
SHER-E-BANGLA AGRICULTURAL UNIVERSITY 

DHAKAU07 

DECEMBER 2007 

DEPARTMENT OF HORTICULTURE AND POSTHARVEST TECHNOLOGY 

MD. NIZAM UDDIN MAJUMDER 

OF STEM AMARANTH iAmaranthus viridus L) 

EFFECT OF NITROGEN AND SPACING ON GROWTH AND YIELD 



Prof. Md. Ruhul Amin 
Chairman 

I xarninuuon Committee 

Dept. ofl lorticuluuc .111d Plhl harvc-! 1cd1110lo!!) 
..., \ l . Dli.1\...1 

Co-Sunerv ivor 

I kpt nl I lort.culturc nd f>o,t n.11 \ c-.1 lClhnolog~ 
.... \l l>h.1!...1 

Supervisor 

Prof. !\Id. Ruhul Amin Prof. A. K. l\1. Mahtahuddin 

APPROVED BY: 

MASTER OF SCIENCE (MS) 
IN 

I IORTICUL TlJRE 

SEME TER: JULY-DECEMBER. 2007 

A Thesis 
Submitted to the Department of Horticulture and Postharvest Technology 

Sher-e-Bangla Agricultural University, Dhaka 
Jn partial fulfillment of the requirements 

for the degree 
of 

REG. No.: 02183 

BY 

EFFECT OF NITROGEN AND SPACING ON GRO\VTll AND YIELD 
OF STEM AMARANTH (Amaranth us viridus L.) 



Professor A. K. M. Mahtabuddin 
Dept.of Horticulture and Postharvest Technology 

Sher-e-Bangla Agricultural University 
Dhaka-1207 

Supervisor 

Dated: '3\ .\2.ot­ 
Dhaka, Bangladesh 

I further certify that any help or source of information received during the 

course of this inv~stigation has been duly acknowledged. 

I his is lo certify that the thesis entitled "Effect of Nitrogen and Spacing on 
Growth and Yield of Stem Amaranth (Amaranth us viridus L.)" submitted to 

the Faculty of Agriculture, Sher-e-Bangla Agricultural University, Dhaka, in 

partial fulfillment of the requirements for the degree of MASTER OF SCIENCE 

in HORTICULTURE, embodies the result of a piece of bonafide research work 
carried out by Md. Nizarn Uddin Majumder, (Registration number 02183) under 
my supervision and guidance. No part of the thesis has been submitted 
anywhere else for any other degree or diploma. 

CERT/ FICA TE 



·- . ""' . 

<JY.E(J)J Cft_'/!E(J) 
'10 

9rf.'Y ~(WE(J) r.fl_'l!E 9rf.CYJ!HtE,<J{ 



FllLL NAME ABBRF:VIATION 

Agro - I -cological /,one J\E/. 

And others et al. 

Bangladesh Bureau of Statistics BBS 

Centimeter Cm 

Degree Celsius OC 

Days after Seeding DAS 

Etcetera etc. 

Food and Agriculture Organization FAO 

Gram g. 

I Iectarc ha 

II our hr 

Kilogram kg 

Meter m 

Millimeter mm 

Month Mo 

Mu rate of Potash MP 
Grave % 

Number :.a no. .. 
Randomized Complete Block Design RCBD 

Sher-e-Bangla Agricultural University SAU 

Square meter m2 

Triple Super Phosphate TSP 

United Nations Development Program · UNDP 

LIST OF ABBREVIATED TERMS 



The Author 

Lastly, the author indebted to his beloved wife Mrs. Shahanara Begum, son Engr. Daniel 
Md. Awrongzeb, daughter Luba Nay/a and Sarah Nay/a for their inspiration, help and 
encouragement throughout the study. 

The author fell privileged to dedicate this thesis to his beloved parents for their continuous 
blessings to ~1/s higher studies. He expresses.hissincere appreciation to lli$ .. brothers, sisters, 
relatives, well wishers and friends for their inspiration, help and encouragement 
throughout the study. 

Also thanks to Dr. A. N. M. Walliu/lah, D.D. Soil, Khamarbari, Dhaka, Dr. Waziullah, A.D, 
GRARDP, Khamarbari, Dhaka, Md. Rafiqul Islam, P.D, Homna Project, DAE, Mahmood 
Hosain Manik, P.D, (Agri. Marketing), Dr. Ahaduzzaman Shamim, FAO, Dhaka, Md. Abu 
Hena Aminul Haque, and Shompa for their co-operation. 

The author gratefully acknowledges Md. Shamsul Alam, Director General and Dr. 
Shahidul is/am, Director, FSD of the Dept: of Agricultural Extension (DAE) Khamarbari, 
Dhaka, and the Secretary, Ministry of Agriculture (MOA), Bangladesh for providing his 
SAU, Dhaka, Bangladesh. 

Enayet Uddin Chowdhury for their valuable co-operation, suggestion and encouragement, 
inspiration and blessings to complete the study. 

Thanks are extended to his friends and colleague Alhaj. Kazi Abdul Quader and Md. 
-, 

He is thankful to Prof Dr. A. M. Faruk, Vice Chancellor, SAU, Chairman and all the 
teachers of the Dept. of Horticulture and Post Harvest Technology and thanks to Overseer 
and staffs, Hort. Farm, SAU, for their help, valuable co-operation, suggestion and 
encouragement during tile period of the study and research work. 

Tile author expresses this deepest sense of gratitude, sincere appreciation 1111tl immense 
indebtedness to his Supervisor, Prof A. K. M. Mahtubuddin, Sher-e-Bangla Agricultural 
University, Dhaka, for his guidance, constructive criticism and valuable suggestion in 
success/ ul completion of the research work and preparation of this thesis. Profound 
gratitude is expressed to his honorable Co-supervisor Prof Md. Ruhul Amin and Associate 
prof Md. Hasanuzzaman akand for the scholastic guidance and constant inspiration 
throughout the research work and preparation of this thesis. 

All praises, gratitude and thanks are due to the omniscient, omnipresent and omnipotent 
Allah who enabled the to complete this thesis successfully. 

ACKNOWLEDGEMENT 



II 

A field experiment was conducted in the farm of Sher-e-Bangla Agricultural University, 
Dhaka, Bangladesh during the period from March 2007 to June 2007. The experiment 
consisted of two factors. (A): Four levels of nitrogen i.e. 0 kg N/ha (No), 80 kgN/ha (N2), 110 
kg N/ha (N3), 140 kg N/ha (N4); (8): Three spacing i.e. 30 cm x 20 cm (S1), 30 cm x 30 cm 
(S2), 30 cm x 40 cm (S3). The trial was laid out in the two factors Randomized Complete 
Block Design (RCBD) with three replications. At 60 DAS the longest (92.35 cm) stem length 
was recorded from N3 and the control condition gave the shortest (83.35 cm). The maximum 
(22.53 mm) stem diameter was recorded from N3, while the control condition gave the 
minimum ( 19.06 mm). At 60 DAS the maximum (51.26 g) fresh weight of leaves per plant 
was recorded from N3 and control condition gave the minimum (40.02 g). At 60 DAS the 
maximum (6.27%) dry matter content of leaves per plant was recorded from N3, while the 
control gave the minimum (4.83%) which was closely (5.75%) followed by N1• The maximum 
(I 28.46 g) fresh weight of stem per plant was recorded from N3, while the control condition 
gave the minimum (114.93 g). At 60 DAS the maximum (15.65%) dry matter content of stem 
per plant was recorded from N3, while the control condition gave the minimum (13.74%). The 
highest (20.29 kg) yield per plot was recorded from N3 and the control gave the lowest (I 1.02 
kg). At 60 DAS the highest (56.35 tonnes) yield per hectare was recorded from N3 and the 
control condition gave the lowest (30.61 tonnes). At 60 DAS the longest (90.68 cm) stem 
length was recorded from S3 and the shortest (86.71 cm) was from recorded from S1 and the 
maximum (21.55 mm) stem diameter was recorded from S3 and the minimum (18.31 mm) was 
from recorded from S1• At 60 DAS the maximum (49.60 g) fresh weight of leaves per plant 
was recorded from S3 and the minimum (44.35 g) was from recorded from S1• The maximum 
(6.00%) dry matter content of leaves· per plant was recorded from S3 and the minimum 
(5.42%) was from recorded from S1• At 60 DAS the maximum (126.10 g) fresh weight of stem 
per plant was recorded from S3 and the minimum (I 20.04 g) was from recorded from S1• At 60 
DAS the maximum ( 15.34%) dry matter content of. stem per plant was recorded from S3 and 
the minimum (11.09%) was from recorded from S1• At 60 DAS the highest (19.48 kg) yield 
per plot was· recorded· from S2 and the lowest (13 .20 kg) was from recorded from S 1• At 60 
DAS the highest 54.10 tonnes) yield per hectare was recorded from S2 and the lowest (36.67 
tonnes) was from recorded from S 1• The highest (Tk. 731,200) gross return was obtained from 
the treatment combination of N2S2 and the lowest (Tk. 321,950) gross return was obtained 
from NoS1. 

ABSTRACT 

ID. NIZAM UDDIN MAJllMDEn 

By 

EFFECT OF NITROGEN AND SPACING ON GROWTH AND YIELD OF 
STEM AMARANTH (Amaranthus viridus L.) 



iv 

11 

m 

v 
VI 

vu 
1 

4 

4 

8 

11 

11 

11 

11 

12 

12 

12 

14 

14 

14 ., . 

15 

16 

16 

19 

19 

3.9 lntcrcultural operation 

3.10 Plant protection 

3.11 Harvesting 

3.12 Data collection 

3.13 Statistical analysis 

3.14 Economic analysis 

ACKNOWLEDGEMENT 

ABSTRACT 

TABLE OF CONTl~NTS 

LIST OF TABLES 

LIST OF FJGURES 

LIST OF APPENDICES 

1. INTRODUCTION 

2. REVJEW OF LITERATURE 

2.1 Effect of nitrogen 

2.2 Effect of plant spacing 

3. MATERIALS AND METHODS 

3.1 Experimental site 

3 .2 Characteristics of soi I 

3.3 Weather condition of the experimental site 

3.4 Planting materials 

3.5 Treatment of the experiment 

3.6 Design and layout of the experiment 

3. 7 Land preparation 

3.8 Application of manure and fertilizers 

TABLE OF CONTENTS 



v 

4. RESULTS AND DISCUSSION 20 

4.1 Stem length 20 
-l.2 Stern diameter 2-l 

..J..3 um her of leave" per plant 26 
4.4 Length of leaf 30 

4.5 Petiole length 32 

4.6 Petiole diameter 36 

4.7 Fresh weight of leaves per plant 37 

4.8 Dry matter content of leaves 42 

4.9 Fresh weight of stem per plant 43 

4.10 Dry matter of stem 47 

4.1 I Yield per plot 48 
-, 

4.12 Yield per hectare 52 

4.13 Economic analysis 54 

5. SUMMARY AND CONCLUSION 57 
REFERENCES 60 

APPENDICES 66 



55 

51 

46 

44 

41 

38 

35 

33 

29 

23 

1-1 

Page 

VI 

.. 
v- 

Cost and return of stem amaranth as influenced by nitrogen and 
plant spacing 

Combined effect of nitrogen and plant spacing on yield/plot and 
hectare of stem amaranth 

Main effect of plant nitrogen and plant spacing on fresh weight and 
dry weight stem of stem amaranth .. 

Main effect of plant nitrogen and plant spacing on fresh weight and 
dry weigh! leaves of stem amaranth 

Main effect of plant nitrogen and plant spacing on fresh weight and 
dry weight stem of stem amaranth 

Main effect of plant nitrogen and plant spacing on fresh weight and 
dry weight leaves of stem amaranth 

Combined effect of nitrogen and plant spacing on petiole length and 
diameter of stem amaranth 

Effect of nitrogen and plant spacing on petiole length and diameter of 
stem amaranth 

Combined effect of nitrogen and plant spacing on number and length 
of leaves of stem amaranth 

Combined effect of nitrogen and plant spacing on stem length and 
diameter of stem amaranth 

Dose and method or application of fertilizer in stem amaranth field I. 

., itlc 

LIST OFT ABLES 

II. 

10. 

9. 

8. 

7. 

6. 

5. 

4 

3. 

2. 

'I able 



vii 

•.. . 

LIST OF FIGURES 

Figure Title Page 

I. Field la) out of two factors experiment in the Random izcd Complete 13 
ntock Design (RCBD) 

2. Effect of nitrogen on the stem length of stem amaranth 21 
3. Effect of plant spacing on stem length of stern amaranth 21 
4. Effect of nitrogen on stem diameter of stem amaranth 25 
5. Effect of plant spacing on stem diameter of stem amaranth 25 
6. Effect of nitrogen on number of leaves of stem amaranth 27 
7. Effect of plant spacing on number of leaves of stem amaranth 27 
8. Effect of nitrogen on length of leaf of stem amaranth 31 
9. Effect of plant spacing on length of leaf of stem amaranth 31 

' 10. Effect of nitrogen on yield per plot of stern amaranth 40 
II. Effect of plant spacing on yield per plot of stem amaranth 40 
12. Effect of nitrogen on yield per ha of stem amaranth 49 
13 Effect of plant spacing on yield per ha of stem amaranth 49 



VIII 

... 

