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Abstract

Efficient nitrogen (N) fertilizer management in crop production is based on supplying adequate amounts of the nutrient
for optimum economic yield, while minimizing losses to the environment. Exploiting genotypic differences in N use is an
additional consideration in achieving nutrient-use efficiency. Thus, in order to identify N-efficient corn genotypes, we
established N-response field trials at 2 locations (University Research Farm, and Cutaem) for 2 years (1999, 2000) in the
Cukurova region of Turkey. Ten corn genotypes, commonly grown in the region, were fertilized with N at application rates
of 160, 240, 320 and 400kg N ha™'. The optimum N fertilizer rate was probably in the 160-240kg N ha™ rate based on
response data. There were no significant or consistent differences between genotypes and N application for grain yield and
N uptake. The average agronomic efficiency ranged between 20 to 65% across the genotypes and decreased with increasing
N application rates. The pattern was similar for other efficiency indices with decreases with applied N, but little or no
genotype differences. It is apparent that the genotypes used were bred for N as well as yield. There was little evidence of
differences between genotypes or their response to N. Thus, while genotypic selection of corn can be one of the suitable
potential N management practices in the Mediterranean region where genetic diversity exists, it is not appropriate
considering genotypes are homogenous with respect to N use.

Introduction

Nitrogen is the main driver of world food production,
and N fertilizers dominate the fertilizer trade in both
developed and developing countries.  Comprehensive
reviews, such as that of Schepers and Raun, (2008), attest
to the indispensability of N for the major non-legumunious
crops, especially cereals such as wheat (Triticum aestivum),
rice (Oryza sativa), and corn (Zea mays). Environmental
and health implications of inappropriate or excessive N
fertilizer use are also current concerns (Mosier et al., 2004).
The key concept in reconciling adequate and economic
crop yields with minimum losses of N from the plant
system is N-fertilizer use efficiency (Khaliq et al., 2009;
Raun & Johnson, 1999). Though this concept is not new
(Keeney, 1982), its urgency has never been greater. The
process of N loss that leads to inefficient N use by crops are
well understood and documented, e.g., denitrification and
ammonia volatilization (Harrison & Webb, 2001), leaching
and runoff (Aulakh & Mahli, 2005). The accumulated
knowledge from such studies has also led to improved
fertilizer and crop management to minimize such losses
(Ladha et al., 2005).

Central to improved N fertilizer use has been the
concept of “efficiency” which has been varying
definitions and interpretations depending on the
perspective considered. In that context, Dobermann
(2005) described partial factor productivity of applied,
agronomic efficiency, crop recovery efficiency and
physiological or utilization efficiency. The commonly
observed phenomenon that N efficiency decreases with
increasing fertilizer application rates (Jokela & Randall,
1989; Sabata & Mason, 1992) only highlight the

challenge to scientists to minimize N loss while attaining
maximum economic crop yields.

While most of the new knowledge of N has emanated
in developed countries, and more recently in China, lesser
developed areas of the world such as the Mediterranean
region have gained considerable momentum in the past
few decades as agriculture expanded along with fertilizer
N use. Following initial perspectives of N in the region
(Harmsen, 1984), a recent comprehensive review (Ryan et
al., 2009) reveals much research that has been conducted
in countries of the region to further the quest of achieving
greater N-use efficiency, particularly in minimizing
volatile loss of ammonia (NH;) from applied urea, the
dominant fertilizer source of N (Monem et al., 2010).

While precedence has been given to management of
N-fertilizer use for efficiency, exploitation of genetic
differences between crop cultivars is another approach in
the scientists’ arsenal to combat N loss, which in many
field situations can amount to half or more of the N
fertilizer applied to the crop. While various studies
indicated increased N-use efficiency under irrigation
(Garabet et al., 1998), there has been limited emphasis on
varietal selection based on responses to N, despite the fact
that considerable genetic variation exists in crops with
respect to yield parameters (Turi et al., 2007) and N
uptake and physiological utilization (Kamprath et al.,
1982; Dobermann, 2005).

As a major world cereal, corn or maize (Zea maize
L.) has been shown to exhibit considerable genetic
variability with respect to N use. Cui et al., (2009)
showed wide differences between 2 hybrid maize
varieties in China, with 1 having a higher grain yield
potential with lower fertilizer N applied. Similarly, field
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trials in Nebraska, USA, showed differences within 12
corn hybrids with respect to N and water stress (O’Neill et
al., 2004). An earlier North Carolina study (Anderson et
al., 1985) showed that prolific corn genotypes had higher
utilization efficiency than semi-prolific ones at all fertility
levels, but showed a greater decrease in utilization
efficiency as N fertilizer levels increased.

