
RESPONSE OF WHEAT TO LEVELS OF NITROGEN AND PLANT 
SPACING 

BY 

MONIRA BEGUM 

REGISTRATION NO . 07-02602 

A i'hesis 
Submitted to the Pant/ri ofAgncu/ture, 

S/icr-c-Bang/ct .4gricitkural Univeryiti', Dhza/ca, 
in partial /hifiImeizt of the requirements 

fbr the degree qt 

MASTER OF SCJENCE 
IN 

AGRONOMY 
SEMESTER: JULY-DECEMBER, 2008 

Approved by: 

- 
V 

(Prof. OrThid. flazrat All) 
	

(Prof. Dr. ML Faziul Earim) 
Supervisor 
	

Co-Sttpervisor 

-r................................. 
(Pr9r. \Id. Jafar Utah) 

Chairman. Exanifrgltion Committee 
Departinem of Agronomy. SAL) 



CERTIFICATE 

[his is to certify that the thesis entitled "Response of wheat to levels of nitrogen and 

plant spacing" submitted to the Faculty of Agriculture, Sher-e-Bangla Agricultural 

University. Dhaka-1207. in partial fulfilment of the requirements for the degree of 

Master of Science in Agronomy embodies the result of a piece of borne jide research 

work carried out by Monira Begum, Registration No. 07-02602 under my supervision 

anduuidancc. No pan of the thesis has been submitted [hr any other degree or diploma. 

1 further certify that such help or source of inlhnnation, as has been availed during the 

Course of this investigation has been duly acknowledged by her. 

l)ated 2 7'/ 
Dhaka. Bangladesh (Prof. l)r.Mci. Ha,.rat All) 

Supervisor 



Dedicated to 
MY 

BefovedParents 



A CKXO WLEDGEMENT 

All praises are due to ljhnightv Allah, the 171us$ raciotes and merciful. ilie lord oft/ic 

universe, who enabled the author to conduct and completed this i'oth ;i'ith the stipulated 

period oft/inc. 

'11w author expresses her deepest sense of gratitude, profound  and ever indebtethiess to 

lie, research supervisor Prof Dr. 4id. Hazrat A/i, Department of Agronomy. Slier-c-

Bang/a .'lgricultural Unive,-sirv, Dhako-1207, for his sincere supervision, u?ztiring 

guidance, constant encouragement, valuable siggestioiis and constructive comments 

throng/i out the period of research i'ork and preparation 0/ manuscript of the thesis. 

The author expresses her sincere appreciation, pi-ofound sense, respect and inunense 

indebtedness to lie,- co-supervisor h-of /)i-, ,%,ld. Fa:lul Karim, Department o/Agronomv, 

Sher-e-Bangla Agricultural University, Dhaka-1207, fhr (vteiiduzg his generous lie/p, 

untiring guidance. constnicti'e criticism, continuous inspiration and valuable 

suggestions during the research work and preparation of manuscript oft/ic  thesis. 

The author would like to express her,  deepest respect and boundless gratitude to all her 

respected teachers of the Department of Agronomy. Sher-e-/iangla Agricultural 

Cjnn'erslty. Dhaka-1207, for the valuable teaching, sympathetic co-operation and 

inspiration through out the course of this study and research work. 

The author app'-c'c'iates the assistance rendered bY the staff of the Department of 

Agronom' and Agronomy Field Laboratory. She)--e-/Iangla .4griculturol University, 

Dhaka-1207, for their help during her period of'stud'v and research. 

V 



RESPONSE or WHEAT TO LEVELS OF NITROGEN AND PLANT 
SPACING 

ABS1'R..ACT 

An experiment was conducted at the Agronomy Field of Sher-e-I3angla Agricultural 

University. Dhaka during December to March, 2007-2008 to investigate the response of 

wheat cv. Shourav to different levels of nitrogen and plant spacing. The treatment 

consisted of three nitrogen levels (120, 180 and 240 kg ha') and four plant spacing (3. 5. 

7 andlO cm) in a row of 20 cm apart. The experiment was laid out in a split plot design 

with three replications. Results revealed that nitrogen level and plant spacing influenced 

plant towards higher yield either singly or in combination. Nitrogen at the rate of 180 kg 

ha 4  perlonned maximum yield components and grain yield (3.46 t ha4 ). Almost similar 

grain yield (3.76 t ha') was achieved at plant spacing of 20 em x 5 cm. The combined 

effeci of nitrogen 180 kg ha'' along with 20 cm x 5 cm plant spacing produced greater 

effective tillers plant" (5.46), length of spike plant'' (12.07 cm). 1000-grain weight 

(44.73 g) and grain yield (3.94 t ha''), which were positively supported by maximum 

value othan•'est index (46.27%). 
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chap ter 1 
introduction 



INTRODUC1'ION dy 

Wheat (Trilicuin cwstivuni L.) is the number one cereal crop of the world followed by rice 

and the second imporlani cereal crop of Bangladesh. It is a staple lèod for about one 

billion people in as many as 43 countries and provides about 20% of total food calories. It 

contains carbohydrate (78.1%). protein (14.7 14). minerals (2.1%), fat (2.10%))  and 

considerable proportion of vitamins (Peterson. 1965). In Bangladesh, it covers 3, 88,000 

heetares of land with an annual production of 8. 44.000 metric Ions (BBS. 2008). 

Wheat is grown across a wide range of environments around the world. Wheat is cool 

loving ClOt) and adopted for cultivation in regions with cooler climatic condition. [is 

production is concentrated between latitudes 300  and 60) N and 27°  and 400  S (Nuttonson. 

1995). Bangladesh lies in the warmer part of the world and wheat is grown in the winter 

or cold season of the country. In consideration of the Ihets that growing of' wheat in a 

location is decided by the temperature limits of 20°  and 250  C (Ray and Nathan. 1986) 

and its grain growth and development depend on temperature range of 15°/I 0 C' to 

Iso/ISO C (Thorne ci (7t,. 1968). The best Lime of sowing of wheat in Bangladesh is the 

second halfof November that needed around 105 days to complete its life cycle. 

In Bangladesh. the yield of wheat in the firmer's field is much lower than that of the 

research finn. The low yield ol' wheat in Bangladesh might be due to various factors as 

lack of quality seeds, untimely seedin2, imbalanced lèrtiliv.ation and seed rate and lack of' 

proper agronomie management practices. Among them nitrogen fertilization and plant 

spacing are the important factors which influence the yield of wheat (Mozurnder, 201)1). 



Nitrogen is an essential plant nutrient that plays a signiticant role in growth and yield of 

wheat. Excessive or deilcient supply of this element adversely affects the growth and 

yield (Ahmed and 1-lossain, 1992). Nitrogen Ièrtiliier should he applied at a right dose for 

increasing its use efficiency. Application of nitrogen above the optimum (lose decreased 

grain and straw yields (Geld c't cit. 1990). The balanced use of fertilizer as a single factor 

can increase the wheat productivity 5 times more than the use of all components such as 

high yielding varieties. irrigation facilities and plant protection (Pasrieha and Brar, 1999). 

Seed rate is another important factor for securing good yield of 'wheat with optimum plant 

population. Seed rate influence yield and yield contributing characters of wheat (Singh 

and Singh. 1987). Optimum plant density produces optimum number of plant per unit 

area resulting better yield contributing character leading to better grain and straw yields 

of* wheat (Singh. 1992). High plant density results intra-plant competition there by 

affecting the yield. 

Tiller mortality is greater at high plant density, and the number of fertile spike lets spiked 

along with the s'teld components are mostly atkctcd by plant density (Saradon ci at, 

1988). Decreasing the planting density increases the amount of photosynthetic 

assimilation and provides a canopy structure which gives increased physiological 

activities afler anthesis leading to a decrease rate of photosynthetic, increased total 

photosvnihetic assimilation and increased sink eifi2ct on grain yield (Zhcnhua u (1t. 

1995). 

Optimum plant spacing ensures proper growth of the aerial and under gIOUJId part of the 

plant through efficient utilization of solar radiation, nutrient uptake as well as air, space 



and water. The vital research work on optimum plant spacing is very scarce and there 

may be a positive response between optimum nitrogen and plant spacing in order to get 

higher grain yield of wheat. Therefore, a problem oriented research such as plant spacing 

and nitrogen effect seems to be important factors for increasing the yield of wheat in the 

country. 

A study was, therefore, undertaken with the following objectives: 

I. To find out effect of dilThrent levels of N fertilizer on the growth, yield 

contributing characters and yield of wheat. 

To evaluate the influence of different plant spacing on growth. yield components 

and yield of wheat. 

To determine the interaction effects of nitrogen and plant spacing on the growth 

and yield of wheat. 
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chap ter 2 
Review of Literature 



RE'I EV¼ OF LIl'ERAItRE 

Wheat is a leading cereal crop in the world, a good number of researchers have conducted 

enormous number of study on various aspects of its growth and yield at different 

ecological situations. Nitrogen fertilizer plays a significant role on growth and yield of 

wheat. On the effect of nitrogen Iërtilizer application a number of research works also 

have been carried out in home and abroad. Yield of wheat is-also dependent on plant 

spacing. Theretöre. Ibr having a clear understanding on the effect of different nitrogen 

levels and plant spacing On the yield of wheat potential research(s) carried out through 

out the world have been reviewed. 

2.1 Effect olNitrogen 

2.1.1 Plant height 

Alam ci at (2007) conducted an experiment with two planting methods (bed planting & 

conventional planting) and four nitrogen levels (0. 60, 100 and 140 kg N haj. They 

found that the highest plant height (97.07 cm) was obtained from 140 kg N ha4  

An experiment was performed by Akter (2005) to examine the elThet of nitrogen levels 

tinder rainfed and irrigated condition on yield and seed quality of wheat. The experiment 

was included l'our nitrogen levels viz. 0 (Control). 50. 100 and 150 kg ha' and liund 

progressive increase of plant height with the increasing levels of nitrogen. 

Ram ci at (2004) conducted a trial lo find out the ellëcts of ditThrent N levels (0. 40, 80, 

120 and 160 kg ha') on the growth and yield of wheat. They observe increased plant 

height with the increasing rate ofnitrogen. 

4 



Das (2003) carried out an experiment at the Agronomy Field Laboratory of the 

Bangladesh Agricultural University. Mymcnsingh to observe the effect of row spacing 

and nitrogen application on Lhe growth and yield of wheat. The experiment consists of 

four row spacing and Ibur nitrogen levels. Results of that experiment showed that 

nitrogen had significant effect on plant height At growth stage the tallest plant was 

obtained from 180kg N hi'. 

An experiment was evaluated by Kurnar ci at (2003) in India to detenninc the effect ofN 

application at 0. 50, 75. lOU. 125 and 150 kg hi' on the chlorophyll content, dry hiomass 

oiwhole plant and plant height of late sown winter wheat cv. 1-ID 2285. Plant height was 

found positivelY corTelated with nitrogen levels up to 125 kg ha'. 

Sushila and Gin (2000) set an experiment with dilThrent N closes (0. 45. 90 kg hi') and 

observed that plant height significantly increased with the increasing doses of nitrogen. 

Kumar ('tat (1999) conducted a held experiment on sandy loarn soils, applied live levels 

of nitrogen (0. 45. 90. 135 and 180 kg N hi') and two cutting management practice. It 

was observed that plant height increased with increasing rates of nitrogen tip tolSO kg 

Kataria and Bassi (1999) conducted a field experiment with 3 levels of nitrogen (40. 80. 

120 kg ha') and two levels of mulch (no mulch and mulched). They observed that 

application of 80 kg N ha4  produced significantly tallest plant height than 40 kg N hi'. 

Sarkcr ci at (1997) fertilized wheat with 100. 120 and 160 kg N ha' to obsen'e the effect 

of nitrogen level and duration of weed competition on weed biomass. yield and yield 

attributes of wheat. They found no significant response of nitrogen to plant height. 



Awasthi and Bhan (1993) observed that plant height of wheat increased significantly with 

increasing rates ol nitrogen up to 60 kg ha'. 

Patel and Upadhyav (1993) found that plant height of wheat increased significantly with 

increasing rates oiN Lip to 150 kg ha 1. 

Ahmccl and I lossain (1992) observed that plant heights ol wheat where 79.9 cm and 84.4 

cm with 45.90 and 135 kg N haS ' respectively. Plant height progressively increased with 

the increase of nitrogenous fertilizer. Dhuka i't at (1991) also reported that wheat 

provided highest plant height with 120 kg N haS '. 

2.1.2 l)ry Matter 

('handa and Gunri (2004) worked with the studs' of effect of N fertilizer 1100. 125. 150. 

175 and 200 kg hil') on hybrid (Pratham 7050 and Pratham 7070) and high yielding 

(Sonalika) wheat genotypes. They reported that dry matter accumulation at all the stages 

increase with increasing levels of N UI) to 200 kg haS '. Dry matter accumulation was low 

at early stages of crop growth and increased with advancement in crop age. 

Experiment was conducted by Khan ci at (2002) to study the effect of different levels of 

nitrogen on gimvth and physiological attribute olwheat. Two varieties oiwheat (Aghrani 

and Kanchan) and seven levels of nitrogen (0. 40. 80. 120. 160. 200 and 240 kg hi') 

were tested. They Ibund that stein dry matter increased with increasing of nitrogen level 

up to 200 kg hi' and then decreased. 

Spring wheat (Trificwn acsflvwn cv. Dingxi No. 8654) was treated by Li and Kang 

(2002) with live rates of nitrogen fertilizer (0. 50. 100. 150 and 200mg kg' soil) to study 

the atmospheric CO2  concentration effect on dry matter accumulation and N uptake of 



spring wheat. They observed that effect of CO2  enrichment on the shoot and total mass 

dependent largely on soil nitrogen level, and the shoot and total mass increased 

signiticantly in the moderate to high N treatments but didn't increase significantly in the 

low N treatment. 

Convertini ci at (1998) perlbrrned an experiment to investigate the effect ofN levels (40, 

80. 120. 160 and 200 kg ha') on dry matter production of wheat. Result showed that N 

fertilizer had significant effect on dry matter accumulation. 

Srinivas et at (1997) studied with three levels of nitrogen (80. 120 and 160) and three 

wheat eultivars (llD-4502. HD-2 189 and HD-228 I) to study the response of wheat to dry 

matter production and noticed that 11 D-2 I 89 gave the highest dry matter. 

Kumar ci at (1997) conducted in experiment in the winter season to evaluate the 

response of wheat to diflèrent level of nitrogen fertilizer. They worked with Ibur levels of 

nitrogen (0. 60, 120 and 180 kg ha') and found that dry matter increased with increasing 

level olnitrogen. 

Singh ci at (1996) conducted a pot experiment to evaluate the eiièct of N lertilizer on 

dry matter production of wheat (cv. \Vl 1-157). They used four levels of nitrogen (0, 50. 

I 00 and 200 ppm) and found that dry matter yield increased up to 100 P1)111 N. 

Roy c/ at ( 1991 ) conducted a field experiment to find out the effect of planting 

geometry and nitrogen application on the growth and yield of wheat. They used three 

levels of nitrogen (40, 80 and 120 kg ha') and found that nitrogen increased the dry 

matter production significantly. 

7 



2.1.3 Crop Growth Rate (CGR) 

Shukla et at (2004) reported that crop growth rate was not signiticantly different with or 

without basal N application at 21 days after seeding in wheat. 

Khan ci at (2002) k'und that there was significant effect of nitrogen rates on crop growth 

rate (CGR) dunng 25-45. 45-65 and 65-85 DAS. CGR increased with the increasing rate 

of nitrogen up to 200 kg ha' within the period 25-45. 45-65 and 65-85 DAS. Nitrogen 

nutrient plays a vital role in vegetative growth of plant and for this CGR increased with 

the increase of N fertilization. 

Roy c/ at (1991) studied with 2 levels of nitrogen to see the response of wheat to CGR 

and noticed that variation in N level didn't show any significant effect on the spike 

growth rate. 

2.1.4 Relative Growth Rate (RGR) 

Khan ci at (2002) conducted an experiment to study the effect of dilicrent levels of 

nitrogen on growth and physiological attributes of wheat. They found that all growth 

Parameters except LAR (teat' area ratio) and SLA (specific leaf area) increased with the 

increase of age of plant irrespective of N fertilization. The effect of nitrogen was 

significant on relative growth rate. 

2.1.5 Number of total tillers 

Alam ci at (2007) conducted -,in experiment with two planting methods (bed planting & 

conventional planting) and four nitrogen levels (0. 60, 100 and 140 kg N ha'). They 

Ibund that the highest number of tillers (6.43) at 140 kg N ha' 

8 



Otteson ci al. (2007) conducted an experiment to study the seeding rates (2.9 and 4.2 

million seeds hi') and N levels (140 and 224 kg N ha S ') elTheIs on spring wheat yield and 

yield components. iiey found that total tiller number increased signihcantly by N levels. 

