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1. INTRODUCTION 

Rice contributes 35 to 65 per cent of total calorie requirement of nearly 

three billion people in Asia where 90 per cent of the world rice is grown and 

consumed. India and China together p'roduce more than SO per cent of the world 

rice. India has the largest area under rice among cereals and in 1995-96 produced 

79.46 million tonnes of rice from 42.2 million hectares with an average production 

of 1.9 t ha- I (FAI, 1995-96). By the turn of this century India will require nearly 

100 million tonnes of rice. This means that India would require to add annually 

not less than 2.5 million tonnes of rice to slistain the present level of self 

suft1ciency (Pillai, 1996). Projections based on population growth rates in countries 

where rice is the main food crop indicate that the world must produce 3 SO 

million tonnes more rice than it produced in 1992. The increase must come from 

increased production per unit area (Virmani, 1996). 

Of the several approaches contemplated the lise of hybrid rice technology 

is one of the strategies to meet this challenge. The technology has already made . 
an impact on rice production in Chin,a during past 20 years where. rice hybrids 

possessing 15-20 per cent yield advantage over inbred rices, are now cultivated 

in about 50 per cent of the total area under rice. The aforesaid yield advantage 

was harnessed without any significant difference in input Lise (He et al., 1987). 
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various parts of the country during wet season 1996 (Siddiq et al., 1996). 

However, for exploiting the full heterotic potential. it is indispensable to develop 

a suitable production packages for hybrid rice cultivation. So far, little attention 

has been paid in this direction. 

The results of National Testing Programme revealed that the hybrids 

have great potential as compared to best inbred varieties of rice. A few hybrids 

have already been released and many are in the pipeline. The country is on the 

march towards a new rice revolution through hybrid rice. Since hybrid rice 

technology in india is only five years old, information on management aspects 

of hybrid rice needs to be generated because the full potential of hybrids can be 

realized only with the development of suitable agronomy for the hybrids. The 

present study was therefore taken tip to determine the optimum level of nitrogen, 

plant population and suitable planting pattern for a hybrid rice variety NDHR 2 

(New Delhi Hybrid Rice 2, developed at JARI recently). The Pasa 834 a 

conventional high yielding variety was taken as R check. 

The objectives of the study were as follows: 

Objectives 

I. To compare the performance of hybrid and a conventional rice variety. 

2. To determine the optimum plant population for hybrid nee. 

3 '. To find out optimum nitrogen level for hybrid rice. 

4. To study the effect of planting patterns on the yield and nitrogen utilization 

by hybrid and conventional rice. 



2. REVIEW OF LITERATURE 

Published information on the ,"studies on relative Ilel'formance of 

cOllventional and hybrid rice varieties under val"ious levels of nitrogen, plant 

population and planting patttl'lls" is presented under different sub-heads. Under 

each sub-head the data for conventional high yielding varieties are discussed fIrst 

followed by data on hybrid rice. Information available on hybrid rice, however, is 

meagre. 

2.1 Varieties 

2.1.1 Growth characters 

Most researchers have reported positive heterosis (better performance of a 
, 

F 1 hybrid than its parents) in hybrid rice for growth characters such as plant height 

(Chang et £11" 1973; Singh and Riccharia, 1980; Paramasivan and Sreerangaswal11Y, 

(988), tiller number (Craigmiles et al., 1968; Virmani £!t al., 1981: Sahai et al., 

1987; Rangaswamy and Murthy, (988), leaf' area index (LAI) (Murthy et al., 1991), 

root growth (Raj and Siddiq, 1986; Sahai and Choudary, 1986) and dry matter 

production (Rao et al., 1985; Yen and Bu, 1986; Blanco et aI., 1990).The profhsed 

tillering nature of the rice hybrids was found to be helpful lIn~ler low planting 

densities (Craigmiles et al., 1968). 

Sahai and Choudary (1986) reported that the superiority of hybrids' in root 

growth over their parents helped in utilizing the applied nitrogenolls fertilizer more 

efficiently. Hybrid rice has been found to have a stronger and more active root 



system resulting in more etlicient utilization of applied fertilizers (Lin and Yuan, 

1980).Yamauchi (1994) reported that the high dry matter accul11ulation in hybrid 

rice as compared to conventional rice is due to higher root activity of F 1 hybrids 

but not higher root mass. 

Several researchers (Jennings, 1967; Sunohara et "I., 1986; Song et 01., 

1990) observed higher crop growth rates (CGR) in hybrid rice in early than in later 

stages. Growth analysis of six rice hybrids showed more heterosis for CGR than for 

relative growth rates (RGR) and net assimilation rates (NAR) (Jennings, 1967; 

Blanco et (.11.,1986; Sunohara e/ £11.,1986; Song et a/., 1990). Song et al (1990) 

recorded a higher CGR of 30 g m- I day-I at 30 days prior to heading in hybrid rice. 

2.1.2 Yield attl'iblltes 

Several studies showed that hybrids when compared to either of their parents 

or standard check varieties showed positive and signif1cant heterosis for number of 

productive tillers (IRRJ, 1984; Lokaprakash ef al., 1992; Srinivasulu, 1994), panicle 

length (lRR!, 1984; Subramanian and Sivasubramaniall, 1986; Lokaprakash e/ £11., 

1992), fertile spikelets per panicle (IRRI, 1984; Yen and Bu, 1986; Sa.lmi el uf., 

1987; Malik et al.. 1988; Lokaprakash ef al., 1992), test weight (IRRl, 1984; 

Reddy et al., 1984; Rao et £11., 1985; Sahai et al .• 1987; Lokaprakash et al,. 1992) 

and harvest index (IRRI, 1984; Lokaprak~sh et 01., 1992). 

In contrast, some research workers (Rao e/ tTl.. 1985; Subramanian and 

Sivasubramanian, 1986; Prakash and Mahadevappa. 1987; Paramasivan und 

Sreerangaswamy, 1990) have reported 30 to 40 per cent negative heterosis for 

spikelet fertility. Yamauchi et al. (1985) repOlied lower harvest index in hybrids 

than in pure lines, and Rao et al. (1985) repolied no significant heterosis for harvest 

index. 



Heterosis for yield in hybrid rice was found to come mostly from vegetative 

growth (Yan, 1988) and also from simultaneous heterosis for number of productive 

tillers, panicle weight, panicle length, feltile spikelets, test weight and harvest index 

CIRRI, 1984; Lokaprakash et £11., 1992). Rao et al. (1985) repol1ed a significant and 

positive heterosis with a yield advantage of 11-23% and this was due to more 

biomass production, panicle number hilrl, spikelets panilce- I and test weight. 

2.1.3 Yield 

In general, hybrids were found to give 1.0 to 1.8 t ha- I lllore yield than the 

inbreds in korea (IRRI, 1988). The yield advantage for heterosis repOJied by 

several workers CIRRI, 1980a; Rao et al., 1985; Raj and Siddiq, 1986; Voc and 

Luat, 1987; Anand Kumar and Subramaniam, 1988; Blanco e/ al., 1990; 

Shanmugasundaram ef al., 1990; LOllgping, 1993; Durga Rani and Murthy, 1994) 

ranged from 8 to 32 per cent. Chengxiu and Shangxian (1988) reported that hybrid 

rice gave 0.9 t ha- I more yield than those of conventional varieties at the same level 

of fertilizer application. Similar superiority of hybrids over conventional varieties at 

same level of fertilizer N were also reported by Subramanian and Sivasubramanian . 
(1986) and Siddiq (1993). From the Northern JiangslI Province of China, Gui-Ting 

et al. (1987) repolted higher heterosis of hybrid rice than Indica rice cultivars. 

2.2 Levels of N itl'ogen 

Literature available on the affect of fertilizer nitrogen on rice is enormous 

and beyond the scope of this review. The present review is restricted to pertinent 

references bringing out the main points. 

2.2.1 Growth characters 

In general, the research reports on nce inclicated an Increase in growth 

parameters such as plant height (Kalyanikutty and Morachan, 1974: Pandey and 



Singh, 1985; Karel Marx, ) 986; Singh ef aI., 1991; Bhattacharya and Singh, 1992; 

Thakur, 1993a), tiller number (Kumara, 1956; Manickam and Ramaswami, 1985; 

Karel Marx, 1986; Ramesh, 1989~ Schnier e( £11., 19l)0; Singh el al., 199]; 

Bhattacharya and Singh, 1992; Pradeep e( al., 1994) only upto 80 kg N ha- I and dry 

matter production (Upadhyaya and Pathak, 1981: Agasilllani el al., 1983; Ramasamy 

et 01., 1985; Karel Marx, 1986; Schnier eJ al., 1990; Udaya Bhaskar, 1990; Thakur, 

1993a) upto J 20-180 kg ha- I
. 

2.2.2 Yield attributes 

As in the case of growth characters most workers reported illcrease in 

number of productive tillers 111-2 with increasing levels of fertilizer N (Sharma and 

Prasad, 1982; Ghobrial, 1983; Raju and Rao, 1984; Ramasamy e/ al., 1985; Karel 

Marx, 1986; Raju et £11., 1990; Bhattacharya and Singh, 1992; Thakur, 1993b; 

Kanungo and Raul, 1994; Pandey and Tripathi, 1994; Pradeep el al., 1994; Singh 

et al., 1994). Some workers, however,. repOlied no change in productive tiUers 

m-2 with an increase in the level oftertilizer N (Chau and Deshll1ukh, 1991.; Robinson, 

1992). Nitrogen application decreased days to 50 pel' cent tlowering (Chatter:jee 

and Maiti, 1985; Karel Marx, 1986; Udaya Bhaskar, 1(90). 

A signiticant increase in panicle length with an iIlcreased level of fertilizer N 

was reported by Sharma and Prasad (1982); Karel Marx (1986); Dalai and Dixit 

(1987); Raju et al. (1990); Udaya Bhaskar (1990); Singh e( al. (1991); Thakur 

(1993 a); Kanungo and Roul (1994). 

Though the number of grains panicle-I and number of filled grains 

panicle- 1 were more at higher rates of fertilizer N (Manickam and Ramaswami, 

1985; Karel Marx, 1986; Dalai and Dixit, 1987; Saikia el al., [988; lJdaya Bhaskar, 

1990; Thakur, 1993a), per cent filled grains were less (Ramesh, 1989; Chau and 
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Deshmukh, 1991; Deslunukh and elluu, 1992). Balasubramanian and Palaniappan 

(1991 a, b) and Kanungo and Roul (1994), however, reported decreased filled grains 

panicle- J with corresponding increase in unfilled grains due to increased fel1ility 

levels. 

An increase in test weight with increased level of feltilizer N was repolted 

by several workers (Dalai and Dixit, 1987; Saikia ef (.tI., 1988; Udaya Bhaskar, 

1990; Chau and Deshmukh, 1991; Thakur, 1993 a; Kanungo and Rout 1994). 

However, Gowda et al. (I987) reported 110 change in test weight with increasing 

level of fertilizer N. 

2.2.3 Yi'eJd 

An increase in grain yield with an increase in feltilizer N level was repOIted 

by a large number of researchers (Yogeswara Rao el 01., 1980; Sharma and Prasad, 

1982; Raju and Rao, 1984; Murali ef 01., 1985; Karel Marx, 1986; Dalai and Dixit, 

1987; Rao and Raju,1987; Saikia et al., 1988; Ramesh, 1989; Raju t!1 al., }990; 

Schnier el al., 1990; Rai el al., ) 991; Bhattacharya and Singh, 1992; Deshmukh and 

Chau, 1992; Murthy el al., 1992; Dhal and Misra, )993; Shukla 1'1 cd., 1993; 

Pandey and Tripathi, 1994). Though many research workers reported (Srinivasulu 

Reddy, 1986; Chengxiu and Shangxian, 1988) response to feJtijizer N upto J 20 kg 

N ha- I
, some research workers did notice response lIpto 180 kg N ha-'. Chengxiu 

and Shangxian (1988) reported response of some ; l'iC12- h'ib ... ~d.'; to the application 

of N as high as 180-225 kg N ha- I
. Whereas, Chandra et al. (1990) and Kanungo 

and Raul (1994) observed linear response in grain yield with increasing level of N 

upto 240 kg N ha-1
. 

Straw yield also increased with an increase in the level of N upto 120 to 

180 kg N ha- J by different researchers (Prasad ef al., 1982; Rao and Raju, 1987; 



Gulati e( aI., 1987; Udaya Bhaskar, 1990; Rai e/ (fl., 1991; Mongia, J 992; Murthy 

et aI., 1992; Robinson, 1992; Shukla et aI., 1993; Thakur, 1993b; Kanungo and 

Raul, 1994). A reduction in harvest index was reported with an increase in fertilizer 

N level from 0 to 100 kg N ha"' by Biswas and Bhattacharya (1987), Gulati et al. , 

(1987), Chau and Desh1l1ukh, (1991) and Panda and Rao (1991). 

2.2.4 Nutrient uptake 

Several research workers reported an increase in N uptake and N content 

with the increased fertilizer N application upto 120 kg N ha- ' (Sharma alld Prasad, 

1980; Patnaik et al., t 982; Tanaka e( 01., 1984; Reddy and Sreeramamurthy, 1985; 

Biswas el al., 1987; Thorat and Patil, 1987; Dubey and Bisen, 1989; Hamissa el a/. , 

1989; Chau and Deshmukh,. 1991; Sreedevi and Thangamuthu, 199 J; Krishnakull1ar 

and Subramanian, 1992; Thakur, }993b; Pancle el al., 1993; Pradeep e/ Cl/., 1994). 

The uptake of N was rapid between early tillerillg to rapid tillering (I-Iamissa 

et al., 1989), which in general, contributes to one third of the total N uptake in rice 

(Thorat and Patil, 1987). In contrast Yang el al. (1987) reported a different pattern 

of N uptake in hybrid rice. Of the total N uptake, 8-13 per cent was during 

transplanting to tillering, 48-53 per cent during tillering to heading and 33-44 per 

cent during heading to ripening. 

In general, uptake of P and K also increased with increasing level of fertilizer 

N (Biswas et al., 1987; Sharma and Mittra 1990; Sreedevi and Thangal11uthll, 

199 J), and P uptake was 111rther enhanced with high basal and more split applications 
U;'Q.t-

offeliilizer N (Sreedevi and Thangamuthll, 1991). Nayar L'{ a/. (1980) found increase 
A-

in N application upto 150 kg N ha-' signiiicantly increased zinc content of &traw 

of rice variety Supdya under flooded conditions. Chengxiu and Shangxian (1988) 

reported that rice hybrids have higher N, P and K uptake by 3.2, 7.8 and 12.7 per 

cent respectively as compared to conventional varieties. 



High yielding cultivars had comparatively higher translocation of phosphorus 

to grain (Raju and Rao, 1984). Similarly, Alam el 01. (1989) fOllnd that Illutants had 

high mineral uptake than their parents. Another study reported that uptake of 

amll10nical N and phosphorus was more in Indica cultivars, while K uptake was 

more in Japonica cultivars, however, nitrate-N u.ptake was similar in both the types 

(Ichii and Tsul11ura, 1989). 

The amollnt of nutrients absorbed by hybrid rice to yield 7.5 t ha- t were 208 

kg N ha- t, 24 kg P ha't and 190 kg K' ha- t (Chengxiu and Shangxian, 1988). 

2.2.5 Apparent recovery 01' Recovery of applied nitrogen 

Considering the wide range of soil and climatic conditions, fertilizer N 

recovery, in general, was reported to be in the range of 20 to 60 per cent (Prasad 

and De datta, 1979; Matsushima, 1980; Hamissa and Mahrolls, 1989; Cassman el 

aI., 1994; Pandey and Tripathi, 1994). 

Nitrogen use efficiency in wet land rice is only 30-50% (Prasad and De 

Datta, 1979; Prasad, 1982a). Katyal el al. (1985) found a recovery of 23-31 % with 

15 N labelled urea, while Reddy t!1 £11. (1990) estimated 11.2-19.5 % apparent recovery 

of applied urea. 

George and Prasad (1989) found a decrease ill recovelY with an increase in 

the rate of nitrogen, the apparent recovery was 3 I, 26.7 and 25.9 per cent at 50, 

100 and 150 kg N ha-] respectively. Similar trends in apparent recovety with increased 

levels of N were reported by Raello and De Datta (1968) and Rajale and Prasad 

(1975). 

Nevertheless, besides soil and climatic factors, management factors also 

intluence feliilizer N recovery. Rate, time and amount of fertilizer N application are 

the major management practices influencing the fertilizer N recovery. Fertilizer N 
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recovery was high at low levels of fertilizer N (Yoshida, 1981: Manickam and 

Ramaswami, 1985: Cassl1lan et 01., 1994), and with more number of split applications 

(Prasad and De Datta, 1979: Yoshida, 198 L Mongia, 19c;J2). 

From the above literature it is evident that increa.sing levels of N increa.sed 

N content and NPK uptake. However, recovery of applied N decreased with an 

increase in the level of N. 

2.3 Plant Population 

2.3.1 Growth characters 

Proper plant population generally adjusted by row spacing is an important 

non-monetary agronomic input which governs the optimum plant population of 

crop. Optimutn plant population is one that gives maximum economical yield of a 

crop per unit area. Plants get almost equal conditions of growth and derive nutrients 

from the soil in the presence of proper spacing. Both illtra and inter row spacing 

influence the growth and development of the plants. There is considerable variation 

in the literature on the effect of planting' density on plant height probably because 

of the variations in soil and weather conditions, and the cultivars used in different 

studies. 

Vachhani el al. (1961) working on rice recorded that the plant height was 

increased when the spacing was increased from 6 11 x 6 11 to 12" to 12" beyond which 

110 further increase in plant height was noticed. Relwani ([ 963) conducted an 

experiment on rice with different spacings (i.e. 6" x 6",8" X 8", 10" x 10",5" x 20" 

and 6" x 18") and found an increase in plant height with an increase in spacing Llpto 

10" x 10" beyond which the height is decreased. Sahli and Lenka (1966) reported 

an increase in plant height with the wider spacing. III general, closer spacings (10 

x 10 em or 15 x 10 em) resulted ill taller plants than wider spacings ( 30 x 30Clll 



or 15 x 15cm) (Kalyankutty el al., 1969; Reddy, 1978; Sahu and Lellka, 1986; Gulati 

et aI., 1987; Shah et al., 1991). Some researchers, however, did not find any marked 

effect of planting density on plant height (Shahi ef 01.. 1976; Satyavarma, 1988; 

Singhetal., 1991). 

Vachhani et al. (1961) further reported that too close spacing affects the 

tillering while too wide spacing appreciably increases tillerlng. A spacing of 6" to 

911 appears to be optimum. Both the maximulll and ear bearing tillers/clump 

significantly increased with wider spacings, which showed a linear trend. The survival 

of effective tillers was higher with wider spacings as compared to close spacings. 

