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ABSTRACT

Present investigation was carried out at College of
Agriculture Farm, Rajendranagar, Hyderabad during rabi 19&9-
90 secason with 3 varieties - (Ganga-5, DHM-103 and African
tall) at 3 spacing levels (60 x 25 cm; 45 x 15 em; 30 x 15
cm) as main treatments and 5 thinning treatments i.e.,
thinning at 30, 45, 60 and 75 days after sowing including
control (without thinning} as sub-treatments in a split plot
design.

Vertical growth in terms of plant height, dry natter
production of African tall was very rapid compared to Ganga-5
and DHM-103, with age of the crop and significantly differed
with other at 75 DAS and at harvest in plant height; at 90 to
120 DAS and at harvest in dry matter production. African
tall took more number of days for 50 per cent tasselling and
silking than Ganga-5 and DHM~103. Ganga-5 superior in yielc
attributes of number of cobs per plant, and number of grains
per cob, cob weight, grain yield compared to African tall aud
DHM-103. Gross returns per hectare due to cumulative values
of grain, stover and forage were maximum in Ganga-5
{(Rs 9,492) which was Rs 1142 and Rs 423 higher than that of
African tall and DHM-103, respectively.



Dry matcer production per plant, number of cobs per
plant, num%er of grains per cog, cob weight, yield per plant
gradually decreased with decreasing of spacing from 60 x 25
cm to 45 x 15 em and 30 x 15 em in all varieties. However in
all cultivars tried, per unit area concerned, yield of grain,
stover and forage; pgross monetary returns were high 1in
highest population level or narrow spacing (30 x 15 cm). An
increase of monetary returns over normal_lpopulation with
highest plant density (2,22,222 plants ha ') was Rs 1,564
(18.06%) in Ganga-5, Rs 2,148 (27.15%) in DHM-103 and
Rs 2,937 (43.10%) in African tall. African tall found to be
very responsive to plant population for obtaining highest
monetary returns when compared to Ganga~5 and DHM-103.

Thinning is a matter of promise that by putting more
plants 1initially and thinning them later not affected the
prospects of plant height, dry matter production, grain number
per cob, cob weight and yield of grain and stover returns.
However, there was a significant improvement of forage anc
gross monetary returns with thinning treatments when compared
to control. Thinning at 30 and 45 DAS improved the total
returns (due to grain, stover and forage) to a maximum possi-
ble extent in Ganga-5 which was statistically on par to
improvements made in DHM-103, inturn both were superior to
African tall, Irrespective of thinning treatments, plants
grown under wider spacing of 60 x 25 cm recorded higher
values in dry matter production, number of cobs per plant,
number of grains per cob and cob weight per plant when per
compared with 45 x 15 cm and 30 x 15 cm. However, when per
hectare 1is considered, change in population rate due to
spacing from 60 x 25 cm to 45 x 15 cm and 30 x 15 c¢m resulted
in higher pgross monetary returns due to grain, stover and
forage yield in all thinning treatments.
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CHAPTER I
INTRODUCTION

Maize 1is an important cereal crop grown for
grain, stover and forage production. Its utility as
food for human beings, feed for animals and industrial
use. The average grain yields of maize in kilograms per
hectare are 7,318 in Italy, 6,898 in USA and 2,999 in
China. India ranks ﬁix;h (5.54 million hectares) in
world acerage while its total production (5.63 million
tonnes) occupies tenth place. The contribution of
Andhra Pradesh is 5.8 per cent in respect of area which
its production comes to an extent of 11.3 per cent in

India.

The 1Indian National Commission on Agriculture
on maize estimated the requirement of maize by 1988
would be in the order of 12.75 to 14.29 million tonnes.
To reach this target, the production has to be neariy

doubled within next few years.

In Andhra Pradesh maize is grown under rainfed
as well as under irrigated conditions. The crop is
cultivated in an area of 3.3 lakh of hectares. The crop
being important for the grain for food and the resultant
starch and other products, 1like glutine which are
utilised 1in industry. Further the grain is highly

marketable, utilised as feed constituent to an extent of



40 to 50% of concentrate formulations of livestock and
poultry. The stover, though poor in quality as fodder,
is being utilised for feeding the cattle. The green
crop as forage for cattle usage is treated as ideal
forage plant with good growth as well as production
without any anti-metabolites as such could be harvested

at any stage of crop,

Being a row crop, a ceiling is generally felt
in deciding the population for successful grain
production. Accommodating both the necessities 1i.e.,
grain as well as forage, one has to find a way for these
two purposes. One of the factors limiting grain yield

of maize in'many areas is low plant population.

In general as plant density increases, the grain
yield improves to a maximum, which remains constant for
sometime and declines more or less steeply when popula-
tion pressure increases, still further (Choudhary,
1981; Remison and Lucas, 1982; Raghotham Reddy 1984;

Krishna Veni and Ramaswamy, 1985 and Tano et al., 1987).

A compatable system has to be identified by
growing high population initially and thinning at various
stages which can result in good grain production as well
as green forage. Exploiting genetic potentiality through
agrotechnology like removal of alternate hills

(thinnings) and utilization of removed hills as a forage



(Arnel et al., 196%; Wang et al., 1987), selection of

superior genotypes adaptable to varied agro-climatic
conditions and exploiting for both necessary needs of
grain and forage (Krishnamurthy et al., 1974a; Sharma,

1978, Raghotham Reddy 1984).

The emphasis is now on producing optimum food
grains and stover as well as forage for feed to the
animals and livestock. Thus keeping in view of both the
needs of grain, stover and forage the present investiga-l

tion was carried on with the following objectives:

1. To fix wup the suitable population required for
grain as well as forage production, separately and

in combination with each other.

2. To 1identify the thinning stage which can give the
normal grain yield i.e., population and stage of
thinning which is not detrimental for the grain

production.

3. To identify the production of forage, which could

be obtained for feeding the cattle,
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CHAPTER 11

REVIEW OF LITERATURE

Maize is an important crop for grain as well as
fodder production, under  rainfed and irrigated
management in Andhra Pradesh. Being a row crop, a
ceiling is generally felt in deciding the population for
successful grain productions. Accommodating both the
necessities i.e., grain as well as green forage, a
compatable system has to be identified which can result
in good grain production as well as green forage for
atleast for some period. In the present chapter, a brief
review of the work on effect of population and thinning

on forage andgrain production was emphasized.

2.1 PLANT HEIGHT

2.1.1 Effect of population on plant height

Several researchers reported that plant height
increase with increased of plant densities. Verma and
Bhatnagar (1962) showed that population ranging f£from
18,520 to 55,555 plants per hectare recorded a signifi-
cant improvement in plant height from 164 to 173 cm,
Giesbrecht (1969) stated that there was an increase in
plant height from 193 cm to 198 cm with higher population

from 45,000 to 75,000 plants per hectare.



Taneja et al. (1984) opined that seed rates of

30, 45, 60 and 75 kg/ha failed to show significant

difference in plant height.

Dostalek and Hruska (1985) recorded that at
higher c¢rop densities the plant height was increased.
Krishnaveni and Ramaswamy (1985) observed that plant
height increased with increased population (decreasing
spacing) levels from 60 x 30 cm (121 cm) to 60 x 25 cm
(120 cm), 60 x 20 (122 cm), 45 x 30 cm {126 cm) and 45 x

25 (129 ¢cm) in COH=-1 hybrid maize,

Singh and Tajbakhsh {1986) reported that plant
density from 50 to 100 thousand plants per hectare does
not influence on the plant height in Partap, Sangam,

Ganga-5 varieties 6f haize.
2.1.2 Effect of Thinning On Plant Height

Arnel et al. (196%) reported that thinning at
the 5 to 8th and 9 to 1lth leaf stage showed no diffe-
rence in height when compared to control (no thinning

treatments).

Shafshak et al. (1984) observed that early
thinning at 15 DAS increased plant height in the remai-
ning plants as compared to late thinnings at 20 DAS, 25

DAS and 30 DAS.
2.2 EFFECT OF POPULATION ON DRYMATTER PRODUCTION

Stivers et al. (1971) reported that per plant

dry weight was low with higher population levels,

f‘.



whereas per hectare dry matter gradually increased with
increase of population from 54,000 plants hectare
(15,205 kg ha” ') to 69,000 plants per hectare (15,813 kg

ha™ 2

). Pucaric and Gotlin {1973) discovered that there
was a decrease in drymatter production per plant with
increase in population from 62,112 plants ha_1 ko 75,188

plants ha"l

in BC 21-22, BC SK-5A4 and BC 68-22 maize
hybrids whereas per hectare yield was increased with
increase of plant population. Alessi and Power (1974)

showed that higher population levels significantly

affect drymatter ﬁrdﬁuction per plant.

Krishnamurthy et al. (1974b) reported that
there was a significant reduction of dry weights of
plant,as plant density increased from 45,000 plants ha'l

(49 g) to 75,000 plants ha™t (24 q).

Raghotham Reddy (1984) observed that there was
a gradual reduction of dry weight per plant with
increase of plant density from 59,259 plants per hectare
{213 g) to 66,666 plants per hectare (204 g) and 88,888
plants per hectare (173 g). However per hectare yield
was increased with increase of plant population from

1 (42.07 q ha™!) to 66,666 plants ha~*

1 l).

59,259 plants ha

(45.33 ha~}) and 88,888 plants ha ' (51.23 g ha”

Taneja et al. {1984) observed that there was a

decrease 1in plant dry weight with increase of seed rate

rg‘



from 30 kg to 75 kg per hectare, whereas per hectare dry

matter increased from B84 g per hectare to 97 g per

hectare.

Singh and Tajbakhsh (1986) observed that there
was a negative association between plant dry weight and
plant densities, ‘while per hectare dry matter had a

positive association with higher plant densities.

Wang et al. (1987) observed that plant dry

weight increased with decreasing plant density.
2.3 DAYS TO 50 PER CENT SILKING AND TASSELING

Aguila and violic (1971) observed that silking
date was delayed as plant density increased from 55,000

ko 85,000 plants per hectare.

Krishnamurthy et al. (19744 reported that days

to 75% silking was early by 2 days in 60,000 plants per

hectare comparad to 80 days in 75,000 plants per hectare,

Rathore et al. (1976 ) observed that the tasse-
ling and s LHing differences with plant population
interaction were non~-significant. While Athar (1979)

showed that days to 50 per cent silking increased with

increase in plant population.



2.4 YIELD ATTRIBOUTES
2.4.1 Effect of Population on Yield Attributes
2.4.1.1 Grain number per cob

Bianco and Caliandro (1973) reported that the
number of grains per cob decreased with increase of

plant density from 4 to 6 and 8 plants per square meter,

Rathore et al. (1976) observed that higher popu-

lation 1levels affect grain number per cob which ranged

from 395 g with 20,000 plants ha“1

plants ha-l.

to 355 g with 80,000

Al-Rudha and &l-Younis (1978) observed that
narrow row spacing of 50 c¢m affected number of grains

per cob as compared to wider row spacing of 90 and 79cm.

Shukla et al. {1978) observed significant
decrease in number of grains per c¢ob from 552 to 424 and
1000 grain weight with increase in population density to

70,000 than compared to 50,000 per hectare.

Reddy et al.(1987) showed that increased density
from 59,200 to 88,800 plants per hectare, decreased

number of grains per cob.

Mannino and Tano (1988) observed that number of
grains per cob decreased with increase of plant density

from 5.5 plants to 6:5 plants per square meter.



2.4.1.2 Cob weight

Novais et al. (1971) observed that ear weight
decreased with increase in plant density while Rathore
et al. (1976) observed decreased cob weight from 117.8
g to 106.2 g, 95.6 g and 87.7 g with increase in plant
population from 20,000% 40,000, 60,000 and B0,000 plants
per hectare, respectively. Tianu (1976) stated that
grain weight per cob decreased as plant density

increased from 40,000 to 70,000 plants per hectare.

31-Rudha and Al-Younis (1978) observed that
narrow row spacing 45 and 30 cm row spacing affected
cob weight when compared with wider row spacing of 79

and 90 cm.

Choudhary (198l1) observed cob weight of NCA
maize cultivar which registered significantly lower
value 103 g with high plant density of 92,600 per
hectare when compared with low plant density of 37,000

per ha~1 (169 g).

Remison and Lucas (1982} observed significantly
smaller cobs interms of length and diameter, reduced cob
weight and decrease in number of grain rows per cob with
FARZ-23 maize cultivar with almost doubling the popula-

tion from 37,000 to B0,000 per hectarse.

Krishnaveni and Ramaswamy (1985} noted that cob

weight was decreased with decrease of spacing of 45 x 25



em (78 g), 45 x 30 cm (84 g) when compared with wider
spacing of 60 x 20 cm (96 g}, 60 x 25 cm (99 g) and 60

x 30 em (111 g).

Roy and Singh (1986) observed grain weight per
ear decreased with increase in plant population from

60,000 to 80,000 plants per hectare.

2.4.1.3 Grain weight

Goydani and Singh (1968) revealed that the
grain weight of 237.3 g recorded with 50,000 plants per
hectare was significantly reduced to 205.3 g with doub-
ling the population density to 1,00,000 plant per

hectare.

Sharma and Gupta (1968) observed that maintai-
ning population density of 70,000 per hectare recorded
significantly reduced grain weight per cob of 111.6 g

compared to 124 g in 50,000 per hectare.

Krishnamurthy et al. (1974 a) observed that the
population from 55,000 to 83,000 per hectare resulted in

decrease 127 to 106 g for grain weight per cob.

10



Krishnaveni and Ramaswamy (1985) observed seed

weight was decreased with closer spacings when compared
with wider spacings. The per cent reduction in test
weight with closer spacings over wider spacing (60 x 30
cm) was 30.26, 27.56 and 16.99 with 45 x 25% 45 x 30

and 60 x 25 cm; respectively.

Singh and Tajbakhsh {1986) recorded that there
was a decrease in 1000 grain weight with increase of
plant population from 50,000 (223 g); 75,000 (212 g) and

1,00,000 plants per hectare (212 g).

Lascu (1987) noted decrease 1in 1000 grain
weight with increased plant densities from 45,000 to

60,000 plants per hectare.

Reddy et al. (1987) observed increasing density

of plants from 59,200 to 88,800 plants per hectare

decreased 1000 grain weight.

Tano et al. (1987) observed that increasing

plant densities reduced the grain weight and grain

number per each cob.
2.5 YIELD
2.5.1 Effect of Population on Grain Yield

Gonzalez and Porras {(1968) observed that grain
vields per hectare was more with closer spacing of 45 x

30 cm (7.2 t ha™') when compared with wider spacing of

1

60 x 30 cm (7.0 t ha ).

11



Sharma and Gupta (1968) reported that grain
yield per hectare was maximum under 50,000 plants per
hectare (51.97 q ha"') in 1964-65 and (41.66 q ha™l) in
1965-66 which was 11.65 and 22.83 per cent more than the
yields obtained from 40,000 plants per hectare during

the two years.

