.6.1 Gross return (000 Rs ha
-1

) 

The data on gross return of red rice are presented in (Table 4.2.18). The highest 

gross return during both the years and on mean basis was registered under the treatment of 

N80P60K40+Zn +SI +B (T11), which was at par with treatments N120P80K60 FYM5t (T4) 

during 2013 and on mean basis. 

4.2.6.2 Net return (000 Rs ha
-1

)
 

The data on net return of red rice as influenced by integrated use of inorganic, 

organic and micro nutrients are presented in Table 4.2.18. Significantly highest net return 

was registered during 2013 under treatment N120P80K60 FYM5t (T4), but it was at par with 

treatments N120P80K60 (T2), N80P60K40+ Zn (T5), N80P60K40+ Zn +B (T9) and N80P60K40+Zn 

+SI+B (T11). Whereas during 2014 whereas, on mean basis significantly  highest net return 

was observed under treatment N80P60K40+Zn +SI+B (T11) ,but  it was at par with treatments 

N120P80K60 FYM5t (T4) and N80P60K40+ Zn +B (T9). 

4.2.6.3 B: C ratio (000 Rs ha
-1

)
 

The data on B: C ratio of red rice significantly affected by integrated use of 

inorganic, organic and micro nutrients (Table 4.2.17). The highest B:C ratio in year 2013 

and on mean basis was registered with treatment of N120P80K60 (T2) which was 

significantly superior over rest of treatments expect the treatments of  N80P60K40+Zn (T5), 

N80P60K40+B (T7) and N80P60K40+ Zn +B (T9). During 2014, treatment of N80P60K40+Zn 

(T5) gave the maximum B: C ratio followed by N120P80K60 (T2), N80P60K40+B (T7) and 

N80P60K40+ Zn +B (T9). 
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4.2.7 Energetics  

4.2.7 .1 Energy use efficiency (qMJ
-1

x10
-3

)

The data on energy use efficiency of red rice as influenced by integrated use of 

inorganic, organic and micro nutrients are presented in Table 4.2.19. The highest energy 

use efficiency during both the years and on mean basis was registered with treatment 

N80P60K40+Zn +SI+B10 (T11) but at par with treatmentsN80P60K40+Zn (T5), N80P60K40+SI 

(T6),N80P60K40+ B (T7), N80P60K40+Zn +S (T8), N80P60K40 + Zn +B (T9) and 

N80P60K40+B+SI (T10) during  2013, while treatments N80P60K40+ Zn  +B (T9) and 

N80P60K40+B+SI (T10) during 2014 and on mean basis . 

4.2.7 .2 Energy output input ratio 

The data on energy output input ratio of red rice as influenced by integrated use of 

inorganic, organic and micro nutrients are presented in Table 4.2.19. The highest energy 

output input ratio was registered with treatment N80P60K40+Zn +SI+B (T11) during both the 

years and on mean basis, but it was  at par with treatments N80P60K40+Zn  

(T5),N80P60K40+SI (T6),N80P60K40+B 10 (T7), N80P60K40+Zn +SI (T8), N80P60K40+ Zn +B 

(T9) and N80P60K40+B+SI (T10) during year 2013, while treatment N80P60K40+B+SI (T10) in 

year 2014 and  treatments N80P60K40+ Zn +B (T9) and N80P60K40+B+SI (T10) on mean 

basis. 

4.2.7.3 Energy productivity (g MJ ha
-1

)

The data on energy productivity of red rice as influenced by integrated use of 

inorganic, organic and micro nutrients are presented in Table 4.2.19. Significantly highest 

energy productivity during both the years and on mean basis was registered under the 

treatment N80P60K40+Zn +SI+B (T11) but it was at par with treatments N80P60K40+Zn 

(T5),N80P60K40+SI (T6),N80P60K40+B (T7), N80P60K40+Zn+SI (T8), N80P60K40+ Zn +B (T9) 

and N80P60K40+B+SI during  2013, and  treatment N80P60K40+B+SI (T10)  during 2014 and 

on mean basis as well as  treatments N80P60K40+Zn +SI  (T8) on mean basis. 

4.2.7.4 Energy intensiveness (MJ Re
-1

)

The data on energy of intensiveness of red rice as influenced by integrated use of 

inorganic, organic and micro nutrients are presented in Table 4.2.20. Significantly highest 
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energy of intensiveness  during both the years and on mean basis was registered under 

treatment N120P80K60 (T2) but it was at par with treatments N80P60K40+Zn  (T5) and 

N80P60K40+ Zn +B (T9)  during both the years and on mean basis as well as treatment 

N80P60K40+B (T7) during 2014. 

4.2.7.2. Production efficiency (kg ha
-1

 day
-1

)

The data on production efficiency of red rice are presented (Table 4.2 20). 

Significantly highest production efficiency was registered during both the years and on 

mean basis under treatment N80P60K40+Zn +SI+B (T11) but it was at par with treatment 

N120P80K60 FYM5t  (T4) during 2013 and on mean basis. 

Discussion on economics,  energetics and  production efficiency  

At most of data on production efficiency, energy use efficiency, energy output 

input ratio and  energy productivity revealed that   red rice were  highest during both the 

years and on mean basis was registered with treatment N80P60K40+Zn +SI+B (T11) which 

was at par with treatments N120P80K60 FYM5t (T4) and N80P60K40+SI  (T6). While, energy  

intensiveness in during both the years and on mean basis was registered with treatment 

N120P80K60 (T2) which was at par with treatments N80P60K40+Zn (T5) and N80P60K40+ Zn 

+B (T9) with additional treatment N80P60K40+B (T7) during the year 2014. Combination of 

macro and micronutrients accelerate or in combination with organic source the growth and 

yield attributes resulted in better efficiency. This confirms the finding of Kumar and 

Prasad (2003).Maximum gross return during both the years and on mean basis was 

registered with treatment N80P60K40+Zn +SI+B (T11) but at par with treatments N120P80K60 

FYM5t (T4) during 2013 and on mean basis. Net return was registered during year2013 

with treatment N120P80K60 FYM5t (T4) but at par with treatments N120P80K60 (T2), 

N80P60K40+ Zn (T5), N80P60K40+ Zn +B (T9) and N80P60K40+Zn +SI+B (T11). Further, in 

year 2014 and on mean basis highest net return observed with treatment N80P60K40+Zn 

+SI+B (T11) but at par with treatments N120P80K60 FYM5t (T4) and N80P60K40+ Zn +B (T9). 

Highest B:C ratio in year 2013 and on mean basis was registered with treatment N120P80K60 

(T2) but at par with treatments N80P60K40+Zn ha
-1

 (T5), N80P60K40+B (T7) and N80P60K40+

Zn 25 +B10 ha
-1

 (T9). Moreover in year 2014 treatment N80P60K40+Zn (T5) noticed

maximum B:C ratio but at par with treatments N120P80K60 ha
-1

 (T2), N80P60K40+B10 ha
-1
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(T7) and N80P60K40+ Zn 25 +B10 ha
-1

 (T9). The effect of increased fertilizer use on crop 

production has increased, but ever increasing cost of energy is a significant constraint for 

increased use of inorganic fertilizers. Use of organic matter to meet the nutrient 

requirement of crops will be an inevitable practice in years, especially for resource poor 

farmers. Furthermore, ecological and environmental concerns over the increased and 

indiscriminate use of organic fertilizers have made research of use of organic materials as a 

source of nutrients very necessary. Satyanarayana et al., (2002) reported that recommended 

dose of NPK along with 10 t FYM/ha produced an optimum grain yield and economic of 

rice. 

4.3 Experiment No. III: Enhancement of productivity and quality of red rice through 

organic and inorganic application of nutrients 

4.3.1 Growth Parameters  

4.3.1.1 Plant height (cm) 

The data on plant height recorded at 30, 60 and 90 DAT are presented in Table 

4.3.1. The application of N 120P60K40 I (T2) found significantly superior for producing 

tallest plant of red rice at all the periods of observations during both the years as well as on 

mean basis. Further, more on par plant height was recorded under the treatments of 

N120P60K40 (25% O +75% I) (T4) during 2013 at 30 DAT, on mean basis at 60 DAT and 

during both the years and on mean basis at 90 DAT, treatment N120P60K40 (50% O +50% I) 

(T6 ) during 2013 at 30 DAT and treatments N60 P40K30 (50% O +50 % I) (T5) and N of T2 

applied through organics (O) + FS of N at T and PI stages (T8) on mean basis at 60 DAT. 

The shortest plant height was recorded under control at all the stages during the both years 

and on mean basis.                 

4.3.1.2 Dry matter accumulation (g hill
-1

) 

     The dry matter accumulation of red rice was determined at 30,60 and 90 DAT and data 

are presented in Table 4.3.2. The dry matter accumulation was significantly influenced by 

organic and inorganic application of nutrients .At all the growth periods of observations, 

treatment N 120P60K40 (I) (T2) registered significantly highest dry matter accumulation 

during both the years and mean basis. However, it was at par to treatment N120P60K40 (50% 

O +50% I) (T6) during the both years and on mean basis at 60 DAT as well as treatment 

N120P60K40 (25% O +75% I) (T4), N of T1 applied through organics (O) + FS of N at T and 
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PI stages (T7) and N of T2 applied through organics (O) + FS of N at T and PI stages (T8) 

during the both years and on mean basis at 90 DAT. 

4.3.1.3   Leaf area index  

The data on leaf area index was recorded at 30, 60 and 90 DAT and presented in 

Table 4.3.3. The leaf area index increased from 30 DAT to 90 DAT. The rate of increase 

(LAI) was more pronounce from 30 DAT to 60 DAT and declined thereafter from 60 DAT 

to 90 DAT. 

At 30 DAT, significantly the highest leaf area index was registered under treatment 

of N120P60K40  (25% O +75% I) (T4) during the both years and on mean basis , but it was at 

par with N120P60K40 (50% O +50% I) (T6 ) in year 2014. Further, at 60 DAT in year 2014, 

significantly highest leaf area index was registered with treatment N of T2 applied through 

organics (O) + FS of N at T and PI stages (T8) which was at par with treatment N 60 P40K 30 

(25% O +75% I) (T3), N120P60K40  (25% O +75% I) (T4) and N60 P40K30 (50% O +50 % I) 

(T5).Whereas on mean basis significantly highest leaf area index was recorded under 

N120P60K40  (25% O +75% I) (T4) which was at par with treatment N of T2 applied through 

organics (O) + FS of N at T and PI stages (T8). Moreover, at 90 DAT during both years 

and on mean basis, significantly highest leaf area index was recorded under  N120P60K40 

(50% O +50% I) (T6) which was at par with treatments N120P60K40 (25% O +75% I) (T4) 

and N60 P40K30 (50% O +50 % I) (T5) and N of T1 applied through organics (O) + FS of N 

at T and PI stages (T7) during 2013 and treatment N120P60K40  (25% O +75% I) (T4) during 

2014 and on mean basis.

4.3.1.4 Crop growth rate (g hill
-1

 day
-1

)

The crop growth rate computed at 0- 30, 30-60 and 60-90 DAT and presented in Table 

4.3.4. In general, crop growth rate increased from 0- 30 to 60-90 DAT. At early crop 

growth rate ( 0- 30 DAT),it was highest with the treatment of N120P60K40 (50% O +50% I) 

(T6) which was significantly superior over rest of the treatments in both the years and on 

mean basis. Moreover, at 30- 60 DAT in year 2014 and on mean basis the highest crop 

growth rate was observed under  the treatment  of N120P60K40 (50% O +50% I) (T6) but it 

was at par with treatment N of T1 applied through organics (O) + FS of N at T and PI 

stages ( T7 )  during 2014 and on mean basis and also where treatment N of T2 applied 
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through organics (O) + FS of N at T and PI stages (T8)  was given during 2014. During the 

period 60- 90 DAT, treatment N of T1 applied through organics (O) + FS of N at T and PI 

stages (T7) registered maximum crop growth rate during both the years and mean basis . 

