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Nitrogen Rate and Timing Implementation on Durum
Wheat in a Bed Planting System

(Kadar Nitrogen dan Masa Implementasi pada Gandum Durum dalam Sistem Penanaman Batas)

MEHMET YILDIRIM, ZEKI Y AKUT, CUMA AKINCI*, FIRAT KURT & FERHAT KIZILGECI

ABSTRACT

The effects of nitrogen (N) fertilization at different growth stages were investigated on durum wheat (Triticum durum
L.) grain yield and yield components (with irrigated bed planting) in Diyarbakir, Turkey. N was applied at a rate of 140
kg ha™! and distributed to one, two and three applications at various combinations with five different growth stages (i.e.
sowing, seedling growth, early tillering, stem elongation and booting). This study included 13 treatments, including the
control (zero nitrogen). The N application timings (NAT) of the 50% sowing + 50% early tillering and 66% sowing +
33% early tillering treatments were most suitable for durum wheat. The results showed that NAT had significant effect
on flowering time, SPAD readings of the early milky ripe stage, plant density, thousand kernel weights, grain filling
duration, grain filling rate, grain N content, grain yield, harvest index and grain N yield. In summary, the highest values
of parameters studied were obtained from the 50% sowing + 50% first tillering and 66% sowing + 33% early tillering
treatments. N fertilization application rate and time of durum wheat genotypes should consist of applying 50-60% of
the total N fertilizer at sowing and 40-50% at the early tillering stage under irrigated conditions and with bed planting.
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ABSTRAK

Penyelidikan ini mengkaji kesan pembajaan nitrogen (N) pada pelbagai peringkat pertumbuhan hasil bijirin gandum
durum (Triticum durum L.) dan komponen hasil (dengan pengairan penanaman batas) di Diyarbakir, Turki. N diaplikasi
pada kadar 140 kg ha™ dan diagihkan kepada satu, dua dan tiga aplikasi pada pelbagai kombinasi dengan lima peringkat
pertumbuhan berbeza (menyemai, pertumbuhan semaian, suli awal, pemanjangan batang dan bunting). Kajian itu
merangkumi 13 rawatan, termasuk kawalan (sifar nitrogen). Pemasaan aplikasi N (NAT) dalam 50% penyemaian +
50% suli awal dan 66% penyemaian + 33% rawatan suli awal adalah yang paling sesuai untuk gandum durum. Hasil
kajian menunjukkan bahawa NAT mempunyai kesan ketara ke atas masa berbunga, bacaan SPAD untuk peringkat ranum
bersusu awal, ketumpatan tanaman, berat seribu isirung, tempoh mengisi bijirin, kadar pengisian bijirin, kandungan
bijirin N, hasil bijirin, indeks hasil tuaian dan hasil bijirin N. Kesimpulannya, nilai tertinggi bagi parameter yang dikaji
telah diperoleh daripada 50% penyemaian + 50% suli pertama dan 66% penyemaian + 33% rawatan suli awal. Kadar
aplikasi pembajaan N dan masa genotip gandum durum perlu menggunakan 50-60% daripada jumlah baja N sewaktu
penyemaian dan 40-50% pada peringkat awal suli dalam keadaan pengairan dengan penanaman batas.

Kata kunci: Gandum durum; hasil bijirin; masa dan kadar nitrogen; sistem penanaman batas

INTRODUCTION . . .
long-term soil management. Conventional tillage systems

Wheat is grown on more than 240 million ha, larger than
any other crop, and world trade is greater than for all
other crops combined. The wheat production of the world
is 713 million tonnes and of this, 36.4 million tonnes
belong to durum wheat. Durum wheat can be grown in
limited areas of the world. In recent years, annual wheat
grain requirements of developing countries are expected
to expand around 1% (Anonymous 2013). The increase in
global wheat demand must be supplied by both breeding
and management efforts.

Soil has become a substantially depleted resource in
global agricultural ecosystems and the development of
suitable tillage methods is important for soil protection and

are being replaced by reduced tillage crop management
systems, which decrease field traffic, minimize production
costs and reduce soil erosion. For example, compared
to conventional tillage, bed planting requires less labor,
increases soil fertility, increases wheat (Triticum aestivum
L.) water-use efficiency, controls water and wind erosion
and increases plant root depth (Hatfield et al. 1998).