Giesbrecht (1969) conducted experiment with
early corn hybrids of Dekalb VL 301, Dekalb VL 302,
Morden 77, Morden 88 were grown at populations of
30,0005 45,000;60,000 and 75,000 plants per hectare at
each of the spacings of 50, 65, 80 and 95 cm between
COWS. The results from means of all hybrids indicated
that each increase in population from 30, 45, 50, 60 and
75 thousand population produced a substantial improvement
in grain yield from 40.76; 52.48; 60.82 and 61.70 g

ha =, respectively.

Singh and Leng (1970) observed that, grain

yield positively increased with increase oF plant popu-

lation from 24,686 (45.52 q ha Y):34,651 (56.19 q ha *

1 -1

}r

44,839 (67.49 gq ha "), wup to 55,030 (68.21 q ha ).

Thereafter reduction in yield was observed with 65,221

plants per hectare (63.45 g ha™ly.

Verma and Singh (1970) observed a grain yield
of 2,782 kg per hectare under 90,000 plants per hectare
which was significantly higher byl1.55 and 35.84 per
cent than 60,000 and 40,000 plants per hectare,

respectively.

12



Kalbhor and Chagule (1971) observed that highest
average grain yield of 4.61 t ha_l was recorded by crop
sown at highest plant density of 65,245 plants per
hectare, which was significantly superior to low plant
densities of 61,157 plants per hectare (4.47 t ha~!l) and

49,277 plants per hectare (4.23 t ha 1).

Prithviraj et al. (1971) indicated that under

Karnataka conditions a higher plant population with 60 x
18 c¢m spacing recorded higher yield compared to low
plant population with 60 x 36 cm spacing and that Deccan

yielded more than Amber with a higher fertilizer dose.

Verma and Singh (1976} observed that increasing
the plant density Efrom 45,000 to 90,000 plants per

hectare increased - the yield-- (Ganga-3 and Ganga-101)

from 2.05 to 2.78 t ha-l.

Azevedo (1973) observed that yield was positi-
vely correlated with plant density, which ranged from

38,000 to 1,08,700 plants per hectare.

Jain t al. (1975) observed increased vyields

1

upto 60,000 plants ha —.

While Meenakshi et 1, (1975} stated that

"Deccan hybrid" gave the highest and almost the same

yield in both the spacings i.e., 40 x 25 cm (68.44 g ha

1y and 60 x 30 (68.61 g ha ') which were significantly

1

superior to wider spacing of 80 x 30 cm (63.19 g ha ).

13



Jobim t al. (1976) reported that grain yield

increased from 2.94 to 3.83 t hal_JL with increase in
plant population from 25,000 to 41,500 plants haﬁl,

respectively.

Where as Verma and Singh (1976} recorded increa-
sing yield at Udaipur upto 85,000 plants ha-l with Ganga

Safed-2 hybrid,

Razuvaev (198l) reported that there was an
increase grain yield with increase of plant population
from 40,000 to 70,000 plants ha_l in three maize

hybrids.

Buragohain and Kalita (1985} observed that
narrow spacing (45 x 20 cm (1,11,111 plants ha~ 1) which
acommodated more plants per hectare resulted in a signi-
ficantly increased grain yield over wide spacing of 60 x

30 cm (55,555 plants ha T).

Navarro et al. {1985) recorded that grain yield
was 1increased with increase of plant population from
55,000 to 1,00,000 plants per hectare with CV. P=-3311 at

Cardoba.

Bakelana et al. (1986) stated that population
density significantly influenced gréin vield with maximum
yield at a population density of approximately 68,910

plants per hectare.

14



While Singh and Tajbakhsh (1986) observed that
highest grain yield (34.8 q ha ) recorded with 75,000
plants per hectare, which was significantly higher than
50,000 plants per hectare (28.0 g ha-l) but was on par
with 1,00,000 plants hectare (33.1 g ha-l) from the mean

values of Pratap, Sangam and Ganga-5.

Moosa and Al-Younis {1987) observed that a

1 with 100 ¢cm inter

plant density of 80,000 plants ha
row spacing gave the highes; grain yield of 2.30 and
5.33 t ha'"l for spring and autumn growing seasons respe-
ctively. For every 20,000 plants ha_1 increase in plant

density in the autumn grain yields increased by 1.19 ¢t

ha™ L,

Reddy and Raja (1988) reported 66,000 plants
ha-l as optimum for realising optimum yield. West et
al., (1989) reported with maize cultivars sown at plant
densities of 14,5007 17,400; 21,800; 27,600 and 30,500
plants/acre and indicated that grain vyield increased
with increase of plants density in all maize cultivars

at Knoxville.
2.5.2 Thinnings On Production

Arnel et al. (1969) observed that plant and ear
height decreased with the later stages of thinning (of 2
to 3, 5 to 8, 9 to 11 leaf stage) and control (without

thinning) on plant stand yield and observed that yields

15



of the control plots were not signifciantly different
from the yield obtained on the plots. Thinning at 5 to
8 and 9 to 11 leaf stage resulted in signifciantly
lowering yields than thinning at the 2 to 3 leaf stage.
Thinning at different stages did affect yield of grain

significantly.

Glenn and Daynara (1974) studied in a field
experiment with United 106 and "Priete 116" were sown at
the same time with the required seed rate and differen-
tially thinned in early stages only. When the plants
were above 60 cm in height, wuniform thinning and non-
uniform thinning was done. The plants of intermediate
stature resulted in higher yield, particularly at high

1) c red to non-

plant density (1,03,200 plants ha_
uniformly thinned plants, where tall a short plots

were selected alternately. Average acro the 2 cultivars
and plant densities (51,600 and 1,03,20. plants ha-l),
uniformly thinned plots resulted in a 5.5 per cent

incrzase in grain yield.

Shafshak et al. (1984) carried out a field
experiment with maize thinning to plant/hill at 15, 20,
25 and 30 days after sowing and observed that early
thinning i.e., at 15 days after sowing resulted in the
highest grain yield of 188 and 211 g/plant in 1981 and
1982 respectively, through increase of yield components

i.e., plant height, number of grains/ear, ear weight and

16



100-grain weight. Early thinning produced the highest

dry root weight and resulted in early tasselling and

silking.

Soelaemanv et al. (1987) studied the effect of
thinning from 1,00,000 to 50,000 plants/ha at 4th and
3rd leaf growth stages revealed that grain yield, fresh
forage and total grain and foragej.

crude protein decreased with time of thinning,
while fresh forage increased in Cv IPB 4 and Arjuna,
Highest economic returns were obtained from plots
treated with 300 kg N/ha and thinned at 3rd leaf growth
stage and 225 kg N/ha at 3rd leaf stage thinning foc 1IPB
4 and Arjuna respectively. They were 73% and 20% higher

than returns of 'control' plot.

Wang eiL al. (1987) studied maize hybrid, Tainung

351 which was grown at plot spacings of 80 x 10 cm
1y~ 80 x 20 em (62,500 plants ha 1)
1

80 x 40 cm (31,250 plants ha ~). The higher densities

(1,25,000 plants ha

were thinned to the lower densities at silking and 2
weeks later. The thinning treatments generally gave
higher yield than the unthinned stands at the same final
plant densities and gave greater partition of assimilate

to ears.

Reddy and Raja (1988) reported that recommended
thinning was at 10 days after-emergence for maintaining
optimum plant stand. Thinning at 20 and 30 days after

emergence reduced the grain yield.
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2.5.3 Stover Yield

Bapna and Trivedi (1971) stated that maintaining
pogﬁation density of 61,750 plants ha_1 significantly

resulted in improved stover yield over 41,650 and 50,500

plants ha-l.

Krishnamurthy et al. {19749 reported that stover

yield increased signifciantly from 5,195 to 5,901 kg

1

ha with increase in population level from 45,000 to

75,000/ha, respectively. Populaticon studies conducted
on Ganga Safed-2 revealed that either maintaining popu-
lation density of 75,000 and 85,000 haml increased the

stover yield by 25.9 per cent and 33.9 per cent, respec-

tively over 5,989 kg ha_l with 65,000 plants ha."l

{Vverma and Singh, 1976).

Raghotham Reddy (1984} observed that considera-

ble increase in stover yield from 10,550 to 14,540 kg

-1

ha was obtained with a population per ha of 1,00,000

over 50,000 plants ha—l.

Singh and Tajbakhsh {1986) reported that stover

vyield increased with increase of plant density from

50,000 plants/ha (75.7 g ha_l) to 75,000 plants ha_l

1

(85.6 q ha ') and 1,00,000 plants ha”~' (93.0 g ha )

from the mean values of Pratap, Sangam and Ganga-5.

Amoruwa et al. (198B7) reported the increased

stover yield with increase of plant population.
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CHAPTER III

MATERIALS AND METHODS

The present investigation entitled "Studies on
population and thinning of maize crop - on forage and
grain production®™ was conducted at Agricultural College
Farm, Rajendranagar during rabi, 1989-~90 in a split plot
design, replicated twice. Rajendranagar is situated at
17-19°N latitude, 78.23 east longitude and at an eleva-
tion of 542.6 meters above mean sea level (MSL) having a
semi-arid climate. Details of materials, methods and

techniques used are given in this chapter.
3.1 SOIL

The field experiment was laid out 1in sandy
clayey loam soil. the data on physico-chemical analysis
of soil sample drawn at 0-30 cm depth from the experime-
ntal field before sowing of the experimental crop are

given as follows£
3.1.1 Physical Properties of Soil

Mechanical composition (International Pipette

Method, Piper, 1964).

Sand .. 61.2 per cent
Silt e 16.1 per cnet
Clay ... 22.7 per cent
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3.1.2 Chemical Properties
Soil reaction (pH)}) ... 6.5
Available nitrogen ... 200 kg ha™!
Available phosphorus... 10 kg ha~1
Available potassium ... 150 kg ha~t

3.2 CLIMATIC CONDITIONS

Seven days mean of materiological data viz.,
maximum and minimum temperature, relative humidity and
total rainfall etc.,, prevailed during the entire crop

growth period are presented in Appendix-I.
3.3 EXPERIMENTAL DETAILS

A field experiment was conducted with Ganga-5,
DHM-le and African tall which are extensively grown for
grain, stover and forage purposes. The study was condhc-
ted in split plot design with three varieties: Ganga-5,
DHM-103 and African tall at three spacings: 60 x 25 cm,
45 x 15 cm and 30 x 15 cm as main treatments and five

thinning treatments as sub-tratments, replicated twice.

The following are the details of the experiment.
3.3.1 Details of Treatments

Main treatments - varieties at three spacings

Varieties Spacings
Vl - Ganga-% Sl 60 x 25 cm (66,666 plants ha-l)
v, - DHM-103 S, 45 x 15 cm (1,48,148 plants ha ')

v, - African tall S, 30 x 15 cm (2,22,222 plants ha

3 )



Sub-Treatments: Thinning Treatmeats

Thinning treatments : 5

Tl - without thinning-(Fontrol)

T, - thinning at ?0 days after sowing
T3 - thiﬁnfﬁg at 45 aay§ after sowing
T4 - thinning at 60 days after sowing
Ty - thinning at 75 days after sowing

An additional treatment was. maimtained for

forage harvest at 75 days after sowing (TG)':

Date of sowing : 5-11-1589
Design : Split plot
Replications : 2

Gross plot size : 6.0 x 5.0 m (30 mz)

Net plot size . 3.6 X 3.5m (12.6 m°)
3.3.2 Impoaition of Thinning Treatments

The required population levels of 66,666 plants

1. 1

ha  ~; 1,48,148 plants ha - and 2,22,222 plants ha-l were
obtained by adopting spacing of 60 x 25 cm, 45 x 15 cﬁ
and 30 x 15 cm respectively (by adjusting inter row
spacing from 60 to 45 and 30 cm and intra row spacing
from 25 cm to 15 cm).Thinﬁing was done aé per treatments
as scheduled at 30, 45, 60 and 75 DAS. Alternate plants
were removed mechaniéally so that the desired population
was maintained in the respective treatments. The removed

plants were collected, weighed and reported as forage

obtained from raspective treatment.
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3.4 CULTIVATION DETAILS

3.4.1 Preparatory Cultivation

The field was brought to good tilth with tractor
drawn disc plough, harrow and it was perfectly levelled.
The ridge and furrows were formed as par the treatments
{60, 45 and 30 cm apart) with a marker and 25 and 15 cm

between plants with the help of marker.
3.4.2 Sowing

The seeds were dibbled at a depth of 2-31 cnm
from the base of the ridge at 25 and 15 c¢m inter-row
spacing @ 2-3 seeds per hill. Irrigation was given
immediatley after sowing for assured seed germination.
After the establishment of seedlings, one plant per hill

was maintained by removing extra plants.

3.4.3 Fertilizer Application
The recommended fertilizers @ 100 kg ha~1

Nitrogen 1in the form of urea, 50 kg ha—l PZOS in the

form of single super phosphate were applied. Ten tonnes

of farm yard manure per hectare, 20 kg N and entire PO

275

as super phosphate were incorporated at last harrowing
in the soil with a cultivator. Nitrogen fertilizer was

applied in three split doses (i.e. 20 kg ha_l as basal

1

dose, 40 kg ha * at 20 DAS and 40 kg ha % at 40 DAS) .
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J.4.4 Inter Cultivation

Atrataf 50% EC @ 1.5 kg ha~! was sprayed as
pre-emergence weedicide, Two hand weedings and one
hoeing were given to keep the crop free Erom weeds.

Earthing up was done at 30 days age.
3.4.5 Irrigation -

Post-sowing irrigation was given to £facilitate
the germination, the second irrigation was given 10Qth
day after sowing and thereafter, fortnightly irrigations

were given.
3.4.6 Plant Protection Measures

Sparying with Endosulfan 35 EC at 0.07 per cent
(2 ml/L}) was done at 20 days after sowing against
Spodoptera. Prophylatic measures were taken to prevent
the stem borer by applying Furadon 5 G granules @ 2.5 kg

per hectare in the leaf whorles at 25 DAS.
3.4.7 Harvesting

Before net plot harvesting, one row on both
sides of plot and one plant in each row on either side
was harvested as border crop. The plants in the remai-

ning plot was harvested as net plot,
J.4.8 Threshing

Immediately after harvesting, cobs from net

plots were dried for 15 days and threshed (shelled) by
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using bamboo sticks. The grain was cleaned before recor-

ding grain weight and moisture content of seed. The
moisture content of seed was estimated by using stenlite
moisture meter, Shelled seeds were subjected to sun
drying until reaching to standard moisture content (11%)

of the seed.
3.5 OBSERVATICONS AND DATA COLLECTIONS

The data were collected on various characters

as detailed below:
3.5.1 Plant Population

Plant population was counted at 30, 45, 60 and

75 das after sowing.
3.5.2 Plant Height

Plant height was measured from the base to the
tip of the last leaf of a plant in five plants at random
in each treatment and each replication and expressed in
centimeters (cm). Observations on plant height were

recorded at 30 DAS, 45 DAS, 60 DAS and 75 DAS.
3.5.3 Dry Weight of Plant

derial plant parts of randomly selected two
plants from each treatmental plot of each replication

were collected at monthly intervals commencing from 30

DAS to harvest and separated into leaves, stems and cobs
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were oven dried at 80°C for a constant weight. The dry

weight of different plant parts were put together and
expressed as total dry matter production per plant ex-

pressed in grams (g).

