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Aberrant weather conditions prevailing in the last few years increased the threat of wheat lodging which is a limiting factor for
higher productivity and thus, lodging management is very important to sustain and achieve higher wheat yields. Keeping thisin
view, two studies were conducted to manage lodging in wheat by evaluating agro- chemicals. Experiment | consisted of 12
treatmentslaid in Factorial Randomized Block Design with three replications having four NPK doses and three growth regulators,
NGR, GR1 and GR2. Resultsrevealed that RDF resulted inmoretiller/m?, shoot: emergenceratio, increased plant height, increased
dry matter but these growth parameters were at par with SSNM-7 and SSNM-8. RDF resulted in minimum lodging angle, area
lodged per cent and lodging score, highest grain yield and highest harvest index, maximum gross return, net returnsand B: C,
maximum nitrogen and phosphorus uptake by grain. Whereas potassium uptake was highest under SSNM-8. Nutrient doses
above RDF favoured thewheat lodging. GR2 resulted in higher emergence, higher tiller/m?, lower mortality percentage, higher dry
matter production, higher leaf areaindex, higher 1000 grain weight. However, plant height and internode length was minimumin
GR1.Grainyield and harvest index was higher in GR1. Interaction effects for lodging observation revealed that RDF with GR1
resulted inlower lodging angle, area per cent lodged and lodging score. RDF with GR2 resulted in higher 1000 grainweight. Grain
yield and harvest index was highest in RDF with GR1. In experiment-2 lodging was induced manually at grain filling stage by
dragging arope over plot to evaluate the effect of agro-chemicals on recovery ability of induced lodged wheat. This experiment
consisted of fivetreatmentsas RDF+WL, RDF+IL, RDF+IL+ ethrel, RDF+IL+K C1 and RDF+IL+nano-silicon. Resultsrevealed
that tiller/m?, shoot: emergence ratio, plant height was not affected by treatments. Dry matter, leaf areaindex, peduncle length,
internode length, daystaken to physiological maturity was highest in RDF+WL. Lodging angle, areaper cent lodged and lodging
score was minimum in RDF + nano-silicon. 1000 grain weight was maximum in RDF+WL which was at par with RDF+IL+ nano-
silicon. Grainyield, biological yield, straw yield and harvest index was highest in RDF+WL. Grossreturn, net return, benefit: cost
ratio was highest in RDF+WL. Ethrel, KC1 and nano- silicon have recovered the wheat from induced lodging, but nano-silicon
was more effective in recovering from artificially induced lodging. However, these chemicals did not recover the crop fully and
yield was still much lower than RDF + WL. From this study it can be concluded that RDF along with cycocel should be
recommended for wheat crop to minimize the crop lodging and thus, produce more grain yield.
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INTRODUCTION or where rainfall and high winds are common lodging
severely affectstheyield and yield losses vary depending
upon theintensity of lodging and stage at whichlodging

Lodgingisamajor limiting factor for many cropsat
global level, especialy under excessiveirrigated conditions
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occurs. Lodging reducestheyieldin cerealsand oil seeds
which ranges from 25 per cent, upto 75 per cent
depending upon the stage of crop at which lodging occurs
(Berry and Spink, 2012 and Berry, 2013). Lodging results
in poor grain filling, reducesthe grain quality, interferes
with nutrient uptake and reduces mechanical harvesting
efficiency (Acrecheand Slafer, 2011). In Indiaabout 8.3
per cent yield lossesin wheat occur duetolodgingand 5
per cent lossesin maize. In UK on an average 15-20 per
cent area under wheat gets lodged every 3 or 4 years. In
India about 6.3 mha areas under wheat crop in 2015
suffered significantly due to crop lodging and damage
across major wheat growing belts due to rains, strong
wind and hailstorms.Among yiel d contributing parameters,
genetic potential, proper land preparation, proper and
judicious use of fertilizers, use of good quality seed,
optimum seed rate, timely cultural operations and plant
protection measures determinetheyield. In recent years,
however, lodgingisreported to be one of the most limiting
factors in attaining higher wheat yields under intense
cultivation practices. Lodging resistance is considered
one of the highest prioritiesfor plant breedersworl dwide
(Reynoldsand Borlaug, 2006). Lodging is a complicated
phenomenonwhich is influenced by many environmental
factors likewind, rainfal, topography, soil type, previous
crop management and diseases. Besides these factors,
many morphological and anatomical plant traitslike plant
height, internode length, stem thickness, wall thickness
aswell as breaking strength, plant density, culm anatomy
and chemical compositions of stem and root characters,
head density and size. Lodging can be managed by
various agronomic practices like optimum seed rate,
balanced fertilizer dose, proper irrigation, method of
sowing, blending of varieties of different height and
management of weeds, insectsand diseases. IntheIndian
sub-continent, lodging occurs when fertilizer rates are
increased from 120kg N/ha. Stem lodging generally
occurs 2-3 months prior to harvesting of crop. Plant
height, especialy culm length, is considered to be one of
the major factors associated with lodging sensitivity. So
crop lodging can be effectively managed by manipulating
the plant height. Potential use of plant growth regulators
and related compounds minimize the lodging as they
reduce the plant height. The synthetic plant growth
regulators such as chlormequat chloride ethephon,
trinexepac-ethyl and prohexadione-cal cium can minimize
lodging risk by reducing stem elongation. Chlormequat
and ethephon are the common plant growth regulators

which are often used to limit lodging in wheat, hence,
alowing cultivation of lodging susceptible, adapted, high
yielding cultivars under higher input use. Various
techniques have been used by different workersto study
and determine the effects of artificial lodging in wheat.
However, little study has been done to determine the
recovery ability of wheat after lodging. Different agro-
chemicalslike potassium, silicon may helpin recovery of
wheat from lodging and make theleaves erect. Potassium
applicationincreasesthethickness of sclerenchymatissue
layersin rice increases the lodging resistance of maize
stalks and decreases the percentage of senescent stalks.
Silicon deposition in culm and leaves increases
mechanical strength and thus, improve light distribution
in canopy and improved plant height, inter-node length,
fresh weight, bending moment, breaking resistance,
lodging index and increases lodging resistance in rice
(Fallah, 2008). Disease infestation besides weak culms,
genetictraitsor insect attack al so contributes stem|odging
in wheat. Thus, fungicides are applied to avoid disease
related yield losses and enhance grain yields by simply
prolonging grain filling period and increasing kernel
weights. In the U.S., various reports have shown yield
increasesin winter wheat after the fungicide application.
Wegulo et al. (2009) showed that upto 42 per cent yield
loss was prevented by fungicide application in wheat.
Mineral nutrition also plays an important role in cereal
lodging especially nitrogen nutrition. Higher doses of
nitrogen have been reported to increase lodging due to
increased plant height, increased lower internode length,
reduced development of secondary roots and increased
shoot: root ratio (Rajkumara, 2008). Wheat requirements
are rapidly increasing every year because of increasing
population. According to FAO (2009), by 2050 annual
production of wheat inworldwill riseto 840 million tonnes
from current requirement which is about 642 million
tonnes. Similarly, wheat requirement in India has to be
increased to 140 million tonnes by 2050. Sincethere are
considerableyield gapsin our country among major wheat
producing states. Considerable yield gaps also exist
between researchers managed optimum NPK plots and
farmers’ fertilizer practices indicating a great opportunity
for enhancing wheat productivity by proper nutrient
management practi ces. Nutrient recommendationsin our
country are generally based upon crop response data
averaged over large geographic areas and these
recommendations do consider the spatial variability in
indigenous nutrient supplying capacity of soils (Mg umdar
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et al., 2013). Therefore, blanket fertilizer application
resultsin both over and under fertilizationsinsomeorin
other cases. SurveysintheIndo-Gangetic Plainsrevea ed
that farmersgenerally apply higher dosesof nitrogenand
phosphorus but ignore the sufficient application of
potassium and other secondary and micro-nutrients.
Hence, thereisaneed to optimizethefertilizer dose and
to overcome the problems of imbalanced fertilizer
application in wheat, a recently developed decision
support systems. Nutrient expert synthesizesthe on-farm
research datainto asimple delivery system that enables
farmersto rapidly implement SSNM for their individual
fields. The SSNM-NE software tool is developed by
International Plant Nutrition Institutein collaboration with
International Maize and Wheat Improvement Centre
(Satyanarayanaet al ., 2013). Nutrient expert isbasically
a decision support tool developed for maize and wheat
crops and is based on SSNM principles. It is computer
based decision support system, easy-to-use, quite
interactiveandrapidly provides nutrient recommendations
for an individual farmer field both in the presence and
absence of soil-testing dataand hence, provides fertilizer
recommendationsfor aspecific conditions. In short, this
tool estimates the yield that can be attained in a farmer’s
field based on the growing conditions, estimates the
nutrient balance in the cropping system based on yield
and fertilizer/manure applied in the previous crop and at
last combinesall information with soil characteristicsto
predict expected N, P and K response in the concerned
field to generate a location specific nutrient
recommendation for wheat crop. Wheat known as the
“king of cereals” is one of the most important cereal
cropsand isnext to ricein Indiaand meets about 61 per
cent of the protein requirement of the country’s people.
Wheat production was 90.8mt whichisabout 35 per cent
of cereal food production of country and area under
wheat cultivation was 31 5 mhawhich is 24 per cent of
total area under food grains (Maumdar et al., 2013).
India contributes 13.2 per cent in global wheat
production.This research was, therefore, conducted to
determine how different fertilizers regimes, different
growth regulators effect the lodging incidence and
subsequent yield expression, recovery ability of wheat
under artificially induced conditions, to understand
better interactive effect of thesefactorsto provide better
alternative management practices to farmers facing
chronic problem of crop lodging.
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RESEARCH METHODOLOGY

Experiment details, materials used, procedure
followed and technique adopted during the course of
investigation are described in this chapter.

Seedbed preparation and sowing:

The field was prepared by the deep ploughing by
using the tractor drawn soil turning plough followed
by two cross harrowing and leveling. Deep furrow of
4-5cm depth was opened through the furrow opener
at the spacing of 20cm and the seeds were manually
placed in the furrow uniformly and covered by the
soil immediately.

Irrigation:
Irrigation was given at 4 stages at critical root
initiation stage, jointing stage, flowering and milking stage.

Weeding:

For controlling the weed, pendimethalin @ 1.0kg
per hectare as pre-emergence herbicide and in later
growing period weedswere controlled by hand weeding.

