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Abstract

A field experiment was conducted at the farm of Lovely Professional University, Phagwara
during Rabi season of 2018-19 and 2019-20 to determine the effects of sowing dates and
weed management practices on the growth of Phalaris minor in wheat (Triticum aestivum L.)
under Punjab agro-climatic conditions. The investigations revealed that early sowing (first
week of November) exerted a significant effect to decrease the population and dry matter of
Phalaris minor. Among different weed management treatments, application of (sulfosulfuron
+ metsulfuron methyl 30 g/ha) recorded the significantly lowest population and dry matter
accumulation of weeds. The crop sown during the first week of November 2018- 19 and
2019-20 recorded 75.50 and 71.55 % higher weed control efficiency. Results showed that the
herbicides metribuzine + clodinafop propanyl, and metribuzine were found to be non-
resistant to different biotypes. The bidirectional sowing method significantly increased the
grain yield of wheat and decreased the density of weeds. The B1 and B2 biotypes were more
resistant to herbicides than other biotypes.

Keyword: Phalaris minor, yield attributes, dry matter, herbicides



Chapter: 1

INTRODUCTION

Wheat (Triticum aestivum L.) is the most important cereal crop and grown extensively
throughout the world. It is the main staple food in the world. The wheat crop covers nearly
14 percent of the global area which produces about 99.70 million tonnes of grains with
average productivity of 3371 kg/ha, corresponding to 13.64 percent of world production
(Ramadas et al., 2019). Wheat crop contributes a significant share in consumption and
production. It contributes 36 percent of total cereal grains from India. It ensures food security
along with nutrition security. In India, wheat grains are mostly procured by the government
and are distributed through the public distribution system to the majority of the population to
ensure food security. Wheat possesses a higher protein content than maize and rice, which
makes it a good source of proteins in the human diet. Wheat is consumed in various
processed forms and different preparations from ancient times. In Northern India, it is
considered as the staple food and the population in this region is dependent on chapatti for
their daily nutritional intake. The second-largest producer of wheat is India followed by

China, accounting for 12% of the global wheat production.

It is a widely adapted crop and grown under different environmental conditions. This
wide range of adaptation is possible due to the genome (complex in nature), which provides
great plasticity to the crop (Gupta et al., 2010). In India, wheat generally is cultivated from
November to April during the rabi season (sowing during November and harvesting in
April). The area under cultivation of wheat has shown an increasing trend in India with a 5
percent net gain in the area at the national level. However, a major expansion in the wheat
area is observed in the states such as Jharkhand (51 percent), Madhya Pradesh (27 percent),
and Rajasthan (13 percent). Punjab and Haryana provide the highest productivity at a
national level (Ramadas et al., 2019).

The wheat cultivating area in India has shown a rise from 29.04 million hectares to
30.54 million hectares with a net increase of 1.5 million hectares (Ramadas et al., 2019). Uttar

Pradesh is the largest wheat cultivating state in terms of area with 9.75 million hectares (32%),



followed by Madhya Pradesh with 18.75%, Punjab with 11.48%, Rajasthan with 9.74%,
Haryana with 8.36% and Bihar with 6.82% (Ramadas et al., 2019). Recently, some other
statesare also showing major interests in wheat cultivation with a quick rise in their wheat
cultivation areas such as Jharkhand (51%) and Rajasthan (13%). The wheat production in
India has shown a significant rise from 2013-2018 with production ranging from 87.39
million tonnes to 94.57 million tonnes with a magnitude of 7.18 million tonnes (Ramadas et
al., 2019). Around 90% of the wheat produced in India is from traditional wheat growing
regions such as Uttar Pradesh, Punjab, Haryana, Madhya Pradesh, Bihar, and Rajasthan.
However, a reduction of 1.4 million tonnes in wheat production was observed from 2013-

2018 in Uttar Pradesh which is a matter of concern.

Despite the large production of wheat in India, a heavy portion of the wheat production
is lost during the cultivation process. One of the most important reasons for this is the weed
infestation. Weed is an unwanted plant that establishes itself in the main crops and competes
with them for sunlight, spacing, water, and nutrients. Weeds are very harmful to the wheat
crop and cause heavy damage, either directly or indirectly. When competing with the main
crop, the weeds degrade the soil nutrient availability and reduce the soil moisture and thus
directly reduce the crop quality and yield. As for the indirect damage, the weeds act as
alternate hosts for the pests and diseases, ultimately leading to reduced crop yield and in turn
low economic income. Weed management involves cost and thereby, leading to less net farm
returns. The management can include hiring labours, purchasing herbicides, and other
implements for weeding operations. It is estimated that weeds in wheat cause yield loss of
about 40-50% depending on their intensity. Several weeds with diversified types and nature
are available in the wheat field, which range from narrow-leaf weeds to broad-leaf weeds.
The narrow-leaf weeds prevalent in the wheat field are Phalaris minor (Gullidanda), Avena
fatua (Wild oat) and Asphodelius tenuifolius (Piazi). The broad-leaved weeds are
Chenopodium album (Batua), Fumaria parviflora (Gazari), Melilotus alva (Sengi),
Argemone mexicana (Satyanashi), Anagallis arvensis (Krishneel), Cirsiumarvensis (Katili),
and Lathyrus aphaca (Chatarimatari). Apart from these weeds, a perennial weed Cyanadon
dactylon (doob grass) is also found in the wheat field throughout the season. In India, with
the introduction of dwarf wheat varieties, the two major weeds of wheat were also introduced

i.e., Phalaris minor (Gullidanda) and Avena fatua (Wild oat). They act as a nuisance to the
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farmers, especially Phalaris minor and sometimes its density in the crop field is so high
(2000 to 3000/meter square) that the farmers harvest the main crop as the fodder, leading to a
huge loss. This weed is majorly prevalent in the Northern wheat growing parts of India like

Punjab and Haryana.

Weeds are plants, which are out of their appropriate place. They are considered the
most unfortunate, forceful and problematic component of the world's vegetation. Nutrients,
light and space are the factors for which they compete with the main crop. If the population
of weed remains uncontrolled, they exert harmful effects on the quality and quantity of the
crop yield (Arnold et al., 1988, Halford et al., 2001). Weeds act as the major source of
diseases in crops and also support the pest attack in a crop. Several insect/pests use them as
alternate or collateral hosts for nourishment and asylum during the off-time period. The
major factor of reduced yield in crops is weed infestation (Cheema and Farooq, 2007).By
releasing allelo-chemicals in the rhizosphere through roots and other plant parts, weeds
reduce the grain yield (Reddy., 2001). Weeds may be considered more harmful than other
pests because they not only cause loss to the crop yield but also make crop harvesting
difficult. An increase in weed infestation decreases the grain yield. (Siddiqui and Shad,
1991). The grain yield of wheat is reduced up to 40-50% due to the weeds (Chaudhary et al.,
2008). According to Bilalis et al.(2003) there is a need to shift to new practices for the
effective control of weeds, which improve both environmental and economic conditions.
Korres and Froud-Williams (2002) suggested that knowledge on the weed population and
their species is quite essential, otherwise, the consequences may be the unsuccessful
endeavour to control weeds. Nesterove and Chukanova (1981) found that maximum grain
yield loss was due to the infestation of Convolvulus arvensis, Amaranthus retroflexus, and
Phalaris minor was found as the predominating weed in wheat crop (Jalis, 1987). Among the
different weeds species, Phalaris minor (grasses), and Rumex dentatus, and Medicago
denticulata (broad-leaved weeds) were found to play important role in yield reduction under
irrigated rice-wheat system (Chhokar et al., 2006; Singh et al.,1995; Balyan and Malik,
2000). The major grassy weed is Phalaris minor which is dominant in northern Indian
(especially Haryana and Punjab). Most of the farmers in northern India mainly depend on
herbicides (synthetics chemicals) to control Phalaris Minor in wheat crop, which is actually a

very effective method as it is a cost-effective and time-saving practice. However, several
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incidences of herbicide resistance are reported frequently due to continuous and long-time
use of single herbicide or herbicides, belonging to the same group (Beckie, 2006).

Phalaris minor is categorized as a noxious weed. It is one of the major and most
destructive monocot weed in the wheat field, belonging to the grass family i.e., Poaceae
which is similar to wheat, and thereby, the growth habit and development of Phalaris minor
are very much similar to the wheat crop. As a consequence, it is difficult to differentiate
wheat crop from Phalaris minor during its vegetative crop. Moreover, these weeds cause the
partial shade to wheat crop due to their profuse tillering habit and deplete the crop growth.
Some of the distinguishing features of Phalaris minor from the wheat crop are characterized
as: the basal node of Phalaris minor is pinkish in colour whereas the basal node of wheat is
greenish in colour, leaf colour of the weed is light yellow whereas the leaf colour of the crop
is dark green, the tillers of Phalaris minor branch whereas the tillers of wheat do not branch,
Phalaris minor produces 3000-4000 seeds per plant whereas wheat produces 60-70 seeds per
plant and lastly, the seeds of Phalaris minor are much smaller than the wheat seeds and
hence mixes easily with seeds of the main crop and creates a disturbance to the main crop. At
present, a total of 22 species of Phalaris are recognized in the world. Studies state that it
reached India through the import of wheat from North Africa. The average grain yield loss
due to Phalaris is up to 25-50% but in severe infestation losses goes up to 80%. The surface
moisture is important for the growth and development of this weed because the seedlings of
this weed do not go deeper than 4-5 cm. The wheat field condition is usually congenial to
fulfill this basic requirement of the weed and for this reason, the weed preferentially
establishes in the wheat field. The optimum temperature required by P. minor is10 — 20 °C
that is similar to that of wheat. The seeds of P. minor can remain in primary dormancy for
about 3-4 months after maturity and in secondary dormancy for up to 12 months which may
be one of the reasons for its better establishment in the wheat field. As far as its botany is
concerned, this weed is a winter annual grass that is 25-70 cm tall and can grow up to 1 m,
possessing fibrous roots. The stem is erect with branched tillers at the base. It has a fringed
and membranous ligule and a slightly leathery leaf sheath. The inflorescence is known as
spikelet which is an oblong or ovate panicle, 2-10 cm long and 1-2 cm wide. They have a

huge seed production capacity.



At present, several practices could be adopted to control the weed population such as
cultural methods, physical methods, mechanical methods, chemical methods, or biological
methods. The majority prefers the chemical method since it is fast-acting and very effective.
It also requires less labour and energy. But relying on chemical herbicides to control the
weed population has led to detrimental effects on the ecosystem as well as human health.
Therefore, instead of focusing on only chemical control measures, an integration of all the
above-mentioned methods to control the weed population is considered a better option. Such
an integration program is called integrated weed management (IWM). IWM combines the
various long-term approaches such as physical, cultural, biological, and chemical control to
maintain the weeds below the economic threshold level. The cultural control measures focus
on manipulating the farm techniques to control the weeds such as crop rotation, choosing
more competitive crops, increasing the seed rate and decreasing the row space, choosing
high-quality seeds, using the shallow seedling technique, and many more. The physical or
mechanical approaches are removal of weeds with hand or with the help of machines such as
hand removal mowing and burning of the weeds. Biological methods include using of the
natural enemies to control the weeds such as the use of Zygogramma bicolorata for the
control of Parthenium hysterophorus, Cactoblastis cactorum (Cactoblastis moth) to control
Opuntia stricta (Prickly pear) and rhizobacterial use for the control of Phalaris minor which
affects seed germination (Phour and Sindhu (2018). The chemical methods include the use of
chemical herbicides to control the various weeds. Herbicides work by speeding up or
stopping or changing the weed's normal growth pattern, by drying out the body parts of
weeds or by defoliating the plants. Care should be taken that the chemicals are used for
appropriate crops, in appropriate quantities and at the appropriate time. There are three
categories of herbicides available commercially. They are pre-planting herbicides, pre-
emergence herbicides and post-emergence herbicides. Out of many issues, associated with
the application of herbicides, herbicides-resistance is the major one. Herbicides can be
applied by foliar spraying, basal spraying, stem injection, stump application, cut and swab,
stem scrape and wick application. Also while applying herbicides various factors should be
considered such as the possibility of rain, wind velocity, direction and nearness to water
bodies. Overall, it is believed that the use of herbicides to control weeds should be reduced

for a healthy ecosystem and healthy crop.



As P. minor is a noxious weed, it needs to be removed from the crop field and to do
so farmers mainly depend on the various herbicides because herbicides are effective and fast
acting but there are several reports that herbicides with their long time use have developed
resistance in the weeds against that herbicide. One such case is isoproturon, in the 1980s
isoproturon (Arenol) was suggested to control Phalaris minor and it worked for almost 10-
15 years (Chhokar et al., 2012). Isoproturon was the most recommended herbicide since the
late 90s. However, after almost a decade, the weed developed resistance against the
herbicides due to continuous application of the same herbicide (Singh, 2007). It is usually
applied 30-35 days after sowing. A recent study revealed that isoproturon, at the present day
when applied at 1 and 2 kg a.i/ha, exhibited about 10.5% and 51.8% control of Phalaris
minor, respectively which is relatively low as compared to the previous data (Chhokar et al.,
2006). The isoproturon- resistance prone area is mainly distributed between Punjab, Haryana
in Northern India. Isoproturon resistant Phalaris minor has caused a 65% reduction in the
wheat grain yield in these areas (Chhokar and Sharma (2008). Many alternate herbicides
with different mechanismsand mode of action were screened for the control of isoproturon
resistant Phalaris minor. They were either applied alone or in combination with other
herbicides. Application of post- emergence herbicide, flufenecet @180-480 g a.i/ha, applied
at 15-21 days after sowing, showed a considerable amount of control but it was phytotoxic
to the main crop (Varshney et al., 2012). The effect of the mixture of herbicides gradually is
reduced at later growth stages of Phalaris minor at 4-5 leaves stage. Sulfosulfuron used as
early post- emergence (19 DAS) and late post-emergence herbicide (30-42 DAS) @25-30 ¢
a.i/ha, exhibited overall effectiveness. Hence, it may be concluded that sulfosulfuron is a
better herbicide for weed control and crop yield. Herbicides are most effective in controlling
the weeds. However, it is essential to use the herbicides very carefully; they will also,

otherwise, develop resistance against the herbicides like isoproturon.

A significant interaction has been reported between wheat planting patterns and weed
control measures. Bhan et al. (1982) conducted an experiment with cross row sowing and
reported reduced weeds dry weight. Many other authors reported that a significant interaction
between dates of sowing and weed control methods by adjusting sowing time in wheat crop,
affects the germination of Phalaris because its peak germination period would not coincide
with that of wheat crop (Chhokar and Malik (1999). Keil et al. (2015) suggested early sowing

7



of wheat with zero tillage to give rise to significantly higher weed control and higher grain
yield which consequently may increase productivity and net returns.

Considering the above facts, a study on “Performance of herbicides to control
Phalaris minor as influenced by date of sowing and planting pattern of wheat (Triticum

aestivum)” was planned with the following objectives:

1. To study the interactive effect of date of sowing and weed control treatments on
growth and development of weeds

2. To study the interaction between wheat planting patron and weed control measure
on weed growth

3. To evaluate the effect of different sowing dates, planting patron and weed control
measure on growth and yield attributing characteristics of wheat

4. To study the efficacy of herbicides to control different biotypes of Phalaris minor



CHAPTER: 2

Review of Literatures

2.1: Effect of different sowing methods on the wheat crop

Crops differ in their yield responses with variations in their sowing methods. Bi-
directional reflectance factors (BRFs) in the wheat crop show well-structured growth of the
plant system which is heavily influenced by canopy design. It influences the growth and
development of not only in wheat but also in many other crops (Zipoli and Grifont, 1994).
Ercoli and Masoni (1995) observed a decrease in the yield of grain with increasing spacing
between rows; however, they found that the row orientations did not affect the crop yield.
The uniform plant remains of wheat showed better use of sunlight, nutrients, and space which
thus, applied a superior smothering impact on Phalaris minor, a problematic weed in wheat
(Bhan and Kumar, 1997). Due to the close row spacing, the major weeds of wheat crop
exhibited lesser dry matter accumulation under the smothering effect as opposed to the wider
row spacing (Mahajan and Brar, 2001).

Sial et al., (2001) noted that growing wheat crop at 15cm spacing and using a higher
seed rate i.e., 150kg/ha improved the wheat grain yield because both closer spacing and
higher seed rate increased the positive competition. Kappler et al. (2002) found that the
different methods of sowing of wheat seeds affected the growth of the weeds. Mahajan et
al.,(2002) conducted an experiment and found the positive effect of sowing wheat crop in
both directions instead of sowing the crop in a single direction at a distance of 22.5 cm row
to row (drill sowing). Ayub et al. (2008) conducted a field experiment with fennel seed crop
and observed that the crops that were sown in line arrangement resulted in significantly
higher seed yield due to higher seed number and umbels. The line sowing of the fennel in
mid-October showed a maximum significant effect in the seed yield fennel.

Das and Yaduraju (2011) observed that leaving 20% of area unsown with defined
planting pattern significantly increased the area of the leaf, number of leaves and ears, and

nitrogen uptake by the crop. Results also revealed that weed density was decreased and



foliage of wheat was increased. Jat et al. (2011) found that precision sowing of wheat and
raising bed technique increased the grain yield by 16.66% and saved irrigation water up to
50% as compared to traditional methods (flat sowing and flood methods). Kahloon et al.,
(2012) concluded that grain yield was increased by conservational sowing of rotary tillage
drill method as compared to the traditional method. Mali and Choudhary (2013) carried out a
study on sowing of the wheat crop at different row spacing (15, 17.5, 20, and 22.5 cm) and
observed that the crops sown at 20 cm apart showed accumulation of highest dry matter but
the other spacing like 17.5 and 15 cm showed lower dry matter in wheat. It was also
observed that sowing of the crop with closer spacing reduced the crop yield due to an

increase in competition.

Arif et al. (1997), conducting a field experiment on wheat, found that the cross
sowing method showed a higher yield of grain (5.65 t ha™) and the seeds that were
sown at 60x45 cm? apart in rows showed the lowest grain yield. Thus, it might be
considered that spacing of 30x30 cm? with drill sowing gave a higher yield than all
other treatments. This is due to various resources and their proper utilization. Chhokar
et al., (2012) stated that wheat might be infested with both grassy and broadleaf weeds and
effective weed management might be required to control them below the threshold level. An
integrated approach using both chemical and non-chemical approaches is one of the most
effective one (Chhokar et al., 2012). According to Idnani and Kumar, (2012), the yield
contributing factors like test weight and ear head length were significantly higher in three

row system as compared to traditional sowing in wheat crop.

Salam et al. (2013) demonstrated that wheat grown under deep tillage practice showed
improvement in the physical properties of soil i.e. soil moisture, bulk density, etc. Noorka
and Tabasum (2013) concluded that bed planting increased the grain yield by improving
the proper aeration, root development, and high light penetration in the crop canopy.
Faroog and Cheema (2014) established that out of three different types of wheat sowing,
raised bed planting, drill sowing, and broadcasting, raised bed sowing increased the grain
yield and reduced the weed population. Abdul Majeed et al. (2015) noted that wheat
grown on beds improved fertilizer use efficiency, reduced crop logging, and increased the
grain yield. According to Mollah et al. (2015), wheat grown on beds provided better

results than
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conventional methods. The wheat grown on beds with 70cm of spacing resulted in a greater
number of grains per panicle and increased the panicle length. Osman et al. (2015)
concluded that wheat sown with bed planter on raised beds saved more water and nutrients as
compared to flat sowing, which was nearly at par with the observations of Swelem et al.
(2015). Swelem et al. (2015) demonstrated that sowing of wheat on raised beds with a
spacing of 120 cm and application of nitrogen (180 kg/ha) increased nitrogen content and

grain yield.

Devi et al. (2017) noted that sowing of wheat at 16 cm significantly decreased the
weeds density and nutrient uptake by weeds. Results revealed that sowing of wheat at 18 cm
increased the crop growth rate, grain yield and nutrient uptake by wheat crop. It was revealed
that wheat grown with zero tillage with a spacing of 18cm exhibited high yielding tillers
(Kamboj et al., 2017). Wheat grown with bed planter on beds showed longer spike lengths
and higher test weight. It was observed that bed planting increased the production of cereals,
pulses, and oilseeds than flat sowing (Tripathi and Das, 2017; Hussain et al., 2018). Hussain
et al. (2018) noted that the wheat varieties of semi erect growth habit gave a good
performance on beds in drained soils. The semi erect growth variety Aquab-2000 performed
well with good yield when it was sown on beds with a lower seed rate (75 kg/ha). Results
showed that wheat variety having semi erect growth habitat performed well on raised beds
than erect growth habitat.

2.2 : Effect of different sowing time

Tiwari (1990) found that delay in the time of sowing increased the infestation of weed
(Phalaris minor) in comparison with early sowing of wheat crop. It might be due to a
decrease in temperature which is more favorable for the growth of Phalaris minor. Kolar and
Mehra (1992) reported that the density of P. minor was reduced when wheat was sown in
October and December as compared to the sowing of wheat in November. They also
mentioned the particular date i.e. 25™ November which was suitable for the sowing of wheat.
On this date of sowing, not only weeds density was decreased but also the length of panicle

and test weight of wheat seeds was increased.
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Chester (1993) reported that the weed emergence and growth of the wheat crop is
heavily influenced by the change in time of sowing. With the change in time of sowing, it
reduced the weed competition and influenced the efficacy of herbicides. Kurchania et al.
(1993) concluded that early sowing of wheat decreased the infestation of Phalaris minor as
compared to normal sowing dates in the month of November. They also suggested that late
sowing in the month of December led to a decreased density of Phalaris minor in wheat.
Malik and Singh (1993) found that sowing of wheat at low temperature is more favourable
for the emergence and growth of weeds which affected the crop badly with respect to its
economic yield. In a different experiment, Yadav and Dahamn (2003) conducted a study at
the Agricultural Research Station, Mandor (Jodhpur) during the winter season and found
bathua (Chenopodium album L.), (C. murale L.) and Jungli palak (Rumex dentatus L.) as the
major rabi weed species. The other weeds like wild onion (Asphodels tenuifolius Cav.), dhub
grass (Cyanodon dactylon L.), and annual yellow sweet clover (Melilotus indica L.) were
significantly affected by the different sowing time in the cumin crop. Duary and Yaduraju
(2006) concluded that wheat yield decreased when it was grown in the mid of December.
They noted that the density of Phalaris minor increased due to the late sowing of wheat.
Phalaris minor reduced leaf area, number of tillers, ear bearing tillers, and grains per spike of
wheat. Interestingly, Hussain et al. (2012) observed that early or late sown of wheat not only
decreased the weed density but also decreased the grain yield as compared to normal sowing

of wheat in November.

