EFFECT OF SOWING DATES ON GROWTH
AND YIELD OF GRAIN AMARANTH
GENOTYPES

G. LOHITHA

DEPARTMENT OF AGRONOMY
UNIVERSITY OF AGRICULTURAL SCIENCES,
GKVK, BANGALORE -560 065
SEPTEMBER 2001



20 NOV ovi .

o od ¥

14

‘ﬁ:’.k: B ; i
‘_ ) . 2o




EFFECT OF SOWING DATES ON GROWTH
AND YIELD OF GRAIN AMARANTH
GENOTYPES

G. LOHITHA

Thesis submitted to the

University of Agricultural Sciences, Bangalore
in partial fulfillment of the requirements
for the award of the Degree of

%ﬂé’tél’ Oﬁ é cience (Agriculture)

mn

Agronomy

BANGALORE SEPTEMBER, 2001



| Dedicatéd to

Ty beloved

Parents, Sisters
&
Drotbher



DEPARTMENT OF AGRONOMY
UNIVERSITY OF AGRICULTURAL SCIENCES,
GKVK, BANGALORE -560 065

CERTIFICATE

This is to certify that the thesis entitled “Effect of sowing dates on
growth and yield of grain amaranth genotypes” submitted in partial
Julfillment of the requirement for the degree of Master of Science in
Agronomy to the University of Agricultural Sciences, Bangalore, is a
record of research work done by Mr. G. Lohitha under my guidance and
supervision and that the thesis has not previously formed the basis for the

award of any degree, diploma, associateship, fellowship or other similar
titles.

Bangalore -560 065 M\

(G.N. DHANAPAL)

Y

November }C\ , 2001 Major Advisor
APPROVED BY : %@/
al”
Chairman : A e i
(G.N.DHANAPAL)

Members : IQ_ML&A%—/
(K.N. GANESHAIATH
h?(’( NP

(K. SEENAP A)

3.

(S, RA RA PRASAD)
4 =

(K. SOMASHEKAR)




ACKNOWLEDGEMENT

It is a matter of pleasure to glance back. and recall the path one traversed
during this endeavour and to remember the faces and spirits behind the action with

a sense of gratitude.

I could consider myself lucky to work. under the guidance of Dr. G. N, Dhanapal,
Associate Professor of Agronomy, AICRP on Under Utilised Crops, UAS, Hebbal,
Bangalore and esteemed Chairman of my Advisory committee for his timely, untired,
critical and iﬁspiring guidance, valuable suggestions, encouragement and helpful criticism
with enthusiasm and forbearance during the course of investigation and sustained interest

in the preparation of thesis.

I donot think one can put one® heartfelt emotions in to words. But the Sformality
demands that one should do so to the extent possible. No words would sustain the
appreciation for the encouragement and eager involvement of members of my Advisory
Committee, I avail this opportunity to express my heartfelt thanks and gratitude to
Dr. KN: Ganeshaiah, Professor of Genetics and Plant Breeding, Dr. K, Somashekar,
Deputy Registrar, Mr. K, Seenappa, Associate Professor of Statistics and Dr. S. Rajendm
Prasad, Seed Research Officer, National Seed Project, for have been a great source of help
for taking great pains and. for rendering kind and worthy suggestions during the course of

invest'yatian.

The assistance, the ﬁe[p and the cooperation rendered by Sri. Kempalingaiak,
Sri. Veerabhradraiah and M. Sadhashiva, Field S taff, AICRP on Under Utilized Craps,
Hebbal during course of field investigation is unforgettable. I owe my sincere thanks to
them.

The credit of my rise in academic career goes entirely to my parents Sri Devappa

and Smt. Gangamma, who have initiated me in to the beautiful world of learning and were



there to help me out when I need them most. T extend my heartful thanks to my sisters,
Mrs. Siddamma, Mrs. Shakunthala and brother Panchi.

I am lucky enough to have caring and charming friends who gave me great
strength to. sustain all the odds of my life, that it was heve my beloved friends, Kiran
Sannathimmappa, Suresh, Palanna, N: Gowda, Chandru, Somu, Chandru, Srinivas,
Manju, Maruthi, Prasanth, Jahir, Praveen, Prabludha, Prakash, Desai and senior friends
R. Reddy, Babu, Guru and Sujith. At this Juncture, I also feel to express my sincere
thanks to my P.G. bacthmates, Seenappa, Daya, Shashi, Nishanth, Mohamad, Beigh,
Bineeth, Soumya, Geetfia, Vivek, Ashiok, Rajanna and Praveen.

Finally, I also extend my thanks to Mr. Krishna and Mr. Sham Sor typing the
thesis neatly at the earfiest.

I remain grateful to all those who are responsible for completing the study. Any
omission in this brief acknowledgement does not mean lack of gratitude.

Bangalore —560C65

‘L\»\d’ (/\h A” ¢
[ ‘\ November, 2001 (G. LOHITHA)



CONTENTS

SL.No TITLE el
No.
1 INTRODUCTION 1-3
I REVIEW OF LITERATURE 4-17
I MATERIAL AND METHODS 18-30
v EXPERIMENTAL RESULTS 31-74
Y DISCUSSION 75-87
VI SUMMARY 88-90
VI REFERENCES 91-97




LIST OF TABLES

Table Title Page No.
No.
1. Physical and chemical properties of soil at experimental site, 19
Main Research Station, Hebbal, Bangalore
2. Normal (1990-1999) and actual (June 2000 to December 21
2000) mean monthly weather data at Main Research Station,
Hebbal, Bangalore
3. Plant height of grain amaranth genotypes as influenced by 33
sowing dates.
4. Number of green leaves per plant of grain amaranth 35
genotypes as influenced by sowing dates.
5. Days taken to 50% flowering and physiological maturity of 38
grain amaranth genotypes as influenced by sowing dates.
6. Number of panicles per plant and panicle length of grain 41
amaranth genotypes as influenced by sowing dates.
7. Leaf dry weight per plant of grain amaranth genotypes as 44
influenced by sowing dates.
8. Stem dry weight per plant of grain amaranth genotypes as 47
influenced by sowing dates.
9. Panicle dry weight per plant of grain amaranth genotypes as 50
influenced by sowing dates.
10.  Total dry matter production per plant of grain amaranth 33
genotypes as influenced by sowing dates.
1. Leaf area per plant of grain amaranth genotypes as 56
influenced by sowing dates.
12. Leaf area index (LAI) of grain amaranth genotypes as 58

influenced by sowing dates.




Table Title Page No.
No.

13. Leaf area duration (LAD) of grain amaranth genotypes as 60
influenced by sowing dates.

14. Absolute growth rate (AGR) of grain amaranth genotypes as 63
influenced by sowing dates.

15, Net assimilation rate (NAR) of grain amaranth genotypes as 65
influenced by sowing dates.

16.  Crop growth rate (CGR) of grain amaranth genotypes as 67
influenced by sowing dates.

7. Test weight, grain yield and harvest index of grain amaranth 71
genotypes as influenced by sowing dates.

18.  Protein content (%) and protein yield (kg/ha) of grain 73
amaranth genotypes as influenced by sowing dates.




LIST OF FIGURES

Figure Title Between
page
Plan and layout of the experiment 22-23

Plate Title Between
page

Comparison of Suvarna and K-432 at 60 days after sowing 81-82
in July first fortnight sown crop







I. INTRODUCTION

Grain amaranth (4maranthus hypochondriacus L.) is also called as
‘Gentle giant’ is one of the forgotten food crops of the world. It is a potential
subsidiary food crop and plays an important role in feeding the hunger mouths.
The crop belongs to the family Amaranthaceae and the genus Amarnathus. This
genus consist of as many as 60 species of annual herbs, which are native of
America and are distributed in the tropics, of which, about 25 species occur in
India. There are four cultivated species of grain amaranth viz.,
A. hypochondriacus L., A. cruentus L., A. caudatus L. and A. edulis L. The crop
is cultivated as a minor crop in many parts of the world (Mexico, Guatemala,
Peru, India, Nepal etc). In India, it is cultivated both in the hilly and plains of
Himachal Pradesh, Gujarat , Maharashtra and Karnataka.

It has a very high nutritional value; higher grain protein (13 to 19%) with
high lysine (6.0 g/100g protein) and other sulphur containing amino acids
(4.4%), which are limiting in other conventional grains (Joshi and Rana, 1991).
Amaranth grain is a good source of vitamins and minerals, being exceptionally
rich in calcium, magnesium, iron, phosphorus, B-carotene and folic acid and
hence daily inclusion of grain amaranth in the diet of children can help to
alleviate their iron and vitamin-A deficiency and to increase the blood
haemoglobin level. Amaranth grain has 6 to 10 per cent oil which is found in the
germ (Garcia et al.,, 1987). Predominantly, it is a unsaturated oil (76%) and
linoleic acid is in high quantity which is very much essential for human

nutrition.

Grain amaranth is a crop with multiple uses; its tender leaves are used as
vegetable, while grain is being used in different culinary preparation and in
elaborating various bakery products and lysine rich baby foods. It has great
potential for application in high quality plastics, cosmetics, pharmaceuticals and
natural dyes. Tribals of India use grain for treatment of measles and snake bites

as well as for foot and mouth disease in animals (Joshi and Rana, 1991).



Grain amaranth is highly adoptive, fast growing, drought and disease 2
resistant C, plant with a high yielding potentiality. It could thrive well under
water stress and reduced field capacity (Miller et al, 1984). Recent research
findings have also suggested that certain amaranth cultivars can tolerate
unfavourable soil conditions like high salinity or alkalinity. Hence, it is very
much essential to study the adaptability, yield potentiality and performance of

the crop in different agro climatic regions.

An understanding of the nature and interaction played by a genotype with
environmental components is a basic requirement for a programme aimed at

higher crop production.

It is a fact, that a specific genotype does not exhibit the same phenotypic
characteristics under different environments and different genotypes respond
differently to a specific environment and their relative ranking usually differs
(Eberhart and Russell, 1966). Ultimately, the deciding factor for selection of
genotypes for a particular or different sowing date is the yield stability and
higher yield.

Genotypes play an important role in crop production. Efforts made at the
National Bureau of Plant Genetic Resources (NBPGR), New Delhi at its
different research centers have shown that, with the development of high
yielding cultivars, it is now possible to grow amaranth profitably than
conventional cereal crops (Joshi and Rana, 1991). A cultivar would express its
full potentiality only when backed up by good agronomic practices. In order to
exploit the yield potential of these improved genotypes of grain amaranth,

agronomic practices like date of sowing has to be optimized.

Although general recommendations are available, no data have been
published on sowing date of grain amaranth in the eastern dry zone of
Karnataka (zone-5). Keeping all these points in view, the present investigation

entitled “Effect of sowing dates on growth and yield of grain amaranth



genotypes” was planned and conducted during kharif 2000 with the following
objectives.

(1) To find out the optimum time of sowing for grain amaranth
genotypes during kharif season.

(2) To study the growth and yield parameters of grain amaranth

genotypes in relation to date of sowing.

(3) To find out the interaction effects of dates of sowing and genotypes.

J






II. REVIEW OF LITERATURE

Reviews of research work, relevant to the present investigation are
presented in this chapter to update the knowledge of work undertaken so far in

the line of concerned study.
2.1  Effect of sowing date on grain amaranth

Sowing date is a non-cash agronomic input, which influences growth,

flowering, yield, disease and pest incidence.

Grain amaranth is a warm-season C4 plant, which grows well at warm
temperatures and high light intensities (El-Sharkawy et al.,1968: Anon., 1984).
The phasic development study of grain amaranth by Angus et al. (1982) in
Australia revealed that the Amaranthus mantegazzianus was strongly
photosensitive both before and after floral initiation and to a small extent after
anthesis. Therefore, this crop is unsuited as a grain crop in temperate latitudes,
being ruled out by the long photoperiod in summer and low temperature in other

seasons.

Germination of grain amaranth depends on soil temperature and moisture
content. Webb (1985) reported 13°C as the minimum soil temperature for
germination of grain amaranth is and germination rate increased with increase in
soil temperature. Germination of the palmer- amaranth seed was poor at
16°/10°C; it may account for the slow germination of seed observed in the field
in the months of March and April in USA (Keeley et al., 1987).

Field experiments in Pennsylvania showed a differential response of
cultivars and species to low soil temperature at planting (Haas and Schaver,
1985). Rabinson (1986) suggested delaying planting until June in Minnesota to
ensure warm soil temperature. Myers and Putnam (1988) recommended late
May to early June for planting of grain amaranth in Minnesota and Nebraska,

respectively. Selection of a suitable planting date for grain amaranth depends on
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soil temperature and moisture status, cultivar maturity and the expected date of
the last frost in spring and first frost in Fall (Putnam, 1990). In general, planting
is recommended as soon as possible after a near optimal soil temperature has

been reached, especially in regions prone to hot dry winds (Weber, 1990).

Baltensperger et al. (1991) in Nebraska reported the several
disadvantages of delayed planting on crop performance, including lower yield
due to shortening of the growing seasons, more aggressive weed competition and
frost damage before reaching maturity. In a study on the effect of photoperiod on
seed yield of amaranth, Chandwade ef al. (1993) reported that for Lal Rajagira,
a 9 hour photoperiod followed by 15 hour dark was optimum for producing
higher grain yield. A cropping season with photoperiod of 9 hour should be

considered as optimum for grain purpose.
2.1.1 Morphological characters
2.1.1.1 Plant height

The variation in plant height among the different sowing dates in grain
amaranth has been reported. Angus et al. (1982) showed that the crop sown in
November reached a height of 1.8m, while the crop sown in March reached only
0.6 m. Keeley et al. (1987) noticed that the final height of plants in March to
July sowings were not greatly differ, where as the height of plants after July
sowing tend to be reduced due to the shorter growing period. Vireshwar Singh et
al.  (1991) reported that early sowing(31* August) gave significantly higher
plant height than late sowing (16" November). Signiﬁcantly higher (149.2 cm)
plant height was observed when crop sown during 3" week of July compared to

early or late sowings (Phogat ez al., 1994).
2.1.1.2 Number of leaves per plant

Sree Rangasamy et al. (1980) showed no phenotypic variation for number

of leaves in April and July sowings. In a sowing date trial at hilly regions of
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India, Joshi and Rana (1991) reported maximum number of leaves (41.9) for
17" June sown crop compared to early (2" June) and late sowings (2" July and

17" July).
2.1.1.3  Leaf area per plant

A considerable variation with respect to leaf area among the sowing dates
of grain amaranth has been reported. Joshi and Rana (1991) reported maximum
leaf area for 17" June sown crop followed by 2™ June sowing and least was
recorded in 17" July sowing. Waghmode e al. (1998) noticed the maximum leaf

area in 1™ October sown crop than 1™ November sown crop.
2.1.1.4 Number of days to flowering

The two planting dates (May 16" and June 6™) showed significant
differences for flowering time (Hauptli and Jain, 1980). Keeley er al. (1987) at
Shafter in USA reported that early planting (March to June) did not result in
flowering until 5 to 6 weeks after planting, whereas under late plantings (July to
September) flowering began within 3 to 4 weeks after planting. Days taken for
50 per cent flowering was significantly less in August sown crop due to

coincidence of high temperature compared to later sowings (Vireshwar Singh ef
al., 1991).

Misra et al. (1996) at Lucknow in U.P. noticed that the crop sown after
July 15", flowered early with simultaneous reduction in total growth duration.
Days to 50 per cent flowering differed significantly among the sowing dates,
December and January sown crop took maximum number of days (74.75 to
70.59), while July sowing took the least number of days (50.64) to attain 50 per

cent flowering at Bangalore (Srinivasaiah, 1998).
2.1.1.5 Days to maturity

Varied maturity periods in grain amaranth sowing dates have been

reported. Vireshwar Singh ef al. (1991) at Hissar noticed that the November 16"



sown crop took maximum number of days for maturity (163), while Septembc?

15" sowing took the least number of days (1 18) to attain maturity.

Misra et al. (1996) showed wide range of variations in crop duration, days
taken to maturitv ranged from 121 days in September and October sown crop to
159 days in July sown crop in the alluvial plains of U.P. Srinivasaiah (1998)
noticed that days to maturity differed significantly among the sowing dates.
December sown crop took more number of days to maturity(110.4), while July

sown crop took the least number of days (93.3).
2.1.1.6 Rate of dry matter production

Angus et al. (1982) observed wide variation in the above ground biomass
at physiological maturity among different sowing dates, highest biomass (15.5 t/
ha) recorded in November sown crop, while least biomass (7 t/ha) was with the
March sown crop in Australia. Increase in temperature and day length hastened
the total dry matter accumulation (814 g/plant) in June 1% sown crop at 12
weeks after planting compared to early or late planting dates in palmer amaranth
in USA (Keeley, 1987).

Dry weight of panicle differed significantly among the sowing dates. The
maximum panicle dry weight (513 g/plant) was recorded in July 15" sowing and
minimum was recorded in October 30™ sowing (Misra et al., 1996). Henderson
et al. (1998) at Northern Great Plains reported that the response of biomass yield
to the planting date was very dissimilar among years where the greatest biomass
yield occurred from 15" June in 1989, 1% May and 15™ June in 1990 and 1* May
and 15™ May sown crop in 1992. Panicle weight per plant differed significantly
among the sowing dates. The maximum panicle wei ght (72.3 g) was recorded in
November sowing and minimum (27.3 g) was recorded in December sowing in

Bangalore (Srinivasaiah, 1998).



2.1.2 Yield and yield components
2.1.2.1 Panicle length and number of panicles per plant

Joshi and Rana (1991) noticed wide variation in panicle and spikelets
number. Maximum length of panicle (60.7 cm) and number of spikelets (55.0)
were recorded for the 2" June sown crop and minimum length of panicle
(49.1 cm) as well number of spikelets recorded for 17" June sown crop. Phogat
et al. (1994) reported that the significantly higher panicle length (38.5¢cm) was
recorded for crop sown during 3™ week of July and least panicle length (14.7cm)

for the crop sown during 2™ week of December in New Delhi.

At Lucknow the average length of panicles found to increase up to
September 15" sowing and decreased sharply in October sowing (Mistra ef al.,
1996). Srinivasaiah (1998) reported that the maximum number of panicle per
plant (14.07) was recorded in November sovﬁng and minimum number of
panicles per plant (6.95) was recorded in July sowing. He also observed highest
panicle length (30.69cm) in November sowing and lowest (18.93cm) in February

sowing.
2.1.2.2  Grain yield

Grain yield of amaranth differed significantly among the sowing dates.
Hauptli and Jain (1980) reported a significant yield advantage of A. cruentus in
the early plantings at May 16" than late planting at June 6" in California. Angus
et al. (1982) stated that March sown crop produce highest yield of grain (21.5
q/ha) while the grain yields for crop sown in November, December and January
were uniformly lower (6.0 q/ha). Jamriska (1991) noticed that sowing of A.
hypochondriacus in the months of April 20 to 27 gave higher yield of 24 q/ha
followed by 17.9 and 19.5 q/ha when crop was sown in month of May 5 tol1l
and May 16 to 24, respectively.