Harvesting and threshing:

The maturity of the crop was determined visually
when all theleavesdried and the peduncleturninto golden
yellow and the grains dried to ripe. Net plots were
harvested manually and total biological yield was
calcul ated by wei ghing the biomass of each plot with the
help of balance. Threshing was done with thresher. The
grainswere collected separately in the cloth bagsduring
the threshing and then weighed and finally calcul ated as
hectare basis.

Observations:

For observations, the sampling areawas demarked
in each plot. One row from the both side of the plot was
used as aborder row and second row in both sideswere
taken as sampling area. Thefollowing observationswere
recorded from the sampling area.

Plant height:

The height of ten randomly selected plants within
one metre row length was measured with a metre scale
from the base of the plant to the top of the tallest leaf
before emergence of spike and from ground level to the
tip of spike after the emergence of spike. The mean of
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ten plants was recorded as height (cm) of plant at 30,
60, 90 and 120 DAS and at harvesting.

Tillers/m

Total number of tillerswas counted from observation
area of one metre row length of crop in the second row
leaving 50cm in the beginning of each plot for recording
observation and expressed as tillers per metre square.
Tiller/m? was recorded at 30, 60, 90,120DAS.

Shoot:
Emergence ratio and mortality percentage:
Emergence ratio was determined at 30, 60, 90,120
DAS and at harvesting. It was calculated by counting
the corresponding shoot per square meter at 30, 60, 90,
120 DAS and at harvesting and then dividing the shoots
by number of emerged plants. Mortality percentagewith
respect to 60DAS was determined at 90,120DAS and at
harvesting by the formula:

Sllootsat 60 DAS— Stiootsat 90 DAS X
Sllootsat 60 DAS

Mortality % = 100

Internode length:

Internode length (cm) was measured at 90 and 120
DAS. 1% internode and 2™ internode was measured. 1%
internode means the top most internode and 2™ means
the just lower the top most. Internode length of five
randomly selected plants was measured from each plot
and then it was reported at internode length per plant
(cm).

Dry matter accumulation:

Plantsfrom each plot were cut closely to the ground
in 25cm row length from 2" row at 30, 60, 90 and 120
days after sowing. The sampleswere dried at 70°C for
48hrs and weighed. The dry matter accumulation was
expressed in g per square metre.

Phonological indices:
Days taken to 50 per cent heading:

A regular counting of emerged heads at two days
interval were made from 1 metre earmarked rows just
after commencing of heading and continued till full
heading of crop. By calculating the number of 50 per
cent heads on the basis of the total heads, respective
dayswill be calculated. The number of daysfrom sowing
to the date of completing 50 per cent heading reported

as days taken to 50 per cent heading.

Days taken to anthesis:

A regular counting of emerged heads at two days
interval were made from 1metre earmarked rows just
after commencing of anthesis and continued till full
anthesis of crop. By calculating the number of 50 per
cent anthesis on the basis of the total heads, respective
dayswill be calculated. The number of daysfrom sowing
to the date of completing 50 per cent anthesis reported
as days taken to 50 per cent anthesis.

Days taken to maturity:

The numbers of days were taken from the sowing
to stage when all the leaves dried and the peduncle turn
into goldenyellow and thegrainsdried toripe.

Post harvest studies:
Ten spikes were harvested randomly at time of
maturity for recording yield attributes.

Spikes per square metre:

Spikes were counted from two metre row length
and reported on the basis of number of spikes per square
metre.

Spike length:
Spike length was measured from its base to thetip,
excluding awns and was expressed in centimeter.

Peduncle length:
Pedunclelength was measure from base of the spike
tolast internodes.

Fertile spikelets per spike:

Spikelets bearing grains were counted from ten
sel ected spikes and average of them was taken asfertile
spikelets per spike.

Sterile spikelets per spike:

Spikelets having no grains were counted from ten
selected spikes and average of them was as sterile
spikelets per spike.

Grains per spike:

All the ten selected spikes were threshed and total
obtained grainswere counted. The average of them was
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calculated to find out the grains/spike.

Grain weight per spike:

The total obtained grains from ten spikes were
weighed; average wasworked out and reported asgrain
weight/spike.

1000 grain weight:
Onethousand grainsfrom net plot areawere counted
and weighed to get 1000 grainsweight (g).

Grainyield:

Grainyieldwasrecorded fromthe net plot areaafter
threshing and cleaning. Initially it wasrecorded in kg per
plot and then calculated as quintal s per hectare.

Srawyideld:

Straw yield per plot was obtained by subtracting
the grain yield from that of the total biomass produced
per plot, recorded in kg per plot and reported asquintals
per hectare.

Biological yield:

Biological yield was cal culated by adding thegrain
and straw yield per plot and reported as quintals per
hectare.

Plant nutrient studies:
Nitrogen concentration and uptake:

Composite plant samples (grain and straw) were
taken from each treatment at harvest then materialswere
oven dried (70+1°C for 72 hrs.) and grind separately,
Nitrogen content in these plant was determined by Micro-
Kjeldhahl’s method and the total nitrogen uptake was
cal culated by multiplying nitrogen concentrationinto the
total grain and straw yield.

Phosphorus concentration and uptake:

Plant samples were taken from the composite plant
sampl es. Vanado-molybdo- phosphoric acid yellow col our
were used to estimation phosphorus was cal cul ated.

Potassium concentration and uptake:

Plants samples were analyse for potassium
concentration (%) with the hel p of flame photometer and
total potassium uptake by grain and straw was worked
out separately.
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Economics analysis:

Cost of cultivation by using various treatment
combinations was worked out separately. The labour
needsand mechanical powersfor different operation such
as land preparation, sowing, fertilizer application,
harvesting and threshing etc. were calculated as per
government rules.

Gross return:

Gross return worked out on the basis of current
minimum support price prevailing during thefinancial year
2016-17.

Net return:
Net return was calculated by deducing cost of
cultivation from the grossreturn.

Benefit cost ratio (B:C ratio):
B:C ratio was calculated by dividing the net return
by the cost of cultivationin particular treatment.

RESEARCH FINDINGS AND ANALYSIS

Data recorded during the study are presented in
form of tables and explained through figures and facts.

Growth studies:
Experiment-1: Effect of NPK doses and growth
regulators on lodging management in wheat :
Emergence counts:

Crop emergence was counted after 10 days of

Table1l: Emergenceinfluenced by the different NPK dosesand
growth regulators

Treatments Emergence/m?

NPK dose

Absolute control 164

RDF 178

SSNM-7 185

SSNM -8 207

SE+ 5.97

C.D. (P=0.05) 175

Growth regulator

NGR 180

GR1 194

GR2 177

SE. 5.13

C.D. (P=0.05) NS

C.V. (%) 10.12

Interaction NS

NS= Non-significant
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sowing and data are presented in Table 1. Emergence
counts were found significant due to NPK doses but
were non-significant due to the growth regulators.
Among NPK doses maximum emergence was found
under SSNM-8 which was significantly higher than
the other treatments. This may be due to the reason
that higher doses of nutrients were applied at basal
which initially provides a bunch of energy to the
plumul e to crack the soil surface.

Tillers:

Tillers per square meter were recorded at 30, 60,
90 and 120 days after sowing and are presented in Table
2. Tillers were increased upto 60 days after sowing,
thereafter, decreased with advancement of the crop stage,
irrespective of NPK doses and growth regulators. Tillers
per meter square weresignificantly affected by NPK doses
at all growth stages. At 30DAS, SSNM-8 gave maximum
number of tillerswhich wasat par with RDF and SSNM-7
but wassignificantly higher than absolutecontrol. At 60DAS,
maximum tillers per square meter were recorded under
SSNM-8 which was significantly higher than all other
treatments. At 90DAS, maximum tillers per square meter
were observed under SSNM-7 which wasat par with other
treatments except absolute control. At 120DAS, maximum
tiller was recorded under SSNM -8 which was at par with
the other treatments except to absolute control. Growth

regulators failed to give significant effect on tillers/m?
except at 120DAS. At 120DAS, maximum number of
tillers was found under GR2 treatment which was
significantly higher than GR1 and NGR.

Table2: Tillersper square meter influenced by NPK doses and
growth regulators - .

Treatments 30DAS _ 60 Dﬂgagmgo DAS 120 DAS
NPK dose
Absolute control 353 467 320 267
RDF 450 627 450 398
SSNM-7 449 634 4386 402
SSNM -8 416 693 484 404
SE+ 16.5 156 12.0 100
C.D. (P=0.05) 48 46 36 29
Growth regulator
NGR 439 597 426 358
GR1 411 624 428 357
GR2 400 595 449 387
SE+ 14.3 135 104 8.6
C.D. (P=0.05) NS NS NS 25
CV. (%) 11.88 7.72 8.29 8.15
Interaction NS NS NS NS

NS= Non-significant

Table 3: Shoot emergenceratio and mortality per cent as effected by NPK doses and growth regulators
Treatments Shoot emergenceratio _ Mortality % as compared to 60DAS '
30 DAS 60 DAS 90 DAS 120 DAS Harvesting 90 DAS 120 DAS Harvesting
NPK dose
Absolute control 22 29 20 17 0.3 30.9 42.6 55.0
RDF 23 32 2.8 24 0.7 28.2 36.1 47.2
SSNM-7 28 4.0 3.0 26 22 232 36.2 44.2
SSNM -8 25 41 29 28 20 29.7 41.2 49.8
SE+ 0.11 0.13 0.12 0.11 0.1 2.7 253 2.7
C.D. (P=0.05) 0.3 0.4 0.3 0.3 0.3 NS NS 6.7
Growth regulator
NGR 24 33 24 20 17 285 39.4 50.0
GR1 23 35 24 20 17 31.0 42.4 50.9
GR2 2.6 39 30 2.6 21 245 35.0 46.3
SE+ 0.10 0.11 0.12 0.09 0.08 2.34 219 2.0
C.D. (P=0.05) 0.3 0.3 0.3 0.3 0.2 NS NS NS
C.V. (%) 14.38 11.36 14.18 15.33 15.2 29.05 195 13.9
Interaction 0.6 0.7 0.6 0.6 0.5 NS NS NS