Mahajan et al. (2018) demonstrated a significant influence of sowing time over the
quality of different rice cultivars. Sharif et al. (2019) noted that an increase in seed rate up to
125 kg/ha might increase the grain yield 4.24 t/ha and might decrease the weed population.
Singh et al. (2019) observed that the temperature in November was more as compared to
December. Low temperature (in December) was not suitable for Phalaris minor to germinate.
For this reason, they suggested the sowing of wheat on 25" November that could increase the

yield of wheat and decrease the density of Phalaris minor.
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2.3: Combined effects of sowing methods with herbicide mixture on Phalaris minor in

wheat crop

Balyan (2001)conducted an experiment in which the chemicals such as sulfosulfuron
along with 0.1% of surfactant, isoproturon and combined mixture of metasulfuron methyl +
isoproturon showed the significant result to control broadleaf weeds up to 52 to 88% and 55
to 85% control for grassy weeds. Use of metsulfuron methyl along with isoproturon (750+4

g/ha) also showed a similar result of crop production.

According to Sardana et al. (2001), the combination of 2,4-D and isoproturon
followed by metribuzine at 175 g/ha resulted in a significantly more grain yield. It was
observed that a combination of clodinafop (60g/ha) and fenoxyprop-p-ethyl (100g/ha) or
combined application of clodinafop (60g/ha) with sulfosulfuron (25g/ha) controlled the
P.minor completely. But interestingly, when the recommended dose (@ 940 g/ha) of
isoproturon was doubled (1.88kg/ha), P.minor was not controlled (Brar et al., 2002).
According to Singh et al., (2002), different types of weed flora and their density usually
reduced 53% in grain yield in wheat crop. The different doses of sulfosulfuron i.e 20, 25, 30
and 45 g/ha controlled the weed density and found that 20g/ha or lower dose of sulfosulfuron
had the lower capability to control the weed density. Sulfosulfuron @ 25 g/ha reduced
density of weeds (more or less similar to weed free) up to 87% including weeds like Avena
ludoviciana, Phalaris minor, and Rumex retroflexin and thus, contributing to high yield
(Banga et al., 2003)

Chahal et al. (2003) found that the integrated weed management induced significant
results as compared to the application of herbicide alone. They noted that the population of
P. minor and its dry matter accumulation reduced with deep tillage by mouldboard plough
and close row spacing of 15 cm along with the application of clodinofop. The combined
application of metsulfuron-methyl (3-4 g/ha) and 2,4-D (400 g/ha) induced a higher yield.

Jat et al. (2003) reported that sulfosulfuron (25g/ha) and metsulfuron- methyl (4g/ha)
performed better than control. Kumar et al. (2003) found suppression of all types of weed
density with the application of sulfosulfuron. Singh and Kundra (2003) reported that Phalaris
minor in wheat was effectively controlled by sulfosulfuron and fenoxaprop and the grain
yield of wheat using the herbicides, isoproturon, and fenoxaprop was almost similar.
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Walia et al.(2003) observed reduced dry matter accumulation in Phalaris minor, using
clodinafop and sulfosulfuron at their recommended level. They demonstrated that
application of clodinafop @ 60g/ha were much effective in flat sown wheat crop as
compared to bed planted crop. Tomar et al. (2004) also revealed that the dry matter
production of weeds was significantly reduced by the various weed management treatments
over the un-weeded control. The highest yield was observedin the application of isoguard
followed by clodinafop + metribuzine. Chhipa et al. (2005) reported higher grain yield of
wheat using metsulfuron-methyl (47.2 g/ha), and hand weeding (44.1 g/ha). Kumar et al.
(2006) observed that the chemicals like sulfosulfuron, clodinafop, and fenoxaprop, when
they were sprayed @ 25 g, 60 g, 120 g/ha in a volume of 250-500 I/ha, resulted in 89-91%,
92-93%, and 83-84% of weed (P. Minor) control, respectively. But when they were applied
at lower rates, weed control was significantly reduced to 9%, 10%, and 18%, respectively.
To increase the grain yield of wheat, herbicides at their recommended dose are usually
applied and yield is increased by 21-29% in comparison with weedy control. Malik et al.
(2005) conducted an experiment to evaluate the efficiency of herbicides like clodinofop,
sulfosulfuron, and fenoxaprop against P.minor. The percentage of weed control was found to
be 93%, 89%, and 83%, respectively, that increased the yield by 21-29% (Malik et al 2005).
The unchecked growth of weeds resulted in a more than 36% reduction in yield. In another
experiment, Walia et al. (2006) revealed that unchecked growth of weeds resulted in more
than 36% of reduction in grain yield. They reported an increased grain yield by different

herbicidal treatments.

Gopinath et al. (2007) revealed that herbicide application exhibited better results over
the weedy check. Metribuzine @ 200 g/ha and sulfosulfuron @ 33 g/ha recorded lower weed
dry weight as compared to the tank mix spray of isoproturon (750 g/ha) + 2, 4 —D (500 g/ha).
A maximum benefit cost ratio and net return were recorded by metribuzine @ 250 g/ha
followed by sulfosulfuron @ 33 g/ha. However, Jain et al. (2007), on the other hand, reported
that zero tillage along with application of clodinafop followed by 2,4-D resulted in maximum
benefit cost ratio. The application of sulfosulfuron and hand weeding gave similar results for
the control of Phalaris minor (Pandey and Dwivedi, 2007). Verma et al., (2007) observed

that fenoxaprop-p-ethyl and sulfosulfuron decreased the weed density and increased
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nutrient availability for plants. The metsulfuron and sulfosulfuron were used as post-
emergence herbicides and gave better yield (Zand et al., 2007). The herbicides like
sulfosulfuron and carfentrazone-ethyl (post-emergence) controlled all types of weeds
(Upasani et al., 2008). The grain yield of wheat was significantly reduced (43.63%) after the
weed infestation throughout the cropping period (Verma et al., 2008).

Walia and Gill (2008) reported that the major weed of wheat crop was P .minor and
application of isoproturon and metoxuron were more effective than methabenzthiazuron.
They also reported that the crop treated with herbicides gave more yield than the hand
weeded crop. Ashrafi et al. (2009)observed that the application of herbicides for controlling
both grasses and broadleaf weeds decreased density of weeds per sq. meter and increased
spikelets/spike, grain yield, grain/spike, net income, and harvest index, as for instance
sulfosulfuron+ metsulfuron 30g/ha. Brar and Walia (2009) observed a reduced dry matter
accumulation in Phalaris minor, using mesosulfuron+iodosulfuron 12 g/ha and sulfosulfuron
at its recommended level. They demonstrated that the application of a mixture of herbicide
(mesosulfuron+iodosulfuron) @ 12 g/ha and sulfosulfuron 25g/ha was more effective than
clodinafop @ 60 g/ha.

Dhawan et al. (2009) noted that the application of the same herbicides every year
reduced the grain yield of wheat because P. minor became resistant to the herbicides.
Clodinafop, sulfosulfuron, and fenoxaprop were used in the first year of field trial and were
found to control the population of Phalaris minor efficiently with increasing grain yield. But
the application of the same herbicides in the second year reduced the grain yield and Phalaris
minor became resistant to the herbicides. Gill and Brar (2009) noted that the application of
nitrofen as a pre-emergence herbicide gave effective control of Phalaris minor and also
increased the yield of wheat crop. They also noted that the application of linuron, terbutryne,
and dichlormate to eradicate Phalaris minor in wheat fields exhibited a phytotoxic effect on
the wheat crop. It was observed that there was a 19.2% - 27.5% reduction in wheat vyield.
This was due to the competition of broadleaf weed, whereas due to grass weed the reduction
in wheat yield was 33.2% - 43.7% (Shaban et al., 2009). Brar and Walia (2010) reported that
incorporation of rice crop residue combined with herbicides application had effective control
on the Phalaris minor. They also noted that the application
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of clodinafop, sulfosulfuron, and metsulfuron + iodosulfuron significantly controlled P.
minor. Saini and Walia (2010) observed that application of sulfosulfuron (25g/ha), pinoxaden
(50g/ha), and idosulfuron + mesosulfuron (12 g/ha) as post-emergence treatment suppressed
the density of Phalaris minor effectively than the control treatment, while Walia et al. (2010)
observed that combination of carfentrazone along with sulfosulfuron and surfactant @ 750
ml/ha performed better results and combination of sulfosulfuron and metsulfuron reduced the
density of P. minor and broadleaf weeds. It also increased the production of wheat crop.
Meena and Singh (2011) reported that grain yield was significantly increased with
application of herbicides in comparison with the weedy check. Marwat et al. (2011) found
that herbicide application decreased weed biomass and enhanced the grains yield and yield
contributing traits. Hesammi (2011) noted that grain yield was significantly reduced by
Phalaris minor infestation with 20 to 80 plants per square meter. Sharma and Singh (2011)
observed that the mechanical method of weed control at 15 and 30DAS led to the same
results as obtained by application of sulfosulfuron (25g/ha). It was further demonstrated by
the authors that mechanical weeding also significantly increased the vyield of grains and
uptake of NPK by wheat as compared to the weedy check. However, in another experiment,
it was found that sulfosulfuron @ 20 g/ha led to higher grain yield as compared to weed free
treatment (Singh et al., 2011).

Dry matter production, LAIl, CGR, the number of spikes, no. of grains, and straw
yield were significantly increased with an increase in the weed control treatments (Bharat et
al., 2012). Application of sulfosulfuron + 2,4-D, clodinafop + metsulfuron and fenoxaprop +
metribuzine in tank mix gave maximum value. The highest cost-benefit ratio was observed in
the combination of isoproturon with 2,4 D and the highest grain yield (5.05 t/ha) was
observed in weed free treatments. 40.3% reduction in grain yield was observed in unchecked

weed growth area (Bharat et al., 2012).

Abbas et al. (2018) noted that integrated weed management was one of the effective
methods to control Phalaris minor. They noted that the application of allelopathic mulches
along with herbicides led to a satisfactory control of Phalaris minor. They used allelopathic
mulch of rice, maize, sorghum, and sunflower crop. The post-emergence herbicides like

sulfosulfuron, clodinafop, and metribuzine were used as chemical herbicide treatment in these
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cases. Prinsa et al. (2019) noted that the combination of herbicides was more effective than
the application of single herbicides on Phalaris minor. They applied the combination of
pendimethalin + metribuzine followed by metsulfuron + idosulfuron which helped in
controllingresistant P. minor. Rasool et al. (2019) suggested that the application of flufenacet
was helpful in the reduction of growth and density of Phalaris minor as compared to
clodinafop. They reported that flufenacet was used to control multiple herbicide resistant
Phalaris minor. Tarundeep et al. (2019) concluded that the application of pyroxasulfone was
more effective than the application of sulfosulfuron, clodinafop, and pendimethalin for P.
minor control. They reported that pyroxasulfone, a pre-emergence herbicide, was a suitable

option for resistant Phalaris minor in wheat cultivation in Punjab.
2.4 Effect of plant spacing on wheat crop

Chahal et al., (2003) noted that growing wheat at a close spacing of 15cm increased
the number of tillers and decreased Phalaris minor population. The traditional sowing of
wheat at the spacing of 22.5 cm imparted less grain yield as compared to the new technique
of closer spacing. This planting technique gave 8% more grain yield. Olsen et al., (2005)
found that the planting technique of sowing at close spacing 12.8 cm decreased the weed
density and increased the grain yield. Kristensen (2008) observed that increased crop density
and spatial uniformity decreased the crop-weed competition. The results showed that close
spacing and N 80 kg/ha increased the yield of grain. Abbas et al. (2009) noted the
performance of the drilled and conventional method (broadcasting) of sowing wheat. Their
results revealed that the highest plant height was obtained under the drill method at 22.5 cm

of spacing, whereas the highest grain yield was obtained under the broadcasting method.

Mali and Choudhary (2013) studied the performance of three wheat varieties i.e.
GW332, GW336, and HI 1544. Results showed that the variety GW336 at recommended
spacing gave better results. Amare (2014) noted that the application of chemical herbicide

along with 15 cm spacing increased the yield of grain and decreased the population of weeds.

Ghafari et al.,(2017) studied the three row-spacing (20, 25, and 30cm) on different
wheat varieties. The study revealed that the number of tillers and grain yield was more in 20

cm of spacing than 30 cm.
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The row spacing of 15cm increased the yield and its components and decreased the
population of weeds, application of herbicides like granstar+topik was found to increase the
grain yield (EI-Samie et al., 2018). Singh and Sharma (2019) conducted the experiment on
four different row spacing and reported that bed sowing gave 10% to 14% higher grain yield

than happy seeder and zero tillage sowing.

2.5: Efficacy of herbicides to control different biotypes of Phalaris minor

Dhaliwal et al., (1998) concluded that the control of Phalaris minor biotypes was
reduced by using double the dose of isoproturon but application of fenoxaprop-p-ethyl,
diclofop-methyl, and metribuzin significantly reduced the biotypes of Phalaris minor.. Brar
et al. (1999) obtained maximum results by applying a higher dose of sulfosulfuron followed
by fenoxaprop-p-ethyl and clodinafop. Diclofop methyl and tralkoxidim gave 100% control
of Phalaris minor. All these herbicides had no phytotoxic effect. Singh and Kundra (2003)
noted that the application of different herbicides i.e diclofop-methyl, sulfosulfuron,
fenoxaprop, and pendimethalin controlled isoproturon resistant biotype of P.minor. Results
showed that application of these herbicides significantly increased grain yield and yield
contributing attributes. Chhokar et al., (2007) noted that Phalaris minor biotypes, which are
resistant to isoproturon, reduced65% of grain yield. The mixture of herbicides gave a
satisfactory result. The wheat grain yield was improved and isoproturon resistant P. minor
was controlled by usage of post emergence herbicides clodinafop, fenoxaprop, pinoxaden,

mesosulfuron, and sulfosulfuron.

Singh et al. (2011) reported that the application of metribuzine @210g/ha reduced the
yield of wheat by 18% as compared to the application of a mixture of pinoxaden+
carfentrazone and application of accord plus (fenoxaprop+ metsulfuron) 275 g a.i./ha at 2-4
leaf stage gave 100% control of Phalaris minor but when applied at 4-6 leaf stage control 45
to 80% control of Phalaris minor. Yadav et al. (2016) concluded that clodinafop and
sulfosulfuron did not improve the efficacy of Phalaris minor. Pinoxaden gave effective
control over P. minor but not on broadleaf weeds. Results revealed that a mixture of
clodinafop and sulfosulfuron followed by pendimethalin gave 90-100% control over P.minor
and broadleaf weeds. The mixture of herbicides controlled the resistance behavior of
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herbicides in Phalaris minor. The application of post emergence herbicides clodinafop,
fenoxaprop, and sulfosulfuron at 35 DAS did not give satisfactory results. Results showed
that a mixture of mesosulfuron+iodosulfuron gave significant control of Phalaris minor.
Results also showed that in the first year pinoxaden controlled 80% of P.minor and 55% in
the second year. Rasool et al. (2019) reported that flufenacet controlled multiple herbicide
resistant Phalaris minor Retz. in wheat. The application of flufenacet, which was an
oxyacetanilide herbicide, at three different stages of wheat provided 85-90% of weed control,
while the application of clodinafop resulted in only 39-40% reduction in biomass of Phalaris
minor. The results showed that the application of flufenacet controlled the resistance of
Phalaris minor as compared to clodinafop.

Abbas et al. (2017) conducted research on Phalaris minor which was a major weed of
wheat and shows resistance against Acetyl-CoA carboxylase (ACCase) inhibitor. The
chemical herbicide used for controlling P. minor was clodinaofop-propargyl, metribuzine,
pinoxaden, sulfosulfuron and results revealed that all biotypes of Phalaris minor were
resistant to fenoxaprop except PM-BWL-2. The mixture of herbicides controlled 50 to 80%
of weeds. Kumar (2016 ) noted that Phalaris minor decreased the wheat yield, ranging from
5to 50%. Isoproturon controlled the Phalaris minor for a long time till its resistance
development. Application of clodinafop completely controlled the Phalaris minor at its
recommended dose (60 g/ha). Abbas et al. (2016) concluded that fenoxaprop-p-ethyl was
resistant to some biotypes of Phalaris minor. Among eight biotypes (PM-FS-1, PM-FS-2,
PM-FS-3, PM-FS-4, PM-FS-5, PM-FS-6, PM-FS-7, PM-FS-8) four biotypes(PM-FS-1, PM-
FS-2, PM-FS-6, PM-FS-7) of Phalaris minor was found to be resistant. The resistant

biotypes showed less biomass reduction.

Roy et al. (2006) found that the alternative herbicide was clodinafop propargyl for the
control of isoproturon resistant Phalaris minor biotypes. The herbicide clodinafop ester
transformed to clodinafop acid. The clodinafop acid was more rapidly dissipated in wheat as
compared to Phalaris minor. Smit et al. (2000) found that the weed Phalaris minor showed
resistance towards ACC-ase inhibitors. The experiment was performed by taking three
herbicides, diclofop-methyl, clodinaofop-propargyl, and iodosulfuron. From these three

herbicides, two herbicides diclofop-methyl, clodinaofop-propargyl were ACC-ase inhibitors
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whereas iodosulfuron was ALS-inhibitor. Therefore, Phalaris minor showed resistance
against diclofop-methyl and clodinofop-propargyl but iodosulfuron controlled the Phalaris

minor significantly.

Balyan et al. (1999) also reported that fenoxaprop was an alternate herbicide to
isoproturon for controlling resistant Phalaris minor biotypes. The fenoxaprop was applied
alone or mixed with isoproturon and metsulfuron. The results revealed that metsulfuron was
highly effective on broadleaf weeds. Combination of fenoxaprop with isoproturon
significantly controlled isoproturon resistant biotypes. The isoproturon resistant biotypes
required 8 to 11 times more dose of isoproturon for their control.

2.6 : Effect of sowing time, sowing methods, and application of herbicides on the

nutrient uptake behavior of crops

Brar and Walia (2008) noted that the dry matter accumulation of P. minor was
reduced by the application of post emergence herbicides clodinafop, sulfosulfuron, and a
mixture of mesosulfuron + iodosulfuron and significantly increased grain yield and improved
nutrient uptake by the wheat plant. Jat et al. (2013) noted that yield and yield components
were affected by sowing time. Due to delay in sowing time, all these yield contributing
characters were decreased. Results showed that maximum grain yield was observed under
sowing of wheat on 20™ November and lower grain yield was observed when wheat was

grown on 23" December.

Singh et al. (2017) concluded that a mixture of herbicides along with hand weeding
significantly decreased the weeds dry matter and increased nutrient availability to crops. Use
of herbicides also increased the availability of nutrients in the soil. Gaurav et al. (2018) found
that wheat sown at raised beds had a lower accumulation of dry matter and less depletion of
NPK by weeds. The application of atrazine reduced weed density followed by 2,4- D and
increased the availability of NPKS and Zn for the wheat plant. Brar et al. (2019) concluded
that organic carbon was not diverged by the application of herbicides. In fact, the availability
of nitrogen, phosphorous, and potassium was improved by herbicides. The organic carbon
and other nutrients in the soil were increased by zero tillage but it was decreased by burning

of straw
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CHAPTER 3

MATERIAL AND METHODS

The experiment was conducted during the rabi seasons of 2018-2019 and 2019-2020,
at the fields of Department of Agronomy, School of Agriculture, Lovely Professional
University, Phagwara on wheat (Triticum aestivum)under the program of “Performance of
herbicides to control Phalaris minor as influenced by date of sowing and planting
pattern of wheat (Triticum aestivum)”. Three different field trials were designed in the split
plot design. The details of the material and methodology adopted in the investigation are
discussed in this chapter. This chapter consists of a brief description of the location of the
experiment, climate with meteorological data, soil characteristics, experimental design, land

preparation, and different agronomical practices under the following sub-headings.
Experimental site description
Location of experimental site

The experiment was conducted at the University farm of Lovely Professional
University, Phagwara, District Kapurthala during rabi season during 2018-2019 and 2019-
2020. The farm is situated at 31° 22°31.81°* North latitude and 75° 23°03.02” East longitude
with 252 m average elevation from above mean sea level. It is situated in Punjab and away
from Delhi (capital of India) by 350 km-It falls under the sub-tropical region in the central

plains of agro-climatic zone.
Climatic and weather condition

This experimental site under the subtropics regions remains cool in winter and hot
in summer, providing rainfall in the month of July, August, and September due to
the South-West monsoon. The temperature never goes below zero degree, however,
especially in the months of December and January it remains extreme cold. The

highest temperature is recorded as nearly 46 °C during the summer
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Months of April, May, and June. Monsoon rains start in the second fortnight of July and
become continuous to the end of September if the South -West monsoon is not delayed.
Frequent rainfall occurs in the month of July and August. Average different weather
variable (temperature maximum, temperature minimum, and rainfall) data were
recorded at different crop growth stages and data are shown in Fig. 3.1 — 3.4.The
optimum temperature for wheat crop is 20 - 25°C. It tolerates up to a maximum
temperature of 35°C. Normally wheat crop requires a cool climate with different

temperatures at different growth phases.
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Figure.3.1. Temperature, wind speed, sunshine hour, relative humidity and rainfall conditions of
experimental area 2018-2019
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Figure.3.2. Temperature, wind speed, sunshine hour, relative humidity and rainfall conditions of
experimental area 2019-2020

Soil sample collection

Before conducting the investigation, random samples of soil were collected from the
field. After scraping the surface, v-shaped cut was made to depth of 6 inches and about 1-
inch-thick slice of soil was collected from one side of cut. Similarly, 10 to 12 samples were
collected from the field in zigzag direction. Finally, about 500 g soils were collected after
mixing the soil samples uniformly through quartering method. The sample was used for
checking the physical and chemical properties of soil. Initial soil fertility status of
experimental site is shown in Table 3.1 and 3.2. At harvest, soil samples were again collected
and analyzed.
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Table.3.1. Physical properties of soil at experimental site

Characteristics Percentage (%)
Sand content 68

Silt content 14.3

Clay content 15.7

Soil texture Sandy Loam

Table.3.2. Chemical properties of soil at experimental site

S.no. Particulars Result Method Followed

1 pH 7.6 pH meter

2 EC 0.31 EC meter

3 Organic carbon 0.45% Walkley and Black's method

4 Available Nitrogen 145kg/ha Alkaline potassium permanganate method

(Subbiah and Asija, 1956)
5 Available phosphorus 13.8 kg/ha Olsen method (Olsen et a., 1954)

6 Available potassium 168 kg/ha Flame photometery method (Black, 1965)

Sources of nutrients used in the experiment
1) Urea (46% nitrogen).
2) Di-ammonium phosphate (46% phosphors)

3) Muriate of potash (60% potash)
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History of cropping site

At the experiment site, rice —~wheat rotation was followed for several years.

Transplanted rice crop was sown as the previous crop before the experiment trial.

Details of experiment design

A split plot design was used with three different trials. First trial contained three main
and five sub treatments, second trial contained four main and five sub treatments and third
trial contained five main and six sub treatments with three numbers of replications each.

Detailed numbers of treatments are presented in Table 3.3, 3.4 and 3.5.