8
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Joshi and Rana (1991) while standardizing the optimum time of sowing
for amaranth in the hilly regions of India found that, highest grain yield of 16.1
g/ha was obtained when sowing was done on 2™ June followed by 17" June and
the least grain yield of 8.6 q/ha was recorded on 17" July sown crop. Vireshwar
Singh ef al.(1991) observed that 1% November sown crop produced significantly
higher grain yield (10.7 q/ha) than all other early and late sowings. Out of three
dates of sowing viz., 8" October, 5" November and 6 January, the highest yield
(33.0 g/ha) was recorded in November sown crop of amaranthus (Kim ez al,
1993).

Phogat ef al. (1994) reported that the crop sown on 1* week of August
produced significantly higher seed yield (8.26 q/ha) than early and late sowings
in New Delhi. Misra er al. (1996) at Hissar, noticed that sowing of
A. hypochondriacus in the month of September (15™) gave higher yield of 15.6
g/ha followed by 8.9 q/ha with the late sowing (October 30™).

Henderson et al. (1998) recorded the grain yield with respect to planting
date was very dissimilar among years where the greatest grain yield occurred
from 15" June sowing in 1989, 1% and 15" June sowing in 1990 and 1* May and
J5H May sowing in 1992. Waghmode ef al. (1998) at Rahuri noticed that sowing
in 1* week of October provided most suitable environment for yield and its
components. Srinivasaiah (1998) recorded highest grain yield (13.6 g/ha) in
November sown crop and lowest (2.71 g/ha) in July sown crop in vegetable

amaranth.
2.1.2.3 Test weight

Joshi and Rana (1991) noticed that the '1000-grain weight of 2™ July
sown crop was maximum (1.2 g) than 2™ June and 17" June sown crop (1.1 g).
Grain weight per unit volume (100 cc) did not vary significantly due to sowing
between 15" July to 15 September (Misra ef al., 1996). Srinivasaiah (1998)
reported that the 1000-seed weight differed significantly among the sowing
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dates. The highest seed weight was recorded in November sowing and it was

lowest in July sowing (0.75g).
2.1.2.4 Harvest index

Hauptli and Jain (1980) observed the difference in harvest index of two
planting dates. Maximum harvest index (0.27) was recorded in 16™ May sown
crop than 6" June sown crop (0.26) in very early genotypes. Angus et al. (1982)
found that, the harvest index was higher for the late sown crop (March) due to
reduction in vegetative biomass and an increase in seed yield. Henderson ef al.
(1998) showed significant differences in harvest index among sowing dates.
Maximum harvest index was recorded in June 1" sowing (0.27) and it was least
in May 15" sowing(0.25).

2.1.2.5 Grain crude protein content

One of the attractive feature of grain amaranth is its protein content which

is present in relatively higher amount than in common cereal grains.

Angus et al. (1982) observed that seed protein content was constant at 17
per cent in all the sowing dates. Waghmode er al. (1998) reported that the
sowing of grain amaranth during 1* November was most favorable for grain

protein content than 1% October sowing.
2.2 Performance of grain amaranth genotypes

Genotypes play a vital role in crop production within genetic limits, the
environment sets the yield potential of a genotype. Hence, the combination of

genotypes and environmental factors can bring about increase in production.



2.2.1 Morphological characters 11
i §
2.2.1.1 Plant height

The plant height of grain amaranth differed widely among the genotypes
have been reported. Plant height showed wide range of genetic advance to
twenty promising cultivars of grain amaranth (Joshi, 1986). Pushpa Rekha
(1986) revealed a wide range of variation for plant height with lowest value of

82.73 cm in Cv. Annapurna and highest value of 243.4 ¢cm in Cv. peruana.

Lohithaswa (1992) and Raju (1992) reported that the range of variation
in plant height among different genotypes was between 58.3 (IC 35380) to
144.9 cm (BDJ 89-384) and 51.6 (AG-18) to 99.3 cm (AG-27), respectively. The
plant height of currently available amaranth cultivars ranges from less than 1.0m
to more than 2.5m (Elbehri ef al., 1993). In a study of genetic diversity in grain
amaranth, Joshi and Rana (1995) observed varied plant height (212.1 to 250.7

cm) among different genotypes.

In studies on growth and yield performance of grain amaranth genotypes,
Koppa er al. (1997) reported that the genotypes differed significantly with
respect to plant height; Akola local recorded highest plant height (114.3 cm) and
lowest with IC 35711 (79.4 ¢cm). Plant height was also affected by cultivars. The
less branched cultivars (K-283 and MT-3) and branched cultivar (K-343)
produced similar plant height, which was 25 to 45 per cent greater than K-432
(Henderson et al., 2000).

2.2.1.2  Number of green leaves per plant

Joshi (1981) observed the differences in number of leaves in various
genotypes. Joshi and Mehra (1983) reported that wide range variability exist for

number of green leaves per plant in the genetic resources of grain amaranth.

In AICRP multilocation trials, the mean number of green leaves per plant
varied between 12 and 69 amoag different genotypes (Anon., 1987). The range
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of variability with respect to number of green leaves per plant among the
different amaranth cultivars was between 18.6 and 19.4 (Maruthi, 1987). Raju
(1992) noticed the number of green leaves per plant ranged form 31.0 (AG-18)
to 53.6 (AG-58). Cultivar Annapurna recorded more number of green leaves per
plant than Cv. Suvarna at all growth stages (Malligawad, 1994). In genetic
diversity study of grain amaranth, Joshi and Rana (1995) revealed that the
number of green leaves per plant varies from 42.8 (IC 38234) to 58.8 (IC 38280
and IC 42254). Among the different genotypes tried IC 35463 recorded
significantly higher number of green leaves per plant (69.9)and lowest number
of green leaves per plant was noticed in IC 35711 (47.6) (Koppa et al., 1997).

2.2.1.3 Leaf area per plant

Amaranth plant is capable of producing leaves quickly than inflorescence
which counteract the total weight of leaves at later stage (Grubben, 1976). In a
grain amaranth cultivars study, Olufolaji and Tayo (1980) reported that the
optimum leaf production in plant was attained at 5 to 6 weeks of sowing. The
leaf area of 40 to 60 dm*/plant has been observed in grain amaranth species
(Tucker, 1986).

2.2.1.4 Number of days to flowering

In the populations of Indian amaranth, Vaidya (1984) observed significant
difference in days to flowering. Lohithaswa (1992) reported that the range of
variation for 50 per cent flowering was 29.7 (IC 35736) to 55.0 days (IC 5564)
among different genotypes. Significantly earlier flowering observed in
Annapurna (33 days ) than Suvarna (45 days) (Mohamed, 1997).

2.2.1.5 Days to maturity

Varied maturity periods in grain amaranth cultivars have been reported.
Mohideen et al. (1983) classified amaranth types as long duration types (>75
days) and medium short duration (60 to 75 days) types. In twenty promising
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cultivars of graiu amaranth, Joshi (1986) observed wide range of variability for
days to maturity. Lohithaswa (1992) noticed that the mean days to maturity
ranged from 96.5 to 131.5 days among different genotypes.

2.2.1.6 Rate of dry matter production

Naidu er al. (1982) observed the wide variation in the dry weight of
shoot at the vegetative stage among the four species of grain amaranth. The
higher dry matter accumuiation was noticed in A. caudatus than in
A. hypochondriacus during grain filling stage due to the faster growth rate in
A. caudatus. The greater dry matter accumulation in the shoots of
A. hypochondriacus than the other three species was mainly attributed to bigger
panicles of the former species. A rapid shift in sink strength from one organ to

another in 4. cruentus species was observed by Reuben and Mnzava (1982).

Considerable variation in the total dry matter per plant among the grain
amaranth cultivars was reported. Pushpa Rekha (1986) noticed the wide range of
variation in the total dry weight of the plant was 76.6 g (Sozhi local) to 441.4 g
(IC 42006). The genotypes ditfered widely with respect to the total dry matter
per plant. The lowest value of total dry matter 17.9 g was observed in
EC-16930 and highest value of 136.9 g in EC-169627 (Maruthi, 1987).

In AICRP mutilocation trails (Anon., 1987), Cv. Suvarna recorded
significantly higher total dry matter per plot (3117 g) than Cv. Annapurna
(1823g). The stem dry matter produced per plot in Suvarna was also more
(293 g) compared to Cv. Annapurna which recorded 260 g (Anon., 1988).

Ramachandra (1990) reported that Cv. Suvarna recorded significantly
higher total dry matter per plant at 55 days after sowing and at harvest (17.7 and
42.9 ), respectively compared to Cv. Annapurna (12.2 and 22.6 g). Koppa et al.
(1997) noticed the significantly higher dry matter per plant in IC 35463 (125.7 g)
and least was Aedulis (87.8 g).
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Henderson et al. (2000) found that the cultivar K-283 and the K-432

produced lower biomass than K-343 and MT-3I.. Significantly higher total dry

matter per plant was recorded in Suvamna (39.4 g) as compared to K-482
(9.7 g) (Anand, 2000).

2.2.1.7 Growth parameters

Leaf area index (LAI) varies according to the grain amaranth species.
Edwards and Volak (1979) reported that Mexican cruentus grain amaranth type
798-1011 showed higher LAI (2.58) than African cruentus type 79S-1034
(0.955). Olufolaji and Tayo (1980) reported that the net assimilation rate (NAR)
of three grain amaranth cultivars of 4. cruentus increased until the highest values
were obtained at 7 to 9 weeks in Cv. ‘Light Red’ and at 9 to 11 weeks in Cv.
‘Large leaf” and Cv. ‘Local Green’.

In a study with twenty cultivars belonging to four cultivated grain
amaranth species, Pushpa Rekha (1986) reported that LAI varied from 0.60 to
4.36 among different cultivars. Ramachandra (1990) observed that the absolute
growth rate (AGR) and crop growth rate (CGR) in Suvarna and Annapurna
cultivars of grain amaranth increased with age till maturity, while leaf area
duration (LAD) increased up to 55 days after sowing and thereafter it declined.
Further, the growth parameters such as AGR, CGR and LAD were higher in Cv.

Suvarna than Cv. Annapurna.
2.2.2 Yield and yield components
2.2.2.1 Panicle length and number of panicles per plant

Mohideen and Rajagopal (1975) noticed that the amaranth plants with
longer inflorescence resulted in higher grain yield than those with shorter

inflorescence.

Joshi and Mehra (1983) reported that the genetic resources of grain

amaranth collected from Shiwalik Kumaon and Garhwal regions of Himalayas,
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exhibited a wide range of variability for yield components such as inflorescence
length and spikelets per inflorescence. Lohithaswa (1992) and Raju (1992)
noticed that the range of variation in inflorescence length from 31.7 (Annapurna)

to 66.2 cm (IC 35546) and 29.67 (AG-18) to 39.97 cm (AG-27), respectively.

In a genetic divergence study of grain amaranth, Joshi and Rana (1995)
reported wide range of variability for length of inflorescence (65.0 to 97.6 cm)
and number of spikelets (51.8 to 61.0). Koppa ef al. (1997) found significant

differences in inflorescence length and number of spikelets.

Srinivasaiah (1998) observed the significant differences in panicle length
and panicle number of vegetable amaranth. Maximum panicle number and

length was recorded in AG-114 and minimum was observed in Arka suguna.

2.2.2.2 Grain yield

Wide variation in grain yield of amaranth cultivars in different
environments has been reported. Mohideen et al. (1983) reported that the
significant difference in the grain yield of amaranth, which varied from
712 kg/ha (A-62) to 2657 kg/ha (A-144). Joshi (1986) found that the twenty
promising varieties of grain amaranthus showed a wide range of variability for
grain yield per plant. Schaeffer er al. (1989) observed that Cv. Montana —3
(MT-3), 4. cruentus type had a yield potential of 4800 kg/ha under irrigated
conditions. He further reported that same genotype was capable of yielding from
200 to 1300 kg/ha in dry lands.

In USA, Schaeffer et al. (1989) noticed that the mean grain yield recorded
for MT-3, RRC-K 283, RCC-K 266 and RRC-K 343 cultivars were 5341, 3034,
2714 and 2483 kg/ha, respectively. Experimental yields of grain amaranth in
USA ranged from 137 to 4383 kg/ha (Weber et al., 1989).

Koppa (1989) reported that Cv. IC-35463 recorded higher grain yield
(825 kg/ha) compared to cultivars 1C-42006 (808 kg/ha) and 1C-21980 (746
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kg/ha),during kharif season on black clay loam soils of Dharwad. Ramachandra
(1990) noticed that the significant difference in yield between two genotypes of
grain amaranth (R-104-1-1 and Annapurna). Grain yield of C. Annapurna was
8 per cent higher than that of Cv. Suvarna (2835 and 2601 kg/ha respectively)
(Malligawad, 1994).

Joshi and Rana (1995) opined the significant difference in the grain yield
per plant. Among twenty different genotypes maximum grain yield (55.1 g) was
recorded in IC 38280 where as lowest grain yield (33.5 g) was recorded in
IC 38243. Koppa et al. (1997) noticed significant difference in grain yield
among different genotypes. Highest grain yield was recorded in genotype
IC 35463 (8.25 g/ha) and least was in IC 35711 (4.19 q/ha). Henderson et al.
(1998) reported that there was no significant difference in grain yield among the
four genotypes viz, K- 283, K-343, K-432 and MT-3.

2.2.2.3 Test weight

Joshi (1985) reported 1000-seed weight was 0.8 g to 0.9 g in Cv.
Annapurna. Raju (1992) noticed the variation in 1000-seed weight from 0.8 g
(AG-18) to 1.12 g (AG-46).

Elbehri et al. (1993) noticed that the cultivars of A. hypochondriacus
had higher 1000-grain weight (0.64 g) compared to cultivars of 4. cruentus
(0.62 g). Joshi and Rana (1995) noticed the higher 1000-grain weight (1.15 g)
was in IC 42258-1 and IC 42264-14 and least was recorded in IC 38234 (0.95 g).
Mohamed (1997) found that the 1000-seed weight differed significantly among
the varieties. Suvarna recorded the highest 1000-seed weight (0.69 g) while the
lowest seed weight was recorded by GA-1 (0.47 g) and IC 35604 (0.48 g).

2.2.2.4 Harvest index (HI)

Harvest index differed among the cultivars of grain amaranth.

Ramachandra in 1990, observed that Cv. Annapurna had higher harvest index
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(0.36) compared to tall Cv. Suvarna (0.24). In a grain amaranth varietal stludy,
Elberhri er al.(1993) found that harvest index ranged from 0.099 for Cv. K-283
(A. cruentus) to 0.152 for Cv. K-266 (A. hypochondriacus ). Koppa et al. (1997)
found that there was no significant difference in harvest index of amaranth
genotypes. The Cv. IC 21930 recorded highest harvest index (0.171) where as
the lowest harvest index recorded in IC 35711 (0.007) among different

genotypes.

2.2.2.5 Grain crude protein content

Misra et al. (1983) observed that the grain crude protein content among
the different amaranth cultivars varied between 15.3 and 22.1 per cent. Widest
range of protein content (11% in A spinosus to 23.3% in A. teunifolius) among

amaranth species was reported by Singhal and Kulkarni (1988).

Ramachandra (1990) and Elbehri et al. (1993) observed variation in
grain crude protein content from 15.7 to 17.7 ﬁer cent in A. cruentus and
A. hypochondriacus, respectively. Raju (1992) noticed that the variation in
protein content from 13.2 per cent (AG-18) to 16.9 per cent (AG-58)
among different genotypes. Waghmode et al. (1998) observed that the
grain crude protein content differed among the amaranth cultivars which

varied between 14.31 to 18.76 per cent.






III. MATERIAL AND METHODS

A field experiment was conducted to study the “Effect of sowing dates
on growth and yield of grain amaranth genotypes” during kharif 2000 at the
field unit of the project on Under Utilized. Crops, MRS, UAS, Hebbal,
Bangalore. The details of the materials used and the methods adopted during the

course of investigation are presented in this chapter.
3.1 Location of the experimental site

The Main Research Station, Hebbal is located at a latitude of 12°58’
North, a longitude of 77°35” East and at an altitude of 899 meters above the

mean sea level.
3.2 Soil characteristics of the experimental site

The experiment was zonducted on red sandy loam soil. Before the
initiation of the experiment, composite soil sample from experimental site was
collected from top 0-15 cm depth. Soil sample was air dried, powdered and
passed through 2 mm sieve and was analyzed for different physical and chemical
properties by following the standard procedures (Table 1). The chemical analysis
indicated that, pH of the soil was 6.1 and soil contains 0.042% total N, 22 kg of
available P,Os and 156 kg available K,0 per ha.

3.3 Climatic conditions

The normal (1990-99) as well as the actual weather conditions during the
crop growth period under stil;iy (June 2000-November 2000) and deviations
from the normal with respect to rainfall (mm), maximum and minimum
temperature (°C), mean relative humidity (%), hours of bright sunshine and open

pan evaporation (mm/day) are presented in Table 2
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Table 1 : Physical and chemical properties of soil at experimental site, Main

Research Station, Hebbal, Bangalore

SI No. Particulars Value Method employed
(0-15 cm)
A
Physical properties
pa) | Bulk density (g/cc) 1.56 Core sampling method
(Dastane, 1967)
b) | Mechanical composition (%) International Pippet method
(Piper, 1966)
(1) | Coarse sand 33.5
(11) | Fine sand 37.0
(i) | Silt 9.6
(iv) | Clay 19.9
c) | Texture Red Sandy
loam
B Chemical properties
a) | Total nitrogen (%) 0.042 Modified Kjeldahl’s method
(Jackson, 1973)
b) | Available P,Os (kg/ha) 22 Olsen’s method (Jackson, 1973)
¢) | Available K,0 (kg/ha) 156 Neutral normal NH,0AC
method (Jackson, 1973)
d) | Organic carbon (%) 0.49 Walkey and Back’s wet
oxidation method (Piper, 1966)
e) |pH (1:25 soil  water 6.1 Buckman’s  Zeromatric pH
suspension) meter (Piper, 1966)
f) EC (dS/m) 0.05 Conductivity bridge method

(Jackson, 1973)




3.3.1 Normal climatic conditions —
<U

The normal annual rainfall of the station was 873.53 mm. The major
portion of it was received during May to November with highest rain fall in the
months of September (152.35 mm) and October (191.94 mm). The mean
maximum air temperature ranged between 26.85°C to 30.47°C and mean
minimum air temperature ranged between 17.56 to 20.64°C. Highest temperature
was recorded dnuring June (30.47°C) which is followed by July (28.84°C)
(Table 2).

The mean monthly relative humidity ranged from 72.6 per cent in June to
78.5 per cent in October. The mean monthly normal sunshine hours was
maximum during November (6.4 hr/day) and minimum mean monthly sunshine
hours was recorded during July (4.2 hr/day). The mean open pan evaporation

gradually decreased from June to November.