As corn is a crop of increasing significance in
Turkey, and given the fact that genetic differences in corn
varieties with respect to N response do exist, our aim in
this 2-year field study from the Mediterranean coast of
Turkey was to test corn varieties with respect to N
efficiency and thus add a potentially valuable component
to overall crop breeding strategies.
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Materials and Methods

Location: Field trials were conducted with com at two
experimental sites in Cukurova region (Adana, Turkey) for 2
years (1999, 2000). The experimental soils were a loamy,
smectitic, calcareous, thermic Vertic Xerofluvent (Cukurova
University Research Farm) and Entic Chromoxerert
(Cutaem). Selected physical and chemical properties of the
soils are presented in Table 1. Generally, the soils were: clay
loam texture, alkaline pH, low organic matter content, high
CaCOs. Mineral N in the profile (0-90cm) varied from 50 to
100kg ha™' for the Farm and Cutaem sites. Levels of plant
available P were marginal; but as P was not a variable in the
trial, adequate P fertilizer was applied as a blanket dressing.

Table 1. Soil properties at the 2 experimental locations, with mineral nitrogen in both years’.

: T
Depth (cm) Texture pH CaCO; (%) Organic matter 1gglgneraI|N (kg ?(?03
University Farm
0-30 Clay loam 7.7 35 0.74 51.5 35.2
30-60 Clay loam 7.7 30 0.50 40.8 33.8
60-90 Clay loam 7.7 41 0.46 23.8 37.2
Cutaem
0-30 Clay loam 7.7 25 1.87 48.8 24.1
30-60 Silty clay loam 7.5 21 1.19 46.6 18.7
60-90 Silty clay loam 7.9 16 1.06 33.7 N.M.

N.M. = not measured

*From the incubation study in the laboratory, mineralization rate in the surface horizon for 125 days were 72kg Nmin ha in

University Farm and 62kg Nmin ha™ in Cutaem.

Treatments and growth conditions: Ten corn genotypes
commonly grown in the Mediterranean coast of Turkey
(P3394, C6127, LG60, TTMS815, Dracma, XL72AA,
P3163, LG2777, DK626 and P3335) were planted
manually in late June to early July, based on the climatic
conditions of that specific year. These single cross
genotypes were released between 1985-2001 and
classified as high yielding ones. Fertilizer N was applied
as ammonium nitrate at application rates of 160, 240, 320
and 400kg N ha' which were the main plots, while
genotypes were the subplots. All the plots received 80kg
K ha™ as K,SO, and 35kg P ha™ as triple superphosphate
in both years in order to eliminate any deficiency of those
elements; both elements were applied at planting. The
experiments were arranged in a split-plot design with four
replications. For the N treatments, half of each application
rate was applied at planting as a band close to the seed
with a combine drill and the other half was added by
broadcasting when the plants were about 50cm high. The
plot dimensions were 5 x 2.8m, having inter-row spacing
of 20cm and row spacing of 70cm. Plants were irrigated
periodically as needed about every 10 to 15 days to
eliminate any growth restrictions due to drought. The
average annual rainfall was 511mm (1999) and 706mm
(2000) in comparison to the long-term average of 575cm.

Soil, leaf and grains sampling and analysis: Prior to the
experiment, soil samples were taken from 0 to 30, 30 to 60
and 60 to 90cm depths, and analyzed for the selected
physical and chemical soil properties using standard
procedures (Page et al., 1982). Soil mineral N (NH," +
NO;’) was determined (Fabig et al., 1978) at the effective
rooting depth (0 to 90cm). Mineralized N or mineralization

potential was determined based on an incubation study with
extraction after intervals of 15 days over a period of 125
days. Extractable soil P was determined based on the
standard Olsen procedure and measured using the Murphy
& Riley (1962) procedure.

Representative leaf samples from 10 randomly
selected plants in each plot were collected at silking stage
(Jones & Steyn, 1973). The samples were washed with
deionized water, dried at 60°C for 72h, and ground using a
silica grinder to pass a 0.5mm sieve. Total tissue N was
determined based on the Kjeldahl procedure (Bremner,
1965). Plants were harvested about 125 days after planting.
Ears from each plot were manually harvested for
determination of grain yield, (including the cobs).
Representative grain subsamples were dried at 60°C for dry
matter determination and then ground to pass a 0.5mm
sieve. Grain was analyzed for N in the same manner as the
leaf samples. Soil, plant and grain data were statistically
analyzed using MSTAT computer program.