Rahman (2005) conducted all experiment with four levels of nitrogen viz. 75, lOU, 125 

and 150 kg N hi' to lind out the effect of nitrogen, sulpher and boron fertilizers on the 

yield and quality of wheat cv. Kanehan. He reported that number of total tillers hillS ' was 

significantly higher at 125 kg N ha'. 

1-lossain (2006) conducted an experiment to study the effect of planting methods (bed 

planting & conventional planting) and nitrogen levels (50, 100 and 150 kg N haj on the 

yield and yield attributes of wheat cv. Protiva. He found Ihat total tiller number increased 

signi ficantl y with 150 kg N hi'. 

Akter (2005) worked with lour nitrogen levels (0.50, 100 and 150 kg hi') and found that 

100 kg N ha' gave the highest number of total tillers plani'. 

Das (2003) conducted an experiment to observe the effect of row spacing and nitrogen 

application on the growth and yield of wheat. Results of that experiment showed that 

nitrogen had significant effect on total tillers. The highest number of total tillers per plant 

was obtained &wn 180 kg N hi'. 

Das (2002) set up an experiment to evaluate the effect of nitrogen fertilization on the 

yield of wheat cv. Kanehan and found that total number of tillers plant was statistically 

di l'krent with different rate of nitrogen fertilizer. The maximum number of total tillers 

plant' was obtained at 120 kg N hi'. 

9 



Khan ci at (2002) carried out an experiment to evaluate the effect of different levels of 

nitrogen on growth and physiological attributes of wheat. Six levels of nitrogen (40, 80, 

120, 160, 200 and 240 kg h&') was used and found that there was signi Ileant effect of 

nitrogen on tiller number per plant at 25. 45. 65 and 85 DAS. Tiller number per plant 

increase with the increase of nitrogen fertilization up to 160 kg hi' at different growth 

stage. 

Mozumder (2001 ) reported that nitrogen fertilization exerted significant effect on number 

of total tillers plant 1 . The highest number of total tillers 	was recorded from 120 kg 

N ha* 

Sushila and Gin (2000) studied an experiment to see the influence of farmyard manure. 

nitrogen and hio fertilizer on growth. yield attributes and yield of wheat under limited 

water supply. They used three levels of nitrogen (0.45 and 90kg ha') in their experiment 

and fiund that total tillers m was increased with increasing level of nitrogen. 

2.1.6 Number of effective tillers 

Alam ci at (2007) conducted an experiment with two planting methods (bed planting & 

conventional planting) and Ibur nitrogen levels (0, 60. 100 and 140 kg N ha'). They 

lound that effective tiller number increased signilieantly and the highest effective tiller 

number obtained from 140 kg N ha i. 

Ottcson ci at (2007) conducted an experiment to study the seeding rates (2.9 and 4.2 

million seeds ha') and N levels (140 and 224 kg N ha') elThets on spring wheat yield and 

yield components. They observed that effective tiller number increased significantly by N 

levels. 
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An experiment was conducted by Rahman (2005) including four levels of nitrogen (75. 

100. 125 and ISO kg hti'). He reported that number of effective tillers per hill was 

significantly higher all 25 kg N ha* 

Akier (2005) found that number of effective tillers plant increased with the increasing 

level of nitrogen up to 100 kg N ha'. The highest number of effective tillers plant was 

recorded from 100 kg N ha' which was statistically similar to 50 and ISO kg N ha'. 

Pandey ci at (2004) pertbrmed an experiment to investigate the effect of fertilizer levels 

and seed rate on growth and yield of surface seeded wheat. They used 0, CO. 90, 120 and 

150 kg N ha 'in the experiment and calculated that number of effective tillers n1 

increased significantly only up WI 20 kg N ha' and titrther increase in fertilizer levels 

didn't show significant effects. 

Das (2003) showed that nitrogen had signiticani effect on etThetive tillers. The highest 

number oiefkctive tillers per plant was obtained from 180kg N ha'. 

Mozumder (2001) reported that nitrogen tèrtilization had significant effect on production 

of numbers of effective tillers plant'. In the experiment it was lbttitd that the highest 

number of effective tillers plant 	was obtained with 90 kg N ha' was applied. The 

lowest number ofetibetive tillers plant" was observed in control treatment. 

Kataria and Bassi (1999) carried out a held experiment with three levels ofN (40. 80 and 

120 kg ha I)  and two levels of mulch (no mulch and mulched). They concluded that 

number of elThetive tillers mC  increased significantly at the N application ofSO kg ha'. 

Kumar ci at (1995)   conducted a field experiment with four levels of nitrogen (0. 60. 120 

and 180 kg ha') and reported that productive tillers increased significantly with the 



increase of N levels from 0420 kg ha". but differences in productive tillers between 120 

and ISO kg N ha4  were not significant. 

Singh ci al. (1991) reported that nitrogen fertilization showed marked improvement in 

yield attributes 'at' wheat. Number of effective tillers ni was highest at 120 kg N hi'. 

2.1.7 Spike length 

Ilossain (2006) conducted an experiment to study the effect of planting methods (bed 

planting & conventional planting) and nitrogen levels (50. lOU and 150 kg N ha") on the 

yield and yield attributes of wheat cv. Protiva. He observed that spike length increased 

signilicantiv with N levels. 

Rahman (2005) carried out an experiment to evaluate the effect of nitrogen. suipher and 

boron fertilizers on the yield and quality of wheat cv. Kanchan. The experiment included 

ibur levels of nitrogen (75. 100,125 and 150 kg ha"). lie reported that length of spike 

was significantly increases with the application of nitrogen at 125 kg hi'. 

Akter (2005) perlbrmed an observation to examine the effect of nitrogen levels on yie ld 

of wheat. She used tour nitrogen levels (0. 50. 100 and 150 kg ha") and found that spike 

length increase with the increasing length of nitrogen up tol0O kg hi, 

Das (2003) studied an experiment with four row spacing and tour nitrogen levels to 

observe the effect of row spacing and nitrogen application on the growth and yield of' 

wheat. tic found that nitrogen had significant effect on spike length. The highest spike 

length was observed from the 180 kg N ha". 

Das (2002) set up an experiment to evaluate the effect ol' planting density and rate of 

nitrogen application on the yield of wheat cv. Kanchan. He used tour levels of nitrogen 

12 



(0. 40. 80 and 120 kg ha') and [bund that spike length increase with the increasing rate of 

nitrogen U}) to 120 kg ha 

Sushila and (un (2000) conducted an experiment with three levels of nitrogen (0, 45 and 

90 kg ha') to see the influence olilinnyard manure, nitrogen and hio fertilizer on growth, 

yield attributes and yield of wheat. They found increased spike length with increasing 

level of nitrogen. 

Putel and Upadhvav (1993) examine that spike length oiwhcat increase significantly with 

increasing rate oiN up to ISO kg ha 

l3hagawati ci at (1992) carried out an experiment with 0. 40. 80 and 120 kg N ha and 

reported that spike length of wheat were significantly increase by nitrogen application. 

Maximum spike length was obtained at 120 kg N ha'. Singh ci at (1991) reported that 

spike length of wheat increase significantly with increasing rates of nitrogen up to 80 kg 

ha* 

A tiled trial was conducted at Institute of Agricultural Sciences. Banaras hindu 

University during 1979-81 with wheat cv. lID 1553 under three levels of N (40. 80 and 

120 kg h&'). The results of the experiment were found that spike length increased 

markedly with increasing levels of nitrogen up to 120 kg ha' (Singh and Singh. 1987). 

2.1.8 1000 Grain Weight 

Alam ci at (2007) conducted an experiment with two planting methods (bed planting & 

conventional planting) and with four nitrogen levels (0. 60. 100 and 140 kg N ha'). They 

Lbund that 1000 grain weight increased significantly with N levels and 140 kg N ha 

produced the highest weight. 
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Otteson et at (2007) conducted an experiment to study the seeding rates (2.9 and 4.2 

million seeds ha1) and N levels (140 and 224 kg N ha') on effects of spring wheat yield 

and yield components. They observed that 1000 grain weight decreased with increasing 

N level and were influenced by genotype. 

liossain (2006) conducted an experiment to study the effect of planting methods (bed 

planting & conventional planting) and nitrogen levels (50, 100 and 150 kg N ha') on the 

yield and yield attributes of wheat cv. Protiva. He observed highest 1000 grain weight at 

150 kgN ha'. 

An experiment was carried out by Akter (2005) to examine the effect of nitrogen levels 

on yield and seed quality of wheat and observed increased 1000 seed weight with the 

increasing rate of nitrogen up to 100kg N haS ' and decline thereafter. 

Mazurkiewiez and Bojarezyk (2004) carried out an experiment to evaluate the effect of 

nitrogen fertilizer on yield of wheat. There were six levels of nitrogen viz. 0, 50, 100, 

150. 200 and 250 kg ha'. They Ibund that dilièrentiation of the level of nitrogen fertilizer 

didn't sigriilieanUy intluenee the 1000 grain weight. 

Das (2003) showed that nitrogen had significant elket on 1000 grain weight. the 

maximum weight of 1000 grain was obtained from ISO kg N ha'. 

Das (2002) set up an experiment to evaluate the effect of different levels of' nitrogen 

fertilization on the yield of wheat cv. Kanehan. 1-Ic used four levels of nitrogen (0, 40, 80 

and 120 kg haS ') and found that rate of nitrogen application did not show any significant 

elThet on 1000 grain weight. 
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Niozumder (2001) reported that 1000 grain weight responded signilicantly following 

different levels of nitrogen. The highest 1000 grain weight was observed from 120 kg N 

ha 

Sushila and Girl (2000) studied all experiment to obsetwe the influence of fannyard 

manure, nitrogen and biokrtilizers on growth. yield attributes and yield of wheat under 

Iiniited water supply. They used 0.45 and 90 kg N ha'' and found 1000 grain weight was 

signilcantly increased up to45 kg N ha'. Kumar c's at (1999) reported that 1000 grain 

weight increased with increasing rate of N up to 180 kg ha''. 

1;jmdhyav and Tiwari (1996) conducted an experiment on two wheat cultivars (Sonalika 

and l.ok I) with three levels of N (90. 120 and 150 kg ha') and observed that nitrogen 

application up to 120 kg ha' increased the number of fertile spike lets spike'' and 1000 

grain weight with lower doses (90 kg N hi'). 

Ayoub ci at (1994) conducted an experiment at the Lods Agronomy Research ('entre. 

McGill t.niversity. Macdonald Campus and at the crop Federee Research farm. Ste-

Rosalie, Canada in 1990 and 1991 on four cultiva,s (Columbus, Max. Katcpwa and 

liege) with Ibur doses of nitrogen (0. 60. 120 and 180 kg ha") and reported that 

increasing nitrogen fertilizer level signilicantly increased thousand 1000i, rain weight. 

Patel and tipadhyay (1993) conducted an experiment with three levels of 'N (0, 120 and 

150 kg had)  and reported that 1000 grain weight of wheat increased significantly with the 

increasing rates of nitrogen up to 150 kg N ha". 

Patra (1990) conducted a field experiment with two wheat varieties (Sonalika and 

Sagarika) under different levels of nitrogen fertilizer (40. 80 and 120 kg N hi')and 
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reported that signilicant response of 1000 seed weight to N were observed up to the level 

of] 20kg N ha'. 

Pandey ci at (1986) studied an experiment in wheat (Sonalika) with four doses of N (0, 

60, 120 and ISO kg ha1) and observed that 1000 seed weight of wheat increase with the 

increasing rate of nitrogen from 40-120 kg N ha" 

2.1.9 Grain yield 

Akin et at (2007) conducted an experiment with two planting methods (bed planting & 

conventional planting) and four nitrogen levels (0, 60. 100 and 140 kg N ha"). fliey 

found that 140 kg N ha' produced the highest grain yield (3.44 t ha") and the lowest 

grain yield (1.57 t ha') at control. 

Rahman (2005) reported that most of the yield components and grain yield of wheat were 

significantly higher at 120 kg N ha'. An experiment was conducted by Akter (2005) to 

study the effect of nitrogen levels under rainlbd and irrigated condition on yield and seed 

quality of wheat. The experiment was involved with four nitrogen levels viz. 0 (control). 

50, 100 and 150 kg hi'. From the experiment, it was noted that increasing N levels 

increased the seed yield. 

Chandurkar ci at (2004) conducted a field experiment to determine the response of wheat 

on N content and uptake in grain and straw with increasing N fertilizer rates (90, 120 and 

150 kg N hi'). The highest grain yield. N content. N uptake and protein content were 

obtained with 150 kg N ha'. 

Das (2003) showed that nitrogen had signitleant effect on green yield. Nitrogen 

application at the rate of ISO kg ha" produced the highest grain yield (3.13t ha"). 
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Bellido et at (2000) carried out a field experiment with four levels oI'N (0, 50, 100 and 

150 kg N ha'). They observed that grain yield of wheat increase significantly at the 

nitrogen rate of 150 kg ha''. 

Halvorson ci al. (2000) carried out a field experiment on spring wheat with three doses of 

N (0. 22 and 45 kg N had) and reported that increasing level of N gave significantly 

higher grain yield. Maximum grain yield was obtained at 45 kg N ha''. 

Singh ci at (1996) carried out a field experiment with wheat consisting three levels of N 

(40, SO and 120 kg N ha') and ohscred that seed yield of wheat increased significantly 

with the increasing rate ofnitrogen up to 120 kg ha 1. 

Singh and Singh (1995) carried out a field trial with three levels of N (0,40 and 80 kg N 

ha'') applied with three method. The experimental result showed that the rate of 80 kg N 

ha' increased the seed yield by 15.61)/,) over at 40 kg N ha". 

Prasad and Singh (1995) conducted an experiment with (our levels of nitrogen (0, 40. 80 

and 120 kg ha") and reported that seed yield increased with the increasing rate of 

nitrogen up to 80 kg hti'. Maximum seed yield of' wheat was obtained at 120 kg N ha". 

An observation was perfbrmed by Ahou-Salama (1995) where 120 -130 kg N ha'' was 

applied in full at mid tillering, stern elongation or anthesis stages or one-third as dasal and 

the rest two-thirds at mid tillering stem elongation or anthesis stages. lIe reported that 

more grain yield was found by applying total amount of nitrogen at the stem elongation 

or anthesis stage instead of applying at mid tillering stage. 
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Avoub er at (1994) carried out an experiment on four cultivars (Columbus. Max, 

Katepwa and 1-Lege) with four doses of nitrogen (0.60, 120 and 180 kg ha 1 ) and reported 

that increasing level of nitrogen fertilizer level significantly increased the seed yield. 

Fomar Ct at (1993) reported that wheat seed and straw yield increased with increasing 

rates of N fertilizer. Application of 120 kg N ha' gave the highest seed yield. 

Singh ci at (1991) found that the seed yield of wheat increased with the increase of N 

from 40-I 20 kg N ha t . Significant increase of seed yield was observed only up to 80 kg 

N ha'. 

Raiput ci at (1989) reported that wheat cv. Zarghoon-79 was given 0-50 kg N hi' as 

urea. Seed yield was highest with 50kg N ha' and Iitrther dose decrease the seed yield. 

Kumar (1995) carried out an experiment applying Ibur levels of N (0, 60. 120 and ISO kg 

had ) and with four eultivars of wheat (HP 1267, HW 135. 1113  1379 and HP 1207). lie 

reported that increasing levels of N up to 120 kg hi' increased the grain and straw yield 

of wheat significantly. 

2.1.16 Straw yield 

,\lam ci at (2007) conducted an experiment with two planting methods (bed planting & 

conventional planting) and four nitrogen levels (0. 60. 100 and 140 kg N ha'). They 

found that there was significant difference between 0 (control) and 140 kg N hi' which 

produced 4.52 and 2.36 t hi' straw yield respectively. 

1-lossain (2006) conducted an experiment to study the eflèct of planting methods (bed 

planting & conventional planting) and nitrogen levels (50, 100 and 150 kg N hi') on the 
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yield and yield attributes of wheat cv. Protiva. lie found that straw yield was highest 

(4.83 t had) at ISO kg N ha 

Rahnian (2005) reported that most of the yield components of wheat including straw 

yield was significantly higher at 125 kg N hiL Akter (2005) studied with four nitrogen 

levels viz. 0 (control). 50. 100. 150 kg hzi'to evaluate the effect of nitrogen levels under 

ratified and irrigated condition on yield and seed quality of wheat. The straw yield was 

Ibund to increase in nitrogen level up to 100 kg ha 

Pandev ci at (2004) conducted an experiment to study the effect of fertilizer levels and 

seed rate on growth and yield of surface seeded wheat. They used 0. 60, 90. 120 and 150 

kg N ha' and observed that grain and straw yields dilicred significantly under varying 

fertilizer levels. 

Nitrogen application at the rate of 180 kg ha produced the highest straw yi eld (4.17 

ha'). The straw yield increased gradually with the increase of nitrogen dose (Das, 2003). 