3.3.2 Actual climatic conditions during the crop growth period of

experimentation

The rainfall received was more during July, August, September and
October followed by June and the least during November month. Actual rainfall

was more than the normal during July, August and October months.

The average maximum air temperature was recorded in the month of June
(28.90°C) followed by September (28.70°C). Maximum air temperature was
more than the normal during October and November. The mean minimum

temperature was less than the normal during June, July, August and September.

The mean monthly relative humidity ranged from 73.5 per cent in
November to 81.0 per cent in August. The decreasing trend in mean relative
humidity from the month of September to November was noticed. The mean
hours of bright sunshine was least during June and July months (3.0 hr/day) and
all the specified months recorded lower mean hours of bright sunshine than the

normal. Maximum hours of bright sunshine was recorded in the month of
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September (4.6 hr/day) followed by November (4.5 hr/day). The mean open p’a.ﬁ

evaporation ranged between 3.4 to 4.9 mm per day.

2

3.4 Experimental details

The experiment had 10 treatments involving two genotypes and five

sowing dates allocated in a split plot design with three replications.
The details of the treatments involved are as follows

Main plot : Genotypes

G, — Suvarna

G, - K-432

Sub plot : sowing dates Actual date of sowing
D;- Second fortnight of June 30-06-2000

D,- First fortnight of July 14-07-2000

D;- Second fortnight of July 29-07-2000

Dy- First fortnight of August 12-08-2000

Ds- Second fortnight of August 30-08-2000

Other details

Gross plot size=4.0m x 3.0 m

Net plot size =2.25 m x 2.40 m

Spacing =45 cm x 15 cm

Recommended dose of fertilizer = 40:40:20 kg N:P,05:K,0/ha

The plan and layout of the experiment indicating the details of treatment

allocations are shown in Fig 3.1
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Fig. 3.1 : PLAN AND LAYOUT OF THE EXPERIMENT

Main Plot : Genotype  Sub Plot : Sowing dates

G, - Suvama D; - Second fortnight of June (3 0-06-2000)
G, - K-432 First fortnight of July (14-07-2000)
Second fortnight of July (29-07-2000)
D, - First fortnight of August (12-08-2000)
Second fortnight of August (30-08-2000)
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3.5 Description of genotypes used in the experiment 20
= Genotype Genotypes
No.
Sharscton Suvarna K-432
1. Species A. hypochondriacus L. A.hypochondriacus L.
2. Plant height (cm) Tall plants, 120-180 Dwarf plants, 50-100
3. Plant colour Green Reddish brown
4. Days to 50 percent 44-45 28-30
flowering
5. Inflorescence type Open Open
6. Days to maturity 90-95 62-65
7  Grain colour - Crimson yellow Amber cream
8. Mean yield (Kg/ha) 1500-1800 800-1000
9. Per day grain yield 17.84 14.20
(Kg/ha)

3.6 Cultural operations

The details regarding various cultural operations carried out during the course

of investigation are furnished below.

3.6.1 Land preparation

The land was ploughed once by tractor drawn disc plough and cultivator
was passed twice. The soil was brought to fine tilth. Before imposing all sowing
treatments, plot was manually digged, weeds were handpicked and properly

leveled.
3.6.2 Fertilizer application

A recommended dose of fertilizer (40 : 40 : 20 kg NPK/ ha) was applied.
N in the form of urea (46%N), P,Os in the form of single super phosphate (16%
P,0s) and K,O in the form of muriate of potash (60% K,0). All the fertilizers
were mixed thoroughly and applied uniformly by mixing well with soil 6” away

from the sowing line before sowing the seeds.



3.6.3 Sowing
24
As per the subplot treatments, the sowing time was staggered as described
in 3.4. The seeds were hand sown uniformly in a line at a depth of 2-3 cm.
Immediately after sowing the seeds were covered uniformly with moist

soil. After germination, one healthy seedling was retained at a spacing of 45cm x

15cm.
3.7 Aftercare

Sowing at all dates was done at optimum moisture content in the soil. The
crop was raised under rainfed conditions. Irrigations were given at early stage of
establishment of crop to different sowing dates inorder to obtain good initial

stand of the crop.
3.7.1 Thinning

Manually thinning was done at 20 days after sowing (DAS) to each
sowing date, inorder to maintain required plant density in each plot and only

one seedling was retained at each hill at 15 cm intra row spacing.
3.7.2 Weeding

Hand weeding was done at 25 DAS to each sowing date.
3.7.3 Earthing up

Immediately after weeding, earthing up was done to maintain good

aeration and to avoid lodging.
3.7.4 Plant protection measures

One plant protection spray of Monocrotophos was given at sixth week

after D, (second fortnight of June) sowing to control stem borer.



3.7.5 Harvesting and threshing a5

The crop was harvested as and when each sowing date of amaranthus
genotype reached maturity. Harvesting was done when the seeds of middle
panicle of the genotype were ripened but leaves remained still green to avoid
grain shattering. Then panicles of both genotypes from each net plot area were
hand harvested and were dried under sun. Dried material were hand threshed on
a tarpaulin to separate grains. Later, grains were air dried and bagged to record

grain weight.
3.8 Collection of experimental data

For recording various biometric observations, a sample consisting of five
plants were selected at random from each net plot. For each sample, observations
on various growth and yield parameters were made at different stages of crop
growth viz., vegetative stage, panicle stage and maturity stage. The differences
in the genotypes duration and influence of weather conditions due to different
sowing dates, the time taken for maturity was decreased with delayed sowings.
Therefore, the number of days taken for different stages was fixed based on field

observations in the following way.

Treatment Vegetative stage Panicle stage Maturity stage
G,D, 41 65 92
G,D, 41 65 92
GiD; 40 64 90
G,Dy 39 63 88
G Ds 39 63 88
G.D, k| 47 65
G,D, 30 46 64
G,D; 30 46 64
G,D, 30 45 62
G,Ds 29 45 62

G- Genotype, D- sowing date
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3.8.1 Plant height 26

The plant height (cm) was recorded from the base of the plant to the tip of
main shoot up to panicle initiation and from base of plants to the tip of the

primary panicle after panicle initiation.
3.8.2 Number of green leaves per plant

Number of full opened green leaves from the five randomly selected

plants were counted and the mean value were computed.
3.8.3 Leaf area per plant

Leaf area was measured by disc method as suggested by Vivekanandan et
al. (1972). Thirty discs of known size were taken through a cork borer from
randomly selected leaves from sample plants. Both the discs and remaining leaf

blades were oven dried and leaf area was calculated by using the following

formula.
Wax A
LA =
Wd
Where,

LA = Leaf area (cm?)

Wa = Weight of all leaves (including 30 discs weight) in g
Wd = Weight of 30 discs in g

A = Area of 30 discs (cm?)

3.8.4 Dry matter accumulation and distributions

Dry matter accumulation was determined for only the above ground
portion of the plant. Randomly selected five plants were partitioned into
different parts like leaf, stem and panicle and dried at 65-70°C in hot air oven.
The complete dried samples were weighed to constant weight and recorded as
gram per plant. These primary data were used to estimate the total dry weight
per plant.



3.8.5 Days to 50 per cent flowering 27

The number of plants flowered out of the total plants present in net plot
were counted, when half of the plants were flowered, it was taken as the days for

50 per cent flowering from the date of sowing.

3.8.6 Days taken for physiological maturity

The days taken from sowing of crop to attain physiological maturity stage
was considered and recorded as days taken for physiological maturity, based on
maturity symptoms like change in colour of the panicles (from green to

yellowish with the senescence of leaves).
3.8.7 Leaf Area Index (LAI)

It is the ratio of leaf area of total plant cover to the land area occupied.

LAI was calculated by using the formula suggested by Watson (1952).

Leaf area of a plant (cm?)
LAI =

Land area occupied by that plant (cm?)
3.8.8 Leaf Area Duration (LAD)

It is the integral of leaf area index over time expressed in days. This was
ascertained by the formula suggested by Power et al. (1967).
LAI Gt LAI (i+1)

LAD = X (tz-t))
2

Where,

LAl=Leaf area index at i" stage
LAl y=Leaf area index at (i+1)" stage

t-t; = Time interval between (i+1) and i" stages



3.8.9 Absolute Growth Rate (AGR) 98

It is the daily rate of dry matter production as the increment in dry matter
of plant per unit time expressed in g/plant/day. This was ascertained by the
formula suggested by West et al. (1920).

W,-W,

AGR = g/plant/ day
t-t)

Where, W, = Dry matter of plant at time ‘t,’

W; = Dry matter of plant at time ‘t,’
3.8.10 Net Assimilation Rate (NAR)

It is the rate of increase in the dry matter per unit leaf area per unit time
and expressed as g/dm*/day. It was calculated by the formula as suggested by
Gregory (1926).

(Log. L, - Log, L;) (W2-W))

NAR = g/dm?/day
(t)) (L-Ly)

Where,

Log. = Logarithm to the base ‘¢’ (Naperian constant)
W, and L, = Dry matter and leaf area of plant at time ‘t,’

W, and L, = Dry matter and leaf area of plant at time ‘t,’
3.8.11 Crop Growth Rate (CGR)

It is the absolute growth rate per unit area of land and expressed as g/dm?/

day. It was worked out by adopting the formula suggested by Watson (1952).
CGR = NAR x Mean LAI

Where,

NAR = Net assimilation rate
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Mean LAI = Mean of leaf area index at time ‘t,” and ‘ty’

3.9 Observations on yield and yield components

Randomly selected five plants were utilized for recording the

observations on the following yield components.
3.9.1 Panicle length

Length from the base of the panicle to the tip was measured in all
the randomly selected plant and the mean was recorded as panicle

length in centimeters.
3.9.2 Number of panicles per plant

Number of panicles present on main shoot (since no branching) was
counted at both panicle and maturity stage and mean of five plants was recorded

as panicle number per plant.
3.9.3 Dry weight of panicle per plant

The five plants panicles were dried in hot air oven at 70°C, then the
average weight of five plants panicle was recorded in grams as dry weight of

panicle per plant at both panicle and maturity stage.
3.9.4 Grain weight per plant

The five randomly selected plants panicles were separately hand threshed,

grains were air-dried and the mean grain weight recorded in grams.
3.9.5 Test weight of grains

Five ml grains were measured from grain yield of each net plot and the

weight was recorded in grams.



3.9.6 Grain yield 30

Grain yield from net plot area was recorded in kg, after threshing the
panicles and winnowing. On the basis of seed yield per net plot, seed yield per

hectare was worked out in kg/ha.
3.9.7 Harvest index

Harvest index was calculated as the ratio of the economic yield to the
total biological yield as suggested by Donald (1962). It was calculated as

follows.

Grain yield / plant

Harvest index =
Biological yield / plant

3.10 Quality parameters
3.10.1 Protein content (%)

Nitrogen content in the grains of amaranth was estimated by Kjeldahl’s
method (Jackson, 1973). The protein per cent in the seeds was calculated by

multiplying the nitrogen content by a factor 6.25.
3.10.2 Protein yield

Protein yield per hectare was worked out on the basis of grain protein

content and grain yield of grain amaranth.
Protein yield (kg /ha) = seed protein content x seed yield (kg /ha)
3.11 Statistical analysis

The observations recorded in these studies were analysed statistically for
test of significance following the Fisher’s method of “Analysis of variance
(ANOVA)” appropriate to the design as described by Sunderaraj er al(1972).
The level of significance on ‘F* and ‘t’ test was tested at five per cent. The

results have been discussed at critical difference of 5 per cent
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IV. EXPERIMENTAL RESULTS

The results of the experiment entitled “Effect of sowing dates on growth
and yield of grain amaranth genotypes” conducted during kharif 2000 at Main
Research Station, University of Agricultural Sciences, Hebbal, Bangalore are

presented in this chapter.
1. Plant height (cm)

The data on plant heignt as influenced by genotypes, sowing dates and
their interaction at vegetative stage, panicle stage and maturity stage are

presented in Table 3.
Vegetative stage

The plant height differed significantly between the genotypes. The
genotype Suvarna recorded significantly higher plant height (35.3 cm) as
compared to K-432 (21.4 cm).

The plant height was significantly influenced by dates of sowing. Sowing
during July first fortnight recorded significantly higher plant height (32.6 cm) as
compared to other date of sowings (22.2-28.6 cm) except June Second fortnight
(32.3 cm). However, significantly lowest plant height (22.2 ¢m) was recorded in
August second fortnight sown crop.

The interaction effects of genotypes and sowing dates significantly
influenced plant height. The genotype Suvarna recorded significantly higher
plant height (42.3 c¢m) in July first fortnight sowing which was significantly
superior over K-432 in same or different sowing dates, but on par with itself in
June second fortnight sowing (41.0 cm). The lowest plant height (19.1 cm) was
recorded by K-432 in the August second fortnight sowing.
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Panicle stage

The plant height differed significantly between the genotypes. Maximum
plant height was noticed with Suvarna (87.4 cm) as compared to K-432
(39.9 cm).

The plant height varied significantly due to different sowing dates.
Significantly higher plant height (67.6 cm) was recorded in July first fortnight
sowing, which was on par with August first and June second fortnight (63.9 -
67.0 cm) sowings. Significantly lowest plant height (57.0 cm) was recorded in
August second fortnight sowing.

The plant height did not differ significantly due to interaction effects of
genotypes and sowing dates. However, maximum plant height (93.3 cm) was
recorded in Suvarna when sown during July first fortnight and the lowest plant
height (35.1 cm) was recorded in August second fortnight sowing of K-432.

Maturity Stage

Significant difference between the genotypes with respect to plant height
was recorded. Maximum plant height was noticed in Suvarna (98.0 cm) as
compared to K-432 (50.9 cm).

The plant height differed significantly due to sowing dates. Sowing of
grain amaranth during July first fortnight recorded significantly higher plant
height (80.8 cm) as compared to other dates of sowing (62.5-75.8 cm) except
June second fortnight (80.7 cm). Sowing during August second fortnight
recorded significantly lowest plant height (62.5 cm). Sowing during July second
and August first fortnight recorded intermediate plant height (72.3-75.8 cm),

which however did not differ from each other.

The interaction effects of genotypes and sowing dates significantly
influenced plant height. The genotype Suvarna recorded significantly higher
plant height (105.8 cm) in July first fortnight sowing which was significantly
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Table 3 : Plant height of grain amaranth genotypes as influenced by sowing dates

e (R—— Plant height (cm)

Vegetative stage Panicle stage Maturity stage
Genotypes
Suvarna (G,) 353 87.4 98.0
K-432 (G,) 214 39.9 50.9
SEmz+ 0.45 0.40 0.81
C.D. (0.05) 2.77 2.44 4.94

Sowing dates

June second fortnight (D,) 323 67.0 80.7
July first fortnight (D,) 32.6 67.6 80.8
July second fortnight (D5) 25.9 62.4 72.3
August first fortnight (D) 28.6 63.9 75.8
August second fortnight (Ds) 22.2 57.0 62.5
SEm+ 0.99 1.47 1.54
C.D. (0.05) 2.99 4.41 4.61

Interactions

G,D, 41.0 89.5 103.0
G,D, 423 93.3 105.8
G,D, 31.4 88.0 100.1
G,D, 36.3 87.0 98.7
G,Ds 254 79.0 82.1

G,D, 23.6 44.6 58.5

G,D, 22.9 41.9 558
G,D, 20.5 36.7 44.6
G,D, 20.9 40.7 53.0
G,Ds 19.1 35.1 428
SEmz for 'D' at same level of 'G’ 1.41 2.08 2.18
C.D. (0.05) 4.24 NS 6.53
SEmz for 'G'at same/diff.level of 'D' 1.34 1.90 2.11

C.D. (0.05) 4.50 NS 7.29
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superior over K-432 in same or different sowing dates, but on par with only
itself in June second and July second fortnight sowings (103.0-100.1 cm). The
lowest plant height (42.8 cm) was recorded by K-432 in the August second
fortnight sowing. In general, delayed in sowing resulted in significantly
reduction in plant height.

2. Number of green leaves per plant

The data on number of green leaves per plant as influenced by genotypes
and sowing dates at vegetative stage, panicle stage and maturity stage are

presented in Table 4.
Vegetative stage

The number of green leaves per plant differed significantly due to
genotypes. Significantly higher number of green leaves per plant was recorded in
Suvarna (10.5) as compared to K-432 (7.5).

The number of green leaves per plant were found to be significant among
different dates of sowing. Sowing during July first fortnight recorded
significantly higher number of green leaves per plant (10.1) which was on par
with the June second and August first fortnight sowings. However, significantly

lowest number of green leaves per plant (7.7) was recorded in August second
fortnight sowing.

The number of green leaves per plant did not differ significantly due to

interaction effects of genotypes and sowing dates.

Panicle stage

The number of green leaves per plant differed significantly between the
genotypes. The genotype Suvarna recorded significantly higher number of green
leaves per plant (15.4) as compared to K-432 (11.3).



Table 4 : Number of green leaves per plant of grain amaranth genotypes as
influenced by sowing dates

Number of green leaves/plant

Hrestments Vegetative stage  Panicle stage Maturity stage
Genotypes

Suvarna (G,) 10.5 15.4 11.2
K-432 (Gy) 7.5 11.3 9.6
SEm+ 0.08 0.44 0.90

C.D. (0.05) 0.49 2.69 NS

Sowing dates

June second fortnight (D,) 9.9 15.1 11.9
July first fortnight (D,) 10.1 15.0 12.5
July second fortnight (Ds) 8.4 12.9 94
August first fortnight (D) 9.0 13.1 9.8
August second fortnight (Ds) o &/ 10.6 8.6
SEm+ 0.46 0.46 0.64
C.D. (0.05) 1.38 1.38 1.93
Interaction

SEm+ for 'D' at same level of 'G' 0.654 0.651 0.910
C.D. (0.05) NS NS NS
SEm+ for 'G'at same/diff.level of 'D’ 0.590 0.731 0.887

C.D. (0.05) NS NS NS
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The number of green leaves per plant differed significantly among the
different sowing dates. The data indicated that, sowing of grain amaranth during
June second fortnight recorded significantly higher number of green leaves per
plant (15.1) as compared to other sowing dates (10.6-13.1) except sowing during

July first fortnight (15.0). Sowing during August second fortnight recorded

lowest number of leaves per plant (10.6).

The interaction effects of genotypes and sowing dates were found to be

non significant with respect to the number of green leaves per plant.
Maturity stage

The number of green leaves per plant did not differ significantly due to
genotypes at this stage.

The number of green leaves per plant differed significantly due to sowing
dates. Sowing during July first fortnight recorded the significantly higher
number of green leaves per plant (12.5) as compared to other sowing dates
except June first fortnight (11.9). Significantly lowest number of green leaves
per plant (8.6) was recorded in August second fortnight sowing.

The number of green leaves per plant did not differ significantly due to

interaction effects of genotypes and sowing dates.
3. Days taken to 50 per cent flowering

The data pertaining to the number of days taken to 50 per cent flowering

as influenced by genotypes, sowing dates and their interaction are presented in
Table 5.

