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Abstract: Calcium carbide is well known as a nitrification inhibitor and its role as a source of ethylene (C:HaJ),
a potent plant growth regulator, is not thoroughly investigated. A pot trial was conducted to evaluate the
effectiveness of formulated calcium carbide with different doses of nitrogen fertilizer on nitrogen use
efficiency, growth and yield of wheat. At the 1st step calcium carbide was formulated with polyethylene and
plaster of paris and named as Matrix-l (21% calcium carbide, 58% polyethylene and 21% plaster of paris).
Wheat cv. Inqulab-91 seeds were sown in pots and 5 plants were maintained. Calcium carbide was applied
@ 0, 7.5, 15 and 22.5 mg/kg pot soil with 0, 30 and 60 mg N/kg soil. It was noted that nitrogen fertilizer
application significantly enhanced almost all growth and yield parameters of wheat. It was also observed that
matrix-I not only improved growth and vield parameters of wheat except plant height, which was reduced by
CaCs application, but also enhanced N uptake by different plant parts of wheat, when applied @ 15 mg CaC:
kg™ sail at 8 cm soil depth. It was further noted that matrix-1 better improved N use efficiency when applied
with half recommended dose of N fertilizer than that of with full recommended N fertilizer rate.
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INTRODUCTION

Nitrogen (N) fertilizer, when applied through broadcast
over the soil surface, most of it is lost due to ammonia
volatilization (Freney ef al., 1992a; 1992b). These losses
can be checked by applying N fertilizer through
incorporation or deep placement methods. However,
close contact of drilled fertilizer with soil increases the
processes of nitrification/denitrification and N loss in the
form of N2O emissions and/or nitrate leaching (Freney et
al., 1993). It is thus crucial to incorporate or deep place
N fertilizer with some nitrification inhibitor to enhance
nitrogen use efficiency and yield of crop (Mahmood,
2009).

Previous studies have shown that Encapsulated
Calcium Carbide (ECC) when applied to soil creates a
low level of acetylene, which is adequate to inhibit
nitrification (Berg ef al,, 1982; Bronson ef al., 1992).
Keerthisinghe ef af. (1996) reported that addition of ECC
to soil significantly reduced the emission of Nz + N20
from incorporated and deep placed urea and resulted in
increased exchangeable ammonium concentration and
thus a prolonged stay of fertilizer N in the soil may
benefit more crop production.

Calcium carbide is also a famous precursor of ethylene.
Acetylene released from ECC is reduced to ethylene by
soil microorganisms, which enters the plant through

roots (Muromtsev et al/, 1988; Bibik ef al, 1995).
Ethylene is a plant hormone which is involved in almost
all developmental processes ranging from germination
of seed to senescence of various organs and in many
responses to environmental stress (Lurssen, 1991;
Kashif et al,, 2007). There is a cross talk between the
ethylene signaling pathway and other hormone
signaling pathways, particularly with auxin, whose
effects are often mediated by ethylene (Mahmood, 2009).
The wide range effects of ethylene have made it a topic
of intense research for decades and a lot of work has
been done on different crops regarding ethylene effects
(Kashif et af., 2008).

In some previous studies Matrix-l calcium carbide based
formulation performed as the most sustainable source
of acetylenefethylene and the best nitrification inhibitor
than other formulations tested. This study was planned
to check the response of growth and yield parameters
and nitrogen use efficiency of wheat plants at different
rates of matrix-l formulated calcium carbide in the
presence of different levels of nitrogen.

MATERIALS AND METHODS

A pot experiment was conducted at wire house of
Institute of Soil and Environmental Sciences, University
of Agriculture Faisalabad, Pakistan, under natural
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environmental conditions, to evaluate the effect of rate of
calcium carbide as Matrix-l with different doses of
nitrogen fertilizer on wheat growth and yield parameters
and nitrogen uptake by plant.

Formulation of calcium carbide: Matrix-I (21% calcium
carbide, 58% polyethylene and 21% plaster of paris)
was prepared by mixing powdered calcium carbide
(about <200 pm diameter) and plaster of paris with
molten polyethylene in a rotator mixer. After complete
mixing matrices were poured out on a paper sheet and
allowed to cool down. The clumps then cut into 4 mm
diameter particles and dipped into paraffin oil to block
the cut ends.