Nitrogen efficiency: While N-use efficiency (NUE) in
its strictest sense was not possible to calculate in the
absence of non-fertilized control, other measures of
efficiencies were employed (Moll et al., 1982; Kamprath
et al., 1982; Moll et al., 1987). Thus, in this study, we
considered NUE in terms of grain produced per unit of N
supplied (GW/Ns). Variation in N uptake was considered
in terms of two primary components following Kamprath
et al. (1982), i.e., N uptake per unit of N applied (Nt/Ns)
and utilization efficiency defined as grain produced per
unit of N uptake or total plant N (Gw/Nt).
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Results

The response of the 10 corn varieties to a range of N
application rates (from sub-optimum to presumed excess)
is presented for the 2 loactions for 2 year (Table 2).
Surprisingly, location had a major effect on crop
response, but neither N nor genotype, or their interaction,
were significant at the University Farm location.

However, at the second site (Cutaem), the N effect
was highly significant (p<0.001), while the genotype
effect was significant at the p<0.05 level. As with the
Farm site, the Cutaem site showed no significant
interaction between applied N and genotypes. The
pattern with respect to crop response was similar in the
second year (2000), with no significant effects at the
first location and both N and varieties being significant
at the second site.

As the main factors, N and genotypes, were
significant at the Cutaem site, the mean effects are
highlighted. Thus, as N application increased from 160
to 400kg N ha™', the mean corn yields increased slightly,
i.e., by 8, 18, an 22% in 1999 and by 4, 14 and 6% in
2000. Mean yields of the genotypes ranged from 10.8
Mg ha' for C6127 to 13.3 Mg ha' for P32K61.
However, in the second year (2000), the order of
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genotype yields differed from the first year, with
differences between genotypes being less pronounced
(Table 2).

When grain N uptake by the 10 corn genotypes was
considered (Table 3), the results were different from
yields, with only N having a significant effect at the
University Farm site. Thus, as N application increased
(160, 240, 320 and 400 kg N ha™), grain N uptake
increased up to the 320kg N ha™ rate. In contrast, there
were no significant effects of N or genotypes, or their
interactions observed at the Cutaem location in 1999.
The response pattern was again influenced by location in
the second year, with only N again being significant at
the Farm site at this location (grain N uptake
consistently increased with applied N, i.e. 146, 179, 182,
and 231 kg N ha™). However, both N and genotypes and
their interaction were highly significant at the Cutaem
site. Reflecting the significant interaction of N and
genotypes, N uptake in some genotypes increased
consistently with added N (XL72AA), while in others it
was highest at the 160kg N ha'' rate (DK623, LG60,
P3335, TTM&15), with some being highest at the 240kg
ha-' N rate (DRACMA). Despite the significant effects,
the uptake patterns varied among the genotypes at the
each N application level.

Table 2. Yield response (Mg ha™) of 10 corn varieties to varying N fertilizer application
rates at 2 locations in 1999 and 2000.

University Farm | | Cutaem
N application rates (kg N ha™)
Genotypes 160 [ 240 | 320 | 400 | Mean | | 160 | 240 | 320 | 400 | Mean
1999
Co127 8.2 10.4 10.2 10.8 9.9 9.9 10.0 11.3 12.1 10.8
DK 626 7.3 10.2 1.5 10.0 9.8 9.3 10.1 13.1 13.1 114
XL 72AA 9.2 10.8 9.3 10.0 9.8 11.3 11.0 12.7 12.2 11.8
DK 623 9.7 11.3 107 103 10.5 113 11.7 12.6 12.4 12.0
DRACMA 9.8 10.7 10.6 10.6 10.4 11.3 12.8 11.5 12.4 12.0
LG 60 8.8 10.7 11.1 9.7 10.1 10.0 11.3 11.9 12.6 11.5
P32K61 8.3 9.3 10.6 10.8 9.8 10.9 13.1 15.2 14.1 13.3
P 3335 9.1 9.1 9.6 10.6 9.6 113 10.7 12.2 14.2 12.1
P 3394 10.5 10.1 8.8 11.8 10.3 10.7 11.6 11.8 13.2 11.8
TTM 815 10.5 10.9 10.6 11.1 10.8 10.2 11.2 12.8 12.4 11.7
Mean 9.1 104 10.3 10.6 10.6 114 12.5 12.9
F Test N, G, NxG =NS N=##* G=** NxG=NS
2000
C 6127 9.5 10.3 11.0 10.9 10.4 10.1 9.2 11.0 10.9 10.3
DK 626 8.1 11.4 11.0 11.5 10.5 11.1 10.8 12.3 11.5 114
XL 72AA 9.5 10.6 11.0 10.7 10.5 8.9 8.2 10.3 10.7 9.5
DK 623 7.8 8.9 9.8 10.2 9.2 10.2 9.7 10.0 10.2 10.0
DRACMA 9.1 10.3 10.3 10.0 9.9 10.8 12.2 11.9 10.0 11.2
LG 60 9.6 10.6 12.1 11.8 11.0 9.9 10.6 10.4 11.8 10.7
P32K61 8.3 9.7 9.9 10.8 9.7 10.8 12.6 13.0 10.8 11.8
P 3335 8.1 7.0 92 9.9 8.6 11.2 12.1 13.4 9.9 11.7
P 3394 10.2 10.3 10.9 10.8 10.6 10.0 10.9 11.9 10.8 10.9
TTM 815 9.9 11.6 12.0 11.9 114 10.3 10.8 12.6 11.9 114
Mean 9.0 10.1 10.7 10.9 10.3 10.7 11.7 10.9
F Test N, G, NxG = NS N=*** G=** NxG=NS

