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ABSTRACT

Field trials were conducted during 1991 and 1992 scasons, at the
Agricultural Research and Experiment Center. Faculty of Agriculture,
Moshtohor. Zagazig University to evaluate the effect of different N levels (15.
30. 45. 60. 75. 90 and 105 kg N/fed.) and nitrapyrin as a nitrification inhibitor
on growth and yield of maize.

Results showed that growth, yield and yield components as well as
protein content in grains of maize were significantly increased by increasing N
rates up to 105 kg N/fed.

Addition of nitrapyrin with urea produced the highest values of growth.
yield and yield components of maize. Using nitrapyrin with urea. increased
maize grain yield/fed. by 12.6 and 10.3% in 1991 and 1992 seasons.
respectively. as compared with urea alone.

Plant height in 1991 and 100-kernel weight. shelling percentage. grain
yicld/fed. and protein content in grain in the two scasons were significantly
influcnced by the interaction between N levels and nitrapyrin. Maize grain was
significantly increased with incrcasing N levels up to 105 kg N/fed. when
nitrapyrinc was not used. However. combination of nitrapyrin with urca
significantly increased grain vield of maize with increasing N levels up to 75 kg
N/fed

Under the conditions of this study 1t can be concluded that using
mtrapyrin as nitrification inhibitor combined with 75 kg N/fed (urca) produced
the highest gram yicld of maizc and saxed 40 kg N/fed
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INTRODUCTION

Nitrogen fertilizer is cirtical for economic maize grain yields tobe
achieved. Nutrient loss from the rhizosphere is greater with N than any other
plant nutrient. Many investigators reported that N recovery by crops under ficld
conditions is often less than 50% (York and Tucker, 1985). N applied in the
ammonical form undergoes a biological oxidation to nitrate, which is subject to
both leaching and denitrification. This oxidation process, known as nitrification,
is carried out in soil mainly by Nitrosomonas bacteria. Such losscs of N result in
loss of fertilizer, energy and contaiminate ground water by the accumulation of
NOs3. :

Nitrification inhibitors retard the oxidation of fertilizer NH4 to NO3,
and this should reduce N losses from leaching and denitrification and
consequently increase N use efficiency with corresponding improvement in corn
growth, yield and quality (Frye et al, 1989). Recently, nitrapyrin is
commercially available synthetic nitrification inhibitors and became common
and widely used in many agricultural production systems in USA and Europe.
Huber et al. (1977) reported that nitrification inhibitors (especially nitrapyrin) is
a new tool for food production. Walters and Malzer (1990) showed that
nitrification inhibitors are recommended for use with ammoniacal fertilizer in
corn production to improve fertilizer N use efficiency. They concluded that
nitrification inhibitor (NI) with moderate N rates coupled with conservation
irrigation management should reduce the risk of corn yield loss and minimize
NO3 movement to groundwater. They also added that urea + NI increased corn
yield and fertilizer N use efficiency at 90 kg N/ha, when leaching was high.
Huber et al. (1977) and Frye et al. (1981) reported that surface application of
nitrapyrin have been effective in increasing corn grain yield. Chancy and
Kamprath (1982) found that nitrapyrin with urea decreased soil N losses, and
significantly increased leaf N concentration. grain yields. plant N accumulation
and N fertilizer recovery. Also, Martin et al. (1993) recorded that nitrapyrin may
reduce loss of fertilizer N from the root zone by reducing leaching and
denitrification. this reduced N loss should be reflected in increased crop yields.

Yield and vicld components of maizc werce increased as the N fertilizer
application level incrcased (Shafshak er al., 1981: Faisal. 1983: Kamcl et al..
1986: Khedr. 1986: Mahgoub. 1987: Gouda. 1989 and Younis et al., 1990).

In Egypt. expcrimental results for cvaluating the cffect of nitrification
inhibitor (nitrapyrin) on ficld crops are indeed limited. Zaid and Doss (1993)
found that urca or ammonium sulphate mixcd with nitrification inhibitor (N-
scrve) improved the quality and yicld of carrot. Thus. the objectives of this study
were directed to cvaluate the cffect of nitrapyrin as nitrification inhibitor under
different N levels on growth and yield of maizc
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MATERIALS AND METHODS

Two ficld experiments werc carried out during 1991 and 1992 seasons
at the Agriculture Research and Experimente Center. Faculty of Agriculture at
Moshtohor. Zagazig University to evaluate the effect of nitrapyrin as a
nitrification inhibitor applicd under different N levels on growth. yield and vield
components. as well as protein content 1n grain of maize

The compositc maize variety Giza 2 was used in this study. Normal
cultural practices were applied properly Planung dates were 20th and 26th June
in 1991 and 1992 scason. respectively The preceding crop was wheat in the two
seasons.