Das (2002) set UI)  an experiment to evaluate the etThet of planting density and rate of 

nitrogen application on the yield of wheat. He thund that straw yield increased with the 

increasing rate of nitrogen application. The highest straw yield was produced by the 

application of 120 kg N ha'. The second highest straw yield was obtained with SO kg N 

ha. 

Mozumder (2001) carried out an experiment to investigate the response of wheal at 

different levels of nitrogen. Treatments of nitrogen in the experiment were 0, 30, 60, 90 

and 120 kg ha'. He reported that the effect of N on straw yield was significant. The 

highest straw yield was recorded from N at the rate of 120 kg haS '. 

19 



Ottman or at (2000) carried out a held experiment on a Gasa Grunde sandy loam soil 

during 1995 and 1996 growing seasons at the University of Arizona Marieopa 

Agricultural ('enter. The treatments consisted of four levels of N (0. 3.4 and 8.7 g N m) 

until anthesis. it was observed that nitrogen application near anthesis o13.4 g N m 7  gave 

highest straw yield. 

Sushila and Gin (2000) studied an experiment to see the influence of farmyard manure, 

nitrogen and bio fertilizer on growth. yield attributes and yield of wheat under limited 

water supply. They used three levels of nitrogen (0, 45 and 90kg haS ') in their experiment 

and found that straw yield was significantly increased up to 90 kg N ha* 

Singh or at. (1996) conducted a field experiment with three levels of nitrogen (40. 80 and 

120 kg ha1) and reported that straw yield of wheat increased significantly with increasing 

rates of N up to 120 kg ha'. 

Ayoub ci at (1994) conducted an experiment at the Lods Agronomy Research Centre, 

McGill University. Macdonald Campus and at the crop Federee Research Iènn. Ste-

Rosalie. Canada in 1990 and 1991 on four cultivars (Columbus, Max. Katepwa and 

Hege) with thur doses of nitrogen (0. 60. 120 and 180 kg ha') and reported that straw 

yield was significantly increased by increasing nitrogen fertilizer level. 

Sharma and Dillon (1993) reported that application of nitrogen remarkably improved the 

straw yield of wheat and application of 120 kg N ha' gave the highest straw yield. Patel 

and Upadhyay (1993) also found that straw yield of wheat increased significantly with 

the increasing level of nitrogen fertilizer up to 150kg hi'. 
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Awasthi and Rhan (1993) conducted a IkId experiment consisting of five varieties of 

wheat K65. K78. 1(72. 1(8430 and K306 and ibur levels ol nitrogen (0. 20, 40 and 60 kg 

ha'). They obsen'ed that straw yield of wheat increased significantly by increasing rate 

of nitrogen up to 60 kg ha* Tomaret at (1993) conducted a field experiment to observe 

the response of wheat varieties to irrigation under different fertility levels and reported 

that wheat seed and straw yield increased significantly by increasing rate of N fertilizer. 

Rather and Patel (1991) carried out an experiment in Rabi seasons with three levels of 

nitrogen (40, 80 and 120 kg N ha") using a seed rate of 120 kg ha and reported that 

increasing level of nitrogen gave significantly higher straw yield of wheat. Maximum 

straw yield was obtained at 120 kg N ha". 

Dhuka c/ at (1991) conducted a held experiment on GW 120 with three levels of 

nitrogen (40. 80 and 120 kg N ha') and reported that straw yield was significantly 

increased by N application. 

Vostal et at (1989) reported that wheat cv. Slavia was given 150 kg N as urea. Urea was 

applied in split doses at various stages which increased seed yield, by 4$-82%. Straw 

yield of wheat remarkably influenced with diliërent levels of N application. Split 

application ofN gave significantly higher straw yield of wheat. 

Kumar (1995) carried out an experiment applying thur levels ofN (0, 60, 120 and ISO kg 

haS ') and with four eultivars of wheat (HP 1267. NW 135, HP 1379 and HP 1207). He 

reported that increasing levels of nitrogen up to 120 kg haS ' increased thegrain and straw 

yields of wheat significantly. 
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Samad et at (1984) carried out an experiment in the Agronomy Field Laboratory of the 

Bangladesh Agricultural University. \'Iyniensingh on wheat cultivar Sonalika with four 

doses of nitrogen (40. 60, 80 and IOU kg haS ') and reported that N application at early 

tillering stage tended to give higher straw yield. 

2.1.11 Harvest index 

Alam ci at (2007) conducted an experiment and Ibund that harvest index was 

significantly highest at 140 kg N ha'. 

I lossain (2006) conducted an experiment to study the effect of planting methods (bed 

planting & conventional planting) and nitrogen levels (50. 100 and 150 kg N ha4 ) on the 

yield and yield attributes of wheat cv. Protiva. lie observed that highest harvest index 

(43.29%) at 150 kg N hi'. 

Rahman (2005) conducted an experiment with four levels of nitrogen viz. 75, 100. 125 

and 150 kg N ha4  to find out the effect of nitrogen. sulpher and boron fertilizers on the 

yield and quality of wheat cv. Kanchan. He reported that harvest index was significantly 

higher at 125 kg N ha4. 

Akter (2005) used four nitrogen levels viz. 0 (control), 50, 100 and 150 kg hi' in an 

experiment to examine the efkct of nitrogen levels under rainfed and irrigated condition 

on yield and seed quality of wheat and found highest harvest index was observed at IOU 

kgN hi'. 

Pandey ci at (2004) performed an experiment to investigate the effect of N fertilizer 

levels and seed rate on growth and yield of surface seeded wheat. They used 0. 60. 90. 



120 and 150 kg N ha'in the experiment and calculated that harvest index increased 

significantly up to 120 kg N haS ' but decreased thereafter 

In an experiment Das (2003) showed that nitrogen had significant effect on harvest index. 

The maximum harvest index was obtained at 180 kg N ha'. Das (2002) also found that 

harvest index increased with the increasing rate of' nitrogen application. The maximum 

harvest index was obtained at 120 kg N ha'. 

Mozumder (2001) carried out an experiment to find out the effect of different levels of 

nitrogen and seed rate on the yield and yield contributing character of wheat. Nitrogen 

treatments were 0.30, 60. 90 and 120 kg ha* lie reported that N fertilizer exhibited 

significant effect on harvest index. The highest harvest index (37.04%) was observed N 

at the rate 60 kg lul' which was followed by 36.53% and 36.50% N at the rate of 30 and 

90 kg ha' respectively. But the ditlerenee among them was not significant. 

Sushila and Gin (2000) snidied an experiment to see the influence of fannyard manure, 

nitrogen and bio fertilizer on growth. yield attributes and yield of wheat under limited 

water supply. they used three levels of nitrogen (0, 45 and 90 kg ha) in their experiment 

and found that harvest index was increased up to 90 kgN 

Awasthi and I3han (1993) conducted a field experiment consisting of live varieties 01 

wheat K65. [(78, K72. 1(8430 and 1(306 and tour levels of nitrogen (0. 20.40 and 60 kg 

They observed that harvest index of wheat increased significantly with the 

increasing rates of nitrogen up to 60 kg ha'. 
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2.2 Effect of plant spacing 

2.2.1 Plant Height 

Dlxii and Gupta (2004) conducted an experiment to investigate the effect of seed rate 

(100. 125 and 150 kg hi') 01) the growth and yield of wheat cv. HUW-234 in Varanasi, 

Uttar Pradesh, India. They reported that increasing the seeding rate significantly 

increased the plant height. 

Pandev ('1 at (2004) performed an experiment to investigate the effect of seed rates (125. 

ISO and 175 kg hi') on growth and yield of surface seeded wheat. They reported that 

plant height did not differ significantly among the seed rates. 

An observaturn was under taken by Aril el at (2002) to sttidv the effect ci cliliërcnt 

swing rates (50. 100. 120 and 150 kg ha') (in yield components of wheat cultivars 

(lnqilab-91 ) and Bakhtawar-92. Maximum plant height (97 cm) was recorded at sowing 

rates of 150 kg seed Iia'. Das (2002) conducted an experiment to evaluate the effect of 

planting density on the yield of wheat cv. Kanehan. He used 3 levels of planting density 

(500. 250 and 188 seeds m 2 ) and concluded that planting density did not significantly 

influence plant height. 

Mozumder (2001) perlormed an experiment to investigate the effect of diftèrent levels of 

seed rates (75. 100. 125 and 150 kg seed hi') on the yield and yield contributing 

characters of wheat. He reported that there was no significant effect in respect of plant 

height of wheat due to different levels of seed rate. 

Roy and Biswas (1991) carried out an experiment with 100. 200, 3009  500 and 600 seed 

in to study the eftCct of population on tillering, growth. yield components and yield of 
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wheat and observed that there were no significant difference among the seed rate in case 

of plant height. 

Gaffer and Shahidullah (1985) conducted an experiment to study the effect of seed rates 

(100. 140 and ISO kg seed ha') (in the perifinnance at wheat cv. India-66. Plant heigiu 

was signilicantly higher at 100 kg seed hi' than the other rates. 

2.2.2 Dry matter 

The effect of crop density (300, 450 and 600 plants 1112)  on dry matter accumulation and 

distribution in spring tritieale and spring wheat were studied by Nicrobea (2002). At crop 

densities of 300 and 450 plants m, spring triticale showed greater dry matter 

accumulation in shoots than spring wheat. However at 600 plants m. spring wheat 

exhibited greater dry matter accumulation in shoots than spring triticak. 

Nag ci aL ((1998) conducted an experiment to investigate the response of growth and 

yield at wheat to different seed rates. It appeared that increasing seed rate resulted in 

increased total dry matter in wheat. 

Roy and Biswas (1991) carried out an experiment with 100. 200. 300. 500 and 600 seed 

60 
ni to study the effect of population on tillerinj, growth. yield components and yield of 

zf 	wheat and observed that dry matter production per plant was highest with 100 seeds m. 

Saradon ci cii. (1988) repoed that sown to give plant densities of 120-360 plants m 2  in 

field experiment at Mvanmar. They found that at higher plant densities translocation of 

dry matter to the ear begun curlier and were greater than in plant grown at lower 

densities. Dry matter distribution at harvest was not affected by plant density. 
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Ragga and l'omar (1981  ) conducted an experiment with three levels of planting densities 

(200, 250 and 300 plant nf) to find out the ellèet ot'planting density on growth and yield 

of wheat. They reported that dry matter production per plant was higher at the lower plant 

densities. 

2.2.3 Crop growth rate (CGR) 

Nag ci at (1998) carried out an experiment to investigate the response of growth and 

yield of wheat to different seed rates. They found that crop growth rate differ 

signilicantiv by the different growth stage of wheat but didn't influence significantly due 

to seed rates. 

2.2.4 Relative growth rate (RGR) 

Nag ci at (1998) carried out an experiment to investigate the response on growth and 

yield of wheat to different seed rates. They found that RGR was significantly influenced 

at maximum tillering stage. At the ripening stage RGR was negligible. On the other hand 

the maximum RGR was obtained from the seed rate at 200 kg ha4  and minimum from 

100 kg seed h&'. 

In a field trial, plant densities were 27. 54 and $1 plant m 2  and growth indices were 

analyzed using classical and regression methods. RGR deeressed with age of the plant 

due to the increase level of self shading (Govil and I'andey. 1995). 

2.2.5 Number of total tillers 

Otteson et at (2007) conducted an experiment to study the seeding rates (2.9 and 4.2 

million seeds hac') and N levels (140 and 224 kg N ha1) on the effect of spring wheat 
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yield and yield components. They observed that total tiller number increased significantly 

by seed rates. 

Dixit and Gupta (2004) conducted an experiment to investigate the effect of seed rate 

(100. 125 and 150 kg ha') on the growth and yield of wheat. It was observed that 

increasing the seeding rate significantly reduced the number of tillers. 

Das (2002) conducted an experiment to evaluate the effect of planting density on the 

yield of wheat cv. Kanchan. He used 3 levels of planting density (500. 250 and 188 seeds 

ni) and concluded that total number of tillers plant"' was significantly influenced by 

planting density. The lowest planting density of 188 seeds n12  produced highest number 

of total tillers plant".  

Ilossain (2002) conducted field trial to find out optimum seed rate and harvesting time to 

obtain maximum yield as well as quality seed. Three levels of seed rate (110, 120 and 

130 kg seed had) were used in an experiment. In that experiment seed rates exerted 

signi licant eRect on total tillers plant* 

Mozumder (2001) reported that increasing seed rates showed significant effect regarding 

total tiller plant I . The highest number of total tiller plant" was obtained from the lowest 

seed rate (75 kg seed ha'). 

Sun yuanmin ci aL (1996) studied on the optimization of plant populations for high yield 

of wheat production and showed that reducing plant density coupled with early sowing 

and increased fertilizer application at middle and late growth stages, increased number of 

tillers plant'' and percentage of fertile tillers m* 
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Kurnar ci aL (1991) reported that four high yielding recommended wheat cultivars and 

four new cultivars with longer spikes and more grains spike' (low tillering) were sown at 

100. 125 and 150 kg seed ha in a rows 22.5, 18 and 15 cm apart. respectively. Higher 

seed sowing rates coupled with decreased in row spacing increased the number of tillers 

nr and grain yields. 

Saradon ci at (1988) reported that wheat sown to give plant densities of 120-360 plants 

n( in field experiment at Myanmar. They lound that tiller mortality was greater at high 

plant density and in the tall culti var (Klein Toledo). 

A tiled experiment was under taken by Chatha ci cit (1986) to observe the yield of wheat 

cultivars as affected by dillerent seed rates (18.5.37. 55.5, 74 and 92.5 kg seeds haS ') 

under irrigated conditions. They flwnd that increasing sowing rates had no significant 

efiect on 1000 grains weight but increased immergence and tillers per unit area and grain 

yields. 

(latTer and Shahidutlah (1985) conducted an experiment to study the effect of seed rates 

100. 140 and ISO kg seed ha') on the performance of wheat and observed that tillers 

plant 1  was significantly higher at 100 kg seed lia' than the other rates but grain yields 

was highest at 140 kg seed ha' and straw yield was highest at 180kg seed haS '. 

Borojevic and Kratjevic (1983) studied with live wheat cv. sown at 300. 500 and 700 

seeds rn 2  the number of plant produced was 12.7, 14.4 and 15.9 % respectively. They 

also found that production of tillers was 50% greater at the low sowing rate and 25% 

lower at the higher sowing date then at the intermediate rate and was most intensive at the 

low sowing rate in 6 cm rows. 
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In a held u-ial to find out the seed rate. Black and Aase (1982) sown three wheat cv. At 

high end low sowing rates at the rate 148-480 plants 
111

2  and given 0 or 45 kg haiL They 

bond that sowing rate and N application had little effect on grain yield and high sowing 

rate of average 14-46 1116 more tillers rn 2  than low density. 

[iagga and Tomar (1981) conducted an experiment with three levels of planting densities 

(200. 250 and 300 plant m) to find out the effect of planting density on the growth of 

yield of wheat. Al lower plant densities both the main shoot and the tillers showed better 

growth. 

2.2.6 Number of effective tillers 

Pandey ciat (2004) performed an experiment to investigate the effect of seed rates 1125. 

150 and 175 kg ha') on growth and yield of surliice seeded wheat. They reported that 

seed rate of 175 kg ha' recorded significantly higher eftèetive tillers rn 2 . 

I lossain (2002) conducted field trial to find out optimum seed rate and harvesting time to 

obtain maximum yield as well as quality seed. Three levels of seed rate (110. 120 and 

130 kg seed ha') were used as an experimental material and noticed significant effect on 

efftctive tillers rn. 

Sun vuanniin ci of. (1996) studied on the optimization of plant populations for high yield 

of wheat production and showed that reducing plant density coupled with early sowing 

and increased fertilizer application at middle and late growth stages, increased the 

number of tillers ni and percentage of fertile tillers and bioniass at maturity. 

Mahajan ci zL (1991) conducted an experiment with three seed rates of 100. 125 and 150 

kg ha' and with three seed treatments (unsoaked, water soaked or sprouted). They 
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marked that number ol'effcctive tillers m 2  decreased with the increase in sowing rate and 

was highest with unsoaked seeds. 

Sharar ci al. (1987) obsen'ed that increasing the sowing density of wheat from 125-3 13 

seeds 111 increased seed densities from 44.7 to 100.4 plants!3600 cm2  and fertile tiller 

number from 146-182.9/3600 cm and decreased average grain number eaf' from 56 to 

44.5. 

2.2.7 Spike length 

Dixit and Gupta (2004) conducted an experiment to investigate the effect of seed rate 

(100. 125 and 150 kg had)  on the growth and yield of wheat. They Ibund that increasing 

the seed rate signilicantly reduced the spike length. 

Das (2002) conducted an experiment to evaluate the cl'(;L!ct of planting density on the 

yield of wheat cv. Kanchan. He used 3 levels of planting density (500. 250 and 188 seeds 

inc) and concluded that planting density frequencies differed significantly in respect of 

spike length of wheat. 