Soil preparation and pot filling: The surface soil from
0-30 cm depth was collected from the research area of
Institute of Soil and Environmental Sciences, University
of Agriculture, Faisalabad, Pakistan. The soil was air-
dried, ground and passed through 2 mm sieve and
analyzed for physical and chemical properties. The soil
was sandy clay loam in texture. Some other properties of
this soil were as follows: pH 7.85;, ECe 2.53dS/m;
organic matter contents 0.62% and total N contents
0.032%. Earthen pots (25 cm long and 15 cm diameter)
were lined with polyethylene sheet and filled with soil @
12.5 kg/pot with gentle packing. The pots were arranged
according to Completely Randomized Design (CRD) 2
factor factorial with 4 replications. The data were
analyzed statistically by using Fischers analysis of
variance technique and difference among treatment
means was compared by using least significance test
(LSD) at 5% level of probability (Steel and Torrie, 1984).
Ten seeds of wheat cv. Inqulab-91 per pot were sown
at 1 cm depth and only five seedlings were maintained
after germination at two-leaf stage. Uprooted plants
were incorporated in the same pot. Phosphorus (P) and
potassium (K) were applied at recommended rate of
45-30 mg/kg soil in the form of fertilizer Single Super
Phosphate (SSP) and Sulphate of Potash (SOP),
respectively. All P and K were added to the soil at sowing
time.

Nitrogen fertilizer application: Nitrogen fertilizer was
applied at zero (control), half (30 mg/kg soil) and full
recommended rate (60 mg/kg soil). In every case
nitrogen was applied in two splits i.e. half at sowing time
and remaining half dose after two weeks of germination.

Calcium carbide application: Calcium carbide in the
form of matrix-1 was applied two weeks after sowing at 8
cmdepth @ 0, 7.5, 15 and 22.5 mg/kg soil.

Pots were irrigated with canal water to keep the moisture
level of soil approximately near to field capacity. Weeds
were uprocted manually, chopped and mixed within the
same pot soil. Necessary plant protection measures
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were adopted for all the pots during the crop growth
period.

Parameter studied: Following parameters were studied
during growth period or at final harvest.

Plant height: Heights of all plants from each pot were
measured in cm with meter rod and means were taken.

Number of total and fertile tillers/pot: Total and fertile
tillers were counted from each pot at the completion of
tillering and hooting stage, respectively.

Biological yield: Each pot was harvested and tied into
bundle. Biological yield was recorded by weighing the
bundle of each pot with digital electrical balance.

Grain yield: The bundles were first sun-dried and then
threshed manually. The grain weight was recorded in
grams with the help of digital electrical balance.

Straw yield: Straw yield was calculated by the difference
of biological yield and grain yield.

Nitrogen concentration in different plant parts: Dried
and powdered straw, grain and root material (1.0 @) was
digested using 20 ml of H:504 (conc.) and 8 g of
digestion mixture (K:SO4: FeS04: CuS0Cs = 10: 1: 0.5) for
each sample. Nitrogen was determined by distillation
and with micro Kjeldahl's apparatus and titration with
standard H2S0: (Jackson, 1962).

Nitrogen uptake by straw or grain: Nitrogen uptake by
straw or grain was calculated by multiplying straw or
grain yield with nitrogen concentration (%) in straw or
grain, respectively.

Spike length: Spike length {cm) was measured with the
help of ruler and mean was calculated from each pot.

Number of spikelets/ispike: Number of spikelets/
spike was counted and mean was calculated from each
pot.

Number of grainsi/spike: Spikes from each pot were
threshed manually, grains were counted and mean was
calculated.