Table 3.3. Treatment details of experiment first

Date of sowing Treatment
D1 1°* November
D2 20" November
D3 10" December
Weed
control
treatment
Wi Post em. application of sulfosulfuron 25g/ha.
Post em. application of clodinafop 60g/ha
W2 followed by metsulfuron 5g/ha.
W3 sulfosulfuron + metsulfuron 30g/ha.
W4 Weed free check
W5 Weedy check (Control)
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Table 3.4. Treatment details of second experiment

Method of Treatment
sowing
Sl Row to row spacing 15cm
S2 Row to row spacing 17.5cm
S3 Row to row spacing 22.5 cm
S4 Bi-directional sowing

Weed control

treatment
w1 Post em. application of sulfosulfuron 25g/ha.
W2 Post em. application of clodinafop 60g/ha
followed by metsulfuron 5g/ha.
W3 sulfosulfuron + metsulfuron 30 g /ha.
W4 Weed free check
Weedy check (Control)
W5
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Table .3.5.Treatment detail of third experiment

Bio types Treatment
Bl Bio type 1
B2 Bio type 2
B3 Bio type 3
B4 Bio type 4
B5 Bio type 5

Weed control treatment

w1 Sulfosulfuron

W2 Clodinafop

W3 Sulfosulfuron + metsulfuron
w4 Metribuzine

W5 Piroxofop-propanyl+ metribuzine
W6 Control

Table 3.6: Experiment details

Experiment 1

Number of treatments 15

Number of replications 3

Number of plots 15x3=45
Experiment 2

Number of treatments 20

Number of replications 3

Number of plots 20x3=60
Experiment 3

Number of treatments 30

Number of replications 3

Number of plots 30x3=90
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Layout experiment: 1
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Layout experiment:2
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Layout experiment: 3

MAIN WATER CHANNEL

R1 2M

B1T1 M4 |B2TL [B3TL B4T1 B5T1
B1T2 B2T2 |B3T2 B4 T2 B5 T2
B1T3 B2T3 | B3T3 B4 T3 B5 T3
B1T4 B2T4 | B3T4 B4 T4 B5 T4
B1T5 B2T5 |B3T5 B4 T5 B5 T5
B1T6 B2T6 |B3T6 B4 T6 B5 T6

WATER WATER
CHANNEL R? CHANNEL
B1T3 |05M B2T3 [ B3T3 B4T3 |WATER [B5T3
B1T5 B2T5 |B3T5 B4T5 ||CHANNEL ['B5T5
B1T2 B2T2 |B3T2 B4 T2 B5 T2
B1T1 B2T1 |B3T1 B4T1 B5 T1
B1T6 B2T6 |B3T6 B4 T6 B5 T6
Bl T4 B2T4 | B3 T4 B4 T4 B5 T4
R3 21M

Bl T4 B2T4 |B3T4 B4 T4 B5 T4
B1T1 B2T1 |B3T1 B4 T1 B5 T1
B1T5 B2T5 |B3T5 B4 T5 B5T5
B1T6 B2T6 | B3T6 B4 T6 B5T6
B1T3 B2T3 | B3T3 B4 T3 B5 T3
B1T2 B2T2 |B3T2 B4 T2 B5 T2

30




Figure.3.4 Experiment second (Method of Sowing)
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Figure.3.6 Phalaris minor at panicle stage
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Details of Variety:

Unnat PBW 343 was used in the experiment. It was released in 2017 and it is an
improved variety of PBW 343. Height of PBW343 is about 100cm and it takes 155 days to
attain maturity. The average grain yield is 23.2 quintals/acre. This variety is resistant to
brown rust, moderately resistant to yellow rust but susceptible to loose smut. Unnat PBW
343 has been recommended by Punjab Agricultural University (PAU) to grow in Punjab.

Agronomic practices
Preparation of field:

Land preparation: Pre-sowing irrigation (rauni) was applied. Proper leveling of field was
done for better irrigation efficiency. Field was ploughed three times: once with disk harrow

and twice with cultivator followed by planking to ensure good germination.

Figure.3.7 Land preparation for wheat crop
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Sowing time:

Normally sowing time of wheat is fourth week October to fourth week November for
this variety. For first experiment sowing was done according to treatments (1% November,
20™ number and 10™ December). For second and third experiment, sowing was made in the

first week of November.

Seed rate

Seed rate used was 100 kg/ha.
Method of sowing:

A row to row spacing of spacing of 22.5 cm is recommended for conventional sowing with
about approximately depth of 4-6cm. For second trial, sowing was done according to
treatments spacing (15, 17.5, 22.2 and bi-direction sowing). In bi directional sowing half
quantity of seed rate was sown in one direction and half quantity of seed rate sown in

perpendicular or across to first.

Figure.3.8. Sowing of wheat crop
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Figure.3.9. Bi —directional sowing

Fertilizer application

Nutrient (kg/ha)
Nitrogen (N) Phosphorus (P20s) Potassium (K20)
125 62.5 30

The application of phosphorous and potassium was done in single split
(basal application).Whole dose was applied at sowing time. Nitrogen was divided into three
splits. First dose was given at the time of sowing. The other doses were done in two split

doses before first and second irrigation.

Weed management: According to treatments

Herbicide application
The herbicide was calculated according to its requirement and sprayed in required

plot as per treatment with the help of knapsack sprayer.
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Herbicide details

Sulfosulfuron
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Common name : Sulfosulfuron
IUPAC : N-[[(4,6-dimethoxy-2-pyrimidinyl) amino] carbonyl]-2-
(ethylsulfonyl)  imidazo [1,2-a] pyridine-3-sulfonamide
Formulation : 75-WG
Uses : Used post emergent herbicide for annual and broad leafs grasses.
Mode of action : It inhibits acetolactate synthase (ALS), which called

acetohydroxyacid synthase (AHAS)ALS inhibition and low branched-
chain amino acid production starts which result death of plant.
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Clodinafop

Common name

IUPAC

Formulation

Uses

: Clodinafop-propargyl

: prop-2-ynyl (2R)-2-[4-(5-chloro-3-fluoropyridin-2-yl)

oxyphenoxy]propanoate

1 15-WG

> It is used as post emergent herbicide for Phalaris minor, Avena fatua.

Mode of action: It is rapidly translocated in the plants and accumulates in meristematic

tissues. It inhibits the enzyme acetyl CoA carboxylase (ACC-ase) and

ceases the growth of plant.
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Metsulfuron

Common name : Metsulfuron-methyl
(l)
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IUPAC : methyl 2-[(4-methoxy-6-methyl-1,3,5-triazin-2yl)
carbamoylsulfamoyl]benzoate
Formulation : 20-WP
Uses . It is used as pre- and post-emergent herbicide for broad leaf weeds
Mode of action . It acts as inhibitor of cell division in both roots and shoots of plant.
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Metribuzine .

Common name : Metribuzine
0
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IUPAC . 4-amino-6-tert-butyl-3-methylsulfanyl-1,2,4-triazin-5-one
Formulation : 70-WP
Uses - It is used as both pre- and post-emergent herbicide for annual grasses
weeds.
Mode of action . It acts as photosynthetic inhibitor in plant, resulting in death of plant
Irrigation:

Sow wheat after a heavy pre-sowing irrigation (10 cm) except when it follows rice. In
case wheat sowing is likely to be delayed due to late harvesting of rice, the pre-sowing
irrigation for wheat can be given to standing rice 5-10 days (depending upon soil type) before
its harvest except where the crop is to be harvested with combine.. First irrigation was
applied at 21 days after sowing. Next irrigation was applied during five to six weeks after the

previous irrigation according to crop requirement. Last irrigation was provided at the end of
March.
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Plant protection:

For control of aphid, one spray of thiamethoxam 25 WG @ 20 g/acre was applied.
Tebuconazole 25EC 200ml in 200 liter water were also applied in the end of February which

resulted in an effective control against yellow rust.
3.5.6. Harvesting and threshing of crop:

The harvesting of crop was done manually plot wise when grains become hard and
plant changes its color to yellow. Threshing was done manually by beating the stick. Grains

were separated from straw by winnowing.

Treatment evaluation
Growth parameter:
1) Plant height:

Randomly five plants were selected from each plot and height was recorded with scale
from ground level at 30, 60, and 90 DAS and at harvest.

2) Tillers number:

The number of tillers was recorded from one-meter row length from each plot at 30,

60, 90 DAS interval and expressed in number of tillers per square meter.

3) Dry Matter accumulation:

Dry matter accumulation of crop was recorded at 30, 60, and 90 days after sowing and at
harvest of crop. Collect plant biomass was sun dried and then oven dried till constant

weight.
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Weed parameter:

1. Height of Phalaris minor:
Phalaris minor height was recorded in cm at harvest by selecting ten
random plants from each separate plot.

2. Tillers count of Phalaris minor:
Tiller’s count was recorded in one meter running row length.

3. Number of leaves:
Numbers of leaves were counted at harvest by randomly selected ten plants
from each plot.

4. Panicles length of P.minor:
At harvest random ten plant of were selected from each plot and average
length were expressed in cm

5. Number of Panicles:
The number of panicles was recorded at harvest stage from one meter
running row length.

6. Phalaris minor count:

Weeds were identified and their counts were taken per square meter area. The weed

density was expressed in number per square meter.

Figure.3.10. Data coIIction
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7. Phalaris minor dry matter:
Dry matters of weeds were measured after drying the counted number of weeds.
8. Weed control efficiency (WCE):
WCE was estimated by using the following formula:
WCE= (X-Y)/X *100

Where x = weed dry weight in weedy check and y = weed dry weight

Yield parameters:

1. Number of effective tillers :
Numbers of effective tillers were counting from one meter row length in each

plot and expressed in number of effective tillers per square meter.

2. Length of ear (cm):

Ten ears were selected randomly. Length of ear was measured with scale by
selecting ear randomly.

3. Grain per ear:
After randomly selecting the ten ear from each plot, numbers of grains were

recorded simply by counting and averaged the number of grains per ear.

4. 1000 grain weight (g):
1000 grains were taken by counting from seed lot and weight was recorded by
using weighing balance.
5. Grain Yield per hectare (kg):
Each plot was harvested and threshed separately and after that, yield was

recorded and converted into the quintal per hectare.
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6. Straw yield per hectare (kg):
Separately from each plot after threshing grains, straw yield was recorded

with the help of weighing balance.

7. Harvest index (HI) :

Harvest index was recorded by dividing economic yield by total biological

yield and after that the value was multiplied by 100 to express HI in percentage.

Economic vyield (kg ha™)

Harvest index = x 100

Biological yield (kg ha™)

Statistical analysis

The data were analyzed by OPSTAT at level of 95 % significance to check the influence of

different variables.
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Figure.3.12. Grain filling stage
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Figure.3.13. Bio types of Phalaris minor
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Figure.3.14. Herbicide application at 30 DAS

Figure.3.15. Crop at maturity
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Figure.3.16. Advisor visit at field
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CHAPTER: 4

RESULTS AND DISCUSSION

The present study, entitled "Performance of herbicides to control Phalaris minor
as influenced by date of sowing and planting pattern of wheat (Triticum aestivum)”, was
conducted in the experimental field of Department of Agronomy, School of Agriculture,
Lovely Professional University, Phagwara during the Rabi season of 2018-2019 and the field
experiment was again repeated in the next rabi season 2019-2020. The important findings of

the experiments have been discussed under the following sub-headings experiment wise.

Experiment: 1 Effect of date of sowing and weed control treatments on growth and

development of plants and weeds.
4.1.1 Plant height

The most important parameter for governing crop yield is plant height. Data on
periodic plant height recorded during 2018-2019 are shown in Table (4.1.1a). The difference
in height of plants was due to sowing dates and it was found to be non-significant when
recorded at 30 DAS. The plant heights recorded at 60 DAS, 90 DAS and at harvest were
found to be significantly higher in its first date of sowing i.e. 1% November, in comparison
with crop sown on 20™ November and 10" December. However, the plant height of crop
sown on 20™ November was found to be significantly more than that of 10" December sown
crop. The first date of sowing (1% November) was found to be a felicitous sowing time. This
may be due to the better utilization of light, nutrients, and moisture (Akdamar et al., 2018).

Among weed control treatments, the difference in plant height was non-significant
when recorded at 30 DAS in comparison with other treatments as the herbicide was applied
at 30 DAS (Table 4.1.1a). All weed control treatments significantly exerted higher plant
height as compared to unweeded (control) treatment when recorded at 60, 90DAS and at
harvest in accordance with Nanher and Raghuvir (2015). Among herbicidal treatments,
significantly higher plant heights were recorded at all periodic intervals (except 30 DAS)

with the application of mixture of sulfosulfuron + metsulfuron @ 30g/ha as compared to the
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application of sulfosulfuron @ 25g/ha and clodinafop @ 60g/ha followed by metsulfuron @
5g/ha. Significantly smaller plants were recorded in weedy check due to the more density of
weeds. Higher plant height might be due to better utilization of resources like plant growth
nutrient, light, and moisture and less competition with the weeds. Weed free environment
encourages more growth of plant in weed free treatment, which results in significant increase
in plant height in comparison with a weedy check. The interactive effects of sowing time and
different weed control treatment were found to be non-significant for plant height. The
periodic height recorded during 2019-20 crop season has been shown in Table 4.1.1b. Similar
trends were observed in both years 2018-2019 and 2019-2020. Crop sown on November 1%,
2019 recorded significantly higher plant height than other dates of sowing. Also, among sub-
plot treatments, the application of sulfosulfuron + metsulfuron was found to record

significantly higher plant height than other herbicidal treatments at all periodic intervals
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Table 4.1.1. Effect of date of sowing and different weed control treatment on plant height during 2018-

19 and 2019-20

Plant heights (cm) during 2018-2019 and 2019-20

30 DAS 60 DAS 90 DAS At harvest
2018-19 [ 2019-20 | 2018-19 [ 2019-20 | 2018-19 [ 2019-20 | 2018-19 [ 2019-20

Dates of sowing

D1 (1 November) 26.81 | 2661 | 58.01 | 5834 | 93.36 | 9367 | 98.81 | 98.20

D2 (20 November) 2659 | 26.44 | 56.91 | 57.08 | 9250 | 9257 | 97.71 | 96.86

D3 (10 December) 2653 | 26.38 | 53.96 | 54.12 | 89.44 | 89.69 | 94.76 | 93.93

CD 5% NS NS 0.59 0.62 055 | 0.855 | 0.63 | 0.741

Weed control

treatment

Sulfosulfuron 25g/ha 26.70 | 2659 | 56.82 | 56.59 | 92.32 | 9248 | 97.62 | 96.59

Clodinafop 60g/ha

;%'/'ﬁ;'VEd by metsulfuron | 5556 | 2640 | 5541 | 55.47 | 90.79 | 91.05 | 96.21 | 95.76

Sulfosulfuron +

Metsulfuron 30g/ha 26.64 | 26.34 | 5824 | 5861 | 93.74 | 93.99 | 99.04 | 98.59

Weed free 2651 | 26.23 | 59.05 | 59.54 | 94.46 | 94.72 | 99.85 | 99.06

Weedy check 26.80 | 26.81 | 51.96 | 5235 | 87.51 | 87.64 | 92.76 | 91.66

CD 5% NS NS 0.55 0.83 053 | 0.687 054 | 0.313

CD interaction NS NS NS NS NS NS NS NS

50




4.1.2 Tiller number per meter (row length)

The number of tillers per unit area is considered as major determinants for the crop
growth and yield. The data pertaining to the number of tillers, recorded at 30, 60, 90 DAS
and at harvest stage, are presented in Table (4.1.2a and 4.1.2b). The data recorded at 30 DAS
showed that there is no significance difference between sowing time treatments and different
weed control treatments. However, numbers of total tillers differ significantly at 60, 90 DAS
and at harvest stage. It had been found that the tillers in both years recorded at 60,90 DAS
and at harvest was significantly higher in sowing of crop on 1% November as compared to the
crop sown on 20™ Nov and 10™ Dec. This was due to congenial climate conditions.
Significantly more no. of tillers at 60 ,90 DAS and at time of harvest were found in weed
free treatment as compared to others and it was followed by sulfosulfuron + metsulfuron @
30g/ha, sulfosulfuron @ 30g/ha and clodinafop60 g/ha followed by metsulfuron @ 5g/ha.
These observations hold good for both the years. Application of post emergence
sulfosulfuron + metsulfuron 30g/ha during both years produced significantly higher total
tillers than other herbicidal treatments. From all treatments significantly least number of
tillers was recorded, while they were compared with weedy check (control treatment).This
was due to proper utilization of nutrient, light, moisture and other resources in weed control
treatments. The interactive effects of date of sowing and different weed control treatments
were found to be non-significant. Similar trends were found in both years, 2018-19 and 2019-
20.
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Table 4.1.2. Effects of date of sowing and different weed control treatments on number of tillers
during 2018-2019 and 2019-20

Number of tillers per square meter (cm) during 2018-2019 and 2019-20

30 DAS 60 DAS 90 DAS At harvest

2018-19 [2019-20 | 2018-19 | 2019-20 | 2018-19 [2019-20 | 2018-19 |2019-20
Dates of sowing
D1 (1 November) 163.64 | 165.77 | 344.04 | 345.02 | 436.97 |435.95 | 426.75 |425.11
D2 (20 November) 162.62 | 164.8 | 340.71 | 341.15 | 431.6 |431.02 | 419.42 |419.77
D3 (10 December) 162.35 | 164.48 | 317.37 | 316.71 | 418.84 |418.13 | 406.08 | 406.66
CD 5% NS NS | 1093 | 124 | 431 128 | 2.97 2.66
Weed control
treatment
Sulfosulfuron 25g/ha 163.11 | 165.24 | 332.26 | 334.88 | 429.86 |429.42 | 418.35 |417.95
Clodinafop 60g/ha
foll If
Szlﬁé‘l’vedbymﬂs“ WON 1 16048 | 164.62 | 332.17 | 334.53 | 42555 |425.77 | 413.55 | 415.2
Sulfosulfuron +
Metsulfuron 30g/ha 162.84 | 164.97 | 350.57 | 349.64 | 438.66 |438.26 | 426.35 | 427.68
Weed free 162.311 | 164.48 | 356.84 | 352.84 | 441.95 |440.22 | 431.37 | 429.86
Weedy check 163.6 |165.73 | 299.55 | 299.68 | 409.68 |408.22 | 397.55 |395.28
CD 5% NS NS 17.77 | 14.44 2.48 1.06 | 3.02 | 1511
CD interaction NS NS NS NS NS NS NS NS
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4.1.3 Accumulation of dry matter

Dry matter accumulation influences final crop yield, as it also reflects on the photosynthetic
accumulation. Dry matter of crop increases at faster rate up to maturity. Data on periodic
crop dry matter accumulation is shown in Table (4.2.3a and 4.2.3b). Different dates of
sowing were non-significant at 30 DAS. Data recorded at 60 DAS, 90 DAS and at harvest
were found to be significantly higher at first date of sowing i.e. 1% November as compared
crop sown on 20™ November and 10™ December during both year of study (2018-19 and
2019-20). Crop dry matter accumulation was significantly affected by different weed control
treatment at 60 DAS, 90 DAS and at harvest. Data recorded at 30 DAS was found to be a
non-significant, because herbicide application was done at 30 DAS. Weedy check produced
lowest dry matter accumulation than all other weed control treatments. Weed free treatment
was found to produce highest dry matter accumulation at 60 DAS, 90 DAS and at harvest
which may be due to better weed free environment that helps the crops to attain better
accessibility to available nutrients and moisture. The data conforms previous reports
(Ahamad et al., 1993; Chopra and Chopra, 2005 and Punia et al., 2011). From the different
herbicidal treatments sulfosulfuron + metsulfuron 30g/ha produced significantly higher dry
matter accumulation as compared to sulfosulfuron 25g/ha and clodinafop 60g/ha followed by
metsulfuron 5g/ha. The date of sowing and weed control treatments had found no interaction.

Similar result-pattern was observed during both years (2018-19 and 2019-20).
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Table 4.1.3. Effects of date of sowing and different weed control treatments on plant dry matter
production during 2018-19 and 2019-20

Dry matter production (g/m?) during 2018-19 and 2019-20

30 DAS 60 DAS 90 DAS At harvest
2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 [2019-20 | 2018-19] 2019-20

Dates of sowing

D1 (1 November) 21.07 | 2153 | 261.49 | 262.77 | 591.80 | 596.00 | 1058.15| 1068.55

D2 (20 November) 20.71 | 21.02 | 259.83 | 261.46 | 583.89 |588.08 | 1050.33| 1061.63

D3 (10 December) 19.80 | 20.27 | 257.29 | 258.50 | 578.55 582.74 | 1042.76| 1053.10

CD 5% NS NS 1.61 155 | 3.329 3.66 6.70 6.99

Weed control

treatment

Sulfosulfuron 25g/ha 20.44 | 20.68 | 261.15 | 262.88 | 586.02 | 590.58 | 1052.16| 1062.93

Clodinafop 60g/ha

g‘é'/'ﬁ;"’edbymm“'f“ro” 20.16 | 20.90 | 260.85 | 261.78 | 584.71 | 588.91 | 1050.60| 10.61.27

‘:’,‘I’gg’jﬁcgﬂﬁggg,ha 20.29 | 21.36 | 262.14 | 263.62 | 590.07 | 594.27 | 1056.17| 1066.84

Weed free 20.74 | 2153 | 263.34 | 264.88 | 594.24 |598.43 | 1058.36| 1068.77

Weedy check 21.00 | 20.22 | 250.19 | 251.39 | 568.69 |572.88 | 1034.79| 1044.65

CD 5% NS NS 132 | 093 3.18 3.18 3.57 3.48

CD interaction NS NS NS NS NS NS NS NS
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4.1.4 Phalaris minor count

Phalaris minor infestation in the cropped field directly influences the total crop yield, this is
why, in the present investigation, P.minor counts at periodical intervals were monitored for
different treatments to evaluate their efficiencies in boosting the crop yield. Counts of
Phalaris minor were recorded periodically at 30 , 60, 90 DAS and at harvest as shown in
Table 4.4.a and 4.4.b. Dates of sowing were found to affect the weed density significantly.
Less number of P.minor per sq. meter was observed for first date of sowing (1% November)
in comparison with 2™ date of sowing (20 November) and 3™ date of sowing (10 December).
This might be due to unfavorable climatic conditions for germination of P. minor on
November 1% than other dates of sowing. Ideal temperature for germination of Phalaris
minor was reported to be 17 — 20 °C (Singh and Ghosh 1982). The non- significant effects
on P.minor population (30 DAS) were exerted by various weed control treatments as the
herbicides were applied at 30 DAS. P.minor population was significantly higher in weedy
check. P.minor population was found to be zero in weed free treatment. Treatments of
sulfosulfuron + metsulfuron 30g/ha produced significantly a smaller count of P.minor than
that of sulfosulfuron 25g/ha and clodinafop 60g/ha followed by metsulfuron 5g/ha. At 60,
90 DAS and at harvest, application of sulfosulfuron 25g/ha was found to be significantly

higher than clodinafop 60g/ha + metsulfuron 5g/ha with respect to P. minor count.
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Tabled.1.4a. Effects of date of sowing and different weed control treatments on P. minor count during

2018-19 and 2019-20

P. minor count per square meter during 2018-19 and 2019-20

30 DAS 60 DAS 90 DAS At harvest

2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20
Dates of sowing
D1 (1 November) 49.55 75.73 20.18 25.01 19.19 23.41 20.23 25.03
D2 (20 November) 73.96 97.36 23.16 31.12 22.02 28.00 23.34 30.97
D3 (10 December) 75.59 08.82 30.04 34.59 25.60 31.92 26.75 34.52
CD 5% 1.79 2.38 1.10 2.01 1.95 1.12 2.00 1.45
Weed control
treatment
Clodinafop 60g/ha
followed by metsulfuron 66.31 91.36 13.65 21.20 12.82 20.29 13.19 23.67
5g/ha
Sulfosulfuron + 65.33 | 90.13 8.14 11.11 | 9.59 13.77 9.89 17.60
Metsulfuron 30g/ha
Weed free 66.96 91.41 0.0 0.0 0.0 0.0 0.0 0.0
Weedy check 65.98 88.55 89.15 99.33 78.13 87.31 82.97 88.66
CD 5% NS NS 1.20 1.96 1.62 1.33 1.84 1.24
CD interaction NS NS 2.21 3.64 3.06 2.43 3.44 2.35
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The interactive effect was found to be significant in between date of sowing and weed control
treatments. Herbicides sulfosulfuron + metsulfuron 30g/ha decreased P. minor population
significantly at all dates of sowing in comparison to herbicide treatments with sulfosulfuron
25g/ha and clodinafop 60g/ha + metsulfuron 5g/ha. Same results were found during both
years of investigation. However, in the case of application of sulfosulfuron + metsulfuron
30g/ha, the crop sown on 10™ December recorded more population of P.minor as compared
to crop sown on 20™ December. But the count of P.minor was not influenced with date of
sowing under the application of sulfosulfuron @ 25g/ha and clodinafop @60g/ha followed by
metsulfuron 5g/ha treatments. Interaction data of P.minor is shown in Table 4.2.4c.