However, in year 2014 treatments N 120P60K40 (I) (T2), N120P60K40  (25% O +75% I) 

N120P60K40  (25% O +75% I) (T4), N60 P40K30 (50% O +50 % I) (T5) and  N of T2 applied 

through organics (O) + FS of N at T and PI stages (T8) also recorded comparable values . 

  4.3.1.5 Relative growth rate (g g
-1

 hill
-1

 day
-1

)        

       The data on relative growth rate computed at 0- 30, 30-60 and 60-90 DAT are 

presented in Table 4.3.5. It was observed  that relative crop growth rate declined with 

advancement of crop age .The early relative growth rate (0- 30 DAT) was noticed highest 

with treatment N of T1 applied through organics (O) + FS of N at T and PI stages ( T7 ) 

,however it was at par with treatments N60P40K30 (I) (T1), N 60 P40K 30 (25% O +75% I) 

(T3), N120P60K40 (50% O +50% I) (T6), N of T2 applied through organics (O) + FS of N at T 

and PI stages (T8) and Control during 2014 and on mean basis. More over at 30- 60 DAT 

treatment N 120P60K40 (I) (T2) gave significantly higher relative growth rate as compared to 

others during both the years and mean basis. Further, at 60- 90 DAT, treatment N of T1 

applied through organics (O) + FS of N at T and PI stages (T7) gave maximum relative 

growth rate which was significantly higher than others, but it was at par to treatments 

N120P60K40  (25% O +75% I) (T4) and N of T2 applied through organics (O) + FS of N at T 

and PI stages (T8) in both the years as well as on mean basis. 

4.3.2 Root volume, yield attributes and yield 

4.3.2.1 Root volume (cc) 

   The data on root volume (cc) of red rice as influenced by organic and inorganic 

application of nutrients are presented in Table 4.3.6. Significantly highest was registered 

under the treatment of N120P60K40 (50% O +50% I) (T6) but it was at par with treatments 

N120P60K40  (25% O +75% I) (T4)   during both the years and  on mean basis  as well as 

treatment N of T2 applied through organics (O) + FS of N at T and PI stages (T8) during 

2013.  
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4.3.2.2   Effective tillers (No .hill 
-1

)  

     The data on effective tillers hill 
-1

 as influenced by organic and inorganic application of 

nutrients are presented in Table 4.3.6. Significantly highest number of effective tillers hill 
-

1
 was obtained with treatment N120P60K40 (50% O +50% I) (T6) during both the years as 

well as on mean basis, but it was at par with treatment N120P60K40  (25% O +75% I) (T4) in 

year 2014 .       

4.3.2. 3 Panicle
 
length (cm)  

The data on panicle length of red rice as influenced by organic and inorganic 

application of nutrients are presented in Table 4.3.6. Significantly longest panicle was 

registered with treatment N120P60K40 (50% O +50% I (T6) during both the years as well as  

on mean basis, but it was at par with treatment N120P60K40  (25% O +75% I) (T4) in year 

2013 and N of T2 applied through organics (O) + FS of N at T and PI stages (T8) during 

2014 . 

4.3.2.4 Panicle weight (g) 

 The data on panicle weight of red rice as influenced by organic and inorganic 

application of nutrients are presented in Table 4.3.7. Significantly highest panicle weight 

was registered with treatment N120P60K40 (50% O +50% I) (T6) during both the years as 

well as mean basis ,but it was at par with treatments N 60 P40K 30 (25% O +75% I) (T3), 

N120P60K40  (25% O +75% I) (T4) , N60 P40K30 (50% O +50 % I) (T5), N of T1 applied 

through organics (O) + FS of N at T and PI stages ( T7) and N of T2 applied through 

organics (O) + FS of N at T and PI stages (T8) in year 2014. 

4.3.2.5 Grains panicle
-1 

(No) 

The data on number of grains panicle
-1

 of red rice as influenced by organic and 

inorganic application of nutrients are presented in Table 4.3.7. Significantly highest 

number of grains panicle
-1

 was registered with treatment N120P60K40 (50% O +50% I) (T6) 

but it was at par with treatment N120P60K40 (25% O +75% I) (T4) during 2013 and on mean 

basis. .Further, in year 2014 treatment N120P60K40 (25% O +75% I) (T4) gave significantly 

highest number of grains panicle
-1

 which was at par with treatment N120P60K40 (50% O 

+50% I) (T6). 
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4.3.2.6 Test weight (g) 

The data on test weight of red rice as influenced by organic and inorganic 

application of nutrients are presented in Table 4.3.7. Significantly highest  test weight was 

registered with treatment N120P60K40 (50% O +50% I) (T6) in both years and on mean basis 

,but  it was at par with treatments N 120P60K40 (I) (T2), N120P60K40  (25% O +75% I) (T4), 

N60 P40K30 (50% O +50 % I) (T5), N of T1 applied through organics (O) + FS of N at T and 

PI stages (T7) and N of T2 applied through organics (O) + FS of N at T and PI stages (T8) 

in year 2013, while in 2014 it was at par with treatments N 120P60K40 (I) (T2), however ,on 

mean basis  comparable values were also noted in treatments N120P60K40  (25% O +75% I) 

(T4). 

Discussion on growth and yield attributes and root volume  

The finding on growth parameters revealed that plant height and dry matter 

accumulation at most of the duration of red rice were significantly highest under treatment   

N 120P60K40 (I) (T2)  which was at par to N120P60K40  (25% O +75% I) (T4), N60 P40K30 (50% 

O +50 % I) (T5)  and  N120P60K40 (50% O +50% I) (T6). Whereas leaf area index recorded 

maximum under treatment N120P60K:40 25% Org +75 % Ino (T4), at 30DAT and under 

treatment N120P60K40 (50% O +50% I) (T6) at 90 DAT. As regards  to CGR and RGR , the 

maximum values were noted under N120P60K40 (50% O +50% I) (T6) followed by  N of T1 

applied through organics (O) + FS of N at T and PI stages ( T7 ) and  N of T2 applied 

through organics (O) + FS of N at T and PI stages (T8). Highest root volume was 

registered with treatment N120P60K40 (50% O +50% I) (T6) in both years and mean basis 

which was at par with treatments N 120:P60:K 40 (T2) and N120P60K40  (25% O +75% I) (T4) 

with an additional treatment  N of T2 applied through organics (O) + FS of N at T and PI 

stages (T8) in year 2013. The results on yield attributes and root volume showed that 

significantly highest values of  effective tillers hill 
-1

 
,
 panicle   length, panicle weight , 

number of grains panicle
-1

 , test weight and root volume were noted under treatment 

N120P60K40 (50% O +50% I) (T6)  followed by N120P60K40  (25% O +75% I) (T4). Sarwar et 

al., (2008) also observed that addition of organic materials appreciably increased the height 

of rice plants.  Application of farmyard manure significantly improved number of tillers, 

test weight, grain and straw yield of red rice. Organic manure plays an important role in 
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improving soil permeability to air and water and water stable aggregates Application of 

organic materials such as farm yard manure significantly improved soil physical properties 

and nutrient uptake resulting in greater growth, yield and yield component (Singh et al., 

1994). Application of farm yard manure at 10 t
-1

 contributes 30-70 kg N  beside leaving a

significant residual effect on succeeding crops (Sharma,  1995).Similarly the number of 

tillers, number of filled grain test weight are significantly high due to application of farm 

yard manure .This is affirmation by the long term studies on rice has increased yield factor 

due to farm yard manure (Nambiar and Aborol , 1989 and Singh et al., 1999) .The effects 

are largely due to improve soil organic matter, soil physical, chemical and microbial 

properties with application of farm yard manure . The use of inorganic fertilizer (50%) and 

farmyard manure or green manure (50%) produced better growth and yields attributes   

than those obtained application of 100% of recommended inorganic  fertilizers( Katyal 

and Gangwar ,2000). This suggests that judicious use of organic material can results in 

growth and yield characters on par with that obtained with organic fertilizers (Raman et al., 

1996, Singh et al., 1999, Pandey et al.,1999) .Thus application of organic materials are not 

only improving crop yield, but also decreasing dependence on fossil fuel based on organic 

fertilizers, thereby reducing hazards caused by continuous and indiscriminate use of 

chemical fertilizers. Studies have also shown the beneficial effects of green manures, and 

blue green algae on productivity of rice (Meelu, 1992). Therefore, research efforts should 

continue to be done by the study various organic materials such as green manures, 

legumes, rice straw, compost, sewage Sludge, bio fertilizers (blue green algae and azolla) 

and inorganic fertilizer on the productivity of rice.   

4.3.2.7 Grain yield (q ha
-1

)

The data on grain yield of red rice as influenced by organic and inorganic 

application of nutrients are presented in Table 4.3.8. Significantly highest grain yield was 

registered with treatment N120P60K40 (50% O +50% I) (T6) in both the years and on mean 

basis but was at par with treatment N120P60K40  (25% O +75% I) (T4) during 2013. 

4.3.2.8 Straw yield (q ha
-1

)

The data on straw yield of red rice as influenced by organic and inorganic application of 

nutrients are presented in Table 4.3.8. Significantly highest straw yield was registered with 
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treatment N120P60K40 (25% O +75% I) (T4) in both the years and on mean basis but it was 

at par with treatment N120P60K40 (50% O +50% I) (T6) during   both the years and on mean 

basis as well as treatment N 120P60K40 (I) (T2) on mean basis. 

4.3.2 .9 Harvest index (%) 

The data on harvest index (%) of red rice as influenced by organic and inorganic 

application of nutrients are presented in Table 4.3.8. Non significant differences was 

noticed in both the years as well as on mean basis.     

Discussion on yield and harvest index   

Highest rice grain yield  was registered with treatment N120P60K40 (50% O +50% I)

(T6) in both years and mean basis which was at par with treatment N120P60K40  (25% O 

+75% I) (T4).Highest rice straw yield (q ha
-1

) was registered with treatment N120P60K40 

(25% O +75% I) (T4) in both years and mean basis which was at par with treatment 

N120P60K40 (50% O +50% I) (T6)  as well as treatment N 120P60K40 (I) (T2) in year 2014 and 

mean basis. The harvest index (%) of red rice as influenced by organic and inorganic 

application of nutrients are found non significant during the both years as well as mean 

basis. Das et al. (2005) reported that application of 50% compost and 50% NPK fertilizers 

produced the maximum grain and straw yields of rice. All combinations of organic 

manuring were almost equally effective in increasing productivity of rice. Yield attributing 

characters followed similar trends. It increased organic matter content of soil, maintained 

and improved soil structure, reduced loss of nutrient particularly N, provide a source of N 

for the succeeding crop and thereby increased the production of red rice. Chattopadhyay et 

al. (1992) noted that rice performance was greater in the compost .Many factors determine 

the fertilizer efficiency for rice crop during cultivation such as soil, cultivar, season, 

environment, planting time, water management, weed control, cropping pattern, source, 

form, rate, time of application and method of application ( Datta, 1978). In many cases 

aerial spray of nutrients is preferred and gives quicker and better results than the soil 

application (Jamal et al., 2006). Recently foliar application of nutrients has become an 

important practice in the production of crops while application of fertilizers to the soil 
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remains the basic method of feeding the majority of the crop plants. Chopra and Chopra 

(2000) reported that application of either 80 or 120 kg N ha
-1

 improved the entire yield

attributes compared with control. Application of organic manure not only improve the soil 

organic carbon for sustaining the soil physical quality but also increases the soil nitrogen, 

However, nitrogen use efficiency is very low particularly in rice and is difficult to be first 

trust in sense of organic farming (Magar, 2004). The results are in confirmation with those 

of Velu and Rani (1999). Higher yield of rice owing to combination of green manure and 

recommended dose inorganic fertilizer was also reported (Pandey and Tripathi, 1992 and 

Mellu et al., 1992). Singh et al. (2008) reported that under rice-based cropping system with 

RDF + FYM was more efficient for enhancing   soil organic carbon. 