3.5.4 Days to 50 per cent Tasseling and Silking

Total number of days required for 50 per cent

tasselling and skiling were counted.

3.5.5 Yield Components and Yield

3.5.5.1 Number of Cobs per plant

Number of cobs per plant were counted in five
plants at random in each treatment and each replication

and average value was taken.

3.5.5.2 Cob Weight

Five c¢obs were randomly collected £from each

treatment in each replication and weighed in grams {(g).

3.5.5.3 Number of Seeds per Cob

Five cobs were randomly selected from each
treatment in each replication and harvested separately.
The total number of —seeds were counted after threshing
and cleaning with the help of seed counter and the

average value was taken.



3.5.5.4 100-Seed Weight

100-seeds from each replication in all the
treatments were counted and weighed in grams (g) consgi-

dered as 100-seed weight.

3.5.5.5 Grain Yield per Hectare

Plot vyields of grain were recorded treatment-
wise and replication-wise, The total yield per hectare

was computed from plot yield of grain.

3.5.5.6 Stover Yield per Hectare

Plot vyields of stover were recorded treatment-

wise and replication-wise. The total yield per hectare’

was computed from plot yield of stover.
3.5.5.7 Forage Yield per Hectare

Plot yields of forage after thinning as per
schedule were recorded treatment-wise and replication-
wise. The total yield per hectare was computed from

plot yield of forage.
3.5.5.8 Monetary Returns

Monetary returns were calculated according to

price value of grain (Rs.150 g ), price of stover (Rs.l18
1

g °) and value of forage {(Rs.18 q ). Gross monetary
returns 1is the cumulative returns of grain, stover and

forage.
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3.6

following

{Panse an

STATISTICAL ANALYSIS

The data was subjected to statistical
the method prescribed for split-plot

d Sukhatme, 1978).

analysis

design
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CHAPTER IV
RESULTS

4.1 PLANT STAND

The differences between varieties, varieties vs
thinning, varieties ve spacings, varieties vs spacing vs
thinning treatments were not found statistically signi-
ficant 1in respect of plant stand at all stages of crop

growth,

Plant stand significantly increased with increase
of plant population from 5, (60 x 25 cm) to S, (45 x 15
cm) and 83 (30 x 15 cm) at all stages of crop growth.
During 30 DAS, the plant establishment was maximum with
53 which was superior to 52 and 51. Therafter plant
stand progressively declined in all population levels

with advancement of the crop growth due to thinning

{Table 1a).

There was a significant interaction between
population levels and thinning treatments, wherever or
whenever thinning done leading to reductionm in plant
stand. Such reduction with thinning treatments was more
magnified in high plant densities of 53 and 52 as compa-~
red to low plant density of 51 at all stages of crop

growth (Table 1b).
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Table 1a Effectc of varieties, spacings and tn:aning treatments on
plant stand ('000) at different stages of crop growth
T NGys Tatcer sowing T
Treatments =000 e eemeeeiisnacetansssmmsmsmsmm e e m e
Initial 30 45 60 75
"""" S
v Ganga-5 127.654 110.410  99.954  89.404 6%.538
Vj DHM- 133 127.782 117,159 106.287 95.532 69.610
v Africantall 127.159 116.462 106.015 95.087 84.032
. SE + 0.069 0.033 0.039 0.043 0.049
CD at 5% -- -- -- -- --
Spacings
s, 60 x 25 cm 64.321  58.221 52.166  45.999 39.832
52 45 x 15 cm 124,940 115,121 104.646 94,321 B40.065
S 30 x 15 cm 193,337 177.553 161.887 145.776 129.665
] SE + 0.069 0.033 0.039 0.043 0.049
CD at 5% 0.163  0.076  0.096 0.099 0.117
Thinnings
T Contml (No thinning) 130.480 130.480 130.480 130.480 130.480
T2 Thinning at 30 DAS 126.276 73.4473 72.443 73,443 73,443
T Thinning at 45 DAS 126.433 126.433 72.777 72.777 72.777
T3 Thinning at 60 DAS 127.290 127.295 127.290 72.952 72.952
T4 Thinning at 75 DAS 127.474 127174 127.174 127,174 72.952
° SE + 0.076 0.069 0.066 0.059 0.053
CD at 5% .- 0.143 0,136  0.123  0.107
33?3===?§Z=?23ZE§?§§=3§=E§§ET§§?§§=§?§Z=?§?E?§T=§§ZEE=?§=?§=BZ§=?§=§EZ=§3==

thinning treatmen
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Tazie 1b Effect of Spacing x Taimning (5 xT) 1nteracrion <o prdnc stand at 45, 60 and 72
davs after sowing '
45 DAS 50 Da3 75 aS )
Treatments S S S S S S 5 S 5
! 2 ” 1 2 3 1 2 3
Thinnings
T Zontrol Ko thinning 65.832 127.832 197.775 65.832 127.332 197,775 ©5.832 127.832 197.775
1
T2 Thirning at 30 DAS 33.333 73.665 113 333 33.333 73 .650 113.332 33.333 73.665 113.332
T3 Thinning at 43 DAS 33.333 72.221 112.776  33.333 72.221 112.776  33.333 72.221 112.776
T4 Thinning at A0 DAS 64.166 124.928 192.775  33.333 73.304 112,221 33,333 73.304 tiz2.22
T5 Thinning at 75 DAS 64.166 124.582 192.775 64.166 124.582 192.775 33.333 73.304 112.221
SE + g.117 0.103 0.08%
0.236 0.213 0.187
CD ar 5%

e L L e e ity WA ey R T R ER ML L EN R N M S M L N A AR e AR MR- A e S ALl oy S e i e o iy M A e o A N N e N o e i e ol e iy i i L M EE N SN AR . L W T ey e e

Note : The reduction in population from initial stage to 75 DAS is due to thimming treatments
ST : 60 x 25 cm (66,666 plants/ha); S2 : 45 x 15 cm (1,48,148 plants/ha);
83 : 30 x 15 em (2,22,222 plants/ha)



4.2 PLANT HEIGHT

The data on plant height under van.l‘.ous treat-
ments of varieties, 8pacings, thinnings and their inte-
ractions are presented in Table 2a and 2b, The pattern
of pgrowth in terms of plant height from the mean values
of treatments indicated that the crop obtained 41 cm by
30th dayitself, Another 78 cm height was added during
45th day, 72 cm during 60th day and 49 cm during 75th

day.

Plant height increased with age of the crop in
all varieties of maize (Table 2a). The rate of increase
in plant height (from 30 DAS to 45 and 60 DAS) was
almost equal (above 70_cm) i?_all three varieties i.e.,
African tall, -G;ng;;S and DHM-103. Thereafter (from 60
to 75 DAS) such increment in plant height was continued
with only African tall with 76 cm as compared to Ganga-5
(33 ¢m) and DHM-103 (35 cm). At 75 DAS, a significant
variation in respect of plant helhgt between varieties
was observed. 'African tall' recorded maximum plant

height (271 cm) which was significantly superior to

Ganga-5 (223 cm) and DHM-103 (224 cm).

The interaction effect of varieties and thin-
nings in respect of plant height was found to be signi-
ficant during 30 DAS (Table 2b). In Ganga-5 thinning at
30 DAS (T2) recorded significantly'higher plant height

over control. Whereas in DHM-103, there was a significant
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Table 2a Effect of varieties, spacings and thinning treatments on
plant height (cm) at different stages of crop growth

Treatments = === eeeeesr st sam et At sadtem—d—amc—cmmeaa————aa-
30 45 60 75
""" Varieties T TTTTTTTTTTmmTTTmmmmmmmmmmmommmmmmEmoTmee
v Ganga-5 40.10  116.30  187.30  222.50
v,  DHM-103 42.00  117.60  190.60  223.90
v Africantall 41.60  120.70  193.90  270.70
> sE+ 0.81 4.37 3.01 7.88
CD at 5% -- —- -- 18.20
Spacings
s 60 x 25 cm 40.30  117.80  193.30  244.20
s, 45 x 15 cn 41.10  120.90  190.60  242.70
s 30 x 15 cm 42.30  116.00  188.10  230.20
> sE+ 0.81 4.37 3.01 7.88
CD at 5% -- -- -- --
Thinnings
T Control (No thinning) 41.70  118.90  189.90  235.10
T2 Thinning at 30 DAS 40.90 116.50 193.30 238.20
T Thinning at 45 DAS 41.40  120.50  189.00  238.30
TZ Thinning at 60 DAS 41.60  118.10  191.60  244.10
T Thinning at 75 DAS 40.60  117.20  189.30  239.20
> s+ 0.95 2.21 3.21 5.71

== Erommmo s o T e ===== Bt e = === == ===




Table 2b Effect of variities X thinning (V x T) interaction on
plant height at 30 days after sowing

Thinnings
Treatments ---f ------- i _______ i _______ T i _______
1 2 3 4 5
""""" Varieties T ToTTToTTTmmmTTmmmmmmmmmmmmmmon
v Ganga-5 37.7  42.9 40.3 40,1 30.4
Vv DHM-103 45.5 4 .1 41.3 41.1 41.0
Vz Africantall 41.9 35.6 42.5 £3.8 41.4
] SE + 1.6
oo CDEE ST - L B
Tabie 2¢ Effect of varities x spacing x vhianing iV x 3 x T)
o interaction on plant neight at '5 ays aiter_sowigg B o
T T T T T simnings
T T, T, T T )
! . 3 3 5
ﬁ;‘é; """"""""""""""""" 222.8 23t .3 233.3  241,3  217.5
S 243.3 200 .1 204, & 225.6 239.3
s” 203.0  230.0  216.5  230.2  210.6
vos” 238.5  Z10.1  203.0  2I5.5  209.4
: 5; 215.,6 23¢.0 2726, 231.4 228.5
g 217.2 204,22 222, 21'.R 0 Z41.0
v GB 255.3 287 7 294,7 270.3 273.6
75! 263.5 267.8  287.4  282.5  287.
S; 267.6 25851 2338 TR .- 2L2.7
g 7.1
Ch et 3% Loy
TV Comirel do thinming 81 G0 x 25 cw (i5,L6o rlent Las
T: Tninning at 30 DAS © S2 45 x 15 cm 1.4Y V4L plant/hed
:‘] TIJII_;;ITYS 31 ‘L; Effg S3 3 x 15 ¢m (L iy, 027 pvlant the
TH Thinnini at 75 DAS

o



reduction of plant height with thinning treatments when

compared with control. While In African tall thinning

had no impact on plant height.

The interaction effect of V351T3 recorded
maximum plant height (295 cm) which was significantly
superior to other interactions of varieties vs spacings
vs thinning. Whereas least plant height was observed in
V153T4 (200 c¢m). The values of other interaction effects

were in between these two high values during 75th day

after sowing (Table 2¢).

Plant densities, thinnings, interactions of
varieties vs spaclngs, varieties vs thinnings and spacin-
gs vs thinnings were not significant in respect of plant

height at all stages of crop growth.
4.3 DRYMATTTER PRODUCTION PER PLANT

The data on drymatter production per plant in
various treatments presented in Table 3a, b, ¢, d and e
and depicted in Fig. 1,2 and 3. In general, there was an
increase in dry weight, right from the beginning ¢to
harvest as evident from the mean values of all the
treatments, The drymatter production per plant was 12 g
by first month itself. The rate of drymatter production
was about 85 g during second month, 95 g during 3rd
month, 99 g during fourth month and 66 g after 120 days

to harvest were added. Thus, the rate of drymatter

34



Table 3a &ifect of varietiszs, spacings ard cthinning ~reicoter-s on
dry maccter proaduztion (g. at different stazess or cr.op 3recth

rreatmenss  ceezmeceee- daps after seine
3) 50 23 20 AL RArvesT

""""" O

v, Ganga-5 11.97 L 196.22 739,70 351.¢

V? DH¥-103 t2.44 39.9%4 169,52 274,13 sehel

v African ta:il "I.32 158,30 214.03 3'2.70 T o5,

. SE + D.74 7.393 £.47 4.62 Yad
CD at 5% -- -- 14.93 10,67 1.
Spacings

1 80 x 25 cm 12,29 94,30 206,73  321.55 32,

S 45 & 15 cm 11.82 1045.20 193.87 297.27 3 5.0
30 x 15 cm 12.62 94.356 179.27 204.76 3.
SE + .74 7.55 6.47 4.h2 4.9¢%
CD ac 5% -- - 14,93  19.67 1,40
Thinnings

T Contml (No thinning) 12,41 103,30 195.60 27813 52,01

Tz Thinning at 30 DAS V2.0 96.50 130.0u 230.67 359.54

T Thinning aL 45 DAS 12.45 85.60  198.50  295.35 358.47

T3 Thinning at 6C DAS 12.33 1071.36 198,31 3J1.82 358 .44

T; Thinning at 7> DAS 11.37 100.2G 137.18 291,95 500.89
SE ¢ 1.15 3.36 6.43 5.89 .36
CD at 5% -- 5.80 - -- --
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Table 3b Efflect of varieties x spacings (V x §) interuction on dry matter
production per plunt at diflerenl stages ol crop growih

90 DAS 120 DAh Al h;ruut
Varieties s s s s s s A s T
1 2 3 i 2 3 i 2 k)
V. Ganga-s 238.0 189.4 161.2 333.5 276.4 259.2 373.5 349.0 330.5
V. DWM-103 157.3 182.6 168.8 288.3 204.0 240.2 372.9 345.2 320.9
V> African tall 22.8 209.6 207.7 342.8 300.4 294.9 401.1 374.5 353.3
> sE+ 11.2 8.0 8.6
CD at 5% 25.9 18.5 19.8

Table 3¢ Effect of varieties x thimmings (V x T) interaction on dry matter

production per plant at different stages of crop growth

Thinn- 60 DAS 30 DAS 120 DAS At harvest
tréat- vV V. v V. Ty T TVITTV VT V. V., Vv
ment 1 2 3 12 3 12 I S
T 100.0 92.9 123.7 205.7 183.0 198.0 289.4 248.1 297.0 341.€ 137.6 377.1
T; 97.9 94.0 97.7 198.0 158.6 203.8 293.8 261.5 316.6 363.6 343.6 371.1
T  87.7 77.2 98.6 214.3 155.0 226.1 307.2 284.3 303.5 353.3 352.1 369.6
Ti 98.8 97.8 108.0 183.5 176.9 234.5 276.2 297.3 331.8 34/7.1 349.3 378.8
T 99.1 87.7 113.8 179.5 174.3 207.6 2B81.7 279.6 314.5 349.0 349.0 384.6
S% + 5.8 11.2 10.0 11.0
CD at 5% 11.8 2.3 20.7 224
Table 3d Effect of spacings x thinning (S x T) interaction on dry matter
preduction per_p%aqt_ﬁt different stages of crop growth
90 pAS 120 DAS AU harvest
Thinning treatments --5'--_-__—_‘-: _____________________________ 5 5
1 2 3 1 2 3 1 2 3
i; """"""""""" 221.1 194.3 171.3 306.1 289.5 238.8 372.1 356.3 328.0
T2 188.8 180.1 191.5 313.6 2B5.8 272.5 373.6 356.6 348.1
T 239.8 191.5 164.1 347.4 236.4 261.1 401.0 353.0 321.2
TZ 189.4 210.5 194.9 337.7 293.2 274.5 39.5 350.3 330.5
T 194.3 192.8 174.3 302.7 206.2 270.8 57707 560.8 34040
. SE + 11.2 10.0 11.0
CD at 5% 22.8 20.7 22.4
Tl = Control No thinning T Thlnnlng at 30 DAS T3 = Thinning at 45 DAS
E? 6 25 En 06 59“5 Lty TPTRIgE 2675 DaS 03 AR

