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ABSTRACT

The present study was carried out at the Chaudhary Charan Singh Haryana Agricultural University, Hisar during
the winter (rabi) season of 2015—-16 and 2016-17, to investigate influence of fertilizer levels and different treat-
ments of wild oat (Avena ludoviciana Durieu.) management on growth and yield of wheat (Triticum aestivum L.).
There were 24 treatments and 3 replications with fertilizer (Levels-03) and wild oat (management -08) treatments
as main and subplot treatments in split-plot design. Results of the 2 year study showed, higher grain yield (44.7 g/ha),
straw yield (66.7 g/ha) and benefit: cost ratio (1.80) in recommended dose of fertilizer (RDF) when compared
120% RDF (40.22 g/ha, 61.24 g/ha and 1.58 respectively). Weed-free (55.3 g/ha, 79.1 g/ha and 2.03) and
pinoxaden @ 50 g/ha (54.8 g/ha, 78.6 g/ha and 2.18) being at par with each other resulted in higher grain and
straw yields, whereas weedy check exhibited the least values. Clodinafop @ 60 g/ha recorded significantly higher
grain, straw yield and benefit: cost (B:C) ratio than with sulfosulfuron @ 25 g/ha though it was significantly lower
than the pinoxaden @ 50g/ha. Pendimethalin @ 1.5 kg/ha and metribuzin @ 175 g/ha ensued statistically similar
grain, straw yield and B : C ratio, followed by weedy check. The results also indicated that, fertilizers given in larger
dosages only served to increase the weed population rather than wheat output. In the higher dosage of fertilizer,
weeds becomes resistant to normal dosage of herbicides. Recommended dose of fertilizer along with suitable her-
bicide application or manual weeding could result in higher yield of wheat.
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Wild oat

Wheat, (Triticum aestivum L.), the king of cereals, origi-
nated from the Levant region of the North-East Asia, is one
of the most important cereal crops of the world grown in
122 countries and plays an important role in the agricul-
tural system of northern India. This crop has contributed
immensely to the advent and flourishment of Green Revo-
lution, increasing production by 6 times in comparison to
that of 1960’s. There is greater scope to increase wheat pro-
ductivity by bridging the gap between potential and
achieved yield. Fertilization is an important agronomic
strategy used extensively to increase crop yield. Though
nutrients clearly promote crop growth, many studies have
shown that, in some cases, fertilizers benefit weeds more
than crops (Di Toamso, 2016). This can lead to a worst-
case scenario where fertilizers increase the competitive
ability of weeds more than that of the crop, and crop
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yield remains unchanged or decreased (Dhima and
Eleftherohorinos, 2001).

Wheat productivity is a result of many factors, but weed
management is one of the major and less cared causes of
low yield. Wild oat (Avena ludoviciana Durieu.) is a domi-
nant grassy weed making wheat cultivation less remunera-
tive due to significant yield losses. Wild oat is more com-
petitive than any other grass, as it emerges early and com-
petes more vigorously with wheat. Moreover, it responds
more favourably with fertilizers and irrigation. The knowl-
edge about weeds will help mitigate them, but also the
knowledge about the herbicides and nutrients synergy is
vital to promote the growth in getting higher yield of wheat
(Goudar et al., 2017). Hence an experiment was conducted
to study the effect of fertilizer and wild oat management on
growth, yield and economics of wheat.