4.3.3 Nutrient content in red rice 

4.3.3.1 N content in grain and straw (%) 

The data on N content in grain and straw of red rice as influenced by organic and 

inorganic application of nutrients are presented in Table 4.3.9. Significantly highest N 

content in grain and straw was registered with treatment N120P60K40 (50% O +50% I) (T6) 

which remained at par with treatments N120P60K40 (25% O +75% I) (T4) during both the 

years as well as on mean basis. 

4.3.3.2 P content in grain and straw (%) 

The data on P content in grain and straw of red rice as influenced by organic and 

inorganic application of nutrients are presented in Table 4.3.10. Significantly highest P 

content in grain and straw was registered with treatment N120P60K40 (50% O +50% I) (T6) 

in both the years and on mean basis. 

4.3.3.0  K content in grain and straw (%) 

The data on K content in grain and straw of red rice as influenced by organic and 

inorganic application of nutrients are presented in Table 4.3.11. Significantly highest K 

content in grain was registered with treatment N120P60K40 (50% O +50% I) (T6) in both the 

years and mean basis. As regards, to K content in straw , significantly highest values were 

recorded  under treatment N120P60K40 (50% O +50% I) (T6) but it was at par with treatment 

N of T2 applied through organics (O) + FS of N at T and PI stages (T8)  during 2013 and on 
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mean basis  N120P60K40  (25% O +75% I) (T4) on mean basis. However, in 2014 , K content 

in straw was significantly highest under treatment  N120P60K40  (25% O +75% I) (T4). 

  4.3.3.4 Zinc content in grain (ppm)  

The data on zinc content (ppm) in grain   of red rice as influenced by organic and 

inorganic application of nutrients are presented in Table 4.3.12. Significantly highest zinc 

content (ppm) was registered with treatment N 120P60K40 (I) (T2) in both the years and on 

mean basis. 

4.3.3.5 Iron content in grain (ppm)  

The data on iron content (ppm) in grain of red rice as influenced by organic and 

inorganic application of nutrients are presented in Table 4.3.12. Significantly highest iron 

content (ppm) was registered with treatment N120P60K40 (50% O +50% I) (T6) in both the 

years and on mean basis, but it was at par with treatments N 120P60K40 (I) (T2) and N of T1 

applied through organics (O) + FS of N at T and PI stages       (T7) in year 2014. 

4.3. 4 N, P and K uptake by red rice  

4.3.4.1 N uptake (kg ha
-1

) 

The data on N uptake in grain, straw and their total as influenced by organic and 

inorganic application of nutrients are presented in Table 4.3.13. Significantly highest  N 

uptake  in grain, straw and their  total was noticed  under treatment N120P60K40 (50% O 

+50% I) (T6) in both the years and on  mean basis, however in year 2013, it was at par to  

treatment N120P60K40  (25% O +75% I) (T4) . 

4.3.4.2 P uptake (kg ha
-1

) 

The data on P uptake in grain, straw and in their total as influenced by organic and 

inorganic application of nutrients are presented in Table 4.3.14. Significantly highest P 

uptake in grain, straw and in their total was noticed under treatment N120P60K40 (50% O 

+50% I) (T6) in both the years and on mean basis. 

4.3.4.3 K uptake (kg ha
-1

) 

The data on K uptake in grain, straw and in their total as influenced by organic and 

inorganic application of nutrients are presented in Table 4.3.15. Significantly highest K 

uptake in grain, straw and in their total was noticed under treatment N120P60K40 (50% O 

+50% I) (T6), in both the years and on mean basis, except total K uptake which was 
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recorded significantly highest under   treatment N120P60K40  (25% O +75% I) (T4) in year 

2014. Further, in case of straw and it total treatment N120P60K40 (25% O +75% I) (T4) also 

recorded comparable values.        

Discussion on nutrient concentration and uptake 

The  N content in grain and straw of red rice was highest with treatment N120P60K40 

(50% O +50% I) (T6) in both the years and on mean basis and at par with treatments 

N60P40K30 (I) (T1) and N120P60K40  (25% O +75% I) (T4)  for N content in grain. The  P 

content in grain and straw of red rice  was significantly heighest  with treatment N120P60K40 

(50% O +50% I) (T6) in both years and mean basis. The  K content in grain and straw of 

red was significantly  highest in grain with treatment N120P60K40 (50% O +50% I) (T6) 

during  both the years and on  mean basis.   Highest zinc content (ppm) was registered with 

treatment N 120P60K40 (I) (T2) in both the years and on mean basis. Maximum iron content 

(ppm) was noticed with treatment N120P60K40 (50% O +50% I) (T6) in both the years and 

on mean basis but it was at par with treatments N 120P60K40 (I) (T2) and N of T1 applied 

through organics (O) + FS of N at T and PI stages ( T7) in year 2014. Selvi et al. (2005) 

reported that organic matter content of soil, maintained and improved soil structure 

reduced losses of nutrient particularly N and increased the yield. Organic manures provide 

regulated supply of N by releasing it slowly resulting in increased yields of rice and 

nutrient use efficiency (Sharma, 2002).Thus the balanced application of mineral fertilizers 

sustains soil physical environment and higher crop productivity under intensive cultivation 

(Hari et al., 2000). The N uptake in grain , straw and  in total  was noted under treatment 

N120P60K40 (50% O +50% I) (T6) in both  the years and on  mean basis but  in year 2013 

treatment N120P60K:40 25% Org +75 % Ino (T4) was al so at par. Highest P uptake  in grain , 

straw and in their  total was under treatment N120P60K40 (50% O +50% I) (T6) in both the 

years and  on mean basis. Whereas  highest  K uptake in grain ,straw and in their total was 

noted with treatment N120P60K40 (50% O +50% I) (T6), in both the years and on mean basis 

except total  K uptake  which was highest  with treatment N120P60K40  (25% O +75% I) (T4) 

in year  2014 , however, straw and total K uptake on  mean  basis was at par with tratment 

N120P60K40  (25% O +75% I) (T4). The nitrogen, phosphorus and potassium efficiencies are 

accelerated due to addition of FYM in rice. These findings are further confirmed by Kumar 
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and Prasad (2003) on clay loam soil, who recorded similar observations. Farm yard manure 

and inorganic ferilizer combination with produced an optimum grain yield when compared 

with other treatment combinations. Furthermore, the positive effects of farmyard manure 

were not enhanced with increased rate of inorganic fertilizers application. This is in 

agreement with other studies where combined application of organic and inorganic 

fertilizer increased productivity of rice (Ghosh and Sharma ,1999) . Few studies have even 

shown that organic manures with a substantial amount of Chemicals N fertilizers could 

produce higher dry matter yield and high N accumulation, than those of conventional 

inorganic N fertilizers treatments ( Singh et al., 1994). Chung  (2000) stated that combined 

use of organic manures and inorganic fertilizers checks nitrogen losses, conserves soil N 

by forming organicineral complexes and thuse nsures continuous N availability to rice 

plants and greater yields. The combined application of fertilizers and farmyard manure has 

shown long term yield benefits and these effects have been largely to be attributed to soil 

organic matter and  microbial activity . Data on the uptake studies shows that farm yard 

manure on  application increased  N, P, and K by 20, 12 and 9%, respectively . Maximum 

uptake of N, P, and K were observed at a fertilizer levels  of 120: 60: 40 kg N: P2O5: K2O 

ha
-1

 in combination with application of farmyard manure The increase in N, P and K in 

farmyard manure application treatment can be attributed to enhanced availability of these 

nutrients due to improved soil structure and increased microbial activity research has 

shown that the combined application of farmyard manure and green manure can meet all 

the nitrogen requirement of high yielding varieties. Singh et al. (2006b) have also observed 

that FYM to rice were economically viable. In addition to supply of nutrients, organic 

source improves the physical condition and biological health of soil, which improves the 

availability of applied and native nutrient (Dick and Gregorich, 2004). Singh et al. (1999) 

reported similar findings who observed that application of only 100% N resulted in a 

decrease in the available P contents. Similar results were reported by Yaduwanshi (2003) 

and Singh et al. (2004). The higher nutrient uptake with organic manure application might 

be attributed to solubilization of native nutrients, chelation of complex intermediate 

organic manure molecules, their mobilization and accumulation of different nutrients in 

different plant parts. Similarly, Lui et al. (2010) working on long term effects of fertilizer 
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and organic manure treatments also proved that there was greater increase in urease 

activity, when organic manure was applied. 

4.3.5 Quality parameters 

4.3.5.1 Head rice recovery of paddy  

The data on head rice recovery of red rice as influenced by organic and inorganic 

application of nutrients are presented in Table 4.3.17. Significantly highest head rice 

recovery was registered with treatment N of T2 applied through organics (O) + FS of N at 

T and PI stages (T8) in both the years  and on mean basis. 

4.3.5.2 Length, breadth and L/B ratio of paddy  

Data pertaining to length, breadth and L/B ratio of paddy as influenced by organic 

and inorganic application of nutrients are presented in Table 4.3.16. Significantly longer 

paddy length was registered under treatment N of T2 applied through organics (O) + FS of 

N at T and PI stages (T8), but it was at par with N of T1 through organic + 2 F S N (T7) 

during 2013 and on mean basis, while, in the year 2014 treatment N of T1 through organic 

+ 2 F S N (T7) registered significantly highest value which was at par with treatment N of 

T2 organic + 2 F S (T8). Further, paddy breadth during both the years and on mean basis 

was significantly highest under treatment N of T2 applied through organics (O) + FS of N 

at T and PI stages (T8). The L/B ratio of paddy in year 2013 was significantly  highest with 

treatment N120P60K40 (50% O +50% I) (T6) which was at par with treatments N60 P40K30 

(50% O +50 % I) (T5), N of T1 through organic + 2 F S N (T7) and N of T2 organic + 2 F 

S(T8) , while in year 2014 and on mean basis treatment N 120P60K40 (I) (T2) noticed 

significantly highest L/B ratio which was at par with treatment N T1 through organic + 2 F 

S N (T7) . 

Discussion on quality parameters  

Longest paddy length was  registered under treatment N of T2 applied through 

organics (O) + FS of N at T and PI stages (T8) but at par with N of T1 applied through 

organics (O) + FS of N at T and PI stages (T7) during the year 2013 and on mean basis 

,while, in the year 2014 treatment N of T1 applied through organics (O) + FS of N at T and 

PI stages (T7) proved superior which was  at par with treatment N of T2 applied through 

organics (O) + FS of N at T and PI stages (T8). Further, paddy breadth during both the 
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years and on mean basis was highest with treatment N of T2 applied through organics (O) + 

FS of N at T and PI stages (T8). The L/B ratio of paddy in year 2013 was highest with 

treatment N120P60K40 (50% O +50% I) (T6) which was at par with treatments N60 P40K:30 

org50% +50 % Ino50% (T5), N of T1 applied through organics (O) + FS of N at T and PI 

stages (T7) and N of T2 applied through organics (O) + FS of N at T and PI stages (T8) , 

while in year 2014 and on mean basis treatment N 120P60K40 (I) (T2) noticed highest L/B 

ratio and at par with treatment N of T1 applied through organics (O) + FS of N at T and PI 

stages (T7) on mean basis. Highest head rice recovery was registered with treatment N of 

T2 applied through organics (O) + FS of N at T and PI stages (T8) in both the years and on 

mean basis. Rice being the most important food of the world, its nutritional value and 

processing properties are very important for overall health of the people and commercial 

purposes including economy of rice growers. Quality is very important and is determinant 

of market price, consumer acceptance and end users. The quality of rice is not always easy 

to define as it depends on a combination of many subjective and objective factors, largely 

related to the consumer and the intended end use of the grain. The demand by the 

consumer for better quality has notably increased in the more economically developed 

countries of the world giving rice producers the opportunity to increase the total economic 

value of rice. Quality traits are also related to the taste of the several ethnic groups in the 

world. The quality parameters to be evaluated for food rice verities can be discussed in 

three broad categories: i. Physical, ii. Processing and iii. Nutritional qualities. Kernel 

length, bread/breadth ratio, grain type, chalkiness percentage, alkali spreading values could 

be considered under physical qualities. Milling qualities and cooking qualities are under 

processing quality. Milling parameters including hulling %, milling %, head rice recovery 

% cooking qualities including elongation ratio, water uptake, volume expansion ratio, 

nutritional qualities such as total crude protein, total carbohydrate, total ash, total fat, 

minerals, vitamins and amino acids. Enormous variations in size and shape of grain exist 

among the rice varieties available in the world. Rice kernel length roughly varies from 5.0 

to 7.5mm and breadth from 1.9 to 3.0mm (Devi et al., 2008a). Some high yielding verities 

from India had 5.2 to 6.8 mm in length and 1.9 to 2.5 mm in breadth. In USA, grains are 

classified into long (7.0 to 7.5mm), medium (5.9 to 6.1 mm) and short (5.4 to 5.5mm). In 
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India grains are classified considering length, breadth and length breadth ratio into long 

slender (length 6.0mm and above, length. breath ratio 3.0 and above), long bold (length 

6.0mm and above, L/B ratio less than 3.0mm), medium slender (length less than 6mm, L/B 

ratio 2.5 to 3.0mm), short slender (length less than 6mm and L/B ratio 3 and above) and 

short bold (length less than 6mm, L/B ratio less than 3) types Devi et al.,(2008) . 