Days taken to 50 per cent flowering differed significantly between the

genotypes. Significantly more number of days taken in Suvarna (48.8) as
compared to K-432 (29.9). '
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The number of days taken to 50 per cent flowering significantly
influenced by sowing dates. Significantly more number of days taken in June
second and July first fortnight sowing (40.5) which was on par with July second
fortnight sowing(39.3). The lowest number of days taken to 50 per cent
flowering was recorded in August second fortnight sowing (38.1).

Days taken to 50 per cent flowering was significantly influenced by the
interaction effects of genotypes and sowing dates. The genotype Suvarna
recorded significantly higher number of days taken to 50 per cent flowering
(50.6) in July first fortnight sowing which was significantly superior over K-432
in same or different sowing dates, but on par with itself in June second fortnight
sowing (50.3). The lowest number of days taken to 50 per cent flowering (29.3)
was recorded by K-432 in the August second fortnight sowing.

4. Days to physiological maturity

The data on days taken to physiological maturity as influenced by

genotypes, sowing dates and their interaction are presented in Table 5.

Days taken to physiological maturity differed significantly between the
genotypes. The genotype Suvarna recorded significantly higher number of days
(89.9) as compared to K-432 (63.4).

The June first fortnight sowing recorded significantly higher number of
days taken to physiological maturity (78.5) which was on par with July first
fortnight sowing (78.2). The lowest number of days taken to physiological
maturity was recorded in August second fortnight sowing (74.6).

Days taken to physiological maturity as influenced by interaction effects
of sowing dates and genotypes differed significantly. The genotype Suvarna
sown in June second and July first fortnight took more number of days (92) to
attain physiological maturity which was significantly superior over itself and

with K-432 in same or different sowing dates. The less number of days were



Q0
GO

Table 5 : Days taken to 50% flowering and physiological maturity of grain amaranth
genotypes as influenced by sowing dates

Treatments

Days taken to 50%

Days taken to

ﬂowerinlg physiological mtaturity
Genotypes
Suvarna (G,) 48.8 89.9
K-432 (G,) 29.9 63.4
SEm+ 0.13 0.04
C.D. (0.05) 0.76 0.27
Sowing dates
June second fortnight (D,) - 40.5 78.5
July first fortnight (D,) 40.5 78.2
July second fortnight (D,) 39.3 76.8
August first fortnight (D) 383 752
August second fortnight (Ds) 38.1 74.6
SEm+ 0.50 0.21
C.D. (0.05) 1.50 0.64
Interactions
G,D, 50.3 92.0
G,D, 50.6 92.0
G,D, 49.0 89.6
G,D, ©47.0 88.3
G,D; 47.0 87.7
G,D, 30.6 65.0
G,D, 30.3 64.3
G,D, 29.6 64.0
G,D, 29.6 62.0
G,Ds 293 61.7
SEmz for 'D' at same level of 'G' 0.50 0.30
C.D. (0.05) 1.50 0.91
SEmz for 'G' at same/ diff.level of 'D' 0.46 0.27
C.D. (0.05) 1.50 0.85
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taken by K-432 (61.7) sown in August second fortnight. In general, days taken to
attain physiological maturity in both the genotypes were gradually decreased

with delay in sowing.
5. Number of panicles per plant

The data pertaining to the number of panicles per plant as influenced by
genotypes, sowing dates and their interaction at panicle and maturity stage are

presented in Table 6.
Panicle stage

Number of panicles differed significantly between the genotypes.
Significantly more number of panicles were recorded in Suvarna (22.6) as
compared to K-432 (8.4).

The number of panicles differed significantly due to sowing dates.
Significantly higher number of panicles (17.5) were produced in July first
fortnight sown crop which was on par with June second fortnight sowing (17.0).
The lowest number of panicles were recorded with very late sowing in August
second fortnight (13.0).

The number of panicles per plant did not differ significantly due to

interaction effects of genotypes and sowing dates.
Maturity stage

The number of panicles per plant differed significantly due to genotypes.
The data indicated that, significantly higher number of panicles per plant was
obtained with the genotype Suvarna (28.7) as compared to K-432 (9.3).

Sowing date significantly influenced the number of panicles per plant.
Significantly higher number of panicles per plant (22.1) was recorded in July

first fortnight sowing, compared to other dates of sowing except June second
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fortnight sowing (21.7). However, significantly lowest number of panicles per

plant (14.8) was recorded in August second fortnight sown crop.

the genotypes and the dates of sowing significantly interacted: the
genotype Suvarna recorded significantly maximum number of panicles per plant
(33.9) in July first fortnight sowing which was on par with itself in June second
fortnight sowing (32.2) and significantly superior over K-432 in same or
different sowing dates. The lowest number of panicles per plant (7.7) was

recorded by K-432 in the August second fortnight sowing.

6. Panicle length (cm)

The panicle length of two grain amaranth genotypes as influenced by

sowing dates at panicle stage and maturity stage are presented in Table 6.

Panicle stage

The panicle length differed significantly due to genotypes. Significantly
higher panicle length was obtained in K-432 (16.4 cm) as compared to Suvarna
(10.8 cm).

Panicle length differed significantly due to sowing dates. Significantly
higher panicle length (14.6 cm) was recorded in July first fortnight sowing
which was on par with June second fortnight sowing (14.5 cm). Significantly
lowest panicle length (12.1 cm) was recorded in August second fortnight
sowing. However, intermediate (13.4 — 13.2 cm) panicle length recorded in July

second and August first fortnight sowing, which did not differ each other.

Panicle length did not vary significantly due to interaction of genotypes
and sowing dates. However higher panicle length (18.0 ¢cm) was noticed in
K-432 when sown during June second fortnight and lowest panicle length (9.5

cm) was recorded in Suvarna when sown during August second fortnight.
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Table 6 : Number of panicles per plant and panicle length of grain amaranth genotypes as influenced
by sowing dates

Treatiiists Numebr of panicles/plant Panicle length (cm)
Panicle stage Maturity stage Panicle stage Maturity stage

Genotypes

Suvarna (G,) 226 28.7 10.8 12.1

K-432 (G,) 8.4 9.3 16.4 17.2

SEmz | 0.47 0.36 0.34 0.70

C.D. (0.05) 2.86 2.20 2.05 2.10

Sowing dates

June second fortnight (D,) 17.0 C217 145 15.7
July first fortnight (D,) 17.5 22.1 14.6 15.8
July second fortnight (D) 15.1 18.2 13.4 14.4
August first fortnight (D,) 14.8 18.1 132 14.1
August second fortnight (D) 13.0 14.8 12.1 13.3
SEmz+ 0.62 0.56 0.32 0.50
C.D. (0.05) 1.85 1.68 0.95 1.50
Interactions

G,D, 239 322 11.1 12.7
G,D, 2549 339 12.5 13.8
G,D, 22.8 28.5 10.9 12.1
G,D, 21:5 26.9 10.0 1111
G,D; 19.1 ©219 9.5 10.7
G,D, 10.1 11.1 18.0 18.7
G,D, 94 10.3 16.7 17.8
G,D, 74 7.9 16.0 16.7
G,D, 8.1 9.5 16.5 17.1
G,D; 6.9 p & 14.8 15.9
SEm+ for 'D' at same level of 'G' 0.87 0.79 0.45 0.71
C.D. (0.05) NS 2.38 NS NS

SEm+ for 'G'at same/diff. level of 'D' 0.91 0.79 0.52 0.69

C.D. (0.05) NS 2.88 NS NS
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Maturity stage -

Panicle length differed significantly between genotypes. Significantly
higher panicle length was noticed in K-432 (17.2 cm) as compared to Suvarna
(12.1 cm).

Panicle length differed significantly due to sowing dates. Maximum
panicle length (15.8 cm) was recorded in July first fortnight which was on par
with the June second and July second fortnight sowings (15.7-14.4 cm).
Significantly lowest panicle length (13.3 cm) was recorded in August second
fortnight sowing,

Panicle length did not differ significantly due to interaction effects of
genotypes and sowing dates. However, the genotypes K-432 recorded higher
panicle length (18.7 cm) when sown during June second fortnight and lowest
panicle length (10.7 cm) was recorded in Suvarna when sown during August
second fortnight.

7. Leaf dry weight per plant (g)

The data on leaf dry weight per plant at vegetative stage, panicle stage
and maturity stage as influenced by genotypes, sowing dates and their interaction

are presented in Table 7.
Vegetative stage

The leaf dry weight differed significantly between the genotypes.

Significantly the highest leaf dry weight obtained in Suvarna (1.35 g) as
compared to K-432 (0.63 g).

The leaf dry weight per plant differed significantly due to sowing dates.
Significantly higher leaf dry weight (1.19 g) was recorded in July first fortnight
sowing, which was on par with the June second and August first fortnight
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sowings (1.15-1.08g). However, significantly lowest leaf dry weight (0.73 g)

was noticed in August second fortnight sowing.

Leaf dry weight was significantly influenced by the interaction effects of
genotypes and sowing dates. The genotype Suvarna recorded significantly higher
(1.72 g) leaf dry weight in July first fortnight sowing which was significantly
superior over K-432 in same or different sowing dates, but it was on par with
itself in June second and August first fortnight sowings (1.59-1.53g). The lowest
leaf dry weight (0.56g) was found in K-432 in August second fortnight sowing.

Panicle stage

Significant difference between the genotypes with respec to the leaf dry
weight was recorded. Maximum leaf dry weight was noticed in Suvarna (4.98g)
as compared to K-432 (1.48g).

The leaf dry weight varied significantly due to sowing dates. Significantly
higher leaf dry weight (3.76 g) was recorded in July first fortnight sowing. It was
on par with June second and July second fortnight sowings (3.71-3.33 g).
Significantly the lowest leaf dry weight (2.29 g) was recorded in very late
sowing in August second fortnight. In general, delay in sowing decreased leaf

dry weight of amaranthus irrespective of genotypes.

The leaf dry weight differed significantly due to interaction of genotypes
and sowing dates. Sowing of genotype Suvarna during July first fortnight
recorded significantly higher leaf dry weight (5.98 g) which was significantly
superior over K-432 in same or different sowing dates, but it was on par with
itself in June second and July second fortnight (5.83-5.24 g). The minimum leaf

dry weight was recorded in very late sowing of K-432 during August second
fortnight sowing (1.37 g).
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Table 7 : Leaf dry weight per plant of grian amaranth genotypes as influenced by
sowing dates

Treatments Leaf dry weight /Plant (g)
Vegetative stage Panicle stage Maturity stage

Genotypes

Suvarna (G,) 1.35 4.98 3.68

K-432 (G,) 0.63 1.48 1.43

SEmz 0.40 0.08 0.18

C.D. (0.05) 0.22 0.50 1.13

Sowing dates

June second fortnight (D,) 1.15 3.71 2.52
July first fortnight (D,) 1.19 3.76 3.26
July second fortnight (D;) 0.79 3.33 237
August first fortnight (D,) 1.08 3.09 2.35§
August second fortnight (Ds) 0.73 2.29 2.26
SEm+ 0.04 0.20 0.15
C.D. (0.05) 0.12 0.60 0.45
Interaction

G,D, 1.59 5.83 3.31
G,D, 1.72 5.98 5.05
G,D; 1.01 5.24 3.38
G,D, 1.53 4.67 3.27
G,D; 0.88 3.20 3.17
G,D, 0.71 1.59 1.54
G,D, 0.65 1.53 1.47
G,D;, 0.58 1.42 1.35
G,D, 0.63 1.51 1.43
G,D 0.56 1.37 1.35
SEmx for 'D' at same level of 'G' 0.06 0.28 0.21
C.D. (0.05) 0.18 0.85 0.63
SEmx for 'G'at same/diff. level of 'D' 0.06 0.27 0.26

C.D. (0.05) 0.26 0.88 1.19
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The leaf dry weight varied significantly between the genotypes.
Significantly higher leaf dry weight (3.68 g) was recorded in genotype Suvarna
as compared to K-432 (1.43 g).

The leaf dry weight differed significantly due to sowing dates. Sowing
during June first fortnight recorded significantly the highest leaf dry weight
(3.26 g) as compared to rest of the sowing dates. However, lowest (2.26 g) leaf
dry weight was noticed in August second fortnight sowing.

Leaf dry weight was significantly influenced by the interaction effects of
genotypes and sowing dates. The genotype Suvarna recorded significantly higher
leaf dry weight (5.05 g) in July first fortnight sowing which was significantly
superior over itself with rest of sowing dates and with K-432 in same or different
sowing dates. The lowest leaf dry weight (1.35 g) was recorded by K-432 in the
very late sowing i.e. August second fortnight.

8. Stem dry weight per plant (g)

The data on stem dry weight per plant as influenced by genotypes, sowing
dates and their interaction effects at vegetative stage, panicle stage and maturity

stage are presented in Table 8.

Vegetative stage

The stem dry weight per plant varied significantly between the genotypes.

The genotype Suvarna recorded significantly higher stem dry weight (1.69 g) as
compared to K-432 (0.84 g).

The stem dry weight varied significantly due to sowing dates.
Significantly higher stem dry weight per plant (1.52 g) was obtained in July first
fortnight sowing which was on par with June second fortnight sowing (1.41 g).
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While, the lowes: (0.98 g) stem weight was recorded in August second fortnight

sowing,.

Stem dry weight per plant was significantly influenced by the interaction
effect of genotypes and sowing dates. Suvarna recorded significantly higher
stem dry weight (2.13 g) in July first fortnight sowing which was significantly
superior over K-432 in same or different sowing dates, but on par with itself in
June second fortnight sowing (1.92 g). The lowest stem dry weight (0.75 g) was
recorded by K-432 in the August second fortnight sowing.

Panicle stage

The stem dry weight varied significantly between the genotypes.
Significantly higher stem dry weight was recorded in Suvarna (7.34 g) as
compared to K-432 (1.44 g).

The stem dry weight differed significantly due to sowing dates. Sowing of
grain amaranth during July first fortnight recorded significantly higher stem dry
weight (5.80 g) as compared to other sowing dates. However, lowest stem dry

weight (3.29) was noticed in August second fortnight sowing,

The interaction effect of genotypes and sowing dates significantly
influenced stem dry weight. The genotype Suvarna recorded significantly higher
stem dry weight (10.05 g) in July first fortnight sowing which was significantly
superior over itself with other sowing dates and with K-432 in same or different
sowing dates. The lowest stem dry weight (1.29 g) was found in K-432 in the
August second fortnight sowing. In general there was gradual decline in stem

dry weight with delay in sowing.
Maturity stage

The stem dry weight varied significantly between the genotypes.
Significantly higher stem dry weight was recorded in the genotype Suvarna
(11.14 g) as compared to K-432 (1.86 g).
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Table 8 : Stem dry weight per plant of grain amaranth genotypes as influenced by
sowing dates ‘

Stem dry weight /plant (g)

Frentments Vegetative stage Panicle stage Maturity stage
Genotypes

Suvarna (G,) 1.69 7.34 11.14
K-432 (G,) 0.84 1.44 1.86
SEm: | 0.02 0.12 0.19

C.D. (0.05) 0.14 0.73 1.19

Sowing dates

June second fortnight (D,) 1.41 4.40 6.88
July first fortnight (D,) 1.52 5.80 7.76
July second fortnight (D5) 1.11 4.20 6.50
August first fortnight (D) 1.29 424 6.38
August second fortnight (Ds) 0.98 3.29 5.01
SEm+ 0.06 0.42 0.25
C.D. (0.05) 0.18 1.27 0.76
Interaction
G,D, 1.92 7.25 11.69
G,D, 2.13 10.05 13.58
G,D, 1.41 7.08 11.27
G,D, 1.77 7.01 10.81
G,Ds 1.23 5.30 8.38
G,D, 0.91 1.56 2.07
G,D, 0.91 1.55 1.94
G,D, 0.81 1.31 1.73
G,D, 0.82 1.48 1.94
G,D; 0.75 1.29 1.64
SEmz for 'D' at same level of 'G' 0.08 0.59 0.36
C.D. (0.05) 0.25 1.79 1.08
SEmz for 'G'at same/diff. level of 'D' 0.08 0.55 0.38

C.D. (0.05) 0.25 1.72 1.44
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The stem dry weight significantly influenced by dates of sowing.
Significantly higher stem dry weight was noticed in July first fortnight sowing
(7.76 g). While, significantly lowest stem weight (5.01 g) was recorded in

August second fortnight sowing.

Stem dry weight was significantly influenced by the interaction effect of
genotypes and sowing dates. The genotype Suvarna recorded significantly higher
stem dry weight in July first fortnight sowing (13.58 g), which was significantly
superior over itself with rest of the sowing dates and with K-432 in same or
different sowing dates. The lowest stem dry weight (1.64 g) was recorded by
K-432 in the last (August second fortnight) sowing date.

9. Panicle dry weight per plant (g)

The data on panicle dry weight per plant at panicle stage and maturity
stage as influenced by genotypes, sowing dates and their interaction are

presented in Table 9.
Panicle stage

Panicle dry weight per plant differed significantly between the genotypes.
Significantly higher panicle dry weight was recorded in Suvarna (7.37 g) as
compared to K-422 (3.6 g).

The panicle dry weight varied significantly due to sowing dates. Among
sowing dates, significantly higher panicle dry weight (6.77 g) was recorded in
July first fortnight sowing compared to rest of the sowing dates except June
second fortnight sowing (6.15 g). Sowing during August second fortnight
recorded significantly lowest panicle dry weight (3.75 g). Sowing during June
second, July second and August first fortnight did not differ significantly in
panicle dry weight.

Panicle dry weight was significantly influenced by the interaction effects

of genotypes and sowing dates. The genotype Suvarna recorded significantly



higher panicle dry weight (9.77 g) in July first fortnight sowing, whicK! was
significantly superior over K-432 in same or different sowing dates, but it was
found to be on par with only itself in June second fortnight sowing (8.1 g). The
lowest panicle dry weight was recorded in very late sowing of K-432 during

August second fortnight sowing (3.12 g).
Maturity stage

Significant difference with respect to Panicle dry weight per plant was
recorded in genotypes. Significantly higher panicle dry weight produced in
Suvarna (15.61 g) as compared to K-432 (6.14 g).

The panicle dry weight per plant differed significantly due to sowing
dates. Among sowing dates, sowing of grain amaranth during July first fortnight
recorded significantly higher panicle dry weight (14.16 g) compared to other
sowing dates, except June second fortnight sown crop (13.46 g). Significantly
lowest panicle dry weight (6.57 g) was recorded in August second fortnight
sowing. Intermediate panicle dry weight (10.45-9.75g) was recorded in July
second and August first fortnight, which however did not differ from each other.