Soil was clay textured with pH value of 7 9. 2.55% (organic matter) and
CaCOj contents of 3.65%.

Each experiment included 14 treatments which were the combination of
7 N levels as urea 46% N: 15.30.45.60. 75. 90 and 105 kg N/fed. with and
without nitrapyrin. Nitrapyrin [2-chloro-6-(trichloromethyl) pyridine] used as a
nitrification inhibitor (NI) applied at a rate of 0.5% of N in the fertilizer (Dow
Chemical Co.. Midland. MI. USA). For urca + nitrapyrin treatments; urca was
thoroughly mixed with nitrapyrin. to ensure uniform distribution. just prior to
field application according to Walters and Malzer (1990). N or N + NI were
applied in hills (about 15 cm from the base of the plants) and incorporated
directly by shallow cultivation. then st irrigation followed at the same day

The treatments were laid out in a randomized complete block design
with four replications. The size of each plot was 10.5 m?2 (3 x 3.5 m) or 1/400
fed and contained 5 ridges

At harvest. 10 plants and 10 ears were taken randomly from each plot
to determine: plant hcight (cm). car height (cm). stem diameter (mm) of the
internode below the car. number of rows/car. number of kernels/row. car weight
(gm). 100-kernel weight (gm) shelling percentage. and protein percentage in
grains (using procedure of Micro-Keldahl's as outlined by AO.A.C. 1970)
Grain vicld (kg/fed ). adjusted to 15 5% moisture content. was cstimated from
the middlc ? rows of cach plot

Statistical analysis for the studied characters were conducted according
to Steel and Torric (1981)

—

RESUL TS AND DISCUSSION

1. Effect of N fertilizer level:
Results 1 Table (1) show the sigmficam cffect of N level on some
growth characters of maize plant height. car height and stem diameter i 1991
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and 1992 scasons. Plant height. ear height and stem diameter were significanth
increased with the increase in N level from 15 to 105 kg N/fed. in both seasons
It is quite evident that N fertilizer had a great effect on maizc growth. These
results indicate clearly the vital role of N in plant growth as it is necessary for
protoplasm formation, photosynthesis activity in all plants. and necessary for ccll
division and merestimatic activity in plant organs. The present results are in
agreement with those reported by Shafshak er al. (1981). Faisal (1983) and
Khedr (1986).

Data in Table (1) indicated the significant effect of N level on yield
components of maize in the two seasons. Ear length, ear diameter, number of
kernels/row. ear weight, 100-kernel weight and shelling percentage significantly
increased as the N level increased from 15 to 105 Kg N/fed. Similar results were
reported by Shafshak et al. (1981), Faisal (1983) and Khedr (1986).

Maize grain yield responded significantly to N level in the two seasons.
Applying N at 30, 45, 60, 75, 90 and 105 kg N/fed. increased grain yield by
259, 82.2, 112.9, 134.1, 148.3 and 153.8% over 15 kg N/fed. in 1991 season.
corresponding to 5.5, 14.4, 29.8, 49.5, 58.1 and 60.8% in 1992 season.
respectively. The effect of N fertilizer on maize grain yield is due to its effect on
vegetative growth and yield components. A better vegetative growth caused to
intercept and trap more light energy through photosynthetic products
accumulation and source/sink relation which is reflected on the yield and yield
components. The present results are in agreement with those reported by
Shafshak et al. (1981), Faisal (1983), Kamel et a/. (1986). Gouda (1989) and
Younis (1990).

The increase in N level significantly increased protein content in maize
grain in both seasons. Protein percentage increased by 16 and 17.9% as the
result of increasing N level from 15 to 105 kg N/fed in 1991 and 1992.
respectively. This result indicates the vital role of N in forming amino acids
which are condensed in turn to form proteins. Similar results were obtained by
Faisal (1983). Mahgoub (1987) and Gouda (1989) who found that the increasc in
N level significantly increascd protein content in grain.