4.3.6 Economics 

4.3.6.1 Gross return (000 Rs ha
-1

) 

The data on gross return of red rice as influenced by organic and inorganic 

application of nutrients are presented in Table 4.3.18. Significantly highest gross return 

was registered with treatment N120P60K40 (50% O +50% I) (T6) in both the years and on  

mean basis, but it was at par with treatments N 60 P40K 30 (25% O +75% I) (T3), N120P60K40  

(25% O +75% I) (T4) and N60 P40K30 (50% O +50 % I) ( T5) with additional treatments 

N60P40K30 (I) (T1 ) and N of T2 applied through organics (O) + FS of N at T and PI stages 

(T8) in year 2014 . 

4.3.6.2 Net return (000 Rs ha
-1

) 

The data on net return of red rice as influenced by organic and inorganic 

application of nutrients are presented in Table 4.3.18. Significantly highest net return was 

registered with treatment N120P60K40  (25% O +75% I) (T4) in both the years and on mean 

basis , but it was at par with treatments N60P40K30 (I) (T1 ) , N 120P60K40 (I) (T2) , N 60 P40K 

30 (25% O +75% I) (T3) , and N60 P40K30 (50% O +50 % I) ( T5) and N120P60K40 (50% O 

+50% I) (T6) . 

4.3.6.3 B: C ratio 
 

The data on B: C ratio of red rice as influenced by organic and inorganic 

application of nutrients are presented in Table 4.3.18. Significantly highest B:C ratio was 

registered with treatment N of T2 applied through organics (O) + FS of N at T and PI stages 

(T8) during both the years and on mean basis 

4.3.7 Energetics 

4.3.7 .1 Energy use efficiency (qMJ
-1

x10
-3

) 

The data on energy use efficiency of red rice as influenced by organic and 

inorganic application of nutrients are presented in Table 4.3.19. Significantly highest 
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energy use efficiency was registered with treatment N60 P40K30 (50% O +50 % I) (T5) in 

both the years and on mean basis. 

4.3.7.2 Energy output input ratio 

The data on energy output input ratio of red rice as influenced by organic and 

inorganic application of nutrients are presented in Table 4.3.18. Significantly highest 

energy output input ratio was registered with treatment N60 P40K30 (50% O +50 % I) (T5) 

during both the years and on mean basis. 

4.3.7.3 Energy productivity (g MJ ha
-1

) 

The data on energy productivity of red rice as influenced by organic and inorganic 

application of nutrients are presented in Table 4.3.19. Significantly highest energy 

productivity was registered with treatment N60 P40K30 (50% O +50 % I) (T5) during both 

the years and on mean basis. 

4.3.7.4 Energy intensiveness (MJ Re
-1

) 

The data on energy of intensiveness of red rice as influenced by organic and 

inorganic application of nutrients are presented in Table 4.3.20. Significantly highest 

energy intensiveness was registered with treatment N 120P60K40 (I) (T2) during both the 

years and on mean basis. 

4.3.8 Production efficiency (kg ha
-1

 day
-1

) 

The data on production efficiency of red rice as influenced by organic and 

inorganic application of nutrients are presented in Table 4.3.17. Significantly highest 

production efficiency was registered with treatment N120P60K40 (50% O +50% I) (T6) in 

both the years and on mean basis but at par with treatment N120P60K40  (25% O +75% I) 

(T4) in year 2013. 

Discussion on economics,  energetics and  production efficiency  

Gross return and B:C ratio were  noted significantly  highest in  treatment 

N120P60K40 (50% O +50% I) (T6) in both the  years and on mean basis but ,it  was at par 

with treatments   N 120P60K40 (I) (T2), N 60 P40K 30 (25% O +75% I) (T3) ,  N120P60K40  (25% 

O +75% I) (T4) and N60 P40K30 (50% O +50 % I) (T5) with additional treatments N60P40K30 

(I) (T1) and N of T2 organic + 2 F S (T8) in year 2014  for gross reyurn.Net return was  

significantly  highest with treatment  N120P60K40  (25% O +75% I) (T4) in both the year and 
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on mean basis but it was  at par with treatments  N60P40K30 (I) (T1 ) , N 120P60K40 (I) (T2),  N 

60 P40K 30 (25% O +75% I) (T3) , and N60 P40K30 (50% O +50 % I) (T5) and  N120P60K40 

(50% O +50% I) (T6). Energy use efficiency , energy output input ratio  and energy 

productivity of red rice were  significantly  highest with treatment N60 P40K30 (50% O +50 

% I) (T5) in both the years and on mean basis . While,energy  intensiveness was 

significantly  highest with treatment N 120P60K40 (I) (T2) during both the years and on mean 

basis .Highest production efficiency was registered with treatment  N120P60K40 (50% O 

+50% I) (T6) in both the years and on mean basis but  it was at par with treatment  

N120P60K40  (25% O +75% I) (T4) in year 2013. The market for organic food is on the rice 

despite a dialogue on organic v/s modern agriculture (Prasad, 2005). Organic farming 

provides a way for continued rice production by resource poor farming. Further the low 

yields obtained in the organic farming are  compensated by the higher price for organic 

foods. Organic farming also permits the recycling of organic wastes, the disposal of which 

could be difficult and expensive. 
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CHAPTER -V 

SUMARRY, CONCLUSION AND SUGGESTIONS FOR 

FUTURE RESEARCH WORK 

Rice occupies about percent of the total area under cereal production in the 

world and more than percent of rice is produced and consumed in Asia. In 

Chhattisgarh, during kharif ,rice is cultivated over an area of 3.68 m ha with 

productivity of 20.20q/ha. Bastar Plateau is tribal predominantly zone having 6 

districts viz. Jagdalpur, Narayanpur, Kondagaon, Bijapur, Dantewara and Sukma. 

Bastar is primarily mono cropped rice area. It comprises of large plateau having 

elevation ranging from 550 m to 760 m from mean sea level in between 17°46’ N 

and 20°34’ N latitudes and 80°15’ and 82°15’ E longitudes. Rice is grown during 

kharif season and field left fallow after its harvest. Many land races commonly 

grown in the region. Some of red rice is totally red of whole kernal. Red rice can 

also mean a wild rice genotype that is regarded as a weed because it produces very 

few grains and can cross-breed with regular rice, resulting in low-quality rice crops. 

Anthocyanins are the pigments that give the rice its red colour. Anthocyanin is a 

known antioxidant that is linked to lowering the risk of developing several chronic 

health conditions. Similar to brown rice, red rice is found to be rich in fibre, iron, 

zinc, B vitamins and even calcium. Unfortunately, the potential and its use have 

been by in large neglected by the research community and the farmers. With the 

awareness about health, red rice has gained the importance and demanded for 

research needs in view to increase the productivity and quality of the produce. Red 

rice have already been picked up the market with good price .Red rice will not only 

play vital role in nutritional security for human beings but also pay additional 

income for livelihood in these disadvantaged districts of Chhattisgarh. An effective 

agronomic management is therefore necessary to exploit the yield potential of red 

rice. Integrated nutrient management (INM) is very important in rice production. 

Many of our problems on declining productivity (increasing cost, declining yield) 

can be traced to improper and inefficient use of nutrients. Improper nutrient 
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management has resulted in the nutrient imbalances in the soil with nutrients in 

excess while other nutrients depleted. Through this, farmers can increase 

agricultural productivity and safeguard the environment as they efficiently use 

fertilizer. 

        Looking to the nutritional importance of red rice in human diet, research work 

specially in the direction of suitable genotypes, spacing, fertility levels, integrated 

use of inorganic, organic and micronutrients are needed to harness higher and 

qualitative production under the agro climatic conditions of Baster plateau. 

Research trials on “Productivity and Quality of Red Rice (Oriza sativa L.) 

Genotypes as Influenced by Organic, Inorganic and Integrated Nutrient 

Management Practices” were conducted at Instructional cum Research Farm of 

Shaheed Gundadhoor College and Agricultural Research Station, Jagdalpur, 

Chhattisgarh during kharif season of 2013 and 2014. In both kharif season three 

experiments were conducted. The soil of the experimental site is characterized as 

silty loam (fairly leveled). The soil was locally known as Mal (Alfisols). It is well 

fertile soil belongs to mid land situation of landscape in Jagdalpur .The soil was 

slightly acidic in reaction and medium to low in fertility levels having low in 

nitrogen and phosphorus and high in potash contents . Rainfall received during 

cropped period  was 695.9 mm and 792 mm with  50 and 49 rainy days during 2013 

and 2014 ,respectively. 

      In first experiment entitled “ Performance of different red rice genotypes 

under varied spacing and fertility levels ” the treatments comprised of 3 genotype 

viz., RR 14 EN-7(V1) RR 14  EN-8(V2)  and RR 12 EN-11(V3) in main-plot, 2 

spacing  15 cm x 10 cm (S1) and 20cm x 10cm (S1) in sub-plot and 3 fertility levels 

60:40:30 (N:P2O5:K2O kg ha
-1

) (F1), 90:60:40 (N:P2O5:K2O kg ha
-1

) (F2)  and 

120:60:40 (N:P2O5:K2O kg ha-
1
) (F3)  in sub-sub plot,  in second experiment 

entitled” Grain yield and nutrient uptake of red rice as influenced by integrated 

use of inorganic, organic and micro nutrients” , the treatments was composed of 

12 integrated use of inorganic, organic and micro-nutrient viz., N80P60K40 (T1), 
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N120P80K60 (T2),  N80P60K40+FYM5t   (T3),   N120P80K60+ FYM5t   (T4), N80P60K40+Zn

(T5), N80P60K40+SI  (T6),  N80P60K40+B (T7), N80P60K40+Zn +SI (T8), N80P60K40+Zn +B 

(T9), N80P60K40+B+ SI (T10), N80P60K40+Zn+ SI +B (T11)and   Control (T12). Red rice 

genotype  RR 12 EN-11 was transplanted on 11
th

 August 2013 and 16
th

 July 2014

and harvest in 3
rd 

and 1
st
 week of November and October in 2013 and 2014. Further

,in third experiment entitled “Enhancement of productivity and quality of red 

rice through organic and inorganic application of nutrients”, the treatments 

consisted of 9 organic and inorganic application of nutrients viz.,  N60P40K30 (I) (T1), 

N 120P60K40 (I)  (T2),  N 60 P40K 30 (25% O +75% I) (T3) , N120P60K40  (25% O +75% 

I) (T4),  N60 P40K30 (50% O +50 % I)  (T5), N120P60K40 (50% O +50% I)  (T6),  N of

T1 applied through organics (O) + FS of N at T and PI stages  (T7), N of T2 applied 

through organics (O) + FS of N at T and PI stages (T8)  and  Control (T9). Red rice 

genotype RR 12 EN-1 was transplanted on 13
th

 August 2013 and 16
th

 July 2014 and

harvested on 3
rd 

and 1
st
 week of October in 2013 and 2014.