The genotypes and the dates of sowing significantly interacted. The
genotype Suvarna recorded significantly higher panicle dry weight (21.6 g) in
July first fortnight sowing, which was superior over K-432 in same or different
sowing dates, but it was on par with itself in June first fortnight sowing (19.88
g). The lowest panicle dry weight (4.68 g) was recorded by K-432 in the August
second fortnight sowing. In general, there was decreasing trend in panicle dry
matter production with each successive fortnight delayed sowing, except in
August second fortnight sowing of K-432. In general there was gradual decline

in panicle dry weight with delay in sowing,
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Table 9 : Panicle dry weight per plant of grain amaranth genotypes as

influenced by sowing dates

Panicle dry weight /plant (g)

SheRtmEng Panicle stage Maturity stage
Genotypes

Suvarna (G,) 7.37 15.61
K-432 (G,) 3.60 6.14
SEm+ 0.29 0.16
C.D. (0.05) 1.79 0.95
Sowing dates

June second fortnight (D,) © 6.15 13.46
July first fortnight (D,) 6.77 14.16
July second fortnight (D) 5.43 10.45
August first fortnight (D,) 531 9.75
August second fortnight (Ds) R 6.57
SEm+ 0.34 0.46
C.D. (0.05) 1.02 1.39
Interaction

G,D, 8.10 19.88
G,D, 9.77 21.60
G,D, 7.70 14.92
G,D, " 6.89 13.19
G,Ds 438 8.46
G,D, 421 7.03
G,D, 3.77 6.71
G,D; 3.15 5.98
G,D, 3.74 6.31
G,D, 3.12 4.68
SEm for 'D' at same level of 'G' 0.48 0.65
C.D. (0.05) 1.44 1.96
SEmz for 'G'at same/diff. level of 'D’ 0.52 0.60
C.D. (0.05) 2.08 1.94
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10. Total Dry Matter Production (TDMP) per plant (g)

The data on total dry matter production per plant at vegetative stage,
panicle stage and maturity stage as influenced by genotypes, sowing dates and

their interaction are presented in Table 10.
Vegetative stage

Significant difference with respect to TDMP per plant between the
genotypes was noticed. Significantly higher TDMP was recorded in Suvarna
(3.04g) as compared to K-432 (1.47 g).

TDMP per plant differed significantly due to sowing dates. Significantly
higher TDMP was noticed in July first fortnight sowing (2.70 g), which was on
par with the June second fortnight sowing (2.56 g). Significantly lowest panicle
dry weight (1.71 g) was noticed with August second fortnight sowing,

The genotypes and dates of sowing significantly interacted. The genotype
Suvarna recorded significantly higher TDMP of 3.85g at July first fortnight
sowing which was significantly superior over with itself in other sowing dates
and with K-432 in same or different sowing dates. The lowest TDMP was
recorded by K-432 in the very late sowing during August second fortnight
(1.32 g).

Panicle stage

Total dry matter production per plant varied significantly between the
genotypes. Significantly higher TDMP was recorded in Suvaria (19.69 g) as
compared to K-432 (6.52 g).

The TDMP varied significantly due to sowing dates. Significantly higher
TDMP was recorded in July first fortnight sowing (16.33 g). Significantly lowest
TDMP (9.33 g) was recorded in August second fortnight sowing. Sowing of
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grain amaranth during June second, July second and August first fortnight did
not differ significantly in TDMP.

TDMP was significantly influenced by the interaction effects of
genotypes and sowing dates. The genotype Suvarna recorded significantly higher
TDMP (25.8 g) which was significantly superior over itself in other dates of
sowing and with K-432 in same or different sowing dates. The minimum panicle
dry weight was recorded in very late sowing of K-432 during August second
fortnight (5.78 g).

Maturity stage

Total dry matter production per plant varied significantly between the
genotypes. Significantly higher TDMP was recorded in Suvarna (30.43 g) as
compared to K-432 (9.43 g).

TDMP per plant varied significantly with respect to sowing dates. Sowing
of grain amaranth during July first fortnight recorded significantly higher TDMP
(25.18 g) as compared to the rest of the sowing dates. Significantly the lowest
TDMP (13.85 g) was recorded in August second fortnight sowing. Intermediate
TDMP was noticed in July second and August first fortnight sowing, which did
not differ from each other (19.31-18.48 g).

The genotypes and the dates of sowing significantly interacted: the
genotype Suvarna produced significantly higher TDMP (40.23 g) in July first
fortnight sowing, which was significantly superior over itself with rest of the
sowing dates and with K-432 in same or different sowing dates. The minimum
panicle dry weight was recorded in very late sowing of K-432 during August

second fortnight (7;68 g). In general delay in sowing decreased TDMP of grain
amaranthus in both the genotypes.



03

Table 10 : Total dry matter production per plant of grain amaranth genotypes as influenced by
sowing dates

Total dry matter production per plant (g)

L Vegetative stage Panicle stage  Maturity stage
Genotypes

Suvarna (G,) 3.04 19.69 30.43
K-432 (Gy) 1.47 6.52 9.43
SEmz+ 0.03 0.34 0.15

C.D. (0.05) 0.20 2.05 0.90

Sowing dates .
June second fortnight (D) 2.56 14.27 22.86

July first fortmght (D,) 2.70 16.33 25.18
July second fortnight (Ds) 1.90 12.95 19.31
August first fortnight (D,) 2.37 12.64 18.48
August second fortnight (Ds) 1.71 9.33 13.85
SEm+ 0.05 0.57 0.70
C.D. (0.05) 0.14 1.72 2.09
Interaction

G,D, 3.51 21.19 35.08
G,D, 3.85 25.80 40.23
G,D;4 242 20.01 29.57
G,D, 330 18.56 2727
G,Ds 2.10 12.89 20.01
G,D, 1.62 7.35 10.64
G,D, 1.56 6.85 10.11
G,D, 1.39 5.89 9.05
G,D, 1.45 6.73 9.69
G,Ds 1.32 5.78 7.68
SEmz for 'D' at same level of 'G' 0.09 0.81 0.98
C.D. (0.05) 0.27 2.43 2.95
SEmz for 'G'at same/diff. level of 'D' 0.09 0.80 0.89

C.D. (0.05) 0.27 2.80 2.75
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11. Leaf area per plant (cm?)

The data on leaf area per plant as influenced by genotypes, sowing dates
and their interaction at vegetative stage, panicle state and maturity stage are

presented in Table 11.
Vegetative stage

The leaf area differed significantly between the genotypes. The genotype
Suvarna recorded significantly higher leaf area (291.0 cm®) as compared to K-
432 (152.1 cm?).

Sowing date significantly influenced on leaf area per plant. Sowing of
grain amaranth during July first fortnight recorded significantly higher leaf area
(259.9 cm®) which was on par with August first and June second fortnight
sowings (246.5-255.5 cm®). However, significantly lowest leaf area (165.1 cm?)
was noticed in August second fortnight sowing.

Leaf area per plant was significantly influenced by the interaction effects
of genotypes and sowing dates. The genotype Suvarna recorded significantly
higher (364.4 cm?) leaf area in July second fortnight sowing which was
significantly superior over K-432 in same or different sowing dates, but it was
on par with itself in June second and August first fortnight sowings(345.0 —
339.4 cm).The lowest leaf area (140.5 cm?) was recorded by K-432 in the
August second fortnight sowing.

Panicle stage

Significant differences between the genotypes with respect to leaf area
per plant. Significantly higher leaf area was recorded in Suvarna (1075.9 cm®) as
compared to K-432 (306.3 cm?).

The leaf area differed significantly due to sowing dates. Sowing of grain

amaranth during July first fortnight recorded maximum leaf area (792.5 cm?)
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which was on par with all other sowing dates (775.4-660.7 cm?) except sowing
during August second fortnight (473.8 cm?).

The interaction effect due to genotypes and sowing dates found
significant with respect to leaf area. The genotype Suvarna recorded
significantly higher leaf area (1268.6 cm?) in July first fortnight sowing, which
was significantly superior over K-432 in same or different sowing dates, but on
par with itself in June second (1220.5 cm®) and July second fortnight sowings
(1200.7 cm®). The lowest leaf area (264.7 cm®) was recorded in very late sowing
of K-432 during August second fortnight sowing.

Maturity stage

The leaf area per plant differed significantly between the genotypes.
Significantly higher leaf area was recorded in Suvarna (785.6 cm?) as compared
to K-432 (279.9 cm?).

Leaf area per plant differed significantly due to sowing dates.
Significantly higher leaf area (660.8 cm?) was noticed in July first fortnight
sowing as compared to rest of the sowing dates. However, significantly lowest
leaf area (461.2 cm®) was recorded in very late sowing, during August second
fortnight.

The interaction effects due to genotypes and sowing dates found
significant difference on leaf area. The gf:notype Suvarna recorded significantly
higher leaf area (1035.6 cm®) in July first " fortnight sowing which was
significantly superior over itself in rest of the sowing dates and with K-432 in
same or different sowing dates. The minimum leaf area per plant was recorded in

very late sowing of K-432 during August second fortnight (251.5 cm?).
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Table 11 : Leaf area per plant of grain amaranth genotypes as influenced by sowing dates

2
Treatments . Leaf areall_)lant (cm’) .
Vegetative stage Panicle stage  Maturity stage

Genotypes

Suvarna (G,) 291.00 1075.90 785.60
K-432 (G,) 152.10 306.30 279.90
SEm+ 7.23 2147 17.60
C.D. (0.05) 44,02 130.63 107.11
Sowing dates

June second fortnight (D,) 255.50 775.40 536.60
July first fortnight (D,) 259.90 792.50 660.80
July second fortnight (D;) 180.80 753.70 498.60
August first fortnight (D,) 246.50 660.70 506.60
August second fortnight (D) 165.10 473.80 461.20
SEm= 8.17 52.51 39.80
C.D. (0.05) 24.50 157.44 119.30
Interaction

G,D, 345.00 1220.50 754.80
G,D, 364.40 1268.60 1035.60
G,D; 216.40 1200.70 744.30
G,D, 339.40 1006.70 722.50
G,D; 189.80 682.90 670.90
G,D, 165.90 330.30 318.40
G,D, 155.40 316.40 286.10
G,D, 145.20 306.60 252.90
G,D, 153.60 314.60 290.80
G,D; 140.50 264.70 251.50
SEm+ for 'D' at same level of 'G' 11.55 74.27 56.26
C.D. (0.05) 34.64 222.66 168.67
SEm# for 'G'at same/diff. level of 'D’ 12.61 74.27 53.30

C.D. (0.05) 50.62 222.70 177.80




12. Leaf Area Index (LAI)

The data pertaining to LAI as influenced by genotypes, sowing dates and
their interaction at vegetative stage, panicle stage and maturity stage are

presented in Table 12.
Vegetative stage

The LAI per plant differed significantly between the genotypes.
Significantly higher LAI was recorded in Suvarna (0.431) as compared to K-432
(0.225).

The LAI significantly influenced by the sowing dates. Significantly
higher LAI (0.385) was recorded when crop sown during July first fortnight
which was on par with the June second (0.378) and August first fortnight sowing
(0.365). While, significantly the lowest LAI (0.245) was recorded in very late
(August second fortnight) sowing,

LAI was significantly influenced the interaction effects of genotypes and
sowing dates. The genotype Suvarna recorded significantly higher LAI (0.540)
in July first fortnight sowing which was significantly superior over K-432 in
same or different sowing dates, but on par with itself in June second(0.511) and
August first fortnight(0.502) sowing. The lowest LAI (0.208) was recofded in
very late sowing of K-432, during August second fortnight sowing.

Panicle stage

The LAI per plant differed significantly between the genotypes.
Significantly higher LAI was recorded in Suvarna (1.593) as compared to K-432
(0.454).

The LAI varied significantly due to sowing dates. Maximum LAI of
1.174 was noticed in July first fortnight sowing, which was on par with other
sowing dates (1.148-0.979) except August second fortnight (0.702)
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Table 12 : Leaf area index (LAI) of grain amaranth genotypes as influenced by
sowing dates

LAI
i Vegetative stage Panicle stage Maturity stage
Genotypes
Suvarna (G;) 0.431 1.593 1.164
K-432 (Gy) 0.225 0.454 0.415
SEmz+ 0.011 0.032 0.026
C.D. (0.05) 0.065 0.193 0.159

Sowing dates

June second fortnight (D) 0.378 1.148 0.795
July first fortnight (D) 0.385 1.174 0.979
July second fortnight (D5) 0.268 1.117 0.739
August first fortnight (D) 0.365 0.979 0.751
August second fortnight (Ds) 0.245 0.702 0.683
SEmz+ 0.012 0.078 0.059
C.D. (0.05) 0.036 0.233 0.176
Interaction

G,D, 0.511 1.807 1.118
G,D, 0.540 1.879 1.534
G,D, 0.320 1.779 1.103
G,D, 0.502 1.491 1.070
G,D; 0.281 1.012 0.994
G,D, 0.246 0.489 0.472
G,D, 0.230 0.469 0.424
G,D; 0.215 0.454 0.374
G,D, 0.227 0.466 0.431
G,D; 0.208 0.392 0.373
SEmz for 'D' at same level of 'G' 0.017 0.110 0.083
C.D. (0.05) 0.051 0.329 NS
SEmz for 'G'at same/diff. level of 'D' 0.019 0.103 0.079

C.D. (0.05) 0.075 0.340 NS
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LAI was significantly influenced the interaction effects of genotypes and
sowing dates. The genotype Suvarna recorded significantly higher LAI (1.879)
in July first fortnight sowing which was significantly superior over K-432 in
same or different sowing dates, but on par with only itself in June second (1.807)
and July second (1.779) sowing. The minimum LAI (0.392) was recorded in
very late sowing of K-432, during August second fortnight sowing.

Maturity stage

Significant difference between the genotypes with respect to LAI was
recorded. Maximum LAI was noticed in Suvarna (1.164) as compared to K-432
(0.415).

The LAI differed significantly due to sowing dates. Significantly higher
LAI of 0.979 was noticed in July first fortnight sowing compared to rest of
sowing dates. Significantly lowest LAI (0.683) was recorded in August second
fortnight sowing.

The LAI did not differ significantly due to interaction of genotypes and
sowing dates. However, higher LAI was recorded in July first fortnight sowing
of Suvarna (1.534) and lowest LAI was recorded in K-432 when sown during
August second fortnight (0.373).

13. Leaf area duration (days)

The data on leaf area duration (LAD) of two grain amaranth genotypes as

influenced by sowing dates and their interactions are presented in Table 13.
Vegetative to panicle stage

The LAD differed significantly between the genotypes. Significant higher
LAD was recorded in Suvarna (24.29 days) as compared to K-432 (5.39days).

The LAD varied significantly due to sowing dates. Significantly higher
LAD (17.31 days) was recorded when grain amaranth sown during July first
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Table 13 : Leaf area duration (LAD) of grain amaranth genotypes as influenced by

sowing dates

LAD (days)

Treatments Vegetative to panicle  Panicle to maturity

stage stage
Genotypes
Suvarna (G,) 24.29 36.02
K-432 (G,) 5.39 7.61
SEm+ 0.30 0.13
C.D. (0.05) 1.85 0.76
Sowing dates
June second fortnight (D,) 16.85 24.07
July first fortnight (D,) 17.31 27.05
July second fortnight (D5) 15.25 2237
August first fortnight (D) 14.56 19.81
August second fortnight (Ds) 10.15 15.78
SEmz 0.89 1.53
C.D. (0.05) 2.68 4.60
Interaction
G,D, 27.82 39.49
G,D, 29.03 46.07
G,D4 25.19 37.46
G,D, 23.92 32.01
G,D;s 15.51 25.06
G,D, 5.88 8.64
G,D, 5.59 8.03
G,D; 5.31 7.29
G,D, 5.19 7.62
G,Ds 4.80 6.49
SEm+ for 'D' at same level of 'G' 1.26 2.17
C.D. (0.05) 3.78 6.51
SEmz for 'G'at same/diff. level of 'D’ 117 2.75
C.D. (0.05) 3.75 5.86
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fortnight which was on par with June second (16.85 days) and July second

(15.25days) fortnight sowing dates. However, significantly the lowest LAD
(10.15 days) was recorded in August second fortnight.

The interaction effects of genotypes and sowing dates significantly
influenced LAD. The genotype Suvarna recorded significantly higher LAD
(29.03 days) in July first fortnight sowing which was significantly superior over
K-432 in same or different sowing dates, but on par with itself in June second
fortnight sowing (27.82 days). The lowest (6.51 days) LAD was recorded by
K-432 in the August second fortnight sowing.

Panicle to maturity stage

Significant difference between the genotypes with respect to LAD. The

genotype Suvarna recorded significantly higher LAD (36.02 days) as compared
to K-432 (7.61 days).

The LAD varied significantly due to sowing dates. Significantly higher
LAD of 27.05 days was noticed in July first fortnight sowing which was on par
with the June second fortnight sowing (24.07 days). However, significantly the
lowest (15.78 days) LAD was recorded in August second fortnight sowing.

The genotype and the date of sowing significantly interacted: the
genotype Suvarna recorded significantly higher (46.07 days) LAD in July first
fortnight sowing which was significantly superior over K-432 in same or
different sowing dates. The lowest LAD (6.49 days) was recorded by K-432 in
the August second fortnight sowing.

14. Absolute growth rate (g/plant/day)

The data on absolute growth rate (AGR) of two grain amaranth genotypes
between the different growth stages as influenced by sowing dates are presented
in Table 14.
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Vegetative to panicle stage

AGR differed significantly between the genotypes. Significantly higher
AGR was recorded in Suvarna (0.694 g/plant/day) as compared to K-432 (0.320
g/plant/day).

The AGR differed significantly due to sowing dates. Among sowing
dates, maximum AGR (0.623 g/plant/day) was recorded in July first fortnight
sowing as compared to rest of the sowing dates. Sowing during August second
fortnight recorded significantly lowest AGR (0.363 g/plant/day). Intermediate
AGR was noticed in June second, July second and August first fortnight sowings
(0.548-0.494 g/plant/day), which however did not differ from each other.

AGR was significantly influenced by the interaction effects of genotypes
and sowing dates. The genotype Suvarna recorded significantly higher AGR
(0.914 g/plant/day) in July first fortnight sowing, which was significantly
superior over with itself in rest of the sowing dates and with K-432 in same or
different sowing dates. The lowest AGR (0.279 g/plant/day) was recorded by
K-432 in the August second fortnight sowing.

Panicle to maturity stage

The AGR varied significantly between the genotypes. Significantly higher
AGR was recorded in Suvarna (0.410 g/plant/day) as compared to K-432 (0.165
g/plant/day).

Sowing dates significantly influenced on AGR. Significantly higher AGR
(0.357 g/plant/day) was recorded in July first fortnight sowing, which was on par
with the June second fortnight sowing (0.349 g/plant/day). Significantly the
lowest AGR (0.199 g/plant/day) was recorded in August second fortnight
sowing. Sowing during July second and August first fortnight recorded
intermediate AGR (0.272-0.261 g/plant/day) which did not differ from each

other.