IX. Cost of production of stem amaranth as influenced by nitrogen and 70 
plant spacing 

VIII. Analysis of variance of the data on yield (kg/plot) and yield (t/ha) of 69 
amaranth as influenced by nitrogen and plant spacing 

69 Analysis of variance of the data on fresh weight and dry matter 
content of stem of amaranth as influenced by nitrogen and plant 
spacing 

Analysis of variance of the data on fresh weight and dry matter 68 
content of leaves of amaranth as influenced by nitrogen and plant 
spacing 

Analysis of variance of the data on petiole length and diameter of 68 
amaranth as influenced by nitrogen and plant spacing 

Analysis of variance of the data on number and length of leaf of 67 
amaranth as influenced by nitrogen and plant spacing 

Analysis of variance of the data on stem length and stem diameter of 67 
amaranth as influenced by nitrogen and plant spacing 

Monthly average temperature, relative humidity and total rainfall of 66 
the experimental site during the period from March to June 2007 

Mechanical and chemical analysis of soil of the experimental plot 66 

Title Page 

LIST OF APPENDICES 

VIL 

VI. 

v. 

IV. 

III. 

11. 

I. 

Appendix 



- 



I . 

ever increasing population of the country. 

short of vegetables, its production should be increased to meet the shortfall and feed the 

serious scarcity of vegetables during the months of May to September. As the nation runs 

vegetables is concentrated during the months of November and April. Thus, there is a 

vegetable production in Kharif season is very low. Maximum production of different 

:l, ... . 

is produced in Rabi season and 33% in Kharif season (BBS, 2006). So, it is clear that the 

Total vegetable production in our country is about 1.48 metric tons per year of which 67% 

for children and pregnant women (Burkill, 1985). 

(Chowdhury, 1967). The juice of leaves is prescribed in cases of constipation, particularly 

which is higher than that of any other common vegetables except potato and taro 

(Thompson and Kelly, 1988). Again it contains about 43 calorie per I 00 g edible portion 

appreciable amount of iron, calcium, phosphorous, riboflavin, thiamine, niacin and iron 

scale cultivation. Amaranth is fairly rich in vitamin A and ascorbic acid. It has an 
.... 

failure and various biotic and abiotic factors indicate that there is enough scope for its large 

Its wider environmental adaptability, higher nutritive value, good taste, less risk of crop 

potential upcoming subsidiary food crop for future generation (Teutonico and Knorr, 1985). 

'poor man's vegetable in Bangladesh (Shanmugavelu, 1989). rt is also, considered as a 

Amaranth is considered to be the cheapest vegetable in the market. It may be described as a 

(Hardwood, 1980). 

Bangladesh, India, in tropical and subtropical parts of Asia, Africa and Central America 

and vigorous growth and also for higher yield potential. It is widely cultivated in 

(Bose and Som, 1986). This vegetable is important and popular in Bangladesh for its quick 

summer and rain} season. The plant has fleshy stem and leaves \\ ith trailing habit 

Amaranthaccac and is commonly used as leafy vegetable. It is mainly gro« n during 

Stem amaranth ·(Amaranthus viridus L.) commonly known as Data belongs to the family 

T'll'1 ~"'t . 
'i~~ -;;~ . 

INTRODUCTION 
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-~ get maximum benefit. 

2. To find out the optimum plant spacing for stem amaranth. 

3. To rind out the best combination of nitrogen and plant spacing of stem amaranth to 

I. To determine the optimum dose of nitrogen for growth and ensuring the higher yield 

of stem amaranth. 

Objectives: 

Plant density for stem amaranth cultivation is an important criterion for attaining maximum 

yield. Densely planted crop obstruct proper growth and development. On the other hand, 

wider spacing ensures the basic requirements but decrease the total number of plants as wet I 

as total yield. Yield may be increased upto 25% by using optimum spacing (Bansal, el al., 

1995). The adjustment of nitrogen and spacing is also helpful for the optimum growth and 

development of this crop. Excessive nitrogen and closer spacing produces thin stem 

amaranth. 

Amaranth responds greatly to major essential elements like N, P and K for its growth and 

yield (Mital el al., 1975; Singh el al., 1976; Thompson and Kelly, 1988). Nitrogen plays a 

vital role as a constituent of protein, nucleic acid and chlorophyll. 

At present amaranth is being cultivated in an area of 4250 hectare with a total production of 

19,6500 metric tonnes. This average yield is only about 35-40 tonnes per hectare 

(BBS. 2006). Amaranth thrives well in a fertile. clay loam soil because it require'> 

considerable amount or nutrient'> for rapid grow th in a short time. 



I Review of literature - - - 
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assessment of chlorophyll and nitrogen status in amaranth plants. 

total leaf chlorophyll. ft suggested that chlorophyll meter is a suitable tool for the 

leaf chlorophyll and chlorophyll meter readings and between aboveground nitrogen and 

collected at harvest. Regression analysis indicated positive linear correlation between total 

~I. ..... . 

leaf chlorophyll, aboveground nitrogen and chlorophyll meter readings from leaves were 

Agricultural Research Institute experimental farm by Yung et al. (2003). Data on the total 

2001-2002 growing season three field experiments were conducted at the Taiwan 

To evaluate the growth response of amaranth at different nitrogen fertilizer rates during 

using nitrogen fertilizer. 

the growth and yield attributes significantly, whereas harvest index remained unaffected for 

and higher values for yield components compare to other doses. Application of N enhanced 

growing period. Of those 90 kg/ha N fertilizer gave significantly higher yield, better growth .... 

green amaranth cultivar. The crop was supplied with 0, 30, 60 and 90 kg N/ha in the 

winter seasons of 199?-1998 and 1998-1999 to identify the optimum doses of nitrogen for 

A field experiment was conducted by Rathore et al. (2004) in Rajasthan, lndia during the 

2.1 Effect of nitrogen 

presented in this chapter under the following headings- 

nitrogen and spacing so far done at home and abroad on this crop have been reviewed and 

Nevertheless, some of the important work and research findings related to the use of 

other countries of the world. The research work so far done in Bangladesh is not adequate. 

development aspects of amaranth have been carried out in our country as wel I as in many 

\\ ithout care or management practice . I or that a \Cr~ fc" studies on grow th. yield and 

the \\ orld. I he crop has draw n less auention or the researchers because normal I~ it gro» s 

Amaranth is one of the important summer vegetable in Bangladesh and in many countries of 

REVIEW OF LITERATURE 
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between 457.2 (at 0 kg N/ha) and 973.4 kg/ha (at 300 kg N/ha), and was characterized by a 

16.5% (at 0 kg N/ha) and 18.4% (at 200 kg N/ha). The protein yield per hectare varied 

some starch characteristics by Hevia et al. (2000). The protein content fluctuated between 

300, 350 and 400 kg/ha) were evaluated for protein content, protein yield per hectare and 

:i 

Seeds of amaranth (Amaranthus spp.) cultivated under 8 N levels (0, 50, 100, 150, 200, 250, 

·:· 

120 kg N/ha. 

height and plant diameter, dry matter content and yield per plant were also increased up to 

maximum yield estimated through quadratic response was found for J 20 kg N/ha. Plant 

levels of N (0, 40, 80 and 120 kg/ha) and 3 times of application. The optimum and 

of N and an appropriate time of its application to amaranth. The treatments consisted of 4 

field experiment was conducted by Arya and Singh (2001) to determine the optimum level 

During rainy season of 1996 and 1997, at Ranichauri, Tehri Garhwal, Uttaranchal, India, a 
..... 

fertilized plants. 

plants had yellowish green coloration as compared to the brighter green color observed in 

increased leaf production upto 75%, and the yield increased upto 114%. The unfertilized 

fertilizer application within a certain range. Application of fertilizer at 200 kg N/ha 

leaves produced, fresh and dry weights of plant parts increased with increased nitrogenous 

50, I 00 and 200 kg/ha on growth and yield of stem amaranth. Plant height, number of 

Ayodele et al. (2002) conducted a field experiment to evaluate the effect ofN fertilizer@ 0, 

characteristics. 

vegetable amaranth ma)' be estimated by regression models from canopy spectral 

the measured spectral bands. The results suggested that plant grow th and nitrogen status or 
correlation analysis bctw ccn plant characters and canopy spectral reflectance existed along 

reflectance spectra and plant characters of amaranth grown during 2001-2002. Simple linear 

Yung et al. (2003) carried out a field experiment in Wufeng, Taiwan, to measure canopy 
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yield and yield components of two amaranth cultivars in 1995 in Samsun, Turkey, with 0, 3, 

Acar (I 996) carried out a field experiment to study the effects of nitrogen fertilizer rates on 

increased crude protein content. 

N, respectively, when seeds were inoculated. Inoculation reduced plant nitrate content and 

inoculation but the yields were found to be 36.1, 46.8 and 43.0 t/ha with 0, 60 and 120 kg 
·~ . 

weight/plant at all growth stages. Fresh yield increased from 29.9-31.2 -t/ha without 

with N inoculation increased plant height, aboveground plant parts and root fresh 

and N rate but there were marked increases at flowering without N fertilizer and at fruiting 

inoculation on N fixing activity in the rhizosphere varied greatly with plant growth stage 

fertilizer were done by Ozhiganova et al. (1996). They reported that the effect of seed 

Small plot trials on demopodzolic soil in the mountain region with 0, 60 or 120 kg/ha N 

90 kg N/ha and then decreased. 

120 kg N/ha and reported that yield and most yield components increased significantly upto 

out the effect of nitrogen fertilizer on growth and yield of amaranth with 0, 30, 60, 90 and 

1991 /92 at Kinnaur, Himachal Pradesh, India was done by Saini and Shekhar ( 1998) to find 

negatively affect the grain yield. In a field experiment during summer 1990/ 1991 and 

three cultivars. Yield was responsive to nitrogen application, but high rates fertilizer can 

development was investigated by Myers (1998) with five levels of nitrogen fertilizer and 

The effect of nitrogen fertilizer on amaranth yield, yield components, growth and 

seed yield increased with increasing N upto 120 kg N/ha. 

kg N/ha in Kalyani, India. From their experiment they reported that yield components and 

and rainy seasons of 1996-1997 with 4 levels of nitrogenous fertilizer a 0. 40. 80 and 120 

Das and Ghosh ( 1999) conducted a field experiment on amaranth during \\ inter. summer 

not significantly affected by any of the levels. 

quadratic regression as a response to fertilizer application. The starch characteristics were 
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competition experiments it was observed that the yield increased upto a certain level, then 

harvesting and yield of stem amaranth with 6, 9, 12 and 18 plants/5 m or row. In the 

Moore el al. (2004) carried out an experiment to determine the effects of spacing on the 

2.2 Effect of plant spacing 

of 110 kg N/ha. 

was reduced by high N application. The highest yields were obtained with a split application 

and fresh weight, dry matter content increased with increasing N application but root length 

stem diameter and petiole length were not affected by N application. Plant height, leaf area 

sowing time, or as a split application at sowing and I 0 days after sowing. Leaf number and 

of stem amaranth with N @ 0, 30, 70 and ti 0 kg/ha applied as a single application at 

to find out the effect of doses and application time of nitrogen fertilizer on growth and yield .... 

Subhan ( 1989) carried out a field experiment at Lem bang from August to September, 1988 

younger leaves for nitrogen. 

more illuminated leaves higher up in the vegetation may depend on the sink strength of the 

subordinate plants. The amount of N which is reallocated from the oldest to the younger, 

distribution and leaf photosynthetic characteristics were determined in both dominant and 

their vertical position in the vegetation. Canopy structure, vertical patterns of leaf nitrogen 

developed in order to investigate how nitrogen allocation patterns in plants are affected by 

from seed, in dense stands in which a size hierarchy of nearly equally aged individuals were 

A garden experiment was carried out by Anten and Werger (1996) with amaranth grown 

and I 000 seed weight. 

There were highly significant positive correlations between seed yield and both cultivars 

components. The increasing trend of yield was recorded with increasing nitrogen fertilizer. 