2 E
45 x 15 cm (1,48, 148 plants /ha)
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Table 3e Effect of vareities x spacimg x thinnings (V x S x T} on dry matter production per plant at different stages
of crop growth

i S e e ey B e Ty S S ) Ml i B il S by =i e v by it e T Sl S v A L N N L N N N i N et B AR ) ol S A S S Sy e e S ik by il iy e ey e e ey iy il e e iy P Sy i e e by Uy M iy G e b e e S S e e e e N A N L EN G T W W W W e A S e e A e

. L S L e e e Nl e B S L Ly e mie o e e i E S P N T N M A N N N M N N N EN RN N L AN e E ey S R G M A A R Rk N N e o Ak e A e ek e e N AR S M B EEe R SN L . N EE EN TE R M L M EE L . W e e N el e

iy ) L A S Sy A S W B S S e S e S A e Sy mul i vk e e L N e S e N B e S N M R e Sy S i S ST e il i by i S in o i S e b T N e o B B S N e N N e e e uk e e e e A S L i e S e

V1 Sl 92.3 73.2 75.0 78.3 8i.2 246.2 214.5 312,5 201.0 216.0 326.5 334.0 396.0 319.7 291.2 352.0 382.0 407.0 388.0 338.5
S2 130.0 120.1 110.2 130.5 115.2 229.0 172.0 193.5 177.0 175.5 287.7 260.0 285.7 256.6 291.9 347.5 344.0 333.0 334.0 386.5
S_ 77.7 100.5 77.9 87.6 100.7 142.0 207.5 T3ﬁ.0 172.5 147.1 254.0 287.5 240.0 252.5 262.0 325.5 365.0 320.5 319.5 322.0
V2 S, 94.2 95.0 78.0 101.1 69.0 209.2 137.5 135.0 152.9 154.0 285,0 277.0 306.2 295.0 278.5 357.0 365.0 390.0 379.5 373.0
S, 87.0 114.0 80.0 92.2 96.0 163.0 175.5 182.0 194.5 198.0 290.5 281.5 283.7 317.5 296.8 337.0 355.0 359.0 348.0 327.0
S 97.5 73.0 73.7 99.5 98.0 177.0 163.0 lSd.O 183.4 171.0 168.8 226.0 263.0 279.5 263.5 319.0 311.0 307.5 320.5 347.0
V3 S1 136.0 109.0 97.7 107.0 130.0 208.0 214.5 274.0 214.5 213.0 307.0 330.0 340.0 398.5 338.5 407.3 374.0 406.0 416.0 402.0
52 113.5 84.3 9.0 114.0 104.0 191.0 193.0 199.0 260.0 205.0 290.5 316.0 290.0 305.5 300.0 384.5 371.0 367.0 369.0 381.0

83 121.5 100.0 104.0 103.0 107.5 195.0 204.0 205.5 229.0 205.0 293.5 304.0 280.5 291.5 305.0 339.5 368.5 336.0 351.5 371.0

SE + 10.1 19.4 17.7 19.1
CD at 5% 20.5 : 39.5 35.9 38.7
V1 = Ganga-5 S1 =60 x 25 am (66,666 plants/ha) T1 = Control No thimning T4 = Thinning at 60 DAS
V2 = DHM-103 52 = 45 x 15 e (1,48, 148 plants/ha) T2 = Thinning at 30 DAS T5 = Thinmning at 75 DAS
V3 = African tall 83 = 30 x 15 em (2,22,222 plants/ha) T3 = Thinning at 45 DAS D45 = Days After Sowing
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Fig. 1 Effect of varieties on dry matter production per

Dry matter/plant (g)

Fig. 2 Effect of spacings on dry matter production per

Dry matter/plant (g)

plant (g) at different stages of crop growth
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Fig. 3 Effect of varieties x spacing (V x S) interaction on dry matter

production per plant at different stages of crop growth
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accumulation was maximum during 3rd and 4th month after

sowing and it coincided with peak tasseling/silking and

grain developmental stages, respectively.

Drymatter production per plant increased with
advancement of crop age in all varieties. The rate of
drymatter accumulated from 30 to 60, 60-90, 90 to 120
DAS to harvest was 85 g, 99 g, 86 g and 61 g with Ganga-
5; 78 g, 80 g, 105 g_and 72 g with DHM-103; 96 g, 106 g,
99 g, and 63 g with African tall, respectively. Thus,
the rate of drymatter accumulation was maximum during
3rd and 4th month after sowing in all these three varie-
ties of maize. African tall recorded more dryweight
over Ganga-5 and DHM-103 was 18 and 44 g at 90 DAS,45 g
and 18 g at 120 DAS and 25g and 30 g at harvest respec-
tively., Differences between varieties In respect of
drymatter were found to be significant at 90 DAS and 120
DAS and harvest, whereas during 30 and 60 DAS, such
significant differences wre not observed. African tall
produced maximum dryweight which was significantly
superior to Ganga-5 and DHM-103 at 90 and 120 DAs and
later., At harvest, maximum dry weight of 376 g was
recorded by African tall followed by Ganga-5 with 351 g
and DHM-103 with 346 g.

There was significant increase in drymatter per
plant with increase in widening the spacing from 30 x 15

cm (83), to 45 x 15 cm (SZ)’ to 60 x 25 cm (S1) at 90,
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120 days after sowing and also at harvest. The difference

between normal population (51) and highest population
level (83) at various stages was 27 g by 90th day, 57 g
by 120th day, 48 g at harvet. The differntial values of
drymatter production recorded by S2 were inbetween the
two extreme treatments. Thus the magnitude of drymatter
production progressively increased with age of the «crop
at all population levels. Such increase of drymatter

reached to maximum during 120 DAS and at harvest,

At the time of harvest, the plants grown under
wider spacing S1 (normal population level) produced
higher drymatter (383 g) per plant as compared to 5,
(356 g) and 54 (335 g). The per cent reduction in
drymatter production over low plant density of S1 was

and 12.53 with S,.

6.81 with 52 3

Thinﬁing treatments i.e., '1‘2 to T5 produced
almost equal drymatter to the control (T1) during last
two stages of crop growth (120 DAS and harvest) and
their differences were not significant at 90, 120 DAS

and at harvest.

The interaction of varieties x spacings was
gignificant at 90, 120 DAS and at harvest (Table 3b and
Fig 3). In Ganga-5 and African tall, plants grown under
wider spacing (60 x 25 cm) attained maximum dry welght
per plant followed by closer spacings of 32 (45 x 15 cm)

and 83 (30 x 15 cm) during last three stages of crop

_————



growth, While in DHM-103, spacing of 45 x 15 cm recorded

higher drymatter over wider spacing i.e., 60 x 25 cm
(SI) as well as closer spacing of 30 x 15 cm (53) at 90
and 120 DAS, whereas during harvest its trend was rever-
sed. During this stages, plants of DHM-103 grown under
wider spacing (Sl) recorded maximum dryweight (372 g)

which was significantly superior to 52 (345 g) and 53

The interaction of varieties and thinning treat-
ments were found to be significant at 60 DAS to harvest
{Table 3c¢). However, such interaction effects were
different at different stages of crop grwoth. The inter-
action effect of African tall with thinning tratments
were significantly superior in production of dry matter
per plant as compared to other interactlon effects of
Ganga-5 or DHM-103 with thinning treatments at all
stages of crop growth (60 DAS to harvest). At 60 DAS,
plants of Ganga-5 grown under control plots (without
thinning) recorded significantly more drymatter (100 g)
than T3 (87 g) and 1t was on par with T, (98 g), T4 (99
g2), Tg (99 g) treatments. During 90 DAS under this
variety, there was a significantly lower production of
dry weight per plant observed with thinning treatments
of T5 (180 g), .Tﬁhejsa g) -when compared to control T1
(206 g) while T, produced more drymatter (214 g) when
compared with T, (198 g), T, (184 g) and T ( 180 g) and
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it was on par with control (206 g). Similarly at 120

DAS reduced plant dry weight was observed with 'I‘4 (276 g)
compared with 'I‘3 (307 g) .However all thinning treatments
were on par with control with variety of Ganga-5. At
the time of harvest thinned plants of T, (364 g) produ-~
ced significantly more dry weight over (342 g) as well
as remaining treatments of T3 (353 g), 'I‘4 (347 g) and T5
(349 g) under variety Ganga-5.

In DHM-103, there was a significant reduction
of plant dry weight with thinning treatment of 'I‘3 (77 &)
as compared with control T, (93 g during 60 DAS). While
the remaining treatments were on par with control during
this stage. Similarly during 90 DAS, thinned plants of
T, (159 g, T3 (155 g), T, (177 g) and T (174 g)
recorded lesser drymatter production compared with
control T, (183 g). While at 120 DAS, control ('I‘1 i.e.,
without thinning) plot recorded (248 g) significantly
lesser drymatter as compared to T, (284 g), T, (297 g)
and remaining thinning treatments were on par with
control. At harvest, thinning treatments had no impact

on drymatter production in this variety,

In African tall, plants grown under control
plot (T1) obtained maximum dry weight per plant (124 g)
and it was superior to thinning treatments of Te (114 g),
T, (108 g, T, (99 g) and T, (98 g) during 60 DAS.
Whereas at 90 DAS, 'I‘4 produced higher drymatter when
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comapred to control as well as remaining thinning treat-
ments of Ty, Ty and Tg. Similarly at 120 DAS, T4 produced
(332 g)more drymatter over control (297 g). During
harvest, thinning had no significnat impact on dry
matter production and produced almost equal drymatter

with control,

The interaction of plant densities x thinning
reatments significantly differed in dry weight of plant
at 90 DAS, 120 DAS and harvest only, whereas at 30 and
60 DAS the differences were not significant in respect
of drymatter production per plant (Table 3d). Irrespec-
tive of thinning treatments, plants grown under wider
spacing of 60 x 25 cm (S1) attained more drymatter as
comapred to closer spacings of 45 x 15 cm (Sz) and 30 x

15 cm (S3) at 90 DAS, 120 DAS and harvest.

During 90 DAS, there was a significant reduction
of drymatter over control in the order of 32.4 g; 31.7 g
and 26.9 g with thinning treatments of T,, T, and TS’
respectively under low plant density level (ST) while T3
obtained dryweight which was on par with control (TI)'
whereas during 120 DAS, earlier thinning treatment T,
recorded significantly higer drymatter (347 g) compared
to control (307 g) under given plant spacing of Sye
During harvest, thinning treatments of T, and T, produ-~
ced significantly higher drymatter (401 and 394 g) as
comapred to control T, (372 g) under the plant spacing

of SI'






The interaction treatment of V1S1T3 had maximum

drymatter during 90 DAS, 120 DAS and harvest whereas

least drymatter was observed in V253T2 (Table 3e).

4.4 NUMBER OF DAYS FOR 50 PER CENT TASSELING

DHM-103 took significantly lesser number of days
(67 days) for 50% tasseling indicating 1its earlyness
compared to Ganga-5 which tasseled by 69 days and African
tall by 78 days. The differences between spaclings,
thinnings and interaction effect between varieteis vs
spacings, varieteis vs thinnings, spacings vs thinnings,
varietles vs spacings, spacing vs thinnings were not
significant in respect of number of days for 50% tasse-

ling (Table 4).
4.5 NUMBER OF DAYS FOR 50 PER CENT SILKING

There was a signficiant variation for number of
days to 50% silking between varieties. Ganga-5 (70
days) and DHM-103 (71 days) took lesser number of days
for S0% silking as compared to African tall (81 days).
However the differnces between spacings, thinnings,
interaction effects of varieteis vs spacings, varieteis
vs thinnings, spacings vs thinnings, varieteis vs
spacings vs thinnings were not found significant in

respect of days to 50% silking (Table 4).
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Table 4 Effect of varieties, spacings and thinning treatuenlL

on days to 50 per cent tasseling aund silking

Duration Duration

Treatments for for
Tasseling silking
Varieties
v Ganga-5 68 .60 71.60
V1 DHM-103 67.43 70.40
V2 Africantall 78.17 80.87
’ SE + 0.32 0.60
CD ;t 5% 0.74 0.93
Spacings
S 60 x 25 cm 71.23 74.27
S] 45 x 15 em 71.23 74.10
52 30 x 15 cm 71.57 74.50
’ SE + 0.32 0.60
CD at 5% - -~
Thinning treatments
T Control (No thinning) 71.22 74.17
T1 Thinning at 30 DAS 71.61 74.67
T2 Thinning at 45 DAS 71.17 74.33
T3 Thinning at 60 DAS 71.39 74.17
T4 Thinning at 75_DAS ., 71.33 74.11
’ SE + 0.29 0.66
CD at 5% -- --
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4.6 YIELD COMPONENTS AND YIELD

Number of cobs per plant, cob weight, number of
grains per cob and 100 seed weight were collected at

harvest and presented in Table S5a, 5b and 5S¢,

4.6.1 Number of Cobs Per Plant

Variety DHM-103 recorded maximum number of cobs
per plant (1.101) which was on par with Ganga-5 (1.057)

and significantly superior to African tall (0.814).