Ilossain (2002) conducted field trial to find out optimum seed rate and harvesting time to 

obtain maximum yield as well as quality seed. Three levels of seed rate (110, 120 and 

130 kg seed ha') were used as an experimental material. In that experiment, seed rates 

exerted significant effect on spike length. 

Mozumder (2001) performed an experiment to investigate the effect of different levels of 

seed rates (75. 100. 125 and 150 kg seed ha') on the yield and yield contributing 

characters of wheat. He reported that spike length varied sigiiificantly due to increasing 

seed rate. The longest spike of 8.98 cm was produced from the treatment where 75 kg 
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seed had  which was lotlowed by 8.76 and 8.4 cm obtained from the seed rate IOU and 

125 kg had. 

loroffler (1993) conducted an experiment to find out the optimum seed rate of dilferent 

high yielding varieties of wheat. Three seed rates (80. 100 and 120 kg haj and four 

varieties (Akber. Iarkat, Ananda and Kanehan) were included in the study and Ibund that 

length of spike decreased with the increase ol seed rate. 

Gaffer and Shahidullah (1985) conducted an experiment to study the effect of seed rates 

(100, 140 and 180 kg seed had)  on the performance of wheat and observed that year 

length increased significantly at 100 kg seed ha' then at the other rates. 

2.2.8 1000 grain weight 

Das (2002) conducted an experiment to evaluate the effect of planting density on the 

yeId of wheat cv. Kanehan. tie used 3 levels of planting density (500. 250 and 188 seeds 

.2) and concluded that 1000 grains weight didn't differ significantly due to diflèrent 

planting densities of wheat seeds. The highest 1000 grain weight was obtained from 188 

seed nf2  and the lowest from 500 seeds m 2. 

I lossain (2002) conducted field trial to Find out optimum seed rate and harvesting time to 

obtain maximum yield as well as quality seed. Three levels of seed rate (110. 120 and 

130 kg seed lia') were used as an experimental material, tie found that seed rates exerted 

signilieant effect on 1000 seed weight. 

Mozunider (2001) perlhrmed an experiment to investigate the effect of different levels of 

seed rates (75, 100. 125 and 150 kg seed ha') on the yield and yield contributing 
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characters of wheat, lie reported that the lowest seed rate produced the highest 1000 

grain weight. 

Ahmed ci at (1995) studied on two cultivars using seeding rates from 40 to 120 kg seed 

ha'. lie revealed that 1000 grains weight decreased from 40.47 to 39.69 g with the 

corresponding sowing rates. 

lorolder (1993) conducted an experiment to find out the optimum seed rate of different 

high yielding varieties of wheat. Three seed rates (80, 100 and 120 kg ha') and four 

varieties (Akher, Barkat. Ananda and Kanchan), included in the study and found that 

1000 grains weight decreased with the increase of seed rate. 

Mahajan ci cii. ( 1991 ) conducted an experiment with three seed rates of 100. 125 and 150 

kg ha'' and three seed treatments (unsoaked, water soaked or sprouted). Grain yield 

increased with seed sowing rate and was highest with sprouted seed. Weight of 1000 

grain was highest (41 g) with 150kg sprouted seed ha'. 

sA flied experiment was under taken by Chatha e/ at (1986) to observe the yield of 

wheat cultivars as affected by different seed rates (18.5, 37, 55.5, 74 and 92.5 kg seeds 

ha') under irrigated conditions. They found that increasing sowing rates had no 

significant effect on 1000 grains weight. 

Caller and Shahiduliah (1985) conducted an experiment to study the effect of seed rates 

(100. 140 and ISO kg seed ha') on the performance of wheat and observed that 1000 

grains weight was significantly higher at 100 kg seed Iia' than at the other rates. 

Bagga and Tomar (1981) conducted an experiment with three levels of planting densities 

(200. 250 and 300 plant m) to find out the elThct of' planting density on the growth of 
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yield of wheat. They reported that 1000 grains weight remain tin afibcted by reduction in 

plant population. 

2.2.9 Grain yield 

Herbek ci at (2007) conducted an parameter to study the elfeet of dii lerent seeding rates 

(10. 15. 20, 25. 30. 35 and 40 seeds W2) and established stand on the yield potential of 

wheat. They observed that there was no significant difference among grain yields i. c. the 

low seeding rate produced yields equal to higher seeding rate. 

Otteson ci at (2007) conducted an experiment to study the seeding rates (2.9 and 4.2 

million seeds hi') and N levels (140 and 224 kg N hi') on the effect of spring wheat 

yield and yield components. They observed that productivity was highest at lowest seed 

rate. 

Dixit and Gupta (2004) conducted an experiment to investigate the etThet of seed rate 

(IOU. 125 and 150 kg had ) on the growth and yield of' wheat. It was revealed that 

increasing the sowing rate significantly increased grain yield. 

Pandey cial. (2004) performed an experiment to investigate the effect of seed rates (125. 

150 and 175 kg 	on growth and yield of surface seeded wheat. They reported that use 

01175 kg seed hi' resulted in the highcst grain yield. 

A field study was undertaken by Volynkina and Volynkin (2003) in the Kurgan region to 

show the elièct of planting density on the yield and grain quality of spring wheat. The 

highest grain yield was obtained at a sowing rate of 2-3 million seeds hi'. 

An observation was taken by irif ci at (2002) to study the effect of different swing rates 

(50. 100. 120 and 150 kg hi') on yield components of wheat cultivars (lnqilah-9 I) and 
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Bakhtawar-92. Maximum grain yield (3346 kg ha') was recorded at sowing rates of 150 

kg seed lia'. 

Das (2002) conducted an experiment to evaluate the efiëct of planting density on the 

yield of wheat cv. Kanchan. He Used 3 levels olplanting density (500. 250 and 188 seeds 

m) and concluded that the highest grain yield obtained from the optimum planting 

density of wheat (250 seed n12 ) 

1-tossain 2002) conducted field trial to find out optimum seed rate and harvesting time to 

obtain maximum yield as well as quality seed. Three levels of seed rate (ItO, 120 and 

130 kg seed lui') were used as an experimental material and concluded that seed rates 

exerted significant eflèet on seed yield. 

Mozumder (2001) performed an experiment to investigate the effect of different levels of 

seed rates (75. 100. 125 and 150 kg seed ha') on the yield and yield contributing 

characters of wheat and revealed that ISO kg seed haproduced the highest grain yield 

and 75 kg seed hi' produced the lowest grain yield and they dilThred significantly with 

each other. 

Nag c/ at (1998) carried out an experiment to investigate the response on growth and 

yield of wheat to dillbrent seed rates. They Ibund that increasing seed rate resulted in 

increase total dry matter and leaf area index but it did not increased grain yield in wheat. 

Torolder (1993) conducted an experiment to find out the optimum seed rate of different 

high yielding varieties of wheat. Three seed rates (80, 100 and 120 kg hi') and Ibur 

varieties (Akber. Barkat. Ananda and Kanchan) were included in the study and obtained 

statistically similar yields with seed rate of 100 and 120 kg hi'. 
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Mishra (1993) conducted a held trial where 100. 125 and 150 kg seed hi' were used as 

experimental treatment and got the average grain yields of 1.24. 1.37 and 1.28 thi' from 

100. 125 and ISO kg seed hi' respectively. 

Roy and Biswas (1991) carried out an experiment with 100. 200, 300. 500 and 600 seed 

in to study the effect of population on tillering, growth. yield components and yield of 

wheat and observed that grain yield was significantly higher with 400 seeds m 2. 

I-fuel and Baker (1990) noted that grain yield increased with the increment of seed rate up 

to 646 seeds n1 (in 1984) and up to 320 seed m (in 1985). In other experiment it was 

lound that sowing rate had little influence on yield and increased seeding rates did not 

compensate lbr late sowing cv. Granada in which yield increases due to increase stand 

density. 

A field trial was undertaken by Bhatnagar et at (1990) to find out the response of wheat 

to different seed rates. Seeds were sown in rows 15. 19 and 23 cm apart in row with seed 

rates of 100. 125. 150. 175 and 200 kg hi'. The highest grain yield of4.l7 t hi' in 1986-

87 and 2.63 t hi' 1987-88 were obtained from 23 cm apart in row spacing with the seed 

rate of 200 kg hi'. 

2.2.10 Straw yield 

Pandey c/ at (2004) perlhrmed an experiment to investigate the effect of seed rates (125. 

150 and 175 kg 	on growth and yield ol surtaee seeded wheat. They reported that use 

of 175 kg seed hi' resulted in the highest grain yield. 

Dixit and Gupta (2004) conducted an experiment to investigate the effect of seed rate 

(100. 125 and 150 kg hi') on the growth and yield of wheat. They lound that increasing 



the seeding rate significantly increased straw yield. The highest straw yield (72.59 quintal 

ha') was obtained at the rate of 150kg seed hi'. 

Das (2002) conducted an experiment to evaluate the effect of planting density on the 

yield of wheat cv. Kanchan. I-Ic used 3 levels of planting density (500, 250 and 188 seeds 

111 2) and concluded that the maximum straw yield was recorded at optimum planting 

density of250 seeds rn. 

Hossain (2002) conducted field trial to find out optimum seed rate and harvesting time to 

obtain maximum yield as well as quality seed. Three levels ol seed rate (110. 120 and 

130 kg seed ha') were used as an experimental material. He found highest straw yield at 

130 kg seed ha'. 

Mozumder (2001) performed an experiment to investigate the effect ol dii icrent levels of 

seed rates (75. 100, 125 and ISO kg seed hi') on the yield and yield contributing 

characters of wheat, lie reported that straw yield increased upto a certain level of seed 

rate ad there aller declined. The highest straw yield was produced from seeds at the rate 

125 kgha 1. 

2.2.11 Harvest index 

Pandey ci aL (2004) performed an experiment to investigate the elièct of seed rates (125, 

ISO and 175 kg ha') on growth and yield of surface seeded wheat. They reported that 

harvest index was unaffected by the variation of seed rates. 

Das (2002) conducted an experiment to evaluate the effect of planting density on the 

yield of wheat cv. Kanchan. He used 3 levels of planting density (500, 250 and 188 seeds 
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in and concluded that the highest harvest index from the optimum planting density at 

250 seeds rn 2  and the lowest harvest index were found from 500 seeds m. 

1-lossain (2002) conducted field trial to find out optimum seed rate and harvesting time to 

obtain maximum yield as well as quality seed. Three levels of seed rate (110, 120 and 

130 kg seed ha') were used as an experimental material. In that experiment seed rates 

exerted signiticant effects on straw yield and harvest index. 

Moxunider (200!) performed an experiment to investigate the effect of dillerent levels of 

seed rates (75. 100, 125 and 150 kg seed haS ') on the yield and yield contributing 

characters of wheat. He reported that harvest index significantly varied due to different 

seed rates. T 	g he hihest harvest index was observed in seed rate at 125 kg ha* 

Roy and Biswas (1991) carried out an experiment with 100. 200. 300. 500 and 600 seed 

nY to study the effect of population on tillering, growth, yield components and yield of 

wheat and observed that harvest index increased up to 400 seeds m 2  and thereafter 

decreased. 

[3orojevie and Kraljevic (1983) studied with five wheat cv. sown at 300.500 and 700 

seeds 1112  the number of plant produced was 32.7. 14.4 and 15.9 % respectively. They 

also found that increasing the seeding rate reduced the harvest index significantly where 

as row spacing had no effect. 

Bagga and Tomar ( 1981 ) conducted an experiment with three levels of planting densities 

(200. 250 and 300 plant ni) to find out the effect of planting density on the growth of 

yield of wheat. They reported that harvest index remain unaffected by reduction in plant 

PopulLItion. 
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2.3 Interaction effect of nitrogen and plant spacing 

2.3.1 Plant height 

Hcssain (2005) conducted an experiment to know the effect of nitrogen level and plant 

spacing on the yield pertormanec of wheat. IL was observed that plant height was not 

significantly affected by the interaction of plant spacing and nitrogen level. Numerically 

the application oF 90 kg seed ha' and 160 kg N haS ' produced the highest plant height 

(92.95 cm) and the shortest plant (70.48 cm) was found from the combination of 60 kg 

seed ha' with control i.e. no application of nitrogen. 

Pandey ci at (2004) conducted an experiment to study the etict of krtilizcr levels and 

plant spacing on growth and yield of wheat under low land rice ecu system. They used 

live levels of nitrogen fertilizer (0. 60. 90. 120 and 150 kg ha") and three levels of seed 

rates (125. ISO and 175 kg seed ha"). They reported that plant height increased with sub 

sequent increasing lèrtilizer level and reported maximum value at 150 kg N hzc'. But 

decreased non signiticantly with increase in seed rate. 

Kumar ciat (2002) conducted an experiment to study the effect of seed rate (50. 75 and 

100 kg ha'') and nitrogen levels (90. 120. ISO and 180 kg ha") on biomass production in 

wheat. They reported that plant height enhanced signilicantly with enhancing both seed 

rates and nitrogen level. 

Das (2002) reported that the combined effect of planting density and nitrogen on height 

of wheat plant was not statistically signiticant. Numerically the highest plant height 

(100.99 cm) was obtained in planting density 250 seed ni'2  combined with 120 kg N ha" 

and the lowest (80.44 cm) was in planting density 500 seeds 111'2  and control plot. Singh 
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ci at (2002) also reported that plant height increased with increasing rate of N and 

decreased with increasing sowing rate. 

Mozumder (2001) noticed that plant height did not respond significantly due to 

interaction of plant spacing and nitrogen. Even though plant height did not difFer due to 

interaction effect of different plant spacing and levels of nitrogen the highest plant height 

(86.47 cm) was obtained from the interaction from 125 kg seed ha' and 90kg N haS '. 

2.3.2 Dry matter 

Kumar ci at (2002) conducted an experiment to study the effect of seed rate (50. 75 and 

tOO kg hi') and nitrogen levels (90. 120. 150 and ISO kg ha') on biomass production in 

wheat. They reported that dry matter accumulation enhanced significantly with enhancing 

plant spacing and also registered a significant increase up to ISO kg N hi'. 

Reddi and Paul (2003) carried out an experiment to study the response of wheat to 

diiiërent N levels (75. 100 and 125 kg hi') and seed rates (125. ISO and 175 kg hafl ) 

under late sown condition. They concluded that dry matter accumulation increased with 

the increasing levels of N coupled with seed rates. 

2.3.3 Number of total tillers 

Otteson ci at (2007) conducted an experiment to study the seeding rates (2.9 and 4.2 

million seeds hi') and N levels (140 and 224 kg N 	on the effect of spring wheat 

yield and yield components. They observed that total tiller number was increased 

significantly by seed rate and N levels. 

The elThct of' seed rate and nitrogen level on the number of total tillers 	was 

statistically signi Ucant. However, apparently it was found that 90 kg seed hi' in 
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combination with 160kg N ha' resulted the highest number of total tillers plant' (6.13) 

and 60 kg seed had  in combination with control i.e. without application of nitrogen 

showed the lowest number of total tillers planf'(2.98) (Hossain, 2005) 

Das (2002) conducted a held trial to observe the effect of nitrogen and planting density 

on the yield of wheat. I-Fe found that the total number of tillers planf' was non sienificant 

due to interaction between planting density and nitrogen application rate. Numerically the 

highest number of tillers plant' (5.90) was obtained with the combination of 188 seed in 

and 120 kg N haP ' and the lowest (3.20) at 500 seeds m 2  with controlled nitrogen 

treatment. 

Kumar ci ciL (2002) conducted an experiment to study the eFfect of seed rate (50. 75 and 

lOU kg ha') and nitrogen levels (90. 120. 150 and 180 kg ha1) on biomass production in 

wheat. They concluded that total number of' tillers per unit area enhanced significantly 

with enhancing seed rate. They also reported that number of tillers registered a significant 

increase up to 150 kg N ha1. 

Mozumder (2001) studied our the response of wheat to diflerent nitrogen levels and seed 

rates. lie reported that the interaction of nitrogen and seed rate significantly affected 

number of total tillers planf'. The highest number of total tillers pianI' (5.09) was found 

from the combination of 75 kg seed hi' and 120 kg N ha* 

2.3.4 Number of effective tillers 

Llossain (2005) concluded that the highest number of effective tillers per hill was found 

in combined effect of 120 kg N and 90 kg seed hi1 . Das (2002) also reported that the 



highest number of effective tiller plant' (4.53) was obtained in planting densities of 188 

seeds in combined with 120 kg N ha1. 

Kumar el at (2002) conducted an experiment to study the effect of seed rate (50. 75 and 

100 kg ha') and nitrogen levels (90, 120, 150 and ISO kg ha') on biomass production in 

wheat. They reported that effective tillers per unit area enhanced significantly with 

enhancing seed rate and also with 150 kg N ha'. 

\lozurnder (2001) worked with different seed rates (75. 100. 125 and ISO kg ha1) and 

nitrogen levels (0. 30. 60,90 and 120 kg N ha'). The interaction efTeet of seed rate and 

nitrogenous fertilizer was found significant in case of number of effective tillers pkm('. It 

was observed that the highest number of effective tillers plant was lound from the 

combination effect of 75 kg seed and 90 kg N ha S '. 