6, 9 or 12 kg N/ha/day. There were no significant effect of N on seed yield and yield 
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and yield of amaranth with four different row spacing and the approximate densities were 

Peiretti and Gesumaria (1998) conducted an experiment using inter row spacing on growth 

spacing of 30 x 20 cm recorded the highest seed yield/ha (3.64 t/ha). 

per plant (24.24 g) and germination percentage of 80.60. However, plants grown at a 

pronounced effect on the seed yield and yield contributing characters. Plants-grown at the 
~ 

widest spacing of 30 x 30 cm produced the longest stem (95.25 cm), maximum seed yield 

(20.04 g/plant and 3.47 t/ha) than Drutaraj (17.20 g/plant and 2.88 t/ha). Spacing had a 

15, 30 x 20, 30 x 25 and 30 x 30 cm). Sureshsari recorded a significantly higher seed yield 

(Drutaraj, Bashpata and Sureshsari) grown under 5 different spacing levels (30 x I 0, 30 x 

Gazipur, Bangladesh to evaluate the seed yield potential of 3 amaranthus cultivars 

Das and Ghosh ( 1999) conducted an experiment from March to August 1999 in Sa Ina, 

greatly affected by plant spacing. 

and reported that spacing didn't affect the individual plant yield but yield per hectare was 

assess the impact of plant densities of amaranth on yield and yield contributing characters 

than 8 plants/6 m row planting. Missinga and Currie (2002) conducted an experiment to 

stem amaranth. They recorded yield reductions which reached 24% with densities higher 

Santos et al. (2003) to determine the extent of yield reduction due to population densities of 

Field trials were conducted in South Florida, United States, between 1996 and I 999 by 

lowest yield when the yield in hectare was considered. 

minimum yield was obtained. Again I 0 plants m" gave the highest single plant weight and 

characters were statistically significant in different density. In case of 40 plants m·1 the 

experiment was conducted by Abbasdokht et al. (2003) in Iran. Yield and) ield contributing 

·10 determine the effect of crop densities (10 .. 20 and -W plants m·1)ofstem amaranth a field 

yield per hectare decreased. 

decrease. In highest spacing per plant yield was increased upto a certain level but the total 
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An experiment was conducted by Hradecka and Buresova ( 1994) to study the effect of 

sowing rates on the production parameters of "K-343" amaranth. No significant differences 

in the leaf area index were recorded between stands sown at rates of 16 and 65 plants/m2. 

There were considerable differences in the number and size of leaves. Increased branching 

Bansal et al. ( 1995) reported from an experiment than that the closer inter row ( 40 cm) and 

intra row spacing (I 0 cm) significantly reduced the dry matter accumulation, number of 

functional leaves and hence yield/plant. An experiment was conducted by Quasem and 

Hossain ( 1995) to evaluate 16 gerrnplasms of local stem amaranth in summer. Spacing of 

30 x 15 cm was maintained. Plant height at last harvest was found maximum in SAT 0034 

(88.3 cm) and minimum in SAT 0062 (13.4 cm). The highest yield was recorded in SAT 

0054 (54 t/ha) and the lowest in SAT 0024 (1-5.5 t!ha) only. 

Effects of six varieties and two row spacing (12.5 cm and 50.0 cm) on the yield, stand 

density, height have been studied by Jamriska (1998). Plainsman variety had the best yield 

(2.69 t/ha), on the other hand, the lowest yield (2.27 t/ha) was noted in K-369 variety. The 

stands with narrower row spacing produced higher yields than the stands with wider row 

spacing. Jaishree el al. ( 1996) conducted an experiment to study the effect of plant 

populations, nitrogen and phosphate on yield and quality of amaranth during kharif season 

of 1991 at densities of 111,000, 146,000 or 222,000 plants/ha and recorded the highest yield 

with 146,000 plants/ha. 

100,000, 740,000, 550,000 and 470,000 plants/ha. The vegetative characters and yield per 

plant at harvest decreased with closer row spacing, particularly at 0.30 m spacing. Yield, 

however. was only slightly affected or tended to increase with increase in density. Spacing 

at 0.30 and 0.45 rn were considered the most appropriate due to the rate or inter row 

coverage, which offers advantages for weed control by competition. Yield increase is also 

facilitated by these spacing. 
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... 

of the spacing treatment. 

90 x 60 cm and recorded no significant improvement in shoot, leaf or stem quality with any .... 

60, cm and in the second experiment with 5 spacing like 45 x 45, 60 x 45, 60 x 60, 90 x 45, 

were sown in for the 1,51 experiment with 4 spacing like 60 x 45, 60 x 60, 90 x 45 and 90 x 

sandy clay loam soil during the summer growing seasons of 1990-91 and 1991-1992. Seeds 

Consequently two field experiments were conducted by Norman and Shongwe (1993) on a 

population in the wider rows. 

times higher population. Grain yield of plants was higher as a result of lower plant 

yield at the lowest plant population, but yields were higher at the widest spacing with 2 

The highest yields were obtained with the lowest population. Row spacing had no effect on 

plants/ha. Stands were over sown and thinned by hand to achieve the desired population. 

al. ( 1993) and stem amaranth was grown in population of 74000, 173000 and 272000 

Row spacing and population effect on yield or grain amaranth was studied by I Icndcrson et 

during the growing season. 

in the thin stands also influenced the proportion of leaves and stems in different organs 
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3.4 Planting materials 

Bangladesh Meteorological Department, Dhaka and presented in Appendix ll. 

relative humidity and rainfall during the period of the experiment was collected from the 

October (Edris el al., 1979). Details of the meteorological data related to the temperature, 

monsoon period or hot season from March to April and the monsoon period from May to 

distinct seasons, the monsoon or the rainy season from November to February and the pre- . . . :~ . . .. 
The climate of experimental site was under the subtropical climate, characterized by three 

3.3 Weather condition of the experimental site 

recorded soil characteristics were presented in Appendix I. 

were analyzed in the Soil Testing Laboratory, SRDI Khamarbari, Dhaka and details of the 

series was Tejgaon (F AO, l 988). The characteristics of the soil under the experimental plot 

No. 28. It had dark grey terrace soil. The selected plot was medium high land and the soil 

The soil of the experimental area belongs to the Modhupur Tract (VNDP, 1988) under AEZ 

3.2 Characteristics of soil 

and at an elevation of8.2 m from sea level (Anon., 1989). 

Laboratory of Sher-e-Bangla Agricultural University, Sher-e-Bangla Nagar, Dhaka, 

Bangladesh. The location of the experimental site is 23°741N latitude and 90°351E longitude 

The present experiment was carried out in the field of Central Farm and Horticulture 

3.1 Experimental site 

following headings- 

methods used for conducting the experiment were presented in this chapter under the 

nitrogen and plant spacing on the growth and yield or stem amaranth. 1 he materials and 

Dhaka. Bangladesh during the period from March to June 2007 to find out the effect or 

The experiment was conducted in the field of Sher-e Bangla Agricultural University, 

MATERIALS AND METHODS 
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two blocks and two plots were 75 cm and 50 cm respectively. 

experiment. The size of the each plot was 2.4 m x 1.2 m. The distance maintained between 

combinations were allotted at random. There were 36 unit plots altogether in the . . .... . ·~ . 

individual plot of each block. Each block was divided into 12 plots where 12 treatment 

layout of the experiment was prepared for distributing the treatment combinations in 

with three replications. An area 21.9 m_ x I 0.2 m was divided into three equal blocks. The 

The two factors experiment was laid out in Randomized Complete Block Design (RCBD) 

3.6 Design and layout of the experiment 

i. S1 = 30 cm x I 0 cm 

ii. S2 = :3'0 cm x 20 cm 

iii. S3 = 30'cm x 30 cm 

There were 12 treatment combinations such as NoS1, NoS2, NoS:i, N1Si. N1S2, N1S3, N2S1, 

Factor A: Three levels of plant spacing 

1. N0= 0 kg N/ha 

ii. N1 = 80 kg N/ha 

iii. N2 = I 10kg N/ha 

iv. N3 = 140 kg N/ha 

Factor A: Four levels of nitrogen 

The experiment consisted of two factors. Details were presented below: 

3.5 Treatment of the experiment 

Shurishary were collected from Sher-e-Bangla Agricultural University Farm. 

type, quick growing and short duration summer vegetable. The seeds of amaranth variety 

In this research work, the seeds of stem amaranth were used. It is a green stem and leafy 
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Figure I. Layout of the experimental plot 
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germination in every alternate day in the evening up to I 51 thinning. 

Over-head irrigation was provided with a watering can to the plots once immediately after 

3.9.1 lrrigation and Drainage 

After emergence of seedlings, various interiultu~al operations such as irrigation, thinning, 
weeding and top dressing etc. were accomplished for better growth and development of the 
stem amaranth seedlings. 

3.9 Intercultural operation 

Fertilizers Dose/ha Application(%) 
Basal 15DAT 30DAT 450AT 

Cow dung I 0 tons 100 -- -- -- 
Nitrogen As treatment -- 33.33 33.33 33.33 

P20s (as TSP) 100 kg 100 -- -- -- 
K20 (as MP) 150 kg 100 -- -- -- 

Table I. Dose and method of application of Iertilizers in stem amaranth field 

manures and fertilizers were used as recommended by Rashid (1993) (Table I) . .... 

three equal installme~ts at 15, 30 and 45 days after seed sowing of stem amaranth. Well­ 

rotten cow dung I 0 t/ha also was applied during final land preparation. The following 

entire amounts of MP were applied during final preparation of land. Urea was applied in 

Nitrogen and potassium fertilizer in the form of urea and MP were applied respectively. The 

3.8 Application of manure and fertilizers 

the soil of each unit plot. 

decomposed cow dung manure and chemical fertilizers as indicated below were mixed with 

tilth of soil was obtained for sowing stem amaranth seeds. Recommended doses of well- 

good tilth condition. Weeds and stubbles were removed, and finally obtained a desirable 

was harrowed. ploughed and cross-ploughed several times followed by laddering to obtain a 

2007 \\ ith a power tiller, and left exposed to the sun for a week. After one week the land 

The plot selected for conducting the experiment was opened in the second week of March 

3.7 Land preparation 
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of the growing point. 

(DAS) in the experimental plots. The height was measured from ground level up to the tip 

The length of stem was recorded in centimeter (cm) at 30, 40, 50 and 60 days after sowing 

3.12.J Stem length (cm) 

while the whole plot crop was harvested to record per plot yield data . 
. I, 

3.12 Data collection 
Ten plants were randomly selected from each unit plot for the collection of per plant data 

To evaluate rate and yield, three harvestings were done at different growth stages. First 
harvesting was done at 30 days after sowing. Second, third and forth harvesting were done 
40, 50 and 60 days after sowing, respectively. Different yield contributing data were 
recorded from the mean of IO harvested plants which was selected at random from each unit 
plot. 

3.11 Harvesting 

I 0 days starting soon after the appearance of infestation. 

For controlling leaf caterpillars Nogos@ I ml/L water was applied 2 times at an interval of 

3.10 Plant protection 

30 and 45 DAS. 

After basal dose, the remaining doses of urea were top-dressed in 3 equal installments at 15, 

3.9.4 Top dressing 

ensured better growth and development. 

Weeding was done to keep the plots clean and easy aeration of soil which ultimately 

3.9.3 Weeding 

stem amaranth. 

the first and 3rd and 4th were done at I 0 days interval for proper growth and development or 
First thinning was done 30 days after sowing (DAS), 2nd thinning was done I 0 days after 

3.9.2 Thinning 
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lnl)Qt rows of each plot starting from 30 to 60 DAS at l 0 days Interval. 

weight of leaves was recorded in gram. Data were recorded from randomly selected plant of 

J.J 2. 7 Fs:esll wejaht of l~ne~ per. pl~Pt (g) 

J.,~~Y~~ of IP. f!\'1QP1l11Y selected plant~ w¥r~ cl~~~h~q by a sharp krlif~ an~ Henlge fresh 
' ' I I ' • ~ • I 

interval. Thus the mean was recorded and expressed in millimeter (mm). 

random from the plant of inner rows of each plot starting from 30 to 60 OAS at I 0 days 

circumference of the petiole. Data were recorded as the average of I 0 petiole selected at 

Diameter of petiole was measured by using a scale. The measurement was taken from 

3.12.6 Petiole diameter (mm) 

rows of each plot starting from 30 to 60 DAS at I 0 days interval. 

Data were recorded as the average of") 0 petiole selected at random from the plant of inner 

3.12.5 Petiole length (cm) 

(cm). 

to 60 DAS at I 0 days interval.Thus the mean was recorded and expressed in centimeter 

of I 0 leaves selected at random from the inner row plants of each plot starting from 30 DAS 

The measurement was taken from base to tip of the leaf. Data were recorded as the average 

3.12.4 Length of leaf (cm) 

each plot starting from 30 DAS to 60 DAS at I 0 days interval. 

Data were recorded as the average of I 0 plants selected at random from the inner rows of 

3.12.3 Number of leaves per plant 

stem diameter was recorded. 

each plot starting from JO Di\S to 60 DI\ at 10 days interval and the mean value for each 

Data were recorded as the average of I 0 plants selected at random from the inner rows of 

3.12.2 Stem diameter (mm) 
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leaves and total was taken at different time of harvest. 

plot (2.4 rn x 1.5 m) and was expressed in kilogram. Yield included weight of stem with 

Yield of stem amaranth per plot was recorded as the whole plant in every harvest within a 

3.12.11 Green Yield (kg per plot) 

Dry weight 
% Dry matter of stems = x I 00 (g) 

Fresh weight ... •• · 

by simple calculation from the weight recorded by the following formula 

The final weight of the sample was taken. The dry matter contents of stems were computed 

sample was then transferred into desiccators and allowed to cool down at room temperature. 

pieces were put into envelop and placed in oven maintained at 60°C for 72 hours. The 

3.12.10 Dry matter content of stems per plant(%) 

After harvesting, randomly selected 100 g of stem sample previously sliced into very thin 

starting from 30 to 60 PAS at 10 days interval. 
-. 

immediately. Data were recorded from selected random plant of inner rows of each plot 

After harvesting the fresh stems of sampled plants, fresh weight of stem was taken 

3.12.9 Fresh weight of stem per plant (g) 

Fresh weight 
------x 100 (g) % Dry matter of leaves= 

Ory weight 

by simple calculation from the weight recorded by the following formula : 

The final weight of the sample was taken. The dry matter contents of leaves were computed 

sample "as then transferred into desiccators and allowed to cool dow n at room temperature. 

pieces were put into envelop and placed in oven maintained at 60°C for 72 hours. Ihe 

After harvesting, randomly selected 100 g of leaf sample previously sliced into very thin 

3.12.8 Dry matter content of leaves per plant(%) 
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... -~ 

Total cost of production per hectare (Tk.) 
Benefit cost ratio = 

Gross return per hectare (Tk.) 