The first bed planting system, developed by Kenned
Sayre and O.H. Moreno Ramos at the International Maize
and Wheat Improvement Center (CIMMYT) was implemented
in 1981 on a flat Mexican terrain. In the Obregon area of
Mexico, this planting system was employed on 90% of
the cultivated land (Sayre & Ramos 1997). Compared to
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conventional planting, the bed system provided a 10%
increase in yield, 20-30% decrease in production costs and
35% decrease in irrigation water consumption (Sayre et
al. 2001). A survey in Mexico reported an average wheat
yield of 5.615 kg ha™! for bed planting compared to 4.923
kg ha™' for conventional planting (Aquino 1998). Some
researchers found statistically significant differences while
comparing bed and other planting methods (Freeman et al.
2007; Karimvand et al. 2013; Mollah et al. 2009; Naresh
et al. 2014; Quangqi et al. 2011; Tripathi et al. 2005).

Soil temperature in bed plantings is 2-6°C higher
compared to normal planting temperature, accommodating
early sowing, rapid germination and early crop development.
Prior to implementing the bed system, however, N uptake
and efficiency must be measured (Ortega et al. 2008).
Nitrogen (N) use efficiency can be increased via plant
breeding and improved cultivation practices (Moll et al.
1982). Comparison of crop responses to low and high
N doses are useful to compare N uptake efficiency and
utilization efficiency of genotypes in a wheat breeding
program (Yildirim et al. 2007).

N rate of 70-90 kg ha™' is recommended for dry
conditions in the Southeastern Anatolia region and
140-160 kg ha™! for irrigated conditions (Giigdemir 2006).
The frequency and timing of N application affect grain
yield, biomass and quality, as well as N concentration
and distribution in the soil profile following wheat harvest
(Boman et al. 1995). Optimal timing of N application time
is associated with N loss potential, which is affected by
climate, soil composition, crop species and fertilizer type
(Atak et al. 2005). Ayup et al. (2001) reported that the
highest wheat yield can be obtained by applying N in three
equal parts: At sowing, tillering and flowering. Fertilizer
composition also affected their recommendations.

Although phosphorus (P) fertilizers are applied at
sowing, N must be applied when the plant needs it (Halag
& Yiirtir 1999). Darwinkel (1983), found that N, which
is typically applied to wheat at the beginning of stem
elongation, significantly increases the number of fertile
spikes per unit area. Cogkun and Oktem (2004) analyzing
the effects of N doses and timing of application on durum
wheat yield and yield components, obtained highest yield
from sowing time applications compared to applying half
at sowing and half at tillering at 120-200 kg/ha N doses. In
this study, our goal was to determine the effects of different
N rates and application times on wheat grain yield in the
bed planting system.

MATERIALS AND METHODS

PLANT MATERIALS AND GROWTH CONDITIONS

This study involved the durum wheat genotypes
Saricanak-98 cultivar and DUZF-299 advance line.
Saricanak-98 is spring wheat, with good tillering traits,
early to mid-maturity and vulnerable to cold temperatures.
DUZF-299 is also spring wheat, early to mid-maturity and

vulnerable to cold temperatures. The experiment was
conducted at the Dicle University Faculty of Agriculture,
Turkey, with a sowing date of December 21, 2009. The
location was at 660 m altitude and longitude of 37°54N
and 40°14E, respectively.

Climate data of the 2009-2010 season and long-term
averages are provided in Table 2. The average temperature
(°C), average proportional humidity (%) and total rainfall
(mm) of the 2009-2010 seasons were greater than the
respective long-term averages. Rainfall in December, when
tillering occurs, was below the long-term average. Overall,
however, monthly rainfall during the 2009-2010 season
was similar to long-term averages. Rainfall was relatively
higher in January and lower in February and April. The soil
properties of samples taken at a depth of 0-30 cm before
planting are presented in Table 3.

Each plot consisted of two beds 70 cm apart. Each
bed was sown with 200 seeds/m?. The experimental design
was a split plot design with four replications. N fertilizer
application periods were the main plots and genotypes
were the subplots. The trial area was irrigated to achieve
field capacity at flowering.

N application periods are presented in Table 1. Twelve
different N treatments, in addition to a control treatment of
no N applied, were used. N was applied one, two or three
times, depending on the treatment. Application growth
stages were sowing, first leaf formation, early tillering,
first node emergence and start of booting. Treatment 2
represented the typical N application practice for the area.
N was applied at sowing for the first six treatments and the
remaining N was applied at different growth stages. For
treatments 7, 8, 9 and 10, the first N application or all N
was applied during first leaf emergence and the remaining
N was applied at different periods. These four treatments
assumed the presence of essential nutrition elements in
the seed, but then the plant had not grown sufficiently and
most of the N was wasted between sowing and germination,
which is typical of cool and wet growing conditions.
The effects of delayed N application were examined in
treatments 11 and 12.