>0
Table 14 : Absolute growth rate (AGR) of grain amaranth genotypes as
influenced by sowing dates

AGR (g/plant/day)

Treatments Vegetative to panicle Panicle to maturity

stage stage
Genotypes
Suvarna (G,) 0.694 0.410
K-432 (G,) 0.320 0.165
SEm: 0.015 0.007
C.D. (0.05) 0.093 0.045
Sowing dates
June second fortnight (D) 0.548 0.349
July first fortnight (D,) 0.623 0.357
July second fortnight (D5) 0.507 0.272
August first fortnight (D) 0.494 0.261
August second fortnight (Ds) 0.363 0.199
SEm+ 0.025 0.025
C.D. (0.05) 0.075 0.076
Interaction
G,D, 0.737 0.515
G,D, 0.914 0.534
G,D; 0.733 0.368
G,D, 0.636 0.349
G,Ds 0.448 0.285
G,D, 0.358 0.182
G,D, 0.331 0.181
G,D, 0.281 0.176
G,D, 0.253 0.174
G,D; 0.279 0.112
SEm for 'D' at same level of 'G' 0.035 0.036
C.D. (0.05) 0.106 0.107
SEmz for 'G'at same/diff. level of 'D’ 0.035 0.033

C.D. (0.05) 0.126 0.103
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The AGR was significantly influenced by the interaction effects of
genotypes and sowing dates. The genotype Suvarna recorded significantly higher
AGR (0.534 g/plant/day) in July first fortnight sowing, which was significantly
superior over K-432 in same or different sowing dates, but on par with itself in
June second fortnight sowing (0.515g/plant/day). The lowest AGR
(0.112g/plant/day) was recorded by K-432 in the August second fortnight

sowing.
15. Net Assimilation Rate (g/dm*/day)

The data on net assimilation rate (NAR) of two grain amaranth genotypes

between the different growth stages as influenced by sowing dates are presented
in Table 15.

Vegetative to panicle stage

NAR differed significantly between the genotypes. Significantly higher
NAR was recorded in K-432 (0.145 g/dm®/day) as compared to Suvarna (0.117
g/dm?/day).

The NAR did not showed significant difference due to sowing dates.
However, the highest NAR was obtained with the sowing during July first
fortnight (0.136 g/dm®/day) and the lowest NAR was recorded in the June
second fortnight sowing (0.128 g/dm*/day).

The NAR did not differ significantly. due to interaction effect of

genotypes and sowing dates.
Panicle to maturity stage

NAR did not differ significantly due to genotypes. However, maximum
NAR was obtained with the genotype K-432 (0.056 g/dm?/day) as compared to
Suvarna (0.044 g/dm®/day).
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Table 15 : Net assimilation rate (NAR) of grain amaranth genotypes as influenced
by sowing dates

NAR (g/dm’/day)

Treatments Vegetative to panicle Panicle to maturity

stage stage
Genotypes
Suvarna (G,) 0.117 0.044
K-432 (G,) 0.145 0.056
SEmz+ 0.003 0.003
C.D. (0.05) 0.017 NS
Sowing dates
June second fortnight (D,) 0.128 0.055
July first fortnight (D,) 0.136 0.054
July second fortnight (D;) 0.130 0.051
August first fortnight (D,) 0.130 0.049
August second fortnight (Ds) 0.131 0.044
SEm+ 0.007 0.005
C.D. (0.05) NS NS
Interaction
SEmx+ for 'D' at same level of 'G’ 0.010 0.080
C.D. (0.05) NS NS
SEmz for 'G'at same/diff. level of 'D' 0.010 0.080

C.D. (0.05) NS NS
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NAR did not differ significantly due to sowing dates. However, higher
NAR was recorded in June second fortnight sowing (0.055 g/dm?/day) and the

lowest NAR was recorded in August second fortnight sowing (0.044 g/dm?/day).

The NAR did not differ significantly due to interaction effect of

genotypes and sowing dates.
16. Crop growth rate (g/dm*/day)

The data on crop growth rate (CGR) of two grain amaranth genotypes
between the different growth stages as influenced by sowing dates are presented
in Table 16.

Vegetative to panicle stage

CGR differed significantly between the genotypes. Significantly higher
CGR was recorded in Suvarna (0.117 g/dm*/day) as compared to K-432 (0.049
g/dm?/day).

The CGR varied significantly due to different sowing dates. Among
sowing dates, July first fortnight sowing recox"ded significantly higher CGR
(0.102 g/dm*/day), which was-on par with the June second fortnight sowing
(0.090 g/dm?/day). However, significantly the lowest CGR recorded in August
second fortnight sowing (0.059 g/dm?/day).

CGR was significantly influenced by the interaction effects of genotypes
and sowing dates. The genotype Suvarna recorded significantly higher CGR
(0.152 g/dm*/day) in July first fortnight sowing, which was significantly superior
over K-432 in same or different sowing dates, but on par with itself in July
second fortnight sowing (0.133 g/dm®/day). The lowest CGR (0.043 g/dm?/day)
was recorded by K-432 in the August second forthight sowing.
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Table 16 : Crop growth rate (CGR) of grain amaranth genotypes as
influenced by sowing dates

CGR (g/dm’/day)

Treatments Vegetative to panicle Panicle to maturity

stage stage
Genotypes
Suvarna (G,) 0.117 0.061
K-432 (G,) 0.049 0.023
SEm+ 0.002 0.001
C.D. (0.05) 0.014 0.009
Sowing dates
June second fortnight (D,) 0.090 0.050
July first fortnight (D,) 0.102 0.053
July second fortnight (D;) 0.089 0.041
August first fortnight (D,) 0.078 0.039
August second fortnight (D) 0.059 0.029
SEm+ 0.005 0.006
C.D. (0.05) 0.015 0.019
Interaction
G,D, 0.124 0.078
G,D, 0.152 0.079
G,D, 0.133 0.056
G,D, 0.103 0.052
G,Ds 0.076 0.042
G,D, ‘ 0.056 0.022
G,D, 0.051 0.027
G,D, 0.044 0.026
G,D, 0.054 0.025
G,Ds 0.043 0.016
SEmz for 'D' at same level of 'G' 0.007 0.006
C.D. (0.05) 0.022 NS
SEmz for 'G'at same/diff.level of 'D 0.007 0.006

C.D. (0.05) 0.230 NS
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Panicle to maturity stage
CGR differed significantly between the genotypes. Significantly higher

CGR was recorded in Suvarna (0.061 g/dm®/day) as compared to K-432 (0.023
g/dm?*/day).

The CGR varied significantly due to sowing dates. Maximum CGR
(0.053 g/dm*/day) was recorded in July first fortnight sowing, which was on par
with rest of the sowing dates (0.050-0.039 g/dm*/day) except August second
fortnight which recorded the lowest CGR (0.029 g/dm?/day).

The CGR did not showed significant difference due to interaction of
genotypes and sowing dates. However, the genotype Suvarna recorded the
highest CGR (0.079 g/dm?/day) in July first fortnight sowing and lowest CGR
(0.016 g/dm*/day) was noticed in K-432 when sown during August second
fortnight.

17. Test weight of grains (g/5ml seeds)

The data on test weight of seeds as influenced by sowing dates of two

grain amaranth genotypes is presented in Table 17.

The test weight did not differ significantly between the genotypes.
However, higher test weight was recorded in K-432 (4.003g) as compared to
Suvarna (3.965g).

The test weight of grain amaranth differed significantly due to sowing
dates. Maximum test weight was recorded in July first fortnight sowing (4.042 g)
which was on par with June second and August second fortnight sowing (4.036
and 3.982 g). The lowest test weight was recorded in August first fortnight
sowing (3.909 g).

Test weight did not differ significantly due to interaction of genotypes

and sowing dates. However, higher test weight was recorded in genotype K-432
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when sown during June second fortnight (4.113g) and the lowest was also

recorded in same genotype when sown during August second fortnight (3.887 g).
18. Grain yield (g/plant)

The data on grain yield per plant as influenced by genotypes, sowing

dates and their interaction is presented in Table 17.

The grain yield per plant differed significantly between the genotypes.
Significantly higher grain yield per plant was obtained in Suvarna (6.96 g) as
compared to K-432 (3.66 g).

The grain yield varied significantly due to sowing dates. Significantly
higher grain yield (6.93 g) was recorded in July first fortnight sowing. Sowing
during August second fortnight recorded significantly the lowest grain yield
(3.42 g). Sowing during July second and August first fortnight recorded
intermediate grain yield (5.05-4.84 g), which however did not differ from each

other.

Grain yield per plant was significantly influenced by the interaction
effects of genotypes and sowing dates. The genotypes Suvarna recorded
significantly higher grain yield (9.8 g) in July first fortnight sowing which was
significantly superior over itself with rest of sowing dates and with K-432 in
same or different sowing dates. The lowest grain yield (2.78 g) was recorded by
K-432 in the August second fortnight sowing. In general, there was gradual

decline in grain yield with delay in sowing.
Grain yield (kg/ha)

The data on grain yield per hectare as influenced by genotypes, sowing

dates and their interaction is presented in Table 17.
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Significant differences between genotypes with respect to grain yield.
Significantly higher grain yield was obtained in Suvarna (943.8 kg/ha) as

compared to K-432 (504.6 kg/ha).

The grain yield varied significantly due to sowing dates. Sowing of grain
amaranth during July first fortnight gave significantly higher grain yield (937.0
kg/ha) which was on par with June second fortnight sowing (906.2 kg/ha).
However, sowing during August second fortnight yielded significantly the
lowest grain yield (461.5 kg/ha). Sowing during July second and August first
fortnight recorded intermediate grain yield (667 .5—648.8 kg/ha), which however
did not differ from each other.

Grain yield was significantly influenced by the interaction effects of
genotypes and sowing dates. The genotype Suvarna recorded significantly higher
grain yield (1301.6 kg/ha) in July first fortnight sowing which was significantly
superior over K-432 in the same or different sowing dates, but on par with itself
in June second fortnight sowing (1199.3 kg/ha). The lowest grain yield (367.3
kg/ha) was obtained with K-432 in the August second fortnight sowing.

19. Harvest index

The data on harvest index of two grain amaranth genotypes as influenced

by sowing dates is presented in Table 17.

Harvest index varied significantly between the genotypes. Significantly
higher harvest index was recorded in K-432 (0.389) as compared to Suvarna
(0.226).

Harvest index did not differ significantly due to sowing dates. Sowing of
grain amaranth during July first fortnight recorded higher harvest index (0.323).
The lowest harvest index was recorded in August second fortnight sowing
(0.283).
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Table 17 : Test weight, grain yield and Harvest index of grain amaranth genotypes as
influenced by sowing dates

Test weight Grain yield Grain yield Harvest

Treat t

e (¢/5mlseeds) (g/plant)  (kg/ha)  index
Genotypes
Suvarna (G,) 3965 696 0438 0226
K-432 (G,) 4.003 3.67 5046 0389
SEm: 0.013 0.121 1813 0.007
C.D. (0.05) NS 0.735 11036  0.04

Sowing dates

June second fortnight (D)) 4.036 6.31 906.2 0.322
July first fortnight (D,) 4.042 6.93 937.0 0.323
July second fortnight (D) 3.952 5.05 667.5 0.309
August first fortnight (D,) 3.982 4.84 648.8 0.301
August second fortnight (Ds) 3.909 3.42 461.5 0.283
SEm+ 0.030 0.157 49.55 0.014
C.D. (0.05) 0.089 0.470 148.55 NS
Interaction

G,D, 3.958 8.40 11993 0.240
G,D, 4.035 9.80 1301.6 0.244
G,D, 3.951 6.53 859.7 0.221
G,D, 3.949 6.03 802.7 0.221
G,D; 3.932 4.06 555.7 0.203
G,D, 4.113 4.29 613.0 0.403
G,D, 4.048 4.06 572.3 0.402
G,D, 3.952 358 4753 0.397
G,D, 4014 3.65 495.0 0.376
G,Ds 3.887 2.78 367.3 0.363
SEmz for 'D' at same level of 'G’ 0.042 0.222 70.07 0.019
C.D. (0.05) NS 0.665 210.07 NS
SEm for 'G'at same/diff. level of 'D’ 0.040 0.232 65.24 0.018

C.D. (0.05) NS 0.890 211.17 NS
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Harvest index did not differ significantly due to interaction of genotypes
and sowing dates. However, higher harvest index was obtained with the July first

fortnight sowing of K-432 (0.403) and lowest harvest index was recorded in
August second fortnight sowing of Suvarna (0.203).

. 20. Protein content (%)

The data on protein content (%) of grain amaranth genotypes as

influenced by sowing dates is presented in Table 18.

The protein content did not differ significantly between the genotypes.
More protein content was recorded in Suvarna (13.1 %) as compared to K-432
(12.2 %).

The protein content did not differ due to sowing dates. However, more
protein was recorded in July first fortnight sowing (13.4 %) and the lowest
protein content was recorded in August first and second fortnight sowing
(12.2 %).

The protein content did not differ significantly due to interaction of
genotypes and sowing dates. However, higher protein content was recorded in
July first fortnight sowing of Suvarna (14.3 %) and the lowest was in August
second fortnight sowing of K-432 (11.7 %).

Protein yield (kg/ha)

The data on protein yield of grain amaranth genotypes as influenced by

sowing dates is presented in Table 18.

The protein yield differed significantly between genotypes. Significantly
higher protein yield was recorded in Suvarna (125.6 kg/ha) as compared to
K-432 (61.7 kg/ha).

The protein yield varied significantly due to sowing dates. Significantly
higher protein yield (128.9 kg/ha) was recorded in July first fortnight sowing
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Table 18 : Protein content (%) and protein yield (kg/ha) as influenced by

sowing dates
Protein content Protein yield
Treat t
reatments (%) (ke/ha)
Genotypes
Suvarna (G,) 13.1 125.6
K-432 (Gy) 12.2 61.7
SEm+ 0.16 5.06
C.D. (0.05) NS 30.79
Sowing dates
June second fortnight (D,) 12.7 1149
July first fortnight (D,) 13.4 128.9
July second fortnight (D) 12.80 87.6
August first fortnight (D,) 12.20 80.6
August second fortnight (D) 12.20 56.3
SEmz+ 0.36 73
C.D. (0.05) NS 21.8
Interaction
GIDI 12.8 153.3
G1D2 14.3 185.7
GI1D3 13.3 116.0
G1D4 12.5 102.6
G1D5 12.6 70.5
G2D1 12.5 76.6
G2D2 12.6 72.3
G2D3 12.5 59.2
G2D4 11.8 58.7
G2D5 11.7 42.1
SEmz= for 'D' at same level of 'G' 0.51 10.3
C.D. (0.05) NS 30.8
SEm+ for 'G'at same/diff. level of 'D' 0.48 10.5
C.D. (0.05) NS 39.0
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which was on par with June second fortnight sowing (114.9 kg/ha). Sowing
during August second fortnight recorded significantly lowest protein yield (56.3
kg/ha). Sowing during July second and August first fortnight recorded
intermediate protein yield (87.6-80.6 kg/ha), which, however did not differ from

each other.

Protein yield was significantly influenced by the interaction effects of
genotypes and sowing dates. The genotype Suvarna recorded significantly higher
protein yield (185.7 kg/ha) in July first fortnight sowing, which was significantly
superior over itself in other sowing dates and with K-432 in same or different
sowing dates. The lowest protein yield (42.1 kg/ha) was recorded by K-432 in
the August second fortnight sowing. In general, there was gradual decline in

protein yield with delay in sowing,.






V. DISCUSSION

Crop production in broad sense is harvesting of the solar radiation in the
form of chemical energy through photochemical reaction like photosynthesis. It
is a basic biological principle; the quantity and quality of growth made by plants
are controlled by their genetic potential and the environmental factors, through
which a series of internal physiological and biochemical processes takes place.
Further more, economic yield is more important than the biological yield which
results from intricate combination of many physiological processes which are
inturn based on environment under which crop is grown. The synthesis of
internal regulatory compounds are controlled by environmental factors such as
photoperiod and light. There has to be proper balance between source and sink in
order to achieve higher crop productivity. To attain high crop productivity, crop
has to be sown at optimum time in order to exploit growth factors efficiently,
particularly light, day length, soil moisture, temperature and nutrients throughout
its growth and developmental period. The crop production technology lies in the
identification of suitable genotype and to develop technology to provide

optimum or near optimum conditions to achieve higher crop production.

Grain amaranth (Amaranthus hypochondriacus L.) is mainly grown under
rainfed condition. It has fairly high yielding potentiality which can be exploited
by blending suitable crop production technologies.

The experimental results presented in the previous chapter provided a
detailed account of the effect of soWing dates on growth and yield of grain
amaranth genotypes in the eastern dry zone (Zone-5) of Karnataka state. In this
chapter, attempt has been made to discuss the significant findings giving

possible explanations through cause and effect relationship.
5.1 Effect of sowing dates

Sowing time is one of the most important crop production technologies to

exploit the potentiality of a crop. If crop is sown at optimum time, it provides
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optimum growth factors viz., the requirement of light, day length, temperature,
soil moisture and relative humidity. These are important especially in obligatory
short day plant like grain amaranth which is influenced by both ‘emperature and
day length. So any change in sowing date definitely influence the growth and

development of crop and ultimately the yield.

The grain yield (Table 17) was significantly influenced by dates of
sowing. The highest grain yield of 937.0 kg/ha was recorded by sowing grain
amaranth in July first fortnight which was on par with the June second fortnight
sowing (906.6 kg/ha). Thus, if July first fortnight is considered as ideal and
normal date of sowing, the per cent reduction in grain yield was to an extent of
3.3 per cent on June second fortnight sowing, 28.7 per cent on July second
fortnight sowing and 30.7 per cent in August first fortnight sowing and there was
a steep fall up to 50.7 per cent in August second fortnight sowing. The highest
grain yield was obtained in July first fortnight sowing, followed by June second
fortnight sowing, which was mainly due to increase in yield components viz.,
highest harvest index (0.323 and 0.322), number of panicles (22.1 and 21.7),
panicle length (15.8 and 15.7cm), panicle dry weight (14.16 and 13.46 g), grain
yield per plant (6.93 and 6.31 g) and test weight (4.042 and 4.036 g),
respectively. In the present investigation, the decline in grain yield with delay in
sowing was mainly due to low moisture availability, though temperature and
sunshaine hours were not a limiting factor.Similarly, Hauptli and Jain (1980),
Jamariska(1991), Joshi and Rana (1991) reported yield advantage of grain
amaranth in the early sowings. Ashoka (1996) also reported higher finger millet

yield in early sowing due to favourable soil moisture

Harvest index is another useful parameter to assess the translocation
efficiency. Grain yield is related to biological yield through harvest index
(Yoshida, 1972). The trends were similar as that of grain yield with respect to
harvest index (Table 17). Highest harvest index (0.323) was recorded in July
first fortnight sowing. Harvest index declined with delay in sowing and

ultimately reached the lowest (0.283) in August second fortnight sowing
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(Table 17), which may be attributed to greater partitioning and translocation of
dry matter into economic parts. Similarly, Ashoka (1996) found that finger
millet sown during second fortnight of June had greater partitioning of dry

matter into economic parts. Similar results were also reported by Henderson et

al. (1998) in grain amaranth.

