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ABSTRACT

Two field experiments were conducted during 1991 and 1992 seasons.
at the Agricultural Research and Experiment Center. Faculty of Agriculture.
Moshtohor. Zagazig University to study the effect of nitrogen source and time of
application on growth. yield and yield components of maize. Giza 2 variety.

N addition as ammonium nitrate or urea showed a favourable effect in
improving growth, yield and yield components of maize as compared with the
addition of calcium nitrate. The highest values of maize growth and yield
characters were recorded with the addition of ammonium nitrate and the lowest
values were associated with calcium nitrate.

Split application of N fertilizer as: To. 1/3 N at planting + 2/3 N before
the Ist irrigation. followed by Ty4: 2/3 N before the Ist irrigation + 1/3 N before
the 2nd irrigation or Tj: 1/3 N at planting + 1/3 N before the Ist irrigation +
1/3 N before the 2nd irrigation were superior to applyving all amount of N before
the Ist irrigation (T3) on the growth. yield and yicld components. Interaction
effects between N source and time of application on growth, yield and yield
components were not significant in “the two scasons. cxcept on shelling
percentage in the first scason. and car diameter in the sccond onc.

Under the conditions of the study. it can be concluded that supplying
plants with N fertilizer as ammonium nitrate in split doscs. during the first 6
weeks from planting. can be recommended.

INTRODUCTION

N fertilizer 1s an cessential nutrient for maize production Management
system must be  developed  that result an most cificient N utilization for
maximizing maiszc production  Source and time of N application arc important
management tools in this respect  because maximum N cfficicney s obtained
when N s applied in the form and tme which are available for uptake by plant
as nceded (Jokela and Randall. 1989) N can be utilized by manze plant as NHy
or NOy  Nily 15 converted to NOs Thus the principal form of N avanlable to
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maize plant throughout the majority of the growing season is considered 10 be
NOj3. It is well known that the negative nitratc ions (NOj) are not adsorbed by
soil colloids. so it lcach down the plant root zone and losse by leaching. while
ammonium cation (NHy) is adsorbed by soil colloids. thus it does not leach out
of soil. Du Plessis and Kroontje (1966) reported that NH3 losses would be
considerably less from compounds such as NH4NOj3. Bandel er al. (1980) and
Touchton and Hagrove (1982) concluded that corn grain yields with ammonium
nitrate were higher than yields with urea. Also. Fox et al. (1986) found that
ammonium nitrate was superior -to urea for grain yield and total N uptake
because more losses of N as NH3 from urea by volatilization. Effective diffusion
coefficient for NO3 in soil is more than 20 times that of NHy (Barber. 1984).
Olson et al. (1986) explained that the superiority of ammonium nitrate over
calcium nitrate and urea may be in the enhanced N utilization efficiency from
the extended NHy nutrition, while calcium nitrate with its component of NO3
only is highly soluble and highly losses by leaching and urea may allow both
leaching loss and NHj volatilization. Also, Raun et al. (1989) reported the
rapid hydrolysis of urea to ammonium carbonate and the subsequent potential for
ammonia volatilization.

Maize productivity is improved when plants are supplied with a mixture
of NO3 and NHj4 compared with NOj as the sole N source (Schrader e af.,
1972; Alexander ef al,, 1991 and Below and Gentry, 1992). Also. Smiciklas and
Below (1992) concluded that mixed N nutrition (NO3 + NHy) increased grain
vield and productivity of maize by increasing dry matter production and
accumulation and partitioning to the grain, enhanced formation and
development of reproductive tissues and N accumulation. Similar results were
indicated by Gentry and Below (1993). All the previous studies indicated that
supplving plant with both form of N (NO3 + NHy) can optimize maize growth
and yiceld.

Maize grain yicld was improved when N was applied half at planting
and half at the 8th leaf stage (after about 35 days from planting). compared to
full N application at planting (Hussein ef a/., 1978 and Balko and Russel. 1980).
Bishr ef al. (1977) noted that grain yiclds tended to increasec when N was split as
compared to thc whole amount applicd at planting time or before the first
irrigation. Sharma (1980) found that application of N splits at planting. knce-
height  stage and tasscling stage of corn growth resulted in production of
significantly higher yiclds than full dosc application at the time of planting
Faisal (1983) and Abou Mady (1985) found that maize grain yvicld was
significantly affected by time of N application. Fox ¢ al (1986) reported that
sidc dress application of N (26 to 31 days after plant emergence) resulted
more cfficicnt N fertilizer utilization (yicld and N uptake per unit of N applicd)

The objectives of this experiment is to investigate the cffect of source
and time of N application on the growth. yicld and vicld componcnts of maizc



Growth and Yield of Maize (Zea mays 1..) 485

MATERIALS AND METHODS

Two ficld experiments were conducted at the Agricultural Research and
Experiment  Center.  Faculty of Agriculture at Moshtohor for two growing
seasons. where the planting datcs were 20th and 26th June in 1991 and 1992
seasons. respectively. to determine the effect of N source and time of application
on maize yield. The preceding crop was wheat in the two seasons. The composite
maize variety Giza 2 was used in this study. Normal cultural practices were
applied properly.