Many research workers (Relwani, 1962; Shahi Nol., 1976; Venkateswarulu 

and Singh, 1980; Venugopal and Singh, 1985; Kanade and Kalra, 1986; Satyavarma, 

1988) reported an increase in tillering with an increase in spacing p1anf'. Tillers 

m- 2 were, however, found to decrease, with an increase in plant spacing_ Because 

number of hills planted m-2 were lower at wider spacings (Murthy and MUlihy, 

1980; Lin and Lin, 1985; Venugopal and Singh, 1985; Ramesh, 1986; Satyavarma, 

1988; Reddy and Reddy, 1992 ; Kanungo and Roul, 1994; Sharma, 1994). Krishnan 

et a/_ (1994) and Padmaja Rao (1995) reported highest number of tillers m-2 at 20 

x 10 em spacing. 

Higher tiller number m-2 in closely spaced crop may produce higher LAl as 

compared to that found in the wider spaced crop. Lin and Lin (1985) reported 

higher LAI tI-om the closer spaced (300 cm2 per hill) crop than trom the wider 

spaced (500 cm2 per hill) crop. 

Wagh and Thorat (1987) reported significantly higher dry matter at closer 

spacing (15 x I 0 cm). The physiological parameters of growth such as CGR and 

RGR increased with an increase in spacing when these rates were expressed per 
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plant or hill (Agasimani et ol.. )983), but decreased when they were expressed per 

unit area (Agasimani et 01.. 1983; Das et al., 1988). 

On red loamy soils of Bhavanisagar. Chandragiri and Il1lthayaraj (1991) 

Studied NAR and CGR of cultivated varieties IR-SO and CO-41 fi'om four planting 

geometries viz .. uniform planting. paired-row planting. Strip-row planting and random 

planting. Out of these four planting geometries, the uniform planting geometry 

recorded higher NAR, while the strip-raw planting geometry recorded higher CGR. 

2.3.2 Yield nUdbutes 

HedayetllUah et al. (1947) stated that the number of effective tillers increases 

as spacing becomes wider. whereas. Glilati et al. (1987) reported a significant 

increase in the effective tillers m-2 with the decreased spacing. Krishnan et al. 

(1994) reported more productive tillers m-
2 

with 20 x IO CIll than with 15 x. 10 em 

spacing 

Mandai and Mahapatra (1968) studied the performance of two cultivars, 

T41 and T90 at three different plant spacings, 7.S x 15 elll, IS x 15 cm and 22.5 

x 15 cm and indicated that number of panicles per hill increased but number of 

panicles per unit area decreased signiti cantly as the planting spacing increased f)'om 

7.S xIS cm to 22.5 x IS em. Similarly an increase in panicles m-
2 

with a decrease 

in spacing was repor1ed by many researchers (Venkateswarulu and Singh. 1980; 

Thorat et al., 1983; Reddy and Ghosh. 1984; Singh ef a/. , 1985; Wei and Lin,l986; 

Jones and Snyder, J 987; Singh et at. 1987; TsaL '1987; Aragones and Wada J 989; 

Sharma and Singh. 1992). In contrast, Venugopal and Singh (1985) and Shah I!( al. 

(1991) observed no significant influence of plant spacing on the number of 

panicles m-2
. 

Padmaja Rao (1995) found highest number of panicles m-
2 

with 20 x 10 em 

spacing, whereas Wagh and Thorat (1987) observed significantly more panicles 
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-2 
m and heavier panicles at closer spacing (15 x 10 cm). In contrast, Sharma (1994) 

reported that panicles m-
2 

decreased with an increase in row spacing but reverse was 

observed in panicle weight. 

On laterite soils, Thorat ef al. (1983) and Liot! (1987) recorded lesser panicle 

length ancl weight at closer spacing (15 x 10 em) than at wider spacing (I 5 x 1 5 

cm and 15 x 20 em). A few other researchers (Singh I!I al., 1985; VenllgopaJ and 

Singh, 1985; Shah et al., 199 L) reported no significant enecl of plant density on 

panicle length. Gulati e! al. (1987) recorded signitlcant increase in panicle length 

with an increase in spacing. Similar results were reported by Nguu and De Datta 

( 1979). 

Significant reduction in 1'12, of grains per panicle wi th an i I1crease in spacing 

was repOIted by Gulati el al. (1987) Clnd Rao and Raju (19R7). Padmaja Rao (1995) 

reported the higbest number of grains m-2 at 20 x to cm spacing. 

Number of grains per panicle was more with wider (30 x 30 cm) and normal 

(22.5 x 22.5) spacing than that with closer (15 x 15 cm) spacing (Rathi eta!., 1984; 

Reddy and Ghosh, 1984; Jones and Snyder, 1987; Singh III 0/., 1987). Similarly, 

Ramesh (1986), Satyavanna (1988) a nel Raju e/ 01. (1989) found higher number of 

tilled grains per panicle from widely ~paced plants as compared to closer spaced 

plants. Verma (1972) did not observe, any increase in test weight of. the cvs. TNI 

and NST-98. Similar results were also repo11ed by Shahi el al. (1976), Singh el al. 

(l985), Ramesh (1986) and Satyavarma (1988). 

Krishnan et al. (1994) reported highest ftlled grains m-
2 

at 20 x 10 CIll 

spacing compared to 15 x 10 em, whereas, Kanungo and Roul (1994) reported more 

filled grains panicle-I and less unfilled grains at 15 x 10 em spacing. 
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, 
The IOOO-grain weight was significantly higher with [5 x [0 em spacing as 

compared to that of 15 x 20 cm spacing (Wagh and Thorat, 1987; Nair and George, 

1973 and Sewaram el al., 1973). 

Kanungo and Roul (1994) reported signiticantly higher [OOO~grail1 weight 

with lower plant density 15 x 15 cm as compared to that of 15 x 10 em spacing. 

In contrast, Reddy and Ghosh (1984) observed decreased test weight with increasing 

plant population. 

2.3.3 Yield 

Grain yield of F I rice hybrids were fOllnd to be higher when planted at a 

spacing of 20 x 20 cm or 30 x 30 cm than at a spacing of 40 x 40 cm (IRRl, 1984). 

In another study at (IRRI, 1987) three spacings 30 x 15 em, 25 x 15 em and 20 

x 15 em did not differ significantly in respect of grain yield. Though the information 

on the efrects of planting density on yields of hybrid rice is meagre, it appears that 

rice hybrids need wider spacing than that needed for conventional cliltivars probably 

because of their prothsed tillering nature (Craigmiles el al., 19(8). 

Bains and Singh (1967) conducted an experiment on varying row spacing 

(15 cm, 22.5 cm and 30 em) at the Agricultural Research Statiotl, Dhaula Kual1 

(H.P.), The yield per row increased th11n 6.19 kg ha- I at l5 em row spacing to 10.60 

kg ha- I at 30 em row spacing. Bathkal and Patil (1970) conducted a trial on varying 

row spacings (15 cm, 20 cm, 30 em C\nd 37.S cm) at Kolhapuf duri,1g khaJ'(lof 

1967-68 and 1968-69and observed that the yield per row increased from 7.44 kg 

ha-! at 15 cm row spacing to 17.87 kg ha- I at 37.5 CIll row spacing. Similarly Kumar 

el ai, (1975) carried out similar studies during khar(!, J 967 and 1968 at Bichpuri, 

Agra where the yield per row increased from 8.28 kg ha'i at 15 em to 12,09 kg 

ha-! at 25 em, although, the highest grain yield of paddy (44.2 q ha- I 
) was obtained 

at the narrowest row spacing of 15 em. Pati! et al. (1979) reported that yield per 
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row was 11.59 kg ha- I at 15 cm which increased to 20.36 kg ha- I at )0 em, while, 

the highest (61,8 q ha- I
) yield of paddy was obtained at 15 em with lowest (54.3 

q ha- I 
) at 35 em row spacing. Chandrakar and Khan (1981) tested three row 

spacings (10, 15 and 20 cm) with a fixed hill spacing of to cm at Raipur (M.P.) 

during wet season of 1977 and 1979. The yields per row increased wi th an increase 

in row spacing, while the reverse was true in' case of grain yield per hectare. 

Varshney (1986) conducted experiments during wet season of 1978 and 1979 under 

upland lerrace system of cultivation in Meghalaya and fOllnd that grain yield of rice 

increased with an increase in row spacil1g ti'om 10 to 15 cm, while with ihrther 

increase in row spacing, there was a signiticant reduction in grain yield. Similar 

results were reported by Singh and Singh ( 1973) and Thorat el al. (1983). Sewarum 

ef al. (1973) at Kamal and Singh and Singh (1973) at Kal1pur observed that plant 

spacings of 15 x 10 cm proved to be good compared to wider spacing. 

In contrast, Shahi ef al. (1976) reported that in Kappurthala of PUl~ab, plant 

spacings closer than 20 x 20 cm were not helpflil in augmenting grain yield of rice. 

Singh and Modgal (1977) and Venkateswarulu and Singh (1980) reported no 

significant difference in grain yield due to varied plant densities. 

Transplanting of seedlings with a spacing of 15 x 10 em produced significantly 

higher grain yield than that of 20 x 15 cm (Wagh al1d Thorat, 1987). Singh el al. 

(1989) also reported significantly higher grain yield with 15 x 10 CIlI spacing than 

that with 15 x 15 and 20 x 10 cm spacing. 

Raju e/ a/. (1989) reported that wider spacings (20 x 20 em, 20 x J 5 cm and 

15 x 10 em) gave significantly higher yields than a closer spacing of (10 x 10 em) 

. with cv. MTU-S293 at Maruteru. On sandy loam soils of Pattambi, Sreedevi and 

Sreedharan (1991) reported increased grain yields of rice with an increase ill planting 
2 

density upto 33 hills 111- but not beyond. Similarly, Raghuwansi e/ al. (1986) and 
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crop. In this seeding and fertilizing was done in three rows and skip-row effect was 

provided to the two side rows in a group of three transplanted rows by leaving every 

fourth row vacant. This method is based on world wide observation on skip-row 

effect which has been defined by Gomez ( I 972) as "the difterence in the growth and 

yeild of the plants adj acent to borders than those in the centre of the plot". The 

obsevations 011 skip-row effect are, however, available since 1910 (Smith, 1910 and 

wheeler, 1910), Numerical evidences of increase in the yeild of skip-rows have been 

produced by Barber (1914), Hayes and Amy (I 9 17) and Amy and Hayes (1918) for 

the first time. There after a number of other research workers have shown positive 

evidences of skip-row effect in a number of crops irrespective of soil and climatic 

conditions (John and Hallsted, 1926; Me. Rostie and Hamilton, 1927; Stringfield, 

1927, Me. Clelland, 1919 and 1934; Ayyangar i!f aI, 1939; Richmond, 1943, Hartwig 

ef aI., 1951; Green, 1956; Brown and weibel, 1957; Shear and Miller, 1960: DrapaJa 

and Johnson, 1961 and Bhalli et ((1., 1964 Sharma and Singh, J 97 L and Gomez, 

1972) in different crops. But in case of rice, the first available reference is fi'om 

(Anonymous, 1954-55). Later all the work on skip-row etfect in rice was done by 

Gomez and De Datta (1971), Gomez (1972), Zimmermann (1980) and Sato and 

Takahashi (1983). 

Keeping these observations and evidences in view the new system of sowing/ 

transplanting was developed in the department of Agronomy, Agrilcultural University, 

Kanpur, which was termed as 'skip-row method'. In case of rice, first field experiment 

was conducted by Rathi and Verma (1975) during 1972 to 1975 and the studies 

were flnther continued on this method by Singh (1980), Bhaskar (1980), Kumar 

(1981), Singh (1981a), Singh (198Jb), Shahi (1982), Singh (1983a), Singh (1983b), 

Gupta (1985), Singh (1985), and Singh (1990) in dwarf paddy at Kanpur. 
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.1\11 these workers obtained equal grain yield of rice to that oftransplantillg 

and fel1ilizing every row with a saving of 25°'0 nursery. 25% fel1ilizer and 2:'°/0 

labourer in transplanting and harvesting. A compensation of the yield of fOlll1h 

missed row was made by increase in tillering. more grain filling and better development 

of grains and consequently in higher yield of all the three rows in new method 

pal1icularly the side rows. 

Although the skip-row method of planting is known to the scientists since 

1 C) 10 but opinion differ to a great extent about the L dllses of skip-row effect. 

In the opinion of Drapala and .J ohnson ( 1961 ) high yield of the row bordering 

the skip-row was more because of more absorption of llut,-ients by the roots. while 

Pendleton and Seif (1962): Sharma and Singh (1971) and Gomez and De datta 

( 1(71) attIibuted that the skip-row effect is due to more availability of light to the 

border rows. 

Papadakis (1979) was of the opinion that skip-row effect is clue to Illore 

expansion of roots as a result of more availability of the soil for neutralising/ 

absorbing/oxidising chemicals secreted by the roots and that more uptake of nutrients 

more absorption of water and better utilization of solar radiation by the skip-row 

rows are the after effects of root expansio 11. 

Manna et (II. , (1980) observed that planting: in strips of three rows spaced 

at I) cm each (15 cm plant to plant) and provision of gap of 30 cm between strips 

led to economise fel1ilizer, seeds and cost of planting by 25% over conventional 

planting without any such skips. No sllch advantage \·vas observed with paired-row 

method of planting. 

2.4.1 Growth chaJ'actel's 

Manna et Llf., (1981) conducted experiment with an object to tind out the 

advantage of skip-row planting. They repor1ecl that borc!"I' rows in skip-row planting 
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recorded higher number of tillers than the central row and this attributed finally to 

grain yield comparable to conventional planting with 100% input of fettilizers and 

crop stand. However, no such advantage could occlIr from the paired-row method 

of planting. 

Manna III o/., (1982) conducted experiments ;1 1 Cuttack since 19RO to tind 

out the effect of direction of strips besides the advantage of ski'p-row planting over 

the conventional practice. They observed that the border rows in skip planting 

recorded higher number of tillers over the central rows and this attributed tinal\y 

to grain yields comparable to conventional planting with IOCl% inputs of femilizers 

and crop stand, Such advantage was not apparent in rabi season when crop responded 

more to the level of fertilizer use than planting geometry. contirming the earlier 

t1ndings. The direction of strips N0I1h-SOllth or East-West did not make any difterence 

in the grain yield in both the seasons. 

2.4.2 Yield attributes and yield 

A study was conducted at Parbhani (fndore) in deep black soils and indicated 

that grain yield of upland kllllr~f' rice under regular method of sowing ( 14.4 q ha" 

I) and in skip-row method of sowing with 75~/Q seed rate and 75% t'(milizer dose 

(12.7 q ha- I
) was at par (Anonymous 1983-84), 

De III aI, (19R4) conducted an experiment 111 wet (kharif) and ellY (boro) 

seasons at Kalyani (WB) ancl rep0l1ed that the dry matter of rice (oryza sativa L.) 

accumulated per ~ll1it area was slightly high (.'i°/'O) ill plots baving one (I) skip-row 

after every two (2) rows planted 20 cm apal1. \Vhen free from nutjor incidences of 

pest and diseases, the increase in grain yield in plots with one (1) skip-row after 

every 2, 3, 4. or 5 rows in cIty season were 8,2, ():' 1.2 ancl 1.1 per cent. The 

corresponding increases in wet season were 8.8. 7.2. 3.4 and 2,D per cent. The row 



bordering the skip-row produced more tilled grains panicle-' and heavier grains than 

the central plants compensating for the missing rows under skip-row planting. 

At Shalimar, the yield of khar{f rice, was not significantly affected by method 

of sowing and levels of fertilizers (AnonymoLls, 1986-87). At Rewa, yield of khar{( 

rice was not signiiicantly influenced by method of sowing and seed rate. However, 

reduction in fertilizer dose signiticantly reduced the yield both under regular and 

skip-row method of sowing and with both recommended and reduced seed rates 

(Anonymous, 1986-87). 

Sharma and Warsi (1987) conducted experiment on four planting patterns 

(Normal ) 20 x 10 cm, 20 x 15 cm, 27 x I () cm and skip-row planting (skipping 

every fourth row) and two N doses 90 kg N ha-1 (751% of the normal) and J 20 

kg N ha- t (normal) in a randomised block design during kJ70r{!: 1981 and 1982 at 

Kumarganj, Faizabad. They observed that planting pattern atfected the grain yield 

of rice only in 1982. Skip-row planting with 90 kg N ha- 1 gave yield at par with 

regular method with 120 kg N ha-'. Thus all ecollomy in seedlings and N fertilizer 

by 25% in skip-row technique could be achieved without any reduction in grain 

yield. The skip-row method manifested skip-row effect when evely fourth row was 

skipped. 

Taylor el £11. (1987) conducted experiment Oil rice-fish culture involving 

skip-row method in Thailand where they repolted equal grain yield of rice in skip­

row planting as compared to conventional planting. 

Field trail conducted at Shalimar during khal'[I: 1982-83 to exploit the skip­

row effect in a crop to save fertilizer andlor seed requirement and found that, 

reduction in fertilizer signitlcantly reduced the yield although, the results were not 

significant (Anonymous, 1987-88). Skip-row method of sowing resulted in reduced 
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yields at all levels of seed rate and fertilizer although the differences were not 

significant. 

Majumdar et £II .( 1989) observed that the rice grown in 6 row spac1I1g 

patterns and with rows oriented North South or East West. Spacing is significantly 

influenced by dry matter accumulation, LAI and yield components at flowering. 

Highest grain yield was obtained when the crops were grown with a skip-row <tHer 

evelY 3 continuous rows. 

Sharma and Singh (1989) conducted a field experiment on wheat and rice 

during 1984-86 at Palampur (H.P). They obselvecl that the number of panicles 

hilrl was significantly higher in the crop transplanted by skip-row method where as 

the number of panicles m-2 was significantly higher in regular transplanted crop. But 

yield attributes increased significantly with the decrease in plant population to 75%. 

It indicates that the increase in panicle number hiWl due to skip-row effect or 

reduced population could not compensate the tillers in the skipped row or lower 

plant population. However, the number of spikelets panicle- l
, spikelet fertility per 

cent and IOOO-grain weight were not influenced signifIcantly by the method of 

transplanting or variation in plant population. Decrease in feliilizer dose to 50% 

significantly decreased the number of panicles hill-), panicles m-2 and spikelets 

panicle-I. However, spikelet fertility per cent and J OOO-grain weight were significantly 

higher at 50% fertilizer dose than at 100% fertilizer dose. 

Sharma et al. (1990) replied that skip-row planting with 90 kg N ha- l gave 

similar grain yield (4.54 and 4.26 t ha-! in 1983 and 1984, respectively) as that with 

regular planting, 

Deshmukh and Borulkar (1993) coducted a field experiment during khari( 

1984-85 at Parbhani, Maharastra, rice cv. PBN-l was sown at rates of 45 or 60 kg 

seeds ha- I with (skip-row method) or without (cOlltrol) every 4 111 row left blank. 
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They repoltecl that the grain and straw yield were not affected by different methods 

of sowing. 

The above results revealed that in most the experin'lents, skip-row method 

(by skipping evelY 4tll row) gave as much yield as obtained by continuous transplanting 

and fertilizing every row. But these studies clearly indicated that about 25% of 

seed/seedling and feltiIizer can be saved by skip-row planting pattern. 