Interaction data of P. minor during 2019-20 are presented in Table 4.2.4d. The
count of P. minor was found to be statistically at par in crops sown on 20" November applied
with sulfosulfuron + metsulfuron 30g/ha as compared to that of sulfosulfuron 25g/ha applied
crops sown on 1% November. Application of clodinafop 60g/ha followed by metsulfuron
5g/ha on 20" December sown crop recorded significantly higher P.minor count than the
application of sulfosulfuron 25g/ha and sulfosulfuron + metsulfuron 30g/ha on all the three
dates of sowings.
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4.1.4b. Interaction among different date of sowing and different weed control

treatments on phalaris minor count during 2018-19

clodinafop
sulfosulfuro
60g/ha
sulfosulfuron n+ Weed | Weedy
Treatment followed by Mean
25g/ha metsulfuron | free check
metsulfuron
30g/ha
5g/ha
60 DAS
1 November 10.18 12.58 7.34 0.00 70.79 20.18
20™ November 10.20 14.26 7.30 0.00 84.07 23.16
10" December 13.74 14.11 9.78 0.00 112.60 30.04
Mean 11.38 13.65 8.14 0.00 89.15
CD 5% 2.21
90DAS
1% November 9.24 11.70 7.95 0.00 67.05 19.19
20™ November 10.57 13.10 8.95 0.00 77.50 22.02
10" December 12.62 13.68 11.89 0.00 89.83 25.60
Mean 10.81 12.82 9.59 0.00 78.13
CD 5% 3.06
At harvest
1**"November 9.80 12.19 8.17 0.00 71.01 20.23
20™ November 11.21 13.50 9.39 0.00 82.62 23.34
10" December 12.51 13.88 12.10 0.00 95.29 26.75
Mean 11.17 13.19 9.89 0.00 82.97
CD 5% 3.44
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4.14 c. Interaction among different date of sowing and different weed control

treatments on phalaris minor count during 2019-20

Clodinafop
Sulfosulfuro
60g/ha
Sulfosulfuro n+ Weed | Weedy
Treatment followed by Mean
n 25¢g/ha Metsulfuron | free check
metsulfuron
30g/ha
5g/ha
60 DAS
1% November 15.18 16.52 9.11 0.00 | 8443 | 25.05
20™ November 20.66 22.16 11.16 0.00 101.63 | 31.12
10" December 23.05 24.91 13.06 0.00 111.94 | 34.59
Mean 19.63 21.20 11.11 0.00 99.33
CD 5% 3.64
90DAS
1 November 13.93 16.85 11.13 0.00 75.15 | 23.41
20™ November 17.46 19.88 12.93 0.00 89.73 | 28.00
10" December 21.15 24.16 17.26 0.00 97.04 | 31.92
Mean 17.51 20.29 13.77 0.00 87.31
CD 5% 2.43
At harvest
1 November 16.76 19.17 14.11 0.00 75.10 25.03
20™ November 21.82 23.01 17.75 0.00 | 9230 | 30.97
10" December 24.22 28.83 20.95 0.00 98.60 | 34.52
Mean 20.93 23.67 17.60 0.00 88.66
CD 5% 2.35
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Fig .4.1 Interactive effect of date of sowing and different weed control treatment on Phalaris minor
count during year 2018-19 and 2019-20
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4.1.5 Dry matter (DM) accumulation of P. minor

In Table 4.1.5a.and Table 4.1.5b, the data recorded at 30, 60 and 90 DAS and at
harvest of Phalaris minor (DM) are presented. It was observed that in the case of
1*November date of sowing, weeds accumulated significantly less DM with respect to
sowing dates of crop at 20™ November and 10" December. At 30 DAS, P.minor DM
accumulation in the case of second date of sowing (20™ November) and third date of sowing
(10™ December) was found to be statically at par. However, at 60, 90 DAS and at harvest,
data showed that sowing of crop on November 1% recorded less DM in comparison with other
sowing dates (20" Nov and 10™ Dec). Similar trends were found in both years 2018-19 and
2019-20.

Significantly highest DM was observed in weedy check. At 60, 90 DAS and at
harvest, application of sulfosulfuron + metsulfuron 30g /ha showed a significant reduction in
DM accumulation with respect to treatment of sulfosulfuron 25g/ha and clodinafop 60g/ha +
metsulfuron 5g/ha. At 90 DAS, herbicide treatment clodinafop 60g/ha + metsulfuron 5g/ha
and sulfosulfuron 25g/ha were statistically at par. The interaction between dates of sowing
and weed control treatments was found to be significant (Table 4.1.5c. and Table 4.1.5d)

At 60 DAS, interaction data of P.minor DM accumulation indicated that application
of sulfosulfuron + metsulfuron 30g/ha was statistically at par at all dates of sowing but
produced significantly less DM than application of clodinafop 60g/ha followed by
metsulfuron 5g/ha and sulfosulfuron 25g/ha. From various weed control treatments, data
recorded at 90 DAS and at harvest showed significantly less DM accumulation in crop sown
on November 1% than the crop sown on 10" December. Application of sulfosulfuron +
metsulfuron 30g /ha produced significantly less DM of P. minor in 1* November sown crop
as compared to other herbicidal treatments on all dates of sowing during 2019-20.
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Table 4.1.5a. Effects of date of sowing and different weed control treatments on P. minor dry
matter production during 2018-19 and 2019-20

P. minor dry matter production g/m? during 2018-19 and 2019-20

30 DAS 60 DAS 90 DAS At harvest

2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20
Dates of sowing
D1 (1 November) 8.48 12.75 10.78 13.20 17.34 21.38 19.79 24.54
D2 (20 November) 12.58 16.29 12.29 16.37 19.78 25.46 22.77 30.12
D3 (10 December) 12.79 16.41 15.94 18.21 22.93 28.98 26.03 33.16
CD 5% 0.51 0.42 0.44 0.81 1.40 0.94 1.98 1.53
Weed control
treatment
Clodinafop 60g/ha
followed by metsulfuron 11.30 15.26 7.15 11.16 11.37 18.19 12.88 22.40
5g/ha
Sulfosulfuron + 11.20 | 15.09 4.28 5.84 8511 | 12.35 9.66 17.09
Metsulfuron 30g/ha
Weed free 11.29 15.21 0.00 0.00 0.00 0.00 0.00 0.00
Weedy check 11.22 14.88 47.15 52.31 69.29 78.30 81.03 86.02
CD 5% NS NS 0.95 1.40 2.01 1.91 1.74 1.51
CD interaction NS NS 1.68 2.48 3.62 2.74 3.27 2.81
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Interaction data of P. minor DM accumulation during 2018-19 are shown in Table
4.1.5c. It was found that DM accumulation under combined application of sulfosulfuron +
metsulfuron 30g/ha was statistically at par with all dates of sowing but significantly differed
from other herbicide applications such as clodinafop 60g/ha + metsulfuron 5g/ha and
sulfosulfuron 25g/ha. However, application of sulfosulfuron 25g/ha and clodinafop 60g/ha +
metsulfuron 5g/ha in 1% November sown crop were found to be statistically at par with each
other at 60 DAS in respect of DM accumulation. Similarly, data recorded at 90 DAS showed
application of post emergence sulfosulfuron + metsulfuron 30 g/ha were at par in crop sown
at 1 November and 20" November but statistically significant from crop sown 20
December in reducing DM content. At harvest, interaction data indicated that herbicide

treatment sulfosulfuron + metsulfuron 30 g/ha on 1% November crop produced significantly

lower DM of P. minor than that of 10" December sown crop. However, the effects of
treatment with sulfosulfuron 25g/ha and clodinafop 60g/ha followed by metsulfuron 5g/ha

remained same on all the dates of sowings.

Interaction data of P. minor DM accumulation during 2019-20 are shown in Table
4.1.5d. At 60 DAS, interaction data of P. minor DM accumulation indicated that the effects
of the treatment of sulfosulfuron + metsulfuron 30g/ha were statistically at par at all dates of
sowing but the treatment produced significantly less dry matter than the treatment of
clodinafop 60g/ha + metsulfuron 5g/ha and sulfosulfuron 25¢g/ha. Data recorded at 90 DAS
and at harvest showed that DM accumulation in crop sown on 1% November was significantly
lower than that of the crop sown on 10" December. Application of combination of
sulfosulfuron + metsulfuron 30g /ha produced significantly less DM of P. minor in 1%
November sown crop as compared to other herbicidal treatments on all dated of sowing
during 2019-20:
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Table 4.1.5b. Interactions among different date of sowing and different weed control

treatments on P.minor dry matter accumulation during 2018-19

Clodinafop
Sulfosulfuron
60g/ha
Sulfosulfuro + Weed | Weedy
Treatment followed by Mean
n 25¢g/ha Metsulfuron free check
metsulfuro
30g/ha
n 5g/ha
60 DAS
1 November 6.14 6.62 4.01 0.00 37.14 | 10.78
20™ November 5.74 7.68 3.90 0.00 44,13 | 12.29
10" December 7.46 7.13 4.94 0.00 60.17 | 15.94
Mean 6.44 7.15 4.28 0.00 47.15
CD 5% 1.68
90DAS
1 November 9.83 10.36 7.05 0.00 59.45 | 17.34
20™ November 10.62 11.61 7.93 0.00 68.76 | 19.78
10" December 12.30 12.13 10.54 0.00 79.65 | 22.93
Mean 10.92 11.37 8.51 0.00 69.29
CD 5% 3.62
At harvest
1 November 9.66 11.90 7.98 0.00 69.39 | 19.79
20™ November 10.83 13.19 9.17 0.00 80.68 | 22.77
10" December 11.77 13.55 11.82 0.00 93.03 | 26.03
Mean 10.75 12.88 9.66 0.00 81.03
CD 5% 3.27
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Table 4.1.5c. Interactions among different date of sowing and different

weed control treatments on P.minor dry matter accumulation during

2019-20
Clodinafop
Sulfosulfuron
60g/ha
Sulfosulfuron + Weed | Weedy
Treatment followed by Mean
25g/ha Metsulfuron | free | check
metsulfuron
30g/ha
5g/ha
60 DAS
1* November 7.98 8.71 4.78 0.00| 4455 | 13.20
20™ November 10.88 11.66 5.86 0.00 | 53.48 16.37
10" December 12.14 13.12 6.87 0.00 | 58.90 18.21
Mean 10.33 11.16 5.84 0.00 | 52.31
CD 5% 2.48
90DAS
1° November 14.41 15.10 9.98 0.00 | 67.42 21.38
20™ November 17.42 17.81 11.60 0.00 | 80.47 25.46
10" December 20.76 21.67 15.47 0.00 | 87.00 | 28.98
Mean 17.53 18.19 12.35 0.00 | 78.30
CD 5% 2.74
At harvest
1 November 17.22 18.93 13.70 0.00 | 72.84 24.54
20™ November 21.17 22.65 17.24 0.00 | 89.55 30.12
10" December 24.16 25.64 20.32 0.00 | 95.66 33.16
Mean 20.85 22.40 17.09 0.00 | 86.02
CD 5% 2.81
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Fig .4.2 Interactive effect of date of sowing and different weed control treatment on Phalaris minor
dry matter accumulation during year 2018-19 and 2019-20
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4.1.6 Weed control efficiency

During 2018-19 and 2019-20 higher weed control efficiency was found in 1%
November sown crop (75.5% and 71.5%, respectively) as compared to 20" November
(71.7% and 65.1%,respectively) and 10"™ December sown crop (67.6% and 62.1%,
respectively) [Table 4.1.6]. The highest efficiency was found in weed free treatment as
compared to all weed control treatments followed by herbicides treatment sulfosulfuron +
metsulfuron 30g /ha, Sulfosulfuron 25g/ha and clodinafop 60g/ha + metsulfuron 5g/ha.
Similar trend was observed in both years 2018-19 and 2019-20 [Table 4.1.6].

Table 4.1.6 Effects of date of sowing and different weed control treatments on weed
control efficiency (WCE) during 2018-19 and 2019-20 crop season

Dates of sowing WCE % (2018-19) WCE% (2019-20)
D1 (1 November) 75.50 71.55
D2 (20 November) 71.71 65.06
D3 (10 December) 67.62 62.11

Weed control treatment

Sulfosulfuron 25g/ha 85.88 76.01

Clodinafop 60g/ha

followed by metsulfuron 84.10 74.47
5g/ha
Sulfosulfuron +
88.07 80.13
Metsulfuron 30g/ha
Weed free 100 100

Weedy check - -
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4.1.7 Yield attribution

Effective tillers are directly related to crop yield. More are the effective tillers, higher
is the crop grain yield. It was observed in the present study that numbers of effective tillers
were significantly influenced by date of sowing. Sowing of crop at first date i.e. 1%
November produced significantly higher tillers than that in crop sown on second and third
date of sowing (Table 4.1.7a and Table 4.1.7b). Higher effective tillers were found in first
sowing due to better growth of crop. Similar findings were observed in earlier reports
(Hussain et al.,2012). Same trends were found in both years 2018-19 and 2019-20.

Different weed control treatments influence the effective tillers’ number. It was
observed that weeds free treatment recorded significantly higher number of effective tillers
with respect to other weed control treatments. This is due to less competition for light, space
and nutrient in weed free treatment. Among different herbicide treatments, sulfosulfuron +
metsulfuron 30g/ha resulted in significantly higher number of tillers followed by
sulfosulfuron 25g/ha and clodinafop 60g/ha followed by Metsulfuron 5g/ha. Weedy check
observed lowest number of effective tillers. Interactions between sowing date and weed
control treatments were observed to be statistically significant (Table 4.1.7c and 4.1.7d).
Among different weed control treatments, first sowing date (1% November) produced
significantly more no. of effective tillers in comparison with third date of sowing (20"

December). Similar trends were observed in both years 2018-19 and 2019-20 crop seasons.
4.1.8 Spike length

The spike length influences the final crop yield, as number of grains usually increases with
the spike length. The data on spike length are shown in Table 4.17a and 4.1.7b. From
recorded data, it was observed that date of sowing significantly affected the spike length
during both years, 2018-19 and 2019-20. Crop sown on 1% November recorded significantly
higher spike length than 20™ November and 20™ December sown crops. Similar finding was
reported earlier (Manoj Kumar et al., 2019). Further, significantly lower spike length was
recorded in weed check in both years as compared to other weed control treatments. Greater
spike length was found in weed free treatment. Out of all three herbicidal treatments,

sulfosulfuron + metsulfuron 30g/ha produced significantly longer spikes than weedy check
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but remained statistically at par with weed free treatment. The pattern of the results was
similar during both 2018-19 and 2019-20 crop seasons.

4.1.9 No. of grains per spike

Data related to no. of grains/spike are illustrated in Table 4.1.7a and 4.1.7b. Total
number of grains was significantly affected by dates of sowing. Crops sown on 1*November
exhibited significantly maximum no. of grains per spike that were significantly higher than
that of crops sown on 20" November and 20" December. Different weed control treatments
significantly influenced total grains no. Higher grains no. per spike were recorded in weed
free treatment, which was statistically at par with herbicide treatments sulfosulfuron +
metsulfuron 30 g/ha but it was significantly higher than other weed control treatments. No
significant interactions were found between dates of sowing and weed control treatments
with respect to number of grains per panicle. Similar trend was observed during both years
2018-19 and 2019-20.

4110 Test weight

Test weight is shown in Table 4.1.7a and 4.1.7b. The data revealed that 1000 grains
weight was significantly affected by sowing times. The crop sown on 1% November resulted
in significantly heavier grains than that in crop sown on 20" November and 10" December.
Tahir et al. (2009) reported a decreasing grain weight with delaying in sowing time. The data
showed that different weed control treatments significantly influenced the 1000 grain weight.
Weed free treatment showed significantly heavier grain weight as compared to other weed
control treatments except the treatment of sulfosulfuron + metsulfuron 30 g/ha. It remained
statistically at par with herbicide treatment of sulfosulfuron
+ metsulfuron 30 g/ha. Weedy check showed significantly lower grain weight. It might be
due to more weed competition for space, nutrient, moisture etc. Interactive effects between
date of sowing and various weed control treatments were found to be non-significant. Similar
result was observed during both years, 2018-19 and 2019-20.
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Table 4.1.7a. Effects of date of sowing and different weed control treatment on effective tillers,

spike length, number of panicles and 1000 grain weight in year 2018-19 and 2019-20

Effective tillers/ | Spike lengthin Number of 1000 grain
m?2 cm grains /spike weight (g)

2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20

Dates of sowing

D1 (1 November) 3768 | 37515 | 10.26 10.74 51.24 52.38 42.77 42.49
D2 (20 November) 372 368.08 9.63 9.77 5084 | 51.93 | 42923 | 42.04
D3 (10 December) 35755 | 355.06 9.21 9.24 49.76 50.86 41.27 41.13
CD 5% 124 | 311 | 027 | 040 | o017 | 034 | o045 | 035
Weed control

treatment

Sulfosulfuron 25g/ha 373.46 | 364 973 | 1005 | 5101 | 5211 | 4234 | 4220

Clodinafop 60g/ha
followed by metsulfuron | 367.33 | 370.26 | 9.46 9.64 | 5032 | 51.39 | 4180 | 41.63
5¢/ha

Sulfosulfuron + 378.93 | 37626 | 1072 | 11074 | 5900 | 5338 | 4343 | 43.04
etsulfuron 30g/ha

Weed free 382.26 | 380.17 | 11.02 | 11.27 | 5268 | 9382 | 4405 | 43.75
Weedy check 341.9 | 33982 | 756 | (96 | 4686 | 4792 | 3384 | 3881
CD 5% 333 | 266 | 045 | 041 | 059 | 057 | 056 | 052
CD interaction 582 502 NS NS NS NS NS NS
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Table 4.1.7b. Interactions among different date of sowing and different weed control
treatments on effective tillers during 2018-19 and 2019-20

Clodinafop
60g/ha Sulfosulfuron
Sulfosulfuron Weed | Weedy
Treatment followed by | + Metsulfuron Mean
25g/ha free check
metsulfuron 30g/ha
5g/ha
2018-19
1St
November 376.62 373.11 389.42 390.66 | 354.22 | 376.8
20th
November 375.06 370.93 378.57 386.93 | 348.44 372
10th
December 368.75 357.95 368.8 369.24 | 323.2 |[357.55
Mean 373.46 367.33 378.93 382.26 | 341.95
CD 5% 5.822
2019-20
1st
November 373.68 370.88 388.8 390.26 352.17 |375.15
20th
November 372.62 366 375.91 384.62 341.28 |368.08
10th
December 364.48 355.11 364.17 365.64 325.95 |355.06
Mean 370.26 364 376.26 380.17 339.82
CD 5% 5.02

71




4111 Grainyield

Data on grain yield has been shown in Table 4.1.8a and 4.1.8b. Crop yield depends
upon its weed control potential as well as on growth and vyield attributes. Date of sowing
significantly affected the grain yield during both 2018-19 and 2019-20 crop seasons. Data
revealed that maximum grain yield was resulted from 1% November sown crop which was
significantly higher than that of 20™ November and 10™ December sown crop. Late sown
resulted in lower grain yield because of lower germination %, lower number of effective
tillers per m?, smaller number of grains per spike and lower test weight due to less growing
degree days to crop and high temperature causing stress during grain filling stage. The data
obtained in the present investigation are well in agreement with earlier reports (Ishag, 1994;
Spink et al., 2000; Shahzad et al., 2002; Aslam et al., 2003; Shahet al., 2006).

Weed control treatment also showed the significant effect on the grain yield. From all
the weed control treatments, higher grain yield (49.55 g/ha and 47.12 g/ha in 2018-19 and
2019-20, respectively shown in Table 4.1.8a and 4.1.8b.) was found in weed free treatment
and this treatment remained statistically alike with (47.86qg/ha and 46.78g/ha) with herbicide
treatment sulfosulfuron + metsulfuron 30 g/ha but showed significantly higher grain yield
than other weed control treatments. Herbicide treatment of sulfosulfuron + metsulfuron 30
g/ha was found to exhibit significantly higher grain yield (43.03%, and 36.26.10%) than
weedy check. Treatment of sulfosulfuron + metsulfuron 30g/ha led to poor weed growth
which eventually increased the number of effective tillers, number of grains per spike and
test weight. Similar results were also reported by Meena and Singh (2013) and Ali et al.
(2016).Interaction effects were found to be significant between dates of sowing and weed
control treatments. Interaction data for weed control and date of sowing treatments are shown
in Table 4.2.8c. Herbicide and weed free treatment sulfosulfuron + metsulfuron 30 g/ha
resulted in significantly higher grain yield at first date of sowing than other sowing dates. For
weed free treatment, crop sown on 20" November and 10" December produced significantly
less grain yield than application of sulfosulfuron + metsulfuron 30 g/ha at crop sown 1%

November. This also holds good for 2019-20 crop season.
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4112 Straw yield

Straw is major component of total biological yield. Now-a-days it is also used for
various purposes with economic importance. Present study revealed that dates of sowing
exerted significant effects on the straw yield in both years 2018-19 and 2019-20 (Table
4.1.8a and 4.1.8b). Sowing of crop on 1% November yielded significantly more straw than
that of crop sown on 20"November and 10" December. This is due to a greater number of
tillers and higher crop dry matter accumulation. Similar findings were recorded by
Donaldson et al. (2001). It further revealed, among various weed control treatments, weed
free treatment yielded more straw, which was statistically at par with herbicide treatment of
sulfosulfuron + metsulfuron 30 g/ha. Weed check treatment showed significantly lower straw
yield when compared with all other treatments of weed control. The interaction was found to
be significant between dates of sowing and different weed control treatments. Interaction
data for date of sowing and weed control treatments, shown in Table 4.1.8d., confirmed that
all weed control treatments were statistically significant and higher in 1% November sowing
than 20" November and 10™ December sowing. Similar results were observed during both
years 2018-19 and 2019-20.