2.3.5 Spike length 

Hossain 2005) conducted an experiment to study the response of wheat to different 

1'erti1izer levels and seed rates, lie Ibund that 160 kg N hi' gave the highest length (9.75 

cm) of a spike but it was statistically identical with 120 kg N ha". I-fe also reported that 

90 kg seed ha' performed the best incase of spike length but it was also statistically 

identical with 120 kg seed lm' 

l'andey el at (2004) conducted an experiment to study the elThct of ti.,rtilizer levels and 

plant spacing on growth and yield of wheat under low land rice ceo system. They used 

five levels of nitrogen lèrtilizer (0. 60. 90. 120 and 150 kg ha'') and three levels olseed 

rates (125. ISO and 175 kg seed ha"). They reported that spike length increased 
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significantly only tip to 120 kg N hi' and Iuirther increase in fertilizer level had not any 

signilcant effect on this attribute. Seed rate had not any significant effect on spike length. 

Das (2002) sttidied with three levels of seed rates (500, 250 and 188 seed m) and tour 

levels of irtilizcr (0. 40. 80 and 120 kg N hi'). He reported that spike length was not 

siunitieantiv influenced by the interaction effect of nitrogen and seed rate. Mozuidcr 

(2001) reported that the longest spike length (9.66 cm) was obtained from the interaction 

of 75 kg seed with 90kg N hi'. 

2.3.6 1000 grain weight 

1-lossain (2005) stated that there were no significant responses among the combination 

effect of different fertilizer level and seed rate. 

The 1000 grains weight was not significantly influenced by the interaction between 

planting density and dillerent rates of nitrogen (Das. 2002). The highest 1000 grain 

weight (46.12 g) was obtained with planting density of 250 seeds ni' in combination with 

120 kg N ha' and the lowest (40.35 g) with planting density of 5000 seeds m 2  with no 

nitrogen treatment. 

Mozunider (2001) worked with different seed rates (75. 100, 125 and 150 kg hi') and 

nitrogen levels (0, 30, 60, 90 and 120 kg N hi'). The interaction efibet of seed rate and 

nitrogenous fertilizer was found significant in case of number of ciThetive tillers plani'. It 

was observed that the highest 1000 grains weight (46.80 g) from the interaction effect of 

75kg seed ha' with 120 kg N ha* 

Walli and Wahab (1987) carried out an observation with three seed rates (60, 100 and 

140 kg hi') and three levels of N (0. 40 and 80 kg hi') and reported that increasing seed 
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rate increased 1000 grains weight but increasing N application significantly increased 

1000 grains weight. 

2.3.7 Grain yield 

Otteson ci aL (2007) conducted an experiment to smdy the seeding rates (2.9 and 4.2 

million seeds had)  and N levels (140 and 224 kg N had)  on the efThct of spring wheat 

yield and yield components. They observed that productivity was highest at lowest seed 

rate and N level. 

Hossain (2005) found that incase of grain yield haS ', the combination effect of 120 kg N 

had with 120 kg seed ha' and 160 kg N haS ' with 120 kg seed ha' was statistically 

identical. The highest grain (3.26 t ha') yield was obtained from the interaction elfect of 

120 kg N ha' with 120 kg seed ha'. Das (2002) also reported that the highest grain yield 

was obtained with 250 seeds n12  in combination with 120 kg N haS '. 

Mozumder (2001) worked with ditThrent seed rates (75. tOO. 125 and 150 kg haS ') and 

nitrogen levels (0.30, 60. 90 and 120 kg N ha'). The interaction clThct olseed rate and 

nitrogenous fertilizer was found significant in case of number of effective tillers planf'. It 

was observed that the interaction of seed rate and nitrogen significantly alketed grain 

yield of wheat. The combination of 150kg seed ha' with 120 kg N ha' was Ibund as the 

best treatment which obtained the highest grain yield. 

2.3.8 Straw yield 

1-lossain (2005) conducted an experiment and found that straw yield was significantly 

affected by the interaction of seed rate and nitrogen levels. It was observed that the 
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application of 90 kg seed ha' and I20 kg N ha' showed numerically the highest straw 

yield (4.11 t ha S ') and 60kg seed ha' and 0kg N ha' showed the lowest straw yield. 

Das (2002) reported that straw yield was not signifIcantly influenced by the interaction 

between different seed rates and nitrogen levels. He used ISS, 250 and 500 seeds rn and 

0. 40. 80 and 120 kg N had  as experimental treatments. 

The interaction effect of seed rate and nitrogen was found significant in respect of straw 

yield of wheat (Mo>'.umder, 20011. It was observed that the highest straw yield was lound 

in the interaction of 150 kg seed ha' with 120 kg N ha4 . 

2.3.9 Harvest index 

1-lossain (2005) carried out a field trial with four levels of fertilizer (0, 80. 120 and 160 kg 

N ha') and three levels of seed rates (0.90 and 120 kg seed ha'). He found that incase of 

harvest index, there were no significant response among the combination effect of 

di liCrent fertilizer level and seed rates. 

1-larvest index was not significantly affected by the interaction between planting densities 

and different rates of nitrogen. Numerically the highest harvest index (46.53%) was 

obtained with optimum planting densities of 250 seeds rn' in combination of 120 kg N 

ha' (Das. 2002). 

From an experiment. Mozumder (2001) found that there was significant variation in 

harvest index due to interaction of different nitrogen levels and seed rates. The highest 

(46.339,6) harvest index was obtained from the interaction of 60 kg N ha S ' with 75 kg seed 

ha'. 
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MATERIALS AND METHODS 

A field experiment was conducted in rabi season to study the effect of nitrogen and 

spacing on the growth and yield of wheat. This chapter presents a brief description of 

the experimental site, soil, climate, experimental design. treatments, cultural 

operations, collections and analysis ol different parameters. 

3.1 Location 

The experiment was conducted at the Agronomy farm of Sher-e-Bangla Agricultural 

University, Dhaka-1207. during December 11. 2007 to March 28, 2008 to study the 

growth and yield of wheat as influenced by nitrogen and plant spacing. 

3.2 Experimental site 

The experimental field was located at 90 22'E longitude and 23°  41'N latitude at an 

altitude of 8.6 meters above the sea level. 

3.3 Soil 

The land was in Agro-ecological zone of "Madhupur Tract" (AEZ No. 28). It was 

Dcci) Red Brown Terrace soil and belonged to "Nodda" cultivated series. The soil was 

clay loam in texture having pH 5.50. The physical and chemical characteristics of the 

soil have been presented in Appendix I. 
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3.1 Weather 

Cold temperature and minimum rainfall is the main feature of the experimental site in 

Rabi season. The monthly total rainfall, temperature (Maximum and Minimum) and 

relative humidity during the study period (December to March) is shown in 

Appendix 11. 

3.5 \rffl. 

Shourov (BARI Gom- 19) was released for cultivation in 1998. Height of the plant 

ranges from 90-100 cm. It produces 5-6 tillers per plant. Leaves are flat. droopy and 

deep green in color. Weight of 1000-seeds is 40-45 g. It takes about 102-110 days 

from sowing to harvest. Average yield of this variety is 3.5 to 4.5 ton per hectare. 

3.6 Layout of the experiment 

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

experimental area was divided into three blocks each of which representing a 

replication. Each block was divided into 3 main plots in which nitrogen levels were 

applied at random. Each main plot was further divided into 4 unit plots or sub-plots for 

the treatment of different plant spacing and treatments were arranged at random. So. 

the total number of unit plots in the entire experimental plot were 3x 4 x 3 36. Size 

of each Pitt was 3.5 ni x 2.5 m. The distance maintained between two blocks was 

I Sm and between sub-plots Im. 
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3.7 Experimental treatment 

There were two sets of treatments i.e. nitrogen levels and plant spacing. There were 

three levels of N fertilizer (120, ISO and 240 kg hi') and four plant spacing (3. 5. 7 

and 10 cri, plant to plant in 20cm about rows). So. the treatments were as follows- 

Factor A: Level ot nitrogen (kg ha5:  3 

=120 

ISO 

N3''24O 

Factor B: Plant spacing (cm):4 

S, —3 

S2-5 

53=7 

S= 10 

3.8 Details of the land operation 

The particular of the cultural operations carried out during the experimentation are 

present below: 

3.8.1 Land preparation 

The land was ploughed with a rotary plough and power tiller. Ploughcd soil was then 

brought desirable fine tilth and levelled by laddering. The visible large clods were 
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hammered to break into small pieees.All weeds. stubbles and crop residues were 

cleaned from the land. The final ploughing and land preparation were done on 

December 10. 2007. The layout was done as per experimental design on December II. 

2007. 

3.8.2 Fertilizer aI)plicatiofl 

Beire final land preparation the Field was fertilized with P205. 1(20 and S at the rate 

of 68. 25 and 20kg haS '. respectively in the form of triple super phosphate, muriate ui 

potash and gypsum. Nitrogen was applied in main plots as urea as per experimental 

treatments. The whole amount of triple super phosphate (TSP), muriate of potash 

(MI') gypsum and two third of urea (as per treatment) were incorporated in each plot 

at the time of final land preparation. The remaining urea was applied at crown root 

initiation stage (2] days after sowing) followed by irrigation. 

3.8.3 Collection and sowing of seed 

The wheat seeds (cv. Sourav) were collected from Wheat Research Centre. 

Bangladesh Agricultural Research Institute (BARI). Jovdehpur. Gazipur. At a good 

tilth condition. turn)ws were made with ]land rakes for sowing. Seeds were sown 

continuously in line on December II. 2007 as per experimental treatment, The line to 

line distance was maintained 20 cm. After sowing, the seeds were covered with the 

soil and slightly pressed by ]land. 
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3.8.4 Thinning 

The crop was thinned IS DAS following the treatment variables maintaining plant to 

plant distance as 3. 5.7 and 10cm in lines. 

3.8.5 Weeding 

Veeds infested the experimental plots. So two weeding were done manually at 25 and 

50 days after sowing. Both thinning and weeding were done simultaneously during 

first weeding. During weeding the weeds identilied were Durha (C'vnodon doe! ylon 

U. Shaina (Ec/unochiva crusga/li L.), Arail (Leersia bc'xandra), Chelaghash 

(Parap/zo/is incurve I_inn), Mutha (Cvperu.c rolundus L.). l3athua ((iwnopodiwn 

a/bun; L.). Banmasur (I'7cia sativa U.). Shaknotey (.1rnaranthus tiric/is L.). 

Foskabegun (P/n'salis beterop/ivl/s) and Titabegun (Solanum ton mu). 

3.8.6 Irrigation 

The experimental plot was irrigated two times. The first and second irrigation were 

required to be applied at crown root initiation stage and grain filling stage (20 and 70 

days after sowing) and there was a rainfall at heading stage (46 days after sowing). 

During irrigation care was taken so that water could not flow from one plot to another 

or overflow the boundary of the plots. Excess water of the field was drained out. 
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3.8.7 Pest management 

The experimental plots were sprayed with Melethion 57EC at the rate of In1 per litre 

to control aphid. No infection of disease was noticed. Rat attacked the crop at 2ud  week 

of' February. Zinc phosphide was applied to control rat..'\ guard was appointed to 

protect the wheat gtain 1mm bird especially Parrots from mid February to March. 

3.8.8 Harvesting and sampling 

The crop was harvested at maturity on March 28. 2008. Samples were collected from 

dilThrent places ol' each plot leaving undisturbed one square meter in the center. The 

selected sample plants were then harvested, bundled, tagged and carefully carried to 

the Agronomy Field l.ahoratory in order to collect data. Samples of one square meter 

square and rest crop was harvested separately plot-wise, bundled and tagged. The crop 

bundles were sun dried by spreading those on the threshing floor. The grains were 

separated 1mm the plants by beating the bundles with bamboo sticks. The straw and 

grain were dried again. 

3.9 Recording of data 

The growth parameters during study were recorded at 15 days interval started from 27 

DAS up to harvest from randomly preselected plants and the yield & t'ollowing other 

parametcrs were taken at harvest from prcdcmarked area. 

Plant height (cm) 

Above ground dry matter plaiu"(g) 
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Crop growth rate (CGR) (g m day4 ) 

Relative growth rate (RGR) (g g' dayS ') 

Tillers plant-]  

EtThctive tillers plant' 

Non-eflbetive tillers plant" 

Spike length (em) 

1000 grain weight (g) 

Grain yield (t haS ') 

II. Straw yield (I hi') 

12. Uarvest index (%) 

3.9.1 Plant height 

The mean plant height was determined from ten plants and expressed in em. 

3.9.2 Above ground dry matter 

Ten plants from each Plot at each han'est were taken from ground level and was oven 

dried at 80°  until a constant weight was obtained. The dry weights of plants were 

recorded with the help of digital balance and the mean value was determined and 

expressed as per plant basis. 
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3.9.3 Crop growth rate (g m 2  day 5 

The dry matter accumulation of the crop per unit land area in unit of time is referred to 

as crop growth rate (CGR). expressed as g rn 2  day* The mean CGR values for the 

crop during the sampling intervals have been computed by using the lbrmula of Brown 

(1984). 

CGR (g  m 2  day') (W2 - W1 )/SA (T2  - T1 ) 

\Vhcre, 

SA 	Ground are a occupied by the plant at each sampling. W1  and W2  are the total dry 

matter production in gmms at the time T, and 12 respectively. 

3.9.4 Relative growth rate (g g4 dayd) 

The relative growth rate at which a plant incorporates new material into its sink is 

measured by relative growth rate of dry matter accumulation and is expressed in g 

Relative growth rate was worked out by following the Jbrniula of Radfbrd 

(1967). 

RGR (g g' day1) = (L1 \V2  - LW1) / (T2 - ii) 

Where. 

W1  and \V2  are initial and final dry matter weight at the time T, and T respectively. L0  

refers to Natural Logarithm. 
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3.9.5 Tillers plani' 

Number of tillers from the plant was counted and mean values were recorded. 

3.9.6 Effective and non effective tillers plant 

Number of effective and lion effective tillers from the plants was counted and mean 

values were recorded. 

3.9.7 Spike length (cm) 

Spike lengths uI the plants were taken. The measurement was taken from the base of 

the flag Leaf to the tip of the spike lets and the mean value was determined. 

3.9.8 1000 grain weight (g) 

Thousand seeds were taken from the seed sample and weighed at about 12% moisture 

level using an electric balance. 

3.9.9 Grain yield (t hi') 

Fotal grain weight (at 12 % moisture) was taken from pre-demarked area of each plot 

and converted further as t ha S '. 

3.9.10 Straw yield (t hi') 

Having linished the threshing. drying, weight of straw of' each sample plot, was 

measured and converted to t ha 
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3.9.11 Harvest index (%) 

Harvest index was determined with the following formula of Donald (1963) Harvest 

index (%) = (Grain yield/Biological yield) X100 

3.10 Statistical analysis 

The collected data were complied and analysed by split plot design to find out the 

statistical significance of experimental results. The collected data were analysed by 

MSTAT software (Russell. 1986). The mean difibrences were evaluated by least 

significant difference (LSD) test. 
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chapter 4 
Results ancftDiscussion 



RESULTS AND DISCUSSION 

Results obtained from the present study regarding the effects of nitrogen and different 

plant spacing and their interactions on the yield and yield components of wheat have 

been presented. discussed and compared in this chapter. 

4.1 Plant height (cm) 

4.1.1 Effect of nitrogen 

Results revealed that plant heights were statistically maximum at par with Ni (180 kg N 

ha') and N3  (240 kg N hi') at all growth stages (27. 42, 57, 72, 87 DAS and at harvest) 

except 87 DAS where N3  produced significantly highest plant height (Fig. I). Treatment 

N, (120 kg N ha4 ) gave lowest height of plant at all stages of crop growth. Plant height 

varied from 27.01 cm to 82.83 cm measured 27 DAS and harvest. 

Different scientists reported that highest plant height with 160 kg N hi' (Ram et at. 

2004), ISO kg N ha' (Das, 2003 and Kurnar et at. 1999). 

Sushila and Gin (2000) set an experimeni with different N doses (0. 45. 90 kg hi') and 

observed that plant height significantly increased with the increasing closes of nitrogen. 

Kataria and Bassi (1999) conducted a field experiment and observed that application of 

80 kg N ha' produced significantly tallest plant height than 40 kg N hi'. 

55 



90.00 

80.00 
70.00 

.a 60.00 

,saoo 
40.00 
30.00 

20.00 
10.00 

0.00 

D Ni  U  N2 a N3 

27 DAS 	42 DAS 	57 DAS 	72 DAS 	87 DAS 	Harest 

Nitrogen Levels 

Figure 1: Plant height of wheat as affected by nitrogen levels at different days 
(LSD0.05  = 0.61, 0.94, 0.90, 0.88, 0.94 and 1.22 at 27, 42, 57, 72, 87 and 
harvest respectively) 

N1 	120 kg N ha4, N2r  180 kg N hi', N 3  = 240 kg N ha4  

4.1.2 Effect of spacing 

Significant variation of plant height was found due to different planting spacing at all 

growth stages (Fig. 2). The results revealed that the tallest plants (28.43, 47.02, 67.60. 