2.5 Varieties and Nitrogen llltcmctioll 

2.5.1. Growth characters 

The lower concentration of N in F I hybrids which showed high dry matter 

accumulation suggests that N limits the growth of FI hybrids. Yamauchi (1994) 

repOlts that the depression in dry matter accumulation at heading may be caused 

partly by lack ofN feltilizer application. F 1 hybrids require more intensive N fertilizer 

application before heading than parental lines. 

2.5.2 Yield attributes 

In hybrid rices, higher per cent of unl1lJed grains is commonly seen unless 

soil nutrient supply can cope with crn p demands. Thus, delayed application of N 

coinciding with flowering can help to realise the ftdl potential of hybrid rice (Surekha 

et al., 1996). 

Hybrid rice relies mainly on tillers to obtain desirable population while inbred 

rices mainly rely on the number of seedlings planted. About 85-90% of productive 

panicles in hybrid rice come [I-om tillers, while in inbred rice their production is 30-

40 per cent (Yan, 1988). He also reported that tiller number can be increased to 

meet the optimum LA! by applying N 30-35 days before heading ill hybrid rice, 

whereas for inbred rices, N must be applied 5-10 days earlier to make unproductive 

tillers productive. Fertilizer management in inbred rice should focus on spikelet 
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initiation and for hybrid rice it should be foclIssed 011 spikelet tilling (Yan, 1988) 

For high yield of hybrid rice, sink is not the limiting factor as it is ill inbred rice (Yan, 

1988). 

2.5.3 Yield 

Results tram India (Anonymolls, 1995) revealed that application ofN at 120 

kg ha"t in 3 splits (50% basal + 25% tillering + 25% at booting) was the best with 

higher yields irrespective of the season. 

Cheng and Cheng (1989) reported that at 135 kg N ha"l rice grain yield, N 

uptake and N eftlciency were the highest for hybrids when it was applied as 67% 

basal and 33% top dressing. In contrast, for conyentional rice J 35 kg N ha"' with 

33% basal and 67% as top dressing was best. 

In a study Devaraju el al. (1996) showed that hybrid, KRH-2 olltyielded IR-

20 at all levels of N ranging from 0-200' kg N ha"', as the nitrogen is used for the 

production of unproductive tillers in IR-20 is better utilized in KRH-2 to increase 

the seed set, panicle weight and finally the yield. 

-tI:i.<t.(:; 

Singh e( al. (1996a) reported·; higher N application upto 150 kg N hft"! is 
A 

required to realize higher grain yield in hybrid rice. In another study, Singh e/ aJ. 

(1996b) showed that hybrids responded linearly to applied N levels upto 120 kg 

ha"l and more than 3 splits of N application are not required for higher production 

of hybrid rice in vertisols. Subbaiah el al. (1996) reported that hybrids failed to 

respond beyond 150 kg N ha- J ill most test locations in India. 

Virmani (1996) concluded that the hybrid rice UTL-2 had a higher 

physiological efficiency (kg yield per kg N uptake) than inbred rice MTU-19 during 

the wet seaSOll. 
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2.5.4 N concentration, uptake and utilization pattern 

A study by Cheng and Cheng (1989) concludes that the ratio of N in the 

grains to that in vegetative parts of hybrid rice was more than 2.0 compared with 

1.3 in conventional cultivars. This also suggests for more direct N assimilation f1'Ol11 

soil during ripening stage. 

At IRRl studies on N management of hybrids IR 646 16H and IR-72 showed 

a significantly higher response of hybrid to late season N application than lR-72 

(lRRJ, 1993). 

N uptake pattern 

Shoji et al. (1986) and Wada cit al. (1989) described the pattern of N 

absorption by rice plants as biphasic. The amount of N in the plant increased 

exponentially during the early growth stages and linearly during the middle and late 

growth stages. The transition point between the two phases coincided with maximum 

tillering for 20 x 20 em plant spacing. 

The rate of N absorption by rice plants increased after transplanting and 

shows a maximum at the maximum tillering stage. Another maximum is mostly 

observed at young panicle formation stage. However, the upta.ke pattern may be 

altered by both native soil feliility and cultural practices (Wada elf aT., 1989). 

The F 1 hybrids have higher N uptake compared to their inbred parents 

particularly at 3rd week after transplanting (WAT). At 5 weeks ailer transplanting 

differential N uptake diminished except for the hybrid with medium growth duration 

(125 days). The medium growth duration hybrids have consistently higher N uptake 

until maturity (Sta et al., 1994). It was found that the uptake by hybrid Non you 3 

was 29,1% more of the total, fl'om seedling to tillering and 34.3% more from 

tillering to panicle initiation compared to inbred rice. N uptake at 40 days ailer 
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transplanting was found to be 71.2%. Hence for hybrid rice more fel1ilizers should 

be applied at early stages Yan (1988), because more than half of the total Ilutrients 

were absorbed duIing the middle growth stages (Chengxiu and Shangxian, 1(88). 

Yan () (88) suggested that if 160 kg h«-I is to be used in a cropping season. SO kg 

ha- I be applied basally, 50 kg N ha- I during tillering and remainder after panicle 

initiation. For inbred rice, more N should be applied during the middle and late 

stages than during early stages. 

So for as the forms of N is concerned_ although the NH4 +-N has generally 

been accepted as a better source of nitrogen for rice (Surekha III al .. 1996). Some 

workers have concluded that N03-N is as effective as NH4 +-N (Yang and Sun. 

19(1). They also repoJ1ecl that uptake ofN0:l in the late stages of growth by hybrid 

rice was greater than that of conventional rice. 

Luo el al. (1993) repol1ed that at all levels of N supply the conventional rice 

cultivar absorbed more NH4+ than NO . In contrast_ tile hvbrid rice absorbecl ll10re 
1 -

NH -1- than NO J at the low levels of N supply (5.40 mg NIL) but Illore NO) than 

NH4 at the high levels (80 and 120 mg NIL). 

Nitrogen llptake by hybrid rice was also more than conventional rice, and 

large part of feliilizer should be applied during early stages. It also absorbed more 

K than conventional rice (Yan, 1(88). 

N utilization pattel'll 

Schnier 1!1 al. (19c)0) repol1ed that plant N status perse beginning at panicle 

initiation influences spikelet differentiation, and thus yield potential. In rice, prior to 

panicle emergence most of the N is found in the lel\\'~s Following anthesis there is 

a rapid transfer of leaf N to the developing panicle (Guinda ef (If., 19(4). Research 

conducted on N utilization and p31titioning by rice (Wada l.!1 al., 1(86) has given 

valuable insight: however literature providing comparisons between hybrid rice and 
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conventional rice is limited. Differences 111 N utilization among rice clltivar~ of 

genotypes have been repolted by several workers (Alam and Azmi. 1(90). 

In Huai Bei region Jiangsll province traditional tall variety Da-che-king 

responded upto 85 kg N ha- I
; shOli staturecl variety Nang-ken 57 responded lIpto 

80 kg N ha- I
, while Hybrid Ganga-Hua :2 sbowed highest response to N and gave 

highest grain yield (Yan. 1(88). 

In India National trials conducted during 1991-9] reveal varied response of 

rice to nitrogen in different regions. At Hyderabad reSplll1Se to N was observed upto 

120 kg N ha- I
, while at Kamal and Coimbatore_ hybrids responded to 180 ancl :200 

kg N ha- I respectively. At Marutenl, there was no di1ferellce in the yields obtained 

at 40 and 80 kg N ha- l (ORR. 1992-(3). 

2.6 Plant Population and Nitrogen Interaction 

Many researchers have observed that nitrogen uptake is not affected by 

spacing (Nair. 1975; Thorat III tIl., 1983; Raju and Rao. 1(84). 

Papadakis (1970) has repOIted the results of" trial carried Ollt for a decade 

during 19.30-39 in which two pots of 40 and g() cm d~ep w~re compared for yield 

under 4 treatments (humid and dry. unfeliilized and adequately feliilized). Ten years 

average results indicated the higher yield t"j"om deeper pots under all treatments and 

that shallow pots with adequate irrigation and feliilizer could not give equal yield 

to deeper pots with neither irrigation nor feliilizer. These results make it clear that 

there was independent effect of soil and feltilizer and soil didn't act merely as a 

supplier of nutlients or moisture but it did something more. The independent elrect 

of soil and feliilizer on the growth ancl yield of paddy has been clearly shown by 

number of research workers (ChowdhalY and Raheja. I C)62; Bains and Singh. 1967; 

Bathkal and PatiL 1970: Pillai e{ ul., 1972 and Lal ('I 1I1., 1 98()). 
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In the studies of Chowdhary and Raheja (1962) there was a linear increase 

in grain yield per row with an increase in the hill spacing, which was not affected 

by fel1ility levels. Similar results have been reported by Relwani (1%3); S ril1ivasan 

el al. (1968); Yadav el al. (1976) and Agasilllani ef al. (1980). 

BalaSllbramanian (1985) obtained signiticant interaction between spacing and 

nitrogen application. He reported signiticant increase in grain yield with an increase 

in N both at 15 x 10 em and 20 x I 0 em spacing. 

2.7 Va."ieties and Row Spacing Intel"action 

Van (1988) recommended lower planting densities for hybrid rice (15-25 kg 

seed ha- I
) compared to that for conventional ricc (110-180 kg seed ha-1

). Hybrid rice 

requires 4-5 times more space as compared to conventional rice plants. Singh et 01. 

(1996b) showed that plant population of 3.3 to 5.0 lakh hills ha"1 is required to 

realise higher grain yield in hybrid rice. 

2.8 Economics 

wo..! 
Profuse tillering nature of hybrids found to. compensate tC.11" reduced plant 

i\. 

densities, as a result lowered the seeding east (Craigmiles III al., 1968). Which led 

to higher net returns and benetit cost ratio with hybrids than with conventional 

cultivars because of higher grain yields obtained with the hybrids. In general, net 

returns depend on prevailing input costs and output prices, however, seed costs 

make much ditference in net returns between hybrids and conventional cllltiv~rs. 



3. MATERIALS AND METHODS 

The details of the materials used and. methodology adopted during the 

course of investigation are presented in this chapter. 

3.1 Plan of Research Work 

Field experiments were conduc~ed during Kharif season of 1995 alld 1996 

to study the "RELATIVE PERFORl\1ANCE OF CONVENTIONAL AND HYBRID RICE 

V ARlETIES UNDER VARIOUS LEVELS OF NITROGEN, PLANT POPULA nON AND 

PLANTING PATTERNS". 

3.2 Details of the Experimental Site 

The trail was laid out at different sites during 1995 and 1996, in the Main 

Block 14-C of the Farm of Indian Agricultural Research Institute (JARI) , New 

Delhi. 

3.3 Climate and Weather Conditions 
o 0 

New Delhi is situated at 28 40' N latitude and 77 10' E longitude and at an 

elevation of 228.6 m above the mean sea level. The climate of this area is semi-arid 

and sub-tropical with hot and dry summers and cold winters. June is the hottest 
o 0 

month with mean monthly temperature ranging from 41 C to 46 C, while January is 
o 0 

the coldest month with monthly minimum temperature ranging from 5 to 7 C. 

There is occasional frost during December and Janum·y. 

The mean annual precipitation approximates to about 710 mm (average of 

past three years) and is mostly received during the period of July to September. 

The minimum number of agro-meteorological variables recommended for 

fundamental research in rice by World Meteorological Organization and the 

International Rice Research Institute (IRRI; 1980) for the period of investigation 
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recorded at the IAR! observatory were collected and weekly averages were 

computed and are presented in Appendix 1 and Fig. 1. 

3.4 Soil Characteristics 

Before start of the experiment, a composite soil sample was collected from 

two sites and analyzed for mechanical composition and important characteristics, 

which are given in Table 3.1.The soil of experimental field was a sandy clay loam 

in texture with moderate water holding capacity. The soil was medium in organic 
, 

carbon, low in total nitrogen content, medium in available phosphorus and high in 

available potassium and having 52.2%,51.3% sand, 22.1%, 22.0% silt and 25.7, 

26.7% clay respectively in two sites. 

Table 3.1 Mechanical composition and chemical characteristics of soil of the 
experimental field 

Particulars Value 

Mechanical Composition 

(Hydrometer method, Bouyoucos, 1962) 

Sand 

Silt 

Clay 

Textural class 

Chemical Composition 

pH (1 :2.5 soil:water ratio) 

(Elico pH meter, Piper, 1950) 
o 

Electric Conductivity (ds m-I at 25 C) 

(Solubridge method, Piper, 1950) 

Cation exchange capacity (m.eq.l100 g soil) 

(Bower et al., 1952) 

1995 1996 

52.2% 

22.1% 

25.7% 

51.3% 

22.0% 

26.7% 

Sandy clay loam 

8.10 8.00 

0040 0.65 

15.20 14.60 , 
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Organic Carbon (%) (Walkely and Black 0.51 0.55 

Method, Piper, 1950) 

Available N (kg ha-') (Bajaj and Singh, 1976) 186.90 170.00 

Available P (kg ha· l
) Olsen's 21.60 20.20 

Method (Olsen's et al., 1954) 

Available K (kgha-1
) (Ghosh et al., 1983) 318.10 280.00 

3.5 Cropping History of the Experimental Site 

The cropping history of the experimental field for the last five years is given 

in Table 3.2. 

Table 3.2 Cropping history of the experimental field 

Year 

1989-90 

1990-91 

1991-92 

1992-93 

1993-94 

3.6 Experiment Details 

Kharif crop 

Rice 

Rice 

Rice 

Rice 

Rice 

Rabi crop 

Wheat 

Fallow 

Wheat 

Wheat 

Wheat 

The experiment was laid out in split plot design with three replications. The 

treatments consisted of eight combinations of two varieties (a conventional high 

yielding rice variety Pusa 834 and a hybrid rice variety NDHR 2), two plant 

populations which wf..'fI.obtained with row spacings of 20 em and 15 em with a 

uniform intra row distance of 10 cm and two planting patterns (conventional 

planting and skip-row planting -- skipping one row after each two rows) in main 

plots and three nitrogen levels 0, 60 and 120 kg N ha-1 in sub plots. The allocation 
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of various treatments to different plots was done by randomization using Fisher and 

Yates random tables (Fisher and Yates, 1963). 

3.6.1 Layout 

The plan of the layout is shown in Fig. 2 and the details are given as under 

1995 1996 

Experimental Design Split plot Split plot 

Replications 3 3 

Gross plot size 3.6 m x2.4m 3.6mx2.4m 

Net plot size 2.4 m x 2.0 m 2.4 mx2.0m 

3.5.2 Treatments 

Main plot: The main plot treatments were all 8 combinations of the following 

factors 

Varieties (Vl' V2) 

Plant Population (Row Spacings' ;) 

Planting Patterns ';: ,t 

VI Pus a 834 

V2 NDHR 2 (New Delhi Hybrid Rice) 

; 5.00 lakhs (20 em x 10 em) 

~ 6.661akhs (15 em x 10 em) 

• Conventional planting 

:' Skip-row planting 

(Skipping one row after every two rows) 

Sub Plot: Sub plot treatments were following 3 levels of nitrogen (NO' N 1. N2)' 
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Levels of Nitrogen (NO, N}l N2) 

NO 0 Nitrogen 

Nt 60 kg N ha- 1 

N2 120 kg N ha- I 

3.6.3 Important characteristics of the varieties 

3.6.3.1 Pus a 834 

32 

It is a medium duration (110 days) variety developed at IARI, New Delhi in 

1994 from cross of IR 50 x Pusa 33. It has an average potenti~l of 5.0-7 _0 t ha- I and 

has long slender white grains with good cooking quality. It is moderately resistant 

to major pests and diseases. It is widely adaptable and has good performance under 

transplanting and direct seeding. It has an yield advantage of 5-37% over the best 

check and is tolerant to zinc deficiency and sodicity. It is resistant to blast 

(Pyricularia oryzae Cav.), RTV (Rice Tungro Virus), and stem borer (Scirpophaga 

incertulus (Walk.)). It is a fertilizer responsive, non-lodging, non shattering, photo­

insensitive, profuse tillering variety; the plants attain a height of 100-110 cm. It is 

adopted to assured irrigated wet land conditions of Haryana, Punjab, Bihar, 

Western Uttar Pradesh, West Bengal and Karnataka. 

3.6.3.2 NDHR 2 (New Delhi Hybrid Rice 2) 

It is medium duration (11 0-115 days) hybrid developed at lARI, New Delhi 

in 1994 season and is the cross of 1R 58025A x PRR 22. It has an average yield 

potential of 5.0-7.0 t ha- I and has long slender fine grains with good cooking 

quality. 

3.6.4 Details of cultural operations 

The schedule of cultural operations performed during experimentation are 

given in Table 3.3 and the main operations are described below. 



Table 3.3 Schedule of cultural operations done in the rice field 

Operations 

Nursery 
Nursery preparation 
Sowing 
Weeding and N dressing 
Main Field 
Ploughing with a country plough 
Puddling 
Puddling 
Layout and bunding 
Transplanting 

Fertilizer application as basal 
(SSP, MOP, Zn S04) 
I st dose of N application 
Herbicide application/ Weeding 
(Butachlor) 
I st Biometric observations 
2nd dose of N application 
Weeding , . 
2nd Biometric observations 
3rd Biometric observations' 
Harvesting of border row 
Harvesting of net plot 
Threshing 

3.6.4.1 Raising of nursery 

Date 
1995 

07-06-95 
09-06-95 
24-0695 

01-07-95 
03-07-95 
04-07-95 
05-07-95 
07-07-95 
08-07-95 
08-07-95 

16-07-95 
20-07-95 
10-08-96 
15-08-95 
16-08-95 
18-08-95 
19-09-95 
09-10-95 
10-10-95 

12-10-95 
18-10-95 

33 

1996 

19-06-96 
20-06-96 
06-07-96 

15-07-96 
18-07-96 
19-07-96 
20-07-96 
20-07-96 
24-07-96 
24-07-96 

02-08-96 
04-08-96 
18-08-96 
25-08-96 
18-09-96 
20-09-96 
25-09-96 
17-10-96 
20-10-96 
22-10-96 
28-10-96 

The nursery was grown on a puddled raised beds of 10 x 1 m leaving a half 

meter wide irrigation cum drainage channel all around the beds. A fertilizer dose of 

250 g urea + 300 g of single superphosphate + 100 g of muriate of potash were 

applied to each 10m2 bed. Sprouted seeds were broadcast uniformly on the wet 

nursery at the rate of 300 g per bed of 10m2, the seeds were covered with a thin 

layer of FYM. The beds were irrigated at alternate day. Fifteen days after sowing, 
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the beds were weeded and a nitrogen dressing @ 250 g urea / 10 m2 was given. 

The seedlings were grown to an age of 30 days during both the years .. 

3.6.4.2 Major field operations 

Preparatory cultivation: The field was ploughed using a tractor driven disc 

harrow and puddled twice using victory and country plough and was levelled and 

the bunds and channels were made as per the experirnentallayout. 

Transplanting: Two to three 30 days old seedlings were transplanted per hill as 

per the treatments in the 2-3 em deep wate~. 