4.1.13 Harvest index (HI)

Data shown in Table 4.1.8a and 4.1.8b revealed a slightly increase in HI in the crop
sown on 1% November in comparison to crop sown on 20th November and 10th December.
HI decreased with delayed sowing time, which was due to decrease in grain yield and straw
yield. Similar result was also given by Pathania et al., (2018). Among different weed control
treatments, weed free treatment showed higher HI followed by herbicide treatment
sulfosulfuron + metsulfuron 30g/ha, sulfosulfuron 25g/ha and clodinafop 60g/ha +
metsulfuron 5g/ha in a sequential order. Lower HI was recorded in weedy check (Un-weeded
control). Results obtained in both 2018-19 and 2019-20 crop seasons showed similar trend.
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Table 4.1.8a. Effects of date of sowing and different weed control treatments on grain yield, straw
yield and harvest index (HI) during 2018-19 and 2019-20

Grain g/ha Straw g/ha HI

2018-19 2019-20 2018-19 2019-20 2018-19 2019-20
Dates of sowing
D1 (1 November) 45.98 46.52 65.36 64.89 41.29 41.75
D2 (20 November) 42.4 41.37 60.87 60.24 41.05 40.71
D3 (10 December) 39.54 38.72 57.74 57.55 40.64 40.22
CD 5% 1.63 2.46 1.97 1.15
Weed control treatment
Sulfosulfuron 25g/ha 42.94 43.19 61.66 60.75 41.05 41.55
Clodinafop 60g/ha followed by 39.38 39.6 58.33 58.28 40.30 40.45
metsulfuron 5g/ha
Sulfosulfuron + Metsulfuron 47.86 46.78 65 65.32 42.40 41.73
30g/ha
Weed free 49.55 47.12 66.9 65.63 42.55 41.79
Weedy check 33.46 34.33 54.75 54.47 37.93 38.65
CD 5% 3.09 2.72 2.11 1.77
CD interaction 5.47 4.99 3.87 3.16
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Table 4.1.8b. Interactions among different date of sowing and different weed control

treatments on grain yield (g/ha) during 2018-19 and 2019-20

2018-19
Clodinafop
Sulfosulfuron
60g/ha
Sulfosulfuron + Weed | Weedy
Treatment followed by Mean
25¢g/ha Metsulfuron free check
metsulfuron
30g/ha
5g/ha
1 44.63 40.20 55.60 57.10 32.36 45.98
November
20th
43.33 39.60 45.26 46.70 37.13 42.40
November
10 40.86 38.36 42.73 44.86 30.90 39.54
December
Mean 42.94 39.38 47.86 49.55 33.46
CD 5% 5.47
2019-20
1 45.06 40.80 55.96 57.20 33.60 46.52
November
20 43.43 39.70 43.28 43.26 37.20 41.37
November
10 41.08 38.31 41.10 40.91 32.20 38.72
December
Mean 43.19 39.60 46.78 47.12 34.33
CD 5% 4.99
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Table 4.1.8c. Interactions among different date of sowing and different

weed control treatments on straw yield (gq/ha) during 2018-19 and 2019-

20
2018-19
Clodinafop
Sulfosulfuron
60g/ha
Sulfosulfuron + Weed | Weedy
Treatment followed by Mean
25¢g/ha Metsulfuron free check
metsulfuron
30g/ha
5g/ha
1 64.03 58.50 72.36 74.53 57.40 65.36
November
20th
62.11 59.46 63.43 64.70 54.66 60.87
November
10 58.83 57.03 59.20 61.46 52.20 57.74
December
Mean 61.66 58.33 65.00 66.90 54,75
CD 5% 3.87
2019-20
1 62.63 60.23 72.06 72.48 57.03 64.89
November
20 61.33 58.80 63.16 63.60 54.33 60.24
November
10 58.30 55.83 60.73 60.83 52.06 57.55
December
Mean 60.75 58.28 65.32 65.63 54.47
CD 5% 3.16
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Fig .4.3 Interactive effect of date of sowing and different weed control treatment on effective tillers,
grain yield and straw yield during year 2018-19 and 2019-20.

2018-19 2019-20
450 . EFFECTIVE TILLERS 400 |  EFFECTIVE TILLERS
400 w 380
g 350 g
E 200 = D2 E 340 = D2
= 150 = D3 = 320 m D3
& 100 e
50 a- 300
o 280
T2 T8 T4 TS T2 T3 T4 T5
_ 60 GRAIN YIELD 70 GRAIN YIELD
x50 - & 60
< o
g 40 - § S0
= 0 ®D1 E a0 mD1
i mD2 % 30 m D2
E20 " D3 E 20 "3
5 2
g1lo - 10
o 0
T2 T3 T4 T5
T2 T3 T4 T5
80 - STRAW YIELD 80 STRAW YIELD
w70 - & 70
< <
IG 60 - 'G 60
wl [T
I 50 T 50
&40 mD1 % 0 D1
e mD2 e ED2
E 30 = D3 E 30 = D3
5 20 - 5 20
%10 C 10
0 - 0
T1 T2 T3 T4 TS5 T T2 T3 T4 T5
D1: November 1% ,D2: November 20" , D3: December 10, T1: sulfosulfuron 25g/ha, T2:
clodinafop 60g/ha fb metsulfuron 5g/ha, T3:sulfosulfuron 30g/ha, T4: weed free, T5: weedy
check

77



Soil Analysis
Data on soil organic carbon, available nitrogen, available phosphorus and available

potassium at harvest are shown in Table 4.1.9a and 4.1.9b

4.1.14 Organic carbon (OC)

OC is considered as back bone of soil fertility. The data revealed that dates of sowing
exerted non-significant effect on the soil OC content in soil. OC content is majorly controlled
by the presence of organic manures and humus in soil. However, it was also affected by
fertilizers added and root biomass (Jat et al., 2013). They found that OC content in soil
remained statistically at par in early and late sown crop. In the present study, although
different weed control treatments did not show any significant difference within themselves
with respect to soil OC content but they exerted slightly positive impact as compared to
weedy check treatment during both 2018-19 and 2019-20 crop seasons. Similar trend was

reported earlier (Brar et al., 2019).

4.1.15 Available Nitrogen

Available nitrogen content was non significantly influenced by the different dates of
sowing. This might be due to similar dose of fertilizers applied to all treatments. The findings
are agreed with Jat et al., (2013).The different weed control treatments significantly
influenced the post-harvest available nitrogen. Different weed control treatments recorded
significantly higher available nitrogen content in comparison with weedy check treatment.
This is due to higher uptake of nitrogen by weeds in un-weeded treatment. Higher uptake of
nitrogen by weeds was also reported by Brar and Walia (2008). In the present study, results
were found similar during 2018-19 and 2019-20. Interaction between the dates of sowing and

different weed control measures on available nitrogen was found non-significant.

4.1.16 Available Phosphorus

Data showed that available phosphorus content in soil was not influenced by different
dates of sowing. Similar results were reported by Prasad (2017). However, different weed
control treatments were found to significantly influence the available phosphorus content in

soil. Higher available phosphorus content in soil was available in weed control as compared
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to control treatment (un-weeded).Weed free treatment showed higher available phosphorus in
soil sequentially followed by herbicide treatment sulfosulfuron + metsulfuron 30g/ha,
sulfosulfuron 25g/ha and clodinafop 60 g/ha + metsulfuron 5g/ha; but all are statistically at
par with each other. Mining of nutrient is more under un-weed treatment, leading to low
phosphorus content in soil. Similar results were reported by Brar et al. (2019). Interactions
between dates of sowing and weed control treatments on available phosphorus content in soil
were found to be non-significant. Similar research trends were observed in both years, 2018-
19 and 2019-20.

4.1.17 Available Potassium

The present study revealed that the date first sowing (1% November) recorded higher
potassium content followed by sowing at second date (20" November) and third sowing date
(10™ December) but all were statistically at par with each other. Similar trends were
evidenced by Prasad (2017). In that study of Prasad (2017), an apparent improvement in
available potassium content in soil was reported with early sowing as compared to late
sowing but statistically they remained non-significant with each other. In the present study,
the trends remained same in both 2018-19 and 2019-20 crop seasons. However, available
potassium was significantly influenced by different weed control treatments. Weed free
treatment were found to contain higher available potassium in soil followed by herbicide
treatment sulfosulfuron + metsulfuron 30g/ha, sulfosulfuron 25g/ha and clodinafop 60g/ha
+ metsulfuron 5g/ha. Weed check showed lowest available potassium content in soil. This
might be due to more uptake of potassium by weeds. Similar results were reported by Brar et
al. (2019).Interactive effects between dates of sowing and weed control treatments were
found non-significant. Similar research trends were observed in both 2018-19 and 2019-20

Crop seasons.
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Table 4.1.9. Effects of date of sowing and different weed control treatments on organic carbon

(OC), available nitrogen (N), available phosphorus (P) and available potassium (K) in soil at
harvest during 2018-19 and 2019-20

Available N Available P Available K
OC (%)
(kg/ha) (kg/ha) (kg/ha)

2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20
Dates of sowing
D1 (1 November) 0.44 0.45 180.20 | 181.20 15.30 15.56 154.40 | 157.93
D2 (20 November) 0.43 0.43 179.73 | 180.60 14.68 15.20 153.33 | 157.06
D3 (10 December) 0.43 0.43 179.00 | 179.26 14.54 15.26 152.20 | 156.66
CD 5% NS NS NS NS NS NS NS NS
Herbicide treatment
Sulfosulfuron 25g/ha 0.43 0.44 180.66 | 180.88 15.00 15.46 153.33 | 157.44
Clodinafop 60g/ha
followed by metsulfuron 0.43 0.43 179.66 | 180.55 14.83 15.43 150.77 | 154.22
5¢/ha
Sulfosulfuron + 0.44 0.44 | 181.33 | 182.11 | 15.18 | 1556 | 157.00 | 160.66
Metsulfuron 30g/ha
Weed free 0.43 0.45 181.44 | 182.33 15.28 15.84 158.77 | 162.66
Weedy check 0.42 0.42 175.11 | 175.88 13.90 14.40 146.66 | 151.11
CD 5% NS NS 2.15 3.44 0.79 0.51 1.67 0.85
CD interaction NS NS NS NS NS NS NS NS
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Experiment: 2

Effect of sowing methods and weed control treatments on growth and

development of plants and weeds

4.2.1 Plant height

Plant height data was significantly influenced by different weed control methods and
various sowing methods, recorded periodically during 2018-19 and 2019-20, and has been
prescribed in Table 4.2.1a and 4.2.1b. The difference in plant height due to different sowing
methods was non-significant when recorded at 30 DAS. The plant height recorded at 60
DAS, was found to be significantly higher in bi-directional sowing as compared to the crop
sown at spacing of 15 cm, 17.5 cm and 22.5 cm as unidirectional. However, the plant height
of crop sown at spacing of 15 cm and 17.5 cm was found to be statistically at par but
significantly more than the crop sown at spacing of 22.5 cm. The data at 90 DAS and at
harvest showed no significant difference. Research findings remained same during both
2018-19 and 2019-20 crop seasons.

Regarding weed control treatments, treatment effects were found non significant at
30 DAS, as weed control treatments were applied on 30 DAS. However, all weed control
treatments recorded significantly higher plant height as compared to unweeded (control)
treatment at 60, 90 DAS and at harvest. The data confirms the findings reported by Nanher
and Raghuvir (2015). Among herbicidal treatment, significantly higher plant height was
recorded at all periodic interval (except 30DAS) with the application of sulfosulfuron +
metsulfuron 30g/ha as compared to the application of sulfosulfuron 25g/ha and clodinafop
60g/ha followed by metsulfuron 5g/ha. Least plant height was recorded in weedy check due
to the more density of weeds. Increased plant height might be due to the better utilization of
resources such as nutrients, light and moisture by the crop plants as well as the weed free
environment caused by different herbicidal treatments and hand weeding. The interactive
effects of sowing time and different weed control treatments were non-significant. Similar
findings were obtained during both crop seasons, 2018-2019 and 2019-2020.
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Table 4.2.1. Effects of various sowing methods and weed control treatments on plant height
during 2018-19 and 2019-20

30 DAS 60 DAS 90 DAS At harvest

2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20
Methods of sowing
Row spacing 15cm 26.68 26.61 58.22 57.87 91.50 92.22 98.17 97.72
Row spacing 17.5cm 26.46 26.39 57.82 57.67 91.33 91.68 98.41 97.62
Row spacing 22.5cm 26.53 26.46 56.72 55.52 91.64 91.86 97.41 97.70
Bi directional sowing 26.31 26.24 59.43 59.28 92.30 92.65 98.84 98.34
CD 5% NS NS 0.66 0.766 NS NS NS NS
Weed control
treatment
Sulfosulfuron 25g/ha 26.42 26.58 58.78 58.29 91.40 91.79 99.22 98.57
Clodinafop 60g/ha
followed by metsulfuron 26.65 26.35 58.31 58.21 90.60 91.40 97.91 97.13
5¢/ha
Sulfosulfuron + 26.40 | 26.33 | 60.38 | 59.74 | 94.43 | 94.75 | 100.35 | 100.43
Metsulfuron 30g/ha
Weed free 26.42 26.35 61.33 60.51 95.03 95.57 | 100.47 | 100.47
Weedy check 26.58 26.51 51.46 51.17 87.00 87.01 93.08 92.63
CD 5% NS NS 1.15 0.88 1.62 1.98 1.222 1.154
CD interaction NS NS NS NS NS NS NS NS
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4.2.2 Tillers per meter square

Number of tillers is considered as a crucial growth parameter which influences the
final yield. The number of tillers, recorded at different periodic intervals of 30, 60, 90 DAS
and at harvest, is shown in Table 4.2.2a and 4.2.2b. Number of tillers was significantly
affected at 60, 90 DAS and at harvest stage with respect to sowing methods. Maximum
numbers of tillers per meter square were found in bi-directional sowing. Bi-directional
sowing evenly distributed the seeds with definite spatial pattern which encourages proper
utilization of spaces than the conventional methods. The results conform the findings of
Hussain et al. (2017). Followed by bi-directional sowing; crop sown at spacing of 15 cm and
17.5 cm also exhibited significant more no. of tillers but statistically at par with each other.

Least number of tillers was recorded in crop sown with spacing of 22.5 cm.

Various weed control treatments provided significant positive influence on the
number of tillers. Weed free treatment recorded maximum number of tillers followed by
herbicide treatment of sulfosulfuron + metsulfuron 30g/ha which produced statistically
significant higher number of tillers than other herbicide treatments. Weed check recorded
least number of tillers. This might be due to less removal of nutrients by weeds and crops
were exposed to favorable conditions and more availability of nutrient, moisture, light etc.,

that were congenial for crop growth (Punia et al., 2017).
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Table 4.2.2. Effects of various sowing methods and weed control treatments on number of tillers
during 2018-19 and 2019-20

Number of tillers per meter square during 2018-19and 2019-20

30 DAS 60 DAS 90 DAS At harvest

2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20
Methods of sowing
Row spacing 15cm 238.06 | 241.09 | 364.35 | 365.86 | 390.15 | 394.35 | 385.40 | 385.80
Row spacing 17.5cm 239.37 | 238.03 | 363.52 | 365.19 | 389.23 | 393.51 | 383.40 | 384.06
Row spacing 22.5cm 238.98 | 237.97 | 351.32 | 356.87 | 380.89 | 381.23 | 377.33 | 378.13
Bi directional sowing 238.25 | 237.10 | 371.06 | 372.61 | 396.64 | 400.97 | 391.66 | 392.33
CD 5% NS NS 3.11 2.86 2.53 3.09 5.34 4.92
Weed control
treatment
Sulfosulfuron 25g/ha 240.07 | 239.30 | 362.97 | 365.92 | 389.26 | 392.73 | 382.00 | 385.33
Clodinafop 60g/ha
followed by metsulfuron 236.10 | 237.00 | 361.85 | 362.14 | 388.29 | 391.85 | 382.90 | 383.16
5g/ha
Sulfosulfuron + 239.00 | 239.90 | 368.19 | 371.39 | 394.72 | 398.19 | 389.33 | 390.25
Metsulfuron 30g/ha
Weed free 237.40 | 236.63 | 373.29 | 376.48 | 399.82 | 403.29 | 393.83 | 394.41
Weedy check 240.75 | 239.91 | 346.53 | 349.72 | 373.06 | 376.53 | 371.16 | 372.25
CD 5% NS NS 2.77 3.65 2.59 2.74 3.97 3.58
CD interaction NS NS NS NS NS NS NS NS
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4.2.3 Dry matter of plants

Crop DM is important pre-harvest growth parameter which has great influence on
final crop yield. Crop dry matter recorded at periodic intervals is shown in Table 4.2.3a and
4.2.3b. Different sowing methods exhibited significant effect on dry matter accumulation. At
60 DAS, 90 DAS and at harvest, dry matter accumulation was significantly higher in bi-
directional sowing than unidirectional sowing at different spacings. Dry matter
accumulations in crops, sown at spacing of
17.5 cm and 15 cm, were statistically at par with each other but significantly higher than that
of the crops sown at 22.5 cm. Similar results were found in the second year.

The dry matter accumulation in crop plants was significantly affected by different
weed control treatments. Weed free treatment produced significantly higher dry matter as
compared to other treatments. At 60 DAS, dry matter accumulation in weed free treatment
and herbicide treatments of sulfosulfuron + metsulfuron 30g/ha was statistically at par with
each other but significantly higher than other treatments. At 90 DAS and at harvest, weed
free treatments were found to be significantly better than other treatments and it was
followed by sulfosulfuron + metsulfuron 30g/ha. Least dry matter accumulation was recorded
in weedy check. Similar explanation is applicable for dry matter accumulation also as it has
was stated in the case of plant height and number of panicles. Similar observation was
reported by Punia et al., (2011). There is no significant interaction between sowing methods
and weed control treatments with respect to dry matter accumulation. Similar results were
observed during both 2018-2019 and 2019-2020 crop seasons.
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Table 4.2.3. Effects of various sowing methods and weed control treatments
accumulation during 2018-19 and 2019-20

on dry matter

Dry matter plant (g/m?) during 2018-19and 2019-20

30 DAS 60 DAS 90 DAS At harvest

2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20
Methods of sowing
Row spacing 15cm 21.19 21.12 260.55 | 260.14 | 590.15 | 593.70 | 1054.57 | 1065.87
Row spacing 17.5cm 20.51 21.81 258.91 | 261.58 | 589.23 | 594.20 | 1054.75| 1065.78
Row spacing 22.5cm 20.00 20.51 256.50 | 257.58 | 576.89 | 581.36 | 1039.18 | 1050.33
Bi directional sowing 20.56 21.18 269.85 | 270.99 | 596.64 | 601.11 | 1059.59 | 1070.92
CD 5% NS NS 1.79 1.670 2.73 2.694 5.01 4,967
Weed control
treatment
Sulfosulfuron 25g/ha 20.94 21.55 263.17 | 264.29 | 588.26 | 592.73 | 1052.24 | 1063.47
Clodinafop 60g/ha
followed by metsulfuron 20.88 21.44 26151 | 262.63 | 588.29 | 592.76 | 1052.08 | 1063.07
5g/ha
Sulfosulfuron + 20.3 | 20.66 | 264.81 | 265.78 | 593.72 | 598.19 | 1057.67 | 1068.82
Metsulfuron 30g/ha
Weed free 20.43 20.97 265.64 | 266.79 | 598.82 | 603.29 | 1061.28 | 1072.62
Weedy check 20.55 21.17 252.12 | 253.38 | 572.06 | 576.53 | 1036.85 | 1048.14
CD 5% NS NS 1.42 1.37 2.59 2.60 3.16 2.98
CD interaction NS NS NS NS NS NS NS NS

86




4.2.4 Phalaris minor count

Phalaris minor counts recorded at 30, 60, 90 DAS and at harvest are shown in Table
4.2.4a and 4.2.4b. Different sowing methods were found significantly affecting the Phalaris
density. At 60, 90 DAS and at harvest bi-directional sowing decreased population of P.
minor significantly as compared to single directional sowing at different spacings. This might
be due to change in planting pattern that caused smothering effect and it helped to reduce the
number of weeds. More crop smothering and weed suppression in bi-directional sowing were
due to the fact that it offered spatial uniformity pattern to crop, which is very effective for
crops to smother weeds at earlier stages (Kristensen et al., 2008). Pandey and Kumar (2005)
also asserted that cross sowing significantly helped in reduction of weed counts. Followed by
bi-directional sowing, crops sown at spacing of 15cm resulted in more suppression of P.
minor population than crops sown at spacing of 17.5cm and 22.5 cm. Maximum numbers of
P. minor weeds were recorded in crops sown at broader spacing of 22.5cm. Fahad et al.
(2015) also reported lesser weed growth in narrow row spacing as compared to wider rows
for wheat crop.

As the herbicides was applied at 30 DAS, weed density remained statistically same in
all weed control treatments. Weedy check showed significantly higher P. minor population as
compared to other weed control treatments. Weed population was zero in weed free
treatment. From the different treatments of herbicides, application of post-emergence
sulfosulfuron + metsulfuron 30g/ha showed significantly a smaller number of P. minor than
the applications of sulfosulfuron 25g/ha and clodinafop 60g/ha + metsulfuron 5g/ha.