** k% NS denotes significance of 5%, 1%, and non-significance, respectively.
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Table 3. Grain N uptake (kg N ha-1) of ten corn varieties to varying N fertilizer application rates at two locations in 1999 and 2000.

University farm | Cutaem
N application rates (kg N ha)
Genotypes 160 | 240 | 320 | 400 | Mean | | 160 | 240 | 320 | 400 | Mean
1999

C 6127 180 263 230 267 235 177 215 222 186 200

DK 626 191 255 318 202 242 149 262 196 223 208
XL 72AA 182 189 336 261 242 182 259 193 210 211

DK 623 170 176 308 197 213 111 260 231 182 196
DRACMA 195 183 241 187 202 266 256 287 243 263

LG 60 171 258 306 281 254 188 145 216 228 194

P32K61 292 214 269 211 247 264 251 207 260 246

P 3335 169 165 212 175 180 168 257 175 259 215

P 3394 222 270 197 250 235 215 212 196 207 208
TTM 815 283 238 294 218 258 277 253 187 373 273

Mean 206 221 271 225 200 237 211 237

F Test N=** G, NxG =NS N, G, NxG=NS

2000

C6127 125 176 204 245 188 390 207 436 497 383

DK 626 160 137 165 179 160 374 522 350 533 445
XL 72AA 204 188 189 264 211 230 343 357 409 335

DK 623 133 171 167 438 227 385 508 319 332 386
DRACMA 161 209 167 241 195 285 355 410 289 335

LG 60 173 188 188 202 188 252 545 402 385 396

P32K61 121 149 145 189 151 227 368 331 379 326

P 3335 85 167 172 133 139 243 476 350 388 364

P 3394 155 166 202 218 185 339 523 411 429 426
TTM 815 144 241 222 204 203 179 534 328 327 342

Mean 146 179 182 231 290 438 369 397

F Test N=** G, NxG = NS N=h** G=F** NxG=***

*x ##% NS denote significance of 5%, 1% and non-significant, respectively.

Table 4. Nitrogen use efficiency (kg grain per kg N applied) of corn genotypes in relation to N fertilizer application rates.

University Farm | Cutaem
N application rates (kg N ha™)
Genotypes 160 | 240 | 320 | 400 | Mean | | 160 | 240 | 320 | 400 | Mean
1999