Gap filling: A week after transplanting of rice, gap fitling was done in the plots 

wherever it was necessary to maintain uniform plant popUlation. 

Intercultural operations: In rice two hand weedings are done at 25-30 and 60 days 

after transplanting. 

Irrigation: The irrigations were given to maintain 3-5 em standing water in the 

field. However, plots were kept drained during fertilizer application and 15 days 

before harvesting. 

Fertilizer application: Nitrogen was applied through urea (46%N). Of the total, 

half nitrogen was applied 10 days after transplanting (OAT) and the remaining half 

was given at 40 OAT, according to the treatments. Phasphonls as single super 

phosphate (60 kg ha- I
), potassium as murate of potash (40 kg ha- I

), and zinc as 

ZnS04 (25 kg ha- I
) were applied basal during transplanting as per 

recommendations during both the years. 

Plant protection measures: Endosulfan 35 Be @ 3 ml It-I of water was applied 

against rice gundhi bug (Leptocorisa acuta (Thumb.) during 1995 and it was not 

needed during 1996. 
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Harvesting and threshing: The net plots after removing the crop from border rows 

were harvested and left to dry for 3-4 days in the field. The threshing was done with 

the help of pullman thresher. 

3.6.5 Details of collection of data 

Details of data collected during the experimental period are given below. 

3.6.5.1 Biometric observations 

Five plants in each plot from 4th and 6th row were randomly selected and 

tagged for recording plant height and tiller number per hill, at 30, 60 DAT and at 

harvest (90 DAT), panicles m·2
, panicle length, panicle weight and number of 

grains per panicle and thousand grain weight at harvest. For dry matter 

determination five plants were cut from ground level from the second row at 30, 60 

DAT and at harvest (90 DAT) and dried in a hot air oven at 600 to a constant 

weight. Then the dry samples were weighed and dry matter yield quintals per 

hectare was computed. These dried samples were ground and kept for NPK 

analysis. The details for each character are discussed below. 

3.6.5.2 Growth, yield and yield attributes 

The following growth characters and yield attributes were recorded during 

the course of investigation. 

Plant height (em): The height of the five sample plants was measured from the 

ground level up to the tip of the longest leaf at 30 and 60 DAT and from ground 

level to the tip of the longest panicle at harvest ( 90 DAT) and the mean values 

were computed. 

Tiller per hill: Number of tillers per hill for the sample plants were counted at 30, 

60 and at harvest ( 90 DAT) and average number of tillers per hill were computed. 
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Dry matter production: Five plants were collected by cutting at the ground level 

from the second row onwards, leaving border rows on all sides. These plants were 

oven dried at 60-6S0c and dry weight was recorded in grams at 30, 60 and at 

harvest (90 DAT). Dry matter production in Q ha-! was computed from the 

averages at 30,60 DAT and at harvest (90 DAT). 

Panicles m o2
: Five hills of sample plants were selected from net plots and the total 

number of panicles were counted and the average number of panicles m-2 was 

found out. 

Panicle length (em): The length of the panicle was measured from a sample of ten 

panicles drawn at random from the marked five hills. The length was measured 

from the neck to the tip of the panicle and the mean panicle length was computed. 

Panicle weight (g): From the selected panicles, weight of the panicles was taken 

and the mean panicle weight was computed. 

Spikelets per panicle: From the selected panicles, grains were separated and both 

filled and unfilled were added to get total grains per panicle and mean value was 

determined. 

Number of filled and unfilled grains per panicle: From the selected ten panicles, 

grains were separated, cleaned and filled and unfilled grains were separated. The 

filled grains were counted with the help of a grain counting machine and unfilled 

grains were counted manually. The mean value of filled and unfilled grains were 

computed separately. 

Per cent sterile spikelets: From the number of total spikelets and unfilled spikelets 

per panicle, the sterility per cent was worked out. 
Number of sterile spikelets 

% Sterile spikelets = x 100 
Total spikelets 
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Test weight: The 1000 filled grains, counted from sample panicles were weighed 

and weight recorded in grams. 

3.6.6 Grain and straw yield: The net plots (leaving 2 border rows on each side 

and 0.2 m at each end of the plot) were harvested and sun dried for four days in the 

field and then the total biomass yield was recorded. After threshing, cleaning and 

drying the grain yield was recorded. Straw yield was obtained by subtracting grain 

yield from total biomass yield. Yields were expressed in quintals per hectare. 

3.6.7 Harvest index: Harvest index was calculated by using the following 

expression (Singh and Stoskofif, 1971). 

Harvest index::: 100 ( Economic yield / Biological yield) 

Or 

::: 100 ( Grain yield / Grain + Straw yield) 

3.6.8 Chemical analysis ' 

3.6.8.1 Soil analysis 

Soil samples were collected from each plot after harvest of each crop from a 

depth of 0-15 em and were analyzed for organic carbon, available phosphorus, 

available potassium and pH, as per methods given in Table 3.1 

3.6.8.2 Plant analysis 

The plant samples were dried, ground, sieved and analyzed for total nitrogen 

content in the plant samples at 30, 60 DAT and at harvest (90 DAT) by modified 

kjeldhal method (Prasad, 1982). Total phosphorus and potassium were estimated by 

vandomolybdo phosphoric acid yellow method ~nd flame photometer method, 

respectively (Prasad, 1982) on a tri-acid digest of plant material (Johnson and 

Ulrich, 1959). The NPK content in straw and in grain were expressed in per<:entage. 



Protein content in grain: Protein content in grain was obtained by mUltiplying N 

content in per cent with a factor 6.25. 

Nutrient uptake: Nitrogen, phosphorus and potassium uptake by rice was 

calculated by multiplying their respective chemical concentrations with dry matter 

yields in q ha- I 
. 

Agronomic and Physiological efficiency and Apparent recovery: 
Agronomic efficiency and Physiological efficiency were determined by the 
following expre~sions. 

Yt-Yo 
Agronomic efficiency (AE) = kg grain I kg nutrient applied 

At 

where Yt = Yield under test treatment (kg ha- I
) 

Yo:::: Yield under control (kg ha- I
) 

At:::: Units of nutrient applied in the test treatment (kg ha-1
) 

Yt-Yo 
Physiological efficiency (PE) = 

Ut-Uo 

where Yt = Yield under test treatment (kg ha- I
) 

Yo:::: Yield under control (kg ha- I
) 

Ut:::: Uptake of nutrient in test treatment (kg ha- I
) 

Uo :::: Uptake of nutrient in co~trol plot (kg ha- I
) 

Nt-No 
Apparent recovery (%) :::: 

Na 

where Nt:::: Amount of nutrient takenfrom tested plot (kg ha-
I
) 

No:::: Amount of nutrient taken from the control plot (kg ha-1
) 

Na:::: Amount of nutrient added (kg ha- I
) 



Nutrient harvest index (%) 

Nutrient harvest index (%) was given by (Austin et al., 1977) 

Nutrient harvest index == 100 eNs I Nt) 

Ns == Nutrient uptake by grain at harvest 

Nt == Nutrient uptake by (grain+straw) by whole plant at harvest 

3.6.9 Statistical analysis 
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The data relating to each character were analyzed statistically by applying 

the technique of Analysis of Variance and the significance was tested by 'F' test 

(Cochran and Cox, 1957). Standard error of mean (SEm ±) and critical difference 

(CD) at 5% level of significance were worked out for each character. The data have 

been illustrated graphically too, wherever needed. 



4. RESULTS AND DISClJSSION 

The expelimental results obtained ciurin!.( the two veal's of investiuation are 
~. ~ 

presented in this chapter. Mean data on varieties, plant population, planting patterns 

and nitrogen levels are given irrespective of their statistical signiticance. Also data 

are presented for significant interactions 

.... 1 G.·owth Characters 

4.l.1 Plant height 

The data on plant height as intluenced by varieties, plant population, planting 

patterns and nitrogen levels at different stages of erol1 ~rowth (30, 60 OAT and at 

harvest) are presented in Table 4.1. 

Varieties: Traditional variety Pusa 834 and rice hybrid NDHR 1 did not significantly 

differ in respect of plant height during both the years of study at all stages of crop 

grmvth. 

Plant populntion and Planting patterns: These factors also did not significantly afi'ect 

the plant height during either year of study, at all stages of crop growth. In general, 

closer spacing tended to produce taller plants than wider spacing. These results are in 

conformity with the tlndings of Kalyankutty I.! I U/. (I CJ69). Shahi III cd. ( 1(76), Redely 

( 1(78), Sahli ancl Lenka ( }(86), Gulati I.! I ul. ( 1(87), Shah el al. ( 19(1), MOOlihy and 

Saha (1996). 

Nitrogen: During both the years ofstucly plant height increased with increasing levels 

ofN Llpto 120 kg N ha· l
. At]O OAT. in 1995, application of60 kg N ha· 1 

produced 

signitlcantly taller plants than control, there being no significant increase when the 



..J.I 

Tnble 4.1. Effect ofvnl"ieties, row spncings, planting patte"lls ;llld nitrogen levels 

on plant height (em) of dee. 

1995 19% 

Treatments 30DAT 60DAT At harvest 30DAT 60DAT At harvest 

Vnrieties 

Pus a 834 68.2 95.1 95.9 65.0 93.8 94.7 

NDHR2 69.3 96.2 97') 67,7 93.7 94.3 

SEm ± 1.61 0.99 0.82 1.17 1.46 1.4 J 

CD5% NS NS NS NS NS NS 

Row Spacings (em) 

20 69,2 95.0 95.8 65.9 92,0 93.4 

15 68,2 96.2 96,6 66.7 95.4 95,6 

SEm± 1.61 0.99 0.82 1.17 1.46 1.4 

CD 5% NS NS NS NS NS NS 

Planting Pattel'lls 

Conventional 67.8 94.4 . 95.8 65.7 94,3 95,0 

Skip-row 69.7 96.8 96.6 66.9 9],2 939 

SEm± 1.61 0.99 0.82 1.17 1.46 1.4 

CD 5% NS NS NS NS NS NS 

N Levels (kg ha-I) 

° 64.6 92.9 94.1 64.3 91.3 92,2 

60 69.5 96.0 9(1,2 66.0 94.3 94,9 

120 72.1 98.0 98.3 68,9 95.7 96,J 

SEmi 1.47 0.70 0.53 0.76 0.66 0,75 

CD 5% 4.24 2,02 1.53 2,19 I. 91 2,17 

DAT : Days After Transplanting 
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level of N was raised to 120 kg N ha-' However. in 19lJ6. a signitkant increase in 

plant height was observed only when 120 kg N ha" was applied .. During either year of 

study, at 60 DAT the trend of results were same as 30DAT in 1995. At 90 DAT each 

successive level of N increased plant height signit1cantly in 1995. while in 1996, 6() 

kg N ha" signiticantly increased rice plant height over control, there being no signiticant 

increase when the level of N was raised to 120 kg N lm-' 

An increase in plant height due to N applicatioll has been reported by a number 

of workers (Kalyanikutty and Morachan, 1974: Manickam and Ramaswami. 1985; 

Pandey and Singh. 1985: Karel Marx, 1986; Sharma and Mittra. 1988: Singh I.!I o/.. 

J 99 L Bhattacharya and Singh, 1992; Dahatonde. J 9t)2: Shukla l'/ aI., 1993; Thakur. 

1993a). 

4.1.2 N um her of tillers 

The data on tillers hill" at 30.60 DAT and at harvest are presented in Table 4.2. 

Varieties, Plant population, Planting patterns and Nitrogen levels: None of the 

factors studied signitlcantly int1uenced number of tillers hill- ' in the present study. 

Only at harvest in 1995. skip-row planting produced signiticantly more tillers than 

conventional planting. Even nitrogen application did not signiticantly increase the number 

of tillers hil!"l. 

Thus these results differ from those reported by a llllmber of researchers (Bathkal 

and Patil. 1970; KlIpkanchankeel and Vergara, 198U, Sharma and Prasad. 1984; 

Manickam and Ramaswami, 1985: Karel Marx, 1986: Ramesh, 1989: Schnier et al 

, 1990; Udaya Bhaskar. 1990; Singh t!I 01., 1991; Bhattacharya and Singh. 1992; Ran (.'{ 

al., 1993; Pradeep /!/ al., 19(4), who have reported an increase in the number oftillers 

hil!"' in rice due to N fertilization. 
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Table 4.2. Effect of vade ties, I'OW spacings, plnllting Jlatterns and Ilitl·ogellieveis 

on tillering in rice (IlUmbel· hill-I) 

1995 I C)9(, 

Treatments 300AT ()OOAT At harvest 30DAT (lOOAf At harvest 

Varieties 

Pusa 834 8.2 9.1 9.6 94 R 9 8.8 

NOHR2 7.9 8.3 9.3 8.5 88 8.8 

SEm± 0.44 0.48 0.()6 0.43 0.34 0.3.1 

CD5% NS NS NS NS NS NS 

Row Spncings (em) 

20 8. I 9.5 9.8 8.9 89 9 I 

IS 7.5 8.3 9.2 8.5 8.6 9.1 

SEm± 0.44 0.48 0.66 0.43 0.34 o.:n 

CD 5% NS NS NS NS NS NS 

Planting Pattel'lls 

Conventional 7.9 8.3 8.3 8.0 8,1 8.8 

Skip-row 8.5 8.8 10.6 9.3 9.4 9.4 

SEm ± 0.44 0.48 0.66 0.43 0.34 0.33 

CD5% NS NS 2.00 NS NS l.OI 

N Levels (kg ha-1
) 

0 7:4 7.7 9.2 8.5 8.6 8.9 

60 9.0 9.0 99 8.8 8.8 8.9 , 

120 8.3 8.8 9.3 9.4 8.8 9.0 

SEm ± 0.32 0.28 0.44 0.26 0.18 n. 17 

CD5% NS NS NS NS NS NS 

OAT: Days After Transplanting 
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4.1.3 DI1' matter' production 

b'f tt\'t. 
The clata on city matter accumulation, .. crop at various crop growth stages (30, 

60 DAT and at harvest) are presented in Table 4.3 and Fig. Ja & b_ 

Val'ieties: At all stages of crop growth, rice hybrid NDHR 2 produced significantly 

more dry matter as compared to traditional variety Pusa 834 except at 60 DAT during 

1995, when the differences were 110t significant. During I ()9() traditional variety flusa 

834 and rice hybrid NDHR 2 did not differ significantly ill respect oJ'dry l11at tel' 

accumulation at different stages of crop growth. except at harvest when NDI-lR 2 

produced significantly more dry matter. Thus in general heterosis was positive in respect 

of dry matter. 

A number of earlier workers have reported positive heterosis in hybrid rice for 

dty matter production, which is due to higher root activity (Rao (!f al .. 1985: Yen and 

Hu, 1986: Blanco eta!., 1990: Yamauchi, 1994). 

Plant population: Higher plant population (closer spacing of' IS em) produced 

significantly more city matter compared to lower plant population (wider spacing of 

20 cm) at all stages of crop growth during both the years of study. except at harvest 

during 1996, when the differences were not significant. These results are as one would 

generally expect. Wagh and Thorat ( 1 c)R7) also reported signiticantly higher ch-y matter 

production in rice at closer spacing o~' 15 x 10 cm. 

Plan tillg patterns: Planting patterns did not diner significa ntly in respect of dty matter 

accumulation at all stages of crop growth except at 60 OAT during both the years of 

study, when skip-row planting produced significantly higher dry matter as compared to 

conventional planting. 

These results are in accord from t hose reported by De l!t £11. (1984) who observed 

that dty matter accumulated per unit area was slightly high (5%) in skip-row plots. 

planted 20 cm apatt. 
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Table 4.3. Effect of varieties. row sp:,cings, planting pllttems and nitrogen levels 

011 dry matteqH"oduction (q ha-1
) of dee. 

19CJ5 1906 

Treatments 30DAT 60DAT At halvest 30DAT 60DAT At harvest 

Var·ieties 

Pusa 834 18.7 82.0 127.0 18.0 86.3 104.2 

NDHR2 23.1 88.7 141.7 IR.4 86.5 115.3 

SEm± 1.17 4.4CJ 3.22 1 12 I. 83 3.CJ2 

CD5% .3.56 NS 9.77 NS NS IO.l)R 

Row Spacings (em) 

20 17.S 76.2 128.6 14.2 78.8 I Ol). 7 

15 24.0 94.() 140.1 22.2 94.0 109. R 

SEm± 1.17 4.49 3.22 1.12 1.83 3.()2 

CD5% 3.56 13.bJ 9.77 3.40 5.55 NS 

Planting Patterns 

Conventional 20.1 74.4 136.1 16.9 82.6 1 t 1.6 

Skip-row 20.7 96.4 132.6 I CJ,4 90. J 107. C) 

SEm± 1.17 4.49 3.22 1.12 l.S3 3.62 

CD5% NS 13.63 NS NS 5.55 NS 

N Levels (kg ha-I) 

0 15.4 65.2 114.5 12.5 76.0 92.6 

60 21.4 88.7 137.0 18.1 86.1 110.2 

120 26.0 102.2 15 J.() 23.8 97.0 126.4 

SEm± 0.82 2.95 1.44 0.73 0.93 ') ')') 
,,_. -- .... 

CD5% 2.49 8.<)4 4.36 2.21 2.83 6.73 , 

DAT : Days After Transplanting 
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Row spacings x Planting patterns Interaction. It was found signiticant at 60 DAT in 

19CJ() (Table 4.4) and showed that in conventional planting. 15 cm spacing produced 

significantly more chy matter than 20 cm spacing. whereas skip-row planting did not. 

Table 4.4 Effect of row spncings on dry m~ltter production (q hu- l
) of rice ns 

influenced by plnnting patterns at 60 days after transplanting (1996). 

Row spacings (em) 

:20 
15 

SEm± 
CD5% 

Planting patter-ns 

Conventional 

71.2 
94.0 

2.:"9 
7.S5 

SkilJ-row 

86.4 
93.9 

Nitrogen: During both the years of study, dry matter l " rice signiticantly increased 

with each sLlccessive increase in nitrogen levelupto 120 kg N ha -I at all stages of crop 

growth. Several research workers (Sharma and Prasad. 1980; Upadhyaya and Pathak, 

I ()81: Agasimani el a/., 1983; Ramasamy el ((/., 1985, Karel Marx, 1986; Schnier c/ 

al .. IC)90; Sharma III u!., 1990; Udaya Bhaskar, 1990; Thakur, ICJ93a; Padmaja RHo, 

I c)9S) repOlteci an increase in dry matter production with increasing levels ofnitrogell. 

4.2. Yield Attributes 

4.2.1 Panicles 

The data on panicles 111-.2 as influenced by varieties, plant popUlation, planting 

patterns and nitrogen levels are given in Table 4.5. 

V:U'ieties: Traditional variety Pusa 834 produced significantly more panicles 111-
2 

as 

compared to rice hybrid NDHR 2 during 19')5, however, the di1ferences were 110t 

significant during 1996. 