87



Table 4.2.4a. Effects of sowing methods and different weed control treatments on P. minor count
during 2018-19 and 2019-20

P. minor count per meter square during 2018-19and 2019-20

30 DAS 60 DAS 90 DAS At harvest

2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20
Methods of sowing
Row spacing 15cm 79.81 81.89 28.04 29.43 28.24 29.13 30.08 30.31
Row spacing 17.5cm 81.01 83.08 28.90 31.78 32.38 30.64 31.77 31.65
Row spacing 22.5cm 81.92 84.00 30.24 34.51 34.06 32.13 33.55 34.10
Bi directional sowing 77.23 79.31 27.18 27.18 26.16 26.84 26.88 27.55
CD 5% NS NS 0.842 1.89 141 1.222 1.48 0.952
Weed control
treatment
Sulfosulfuron 25g/ha 80.42 82.50 11.50 14.17 17.06 15.77 18.98 18.6
Clodinafop 60g/ha
followed by metsulfuron 79.45 81.52 15.01 17.68 19.51 17.66 22.67 19.59
5g/ha
Sulfosulfuron + 80.14 | 8222 | 9.04 | 11.71 | 1535 | 1446 | 16.30 | 16.08
Metsulfuron 30g/ha
Weed free 79.54 81.62 0.0 0.0 0.0 0.0 0.0 0.0
Weedy check 80.41 82.49 | 107.40 | 110.06 | 99.14 | 100.55 | 94.91 100.16
CD 5% NS NS 0.84 0.94 1.40 1.306 1.66 0.76
CD interaction NS NS 1.74 2.08 2.92 2.701 3.43 1.608
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The interactive effects were found to be significant in between method of sowings
and weed control treatments during 2018-19 (Table 4.2.4c) Herbicides sulfosulfuron +
metsulfuron 30g/ha showed a smaller number of weeds at all date of sowing as compared to
the treatments of sulfosulfuron 25g/ha and clodinafop 60g/ha + metsulfuron 5g/ha.

Interaction effect on P. minor count at 60 DAS indicated a similar application effect
of sulfosulfuron and metsulfuron in all adopted sowing methods. In bi-directional sown crop,
P.minor count was significantly less in sulfosulfuron + metsulfuron 30g/ha as compared to
sulfosulfuron 25g/ha and clodinafop 60g/ha followed by metsulfuron 5g/ha.

Clodinafop 60g/ha followed by metsulfuron 5g/ha recorded significantly higher P.
minor count in row to row spacing of 15 cm and 22.5 cm at 90 DAS as compared to the
application of sulfosulfuron + metsulfuron 30g/ha . The number of panicles of P.minor at the
time of harvest were found to be significantly less in bi-directional sown crop treated with
sulfosulfuron + metsulfuron 30g/ha as compared to the application of sulfosulfuron 25g/ha
and clodinafop 60g/ha in all sowing methods. Interaction effects between different weed
control and sowing methods treatments recorded at 60, 90 DAS and at harvest for P. minor
count per square meter were found to be significant during 2019-20 (Table 4.2.4d). Bi-
directional sowing in sulfosulfuron 25 g/ha treated plots was statistically at par with the crop
sown at 15cm and 17.5cm under sulfosulfuron + metsulfuron 30g/ha treatment. Further, in bi-
directional sowing; sulfosulfuron + metsulfuron 30g/ha recorded significantly less P. minor
count as compared to other herbicidal treatments applied in all sowing methods when
observations were recorded at 90 DAS. At harvest, bi-directional sowing with post
emergence application of sulfosulfuron 25g/ha was found statistically at par with row 15 cm

and 17.5cm where crops were treated with sulfosulfuron + metsulfuron 30g/ha.
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4.2.4 b. Interaction between sowing methods and weed control treatments on

Phalaris minor count during 2018-19

Clodinafop
Sulfosulfuro
Sulfosulf 60g/ha
n+ Weed | Weedy
Treatment uron followed by Mean
Metsulfuron free check
25g/ha | metsulfuro
30g/ha
n 5g/ha
60 DAS
Row Spacing 15cm 10.61 15.240 9.15 0.00 105.23 28.04
Row Spacing 17.5cm | 1712 15.543 8.85 0.00 109.00 28.90
Row Spacing 22.5cm | 1238 15.867 9.94 0.00 113.03 30.24
Bi-directional sowing | 1191 13.407 8.25 0.00 | 102.33 | 27.18
Mean 11.50 15.014 9.04 0.00 107.40
CD 5% 1.74
90DAS
Row Spacing 15cm 14.66 17.45 12.38 0.00 96.70 28.24
Row Spacing 17.5cm 18.73 22.46 17.39 0.00 103.33 32.38
Row Spacing 22.5cm | 2068 23.03 19.90 0.00 106.70 34.06
Bi-directional sowing | 1416 15.11 11.72 0.00 89.83 26.16
Mean 17.06 19.51 15.35 0.00 99.14
CD 5% 292
At harvest
Row Spacing 15cm 18.76 23.59 14.40 0.00 93.66 30.08
Row Spacing 17.5cm 19.39 23.70 16.80 0.00 99.00 31.77
Row Spacing 22.5¢cm | 2170 24.73 20.66 0.00 | 10066 | 33.55
Bi-directional sowing | 1606 18.66 13.33 0.00 86.33 26.88
Mean 18.98 22.67 16.30 0.00 94.91
CD 5% 3.43

90




Table 4.2.4c. Interaction between sowing methods and weed control treatments

on Phalaris minor count during 2019-20

Clodinafop
Sulfosulfu
Sulfosul 60g/ha
ron + Weed | Weedy
Treatment furon | followed by Mean
Metsulfur | free check
25g/ha | metsulfuron
on 30g/ha
5g/ha
60 DAS
Row Spacing 15¢cm 11.78 16.21 9.51 0.00 | 109.66 | 29.43
Row Spacing 17.5cm 15.27 19.90 13.81 0.00 | 109.90 | 31.78
Row Spacing 22.5cm 17.71 21.20 15.27 0.00 | 118.36 | 34.51
Bi-directional sowing 11.91 13.40 8.25 0.00 | 102.33 | 27.18
Mean 14.17 17.68 11.71 0.00 | 110.06
CD 5% 2.08
90DAS
Row Spacing 15cm 16.20 17.38 13.30 0.00 | 98.76 | 29.13
Row Spacing 17.5cm 16.59 19.24 14.06 0.00 | 103.33 | 30.64
Row Spacing 22.5cm 15.20 19.78 17.66 0.00 | 108.00 | 32.13
Bi-directional sowing 15.09 14.24 12.80 0.00 | 9210 | 26.84
Mean 15.77 17.66 14.46 0.00 | 100.55
CD 5% 2.70
At harvest
Row Spacing 15cm 18.58 19.56 14.43 0.00 | 99.00 | 30.31
Row Spacing 17.5cm 18.66 21.36 16.56 0.00 | 101.66 | 31.65
Row Spacing 22.5cm 20.96 22.53 20.00 0.00 | 107.00 | 34.10
Bi-directional sowing 16.52 14.90 13.33 0.00 | 93.00 | 27.55
Mean 18.68 19.59 16.08 0.00 | 100.16
CD 5% 1.60
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Fig .4.4 Interactive effect of sowing methods and different weed control treatment on Phalaris minor
count during year 2018-19 and 2019-20.
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4.25 Dry matter accumulation

Periodical data on dry matter accumulation in Phalaris minor were recorded at 30, 60,
90 DAS and at harvest (Table 4.2.5a and 4.2.5b).It has been observed that sowing methods
significantly influenced the Phalaris minor dry matte accumulation. In bi-directional sowing,
dry matter accumulation at 60, 90 DAS and at harvest was found less as compared to single
directional at different spacing. Pandey and Kumar (2005) also reported similar findings. The
results obtained in bi-directional sown crop followed an increasing order by the crops sown
at spacing 15cm, 17.5cm and 22.5cm. Maximum dry matter accumulation in P.minor

population was recorded in case of wheat crop sown at spacing 22.5cm.

Various weed control treatments significantly influenced the weed dry matter
accumulation. Weed control treatments were non- significant at 30 days after sowing, as the
herbicides were applied at 30 DAS. P.minor dry matter was found to be zero in weed free
treatment. From different herbicides treatments, sulfosulfuron + metsulfuron 30g/ha led to
significantly less dry matter accumulation than that of sulfosulfuron 25g/ha and clodinafop

60g/ha + metsulfuron 5g/ha.
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Table 4.2.5a. Effect of sowing methods and different weed control treatments on Phalaris minor dry

matter production during 2018-19 and 2019-20

P. minor dry matter accumulation (g/m?) during 2018-19and 2019-20

30 DAS 60 DAS 90 DAS At harvest

2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20
Methods of sowing
Row spacing 15cm 13.30 13.64 15.47 15.71 24.99 26.12 29.79 31.09
Row spacing 17.5cm 13.50 13.85 18.49 16.18 26.31 27.48 31.90 3251
Row spacing 22.5cm 13.64 13.99 20.29 16.93 27.80 28.80 33.91 35.01
Bi directional sowing 12.86 13.21 14.30 15.22 23.15 24.06 26.96 28.29
CD 5% NS NS 1.03 0.46 1.133 1.09 1.507 1.05
Weed control
treatment
Sulfosulfuron 25g/ha 13.40 13.75 8.14 6.44 13.75 14.13 18.65 19.17
Clodinafop 60g/ha
followed by metsulfuron 13.24 13.58 10.10 8.40 14.75 15.83 19.09 20.13
5g/ha
Sulfosulfuron + 13.35 | 13.70 6.84 5.06 12.22 | 12.96 | 15.56 16.52
Metsulfuron 30g/ha
Weed free 13.25 13.60 0.00 0.00 0.00 0.00 0.00 0.00
Weedy check 13.38 13.73 60.69 60.15 87.09 90.15 99.90 102.82
CD 5% NS NS 0.55 0.70 1.55 1.18 1.96 2.07
CD interaction NS NS 1.21 1.43 3.18 2.43 4.02 4.20
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The interaction between different crop sowing methods and weed control treatments
during 2018-19 was found to be significant (Table 4.2.5c). Herbicides sulfosulfuron +
metsulfuron 30 g/ha reduced the dry matter weight of P.minor significantly at all dates of
sowing as compared to herbicide clodinafop 60 g/ha + metsulfuron 5 g/ha and sulfosulfuron
25 g/ha. This is due to the fact of reduced population of the weeds due to herbicidal

treatments.

However, all herbicidal treatments recorded a significant reduction in weed dry matter. The
results conform earlier findings (Brar and Walia, 2007; Singh et al., 2010; Meena and Singh.,
2013).

At 60 DAS, application of sulfosulfuron + metsulfuron in bi-directional sowing and
crop sown at 15cm row to row spacing resulted in significant reduction in P. minor dry
weight as compared to clodinafop 60 g/ha followed by metsulfuron treatment in all sowing
methods. Bi-directional sowing treated with sulfosulfuron + metsulfuron 30 g/ha recorded
significantly lower dry matter accumulation by P. minor at 90 DAS as compared to crop
sown at spacing of 22.5 cm treated with sulfosulfuron 25 g/ha and clodinafop 60 g/ha
followed by metsulfuron 5 g/ha.

From interaction data for P. minor dry matter accumulation, significantly less dry
matter was observed at the time of harvest in cross sowing with sulfosulfuron + metsulfuron
30 g/ha as compared to application of other herbicidal treatments in all row to row spacing

techniques.

Dry matter, recorded at 60 DAS during 2019-20 (Table 4.2.5d) in bi-directional sown
crop, indicated a steady decrease in dry matter of P. minor when sulfosulfuron + metsulfuron
30 g/ha was applied for weed control measurement and the reduction was found significantly
higher than that of clodinafop 60 g/ha followed by metsulfuron. Similar trends were observed
in all adopted sowing methods. At 90 DAS, dry matter in P. minor was found to be
significantly less in sulfosulfuron + metsulfuron 30 g/ha treatment in cross sowing (bi-
directional) as compared to application of clodinafop 60 g/ha followed by metsulfuron 5 g/ha

in all other sowing methods. Similar trends was also observed at the time of harvest.
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4.2.5b. Interaction between sowing methods and weed control treatments on dry

matter of Phalaris minor during 2018-19

60 DAS
Clodinafo
sutons| DGNE | Suesitre| | e
Treatment Ifuron y Mean
25g/ha by Metsulfuron free check
metsulfur 30g/ha
on 5g/ha
Row Spacing 15cm 5.64 8.23 4.64 0.00 58.83 | 15.47
Row Spacing 17.5cm 9.26 11.83 8.32 0.00 63.05 | 18.49
Row Spacing 22.5cm 11.36 13.39 10.06 0.00 66.62 | 20.29
Bi-directional sowing 6.30 6.96 4.35 0.00 54.27 | 14.38
Mean 8.14 10.10 6.84 0.00 60.69
CD 5% 1.21
90DAS
Row Spacing 15cm 13.11 14.39 11.06 0.00 86.39 | 24.99
Row Spacing 17.5cm 13.76 15.90 12.56 0.00 89.35 | 26.31
Row Spacing 22.5cm 15.49 16.40 14.80 0.00 92.34 | 27.80
Bi-directional sowing 12.66 12.32 10.47 0.00 80.29 | 23.15
Mean 13.75 14.75 12.22 0.00 87.09
CD 5% 3.18
At harvest
Row Spacing 15cm 18.41 19.87 13.53 0.00 97.16 | 29.79
Row Spacing 17.5cm 18.79 20.60 16.35 0.00 103.76 | 31.90
Row Spacing 22.5cm 21.30 22.35 19.97 0.00 105.93 | 33.91
Bi-directional sowing 16.11 13.53 12.39 0.00 92.76 | 26.96
Mean 18.65 19.09 15.56 0.00 99.90
CD 5% 4.02
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4.2.5 c. Interaction between sowing methods and weed control treatments on dry matter

of Phalaris minor during 2019-20

60 DAS
Clodinafo
Sulfosulf
p 60g/ha
uron + Weed
Sulfosulfu | followed Weed
Treatment Metsulfu y Mean
ron 25g/ha by free
ron check
metsulfur
30g/ha
on 5g/ha
Row Spacing 15cm 5.94 8.53 5.12 0.00 58.95 | 15.71
Row Spacing 17.5cm 6.23 8.70 4.95 0.00 61.03 | 16.18
Row Spacing 22.5cm 6.93 8.88 5.56 000 | 63.30| 16.93
Bi-directional sowing 6.66 7.50 4.62 000 | 57.31| 1522
Mean 6.44 8.40 5.06 000 | 60.15
CD 5% 1.43
90DAS
Row Spacing 15cm 14.52 15.58 11.93 0.00 88.55 | 26.12
Row Spacing 17.5cm 14.87 17.25 12.61 0.00 92.66 | 27.48
Row Spacing 22.5cm 13.58 17.74 15.84 0.00 96.83 | 28.80
Bi-directional sowing 13.53 12.77 11.47 0.00 8256 | 24.06
Mean 14.13 15.83 12.96 0.00 90.15
CD 5% 2.43
At harvest
Row Spacing 15cm 19.08 20.09 14.82 0.00 | 101.49| 31.09
Row Spacing 17.5cm 19.14 21.96 17.03 0.00 | 104.42| 32.51
Row Spacing 22.5cm 21.50 23.14 20.55 0.00 | 109.85| 35.01
Bi-directional sowing 16.96 15.31 13.69 0.00 9551 | 28.29
Mean 19.17 20.13 16.52 0.00 102.82
CD 5% 4.20
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Fig .4.5 Interactive effect of sowing methods and different weed control treatment on Phalaris minor

dry matter accumulation during year 2018-19 and 2019-20.
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4.2.6 Weed control efficiency

During 2018-19 and 2019-20, higher weed control efficiency (73.01% and 72.48%)
was obtained in bi- directional sowing as compared to crops sown at spacing of 15 cm, 17.5
cm and 22.5 cm in single direction (Table 4.2.6). Least weed control efficiency (66.05 and
65.95) was found in crop sown at spacing of 22.5cm. Among different weed control
treatments, weed free treatment recorded higher weed control efficiency which followed by
herbicides treatment sulfosulfuron + metsulfuron 30 g/ha, sulfosulfuron 25 g/ha and
clodinafop 60 g/ha + metsulfuron 5g/ha. Similar research trends were observed during both
2018-19 and 2019-20 crop seasons.

Table 4.2.6 Effect of sowing methods and different weed control treatment on weed
control efficiency (WCE) in year 2018-19 and 2019-20

Methods of sowing WCE % (2018-19) | WCE% (2019-20)
Row spacing 15cm 70.18 69.76

Row spacing 17.5cm 68.06 68.38

Row spacing 22.5cm 66.05 65.95

Bi directional sowing 73.01 72.48

Weed control treatment

Sulfosulfuron 25g/ha 81.33 81.35
Clodinafop 60g/ha followed by
metsulfuron 5g/ha 80.89 80.42
Sulfosulfuron + Metsulfuron 30g/ha 84.42 83.93
Weed free 100 100
Weedy check . .

4.2.7 Effective tillers per square meter
Effective tillers directly influence the final crop yield. With increasing effective
tillers, more will be the crop yield. Present investigation revealed that sowing methods

significantly influenced the number of effective tillers (Table 4.2.7a and 4.2.7b). Bi-
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directional sowing recorded significantly more number of tillers than all other methods. The
results are in well agreement with earlier findings of Hussain et al., (2003). The results
obtained during the sowing at spacing of 15 cm and 17.5 cm were found statistically at par
with each other. However, a positive effect of closer wheat row spacing in improving outputs
was also reported (Farooq et al., 2015). Least number of effective tillers was found in crops
sown at wider spacing of 22.5cm. Similar results were reported during both years, 2018-19
and 2019-20.

Maximum number of tillers was found in weed free treatments. Among other
herbicidal treatments, application of sulfosulfuron + metsulfuron 30 g/ha showed best result
in respect of effective tiller number, followed by clodinafop 60 g/ha + metsulfuron 5 g/ha and
sulfosulfuron 25 g/ha. Least number of tillers was found in weedy check. This is due to less
competition for light, space, moisture and nutrient in weed free environment. Similar results
were observed during both year 2018-19 and 2019-20. Interactive effects between various
methods and weed control treatments were found to be statistically significant (Table 4.2.7c
and 4.2.7d). Effective tillers recorded at the time of harvest during 2018-19 and 2019-20
were significantly higher in bidirectional crop treated with sulfosulfuron +metsulfuron as

compared to all other sowing techniques.

4.2.8 Spike length

Spike length has great influence on regulating the number of grains and in turn, the final
crop yield. The data revealed that sowing methods significantly influenced the crop yield.
Cross sowing produced significantly higher spike length (11.42 and 11.51 cm) [Table 4.2.7a
and 4.2.7b] with respect to other sowing methods but remained statistically at par with crops
sown at spacing of 17.5 cm. Least spike length was recorded in crop sown with spacing of
22.5 cm. Similar findings were reported by Hussain et al. (2017). Different weed control
treatments also showed significant effect on spike length. Further, longer spike length was
recorded in weed free treatment which was statistical at par with herbicide treatment
sulfosulfuron + metsulfuron 30g/ha. This might be due to the fact that weed free treatment
resulted in less competition for crops to utilize the available resources up to their full

potential (Munoz-Romero et al., 2010). Interactive effects between sowing methods and
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weed control treatments were found to be non-significant with respect to spike length.
Similar trends were obtained during both 2018-19 and 2019-20 crop seasons.

4.2.9 Number of grains per spike

The present investigation revealed that different sowing methods significantly
influenced the number of grains per spike. It was observed that bi-directional sowing resulted
in more (3.40% and 3.37%) number grains per spike than conventional sowing methods
(Table 4.2.7a and 4.2.7b). Sowing at spacing 15 cm and 17.5 cm were found to be
statistically at par with each other but significantly higher than conventional sowing (spacing
of 22.5 cm) in respect of the number of grains per spike. Kaur et al., (2014) also reported
similar results as they found 3.7% higher number grains in bi-directional sowing than
unidirectional sowing.

Different weed control treatments differed significantly with refers enceto number of
grains/spike. Weed free treatments recorded significantly more no. of grains which were
statistically at par with herbicide treatment sulfosulfuron + metsulfuron 30 g/ha but
significantly higher than other treatments. Herbicides clodinafop 60 g/ha + metsulfuron 5g/ha
and sulfosulfuron 25 g/ha were found statistically at par with each other but significantly
higher than weedy check. No significant interactions were found between different sowing
methods and weed control treatments. Similar trends were found during both 2018-19 and

2019-20 crop seasons.

4.2.10 Test weight

Grain weight depends upon the size and development of grain. Grain weight is a
function of various production factors which are influenced by various environment stresses,
filling pattern etc. The data revealed that different sowing methods significantly influenced
the grain weight. Bi-directional sowing caused a higher (3.21% and 3.29%) grain weight than
conventional sowing during both years (Table 4.2.7a and 4.2.7b). Sowing at spacing of 15
cm and 17.5 cm resulted an effect on grain weight which was found statistically at par, but
significantly more grain weight was recorded in these treatments than conventional sowing
(spacing 22.5).Similar results trends were found during both years, 2018-19 and 2019-20
(Table 5.7.a and 5.7.b).

101



Weed free treatments were found to enhance the grain weight significantly (9.46%
and 9.34%) than weedy check (control) during 2018-19 and 2019-20, respectively. The
effects found in the herbicidal treatment of sulfosulfuron + metsulfuron 30g/ha were
statistically at par with weed free treatment but significantly higher than other treatments.
Herbicides clodinafop 60 g/ha + metsulfuron 5 g/ha and sulfosulfuron 25 g/ha treatment were
found statistically at par with each other but significantly higher than weedy check. Least
grain weight was recorded in weedy check. There were no interactive effects found between

sowing methods and weed control treatments.