C6127 51.3 433 31.9 27.0 38.4 61.9 41.7 353 30.3 423

DK 626 45.6 42.5 359 25.0 37.3 58.1 42.1 40.9 32.8 43.5
XL 72AA 57.5 45.0 29.1 25.0 39.1 70.6 45.8 39.7 30.5 46.7

DK 623 60.6 47.1 334 25.8 41.7 70.6 48.8 394 31.0 47.4
DRACMA 61.3 44.6 33.1 26.5 41.4 70.6 53.3 359 31.0 47.7

LG 60 55.0 44.6 34.7 24.3 39.6 62.5 47.1 37.2 31.5 44.6

P32K61 51.9 38.8 33.1 27.0 37.7 68.1 54.6 47.5 353 51.4

P 3335 56.9 37.9 30.0 26.5 37.8 70.6 44.6 38.1 35.5 47.2

P 3394 65.6 42.1 27.5 29.5 41.2 66.9 48.3 36.9 33.0 46.3
TTM 815 65.6 454 33.1 27.8 43.0 63.8 46.7 40.0 31.0 45.4

Mean 57.1 43.1 32.2 26.4 66.4 47.3 39.1 32.2

F Test N=**_ G, NxG =NS N, G, NxG=NS

2000

C6127 59.4 42.9 34.4 27.3 41.0 63.1 38.3 344 27.3 40.8

DK 626 50.6 47.5 34.4 28.8 40.3 69.4 45.0 38.4 28.8 45.4
XL 72AA 59.4 442 344 26.8 41.2 55.6 34.2 322 26.8 37.2

DK 623 48.8 37.1 30.6 25.5 35.5 63.8 40.4 31.3 25.5 40.2
DRACMA 56.9 42.9 322 25.0 39.2 67.5 50.8 37.2 25.0 45.1

LG 60 60.0 44.2 37.8 29.5 42.9 61.9 44.2 32.5 29.5 42.0

P32K61 51.9 40.4 30.9 27.0 37.6 67.5 52.5 40.6 27.0 46.9

P 3335 50.6 29.2 28.8 24.8 333 70.0 50.4 41.9 24.8 46.8

P 3394 63.8 429 34.1 27.0 41.9 62.5 454 37.2 27.0 43.0
TTM 815 61.9 48.3 37.5 29.8 44.4 64.4 45.0 39.4 29.8 44.6

Mean 56.3 42.0 33.5 27.1 64.6 44.6 36.5 27.1

F Test N=** G, NxG = NS N=##* G=*** NxG=***

** **x NS denote significance of 5%, 1% and non-significance, respectively.
Nitrogen use efficiency is the grain yield of corn divided by the respective N application.
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Nitrogen-use efficiency, in terms of grain per kg N
applied, showed variation with location and years
(Table 4). In 1999, the only significant effect was with
N at the Farm site, with consistent decreases in use
efficiency (57.1, 43.1, 32.2 and 26.4kg kg™’ N) as the
application rate increased. @~ A similar pattern of
decrease occurred at the Farm site in the second year.
Again, as noted for yield and N uptake, the main
effects and interactions were only significant at the
Cutaem site in the second year.
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The general pattern observed was a decrease in
efficiency with increasing N application to an extent that
depended on the genotype. When N uptake efficiency
was expressed by grain uptake over the respective N
application, significant effects paralleled those for
nitrogen uptake efficiency (Table 5). Thus, only N was
significant at the University Farm site in 1999 and in
2000, while all factors were significant at the Cutaem site
in the second year. The general observation was one of
decreasing values with increasing applied N levels.

Table 5. Nitrogen uptake efficiency (kg grain N uptake per kg N applied) of corn genotypes at varing N

application rates at the two locations (1999 and 2000).

University Farm | i Cutaem
N application rates (kg N ha™)
Genotypes ™55 T 240 | 320 | 400 | Mean | | 160 | 240 | 320 | 400 | Mean
1999
C6127 1.1 1.1 0.7 0.7 0.9 1.1 0.9 0.7 0.5 0.8
DK 626 1.2 1.1 1.0 0.5 0.9 0.9 1.1 0.6 0.6 0.8
XL 72AA 1.1 0.8 1.1 0.7 0.9 1.1 1.1 0.6 0.5 0.8
DK 623 1.1 0.7 1.0 0.5 0.8 0.7 1.1 0.7 0.5 0.7
DRACMA 1.2 0.8 0.8 0.5 0.8 1.7 1.1 0.9 0.6 1.1
LG 60 1.1 1.1 1.0 0.7 1.0 1.2 0.6 0.7 0.6 0.8
P32K61 1.8 0.9 0.8 0.5 1.0 1.7 1.0 0.6 0.7 1.0
P 3335 1.1 0.7 0.7 0.4 0.7 1.1 1.1 0.5 0.6 0.8
P 3394 1.4 1.1 0.6 0.6 0.9 1.3 0.9 0.6 0.5 0.8
TTM 815 1.8 1.0 0.9 0.5 1.1 1.7 1.1 0.6 0.9 1.1
Mean 1.3 0.9 0.8 0.6 1.2 1.0 0.7 0.6
F Test N=** G, NxG =NS N, G, NxG=NS
2000
C6127 0.8 0.7 0.6 0.6 0.7 2.4 0.9 1.4 1.1 1.4
DK 626 1.0 0.6 0.5 0.4 0.6 2.3 2.2 1.1 0.9 1.6
XL 72AA 1.3 0.8 0.6 0.7 0.8 1.4 1.4 1.1 0.9 1.2
DK 623 0.8 0.7 0.5 1.1 0.8 2.4 2.1 1.0 0.8 1.6
DRACMA 1.0 0.9 0.5 0.6 0.8 1.8 1.5 1.3 1.0 1.4
LG 60 1.1 0.8 0.6 0.5 0.7 1.6 2.3 1.3 1.0 1.5
P32K61 0.8 0.6 0.5 0.5 0.6 1.4 1.5 1.0 0.8 1.2
P 3335 0.5 0.7 0.5 0.3 0.5 1.5 2.0 1.1 0.9 1.4
P 3394 1.0 0.7 0.6 0.5 0.7 2.1 2.2 1.3 1.0 1.7
TTM 815 0.9 1.0 0.7 0.5 0.8 1.1 2.2 1.0 0.8 1.3
Mean 0.9 0.7 0.6 0.6 1.8 1.8 1.2 0.9
F Test N=** G, NxG = NS N=k** G=*** NxG=***

*x k% NS denote significance of 5%, 1% and non-significance, respectively.
Nitrogen uptake efficiency is the grain N uptake of corn divided by the respective N application.