(BCR) was calculated as follows: 

3.14 Economic analysis 

The cost of production was analyzed in order to find out the most economic treatment of 

nitrogen and plant spacing. All input cost included the cost for lease of land and interests on 

running capital in cernputing the cost of production. The interests were calculated @ 13%. 

The market price of 'stem amaranth was considered for estimating the cost and return. 

Analyses were done according to the procedure of Alam et al. ( 1989). The benefit cost ratio 

3.12.12 Green Yield (ton per hectare) 

3.13 Statistical analysis 

The data obtained for different characters were statistically analyzed to lind out the 

signi ficancc of the difference for nitrogen and plant density on ) icld and ) icld contributing 

characters of stem amaranth. The mean values of all the recorded characters were evaluated 

and analysis of variance was performed by the 'F' (variance ratio) test. The significance of 

the difference among the treatment combinations of means was estimated by Duncan's 

Multiple Range Test (DMRT) at 5% level of probability (Gomez and Gomez, 1984). 



Discussion 
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experiments. 

at 30 DAS, 34.95-70 .. 25 cm at 45 DAS ~1-td 65 to 122.15 cm at 60 DAS from their 

Vijayakumar et al. ( 1982) also recorded stem length which ranged from 16.05 to 57.25 cm 
-r 

indicated that nitrogen ensured the favorable condition for the growth of stem amaranth. 

N2, while the control condition gave· the shortest (83.48 cm) stem length. The results 

stem length (92.48 cm) was recorded from N3 which was statistically similar (91.64 cm) to 

and the shortest (69.13 cm) was found from the control condition. At 60 DAS the tallest 

length (77.97 cm) was recorded from N3 which was statistically identical (77.53 cm) to N2 

cm) was recorded from the control condition at 40 DAS. At 50 DAS the maximum stem 
/ 

observed from N3 which was statistically similar (57.42 cm) to N2 and the shortest (49.81 

length was recorded from No (0 kg N/ha) (Fig 2).The tallest stem length (58.73 cm) was 

statistically identical (32.11 cm) to N2 ( 110 kg N/ha), while the shortest (25.88 cm)stem 
' . 

tallest (32.56) cm maximum stem length was recorded from N3 (140 kg/ha) which was 

of nitrogen and plant spacing at 30, 40, 50 and 60 DAS (Figure 2 & 3). At 30 DAS the 

Stem length of stem amaranth varied significantly due to the application of different levels 

4.1 Stem length 

are given. 

(ANOV A) of the data on difTerent yield contributing characters and yield of stem amaranth 

yield at different days after sowing (DA) were recorded. l'hc analysis or variance 

on grow th and ) ield of stem amaranth. Data on different ) icld contributing characters and 

The present experiment was conducted to determine the effect of nitrogen and plant spacing 

RESULTS AND DISCUSSION 



Figure 3. Effect of plant spacing on stem length of amaranth 
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Figure 2. Effect of nitrogen on stem length of amaranth 
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32.50 to 81.84 cm. 

and plant spacing. The results are compared to Talukder ( 1999) recorded stem length from 

of stem amaranth and the ultimate results is the longest stem length with maximum nitrogen 

60 DAS. From the results it was reveals that both nitrogen and plant spacing favored growth 

stem length (94.45 cm) was recorded from N3S3 and the minimum (77.38 cm) from NoS1 at 

was recorded from N3S3 and the shortest (63.85 cm) was obtained from NoS1.The tallest 

the shortest (46.03 cm) was found from N0S1. At 50 DAS the tallest stem length (81.86 cm) 

(Table 2). At 40 OAS the tallest stem length (61.60 cm) was observed from N3S3 whereas 

N0S1 (0 kg N/ha + 30 cm x 10 cm plant spacing) gave the shortest stem length (24.79 cm) 

stem length at different days after sowing (Appendix ITI). At 30 DAS the tallest stem length 

(33.87 cm) was recorded from N3S3 (l 40 kg N/ha + 30 cm x 30 cm plant spacing), while 

The variation was observed due to combined effect of nitrogen and plant spacing in terms of 

(2003) from their experiment. 

maximum growth of stem amaranth. Similar findings also reported by Abbasdokht et al. 

S1• Wider spacing ensures maximum soil nutrients and light for the plants as a result 

was statistically identical (90.02 cm) to S2 and the shortest (86.66 cm) was from found from 

from S1 at 50 DAS. At 60 DAS the tallest stem length (90.77 cm) was found from S3 which 

which was statistically identical (75.40 cm) to S2 and the shortest (72.78 cm) was recorded 

shortest (53.01 cm) was from S1. The tallest stem length (76.69 cm) was recorded from S3 

(57.19 cm) was found from S3 which was statistically similar (54.52 cm) to S2, while the 

cm) was recorded from S1 (30 cm x 10 cm) at 30 DAS. At 40 DAS the tallest stern length 

which was statistically identical (29.43 cm) to S2 (30 cm x 20 cm) and the shortest (28.67 

DAS (Figure 3). The tallest stem length (3 I .24 cm) was recorded from S3 (30 cm x 40 cm) 

Different plant spacing showed significant differences on stem length at 30, 40, 50 and 60 
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similar (19.03 mm) with S2and the minimum (18.67 mm) was noted from S1. 

DAS the maximum (21.63 mm) stem diameter was recorded from S3 which was statistically 

( 19.0 I mm) with S2 and the minimum (18.43 mm) was recorded from S1 at 50 DAS. At 60 

maximum (19.14 mm) stem diameter was obtained from S3 which was statistically similar ... 

identical (14.82 mm) with S2 and the minimum (14.60 mm) was found from S1. The 

the maximum (15.47 mm) stem diameter was found from S3 which was statistically 

the minimum (I 0.76 mm) was recorded from S1 (30 cm x 20 cm) at 30 DAS. At 40 DAS 

(30 cm x 40 cm) which was statistically identical ( 11.11 mm) with S2 (30 cm x 30 cm) and 

for different plant spacing. The maximum (11.65 mm) stem diameter was observed in S3 

Significant differences in respect of st~m diameter at 30, 40, 50 and 60 DAS were recorded 

ensured the favorable condition for the growth of stem amaranth. 

condition gave the minimum (19.31 mm). The results indicated that optimum nitrogen 
-, 

recorded from N3 which was statistically identical (21.89 mm) with N2, while the control 

from the control condition. At 60 DAS the maximum (22.67 mm) stem diameter was 

was statistically identical (19.41 mm) with N2 and the minimum (16.61 mm) was found 

DAS. At 50 DAS the maximum stem diameter (20.33 mm) was recorded from N3 which 

followed ( 15.52 mm) by N2 and the minimum (13.42 mm) was found from the control at 40 

Similarly the maximum ( 16.11 mm) stem diameter was recorded from N3 which was closely 

respectively and the minimum (9.99 mm) stem diameter was found from No as 0 kg N/ha. 

diameter ( 11.90 mm) was recorded both from N2 and N3 at nitrogen 1J0 and 140 kg/ha, 

30. 40. 50 and 60 D/\S in stem amaranth (Figure 4). At 30 DAS the maximum stem 

Stern diameter varied significantly due to the application of different levels or nitrogen at 

4.2 Stem diameter 
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(40.12) with N2 and the control produced the lowest (32.53). 

number of leaves (40.93) per plant was recorded from N3 which was statistically identical 

:i ·-- . 

lowest (26.16) was recorded from the control condition. Similarly at 60 DAS the highest 

(33.84) per plant was recorded from N3 which was statistically similar (32.74)-,to N2 and the 

was recorded from the control condition 40 DAS. At 50 DAS the highest number of leaves 

plant was observed from N3 which statistically similar (21.50) to N2 and the lowest (14.74) 

number of leaves per plant was recorded from N0. The highest (22.0 I) number of leaves per 

which was statistically identical (15.73) with N2 (110 kg N/ha), while the lowest (9.73) 

highest (16.71) number of leaves per plant was obtained from N3 (nitrogen 140 kg/ha) 

nitrogen and plant spacing at 30, 40~ 50 and 60 DAS (Figure 6 and 7). At 30 DAS the 

Number of leaves per plant differ significantly due to the application of different levels of 

4.3 Number of leavesper plant 

maximum development of stem diameter. 

and plant spacing favored growth of stem amaranth and the ultimate result was the 

was recorded from N3S3 and the minimum (17.59 mm) from N0S1at60 DAS. Both nitrogen 

minimum ( 15.51 mm) was recorded from N0S1. The maximum (23.42 mm) stem diameter 

N0S1• At 50 DAS the maximum (21.01 mm) stem diameter was found from N3S3 and the 

stem diameter was found from N3S3 whereas the minimum (12.66 mm) was recorded in 

the minimum stem diameter (9.39 mm) (Table 2). At 40 DAS the maximum (17.02 mm) 

cm plant spacing). On the other hand, N0S1 (0 kg N/ha + 30 cm x I 0 cm plant spacing) gave 

maximum stern diameter ( 12.82 mm) was recorded from N3S3 ( 140 kg N/ha + 30 cm x 30 

terms of stem diameter at different days after sowing (Appendix Ill). At 30 DAS the 

The variation was also recorded due to the combined effect of nitrogen and plant spacing in 
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stem amaranth cultivation even with adequate nutrients supply. 

reported that wider spacing produced highest number of leaves than the closer spacing in 

amaranth and finally highest number of leaves per plant was produced. Bansal el al. ( 1995) 

the results it was observed that both nitrogen and plant spacing favored growth of stem 

recorded from N3$3 and the lowest (31.07) was noted from NoS1 at 60 DAS (Table 3). From 
.. . 

(25.48) was recorded from N0S1. The highest (42.76) number of leaves per plant was 

DAS the highest (35.17) number of leaves per plant was recorded from N3S3 and the lowest 

per plant was observed from N3S3, while the lowest (13.44) was recorded in NoS1. At 50 

lowest number of leaves (9.24) per plant. At 40 OAS the highest (23.46) number of leaves 

30 cm plant spacing), while N0S1 (0 kg N/ha + 30 cm x JO cm plant spacing) gave the 

highest number of leaves (17.60) per plant was recorded from N3S3 (140 kg N/ha + 30 cm x 

number of leaves per plant at different days after sowing (Appendix IV). At 30 OAS the 

The variation was recorded due to the combined effect of nitrogen and plant spacing on 

per plant. 

organic and inorganic influence the growth of plant and produced highest number of leaves 

lowest (36.20) was from recorded from S1. Agele el al. (2004) reported that fertilizer both 

leaves per plant was observed from S3 which was statistically similar (38.55) with S2 and the 

the lowest (29.54) was found from S1 at 50 DAS. At 60 DAS the highest (36.10) number of 

leaves per plant was recorded from S3 which was statistically identical (30.98) with S2 and 

(19.43) S2, while the lowest (18.03) was noted from S1. The highest (32.01) number of 

(20.35) number of leaves per plant was recorded from S3 which was statistically similar 

lowest ( 13.14) was obtained from S1 (30 cm x I 0 cm) at 30 DAS. At 40 DAS the highest 

cm x 30 cm) which \\3S statistically identical ( 13.84) '' ith S2 (30 cm x 20 cm) and the 

50 and 60 DAS. Ihe highest number of leaves ( 14.50) per plant was observed from S1 (30 

Different plant spacing showed significant variation on number of leaves per plant at 30, 40, 
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cm) with S2and the shortest (19.27 cm) was from recorded from S1. 
.~ 

the longest length (20.63 cm) was observed from S3 which was statistically similar (19.56 

(14.46 cm) with S2and the shortest (13.92 cm) was recorded from S1 at 50 OAS. At 60 OAS 

S1. The longest leaf ( 15.09 cm) was recorded from S3 which was statistically identical 

was statistically identical (11.67 cm) to S2, while the shortest (10.32 cm) was found from 

found from at 30 OAS. At 40 DAS the longest leaf ( 12.48 cm) was recorded from S3 which 

statistically identical (8.14 cm) to S2 (30 cm x 20 cm) and the shortest (30 cm x 20 cm) was 

DAS. The longest leaf (9.06 cm) was recorded from S3 (30 cm x 30 cm) which was 

Di ffcrcnt plant spacing showed significant differences on length of leaf at 30, 40, 50 and 60 