Plants grown under wider spacing (60 x 25 cm)
recorded significantly more number of cobs per plant
(1.160) as compared with closer spacings of 45 x 15 cm
(0.940) and 30 x 15 cm (0.892). The per cent decrease
in cob number over wider spacing (Sl) was 18.96 and
21.82 with closer spacing of S, (45 x 15 cm) and 53 (30
X 15 c¢cm) respectively. Thus there was a decrease in cob

number with incrase in plant density,

Plants grown under control plot (T1) recorded
significantly lesser number of cobs per plant (0.62)
than under thinning treatments of T, (1.071), 'I‘3 (1.086)
T4 (1.101) and Tg (1.076). The per cent increase in cob
number over control was 72.74% 75.167 77.587 73.55 with

thinning treatments of T,, T3, T, and T respectively.
4.6.2 Cob Wegiht (g)

'African tall' had signficiantly lower «cob

weight (156 g) as compared to Ganga-5 (168 g) and DHM-103
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Caate T Effect of varietices, spaciops and thinning treatments
on e ld camponeats
No.af  Goh No.of 107 seed
Treval ne b cobhs/ weight grains/ weight
plant (g) cob (g)
Varietins
v Ganga-5 1.057 168.130 517.830 25.720
Vl BHM-103 1.101 166,499 511.930 26.170
V% Africaniall 0.814 156.390 509.700 24.720
‘ SE ¢ 0.608 4.018 2.011 0.914
ch ;t 5% 0.n47 9.270 4.630 ~-
Spacings
S ééhé‘éghgm 1.160 173,700 514.830 26.900
Si A% v 15 en 0.940  152.6720 511,100  25.640
3 30 % 1% un 0.872 154.630 513.530 24.070
T 0.608  4.018  2.011  0.914&
Ch at 5% 0.047  9.270 -~ 2.110
Thinning Lreatments
T :;;-;;i-gﬁélﬂﬁ{$dfdé) 3.620 154.940 512,110 26.160
T1 Thinning at 30 DAS 1.071 159.370 515.280 25.010
T2 Thinning at 45 DAS 1.086 165.140 514.390 25.650
T? Thinning at 60 DAS 1.101 162,530 512.940 25.230
Tj Thinning 1t 79 DAS 1.076 165.400 511.050 25.630
’ S+ 0.606 2.927 1.832  0.627
ch ;t 5% 2.027 - - --
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Table 5c Effect of varieties x spacings x thinnings (V< S x T) interaccions on yield cvgponents

e B o e S e e S ey L R e e e e o o AL e Y R L T E T M ME T A T R L W R MER T TE B e M Mk he A T E TR A B R R R A B kR A A o e e e d e Ak ko A A ke ok E e e e
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Vv 3 174.0 171.0 190.0 190.0 176.J3 513.0 519.0 531.0 525.0 508.2 27.2 26,0 29.0 27.5 7.1
S 163.0 171.0 162.3 152.0 172.0 E£17.0 525.0 513.0 596.0 317.0  2%.5 26,1 25.0 23.4 35.5
=z 163.0 160 .0 153.2 1062.0 153.0  513.0 522.0 518.0 313,77 522,70 25,4 24.5 235 .9 247
v o3 183,97 161,00 1317 103,70 176,00 512,70 593.7 373.0 312,0 51,0 T8.9 25,5 IS.48 75.% 26.3
5 184.0 174.0 181.0 180.0 152,0 .,08.0 514.0 513.0 313.7 506.7 3.8 27.5 7.7 28.5 23.0
g 165.0 145.0 142.0 152.0 155.0 513,72 510.0 5. ,) 25,7 521.0  ©5.3 22.8 12,2 73,7 123.5
v S. 187.0 153.0 1H8.0 120,00 135,72 573,07 52309 570,00 34,0 51 0 20,7 4.8 35,0 2205 8.9

R 134.0 140.0 145.0 162.0 166.0 497.0 512.0 5¢9.7 372,53 502,72 IZ.Z2 23.8 U7., 25.% 26.3

= 133.0 1580 12,0 153.0 155.3 576,92 506.0 5'0.0 53 .0 300,45 7T.7 4358 P50 25,50 12,7
3
Sk 8.8 5.5 7.9
wut . _J-:’ :F-S 1]-: J--:r
FEE T . e T aF T - = Z = 2 = N kI T e e e I e e e e = == =
Vi - tanga-5 T: =.Coneeal i Shimaing T4 = Toovang 3b A Dad
72 - HNE103 . 12 = Thinning at 30 0AS TS5 = Thinuing at 75 DA
Vi = Zirican Lall i T3 = Thinming 3~ 43 48 D55 = Taye AfEer Soviig
3 s 25 an {86 06% plants has
S, 2w I o (0,48 ke olanl e Ty
3 = 50w 15w (72,72,222 Mlanta /1)
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(166 g). Plants grown under wider spacings of 60 x 25 cm
(S1) produced significantly bigger cobs (174 g), when
compared with closer spacing of 8, : 45 x 15 cm (163 g)

and S 30 x 15 cm (154 g). Thinning had no significant

3
impact on cob weight.

In Ganga-5, there was a slight increase in cob
weight with thinning treatments of T2 (168 g),T3 (169 g),
T4(168 g) and T5 (169 g), as compared to control (166
g). In African tall, thinning at 75 DAS (T5) recorded
more cob wegiht (169 g) as compared to control (152 pg)
and thinning treatment of T, (150 g), T, (158 g) and T,
(154 g), whereas with DHM-103, there was a significant
reduction of cob wegiht with thinning treatments of T2
(160 g), T3 (168 g), T4 (165 g) and T5 (161 g) compared
to control (177 g). The interaction effect of Ganga-5 x
thinning treatments of Ty Tqy Ty Ty resulted in signi-
ficantly more cob wegiht as compared to other interaction
effect of DHM-103 x thinning treatments and African tall
x thinning treatments. The interaction effect of V,T,
(177 g, VaTg (169 g) " recorded maximum cob
weight whereas least vlaue was observed with V,T, (149 g)
treatment. The values of remaining interaction treatments

were placed in between these two extreme values,

Irrespective of thinning treatments, plants
grown under wider spacing recorded significantly more

cob weight as compared to closer spacings. Under low
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plant density, there was a signficant reduction of cob
wegiht with T, (163 g) T, {165 g) as compared to control
(182 g) while in closer spacings of 52 and 53, such
thinning treatments increased cob wegiht marginally over
control, The interaction effect of VTS1T3 and ViS54T,
helped to recorded maximum cob weight (191 g each),
whereas least cob welght was observed in V353T1 (133 g).
The values of remaining interaction effects wvaried

between these two end values.
4.6.3 Number of Grains per Cob

The data on number of grains per cob was recor-
ded at the time of harvest and presented in Table 5a and
5¢c. Ganga-5 possessed significantly more number of
grains per cob (518) over DHM-103 (512) and African Tall
(510). The interaction treatment of V151T3 recorded
maximum no. of grains per cob (531) whereas least number
of grains per cob were observed with VqaS,Tg (500). The
values of remaining interaction treatment were in betwen
these two values. The differences between spacings,
thinnings, interaction effects between varieteis wvs
thinning; wvaleteis vs8 spacingss spacings vs thinnings
were not significant in respect of number of grains per

cob.
4.6.4 100 Seed Weight

The differences between wvarieties, spacings,

thinning and their interactions were not significant in
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respect of 100 seed weight. However, plants grown under
wider spacings of S1 and S2 recorded significantly more
100 seed weight of 26.9 g and 25.6 g, respectively over
closer spacing of 53 (24,07 g).» V.IS1T3 recorded maximum
100 seed weight of 29.1 g while least 100 seed weight
was observed with V3S3T1 (21.8 g). The values of remal-

ning treatments were in between these two values,

4,7 YIELD

4.7.1 Grain Yield (Quintals per hectare)

1

The grain yield particulars in q ha” ' are given

in Table 6a, 6b and shown in Fig. &, 5 6amdlThe grain

s

yield differed significantly among varietles and diffe-
rent population levels, The interaction between varieties

and populations, were also found to be significant,

Ganga-5 recorded the maximum grain yield of

1

44,35 q ha” ' which was significantly superior to DHM-103

(41.90 q ha™') and African tall (28.94 q ha™ ).

Grain yleld significantly increased with in-

crease of plant density from S, : 66,666 plants ha™
(33.85 qha™') to S, : 1,48,148 plants ha”' (38.77 q
' (42.57 q ha"T). The

ha"') and S, : 2,22,222 plants ha”

3
seed rates caused signficant improvement in grain yield.
Highest seed rate helped 1in realising significantly
higﬁer grain yield compared to lower seed rates (82 and

81) inturn 82 ylelds were also significantly superior to

o4
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Varieties

' Ganga -5

Vv DHM- 103

v Africantall
SE +
CD ;t 5%

Spacings

s 60 x 25 cm

SI 45 x 15 cm
52 30 x 15 ¢n
3
SE +
CD ;t 5%
Thinning treatments
T Contrulth thinning)
T1 Thinning «r 10 DAS
T2 Thinning 2. 45 DAS
T3 Thinning at 60 DAS
'J.'(l ‘Thinning a4 75 DAS
T5 (Entice plot hacvesied
b as forape at 75 DAS)
SE ¢
CD ;t 5%

Grain
yiuh'[
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44.35
41.90
28.94
1.27
2.93

33.85
38.77
42,57
1.27
2.93

19.12
3/7.5%
318.16
37.55
39.50
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1

ld

74.82
92.43
01.35

0.9A

16.08

90.01
36.18
89.57
89.85
91.68

Forage
yield

84.80
85.57
97.04

1.01

76.13
90.99
100.25
1.7

2.29

10
.11}
13.82
36,94
£7.56
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Table 6b Eltect of varicties x spacings (V x 35) inle.dction on

S 5 5

1 2 3
V] Ganga -5 40.96 44.62 Al.4b
V2 DIM-103 36.13 42.79 46.79
Vj African tall 2447 13.30 34406
SE + 2.19
CDh at 5% 5.06

grain and stover yield

ok M e Ak e Ak e e e E = e ke e e = Mmoo = e e ko e =

Gfdln yxéld \qfha)

thth yleld \qlha)-‘

§ S ]

1 2 }
64,07 74.892 80,)/
61.54 65.0% 77.%7
98.90 132.57 145,75

12,05
2/.87

Table 6c Effect of varieries x thinnings (V x T) on stovev yield;

spacings x thinnings (S x 1) inreractions on stover anu

forape yield (g/ha)

o e e e e e e e e e m e e e = e e e e e e e e o e e e i M A e e s ek = ke e e e = = = =

Sx T

porage yield vg/ha)

S S 3

1 2 j
Z.1b 2,16 2.16
2.90 3,88  5.u4
9.82 14,93 16.71
31.@3 372.79 41,4
A2.84 AB.6T 5317

367.41 440,50 4832.52

2.19
PN

= Th1111nb aL bG LAS
~ Thimning al 75 DAS

= Pntire plot harvest
at 75 B

as Lorape
AlLer Sowing

Diys

VxT SxT
Stover yield (y/ha) Slover yield (g/ha)
v v v S S 5
1 2 3 1 2 3
Tt 73.99 73.09 123,38 73,42 92.24 104,39
T2 70.76 65.44 122,38  79.25 85.41 93,90
T3 80.25 68.59 116.88 76.75% 94.07 97.90
T 72.93 69.93 126.71  67.10 94.57 107.89
4
T5 67.43 68.59 139.03 77.58 95.90 101.56
T - - - - -— -
6
SE + 9.69 9.69
Ch at 5% 19./1 19.71
VI = Ganga-5  T1 - Control No thimning T4
V2 = DHM-103 T2 = 'thinning at 30 DAS T5
= African tall T3 = Thinning ac 45 DAS Té
ST = 00 x 25 con (66,666 ldnts{ha§
S2 =45 x 15 em (1,48,148 pluncs/iha) DAL =
83 =30x 15 am {2,22,22? plancs/ha)
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5y yield. The per cent increase in grain yield with

highest population of S3 over S1 was 20.48 per cent and
over S, was 8.93 per cent. Thus there was increase 1in
grain yield as increased plant density from 66,666 to
2,22,222 plants ha‘1. Thinning treatmental differences

failed to alter grain yield.

For the given maize varieties, c¢hange in popu-
lation from §, to 53 showed progressive increase in
grain yleld, Such increase in grain yield with plant
density was more pronounced in DHM-103 as compared to
African tall and Ganga-5. In case of DHM-103 significant
increase in grain yield with change of seed rate from S4
to S, or from $, to S5 was observed while change from 8,

to §, differences were not significant. The yield impro-

-1

3

vement in DHM 103 was as high as 6.66 q ha (13.4%) and

10.66 q ha”! (29.5%) from S, to S, and S

1 2 e
"African tall' a significant improvement of 4.43 q ha
1

53. In
1

(18.10%) and 8.99 q ha ' (36.7%) in grain yield was

to 52 and §

to S3 in seed rate, The improvement was of 3.66 q ha”
-1

realised with change of seed rate from S

o - 1

1

(8.9%) and 6.5 q ha (15.9%) in case of Ganga-5 with

increase in seed rates from S1 to 52 and S, to 5,. VTSB

1 3

recorded maximum grain yield of 47.46 q ha~! while
minimum yield of 24.47 q ha™! was observed in Vy8,. The
values of remaining treatments fell in between these two

ends. The interaction effect between varieties vg thinn-
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ings; spacings vs thinning levels; varieties vs spacings
vs thinning were not found significant in respect of

grain yield.
4.7.2 Stover Yield

The drymatter of the plant at harvest after
removing the cobs was recorded as stover yield in g ha‘t
The data are given in Table 6a, b. The stover yield
differences were significantly influenced by wvarieties
and spacings. Among the interactions, varieties wvs
spacings, varieties vs thinnings; spacings vs thinning

were found to be a significant while variete s vs spa-

cings vs thinnings failed to do the same.

Stover yield was as high as 125.68 ¢ ha~Ti

n
African tall which=was significantly superior to the
production of Ganga-5 (72.99 q ha'1) and DHM-103 (69.13

q ha—l).

High plant density in 30 x 15 cm gave the
highest stover yield of 101 q ha-T. Stover yield signi-
ficantly increased with decrease of spacing for indivi-
dual plants from 60 x 25 cm (75 q ha'1) to 45 x 15 cm
(93 q ha'I) and 30 x 15 cm (101 q ha‘I). Closer spacing
of 30 x 15 cm resulted in superior production of stover

by 23.60 per cent over 45 x 15 c¢m and 34.80 per cent

over 60 x 25 cm spacings.



The stover yield differences due to thinnings
were not significant. Stover yield increased with dec-
reasing of spacing for individual plants from 60 x 25 cm
to 45 x 15 cm and 30 x 15 cme in all thinning plots.
Such increase in stover yield with population was more
in late thinning TS (at 75 DAS) as compared to earlier

thinning of T, (30DAS), Ty (45 DAS) and T, (60 DAS).

In all varieties, there was a progressive impro-
vement in stover yield with increase of plant density in
the spacings from S1 to S3. Significantly superior
stover yleld was recorded in African tall in 54 over 5.
While the other wvarietal differences or improvements
were statistically not significant. In Ganga-5 the thin-
nings treatmental differences were not significant in

respect of stover yield. Similar was the trend observed

In DHM-103, there was a significant reduction
of stover yield with thinning treatments of T, (65.44 q

69.93 g ha'1) when
1

ha™'y, T. (68.59 g ha"!) and T

3 4 ¢

compared with 'control' T1 (73.09 q ha ). In African

tall T5 recorded significantly higher stover yield

1

(139.03 ¢ ha“) as compared o T3 (116.8 q ha™ ') while

Ty T, and T1 treatments were on par with TS'

The green fodder of plants harvested at the

time of imposing the thinning treatments at 30 DAS (TZ)'
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45 DAS (T3), 60 DAS (TA)' and 75 DAS (T5) was recorded

as forage yield (in q ha‘1). An additional treatment
(T6> was also grown as per the spacing treatments and
harvested (entire plot) at 75 DAS. The grain yield was
the only yield recorded in T, (contrel) which were not
included in the analysis. On an average the forage that
could be realised was substantial (more than 20 quintals
per hectare). Dependiﬁg upon the time of thinning the
yield ranged between 2 q to 50 q forage per hectare,
The differences in yield due to varieties were not

significant (Table 6a and b).