I1. Effect of nitrapyrin:

Results in Table (2) show that growth characters and yicld components
of maizc were significantly affccted by using nitrapyrin in the two scasons. Plant
height. car height and stem diameter were  significantly increased by niximg
nitrapyrin with urca fertilizer The present results confirmed the findings of
Touchton and Kabana (1985) They found that nitrification inhibitor (EDB)
resulted in greater plant height and plant weight of corn

Nitrapyrin incrcascd car characters and vicld components i both
scasons. This may be attributed to reducing N losscs and incrcasing N fertilizer
usc cfficiency
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Maize grain vicld/fed. incrcased markedly by using nitrapyrin.
Nitrapyrin significantly increascd maize grain yield by 12.6 and 10.3% as
comparcd  with the check treatments in the first and second season. respectively.
Protein content in maize grain was influenced by nitrapyrin with significant
difference in the sccond scason only.

Generally. results indicated that. increases in growth. yield and yicld
components of maize have been obtained by using nitrapyrin. These increases
arc mainly attributed to nitrapyrin, as a nitrification inhibitor, minimized
fertilizer N losses associated with NO3 by maintaining the NH, form (Touchton
et al., 1979). delayed nitrification process (Boswell and Anderson. 1974 and
Chancy and Kamprath, 1982) and thus prolonged the availability of NHy4-N for
plant use (Huffman. 1989) and this should reduce N losses from leaching and
denitrification and consquently increase N use efficiency with corresponding
improvement in maize production (Huber et al., 1977; Touchton ef al., 1979:
Frye et al., 1981: Frye et al., 1989 and Walters and Malzer, 1990). Also. Martin
et al. (1993) found that nitrapyrin, as a nitrification inhibitor, may reduce loss of
N fertilizer from the root zone by leaching and denitrification. Such reduce in N
loss should be reflected in increasing corn yields. Also, Chancy and Kamprath
(1982) showed that nitrapyrin with urea decreased soil N losses and significantly
increased leaf N concentration. grain yields, plant N accumulation and fertilizer
N recovery. ;

III. Interaction effects:

Plant height in 1992 and 100-kernel weight, shelling percentage. grain
yield/fed. and protein content in grain in the two seasons were significantly
influenced by the interaction between N level and nitrapyrin (Tables 3 and 4).

The highest values of plant height. 100-kernel weight and shelling
percentage were achieved at the highest N level (105 kg N/fed.) combined with
nitrapyrin. while the lowest values of these traits were obtained by adding the
lowest N level (15 kg N/fed.).

Grain protcin content was significantly incrcased when nitrapyrin was
uscd at 105 kg N. indicating late-scason N uptake. The same effect was observed
by Walters and Malzer (1990). also Jung ef al. (1972) and Russellc ef al. (1981)
who found the same result when N fertilizer was applicd late in the vegetative
growth period of corn

Maize grain yvicld was sigmficantly increased with increasing N rates up
1o 105 kg N/fed when nitrapyrin was not included (Table 4) However.
combination of nitrapyrin with urca significantly increased grain  vicld with
mercasing N rates up to 75 kg N/fed  but the mhibiting effect of nitrapyrin was
not cvident with mcreasing N rates from 75 to 105 Kg N because the yield at 90
and 105 kg N with nitrapyrin was not different than that at 75 kg N/fed The
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marked effect of nitrapyrin was duc to the effective inhibition of nitrification
resulting in a reduction of N loss and reduced N losses by leaching and in turn
increased N fertilizer use efficiency (Frye ef al.. 1981. Chancy and Kamprath.
1982 and Walters and Malzer, 1990). At 15 kg N/fed.. nitrapyrin decreased
grain yield. probably because of delayed nitrification and movement of fertilizer
N into the active root zone. While, the relative abundance of N at the higher N
ratc when nitrapyrin was used could have resulted in sufficient N supply to
sustain a higher yield and yield components than at the lower N rate.

Generally. addition of nitrapyrin with urea could result in the lowest
risk of yield loss on this heavy irrigated soils, which induce N losses by leaching.
if N rate is below that which is recommended for maize production. The
recommended N rate was 105 kg N/fed., the use of nitrapyrin at this rate did not
result in any yield advantage or improvement in growth and yield components
more than using it at 75 kg N/fed. This means that. using nitrapyrin with urea
saved about 40% of N fertilizer. Similar results were reported by Walters and
Malze (1990) who found that the yield increases usually occurred when
nitrapyrin was applied with limited N levels. Similar results were also reported
by Touchton et al. (1979) and Frye et al. (1981).

Under the conditions of this study, it can be concluded that. using
nitrapyrin (as a nitrification inhibitor) combined with 75 kg N/fed. gave higher
or the same values of yield and yield components of maize at the highest N level
(105 kg N/fed.) without nitrapyrin. Thus the highest economical grain vield of
maize can be obtained by using 75 kg N/fed. mixed with nitrapyrin.
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