73.40, 75.60 and 83.73 cm at 27, 42, 57, 72, 87 DAS and harvest, respectively) were 

obtained with the spacing of S2  (5 cm) and followed by 53 (7 cm) at 27, 72. 87 DAS 

and harvest. On the other hand, the lowest plant heights (26.88, 44.83. 65.80, 70.38, 

70.80 and 79.34 cm) were obtained from the spacing of S4 (10 cm) at all the sampling 

data. According to Gaffer and Shahidullah (1995) plant height was significantly higher 

at 100 kg seed ha4. 
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Figure 2: Plant height of wheat as affected by plant spacings at different days 
respectively) 

Sl= 3cm, S2 5cm, 53= 7cm, S4  = 10cm 

4.1.3 Interaction effect of nitrogen and plant spacing 

Irrespective of treatment difference, plant height of wheat increased progressively and 

picked at harvest. Plant height at different days after sowing (DAS) was greatly 

influenced by interaction effect of nitrogen and plant spacing (Table I). It was 

observed that at all the stages (at 27. 42, 57, 72, 87 DAS and harvest), N2S2 showed 

the highest plant height (29.32, 48.21, 68.40, 74.33, 76.40 and 85.90 cm, respectively) 

which was not significantly different from NS3  (85.87 cm) at harvest and significantly 

similar with N1S2, N3 S3, NS2, N3S4  at 27 DAS and N3S2 at 42. 57, 72 and 87 DAS. On 

the other hand the lowest plant height at 27, 42, 57, 72, 87 DAS and harvest (24.93. 

41.92. 63.42, 67.33, 68.33 and 77.47 cm, respectively) was observed in NS4  which was 

not significantly different from N2S.1  at harvest and significantly similar with N1 S, at 27 

DAS. Nitrogen (180 kg hi') coupled with plant spacing (5 cm) favoured plant to have 

maximum cell division and cell elongation thus improved plant height at maximum from 
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early growth stage to tinal harvest. Pandev e' aL (2004) reported maximum plant height 

at 150kg N ha". Das (2002) obtained highest plant height in planting density 250 seed in 

2 combined with 120 kg N ha" and the highest plant height (86.47 cm) was obtained from 

the interaction 125 kg seeds ha' and 90kg N haS ' by Mozumder (2001). 

Table 1. Plant height ol' wheat as affected by the interaction of nitrogen levels and plant 
spacing at different days 

Treatments 27 DAS 42 DAS 57 DAS 72 DAS 87 DAT At harvest 

N,S, 25.94 44.29 65.80 72.07 74.80 83.60 
N,S2  28.86 45.41 66.67 73.27 75.53 80.93 
N,S3 28.33 45.14 65.13 71.60 71.73 80.91 
N,S4  24.93 41.92 63.42 67.33 68.33 77.47 
N2S, 27.57 45.79 67.20 72.20 74.20 8 2. 333 
N 2S2  29.32 48.21 68.40 74.33 76.40 85.90 
N 2 S3 27.33 45.91 66.43 73.20 72.27 81.80 
N 2S3  27.31 46.75 67.00 70.47 69.53 7 7.7 5 
N3S, 27.11 45.61 66.40 73.73 73.87 81.73 
N3S2  29.09 47.45 67.27 74.07 76.20 85.87 

27.37 46.15 66.73 73.33 75.13 80.90 
N;S4 28.01 45.83 65.80 71.73 71.80 82.82 

I.SD, 05 1.73 1.87 1.80 1.75 1.88 1.73 

cv 5.20 4.84 4.45 6.42 4.16 5.37 

N, - 120 kg N ha". N,.2  180 kgN ha', N3  = 240 kgN ha" 

S, =3cm,S:"5eri.S;7eni.S4 _ 10cm 

4.2 Above ground dry weight plant" 

4.2.1 Effect of nitrogen 

Above ground dry weight plant' of wheat was signilicantly iniluenced by dillerent 

levels of N application at 57. 72. 87 DAS and harvest except 27 and 42 DAS (Fig. 3). 

The result revealed that the highest above ground dry weight plant" (2.57. 3.30. 4.70 

and 5.38 g) were recorded with N2  (240 kg N ha'') at 57. 72 and 87 DAS and harvest. 

respectively which was statistically similar with N; (180 kg N ha') at 57 and $7 DAS. 
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On the other hand the lowest above ground dry weight plant1  (2.11, 2.82, 3.35 and 5.13 

g) was recorded with N1  (120 kg N ha') at 57. 72, 87 DAS and han'est. respectively. 

Similar results were recorded by Chanda and Gunri (2004) and Khan ci aL (2002) 

representing the dry matter of wheat increases with the level of nitrogen up to 200 kg N 

hi'. 

3/UM 72 DAS 87 DAS 
Harvest 

Nitrogen levels 

Figure 3: Above ground dry weight plant 1  as affected by nitrogen levels at different 

days (LSD0.05 = NS, NS, 0.31, 0.22, 0.58 and 0.12 at 27, 42. 57, 72,87 and 

harvest, respcctively) 

1=I20kgNhi',N3 180kgNhi'.N3 240kgN 

4.2.2 Effect of spacing 

Significant variation at above ground dry weight planf' was found due to different plant 

spacing in all the studies duration except 27 and 42 DAS (Fig. 4). The results revealed 

that the highest above ground dry weight plani' (2.41, 3.18, 3.84 and 5.49 at 57, 72, 87 
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DAS and harvest, respectively) were obtained with the spacing of 52 (5cm) at par with 

S1  (3 cm) at 57, 72, 87 DAS; S (7cm) at 57 DAS and with S (3cm) at harvest. On the 

other hand the lowest above ground div weight planf' (2.23. 2.87, 3.55 and 4.94 g, 

respectively) was obtained from the spacing of S4  (10 cm) at 57, 72, 87 DAS and 

harvest. Bagga and Tomar ( 1981 ) conducted an experiment with three levels of 

planting densities (200. 250 and 300 plants m) and reported that dry matter 

production per plant was higher at the lower plant densities. 

1s• Si —t-- S2 	S3 —M--S4 

25 

['I 
21 DAS 	42 DAS 	57 DAS 	72 DAS 	87 DAS 	Harvest 

Plant spacing (cm) 

Figure 4: Above ground dry weight plant" as affected by plant spacings at 
different days (LSD0.05  = NS, NS, 0.16, 0.25, 0.16 and 0.22 at 27, 42, 57, 

72, 87 and harvest respectively) 

S1 3Cm,S2 5cm,S3 '7 cm, 54 IOem 

4.2.3 Interaction effect of nitrogen and plant spacing 

Above ground dry weight plant"' at different DAS was greatly influenced by interaction 

effect of nitrogen and plant spacing (Table 2). It was observed that at 57, 72, 87 DAS 
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and harvest N 2S2  showed the highest above growid dry weight plant' (2.95, 3.87, 4.70 

and 5.88g. respectively) which was statistically similar with NS3. N3S 3, N 1 S& NtS'at 

57 DAS, NISI & N3S, at 87 DAS and N3S2 & N3S, at harvest. On the other hand the 

lowest above ground dry weight plant' at 57, 72, 87 DAS and harvest (2.03, 2.62, 3.24 

and 4.62 g, respectively) was observed in N 3S4. Kumar ci al. (2002) conducted at) 

experiment to study the effect of seed rate (50, 75 and 100 kg haS ') and nitrogen levels 

(90. 120. 150 and ISO kgN haS') on hiomass production in wheat. They reported that dry 

matter accumulation enhanced sigiificantly with enhancing plant spacing and also 

registered a significant increase up to 150 kg N haS '. Reddi and Path (2003) carried out an 

experiment to study the response of wheat to different N levels (75, 100 and 125 kg N hi 

) and seed rates (125. 150 and 175 kg hi') under late sown condition. They concluded 

that dry matter accumulation increased with the increasing levels of N coupled with seed 

rates. 
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Table 2. Above ground dry weight planf of wheat as affected by the inlefaction of 
nitrogen levels and plant spacings at different days 

Treatments 27 DAS 42 DAS 57 DAS 72 DAS 87 DAT At harvest 
N 1 S, 0.27 0.89 2.19 2.81 3.39 5.03 
N 1S2  0.30 1.06 2.48 3.22 3.91 5.43 
N,S3  0.24 0.87 2.09 2.70 3.35 4.92 
N1S4  0.24 0.86 2.08 2.69 3.28 4.80 
N2S, 0.28 0.98 2.23 3.05 3.50 5.32 
N2S2  0.33 1.19 2.95 3.87 4.70 5.88 
N2S3  0.29 1.01 2.47 3.07 3.88 5.40 
N2S4  0.21 0.85 2.06 2.66 3.27 4.80 
N1S, 0.31 1.17 2.73 3.34 4.29 5.73 

0.31 1.07 2.62 3.3! 4.28 5.66 

N.%S3 0.28 0.96 2.22 2.87 3.46 5.11 
N3S4  0.18 0.85 2.03 2.62 3.24 4.62 

LSDgc NS NS 0.63 0.44 0.86 0.82 

CV (%) 9.24 7.48 7.55 6,51 8.08 6.90 

N 1 	120 kg N ha* N 180 kgN ha* N1  240 kgN ha1  

S 	3 cm. S1 - 5cm. S6 7 cm. S4  = 10c111 

4.3 Crop growth rate (g ni 1  day') 

4.3.1 Effect of nitrogen 

Crop growth rate of wheat was significantly intluenced by different levels of N 

application during 27-57 DAS. 57-87 DAS and 87 DAS to harvest !ahle 3). The result 

revealed that the highest crop growth rate. 0.92. 1.41 and 1.04 were recorded with N2  

(180 kg N ha5 during 27-57 DAS, 57-87 DAS and 87 DAS to harvest. The lowest crop 

growth rate 0.75. 1.16 and 0.90 respectively were recorded with N1  (120 kg N ha1) 

during 27-57 DAS. 57-87 DAS and 87 to harvest respectively. 

4.3.2 Effect of spacing 

Significant variations of crop growth rate were found due to different plant spacing 

during 27-57 DAS. 57-87 DAS and 72 DAS to harvest ('Fable 3). The results revealed 
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that the highest crop growth rate (2.26 and 1.45) was obtained with the spacing of S2  (5 

cm x 20 cm) during 57-87 DAS and 87 DAS to harvest, respectively. But during 27-57 

DAS the highest crop growth rate (1.47) was found with the spacing of S (3 cm x 20 

cm). On the oilier hand the lowest crop growth rate (0.45, 0.72 and 0.53) was obtained 

from the spacing 0154 (10 cm) during 27-57 DAS. 57-87 DAS and 87 DAS to harvest, 

respectively. 

4.3.3 Interaction effect of nitrogen and plant spacing 

Crop growth rates were greatly influenced by interaction effect of nitrogen and plain 

spacing (Table 3). It was observed that during 27-57 DAS. 57-87 DAS and 87 DAS to 

harvest: N2S1. N2S2  and again N7S2  respectively showed the highest crop growth rate 

(1.58, 2.59 and 1.57 respectively) which was not signilicantly different from N 1 S 1  at 87 

DAS to harvest. On the other hand the lowest crop growth rate during 27-57 DAS, 57-87 

DAS and 87 DAS to harvest (0.33, 0.61 and 0.65 respectively) was observed in N 1 S4, 

N3S3 and N2S4. respectively. 
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1able 3: Crop growLh rate (g m day') of wheat as alTheed by nitrogen levels. plant 
snaci n and their interaction effect at different days 

Treatments 27-57 DAS 57-87 DAS 87 DAS - harvest 
ATh'oen (;V) 

N 1  0.75 1.16 0.90 
N2  0.92 1.41 1.04 
iN3  0.90 1.31 0.96 

ISO,,05  0.04 0.03 0.03 
4.06 3.07 3.37 

Spit•ñzg CS) 
S1  1.47 1.22 1.22 

0.93 2.26 1.45 
53 0.58 0.98 0.67 
54 0.45 0.72 0.53 

ISD,)M5 0.04 0.03 0.03 

CV (%) 4.06 3.07 3.37 

Interaction (NXS) 

N,S1  1.35 1.94 1.54 
N1S2  0.73 1.20 1.28 
N,S3  0.60 0.84 0.70 
N,S4  0.33 0.67 0.65 
N3S, 1.5 2.26 1.17 
N2S 2  1.09 2.59 1.57 
N2S3  0.48 1.03 0.65 
N2S4  0.44 0.89 0.47 
N3S, 1.48 1.36 1.23 
N3S2  0.98 1.09 1.22 
N3S3  0.67 1.06 0,67 
N3S4  0.57 0.61 0.56 

[.500,1,5 0.08 0.05 0.05 

CV (%) 4.04 3.07 3.37 

N 1  - 120 kg N ha'', N, = 180kg N ha''. N3 = 240 kg Nha' 

-3cm. 5' Scm. Si 7cm, S= 10cm 
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4.4 Relative growth rate (o  o' dat') 

4.4.1 Effect of nitrogen 

Relative growth rate of wheat during 27-57 DAS, 57-87 DAS and 87 DAS to harvest 

were not significantly iniluenced by diflèrent levels of nitrogen(lahle 4). But the result 

revealed that numerically the maximum relative growth rate, 0.12. 0.016 and 0.006 

respectively were recorded with N 1  (120 kg N hafl ) at 27-57 DAS, 57-87 DAS and 87 

DAS to harvest. respectively. On the other hand the minimum relative growth rate. 0.12. 

0.016 and 0.005 respectively were recorded with N2  (180 kg N luc') and N3 (240 kg N 

ha 3 ) during 27-57 DAS. 57-87 DAS and 87 DAS to harvest respectively. 

4.4.2 Effect of spacing 

Non-significant variation on relative growth rate was found due to di tièrent plant 

spacing during 27-57 DAS. 57-87 DAS and 87 DAS to harvest (Table 4). But the result 

revealed that numerically the maximum relative growth rate (0.14, 0.017 and 0.007) was 

obtained with the spacing of S.1  (10 cm), S1 (7 cm) and S2  (5 cm) respectively during 

27-57 DAS, 57-87 DAS and 87 DAS to harvest respectively. On the other hand the 

minimum crop growth rate (0.10. 0.015 and 0.004) was obtained from the spacing ot'S1  

(3 cm), S.2  (5 cm) and S (3 cm) respectively during 27-57 DAS. 57-87 DAS and 87 

DAS to harvest respectively. 

4.4.3 Interaction eflèct of nitrogen and plant spacing 

Relative growth rate was not influenced by interaction eifict of nitrogen and plant 

spacing (Table 4). But it was observed that at 27-57 DAS. 57-87 DAS and 87 DAS to 

harvest; N1 S. N2 S1  and N1 S2  showed the maximum relative growth rate (0.166. 0.018 

and 0.007 respectively). On the other hand the minimum relative growth rate at 27-57 
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DAS. 57-87 DAS and 87 DAS to harvest (0.098. 0.013 and 0.003) was observed in NS2. 

N3S2 and N3S1  respectively. 

Table 4: Relative growth rate (g g' (lay') of' wheat as affected by nitrogen levels, plant 
spacing and their interaction etièct at different days 

Treatments 27 - 57 DAS 57-87 DAS 87 DAS - harvest 

.Vitrogen (A) 

N1  0.12 0.016 0.006 
N 2  0.12 0.016 0.005 
N1 0.12 0.016 0.005 

NS NS NS 

CV (%) 4.14 3.19 3.56 

Spacing (& 

SI 0.10 0.017 0.004 
52 0.11 0.015 0.007 
S3 0.13 0.017 0.005 
54 0.14 0.016 0.006 

LSDO.05 NS NS NS 

CV(%) 4.14 3.19 3.56 

In teractwn (:VXS) 
N1S1  0.108 0.016 0.005 
N1S2  0.098 0.015 0.007 
N1S1 0.166 0.016 0.006 
N1S4  0.113 0.017 0.006 
N 2S1  0.105 0.016 0.005 
N 2S2  0.109 0.014 0.005 
N 2S1 0.107 0.018 0.005 
N2S4  0.141 0.015 0.005 
N1S1  0.103 0.017 0.003 
N1S2  0.110 0.013 0.006 
N1S1  0.119 0.016 0.004 

0.14$ 0.017 0.004 

NS NS NS EEEEI CV (%) 4,14 3.19 3.56 

N 1  - 120 kgNha. N 2 = 180 kgN ha', N3 -'24OkgN ha' 

S1  3cm. S = 5cm. Sc 7cm. S4  10cm 
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4.5 Tillers plant1  

4.5.1 Effect of nitrogen 

Number of tillers plant' of wheat was not significantly influenced by different levels of 

N application at 27. 42, 57. 72. 87 DAS and harvest (Table 5). But the result revealed 

that numerically maximum number of tillers plant' (1.43, 2.17, 3.67, 3.33, 3.17 and 

3.18) were recorded with N3 (application of 240 kg N hi') at 27, 57, 72. 87 DAS and 

harvest, respectively and the minimum number of tillers planf' (1.30, 1.92, 3.53. 2.98. 