Forage .yield differences due to various spacings
were statistically sipgnificant. Closest spacing of 30 x
15 cm resulted in significantly superior yield of 24.12
q hel"1 over normal spacing plots (60 x 25 cm). In turn
the medium spacing of 45 x 15 c¢m also recorded signifi-
cantly superior yield over the closer spacing treatment

(17.66 q ha™

). This shows a promise of puttimg higher
seed rate at the time of sowing, which could be convien-
tly brought down to the recommended (51) gpacing popula-
tion and in the process realise a substantial green
fodder, during crop growth. The remaining plants which

bear the cobs were harvested for grain without any

significant reduction in grain yield.

The removal of plants at various stages of crop
growth i.e., thinning treatments, resulted in the forage

yield whose differences were statistically significant,
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The plants harvested at 75 DAS for imposit.iu. of thinning
teatment (TS) resulted in maximum green forage yield

which was significantly superior to the rest. A definite

reduced production “of green fodder was observed with

each reduction of period in thinning. In otherwords

with each increase in period of available growth before

thinning, resulted in significant, improvement in green

fodder yield starting from 30 DAS, 45 DAS, 60 DAS and

highest at 75 DAS.

For a given variety of waize, change in popula-
tions rate due to spacing from §y (60 x 25 cm) to 5,
(45 x 15 cm) and S3 (30 x 15 cm) showed a progressive
increase in forage yield. Such increase in forage yield
was wmaximum in 'African tall' followed by DHM 103 and
Ganga-5. Treatment V353 obtained maximum forage yield
(117.26 q ha'T) wheras least yield was recorded by VS,

(75.84 q ha™!) and V,8, (76.90 q ha'T).

4.8 MONETARY RETURRNS

Monetary returns were calculated according
price value of grain (Rs 150 q-T); price value of stover
(Rs 18 q'1) and price value of forage (Rs 18 q'1). Gross
monetary returns 1s the cumulative returns of grain,

stover and forage.
4.8.1 Monetary Returns On Grain Yield

Monetary returns due to grain yield were maximum

with Ganga-5 (Rs 6,651) which was statlstically on pac



Table 74 Eifcct of varieties, spacings and thinning treatments
on monecary retwns for grain, stover, forape and

gross returns (Rs)

Due to Due to Due to Gross

Treatments grain stover forapge  retumns
(Rs) (Rs) (ng' (Rs)
Varieties
, Gangag-5 6651.80 1313.82 1526.46  9492.08
Vv DiM-103 6284.90 1244.34 1539,33  90C68.57
Vz Africantall 431,80 2262.12  1745.69  8349.61
. SE v 191.3t 287.30 1883.15 319.97
b at 5% 439.95  663.27 4333 736.59
Spacings
S 60 x 25 em 5077.81 1346.76  1370.28 7794.84
S} 45 x 15 o 5815.,50 1664.64  1637.79  9117.93
52 0 x 15 e 6385.20  1815.70 1804.49 10004.99
] SE + 191.31 287.30 ‘ 1883.15 319.97
Ch at 5% 439.95  663.27 431 74.59

Thinning treatments

T Control (Mo thinning) 5868.50 1620.18 38.88  /527.56
T] Thinning at 30 DAS 5646.50  1551.24 73.98 7271.72
T2 Thinning at 45 DAS 5724.,50 1607.40 248.76  7550.66
T3 Thinning at 60 DAS 5633.00 1614.24 664.92  7912.16
Tﬁ Thinning at 75 DAS 5925.00  1650.24 856.08 8431.32
Tz (Egc%giagéogch?gvgiéed -— -~ 7742.00  7742.00

SE + 296 .64 226.64  2496.42 366.63

CD at 5% -- - 49.99  706.59

Note ; Price for grain Rs 150 per quintal;
Price value for stover and forage Rs 18 per quintal



with returns of DHM-103 (Rs 66,285) and signifl.:urily
superior to Africanm tall (Rs 4,342). The pecr cent
increase in monetary returns with Ganga-5 on grain yield
over African tall was 53.13% and 5.92% over DHM-103
(Table .

Monetary returns progressively increased with
increase of plant density from S1 (Rs 5077) to S2 (Rs
5,816) and 53 (Rs 6,385) and their differences were
statistically significant. Such increase of monetary
retruns of grain yield over normal population of (51)
was Rs 738 (14.5%) with higher population of S, and Rs

1,307 (25.7%) with 53.

Thinning treatments had not shown any signifi-
cant effect on monetary returns due to grain yield as a

result of negligible variation between treatments,

For a given maize variety, change in spacing
from S, to 53 (in increase of population) showed progre-
ssive Iincrease in monetary returns. Such an increase in

monetary returns was signficant with a change from 81 to

53 in case of Ganga-5, 5, to S, in DHM 103 and similarly

from S.l to 52 in African tall. The increases observed

— e

in other treatments were not significant.

The interaction effects of variety x thinningss
spacings x thinnings’ wvarieties x spacings x thinning
treatments were not found signficant in respect of mone-

tary returns.
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4.8.2 Monetary Returns On Stover Yield

The monetary retruns on stovar yield were sig-
nificantly infEluenced by varieties, plant densities,
thinning treatments, 1nterction effects of varieties x
spacings; varieties x thinning treatments and population

x thinning treatments (Table &).

Maximum monetacvy returns were observed with
African tall (Rs 2262) which were significantly superior
to returns of Ganga-5 (Rs 1,313) and DHM-103 (Rs 1,244).
The per cent reduction of monetary returns on sgtover
yield over African tall was 41.99, 45.00 with ganga-5

and DHM-103, respectively.

There was a significant increase of monetary
retruns on stover yield with increased plant densities
from S1 (Rs 1,347) to S2 (Rs 1664) and 53 (Rs 1,815).
Such increasg qE_rgEans on stover yield over S1 was Rs
317 and Rs 468 with 5, and 53, respectively, The monetacy

returns of S, and Sq were on par with each other.

Thinning treatments had no significant impact
in respect of monetary retruns on stover yield of control
plot. There was a significant increase of returns on
stover yield with higher plant densities Erom §; to 5,

and 54 with African tall compared to other varieties.



V353 (Afrlcan rall x highest plant density)

resulted in maximum monetary returns and which was sig-
nificantly superior¢ to the rest., The interaction effect
of African tall x thinning treatments were significantly
superior in respect of monetary returns on stover yield
as compared with Ganga-5 x thinning treatments and DHM-
103 x thinning treatments, V3T5 (African tall x thinning
at 75 DAS) obtained maximum returns on stover yleld (Rs
2,502) as compared to other interaction treatments

whereas least value was observed in VZTZ (Rs 1,178).

Maximum return was observed with S3'I'5 (Rs
1,828) whereas least monetary returns were observed with
SIT& (Rs 1,208) and these two interactions differences
were statistically . not signifigant,

4.8.3 Monetary Retucns On Forage Yield

African tall's monetary returns on forage yield
(Rs 1746), were significantly higher than those DHM-103
(Rs 1,539) and Ganga-5 (Rs 1,527).

Monetary returns on forage yield progressively
Increased with Increase of plant densities from S1 (Rs
1,307) to 52 (Rs 1,638) and 53 (Rs 1,805). Such increase

of returns on forage with change of population rate over

S, was 19,56 per cent and 31.33 per cent with Sy and S

1 3
respectively. Monetary returns obtained in 83 due to
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forage were significantly superior to the rest of spa-

cings of 82 and Sy inturn returns of S, were also

significantly superior to §, (Table % .

There were significantly superior returns on
forage Erom Te (entire plot harvested at 75 DAS consi-
dered as forage) i.e., Rs 7.742, compared to the rest,
The returns were next best in T5 (Rs 856) which were
superior to T4 (Rs 645), 1nturn '1‘4 superior to T3 (Rs
249) and inturn T3 superior to Ty- Lowest returns were

obtained in T, where no thinning was practiced.

The forage yield obtained by thinning in African
tall resulted in maximum monetary retruns due to forage
which were significantly superior to the rest. The
returns from forage with DHM-103 was second in order but
was on par with returns of Ganga-5. Monetary returns
gradually increased with change of population rate from

S in all three varieties of maize studied. Such

1 to 83
increase of remuneration on forage with higher population
levels was more reflected in Afric¢an tall as compared to
Ganga-5 and DHM-103. Similarly in African tall, waunatary
returns were increased with increase of population from
S1 (Rs 1361 to 82 (Rs 1,764) and S3 (Rs 2,110). While
DHM-103, there was a progressive increase of returns
with plant densities from S1 {Rs 1,384) to 52 {Rs 1594)

and Sq (Rs 1,640). Similarly in Ganga-5 monetary returns

on forage was high with higher population levels of 33



(1663), 52 (Rs 1,555) as compared with 51 (Re 1,361).
V153 obtained waximum returns (Rs 2,111) whereas least
8

monetary returns were from V1S1 (Rs 1,361) and V (Rs

271

1 ,384) L]

Plants thinned at 30 DAS (Tz), 45 DAS (T3), 60
DAS (Té) and-TS-DAS“(TS) showed progressive increase of
returns on forage when compared with Te (entire plot
harvested as forage at 75 DAS) in all wvarieties of
maize. Such increase of returns on forage was lowest in
Ganga~5 and DHM-103 as compared to African tall. VaTg
resulted in maximum returns (Rs 8,595) whereas least

value was with V1T2 (Rs 64).

The interaction effects of V35,T, resulted in
maximum returns on forage which were significantly higher
than remaining interaction effects whereas least wvalue
was observed with V1S1T2 and V152T2 (Rs 4,482). The

values of remaining interactions were in these extremes.

4.8.4 Gross Monetary Returns Due To Grain, Stover and

Forage Yield (Combined)

The data pertaining to gross returns are presen-
ted in Table 7a;7b Fig.8,9 and 10. The differences due
to varieties, spacings (population levels), thinnings
and their interactions were found to be statistically

significant.
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Growing of variety "Gange-5" resulted in maximum
return of Rs 9,492 per hectare, This return was on par
with the returns of DHM 103 (Rs 9,069) and was superior
to Afriecan tall (Rs 8,350). Gross returns gradually
increased with increase of plant population from S1
(Rs 7,795) to S2 (Rs 9,118) and 53 (Rs 10,004). The per
cent increase of retumms over normal population (51) was
16.97 and 28.33 with higher populations of 52 and S3
respectively. Gross returns obtained in S3 were highest
which was significantly supérior to the rest. The results

of S2 were second in order and were significantly supe-~

rior to returns of S1.

The thinnings did not result in any significant
effect on monetary returns compared to 'control", The
returns of T (entire harvest at 75 days) were higher
and was at par with T, and T, returns and superior to

5

TI’ T2 and T3.

Gross monetary returns gradually increased with
increase of plant population from Sy to S, and 53 in all
varieties of maize. Such increase of gross returns with
plant population were more pronounced in African tall as
compared to DHM-103 and Ganga-5. The Ganga-5 higher
returns were obtained with increase in population from
§; (Rs 8,658) to_S, (Rs 9,597) and S5 (Rs 10,222). In
this wvariety, the per cent increase of returmns over Sy

was 10.84 with 52 and 18.06 with 53. Similarly with
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Table 7b Effect of varities % spacing [Y x 3); varieties x thinnings (¥ x T)
interactions on grnss moretary recurns {Rs)

VxS VT
Treatments 5 5 8 T T T T T T
] 2 3 ] 2 3 3 5 )
Varieties
V1 Ganga-5 8658 9597 10222 7898 7497 8394 8674 5199 73Z5
Vz DHM-10 3 7911 9237 10059 7598 7411 7812 §t137 3597 7308
V3 Africantall 6813 §436 9750 7087 6907 6497 6919 7499 83595
SE + 553 500
CD at 5% 1273 1233

Note : Gross monetary returns = Cumulative returns of grain, stover and forage (Rs)

T1 Contrel No thinning S1 60 x 25 cm (£6,666 glanm/ha%
T2 Thinning at 30 DAS S2 8 x 15 cm ,48,143 planty ag
Tz Thinning at 25 DAS S3 30 x 15 em (2,22,222 planty/ha
T4 Thinning at §0 DAS )

TS5 Thinning_at 75 DAS DAS = Days after sowing

T6 Entire plot harvested as forage at 75 DAS

£






DHM-103 the monetary returns were higher with higher
population levels i.e., S3 (Rs 10,059) and 52 {(Rs 9,237)

when compared with S.I (Rs 7,911). The per cent increase
of gross returns over S, was 16.76 with 82 and and was
27.15 with 53. In African tall, change of population
rate from S1 to 82 and 53 resulted in higher monetary
returns from Rs 6,813, Rs 8,486 and Rs 9,750, respecti-

vely. The per cent increase of returns over S was

1
24,55 and 43.10 with higher population of 5, and 5S4,
respectively. Maximum return was observed with V183
(Rs 10,222) whereas least return was observed with VBSl
(Rs 6,813). The values of remaining interactions due to
varieties and spacings were in between these two high
values. Thus change in population rate from S1 to 52 and

53 resulted in higher monetary returns especially in

'African tall' compared to DHM-103 and Ganga-5.

In pgeneral the differences due to varieties x
thinnings were statistically significant. The thinnings
have improved the returns to the maximum possible extent
in Ganga-5 and were statistically on par to improvements
made in DHM-103, which were inturn superior to 'African
tall'. The increased returns with Ganga-5 (V1T5) were
maximum and were on par with returns of control treat-
ments of Ganga-5,DHM 103 but superior to control of
‘African tall'. The total returns obtained by Te (total
crop harvesting at 75 days) also showed good returns,
which.were also on par with the returns of 'control' but

significantly lower than V1T5.
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Change in population rate from Si (normal popu-

lation level) to higher population level of 52 and 53

resulted in higher returns at all thinning treatments,

but these differences were not statistically significant.

However maximum return was observed with 53T5 (Rs 9,115)
whereas least value was observed wtih 5;T, (Rs 6,272).
The values of remaining interaction treatments were in

between these two extreme values,

V153T5 yielded the maximum return of Ré 9,694
per hectare, whereas the least amount was realised with
V351T1 (Rs 5,448). However, the differences between
these interactions were not statistically significant,
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DISCUSSION



CHAPTER V

DISCUSSION

5.1 PLANT STAND
Plant stand increased from 66,666 plants ha™!

(60 x 25 cm) to 1,48,148 planty per ha™!