5.1 Red rice: Experiment No.-1 

Title: Performance of different red rice genotypes under varied 

spacing and fertility level 

5.1.1 Effect of genotype  

 The genotype RR 12 EN-11 produced significantly highest number of grains

panicle
-1

, longest panicle, test weight, grain and straw yields. The gross return,

net return, B: C ratio, energy use efficiency, energy output input ratio, energy

productivity and production efficiency were registered highest with the above

genotype.

 Significantly highest zinc and iron content was registered under treatment

genotype RR 14 EN-8 during both the years and on mean basis.

 Significantly highest N content was registered under genotype RR12EN-11 and

RR14EN-7 for grain and straw, respectivily during both the years and on mean

basis.
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 The genotype RR12 EN-11 registered significantly highest P and K content.

5.1.2 Effect of spacing 

 The planting spacing of 20cm x10cm registered the highest number of effective

tillers hill
-1

, longest panicle, panicle weight, grains panicle
-1

, test weight, root

volume and straw yield.

 Spacing of 15 cmx10 cm registered highest leaf area index and crop growth rate.

 Significantly highest grain yield and harvest index was registered under spacing

15cmx10 cm.

 During both the years and on mean basis, zinc and iron contents were

significantly highest under spacing 20 cm x 10 cm.

 The N, P and K contents and net return and B: C ratio was significantly highest

under spacing 20 cm x 10 cm during both the years and on mean basis.

 Significantly highest energy use efficiency, energy output input ratio, energy of

intensiveness and production efficiency were registered under treatment spacing

20cmx10cm during both the years and on mean basis.

 Energy productivity during both the years and on mean basis was found non

significant for spacing.

5.1.3 Effect of fertility level 

 The fertility level 120:60:40 N:P2O5:K2O kg ha
-1

  registered highest dry matter

accumulation at all growth stages.

 The relative growth rate for fertility level was found statistically non significant

at all the growth duration of growth of rice.

 Significantly highest number of effective tillers hill 
-1,

  grains panicle
-1

, grain

yield and straw were registered under fertility level 120:60:40 N:P2O5:K2O kg

h
-1

  during both the years as well as on mean basis .

 Significantly highest zinc, N and P content was registered under fertility levels

120:60:40 N:P2O5:K2O kg ha
-1 

during both the years and on mean basis.

 Fertility level was found non significant for K content.
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 Fertility level of 120:60:40 N:P2O5:K2O kg ha
-1 

registered significantly  highest

gross and net return and B:C ratio.

 Significantly highest energy use efficiency, energy output input ratio and

energy of intensiveness were significantly registered under fertility level of

60:40:30 N:P2O5:K2O kg ha
-1 

during both the years and on mean basis.

 Significantly highest production efficiency was registered under fertility level

under treatment 120:60:40 N:P2O5:K2O kg ha
-1 

during both the years and on

mean basis.

5.1.4 Effect of interaction between genotype X spacing 

 The interaction effect genotype X spacing was found significant for plant height

interaction between RR12EN-11 and 20cm x10cm produced taller plants at all

the growth stages   during both the years, but it was at par with interactions of

RR 12 EN-11X 15 cm x10 cm at 30 and 60 DAT, during 2014. Moreover,

during 2013 at 30 DAT, interactions of RR12EN-11 X 15cmx10 cm was found

comparable to RR 12EN-11 X 20 cmx10cm.

 The interaction effect of genotype x spacing revealed interaction between

RR12EN-11 X 20cmx10 cm produced significantly highest dry matter

accumulation  at  all the stages except  at 60 DAT during  2014  where

interaction of RR12EN-11 (V3) X 15cmX10 cm  was at  par to  interaction of

RR12EN-11 x 20cm x 10cm  and on mean basis  at 30 DAT interaction between

RR 14 EN-7 (V3) X  20cmx10 cm ,  RR 14  EN-8x 15cm x10cm  and   RR 12

EN-11 (V3)X15cmX10 cm were found comparable

 The interaction of genotype X spacing revealed that highest leaf area index

during both the years and on mean basis was recorded with interaction between

genotype RR 12 EN-11 X 15 cmx10 cm, but it was at par with interaction of RR

12 EN-11 X 20cmx10 cm on mean basis at 30 DAT. Further during 2013 at 30

DAT, interaction between RR 12 EN-11 X 20cmx10 cm recorded maximum leaf

area index over rest of interaction.

 The interaction of genotype X spacing revealed that highest crop growth rate at

0-60 and 30-60 DAT during 2014 and on mean basis and at 30- 60 DAT in 2013
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recorded under interaction of  RR 12 EN-11 X 20cmx10 cm ,but it  was at par 

with  interaction of RR 12 EN-11X 20cmx10 cm on mean  at0- 30 DAT. Further 

during 2013 at 0-30 DAT, interaction between RR 12 EN-11 X 20cmx10 cm 

recorded maximum crop growth rate over rest of interactions.  

 The interaction between RR 12 EN-11 X 20cmx10 cm registered significantly

highest effective tillers hill
-1

 during both the years and on mean basis but, it was

at par with RR 12 EN-11 X 20cmx10 cm and RR 12 EN-11 X 15cmx10 cm

during 2014.

 Interaction between RR 12 EN-11 X 20cmx10 cm registered significantly

highest   panicle length   during both the years and on mean basis but, it was at

par with interaction between RR12EN-11 X15cmx10cm during 2013.

 Interaction between RR 12EN-11X20cmx10 cm recorded significantly highest

panicle weight   during both the years and on mean basis.

 Interaction between genotype X spacing was found non significant for number

of grains panicle
-1

.

 Significantly higher   test weight was noted under interaction between RR 12

EN-11 X 20cmx10 cm during both the years and on mean basis.

 Significantly higher grain yield was noted under interaction between RR 12 EN-

11 X 20cmx10cm, but it was at par to interaction between RR 12 EN-11 X

15cmx10cm during both the years and on mean basis with an additional

treatment RR 12 EN-7 X 15cmx10cm and RR 12 EN-8 X 15cmx10cm during

2014. 

 The interaction effect between genotype and spacing was found significant

where interaction between 20cmx10 cm X120:60:40N:P2O5:K2O kg ha
-1 

significantly higher straw yield than other interaction.

 The interaction between RR14EN-8 X 20 cm X 10 cm gave significantly higher

zinc content in grain.

 The interaction between RR12EN-11X 20cmx10 cm gave significantly highest

N content in grain with but it was at par with RR14EN-7 X20cmX10cm while
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,straw N content was highest under interaction between   RR 14 EN-7 X 20 cm 

X 10cm. 

 The interaction between RR 12 EN-11X 20cmx10 cm gave significantly highest

P content in grain but, it was at par with RR 14 EN-7 X 20cmX10cm during

both the years.

 The interaction between RR12EN-11X20cmx10cm  gave significantly highest

K content in grain during both the years,  but it was at par with RR 14 EN-7 X

20cmX10cm, while in straw K it was  registered highest  under treatment RR 12

EN-8 X 20cmx10 registered highest potash content.

 The gross return, net return, B: C ratio, energy use efficiency, energy output

input and production efficiency were found significantly highest under

RR12EN-11) X 20cmx10 cm during both the years and on mean basis.

5.1.2 Effect of interaction between genotype X fertility levels

 Interaction between RR12 EN-11 X 120:60:40 N:P2O5:K2O kg ha
-1

  gave

significantly highest plant height and  dry matter accumulation during both the

years and on mean basis at all growth stages.

 The relative growth rate was found statistically non significant all growth

duration.

 Interaction between RR 12 EN-11 x 120:60:40 N:P2O5:K2O kg ha
-1 

gave

significantly  highest panicle length superior during both the years and on mean

basis, but  it was at par with 90:60:40 N:P2O5:K2O kg ha
-1

during 2014 and on

mean basis.

 Interaction between genotype X fertility levels were found non significant for

panicle weight ,grains  panicle
-1

 , grain and straw yield, harvest index, root

volume, grain and straw nitrogen content ,gross returns, net return and B:C ratio.

 Interaction between RR 12 EN-11 X120:60:40N: N:P2O5:K2O kg ha
-1 

gave

significantly highest test weight . 
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 The interaction between RR 14 EN-8X 120:60:40 N:P2O5:K2O kg ha
-1 

gave

significantly highest zinc  and iron content in grain  during both the years and on

mean basis.

 The interaction between RR12EN-11X 120:60:40 N:P2O5:K2O kg ha
-1 

gave

significantly highest N content in grain  where as , interaction between RR 14

EN-7 X 120:60:40 N:P2O5:K2O kg ha
-1 

recorded  significantly highest N content

in straw .

 The interaction RR12EN-11 x 120:60:40 N:P2O5:K2O kg ha
-1

 recorded

significantly highest P content in grain while in straw it was found non

significant.

 The interaction between RR12EN-7 X 120:60:40 N:P2O5:K2O kg ha
-1

for grain

but at par with RR12 EN-11 X 120:60:40 N:P2O5:K2O kg ha
-1

 except during

2014 and for straw under treatment RR12EN-11 X 120:60:40 N:P2O5:K2O kg

ha
-1

 registered highest K content .

 The interaction between RR12EN-11X60:40:30 N:P2O5:K2O kg ha
-1

was found

significant superior for energy use efficiency during both the years and on mean

basis.

 The interaction between RR12EN-11x 60:40:30 N:P2O5:K2O kg ha
-1 

was

significantly highest  energy output input, energy productivity and energy

intensiveness during both the years and on mean basis.

 The interaction between genotype X fertility was found non significant for

production efficiency.

5.1.3 Effect of interaction between spacing X fertility levels

 The interaction between spacing X fertility levels for plant height, dry matter

accumulation, leaf area index, crop growth rate, relative growth rate, effective

tillers hill
-1

, panicle weight, grain panicle
-1

, test weight grain and yield, harvest

index, root volume, zinc and iron content gross returns, net return B:C ratio,

energy use efficiency, energy use efficiency, energy productivity, energy of

intensiveness and production efficiency were found non significant .
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 Spacing X fertility levels for P content was highest under treatment 20cm x10

cm x 120:60:40 N:P2O5:K2O kg ha
-1 

except straw P content during 2013 which,

was found non significant.

 The interaction between 20cmx10 cm X 120:60:40 N:P2O5:K2O kg ha
-1 

gave

significantly higher  K content in grain and straw as compared to others .

5.2 Red rce: Experiment No. II

Title: Grain yield and nutrient uptake of red rice as influenced by 

integrated use of inorganic, organic and micro nutrients 

 At 30 DAT, significantly taller plant of red rice was recorded under the

treatment N120P80K60 (T2) as compared to others during both the years as well

as on mean basis, excepting the treatment of N80P60K40+Zn +SI+B (T11) during

2014. At 60 and 90 DAT, treatment of N120P80K60 (T4) gave significantly taller

plant as compared to others, however it was at par to the treatment of

N80P60K40+Zn + SI +B (T11) at 90 DAT during both the years as well as on

mean basis .

 At 30 DAT, in year 2013, treatment N120P80K60 FYM5t (T4) produced the

highest dry matter accumulation, which was at par with the treatment

N120P80K60 (T2), while in year 2014 and on mean basis, treatment N120P80K60

(T2) gave significantly higher dry matter accumulation than others, but it was at

par with the treatment of N120P80K60 FYM5t (T4). At 60 and 90 DAT, treatment

N120P80K60 FYM5t (T4) produced significantly higher dry matter accumulation

than others, but was at par with N120P80K60 (T2) at 60 DAT during both the

years and on mean basis.

 In general, the leaf area index showed increasing trend from 30 DAT to 90 DAT

in all the treatments. At 30 and 60 DAT, significantly higher leaf area index was

registered under the treatment N80P60K40+Zn +SI+B (T11) as compared to

others during both the years as well as on mean basis, but it was at par with the

treatments of N120P80K60 FYM5t (T4), N80P60K40+Zn (T5), N80P60K40 +SI (T6) and

N80P60K40) +B (T7) at 30 DAT in year 2013 and treatment N120P80K60FYM5t (T4)
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during 2014 and on mean basis. At 90 DAT, treatment N120P80K60 FYM5t (T4) 

gave significantly higher LAI than others excepting the treatment of 

N80P60K40+Zn+SI+B (T11) during both the years and on mean basis and 

treatment N120P80K60 (T2) during 2013. 