Soil was clay textured with pH value of 7.9. 2.55% (organic matter) and
3.65% CaCO3 contents.

Each experiment included 15 treatments which were the combination of
three N sources: Calcium nitrate, Ca(NO3), 2 H70, 15.5% N: Ammonium
nitrate. NH4NO3, 33.5% N and Urea, CO(NH3);. 46% N and five times of N
application: T;=1/3 at planting + 1/3 before Ist irrigation + 1/3 before 2nd
irrigation. T»=1/3 at planting + 2/3 before 1st irrigation: T3= all N before 1st
irrigation; T4= 2/3 before 1st irrigation + 1/3 before 2nd irrigation; and Ts= 1/2
before 1st irrigation + 1/2 before 2nd irrigation, as indicated in Table (1) :

Table (1): Time of N application treatments.

Time of N Before 1st Before 2nd
application | At planting irrigation (3 irrigation (5
weeks from weeks from
planting) planting)
T 1/3 1/3 1/3
T, 13 23 -
T3 : AHN -
Ty - 2/3 13
Tg > 12 12

Hill placement of 105 kg N/fed was added according to the assigned
previous  treatment  times.  The treatments were laid out in a randomivzed
complete block design with four replications. The size of cach plot was 105 m?2
(3 x 35 m)or 1/400 fed. and contained 5 ridges

AL harvest. 10 plants and 10 cars were taken randomly from cach plot
to determine  plant height (cm). car height (cm). stem diameter (mm) of the
internode below the car number of rows/car. number of kerncls/row car weight
(gm)  100-kernel weight (gm) and shelling percentage  Grain yield (kg/fed)
adjusted to 15 5% moisture content. was estimated from the middic 3 rows of
cach plot
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Statistical analysis for the studied characters were conducted according
to Steel and Torrie (1981).

RESULTS AND DISCUSSION

1- Growth studies:

Data in Tables (2 and 3) showed that plant height. car height and stem
diameter were significantly affected by different sources and times of N
application in the two scasons. The tallest plants were recorded with the addition
of N as ammonium nitrate. whereas, the shortest plants were produced with
calcium nitrate. The same trend was observed with ear height. Also. application
of ammonium nitrate produced the greater stem diameter as compared to urea or
calcium nitrate. According to Barber (1984). loss of N as NO3 from calcium
nitrate by leaching was most rapid than from ammonium nitrate or urea. The
superiority of ammonium nitrate and urea on the vegetative growth also, may be
due to continuous and slow release of N to maize plants as a result of
transforming of NHj to NOj3 form. and this means, extended NH, nutrition
(Olson et al., 1986). These findings are supported with those results obtained by
Schrader et al. (1972) and Below and Gentry (1987) who indicated that corn
vegetative growth was enhanced more by a combination of NH 4 and NO3 forms
than by either form alone. Also, the superiority of ammonium nitrate ( NH4NOs)
which is considered as a mixed N nutrition can arise from other physiological
strategies such as: increased dry matter production and accumulation and
altering the partitioning of the dry matter between root and shoot of maize plants
(Gentry et al., 1989 and Smiciklas and Below, 1992); NH 4 in mixed N nutrition
stimulated corn root growth (Anghinoni and Barber. 1988) and enhanced lateral
root branching (Wang and Below, 1992) and consequently increased plant
weight (Below and Gentry. 1987).

Time of N application significantly affected plant height. car height and
stem diameter in both seasons. Addition of N in two doscs: 1/3 at planting + 2/3
before the Ist irrigation or 2/3 before the 1st irrigation + 1/3 before the 2nd
irrigation, produced the tallest maize plants as well as car height in the first and
second scasons. respectively. While, the shortest plant was recorded with the
addition of all amount of N before the 1st irrigation. The greatest stem diameter
was produced with the addition of N as 1/3 at planting and 2/3 before the 1st
irrigation. Increascs in growth characters with carly addition of N may be duc to
the stimulation cffcct of N on cell elongation as well as cell diameter. which
conscquently  incrcasc internode Iength and diameter. ‘These results arc in
harmony with thosc obtained by Husscin ef al. (1978). Khalil (1978) and Abou-
Mady (1985). The negative cffect of T3 (all N ratc was added before the 1st
irrigation) on the growth characters may be duc to that applying all N rate in onc
dosc mcans that N supply is greater than what is nceded for optimum plant
uptake and can cause movement of N beyond the root zone of plants and losscs
by Icaching (Jokcla and Randall. 1989).
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The nteraction between N source and time of application had no
significant effect on growth characiers