NS= Non-significant
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Shoot:
Emergence ratio and tiller mortality percentage:
Emergence ratio was calculated at 30, 60, 90,120
DAS and at harvesting .The data are given in Table 3.
Highest shoot: Emergence ratio was found at 60DAS
and thereafter, it decreased with the advancement of crop
stage. Shoot emergence ratio was significantly affected
by NPK doses and growth regulators. Among NPK doses
SSNM-7 produced maximum shoot per emerged plant
at all growth stages, which was at par with SSNM-8 and
significantly higher than the other treatments. Among
growth regulators, GR2 significantly gave higher shoot
emergenceratio as compared to GR1 and absol ute control
a al growth stages. Interaction effects between NPK
doses and growth regulators on shoot emergence ratio
was found significant at all growth stages, but here we
are discussing interaction effects at harvesting only.
SSNM-7 along with GR2 produced maximum shoot per
emerged plant which was significantly higher to other
treatments except to SSNM-7 with GR1 and SSNM-8
with GR2. At SSNM-7, GR1 and GR2 had produced
significantly higher shoot per emerged plant compared
to NGR. However, at SSNM-8 only GR2 had significant
effect on shoot emergence ratio over GR1 and absolute
control. NPK doses failed to give any significant effect
on mortality percentage except at harvesting. At
harvesting, among NPK doses absolute control

Table4 : Interaction effects of NPK doses and growth regulators
on shoot emergenceratio at harvesting

NPK dose = GrowtférRegulator —
Absolute control 15 11 12
RDF 15 15 21
SSNM-7 17 23 26
SSNM -8 18 19 25
SE+ 02 e e
C.D. (P=0.05) 05 = e

significantly gave higher mortality percentage than the
other treatments whereas SSNM-7 resulted in lowest
mortality percentage which was at par with RDF and
SSNM-8. Mortality percentage among growth regulators
was hon-significant at all growth stages.

Plant height:

Plant height was recorded at 30,60, 90 and 120 days
after sowing and at maturity. Thedataaregivenin Table
5. Plant height was affected significantly due to NPK
dosesat all growth stages. Plant height was significantly
affected by growth regulator at all growth stages except
at 30 DAS. Among NPK dosesall treatments significantly
enhanced the plant height over absolute control at all
growth stages. At 30 DAS, plant height was highest in
SSNM- 7 at all growth stages but was at par with

Table5: Plant height influenced by NPK doses and growth regulators

Treatments 30DAS 60DAS Plamgrg)ngAhts@m) 120DAS Maturity
NPK dose

Absolute control 276 44.2 76.1 94.2 93.8
RDF 29.8 53.1 85.6 103.2 101.4
SSNM-7 32.3 55.5 90.3 105.6 103.5
SSNM -8 32.0 55.1 914 105.8 103.8
SE+ 0.64 1.10 1.27 0.74 1.18
C.D. (P=0.05) 19 37 3.74 21 34
Growth regulator

NGR 30.3 53.9 85.8 103.6 101.3
GR1 30.6 49.4 817 98.3 95.6
GR2 304 484 80.4 97.7 96.4
SE+ 0.56 1.10 1.10 0.64 1.02
C.D. (P=0.05) NS 32 3.24 19 3.0
C.V. (%) 6.41 7.56 4.63 224 3.75
Interaction NS NS NS NS NS

NS= Non-significant
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SSNM- 8. At 60DAS, SSNM- 7 resulted in highest
plant height which was at par with all treatment except
to absolute control. At 90DAS, plant height was
maximum under SSNM -8 but was significantly higher
to all other treatments except SSNM-7. At 120 DAS
plant height was highest in SSNM-8 but it remained
at par with SSNM-7. At maturity plant height was
maximum in SSNM-8 but it remained at par with
SSNM-7 and RDF. Among growth regulators, GR1
and GR2 significantly reduced the plant height as
compared to NGR at all growth stages. At maturity
plant height by GR1 and GR2 was reduced by 6 and
4.9cm, respectively as compared to NGR.

Dry matter accumulation:

Thedatarelated to dry matter accumulation aregiven
in Table 6. Dry matter accumulation was affected
significantly by NPK dosesat all growth stages but was
not significantly affected by growth regulators. The
interaction effects between NPK doses and growth
regulator on dry matter accumulation was found non-
significant at all growth stages. SSNM-8 produced
significantly higher dry matter as compared to absolute
control and RDF, but was at par with SSNM-7, at all

growth stages except at 120DAS. However, at 120DAS,
SSNM-8 produced dry matter that was at par with all
treatments except to absol ute control. Thismight be due
tofact that higher doses of nutrients particularly nitrogen
resulted in increased plant height, higher tillerssm?that
resulted in more photosynthesis and hence, more dry
matter accumul ation.

Leaf area index:

NPK doses had significant effect on LAI, but growth
regulator failed to give significant effect on LAI. Leaf
area index was increased with increase in the NPK
(Table 7). At 30DAS, LAI was highest under SSNM -
7 which was at par with all treatments except to
absolute control. At 60 DAS, LAI was recorded
maximum in SSNM-8, which was at par with SSNM -
7 but significantly higher as compared to RDF and
absolute control. At 90 DAS, SSNM-7 resulted in
maximum LAI, which remained at par with SSNM-8
but was significantly higher as compared to RDF and
absolute control. At 120 DAS, LAI was maximum in
SSNM-8 which was at par with all treatments except
to absolute control. The increase in leaf area index
with higher nitrogen dosesis due to more plant height,
number of tillers which resulted in more ground

NS= Non-significant

Table 6: Dry matter accumulation as effected by NPK doses and surface coverage.
growth regulators
VA
Treatments Dry matter (g/m’) - -
30DAS 60DAS 90DAS 120DAS Table7: Leaf areaindex influenced by NPK doses and growth
regulators
NPK dose T Leaf areaindex
reaiments 30DAS _60DAS __ 90DAS __ 120DAS

Absolute control 63.0 300.6 492.1 1023.4

NPK dose
RDF 86.4 485.2 804.9 1651.6

Absolute control 0.98 1.95 2.36 242
SSNM-7 92.6 541.1 880.4 17175

RDF 1.34 3.15 3.67 4,01
SSNM -8 931 587.8 884.0 1728.7 SSNM-7 144 351 4.05 4.2
SEx 3.98 19.76 21.39 42.25 SSNM -8 1.33 3.82 421 4.24
C.D. (P=0.05) 116 58.06 62.7 1239 SE+ 0.06 0.12 0.10 0.40
Growth regulator C.D. (P=0.05) 0.18 0.37 0.30 0.30
NGR 86.1 502.1 782.3 1560.5 Growth regulator

NGR 133 3.26 3.7 3.74
GR1 81.6 484.0 736.3 1461.9

GR1 1.26 314 35 3.55
GR2 79.1 4499 777.6 1568.5

GR2 1.22 292 36 381
SE.+ 3.44 17.14 18.52 36.59 SE+ 0.05 011 0.09 0.09
C.D. (P=0.05) NS NS NS NS C.D. (P=0.05) NS NS NS NS
C.V. (%) 14.52 12.4 8.38 8.28 C.V. (%) 14.59 124 8.66 8.44
Interaction NS NS NS NS Interaction NS NS NS NS

NS= Non-significant
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Peduncle length and internode length:

Datarelated to pedunclelength are shown in Table
8. NPK doses failed to affect the peduncle length but
growth regulators gave significant effect on peduncle
length. Reduction in peduncle length was noticed due
to growth regulator. Peduncle length in GR2 was at
par with GR1 but significantly lower than NGR.
Interaction between NPK doses and growth regul ator
on peduncle length was non-significant. Internode
length 1% and 2" was found significantly affected by
NPK doses as well at growth regulators at 90 and
120DAS. It was observed that NPK doses resulted
in increase in internode length. Among NPK doses,
1t and 2" internode length was maximum under
SSNM-8 which was significantly higher than absol ute
control but remained at par with RDF and SSNM-7.
Among growth regulators, GR1 significantly reduce
the Ptinternode length at 90 and 120DAS as compared
to GR2 and NGR. 2 internode length at 90DAS was
significantly lower in GR1. However, at 120DAS, 2™
internode length at GR1 was at par with GR2 but
significantly lower than NGR. At all growth stages 1%
internode length was highest in NGR which was
significantly higher than GR1 and GR2.

Table 8: Peduncle length and internode length as affected by

treatments
Peduncle 1% internode 29 internode
Treatments length length (cm) length (cm)
(cm) 90DAS 120DAS 90DAS 120DAS
NPK dose
Absolute 29.3 25.7 29.3 11.0 14.1
control
RDF 30.8 30.6 33.0 11.7 15.7
SSNM-7 30.7 29.8 33.2 12.8 16.5
SSNM -8 29.8 30.8 33.6 131 16.7
SEx+ 0.69 0.52 0.58 0.50 0.42
C.D. NS 152 171 1.49 1.23
(P=0.05)
Growth regulator
NGR 32.6 30.0 33.9 133 17.0
GR1 28.8 27.7 30.9 105 14.6
GR2 28.9 29.8 32.0 13.0 15.7
SE. £ 0.60 0.45 0.50 0.44 0.36
C.D. 1.76 1.32 1.48 1.29 1.07
(P=0.05)
C.V. (%) 6.92 5.36 542 1241 8.04
Interaction NS NS NS NS NS

NS= Non-significant
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Lodging observations:

Data are shown in Table 9. Lodging angle was
significantly affected by NPK doses and growth
regulators. Lodging observations were recorded at
harvesting time. Among NPK doses, maximum lodging
angle was found in SSNM- 8 which was at par with
SSNM-7 and minimum anglewas under absolute control
and recommended NPK. The reason may be that higher
doses of nutrient especially nitrogen resulted in weak,
tall stem having less strength that increased the lodging

Table9: Lodging angle, arealodged (%) and lodging angle as
affected by NPK doses and growth regulators

Treatments ;:;l%i ?% Iwgéde?%) Lgcdgrigg
NPK dose

Absolute control 0.0 0.0 0.0
RDF 0.0 0.0 0.0
SSNM-7 40.0 239 11.3
SSNM -8 43.0 30.0 151
SEx 211 131 0.621
C.D. (P=0.05) 6.2 3.86 1.82
Growth regulator

NGR 25.0 229 12.6
GR1 18.8 5.8 24
GR2 18.8 11.6 4.8
SE+ 1.83 1.142 0.537
C.D. (P=0.05) 5.37 3.35 157
C.V. (%) 30.48 29.37 28.25
Interaction NS 6.7 3.15

Interaction effects of NPK doses and growth regulatorson area
lodged (%)