3.02 and 3.03) were recorded with N, (application 01120 kg N ha1) at all the stages 

(27. 42. 57. 72. 87 DAS and harvest, respectively). Different scientist observed highest 

number of tillers (6.43) at 140 kg N ha1  (Alam et al., 2007), ISO kg N ha1  (1-lossain. 

2006). 

4.5.2 Effect of spacing 

SigniFicant variation of number of tillers plant' was found due to different planting 

spacing in all the stages of crop growth (Table 5). The results revealed that the highest 

number of tillers plani'0.66. 2.27, 3.83. 3.34. 3.22 and 3.28 at 27, 42. 57. 72.87 DAS 

and harvest, respectively) were obtained with the spacing of S., (10 cm) which was not 

significantly different from S1  (5 cm) at 27, 57. 87 DAS and harvest and with S (7 em) 

at 57 and 87 DAS. On the other hand the lowest number of tillers plant' (1.03. 1.70. 

3.07. 3.13, 2.91 and 2.93) were obtained from the spacing ofs, (3cm) at 27, 42, 57. 72. 

87 DAS and harvest, respectively which was not significantly different 1mm 52  (5 cm) 

and S (7 cm) 72 DAS. Dixit and Gupta (2004) observed that 100 kg seed hi' gave 

highest tiller number and increasing the seeding rate significantly reduced the number of 
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tillers. Again Mozumder (2001) obtained the highest tiller plant' from the lowest seed 

rate (75 kg seeds h&5. 

4.5.3 Interaction effect of nitrogen and plant spacing 

Irrespective of treatment difference, tiller production increased with time and picked of 

57 DAS (lien reduced little mortality tip to harvest. Number of tillers plani' at difFerent 

days atler sowing (DAS) was greatly influenced by interaction effect of nitrogen and 

plant spacing (Table 5). It was observed that at 27 DAS the highest tiller plant' (2.03) 

was obtained from N:S., and followed by NS (1.73). N2S2  (1.67), N3S4 & N,S2 (1.60), 

NS (1.47). N,S4  (1.33) and N3S: (1.20). At 42 DAS. N1S3  was the highest (2.53) and 

followed by N3S4  (2.47). N2S4  (2.33). N2S2  (2.13), N,S3  (2.07) and N,S2. N,S4 & N3S2  

(2.00). At 57 DAS. N3S3  was greater (4.13) and at par with 1<153 (4.07). N,S4  (4.00). 

N,S2  & N3S4  (3.87). NJ S) (3.73). N2S3 (3.67) & N3S2  (3.47). At 72 DAS, N2S2  was 

highest (3.61) and similar with N3S4  (3.60). At 87 DAS. N2S2  was highest (3.40) and 

followed by N,S4, NS (3.27) & N2S4. N3S4 (3.20). At harvest. N282 was maximum 

(3.44) and at par with N,S.1  (3.29), N3S1 (3.28). N3S4  (3.23). N2S4 (3.22) and N 3 S 2  (3.15). 

On the other hand the lowest number of tillers plant" (0.57. 1.60. 3.00, 2.87, 2.67 and 

2.69 at 27, 42, 72, 87 and harvest, respectively) was obtained by N,S1. Different scientist 

obtained the highest tillers plant' at 90kg seeds ha' in combination with 160 kg N hif' 

(Ilossain. 2005). 75 kg seeds ha' in combination with 120kg N ha" (Mozumder. 2001). 
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Table 5: Fillers plant' of wheat as atibeted by nitrogen levels, plant spacing and their 
interaction efFect at (Ii Detent tlays 

Treatments 27 DAS 42 DAS 57 DAS 72 DAS 87 DAI' At harvest 

Vjfro'e,, (\) 

N, 1.30 1.92 2.66 2.98 3.02 4.56 
N2 1.35 1.93 3.60 3.05 3.03 4.98 

N3 1.43 2.17 3.67 3.33 3.17 4.77 

LSD,, 05 NS NS NS NS NS NS 

CV (%) 6.11 7.94 9.99 8.36 8.22 7.98 

P""b' (S 
S, 1.05 1.76 3.07 3.13 2.91 2.93 
S2  1.49 1.93 3.82 3.00 3.20 3.26 
S3  1.26 2.09 3.69 3.11 2.96 2.98 
S.1  1.66 2.27 3.83 3.34 3.22 3.28 

LSDUA,5  0.4$ 0.42 0.36 0.24 0.16 0.15 

CV (0%) 6.11 7.94 9.99 8.36 8.22 7.98 

Inieraciwn (Vx.) 

N 151  0.57 1.60 3.00 2.87 2.67 2.69 
N1S2  I .oO 2.00 3.87 3.13 3.07 3.05 
NIS3  1.00 2.07 3.73 3.07 2.93 2.95 
N1S4  1,33 2.00 4.00 3.00 3.27 3.29 
N2S1  0.93 1.67 3.13 2.88 2.87 2.86 
NS1 1.67 2.13 4.13 3.61 3.40 3.44 
NS3 1.47 1.67 3.67 2.93 2.80 2.79 
N2S4  2.03 2.33 3.20 3.33 3.20 3.22 
N1S1  1.17 1.67 3.07 2.93 3.07 3.06 
N1S2  1.20 2.00 3.47 3.00 3.13 3.15 
NS; 1.73 2.53 4.07 3.13 3.27 3.28 
N1S4  1.60 2.47 3.87 3.60 3.20 3.23 

0.75 0.72 0.62 0.16 0.24 0.27 

CV (%) 6.11 7.94 9.99 8.36 8.22 7.98 

N1  - 120 kg N ha'. N2  = 180 kg N ha'. Nc 240 kg N ha' 

S1  3cm. S1- 5cm,S37cm,S.1 ' 10cm 

4.6 Eflective tillers pIant 

4.6.1 Effect of nitrogen 

Number of effective tillers plani'' of wheat was significantly influenced by different 

levels of N application at 72, 87 DAS and harvest except 57 DAS (Table 6). The result 
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revealed that the highest number of effective tillers plant" (2.78. 2.53 and 4.38) were 

recorded with N1  (180 kg N ha') at 72, 87 DAS and at harvest, respectively and was 

not significantly different from N 3  (240 kg N hi') at 87 DAS. On the other hand the 

lowest number of effective tillers plant*' (2.53. 2.28 and 4.13) was recorded with N1  

(120 kg N hi') at 72. 87 DAS and harvest, respectively. The highest effective tiller 

number obtained from 140 kg N hi' (Alam et at, 2007). 150 kg N lut' (Akter. 2005). 

ISO kg N hi' Was. 2003). 

4.6.2 Effect of spacing 

Signilicant vanation of number of effective tillers plant' was Ibund due to different 

plant spacing at 57. 72. 87 DAS and harvest (Table 6). It was noted that S4 gave 

maximum effective tillers plant- ' (2.38, 2.71 & 2.53) at 57, 72 and 87 DAS, 

respectively and followed by 5' and 53 in almost all these days of samplings. At 

harvest. 52 gave maximum (4.64) and at par with S (4.44). On the other hand the 

lowest number of effective tillers plant-' (1.93, 2.56. 2.38 and 3.56) were obtained from 

the spacing of 5, (3 cm) at 57. 72. 87 DAS and harvest, respectively. Mahajan ci at 

(1991) got the highest tiller number from lOU kg seeds hi'. 

4.6.3 Interaction effect of nitrogen and plant spacing 

Number of effective tillers plant" at different days after sowing (DAS) was greatly 

inlluenecd by interaction effect of nitrogen and plant spacing (Table 6). It was 

observed that at 57. 72, 87 DAS and harvest; N2S2  showed the highest number of 

effective tillers plant- ' (2.53. 3.07, 2.93 and 5.47. respectively). Almost all the 

comhinalions except N,S, showed very closer results to that of N2S2  at 57. 72 and 87 
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1)AS. No treatment combination was at par with N2S2  at harvest. On the other hand the 

lowest number of effective tillers plant" at 57, 72, 87 DAS and harvest (1.80, 2.33, 2.13 

and 3.33) was obtained in N1 S1 . Hossain (2005) concluded that the highest number of 

etiective tillers per hilt was found in combined effect of 120 kg N and 90 kg seeds ha" 

and Mozumder (2001) got it from the combination of 75 kg seeds and 120 kg N ha'. 

4.7 Non-effective tillers plant" 

Irrespective of treatment variable, almost 25% non effective tillers plant'was observed at 

harvest (Table 6). Any treatment factor (Nitrogen or spacing) or their combination could 

not reduce the non effectiveness of plant remarkably. 
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Table 6. EIThcuvc and non-effective tillers plani' as alTheted by niflugen levels, plant 
spacings and their interaction effect at different days 

'treatments Number of effective tiller plani1  Number of non 
effective tiller plant4  

57 DAS 72 DAS 87 DAT At harvest At harvest 

.Vitrogen (A) 
N, 213 2.53 2.28 4.13 1.41 
N2  2.27 2.78 2.53 4.38 1.26 
N3  2.10 2.60 2.47 4.17 1.28 

LSD0 c NS 0.15 0.14 0.20 NS 

fl' (%) 8.57 8.14 5.41 7.17 5.01 

Spacing (S 

SI 1.93 2.56 2.38 3.56 1.33 

S2 2.27 2.60 2.47 4.64 1.32 
2.09 2.69 2.33 4.27 1.31 

54 2.38 2.71 2.53 4.44 1.29 

LSD00; 0.40 0.14 0.14 0.24 NS 

fl• (%) 8.57 8.14 5.41 7.17 5.01 

Interaction (A'XS) 

N1S, 1.80 2.33 2.13 3.33 1.60 
N1S 2.27 2.47 2.20 4.20 1.26 
N1S3 2.07 2.80 2.27 4.27 1.26 
N,S4  2.33 2.47 2.53 3.53 1.26 
N1S1  2.13 2.40 2.33 3.73 1.43 
N2S2  2.53 3.07 2.93 5.47 1.13 
N2S3 2.13 2.47 2.27 4.87 1.27 
N2S4  2.27 2.73 2.60 3.80 1.33 
N3S1  1.87 2.80 2.67 4.53 1.26 
NS2  2.00 2.53 2.27 4.27 1.26 
NS3  2.07 2.73 2.47 4.20 1.33 
N3S4  2.54 2.87 2.47 4,53 1.33 

LSD0,05  0.43 0.45 0.44 0.48 NS 

CV %) 8.57 8.14 5.41 7.17 5.01 

N! = 1211 kg N ha N: - ISO kgN ha'. N- 240 kg N ha '' 

S 	3 cm. S -5 cm, S; 7cm. SI  - 10cm 
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4.8 Length of spike (cm) 

4.8.1 Effect of nitrogen 

Spike length of wheat was significantly influenced by different levels of N application 

at 72, 87 DAS and harvest except 57 DAS (Fig. 5). The result revealed that the highest 

spike length plant4  (10.01, 11.16 and 11.21 cm) were recorded with N2  (180 kg N hi') 

at 72 and 87 DAS and harvest which was similar with N1  (240 kg N ha1) at 72 DAS. 

On the other hand the lowest spike length plani' (9.93, 9.96 and 10.00 cm) was 

recorded with N1  (120 kg N ha1)at 72, 87 DAS and harvest. Uossain (2006) observed 

that spike length significantly increased iih N levels. 

11.5 

U 
10.5 	 - 

I 

:4:!jI  

Nitrogen level 

N3 

Figure 5: Spike length of wheat as affected by nitrogen levels at harvest (LSD0.05  = 
0.13 at harvest) 

N1 = I20kgNhi1,N2= 180 kgNha,N;=240 kgNha" 
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4.8.2 Effect of spacing 

Significant variation on spike length plant1  was found due to different plant spacing at 

72, 87 DAS and harvest accept 57 DAS (Fig. 6). The results revealed that the highest 

spike length plant- ' (10.14, 11.31 and 11.35cm) was obtained with the spacing 0152(5 

cm). On the other hand the lowest spike length plant-' (9.28, 10.33 and 10.35) was 

obtained from the spacing of S1  (10 cm) at 72, 87 DAS and harvest respectively. 

Mozumdcr (2001) reported the longest spike of 8.98 cm with 75 kg seeds hi' which 

was Ibilowed by 8.76 and 8.4 cm obtained from the seed rate of tOO and 125 kg hi'. 

Torofder (1993) found that length of spike decreased with the increase of seed rate. 

11,4 

11.2 

E 
0 

10.8 

106 

! 1014 

:_ 10.2 

10 

9.8 
Si 	 $2 	 $3 	 $4 

Plant spacing (cm) 

Figure 6: Spike length of wheat as affected by plant spacings at harvest (LSD0.05  = 

0.14 at harvest) 

S,=3cm,S2 r5cm,S3 7crn,S4  10cm 
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4.8.3 Interaction effect of nitrogen and plant spacing 

Spike length plant" at different days after sowing (DAS) was greatly influenced by 

interaction effect of nitrogen and plant spacing (Table 7). It was observed that at 57, 

72, 87 DAS and at harvest: N:S: showed the highest spike length plant' (5.25. 10.53. 

11.95 and 12.07 cm, respectively) which was at par with N:S,. N3S, and N:S3 at 57 

DAS; N3S1 at 72 DAS. On the other hand the lowest spike length plant" at 57. 72, 87 

DAS and harvest (4.67. 8.48. 9.51 and 9.62 cm) was observed in N,S,. Mozunider 

(2001) reported that the longest spike length (9.66 em) was obtained from the interaction 

of 75 kg seed with 90kg  N ha* 

Pandey et 0/. (2004) reported that spike length increase signilicantly only up to 120 kg N 

ha' and further increase in fertilizer level had not any significant effect on this attribute. 

Seed rate had not any significant effect on spike length. 

Table 7. Spike length of wheat as affected by interaction effect of nitrogen levels and 
plant spacings at di fierent days 

Treatments 57 DAS 72 DAS 87 DAT At harvest 
N,S, 4.67 8.48 9.51 9.62 

9.SS 10.89 10.9. 
N1 S3 4.80 8.67 9.70 9.68 
N,S4  4.85 8.71 9.74 9.77 
N 2S, 5.16 10.11 11.24 11.21 
N2S2  5.25 10.53 11.95 12.07 
N2S3  4.93 9.78 10.80 10.86 
N1S4  4.81 9.60 10.65 10.70 
N3S1  5.20 10.40 11.44 11.50 
N3S1 5.09 10.00 11.09 11.06 
N3S1 4.89 9.71 10.88 10.94 
N3S4  4.92 9.54 10.60 10.58 

LSD0.05  0.19 0.25 0.25 0.25 

CV (%) 5.98 4.35 6.42 7.30 
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4.9 1000-seed weight (g) 

4.9.1 Effect of nitrogen 

Weight of 1000-seeds o1 wheat was significantly influenced by different levels of N 

application (Table 8). The rcsults revealed that the highest 1000 seed weight (42.53 g) 

was recorded with N2 (180 kg N ha') and at par with N3 (240 kg N ha5.  On the other 

hand the lowest 1000-seed weight (40.06 g) was recorded with N1  (120 kg N h15. 

4.9.2 Effect of spacing 

Significant variation on 1000-seed weight was found due to dilThrent plant spacing 

(Table 8). The results revealed that the highest 1000-seed weight (43.41 g) was 

obtained with the spacing of S (5 cm). On the other hand the lowest 1000-seed weight 

(40.12 g) was obtained from the spacing of S4  (10 cm). 

4.9.3 Interaction effect of nitrogen and plant spacing 

Weight of 1000-seeds was greatly influenced by interaction effect of nitrogen and plant 

spacing (Table 8). It was observed that the highest 1000-seed weight (44.73 g) was 

recorded from N2S2 which was similar with NS1  (433.8 1 g). On the other hand the lowest 

1000-seed weight (38.56 g) was observed in N1 S4  which was not sigiificantly different 

from N1 S and N 7 S). 
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Table 8: 1000 grain weight of wheat as affected by nitrogen levels, plant spacings and 
their interaction e!iëct at diflérent days 

1'reatnient Weight of 1000 seeds 
Nitrogen 4W) 
N1  40.06 
N2  42.53 
N1 42.10 
I 	

IJ() L_ 	9 0.87 '.'.O / 

Spacing (5,) 
S1  42.25 
S2  43.41 
53 40.47 
54 40.12 
LSD005  1.01 
Jnk'raetwn (:VxS) 
N1 S1  39.98 
N1 S2  42.91 
N1S1 38.78 
N 1 S4  38.56 
N2S1  42.94 
N2S2  44.73 
N2S3  41.44 
N2S4  41.01 
N3S1  43.81 
N3S2  42.60 
N1S3  41.20 
N3S4  40.78 

1.75 
CV (%) 7.07 

K? 	-- 	itnhl_ 'I 	- 
- '-.'' 	 IIU 7, 	 II%5IICI I, 'S 	-'" 	 F 

S1 —3cm, S'=5 cm,S= 7cm,S4  10cm 
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4.10 Grain yield (t hi') 

4.10.1 Effect of nitrogen 

Grain yield of wheat was significantly influenced by different levels of N application 

(Fig. 7). The results revealed that the highest grain yield (3.46 t hi') was recorded 

with N2  (180 kg N hi') and statistically similar with N3  (240 &g N hi'). On the other 

hand the lowest grain yield (3.22 t hi') was recorded with N1  (120 kg N hi'). Das 

(2003) reported 3.13 t hi' grain yield of wheat with ISO kg N hi1 . 

i"EtEIH 
Ni 	 N2 

	
N3 

Nitrogen levels 

Figure 7: Grain yield (t hi') of wheat as affected by nitrogen levels (1..SD0.05  0.13) 

N,= I20kg Nhi!,N2  180 kgNhi'.N3 =24OkgNhi' 

4.10.2 Effect of spacing 

Significant variation on grain yield was found due to different plant spacing (Fig. 8). 