(17.77 cm). 

statistically identical (20.56 cm) with N2, while the control condition gave the shortest 

condition. At 60 DAS the longest leaf (21.37 cm) was recorded from N3 which was 

similar (14.99 cm) with N2 and the shortest (14.42 cm) was found from the control 

DAS. At 50 OAS the longest leaf ( 16.13 cm) was recorded from N3 which was statistically 

followed by N2 and the shortest (9.50 cm) was recorded from the control condition at 40 

N/ha. The longest leaf (12.99 cm) was observed from N3 which was closely (12.51 cm) 

N2 (I I 0 kg N/ha), while the shortest (6.57 cm) length of leaf was observed from No as 0 kg 

(9.42 cm) was recorded from N3 (140 kg/ha) which was statistically identical (9.27 cm) to 

different level at 30, 40. 50 and 60 O/\S (Figure 8 and 9). Al 30 D/\S the longest leaf 

Length of leaf of stem amaranth varied significantly due to the application or nitrogen in 

4.4 Length of leaf 



Figure 9. Effect of plant spacing on length of leaf of amaranth 
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gave the shortest (7.26 cm). 

statistically identical (7.88 cm and 7.74 cm) with N2 and Ni. while the control condition 

cm and 7.59 cm) to N2 and N1, respectively. On the other hand shortest (7.10 cm) was found 
·'l 

from the control. At 60 DAS the longest petiole (7.91 cm) was recorded from N3 which was 

the longest petiole (7.83 cm) was recorded from N3 which was statistically identical (7.70 

and the shortest (6. I 8 cm) was recorded from the control condition at 40 OAS. At 50 DAS 

obtained from No as 0 kg N/ha. The longest petiole (6.79 cm) was observed from N2 and N3 

cm) with N2 and N 1 as 110 kg and 80 N/ha, while the shortest petiole ( 4.32 cm) was 

petiole (4.85 cm) was recorded from N3 which was statistically similar (4.79 cm and 4.69 

of nitrogen and plant spacing at 30, 4b, 50 and 60 OAS (Table 4). At 30 OAS the longest 

Petiole length of stem amaranth varied significantly due to the application of different levels 

4.5 Petiole length 

plant spacing. 

growth of stem amaranth and produced longest length of leaf with maximum nitrogen and 

OAS (Table 3). From the results it was found that both nitrogen and plant spacing favored 

found from N3S3. On the other hand, the shortest (14.46 cm) was noted from N0S1 at 60 

N3S3 and the shortest (11.94 cm) was recorded from N0S1• The longest leaf (22.43 cm) was 

(8.36 cm) was recorded in NoS1• At 50 DAS the longest leaf (17.63 cm) was recorded from 

(Table 3). At 40 DAS the longest leaf (14.21 cm) was obtained from N3S3 and the shortest 

while NoS1 (0 kg N/ha + 30 cm x I 0 cm plant spacing) gave the shortest of leaf (5.87 cm) 

leaf (I 0.61 cm) was recorded from N3S3 ( 140 kg N/ha + 30 cm x 30 cm plant spacing). 

terms of length of leaf at different days allcr SO\\ ing {Appendix IV). At 30 DAS the longest 

The variation was recorded due to the combined effect of nitrogen and plant spacing in 
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The variation was recorded due to combined effect of nitrogen and plant spacing for petiole 

length at different days after sowing (Appendix V). At 30 DAS the longest petiole (5.23 cm) 

was recorded from N3S2 (140 kg N/ha + 30 cm x 20 cm plant spacing), while N0S1 (0 kg 

N/ha + 30 cm x 10 cm plant spacing)·gave the shortest petiole (3.86 cm). At 40 DAS the 

longest petiole (7 .16 cm) was recorded from N3S2 whereas the shortest ( 5 .96 cm) was 

recorded in NoS1• At 50 DAS the longest petiole (8.22 cm) was recorded from N3S2 and the 

shortest (6.92 cm) was recorded from N0S~ The longest petiole (8.30 cm) was recorded 

from N3S2 and the shortest (7.14 cm) from N0S1 at 60 DAS (Table 5). From the results it 

was reveals that both nitrogen and plant spacing favored growth of stem amaranth and the 

ultimate results is the longest petiole length with maximum nitrogen and plant spacing. 

Different plant spacing showed significant differences on petiole length at 30, 40, 50 and 60 

DAS. I'hc longest petiole (4.86 cm) was observed from S3 (30 cm x 40 cm) \\ hich wa« 

statistically identical (4.69 cm) with S:: (30 cm x 30 cm) and the shortest {4.43 cm) was 

recorded from S1 (30 cm x 20 cm) at 30 DAS. At 40 DAS the longest petiole (6.81 cm) was 

found from S3 which was statistically identical (6.74 cm) with S2, while the shortest (6.30 

cm) was from S1. The longest petiole (7.75 cm) was recorded from S3 which was 

statistically identical (7.70 cm) with S2 and the shortest (7.22 cm) was observed from S1 at 

50 DAS. At 60 DAS the longest petiole (7.91 cm) was recorded from S3 which was 

statistically identical (7.85 cm) with S2 and the shortest (7.33 cm) was from recorded from 

S1 (Table 4). The maximum space creates an opportunity for receiving light and plant 

essentials nutrients for maximum vegetative growth for stem amaranth with longest petiole. 

Yung et al. (2003) also reported longest petiole length with using wider spacing from their 

experiments. 
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minimum (3.22 mm) was from obtained from S1 treatment (Table 4). 

diameter was recorded from S3 which was statistically identical (3.42 mm) with S2 and the 

mm) was observed from S1 at 50 DAS. At 60 DAS the maximum (3.45 mm) petiole 

obtained from S3 which was statistically identical (3.23 mm) with S2 and the minimum (3.06 

while the minimum (2.73 mm) was from S1• The maximum (3.24 mm) petiole-diameter was 

petiole diameter was found from S3 which was statistically identical (2.90 mm) with S2, 

mm) was found from S1 (30 cm x 20 cm) at 30 DAS. At 40 DAS the maximum (3.06 mm) 

which was statistically identical (2.42 mm) to S2 (30 cm x 30 cm) and the minimum (2.34 

60 DAS. The maximum (2.48 mm) petiole diameter was recorded from S3 (30 cm x 40 cm) 

Different plant spacing showed significant differences on petiole diameter at 30, 40, 50 and 

followed by N1 (Table 4). 

N2, while the control condition gave the minimum (3.24 mm) which was closely (3.33 mm) 

mm) petiole diameter _was recorded from N3 which was statistically identical (3.43 mm) to 

minimum (3.04 mm) was found from the control condition. At 60 DAS the maximum (3.47 

from N3 which was statistically similar (3.24 mm and 3.18 mm) to N2 and N1 and the 

the control at 40 DAS. At 50 DAS the maximum (3.26 mm) petiole diameter was recorded 

mm and 2.97 mm) followed by N1 and N3 and the minimum (2.62 mm) was recorded from 

The maximum (3.01 mm) petiole diameter was observed from N2 which was closely (2.98 

diameter was observed from No which was closely (2.40 mm) followed by N1 (80 kg N/ha). 

statistically identical (2.47 mm) to N2 (110 kg N/ha), while the minimum (2.25 mm) petiole 

maximum (2.52 mm) petiole diameter was recorded from N3 (140 kg/ha) which was 

lcv els of nitrogen and plant spacing at 30, 40, 50 and 60 DAS (Table 4). At 30 DAS the 

Petiole diameter of stem amaranth varied significantly due to the application of different 

4.6 Petiole diameter 
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control condition gave the minimum (40.02 g). 

recorded from N3 which was statistically identical (50.36 g and 47.58 g) to N2 and Ni, while 

control condition. At 60 DAS the maximum fresh weight of leaves (51.26 g) per plant was 
. . • -l .· •• . 

statistically identical (38.25 g) with N2 and the minimum (29.01 g) was found from the 

maximum (39.44 g) fresh weight of leaves per plant was recorded from N3 which was 

N2 and the minimum (17.60 g) was recorded from the control condition. At 50 DAS the 

weight of leaves per plant was observed from N3 which was statistically similar (28.40 g) to 

fresh weight of leaves per plant was recorded from N0. The maximum (28.95 g) fresh 

.... 
N3 (140 kg/ha) which was statistically similar _(18.04 g) to N2, while the minimum (9.28 g) 

6). At 30 DAS the maximum (I 9.59 g) fresh weight of leaves per plant was recorded from 

application of different levels of nitrogen and plant spacing at 30, 40, 50 and 60 DAS (Table 

Fresh weight of leaves per plant of stem amaranth differed significantly due to the 

4.7 Fresh weight of leaves per plant 

was recorded from N2S2 and the minimum (3.00 mm) from NoS1 at 60 DAS (Table 5). 

minimum (2.91 mm) was recorded from N0S1. The maximum petiole diameter (3.59 mm) 

At 50 DAS the maximum (3.40 mm) petiole diameter was recorded from N2S2 and the 

diameter was observed from N2S2 whereas the minimum (2.39 mm) was recorded in NoS1. 

minimum (2.15 mm) petiole diameter. At 40 DAS the maximum (3.20 mm) petiole 

cm plant spacing), while N0S1 (0 kg N/ha + 30 cm x 20 cm plant spacing) gave the 

maximum petiole diameter (2.67 mm) was observed from N3S:! ( 140 kg /ha + 30 cm ;< 30 

terms of petiole diameter at different days after SO\\ ing (Appendix V). At 30 D/\S the 

The variation was recorded due to the combined effect of nitrogen and plant spacing in 
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N3S3 and the minimum (37.96 g) from N0S1 at 60 DAS. 

from NoS1. The maximum fresh weight of leaves (55.02 g) per plant was observed from 

weight of leaves per plant was recorded from N3S3 and the minimum (28.06 g) was found 

the minimum (17.10 g) was recorded in N0S1• At 50 DAS the maximum (42.19 g) fresh 

the maximum fresh weight of leaves (32.33 g) per plant was observed from N3S3 whereas 

spacing) gave the minimum fresh weight of leaves (8.02 g) per plant (Table 7). At 40 DAS 

kg N/ha + 30 cm x 30 cm plant spacing), while N0S1 (0 kg N/ha + 30 cm x l 0 cm plant 

DAS the maximum fresh weight of leaves (22.63 g) per plant was observed from N3S3 (I 40 

terms of fresh weight of leaves per plant at different days after sowing (Appendix VI). At 30 

The variation was recorded due to the combined effect of nitrogen and plant spacing in 

results. 

leaves per plant of stem amaranth was found. Yoshizawa et al. (1981) reported similar 

growth was attained and maximum foliage coverage with highest number and weight of 
-, 

maximum light and as a result maximum photosynthesis could occur. For that maximum 

it was observed that plant spacing provided enough opportunity for the plant to receive 

identical (47.96 g) with S2 and the minimum (45.01 g) was found from S1• From the results 

fresh weight (50.43 g) of leaves per plant was recorded from S3 which was statistically 

and the minimum (33.43 g) was recorded from S1 at 50 DAS. At 60 DAS the maximum 

was from S1• The maximum fresh weight of leaves (37.30 g) per plant was obtained from S3 

from S3 which was statistically identical (24.76 g) with S2, while the minimum (23.02 g) 

at 30 DAS. At 40 DAS the maximum fresh weight of leaves (26.19 g) per plant was found 

from S3 (30 cm x 30 cm) and the minimum ( 13.82 g) was recorded from S1 (30 cm= I 0 cm) 

30. 40. 50 and 60 DAS. The maximum ( 16.51 g) fresh weight of leaves per plant was found 

Different plant spacing showed significant differences on fresh weight of leaves per plant at 
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The variation was recorded due to combined effect of nitrogen and plant spacing in terms of 

dry matter content of leaves per plant at different days after sowing (Appendix Vl). At 30 

Different plant spacing showed significant variation in respect of dry matter content of 

leaves per plant at 30, 40, 50 and 60 DAS. The maximum dry matter content (2.91 %) of 

leaves per plant was recorded from S3 (30 cm x 30 cm) which was statistically similar 

(2.66%) to S2 (30 cm x 20 cm) and the minimum (2.51 %) was obtained from S1 at 30 DAS. 

At 40 DAS the maximum (3.81 %) dry matter content of leaves per plant was found from 

S3, while the minimum (3.25 %) was from S1• The maximum (5.23 %) dry matter content 

of leaves per plant was recorded from S3 and the minimum (4.60 %) was recorded from S1 

at 50 DAS. A.t 60 DAS the maximum (6.22°Vo) dry matter content of leaves per plant was 

recorded from S3 which was statistically identical (5.82%) to S2 and the minimum (4.56 %) 

was found from S 1 (Table 6). 

4.8 Dry matter content of leaves per plant 

Dry matter content of leaves per plant of stem amaranth varied significantly due to the 

application of different levels of nitrogen and plant spacing at 30. 40, 50 and 60 DAS (Table 

6). At 30 DAS the maximum (3.32%) dry matter content of leaves per plant was recorded 

from N3 (I 40 kg/ha) which was statistically similar (3.05%) to N2 (110 kg N/ha), while the 

minimum (1.85%) dry matter content of leaves per plant was recorded from No (0 kg N/ha). 