1

(45 x 15 cm)
and 2,22,222 plants per ha ' (30 x 15 cm) at all stage
of crop growth. Higher plant stand in closer spacing was
mainly due to use of higher seed rate. During subsequent
thinning operations at 15 days interval starting from 30
DAS and continued wupto 75 DAS lead to progressive
decrease of plant population with advancement of crop
growth., Wherever thinning opration (removal of alternate
hills) resulted in reduction of plant density. Similar
findings were made by Singh and Singh (1971), Hati and
Panda (1970), Rathore et al., (1976), Raghotham Reddy

(1984), Wang et al. (1987).
5.2 PLANT HEIGHT

A significant wvariation in respect of plant
height between varieties were not observed at all stages
of crop growth except at 75 DAS. At this stage, African

tall recorded significantly higher plant height as com-

=] R PP

pared to Ganga;s and DHM-103. Thus the vertical growth
rate of African tall (known as a tall growing varlety)

was very rapid than DHM-103 and Ganga-5 at 75 DAS and
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its pgrowth steadily increased with age of the crop.
Such steady growth was not observed in Ganga-5 and DHM
103. Similar observations were made by Hati and Panda

(1970), Raghotham Reddy (1984), Wang et al. (1987).

The differences between plant population, thin-
ning, interaction of varleties x spacings, varieties x
thinnings, varieties X spacing x thinnings were not
found significant in respect of plant helght at all
stages of crop growth. Similar observations with plant
densities were made by Rathore et al., (1976), Taneja

t al. (1984), Singh and Tajbaksh (1986) and with thin-

ning treatments by Arnel et al.(1969) and Shafshak et al.

(1984).
5.3 DRY MATTER

African tall produced more dry matter, over
Ganga-5 and DHM-103. The rate of dry matter accumulation
was high during 3rd and 4th month after sowing. African
tall produced more dry weight as a result of more plant
height and contintii¥y of source activity or vegetative
growth as evidenced by higher dry weight of vegetative

parts.,

Total dry matter (Plant basis) decreased gra-~

dually with increase in population density from 66,666

1 1

plants ha~' to 1,48,148 plants ha”' and 2,22,222 plants

per ha~! in all varieties of maize. Such reduction of
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dry weight was more pronounced in DHM-103 and Ganga-5 at
all stages of crop growth. The reduction in dry weight
of plant was directly proportional to higher population
levels. Reduction in dry matter per plant under higher
population level 1s due to biological pressure and heavy
competition existing for light, nutrients, moisture and
available environment resources. Similar results were
reported by several researchers (Stivers et al. 1971;
Pucaric and Gotlin 71973, Krishnamurthy et al. 1974a;
Raghotham Reddy, 1984, Singh and Tajbakhsh 1986 and Wang
t al., 1987).

The interactlion of varieties and thinning treat-
ments were found to be significant at 60 DAS to harvest.
The interaction effects of African tall with thinning
treatments were significantly superior to Ganga-5 x
thinning treatments--and - DHM 103 x thinning treatments at
all stages of crop growth. The dry matter production
was reduced with thinning treatments from 60 DAS to 90
DAS and 120 DAS, whereas at the time of harvest, all
thinning treatments except T2 were on par with control
in respect of dry matter production. In DHM-103, T3 at
60 DAS; TZ’ T3. T&’ T5 at 90 DAS recorded significantly
lesser dry matter as compared with control while at
harvest thinning treatments had no impact on dry matter

production as comapred with control.
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So far upto 1990, literature on interaction of
spacings x thinning in respective of dry matter is not

available,
S.4 DAYS FOR 50 PER CENT TASSELING AND SILKING

DHM-103 took lesser number of days in respect
of silking as compared to Ganga-3 and African tall,
Similarly Ganga-5 took lesser number of days to 30 per
cent tasseling as compared to DHM-103 and African tall.
The differences in days to 50 per cent flowering and 50
per cent tasseling signifciantly varied due to varietal

[ —

characters.

Sharma and Gupta (1968) stated that days to
silking were significantly less in Ganga safed hybrid
Makka-2 (58.7) and Ganga hybrid Makka (57.1) compared to
Ganga hybrid Makka 101 (60.85) and Rudrupur local
(60.45).

3.5 YIELD COMPONENTS

The cob weight, number of grains per cob were
high with Ganga-5 and were significantly superior to
those of DHM-103 and African tall. The superliority of
Ganga-5 to DHM-103 and African tall might be due to
effective translocation and distribution of drymatter

towards reproductive parts (cob and grain).
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The variation in grain number and cob weight
due to dry matter partitioning through genotypic poten-
tiality was reported several researchers (Singh
1967; Krishnamurthy et al., 1974a and Raghotham Reddy,
1984) .

Change in population rate from normal population

(51) to higher population levels of 1,48,148 plants ha'1

(S,) and 2,22,222 plants ha™ !

(53) resulted in degtase
of cob welght, grain number and 100-seed welight, Similar
results were reported by Singh (1967), Goydani and Singh
(1968), Sharma and Gupta (1968), Krishnamurthy et al.
(1974 a & b), Cloninger et al. (1975), Choudhary (1981)
and Remison and Lucas (1982)., Similarly Krishnamurthy
et al. (1974 a & b) observed variation in several of the
yield attributes due to increase in the population
stands. Raising the level of population from 45,000 to

1 -1

75,000 ha” reduced the number of grain rows cob™,

grains row'ly grainsﬁgbjgrain yiled'1; shelling percen-
tage and harvest index Krishnamurthy et al., (1974a)
but the difference were not significant in another study

Krishnamurthy et al., (1974b).,

Thousand grain weight also significantly diffe-
red from 237.3 to 205.3 g between the populations of
50,000 to 1,00,000 ha~' as reported by Goydani and
Singh (1968). Such significant reduction in 1000-grain

weight with increase in plant population was reported by
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Cloninger et al. (1975). Shukla et al., . .78) observed

significant decrease in number of grains cob"1 from 552

to 424 and 1,000 grains welght with increase in popula-

1 1

tion density to 70,000 ha ' than compared to 50,000 ha .

Cob weight of NCA maize cultivar registered

significantly lower value of 103 g at popualtion level

of 92,600 ha”!

-1

with the corresponding value with 37,000

ha was 169 g (Choudhary, 1981).

Thinning treatments had no impact on cob wegiht

grain number and 100-seed weight.

In African tall, thinning at 75 DAS (T5) resul -
ted in more cob weigh (168 g) as comapred to control
(152 g), thinning treatments of T, (150 g), T4 (158 g)
and T, (154 g). Whereas in DHM-103, there was a signifi-
cant reduction of cob weight with thinning treatments of
T, (160 g), T, (168 g), T, (165 g) and T5 (161 g), when
compared to control (177g). So far upto 1990, literature
on varieties x thinning treatments pertaining to cob

weight and grain number is not available,

5.6 YIELD
5.6.1 Grain Yield

Maximum grain yleld of 44.35 q ha~! was produ-
ced with Ganga-5, which was significantly superior to
that of DHM-103 (41.90 q ha”)) and African tall (28.94 q

ha'l). Similar trend was also observed in per plant yield.
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Highest yield +f this genotype was mainly due to its
genetic potentiality to utilize the natural resources in
an efficeint way from the initial stages of the crop
growth and its adaptability to agro-climatic conditions.
African tall and DHM-103 recorded lesser yield, due to
lower vlaues of yield components of (cob weight, number
of cobs per plant, 1000-seed weight) and dominance of
vegetative growth as evidenced by dry weight of vegeta-
tive parts. Reddy (1966), Singh (1967), Sharma and Gupta
(1968), Giesbrecht (1969), Singh and Leng (1970), Verma
and Singh (1970), Hati and Panda (1970), Patil et al.,
(1971) Bapna and Trivedi (1971), Pathak et al. (1971),
Srivastava and Mahmood (1971), Singh and Singh (1971),
Mandloi et al.(1972), Panda et al. (1974), Krishnamurthy
et al. (19748, Mock and Heghin (1976), Bhag Singh
(1976), Rathi and Ali (1972), Sharma (1978), Nayak et al.
(1981) and Jain et al. (1982) also observed differences
in yield between hybrids composites, improved and local

varleties,

Closer spacing (higher population levels) also
resulted in decreased yields per plant medlated by the
reduction number of grains per cob, cob wegiht, 100-seed
weight, number of cobs per plants and inadequate produc-
tion of vegetative parts. Grain yield per hectare was
increased with increase of population levels from 66,666
plants‘to 2,22,222 plants ha—j. The results show that

increasing the population levels per unit area would
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sharply affect the per plant performance (anclillary
characters of yleld). Better growth of individual plant
in low plant density and resultant wutilization of
accumulated photosynthates Influenced the growth and
development of cobs, grain number and better filling.
Similar results were reported by Singh (1967), Goydani
and Singh (1968), Krishnamurthy et al.(1974a) Choudhary
(1981), Remison and Lucas (1982), Navarro et al. (1985),
Bakelana t al. (1986), Singh and Tajbhakhsh (1986),

— e

Gentinetta et al. (1987), Reddy et gl.(IQS?),“Dwivedi

—t—

and Tripathi (1988) and West et al. (1989).

The grain yield per hactre was maximum (42.57 q
ha~') with population density of 2,22,222 plants (S5)
which was significantly superior to 1,48,148 plants ha~ !
' (33.85 q ha™').

Plants suffered individually in respect of growth, and

(38.77 q ha”') and 66,666 plants ha”

per plant yield. However, such loss in the yields was
more than compensated due to higher number of plants per
unit area under higher population levels, Results are
suggestive that higher yields can be obtained by increa-
sing population 1levels and sacrifying the individual
plant performéﬁﬁe:“ﬂ¥ae'diséaégntage with higher popula-
tion levels is utilization of environmental resources
like 1light, water and nutrients more intensively but

with lesser efficliency by the plants. If the plant

performance is increased, it leads to low wutilization
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efficiency of available resources for realising higher

yield, Therefore a balance must be struck between,

plants per unit area vs per plant performance.

The internal competition within the individual
plant between vegetative and reproductive plants become
most severe as competition between plants increases with
higher population densities. As plant density increases,
changes may occur in the allocation of assimilates to
different plant parts as a result of which a greater
proportion of plants may become barren and also there
may be a critical period for light in relation to grain
formation at higher population levels. §imilar increase
in grain ylelds were reported by Sharma and Gupta (1968)
upto 60,000 palnts ha'13Verma and Singh (1970) upto
90,000, plants _hg:lj Kaushak. and Gupta (1970) wupto

43,000pbstha” ! Bapna and Trivedi (1971) upto 41,650 ha™!.

1

Agrawal et al. (1974) upto 55,555 ha” ', Jain et al.
(1975) upto 56,000 ha~', Shukla et al., (1978) upto
50, 000 ha"! and Choudhary (1981) upto 61,700 plants ha~!

As reported the grain yield plarll:"1 between 66.6 (P2)
and 76.1 (P3) thousands ha™’ populations was not signi-

! was significantly lower in

ficant, but grain yield ha”
66.6 thousand ha™’ indicating that the population level
per unit area in P, was inadequate for wutilizing the

natural and applied resources fully.

For a given variety change in population rate

from S1 to 53 showed progressive increase in grain



yleld. Such increase in grain yield with enhanced plant
population was more pronounced in Ganga-5 as compared to
DHM-103 and African tall indicating a necessity for

further detailed investigation.

The grain yield of Ganga safed-2 maize was

maximum under 60,000 plants per ha™

which was higher by
11.65 and 22.83 per cent more than the yield obtained
from 40,000 plants per ha"1 in two years {(Sharma and
Gupta, 1968). Increase in population produced a substan-
tial increase in grain yield with hybrids from 30,000 to
75,000 plants per hectare. Similalry Verma and Singh
(1970) observed that grain yield with 90,000 plants per
h.'il'"1 was slgnificantly higher by 11.55 and 35.84 per
cent than60,000 and 40,000 plants per ha™! respectively.
Signifciant difference in grain yield as influenced by
population were also reported by Agrawal et al. (1974)
from Kanpur in kharif season on Ganga-5 maize hybrid
upto a population of 55,556 per ha”!.  Jain et al.
(1975) upto 60,000 plants per hectare, Barthakur et al.
(1975) on Ganga-101 Maize cultivar upto 56,000 plants
per hectare, Verma and Singh (1970) on Ganga-safed-2,
maize upto 61,700 plants per hectare. However significant
decrease in grain yield beyond 50,000 plants per hectare
either at 60 or 70,000 plants per hectare was reported
by Shukla et 21.(1978). Decline in yield at a population
densit; of 90,000 per hectare was also observed by Jain

et al. (1975) and Choudhary (1981).
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Navarro et al. (1985) recorded that grain yield
was increased with increase of plant population from

55,000 to 1,00,000 plants ha

in CVP-3311 at Cardoba.
Reddy et al.(1987) observed that grain yield was increa-
sed with increase of population from 59,200 to 88,800
plant ha™'. Highest grain yield of 4.6 t/ha in 1983 and
5.13 in 1984 were observed with 76,000 plants/ha in

maize CV x 440.

Boyan (1986) recorded that grain yield per
hectare was lowest in maize hybrids at 1lowest plant

density, while grain yield increased with increased

_—

population to various degrees. Optimum yield was obtained

at 70,000 plants per hectare,
5.6.2 Stover Yield

Stover yield was signifciantly high in African
tall (125.68 q ha']) as compared to Ganga-5 (72.99 g

ha™') and DHM-103 with (69.13 q ha™'

Y. Highest yield of
this genotype was mainly due to its genetic potentiality
to utilize available natural resources in efficient way
from the initial stages of the crop grwoth and adaptabi-
lity to agro-climatic conditons. In present investigation
African tall recorded more vegetative growth in terms of
plant height, dry weight of vegetative parts. Similar

findings were made by several researchers (Singh and

Bose, 19565; Reddy 966; Singh 1967; Singh and Leng 1970;
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Saxena et al., 1971, Mandloi et al., 1972; Panda et al.,
1974; Krishnamurthy et al., 1974; Jain et al., 1975;
Singh et al., 1980; Nayak et al., 1981; Jain et al.,
1982; Raghotham Reddy,1984). Panda et al.(1974) observed
that Ganga-2 (7,780 kg) and Kisan (7,690 kg) gave signi-
ficantly lowest stover yield when compared with Ganga-2
(7,780 kg) and Ganga-5 (8,960 kg). Molan (7,940 kg ha™!)
produced significantly higher stover yield than Ganga-5

(5,470 kg) and Bassi (3,320 kg) (Jain et al,, 1982).

High plant density of 222 thousands plants ha"'1

gave highest yield (100.85 g ha-i) which was significan-

' (92.48 q ha™!)

1

tly superior to 148 thousand plants ha”

and 66.6 thousand plants ha™

(74.82 q ha '). The
plants suffered individually with high plant density in
dry matter production, cob weight, grain number, 1000-
seed weight and stover yield. However, such reduction
in stover yield was more than compensated due to more
number of plants per unit area under higher population
level. The results revealed that stover yield gradually
increased with increase of plant density. Similar results
weré obtained by Kaushak and Gupta (1970); Bapna and
Trivedi (1971); Xrishnamurthy et al. (1974a); Raghotham

Reddy (1984) and Amoruwa et al. (1987).