RESULTS AND DISCUSSION

Plant height: Effect of rate of calcium carbide (matrix-I)
with and without different doses of N fertilizer on plant
height (cm) of wheat is shown in Table 1. Plant height
was significantly increased with increasing rate of N
fertilizer whereas calcium carbide application reduced
plant height compared to that in the treatment of N
fertilizer alone. Minimum plant height (73.9 cm) was
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Table 1: Effect of different rates of matrix-I formulated calcium carbide with and without nitrogen ferilizer on growth and yield
parameters of wheat

Plant Total Number Spike Number Number 1000-grains  Biological Grain
|N-CaC, height number of fertile length of spikelets  of grains weight yield yield
(mg kg sal) (cm) of tillers tillers (cm) per spike per spike Q) Q) (9)
0-0 75.299 14.25h 10.00e 8.20e 11.57e 44.329 41.12f 31.99i 14.39h
0-7.5 75.17gh 14.75gh 10.50e 8.55e 11.61e 45.31fg 42.56e 32.44i 14.53h
0-15 74.54gh 15.50fgh 11.00e 9.18d 11.96e 47.68def 43.94e 36.33h 16.73g
0-22.5 73.93h 16.25fg 10.25e 9.15d 12.01e 48.42cde 43.56e 36.57h 16.00gh
30-0 85.18d 17.25F 14.00d 9.03d 14.14d 47 21ef 45.75d 41.96g 18.76f
30-7.5 83.36e 20.50e 16.67¢c 9.79%¢ 15.02d 49.41cde 47.50¢c 46.55f 20.73e
3015 82.26ef 23.00d 19.91b 9.78¢c 15.23d 53.37a 49.06ab 59.95d 25.64c
30-225 81.74f 22.75d 17.75¢ 9.76¢c 14.94¢ 50.62bc 46.92cd 54.69 23.62d
60-0 94.27a 20.75e 17.50c 10.26b 16.70b 50.02cd 48.36bc 55.44e 24.06cd
60-7.5 91.92b 24.75¢ 20.00b 10.48ab 17.42ab 52.65ab 49.45ab 66.09b 28.32b
60-15 90.73b 26.75b 23.75a 10.80a 17.77a 54.54a 50.50a 70.57a 31.21a
60-22.5 89.52c 29.25a 22.50a 10.3%ab 16.91b 53.06ab 47 .56¢c 62.75¢c 25.61c
LSD p<0.05) 1.19 1.67 1.72 0.42 0.79 2.45 1.38 2.44 1.58

Figures in the same column with different letter(s) differ significantly at p<0.05 by LSD test

noted where calcium carbide was applied @ 22.5 mg/
kg soil with no N fertilizer while it was maximum (94.3
cm) in treatment where full recommended dose of N
fertilizer was applied without calcium carbide.
Comeparison of all the three N fertilizer levels indicates
that CaC: application @ 7.5 and 15 mg/kg soil had
statistically similar effect on plant height in the presence
of N fertilizer while higher dose of CaC: (22.5 mg/kg soil)
showed significant effect on plant height.

Number of tillers: Data on the effect of rate of calcium
carbide (matrix-1) with and without N fertilizer on total and
fertile number of tillers/pot of wheat is presented in
Table 1. Number of tillers as well as humber of spikes
bearing tillers (fertile tillers) per pot was increased with
increasing rate of nitrogen fertilizer. These were further
increased with the addition of calcium carbide to the N
fertilized pots. It is quite obvious from the data that
calcium carbide application significantly increased total
number of tillers/pot compared to that in the respective
treatment of nitrogen fertilizer alone. Maximum number
of total tillers/pot (29.2) was observed in the treatment
where calcium carbide was applied @ 22.5 mg/kg along
with full recommended dose of nitrogen (60 mg/kg soil)
while minimum in the control.

Calcium carbide, when applied without N fertilizer, did
not affect number of spikes/pot (number of spike bearing
tillers). Treatment having calcium carbide application @
7.5 mg/kg soil with half of recommended dose of
nitrogen (30 mg/kg soil), produced spikes even more
than that of the treatment with full recommended dose of
nitrogen fertilizer but without calcium carbide. Maximum
number of spikes/pot was recorded in the treatments
where calcium carbide was applied @ 15 or 22.5 mg/kg
soil in the presence of full recommended dose of N
fertilizer as compared to treatment of recommended N
fertilizer alone. According to an estimate, pots treated
with 22.5 mg CaCq/kg soil produced 35% more number
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of spike bhearing tillers in the presence of full dose of
nitrogen fertilizer than that of alone full dose of N
fertilizer.