MATERIALS AND METHODS

The present investigation was conducted at the
Chaudhary Charan Singh Haryana Agricultural University,
Hisar during the winter (rabi) season of 2015—-16 and
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2016—17. There were 24 treatment combinations in 3 rep-
lications, in which fertilizer levels and wild oat manage-
ment treatments were plotted in main and subplot treat-
ments, respectively, in split-plot design. In the experiment
2 main sources of variations are present with different
level, first one was fertilizer levels with 3 main levels, i.e.
F,, recommended dose of fertilizer (RDF, 100%); F,, 110%
RDF and; F,, 120% RDF; second was wild oat manage-
ment treatments with 8 sub levels, i.e. W, clodinafop @ 60
g/ha; W, sulfosulfuron @ 25 g/ha; W, pinoxaden@ 50 g/
ha; W, metribuzin @ 175 g/ha; W, pendimethalin @ 1.5
kg/ha (Pre); W, pendimethalin + metribuzin @ 1.5 kg/ha
(Pre); W, weed-free and; W, weedy check. Crop was
sown with the recommended seed rate 100 kg/ha, with
spacing of 20 cm x 10 cm. Variable fertilizer rates were
calculated and applied (RDF 100%, 110% RDF and 120%
RDF/ha) according to package of practices using seed-
cum-fertilizer drill.

Observations on growth parameters, viz. plant height,
number of tillers, dry-matter production and leaf area, were
recorded. Plant height (cm) was recorded from the base of
the main stem up to the highest growing tip at 60 days af-
ter sowing (DAS) and at harvesting stage. Similarly, num-
bers of tillers were counted per meter row length from the
third row on either side in each plot, representing the whole
plot at harvesting stage. One-meter plant samples were re-
moved in destructive method for dry-matter analysis at
harvesting stage. The samples were sun dried and then
oven-dried at 65 + 2°C till a constant weight was obtained
at each stage. After drying, the samples were weighted for
recording dry weight and computed for per meter row
length in gram. Leaf areas as well as leaf-area index (LAI)
were recorded with the help of Laser Area Meter (CI-203),
CID, Inc. (USA).

Application of pre- and post-emergence herbicides was
done using the flat fan nozzle mounted on a knapsack
sprayer with a spray discharge of 120 L/ha at 42 psi pres-
sure. Perfect dosages were calculated and according to the
treatment detail dosages of the herbicides were maintained.
Prior to the final harvesting of crop, plants from 1-meter
row length in each plot were harvested for recording of
yield attributes. Two rows from both sides and half-meter
length from each side of the plot across the row were har-
vested to avoid border effect. The crop in the respective
plots was left for sun-drying after tagging. Before thresh-
ing, the biological yield (straw + grain) of net plot was re-
corded with spring balance. The crop was threshed plot-
wise with the help of the mini thresher and grain yield was
recorded accordingly. The experimental data were sub-
jected to Fisher’s method of Analysis of variance
(ANOVA) as outlined by Gomez and Gomez (1984). All
the data were analyzed and the results are presented and

INFLUENCE OF FERTILIZER AND WILD OAT MANAGEMENT ON WHEAT PERFORMANCE 159

discussed at a probability level of 5% and represented in
tables as pooled analysis of 2015—-16 and 2016-17.

RESULTS AND DISCUSSION

Effect of fertilizer on growth and yield of wheat:

Plant height of wheat increased significantly with the
application of 120% RDF (39.49 and 84.41 cm at 60 DAS
and at harvesting, respectively) as compared to RDF
(36.41and 79.61 cm at 60 DAS and at harvesting, respec-
tively) (Table 1). The improvement in plant height owing
to 120% RDF application was attributed to proper nourish-
ment of crop and optimum growth. Addition of 120% RDF
helped in release of nutrients favourable for crop growth.
It also increased the activity of meristematic cells and cell
elongation. Our results confirm the findings of Rana
etal, (2016).

The rate of production and number of tillers in wheat
are dependent on nutrient supply without disturbance by
weeds. Application of RDF recorded significantly higher
number of tillers/m row length (73.69) than 120% RDF
(68.39) (Table 1). The reduction in number of tillers in
120% RDF was related to the weed competition as well as
higher weed growth. Higher weed growth has suppressed
the crop, encouraged higher number of tillers in wild oat
and reduced the production of tillers in wheat (Table 1).
These findings are in line with those of Martin and Field
(2016), Ahmadvand et al., (2016) and Woldesenb et al.,
(2016). Number of leaves in a plant and the leaf area of a
particular plant were directly proportional to the tiller num-
ber. Increased number of tillers will surely contribute for
the higher number of leaves/plant and higher leaf-area in-
dex (LAI). Application of RDF recorded significantly
higher LAI (4.16 and 3.50 at 60 and 120 DAS respectively)
(Table 1) than 120% RDF. These results are in agreement
with the findings of Gholam et al., (2015). Moreover, sig-
nificantly lower leaf-area index was observed with 120%
RDF, which was also owing to higher competitive nature of
wild oat as well as suppression of wheat crop by high
growth of wild oat, causing competition between crop and
weeds.