Table 4.2.7a. Effect of sowing methods and different weed control treatments on effective tillers, spike

length, number of panicles and 1000 grain weight during 2018-19 and 2019-20

Effective tillers/ | Spike length in Number of 1000 grain weight
m2 cm grains /spike (9)

2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20
Methods of sowing
Row spacing 15cm 382.06 | 382.86 | 11.00 | 10.67 | 50.62 | 51.66 | 4224 | 43.36
Row spacing 17.5cm 383.13 | 384.33 | 11.17 | 11.18 | 5059 | 51.90 | 4224 | 4357
Row spacing 22.5cm 368.93 | 370.60 | 10.84 | 10.20 | 49.47 | 50.46 | 41.26 | 42.60
Bi directional sowing 388.60 | 389.60 | 11.42 | 1151 | 51.15 | 52.08 | 42.63 | 44.05
CD 5% 1.22 1.06 0.39 0.79 0.49 0.48 0.16 0.33
Weed control
treatment
Sulfosulfuron 25g/ha 381.66 | 382.91 | 11.48 11.00 50.91 52.30 42.57 43.90
%{,’;’w:?g’y?ﬁgt’fjfumn 378.83 | 380.58 | 10.38 | 9.90 | 50.05 | 51.21 | 42.08 | 43.42
5g/ha
Sulfosulfuron + 386.58 | 388.08 | 1246 | 12.17 | 52.19 | 53.13 | 4328 | 44.61
Metsulfuron 30g/ha
Weed free 388.33 | 389.83 | 12.47 12.45 52.24 53.14 43.32 44,74
Weedy check 368.00 | 36.83 | 9.10 | 892 | 46.89 | 47.85 | 39.22 | 4056
D 5% 141 | 093 | 032 | 070 | 060 | 066 | 044 0.45
CD interaction 291 | 196 NS NS NS NS NS NS
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Table 4.2.7b. Interaction between sowing methods and weed control

treatments on effective tillers per square meter during 2018-19 and 2019-20

Clodinafo
Sulfosulf
p 60 g/ha
Sulfosulf uron +
followed Weed | Weedy
Treatment uron 25 Metsulfu Mean
by free check
g/ha ron 30
metsulfur
g/ha
on 5 g/ha
2018-19
Row Spacing 15cm 382.33 378.66 388.00 390.66 370.66 382.06
Row Spacing 17.5cm 383.00 379.66 388.66 391.66 372.66 383.13
Row Spacing 22.5cm 370.33 368.33 374.00 374.33 357.66 368.93
Bi-directional SOWing 391.00 388.66 395.66 396.66 371.00 388.60
Mean 381.66 378.83 386.58 388.33 368.00
CD 5% 2.91
2019-20
Row Spacing 15cm 384.66 380.33 389.66 393.00 366.66 382.86
Row Spacing 17.5cm 383.66 381.00 390.66 394.00 372.33 384.33
Row Spacing 22.5cm 371.66 370.00 374.66 375.66 361.00 370.60
Bi-directional sowing 391.66 391.00 397.33 396.66 371.33 389.60
Mean 382.91 380.58 388.08 389.83 367.83
CD 5% 1.96

103




4211 Grainyield

The effects of different treatments are ultimately reflected in grain yield. Grain yield
is one of the very important economic parameters. Cumulative effect of growth and yield
attributing parameters finally decides the grain yield. The grain yield data are shown in Table
4.2.8a and 4.2.8b. Sowing of wheat crop in the bi-direction method as compared to the
unidirectional method resulted insignificantly higher grain yield during both 2018-19 and
2019-20 crop seasons. Bi-directional sowing resulted maximum grain yield (47.62 g/ha and
50.46 g/ha) which was significantly higher than conventional sowing (39.54 g/ha and 42.37
g/ha) during 2018-19 and 2019-20, respectively. Higher yield in bi-directional sowing was
due to better control of P. minor (Table 4.2.4a to 4.2.6), better growth parameters (Table
4.2.1a to 4.2.3b) and higher yield parameters (Table 4.2.7a to 4.2.8d) as compared to other
sowing methods. Similar trends were also found in earlier findings (Fonts et al., 1997;
Naresh et al., 2014). Ghaffar et al., (2013) found that planting geometry affected the biomass
of crop and other yield components of wheat crop, which eventually resulted in higher grain
yield; while Kaur et al. (2014) found 11% higher grain yield in bi-directional sowing method
than unidirectional spacing, even in light soils under optimum conditions.

Yield-related attributes such as number of effective tillers, number of grains per
spike, spike length and 1000 grain weight were also observed to increase under bi-directional
planting, which was attributed to the efficient utilization of resources like light, water,
nutrients etc. as compared to conventional sowing (Devi et al., 2017).

Various weed control treatments also imparted positive significant effects on grain
yield. Weed free treatment showed significant higher grain yield (48.81 g/ha and 52.17 g/ha)
[Table 4.2.8a and 4.2.8b] during both years than weedy check treatment. Herbicide treatment
of sulfosulfuron + metsulfuron 30 g/ha was found statistically at par with weed free treatment
but significantly better than other herbicidal treatments. Further, treatment of sulfosulfuron
25 g/ha was found to be statistically more effective than clodinafop 60 g/ha + metsulfuron 5
g/ha. Increase in grain yield with application of different herbicides might be due to higher
weed control efficiency and lesser crop-weed competition which resulted in better utilization
of resources by crop in weed free treatment than weedy treatment (Meena and Singh 2013);
Ali et al., 2016). The interactions between sowing methods and weed control treatments were
found to be significant. Different weed control treatments in bi-directional planting were
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found to be significantly better than that of the conventional sowing at spacing of 22.5 cm.
Weed control treatments with spacing of 17.5 cm showed statistically similar results as
evidenced with cross sowing. Bi-directional sowing was reported to be promising in weed
suppression and more crop smothering effect that resulted in higher yield attributes (Singh et
al., 2013).The interactive effects between sowing methods and weed control treatments for
grain yield were found to be significant during 2018-19 and 2019-20 (Table 4.2.8c).
Application of sulfosulfuron + metsulfuron in bi-directional sowing produced significantly
higher grain yield than that with application of sulfosulfuron 25 g/ha and clodinafop 60 g/ha
followed by metsulfuron 5 g/ha treatment when applied on crop sownat 15 cm,17.5 cm and

22.5 cm row to row spacing. This holds good for both years of experimentation.

4.2.12 Straw yield

Straw yield is important component of total biological yield. The data of straw yield
is shown in Table 4.2.8a and 4.2.8b. The present investigation revealed that sowing methods
significantly influenced the straw yield during both cropping seasons, 2018-19 and 2019-20.
Bi-directional sowing showed significantly higher straw yield as compared to unidirectional
sowing. Hussain et al. (2017) also reported the same result. The results obtained in crops
sown at spacing of 17.5 cm and 15 cm were statistically at par. Least biological yield was
recorded in crops sown at a spacing of 22.5 cm.

It has been observed in the present study that different treatments for weed control
exhibited a significant influence over biological yield of the crop. Weed free treatment
recorded higher straw yield in comparison with other treatments. Between herbicidal
treatments, sulfosulfuron + metsulfuron 30 g/ha yielded significantly higher straw yield than
sulfosulfuron 25 g/ha and clodinafop 60 g/ha + metsulfuron 5 g/ha. Increase in straw yield by
different weed control treatments could be due to higher plant height, more dry matter
accumulation and overall better growth and development of crop (Singh et al., 2010; Meena
and Singh (2013); Ali et al., 2016).The interactions between sowing methods and weed
control treatments were found to be significant. Different weed control treatments in bi-
directional sowing were significantly better than the conventional sowing at spacing of 22.5
cm. similar research trend was found during both years, 2018-19 and 2019-20 (Table 4.2.8d)
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4.2.13 Harvest index (HI)

Data revealed better HI in bi-directional crop sowing as compared to single
directional sowing. The results confirm the findings of Hussain et al., (2017). Lower HI was
recorded in crops sown in conventional sowing at a spacing of 22.5 cm. Crops sown at
spacing of 15 cm and 17.5 cm exhibited slightly better HI over conventional sowing method.

Between various treatments for weed control, weed free treatment showed higher HI,
followed by herbicide treatment sulfosulfuron + metsulfuron 30 g /ha which was followed by
sulfosulfuron 25 g/ha and clodinafop 60 g/ha + metsulfuron 5 g/ha. Lower HI was recorded
in weedy check (unweeded control). Overall, more economic and biological yields in terms
of grain and straw yield due to better WCE in different weed control treatments than weedy
check treatment were observed during both 2018-19 and 2019-20 crop seasons (Table 4.2.8a
and 4.2.8b).
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Table 4.2.8a. Effects of sowing methods and different weed control treatments on grain yield, straw
yield, and harvest index (HI) during 2018-19 and 2019-20

Grain g/ha Straw g/ha HlI

2018-19 2019-20 2018-19 2019-20 2018-19 2019-20
Dates of sowing
Row spacing 15cm 41.53 45.32 60.6 64.6 40.66 41.22
Row spacing 17.5cm 42.85 46.42 62.04 65.96 40.85 41.30
Row spacing 22.5cm 39.54 42.37 58.9 62.06 40.16 40.57
Bi directional sowing 47.62 50.46 66.99 69.92 41.54 41.91
cD 5% 1.63 2.41 1.79 2.36
Weed control treatment
Sulfosulfuron 25g/ha 43.46 46.83 62.75 66.2 40.91 41.43
Clodinafop 60g/ha followed 42.08 45.29 61.25 64.61 40.72 41.21
by metsulfuron 5g/ha
Sulfosulfuron + 4758 50.85 66.86 70.5 4157 41.90
Metsulfuron30g/ha
Weed free 48.81 52.17 68.08 71.71 41.75 4211
Weedy check 32.49 35.57 51.73 55.15 38.57 39.20
CD 5% 1.24 1.23 1.32 13
CD interaction 2.64 2.7 2.8 2.85
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Table 4.2.8b. Interaction between sowing methods and weed control treatments
on grain yield (g/ha) during 2018-19 and 2019-20

Clodinafop
Sulfosulfur
60g/ha
Sulfosulfu on + Weed | Weedy
Treatment followed by Mean
ron 25g/ha Metsulfuro free check
metsulfuro
n 30g/ha
n 5g/ha
2018-19
Row Spacing
15cm 43.13 40.93 46.23 48.80 2856 | 4153
Row Spacing
17.5cm 43.20 42.53 46.56 49.23 3273 | 4285
Row Spacing
22 5cm 39.93 39.03 44.76 44.83 29.13 39.54
Bi-directional
Sowing 47.60 45.83 52.76 52.40 39.53 47.62
Mean 43.46 42.08 47.58 48.81 32.49
CD 5% 2.64
2019-20
Row Spacing
15¢cm 46.96 44.43 50.06 53.06 3206 | 45.32
Row Spacing
17.5cm 47.16 46.20 50.13 52.73 35.90 | 46.42
Row Spacing
22 5cm 42.76 41.86 47.60 47.66 31.96 | 42.37
Bi-directional
Sowing 50.43 48.66 55.60 55.23 42.36 50.46
Mean 46.83 45.29 50.85 5217 | 35.57
CD 5% 2.70
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Table 4.2.8.c. Interaction between sowing methods and weed control treatments on
straw yield (g/ha) during 2018-19 and 2019-20

Clodinafop
Sulfosulfur
Sulfosulf 60g/ha
on + Weed Weedy
Treatments uron followed by Mean
Metsulfuro free check
25g/ha | metsulfuro
n 30g/ha
n 5g/ha
2018-19
Row Spacing
15cm 62.50 60.03 65.26 67.76 4743 | 60.60
Row Spacing
17.5cm 62.23 61.36 65.93 68.60 52.10 | 62.04
Row Spacing
22 5em 59.30 58.40 64.13 64.20 48.50 | 58.90
Bi-directional
Sowing 66.96 65.20 72.13 71.76 58.90 | 66.99
Mean 62.75 61.25 66.86 68.08 51.73
CD 5% 2.80
2019-20
Row Spacing
15cm 66.26 62.73 69.73 72.90 51.40 | 64.60
Row Spacing
17.5cm 66.03 65.86 69.96 72.40 55.56 | 65.96
Row Spacing
22.5cm 62.43 61.53 67.400 67.33 51.63 | 62.06
Bi-directional
Sowing 70.10 68.33 74.933 74.23 62.03 | 69.92
Mean 66.20 64.61 70.508 7171 | 5515
CD 5% 2.85
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Fig .4.6 Interactive effect of sowing methods and different weed control treatment on effective tillers,
grain yield and straw yield during year 2018-19 and 2019-20.
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Soil analysis

4.2.14 Organic carbon (OC)

Different sowing methods exerted non-significant effect on the soil OC content and
they remained statistically at par with each other when soil analysis was done after collecting
soil at harvest. OC content is directly related to organic matter and humus present in soil.
Different treatments for weed control were also found to exert non-significant effect on soil
OC content. This explains the fact of non-interference of these treatments on the soil organic
matter or humus. Similar results were observed by Brar et al. (2019). Results trend were
similar during both 2018-19 and 2019-20 crop seasons (Table 4.2.9a and 4.2.9b). No
interaction effect among sowing method and treatments for weed control on soil OC was

observed.

4.2.15 Auvailable nitrogen (N)

The data recorded from post-harvest analysis of soil revealed that soil available N
content was not influenced by the different sowing methods. This might be due to similar
fertilizer doses applied to all treatments. However, available N content were found to be
significantly influenced by the different treatments for weed control. All treatments for weed
control showed significantly higher available N content in comparison with weedy check
treatment. Weed free treatment exhibited higher available N content followed by herbicide
treatment sulfosulfuron + metsulfuron 30 g/ha, sulfosulfuron 25 g/ha and clodinafop 60 g/ha
+ metsulfuron 5 g/ha. Weedy check (control) recorded significantly lower available N content
as compared to other treatments. This might be due to higher uptake of N by weeds in
unweeded treatment. Higher uptake of N by weeds was also reported by Brar and Walia
(2008). In the present study, same trend was observed during both 2018-19 and 2019-20 crop
seasons. No interaction effect between sowing method and weed control treatments on soil

available N content was observed.
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4.2.16 Available phosphorus (P)

Post-harvest analysis of soil revealed that sowing methods had no significant effect to
influence the available P content in soil. Results were similar during both 2018-19 and 2019-
20 crop seasons. However, all weed control treatments increased available P content in soil
significantly as compared to control treatment (unweeded). To increase soil available P
content, weed free treatment provided the best result followed by herbicide treatment
sulfosulfuron + metsulfuron 30 g/ha, sulfosulfuron 25 g/ha and clodinafop 60 g/ha +
metsulfuron 5 g/ha in a sequential manner but all are statistically at par with each other. This
might be due to more mining of nutrient from unweeded (control) treatment and resulted in
lowering the available P content. Similar results were reported by Brar et al., (2019).
Interaction effect between weed control and sowing method treatments on soil available P
content was recorded to be non-significant. Similar research trends were observed in years,
2018-19 and 2019-20.

4.2.17 Available potassium (K)

Non-significant effects of different sowing methods on available K content in soil
were observed, when post-harvest soil samples were analyzed. Results obtained for all
sowing methods were statistically at par with each other during both years 2018-19 and 2019-
20 (Table 4.2.9a and 4.2.9b). However, various weed control treatments increased the
available K content in soil significantly. Weed free treatment showed higher available K
content in soil followed by herbicide treatment sulfosulfuron + metsulfuron 30 g/ha,
sulfosulfuron 25 g/ha and clodinafop 60 g/ha +metsulfuron 5g/ha. Least K content was
observed in weedy check treatment (control). This might be due to more uptakes of K by
weeds from unweeded treatment. Similar results were reported by Brar et al,. (2019).
Interactive effects between sowing methods and weed control treatments were found to be

non-significant. Similar research trends were observed in both years, 2018-19 and 2019-20.
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Table4.2.9. Effect of date of sowing and different weed control treatments on organic

carbon (OC), available nitrogen (N), available phosphorus (P) and available potassium

(K) in soil during 2018-19 and 2019-20

Available N Available P Available K
OC (%)
(kg/ha) (kg/ha) (kg/ha)

2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20 | 2018-19 | 2019-20
Methods of sowing
Row spacing 15cm 0.44 0.44 | 180.53 | 181.80 | 15.95 | 16.38 | 157.73 | 160.73
Row spacing 17.5¢m 0.44 0.45 | 180.40 | 180.40 | 15.26 | 15.86 | 156.73 | 159.73
Row spacing 22.5cm 0.44 0.44 | 180.33 | 182.46 | 1524 | 15.66 | 15553 | 158.53
Bi directional sowing 0.45 0.45 | 180.73 | 183.53 | 16.08 | 16.40 | 157.3 | 161.33
CD 5% NS NS NS NS NS NS NS NS
Weed count treatment
Sulfosulfuron 25g/ha 0.44 0.45 | 181.25 | 183.50 | 15.66 | 16.17 | 157.33 | 159.08
Clodinafop 60g/h
followed bymetsulfuron | 044 | 0.44 | 180.75 | 182.83 | 1563 | 16.09 | 15466 | 158.00
5g/ha
Sulfosulfuron + 0.45 0.45 | 182.00 | 184.83 | 15.91 | 16.47 | 160.58 | 163.33
Metsulfuron 30g/ha
Weed free 0.45 0.46 | 182.66 | 184.91 | 16.20 | 16.85 | 162.25 | 165.25
Weedy check 0.44 044 | 175.83 | 177.91 | 14.76 | 14.80 | 150.00 | 154.75
CD 5% NS NS 2.18 2.96 0.78 0.88 2.13 2.66
CD interaction NS NS NS NS NS NS NS NS
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Experiment: 3

Efficacy of herbicides to control different resistant biotypes of Phalaris minor
4.3.1. Plant height of P. minor

Significant differences in plant height of different biotypes of Phalaris minor during
both years of 2018-19 and 2019-20 were observed (Table 4.3.1a and 4.3.1b). B; and B,
biotypes exhibited significant higher plant height over the other biotypes. B, and Bs biotype
showed numeric edge in height over B3 biotype but statistically all are at par with each other.
Least plant height was recoded in biotype Bs. Variable behavior of different Phalaris minor
biotypes with reference to plant height was also observed by Malik and Singh (1995).
Significant influence on the plant height of P. minor was exerted by different herbicidal
treatments. Metribuzine recorded least P.minor height in comparison with other treatments
but it was statistically at par with metribuzine + clodinafop propanyl. Maximum P.minor
biotype’s height was recorded by control treatment. No significant interactions were
observed between P.minor plant height and herbicides treatments. Similar trends were
observed during both year 2018-19 and 2019-20.

4.3.2 Tillers of P. minor per row length

Tillers are the important growth attributes that influence the final dry matter
accumulation. Significant differences in number of tillers within different biotypes were
observed (Table 4.3.1a and 4.3.1b). B, and B, biotypes recorded higher number of tillers with
respect to other biotypes but both are statistically at par with each other. Similar trends were
observed in second year also, that confirms the edging of B; and B, biotypes in number of
tillers over the others. Malik and Singh (1995) also observed variable number of tillers with
respect to different biotypes. Different herbicidal treatments exhibited significant influence
on the number of tillers in P.minor. Metribuzine recorded smaller number of tillers in
comparison with other treatments but metribuzine treatment was found statistically at par
with metribuzine + clodinafop propanyl. This establishes the fact of superiority of
metribuzine application alone or in combination with clodinafop propanyl over the other
treatments in exerting its herbicidal effect. Maximum numbers of tillers were recorded in

control treatment. No significant interactions were observed between number of tillers and
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herbicidal treatments. Similar trends were observed during both years of 2018-19 and 2019-
20.

4.3.3 Number of leaves
Although B; and B, biotypes recorded numerically a greater number of leaves but
statistically they were at par with each other. All biotypes showed the same number of leaves
at harvest during both years, 2018-19 and 2019-20. However, different herbicidal treatments
were found to exert significant effects on the leaves of P. minor. Herbicide treatment
metribuzine reduced the leaf number per plant significantly as compared to other treatments.
Maximum numbers of leaves were recorded by control treatment. Metribuzine resulted in
maximum loss of leaves, followed by the application of metribuzine + clodinafop propanyl
which, in turn, exerted significantly more effects than rest of other treatments. However, no
interactive effects were observed between number of leaves of different biotypes of P. minor
and herbicide treatments. Similar trends were observed during both years, 2018-19 and 2019-
20 (Table 4.3.1a and 4.3.1b).
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Table 4.3.1. Efficacy of herbicides to control different biotypes of Phalaris minor in respect with their

plant heights, number of tillers and number of leaves during 2019-20

Height (cm) Tillers Leaves
2018-19 2019-20 2018-19 2019-20 2018-19 2019-20
Biotypes
Biotype B, 70.90 72.53 93.41 96.60 4.66 4.83
Biotype B, 69.40 71.22 94.20 96.56 4.68 4.86
Biotype Bs 64.62 66.30 88.56 89.98 4.44 4.72
Biotype Bs 66.37 67.98 86.81 88.01 4.50 4.77
Biotype Bs 65.97 67.69 86.11 87.31 4.33 4.50
CD 5% 1.56 1.36 471 5.16 NS NS
Weed control treatment
Sulfosulfuron 25g/ha 70.56 71.95 120.13 122.09 5.53 5.65
. 68.30 69.84 111.36 113.29 4.86 5.06
Clodinafop 60g/ha
Sulfosulfuron + Metsulfuron
66.12 67.90 106.00 107.28 4.66 4.82
30g/ha
Metribuzine + Clodinafop 50.35 60.95 2657 28.38 3.33 3.53
propanyl 54 g/ha
Metribuzine 175 g/ha 57.98 60.17 20.94 23.50 2.46 2.54
Weedy check 82.42 84.06 153.91 155.62 6.26 6.79
CD 5% 1.63 1.50 5.79 5.73 0.578 0.371
CD interaction NS NS NS NS NS NS
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4.3.4. Number of panicle

In both year of field experimentation, 2018-19 and 2019-20, B; and B, biotypes
recorded more panicles than other biotypes and they both are statically at par with each other
(Table 4.3.2a and 4.3.2b).When panicles number were obtained in weedy check was
compared with that of the different herbicidal treatments, herbicides were found to exert
inhibitory effect of the panicle development and they reduced the number of panicles
significantly. Least number of panicles were recorded in herbicide treatment metribuzine as
compared to other treatments except the treatment of metribuzine + clodinafop propanyl,
where the effects were found statistically at par. Maximum numbers of panicles were
recorded in control treatment. No significant interactions were observed between number of
panicles and herbicides treatments. Similar trends were observed during both years, 2018-19
and 2019-20.

4.3.5 Panicles length of P.minor

Data revealed that there was no statistical difference in panicle length among different
biotypes. Walia et al., (1997) found same results. Similar trends were observed during both
years, 2018-19 and 2019-20 (Table 4.3.2a and 4.3.2b). However, different herbicide
treatments significantly influenced the panicle length of P. minor in reducing the panicle
length as compared to the control. Panicle length was found maximum in control treatment
(unsprayed). Among different herbicide treatments, metribuzine + clodinafop propanyl and
metribuzine alone resulted in maximum reduction in panicle length; however, the effects of
both treatments in reducing the panicle length remained statistically same. Interaction
between different biotypes and herbicides treatments was found to be non-significant. Similar
trends were observed during both years, 2018-19 and 2019-20.