Growth regulator
NPK dose

NGR GRI GR2
Absolute control 0 0 0
RDF 0 0 0
SSNM-7 383 117 217
SSNM -8 53.3 117 259
SEt 228 e e
C.D. (P=0.05) 67 - —-
Absolute control 0.0 0.0 0.0
RDF 0.0 0.0 0.0
SSNM-7 20.8 47 8.3
SSNM -8 29.4 50 10.8
SEt 11 e e
C.D. (P=0.05) 32

NS= Non-significant
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incidence. Among growth regulators, lodging angle was
maxi mum with NGR which wassignificantly higher than
GR1 and GR2. The difference between GR1 and GR2
was found non-significant. Area per cent lodged was
maximum under SSNM -8 which was significantly higher
than other NPK doses. No lodging was observed under
absol ute control and RDF. Among growth regulator, GR1
resulted in minimum area per cent lodged which was
significantly lower than other treatments and maximum
area per cent lodged was observed under NGR. GR2
resulted in more lodging as compared to GR1. The
possible reason may bethat GR2 might haveresulted in
more tiller /m? and plant height than GR1 and thus,
resulted in more lodging. Lodging score was maximum
under SSNIM-8 which wassignificantly higher than other
NPK doses and under growth regulator minimum lodging
score was under GR1 and maximum under absolute
control. Lodging was not observed under absolute control
and RDF was applied either with GR1 or GR2 or NGR
and areaper cent lodged was zero per cent under absolute
control and RDF. At higher NPK doses GR1 resultedin
lower area per cent lodged both with SSNM-7 and
SSNM-8 and was significantly lower than GR2. At
SSNM-7 and SSNM-8, maximum area per cent lodged
was with NGR and minimum area per cent lodged was
along with GR1. GR1 reduced the area per cent lodged
by 70 and 78 per cent under SSNM-7 and SSNM-8,
respectively ascompared to NGR. Similarly GR2, reduce
the area per cent lodged by 43 and 52 per cent under
SSNM-7 and SSNM-8, respectively as compared to
NGR.

Development studies:

The data related to 50 per cent heading, anthesis
and physiological maturity are summarized in Table 10.
Days taken to 50 per cent heading was affected
significantly due to NPK doses and growth regulator.
Among NPK doses days taken to 50 per cent heading
were maximum under SSNM-8 which was significant
from RDF but was at par with absolute control and
SSNM-7. Among growth regul ators, GR2 had given the
highest number of daystaken to the 50 per cent heading
which was at par with GR1 but was found significant
than NGR. The interaction effects between NPK doses
and growth regulator on number of days taken to 50 per
cent heading werefound non-significant. Number of days
taken to anthesis was affected significantly due to NPK
doses and growth regulators. Among NPK does, SSNM-

8 required the highest number of days taken to anthesis
which was at par with SSNM-7 but significantly higher
than the other treatments. Absolute control and
recommended NPK dose was given the equal humber
of days taken to anthesis which was significantly lower
than other treatments. Among growth regulators, GR2
was given the highest number of days taken to anthesis
which was significantly higher than other treatmentsand
lowest number days taken to anthesis was under NGR
whichwasat par with GR1. Daystaken to physiological
maturity were found non-significant due to NPK doses
and growth regulators.

Table10: 50 per cent heading, physiological and harvest maturity
influenced by NPK doses and growth regulators
Daystaken to
Treatments Heading Anthesis Physiol qgi cal
maturity
NPK dose
Absolute control 98 102 143
RDF 98 102 142
SSNM-7 100 104 143
SSNM -8 100 104 143
SE+ 0.48 0.46 0.25
C.D. (P=0.05) 15 14 NS
Growth regulator
NGR 98 102 143
GR1 100 103 143
GR2 101 105 143
SE+ 041 0.40 0.22
C.D. (P=0.05) 12 12 NS
CV. (%) 145 1.36 0.53
Interaction NS NS NS

NS= Non-significant

Post harvest studies:
1000 grain weight (g):

In 1000 grain weight, NPK doses and growth
regulator registered significant difference. Among NPK
doses, 1000 grain weight wasrecorded significantly higher
at recommended NPK. It was higher by 8.6 per cent
as compared to absolute control, 7.3 per cent at
SSNM-8 and 5.3 per cent at SSNM-7 (Table 11).
Among growth regul ator doses, 1000 grain weight was
recorded higher at GR2 which was significantly higher
to NGR but was at par with GRL Interaction effects
between NPK doses and growth regulators on 1000
grain weight was significant. The interaction effects
between NPK doses and growth regulators on 1000
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grain weight were found significant. RDF with GR2
produced maximum 1000 grain weight which was at
par with RDF + GR1, RDF+ NGR and SSNM-8+ GR2
but was significantly higher from all the other
treatments. Under absolute control, both GR1 and GR2
reduce the 1000 grain weight.

Grain per spike:

The data related to grain per spike are given in
Table 11. Grain number per spike differed significantly
due to NPK doses. Among NPK doses, RDF was
given maximum and significantly higher grains per
spike over absolute control but it remained at par with
recommended SSNM-7 and SSNM-8. Grains per
spike were not affected significantly by growth
regulators.

Grain weight (g) per spike:

Thedatarelated to grainweight per spikearegiven
in Table 11. Grain weight per spikes was not affected
significantly due to NPK doses and growth regulators.
Similarly the interaction effects between NPK dosesand
growth regulators on grain weight per spike were found
non-significant.

Fertile spikelets per spike:

The data related to grain/spike are given in Table
11. It was reveaed that number of fertile spikelets per
spike significantly affected only due to NPK doses.
Among NPK doses, SSNM-7 recorded maximum and
significantly higher 19.05 number of fertile spikelets per
spike absolute control, but remained at par with RDF
and SSNM-8. Among growth regulator doses, number

Table 11: Yield attributing character s of wheat influenced by NPK doses and growth regulators

Trestments 1000_ grain Grai n/ Grain deht/ Fertilegpi kelet/ _Sterile _ Spike length Spi kzes/
weight spike spike spike spikelet/spike (cm) m
NPK dose
Absolute control 41.6 321 19 18.6 33 10.4 209
RDF 452 433 21 20.0 35 10.9 330
SSNM-7 42.9 41.0 19 20.2 3.8 109 351
SSNM -8 42.1 41.0 18 20.1 38 114 346
SE+ 0.353 0.974 0.087 0.36 0.21 0.23 10.07
C.D. (P=0.05) 1.03 2.85 NS 1.07 NS NS 29.53
Growth regulator
NGR 42.3 38 20 19.6 35 11.0 298
GR1 43.0 40 20 19.7 38 10.9 306
GR2 435 40 1.9 19.9 35 10.8 322
SE+ 0.30 0.84 0.07 0.31 0.18 0.20 8.72
C.D. (P=0.05) 09 NS NS NS NS NS NS
C.V. (%) 2.46 742 13.55 5.57 17.52 6.52 9.77
Interaction 179 NS NS NS NS NS NS
Interaction effects of NPK doses and growth regulatorson 1000 grain weight
Growth regulator

NPK dose

NGR GRI GR2
Absolute control 42.9 41.8 40.2
RDF 44.9 44.8 45.8
SSNM-7 41.2 43.8 43.8
SSNM -8 40.4 41.7 44.3
SE+ 061 e e
C.D. (P=0.05) 179 e e

NS= Non-significant
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of fertile spikel ets per spikewas not affected significantly.
It ranged from 19.6 to 19.9 fertile spikelets per spikein
NGR and GR2, respectively.

Sterile spikelets per spike:

The data related to sterile spikelets per spike are
given in Table 11. Sterile spikelets per spike were not
affected significantly due to NPK doses and growth
regulator. The interaction effects between NPK doses
and growth regulator on sterile spikelets per spike were
found non-significant.

Spike length (cm):

Thedatarelated to spikeslength are givenin Table
11. Spikes length was not affected significantly both
dueto growth regulator and NPK doses. Among NPK
doses spike length ranged from 10.4 to 11.4 in absol ute
control and SSNM-8. Among growth regulator spike
length ranged from 10.8 to 11 cmwith GR2 and NGR,
respectively. Similarly interaction between NPK dose
and growth regulator was non-significant.

Number of spikes per sgquare meter:

The data related to spikes per square meter are
given in Table 11. The number of spikes/m? was
affected significantly only dueto NPK doses. Among
NPK doses, SSNM-7 given maximum number of spike/
m2. Thiswas significantly higher than absol ute control
but remained at par with recommended NPK and
SSNM-8. The number of spikes/m? was not affected
dueto growth regulator. Number of spikes/m? ranged
from 298 to 322 spikes/ m? in NGR and GR2,
respectively.

Yield studies:
Grain yield:

The datarelated to grain yield are given in Table
12. Grain yield significantly affected due to NPK doses
and growth regulator. Among NPK doses maximumyield
i.e. 50.50/hawas obtained under RDF which was 72.3,
12.6 and 17.6 per cent higher than absolute control,
SSNM-7 and SSNM-8, respectively. Among growth
regulator maximumyieldi.e. 43.7g/hawasfound at GR1
which was 4.85 per cent higher than NGR and 7.1 per
cent higher than GR2. Interaction effects between NPK
doses and growth regulators were significant. The
interaction effects between NPK doses and growth
regulator ongrainyield wasfound significant. NPK dose

above RDF significantly reduced the grain yield. GR1
produced significantly higher yield than GR2 at particul ar
NPK dose. There was no significant difference between
GR2 and NGR at SSNM-7 and SSNM-8. Highest yield
i.e. 52.6 g/hawas obtained in RDF with GR1 which was
significantly higher than other treatments. Yield at SSNM-
7 with GR1 was higher than absolute control but it was
significantly lower than corresponding RDF. Smilarly yield
in SSNM-8 with GR1 was significantly higher than GR2
and NGR. RDF with GR1 resulted inincreased yield by
6.26 per cent over RDF with NGR. Differencein yield
at RDF with NGR and with GR2 was found non-
significant. GR1 produced significantly higher yield than
with GR2 at any NPK dose. This might be due to fact
that cycocel might have shown incompatibility with the
fungicide and the crop variety which was used under
thistrial might beresistant and thus, may have shown no
response to the fungicide application. These results
suggest that fungicide application to winter wheat can
be profitable when environmental conditions favor
development of diseases.