The dry-matter accumulation was function of many fac-
tors that are known as growth parameters. It is well known
fact that, the persistence of the assimilatory surface area is
a pre-requisite for prolonged photosynthetic activity; higher
number of tillers ultimately results in higher dry-matter
production. Significantly higher dry-matter production was
recorded with RDF (227.43 g) than 120% RDEF. Applica-
tion of RDF increased the photosynthetic efficiency of
wheat which led to higher dry-matter production. Signifi-
cantly lower dry-matter accumulation was recorded with
120% RDF (220.92 g). This was due to optimum nutrition
and higher dry-matter distribution in leaf and stem. More-
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over higher dry-matter in RDF was due to treatments could
be attributed to the variations in the growth-attributing pa-
rameters like plant height, total number of tillers, leaf area
and leaf-area index these findings are in line with those of
Kaur et al., (2016).

Economic yield is expressed as function of growth pa-
rameters and yield attributes, ultimately crop yield is af-
fected by both the source and sink and the capacity to
translocate photosynthates from one part to another. Appli-
cation of RDF resulted in significantly higher grain yield
(44.72 g/ha) over 120% RDF (Table 2). Significantly lower
yield in 120% RDF was due to least growth of wheat plants
in particular fields and least growth of all growth attribut-
ing characters in these plots; hence vigorous growth of wild
oat at abundant nutrient level was observed (Anderson,
2016) rather than wheat crop. These results are in confor-
mity with those of Ahmedvand et al., (2016) and Kaur
et al., (2016). Significantly higher straw yield was regis-
tered under RDF (67.63 g/ha) than 120% RDF (61.2 g/ha)
(Table 2). The increase in straw yield was owing to in-
crease in vegetative growth, as evident from higher dry-
matter production (Table 1) and its accumulation in differ-
ent plant parts like leaves, stem and increased number of
tillers (Table 1). Higher straw yield under RDF than 110%
RDF or 120% RDF. Moreover, straw yield in RDF was
also the result of higher number of tillers (10.5% more)
than 120% RDF which contributed to more biological yield
and ultimately straw yield. Nutrients will also provoke the
second flush of weeds after 45 DAS leading to poor con-
trol of wild oat; hence significantly lower growth of wheat
was observed and resulted in lower straw yield in 120%
RDF. The results confirm the finding of Martin and Field
(2016) and Kaur et al., (2016).

Yield of the crop directly correlates with the yield-attrib-
uting characters. Similarly, yield-attributing characters de-
pend on the accumulation of photosynthates and their
translocation to ears. The synthesis, accumulation and
translocation of photosynthates depend on efficient photo-
synthetic structure as well as the extent of translocation
into sink (grains) and also on plant growth and develop-
ment during early stages of crop growth. Application of
RDF recorded significantly higher yield components, viz.
grains/spike (43.11 g) and spikelets/spike (19.64) than
120% RDF (Table 2). The difference in the performance
of yield attributes in different dose of fertilizer due to varia-
tions in translocation of photosynthates from vegetative to
reproductive parts. These results are in agreement with the
findings of Saeed et al., (2013).