Row spacings: Closer spacing of IS x 10 cm resulted in significantly more panicles 

111-2 than with wider spacing of20 x I Cl cm dl1l'ing botb the years of study. 
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These results are in contbrmity with the findings of Venkateswarulu and Singh 

(1980), Thorat et al. (1983), Reddy and Ghosh ,( ILJ84), Singh elol. (1985), Wei and 

Lin (1986), Jones and Snyder (1987), Tsai (1987), Wagh and Thorat (1987), Aragones 

and Wada (l989), Sharma and Singh (1992) and Sharma ( I !;Jc)4) , 

Varieties x Row spacings: Varieties and row spacings interaction was found significant 

in 1996 (Table 4,6) and showed that traditional variety Pusa 834 produced significantly 

more number of panicles with closer spacing of 15 cm than with wider spacing of 10 

em, whereas, rice hybrid NDHR 2 did not. 

Table 4,6 Effect ofval'ieties on panicles m- 2 of rice as influenced by I'OW spacings 
(1996) 

Row spacings (em) 
Vadeties 20 15 

Pusa 834 238.0 274.1 

NDHR2 255.9 258.8 

SEm± 4.23 

CD 5% 12,83 

Planting pattel'lls: In 1995, skip-row method of planting produced significantly more 

panicles m-2 than conventional method, however, there was no significant difference 

between the two methods of planting in 1996, 

Val"ieties x Planting patterns lntemctioll: Planting patterns interacted significantly 

with varieties in 1995 and 1996 (Table 4.7) and rusa 834 had significantly lesser 

panicles mo2 in skip-row planting than ill converltion31 planting, These results are in 

conformity with the findings of De el (rl. (1984) and Moolthy and Saha ( 1996). 
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Table 4.7 Effect of val"ieties 011 pllni~les 111-
2 of rice as influenced by planting 

patterns 

Planting patte.·ns 
Vndeties COllventional Skip-I'ow 

1995 
Pusa 834 358.7 317.8 
NDHR2 325.4 317.7 

SEm± 5.70 

CD5% 17.20 

1996 

Pusa 834 262.8 249.3 
NDHR2 254.8 259.8 

SEm± 4.23 

CD5% 12.83 

Nitrogen: With each successive increment in the level of nitrogen there was significant 

increase in the number of panicles 111-
2 in both the years of study. Similar results were 

reported by several research workers (Raju and Rao, ! 984; Varshney, 1(86). 

Varieties x Nitrogen: This interaction was significant only in 1995, when at no nitrogen 

varieties did not differ significantly, whereas at 60 and 120 kg N ha-' Pus a 834 produced 

significantly more panicles than NDHR 2 (Table 4.8). 

T~lble 4.8 EfTect of vnl'ieties 011 pnnicles 111-
2 of !'ice ns influenced by nitrogen 

levels (1995) 

Nitrogen levels (kg N ha- ) 
Varieties 0 60 120 

Pusa 834 300.6 351.8 362.3 

NDHR2 292.5 322.5 350.1 

SEm± 3.10 

CD 5% ~'9S' 

Row spacings x Nitrogen: As already discllssed closer spacing (15 em) produced 

significantly more panicles than wider spacing (20 cm) in both the years (Table 4.5). 

Furthermore in 1995 the number ofpallicles produced with 15 em row spacing even at 

60 kg N ha-' were significantly more than with 20 cm row spacing at 120 kg N ha-
1 

(Table 4.9). 
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Table 4,9 Effect ofl'ow spacings 011 panicles m,2 of dee :ts influenced by nitrogen 
levels (1995) 

Nitrogen levels (kg N hn- ) 
Row spacings (cm) 0 60 120 

20 287.9 320.4 340. 1 

15 305.2 353.6 372.3 
SEm± 3.10 
CD 5% 8"5 

Planting patterns x Nitrogen Interadion: As ill the case of closer spacing, in 1995 

in skip-row planting ,significantly more panicles were produced in control and at 120 

kg N ha- 1 but at 60 kg N ha-' the differences were not significant. FU11hermore the 

number of panicles produced at 60 kg N ha- ' with skip-row planting were on par with 

the number of panicles produced at 120 kg N ha-1 with conventional planting. In 1996 a 

significant difference between the two planting patterns was found only in control 

plots, when conventional planting produced significantly more panicles m-2 (Table 

4.10). 

Table 4.10 Effect of planting pattc.'ns on panicles 1l1·
2 of rice as influenced by 

nitrogen levels 

Nitrogen levels (kg N ha- ) 
Planting patterns 0 60 120 

1995 

Conventional 284.2 333.2 347.6 

Skip-row 308.9 340.8 364.8 

SEm± 3.10 

CD5% 8'~-

1996 

Conventional 237.4 256.1 283.0 

Skip-row 219.2 254.3 290.3 

SEm± 4.40 

CD5% U·"1-o 
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4.2.2 Panicle weight 

The data on panicle weight (g) in rice as influenced by varieties, plant population, 

planting patterns and nitrogen levels are given in Table 4,S. 

Varieties: Rice hybrid NDHR 2 produced heavier panicles than Pusa 834. Similar 

results of positive heterosis for panicle weight were reported by IRRI (ll)R4), 

Lokaprakash ef al. (1992). 

Plant population ~lIld Planting p~IUems : Plant population hnd no signifkant influence 

on panicle weight of rice during both the years of study Skip-row planting produced 

heavier panicles than conventional planting, however, the differences were significant 

only during 1995. 

Plant popUlation x Planting patterns Interaction: It was found significant during 

1995, which showed that 15 cm row spacing with skip-row planting produced 

significantly heavier panicles as compared to conventional planting with either spacings 

(Table 4.11). 

Table 4.11 Effect of row spacings 011 panicle weight (g) of rice :IS influeIlced by 
planting pattel'l1s (1995) 

Planting patterns 
Row spacings (em) COllventiomd SkiIH'OW 

20 

15 

2.61 

2.41 

SEm± 0.050 

CD 5% .~,.-.... 0.150 
.""' - .-..... <. 

2.61 

2.76 
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Varieties: Traditional variety Pusa 834 and rice hybrid NDHR 2 did not signitkantly 

differ in respect of panicle length of rice, except in 1995, when NDHR 2 produced 

significantly longer panicles than Pusa 834. 

Several researchers showed that hybrids when compared to standard check 

varieties showed positive and signitlcant heterosis for panicle length (IRRl, 1984; 

Subramanian and Sivasubramanian, 1986; Lokaprakash et a/., 1992). 

Varieties x IJlanting p~ltterns: This interaction was found significant during 1995 

(Table 4.12) and showed that NDHR 2 with either of the planting patterns produced 

signit1cantly longer panicles than Pusa 834. 

Table 4.l2 Effect. of varieties 011 IJanicie length (el11) of rire as inflllenc.ed by 

planting patterns (1995) 

Planting patterns 
Varieties Conventional Skip-row 

Pusa 834 

NDHR2 

SEm± 

CD5% 

22.9 

25.3 

0.25 

0.76 

23.5 

24.7 

Plant pOIJUlation, Planting patterns and Nitl'ogenlevels: None of these factors studied 

significantly iniluenced panicle length of rice in the present stmly. A few earlier research 

workers (Singh et al., 1985; Venugopal and Singh, 1985; Shah et al., 1991) have also 

reported significant effect of plant population on panicle length. 

On the other hand number of workers have reported increase in panicle length 

due to N fertilization (Srivastava and Singh, 1971; Sharma and Prasad, 1982; Sharma 

and Prasad, 1984; Karel Marx, 1986~ Dalai and Dixit, 1987; Thakur, 1989; Raju el a/. , 

1990; Udaya Bhaskar, 1990; Singh ef al., 1991; Shukla e( a/., 1993; Kanungo and RauL 

1994). 



4.2.4 Filled spikelets panicle-1 

The data on tilled spikelets panicle-! as influenced by varieties. plant population, 

planting patterns and nitrogen levels are presented in Table 4 . .5. 

Varieties: Rice hybrid NDHR 2 produc~d significantly more tilled spikelets per panicle 

than Pusa 834, during both the years of study. These results are in conformity with the 

findings of several workers (lRRI, 1984; Yen and !-Iu, 1986; Salmi I!I ul., 1987; Malik 

et aI., 1988; Lokaprakash e/ al., 1992). 

Plant population: Plant poputation had no significant effect on tilled spiketets 

panicle-!, however, lower plant population (wider spacing of20 em) had a tendency to 

produce more fHled spikelets panicle-! than higher population (closer spacing of 15 

em) during both the years of study. These results are in conformity with the findings of 

Padmaja Rao (1995). 

Planting patterns: Skip-row planing pr~dllced signiticantly more Hlled spikelets than 

conventional planting, during 1995 and 1996. Similar results are reported by De ef al. 

(1984). 

Vm'ieties x Pl:lIJting pattems: Varieties and planting patterns interaction was tound 

significant during 1995 (Table 4.13) and showed that rice hybrid NDHR 2 produced 

signiticantly more tillled spikelets panicle-! than Pusa 834 in either of the planting 

patterns studied. 

Table 4.13 Effect of varieties 011 filled spikelets panicle I of dc.e as influenced 

by planting pattems (1995) 

Varieties 

Pusa 834 
NDHR2 
SEmi 
CD5% 

Planting fla tterns 
Conventional 

C)8.7 
124.4 

6.64 
9.22 

Skip-row 

104.3 
137.1 
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Nih'ogen: With each successive increment in the level of nitrogen. number of tilled 

spikelets per panicle increased, but differences were not significant during both the 

years of study. 

A number of earlier workers repol1ed an increase in filled spikelets with an 

increase ill N feliilizatioll (Manickam and Ramaswami, 1985; Karel Marx, 1986~ Dalai 

and Dixit, 1987; Saikia et a!., 1988; Udaya Bhaskar, 1990; Thakur, 19Cna). 

4.2.5 Sterile spikelets panicle- t 

Val'ieties: Rice hybrid NDHR 2 produced significantly more sterile spikelets tban 

traditional variety Pusa 834 during 1995, however, the ditlerences were not significant 

during 1996. 

Similar results were reported by number of earlier workers (Rao !.!I al. )985: 

Subramanian and Sivasubramanian, 1986; Prakash and Mahadevappa, 19R7; 

Paramasivan and Sreerangaswamy, 1990). 

Plant population and Planting pattcl"IIs: Plant population and planting patterns had 

no significant influence all number of sterile spikelets panicle-I during both the years of 

study, except in 1996 when skip-row planting produced significantly more sterile 

spikelets than conventional planting. 

Nitrogen: With an increase in the level of nitrogen, number of sterile spikelets 

panicle- l decreased, however, the differences were not significant except during 1996. 

where control plot produced significantly higher number of sterile spikelets panicle-I. 

Row spacings x Nitt'ogen: This Interaction was found significant during 1996 (Table 

4.14) and showed that control plot produced significantly mOle sterile spikelets with 

20 cm row spacing than with 15 cm row spacing. 
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'nlble 4.14 Effect of row spacings 011 sterile spikelets panicle-! of rice as 

influenced by nitrogen levels (1996) 

Row spacings (cm) 0 

20 51. 7 
15 39.3 
SEm± 
CD5% 

4.2.6 Total spikelets (Janick' 

Nitrogen levels (kg N Ita- ) 

60 

36.4 
39.2 

2.82 
S.IO 

120 

33.3 
31 :1 

The data on total spikelets panicle-' as influenced by varieties, plant population, 

planting patterns and nitrogen levels are presented in Table 4.5. 

Varieties: Rice hybrid NDHR 2 produced significantly more spikelets panicle-' than 

traditional variety Pusa 834, during both the years of study. 

Row spacings: Wider spacing of 20 cm produced more spikelets panicle-' than closer 

spacing of 15 cm, however. the differences were signifIcant only during 1996. 

Several researchers reported more spikelets panicle-' with wider spacing (Rathi 

et al. 1984; Reddy and Ghosh, 1984; Jones and Snyder, 1987; Singh III al., 1987; 

Padmaja Rao, 1995). 

Planting patterns: Planting patterns studied did not ditfer significantly in number of 

total spikelets panicle-' , except in 1995 when skip-row planting produced significantly 

more spikelets panicle-1 than convention,al planting. 

Varieties x Planting pattel'lls Intn:lction: It was found significant during 1995 (Table 

4.15) and showed that NDHR 2 produced significantly more spikelcts panicle-' than 

Pusa 834 in either of the planting patterns studied. 
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T'lble 4.15 Effect of vm·ieties on total spikelets of dee ~s influenced by planting 

pnttems (1995) 

Varieties 

Pusa 834 
NDHR2 
SEm± 

CD5% 

Planting patte."ns 
Conventional 

136.1 
171,8 

4.17 

12.66 

Skip-I"OW 

145.4 
199.7 

Nitrogen: With an increase in the level of nitrogen spikelets panicle-' increased with 

60 kg N ha-', thereafl:er, it decreased with 120 kg nitrogen application, however, the 

differences were not ,significant during both the years of study, 

A number of workers have obtained increase in number of spikelets panicle-' 

due to N fet1ilization (Srivastava and Singh, 1971; Singh e( £11., 1979; Sharma and 

Prasad, 1984; Manickam and Ramaswami, 1985; Karel Marx, 1986; Dalai and Dixit, 

1987; Saikia et al., 1988; Thakur, 1989; Udaya Bhaskar, I CJ90; Shukla e( aI., 1993; 

Thakur, 1993a). 

4.2.7 Pe." cent Sterile Spikelets 

The data on per cent sterile spikelets as influenced by varieties, plant population, 

planting patterns and nitrogen levels are given in Table 4.5. 

Varieties: Traditional variety Pusa 834 and rice hybrid NDHR 2 did 110t signiticantly , , 

differ in respect of per cent sterile spikelets during both the years of study. However 

NDHR 2 produced more percentage of sterile spikelets than Pusa 834 during both 

years of study. 

Row spacings and Planting patterns: These two tllctors also did not significantly 

inf1uenced the percentage sterile spikelets during both the years of study. 

Nitrogen: With each successive increase in the level of nitrogen there was a significant 

decrease in the percentage of sterile spikelets, during both the years of study. 
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A number of earlier workers reported that per cent filled spikelets were less 

with higher rates offertilizer-N (Ramesh, 1989; Chau and Deshl11ukh, 1991: Deshl11ukh 

and Chau, 1(92). 

4.2.8 IOOO-grain weight 

The data on IOOO-grain weight (g) as influenced by varieties, plant pOPlllation, 

planting patterns and nitrogen levels are given in Table 4.5. 

Vnrieties: Rice hybrid NDHR 2 produced significantly higher IOOO-grain weight 

than traditional variety Pusa 834 during 1995, however, the differences were not 

significant during 1996. Sin~ar results of significant positive heterosis for 1000-grain 

weight (test weight) was reported by several workers (IRRI, 1984; Rao III aI., 1985~ 

Lokaprakash el aI., 19(2). 

Plant population, Planting patterns and Nitrogen levels: Thesetactors did not diner 

signfiicantly on IOOO-grain weight during both the years of study, however, with an 

increase in the level of nitrogen, 1 OOO-grain weight increased. 

A number ofworkers obtained increase in I DOD-grain weight clue to N fertilization 

(Sharma and Prasad, 1984; Dalai and Dixit, 1987; Saikia dol., 1988; Thakur, 1989: 

Reddy and Reddy, 1989: Udaya BhHskar, 1990; Chau and Deshmukh. 1991; Thakur. 

1993a: Shukla et a/. , 1993; Kanungo and Raul, 1(94). Gowda III a1. ( 1989) however, 

reported no change in test weight with increasing levels offertilizer nitrogen 

4.3 Yield 

4.3.1 Grain yield 

The data on grain yield (q ha") as influenced by varieties, plant popUlation, 

planting patterns and nitrogen levels are presented in Table 4.16 and Fig. 4. 

Varieties: Traditional variety Pusa 834 and rice hybrid NDHR 2 did not ditfer 
, 

significantly in respect of grain yield during both the years of study. 
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Plant population: Higher plant population obtained with a closer spacing of I 5 x 1 () 

cm significantly increased grain yield during 1995, however, the differences were not 

significant during 1996. 

A number of earlier workers obtained increased grain yields due to Ilarrow 

spacing of 15 x 10 CIll over wider spacin~ 0[20 x 10 CIll (Sewaram ef a1., 197J: Singh 

and Singh, 1973; Kumar ef 01., 1975: Patil ef o/., 1979: Varshney, I CJS6: Wagh and 

Thorat, 1987; Raju el al., 1989; Singh ef o/., 1(89). 

Planting pattems: Planting patterns did not significantly difrer in respect of grain 

yield, during both the years of study. 

Plant population x Planting patterns: This interaction was f(1lllld significant during 

1995 (Table 4. 17) and showed that in conventional planting, 15 CIlI spacing produced 

signit1cantly higher grain yield than 20 cm spacing, whereas the skip-row planting did 

not. 

Table 4.17 Effect of row spacings 011 grain yield (q ha- l
) of rice as influenced by 

planting patterns (1995) 

Row spacings (cm) 

20 

IS 

SEm± 

C05% 

Conventional 

462 

51.9 

Planting pattel'ns 

1.24 

3.77 

48.4 

48.6 

Varieties x Planting patterns Interaction: It was fbllnd signii1cant during 19WJ and 

was given in Table 4.18 and showed that traditional variety Pusa 834 produced 

significantly more grain yield with conventional planting than with skip-row planting, 

whereas NOHR 2 did not. 



Table 4.18 Effect or vnrieties 011 grain yield (q hn-1
) of rice ~lS influenced by 

plllllting pattems (1996) 

Vnl"ieties 

Pusa 834 
NDHR2 
SEm± 
CD 5% 

Conventional 

42.6 
38.3 

Planting pattents 
Skip,-.·ow 

1.45 
4.39 

36.7 
40.0 

Nitrogen: There was a significant increase in grain yield of both the varieties of rice 

with each successive increment in the level of nitrogen, highest grain yield being obtained 

Similar increase in grain yield due to nitrogen (Vlek c:1 al., 1979; Fagi and De 

Datta, 1981; Sharma el al., 1990; Narang e( al., 1990; Dhal and Misra, 1993: Pandey , 

and Tripathi, 1994: Devaraju e( £1/., 19c)6; Singh e( al., 1996a), potassium (Pande t!/ 

er/., 1993; Sagwal and Vijay Kumar, 1994: Singh L'/ al., 1(94) tertilization had been 

reported. 

Varieties x Nitrogen interaction was 110t found significant during both the years of 

study. 

Plant popUlation x Nitrogen Intcl"lH·.tiou: It was found signitlcant during ItJ% (Table 

4.19). As already discllssed spacing did not significantly influenced the grain yield 

during both the years of study, but the a.pplication of 120 kg N ha- 1 with 20 em spacing 

was ::iignificantly superior to all levels, and also I) em spacing with 120 kg N ha- ' was 

being on par with it. Futihennore, (JO kg N ha- ' with 20 Clll spacing produced significantly 

higher grain yield than 15 em spacing with 60 kg N ha- 1
. 