Table12: Grainyield, biological yield, straw yield and har vest
index as affected by treatments

Grain Biological Straw Harvest
Treatments yield yield yield index

(a/ha) (9/ha) (9/ha) (%)
NPK dose
Absolute control 29.7 79.3 49.6 37.6
RDF 50.5 120.7 70.2 41.9
SSNM-7 444 1153 70.9 38.9
SSNM -8 43.0 114.8 71.8 37.8
SE+ 0.50 1.83 185 0.785
C.D. (P=0.05) 14 53 54 23
Growth regulator
NGR 41.2 1155 74.3 36.0
GR1 437 103.6 59.9 420
GR2 40.8 1035 62.7 39.1
SEx 0.43 1.58 16 0.68
C.D. (P=0.05) 12 46 4.7 20
C.V. (%) 3.58 5.10 8.47 6.03
Interaction 2.52 9.29 941 3.99

Biological yield:

Thedatarelated to the biological yield aregivenin
Table 12. Biological yield significantly affected due to
NPK doses and growth regulator. Among NPK doses
highest biol ogical yield of 120g/hawas obtained in RDF
which was significantly higher than other NPK doses.
Difference between SSNM-7 and SSNM-8 was non-
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significant. Among growth regul ators, biological yield of
115.5g/ha was recorded highest in NGR which was
significantly higher to GR1 and GR2 treatments.
Difference between GR and GR2 was non-significant.
Interaction effect between NPK doses and growth
regulators was found significant. Under RDF growth
regulators failed to give significant effect on biological
yield. However, under SSNM-7 and SSNM-8, growth
regulators significantly affect the biological yield.
Biological yield was observed maximum under SSNM-7
with absolute control which was at par with RDF+
absolute control, RDF+GR1, RDF+GR2 and SSNM-8
with no growth regulator but was significantly higher than
all the other treatments. Biological yield under SSNM-7
and SSNM-8 was reduced possibly due to the reason
that higher dose of nutrientsresultedin crop lodging and
thusreducethebiological yield.

Srawyideld:

The data related to straw yield are given in Table
12. Straw yield significantly affected dueto NPK doses
and growth regulator. Among NPK doses, SSNM-8 given
thehighest straw yid d of 71.8g/ha. It wassignificantly higher
than absolute control but remained at par with RDF and
SSNM-7. Among growth regulators, NGR had given highest
straw yield of 74.g/hawhich was significantly higher than
GR1 and GR2. Difference between GR1 and GR2 was
found to be non-significant. Interaction effects between
growth regulatorsand NPK dosewasfound significant. All
NPK doses given maximum straw yield with NGR. RDF
produced higher straw yield with NGR which was at par
with GR1 and GR2. SSNM -7 and SSNM -8 given maxi mum
straw yield with NGR which was significantly higher than
GR1 and GR2. Straw yield was decreased in SSNM-7
and SSNM-8 with GR1 and GR2.

Harvest index:

The data related to the harvest index are given in
Table 13. Harvest index was affected significantly due
to NPK doses and growth regul ator. Among NPK doses,
harvest index wassignificantly higher inRDF. Harvestindex
ranged from 37.6 at absolutecontrol to41.9 at RDF. Harvest
index at SSNM -7 and SSNM-8was s gnificantly lower than
RDF but was at par with absolute control. Among growth
regulator harvest index was maximum in GR1 which was
significantly higher than GR2 and NGR. Harvest index was
significantly affected by interaction of NPK doses and
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Table 13 : Interaction effects of NPK doses and growth regulators

on grainyield (g/ha)
NPK dose — Growtg Frzelgulator —
Absolute control 315 30.5 27.0
RDF 49.5 52.6 494
SSNM-7 42.4 46.8 439
SSNM -8 41.4 44.8 42.7
SE=x 086 0 - -
C.D. (P=0.05) 252 e e

Table 14 : Interaction effects of NPK doses and growth regulators
on biological yield (g/ha)

NPK dose NGR Gromgéigmor GR2

Absolute control 84.4 76.4 79.3

RDF 121.6 120.0 120.5
SSNM-7 128.8 109.0 108.1
SSNM -8 127.2 108.9 108.4
SE+ 32 e e
C.D. (P=0.05) 929 e e

Table 15: Interaction effects of NPK doses and growth regulators
on straw yield (g/ha)

Growth regulator

NPK dose NGR GR1 GR2
Absolute control 52.9 459 49.9
RDF 72.0 67.4 711
SSNM-7 86.5 62.2 64.2
SSNM -8 85.7 64.1 65.6
SE+ 327 e e
C.D. (P=0.05) R —

Table 16 : Interaction effects of NPK doses and growth regulators
on harvest index (%)

NPK dose NGR GromgFrzelgumor GR2
Absolute control 375 40.0 353
RDF 40.7 439 41.0
SSNM-7 33.0 43.0 40.7
SSNM -8 326 41.3 39.5
SEx 136 0 e e
C.D. (P=0.05) 399 e e

growth regulators. At absolute control and RDF growth
regulatorsfailed to give significant effect on HI. However,
with SSNM-7 and SSNM-8 GR1 and GR2 resulted in
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higher HI as compared to NGR. Highest harvest index
was found in RDF with GR1.

Plant analysis:
Nitrogen content (%) in grain and straw:
Thedatarelated to the nitrogen content in grain and
straw are given in Table 17. Among growth regul ator
nitrogen content in grain was found non-significant.
Among NPK doses nitrogen content in grain was
found maximum in SSNM -8 which was significantly
higher than other treatments and lowest under absolute
control which was significantly lower than all
treatments. Nitrogen content in grain varied from 1.26
per cent in absol ute control to 1.90in SSNM-8. Among
growth regulators maximum nitrogen content in grain
was in GR1 which was at par with NGR and GR2.
Nitrogen content grain under growth regulator varied
from 1.69 per cent in NGR to 1.70 per cent in GR1.
Nitrogen content in straw was found significant under
NPK doses and growth regulators. Under NPK doses
nitrogen content in straw was highest in SSNM-8
which was significant to other treatments. Nitrogen
content in straw varied from 0.26 per cent in absolute
control to 0.59 per cent in SSNM-8. Under growth
regulator it varied from 0.46 per centin NGR to 0.47

Table 17: Nitrogen content and uptake by wheat influenced by NPK
doses and growth regulators
N content and uptake
Treatments Content (%) Uptake (kg/ha)
Grain Straw Grain Straw  Totd

NPK dose
Absolute control 1.26 0.26 38.35 12.85 51.24
RDF 1.77 0.46 88.96 3338 122.36
SSNM-7 1.86 0.54 81.81 4565 127.28
SSNM -8 1.90 0.59 81.73 4793  129.28
SEx 0.0045 0.0021 1.03 147 1.95
C.D. (P=0.05) 0.013 0.0063 3.03 431 573
Growth regulator
NGR 1.69 0.46 70.01 35,56 105.10
GR1 1.70 0.47 73.64 3316 106.81
GR2 1.70 0.47 74.49 36.14 110.65
SE+ 0.0038 0.0018 0.89 127 1.69
C.D. (P=0.05) NS 0.0054 2.62 NS NS
C.V. (%) 0.78 1.38 4.27 12.62 5.44
Interaction NS NS 5.25 NS NS

NS= Non-significant

per cent in GR1 and GR2. Interaction between NPK
doses and growth regulator on N content in grain and
straw was found non-significant.

Nitrogen uptakeby grain and straw and total uptake:

The data related to the nitrogen up take by grain
and straw aregivenin Table 17. Nitrogen uptakeby grain
and straw was affected due to NPK doses and growth
regulator. Among NPK doses nitrogen uptake by grain
was found to be maximum under RDF which was
significantly higher than other NPK doses. Among growth
regulator nitrogen uptake by grain was found maximum
under GR2 which was significantly higher than NGR but
wasat par with GR1. Under NPK doses highest nitrogen
uptake by straw was given to SSNM-8 which was
significantly higher than other NPK doses except SSNM-
7. Nitrogen uptake by straw was found maximum under
GR2whichwasat par with other treatments. Under NPK
doses total nitrogen uptake was found under SSNM-8
which was significantly higher to all NPK doses except
SSNM-7 and lowest was recorded in absolute control.
Total nitrogen uptake ranged from 51.24 in absolute
control to 129.28 in SSNM-8. Among growth regul ators
total nitrogen uptake was highest in GR2 which was at
par with other growth regulators. Interaction was found

Table 18: Interaction effects of NPK doses and growth regulators
on nitrogen uptake by grain (kg/ha)
NPK dose Growth regulator

NGR GR1 GR2
Absolute control 39.30 39.56 35.80
RDF 87.50 89.00 90.40
SSNM-7 777.70 82.83 84.90
SSNM -8 75.16 83.16 86.80
SE+ 179 e s
C.D. (P=0.05) 525 e e

to be significant for nitrogen uptake by grain. Nitrogen
uptake varied from 35.80kg/haabsol ute control with GR2
to 90.40 at RDF with GR2 (Table 18). Under absolute
control and RDF, nitrogen uptake wasfound not to affect
with growth regulator. Under SSNM-7 and SSNN-8
nitrogen uptake by grain was highest with GR2 and was
at par with GR1 but was significantly higher than NGR.

Phosphorus content (%) in grain and straw:

The datarelated to the phosphorus content in grain
and straw are given in Table 19. Phosphorus content in
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Table 19 : Phosphorus content and uptake by wheat influenced by
NPK dosesand growth regulators
P content and uptake
Treatments Content (%) Uptake (kg/ha)
Grain Straw Grain Straw Tota
NPK dose
Absolute control 0.32 0.09 9.78 450 14.29
RDF 0.49 0.18 24.98 12.63 37.31
SSNM-7 0.42 0.13 18.91 11.39 30.30
SSNM -8 0.50 0.19 21.79 13.64 35.42
SE+ 0.0038  0.0017 0.39 0.462 0.679
C.D . (P=0.05) 0.011 0.0051 1.15 1.35 1.99
Growth regulator
NGR 0.39 0.14 16.23 11.48 27.71
GR1 0.45 0.15 19.51 10.60 3041
GR2 0.47 0.15 20.85 11.59 3245
SEx 0.0033  0.0015 0.34 04 0.588
C.D. (P=0.05) 0.001 NS 0.99 NS 1.72
C.V. (%) 2.62 3.42 6.26 10.5 6.06
Interaction NS NS 1.99 NS NS

NS= Non-significant

grain and straw was affected significantly due to NPK
doses and growth regulator. Among NPK doses nitrogen
content of 0.50 per cent in grain was highest in SSNM-8
which was significantly higher than other NPK doses.
Whereas absolute control given the lowest phosphorus
content of 0.32 per cent in grains. Among growth
regulators, maximum phosphorus content in grain was
significantly higher in GR2. Phosphorus content in grain
ranged from 0.39 per cent to 0.47 per cent in NGR and
GR2, respectively. Phosphorus content in straw was
significantly affected by NPK doses but was not affected
by growth regulators.