Effect of wild oat on growth and yield of wheat
Among the treatments of wild oat management, signifi-
cantly lower plant height (66.3 cm), number of tillers/m
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row length (57.2) and LAI (2.82) were obtained in weedy
condition (Table 1). This could be due to higher weed
dominance, offering the highest weed competition for
space, light, moisture, sun light and nutrients with the crop.
Since weed persistence was more from the beginning to the
end of the crop-growth period, they proliferated while the
crop starved for space, light as well as all the factors re-
quired for crop-growth. All the growth parameters were
superior in weed-control treatments to unweeded check.
Weed-free condition resulted in significantly higher plant
height (99.8 cm), number of tillers (85.1) and LAI (4.1).
The enhancement in crop-growth component could be due
to less competition by weeds throughout the crop-growth
period because of the effective control. These results sup-
port the finding of Jain et al., (2016). Post-emergence ap-
plication of pinoxaden @ 50 g/ha was found at par with
weed-free, i.e. significantly higher plant height (99.8 cm),
number of tillers (85.1) and LAI (4.1), followed by appli-
cation of clodinafop 60 g/ha plant height (88.6 cm), num-
ber of tillers (76.8) and LAI (3.6) (Table 1). Since,
pinoxaden and clodinafop belong to ACCase inhibitors and
prohibit fatty acid production and membrane development
in grassy weeds like wild oat, the weed control was supe-
rior to all other herbicidal treatments like sulfosulfuron,
pendimethalin and metribuzin. Weed-free and pinoxaden
were superior to weedy check and other herbicidal treat-
ments owing to better control of weeds in the early stages
which resulted in reduced crop-weed competition during
the critical period of crop-weed competition and helped in
better utilization of resources and hence resulted with good
crop growth, Katara et al., (2015) and Singh et al., (2017)
also reported similar results.

Dry matter accumulation serves as a reliable measure of
the relative influence of different treatments on the plant
growth and yield attributes. Enhancement in yield of eco-
nomic plant part is usually dependent on total dry-matter
production and its distribution among different parts of the
plant. Presence of weeds throughout the growing season
caused a reduction of 42 to 44% in dry weight by the crop
compared to weed-free. The density and dry weight of
weeds were the highest in weedy plots and therefore dry
weight by the crop was the least. Dry weight by wheat crop
was significantly higher in weed-free plots (248.1 g) (Table
1) and in plots treated with pinoxaden @ 50 g/ha (247.4 g)
followed by clodinafop @ 60 g/ha (232.9 g). This may be
attributed to effective weed control over weed competition.
Hence, crop plants could fully utilize the available re-
sources of space, solar radiation, soil moisture and nutri-
ents, resulting in enhanced photosynthesis and more dry
weight accumulation (Katara et al., 2015). Dry weight by
crop with the application of PRE herbicide treatments was
lower than PoE herbicides. Lower dry matter was accumu-
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lated by the crop in plots treated with pendimethalin 1.5 kg/
ha (202.7 g), followed by PoE application of metribuzin @
175 g/ha (210.9 g) due to intense competition for various
growth resources from weeds, as these were not effectively
controlled. These results are in conformity with those of
Yadav et al., (2016) and Singh (2020). It is evident from
the above discussion that adopting of any weed-control
practice enhanced the crop growth over unweeded control
and for herbicidal treatments PoE application was superior
to Pre- application, because of weed control at the right
stage of crop growth period. Overall, hand-weeding was
superior to herbicidal treatments because of complete re-
moval of weeds but laborious and costly. Various yield at-
tributes of wheat were significantly affected by different
herbicidal treatments.

Crop performance to a great extent is governed by the
all the yield parameters. It is, therefore, imperative that if
all the yield-attributing parameters were higher, grain yield
would be higher. Weed-free and application of pinoxaden
@ 50 g/ha recorded significantly higher yield components
when compared with rest of the herbicidal treatments but
similar to others, viz. grains/spike (45.4 and 45.3) and
spikelets/spike (21.9 and 21.7) over weedy check and rest
of the herbicide treatments (Table 2). This might be owing
to the fact that, the crop has not experienced nutrient stress
at any growth stage. The superior performance of weed-
free and pinoxaden was owing to effective weed control,
crop weed competition was eliminated and crop had a bet-
ter growing environment and thus resulted in more values
of growth parameters and allowed the crop for better estab-
lishment and better nutrient uptake. Higher production of
photosynthates owing to sufficient assimilatory area of vig-
orous plants would have synthesized the carbohydrates and
translocated to the reproductive parts such as developing
spikes and spikelets which resulted in better grain-filling
and more grain weight leading to increased yield compo-
nents. The results are in agreement with the findings of
Tesfay et al., (2016) and Sharma et al., (2016).