Spike length: Spike length was significantly increased
with increasing rate of N fertilizer (Table 1). However,
calcium carbide application with either dose of nitrogen
fertilizer further increased the spike length compared
with the respective alone N fertilizer treatment. Maximum
spike length (10.8 cm) was noted where N-CaC: was
applied @ 60-15 mg/kg soil (full recommended dose of
nitrogen fertilizer-rate of CaCs). Data also revealed that
different rates of calcium carbide did not differ from each
other in increasing spike length.

Number of spikelets: A gradual increase in number of
spikelets/spike was noted with increasing rate of
nitrogen fertilizer and it was further increased with the
addition of calcium carbide as shown in Table 1.
Maximum number of spikelets/spike (17.8) was
observed where calcium carbide was applied @ 15
mg/kg soil along with full recommended does of
nitrogen fertilizer (60 mg/kg soil). In case of half and full
recommended dose of N fertilizer, almost similar
number of spikelets per spike were ohserved with the
addition of calcium carbide. Calcium carbide without
nitrogen fertilizer did not affect number of spikelets/
spike of wheat.

Number of grains: Combined effect of calcium carbide
and nitrogen fertilizer application on number of grains/
spike is obvious from Table 1. Number of grains/spike
was significantly increased with increasing rate of
nitrogen fertilizer however addition of calcium carbide
further improved production of grains. Maximum number
of grains/spike (54.5) was noted where calcium carbide
was applied @ 15 mg/kg soil with full recommended
dose of nitrogen and it was minimum (44.3) in control
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where no calcium carbide and N fertilizer were applied.
Treatments with calcium carbide @ 15 or 22.5 mg/kg
soil plus half recommended N fertilizer produced grains
comparable to that where full recommended N was
applied without CaCs These results suggest that
calcium carbide has definite role in the production of
more wheat grains either by improving N use efficiency
or stimulating growth promoting hormones.

Thousand grains weight: Effect of calcium carbide with
and without nitrogen fertilizer on thousand grains weight
(@) of wheat is shown in Table 1. 1000-grains weight
was increased with increasing rate of nitrogen fertilizer.
Calcium carbide (matrix-1) application significantly
enhanced 1000-grains weight compared with respective
fertilizer alone treatment. Maximum and statistically
similar weight was noted in treatments with CaC: @ 15
ma/kg + 30 mg/kg N or 15 or 22.5 mg/kg CaC,+60 mg/kg
nitrogen. lrrespective to the rate of N fertilizer applied, a
reduction in 1000-grains weight was noted with the
application of calcium carbide @ 22.5 mg/kg soil
compared with the treatment where it was applied @ 15
mg/kg soil.

Biological yield: It is evident from the data (Table 1) that
increase in nitrogen fertilizer application significantly
increased the biological yield of wheat and addition of
calcium carbide further improved it. It was noted that
maximum biclogical yield was produced by the
application of calcium carbide @ 15 mg/kg soil, followed
by 7.5 mg/kg soil in the presence of full recommended
dose of nitrogen fertilizer. Treatment with half of
recommended nitrogen fertilizer plus 15 mg/kg CaC:
produced 8% more biological yield than that where full
recommended N fertilizer was applied without CaCo.
Compared with 15 mg/kg soil CaC:z similar or less
biological yield was observed with its higher rate (22.5
ma/kg soil) when applied with either dose of nitrogen
fertilizer.

Grain yield: Grain yield of wheat was also affected by
rate of calcium carbide with and without N fertilizer as is
clear from the data summarized in Table 1. It is clear
from data that grain vield was significantly increased
with increasing rate of N fertilizer and addition of calcium
carbide. Maximum grain yield (31.2 g) was noted where
calcium carbide was applied @ 15 mg/kg soil, followed
by 7.5 mg/kg soil in the presence of full recommended
dose of nitrogen fertilizer. Irrespective to the dose of
nitrogen fertilizer applied, a reduction trend in grain yield
was observed with the application of high dose of
calcium carbide (225 mg/kg) compared to the
treatments where it was applied @ 15 mg/kg soil.
Treatment where half of recommended nitrogen fertilizer
was applied with 15 mg/kg CaC: produced grain yield
statistically similar to that where full recommended N
fertilizer was applied without CaCs.
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Table 2: Effect of different rates of matrix-1 formulated calcium
carbide with and without nitrogen fertilizer on nitrogen
concentration and uptake by wheat straw and grain