The maximum (4.06%) dry matter content of leaves per plant was recorded from N3 which 

was closely followed (3.95%) by N2 and the minimum (2.54%) was recorded from the 

control at 40 DAS. At 50 DAS the maximum (5.39%) dry matter content of leaves per plant 

was recorded from N3 which was statistically identical (5.25%) to N2 and the minimum 

(4.15%) was found from the control condition. At 60 DAS the maximum (6.27%) dry 

matter content of leaves per plant was recorded from N3 which was statistically identical 

(6.14%) to N2, while the control gave the minimum (4.83%). 
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. . 
condition gave the minimum (I 14.93 g). 

was recorded from N3 which was statistically identical (127.70 g) to N2, whiJe the control 

the control treatment. At 60 DAS the maximum (I 28.46 g) fresh weight of stem per plant 

which was statistically similar (100.68 g) to N2 and the minimum (89.05 g) was found from 

50 DAS the maximum (I 02.00 g) fresh weight of stem per plant was recorded from N3 

by N 1 and N2 whereas the minimum (60.14 g) was observed from the control at 40 DAS. At 

fresh weight of stem per plant was observed from N3 which was closely followed (69.70 g) 

(30.42 g) fresh weight of stem per plant was recorded from N0. The maximum (69.73 g) 

kg/ha) which was statistically identical (37.71 g) to N2 as 110 kg N/ha, while the minimum 

of different level of,~itrogen and plant spacing at 30, 40, 50 and 60 DAS (Table 8). At 30 

DAS the maximum (38.53 g) fresh weight of stem 'per plant was observed from N3 (140 

Fresh weight of stem per plant of stem amaranth varied significantly due to the application 

4.9 Fresh weight of stem per plant 

recorded from N3S3 and the minimum (4.73 %) from NoS1 at 60 DAS. 

was observed from N0S1• The maximum dry matter content (6.82 %) of leaves per plant was 

dry matter content of leaves per plant was recorded from N3S3 and the minimum (4.12 %) 

whereas the minimum (2.45 %) was recorded in N0S1• At 50 DAS the maximum (5.67 %) 

DAS the maximum ( 4.57 %) dry matter content of leaves per plant was recorded from N3 1 

spacing) gave the minimum ( 1.72 %) dry matter content of leaves per plant (Table 7). /\t 40 

(140 kg N/ha + 30 cm x 30 cm plant spacing), while N0S1 (0 kg N/ha + 30 cm x 10 cm plant 

DAS the maximum (3. 7 I%) dry matter content of leaves per plant was recorded from N3S3 
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fresh weight of stem per plant was found from maximum nitrogen and plant spacing. 

nitrogen and plant spacing favored growth of stem amaranth and the ultimately maximum 

maximum fresh weight of stem (133.13 g) per plant was recorded from N3S3 and the 
-! 

minimum (l 08.78 g) from N0S1 at 60 DAS. From the results it was revealed that both 

per plant was recorded from N3S3 and the minimum (83.13 g) was obtained from NoS1. The 

(55.37 g) was recorded in N0S1. At 50 DAS the maximum (109.09 g) fresh weight of stem 

(74.13 g) fresh weight of stem per plant was observed from N3S3 whereas the minimum 

the minimum fresh weight of stem (28.95 g) per plant (Table 9). At 40 DAS the maximum 

30 cm x 30 cm plant spacing), while N0S1 (0 kg N/ha + 30 cm x 10 cm plant spacing) gave 

maximum (41.11 g) fresh weight of stem per plant was obtained from N3S3 (140 kg N/ha + 

fresh weight of stem per plant at different days after sowing (Appendix VII). At 30 DAS the 

The variation was recorded due to combined effect of nitrogen and plant spacing in terms of 

was from recorded from S1. 

from S3 which was statistically identical (126.77 g) with S2 and the minimum (126.10 g) 

DAS. At 60 DAS the maximum fresh weight of stem (133.23 g) per plant was recorded 

statistically identical (98.82 g) to S2 and the minimum (95.02 g) was recorded from S1 at 50 

maximum fresh weight of stem (100.07 g) per plant was recorded from S3 which was 

was statistically similar (66.73 g) with S2, while the minimum (64.65 g) was from S1. The 

40 DAS the maximum (70.34 g) fresh weight of stem per plant was found from S3 which 

20 cm) and the minimum (33.82 g) was recorded from S1 (30 cm x 10 cm) at 30 DAS. At 

recorded from S, (30 cm x 30 cm) which was statistically identical (34.98 g) to~~ (30 cm x 

30, 40. 50 and 60 DA . The maximum fresh weight of stem (36.77 g) per plant was 

Different plant spacing showed significant differences on fresh weight of stem per plant at 
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At 30 DAS the maximum (5.42 %) dry matter content of stem per plant was recorded from 

terms of dry matter content of stem per plant at different days after sowing (Appendix VII). 

The variation was recorded due to the combined effect of nitrogen and plant spacing in 

identical ( 14.80 %) to S2 and the minimum ( 13.85 %) was from recorded from S1• 

and the minimum ( 11.01 %) was noted from S1 at 50 DAS. At 60 DAS the maximum 
.:t 

( 16.13%) dry matter content of stem per plant was recorded from S3 which was statistically 

(12.72 %) per plant was recorded from S3 which was statistically identical (11.87%) with S2 

statistical identical (8.29 %) to S2 while the minimum (8.03 %) was from S1• The maximum 

the maximum dry matter content of stem (8.69 %) per plant was found from S3, which was 

(30 cm x 20 cm) at 30 DAS and the minimum (4.51 %) was obtained from S1• At 40 DAS 

plant was recorded from S3 (30 cm x 30 cm) which was statistically followed (4.73%) by S2 

per plant at 30, 40, 50 and 60 DAS. The maximum dry matter content of stem (4.81 %) per 

Different plant spacing showed significant variation in case of dry matter content of stem 

similar (15.38%) to N~, while the control condition gave the minimum (13.74%). 

dry matter content of stem (15.65%) per plant was recorded from N3 which was statistically 

and the minimum ( 10.48%) was found from the control condition. At 60 DAS the maximum 

DAS the maximum dry matter content of stem (12.38%) per plant was observed from N3 

by N2 and the minimum (7.35%) was recorded from the control condition at 40 DAS. At 50 

matter content of stem per plant was observed from N3 which was closely (8.67%) followed 

the minimum (4.05 %) was found from control treatment. The maximum (8.86%) dry 

from N3 (140 kg/ha) which was statistically similar (4.95%) to N2 (110 kg N/ha) whereas 

8). At 30 DAS the maximum (5.12%) dry matter content of stem per plant was recorded 

application of different level or nitrogen and plant spacing at 30, 40, 50 and 60 01\S Cl able 

Dry matter content of stem per plant of stem amaranth differed significantly due to the 

4.10 Dry matter content of stem per plant 
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4.11 Yield per plot 

Yield per plot of stem amaranth varied significantly due to the application of different level 

of nitrogen and plant spacing at 30, 40, 50 and 60 DAS (Figure I 0 & 11 ). At 30 DAS the 

highest yield (5.34 kg) per plot was recorded from N3 (140 kg/ha) which was statistically 

identical (5.18 kg) to' N2 ( 110 kg N/ha), while the lowest yield (3.42 kg) per plot was. 

obtained from N0. The highest yield (8.56 kg) per plot was recorded from N3 which was 

statistically identical (8.30 kg) to N2 and the lowest (5.87 kg) was recorded from the control 

condition. At 50 DAS the highest yield ( 12.84 kg) per plot was recorded from N3 which was 

statistically similar (12.34 kg) to N2 and the lowest (7.19 kg) was found from the control 

condition. At 60 DAS the highest yield (20.29 kg) per plot was recorded from N3 which was 

statistically similar (19.85 kg) to N2, while the control gave the lowest yield ( 11.02 kg). The 

results indicated that nitrogen provided favorable condition for the growth of stem amaranth 

which ultimately ensured highest yield. 

N3S3 (140 kg N/ha + 30 cm x 30 cm plant spacing), while N0S1 (0 kg N/ha + 30 cm x 10 cm 

plant spacing) gave the minimum (4.09%) dry matter content of stem per plant (Table 9). At 

40 DAS the maximum (9.51 %) dr) matter content of stem per plant was observed from 

N3S3 whereas the minimum (7.93 %) was recorded in N0S1• Ar 50 DAS the maximum 

( 13. 76%) dry matter content of stem per plant was recorded from N3S3 and the minimum 

(9.47 %) was found from NoS1• The maximum (16.48 %) dry matter content of stem per 

plant was recorded from N3S3 and the minimum (12.89 %) from N0S1 at 60 DAS. 
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Different plant spacing showed significant differences in yield per hectare at 30, 40, 50 and 

60 DAS. The highest yield ( 13.51 t/ha) was recorded from S2 (30 cm x 30 cm) which was 

statistically similar (12.84 t/ha) to S3 (30 cm x 30 cm) at 30 DAS. At 40 DAS the highest 

yield (22.33 t/ha) was found from S3 which was statistically identical (20.36 t/ha) to S2. The 

highest yield (32.04 t/ha) was recorded from S2 which was statistically identical (29.81 t/ha) 

lo SJ at 50 DAS. Al 60 DAS the highest (54.10 t/ha) yield was recorded from S2 which was 

closely (49.28 t/ha) followed by Sj and the lowest (36.67 t/ha) was from recorded from S,. 

4.12 Yield per hectare 

Yield per hectare of stem amaranth varied significantly due to the application of different 

level ol' nitrogen and plant spacing al JO. 40. 50 and 60 DJ\S (ligurc 12 S: 13). 1\1 30 DAS 

the highc.:sl) icld (14.82 t/ha) was recorded from N3 (140 kg/ha) which wus statistically 

identical ( 14.40 t/ha) to N2 ( 110 kg N/ha), while the lowest (9.51 t/ha) yield per hectare was 

recorded from No (0 kg N/ha). The highest yield (23.77 t/ha) was observed from N3 which 

was statistically similar (23.06 tonnes) to N2 and the lowest (16.31 t/ha) was recorded from 

control condition at 40 DAS. At 50 DAS the highest yield (35.66 t/ha) was observed from 

N3 which was statistically identical (34.28 t/ha) to N2 and the lowest ( 19.97 t/ha) was found 

from the control condition. At 60 DAS the highest yield (56.35 t/ha) was recorded from N3 

which was statistically similar (55.15 t/ha) to N2, while the control condition gave the 

lowest yield (30.61 t/ha). 
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their experiment. 

attaining highest yield. Teutonico and Knorr (1985) reported similar results earlier from 
.. -l 

yield. On the other hand, spacing ensured optimum light and nutrients which helped 

length of leaves, petiole length and diameter of stem and petiole and ultimately with highest 

NoS1 at 60 DAS. Nitrogen ensured vegetative growth with maximum number of leaves, 

highest yield (23.28 kg) per plot was recorded from N2S2 and the lowest (8.93 kg) from 

per plot was recorded from N2S2 and the lowest (5.53 kg) was observed from NoS1. The 

whereas the lowest (5.29 kg) was recorded in N0S1• At 50 DAS the highest yield (14.40 kg) 

plot (Table I 0). At 40 DAS the highest yield (9.67 kg) per plot was observed from N3S2 

while N0S1 (0 kg N/ha + 30 cm x I 0 cm plant spacing) gave the lowest (3.00 kg) yield per 

yield per plot at different days after sowing (Appendix VIII). At 30 DAS the highest yield 

(5.99 kg) per plot was' recorded from N3S2 (140 kg N/ha + 30 cm x 20 cm plant spacing), 

The variation was recorded due to combined effect of nitrogen and plant spacing in terms of 

followed by S2and the lowest (13.48 kg) was recorded from S1• 

highest yield (19.53 kg) per plot was recorded from S2 which was closely (17.74 kg) 

whereas the lowest (l 0.02 kg) yield was obtained from S1 at 50 DAS. At 60 DAS the 

(I 1.64 kg) per plot was recorded from S2 which was statistically identical (I 0. 73 kg) to S3 

plot was found from S2 and lowest (4.88 kg) yield was found from S1. The highest yield 

recorded from S1 (30 cm x I 0 cm) at 30 DAS. At 40 DAS the highest yield (8.08 kg) per 

statistically identical (4.70 kg) Lo ()1 (30 cm x 30 cm} and the lowest ) icld (4.35 kg) wa-, 

D/\S. The highe t yield (4.93 kg) per plot was recorded from S2 (30 cm x 20 cm) which was 

Different plant spacing showed significant differences in yield per plot at 30, 40, 50 and 60 
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cm x 10 cm plant spacing). 

gross return (Tk. 321,950) was obtained in the control treatment i.e. N0S1 (0 kg N/ha + 30 

702,200) was obtained in N3S2 (140 kg N/ha + 30 cm x 20 cm plant spacing). The lowest 

The highest gross return (Tk. 731,200) was obtained from the treatment combination N2S2 
-l •• . 