As with previous measurements of efficiency, a similar
pattern of significance emerged when N utilization
efficiency was considered (Table 6). Where N was
significant (University Farm), by comparison with the
lowest N application rate (160 kgN ha™), with increasing N
application rates, the pattern was inconsistent in 1999, but
tended to decrease in 2000. Similarly, despite significant
main effects and their interaction, the changes in utilization
efficiency with increasing applied N varied with the
genotype, but the trend was a decrease with applied N
fertilizer rates.

Discussion
The concept of fertilizer best management practices

underpinned this 2-year field study involving N fertilization
of corn genotypes in the corn-producing Mediterranean

coastal region of Turkey. The minimum N application rate
adopted here was based on local experience of what was
adequate to produced acceptable crop yields. The rationale
for including much higher application rates was to establish
if such N amounts were surplus to requirements, resulting
in an economic waste of fertilizer with negative impact on
the environment due to the excess N. Implicit in the
selection of a range of corn genotypes was that a
differential response to applied N would occur. As corn
genotypes exhibit genetic diversity in many traits related to
yield (Turi et al., 2007; D’ Andrea et al., 2006; Rafiq et al.,
2010), especially N response (Cui et al., 2009), it was
speculated that such diversity could be manipulated in
breeding programs for crop improvement. We further
assumed that the genotypes would reflect a range of
responses to N as was shown by Korkmaz et al., (2009) for
responses of corn genotypes to P fertilizer.
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Table 6. Nitrogen utilization efficiency (kg grain yield per kg grain N uptake) of corn genotypes at varing N
application rates at 2 locations in 1999 and 2000.

University farm | ] Cutaem
N application rates (kg N ha™)
Genotypes ™76 T 240 | 320 | 400 | Mean | | 160 | 240 | 320 | 400 | Mean
1999
C 6127 456 395 443 404 425 559 465 509  65.1 54.6
DK 626 382 400 362 495 410 624 385 668 587 56.6
XL 72AA 50.5 57.1 27.7 383 434 62.1 42.5 65.8 58.1 57.1
DK 623 571 642 347 523 521 1018 450 545  68.1 674
DRACMA 503 585 440 567 523 425 500 401 510 459
LG 60 515 415 363 345 409 532 779 551 553 60.4
P32K61 284 435 394 512 406 413 522 734 542 55.3
P 3335 538 552 453 606 537 673 416 697 548 58.4
P 3394 47.3 374 447 47.2 441 49.8 54.7 60.2 63.8 57.1
TTM 815 371 458 361 509 425 368 443 684 332 457
Mean 460 483 389 482 573 493 605 562
F Test N=** G, NxG = NS N, G, NxG=NS
2000
C6127 76.0 58.5 53.9 44.5 58.2 25.9 44 .4 25.2 21.9 294
DK 626 50.6 83.2 66.7 64.2 66.2 29.7 20.7 35.1 21.6 26.8
XL72AA 466 564 582 405 504 387 239 289 262 294
DK 623 586 520 587 233 482 265 191 313 307 26.9
DRACMA 565 493 617 415 522 379 344 290 346 34.0
LG 60 55.5 56.4 64.4 58.4 58.7 393 194 259 30.6 28.8
P32K61 686 651 683 571 648 476 342 393 285 374
P 3335 953 419 535 744 663 461 254 383 255 33.8
P 3394 658 620 540 495 578 295 208 290 252 26.1
TTM 815 688 481 541 583 573 575 202 384 364 38.1
Mean 642 573 593 512 379 263 320 281
F Test N=** G, NxG = NS N=##% G=##% NxG=***

+; **, #4% NS denote significance of 5%, 1% and non significant, respectively.
Nitrogen utilization efficiency is the grain yield of corn divided by the respective N uptake by grain.

Despite our expectations, data on yields were
inconsistent with location and cropping season. The
absence of any response at the University Farm location
suggests that the lowest application rate (160kg N ha™)
was generally adequate for maximum yields, with higher
amounts of N applied being a waste of resources and a
cause of environmental pollution (Cui et al., 2008). The
small increase with applied N at the second site are
probably attributed to lower mineral N and lower
mineralization potential at that site compared to the Farm
site. That no interactions occurred between applied N and
genotypes in terms of yield is probably due to genetic
uniformity. Only at the Cutaem site was the NxG
interaction significant for N uptake and than only in 2000.
Most probably, breeding for N response was also
incorporated into the development of those genotypes. As
shown by Anderson et al., (1985), corn genotypes bred
for yield are collectively different in terms of N response
than less productive genotypes.