Phosphor us uptake by grain and straw:
Thedatarelated to phosphorus uptake by grain and
straw aregivenin Table 19. Phosphorus uptake by grain
was significantly affected by NPK dose and growth
regulator. Among NPK doses, SSNM-8 given the highest
phosphorus uptake of 31.76kg/ha by grain. This was
significantly higher than other absolute control but was
a par with RDF and SSNM-7. Phosphorus uptake by
grain ranged from 12.62 kg/ha in absolute control to
31.76kg/hain SSNM-8.Among growth regulator highest
phosphorus uptake by grain was highest in GR2 which
was significantly higher than NGR and GR1. Range for
phosphorus uptake by grain was from 24.59kg/ha to
28.07kg/hain NGR and GR2, respectively. Among NPK
doses highest phosphorus uptake by straw wasin SSNM-
8 which was significantly higher than other NPK doses.
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Phosphorus uptake range by straw was from 4.50kg/ha
with absolute control to 15.09kg/hain SSNM-8. Among
growth regulators, phosphorus uptake by straw wasfound
non-significant and it ranged from 10.60kg/hain GR1to
11.59k/ha in GR2. Among NPK doses, maximum
phosphorus uptake as recorded under RDF which was
significantly higher to all other treatments. Total
phosphorus uptake ranged from 14.29kg/ha to
38.89kg/hain absolute control and RDF, respectively.
Total phosphorus uptake among growth regul ator was
found to be maximum under GR2 which was
significantly higher than GR1 and NGR. It ranged from
27.71kg/hain NGRto 11.59kg/hain GR2. Interaction
effects between NPK doses and growth regulator
were non-significant for phosphorus uptake by straw
but were significant for phosphorus uptake by grain.
At any NPK dose it was found that difference
between GR1 and GR2 for phosphorus uptake was
not significant except for SSNM -8 where phosphorus
uptake by GR2 was significantly higher than GR1.
Phosphorus uptake under absolute control was not

affected by growth regulator.
Table 20: Interaction effects of NPK dosesand growth regulators
on phosphor us uptake by wheat grain (kg/ha)
NPK dose NGR GrOMgF;igm . GR2
Absolute control 9.13 10.15 10.07
RDF 22.12 25.44 27.37
SSNM-7 15.29 20.01 21.45
SSNM -8 18.40 22.46 2452
SE+ 068 e e
C.D. (P=0.05) 199 e e

Potassium content (%) in grain and straw:

The datarelated to potassium content in grain and
straw are given in Table 21. Potassium content in grain
was affected significantly by NPK doses and growth
regulator. Among NPK doses highest potassium content
was sound in SSNM-8 which was significantly higher
than other NPK doses. Potassium content in grain under
NPK doses ranged from 0.41 per cent to 0.74 per cent
in absolute control and SSNM-8. Potassium content in
grain under growth regulator ranged from 0.59 per cent
to 0.63 per cent in NGR and GR2, respectively. Among
NPK doses maximum potassium content in straw was
found in SSNM-8 and lowest was found in absolute
control.



PANKAJ PRAJAPAT, RAMESH CHOUDHARY AND BHANWAR LAL JAT

Table 21 : Potassium content and uptake by wheat influenced by
NPK dosesand growth regulators
K content and uptake

Treatments Content (%) Uptake (kg/ha)

Grain __ Straw  Grain Straw Total
NPK dose
Absolute control 041 110 1262 53.83 65.46
RDF 0.61 130 3104 93.59 124.63
SSNM-7 0.69 142  30.62 11820 14947
SSNM -8 0.74 151 3176 12256  154.32
SE+ 0.003 0.015 040 432 441
C.D. (P=0.05) 0.010 0.047 1.180 12.670  12.950
Growth regulator
NGR 0.59 132 2459 10119  124.49
GR1 0.62 134  26.92 91.48 118.40
GR2 0.63 132 28.07 98.95 127.02
SE+ 0.0028 0.0137 0.349 374 3.82
C.D. (P=0.05) 0.008 NS 1.02 NS NS
C.V. (%) 1.6 35 4.56 133 10.73
Interaction 0.02 NS 2.05 NS NS

NS= Non-significant

Potassium uptake by grain and straw:

The datarelated to potassium uptake by grain and
straw are given in Table 21. Potassium uptake by grain
and straw was significantly affected by NPK doses and
growth regulator. Among NPK doses, SSNM-8 gavethe
highest potassium uptake by grain and was found
significantly higher than all other NPK doses except
RDF. Among growth regulator potassium content was
significantly higher in GR1. Interaction effects for
potassium uptake by grain were found significant
between growth regulator and NPK doses. Among
NPK doses potassium uptake by straw was highest
in SSNM-8 which was significant to all NPK doses
but was at par with SSNM-7. Potassium uptake by
straw under growth regulator was higher in NGR but
it was at par with GR1 and GR2. Interaction effects
for potassium uptake by straw were found non-
significant. Total potassium uptake was significantly
affected by NPK doses but was not affected by
growth regulator. Among NPK dosestotal potassium
uptake was highest in SSNM -8 which was significantly
higher to absolute control and RDF but remained at
par with SSNM-7 and lowest in absolute control. At
absolute control, growth regulators failed to give
significant effect on potassium uptake by grain. At
RDF, SSNM-7 and SSNM-8, GR2 significantly
resulted in maximum potassium uptake. Highest
potassium uptake by grain was recorded in SSNM-8
with GR2 which was significantly higher than all the

other treatments. It varied from 11.9kg/ha at absolute
control with GR2 to 35.1kg/ha at SSNM-8 with GR2
(Table 22).

Cost of cultivation:

The cost of wheat cultivation increased in
fertilizer input and growth regulator. Under NPK
doses, SSNM-8 recorded the highest cost of cultivation
and under growth regulator GR2 recorded highest cost
of cultivation.

Table 22: Interaction effects of NPK doses and growth regulators
on potassum uptake by wheat grain (kg/ha)

NPK dose —— Growth (rgeg;lator =
Absolute control 124 135 119
RDF 295 313 323
SSNM-7 27.8 311 30.6
SSNM -8 285 317 351
SE+ 070 e e
C.D. (P=0.05) 2.05

Gross return:

Gross return was affected significantly due to
NPK doses and growth regulator. Among NPK doses,
the highest gross return was recorded at RDF. It was
63.7 per cent higher than absolute control, 13 per cent
higher than SSNM-8 and 10.8 per cent higher than
SSNM-7. Among growth regulators, NGR has

Table 23: Effect of NPK doses growth regulatorson cost of
cultivation, grossreturn, net return and B: C ratio
Cost of
Treatments cultivation Gr(ORS;f; L)"n I\Egsrzt;;n B:C
(Rs./ha)
NPK dose
Absolute control 19891 55445 355553 1.82
RDF 26155 90797 64642 249
SSNM-7 27030 82061 55031 2.05
SSNM -8 28378 80290 51911 1.84
SE+ 783.7 783.8 0.037
CD.(P=0.05) - 2298.4 298.8 011
Growth regulator
NGR 22945 78333 55388 241
GR1 25930 78326 52396 201
GR2 27216 74786 47570 173
SEx 678.7 678.8 0.032
C.D. (P=0.05) 1990.5 1990.8 0.10
CV. (%) 3.04 454 555
Interaction NS NS NS

NS= Non-significant
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recorded the highest gross return which was
significantly higher than GR2 but remained at par with
GR1.Interaction effects between NPK doses and
growth regulator were non-significant.

Net return:

Net return under different treatments was affected
significantly due to NPK doses and growth regulator.
Among NPK doses, the highest net return was recorded
at RDF. It was 82, 17 and 25 per cent higher than
absolute control, SSNM-7 and SSNM-8, respectively.
Among growth regulators, NGR gave highest net return
whichwas significantly higher than GR1 and GR2.

Experiment 2:

Effect of chemicals on recovery ability of induced
lodged wheat:

Morphological indices:

In morphological studies emergence/m?, tillers/mz,
shoot: emergence ratio, mortality percentage, plant height
incm, dry matter accumulation in gram per square meter
and leaf area index were recorded. These parameters
were non-significant among the treatments. Emergence
ranged from 183 per square meter to 198 per square
meter in RDF +IL + ethrel and in RDF+WL, respectively
(Table 24). Tillersstart decreasing with the advancement
of crop stages and tiller per square meter were found

Benefit:cost ratio: Table 24 : Emergence and tiller count as affected pytreagments
Benefit: cogt ratio was affected significantly dueto | 1remments Emergence —=—— NI
NPK doses and growth regulator. Among NPK doses, the cunm™  5AS DAS  DAS  DAS
highest benefit: cost ratio was recorded at recommended RDF+WL 194 456 597 443 383
RDF. It was significantly higher than other NPK doses. RDF+IL 194 456 597 443 376
Thelowest benefit: cost ratiowasfound in absolute control RDF+IL+ Ethrel 183 424 575 432 316
which was significantly lower than al NPK doses but ~ |RPFIL+KCl 198 428 59 42 374
remained at par with SSNM-8.Among growth regulator EE;F”F:) '(\)':”OS"CO” Lgs T\|2§ ilgsz ‘:\132 ?\E
the highest benefit: cost ratio was found in NGR which S'E '+( —0.0%) 1257 1330 1922 931 1010
wassignificantly higher than GR1 and GR2. L owest benefit: c..v.._(%) 1138 526 568 370 464
cost ratio was found in GR2. NS= Non-significant
Table 25 : Shoot emergence ratio, mortality percentage as affected by treatments
Treatments Shoot: Emergence ratio _ Mortality percentage _
O0DAS 120DAS O0DAS 120DAS Harvesting 90DAS 120DAS __ Harvesting
RDF+WL 23 31 23 20 15 25.3 35.7 50.0
RDF+IL 23 31 23 19 15 2256 36.8 51.8
RDF+|L+ Ethrel 23 31 24 2.1 16 245 345 48.9
RDF +IL+ KCl 21 29 22 1.9 15 25.2 35.4 49.7
RDF+IL+ Nano silicon 23 29 23 21 15 25.9 35.3 51.1
C.D. (P=0.05) NS NS NS NS NS NS NS NS
SEx 0.01 0.19 0.18 0.16 01 32 26 19
CV. (%) 75 10.8 138 14.2 12.8 220 125 6.4
NS= Non-significant
Table 26: Plant height as affected by treatments
Treatments 30DAS 60DAS Aentheidht (gggggys efiersouing 120DAS Maturity
RDF+WL 29.7 53.6 85.6 102.9 101.2
RDF+IL 29.7 53.6 85.2 101.9 1005
RDF+|L+ Ethrel 29.1 51.2 85.1 101.0 95.9
RDF +IL+ KCl 29.2 534 85.7 102.2 97.1
RDF+IL+ Nano silicon 28.9 523 85.6 102.3 9.8
C.D. (P=0.05) NS NS NS NS NS
SEx 0.78 1.56 0.82 0.70 117
CV. (%) 463 5.12 1.65 1.20 2.06