( 110 kg N/ha + 30 cm x 20 cm plant spacing) and the second highest gross return (Tk. 

The combination of nitrogen and plant spacing showed different gross return under the trial. 

4.13.1 Gross return 

benefit cost ratio in the present experiment and presented under the following headings- 

per market rate. The economic analysis was done to find out the gross and net return and the 

for unit plot and converted into cost per hectare. Price of stem amaranth was considered as 

required for all the operations from sowing to harvesting of stem amaranth were recorded 

Input costs for land preparation, seed cost, fertilizer, thinning, irrigation and man power 

4.13 Economic analysis 

nitrogen and plant spacing. 

amaranth and the ultimate result was the highest yield per hectare with highest dose of 

the results it was noted that both nitrogen and plant spacing favored growth of stem 

(64.67 t/ha) was recorded from N2S2 and the lowest (24.80 t/ha) from NoS1 at 60 DAS. From 

was found from N2S2 and the lowest (15.35 t/ha) was recorded from N0S1• The highest yield 

the lowest (14.70 tlha) was obtained from N0S1• At 50 OAS the highest yield (39.99 t/ha) 

t/ha) (Table 10). At 40 DAS the highest yield (26.86 t/ha) was observed from N3S2 whereas 

spacing), while N0S1 (0 kg N/ha + 30 cm x I 0 cm plant spacing) gave the lowest yield (8.33 

highest yield ( 16.63 t/ha) was recorded from N1S2 ( 140 kg N/ha + JO cm x 20 cm plant 

terms of yield per hectare at different days after sowing (Appendix VIII). Al 30 DAS the 

The variation was recorded due to the combined effect of nitrogen and plant spacing in 
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4.13.3 Benefit cost ratio 

In the combination of different level of nitrogen and plant spacing highest benefit cost ratio 

(2.80) was noted from the combination of N2S2 and the second highest benefit cost ratio 

(2.65) was estimated from the combination of N3S2. The lowest benefit cost ratio (0.58) was 

obtained in the control i.e. N0S1 (Table 11). From economic point of view, it is apparent 

from the above results that the combination of N2S2 was more profitable than rest of the 

combination. 

In case of net return different treatment combination showed different levels of net return. 

'I he highest net return (I k. 538.797) was obtained from the treatment combination N2~2 and 

the second highest net return (Tk. 509,595) was obtained from the combination N3S2. The 

lowest (Tk. 117,993) net return was obtained in the control treatment i.e. NoS1. 

4.13.2 Net return 
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60 DAS the maximum dry matter content of stem ( 15.65%) per plant was recorded from N3, 

plant was recorded from N3, while the control condition gave the minimum (114.93 g). At 

control gave the minimum (4.83%). The maximum fresh weight of stem ( 128.46 g) per 

maximum dry matter content (6.27%) of leaves per plant was recorded from N3, while the 

·"- •.. 
was recorded from N3 and control condition gave the minimum (40.02 g). At 60 DAS the 

minimum (3.24 mm). At 60 DAS the maximum fresh weight of leaves (51.26 g) per plant 

petiole diameter (3.47 mm) was recorded from N3 and the control condition gave the 

from N3 while the control condition gave the shortest (7.26 cm) at 60 DAS. The maximum 

control condition gave the shortest (17.77 cm). The longest petiole (7.91 cm) was recorded 

produced the lowest (32.53). The longest leaf (21.37 cm) was recorded from N3, while the 

the highest (40.93) number of leaves per plant was recorded from N3 and the control 

recorded from N3, while the control condition gave the minimum ( 19.31 mm). At 60 DAS 

condition gave the shortest (83.48cm). The maximum (22.67mm) stem diameter was 

At 60 OAS the longest stem length (92.48cm) was recorded from N3 and the control 

characters of amaranth. 

find out the significance of the nitrogen and plant spacing on yield and yield contributing 

three replications. The data obtained for different characters were statistically analyzed to 

The trial was laid out in the two factors Randomized Complete Block Design (RCBD) with 

cm x 20 cm (S2), 30 cm x 30 cm (S3). There were on the whole 12 treatments combinations. 

kg N/ha (N3), 140 kg N/ha (N4) and (B) plant density (3 levels) i.e. 30 cm x 10 cm (S1), 30 

two factors i.e. (A): Levels of nitrogen (4 levels) i.e. 0 kg N/ha (No), 80 kg N/ha (N2), 110 

nitrogen and plant spacing on growth and yield of amaranth. The experiment consisted of 

Dhaka, Bangladesh <luring the period from March 2007 to June 2007 lo ~Ludy the effect of 

A field experiment was conducted in the field of Sher-e Bangla Agricultural University, 

SUMMARY AND CONCLUSION 
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treatment combination N2S2 and the lowest (Tk. 321,950) was noted in the control treatment 

(36.67 tonnes) was from S1• The highest (Tb. 731 ,200) gross return was obtained from the 

At 60 DAS the highest yield (54. I 0 tonnes) per hectare was recorded from S2 and the lowest 

yield ( 19 .5 3 kg) per plot was recorded from S2 and the lowest ( 13 .48 kg) recorded from S 1. 

recorded from S3 and the minimum (13.85 %) was found from S1• At 60 DAS the highest 

recorded from S1• At 60 DAS the maximum dry matter content of stem (16.13 %) per plant 

weight of stem (133.23 %) per plant was recorded from S3 and the minimum (126.IOg) 

from S3 and the minimum (4.56 %) was recorded from S1• At 60 DAS the maximum fresh 

recorded from S1• The maximum dry matter content of leaves (6.22 %) per plant recorded 
.... 

weight of leaves (50.43 g) per plant was recorded from S3 and the minimum (45.0 I g) was 

S3 while the minimum (3.22 mm) was found from S1. At 60 DAS the maximum fresh 
' 

recorded from S1. At 60 DAS the maximum petiole diameter (3.45 mm) was recorded from 

S1. The longest petiole (7.91 cm) was recorded from S3 and the shortest (7.33 cm) was 

60 DAS the longest leaf (20.63 cm) was observed from S3 and the shortest (19.27 cm) from 

of leaves per plant was observed from S3 and the lowest (36.J 0) was recorded from S1. At 

and the minimum (19.03 mm) was recorded from S1. At 60 DAS the highest (39.44) number 

cm) was found from S1 and the maximum stem diameter (21.63 mm) was recorded from S3 

At 60 DAS the longest (90.77 cm) stem length was recorded from S3 and the shortest (86.66 

gave the lowest (30.61 tonnes). 

highest yield (56.35 tonnes) per hectare was recorded from N3 and the control condition 

plot was recorded from N3 and the control gave the lowest ( 11.02 kg). At 60 DAS the 

while the control condition gave the minimum (13.74%). The highest yield (20.29 kg) per 
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1. This study may be carried out in different agro-ecological zones (AEZ) of 

Bangladesh for regional adaptability; 

2. Nitrogen had significant influence on the growth and yield of stem amaranth. So, for 

growing stem amaranth higher doses of nitrogen may be included in fertilization 

program; 

3. An additional combination of plant density may be included to observe the 

performance. 

Considering the situation of the present experiment, further studies in the following areas 

may be suggested: 

Among the treatment combinations N2S2 ( 110 kg N with 30 cm x 20 cm spacing) perform 

the highest yield (64.67 t/ha) & cost benefit ratio (2.80). The treatment combination of N~~~ 

is more economic viable compare to other combinations. It may say that for ensuring the 

higher yield 110 kg N & 30cm x 20 cm spacing may be used in stem amaranth production. 

CONCLUSION: 



- 



60 

Brahma, S., Phokan, D. B. and Gautam, B. P. 2002. Effect of N. P. and K on growth and 
yield of broccoli. J. Agric. Sci. Soc., 15 (I): I 04-106. 

Burkitt, 1985 

Bose, T. K. and Som, M. G. 1986. Vegetable crops in India. Naya Prokash, Calcutta-Six. 
India. 

. . • '.l .• •• . 
Bhai, K. l., and Singh, A. K. 1998. Effect of different levels of phosphorous, GA3 and 

picking on seed production of Amaranthus. Hort. Sci., 13 ( 13): I 01-112. 

Bhai, K. I., and Singh, A. K. (1998). Effect of different levels of phosphorous, GA3 and 
picking on seed production of Amaranthus. Hort. Sci., 13 ( 13): I 01-1 q. 

BBS. 2006. Monthly Statistical Bulletin of the Bangladesh Bureau of Statistics (August). 
Administration and MIS Wing, Bangladesh Secretariat, Dhaka. p. 288. 

Barik, K. C. and Khanda, C. M. 1999. Response of amaranthus to nitrogen and phosphorus. 
Jndian J. Agril. Res., 33 (I): 28-30. 

Bansal, G. L., M. C. Rana and R. G. Upadhyay. 1995. Response of grain amaranth 
(Amaranthus hypochondriacus) to plant density. Indian J. Agric. Sci. 65 (11): 818- 
820. 

Arya, M. P. S. and Singh, R. V. 2001. Response of amaranth (Amaranth hypochondriacus) 
to levels and time of nitrogen application. Indian J Agron., 200 l, 46: l, J 86-189. 

Ayodele, Y. I., Booij, R. and Neeteson, J. 2002. Influence of nitrogen fertilization on yield 
of Amaranth us species. Acta Hort., 571 (89-94): 10 . ... 

Apaza, N. K 1994. Nutrition and irrigation of Amaranthus. Acta Horticulture, Italy. 376: 
319-322. 

Anonymous. 1989. Annual Report 1987-88. Bangladesh Agricultural Research Jnstitute. 
Joydebpur, Gazipur. p. 133. 

Anten and Werger 1996, Alam 1989, Anon 1972. 

Agele, S. 0., Adeosun, S. and Oluwadare. K. 2004. A lysimeter study of nutrient release, 
leaching losses and growth response of amaranthus resulting from application of 
inorganic and organic nitrogen sources. J FoodAgric. and Envi., 2 (2): 301-306. 

A car, Z. 1996. Study of the effects of nitrogen fertilizer rates on yield and yield components 
of two amaranthus cultivars. Acta Hort., 11 (2): 187-196. 

Abbasdokht. 11.. Mazahcri. D .. Chaichi, M., Rahimian, 11.. Baghcstani, M. !\. Ali/adeh. M. 
11. and Nia, F. S. 2003. Competition effect of density. Department of Agronomy and 
plant Breeding. Faculty of Agriculture University of Tehran, Karaj, Iran. 8: I, I 04- 
119. 

REFERENCES 



61 

Henderson, T. L., A. A. Schneiter, N. Rivelasd and Janick, J. 1993. Row spacing and 
population effect on yield of grain amaranth. Paper presented at the second national 

Hamid, M. M., Ahmed, N. U. and Hossain. S. M. M. 1989. Performance of some local and 
exotic germ plasm of amaranth. Agril. Sci. Digest. 9: 202-204. 

Hardwood, R. R. 1980. The present and future status of amaranth. Proc. 2"d Amaranth 
Conference. Rodale Press. Emmaus. pp. 55. 

George, S. T., Barat, G. K., Sivakami,-N. and Choudhury, B. 1989. Source and variability 
for nutritive aspects in amaranth. Indian J Agric. Sci., 59 (40): 274-275. 

Gomez, K. A. and Gomez, A. A. 1984. Statistical Procedure for Agricultural Research (2"d 
edn.). Jnt. Rice Res. Inst., A Willey Int. Sci., Pub., pp. 28-192. 

Grubben, G .. J. H. and Yan Sloten, D. !lf · 1981. Genetic resources q( Arnaranthus. 
International Board for plant genetic resources secretariat, Rome. pp. 57. 

F AO. 1988. Production Year Book. Food and Agricultural of the United Nations Rome, 
Italy. 42: 190-193. 

Elbehri, A., Putnam, D. 11. and Schmitt, M. I 993. Nitrogen fertilizer and cultivar effects on 
yield and nitrogen-use efficiency of amaranth. Agron. J. 85 (I): 120-128. 

Edris, K. M., Islam, A. T. M. T., Chowdhury, M. S. and l laque, A. K. M. M. 1979. Detailed 
Soil Survey of Bangladesh Agricultural University Farm, Mymensingh, Dept. Soil 
Survey, Govt. People's Republic of Bangladesh. 118 p. 

Dusky, J. A., Shrefler, J. W., Shilling, D. G., Breck, B. J., Colvin, D. L., Sanchez, C. A., 
Stall, W. M., and Brown, H. and Cussans, G. W. 1996. Influence of phosphorous 
fertility on competition between lettuce and amaranthus. Proceedings of the second 
International'weed control congress. Copenhagen, Denmark, 25-28 June, 1996. ( 1- 
4): 141-146. ' 

Das, N. R. and Ghosh, N. 1999. Effect of sowing time and nitrogen level on seed yield of 
amaranth. Horticulture J., 12 (2): 77-82. 

Chowdhury, 1967. 

Chattopadhyay, S. B. 1997. Disease of plants yielding drugs, dyes and spices. New Delhi: 
Indian council of Agric Research. Agron. J. 92 (2): 84-88. 