While not having in unfertilized control was a
limitation in assessing NUE, that constraint was dictated
by practical on-farm conditions as yield without applied N
would have been small and unharvestable. However, we
assessed NUE using the accepted partial factor
productivity of applied N (PFPy), or kg of harvestable
product per unit of N applied (Dobermann, 2005). This

approach is important for farmers as it describes the use
efficiency of both native or indigenous N and applied
fertilizer N. Increasing native N and increasing the
efficiency of applied N are equally important to
improving PFPy values, which normally range from 40-
70kg grain per kg N (Dobermann, 2005). Our PFPy
values (Table 4) all fell within this range and consistently
decreased, reflecting the limited responses with increasing
N applied. Using a similar approach, Kamprath et al.,
(1982) noted PFPy values of 101, 41 and 25 for N
application rates of 56, 168 and 280 kg ha™' for corn
hybrids. The high values reflect either low N supply or an
efficiently managed system (Dobermann, 2005). As with
yield and N uptake, our PFNy as an index of NUE
indicated little evidence of interactions between applied N
and genotypes.

As efficiency of N use by cereal genotypes can be
described by several other indices (Kamprath et al., 1982;
Moll et al., 1987, Dobermann, 2005), we used some of
these to describe N efficiency. Using total N uptake per
unit N applied or Nt/Ns (Table 5), our data correspond with
values observed by Kamprath et al., (1982) showing
consistent decreases with added N (1.8-0.6), but again
showing no consistent differential effect of genotypes.
Nitrogen utilization efficiency, or total corn grain weight /
N uptake (Table 6) was not as consistent in relation to N
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response as previous indices, but in accord with those
indices there was no consistent genotype interaction.
Notwithstanding the validity of the efficiency indices used
the more conventional NUE indices (Dobermann, 2005) of
agronomic efficiency (AEy), crop recovery efficiency
(BEx), and physiological efficiency (PEx) could not be
applied due to the absence on unfertilized control.

In summary, this field study of N-fertilized corn
genotypes in the southern coastal region of Turkey
indicated the maximum fertilization rate should not
exceed 160-240kg N ha'. Using crop yields, N uptake,
and various indices of NUE, there was little to indicate
any differential response to N fertilization. Thus, with
respect to N response, the 10 genotypes were genetically
similar. Nevertheless, only crop response trials in the
field can reliably assessed the N response patterns types.
Part of the variation in the data may be explained by
inherent drawbacks in field experimentation involving
due to sampling variability arising from the plant size.

References

Anderson, E.L., E.J. Kamprath and R.H. Moll. 1985.
Prolificacy and N fertilizer effects on yield and N
utilization in maize. Crop Sci., 25: 598-602.

Aulakh, M.S. and S.S. Malhi. 2005. Interactions of nitrogen with
other nutrients and water: effect on crop yield and quality,
nutrient use efficiency, carbon sequestration, and
environmental pollution. Adv. Agron., 86: 342-410.

Bremner, J.M. 1965. Total nitrogen and inorganic forms of
nitrogen. In: Method of soil analysis. (Ed.): C.A. Black.
Amer. Soc. Agron. Madison, Wisc. USA., pp. 1149-1237.

Cui, Z., F. Zhang, G. Mi, F. Chen, F. Chen, F. Li and L. Shi.
2009. Interaction between genotypic difference and
nitrogen management strategy in determining nitrogen use
efficiency of summer maize. Plant Soil., 317: 267-276.

Cui, Z.L., X.P. Chen and Y.X. Miao. 2008. On-farm evaluation
of the improved soil Nmin-based nitrogen management for
summer maize in North China Plain. Agron. J., 100: 517-
525.

D’Andrea, K.E., M.E. Otegui, A.G. Cirilo and G. Eyherabide.
2006. Genotypic variability in morphological and
physiological traits among maize inbread lines-nitrogen
responses. Crop Sci., 46: 1266-1276.

Dobermann, A. 2005. Nitrogen use efficiency-state of the art.
IFA International Workshop on Enhanced-Efficiency
Fertilizers. Frankfurt, Germany, 28-30 June 2005.

Fabig, W., J.C. Ottow and F. Miiller. 1978. Mineralisation Von-
ive Markier Tem Benzoat Mit Nitrat als Wasser to
Fakzeptor Vols Taending Anaeroben Bedin Gungen se Wie
Bei Vermindertem Saer Stoffpartial Druck. Landwirtsch.
Forsch.