4.3.6 Dry matter (DM) accumulation
Maximum DM accumulation was recorded in biotype B, which was significantly
higher than other biotypes (Table 4.3.2a and 4.3.2b). Least amount of DM was found in
biotype Bs. Similar results were recorded during both years, 2018-19 and 2019-20.Different
morphological behaviors of P. minor biotypes under noncompetitive conditions were found
by Dhaliwal et al. (1998). All herbicidal treatments were found to reduce the DM content
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significantly in comparison with weedy check. Among all herbicidal treatments metribuzine

+ clodinafop propanyl and metribuzine were observed to exert more significant effect in
reducing DM accumulation with respect to other treatments. However, their effects were
found statistically at par. Similar results were observed during both years. Application of
metribuzine with other herbicides proved effective against cross resistance biotypes of P.
minor (Yadav et al., 2016). Interactive effects between different biotypes and herbicide
treatments were found to be statistically significant. Among different herbicides treatments,
metribuzine + clodinafop propanyl and Metribuzine resulted in significantly less DM
accumulation in all biotypes of P.minor. All biotypes of P. minor produced significantly
lower DM production with the application of metribuzine + clodinafop propanyl and
metribuzine, but both treatments were statistically at par with each other in exerting their
effects. Results were similar during years, 2018-19 and 2019-20 (Table 6.2.c and 6.2.d)
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Table 4.3.2a. Efficacy of herbicides to control different biotypes of Phalaris minor in respect with their

number of panicles, panicle length and dry matter production during 2018-19 and 2019-20

. . Dry matter
Number of panicles Panicle length (cm)
(a/ha)
2018-19 2019-20 2018-19 2019-20 2018-19 2019-20

Biotypes
Biotype B, 81.13 83.26 3.56 3.87 81.71 84.67
Biotype B; 73.81 75.07 3.44 3.88 58.15 61.95
Biotype B4 74.02 73.56 3.30 3.63 65.61 68.16
Biotype Bs 67.43 68.34 3.44 3.46 54.48 55.58
CD 5% 4.21 4.75 NS NS 3.13 4.81
Weed control treatment
Sulfosulfuron 25g/ha 92.84 92.93 3.73 4.17 81.87 85.32

. 96.62 97.42 3.77 4.04 91.34 93.94
Clodinafop 60g/ha
Sulfosulfuron + Metsulfuron 1 g7 44 87.37 3.70 3.97 69.10 73.12
30g/ha
Metribuzine + Clodinafop 17.08 17.75 2.30 2.60 30.44 29.78
propanyl 54 g/ha
Metribuzine 175 g/ha 14.04 16.16 2.22 2.50 26.92 29.89
Weedy check 143.64 144.01 4,72 5.13 104.81 108.10
CD 5% 4.03 4.84 0.34 0.42 3.69 4.48
CD interaction NS NS NS NS 8.41 10.31
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Table 4.3.2b. Interaction effects between biotypes and herbicidal treatments on dry

matter (DM) accumulation in Phalaris minor

Phalaris minor DM (g/ha)

Sulfosulfu| Metribuzi
Biotypes Sour:f;;;;;l;r Clgg;?sgop M(ZSSTJI:‘ur Clonc(IeirTafo Metribuzine \i:\:]e:flz Mean
on 30g/ha|p propany
2018-19
Biotype B: 94.83 105.00 75.10 35.23 33.20 119.33| 77.11
Biotype Bz 95.53 111.73 85.06 38.50 36.80 122.67| 81.71
Biotype Bs| 70.20 76.53 60.13 24.86 22.10 95.06 | 58.15
Biotype B4| 78.73 88.53 66.73 30.00 24.53 105.16| 65.61
Biotype Bs| 70.06 74.90 58.50 | 23.60 18.00 81.83 | 54.48
Mean 81.87 91.34 69.10 30.44 26.92 104.81
CD 5% 8.41
2019-20
Biotype B1 93.67 110.16 80.46 37.10 33.66 123.46| 79.75
Biotype B2| 100.83 | 115.40 90.23 35.36 40.43 125.80| 84.67
Biotype Bs| 75.533 81.90 65.36 25.60 23.10 100.23| 61.95
Biotype Ba| 81.33 87.20 70.73 30.28 28.93 110.50| 68.16
Biotype Bs| 75.23 75.03 58.83 20.56 23.33 80.50 | 55.58
Mean 85.32 93.94 73.12 29.78 29.89 108.10
CD 5% 10.31
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Fig .4.7 Interaction effects between biotypes and herbicidal treatments on Phalaris minor dry matter
accumulation at harvest during year 2018-19 and 2019-20.
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Summary and conclusion

The field experiment entitled “Performance of herbicides to control Phalaris minor
Retz. as influenced by date of sowing and planting pattern of wheat (Triticum aestivum
L.)”was conducted at the research farm of Department of Agronomy, School of Agriculture,
Lovely Professional University, Phagwara (Punjab) during the rabi season of 2018-2019 and

2019-2020. The result has been summarized as below:

Experiment-1 Effect of date of sowing and weed control treatments on growth and

development of wheat and associated weeds.

Weedy check produced significantly lowest dry matter accumulation than all other
weed control treatments. Data recorded at 30 DAS was found to be a non-significant, because
herbicide application was done at 30 DAS. Weed infestation in the experimental field directly
influences the total crop yield. Counts of Phalaris minor were recorded periodically at 30,
60, 90 DAS and at harvest (panicles only). Significantly less number of weed per square
meter was observed for first date of sowing (1% November) in comparison to 2" (20"
November) and 3"date of sowing (10" December). Higher weed population was recorded in
weedy check which was significantly more than other weed control treatments during both
the years of study. P.minor population was found to be zero in weed free treatment. Data
recorded at 90 DAS and at harvest, among different weed control treatments, showed
significantly less dry matter accumulation in crop sown on 1*November than the crop sown
on 10" December. Application of sulfosulfuron + metsulfuron 30 g/ha produced significantly
less dry matter of P. minor on 1% November sown crop as compared to other herbicidal
treatments on all dates of sowing during 2019-20 crop season. Among different treatments
for weed control, highest efficiency was found in weed free treatment which is followed by
herbicide treatment sulfosulfuron + metsulfuron 30g a/ha, sulfosulfuron 25 g/ha and
clodinafop 60 g/ha + metsulfuron 5 g/ha. Similar trend was observed in both year i.e. 2018-
19 and 2019-20.
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The wheat plant growth and development were significantly influenced by date of
sowing. Sowing of crop at recommended time 1% November increased the yield and yield
attributes of wheat. Weed control treatments decreased the density of weeds and the plant
population per unit area. Plant height is very important growth parameter governing the crop
yield. The plant height was recorded at 30 DAS, 60 DAS ,90 DAS and at harvest. The first
date of sowing (1*November) was found to be felicitous sowing time. This may be due to
the better utilization of light, nutrient and moisture. All weed control treatments significantly
exerted higher plant height as compared to unweeded (control) treatment when recorded at 60,
90 days after sowing and at harvest. Significantly higher plant height was recorded at all
periodic intervals (except 30 DAS) with the post emergence application of sulfosulfuron +
metsulfuron 30 g/ha as compared to application of sulfosulfuron 25 g/ha and clodinafop 60
g./ha followed by metsulfuron 5 g/ha. Due to more density of weeds, least plant height was
recorded in weedy check. Crop sown on November 1%, 2019 recorded significantly higher
plant height than other dates of sowing. Also, among sub-plot treatments, application of
sulfosulfuron + metsulfuron was found to record significantly higher plant height than other
herbicidal treatments at all periodic intervals. The number of tillers per unit area is considered
as one of the major determinants for the crop growth and yield. Number of total tillers were
counted at 30, 60, 90 DAS and effective tillers at harvest stage. Total effective tillers recorded
at 60, 90 DAS and at harvest were found to be significantly higher in 1*November sown crop
as compared to 20" November and 10" December sown crop, that may be due to congenial
climatic condition which prevailed during November. Higher total number of tiller at 60
DAS, 90 DAS and at harvest (effective) stage were found to be more in weed free treatment
as compared to other weed control treatments and it was followed by sulfosulfuron +
metsulfuron 16 g/ha, sulfosulfuron 13 g/ha and clodinafop 60 g/ha+ metsulfuron 5 g/ha. Dry
matter accumulation by crop influences the final crop yield, as it also reflects on the
photosynthetic accumulation. Different dates of sowing were found to be non-significant at 30
DAS with respect to crop dry matter production. However, data recorded at 60, 90 DAS and
at harvest were found to be significantly higher at first date of sowing i.e. 1% November as
comparedto crop sown on 20™ November and 10" December during both year of study. Crop
dry matter accumulation was significantly affected by different weed control treatment at 60
DAS, 90 DAS and at harvest.
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It was observed in the present study that numbers of effective tillers were significantly
influenced by date of sowing. Crop sown at firsts date of sowing i.e 1*November produced
significantly more tillers than that in crop sown on second and third date of sowing. Effective
tillers were significantly influenced by various treatments for weed control. Out of all three
herbicidal treatments, sulfosulfuron + metsulfuron 30 g/ha produced significantly higher spike
length than weedy check but remained statistically at par with weed free treatment. The
pattern of the results was similar during both 2018-19 and 2019-20 crop seasons. Crops sown
on 1% November exhibited significantly maximum number of grains per spike that was
significantly higher than that of crops sown on 20"™ November and 20" December. Total
number of grains was significantly influenced by different treatments that were used for weed
control. Weed free treatment recorded higher number of grains/spike which was statistically
at par with herbicide treatments sulfosulfuron + metsulfuron 30 g/ha. The test weight of crop
sown on 1% November was found to be non-significant with the crop sown on 20" November

and 10™ December during both the years of study.

Weed control treatment also showed the significant effect on the grain yield. From all the
weed control treatments, higher grain yield (49.55 g/ha and 47.12 g/ha in 2018-19 and 2019-
20, respectively was found in weed free treatment and this treatment remained statistically
alike with (47.86qg/ha and 46.78qg/ha) with herbicide treatment sulfosulfuron + metsulfuron 30
g/ha but showed significantly higher grain yield than other weed control treatments.
Herbicide treatment ofsulfosulfuron + metsulfuron 30 g/ha was found to exhibit significantly
higher grain yield (43.03%,and 36.26.10%) than weedy check. Treatment of sulfosulfuron +
metsulfuron 30g/ha led to poor weed growth which eventually increased the number of
effective tillers, number of grains per spike and test weight.

Experiment-2 Effect of sowing methods and weed control treatments on growth and

development of plants and weeds

Phalaris minor counts were recorded at 30, 60, 90 DAS and at harvest. At
60, 90 DAS and at harvest bi-directional sowing decreased population of P.minor

significantly as compared to single directional sowing at different spacing. Followed by bi-
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directional sowing, crops sown at spacing of 15 cm resulted in more suppression of P. Minor
population than crops sown at spacing of 17.5 cm and 22.5 cm. Maximum numbers of
P.minor weeds were recorded in crops sown at broader spacing of 22.5 cm. Weed population
was zero in weed free treatment. Post-emergence application of sulfosulfuron + metsulfuron
30 g/ha showed significantly a smaller number of P. minor than the applications of
sulfosulfuron 25 g/ha and clodinafop 60 g/ha + metsulfuron 5 g/ha. During 2018-19 and
2019-20, higher weed control efficiency (73.01 % and 72.48 %) was obtained in bi-
directional sowing as compared to crops sown at spacing of 15 cm, 17.5 cm and 22.5 cm in
single direction. Least weed control efficiency (66.05 and 65.95) was found in crop sown at
spacing of 22.5 cm. Weed free treatment recorded higher weed control efficiency
which followed by herbicides treatment sulfosulfuron + metsulfuron 30 g/ha,
sulfosulfuron 25 g/ha and clodinafop 60 g/ha + metsulfuron 5 g/ha. Similar research trends
were observed during 2018-19 and 2019-20 crop seasons. The growth and development of
plants and the density of weed population might be influenced by sowing methods. Bi-
directional sowing due to appropriate spacing between plants increased the yield and yield
attributes of wheat. Sowing and weed control methods influenced plant height. The
difference in plant height due to different sowing methods was found to be non-significant
when recorded at 30 DAS. The plant height recorded at 60 DAS, was found to be
significantly higher in bi-directional sowing as compared to the crop sown at spacing of 15
cm, 17.5 cm and 22.5 cm as unidirectional. However, the plant height of crop sown at
spacing of 15 cm and 17.5 cm was found to be statistically at par, but was significantly more
than the crop sown at spacing of 22.5 cm. All weed control treatments recorded significantly
higher plant height as compared to unweeded (control) treatment at 60 DAS, 90 DAS and at
harvest. Among herbicidal treatment, significantly higher plant height was recorded at all
periodic intervals (except 30 DAS) with the application of post-emergence herbicide

(sulfosulfuron + metsulfuron 30 g/ha) as compared to the application of sulfosulfuron 25 g/ha
and clodinafop 60 g/ha followed by metsulfuron 5 g/ha.

These observations hold good during both the years of study. Number of tillers is
considered as a crucial growth parameter which influences the final yield. The total number
of tillers has been recorded at different periodic intervals of 30 DAS, 60 DAS, 90 DAS.

Maximum numbers of tillers per square meter were found in bi-directional sowing. Bi-
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directional sowing evenly distributed the seeds with definite spatial pattern which encouraged
proper utilization of natural sources than the conventional methods. Number of tillers was
positively influenced by various weed control treatments. Maximum number of tillers was
found in weed free treatment followed by herbicide treatment of sulfosulfuron + metsulfuron
30 g/ha which produced statistically significant higher number of tillers than other herbicide
treatments. Lowest number of tillers was found in weedy check. Crop dry matter is important
pre-harvest growth parameter which has great influence on final crop yield. At 60 DAS, 90
DAS and at harvest, Dry matter (DM) accumulation in crops ,sown at spacing of 17.5 cm and
15 cm, was statistically at par with each other but significantly higher than that of the crops
sown at 22.5 cm. Among all weed control treatments, weed free treatment produced
significantly higher DM as compared to other treatments. At 60 DAS, DM accumulation in
weed free treatment and herbicide treatments of sulfosulfuron + metsulfuron 30 g/ha was
statistically at par with each other but significantly higher than other treatments. At 90 DAS
and at harvest, DM accumulation in weed free treatments was found to be significantly better

than other treatments and it was followed by sulfosulfuron + metsulfuron 30 g/ha.

Effective tillers directly influence the final crop yield. With increasing effective
tillers, the crop yield usually increases. Bi-directional sowing recorded significantly more
tillers than all other methods. The results obtained with spacing of 15 cm and
17.5 cm were found statistically at par with each other. Least number of effective tillers was
found in crops sown at wider spacing of 22.5 cm. Similar results were reported during both
years, 2018-19 and 2019-20. Spike length has great influence on regulating the number of
grains and, in turn, the final crop yield. The data revealed that sowing methods significantly
influenced the crop yield. Cross sowing produced significantly higher spike length (11.42
and 11.51 cm) during both years, 2018-19 and 2019-20 with respect to other sowing
methods. Least spike length was recorded in crop sown with spacing of 22.5 cm. Different
sowing methods significantly influenced the number of grains per spike. It was observed that
bi-directional sowing resulted in (3.40 % and 3.37 %) higher number grains per spike than
conventional sowing methods. Sowing at spacing 15 cm and 17.5 cm were found to be
statistically at par with each other but significantly higher than conventional sowing (spacing
of 22.5cm). Among various weed control treatments, weed free treatment were found to

enhance the grain weight significantly (9.46 % and 9.34 %) than weedy check (control)
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during both years. The effects found in the herbicidal treatment of sulfosulfuron +
metsulfuron @ 30 g/ha were statistically at par with weed free treatment but significantly
higher than other treatments. Clodinafop 60 g/ha + metsulfuron 5 g/ha and sulfosulfuron 25
g/ha treatments were found statistically at par with each other but significantly higher than

weedy check. Least grain weight was recorded in weedy check.

Grain yield is one of the very important economic parameters. Cumulative effect of growth
and yield attributing parameters finally decides the grain yield. Sowing of wheat crop in the
bi-direction method as compared to the unidirectional method resulted significantly higher
grain yield during both 2018-19 and 2019-20 crop seasons. Bi-directional sowing resulted
maximum grain yield (47.62 g/ha and 50.46 g/ha) which was significantly higher than
conventional sowing (39.54 g/ha and 42.37 g/ha) during 2018-19 and 2019-20, respectively.
Higher yield in bi-directional sowing was due to better control of P.minor. The higher grain
yield was observed in the application of sulfosulfuron + metsulfuron 30 g/ha in bi-directional
sowing than that with application of sulfosulfuron and clodinafop followed by metsulfuron
treatment, when the herbicides were applied on crop sown at 15 cm, 17.5 cm and 22.5 cm
row to row spacing. This holds good for both years of experimentation.

Straw vyield is important component of total biological yield. The present
investigation revealed that sowing methods significantly influenced the straw yield during
both 2018-19 and 2019-20 cropping seasons. Bi-directional sowing showed significantly
higher straw yield as compared to unidirectional sowing. The results obtained in crops sown
at spacing of 17.5 cm and 15cm were statistically at par. Least biological yield was
recorded in crops sown at a spacing of 22.5 cm. Among herbicidal treatments, treatment of
sulfosulfuron 25 g/ha yielded maximum straw yield than clodinafop 60 g/ha + metsulfuron 5
g/ha. Increase in straw yield by different weed control treatments could be due to more DM
accumulation, increase in plant height, and overall better growth and development of crop.
Better harvesting index was found in bi-directional crop sowing as compared to
unidirectional sowing. Lower HI was recorded in crops sown in conventional sowing at a
spacing of 22.5 cm. Crops sown at spacing of 15 cm and 17.5 cm exhibited slightly better HI
over conventional sowing method. Among various weed control treatments, weed free
treatment showed higher HI, followed by herbicide treatment sulfosulfuron + metsulfuron 30

g/ha which was followed by sulfosulfuron 25 g/ha and clodinafop 60 g/ha + metsulfuron
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5¢g/ha.

Experiment-3 Efficacy of herbicides to control different resistant biotypes of Phalaris
minor

In rice-wheat cropping system, P. minor is the troublesome weed. Application of
various herbicides results in resistance in P. minor. Significant difference in plant height of
different biotypes of Phalaris minor which were collected from farmer’s field during both
years of 2018-19 and 2019-20 was observed. Biand B;biotypes exhibited significantly higher
plant height over the other biotypes. B4 and Bs biotype showed numeric edge in height over

B3 biotype but statistically all are at par with each other. Least plant height was recorded

in biotype Bs. Metribuzine recorded least height of P.minor biotypes in comparison with
other treatments but it was statistically at par with metribuzine + clodinafop propanyl.
Maximum P.minor biotype’s height was recorded by control treatment. Tillers are the
important growth attributes which influences the final dry matter accumulation. Significant
differences in number of tillers within different biotypes were observed. B1 and B2 biotypes
recorded higher number of tillers with respect to other biotypes but both are statically at par
with each other. Similar trends were observed in second year also, that confirms the edging
of Brand B2 biotypes in tillers’ number over the others. The tillers’ number in Phalaris minor
was significantly influenced by different herbicidal treatments. Metribuzine recorded lesser
number of tillers in comparison with other treatments but metribuzine treatment found

statistically at par with metribuzine + clodinafop propanyl.

Although B; and B, biotypes recorded numerically a greater number of leaves but
statistically they were at par with each other. All biotypes showed the same number of leaves
at harvest. Different herbicidal treatments were found to exert significant effects on the
leaves’ number of P.minor. Herbicide treatment of metribuzine reduced the leaf number per

plant significantly as compared to other treatments.

Maximum numbers of leaves were recorded by control treatment. Metribuzine resulted in
maximum loss of leaves, followed by the application of metribuzine + clodinafop propanyl
which in turn, exerted significantly more effects than rest of other treatments. B; and B;
biotypes recorded more panicles than other biotypes and they both are statically at par with
each other. Highest panicle number were obtained in weedy check was compared with that of
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the different herbicidal treatment, herbicides were found to exert inhibitory effect on the
panicle development and they reduced the number of panicles significantly. Least number of
panicles was recorded in herbicide treatment of metribuzine as compared to other treatments.
Maximum DM accumulation was recorded in biotype B, which was significantly
higher than other biotypes. Least amount of DM was found in biotype Bs. Similar results
were recorded during both years, 2018-19 and 2019-20. Although all herbicidal treatments
resulted in DM reduction of all bio types significantly as compared to weedy check. It was
also observed that the herbicidal treatments of metribuzine + clodinafop propanyl, and
metribuzine exerted more significant effect in reducing DM accumulation with respect to

other treatments. All biotypes of P.minor produced significantly lower dry matter production

with the application of metribuzine + clodinafop propanyl and metribuzine, but both

treatments were statistically at par with each other in exerting their effects.

Conclusion

First date of sowing (1% November) was found significantly better than other date of
sowing during both the years of study in terms of wheat grain yield and wheat control
efficiency. Weed control treatment also showed the significant effect on the grain yield. From
different weed control treatments, sulfosulfuron + metsulfuron 30 g/ha found significantly
higher grain yield (49.55 g/ha and 47.12 g/ha) during 2018-19 and 2019-20. Higher weed
control efficiency and grain yield was observed in bi-directional sowing method as compared
to conventional methods. Bi-directional sowing resulted maximum grain yield (47.62 g/ha
and 50.46 g/ha) during both year. Biotypes, B2 and B1 showed more resistance to different
herbicides. Herbicidal treatments of metribuzin + clodinofop propanyl 54 g/ha and

metribuzin 175 g/ha were found to be non-resistance to different biotypes.
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APPENDIX-I

ANOVA grain yield experiment first during 2018-2019 and 2019-20

2018-19
Sourcg of DF Sum of Mean Square§ F-Calculated Significance
Variation Squares
Replication 2 50.205
Factor A 2 | 311701 155.850 63.169 0.00094
Error(a) 4 9.869 2.467
Factor B 4 |1,529.621 382.405 38.224 0.00000
Interaction A X 8 | 319.151 39.894 3.988 0.00396
B
Error(b) 24 | 240.105 10.004
Total 44 | 2,460.651
2019-20
SO“FC? of DF Sum of Mean Squares| F-Calculated significance
Variation Squares
Replication 2 96.641
Factor A 2 | 472.323 236.161 42.044 0.00206
Error(a) 4 22.468 5.617
Factor B 4 11,034.016 258.504 33.320 0.00000
Interaction A X 8 | 452.448 56.556 7.290 0.00007
B
Error(b) 24 | 186.195 7.758
Total 44 | 2,264.090
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APPENDIX-11

ANOVA grain yield experiment second during 2018-2019 and 2019-20

2018-19
Source of Sum of .
Variation DF Squares Mean Squares| F-Calculated significance
Replication 2 6.608
Factor A 3 | 532.532 177.511 54.803 0.00009
Error(a) 6 19.434 3.239
Factor B 4 11,995.149 498.787 223.275 0.00000
Interaction AX | 12 | 59.989 4.999 2.238 0.03436
B
Error(b) 32 | 71487 2.234
Total 59 |2,685.199
2019-20
Sou_r ce of DF Sum of Mean Squares| F-Calculated significance
Variation Squares
Replication 2 83.710
Factor A 3 | 504.132 168.044 23.903 0.00098
Error(a) 6 42.181 7.030
Factor B 4 |2,057.139 514.285 236.793 0.00000
Interaction AX | 12 | 68.598 5.716 2.632 0.01435
B
Error(b) 32 | 69.500 2.172
Total 59 | 2,825.25
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APPENDIX-111

Cost of cultivation

S.N.o Particulate Cost Rs/ha

1 Field preparation 5000

2 Seed 4500

3 Sowing 2500

4 Fertilizers 1590

5 Herbicides 875

. nerbicides notapplcd 8000

7 Irrigation 2000

8 Pesticides 1875

9 Harvesting 3750

10 Miscellaneous 2000
Total (where weed control done with Herbicides) 24090
Total (where weed control done with Hand weeding) 32090

APPENDIX IV
Detailed of biotypes

S.N.o Particulate Location
1 Biotype B1 Haryana
2 Biotype B2 Haryana

3 Biotype Bs Punjab

4 Biotype B4 Punjab

5 Biotype Bs Punjab
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