 In general, the crop growth rate increased from 0- 30 to 30-60 and thereafter, it 

declined at 60-90 DAT.  At 0-30 DAT, in year 2013, treatment N120P80K60 

FYM5t  (T4) gave the highest CGR followed by treatments  N120P80K60 (T2), 

N80P60K40+SI (T6), N80P60K40+B (T7), N80P60K40+Zn+SI (T8),N80P60K40+B10+SI  

(T10) and N80P60K40+Zn +SI+B(T11), while in year 2014, treatment 

N80P60K40+Zn +SI+B (T11) gave significantly  highest CGR followed by 

N80P60K40 FYM5t (T3), N120P80K60 FYM5t (T4) , N80P60K40+SI (T6) and 

N80P60K40+B+SI (T10). On mean basis, treatment N120P80K60 FYM5t (T4) gave 

significantly highest CGR which  was at par with treatments N120P80K60 (T2), 

N80P60K40 FYM5t (T3), N80P60K40+SI (T6), N80P60K40+B10+SI (T10)and 

N80P60K40+Zn +SI+B (T11). At 30-60DAT, the CGR was registered significantly 

highest with treatment N120P80K60 FYM5t (T4) during 2013, but during 2014 and 

on mean basis, treatment N120P80K60 (T2) gave significantly higher CGR than 

others which was at par to treatment N120P80K60 FYM5t (T4). At 60-90 DAT, 

treatment N120P80K60 FYM5t (T4) gave the highest CGR followed by 

N80P60K40+B+SI (T10) during both the years as well as on mean basis.  

 It was observed that relative crop growth rate declined with advancement of 

crop age. The data reveal  that at early (0-30 DAT) and later stages            (60-

90DAT),  the relative growth rate were found non- significant due to different 

treatments of integrated use of inorganic, organic and micro nutrients, but at mid 

stage (30-60 DAT), during 2013 ,treatment N120P80K60 FYM5t (T4) gave 

significantly highest RGR, which was at par with treatment N120P80K60 (T2) 

during 2013, whereas during  2014 and on mean basis, treatment N120P80K60 (T2) 

gave significantly highest RGR, which was at par with the treatment of 

N120P80K60 FYM5t (T4). 
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 Significantly highest root volume was registered during both the years and on 

mean basis under treatment N80P60K40+Zn +SI+B (T11) excepting with treatment 

of N80P60K40+Zn + B (T9) during 2014. 

 Significantly highest number of effective tillers hill 
-1 

in year 2013 and on mean 

basis was obtained with treatment N80P60K40+Zn +SI+B
 
(T11) which was at par 

with the treatment N120P80K60 FYM5t (T4). Significantly highest number of 

effective tillers hill
-1 

was noticed under the treatment N120P80K60 FYM5t (T4), 

which was at par with the treatment N80P60K40+Zn +SI+B (T11) during2014.  

 Significantly longest panicle was registered with treatment N120P80K60 FYM5t 

(T4) during both the years and on mean basis, but it was at par with the treatment 

of N80P60K40+Zn +SI+B(T11) and N120P80K60 (T2) during 2014. 

 The significantly highest panicle weight was registered with the treatment 

N80P60K40+Zn +SI+B (T11) as compared to others during both the years and on 

mean basis. The treatments N120P80K60 (T2), N80P60K40 FYM5t (T3), N120P80K60 

FYM5t 
(
T4), N80P60K40+Zn +SI (T8) and N80P60K40+Zn +B (T9) during 2013 and 

treatments N120P80K60 (T2) and N120P80K60 FYM5t (T4) during 2014 and on mean 

basis were statistically similar to that of N80P60K40+Zn +SI+B (T11). 

 The significantly highest number of grains panicle
-1

 was registered under the 

treatment of N80P60K40+Zn25 +SI+B10 ha
-1

(T11) during both the years and on 

mean basis which was on par with the treatment of N120P80K60 FYM5t ha
-1

 (T4) 

in year 2013 and on mean basis. 

 The higher test weight was registered under the treatment of N80P60K40+Zn 

+SI+B (T11) as compared to others treatments, which was at par with the 

treatments N120P80K60 (T2) and N120P80K60 FYM5t (T4) during both the years and 

on mean basis. The treatment of N80P60K40+SI (T6) also produced similar test 

weight to that of N80P60K40+Zn +SI+B (T11) during 2014. 

 The significantly highest rice grain yield was registered under treatment 

N80P60K40+Zn +SI+B (11) during both the years and on mean basis but, it was at 

par with treatment N120P80K60 FYM5t ha
-1

 (T4) during 2013 and  on mean basis. 
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 Significantly highest rice straw yield during both the years and on mean basis 

was registered under the treatment of N120P80K60 FYM5t (T4) , but it was at par 

with treatments  N80P60K40+Zn+B (T9) and N80P60K40+Zn +SI+B (T11) during 

2013 and on mean basis and treatment N80P60K40 (T2) and N80P60K40+B+SI (T10) 

during 2014. On the other hand harvest index of red rice was found to be non 

significant.   

 Significantly highest N content in grain and straw was registered under the 

treatment N120P80K60 FYM5t (T4) which was superior over rest of the treatments 

during both the years and on mean basis. 

 The highest  P content in grain and straw during both the years and on mean 

basis  was noted under treatment N120P80K60 FYM5t  (T4),which was 

significanlty superior than other treatment except N80P60K40+ Zn +B (T9) during  

2013 in case of P content in straw. 

 The highest K content in grain and straw during both the years and on mean 

basis was registered under the treatment of N80P60K40+FYM5t (T3) which was 

significantly superior over rest of the treatments. 

 The significantly highest zinc content (ppm) was registered under the treatment 

of N 120:P80:K 60 (T2) during both the years and on mean basis, but  it was at par 

with the treatments   N120P80K60 FYM5t (T4), N80P60K40+Zn (T5), N80P60K40+S 

(T6) and N80P60K40 +B (T7) during 2014 and treatment of N80P60K40) + B (T7) on 

mean basis. 

 The significantly highest iron content was registered under the treatment of  

N80P60K40+Zn (T5) during 2013 and on mean basis, but it was  at par with the 

treatment  N 120:P80:K 60 (T2). During 2014 significant difference among the 

treatment was not observed for iron content in grain. 

 Significantly highest N uptake in grain, straw and in their total N uptake was 

noticed under the treatment of N120P80K60 FYM5t (T4) which was significantly 

superior over rest of treatments during both the years and on mean basis. 

 Significantly the highest P uptake in grain, straw and in their total was obtained 

under the treatment of N120P80K60 FYM5t (T4) during both the years and mean 

201



basis, but it was at par with N80P60K40+Zn + B (T9) and N80P60K40+Zn +SI+B 

(T11) in straw during 2014 as well as treatment N80P60K40+Zn +SI+B (T11) in 

case of their total uptake during 2014. 

 Significantly the highest  K uptake in grain was observed under the treatment of 

N80P60K40 FYM5t (T3) during both the years and on mean basis, but it was  at par 

with the treatment of  N80P60K40+Zn +SI+B (T11) during 2013 and 2014 .While,  

K  uptake  in straw was significantly the highest with treatment of N80P60K40+Zn 

+SI+B (T11) during  both the  years and on mean basis,  but it was at par with the 

treatments N120P80K60 FYM5t (T4) and N80P60K40+Zn + B (T9 ) during 2013 and 

2014 as well as treatment N80P60K40+Zn +SI (T8) during 2014.The total  K 

uptake was  significantly superior under the treatment N80P60K40+Zn +SI+B 

(T11) during  both  the years and on mean basis,  but it was  at par with treatment 

N120P80K60 FYM5t (T4) during both the years as well as on mean basis , 

treatment  N80P60K40 FYM5t (T3) during 2013, treatment N80P60K40+Zn +B (T9) 

during 2013 and 2014  and treatment N80P60K40+SI+B(T10) during  2014. 

 Significantly highest head rice recovery was registered with treatment 

N80P60K40+Zn +SI+B (T11) which was significantly superior over other 

treatments during both the years and on mean basis, but it was at par with 

treatments N120P80K60 (T2), N120P80K60 FYM5t (T4), N80P60K40+B (T7), 

N80P60K40+Zn +SI (T8), N80P60K40 + Zn +B (T9) and N80P60K40+B10+SI (T10) 

during 2014. 

 The application of N120P80K60 FYM5t (T4) registered significantly longer paddy 

length and L/B ratio over other treatments during both the years and on mean 

basis.  Whereas  breadth of paddy was significantly highest  under treatment 

N80P60K40+B10+SI (T10) which was at par with treatments N80P60K40+Zn+ SI (T8) 

and N80P60K40+ Zn +B(T9) during 2013 and on mean basis as well as 

N80P60K40+SI (T6)and N80P60K40+B (T7) during 2013 and  treatment 

N80P60K40+Zn +SI+B (T11) on mean basis. But during 2014, breadth of paddy 

was significantly highest under treatment N80P60K40+Zn + SI + B (T11). 
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 The highest gross return during both the years and on mean basis was registered 

under the treatment of N80P60K40+Zn +SI +B (T11), which was at par with 

treatment N120P80K60 FYM5t (T4) during 2013 and on mean basis. 

 Significantly highest net return was registered during 2013 under treatment 

N120P80K60 FYM5t (T4), but it was at par with treatments N120P80K60 (T2), 

N80P60K40+ Zn (T5), N80P60K40+ Zn +B (T9) and N80P60K40+Zn +SI+B (T11). 

Whereas during 2014 and on mean basis significantly highest net return was 

observed under treatment N80P60K40+Zn +SI+B (T11), but it was at par with 

treatments N120P80K60 FYM5t (T4) and N80P60K40+ Zn +B (T9). 

 The highest B:C ratio in year 2013 and on mean basis was registered with 

treatment of N120P80K60 (T2) which was significantly superior over rest of 

treatments expect the treatments of  N80P60K40+Zn (T5), N80P60K40+B (T7) and 

N80P60K40+ Zn +B (T9). During 2014, treatment of N80P60K40+Zn (T5) gave the 

maximum B:C ratio followed by N120P80K60 (T2), N80P60K40+B (T7) and 

N80P60K40+ Zn +B(T9). 

 The highest energy use efficiency during both the years and on mean basis was 

registered with treatment N80P60K40+Zn +SI+B10 (T11), but it was at par with 

treatmentsN80P60K40+Zn (T5), N80P60K40+SI (T6),N80P60K40+ B (T7), 

N80P60K40+Zn +S (T8), N80P60K40 + Zn +B (T9) and N80P60K40+B+SI (T10) 

during 2013, as well as  treatments N80P60K40+Zn +B (T9) and N80P60K40+B+SI 

(T10) during 2014 and on mean basis. 

 The highest energy output input ratio was registered with treatment 

N80P60K40+Zn +SI+B (T11) during both the years and on mean basis, but it was  

at par with treatments N80P60K40+Zn  (T5),N80P60K40+SI (T6),N80P60K40+B 10 

(T7), N80P60K40+Zn +SI (T8), N80P60K40+ Zn +B (T9) and N80P60K40+B+SI (T10) 

during year 2013, while treatment N80P60K40+B+SI (T10) in year 2014 and  

treatments N80P60K40+ Zn +B (T9) and N80P60K40+B+SI (T10) on mean basis. 

 Significantly highest energy productivity during both the years and on mean 

basis was registered under the treatment N80P60K40+Zn +SI+B (T11) , but it was 

at par with treatments N80P60K40+Zn (T5),N80P60K40+SI (T6),N80P60K40+B (T7), 
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N80P60K40+Zn+SI (T8), N80P60K40+ Zn +B (T9) and N80P60K40+B+SI during  

2013, and  treatment N80P60K40+B+SI (T10)  during 2014 and on mean basis as 

well as  treatment N80P60K40+Zn +SI  (T8) on mean basis. 