Table 4.19 Effect of row sJl~lcings 011 gnt in yil'ld (q 11:1- 1) of rice as innu {,l1eed hy 

nitrogen levels (1996) 

Row spacings (em) 

20 

15 

SEm± 

CD5% 

Nitrogen levels (kg N ha - ) 
o 60 f20 

29,6 

32,7 

42.1 

3R.(1 

1.07 

3.0S 

48.7 

45.7 

Balasubramaniyan ( 1985) obtained signi:licant interaction between spacing and 

N application. He reported significant increase in grain yield with an increase in N 

both at 15 x 10 elll spacing and 20 x I () em spacing. 

4.3.2 Stmw yield 

The data on straw yield (q ha- I
) as influenced by varieties. plant POpulCltioll. 

planting patterns and nitrogen levels are given in Table 4. I (1 and Fig. 5. 

Vadeties: Rice hybrid NDHR 2 produced significantly more straw than Pusa 834 in 

both the years of study. 

Plant population: Higher plant pop~t1ation produced significantly more straw than 

lower plant population during 1995, however. the differences were not signiticant 

during 1996. 

Planting patterns: Planting patterns did not ditfer significantly in respect of straw 

yield during both the years of study. 

Plnnt population x Planting pMtems Interaction: It was tbllnd significant during 

1996 and was given in Table 4.20. In skip-row planting, 20 em row spacing gave 

significantly more straw yield than 15 em spacing. whereas in conventional planting 

the tendency was reverse. 
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Table 4.20 Effect of row spacing on stJ'aw yield (q lin") of I'ice as innllenced by 

planting patterns ( (996) 

Planting patterns 
Row spncillgs (cm) COllventional Skill-row 

20 63,6 77,1 

15 76,5 6C),5 , 

SEm± 1.88 

CD5% 5.70 

Nitl'ogel1: There was a significant increase in straw yield orrice due to each successive 

increment of60 kg N ha') up to 120 kg N ha" in both the years of study. 

A number of workers have reported an increase in straw yield due to N (Rajale 

and Prasad, 1975; Singh e( aI., 1979: Prasad and Prasad, 1980: Prasad e! aI., I qg2: 

Rao and Raju. 1987: Thakur, [989: Udaya Bhaskar, 1990: Rai t:f af., 199 I: Mongia, 

1992; MUlthy et aI., 1992; Robinson, ) 992; Shuklae! £1/., 1993; Thakur, 1993a: Kanungo 

and Raul, 1994), while others reported an increase in straw yield due to combined 

application ofNP (Sharma and Mittra, 1990), NPK (Singh ef a!., 1994), 

VaI'ieties x Nitrogen Illtenlction: It was found significant during 1995 (Table 4.21 ) 

and showed that rice hybrid NDHR 2 produced significantly more straw only with no 

nitrogen than Pusa 834 with same level of nitrogen, but did not cliffer significantly in 

their straw yield at 60 kg N ha" and at 120 kg N ha'). 

Tnble 4.21 Effect of vnrieties on stl'aW yield (q h:l'l) of rice as influenced by 

nitrogen levels (1995) 

Varieties 

Pusa 834 

NDHR2 

SEm± 

CD5% 

Nitrogen levels (kg N ha- ) 
o 60 120 

70.3 93.1 105.5 

84.1· 96.8 110.3 

1.82 

5.~" 
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Plant population x Nitl'ogell Interaction: It was found significant during 1995 (Tahle 

4.22) and showed that 15 em spacing produced signiticantly more straw yield at all 

levels of nitrogen except in control than 20 cm spacing. Furthermore straw yield 

produced with 15 cm row spacing even at 60 kg N ha" were being on par with 20 em 

row spacing at 120 kg N ha-'. 

Table 4.22 Effect of row spacings on straw yield (q ha -1) of rice as influenced by 

nitrogen levels (1995) 

Nitl'ogen levels (kg N ha- ) 

Row spacings (cm) 

20 

15 

SEm± 

CD5% 

4.2.3 Hm-vest index 

o 

74.6 

79.8 

60 120 

87.6 c)9.8 

102.3 116.() 

1.82 

5 . .:14 

The data on harvest index (%) as influenced by varieties, plant population. 

planting patterns and nitrogen levels are given in Table 4.16. 

Varieties: Traditional variety Pusa 834 gave significantly higher harvest index than 

rice hybrid NDHR 2 during both the years of study. 

The results are in conformity with the tindings of Yamauchi ef al. (1985) who 

reported lower harvest index in hybrids than in pure lines and Rao et al. (1985) repOited 

no significant heterosis for harvest index. 

In contrast some researchers reported that hybrids have positive and signif1cant 

heterosis for harvest index than compared to either of parents or standard check varieties 

(IRRI, 1984; Lokaprakash et al., 19n). 

Plant pO)JUlation, Planting pattems and Nitrogen levels: None of the factors studied 

significantly influenced halvest index during both the years of study. There was a 
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decrease in harvest index with an increase in the level ofnitrogen, which was due to an 

increase in biological yield without any increase in economic yield. A decrease in 

harvest index due to increase in N fertilizer have also been reported by Biswas ancl 

Bhattacharya (1987), George (1987), Gulati c!/ al. ( 1987). Narang L'f III (199{}), ('hall 

and Deshmukh (1991) and Panda and Rao ( 19CJ 1 ). 

4.4 Nutrient Content 

4.4.1 Nitrogen concentration 

The data on nitrogen concentration (%) of rice as influenced by varieties, plant 

popUlation, planting patterns and nitrogen levels are presented in Table 4.:23. 

Varieties: At 30 OAT, during both the years of study rice hybrid NDHR 2 recorded 

significantly higher nitrogen content than Pusa 834. On the other hand at 60 OAT in 

1996 and at harvest in straw in 1995, Pusa 834 recorded significantly higher N 

concentration than NDHR 2. The differences between the varieties were not significant 

at other stages of crop growth. Thus while in the initial stages of growth rice hybrid 

NDHR 2 recorded higher N content, later on Pusa 834 caught lip it. 

Row spacings: Nitrogen concentration was not signitlcantly intluenced by the row 

spacings studied with both the varieties of rice at all stages of crop growth, in either 

year of study except at 30 DAT during 1995 and at )0 and 60 OAT during 1996, when 

closer row spacing of 15 cm recorded higher nitrogen content than wider row spacing 

of20 cm. 

Varieties x Row spacings Interaction: It was found signitiGant during 1995 at harvest 

in rice straw and at 60 DAT during 1996 (Tables 4.24 & 4.25) and showed that Pusa 

834 recorded significantly higher N content than NDHR 2 at 15 em row spacing in 

1995, and at 20 cm row spacing in 1996. 
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Table 4.24 

Varieties 

Pusa 834 

NOHR2 
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EtTect of varieties on nitrogen content ('1.,) of .-icc stnlw :IS influenced 
by mw spacings (1995) 

Row spacings (em) 
20 

0.43 

0.43 

15 

0.44 

038 

SEm + 0.011 
CD 5% 0.035 

Table 4.25 EtTect of varieties 011 nitrogen content (%,) of rice HS influenced by 

row spacings at 60 days afte." h'ansphlllting (1996) 

Row spacings (em) 
Val"ieties 20 15 

Pusa 834 099 0.98 

NDHR2 0.88 0.99 

SEm± 0.022 

CD 5% 0.067 

Planting patterns: Planting patterns also did not diner significantly in respect of 

nitrogen content, at all stages of crop gr.owth during both the years of study. except at 

harvest in rice straw during 1995 and at 30 OAT in 1996, when conventional planting 

recorded significantly higher nitrogen content than skip-row planting. 

Varieties x Planting patterns Interaction: It was fbund significant during both year::; 

of study at 30 OAT (Table 4.26), where with conventional planting, rice hybrid NDHR 

2 recorded significantly higher nitrogen content than Pusa 834. 

Table 4.26 Effect of vnl'ieties on nitrogen COil tent ('%) of .-ice as influenced by 
planting patterns at 30 days nftel' tnmsplllllting 

11 lanting flU ttcrns 
Varieties Co live!) tiOlul1 SkilH'OW 

1995 
Pusa 834 1.40 1,48 

NDHR2 1.63 l.51 

SEm+ 0.028 

CD5% O.08(J 
1996 

Pusa 834 1,46 1.48 
NDHR2 1.65 1.53 

SEm± 0.012 

CD5% 0.037 



Row spacings x Planting patterns Interaction: [t wa~ tbund signiticant at harvest in 

rice straw during 1995 and at 30 and 60 OAT during 1996 (Table 4.27,4.28 and 4.29). 

[n 1995, nitrogen content ill straw ill cOllventional planting was signitkantly 

more with 20 cm spacing than with 15 em spacing, while tendency was reverse in 

skip-row planting. 

Table 4.27 Effect of row spacings 011 nitrogen content (IX,) of dce stnnv as 

influenced by planting pattems (1995) 

Row spacings (cm) 

20 

15 

SEm± 

CD5% 

Planting pattenlS 
Conventional 

0.47 

0.40 

0.0 II 

(Y035 

Skip-row 

O.3 l ) 

0.42 

In 1996, N content in plant tissue at 30 OAT was significantly more with 15 cm 

spacing than with 20 cm spacing in cOllventional planting. there being 110 significant 

difference in the two spacings with skip-row planting. However. at 60 DAT the two 

spacings studied did not diner significantly in conventional planting, while in skip­

row planting, 15 Gill row spacing gave signiticantly higher N content than 20 Gill row 

spacmg. 

Table 4.28 Effect of I"OW spacings 011 nitrogen content (I!-{,) of dce as influenced 

by planting pl\tterl1S at 30 days aftel' tl'allsplanting (1996) 

Row spacings (cm) 

20 

15 

SEm± 

C05% 

Convelltionnl 

1.50 

1.61 

Planting patterns 

0.012 

0.037 

Skill-row 

1.51 

1.49 
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Table 4.29 EO'eet of row spacings Oil nitrogen content ('Yr.) ordel' as iufluenced 

by plunting patterns lit 60 dllys lifter trllllsplanting (1996) 

Row spacings (cm) 

20 

15 

SEm± 

CD5% 

COIlVCII tiollaI 

0.95 

(],CJ4 

Planting IlHttel"IlS 

D.022 

O.O()7 

Skip-I"OW 

0.92 

1.04 

Nitrogen: With each successive increment in the level of nitrogen there was a significant 

increase in the nitrogen content of both the varieties of rice at all stages of crop growth 

during both the years of study, 

Sharma and Prasad (1980) and Patnaik ef err (1982) reporied similar results that 

increased rate ofN application resulted in increased N content of plants 

Varieties x Nitrogen Ilitemctioll: This was found signitlcant at 30 OAT during both 

the years of study and at 60 OAT in 1995 and are presented in Table 4.30 and 4,31. 

Table 4.30 Effect of varieties 011 nitl'ogen content ('%) of I"ice as influenced by 

nitrogen levels at 30 days after transplantiug dul"ing 1995 and 1996. 

Nitrogen levels (kg N ha- ) 

Varieties 0 60 120 

Pusa 834 
NDHR2 

SEm+ 
CD5% 

Pusa 834 
NDHR2 
SEm± 
CD5% 

1.33 
1.50 

1.42 
1.57 

1995 
1.42 
1.59 

0,020 
0.060 

1996 
1.46 
! .59 
O,U13 
0,OJ9 

1.56 
1.63 

Ij3 
1.61 



During both years of study, N content in plant tissue at 30 DAT was signifIcantly 

higher with rice hybrid NDHR 2 than Pusa 834 at all levels of nitrogen application. 

Furthermore, in 1995 N content recorded by rice hybrid NDHR :2 was significantly 

more even in control than Pusa 834 at 60 kg N application, however, ill 19%. rice 

hybrid NDHR 2 at 60 kg N ha- I also recorded signiticantly higher N content than Pusa 

834 at 120 kg N ha- I 
. 

In 1995, at 60 DAT, Pusa 834 recorded significantly higher nitrogen content than 

NDHR 2 at 120 kg N application, however, the differences were IlDt significant at 

other levels of nitrogen application. 

Table 4.31 Effect of varieties on nitrogen content (1%) orrin as influenced by 

uitrogen levels Ht 60 days llftrr tnlllsphmting (1995) 

Nit.·ogen levels (kg N h~l- ) 

Vatieties 0 60 120 

Pusa 834 0.89 0.83 1.04 

NDHR2 0.84 0.91 O.l)4 

SEm± 0.029 

CD 5% O.O8~ 

Row spacings x Nitrogelllnteractioll: It was f'i.H1nd significant at 6() DAT during both 

the years of study and in rice straw in I c)95 and in rice grain in 1996 nnd were given in 

Tables 4.32, 4.33 and 4.34. 

During both the years of study, N content recorded at o() DAT in 15 cm spacing 

was signiilcantly more than in 20 cm spacing both in control and-with 60 kg N 

application. However two spacings studied did not differ significantly at 120 kg nitrogen 

application. 
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Table 4.32 Effect of I~OW spacings 011 nitrogen content ('Yil) of rice as influenced 

by nitrogen levels llt 60 days after trnllsplllllting 

Row spacings (Clll) 

20 

15 

SEm± 

CD5% 

20 

15 

SEm ± 

C05% 

o 

0.79 

0.94 

0.83 

0.93 

Nitl'ogell le,'els (kg N ha- ) 

60 

1995 

0.78 

O.LJ5 

O.02lJ 

0.084-

1996 

0.94 

0.99 

0.012 

0.035 

12() 

0.98 

1 . DO 

1.03 

1.03 

In straw, at both the levels of nitrogen, 20 cm spacing recorded signiticantly 

higher nitrogen content than 15 em spacing, during 1995. 

T:tble 4.33 EITect of "OW spacings 011 lIitn)gl'n content (IXI) of rice stal'W as 

influenced by llih'ogen levels (1995) 

Nitrogen levels (kg N ha' ) 

Row spacings (cm) 0 60 120 

20 0,37 0.44 0.48 

15 0.38 0.41 0.44 

SEm± 0.009 

CD 5% 0.02' 

1n 1996, nitrogen content in grain was significantly higher with 20 em spacing 

than with 15 em spacing in control, however the ditferences due to spacings were not 

signitlcant when nitrogen was applied. 
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Table 4.34 Effect of mw spacings 011 nitrogen content (1%) of .. ice gnlill as 

influenced by nih'ogen levels (1996) 

Nitrogen levels (kg N ha' ) 
Row spacings (cm) 

20 

15 

SEm± 

o 
0.95 

0.88 

60 120 

1.03 L05 

1.0 I L04 

0.010 

CD 5% O.Oel' 

4.4.2 Phosphor'us content 

The data on phosphorus content (%) as innuenced by varieties, plant population, 

planting patterns and nitrogen levels are given in Table 4 J 5. 

Varieties: Rice hybrid NDHR 2 recorded significantly higher phosphorus content than 

Pusa 834 at all stages of crop growth in both the years. of study except at JO and 00 

DAT in 1995, when the differences were not significant. These results are in conformity 

with the findings ofChengxiu and Shangxian (1988). 

Row spacings: Row spacings had no ~igniticallt influence on phosphonls content at all 

stages of crop growth in 1995, but the differences were significant at all the stages of 

crop growth during 1996, when 15 cm row spacing recorded significantly higher 

phosphonls content. 

Planting patter'us: Planting patterns did not diner signiticantly in respect of ph os phon IS 

content during both the years ofstudy, at all stages of crop growth, except at 30 OAT, 

when conventional planting recorded significantly higher P content tnan skip-row 

planting and at harvest in rice grain and straw during 1996, when skip-row planting 

recorded significantly higher phosphorus content than conventional planting. 

Nitrogen: With each successive increase in the level of nitrogen, there was a significant 

increase in the phosphorus content in both the years of study, at all stages of crop 

growth except at 30 DAT in 1995, 60 DAT in 1995 and I C)96 ancl in rice grain during 

1996, when the difi'erences were not significant. 



I.(') .- r"l 0 
0000 
o 00 
oci° O 

00 

Vi-.::t 
'0 0 
0\ 0 0 

MOO 
0000 

(') 0 
1;'--\00 
1'1 f') 0 0 
C'l C"I 0 0 
0000 

00 
I;'-- ("l ,_, N 
1.(')\000 
N C"I 0 0 
ocioo 

l(')-.::t 
"<;t0\0 
!'--oooo 
0000 
ocioo 

l(') -.::t 
"<;t0l0 
000\00 

00 
0000 

("l 

~;-;gU'.l 
NNOZ 
000 

r') 
00 lI'"l 0 
"<;tll'"lOU'.l 
N"1 0 Z 
000 

+I~ 
SVi 

wO 
CZlU 

f,) 0 
o 
00 
00 
oci 

(') 0 
o r') 0 
r'1 r') 0 0 
1'1 N 0 0 
0000 

I;'-- (') N 
l(')'OOO 
1'1 N 0 0 
0000 

l(') 
0- r'1 0 
!'--ooOCZl 
~ooZ 
000 

l(') 
Vi 00 0 
00 0\0 CZl 

Oz 
000 

('1 
00 0 
-NO{/) 
NNOz 
000 

f') 
C]\ r,) 0 

~~8{/)Z 
000 

Vi '"1" r-- 0' 0 
0\ 000 

NOO 
ciooo 

r'1 
o r') 0 C/J 
~~gz 
000 

00 
0' C"I 

\0 Vi 0 0 
('1 I'~ 0 0 
ciooo 

(") 

o 
gC/J 
ci Z 

r-- ('1 0-
00 0\ 0\ 
000 
000 

r'1 0 o ...-
00 
00 
00 

('1 
00 trl 0 
1'1 r') (") 0 U> 
1'1 C"I 1'1 0 Z 
0000 

00 
00 0 f'1 N 
"'\0'000 
N 1'1 {"ol 0 ~ 
00000 

-:I 1'1 
l(')N!'--O 
t--ooooOO 
OOOO~ 
ocicicio 

I;'--
VI ..... C]\ 0 1'1 
000'0\00 

.,- O~ 

00000 

f'1 
t-- 0 (') 0 

C"1 N 0 U'.l 
N 1'1 1'1 0 Z 
0000 

o 
ON 

o \0 

('1 
o 
0U'.l 
O_ Z 
o 



73 

t-- r-- 0 co \.() 0 t"- co 0 0- r-- \,() 0 0 

~ '<:t '<:t V) '<:tv) r-l t"-f'"l '''"l 0 V) ''"l '''"l 0 Z r'"l '''"l °z r""l 'n 0 0 
I- ci Z ci 0 0 +-' 0 

V) 

I!.i 
u 
'i: 

'''"l '<:t to-. 
0 c:: l- \.() 0 V) I- I.Q 0 0 \0 r--. 0 on r--. I- 0 0 

'<d C"l 0-1 0 Z C"l C'~ 0 0 C'l r-l ~U) C'l C'l C'l 0 0 ,-... ci 6 0 ';!. I- 0 0 0 0 0 0 oZ 0 0 0 0 0 
() --'"" = \0 Q) a-..... 

= 0-
0 0 0 0 0 0 u 

~ co \.() ''1 til t"- I.Q r'"l V) if) co r,) r""l \.() N If) 

8 N r-I 0 Z C'l r-l 0 Z C'1 C'1 0 U) C'I ~ 0 0 

.: ~ ci ci ci Z 0 0 

'" \.() 

'" ~ 
'"" 0 
Q. 