N uptake N uptake

N-CaC, %N in %N in by straw by grain
(mg kg soil) straw grain (g pot™) (g pot™)
0-0 0.37f 1.55i 0.06g 0.22g
0-7.5 0.38f 1.57i 0.07fg 0.23g
0-15 0.39%e 1.63h 0.08fg 0.27g
0-22.5 0.40e 1.64h 0.08f 0.269
300 0.45d 1.98g 011e 0.37f
30-7.5 0.47d 2.03f 0.12d 0.42e
30-15 0.49¢ 2.07e 017b 0.53cd
30-225 0.50c 2.09d 0.15¢c 0.49d
60-0 0.57b 2.14c 0.18b 0.52d
60-7.5 0.58ab 2.18b 0.22a 0.62b
60-15 0.59a 2.24a 0.23a 0.70a
60-22.5 0.60a 222a 0.22a 0.57¢
LSD {p<0.05) 0.014 0.023 0.014 0.045

Figures in the same column with different
significantly at p<0.05 by LSD test

letter{s) differ

Nitrogen concentration in wheat straw and grain:
Nitrogen concentration in both plant parts i.e. straw and
grains was increased significantly with increasing rate
of nitrogen fertilizer (Table 2). Irrespective to the dose of
nitrogen fertilizer applied, addition of calcium carbide in
the N fertilized pots significantly increased N
concentration in straw and grain however, straw N
concentration in treatments where CaC: was applied @
7.5 mg kg™ soil did not differ significantly from respective
alone fertilizer treatment. Maximum N concentration in
grains as well as in straw was noted in the treatment
where calcium carbide was applied @ 15 mg kg” soil
with full recommended dose of nitrogen fertilizer and it
was comparable with the treatment having 22.5 mg
CaC: kg soil plus full recommended dose of N fertilizer.

Nitrogen uptake by wheat straw and grain: Nitrogen
application significantly increased N uptake of wheat
straw and grains (Table 2). Application of calcium
carbide with half or full recommended dose of nitrogen
fertilizer further enhanced N uptake by both plant parts.
Maximum N uptake was noted where calcium carbide @
15 mg/kg soil was applied with full dose of nitrogen
fertilizer. Compared with 15 mg CaCa/kg soil, a reduction
in N uptake was observed where CaC: was applied @
22.5 mg/kg soil. Wheat straw and grain accumulated
more nhitrogen in the treatment with half dose of nitrogen
fertilizer plus CaCs» @ 15 mg/kg soil than the treatment
where recommended dose of N fertilizer was applied
without CaCo.

Relative percent increase in parameters: Relative
percent increase in plant growth and yield and analytical
parameters of wheat due to calcium carbide application
at zero (control), half and full recommended dose of
nitrogen fertilizer is presented in Table 3. It is revealed
from the data that calcium carbide application increased
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Table 3: Relative percent increase/decrease in growth and yield
parameters and nitrogen status of wheat plant due to
calcium carbide application compared to respective
treatment of fertilizer alone

Maximum increase due to addition
of CaC: (%)

Parameter No N fert. ¥2 N fert. Full N fert.
Total tillers 14.04 33.33 40.96
Fertile tillers 10.00 4229 3571
Plant height -1.38 -4.03 -5.04
Spike length 10.74 8.42 5.26
No. of spikelets/spike 3.71 7.63 6.41
No. of grainsfspike 9.23 13.05 9.04
1000-grains weight 6.83 7.26 4.43
Total yield 14.35 42.90 27.29
Grain yield 16.18 36.67 2072
Straw yield 16.93 47.95 2543
N%age in grain 5.87 5.56 487
N%age in straw 8.11 1.1 5.26
N uptake by grain 2273 43.24 577
N uptake by straw 33.33 54.55 27.78