 Significantly highest energy  intensiveness  during both the years and on mean

basis was registered under treatment N120P80K60 (T2), but it was at par with

treatments N80P60K40+Zn  (T5) and N80P60K40+ Zn +B (T9)  during both the years

and on mean basis as well as treatment N80P60K40+B (T7) during 2014.

 Significantly highest production efficiency was registered during both the years

and on mean basis under treatment N80P60K40+Zn +SI+B (T11), but it was at par

with treatment N120P80K60 FYM5t  (T4) during 2013 and on mean basis.

2.3 Red rice: Experiment No.III

Title: Enhancement of productivity and quality of red rice through organic and 

inorganic application of nutrients 

 The application of N 120P60K40 I (T2) was found significantly superior for

producing tallest plant of red rice at all the periods of observations during both

the years as well as on mean basis. However,  it was at par to of N120P60K40 

(25% O +75% I) (T4) during 2013 at 30 DAT, on mean basis at 60 DAT and

during both the years and on mean basis at 90 DAT, treatment N120P60K40 (50%

O +50% I) (T6 ) during 2013 at 30 DAT and treatments N60 P40K30 (50% O +50

% I) (T5) and N of T2 applied through organics (O) + FS of N at T and PI stages

(T8) on mean basis at 60 DAT. The shortest plant height was recorded under

control at all the stages during both the  years and on mean basis.

 At all the growth periods of observations, treatment N 120P60K40 (I) (T2)

registered significantly highest dry matter accumulation during both the years

and on mean basis. However, it was at par to treatment N120P60K40 (50% O

+50% I) (T6) during both  years the  and on mean basis at 60 DAT as well as

treatment N120P60K40 (25% O +75% I) (T4), N of T1 applied through organics

(O) + FS of N at T and PI stages (T7) and N of T2 applied through organics (O) +
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FS of N at T and PI stages (T8) during  both the years and on mean basis at 90 

DAT. 

 At 30 DAT, significantly the highest leaf area index was registered under

treatment N120P60K40 (25% O +75% I) (T4) during both the years and on mean

basis, but it was at par with N120P60K40 (50% O +50% I) (T6) during 2014.

Further, at 60 DAT in  2014, significantly highest leaf area index was registered

with treatment N of T2 applied through organics (O) + FS of N at T and PI

stages (T8) , which was at par with treatment N 60 P40K 30 (25% O +75% I) (T3),

N120P60K40  (25% O +75% I) (T4) and N60 P40K30 (50% O +50 % I) (T5).Whereas,

on mean basis significantly highest leaf area index was recorded under

N120P60K40  (25% O +75% I) (T4) which was at par with treatment N of T2

applied through organics (O) + FS of N at T and PI stages (T8). Moreover, at 90

DAT during both  the years and on mean basis, significantly highest leaf area

index was recorded under  N120P60K40 (50% O +50% I) (T6) which was at par

with treatments N120P60K40 (25% O +75% I) (T4) and N60 P40K30 (50% O +50 %

I) (T5) and N of T1 applied through organics (O) + FS of N at T and PI stages

(T7) during 2013 and treatment N120P60K40  (25% O +75% I) (T4) during 2014 

and on mean basis. 

 In general, crop growth rate increased from 0- 30 to 60-90 DAT. At early stage

(0-30 DAT), it was highest with the treatment of N120P60K40 (50% O +50% I)

(T6) which was significantly superior over rest of the treatments during both the

years and on mean basis. Moreover, at 30- 60 DAT in year 2014 and on mean

basis ,the highest crop growth rate was observed under  the treatment  of

N120P60K40 (50% O +50% I) (T6), but it was at par with treatment N of T1

applied through organics (O) + FS of N at T and PI stages ( T7 )  during 2014

and on mean basis and also where treatment N of T2 applied through organics

(O) + FS of N at T and PI stages (T8) was given during 2014. During the period

60- 90 DAT, treatment N of T1 applied through organics (O) + FS of N at T and

PI stages (T7) registered maximum crop growth rate during both the years and

mean basis . However, in year 2014 treatments N 120P60K40 (I) (T2), N120P60K40 
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(25% O +75% I) N120P60K40  (25% O +75% I) (T4), N60 P40K30 (50% O +50 % I) 

(T5) and  N of T2 applied through organics (O) + FS of N at T and PI stages (T8) 

also recorded comparable values. 

 The relative crop growth rate declined with advancement of crop age .The early 

relative growth rate (0- 30 DAT) was noticed highest with treatment N of T1 

applied through organics (O) + FS of N at T and PI stages ( T7 ), however it was 

at par with treatments N60P40K30 (I) (T1), N 60 P40K 30 (25% O +75% I) (T3), 

N120P60K40 (50% O +50% I) (T6), N of T2 applied through organics (O) + FS of 

N at T and PI stages (T8) and Control during 2014 and on mean basis. More 

over at 30- 60 DAT, treatment N 120P60K40 (I) (T2) gave significantly higher 

relative growth rate as compared to others during both the years and mean basis. 

Further, at 60- 90 DAT, treatment N of T1 applied through organics (O) + FS of 

N at T and PI stages (T7) gave maximum relative growth rate which was 

significantly higher than others, but it was at par to treatments N120 P60K40 (25% 

O +75% I) (T4) and N of T2 applied through organics (O) + FS of N at T and PI 

stages (T8) during both the years as well as on mean basis. 

 Root volume was significantly highest  under N120P60K40 (50% O +50% I) (T6) 

,but it was at par with treatments N120P60K40  (25% O +75% I) (T4)   during both 

the years and  on mean basis  as well as N of T2 applied through organics (O) + 

FS of N at T and PI stages (T8) during 2013.  

 Significantly highest number of effective tillers hill 
-1

 was obtained with 

N120P60K40 (50% O + 50% I) (T6) during both the years as well as on mean basis, 

but it was at par with N120P60K40 (25% O +75% I) (T4) during  year 2014.   

 Significantly longest panicle was registered with  N120P60K40 (50% O +50% I 

(T6) during both the years as well as  on mean basis, but it was at par with 

treatment N120P60K40  (25% O +75% I) (T4) in year 2013 and N of T2 applied 

through organics (O) + FS of N at T and PI stages (T8) during 2014 . 

 Significantly highest panicle weight was registered with treatment N120P60K40 

(50% O +50% I) (T6) during both the years as well as on  mean basis ,but it was 

at par with treatments N 60 P40K 30 (25% O +75% I) (T3), N120P60K40  (25% O 
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+75% I) (T4) , N60 P40K30 (50% O +50 % I) (T5), N of T1 applied through 

organics (O) + FS of N at T and PI stages ( T7) and N of T2 applied through 

organics (O) + FS of N at T and PI stages (T8) during 2014 . 

 Number of grains panicle
-1 

was recorded significantly highest with treatment 

N120P60K40 (50% O +50% I) (T6) but it was at par with treatment N120P60K40 (25% 

O +75% I) (T4) during 2013 and on mean basis. .Further, in year 2014 treatment 

N120P60K40 (25% O +75% I) (T4) gave significantly highest number of grains 

panicle
-1 

which was at par with treatment N120P60K40 (50% O +50% I) (T6). 

 The significantly highest test weight was registered with treatment N120P60K40 

(50% O +50% I) (T6) during  both the  years and on mean basis ,but  it was at par 

with treatments N 120P60K40 (I) (T2), N120P60K40  (25% O +75% I) (T4), N60 P40K30 

(50% O +50 % I) (T5), N of T1 applied through organics (O) + FS of N at T and 

PI stages (T7) and N of T2 applied through organics (O) + FS of N at T and PI 

stages (T8)  during 2013, while in 2014 it was at par with treatments N 120P60K40 

(I) (T2), however, on mean basis  comparable values was also noted in treatments 

(N120P60K40  (25% O +75% I) (T4). 

 The significantly highest grain yield was registered with treatment N120P60K40 

(50% O +50% I) (T6) during both the years and on mean basis, but it was at par 

with treatment N120P60K40 (25% O +75% I) (T4) during 2013. 

 Significantly highest straw yield was registered with treatment N120P60K40 (25% 

O +75% I) (T4) but, it was at par with treatment N120P60K40 (50% O +50% I) (T6) 

during   both the years and on mean basis as well as treatment N 120P60K40 (I) (T2) 

on mean basis. 

 The significantly highest N content in grain and straw was registered with 

treatment N120P60K40 (50% O +50% I) (T6) which remained at par with 

treatments N120P60K40 (25% O +75% I) (T4) during both the years as well as on 

mean basis. 

 Significantly highest P content in grain and straw was registered with treatment 

N120P60K40 (50% O +50% I) (T6) during both the years and on mean basis. 
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 Highest K content in grain was registered with treatment N120P60K40 (50% O 

+50% I) (T6) during both the years and mean basis. As regards, to K content in 

straw , significantly highest values were recorded  under treatment N120P60K40 

(50% O +50% I) (T6),  but it was at par with treatment N of T2 applied through 

organics (O) + FS of N at T and PI stages (T8)  during 2013 and on mean basis,  

N120P60K40  (25% O +75% I) (T4) on mean basis. However, in 2014, K content in 

straw was significantly highest under treatment N120P60K40 (25% O +75% I) (T4). 

 Significantly highest zinc content (ppm) was registered with treatment N 

120P60K40 (I) (T2) during both the years and on mean basis. 

 Iron content (ppm) was significantly highest with treatment N120P60K40 (50% O 

+50% I) (T6) in both the years and on mean basis, but it was at par with 

treatments N 120P60K40 (I) (T2) and N of T1 applied through organics (O) + FS of 

N at T and PI stages       (T7) during  2014. 

 Significantly highest  N uptake  in grain, straw and in their  total was noticed  

under treatment N120P60K40 (50% O +50% I) (T6) in both the years and on  mean 

basis, however in year 2013, it was at par to  treatment N120P60K40  (25% O +75% 

I) (T4) . 

 Highest P uptake in grain, straw and in their total was noticed under treatment 

N120P60K40 (50% O +50% I) (T6) in both the years and on mean basis. 

 The highest K uptake in grain, straw and in their total was noticed under 

treatment N120P60K40 (50% O +50% I) (T6), during both the years and on mean 

basis, except total K uptake which was recorded significantly highest under   

treatment N120P60K40 (25% O +75% I) (T4) during 2014. Further, in case of straw 

and it total of grain and straw treatment N120P60K40 (25% O +75% I) (T4) also 

recorded comparable values.   

 Significantly highest head rice recovery was registered with treatment N of T2 

applied through organics (O) + FS of N at T and PI stages (T8) during both the 

years  and on mean basis. 

 Longer paddy length was registered under treatment N of T2 applied through 

organics (O) + FS of N at T and PI stages (T8), but it was at par with N of T1 
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through organic + 2 F S N (T7) during 2013 and on mean basis, while, in the year 

2014 treatment N of T1 through organic + 2 F S N (T7) registered significantly 

highest value which was at par with treatment N of T2 organic + 2 F S(T8). 

Further, paddy breadth during both the years and on mean basis was significantly 

highest under treatment N of T2 applied through organics (O) + FS of N at T and 

PI stages (T8). The L/B ratio of paddy in  2013 was significantly  highest with 

treatment N120P60K40 (50% O +50% I) (T6) which was at par with treatments N60 

P40K30 (50% O +50 % I) (T5), N of T1 through organic + 2 F S N (T7) and N of T2 

organic + 2 F S(T8), while in year 2014 and on mean basis ,treatment N 120P60K40 

(I) (T2) noticed significantly highest L/B ratio which was at par with treatment N 

T1 through organic + 2 F S N (T7) . 

 Significantly highest gross return was registered with treatment N120P60K40 (50% 

O +50% I) (T6) during both the years and on  mean basis, but it was at par with 

treatments N 60 P40K 30 (25% O +75% I) (T3), N120P60K40  (25% O +75% I) (T4) 

and N60 P40K30 (50% O +50 % I) ( T5) with additional treatment  N60P40K30 (I) 

(T1 ) and N of T2 applied through organics (O) + FS of N at T and PI stages (T8) 

during  2014 . 