Grain yield is the product of yield contributing characters. Among the
yield components, the number of panicles (Table 6) was significantly higher at
both panicle and maturity stage (17.5 and 22.1) respectively, in the July first
fortnight sowing which was on par with the June second fortnight sowing (17.0
and 21.7). The reduction in number of panicles was more in the last sowing in
August second fortnight (13.0 and 14.8). Similarly, the panicle length (Table 6)
was significantly larger at both panicle and maturity stage (14.6 and 15.8 cm)
respectively, in the July first fortnight sowing which was on par with the June
second fortnight sowing (14.5 and 15.7 cm). Significantly smallest panicle
length (12.1 and 13.3 cm) was recorded in August second fortnight sowing.
Similarly, Joshi and Rana (1991) noticed the decrease in panicle length and

number of panicles with delayed sowing in grain amaranth.

Significantly higher panicle dry weight of 6.77 and 14.16 g were recorded
in the July first fortnight sowing at both panicle and maturity stages respectively,
which was on par with the June second fortnight sowing at both panicle and
maturity stage (6.15 and 13.46 g) respectively. Delayed sowing decreased the
panicle dry weight to an extent of 26.2, 31.1 and 53.6 per cent in July second,
August first and August second fortnight sowings respectively, at maturity stage.
Similarly, Misra et al. (1996) recorded decreased panicle dry weight of grain
amaranth with delayed sowing. Ashoka (1996) noticed 31.0 per cent decrease in
single ear weight in delayed (July second fortnight) sowing of finger millet
compared to June first fortnight .This decrease in panicle numbers, panicle
length and panicle dry weight with delayed sowing was due to inadequate soil
moisture at grain filling stage of August first and second fortnight sowings.

Inadequate soil moisture coupled with gradual decline in total dry matter
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production and its partitioning into sink. Delayed sowing also slightly reduced
the days taken to physiological maturity due to variation in day length and bright

sunshine hours.

Test weight (Table 17) differed significantly due to sowing dates. The
highest test weight (4.042 g) was recorded in July first fortnight sowing which
was on par with the June second and August second fortnight sowings (4.036
and 3.982 g). The lowest test weight was recorded in August second fortnight
sowing (3.909 g). The difference in test weight may be due to variations in
weather conditions prevailed during crop growth period, seed development and
maturation. June second ahd July first fortnight sowings, with more favourable
weather conditions registered the highest 5 ml seed weight. Joshi and Rana
(1991) and Srinivasaiah (1998) also reported that the variations in 1000 seed

weight due to different dates of sowing in grain amaranth.

The grain yield per plant (Table 17) was significantly higher (6.93 g) in
July first fortnight sowing and it decreased to an extent of 8.9, 27.0, 30.1 and
50.6 per cent (Table 17) in June second, July second, August first and August
second fortnight sowings, respectively. This was attributed to reduced number of
panicles, panicle length as well as reduced translocation from source to sink in

delayed sowings.

The variation in the yield and yield components may be traced back to
variation in different growth characters and dry matter production. The total dry
matter production per plant at harvest (Table 10) was highest (25.18 g) in July
first fortnight sowing which decreased with delayed sowing to an extent of 23.3,
26.6, 44.9 per cent in July second, August first, August second fortnight sowing,
respectively where as sowing during June second fortnight decreased the total
dry matter up to an extent of 9.2 per cent. The decreased trend in total dry matter
production was observed with delayed in sowing, which was mainly due to

slight decrease in the number of days taken to physiological maturity
(Table 5).
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Days to physiological maturity was highest (78.5 days) in the June second
fortnight sowing which was on par with July first fortnight sowing (78.2 day).
Delayed sowings decreased the days to physiological maturity up to an extent of
2.2, 42 and 4.9 per cent in July second, August first and second fortnight
sowings, respectively. This indicated that decrease in growth period due to
delayed sowings resulted in lesser total dry matter production and other growth
components which caused for decreased in the yield. The decreased growth
period with delayed sowing was also due to greater variation in growth factors
viz.,, light intensity, soil moisture. Similarly, Misra et al. (1996) recorded
reduced days to physiological maturity with delayed plantings in grain amaranth.
Days to 50 per cent flowering also followed the similar trend as that of days to
physiological maturity.

Plant height at all the growth stages was significantly influenced due to
sowing dates. Sowing during July first fortnight recorded maximum plant height
of 32.6, 67.6 and 80.8 cm and the lowest plant height of 22.2, 57.0 and 62.5 cm
was recorded in August second fortnight at vegetative stage, panicle stage and
maturity stage, respectively. The reason for highest plant height might be due to
congenial environmental conditions prevailing during the crop growth period for
the plants sown on July first fortnight. Vireshwar Singh ef al. (1991) reported
that early sowing gave greater plant heights while growth was poor in late sown

plants.

Higher grain yield of grain amaranth during July first fortnight might also
be related to its higher number of leaves (10.1, 15.0 and 12.5 at vegetative stage,
panicle stage and maturity stage, respectively) and higher leaf area (259.9, 792.5
and 660.8 cm’ at vegetative stage, panicle stage and maturity stage,
respectively). These results are in conformity with the findings of Joshi and
Rana (1991) and Waghmode et al. (1998).

Superiority of grain yield during July second fortnight was also indicated
by higher LAI at vegetative stage (0.385), panicle stage (1.174) and at maturity
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stage (0.979). At harvest, the decreased in LAI was to an extent of 24.5, 23.3,

30.2 and 18.8 per cent in July second, August first, August second and early
sowing in June second fortnight, respectively. Increased LAI and its persistence
could be revealed by increased LAD at vegetative to panicle stage (17.31 days)
and panicle to maturity stage (27.05 days) in July first fortnight sowing.

At panicle to maturity stage, delayed planting decreased the LAD to an
extent of 17.3, 26.7 and 41.6 per cent in July second, August first and second
fortnight sowings, respectively. And also early planting decreased LAD to an

extent of 11.0 per cent in June second fortnight sowing.

AGR was higher in July first fortnight sowing from panicle to maturity
stage (0.357 g/plant/day) and subsequently declined to an extent 23.8, 26.8, 44.2
per cent in July second, August first and second fortnight sowings, respectively

and early sowing in June second fortnight declined to the extent of 2.24 per cent.

Maximum NAR at panicle to maturity stage was observed during the June
second fortnight sowing (0.055 g/dm?/day) and subsequently declined to the
extent of 1.8, 7.3, 10.9 and 20.0 per cent in July first, July second, August first

and second fortnight sowings, respectively.

CGR was higher in July first fortnight sowing (0.053 g/dm®/day) at
panicle to maturity stage and subsequently declined to an extent of 22.6, 26.4
and 45.3 per cent in July second, August first and second fortnight, respectively

and early sowing in June second fortnight declined to the extent of 5.6 per cent.

Similar results of decreased LAI, LAD, AGR, NAR and CGR due to
delayed sowings was reported by Chandrappa (199_3211_ small millets.

Crude protein content did not differ significantly due to sowing dates.
However, maximum protein content was recorded in July first fortnight sowing
(13.4 %) and subsequently declined to an extent of 4.5, 8.9 and 8.9 per cent in
July second, August first and second fortnight, respectively and in early sowiné



during June second fortnight to the extent 5.2 per cent. But the protein yiBCIé
differed significantly due to sowing dates. Maximum protein yield (128.9 kg/ha)
was recorded in July first fortnight sowing and delayed sowing declined to the
extent of 32.0, 37.4 and 56.3 per cent in July second, August first and second
fortnight sowing respectively. And in early sowing during June second fortnight
declined to the extent of 10.8 per cent it was mainly due to decreased grain yield
and protein content with delayed sowings. Sinﬁlar results of no variation in
protein content was reported by Angus et al. (1982). Contrarily, Waghmode et

al. (1998) observed increase in crude protein content due to delay in sowing.

5.2 Effect of genotypes

Selection of a high yielding genotype suitable to a specific agro climatic
condition goes a long way in increasing production and maximizing the

economic returns per unit land area.

Grain amaranth genotypes exhibits significant differences in growth and
yield attributes. The present study indicated that the genotype Suvarna recorded
the highest grain yield (943.8 kg/ha) which was significantly superior over K-
432 (504.6 kg/ha) when averaged over five dates of sowing. The comparison
genotypes Suvarna and K-432 at 60 days after sowing in July first fortnight

sown crop is given in plate 1.

Grain yield is governed by a number of factors, which have a direct or
indirect impact. The main factors affected the grain yield are the yield
components such as number of panicles per plant, panicle length, panicle dry
weight, grain yield per plant and test weight of seeds. The growth attributes such
as total dry matter production per plant and its distribution into various plant
parts have indirect effect on grain yield and intern have their dependence on
different growth factors viz., leaf area index, leaf area duration, rate of dry

matter production, etc.



Plate 1 : Comparison of Suvarna and K-432 at 60 days after sowing
in July first fortnight sown crop




Among the yield components, the number of panicles per plant (Table 6)
were highest in Suvarna (22.6 and 28.7) compared to K-432 (8.4-9.3) at both
panicle and maturity stage, respectively. But K-432 produced significantly
higher length of panicle (16.4 and 17.2 cm) compared to Suvarna (10.8 and 12.1
cm) at panicle stage and at maturity stage, respectively. These are in conformity
with the results of Joshi (1986), Ramachandra (1990), Malligawad (1994) and

Anand (2000).

Grain yield per plant was closely associated with grain yield per hectare.
The genotype Suvarna recorded significantly higher grain yield per plant
(6.96 g) as compared to K-432 (3.66 g). This is in conformity with the results
reported by Mohideen ef al. (1983) and Anand (2000).

Test weight of seeds is other useful parameter to assess translocation
efficiency. Even though there was no significant difference in test weight
between the genotypes, maximum test weight was recorded in K-432 (4.003 g)
as compared to Suvarna (3.965 g). The difference in the test weight between the
genotypes may be due to the inherent genotype differences in the seed size and
also may be due to the differential response of amaranth genotypes to the
environmental conditions that existed during the crop growth period, seed
development and maturation. Similar results of higher test weight was recorded

in K-432 compared to Suvarna by Anand (2000).

Harvest index is another useful parameter to assess the translocation
efficiency. Grain yield is related to biological yield through harvest index.
Further, it was also reported that the yielding potential of a genotype is usually
associated with increased grain to biological yield ratio (HI) (Yoshida,
1972).The total dry matter production is not only important but also how much
of it is partitioned or translocated into economic parts, counts much for attaining
higher economic yield. The genotypes differed significantly in harvest index
(Table 17). The genotype K-432 recorded the highest harvest index (0.389) as

compared to Suvarna (0.226). Similar observations were made by Ramachandra
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(1990), Elbehri et al. (1993). Malligawad (1994) who reported that cultivars of

A. hypochondriacus had higher harvest index compared to A. cruentus.

The superiority of Suvarna could be judged by the total dry matter
production per plant (TDMP). The TDMP was significantly differed between the
genotypes (Table 10). Suvarna had significantly higher TDMP (3.04, 19.69 and
30.43 g/plant) compared to K-432 (1.47, 6.52 and 9.43 g/plant) at vegetative
stage, panicle stage and at maturity stage, respectively. The dry matter
production in leaf and stem at all growth stages was significantly higher in
survana than K-432. This could be possibly attributed to higher TDMP in
Suvarna through higher plant height (Table 3) at vegetative stage (35.3cm),
panicle stage (87.4cm) and at maturity stage (98.0 cm) and also larger canopy as
there was higher number of broad leaves per plant (Table 4) at vegetative (10.5),
panicle stage (15.4) and at maturity stage (11.2). The TDMP in Suvarna was
more due to more leaf area (291.0, 1075.9 and, 785.6 cm*/plant) and leaf area
index (0.431, 1.593 and 1.164) at vegetative, panicle stage and at maturity stage,
respectively (Table 12) and due to long leaf area duration (24.29 and 36.02 days)
between vegetative to panicle stage and panicle to maturity stage, respectively.
The higher TDMP per plant in Suvarna was also due to higher AGR (0.694 and
0.410 g/plant/days) and CGR (0.117 and 0.061g/dm?/day) between vegetative to
iJﬂIliCle stage and panicle to maturity stage, respectively (Table 14 and 15).
Similar variations were observed by different workers among different
genotypes of grain amaranth with respect to plant height, number of leaves, leaf
area, leaf area index, leaf area duration, accumulated growth rate and crop
growth rate (Puspha Rekha, 1986; Maruthi,' 1987, Elbehri et al, 1993;
Ramachandra, 1990; Malligawad, 1994 and Anand, 2000).

Suvarna took maximum (48.8) number of days to attain 50 per cent
flowering which was 18.9 days greater than K-432. Similarly in days to
physiological maturity (Table 5) was maximum (89.9) in Suvarna whereas K-
432 took about 63.4 days. These differences due to the genetic difference
between genotypes with respect to growth in their duration of growth. Similarly
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Mohideen et al. (1983) and Lohithaswa (1992) noticed variation in mean days to

maturity among different genotypes of grain amaranth (96.5 to 131.5 days).

Even though there was no significant difference in protein content but
protein content varied with genotypes. The maximum protein content was
noticed in survana (13.1%) as compared to K-432 (12.2%). But the protein yield
differed significantly due to significant difference in grain yield. Maximum
protein yield was recorded in survana (125.6 kg/ha) as compared to K-432 (61.7
kg/ha). Similar results of variation in protein content was reported by Singhal
and Kulkarni (1988). Raju (1992) also noticed that the variation in protein
content 13.2 per cent (AG-18) to 16.9 per cent (AG-58) among different grain

amaranth genotypes.

Dwarf nature of K-432 might have allowed lesser dry matter
accumulation in stem compared to Suvarna. The contribution of stem towards
the total dry matter started to decline once panicle emergence in K-432, while it
continued to increase till maturity in Suvarna. Thus, dwarf nature seems to be
one of the ideal character for realizing higher grain yield since in dwarf plants as
growth advanced more photosynthates were diverted to the panicles than to the
stem. On the other hand stem continued to accumulate more photosynthates at
the expense of panicles in Suvarna. Hence, dry matter production was not sole
determinent of grain yield, but the rate of dry matter accumulation in the

reproductive part (panicle) would indicate the efficiency of genotypes (Watson,
et al., 1963).

Thus it may be concluded that Suvarna out yielded K-432 due to efficient
utilization of photosynthates for grain production.

5.3 Interaction effect of sowing dates and genotypes

The genotypes differed in their responses to dates of sowing. In the
present investigation, the grain yield was significantly influenced by interaction

effect of sowing dates and genotypes (Table 17). The highest grain yield of
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1301.6 kg/ha was produced by the genotype Suvarna in July first fortnight
sowing which gave 56.0 per cent higher yield in same sowing date over K-432.
But it gave significantly higher grain yield than all delayed sowing dates and
genotype K-432 except itself in early sowing date of June second fortnight
(1199.3 kg/ha) where the extent of reduction of grain yield in genotype Suvarna
was more compared to genotype K-432. The genotype K-432 gave higher grain
yield in June second fortnight sowing (613.0 kg/ha) which was on par with all
other sowing dates (495.0-572.3 kg/ha) except August second fortnight (367.3
kg/ha). The slight (6.64 %) reduction in grain yield of K-432 in July first
fortnight sowing may be due to reduction in rainfall and variation in other
weather parameters during maturation. The highest grain yield in Suvarna sown
in July first fortnight was due to the highest yield attributing values, viz., higher
number of panicles (33.9), panicle dry weight per plant (21.6) and grain yield per
plant (9.8 g). In general, within each genotype, the grain yield was decreased
with every, fortnight delay in sowing. In genotype Suvarna, the decrease in grain
yield was upto an extent of 7.86, 33.95, 38.3 and 57.3 per cent respectively, in
June second, July second, August first and August second fortnight sowings
compared to July first fortnight sowing. In K-432, the decrease was to the extent
of 6.64, 22.5, 19.2 and 40.0 per cent respectively, in July first, July second,
August first and second fortnight sowings compared to June second fortnight
sowing. This indicated that the decrease in grain yield of K-432 (short duration
genotype) was less upto August first fortnight sowing but the decrease was
drastic when sowing was done beyond August first fortnight, where in case of
Suvarna (medium duraton genotype), the grain yield decrease was drastic with
sowing beyond July first fortnight. This less reduction in grain yield of K-432
due to better performance under moisture stress conditions. Similar results of
better performance of early maturing lines of grain amaranth in less rainfall

condition than late maturing lines reported by Gupta and Thimba (1992).

The higher grain yield in the July first fortnight sowing in Suvarna and
June second fortnight in K-432 was due to the significant interaction effect of
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sowing dates and genotypes on grain yield per plant, number of panjclefg per
plant at maturity stage, panicle dry weight at panicle and maturity stage, leaf
area and total dry matter production at all the growth stages, 50 per cent
flowering, physiological maturity and LAI at vegetative and panicle stage, LAD,
AGR, CGR at vegetative to panicle and panicle to maturity stage. This trend was
also because of advantages of favourable soil moisture, day length in the early
sowings compared to delayed sowings. Thus due to variation in weather
conditions the lowest yield was obtained in last August second fortnight sowings
in both the genotypes. Similar results of interaction due to sowing dates and
genotypes recorded by Ashoka (1996) in finger millet. He also recorded decrease

in yield due to delay in sowing of fingermillet.
Results of practical utility

» The optimum sowing time for genotype Suvarna (medium duration) was
found to be July first fortnight, while the genotype K-432 (short duration)
performed better in early as well as late, sown condition (up to August
first fortnight). Therefore, the genotype K-432 is suitable for delayed

sowings.

» lrrespective of genotypes the optimum sowing time for grain amaranth

was found to be July first fortnight.

> Highest yield of 1301 kg/ha was obtained with Suvarna sown during July
first fortnight whereas, K-432 has yielded 613 kg/ha when it was sown
during June second fortnight.

Future lines of work

+ There is a need to evaluate some more grain amaranth genotypes
for finding out the influence of different dates of sowing on

growth and yield characters.
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Studies on the effect of split” application of ‘N’ on grain

amaranth are needed.

Studies are needed on integrated nutrient management system for

realizing higher productivity on a sustainable basis.

There is a need to findout optimum time of harvesting to

overcome shattering of seeds.






VI. SUMMARY

Grain amaranth (Amaranthus hypochondriacus L.) is an important
pseudo-cereal. It is known to produce high protein content along with well
balanced aminoacid composition. Recent interest in grain amaranth is due to its
high nutritional values such as high protein (13 to 19 %), Lysine (6.0g/100g
protein) and sulphur containing aminoacids (4.4 %)(Joshi and Rana,1991).
Amaranth responds well to ample sunshine and warm temperature. Grain
amaranth performs differential to sowing dates. A field experiment was
conducted at Main Research Station, UAS, Bangalore during kharif season of
2000 to asses the performance of grain amaranth genotypes to sowing dates. The
treatments included two genotypes as main plot and five sowing dates as sub

plots. The salient findings of the experiment are summarized in this chapter.
6.1 Effect of sowing dates

Irrespective of genotypes, grain yield differed significantly due to sowing
dates. The highest grain yield of 937.0 kg/ha was recorded in the July first
fortnight sowing, followed by June second fortnight sowing (906.6 kg/ha). The
decreased grain yield with subsequent fortnightly sowings with the lowest yield
of 461.5 kg/ha was obtained in August second fortnight sowing. It was due to
decrease in yield attributing characters viz, number of panicles, length of
panicle, panicle dry weight, grain yield per plant, test weight, HI, LAI and other
growth indices and total dry matter production.