NS= Non-significant
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maximum at 60 DAS. Tillerswerefound non-significant
a all growth stages. Thus, it may be concluded that
artificially induced lodging at grain filling stage did not
affect thetillers per meter square. Shoot: emergenceratio
was found non-significant at all growth stages. Shoot:
emergence ratio was recorded maximum at 60 DAS.
Mortality percentage was also found non- significant
at 90 and 120DAS and at harvesting. At harvesting
mortality percentage ranged from 49.0 per cent in
RDF+ ethrel to 51.8 per cent in RDF+IL (Table 25).
Plants hei ght was found non-significant among various
treatmentsat all growth stages. Plant height at maturity
was found to be maximum under RDF +WL, but
remained at par with all other treatments. RDF+ ethrel
reduced the plant height at maturity but the reduction
in plant height was not significant with other
treatments. Plant height at maturity ranged from 95.9
cm to 101.2 cm in RDF+IL+ ethrel and RDF+WL,
respectively (Table 26). Reduced plant height under
RDF+ ethrel may be due to fact that ethrel releases
ethephon which is growth retardant and reduces the
plant height. Dry matter accumulation was non-
significant at all growth stages except at 120DAS. At
120 DAS dry matter was significantly higher in
RDF+WL. At 120DAS, dry matter per square meter
ranged from 1624 to 1185 in RDF+WL and RDF+IL,
respectively (Table 27). Ininduced lodging treatments
dry matter was not affected by the application of
chemicals. LAl wasnon-significant at all growth stages
(Table 28). LAl increased with the advancement of crop
stage and maximum leaf area index was recorded at
120DAS. At 120DAS | eaf arearanged from 3.82t03.94
in RDF+IL+ KC1 and RDF+WL, respectively.
Peduncle length was found significant among various
treatments (Table 29). It was maximum in RDF+WL
which was significantly higher than all treatments

Table 27: Dry matter accumulation (g/m?) as affected by treatments
Dry matter (g/m?) days after sowin

Treatments oA GOD%IS : GODAS  1900AS
RDFWL 87.4 492.0 817.9 1624.0
RDF+IL 87.4 492.0 817.9 1185.0
RDF+IL+ Ethre 79.8 466.0 826.6 1235.0
RDF +IL+ KCI 80.8 492.0 835.0 1262.0
RDF+IL+ Nano silicon 80.2 4829 806.2 1261
C.D. (P=0.05) NS NS NS 172.80
SEt 4.44 11.17 13.40 53.04
C.V. (%) 9.25 3.99 2.82 6.97

NS= Non-significant

Table 28: Leaf area index as affected by treatments

Leaf areaindex

Treatments

30DAS 60DAS 90DAS 120DAS
RDF+WL 135 3.2 3.8 3.94
RDF+IL 135 3.19 3.78 3.87
RDF+IL+ Ethrel 1.23 294 3.68 3.79
RDF +IL+ KCl 1.25 3.09 37 3.82
RDF+IL+ Nano silicon 124 3.03 3.68 3.83
C.D. (P=0.05) NS NS NS NS
SE+ 0.0685 0.068 0.089 01
CV. (%) 9.21 3.86 4.16 4.9

NS= Non-significant

Table 29: Peduncle length (cm) and internode length (cm) as
affected by treatments

Peduncle 1¥ internode 2" internode

Treatments length length (cm) length (cm)
(cm) 90 120 90 120
DAS DAS DAS DAS
RDFWL 32.3 30.7 34.9 14.3 17.3
RDF+IL 32.1 30.6 34.9 14.3 17.3
RDF+IL+ Ethrel 28.6 29.2 32.8 138 14.7
RDF +IL+ KCI 31.0 289 334 14.1 15.2
RDF+IL+ Nano silicon 28.9 29.8 333 14.0 151
C.D. (P=0.05) 2.55 NS NS NS 0.96
SE+ 0.78 0.65 0.52 0.06 0.30
C.V. (%) 4.43 3.76 2.65 1.75 3.20

NS= Non-significant

except than RDF +IL+ ethrel and RDF+IL+ nano-
silicon. Peduncle length ranged from 28.6cm to 32.3cm
in RDF+ ethrel and RDF+WL, respectively. 1
internode length was found non-significant among
treatments at 90 and 120DAS. 2" internode length at
90 DAS was non-significant among treatments. At
120 DAS, 2" internode length was higher in RDF+
WL which was significantly higher than other
treatments except to RDF+IL. Application of ethrel,
K C1 and nano-silicon thus, reduced the 2™ internode
length significantly in wheat after induced lodging.

Phenological studies:

Days taken to 50 per cent heading, anthesis and
physiological maturity were recorded and the data are
givenin Table 30. Daystaken to 50 per cent heading and
anthesis was not affected by treatments. Days taken to
physi ol ogical maturity were significant among treatments.
Maximum daystaken to physiological maturity weregiven
to RDF+IL+ ethrel which was significantly higher than
RDF+WL and RDF+IL, but was at par with RDF+ IL+
KC1 and RDF+IL+ nano-silicon. The possible reason of
such resultsin phonol ogical indices might be dueto fact
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Table 30: Daystaken to heading, anthesis and physiological Table 31: Lodging angle, area lodged (%) and lodging scor e as
maturity as affected by treatments affected by treatments at harvesting

Treatments Heading Anthesis Phgﬂ?&ﬁ%;cal Treatments Lﬁg; 29 Areez(!/z) )d ged nggr'gg
RDF+WL 97.6 102.0 142.7 RDFWL 0 0 0
RDF+IL 97.6 102.7 142.6 RDF+IL 86.6 88.33 85.1
RDF+IL+ Ethrel 99.0 102.6 143.7 RDF+IL+ Ethrel 733 83.3 67.8
RDF +IL+ KCI 98.3 102.3 144.7 RDF +IL+ KCI 71.7 83.3 66.3
RDF+IL+ Nano silicon 97.6 102.0 143.6 RDF+IL+ Nano silicon 71.6 81.6 64.9
C.D. (P=0.05) NS NS 1.33 C.D. (P=0.05) 5.29 5.29 6.65
SE+ 1.08 1.25 0.40 SE+ 1.62 1.62 2.04
C.V. (%) 1.91 212 0.50 C.V. (%) 4.63 4.17 6.22

NS= Non-significant

that lodging was induced at later growth stages hence,
not affecting 50 per cent heading and anthesis.
Physiological maturity was delayed by the application of
chemicalslikeethrel, KC1 and nano-silicon.

Lodging observations:

Lodging angle, area per cent lodged and lodging
score were recorded and data are given in Table 31. At
time of lodging wheat was almost flat with the groundin
artificialy induced treatments. L odging observationslike
lodging angle, area per cent lodged and lodging score
were recorded at time of harvesting. Lodging angle was
significantly affected by treatments. No lodging was
observedin RDF +WL at thetime of harvesting. Among
induced lodging treatments at the time of harvesting
maximum lodging angle, areaper cent lodged and lodging
score was recorded in RDF +IL treatment which was
significantly higher to all treatmentsand minimum angle
wasin RDF+ IL+ nano-silicon. At the time of harvesting
it asobserved that lodging anglewas reduced frominitialy
90° to various angles with maximum reductionin RDF+
IL+ nano silicon where angle of lodging was reduced to
71.6° and was at par with RDF+IL+ ethrel and RDF+
IL+K C1 treatments but wassignificantly lower than angle
in RDF+IL in which angle was reduced to 86.6°. This

indicatethat wheat crop haslittle or no ability to recover
fromlodgingif lodging occursat or after grainfilling stage,
however, foliar application of ethrel, nano-silicon and
potassium chloride have partially make the crop to re-
erect somewhat and it was observed at harvesting time
that upper onethird portion of semwasin upright position.
This appearsto be associated with the upper one or two
internode bending upwardsto partially re-erect the crop.
Area per cent lodged was significantly affected by
treatments. It was maximum in RDF+IL which was
significantly higher than other treatments and minimum
wasin RDF+IL+nano-silicon. Per cent arealodged which
was about 95-100 per cent at thetime of lodging seemsto
be lowered down as the crop partialy re-erected with the
timeand it was observed that about 81.6 per cent areawas
lodged at the time of harvesting where nano-silicon was
applied and this was the lowest area per cent lodged and
highest per cent area was under RDF+IL. Lodging score
wass gnificantly affected by treatments. L odging scorewas
maximum under RDF+ IL which was significantly higher
than al trestmentsand lowest wasin RDF+IL+ nano-silicon.
Thus, it may be concluded that application of different
chemicals have shown positive effect of lodged crop and
make the crop re-erect to some extent.

Table 32: Yield attributing character s as affected by treatments
Treatments 1000_ grain Grai n/ Spi kzes Spi k_elet/ Sterile §pi kelet/ Grain \_Nei ght/ Spike length
weight spike /m spike spike spike (cm)
RDFWL 44.8 422 329.0 20.6 29 21 11.3
RDF+IL 38.8 345 321.0 20.6 4.0 2.0 113
RDF+IL+ Ethrel 438 38.0 326.0 20.4 39 20 11.2
RDF +IL+ KCI 411 37.0 327.0 20.4 4.0 20 11.2
RDF+IL+ Nano silicon 44.2 37.8 327.0 205 37 21 111
C.D. (P=0.05) 4.60 5.68 NS NS 0.7 NS NS
SE+ 171 174 9.42 0.27 0.213 0.88 0.52
C.V. (%) 5.80 8.15 4.78 228 9.94 15.35 8.0

NS= Non-significant
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Post harvest studies:
Yield attributing characters:

In yield attributing characters spike/m?, peduncle
length, spikefertile spikel ety spike, graing/ spike and 1000
grains weight were measured. Among these characters
1000 grain weight and grains per spike weresignificantly
affected by treatments. 1000 grain weight was found to
be under RDF+WL which was significantly higher than
RDF+IL but was at par with other treatments. In this
study there was reduction in 1000 grain weight by 14 per
cent in RDF+IL as compared to RDF+WL. Grains per
spikewere highest in RDF+WL which was significantly
higher than RDF+IL but remained at par with other
treatments. Sterile spikelet was maximum under
RDF+WL and was significantly higher than all the other
treatments. Other characters were not affected by
treatments. Spikes/n? was maximumin RDF+WL which
were at par with all treatments. Spike per square meter
ranged from 321 to 329 in RDF+IL and RDF+WL,
respectively. Spikel ets per spikewashigher in RDF+WL
thiswas at par with all treatments (Table 32).