Grain yield being a complex character, is sum of many
morphological and biochemical events which occur during
the crop growth and development. The yield per unit land
area depends on the total bio-productivity and its partition-
ing into the economically important parts. The grain yield
was significantly more in all the herbicidal treatments as
compared to weedy check (Table 2). Significantly higher
yield was recorded with weed-free (55.3 g/ha) being on a
par with pinoxaden @ 50 g/ha (54.8 g/ha), followed by
clodinafop (46.81 g/ha). This could be ascribed to reduc-
tion in weed competition and better crop growth by the
application of herbicides in sequence killing most of the
weed cohorts which helped the crop to utilize nutrients,
moisture, light and space more efficiently and thus pro-
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duced more dry weight, more tillers, more grains/spike and
test weight, hence increased grain yield. These findings are
in line with those of Bhagat et al., (2017). Weedy check
showed significantly lower yield (31.33 g/ha) among all
the wild oat management treatments, followed by
pendimethalin (35.2 g/ha) and metribuzin (36.1 g/ha). This
might be due to high infestation of weeds from initial
stages onwards and other herbicides were ineffective to
control wild oat. Hence, under stress the crop plants could
not grow to their full potential, which ultimately reduced
the grain yield to the extent of 53—56% compared to weed-
free. Sulfosulfuron, pendimethalin + metribuzin and
clodinafop will not be effective as pinoxaden. This was
perhaps because all the weed cohorts were not killed by
pre- and post-herbicides and hence these weeds continued
to grow with the crop plants competing with them for the
natural resources and thus resulting in poor crop growth in
terms of lower dry weight, lesser number of effective
tillers, grains/spike and grains and finally lower grain
yields. Similar findings were reported by Anisha (2014).

Straw yield indicates the vegetative growth of crop
which influences grain yield to a great extent. Biological
yield represents the total biomass produced by the crop
during its growth period. Straw yield was affected by vari-
ous treatments in a similar manner as that of grain yield
with the highest straw yield being produced in weed-free
and pinoxaden @ 50 g /ha, followed by clodinafop 60 g/ha.
This was because of effective control of weeds which pro-
vided a favourable environment for the crop to flourish and
accumulate more dry weight and hence more straw yield
was recorded. Other Pre- and PoE herbicide treatments
were found inferior to pinoxaden. Weedy treatment re-
corded the least straw yield (52.8 q /ha) (Table 2) due to
suppression of crop by weeds and hence less dry weight
accumulation by the crop. These results are in close confor-
mity with those of Vyavahare and Bhilare (2015).

Economics

Economics is the main parameter which finally decides
the adoption levels at farming situations of any newly in-
troduced technology by the farmers. It should be techni-
cally and economically viable. Therefore, the economic
analysis of the results is very important. Higher net returns
were realized with the application of 100% RDF (345,782/
ha). Higher net returns were owing to the higher gross re-
turns (X1.02, 690/ha). Higher gross returns and net returns
were mainly because of the higher yield of the crop (44.7
g/ha). The higher net returns and gross returns also resulted
in higher benefit : cost ratio (1.80). Application of 120%
RDF showed lower value in the net returns (334,196 /ha)
mainly because of the low yields (40.2 g/ha) and gross
returns (392,520/ha) and also higher cost of cultivation of
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_ g 5" the crop in 120% RDF (%58,324/ha) (Table 3). These are
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e 2 Lowell (1982) for fertilizer levels.
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