Garabet, S., M. Wood and J. Ryan. 1998. Nitrogen and water
effects on wheat yield in a Mediterranean type climate. II.
Fertilizer use efficiency with labeled nitrogen. Field Crops
Res., 58: 213-221.

Harmsen, K. 1984. Nitrogen fertilizer use in rainfed agriculture.
Fert. Res. 5: 371-382.

Harrison, R., and J. Webb. 2001. A review of the effect of N
fertilizer type on gaseous emissions. Adv. Agron., 13: 65-
108.

925

Jokela, W.E. and G.W. Randall. 1989. Corn yield and residual
nitrate as affected by time and rate of nitrogen application.
Agron. J. 81: 720-726.

Jones, J.B. Jr. and W.J.A. Steyn. 1973. Sampling, handling, and
analyzing plant tissue samples. In: Soil testing and plant
analysis. (Ed.): L.M. Walsh and J.D. Beaton. Soil Sci. Soc.
Am., Madison, WI, USA. pp. 249-270.

Kamprath, E.J., R.H. Moll and N. Rodriguez. 1982. Effects of
nitrogen fertilization and recurrent selection on
performance of hybrid populations of corn. Agron. J. 74:
955-958.

Page, A.L., R.H. Miller and D.R. Keeney. 1982. Methods of Soil
Analysis. Number 9 (Part 2) Am. Soc. Agron. Inc.,
Madison, WI., USA.

Khalig, T., A. Ahmad, A. Hussain and M.A. Ali. 2009. Maize
hybrids response to nitrogen rates at multiple locations in
semiarid environment. Pak. J. Bot., 41(1): 207-224.

Korkmaz, K., H. Ibrikci, E. Karnez, G. Buyuk, J. Ryan, A.C.
Ulger and H. Oguz. 2009. Phosphorus use efficiency of
wheat genotypes grown in calcareous soils. J. Plant Nutr.,
32:2094-2106.

Ladha, J.K., H. Pathak, T.J. Krupmik, J. Six and C. Van Kessel.
2005. Efficiency of fertilizer nitrogen in cereal production:
retrospects and prospects. Adv. Agron., 87: 86-156.

Moll, R.H., E.J. Kamprath and W.A. Jackson. 1982. Analysis
and interpretation of factors which contribute to efficiency
of nitrogen utilization. Agron. J., 74: 562-564.

Moll, R.H., E.J. Kamprath and W.A. Jackson. 1987.
Development of nitrogen-efficient prolific hybrids of
maize. Crop Sci., 27: 181-18.

Monem, A.M., W.L. Lindsay, R. Sommer and J. Ryan. 2010.
Loss of nitrogen from urea applied to rainfed wheat in
varying rainfall zones in northern Syria. Nutr. Cyl.
Agroecosyst., 86: 357-366.

Mosier, A.R., J.K. Syers and J.R. Freney. 2004. Agriculture and
the nitrogen cycle. SCOPE 65 (Scientific Committee on
Problems of the Environment). Island Press, Washington,
DC/ London, UK.

Murphy, J. and J.P. Riley. 1962. A modified single solution
method for the determination of phosphate in natural
waters. Anal. Chem. Acta., 27: 31-36.

O’Neill, P.M., J.F. Shanahan, J.S. Schepers and B. Caldwell.

2004. Agronomic responses of corn hybrids from different
eras to deficit and adequate levels of water and nitrogen.
Agron. J., 96: 1660-1667.
Rafig, M.A., A. Ali, M.A. Malik and M. Hussain. 2010.
Effect of fertilizer levels and plant densities on yield and
protein contents of autumn planted maize. Pak. J. Agri.
Sci., 47: 201-208.

Raun, W.R. and G.V. Johnson. 1999. Improving nitrogen use
efficiency for cereal production. Agron. J. 91: 357-363.
Ryan, J., H. Tbrikci, R. Sommer and A. McNeil. 2009. Nitrogen
in rainfed and irrigated cropping systems in the

Mediterranean region. Adv. Agron., 104: 53-136.

Sabata, R.J. and S.C. Mason. 1992. Corn hybrid interactions
with soil nitrogen level and water regime. J. Prod. Agric. 5:
137-142.

Schepers, J.S. and W. Raun. 2008. Nitrogen in agricultural
systems. Agronomy monograph 49, Am. Soc. Agron., Crop
Sci. Soc., Am. and Soil Sci. Soc. Am., Madison, WI., USA.

Turi, N.A., S.S. Shah, S. Ali, H. Rahman, T. Ali and M. Sajjad.
2007. Genetic variability for yield parameters in maize
(Zea Mays L.) genotypes. J. Agric. & Biol. Sci., 2: 1- 3.

(Received for publication 27 August 2012)