Table 4: Effect of rate of matriz-1 formulated calcium carbide with
half and full recommended dose of N fertilizer on

different efficiency parameters of wheat

Types of efficiency

Agronomic Physiological Apparent
N-CaC: efficiency efficiency N recovery
(mg kg™ sail) (gg'N) (gg'N) (%)
30-0 11.6d 29.5d 39.2d
30-7.5 16.5bc 31.7bcd 51.7¢c
30-15 23.8a 34.5ab 68.9a
30225 20.3ab 32.6abcd 61.9ab
60-0 12.9¢d 32.8abc 38.9d
60-7.5 18.4b 35.4a 51.9¢
60-15 19.3b 33.9abc 56.9bc
60-22.5 12.8¢cd 31.2cd 40.9d
LSD (p<0.05) 3.9 3.3 7.9
Figures in the same column with different letter(s) differ

significantly at p<0.05 by LSD test

grain yield by 16.2%, 36.7% and 29.7% over respective
no calcium carbide treatment, when applied with zero,
half and full recommended dose of nitrogen fertilizer,
respectively. Similarly in case of other parameters
calcium carbide comparatively gave more benefit where
applied with half of recommended nitrogen fertilizer than
zero or full dose of it.

Nitrogen use efficiency: Application of calcium carbide
in the form of matrix-l formulation significantly improved
agronomic efficiency, physiological efficiency and
apparent nitrogen recovery (Table 4). All of these
efficiencies had maximum values in the treatments
where calcium carbide plus half of the recommended N
dose was applied. The extents of these efficiencies were
increased from 11.6, 29.5 and 39.2 to 23.8, 34.5 and
68.9, respectively due to application of calcium carbide
along with half of recommended dose of nitrogen
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fertilizer. In case of full recommended dose of nitrogen
fertilizer though calcium carbide application improved
nitrogen use efficiency but up to less extent than that with
half of recommended dose of nitrogen fertilizer.
Improvement in wheat growth and yield parameters and
N uptake by different plant parts with increasing rate of
N fertilizer up to an optimum level is a well known fact
and has already been reported by Bakhsh ef a/. (1999),
Mahmood ef af. (2010) and Khan ef al. (2000).

Cereal grain yield is the contribution of several
components: spikes per unit area, grains per spike and
grain mass. The net effect of ethylene on grain yield
depends on the balance of positive, null and negative
responses of individual yield components to ethylene.
Decrease in plant height with calcium carbide is a typical
response of ethylene produced in the soil due to CaCs
application {Dahnous ef af., 1982; Wiersma et a/., 1986,
Rajala et af., 2002 and Mahmood ef af., 2002). Increase
in number of tillers and spikes per unit area with calcium
carbide application are owing to ethylene production and
better N supply due to nitrification inhibition. Cartwright
and Waddington (1982); Sharma and Yadav (1998),
Mahmood ef al. (2002) and Yaseen et al. (2004) also
reported similar results of ethylene on tillering in
cereals.

Increase in number of grainsf/spike and grain weight
with the addition of calcium carbide might be due to
effective action of calcium carbide on oxidation of NH+*
i.e. nitrification inhibition for certain period of time that
leads to prolonged stay of nitrogen in the soil and thus
enhances the N economy of the soil or stimulatory effect
on certain other growth promoting hormones. However,
it can also be speculated that mixed nitrogen supply
(ammonium-N and nitrate-N both, instead of nitrate-N
alone) also made the nitrogen nutrition of wheat plants
better and they tock up more N compared to that where
no CaC: was applied. This improved N economy of soil
might help to produce more and bold grains. Benefits of
mixed nitrogen nutrition on plant growth and
development are also reported by Chen et al. (1998) and
Ali ef al. (2001).

It is revealed from the results that calcium carbide
application with lower dose of nitrogen fertilizer (30
mg/kg soil) improved most of the wheat growth and yield
parameters as well as N uptake almost to the same
level as with full recommended dose of nitrogen fertilizer
applied without calcium carbide. This is clear indication
that calcium carbide application improved the N use by
the wheat plant. This also indicates existence of a lot of
N losses due to nitrification and denitrification under
field conditions. That is why N use efficiency seldom
exceeds 40%. Moreover, results of this experiment also
suggest that nitrification inhibition and ethylene supply
benefited the wheat crop most probably by enhancing
the N economy in the growth medium i.e. soil by
minimizing N losses.
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