= ~ 
0 0 0 0 0 

0 If) V) V) -=:t N ·n V) r'"l "<:t or) en \0 "<:t 0 r--l \0 

'" 
co co 0 Z co 00 0 Z co co 0 Z \0 00 0 0 0 

13 0 0 0 0 ('-I 0 0 

~ 
0 
f""l -= Q) 

~ 
0 
1-0 - '<:t '<:t '<:t '2 U) 00 on 

~ 
0 f') tr.J 0 N tf) V) 0 0 f') Z \.() 0 on '/1 

"'0 r') f') 0 Z r"l r"l 0 Z r"l r"l 0 r""l ~ 0 0 

= l- ,_. 0 6 6 0 0 
~ 

+-' 
tr.J 

OIl 

= 1-0 
Q) 

o::t '"" U) r-I on - c:: t"- r--. 0 V) co r--. 0 0 t"- r--. 0 \0 t-- co 0 0 
~ 

'<d N r-I 0 Z N ("'1 0 0 C'1 r-I 0 Z C'1 C'I rl 0 0 
Q. 0 0 0 0 6 ci 0 ci 0 6 0 0 0 0 0 
~ 

I-

= 
() .... ·n '"" = 0-

~ a-- ,...... 
Q. 

00 00 00 o::t .;; ~ 
co r--. N V) 0 0\ N V) \0 N N U) r'i 00 t"- In 

~ r') 01 0 Z r,) ("'I rl r'l 0 Z rl -;- 0 0 

= Q 
0 Z ci ..... 0 0 0 0 

u 0 
~ \.() 

Q. 
OIl 

~ \0 co \0 \0 lrt on 
0 

~ ('I l.(") (') 0 ~ r"l ('1 V) 0 r--. ('1 VJ '<:t 0\ r'"l N t"-
1-0 00 0- 0 00 0\ 0 Z a- 00 0 Z t"- oo ~ ~ 0 of! .;; Q 0 6 ci 0 r~ 0 0 .S Q) 0 ..... 

'.0 r') § 4.l 
'C p., 
~ til 

;;.- c:: ro ._ ..... e ..--. ,.-. r-..... e OIl "7 ..... u l) C ~ I!) 

~ -- 1-0 ..c: ¢::: 
~ 

4.l ..... ~ .-r: ~ ..... "@ 

= ~ C -- til ..c tI'J 'u ~ 0 ~ 
~, 

rI") ~ '" "<t N ~ ~ .€ ~ Q ..,,; Q) c.. Q) d) .... r') 

~ +I~ +I~ = 0 +I~ ~ ~ 
~ '"" 00 rJ:J '';:: I!) '- +1 

Q) Q) 
Sl.(") eV'l > I S'" V) :c .... CI:! ~ = §]"~Cl .....J 8 t2 d) 1-0 Y> @ ~Cl e U-lQ ~ 0 w Q 

P ~ ~ ::l 
~ 

0 <n s:: uv)v)u :z 0 l'l 
U 0. p... V)U N r.nU 0 \,() c:/') 



74 

4.4.3 PotHssiuUl content 

The data on potassium content (%) as intluenced by varieties, plant population, 

planting patterns and nitrogen levels are presented in Table 4.36. 

Val'ieties: Traditional variety Pusa 834 and rice hybrid NDHR 2 did 110t ditl'cr 

significantly in respect of potassium content at all stages of crop growth, during both 

the years of study, except at 30 OAT during 1995, when rice hybrid NDHR 2 recorded 

significantly higher potassium content than Pusa 834. 

Row spacings: Row spacings had no significant influence on potassium content of rice 

during both the years of study at all stages of crop growth eKcept in rice grain. when 20 

cm row spacing recorded significantly higher potassium content than 15 elll row spacing. 

Planting pattel'llS: Planting patterns did not diner significantly in respect ofpotassiull1 

content at all stages of crop growth du~il1g both the years of study. 

Row spacings x Planting pattel'lls In tCl'Ilction: This was t(.1lInd signif1cant at halvest 

in rice grain during both the years of study and data are presented in Table 4.37 which 

showed that in both years of study, 20 em row spacing recorded significantly higher 

potassium content than 15 em row spacing in conventional planting. whereas the skip­

row planting did not. 

Table 4.37 Effect of row spacings on potassiulll content (IX,) of rice grain as 
influenced by planting patterns 

Planting Ilatterns 
Row spacings (cm) Conventional Skip-row 

1995 

20 0.28 0.27 
15 0.27 0.27 

SEm± 0,002 
CD5% 0.005 

1996 

20 0.27 0.27 
15 0.26 0.27 

SEm± 0.002 
CD5% 0.005 



7r:.. 

Nitl"ogen: With each successive increase in the level of nitrogen, there was a significant 

increase in the potassium content of both the varieties of rice at all stages of crop 

growth, during both the years of study. 

Row spacings x Nitrogcn Intenlctioll: It was found significant at 60 DAT during 

1995 (Table 4.38) and showed that with either of the spacings there was a significant 

increase in the K content lIpto 120 kg N l1a- l
. 

Table 4.38 Ellect ofl'oW spacings 011 poi:lssiullI content ('%) ofrice as influenced 
by Ilih'ogcnlevels at 60 days after trmlSIJIHllting (1995) 

Row spacings (em) 

20 

15 

o 
1.13 

I. 13 

Nitrogen levels (kg N 1m" ) 
60 120 

1.25 1.50 

1.31 1.43 

SEm± 0.025 

CD 5% 0.07·2. 

4.5 Nutrient Uptake 

4.5.1 Nitmgell uptake 

The data on nitrogen uptake (kg ha·
l
) as intluenced by varieties, plant population, 

planting patterns and nitrogen levels are given in Table 4.39 and Fig. 6a & b. 

Varieties: Traditional variety Pusa 834 and rice hybrid NDHR 2 did not ditrer 

significantly in respect of nitrogen uptake during both the years of study, at all stages of 

crop growth except at 30 OAT in 1995 and at harvest in rice straw during 1996, when 

rice hybrid NDHR 2 recorded signitlcantly higher N uptake than Pusa 834. Whereas, 

in 1995 at harvest in rice grain Pusa 834 recorded significantly higher N uptake than 

NOHR 2 during 1995. 

These results are in conformity with the tindings of Sta ef ,if. ( 1994) who reported 

that hybrids have higher N uptake compared to their inbred parents particlliarly at 30 

OAT, however, this differential uptake was not observed at 60 DAT. 
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Row spacings: Row spacings had no significant influence on N uptake of rice during 

both the years of study at all stages of crop growth except at 30 and 60 DAT. when 15 

cm row spacing gave significantly higher N uptake than 20 em row spacing. 

Varieties x Row spacings Interaction: This was found significant at halvest in rice 

grain during 1996 (Table 4.40) and showed that NDHR 2 recorded significantly more 

N uptake at 20 cm row spacing than at 15 cm row spacing, whereas Pusa 834 did not. 

Table 4.40 Effect of varieties on nitrogen uptake ( kg IU1-
1 

) of I'ice gl"llin as 
influenced by row spacings (1996) 

Row spacings (em) 
Varieties 20 15 

Pusa 834 37.8 40.7 

NDHR2 41.6 J6.0 
SEm± 161 
CD5% 4.88 

Planting patterns: Planting patterns did not diller signitlcantly in respect of nitrogen 

uptake during both the years of study at all stages of crop growth except at 00 DAT 

during both years of study, when skip-row planting produced significantly more N 

uptake than conventional planting. 

Row spacings x Planting pattel'l1s Intemctioll: I t was found signit1can t at harvest in 

rice straw during 1995 and 1996 and data are presented in Table 4.41. In 1995 at 10 

em row spacing, conventional planting recorded significantly higher N uptake than 

skip-row planting. Also in skip-row planting 15 em row spacing recorded significantly 

higher N uptake than 20 em row spacing. 

In 1996, N uptake in plant tissue was significantly higher with skip-row planting 

than with conventional planting, at 20 cm spacing, however the trend was revel'Se at \ 5 

em spacing. 
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Table 4.41 Effect of row spacings ollnitrog('n uptake (kg ha- I
) ofrire straw as 

influenced by planting pattenls. 

Pbll1ting patterns 
Row spacings (cm) Conven tiolU11 Skip-ro'\\' 

1995 
20 43.0 :n.3 
15 39.2 42.3 

SEm± 1.80 

CD 5% .5 46 

1996 
20 63.6 77.1 
15 76.1 66.5 

SEm ± 1.89 

CD 5% 5.72 

Nih·ogen: During both the years of stu dy, nitrogen uptake increased signitlcantly with 

each successive increase in the level of nitrogen upto 120 kg N ha· I
, at all stages of 

growth. 

A number of workers have obtained increase in N uptake due to N fertilizati011 

upto 120 kg N ha·' (Rajale and Prasad, 1975; Sharma and Prasad, 1980: Patnaik et al., 

1982; Tanaka ef al., 1984; Reddy and Sreeramamurthy, 1985; Biswas e/ al.. 1987; 

Dubey and Bisen, 1989; Hamissa e/ 01.. 1989; Hussain eI a/., 1989; Sharma and Mittra, 

1990; Chau and Deslullukh, 1991: Sreedevi and Thangall1uthu, 1991; KrishnakumHr 

and Subramanian, 1992: Pande ef al., 1993; Thakur, 199Ja: Pradeep do!., 19(4) 

while others reported increase in N uptake due to combined application ofNP (Penllnal 

ef al., 1986; Mohapatra and Jee, 1993), NPK (Palaniappan elf al., 19(2) fertilization. 

Row spacings x Nitl"Ogen Intemction: It was found significant at harvest in rice grain 

during 1996 (Table 4.42) and showed that 20 cm spacing recorded signifleantly higher 

N uptake than with 15 em spacing at 120 kg N ha- I
, however. differences were not 

significant at other levels. 
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Table ... A2 Effect of row spacings on nitrogen uptake ( kg ha·1
) of rice gr.ain ;IS 

influenced by nitrogclllevels (1996) 

Row spacing (em) 

20 
I:; 

SEm :::: 

CD :;°'0 

o 

29.1 
30.8 

Nitrogen levels (kg N ha - ) 

60 

3l\.2 

I O::! 

120 

50.0 
46.0 

Planting patterns x Nitrogen: This interaction was found signiticant at harvest in 

rice grain during 1996 (Table 4.43) and showed that onlv when nitrol.!,en was not 
~ ~ --

applied conventional planting recorded signitlcantly high, 'I' N uptake than skip-row 

planting. when N was applied the t\\;'o planting systems did not differ significantly 

Table 4 .... 3 Effect of planting plltterns on nitl'ogen upt:1:ke (kg ha-1) of rice 
grain as influenced by nitrogen levels (t 996) 

Planting patterns 

(' onventional 

Skip-row 

o 
32.9 

27.1 

Nitrogen levels (kg N ha -I) 

60 

40.2 

SEm ::!:: I. ()2, 

CD 5~/o 2.lJ5 

.... S.2 Phosphorus uptake 

120 

47.8 

48.2 

The clata on phosphorus uptake (kg ha· 1
) as intluenced b~ varieties, plant 

popUlation, planting patterns and nitrogen levels are presented in Table 4.·"'4 and 

Fig.7a & b 

Varieties: Rice hybrid NDHR 2 recorded signiticantly higher phosphorus uptake than 

Pusa 834 at 30 DAT and in rice straw during 1 C)C)\ however, the differences were not 

signitlcant at 60 OAT and in rice grain in J 99). [n Il)l)(). both the varieties did not - ~ 

differ significantly in their phosphorus uptake. except in straw when rice hybrid 

NDHR 2 recorded significantly higher P uptake than traditional variety Pusa 834. 
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B.ow spacings: 15 em row spacing p(,oflueed significantly more P uptake than 20 em 

row spaieng in both the years of study at all stages of crop growth except at harvest in 

rice grain and straw during 1996, when the difTerences were not significant. 

Varieties x Row spacings Interaction: This was found significant in rice grai II during 

1996 (Table 4.45) and showed that at 20 elll row spacing, rice hybrid NDHR 2 rrodueed 

significantly more P uptake than Pusa 834, whereas 15 em row spacing did not. 

THble 4.45 

Varieties 

rusa 834 

NOHR2 

SEm ± 
CO 5% 

Effect of varieties Oil phosphorus uptHkc ( kg 11:.-1
) of rice grnin as 

influenced by row spHcings (1996) 

Row spacings (em) 

20 15 

7.2 R.3 

8.5 g.o 

0.28 

0.84 

PIHnting pattcl'Ils: Planting patterns had no signifkant intluence on phosphol1ls uptake 

in both the years at all stages of crop growth except at 60 DAT wilen skip-row planting 

recorded signiticantly higher phosphorus uptake than conventional planting 

Row spacings x. Planting patterns IlIten,ction: Thi~ was f()l1l1d ~ignificant dllring 

1996 at 60 OAT and at harvest in rice straw (Table 4.46 and 4.47). 

At 60 OAT, 15 em row spacing with either of plantings recorded signiticantly 

higher phosphorus uptake than 20 cm row spacing with either of plantings. Furthermore, 

in skip-row planting, 15 em row spacing recorded significantly higher phosphorus 

uptake than 20 cm row spacing. 



Tullic 4.46 Effect of row spacings 011 phosphorus upt:lkl." (k~ h:,-I) of ricl' :IS 

influenced by plullting patterns at 60 da)'s after transplanting (1996) 

Row spacings (em) 

1)lallting patterns 

COllven ti onal Skip-row 

20 

15 

SEm :±: 

CD5% 

16.3 

21.8 

1(j.R 

no 
() SR 

l. 75 

In straw in conventional planting, signitic(llltly higher P l1ptake was obtained at 

IS em row spacing than at 20 em row spacing. Whereas the trend was reverse in case 

of skip-row planting. 

Tallie 4.47 Effect of row spacings on phosphorus uptake ( kg ha- I 
) of .-ice 

straw as influenced hy ph1l1ting patterns (1996) 

Row spacings (cm) 

Planting patterns 
COl1vcn tional Skip-row 

20 

IS 

'SEm± 

CD5% 

5.8 

7.3 

0.21 

0.65 

7.2 

Var'ieties x Plantings patterns lnternction: This was found significant in grain during 

1996 (Table 4.48) and showed that in skip-row planting, rice hybrid NDHR 2 recorded 

signif1cantly higher P uptake than Pusa 834. Furthermore Pusa RJ 4 recorded signi ticantly 

higher P uptake with conventional planting than with skip-row planting. 

Table 4.48 

V:lrieties 

Pusa 834 
NDHR2 

SEm± 

CD5% 

Effect Ofvlll'ieties on phosphorus uptake (kg ha-
I

) of rice grain as 

influenced lly plnnting patterns ( t 996) 

Planting pattel'ns 

Co Ilven tion III Skip-row 

8.4 7.2 
8.0 8.6 

0.28 

0.84 



N it"ogen: With each sllccessive increClse in the level of 11 itrogen phosphoru s uptake 

was increased significantly at all stages of crop growth during both the years of study. 

Several workers rep0l1ed that increase ill P uptake due to increase in nitrogen 

application (Biswas eta!., 1987; Sharma and Mittra, 19c)O; Sreeclevi llllel Thangamuthu. 

1991). 

Row spacings x Nitrogen Intenlction: It was found signiticant during 1995 at 60 

OAT and in straw and data are present ed in Tables 4.49 and 4.50 

At 60 OAT, at both the levels nitrogen application there was a significant increase 

in the uptake of phosphol1ls with 15 CIll row spacing than with 20 em row spacing. 

Furthermore the utilization of phosphohls was more with 15 CIll row spacing at {)() kg 

N ha
ol 

than with 20 em row spacing at 120 kg nitrogen application. 

Table 4.49 Effect of row spacings on phosphorus upblke (l<g h~lOI) of rire HS 
influenced by nitrogelllevels at 60 days after t.oansillanting ([995) 

Row spacings (cm) 

20 

15 

SEm ± 
CD 5% 

0 

12.9 

14 0 0 

Nitrogen levels (kg N ha
o 

) 

60 120 

17.4 19.7 

20.() 27.0 

0.95 

2:1.1\ 

In straw, at all levels of nitrogen application 15 em row spacing recorded 

significantly higher phosphorus uptake than with 20 cm row spacing. Furthermore the 

phosphorus uptake obtained with 15 cm row spacing at (JO kg nitrogen application \vas 

same as that obtained with 20 em row spacing with 120 kg nitrogen application 

Table 4.50 Effect of row SJ1HrillgS on phosphorus llpllll<e ( kg ha-
1

) of rice 
stnlw as influenced by nitrogen I(.'v('ls (1995) 

Nitrogen leyels (kg N h£ ) 
Row spacings (cm) o . 60 120 

20 

15 

SEmi 
CDS% 

5.5 

6.2 

7.0 8.5 

R.5 lOA 

0.17 

()·4~ 
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4.5.3 Potassium llptal(.e 

The data on potassium uptake (kg ha-1
) as influenced by varieties, plant population, 

planting patterns and nitrogen levels are presented in Table 4.51 and Fig 8a & b. 

Varieties: Varieties Pusa 834 and NDHR 2 did not differ significantly in respect of 

their potassium uptake during both the years of study at all stages of growth except at 

harvest in rice grain during 1995, when Pusa 834 recorded signiticantly higher potassium 

uptake than NDHR 2 and in rice straw, during 1996 when NO HR 2 recorded significantly 

higher potassium uptake than Pusa 834. 

Row spacings: 15 cm row spacing recorded significantly higher potassiul11 uptake than 

20 cm row spacing during both the years of study at all stages of crop growth except at 

harvest in grain during 1995 and 1996 and in straw during 1996 when the differences 

were not signiticant. 

Varieties x Row spacings Interaction: It was found significant at 30 OAT and at 

harvest in rice straw during 1995 (Table 4.52 and 4.53). 

At 30 DAT, traditional variety Pusa 834 recorded signifIcantly higher potassium 

uptake at 15 cm row spacing than at 20 cm row spacing, whereas NDHR 2 did not. 

Table 4.52 Effect of varieties on potassium uptake (kg ha-1
) of rice as influenced 

by row spacings at 30 days after transplanting (1995) 

Row spacings (em) 

Varieties 20 15 

Pusa 834 28.3 45.2 

NDHR2 41.4 43.4 

SEmi 3.10 

CD 5% 9.40 

At harvest in straw rice hybrid NDHR 2 recorded signifIcantly higher potassium 

uptake with l5 em row spacing than with 20 cm row spacing whereas, Pusa834 did not. 
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Table 4.53 Effect of varieties on potassium uptake (kg ha'l) of rice stl'aw as 
influenced by row spacings (1995) 

Varieties 

Pusa 834 

NDHR2 

SEm± 

CD5% 

Row spacings (em) 
20 l~ 

115.1 122.2 

112.2 143.1 

4.42 

13,39 

Planting patterns: Planting patterns did not diner signiticantly in respect ofpotassiul11 

uptake during both the years of study at all stages of crop growth, except at 60 OAT in 

1995, when skip-row planting recorded significantly higher K uptake than conventional 

planting. 