Maximum stover yleld was obtained by control
treatment i.e., T1 (90.01 g ha-]) and was significantly
superior to early thinning at 30 DAS: T, (86.18 ¢ ha-i).

T, and T

Whereas remaining thinning treatments of T 4 5

3’
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were on par with control.Stover yield was increased with

increase of plant population S, to Sq in all treatments.
5.6.3 Forage Yield

For a given variety of maize, change in popual-
tion rate from Sy to 5, and Sq showed a progressive
increase in forage yield. Such lncrease in forage yield
was maximum in African tall followed by DHM-103 and
Ganga-5. This was mainly due to harvest or thinning of
more number of plants in closer spacing, Thus contribu-

tion of more plants has enhanced the <contribution or

availability of forage.

Holliday (1960) reported that in forage crops,
which mainly constituted the vegetative part, asymetric
relationship existed between seed rate and yield. There-
fore, wuse of increased seed rate is an insurance to get
higher plant demnsity without reduction in yield and
without deteriorating quality of forage. These increases
may be due to taller plants and higher fodder yield per
meter row length. Soelaeman et al, (1987) reported
that grain yield and forage decreased with time of
thinning, while fresh forage increased. Wang et al.
(1987) studied maize hybrid Tainung-351 which was grown
at spacings of 80 x 10; 80 x 20; 80 x 40 cm glving
1,25,000; 62,500 or 31,250 plants ha~' and the higher

densities were-thinmned to the--lower densities at silking
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or 2 weeks later. Thinning treatments, gave higher yields

than control (without thinning at all plant population

levels) at same final plant density,
5.7 GROSS MONETARY RETURNS

Gross monetary returns were significantly high
in Ganga-5 (Rs.9,492) and were on par with DHM-103
(Rs.9,069) and both were significantly superior to
African tall (Rs.8,350). Gross monetary returns were
maximum in Ganga~5 because of higher returns on seed
yield and moderate on stover and forage. Whereas in
DHM-103, retruns on grain, stover and forage were mode-
rate. In case of African tall, which recorded lowest
gross monetary returns because of reduced grain yield,
though stover and forage yields were high which could
not compensate the reduction due to grain yield. Thus
Ganga-5 and DHM-103 are suitable for seed purpose 1i.e.,
for grain yield and stover while African tall is suitab-
le for forage purpose only, This emphasis, the need
for selection of suitable genotype for attaining higher
net returns at a given level of input resource and
management practices. The variation in net returns with
genotypes was reported by Reddy (1966), Krishnamurthy
and Martiﬁ””({;;;3 -and'_f;wari and Awasthi (1975),
Raghotham Reddy (1984).

Gross returns gradually increased with increase

of plant population from 5, (Rs.7,795) to § (Rs.9,118)
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and 54 (Rs. 10,004) . gross monetary returns gradually
increased with increase of plant popualtion from S1 to
52 and 53 in all varieteils of maize. Such increase of
gross returns with plant population was more pronounced

in African tall as compared to DHM-103 and Ganga-5.

The thinnings did not result in any significant
effects on returns compared to control. The returns of T6
(entire harvest at 75 days) resulted in higher returns
which were on par with T5 and T4 returns and superior to

Ty, T and T.,. Thinnings improved the returns to the

2 3
maximum possible extent in Ganga-~5 and were statlstical-
ly on par to improvements made in DHM-103 which in turn

were superior to that in Afircan tall,

The total returns obtained by T (total crop
harvesting at 75 days) also showed good returns which
were also on par with returns of control but significan-

tly lower than V] 5

Change in population rate from 8, (normal popu-
lation level) to higher population levels of S2 and 53
resulted in higher returns at all thinning treatments,
This shows the possibility of raising population by
closer spacing which could be thinned out at various

times for forage, without any deterimental effect on

grain yield as well as monetary returns.
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SUMMARY



CHAPTER VI
SUMMARY

Present investigation was carried out at College
Farm, Rajendranagar, .-Hyderabad«500 830 during rabi,
1989-90 season with 3 varieties (Ganga-5, DHM-103 and
African tall) at 3 spacing level (60 x 25 cm, 45 x 15 cm
and 30 x 15 cm) as main treatments and 5 thinning treat-
ments i.e., thinning at 30 days, &5 days, 60 days, 75
days and without thinning as control plot as sub-treat-

ments in a split plot design with two replications.

Vertical growth of African tall was very rapid
compared to Ganga-5 and DHM-103 with age of the crop and
gsignificantly differed with each other at 75 DAS and at
harvést. African tall recorded higher drymatter produc-
tion over DHM-103 and Ganga-5, was 18 and 44 g at 90
DAS, 120 DAS and at harvest. African tall toock more
number of days for 50 per cent silking and tasseling
than Ganga-5 and DHM-103. While Ganga-5 found superior
in number of cobs per plant, cob weight, grain yield,
number of grains per cob and grain yield when compared
to African tall and DHM-103. Grain yield and its mone-
tary returns were maximum with Ganga-3 and were on par
with DHM-103 and both of them were significantly superior
to African tall. Whereas the stover and forage yields

and their monetary returns were more with African tall

= e






Higher monetary returns were realised over

normal population level (66,666 plants per hectare) was
Rs 1323 and Rs 2209 with higher population -‘levels of
1,48,148 and 2,22,222 plants ha”!. Gross monetary return
per hectare increased in a llinear fashion with increase
in plant population from 66,666 plants ha” | to 1,148,148

and 2,22,222 plants ha”!

(which were reduced to half by
removing alternate plants at scheduled stage) in all
varieties of maize. The increase in population was either
through reducing inter row spacing from 60 to 45 and 30
cm or intra row spacing from 25 to 15 cm. Such increase
of gross monetary returns from normal to highest popula-
tion level (2,22,222 plants ha”Y)was"Rs 1564 in Ganga-5,
2148 in DHM-103 and Rs 2937 in African tall. An increase
of gross monetary returns from normal to medium popula-
tion of 1,48,148 plants ha~! was Rs 939 in Ganga-5,
Rs 1326 in DHM-103 and Rs 2937 in African tall. Ganga-5
grown under 30 x 15 cm spacing or highest population
level (Studied) gave maximum returns of Rs 10,222, While
African tall grown under normal spacing or population
level (60 x 25 cm : 66,666 plants ha ') recorded least
gross monetary returns of Rs 6813. The values in gross
monetary returns due to other interaction effecects of
varieties x spacings were in between two extremes. Thus
it clearly shown that change in population rate through
spacing from 60 x 25 cm to 45 x 15 cm and 30 x 15 cm
resulted higher monetary returns especlally more in

African tall as compared to DHM-103 and Ganga-5.
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Thinning treatments i.e., T2 to 'I‘5 produced
almost equal drymatter to the control (T1) during 120
DAS and harvest and their differences failed to reach
significance at 90, 120 DAS and at harvest, It is a
matter of promise that by growing more plants initially
and thinning them later had not affected the prospects
of grain yield. In this process a good amount of green
fodder supply could be achieved which hither to was not
realised. The returns on forage of Te (entire plot
harvested at 75 DAS) resulted in higher returns which

was at par with T. and T4 returns and was superior to

5

10 I and T3. These thinnings have improved the total

returns (due to grain, stover and forage) to a maximum

T

possible extent in Ganga-5 which were statlistically on
par to improvements made in DHM-103, inturn both were
superior to African tall. . The.inceased returns with
Ganga-5 (V1T5) were maximum and were at par with returns
of control treatments of Ganga-5 and DHM-103 but were
superior to control of African tall. The total returns
obtained by T6.(total crop harvesting at 75 days) also
showed good returns, which were also on par with returns

of control but significantly lower than VITS‘

Thinning treatments increased dry welght per
plant over control at 120 DAS and at- harvest. Such
increase o©of dry welght with thinning treatments over

control was more pronounced under wider spacing 60 x 25
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cm as compared to closer spacings of 45 x 15 cm and 30 x
15 cm, Irrespective of thinning treatments, plants
grown under wider spacing of 60 x 25 cm recorded higher
values in number of cobs per plant, cob weight, number
of grains per cob and grain yield per plant when compared
with 45 x 15 cm and 30 x 15 cm spacings. However, when
hectare is considered, change in population rate due to
spacings from 60 x 25 cm to 45 x 15 c¢cm and 30 x 15 cm
resulted in higher monetary returns on grain, stover and
forage yield and their cumulative returns in all thinning

treatments.
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APPENDYT X - A

Weekly mean awtcorological data during crop growth period,

{from November 5th 1989 .» Z,th March 1990}

Tawperature Relarive Bright

Stan- “C humidity ¥ sun Tautal
dard Period R R cemssm=e===- shine rain-
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45 5/11/89 to 11/11/89 29.70 14.50 74.00 35,00 3.1G 1.80

46 12/11 - 18/11 29.00 11.40 74,00 39.00 h.h) -
47 19/11 - 25/11 1010 11.90 69.00 .00 10,40
48 26/ 11 - 2112 29.70 10.80 78.00 33.00  10.50 -~
49 3712 - 9/12 28.90 11.40) 73,00 2900 10.50
50 10712 - 16/12 27.40 14.10 75.00 J6.00 0.1 --

51 17/12 - 23772 <7700 11,70 79.00  32.n0 10,00 -~

52 24/12 - 31712 28,60 12.40 77.00 46,00 6.20 7.60
1 1/1/90 - 771790 27.40 14.60 B7.00 43.00 7.40

2 8/1 - 141 28.70 12.00 70.00 32.00 9,10  --
3 15/1 - 2171 31.10  8.70 60.00 22.00 11.200 ~-
4 221 - 2871 31.40 10,50 76.00 25.00 11.30 --
5 29/1 - 4/2 32,40 12.60 66,00 22.00 10.80 --
6 5/2 - 11/2 27.50 14.60 69.00 22,00 11.20 -~
7 12/2 - 18/2 32.80 17.80 79.00 25.00 10.70 -~
8 19/2 - 75/2 32.80 15.00 77.00 24,00 10.70 -~
9 26/2 - 4/3 33.90 17.80 b4.00 23.00 11.20 --
10 5/3 - 1173 34.10 21.30 70.00 24.00 10.70 --
11 1273 - 18/3 3.50 18.80 72.00 22.00 9.90 -
12 19/3 -~ 25/3 36.10 21.10 5..00 17.00 10.70 -~
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Days to 50 percent tasseling and silking

Varie- Days for 50% casseling
R R e e L L Vx S
Tl T2 T3 T4 T5 Mean
V] S] 68.50 68.50 68.50 68.50 68.00 48.40
Sq 68.50 68.50 69.00 69.00 68.00 68.60
s; 69.50 69.00 68.50 68.50 68.50 58.30

Mean 67.17 67.83 67.33 67.17 67.67 67.43

V. 5 77.50 79.00 77.50 78.50 77.50 78.00
77.00 78.50 77.50 77.50 78.50 77.80
78.50 77.50 77.50 79.00 78.50 78.20

Mean 77.67 78,33 77.50 78.33 78.17 78.00

S1 71.00 71.67 7M.17 71.17 717 71.24
52 70.83 71.51 71.17 71.33 71.33 71.23
53 71.83 71.67 71.17 71.67 71.50 71.57

Mean 71.22 71.61 71.17 71.39 71.33 71.34

L L AR Sy iy o e e e ol el S M e - e e e e
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APPENDIYC - F

TYield components (No of cobs per plant, Cob weight, no. of grai~s per b and 100-seed weight)

No.of Grains per Cob 100-seed weight (g)
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| [(grain; stover and forage (q/ha)]

APPENDIX

G

~ Grain yield per hectare (q) VxS Stover yield per hecrare (q) v Forage yield per hectare (q) VxS

------------------------------- x S S S 4 e e i i i i T
T T2 T3 T T5 Mean Tl T2 T3 T4 T5 Mean T T2 T3 T4 T5 T6 Mean

40.7% 36.63 40.79 40.79 45.78 40,96 61.4 61.4 70.4 65.4 61.4 64.0 2,16 2.49 8.66 25.64 44.45 370,46 75.64
44,12 42,45 43.29 45.78 47.45 44.62 76.9 75.4 79.4 75.9 66.9 74.% 2.16 2.49 15.82 36.29 44.95 416.58 85.38

 45.78 114,12 49.95 48.28 49.18 A4.46 82,54 75.4 90.9 77.4 73.9 80.3 2,16 5.70 16.82 41.12 54.78 433,73 97.29
43.56 41,07 44.68 %.,95 47.47 44,35 73.6 70.8 80,3 72.9 67.4 73.0 2.16 3.56 13.77 34.35 48.06 406.92 8-.80
32,46 37.46 32.46 37.46 40.79 35.13 66.4 62.4 64.9 58.5 54.9 61.5 2.16 3.06 11.99 34.96 42.96 366.30 75.91
45,78 38.29 46.62 39.13 44.72 42.79 70.. 63.9 66.4 63.4 70.9 68.7 2.15 4.49 13.99 40.29 49.12 421.24 8E.55
46,62 47,45 47.43 47.45 44.85 46,79 82.4 £59.9 74.4 82.4 79.9 77.8 2.16 4.66 15.82 40.79 52.78 430.40 .10
41.62 41.07 42.18 41.35 43.29 41.90 73.1 65.4 68.6 69.9 68.6 69.1 2.15 4.07 13.93 38.68 48.29 405.98 85.52
26,27 27.47 23.31 23.31 23.31 24.47 92.4 113.2 94.9 76.9 116.4 98.2 2.16 3.16 B.82 34.2% 41.12 365.47 73.84
32.26  30.50 28.80 24,97 27.47 28.90 129.4 116.9 127.4 "39.4 149.9 132.6 2.15 4.66 14,98 35.73 45.95 483.68 398.04
39.12 34,15 532,80 30.80 32.46 23.46 145..1 136.4 128.4 163.8 150.9 145.6 2.16 6.26 17.48 42.29 51.95 5B3.42 117.26
32.18 3C.8C 27.64 [6.36 27.75 28.94 123.4 122.4 116.9 126.7 139.0 125.7 2.16 4.69 13.76 37.72 46.34 477.52 27.04
32,7+ 32.85 32.%3 33.55 36.63 33.85 73.1 79.3 76.8 €7.1 77.6 74.% 2.1€ 2.90 9.82 31.63 42.84 367.41 "I,
40.79 37.18 39.57 36.63 39.58 38.77 92.2 £5.4 94.1 94.6 95.9 92.« 2.15 3.88 14.93 37.79 46.67 440.50 -7.2¢
43.84 41.90 42.72 2,18 42.19 42.57 104.4 93,9 97.9 107.9 121.6 "0'.1 2.16 5.54 15.71 41.40 53.17 482,52 °I7.25
39.12 37.64 38.15 37.35 39.50 38.32 90.0 $6.2 89.6 89.9 91.7 R9.S .15 4.1t 13.82 %.9a 47.56 430,14 32,12
Arbiting figures 05_2.16 in ca;;_;?“;T=TEEntrol)“instead of zero. T : TR TR
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