The results revealed that the highest grain yield (3.76 t hi') was obtained with the 

spacing of S2  (5 cm). On the other hand the lowest grain yield (2.871 hi') was obtained 

from the spacing of S4  (10cm). 



'13±1 JciH 
Plant spacing (cm) 

Figure 8: Grain yield of wheat as affected by plant spacings (LSD0.05= 0.16) 

S1 =3cm,S2 5cm,S3=7Cm,S4=10C111 

4.10.3 Interaction effect of nitrogen and plant spacing 

Grain yield was greatly influenced by interaction effect or nitrogen and plant spacing 

(Fig. 9). It was observed that the highest grain yield (3.94 t hi') was recorded from 

N2S2  which was statistically similar with N3S1  (3.83 t hi'), N3S2  (3.69 t hi') and N1S2 

(3.65 t had).  On the other hand the lowest grain yield (2.81 t hi') was observed in N3S4. 

Grain yield was attributed due to increased effective tillers plant-', No. of grains spik&' 

and 1000 grain weight. Different scientist reported maximum grain yield with 120 kg N 

hi' X 120 kg seeds hi' (Hossain, 2005 and Mozumdcr. 2001). 
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0.51 

Nifrogen x Plant spacing 

Figure 9: Grain yield (t had ) of wheat as affected by nitrogen levels and plant 

spacings (LSD0.05 = 0.28) 

4.11 Straw yield (t had) 

4.11.1 Effect of nitrogen 

Straw yield of wheat was significantly influenced by different levels of N application 

(Table 9). The result revealed that the highest straw yield (6.15 t hi') was recorded 

with N2  (180 kg N ha'). On the other hand the lowest straw yield (5.16 t hi') was 

recorded with N, (120 kg N hi'). Das (2003) reported 4.17 t hi' straw yield of wheat 

with ISO kgNhi'. 



4.11.2 Effect of spacing 

Significant variation on straw yield was found due to different plant spacing (Table 9). 

The results revealed that the highest straw yield (6.38 t ha') was obtained with the 

spacing of 53  (5 cm). On the other hand the lowest straw yield (5.21 t hi') was 

ohtai tied from the spacing of S4 (14) ciii). 

4.11.3 Interaction effect of nitrogen and plant spacing 

Straw yield was greatly influenced by interaction effect of nitrogen and plant spacing 

(Table 9). It was observed that the highest straw yield (7.16 t hal') was recorded from 

N:S2. On the other hand the lowest straw yield (4.58 1 hal') was observed in N3S4. Straw 

yield was attributed due to increased effective tillers plant-  '. spike length and 1000 grain 

weight. Dilibrent scientist reported maximum straw yield with 120 kg N hi' X 120 kg 

seed hi' (Hossain, 2005 and Mozumder. 2001). 

4.12 Harvest index (%) 

4.12.1 Effect of nitrogen 

I larvest index of wheat was sigT%i licantly influenced by different levels ofN application 

çlahle 9). The result revealed that the highest harvest index (40.14%) was recorded 

with N: (ISO kg N ha'). On the other hand the lowest harvest index (34.30°/) was 

recorded with N 1  (120 kg N hi') 
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4.12.2 Effect of spacing 

Significant variation on harvest index was found due to different plant spacing (Tabic 

9). The results revealed that the highest harvest index (41.93%) was obtained with the 

spacing of' S2  (5 cm). On the other hand the lowest harvest index (33.20%) was 

oblained from the spacing of $4 (10 cm). 

4.12.3 Interaction effect of nitrogen and plant spacing 

Harvest index was greatly influenced by interaction effect of nitrogen and plant spacing 

(Table 9). It was observed that the highest harvest index (46.27%) was recorded from 

N252. On the other hand the lowest harvest index (30.23%) was observed in N354  which 

was not significantly different from N 1 S3 (30.28%). 

82 



Fable 9: Straw yield and han'est index of wheat as affected by nitrogen levels, plant 
spacings and interaction of nitrogen levels and plant spacings 

Treatments Straw yield (t ha') Harvest index (%) 
Niwoge,, (\) 
N1  5.10 34.36 
N2  6.15 40.14 

5.70 37.72 
0.13 1.01 

Spiscing S) 

Si 5.77 39.81 
S1  6.38 41.93 
S3 5.29 34.70 
S4  5.21 33.20 
LSD 95  0.16 118 
!nter(wtwn (NXS) 
N1 S1  5.44 33.03 
N 1 S2  6.14 39.12 
N 1 S3  5.44 30.28 
N1 83  4.85 35.02 
N2S1  5.68 42.29 
N 2S3  7.16 46.27 

5.93 37.66 
N2S4  4.75 34.33 
N3S, 6.49 44.10 
N3S2  6.49 40.40 
N3S3  5.48 36.16 
N1S4  4.58 30.23 

0.28 2.03 
4.75 3.16 

N 1 	120 kg N hi', N 2  = 180 kg N ha N3 r  240 kg N hi' 

Si 	3 cm. S2 - 5 cm. S.t -' 7cm. 84 tO eni 
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chapter 5 
Summary and Conclusion 



SUMMARY AND CONCLUSION 

The field experiment was conducted at the experimental farm of She.r-c-Bangla 

Agricultural University (SAL'). Dhaka. during December 2007 to March 2008 to study 

the response of wheat to nitrogen levels and plant spacing under the Modhupur Tract 

(AEZ-28). The experiment consisted ol two factors with dilièreni levels viz. A. 

Nitrogen levels (3): N, (120 kg N ha'). N7  (180 kg N ha') & Ni (240 kg N haS ') and 

B. Plant spacing (4): S, - (3 cm). S2 	(5 cm). S3 = (7 cm) & S4 = (10 cm). The 

experiment was laid out in a split-plot design with three replications. The nitrogen levels 

were in main plot and plant spacing in sub-plot. 

All management practices and intercultural operations such as weeding, irrigation and 

pest management were done as and when necessary. The data were collected on plant 

height, above ground dry weight plant, tillers plant". effective tillers plant". non-

effective tillers plant". spike length (cm). weight of 1000 seeds, grain yield (t ha'), straw 

yield (t ha') and harvest index (%). 

lie data on crop growth parameters like plant height. above ground dry weight plant-', 

tillers plant- '. efThctive tillers plan(, non-elThctive tillers plant'' and spike length were 

recorded at 15 days interval starting from 27 days after sowing (hAS) upto harvest. The 

1000-grain weight, grain yield, straw yield and harvest index were recorded at harvest. 

Data were analyzed using MS ..S1' package program. The mean values were 

separated using least significant difference (LSD) test at 5% level of signi licance. 

Results showed that different levels of nitrogen and different plant spacing had 

significant effect on growth parameters and yield parameters. 
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The different levels of nitrogen application significantly differed the plant height, above 

ground dry weight plant1,effective tillers plant' and spike length. The highest plant 

height ($2.83 cm). above ground dry weight plant' (5.38 g). effective tillers plant' (4.38) 

and spike length (11.21 cm) at harvest were found with the application of 180 kg N hi'. 

The lowest results (80.61 cm. 5.13g. 4.13 and tO cm, respectively) were observed with 

the application of 120 kg N ha'. It was also observed that different nitrogen levels had no 

significant ciThet on tillers plant'. Yield performance differed significantly at different 

nitrogen levels. The highest 1000 seed weight (42.53 g), grain yield (3.46 t hi'), straw 

yield (6.15 t hi') and harvest index (40.14%) were found with the application of 180 kg 

N hi' and the lowest performance (40.06 g, 3.22 t hi', 5.16 t ha" and 34.36%, 

respectively) were observed with the application of 120 kg N ha". 

Different spacing significantly differed the plant height, above ground dry weight 

effective tillers plant" and spike length. The highest plant height (83.73 cm), above 

ground dry weight plant' (5.49 g). effective tillers plant1  (4.64) and spike length (11.35 

cm) at harvest were found with 20 em x 5 cm spacing at harvest. The lowest plant height 

(79.34 em), above ground dry weight plant" (4.94 g) and spike length (10.35 cm) were 

observed with 20 cm x  10 cm spacing and effective tillers plant" (3.56) was observed 

with 20 cm 3 cm spacing. Yield performance differed significantly at different spacing. 

l'he highest 1000 seed weight (43.41g) was found with the spacing of Sn and the lowest 

performance (40.1 2g) was observed with S4. The highest grain yield (3.76 1 ha1), straw 

yield (6.38 t ha") and harvest index (41.930/0) were found with the S4  and the lowest 

perlormanee (2.87 tha'. 5.21 	and 33.20%. respectively) were observed with S4. 
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interaction effect of different levels of nitrogen and plant spacing had an impact on plant 

height, above ground dry weight plani', effective tillers plan(', spike length. 1000 seed 

weight. grain yield, straw yield and harvest index. The highest plant height (85.90 cm). 

above ground dry matter (5.88 g). effective tillers plant" (5.47), spike length (12.07 cm) 

and 1000 seed weight (44.73 g) at harvest were found with the combined effect of ISO kg 

N ha' with 20 cmx 5 cm spacing and the lowest results 77.47 cm plant height with 120 

kg N ha' with 20 cm x  10 eni and above ground dry,  weight plant' (4.62 g) in N34 

effective tillers plant' (3.33) in N,S4. spike length (9.62 cm) in N,S4  and 1000 seed 

weight (38.56 g) were observed with the combination of 120 kg N 	and 20 cm X 3 cm 

spacing. The highest grain yield (3.94 t hi'). straw yield (7.16 t hi') and harvest index 

(46.27%) were Ibund with the combined etThct of 180 kg N ha' with 20 cm x  5 cm 

spacing and the lowest grain yield (2.81 t ha''), straw yield (4.58 t ha') and harvest index 

(30.23%) were observed with the combined effect of 240 kg N ha' with 20 cm x  10 cm 

spacing. 

However, considenug all these factors studied, it is concluded that the present wheat 

variety could be cultivatcd with nitrogen 4i, ISO kg hal' along with 20 cm x  5 cm spacing 

for optimum yield. The result could he further tested under different agro climatic 

conditions of Bangladesh. 
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APPENDiCES 

Appendix I. Morphological, physical and chemical characteristics of initial soil (0-15 

cm depth) 

Physical composition of the soil 

Soil separates (°/o ) Methods employed 

Sand 26.90 Hydrometer method (Day, 1995) 

Silt 27.40 -do- 

Clay 36.66 -do- 

Texture class Clay loam -do- 

Chemical composition of the soil 

SI. Soil characteristics Analytical data Methods employed 

L Organic carbon(1 ) 0.82 Walklcy and Black, 1947 

 Total N (kg haj 1790.00 Bremmer and Mulvancy. 1982 

 Total S(ppm) 225.00 Bardsley and Lanester. 1965 

 Total P (ppm) 840.00 Olsen and Sommers, 1982 

 Available N (kg ha') 54.00 Bremmer. 1965 

 Available P (kg ha') 69.00 Olsen and Dean. 1965 

 Exchangeable K(kg haj 89.50 Pratt. 1965 

S. Available S (ppm) 16.00 1-lunter. 1984 

H '-i (1:2.5 soil of water) 5.50 Jackson, 1958 

10. CEC 11.23 Chapmen. 1965 

NCR 



Appendix H. Monthly average Temperature, Relative Humidity and Total rainfall 

of the experimental site during the period from December 2007 to March 

2008. 

Year Month Air temperature (c) Relative Humidity (%) Rainfall 

Maximum Minimum Mean 3 PM 12AM (mm) 

2007 Dec. 24,6 15.3 19.95 82.19 73.91 0 

2008 JaIL 

Feb. 

Mar. 

21.1 

28.5 

31.8 

13.7 

16.8 

23.7 

17.4 

22.65 

27.75 

72.1 

63 

72.29 

6416 

50.83 

55.13 

22 

112 

78 

Source: Bangladesh Meteorological Department (Climate Division), Agargaon, Dhaka-

1207 
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Appendix III. Source of variation, degree of freedom and meaja square for plant height and dry matter 

Mean square  
Source  

Plant height Dry matter 
of dl. 

27 42 57 72 87 At 42 57 72 87 At 
variation 27 DAS 

DAS 

9.95 

3.06*3 

3.32 

DAS 

7.83 

20.63* 

4.49 

DAS 

106.31 

10.93* 

24.81 

DAS 

54.49 

8.11* 

20.86 

DAS 

60.46 

917*  

10.44 

harvest 

131.59 

15.27* 

50.87 

J 	0.017 

0002N5 

) 	
0.003 

DAS 

0.09 

019NS 

0.06 

DAS 

1.52 

o.os 

0.17 

DAS 

3.14 

/i 

0.10 

DAS 

4.94 

0.39 

harvest 

3.05 

- 

1.65 

R 2 

N.  2 

Error I 4 

S 3 4.32 8.18* 0.27 44.86* ló.1S 31.11* 0.009 S  0.03 \S 0.06*3 

025** 

0.263* 0.17**  0.48*3 

N X S S 570 2.74* 4•73*  12.05*  935*  17.08* 0.005 N5 001XS 037* 0.72 

Error11 18 1.01 1.19 1.10 1.20 1.04 1.01 0.003 0.02 0.13 0.17 0.25 0.23 
15  Total 

 

Note: Single and double asterisks indicate significant at 5% and 1% levels respectively. NS = Not significant. It Replication. 

N = Nitrogen and S - Plant spacing. 
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Appendix IV. Source of variation. degrees of freedom and mean square for CGR and RCR 

Degrees 
Mean square 

Source of 

variation 
freedom 

2 

of_____ 
Crop growth rate (('CR) 
--   

87 DAS - 
27- 57 DAS 	57-87 DAS 

Harvest 

Relative growth rate (RGR) 

27 - 57 DAS 57-87 DAS 
87 DAS - 
Flarvest 

R 0.006 0.002 0.004 0.001 0.000 0.002 

- N 2 0.103** 0.184** 0.063*t 0002\S 

Error 1 4 0.002 0.003 0.002 0.000 (Y000 0.000 

S 3 1.875** - 	4.1I0** 1.728** 0 002N5 0007NS 0.001 NS 

N X S 6 0.037** 0.099** 0029** o.00i 0.001 0.001 " 

Error II 18 0.002 0.003 0.001 0.000 0.000 0.000 

Note: Single and double asterisks indicate significant at 5% and 10/o levels respectively. NS = Not significant. R = Replication. 

N - Nitrogen and S = Plant spacing. 
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Appendix V. Source of variation, degree of freedom and mean square for yield attrihutes 

Source of 

vanation 
tl.l. 

Mean square 
____  

Total tiller 

plant 

Efièctive tiller 

plant 

Non effective tiller 

plant 
Spike length 

R 2 0.18 1.54 0.02 0.01 

N 2 0.08*t 0.22** 	
J 

008N5 5.08* 	-- 

Error I 4 0.12 0.59 0.04 0.00 

S 3 0.23** 2.02** 001N5 I.76** 

N X S 4 0.1 1** 0.83* 004Ns 047** 

Enor 11 IS 0.02 0.65 0.05 0.02 

Total 35 

Note: Single and double aster sks indicate signilicant at 5% and 1% levels respectively. NS - Not significant, R = Replication. 

N = Nitrogen and S = Plant spacing. 
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Source of 
d  ii_____________________ 

Mean square 

variation 1000 grain weight Grain yield Ilarvest index 

R 2 0.001 0.04 4.51 

N 	- 2 20.88* 0.23** 100.97* 

Error 1 4 thOO] 0.02 0.08 

S - 3 21.48* 1.28* - 	153.89* 

NXS 6 2.38* 0.12** 	- 38.08* 

Error II IS 1.04 0.03 1.40 

Total 35 

Note: Single and double asterisks indicate significant at 5% and 1% levels respectively. 1< = Replication. N Nitrogen and S 

Plant spacing. 
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Appendix VI. Source of variation, degree of freedom and mean square for 1000 grain weight, grain yield and harvest 

index of vheat 
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