2- Yield and yield components:

Data in Table (2) indicated that N source significantly affected car
diamcter. 100-kernel weight. shelling percentage and grain yicld/fed in the first
scason. and ear length. ear diameter. number of kernels/row, ear weight, 100-
kernel weight. shelling percentage and grain yield/fed in the sccond season.
while other parameters did not show any significant response. N addition as
ammonium nitrate or urca showed a favourable effect in improving vield
components of maize as compared with the addition of calcium nitrate. These
results indicated that the highest values of the yield components were recorded
with the addition of ammonium nitrate, whereas, addition of calcium nitrate was
associated with the lowest values of these parameters. Similar results were
reported by Smiciklas and Below (1992) who indicated that maize plants grown
with mixed N nutrition (NO3 + NHy) as ammonium nitrate (NH 4NO3)
significantly increased kernels number and weight and enhanced ear shoot and
ovule development. Also similar conclusions were reported by Gentry and Below
(1993).

Grain yicld/fed was significantly influenced by different N sources in
the two seasons. The highest grain yield was produced with the addition of N
fertilizer as ammonium nitrate. while the addition of N as calcium nitrate
recorded the lowest grain yield/fed. Lower response of maize to calcium nitrate
as comparcd to ammonium nitrate under the experiment conditions of higher
pH. CaCO3 and available irrigation may be due to more N losses from calcium
nitrate form by leaching. however. ammonium nitrate enhanced N utilization
efficiency from the extended NHy nutrition (Fenn and Kissely. 1973 and Olson
et al, 1986). A further physiological explanation for the superiority of
ammonium nitrate as mixed nutrition (NH4NO3) is due to less cnergy required
for assimilation of NHy as compared to NO3 (Salsac ef al. 1987). increased P
uptake (Below and Gentry, 1987). enhanced lateral root branching (Wang and
Below. 1992) and increased the supply of endogenous cytokinin (Smiciklas and
Below. 1992). Also. Smiciklas and Below (1992) and Gentry and Below (1993)
concluded that mixed N nutrition (NH4NO3) increased grain yicld and
productivity of maize by increasing and altering the dry matter production and
accumulation and partitioning to the grain. and increasing N accumulation All
the previous studics indicated that supplying plants with both forms of N
(NH4NO3). as ammonium nitrate. can optimizc maizc growth and vicld

Data in Table (3) showed that grain vicld and its componcents with few
exception were significantly affected by time of N application in the two scasons
The highest values of yield and its components were recorded when N was added
i split doscs with Ty 1/3 at planting ¢+ 2/3 before the firstirrigation. followed
by Ty 2/3 N before Ist irngation and 1/3 before 2nd irnigation. Whercas. the
lowest valucs of yicld and its components were observed when N was applied in
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one dosc before the Ist irrigation (T3). These results may be attributed to the
cffect of carly N application in increasing the vegetative growth. photosynthetic
accumulation and nct assimilation rate. Similar results were reported by Bisher
et al. (1977) Hussein et al. (1978) and Abou Mady (1985).

Under the conditions of this study. it can be concluded that split
application of N fertilizer as: (T5) at planting and at 1st irrigation or (Ty) at 1st
irrigation + 2nd irrigation was superior to applied all amount of N before the 1st
irrigation could be recommended. Similar results were reported by Jung et al.
(1972) and Fox et al. (1986) who indicated that side dress application of N (26
10 31 days after emergence) resulted in more efficient N fertilization (yield and N
uptake per unit of N applied). Also, Russelle et al. (1983) showed that earlier
applications of N (at planting or 4-leaf stage) resulted in greater FN (fertilizer-
derived N) accumulation and N recovery rates, during vegetative growth, than
later application (8-leaf stage or 16-leaf stage). FN accumulation and N recovery
have been closely related to grain yield and vegetative growth. While, Howard
and Tyler (1989) observed improved grain yield of corn when half of N was
applied at planting and half at the eight leaf stage compared to all N applied at
planting. However, Bishr et al. (1977) noted that grain yields tended to increase
when N was split as compared to whole amount applied at planting time or
before the first irrigation.

Results showed that the interaction effects between N-source and time
of application on growth, yield and yield components were not significant in the
two scasons, except shelling percentage in the first season, and ear diameter.
100-kernel weight and shelling percentage in the second one which were
significantly influcnced by this interaction (Tables. 4 and 5). whereas, the
highest values of shelling percentage were produced by using ammonium nitrate
at T, application time (1/3 N at planting + 2/3 N before the 1st irrigation) in the
two scasons. Also. the greatest ear diameter and 100-kernel weight were
produced with the same treatment.
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