Vllrieties x Pllinting pattents: This interaction was found significant at harvest in 

rice grain during 1996 (Table 4.54) and showed that traditional variety Pusa 834 with 

conventional planting recorded significantly higher potassium uptake than with skip­

row planting, whereas NDHR 2 did not. 

Table 4.54 Effect of vadeties on potassium uptake (kg ha-!) of rice grain as 
influenced by planting patterns (1996 ) 

Planting (latter'ns 
Val'ieties Conventional Skip-row 

Pusa 834 11.4 9.S 

NDHR2 10.0 107 

SEm± 0.38 
CD 5% 1.15 

Table 4.55 Effect of row spacings 011 potassiulll uptake (kg ha- I
) of I'ice straw as 

influenced by ()Ianting pllttems (1996) 

Planting patterns 
Row spacings (em) Conventional Skip-row 

20 90.7 107.0 

15 105.6 92.2 

SEm± 4.49 

CD5% 13.62 
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Row slulcings x Planting patterns Interaction: It was found signif1cant during 19%, 

in rice straw (Table 4.55) and showed that'in skip-row planting, 20 cm spacing recorded 

significantly higher K uptake than with 15 cm row spacing, however, the trend was 

reverse in conventional planting. 

Nih-ogen: At all stages of crop growth, during both the years of study, there was a 

significant increase in potassium uptake with an increase in the level of nitrogen upto 

120 kgha-1
. 

Increase in K uptake due to N fel1i1ization were also obtained by Sharma and 

Mittra (1984), Biswas et Lif (1987) and Sreedevi and Thanganuthu (19CJ 1). Similar 

increase in K uptake due to N application was also repOIied by Singh ef "I. (1994). 

Row spacings x Nitrogen: Row spacing and nitrogen interaction was found significant 

during 1996 in riee grain (Table 4.56) and showed that 20 em row spacing at 120 kg N 

ha -I produced more potassium uptake than with 15 cm row spacing at 120 kg N ha- 1
. 

Table 4.56 Effect ohow spacings on potassium uptake (kg JUl-
l

) of rice gl-ain as 
influenced by nih'ogelllevels (1996) 

Nitrogen levels (kg N ha- ) 
Row sl>acings (cm) 0 60 120 

20 7.6 11.0 13.4 

15 8.1 I (). I 12.5 

SEm± 0.27 

C05% 1.0~ 

4.6 ApJlaa-ent N Recovery, Ag,-ollomic and Physiological Efficiency 

The data on apparent recovery and agronomic and physiological et11ciency of 

nitrogen by rice as affected by varieties, plant population, planting patterns and nitrogen 

levels are given in Table 4.57. 

Varieties: Traditional variety Pusa 834 and rice hybrid NDHR 2 had no significant 

influence on neither apparent recovery nor agronomic and physiological efficiency by 
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rice on either of two years of study. However. Pusa 834 resulted ill more N recovery 

than NDHR 2. The agronomic etHciency was also similar to apparent N recovery. with 

the exception that during 1995, NDHR 2 resulted in higher agronomic efficiency. 

Plant population: Different plant populations studied had no significant influence on 

neither apparent recovery nor agronomic and physiological efliciency by rice, except 

in 1996 when the differences in agronomic efliciency being significant, and 20 cm 

row spacing resulted in significantly higher agronomic efficiency. 

Planting patterns: Planting patterns aJso did not differ significant in respect of 

agronomic efficiency and physiological efficiency during both the years of study, but 

the apparent recovery was significantly more il~ skip-row planting during 1995 and 

1996. 

Nitrogen: With each successive increase in the level of nitrogen apparent N recovety, 

agronomic efficiency and physiological efficiency decreased signiticantly except in 

1995 in case of apparent N recovery. 

Several research workers reported that fertilizer N recovery in general was in 

the range of20 to 60 per cent (Prasad and De Datta, 1979; MatslIshima, IlJ80; Hatnissa 

el al., 1989; Pandey and Tripathi, 1(94). 

George and Prasad ( 1989) found a decrease in recovery with all increase in the 

rate offertilizer nitrogen. Similar results were reported by Racho and De Datta (I %g) 

and Rajale and Prasad (I ?75). It was also observed that fertilizer recovelY was high 

at low levels of fertilizer N (Prasad and De Datta, 1979; Yoshida, 1 CJ81 ; Manickam 

and Ramaswami, 1985; Mongia, 1(92). 

4.7 Nutrient Har'Vest Index (11.) 

The data on nutrient harvest index by rice as intluenced by varieties, plant 

population, planting patterns and nitrogen levels are given in Table 4.5 8. 
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Varieties: Traditional variety Pusa 834 had signiticantly higher N, P and K harvest 

indices than NDHR 2 during both the years ofstlldy except in 1995, when differences 

in N harvest index were not significant. 

Row spacings: Row spacings had no significant int1uence 01\ N, P and K harvest index 

during both the years of study except in 1995 in the nutrient harvest of K, when 20 Gill 

row spacing produced significantly more K harvest index than 15 cm row spacing. 

Planting patterns: Planting patterns studied also had no significant influence on N, P 

and K harvest indices during both the years ofstUtly except in 1996 when conventional 

planting recorded significantly higher P and K harvest indices than skip-row planting. 

Nitrogen: With increasing levels of nitrogen, there was a decrease in the N, P and K 

harvest indices. However, the differences were significant during bolth the years of study 

4.8 Economics 

The data on gross income, cost of cultivatio n and net income (Rs ha-
I
) from one 

ha of rice as int1uneced by varieties, plant population, planting patterns and nitrogen 

levels was given in Table 4.59. 

Varieties, Plant population and Planting patte-I·IlS : The mean data 011 net income 

was higher with Pusa 834 than NDHR 2. Net income was more with 15 em spacing 

than with 20 CIll spacing. Conventional planting produced higher net income than skip­

row planting. 

Nitrogen: The mean data on net income showed that with each sllccessive increase in 

the level of nitogen there was an increase in the net income. 



SUMMARY 

Field experiments were carried out on a sandy clay loam soil (Main Block-14C 

Research Farm) at the Indian Agricultural Research Institute, New Delhi during 

khar[/ 1995 and 1996 to study the effect of plant population, planting patterns and 

levels of nitrogen on growth, yield, nutrient uptake and economics of conventional 

and hybrid rice varieties., The experiment was laid out in split plot design with three 

replications. The treatments consisted or eight combinations of two varieties 

(a conventional high yielding variety Pusa 834 and a hybrid 'NDHR 2), two plant 

populations obtained with two row spacings of 20 and I 5 em with a uniform intm-

row distance of 10 em and two planting patterns (convetional and skip-row planting­

skipping one row after each two rows) in main plots and three nitrogen levels (0, 60 

and 120 kg N ha"l) in sub-plots. 

The important findings are: 

I. Varieties 

I. I Traditional variety Pusa 834 and rice hybrid NDHR 2 were at par in respect of 

pla,nt height and number of tillers per hill, however, NDHR 2 produced more 

dry matter than Pusa 834 at all stages oferop growth, during both the years of 

study. 

1.2 Rice hybrid NDHR 2 produced longer and heavier panicles, more tilled, 

sterile, total spikelets per panicle and IOOO-grain weight than Pusa 834. On 

the other hand Pusa 834 produced more panicles m"2 and significantly lesser 

serile spikelets panicle"' than NDHR 2, which nullified the superiority of 
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NOHR 2 in having longer and heavier panicles, more grains panicle-I and higher 

IOOO-grain weight of rice. This resulted in similar yields (4.3 and 4.5 t ha -I) of 

hybrid NOHR 2 and Pusa 834. 

1.3 Rice hybrid NDHR 2 produced more straw than the traditional variety ?lIsa 

834 at all levels of nitrogen during both the years of study, which reduced its 

harvest index. 

1.4 During the initial stages of crop growth (30 OAT), NDHR 2 recorded hig]1er 

Nand K content, however, Pusa 834 caught up later and al harvest there was 

110 significant ditrer~nce between the two varieties. Furthermore, the interaction 

. varieties x nitrogen' was significant and showed that in control pints NDHR:2 

had significantly higher N content thelll PU$(l 834 at 60 kg N ha- I and at 6{) kg 

N ha-' it had higher N content than Pusa 834 at 120 kg N ha"'. N, P and K 

uptake by NOHR 2 was also higher than Pusa 834 during initial stages of crop 

growth. 

1.5 Based on the mean data, apparent recovery was more with Pusa 834 (28.8%) 

than NDHR 2 (26.3%). However, agronomic eHiciency was more with NDHR 

2 (7.7%) than Pusa 834 (6.6%). Physiological etliciency was also higher with 

NDHR 2 (25.1%) than Pusa 834 (24.5%). 

1.6 The mean data on nutrient harvest indices ofN, P and K were more with Pusa 

834 (48.8%,58.2% and 10.8% respectively) than with rice hybrid NDHR 2 

(46.4%, 52.4% and 9.5% respectively). 

1.7 Based on the mean data the net income was more with Pusa 834 (11.025 Rs 

ha- I
) than with NDHR 2 (lO,d73 Rs ha-\ 

2. Plant population 

2.1 In general, closer spacing tended to produce taller plants than wider spacing. 

The number of tillers prollced by both the row spacings were at par with each 

other, however, closer spacing (15 cm) produced more dry matter than wider 

spacing (20 cm). 
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2.2 Closer spacing of 15 CIll resulted ill more panicles 111-
2 than wider spacing of20 

cm during both the years of study_ The two spacings were at par in respect of 

other yield attributing characters. 

, 
2.3 Grain yield was higher with 15 Cill row spacing than with 20 em row spacing 

mainly due to more panicles 111-
2

. Closer spaicng also produced more straw 

than wider spacing at all levels of nitrogen. Furthermore the straw yield 

produced at 60 kg N ha· 1 with 15 em spacing was at par with that produced at 

120 kg N ha- I
. 

2.4 In general, 15 cm row spacing recorded higher N, P and K content than 20 CIll 

row spacing. N, P and K uptake was more with 15 Clll spacing than with 2() 

cm spacing at early stages of crop growth, however, during later stages of 

growth, both the spacings were at par in their uptake. 

2.5 Apparent N recovery. agronomic and physiological efticiency were more with 

20 cm row spacing than with 15 cm row spacing. 

2.6 Wider spacing of 20 cm resulted in higher nutrient harvest index of N. P and 

K than closer spacing of 15 Clll. 

2.7 The mean data showed that the net income was more with 15 em row spacing 

(10,967 Rs ha· l ) than 20 cm row spacing (10,153 Rs Ita-I). 

3, Phlllting patterns 

3. I Skip-row planting gave more tillers and higher dlY matter than that obtained 

with conventional planting. Also at 15 em spacing. conventional planting 

produced more dry matter than at 20 em spacing. 

3.2 Skip-row planting produced heavier panicles and more tilled and total spikelets 

panicle-I than conventional planting in 1995. However, conventional planting 

produced significantly more panciles 111-
2 than skip-row planting in 1995. 



3.3 Planting patterns were at par in respect of grain yield. This may be due to the 

fact that conventional planting produced more panciles m-2 in 1995, which 

nullified the effect of heavier panicles and more tilled and total spikelets 

panicle-I produced in skip-row planting. Conventional planting produced 

more straw than skip-row planting. 

3.4 Planting patterns did not differ in their N, P and K contents. However, at JO 

DAT i.e. in the initial stages of crop growth, rice hybrid NDHR 2 recorded 

higher Nand K content than Pusa 834 .. Skip-row planting resulted in more 

nutrient uptake than conventional planting. 

3.5 The mean data on apparent N recovery, agronomic and physiological efliciency 

was more with skip~row plantiFlg (28.3%,9.1% and 25.&% respectively) than 

conventional planting (26.8%, 7. I % and 23.8% respectively). 

3.6 The mean data of nutrient harvest ind ex was higher tllr N in skip-row planting 

but nutrient harvest index of P and K were more in conventional planting. 

3.7 The mean data on net income was higher with conventional planting ( 10,81 C) 

Rs ha- I
) than with skip-row planting (10,592 Rs ha· I

). 

4. Nitrogen levels 

4.1 Each successive level of nitrogen increased plant height and number of tillers 

per hill which led to significantly more dry matter prodllction. 

4.2 With each successive increase in the level of N, all the yield attributing 

characters increased significantly except sterile spikelets and sterility percentage 

which led to higher grain yield. Based on the pooled data, the increase in grain 

yield due to 60 kg N ha- I over no nitrogen content was 17.8% that with 120 

kg N ha· l over GO kg N ha- I was 13.1 %. 

4.3 There was a significant increase in straw yield due to each successive increment 

of 60 kg N ha-! upto 120 kg N ha- l in both the years of study. 
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4.4 There was a signiticant reduction in the harvest index with an increase in the 

level of nitrogen, due to increase in the straw yield without similar increase in 

grain yield with successive increase in N application. 

4.5 With each sllccessive increment in the level of nitrogen, there was a significant 

increase in the nutrient (N, P and K) content and uptake of both the varieties 

of rice at different stages of crop growth during both the years of study. 

4.6 There was a decrease in the recovery of applied N, agronomic and physiological 

efficiency with the increase in the level of nitorgen. 

4.7 With each successive increase in the level of nitrogen, there was a decrease in 

nutrient harvest indices ofN, P and K. 

4.8 An increase in the level of nitrogen resulted in an increase in net income during 

both the years of study. 



CONCLUSIONS 

Rice hybrids are being recommended because of their high yield 

potential over the varieties. However, NDHR 2 (New Delhi Hybrid Rice 2 ) 

developed at the Indian Agricultural Research Institute, which I took in my 

studies, does not seems to have yield potential over variety Pusa 834 used in the 

comparative studies in the present investigation. Nevertheless NDHR 2 had 

more tillers, produced more dry matter and heavier panicles than the variety 

Pusa 834. However, in our studies the highest level of nitrogen was 120 kg 

ha-l
. This could be one barrier to attainment of higher yield by the hybrid 

NDHR 2. The majority of farmers in India will not apply nitrogen doses higher 

than 120 kg ha-1
. In view of the findings of this study NDHR 2 does not appear 

to be a promising rice hybrid. However, there is a necessity to develop high 

yielding hybrids to fully exploit the hybrid vigour to make them suitable for 

diversified conditions. 

Recommendations for future research: 

1) Based on our studies NDHR 2 cannot be recommended to the fanners. 
More studies are needed with higher yield potential hybrids. 

2) Further research is required with higher dose of nitrogen and also with 
timings of nitrogen application. 

3) Age of seedling and time of transplanting, and inter and intra row spacings 
are also to be worked out. 

4) Further research on the requirement of phosphorus, potassium and zinc is 
also needed to obtain higher yields. 
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Appendix I. Weekly meteorological dHta fOl' crop season 1995. 

Month Standard Mean temp (IIC) Mean Total Mean 
week Max. Min. R.H. rainfall evaporatioll 

(%) ( mill) (mm/day) 

June 28-03 44.4 25.6 34 0.0 14.8 

04-10 45.6 28.6 24 0.0 11.4 

11-17 45.1 31.1 29 0.0 IS.7 

18-24 35.9 25.4 63 36.6 8.2 

25-01 38.3 28.2 58 0.0 8.1 

July 02-08 40.5 30.3 48 0.0 9.6 

09-15 35.2 27.6 73 19.4 5.5 

16-22 33.8 26.9 77 .29.4 4.4 

23-29 32.5 26.3 76 21.8 3.9 

Aug. 30-05 32.2 26.7 83 66.2 2.6 

06-12 30.7 26.0 87 l24.2 2.7 

13-19 33. I 26.7 76 14.6 3.CJ 

20-26 32.2 26.0 86 51.8 2.7 

27-02 30.7 25.1 87 173.4 2.4 

Sept. 03-09 31.8 23.5 83 184.4 2.6 

10-16 32.4 24.1 74 0.0 3.2 

17-23 35.0 23.6 63 0.0 4.CJ 

24-30 36.0 24.0 61 0.0 5.5 

Oct. 01-07 36.5 21.8 53 0.0 5.8 

08-14 34.3 20.9 63 0.0 4.4 

15-21 32.4 19.3 63 D.O J.7 

22-28 31.2 14.4 50 0.0 4.1 



Appendix I. Weekly meteorological da ta for crop season 1996. 

Month 

Ju ne 

July 

Aug. 

Sept. 

Oct. 

Standard 
week 

28-03 

04-10 

11-17 

18-24 

25-01 

02-08 

09-15 

16-22 

23-29 

30-05 

06-12 

13-19 

20-26 

27-02 

03-09 

10-16 

17-23 

24-30 

01-07 

08-14 

t 5-21 

22-28 

Mean temp (IIC) 
Max, Min, 

42,5 25,6 

40.9 26.6 

36.9 27.8 

35.7 26.6 

32.3 26.5 

35.2 25.5 

35.4 27.7 

35.5 27.0 

33.5 26.7 

31.8 26.3 

33.6 26.9 

31,3 26.2 

30.0 24.7 

33,9 26,] 

30,7 25.1 

32.0 25,0 

33.0 24,5 

35. I ' 22.5 

33.1 22.5 

33.0 t 9,0 

32.4 17,0 

30.0 t 8.0 

Mean 
R,H. 
(%) 

35 

48 

63 

70 

72 

70 

68 

70 

78 

80 

76 

80 

89 

77 

88 

85 

69 

65 

69 

61 

)7 

61 

Total 
rainfall 
(mm) 

0.0 

0,0 

18.0 

42, t 

88.1 

60.9 

12, () 

58.0 

62.0 

112.4 

33,9 

40,7 

128,6 

0.0 

90.0 

142.6 

0.0 

0.0 

33.0 

0,0 

0,0 

0.0 

Mean 
evaporation 

(mm/day) 

12.3 

11.6 

6.7 

5.2 

4.9 

6.9 

6.1 

4.4 

4.8 

4.1 

4.4 

3.3 

].2 

J.9 

3.3 

2.5 

4.0 

4.5 

3.5 

4.0 

2.'7 

1.4 
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Appendix III Gross income(Rs Ita-I) from 1 hl1 of rice. 

Grain Straw Total 

Treatments 1995 1996 1995 1996 1995 1996 

Varieties 

Pusa 834 19,960 16,830 4,480 3,3 I) 24,440 20,145 

NDHR2 19,040 16,618 4,855 3,775 23,8()5 20,393 

Row Spacings (em) 

20 18,920 16,575 4,365 3,515 23,285 29,090 

15 20,080 16,915 4,970 3,575 25,050 20,490 

Planting Patterns 

Conventional 19,600 17,170 4,705 3,500 24,305 20,670 

Skip-row 19,400 16,27~ 4,630 3,590 24,030 19,868 

N Levels (kg IIa-l
) 

0 17,680 13,218 3,860 2,825 21,540 16,043 

60 J 9,520 16,958 4,750 3,580 24,270 20,538 

120 21,280 20,060 5,395 4,230 26,675 24,290 

MinimulII Support I'rice (Rs (.-1) 

1995 1996 

G_rain Straw Grain Straw 

Pusa 834 50.00 

NDHR 2 