 Net return  was significantly highest with treatment N120P60K40  (25% O +75% I) 

(T4) during both the years and on mean basis , but it was at par with treatments 

N60P40K30 (I) (T1 ), N 120P60K40 (I) (T2) , N 60 P40K 30 (25% O +75% I) (T3) , and 

N60 P40K30 (50% O +50 % I) ( T5) and N120P60K40 (50% O +50% I) (T6)  

 Highest B:C ratio was registered with treatment N of T2 applied through organics 

(O) + FS of N at T and PI stages (T8) during both the years and on mean basis. 

 Significantly highest energy use efficiency was registered with treatment N60 

P40K30 (50% O +50 % I)  (T5) during both the years and on mean basis  

  Energy output input ratio was significantly highest with treatment N60 P40K30 

(50% O +50 % I) (T5) during both the years and on mean basis. 

 Highest energy productivity was registered with treatment N60 P40K30 (50% O 

+50 % I) (T5) during both the years and on mean basis. 
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 Significantly highest energy intensiveness was registered with treatment N 

120P60K40 (I)  (T2) during both the years and on mean basis. 

 The production efficiency was significantly highest registered with treatment 

N120P60K40 (50% O +50% I) (T6)  during both the years and on mean basis. 
 

CONCLUSIONS 

The results of present findings on red rice are concluded as under:  

1. The genotype RR 12 EN-11 with  spacing 20 cm x10cm  and fertility level of 

120:60:40 N:P2O5:K2O kg ha
-1 

registered  significantly  highest grain yield, 

nutrient uptake, net return and B:C ratio during both the years and it was 

followed  by  genotype RR 14  EN-8 with  spacing 15 cm x10cm  and fertility 

level of  120:60:40 N:P2O5:K2O kg ha
-1

. 

2. Significantly highest rice grain yield, head rice recovery and paddy breadth 

during both the years and on mean basis was registered under treatment 

N80P60K40+Zn +Si +B, but it was at par with treatment N120P80K60 FYM5t . 

However, nutrient uptake, length and L/B ratio of paddy were significantly 

highest under later treatment. 

3. Significantly highest rice grain yield was registered under treatment N120P60K40 

(50% O + 50% I) during both the years and on mean basis, but it was at par with 

treatment N120P60K:40 25% Org +75 % Ino. However, significantly highest head 

rice recovery, length and breadth of paddy and L/B ratio was registered with 

treatment N of T2 applied through organics (O) + FS of N at T and PI stages 

during both the years  and on mean basis. 
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Suggestions for future research work 

In the context of experience gained during the course of investigation and result 

obtained, it is felt that following point should be given due consideration in future 

studies: 

1. Studies need to be conducted to evaluate the existing several others genotypes 

which have good field potential of red rice in Bastar plateau.  

2.  Studies need to be conducted to evaluate the existing   several others genotypes 

and effect of macro and micronutrient management on productivity and quality 

of red rice. 

3. Long term studies are required for the influence of organic, inorganic and INM 

on nutrient balance in soil and its uptake by red rice. 

4. Studies need to be conducted to evaluate the existing several genotypes for 

lodging resistance. 

5. There is a need to develop complete package and practices (date of sowing, 

methods of cultivation, fertilizer management, weed control, plant protection 

etc.) for red rice in Bastar plateau. 

6. Studies need to be conducted to evaluate the multi location trials on red rice for 

its sustainable yield in Chhattisgarh. 

7. Studies need to be conducted to evaluate the marketing prospects and potential 

of existing several genotypes of red rice in Bastar plateau. 
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Appendix I: Weekly meteorological data during the crop growth period (22 to 48 

SMW) of kharif 2013) 

Week 

No. 
Date 

Temp. (°C) 
Rain- 

fall 

(mm) 

R H (%) 
Wind 

Speed 

(Kmph) 

Evapo-

ration. 

(mm 

day
-1

)

Sun 

Shine 

(hours 

day
-1

)

Max. Min. I II 

22 28 May-3 June 35.0 24.7 14.5 86 26 6.1 7.3 6.5 

23 4 June -10 June 34.0 25.8 102.2 87 38 3.5 6.6 5.7 

24 11 June -17 June 27.2 22.9 214.2 91 83 2.2 1.9 0.5 

25 18 June -24 June 30.9 22.9 111.4 86 86 1.0 3.4 2.9 

26 25 June -1 July 28.0 22.8 48.9 90 84 4.9 1.4 2.1 

27 2 July -8 July 30.1 22.8 28.6 92 51 4.5 1.5 3.4 

28 9 July -15 July 28.0 22.7 36.5 91 66 5.3 1.3 1.4 

29 16 July -22 July 27.0 22.2 8.6 92 70 6.3 1.0 0.0 

30 23 July -29 July 25.6 21.6 85.2 92 74 8.6 0.6 0.0 

31 30 July -5 Aug 25.9 21.6 92.0 89 70 6.7 0.8 0.6 

32 6 Aug -12 Aug 28.3 22.4 52.1 91 61 4.4 1.9 1.6 

33 13 Aug -19 Aug 30.1 23.1 36.4 89 54 3.3 2.6 4.5 

34 20 Aug -26 Aug 27.6 22.0 33.3 90 61 9.1 2.0 2.9 

35 27 Aug-2 Sep 29.2 22.1 20.1 88 51 4.1 3.7 3.8 

36 3 Sep -9 Sep 30.3 21.7 26.6 92 55 3.1 4.1 3.4 

37 10 Sep -16 Sep 30.7 21.7 57.9 91 45 1.7 4.7 7.3 

38 17 Sep -23 Sep 29.1 22.0 11.3 91 55 3.5 5.5 3.1 

39 24 Sep -30 Sep 30.5 21.4 38.0 90 50 2.8 4.2 5.5 

40 1 Oct -7 Oct 29.9 21.1 53.8 90 55 3.9 2.2 3.8 

41 8 Oct -14 Oct 29.6 21.2 20.2 90 51 4.7 2.1 3.6 

42 15 Oct -21 Oct 30.1 19.7 30.0 93 50 1.4 3.0 7.2 

43 22 Oct -28 Oct 26.2 20.6 76.5 94 73 5.4 1.7 1.5 

44 29 Oct-4 Nov 28.6 17.0 0.0 91 53 1.8 3.0 7.3 

45 5 Nov -11 Nov 30.6 21.0 13.6 90 47 2.7 2.2 4.3 

46 12 Nov -18 Nov 26.2 12.1 0.0 90 44 2.2 2.1 6.7 

47 19 Nov -25 Nov 28.0 16.3 3.8 90 54 4.3 2.2 4.1 

48 26 Nov-2 Dec 29.0 15.6 0.0 90 45 3.7 2.7 5.9 
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Appendix II: Weekly meteorological data during the crop growth period (22 to 

48 SMW) of kharif 2014 

Week 

No. 
Date 

Temp. (°C) 
Rain- 

fall 

(mm) 

R H (%) 
Wind 

Speed 

(Kmph) 

Evapo-

ration. 

(mm 

day
-1

) 

Sun 

Shine 

(hours 

day
-1

) 
Max. Min. I II 

22 28 May-3 June 37.4 26.9 13.0 75 39 7.4 5.9 7.6 

23 4 June -10 June 37.9 27.1 11.9 80 39 6.7 5.9 5.6 

24 11 June -17 June 37.9 26.5 28.1 76 41 7.5 6.5 4.8 

25 18 June -24 June 33.3 25.6 10.0 80 51 6.7 4.9 2.5 

26 25 June -1 July 33.6 24.4 93.3 86 52 6.4 3.9 2.1 

27 2 July -8 July 33.7 25.3 24.0 80 55 4.5 3.7 1.3 

28 9 July -15 July 29.3 23.9 105.0 94 68 5.8 1.7 1.4 

29 16 July -22 July 25.5 23.0 106.2 93 90 9.4 1.1 0.0 

30 23 July -29 July 27.1 23.0 88.0 92 81 6.2 2.2 0.9 

31 30 July -5 Aug 27.2 23.7 61.5 94 83 6.4 1.7 0.9 

32 6 Aug -12 Aug 30.0 24.9 46.0 88 69 5.9 4.2 3.9 

33 13 Aug -19 Aug 30.1 24.8 100.4 89 73 3.4 3.4 1.7 

34 20 Aug -26 Aug 30.4 24.7 70.2 93 75 1.9 3.4 4.1 

35 27 Aug-2 Sep 27.7 23.2 98.2 95 81 3.3 2.4 0.1 

36 3 Sep -9 Sep 27.5 23.2 174.1 93 81 2.6 2.2 0.4 

37 10 Sep -16 Sep 28.9 23.7 39.6 93 77 1.3 3.6 2.0 

38 17 Sep -23 Sep 29.6 23.7 83.4 96 76 2.7 1.9 2.2 

39 24 Sep -30 Sep 31.6 22.3 0.0 94 60 - 3.0 7.1 

40 1 Oct -7 Oct 31.6 22.4 0.0 96 58 - 3.5 7.5 

41 8 Oct -14 Oct 28.3 22.4 106.6 95 75 11.4 2.3 3.3 

42 15 Oct -21 Oct 30.0 20.9 2.4 95 67 2.5 2.9 7.5 

43 22 Oct -28 Oct 29.1 19.4 5.8 94 70 2.4 2.2 6.2 

44 29 Oct-4 Nov 28.0 15.3 0.0 97 67 3.7 2.4 8.1 

45 5 Nov -11 Nov 29.2 15.6 0.0 93 42 4.1 2.7 5.6 

46 12 Nov -18 Nov 30.4 18.2 0.8 95 42 2.5 2.5 5.5 

47 19 Nov -25 Nov 28.9 11.6 0.0 96 53 2.2 3.8 8.7 

48 26 Nov-2 Dec 28.4 10.3 0.0 97 42 2.3 2.5 8.7 
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Appendix III: Standard value for calculation of energy relationship during the 

course of investigatio 

Source: research bulletin (1984): Energy audit of crop production system. School of  

energy studies for Agriculture, PAU, Ludhiana   

 

 

 

 

 

 

 

 

 

S. No.  Input / output form Unit  Energy coefficient (MJ)  

1. Labour  (adult man) Man hour
-1

 1.96 

 (adult woman) Woman hour
-1

 1.57 

2. Diesel  Litre 
-1

 56.31 

3. Chemical fertilizer    

 N kg
-1

 60.00 

 P2O5 kg
-1

 11.10 

 K2O kg
-1

 06.70 

4. Fungicide  Litre
-1 

120 

5. FYM kg
-1

 0.30 

6. Seed  Kg
-1 

14.70 

7. Straw  Kg
-1 

12.50 
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Appendix IV: Values for calculation of cost of cultivation of rice 

S No. Particulars  Inputs  Rate , Rs. 

2013 2014 

A Fixed cost    

1. Land preparation Tractor (5 hr)
 

Rs 500 hr
-1

 Rs 500 hr
-1

 

2. Seed 40 Kg ha
-1

 12 Rs Kg
-1 

12 Rs Kg
-1

 

3. Seed treatment 120 g 5 g
-1

 5 g
-1

 

4. Nursery  5 man days 147 man day
-1

 156 man day
-1

 

5. Transplanting   60 man days 147 man day
-1

 156 man day
-1

 

6. Plant protection  5 man days 147 man day
-1

 156 man day
-1

 

7. Top dressing of urea  5 man days 147 man day
-1

 156 man day
-1

 

8. Harvesting   50 man days 147 man day
-1

 156 man day
-1

 

9. Threshing  

and winnowing 

30 man days 147 man day
-1

 156 man day
-1

 

     

B Variable cost   

1. Fertilizer                 N  12.21 kg
-1

 12.21 kg
-1

 

 P  23.77 kg
-1

 23.77 kg
-1

 

 K  10.50 kg
-1

 10.50 kg
-1

 

     

2. FYM 5 t ha
-1 

7000 t ha
-1

 7500 t ha
-1 
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