Irrespective of genotypes, at maturity the July first fortnight sowing
record significantly the highest values of plant height (80.8 cm), number of
green leaves (12.5), number of panicles (22.1), length of panicle (15.8 cm), dry
weight of stem (7.76g), leaf (3.26g) and panicle (14.16 g), days to 50 per cent
flowering, (40.5), LAI (0.979), grain weight per plant (6.93 g), HI (0.323) and
test weight (4.042). These growth and yield attributing parameters values were
decreased with subsequent fortnightly delayed sowings being lowest in the last
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sowing in August second fortnight. The crude protein content was also declined

with delayed sowing being minimum in the August first and second fortnight.
6.2 Performance of genotypes

Irrespective of dates of sowing; the grain yield varied significantly
between the two genotypes. The genotype Suvarna recorded significantly the
highest grain yield of 943.8 kg/ha compared to K-432 (504.6 kg/ha). The highest
yield in Suvarna was mainly due to the highest grain yield per plant (6.96),
number of panicles (28.7), panicle dry weigﬁt (15.61 g), total dry matter
production (30.43 g), days to 50 per cent flowering (48.8) and days to
physiological maturity(89.9), LAI at all growth stages (0.431, 1.593 and 1.164)
and higher LAD(24.29 and 36.02 days) AGR (0.694 and 0.410 g/plant day) and
CGR (0.117 and 0.061 g/dm*/day)between vegetative to panicle stage and
panicle to maturity stage. But K-432 recorded significantly higher HI (0.389),
panicle length (16.4 and 17.2 cm) at panicle stage and maturity stage. Whereas
test weight was highest and almost same in both K-432 (4.003 g) and Suvarna
(3.965 g). The crude protein content was maximum in Suvarna (13.1%) as
compared to K-432 (12.2%).

6.3 Interaction effects

The grain yield was significantly influenced by the interaction effect of
sowing dates and genotypes. The highest grain yield of 1301.6 kg/ha was
recorded in Suvarna sown in the July s first 4 fortnight which was significantly
superior over K-432 in all five dates of sowing except with itself in June second
fortnight sowing (1199.3 kg/ha). The highest grain yield in Suvarna sown in J uly
first fortnight was mainly due to highest yield attributing values of grain yield
per plant (9.8 g), number of panicles (25.7 and 33.9), panicle dry weight (9.77
and 21.60 g) at panicle stage and at maturity stage, total dry matter production at
harvest (40.23 g), LAI (1.534) at harvest, LAD (46.07 days), AGR (0.534
g/plant/day)and CGR (0.079 g/dm*/day) at panicle to maturity stage.
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Within the genotypes, the grain yield was decreased with every fortnight
delay in sowing. The reduction in the grain yield of Suvarna (medium duration
genotype) was more (57.3%) after July first fortnight sowing ; however, in
K-432 (short duration genotype) reduction in grain yield was relatively less
(40.08%) up to August first fortnight.









VII. REFERENCES

ANAND, M.R.,, 2000, Response of early and medium duration grain amaranth
genotypes to plant densities and fertilizers levels. M.Sc. (Agri.) Thesis,
submitted to University of Agricultural Sciences, Bangalore.

ANGUS, J.F.,, MACKENZIE, D.H., MYERS, R.J.K.AND FOALE, M.A,, 1982,
Phasic development in field crops III. The pseudocereals, buck wheat
and grain amaranth, Field Crops Research., 5 : 305-318.

ANONYMOUS, 1984, National Research Council 1984, Amaranth : modern
prospects for an ancient crop, National Academy Press, Washington,
D.C.

ANONYMOUS, 1987, Annual Progress Report 1987-88. All India Coordinated
Research Project on Under Utilized and Under-Exploited Plants,
NBPGR, Pusa campus, New Delhi. pp 1-19.

ANONYMOUS, 1988, Annual Progress Report 1988-89. All India Coordinated
Research Project on Under Utilized and Under-Exploited Plants,
NBPGR, Pusa campus, New Delhi. pp 1-41.

ANONYMOUS, 1990, Annual Progress Report 1990-91, All India Coordinated
Research Project on Under Utilized and Under-Exploited Plants,
NBPGR, Pusa campus, New Delhi. pp 1-41.

ANONYMOUS, 1991, Annual Progress Report 1990-91, All India Coordinated
Research Project on Under Utilized and Under-Exploited Plants,
NBPGR, Pusa campus, New Delhi. pp 1-44.

ASHOKA, M. P., 1996, Response of finger millet (Eleusina coracana Gaertn)
genotypes to dates of sowing in northern transitional tract of
Karnataka, M.Sc. (Agri) Thesis, submitted to University of
Agricultural Sciences , Dharwad.

*BALTENSPERGER, D.D., LYON, D.J., NELSON, L.A. AND CORI, A,
1991, Amaranth grain production in Nebraska Cooperative Extension

Institute of Agriculture and Natural Resources, Univ. of Nebraska-
Lincoln, NF 91-95.

CHANDRAPPA, M., 1993, Studies on comparative performance of small
millets in different dates of sowing under rainfed conditions. M.Sc.
(Agri.) Thesis, submitted to University of Agricultural Sciences,
Bangalore.



92
CHANDWADE, P.M., DESAL U.T. AND CHAUDHARI, S.M., 1993, Effect of
photoperiod on seed yield of “Lal Rajgira” amaranth (Amaranthus
caudatus). Indian J. Agric. Sci., 63 (5) : 375-376.

DASTANE, N.G., 1967, A Practical manual for water use research. Navabharath
Prakashana Publication, Pune pp.5-6.

DONALD, C.M., 1962, In search of yield. J. Aust. Inst. Agric. Sci., 28 :
171-178.

EBERHART, S.A. AND RUSSELL, W.A,, 1966, Stability parameters for
comparing varieties. Crop Sci., 6 : 36-40.

*EDWARDS, A.D. AND VOLAK, B., 1979, Grain amaranth: Optimization of
field population density. In Proceedings of Second Amaranth Seminar.
Rodale Press Inc., Emmaus, Pennsylvania (USA).

ELBEHRI, A., PUTNAM, D.M. AND SCHMITT, M., 1993, Nitrogen fertilizer
and cultivar effects on yield and nitrogen use efficiency of grain
amaranth, Agron. J., 85 (1) : 120-128.

EL-SHARKAWY, M.A, LOOMIS, R.S. AND WILLIAMS, W.A., 1968,

Photosynthetic and respiratory exchanges of carbon dioxide by leaves
of grain amaranth. J. Appl. Ecol., 5 : 243-251.

GARCIA, L.A., ALFARO, M.A. AND BRESSANI, R., 1987, Digestibility and
nutritional value of crude oil from three amaranth species. J. Amer. Oil
Chem. Soc., 64 :371-375.

GREGORY, P.G., 1926, The effect of climatic conditions on the growth of
barley. Ann. Bot., 40 : 1-26.

*GRUBBEN, G.J.H., 1976, The cultivation of amaranthus as a tropical leaf

vegetable. Dept. of Agric Res. Royal Trop. Inst, Amsterdam. Comm.
69 : 207 pp.

GUPTA, V.K. AND THIMBA, D., 1992, Grain amaranth a promising crop for
marginal areas of Kenya. Food. Rev. Intl., 8 (1) : 51-69.

*HAAS, P.W. AND SCHAVER, A., 1985, Summary of the 1984 time of
planting research trial, New crops dept. Rodale Research Center,
Rodale Press Inc., Emmous, PA. RRC/NC 84/30.

HAUPTLI, H. AND JAIN, SK., 1980, Genetic polymorphism and yield
components in a population of amaranthus. J. Hered., 71 : 290-292.



g
lj )
HENDERSON, T.L., JOHNSON, B.L. AND SCHNEITER, A.A., 1998, Grain

amaranth seeding dates in Northern Great Plains. Agorn. J. 90 :
339-344,

HENDERSON, T.L., JOHNSON, B.L. AND SCHNEITER, A.A., 2000, Row
spacing, plant population and cultivar effect on grain amaranth in the
Northern Great Plains. Agron. J. 92 : 329-336.

JACKSON, M.L., 1973, Soil and chemical analysis. Prentice Hall of India Pvt
Ltd., New Delhi.

*JAMRISKA, P., 1991, Effect of sowing date on seed yield of amaranth.
Obluiny strukoviny Kermoviny., 24 :51-53.

*JOSHI, B. D., 1981, Exploration for amaranth in North-West India. PI. Genet.
Res., News letter., 48 : 41-50.

JOSHI, B.D., 1985, Annapurna -A new variety of grain amaranth. Indian Fmg.,
35(8) : 29-31.

JOSHIL, B.D., 1986, Genetic variability in grain amaranth. /ndian J. Agric. Sci.,
56 (8): 574-576.

JOSHI, B. D. AND MEHRA, K.L., 1983, Genetic variability and distribution of
amaranth genetic resources in Himalayas. In proceedings of 15" Inil.
Congr. of Genet., New Delhi, part II, 552.

JOSHI, B.D. AND RANA, R.S., 1991, Grain amaranth The future food crops.
Pub. by NBPGR, New Delhl

JOSHL, B.D. AND RANA, R.S., 1995, Genetic divergence in grain amaranth
(Amaranthus hypochondriacus). Indian J. of Agric. Sci., 65 (8) : 605-
607.

KEELEY, P.E., CARTER, C.H. AND THULLEN, R.J., 1987, Influence of
planting date on growth of plamer amaranth. Weed Sci., 35 (2) :
199-204.

KIM, I.D., KIM, L J, HONG, CK.,, HUH, B.L. AND LEE, K K., 1993,
Harvesting time and fresh yield as influenced by seedling date and rate
in Amaranthus mangostanus. J. Agric. Sci. Hort., 35 (2) : 410-415.

KOPPA, G.C., 1989, Study on performance of grain amaranth (Amaranthus spp
L.) genotypes under rainfed condition of Dharwad. M.Sc. (4gri.)
Thesis, submitted to University of Agricultural Sciences, Dharwad.



94
KOPPA, G. C., PATIL, V. C, PATIL, S. L., SAJJAN, A. S8,
DEVARANAVADAGI, S. B. AND KALAGHATAGI, S.B., 1997,
Studies on growth and yield performance of grain amaranth
(Amaranthus spp L.) genotypes, Karnataka J. Agric. Sci., 10 (2) : 311-

314.

LOHITHASWA, H.C., 1992, Genetic diversity and characters association in
grain amaranth (Amaranthus spp L.). M.Sc. (Agri.) Thesis, submitted to
University of Agricultural Sciences, Bangalore.

MALLIGAWAD, L.H., 1994, Studies on the effect of plant density, planting
geometry and nitrogen fertilization on grain amranathus. Ph.D. Thesis,
submitted to University of Agricultural Sciences, Dharwad.

MARUTHI, 1987, Seasonal evaluation of genetic variability characters
association and diversity in grain amaranth (Amaranthus spp). M.Sc.
(Agri.) Thesis, submitted to University of Agricultural Sciences,
Bangalore.

MILLER, T.E., WING, J.S. AND HUETE, AR., 1984, The agricultural
potential of selected C, plants in arid environments. J. Arid Environ., 7T
. 275-286.

MISRA, P.N., TEWARI, S.K. AND DHEER SINGH 1996, Growth and
productivity of grain amaranth (Amaranthus hypochondriacus L.)

influenced by dates of sowing in the alluvial plains of U.P., Ann. Agric.
Res., 17 (1): 80-82.

*MISRA, P.S., PANDEY, RM., PAL, M., 1983, Amino acids composition in
Amaranthus. Fitoterapia., 54 (3) : 135-139.

MOHAMED LH.R,, 1997, Investigation on the seed technology of grain
amaranth (Amaranthus hypochondriacus L.). M.Sc. (Agri.) Thesis,
submitted to University of Agricultural Sciences, Bangalore.

MOHIDEEN, M.K. AND RAJAGOPAL, A., 1975, Effect of transplanting on
growth, flowering and seed yield in amaranthus (Amaranthus sp.),
South Indian Hort., 23 : 87-90.

MOHIDEEN, M.K., MUTHUKRISHNAN, C.R.,, SHANMURGAVELU, K.G.,
RANGASWAMY, P. AND VADIVEL, E., 1983, Evaluation of grain
amaranthus types at Coimbatore., South Indian Hort., 31 (1) : 11-14.

*MYERS, R.L. AND PUTNAM, D.W., 1988, Growing grain amaranth as a
specialty crops Minnesota extension service, Univ. of Minnesota, st
paul, AG-FS -3458.



99
NAIDU, K.R.,, SEETHARAMARAM, Y. AND DAS, V.S.R.,, 1982, Leaf
proteinase and nitrate reductase activities in relation of grain protein

levels and grain yield in four species of grain amaranthus. Proc. Indian
Acad. Sci. (Plant science), 91 (5) : 433-441.

OLUFOLAIJIL, A.O. AND TAYO, T.O., 1980, Growth, development and mineral
contents of three cultivars of amaranth. Scientia Hortic., 13 : 181-189.

PHOGAT, B, SHASHI BHALLA AND BHAGMAL, 1994, Seasonal incidence
of stem weevil (Hypolyxus truncatulus) and its effect on growth and
grain yield of amaranth (Amaranthus hypochondriacus L.). Indian J. of
Agric. Sci., 64 (4) : 261-262.

PIPER, C.S., 1966, Soil and Plant analysis. Hans Publications, Bombay. p 236.

POWER, J.F., WILLIS, W.0., GRUNES, D.L. AND REICHMAN, C.A., 1967,
Effect of soil temperature, phosphorus and plant age on growth
analysis of barley. Agron. J.,, 59 : 231-234.

PUSHPA REKHA, T.R., 1986, Variability, characters association and analysis
in grain amaranth (Amaranthus spp). M.Sc. (Hort) Thesis, submitted to
University of Agricultural Sciences, Bangalore.

*PUTNAM, D.H.,, 1990, Agronomic practices for grain amaranth. In
Proceedings of Fourth National Amaranth Symposium : Minneapolis,
MN 23-25 Aug. Minn. Ext. Serv., Univ. of Minnesota, St. Paul
Minnesota (USA): 151-162.

RABINSON, R.B., 1986, Amaranth, quinoa ragi, tef and niger : Tiny seeds of
ancient history and modern interest. Bull AD-SB-2949. Montana Agril.
Experimental Station, Univ. of Minnesota, St Paul, MN.

RAJU, G. S, 1992, Genetic study of grain amaranth (Amaranthus
hypochondriacus L.). M.Sc. (Hort) Thesis, submitted to University of
Agricultural Sciences, Bangalore.

RAMACHANDRA, 1990, Effect of spacing and nitrogen levels on the growth
and yield attributes of two genotypes of grain amaranth (4dmaranthus
spp). M.Sc. (Agri. )Thesis, submitted to University of Agricultural
Sciences, Bangalore.

*REUBEN, S.0.W.M. AND MNZAVA, N.A,, 1982, Dry matter partitioning in
Amaranthus cruentus L. Thell in response to plant density. Beitrage
crop Landwirsch veterinamed, 20 (2) : 131-134.

SCHAEFFER, S.J., STALLKNECHT, G.F., BALDRIDGE, D.E. AND
LARSON, R.A., 1989, Registration of Montana-3 grain amaranth
germplasm. Crop Sci., 29 (1) : 244-245.



96
SINGHAL, R.S. AND KULKARNI, PR, 1988, Review : Amaranthus-an
underutilized resource. Int. J. Food. Sci. Tech., 23 - 125-139.

SREE RANGASAMY, S.R., SAMBANDA MURTHI, S. AND MURUGESAN,
M., 1980, Genetic evaluation and path analysis in Amaranthus, Madras
Agric. J., 67 (1) : 46-50.

SRINIVASAIAH, 1998, Studies on the effects of dates of planting on maturity,
seed yield and seed quality in vegetable amaranthus (4dmaranthus sp.),
M.Sc. (Agri. ) Thesis, submitted to University of Agricultural Sciences,
Bangalore.

SUNDERARAJ, N, NAGARAJA, S, VENKATARAM, MN. AND
JAGANNATH, M.K., 1972, Design and analysis of field experiments,
University of Agricultural Sciences, Bangalore.

TUCKER, J.B., 1986, Amaranth : the once and future crop after four centuries
obscurity, a former Aztec crop offers modern farmers a promising
alternative. Bio. Sci., 36 (1) : 9-13.

*VAIDYA, K.R.,1984, Genetic variation in land race populations of Indian
amaranthus. Diss. Abst. Instl-B (science and engineering), 44.

VIRESHWAR SINGH, G.D., SHARMA, A K., CHHABRA AND PANWAR,
K.S., 1991, Effect of dates sowing on grain amaranthus an
underutilized plant, Haryana. J. Agron., 7 (2) : 164-165.

VIVEKANANDAN, A.S., GUNASENA, H.P.M. AND SIVANAYAGAM, T.,
1972, Statistical evaluation of the techniques used in the estimation of
leaf area of crop plants. Indian. J. Agric. Sci., 42 : 857-860.

WAGHMODE, B.D., PAWAR, S.V., PATIL, S.C. AND JADHAYV, A.S., 1998,
Adaptability under predictable environments in grain amaranthus
(Amaranthus hypochondriacus L.) GAU Res. J., 24 (1) : 23-29.

WATSON, D.J,, 1952, The physiological basis of variation in yield, Aav.
Agron., 4 :101-145.

WATSON, D.J., THRONE, G.N. AND FRENCH, S.A.W., 1963, Analysis of
growth and yield of winter spring wheat. Ann. Bot., 27 - 1-22.

*WEBB, D.M., 1985, Seed germination and seedling emergence in Amranthus
spp. M.Sc. Thesis, Montana state Univ., Bozeman.

*WEBER, LE. 1990, Amaranth grain production guide, Rodale Press,
Emmaus, PA:14-15.



ag

97
*WEBER, L.E., APPLEGATE, W.W., JOHNSON, D.L., NELSON, LA,
PUTNAM, D.H. AND LEHMANN, J.W., 1989, Amaranth grain

production guide. Rodale Research Center and American Amranath
Institute, Bricelyn, MN (USA).

WEST, C., BRIGGS, G.E. AND KIDD, F., 1920, Methods and significant
relation in a quantitative analysis of plant growth. New Phytol., 19 :
200-207.

YOSHIDA, S., 1972, Physiological aspects of the grain yield. Ann. Rev. Pl
Physiol., 23 : 437-464.

* Original not seen