Cerne, M. and Briski, L. 1994. Nutrition and irrigation of Amaranthus. Acta Horticulture, 
Jtaly. 376: 319-322. 

Campbel, T. A. and Abbott, J. A. 1982. Field evaluation of vegetable amaranth 
(Amaranthus Spp.). Hort. Sci., 17 (30): 407-409. 

Bressani, R., Gonzalez, J. M., Elias, L. G. and Melqar, M. 1987. Effect of fertilizer 
application on the yield, protein and fat content, and protein quality of raw and 
cooked grain of three amaranth species. Div. Agric. Sci., Inst. Nutrition Ccnt., 
America. Panama and Guatemala. 



62 

Lingaiah, M. M., Booij, R. and Neeteson, J. 1997. Influence of nitrogen and phosphorous 
fertilization on yield of Amaranthus species. Acta Hort., 5(19-94): 15. 

v: 

Kamalanthan, S., S. Sundarajan, S. Thambigaj and A. Shanmugam. 1973 •. Amaranthus a 
high yielding and delicious strain. Madras Agric. J. 60 (6): 355-358. 

Lingaiah, H. B., Uthaiah, B. C., Herele, P. S. and Nagabhushanam, K. 1997. Response of 
fertilizers on yield of Amaranthus types in coastal Karnataka. Karnataka J. Agril. 
Sci., 10(1): 253-256. 

Jha, P. K., Saha, J.P. and Chettri, M. K. 1992. Assessment of grain amaranth Productivity 
in Nepal. pp. 99-106. Proceedings of the International botanical conference on plant 
science: Problem and Prospects. Bangladesh Botanical Society. Dhaka . 

Jaishree, B. Bharad, G. M. Patil, S. N. and Bhaskar, J. 1996. Effect of plant population, 
nitrogen and phosphorous on yield of amaranth. Indian J. Agron., 1996, 41: I, 181- 
182. 

Jamriska. S. 1996. Influence of phosphorous fertilization on yield of Amaranthus species. 
Acta Hort., 4(9-94): I 0. 

Jaishree, B., Bharad, G. M., Patil, S. N. and Bhaskar, J. 1996. Effect of plant population, 
nitrogen and phosphate on yield and quality of amaranthus. PKV Res., J., 20 (2): 
174-175. 

Islam, M. S., Talukder, M. S. A. Hossain, M. M. and Kundu, R. 2004. Seed yield potential 
of some amaranthus cultivar at different plant spacing in kharif season. J. Applied 
Hort., 2003. 5(2): 87-90. 

Islam, M. M,. 2003, Response of grain amaranth (Amaranthus hypochondriacus) to plant 
density. Indian J. Agric. Sci., 65( 11 ): 818-820. 

Hradecka, A. A. and Buresova, K. J. 1994. Assessment of grain amaranth Productivity in 
Nepal. pp. l 05-106. Proceedings of the International botanical conference on plant 
science: Problem and Prospects. Bangladesh Botanical Society. Dhaka. 

Hossain, S. I. 1996. A comparative study on yield and quality of some amaranth genotypes 
(Amaranthus tricolor L.). M. S. Thesis, Dept. of Hort., BSMRAU, Gazipur, 
Bangladesh. 

Hossain, M. E. 1990. Effect of different sources of nutrients and mulching on the growth 
and yield of amaranth. MS Thesis, Dept. Hort., Bangladesh Agricultural University, 
Mymensingh, Bangladesh. pp. 95. 

I levia. 11. F .. Wilckens. £:. R., Berti. D. M. and 1illan. M. :moo. Nitrogen fertilization in 
amaranth: protein content and some starch characteristics in its seed. Agro ( 'iencia. 
16 (2): 14 7 - 15 5. 

Symposium on new crops. Exploration, research and commercialization held in 
lndianpolis, Indiana, U A, pp. 219-221. 



63 

Peiretti, E. G. and Gesumaria, J. J. 1998. Effect of inter row spacing on growth and yield of 
amaranth. lnvestigacion Agraria, production, protection vegetables. 1998, 13: 1-2. 

Panda, J. M ., Sahu, S. K. and Nayak, J. K. 1991. Effect of nitrogen, phosphorus and potash 
growth, yield and quality of amaranth us. Orissa J. Hort., 19 (1-2): 64-68. 

Ozhiganova, G. U., Degtyareva, I. A., Akhrnetzyanova, G. G., Chernov, I. A ... and Breus, I. 
P. 19?~· Productivity of Amaranthu_~ plants from seed inoculated .~·ith strains of 
Azotobacter chroococum depending on the level of nitrogen nutrition. Sel 
Skokhozvaistvennava Biologiva. 2. 117-123. 

Opcna, R. T., Kuo, C. C. and Yoon, J. Y. 1988. Breeding and Seed Production of Chinese 
cabbage in the Tropics and Subtropics. Tech. Bui., 17, A VROC. p. 97. 

Olufolaji, A. 0. and Tayo, A. 0. 1989. Performance of four morphotypcs of Amaranthus 
cruentus L. under two harvesting methods. Tropical Agric., 66 (3): 273-276. 

Obrcza, T. A. and Vavrina, C. S. 1993. Production of Chinese cabbage in relation to 
nitrogen Source, Rate and Leaf nutrient concentration in Soil Science and Plant 
Analysis. 24: 13-14 (Cited from Hort. Abstr., 1994, 64 (4): 2751]. 

Norman, J. C. and Shongwe, V. 0. 1993. Influence of some cultural practices on the yield 
and quality of amaranth. Advances in Horticultural Sci., 1993, 7: 4. 

Myers, 1998. 

Muthukrishnan, C. It. and lrulappan, I. 1986. Amaranthus. p. 670-679. In: T. K. Bose and 
M. G. Som (eds.). Vegetable crops in India. Naya Prokash, Calcutta-Six. India. 

Moore, J. W., Murray 0. S. and Westerman, R. B. 2004. Effect of spacing on the harvesting 
and yield of amaranth. J. Agril Science. 2004. 52: 2, I 07-118. 

Moniruzzaman, M. M. 1987. Amaranthus a high yielding and delicious strain. Madras 
Agric. J. 60 (6): 355-358. 

Mohideen, M. K., C. R. Muthukrishnan, K. G. Shanmugavelu, P. Rangaswamy and 
Vadivel, E.1983. Evaluation of grain amaranth type at coimbatore. South Indian 
Hori. 31(1):11-14. 

Mital, K. K. 1975. Vegetable production in the sub-tropics and tropics overseas, Technical 
Co-operation Agency Japan. Text Book Series N. 25. p. 146-157. 

Mazumdcr, M. K. 2004. Performance of some lo al and exotic germplasm of amaranth on 
different fertilizer. Agril. Sci. Digest., 12 (2): 202-204. 

Massinga, R. A. and Currie. R. S. 2002. Impact of plant density on ) icld and ) icld 
contributing characters or amaranth. Biological Science. 16{3 ): 32-36. 

Makus, D. J. 1984. Evaluation of amaranth as a potential green crop in the mid south. Hort., 
Sci., 19(6): 881-883. 



64 

Subhan. 1989. Effect of doses and application of N fertilizer on growth and yield of 
amaranth. Acta Hort., 17 (3): 31-40. 

Shrefler, J. W., Shilling, D. G., Dusky, J. A. and Brecke, B. J. 1994. Influence of 
phosphorus fertility on intra and inter-specific interference between lettuce and 
amaranthus. Weed science. 42 (4): 574-578. 

Shanrnugavelu, K. G. 1989. Amaranthus. Jn: Production Technology of Vegetables Crops. 
Oxford and IBU Publishing Co. Pvt. ~,td. New Delhi. pp. 680-699. •• 

Singh, 1976. 

Saunders, R. M. and R. Becker. 1983. Amaranthus: A potential food and feed resources. pp. 
357-396. In: Y. Pomeranz (ed.) Advances in Cereal Science and Technology. Vol. 
YI. St. Paul, Minnesota, USA; American Association of Cereal Chemist. Western 
Reg. Res. Cent. USDA, Albary, California, USA. 

Santos, B. M., Dusky, J. A., Stall, W. M., Bewick, T. A. and Shilling, 0. G. 2003. 
Mechanisms of interference of smooth pigweed and common purslane on lettuce as 
influenced by phosphorous fertility. Weed Science. 52 ( 1): 78-82. 

Saini, J. P. and Shekhar, J. 1998. Effect of nitrogen fertilizer on growth and yield of 
amaranthus cultivars under dry temperate condition. Indian J Agron., 43 (4): 743- 
746. 

Romero, S. A. 1999. Effect of the application ofN, P and K fertilizers and manures in the 
performance of Amaranthus spp. M. Sc. Thesis (Agron.). Bolivia Univ., Tarija, 
Bolivia. 

Rashid. M. M. 1993. Shabji Chash. Bangladesh Agricultural Research Institute, Joydevpur, 
Gazipur. Pp. 254. 

Rathore, M. S., Singh, I. and Chandawat, M. S. 2004. Suitability of amaranth cultivars for 
arid western plains zone of Rajasthan and their response to nitrogen application. 
Crop Research Hisar. 27(1 ): 54-57. 

Rana, S. S. and Rameshwar. 2003. Response of grain amaranth to Phosphorous and 
Potassium under irrigated conditions. Himachal J Agril Res; 29 (J-2): J 1-15. 

Rajagopal, 1977. Mechanisms of interference of amaranth on common purslane on lettuce 
as influenced by phosphorous fertility. Weed Science. 13(1): 78-82. 

Quasem, A. and A. E. Hossain. I 995. Evaluation of local stem amaranth germ plasm. pp. 49. 
A Research Report ( 1994-1995) on Vegetables Improvement. BARI, Joydebpur, 
Gazipur. 

Purscglovc, J. W .. Brown, I:.. G .. Green, C. L. and Robbins, S. R. J. 1988. Spices. 2 (8): 
4"17-462.Co-publishcd in the United States with John Wiley & Sons. Inc. Nev. York. 

Prasad, R., Bajpaye, N. K., Srivastava, B. P. and Srivastava, J. P. I 980. Note on the 
Interrelationship and heritability in amaranth. Indian J Agric. Sci., SO (2): 183-186. 



65 

Zaman, S. M. 11. and Islam, M. S. 1992. Irrigated crop production manual. Dept. of Agric. 
Ext., p. 94. 

Yung, C. M., Wu, J. T., Shen. B., Yu, J. and Shen, Y. 2003. Estimating growth and nitrogen 
status in plants of amaranthus mangostanus with canopy spectral characteristics. J. 
Agril. Res. China. 52 (4): 268-290 . ... 

Yoshizawa, T. Ma> C. H. and Roan, Y. C. 1981. Management of Summer Amaranth. 
A VRDC, Shanhua, Taiwan. p. 125. 

Vijayakumar, R., Shanmugavelu, K. G. and Mohideen. 1982. Studied on growth and 
development of certain amaranth us. South Indian Hort., 30( 4): 256-260. 

UNDP. 1988. Land Resources Appraisal of Bangladesh for Agricultural Development. 
Report 2: Agro-ecological Regions of Bangladesh, FAO, Rome. pp. 212, 577. 

Thapa, U. and Maity, T. K. 2002. Response of amaranthus to nitrogen, phosphorous 
fertilization and cutting management. Haryana J. Hort. Sci., 31: (3-4): 267-269. 

Thompson, H. C. and Kelly, W. C. J 988. Cole Crops. In: Vegetable Crops McGraw Hill 
Book Co. New York. pp. 15, 280-281, 370. 

Tewari, S. K. and Misra, P. N. 1997. Response of amaranth to nitrogen and phosphorus in 
sodic soils of UP. Annals Agril. Res. 18 (4): 533-535. 

·1 cutonico, R. /\.and Knorr. D. 1985. Amaranth: composition, properties and application or 
a reddish covered food crop; Food Technology. 39: 49-61. 

Talukder, M. S. L. 1999. Effects of plant density on the green yield and seed production in 
different cultivars of stem amaranthus. M. S. Thesis, Dept. of Hort., BSMRAU, 
Gazipur, Bangladesh. 80 pp. 



Appendix 



66 

Source : Dhaka rnetrological center 

Month Air temperature C'C) RH(%) Total rainfall Sunshine (hr) 
Maximum Minimum (mm) 

March 07 31.4 19.6 54 11 8.2 

April 07 33.6 23.6 69 163 
-r 

6.4 
.. .~ 185 

. 
7.8 May07 34.7 25.9 70 

June 07 32.4 25.5 81 628 4.7 

Appendix Il. Monthly average temperature, relative humidity and total rainfall of the 
experimental site during the period from March to June 2007 

Soil properties Amount 

Soil pH 6.19 

Organic carbon (%) 1.41 

Total nitrogen(%) 0.08 

Available P (ppm) 21.4 

Exchangeable K (%) 0.2 

Chemical analysis 

Constituents Percent 

Sand 33.18 

Silt 60.61 

Clay 6.20 

Textural class Silty loam 

Mechanical analysis 

Appendix I. Results of mechanical and chemical analysis of soil of the experimental 
plot 
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