Grainyield, biological yield, straw yield and har vest
index:

Dataredatedtograinyield biological yied straw yield
and harvest index is given in Table 33. All these
parameters except straw yield were significantly affected
by treatments. Grain yield was recorded maximum in
RDF+WL treatment which was significantly higher than
all other treatments. L odging reduced grain yield and it
was observed that yield reduction was 45 per cent in
RDF+IL ascompared to RDF+WL. Application of ethrel,
and nano-silicon produced higher grain yield ascompared
to RDF+IL treatment. However, KC1 application
produced the yield which was at par with RDF+IL.
Biological yield was significantly affected by treatments
and maximum biological yield wasrecorded in RDF+WL
which was significantly higher than other treatments. It
ranged from 85qg/ha to 121.5g/ha in RDF+IL and
RDF+WL, respectively. Straw yield was non- significant
among treatments. HI was highest in RDF+WL which
weresignificantly higher ascompared to other treatments.
Harvest index ranged from 32.2 per cent to 40.7 per
centin RDF+IL and RDF+WL treatments, respectively.
In this study it was observed that yield was reduced by
45 per cent due to lodging in RDF+ IL treatment as
compared to RDF+WL.

Table 33: Grain yield (g/ha), biological yield (g/ha), straw yield
(g/ha) and HI (%) as affected by treatments

Treatments vidd B|<;Iic;|gc|‘cal 3?31 HI
RDFWL 495 1215 72.0 40.7
RDF+IL 27.2 85.0 57.8 322
RDF+IL+ Ethrel 309 935 62.6 33.0
RDF +IL+ KCI 30.1 93.0 63.0 323
RDF+IL+ Nano silicon 315 95.6 64.1 33.0
C.D. (P=0.05) 3.45 8.16 NS 457
SE+ 1.05 250 2.70 1.40
CV. (%) 5.42 4.43 7.33 7.10

NS= Non-significant

Nutrient studies:

NPK content and uptake by grain, straw and total
uptake were analysed. Nitrogen content in grain was
significantly affected by treatments. Nitrogen content in
grain was observed maximum under RDF+ IL+ KC1
and RDF +IL+ ethrel whichwassignificantly higher than
other treatments except with RDF+IL+ nano-silicon.
Nitrogen content in straw was not affected by treatments.
Nitrogen uptake in grain was observed maximum under
RDF+ WL, which was significantly higher than other
treatments. Nitrogen uptake was significantly affected by
treatments and maximum nitrogen uptake by grain was
recordedin RDF+WL whichwassignificantly higher toall
other treatments. Nitrogen uptake by grain ranged from
47.8kg/ha to 87.8kg/ha in RDF+IL and RDF+ WL,
respectively. Nitrogen uptakein straw was not affected by
treatments. Total nitrogen uptakewas significantly affected
by different treatments and was observed maximum under
RDF+WL and wassignificantly higher than all treatments.
Total nitrogen uptake ranged from 74.2kg/hato 120kg/hain
RDF+IL and RDF + WL, respectively (Table 34).

Table 34 : Nitrogen content (%) and uptake (kg/ha) as effected by
treatments
0,
Treatments (’\;r(;?: tenSttgj\)/ Grai nN upgl:z\/\(/kg/ha')l'otal
RDFWL 177 045 87.80 32.80 120.70
RDF+IL 175 045 47.80 26.30 74.20
RDF+IL+ Ethrel 178 045 5650 2810 84.60
RDF +IL+ KCI 178 046 5420 2940 83.70
RDF+IL+ Nano silicon 177 045 57.90 29.20 87.20
C.D. (P=0.05) 0.01 NS 33 NS 4.46
SEt 0.0047 0.0035 1.02 1.28 1.37
CV. (%) 046 132 29 7.59 2.63

NS= Non-significant
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Phosphorus content and uptake by grain, straw and
total uptakearegivenin Table 35. Phosphorus content in
grain and straw was not affected by treatments.
Phosphorus uptake by grain and straw was significantly
affected by treatments. Phosphorus uptake by grain was
observed maximum under RDF+WL which was
significantly higher than other treatments and lowest
phosphorus uptake was under RDF+IL. Phosphorus
uptake by straw was found maximum under RDF + WL
which was significantly higher than all other treatments.
Total phosphorus uptake was observed maximum under
RDF+WL, which was significantly higher to all other
treatments. Total phosphorus uptake ranged from 22.8kg/
ha to 36.7kg/ha RDF+IL and RDF+WL, respectively.

Potassium content and uptake in grain, straw and total
uptake are given in Table 36. Potassium content in grain
and straw was significantly affected by treatments.
Potassium content in grain and straw was observed
maximum under RDF+ IL+K C1, which was significantly
higher than other treatments. Potassium uptake by grain
was significantly affected by treatments and highest
potassium uptake by grain was observed with RDF+WL,
which was significantly higher to all other treatments.
Total potassium uptake significantly affected by
treatments and it was observed highest under RDF+WL
whichwas significantly higher than other treatments. Total
potassium uptake range wasfrom 95.57kg/hain RDF+IL
to 123.4kg/hain RDF+WL.

Table 35 : Phosphorus content (%) and uptake (kg/ha) as effected by treatments

P content (%, P uptake (kg/h
Treatments Grain o Straw Grain : St(ra?/c 2 Total
RDF+WL 0.46 0.19 22.70 13.96 36.70
RDF+IL 0.45 0.18 12.40 10.40 22.80
RDF+IL+ Ethrel 0.45 0.18 14.40 11.25 25.75
RDF +IL+ KCI 0.45 0.19 13.70 12.10 25.94
RDF+IL+ Nano silicon 0.45 0.18 14.90 11.54 26.44
C.D. (P=0.05) NS NS 0.99 15 1.41
SEx 0.0032 0.0026 03 0.46 0.433
C.V. (%) 1.23 24 3.36 6.47 2.67
NS= Non-significant
Table 36 : Potassium content (%) and uptake (kg/ha) as effected by treatments

K content (% K uptake (kg/ha)

Treatments Grain o Straw Grain pStravE/ e Total
RDF+WL 0.59 1.30 29,55 93.80 123.40
RDF+IL 0.59 1.30 16.25 75.32 95.57
RDF+IL+ Ethrel 0.59 129 18.84 84.40 99.04
RDF +IL+ KCl 0.63 134 19.25 84.85 104.40
RDF+IL+ Nano silicon 0.58 1.29 19.23 82.72 101.80
C.D. (P=0.05) 0.0157 0.009 1.16 NS 11.50
SE+ 0.48 0.00287 0.36 355 352
C.V. (%) 1.39 0.38 3.0 7.36 5.85
NS= Non-significant
Table37: Cost of cultivation, grossreturn, net return and B: C ratio as affected by treatments
Treatments Cost of cultivation (Rs./ha) Gross returns (Rs./ha) Net returns (Rs./ha) B:Cratio
RDF+WL 23650 89783.0 66133.0 238
RDF+IL 25650 53932.0 28282.0 11
RDF+IL+ Ethrel 26670 60478.0 33008.0 13
RDF +IL+ KCl 26450 5933.0 3288.0 12
RDF+IL+ Nano silicon 42685 61647.0 18963.0 04
C.D. (P=0.05) 4626.1 4626.1 0.17
SEx e 1419.3 1419.3 0.054
cv.»w e 3.78 6.82 6.9
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Nitrogen content in grain was higher in ethrel and
K CL1 treatments. This may be due to fact that ethrel has
resulted in higher nitrogen use efficiency. Potassium
chloride also may result in higher nitrogen content in
grain. However, phosphorus content was not affected
by application of different chemicalslike ethrel, KC1
and nano-silicon. Potassium content in grain and straw
was observed higher in KC1 application this may be
due to fact that additional foliar spray at grain filling
stage resulted in higher potassium content in grain and
straw.

Economic analysis:

Gross return, net return and benefit: cost was
significantly affected by treatments. Highest grossreturn/
ha was obtained in RDF+WL which was significantly
higher than all other treatments and lowest gross return
was obtained under RDF+IL. Net return /hawas highest
in RDF+WL and lowest in RDF+ IL+nano-silicon.
Benefit: cost ratio washighest under RDF+WL and lowest
under RDF + IL+ nano-silicon. Gross returns were
increased by 14, 12 and 10 per cent by nano-silicon, ethrel
and K C1 application ascompared to RDF+IL treatment.
Net returns by ethrel and KC1 were increased by 19.5
and 16.3 per cent, respectively as compared to RDF+
IL. However, net returns by nano-silicon were decreased
by 32 per cent as compared to RDF+IL. Thisis due to
fact that cost of cultivationin RDF+IL+ nano-siliconwas
higher than RDF+IL and thus, resulted in minimum net
return and B:C (Table 37).

Conclusion :

It is concluded from the experiment that lodging
significantly reduced the grain yield. Recommended dose
of fertilizer 150:60:40kg /hawas efficient for maximum
growth and yield, higher gross return, net return and
minimum crop lodging. Subsequent increase in nutrient
dosesresulted in crop lodging which ultimately reduced
the grain yield. Cycocel can be used to reduce the crop.
Cycocel aone proved to be more effective in lodging
management and increase in yield as compared to when
cycocel was mixed with fungicide. Under artificially crop
lodging situations ethrel or potassium chloride may prove

to be beneficia since these chemicals can reduce the
yieldloss by |odging asthese can makethe crop to recover
from lodging. However, these results are based on one
season data further investigations are required to study
the causes and effects so as to validate the possible
benefitsto farming community.
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