CROP SAMPLING AND MEASUREMENTS

Chlorophyll content was measured using a portable
chlorophyll meter (SPAD-502; Minolta, Osaka, Japan),
which can indirectly measure leaf chlorophyll content.
The SPAD measurements were made at the early dough
grain development stage. Grain N yield was calculated
according to the following formula (Y1ildirim et al. 2007):

Grain N yield = Grain yield x N content/100.

STATISTICAL ANALYSIS

Analysis of variance (ANOVA) was performed according
to a split plot model using SPSS. Differences between
treatments and genotypes were analyzed with the Duncan
multiple range test.



TABLE 1. Nitrogen fertilizer application time and rates implicated at trial
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Nitrogenous fertilizer application date and ZGS' periods

Nitrogen application 0:Sowing 1.1: First 2.1:Early 3.1:First node 4.1: Early
timing (NAT) 22.11.2009 leaf formation  tillering formation booting
04.01.2010  08.02.2010 02.03.2010 06.04.2010

1) 100% Sowing TSP> 1/IN? 0 0 0 0

2)  50% Sowing + 50% Early tillering TSP 12N 0 172N 0 0

3)  66% Sowing + 33% Early tillering TSP 2/3N 0 1/3N 0 0

4)  50% Sowing + 50% First node elongation ~ TSP 1/2N 0 0 12N 0

5)  33% Sowing + 33% Early tillering + 33% TSP 1/3N 0 173N 13N 0
First node elongation

6) 33% Sowing + 33% Early tillering + 33% TSP 13N 0 173N 0 13N
Early booting

7)  100% First leaf emergence TSP 0* /1N 0

8) 50% First leaf emergence + 50% First TSP 0 172N 12N
node elongation

9) 66% First leaf emergence + 33% First TSP 0 2/3N 0 173N 0
node elongation

10) 33% First leaf emergence + 33% First TSP 0 1/3N 0 1/3N 173N
node elongation + 33% Early booting

11) 100% Early tillering TSP /1N 0

12) 50% Early tillering + 50% First node TSP 12N 172N
elongation

13) No nitrogen application TSP 0 0 0 0 0

'ZGS: Zadoks Growth Skales
*TSP (%42 P,0,): Triple Siiper Fosfat fertilizer. 70 kg/ha Phosphorus applied with sowing
*N Ammonium Nitrate (%33 NH,NO,): 140 kg/ha nitrogen applied
0: No Nitrogen Application

TABLE 2. Meteorological data of 2009-2010 growing season and long term averages in Diyarbakir*

Months Average Temperature (°C) Rainfall (mm) Relative Humidity (%)

2009-10 LT** 2009-10 LT** 2009-10 LT**
November 9.8 10.0 55.6 54.6 70.6 68.0
December 7.1 42 87.2 74 .4 83.5 77.0
January 54 1.8 1134 74.6 80.9 770
February 6.6 3.6 40.2 68.4 799 73.0
March 11.1 8.1 68.7 66.2 66.6 66.0
April 14.2 13.8 224 73.5 604 63.0
May 204 193 31.6 40.8 493 56.0
June 272 28.5 11.2 6.9 29.1 23.0
Average/Total 143 12.7 5179 483.7 59.5 594

*:Diyarbakir Regional Directorate of Meteorology records. LT**: Long Term Meteorological Means
TABLE 3. Soil analysis results of experiment area
Structure Resolved within Lime Na pH Nitrogen K,0 PO, Organic
salt (%) (%) (%) (kg/ha) (kg/ha) (kg/ha) material (%)

C 0.073 7.81 8.76 7.77 102.0 9723 42 1.67
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RESULTS AND DISCUSSION

AIINAT traits, except for biological yield, were significantly
affected by the N application treatments (Table 4).
Genotypes and NAT x genotype interaction effects were not
significant. The average flowering time of durum wheat
genotypes varied from 147.8 to 150.3 days over different
treatments and the earliest flowering date was obtained
from the 66% sowing + 33% early tillering treatment
(Table 5). Kili¢ (2010) reported that chlorophyll contents
of wheat varieties in bed planting method were higher than
flat planting method. The SPAD measurements collected at
stem elongation and heading periods were not significantly
different. At the early dough stage, the highest SPAD values
were obtained from the 66% sowing + 33% early tillering
and 50% sowing + 50% early tillering treatments (Table 5).
The weight of grains per spike and number of plants
per m? were higher in bed planting system (Hossain et al.
2006; Kili¢ 2010). The number of plants per m™ ranged
from 91.5 to 120.8 plants. The maximum number of plants/
m? was obtained from the 50% early tillering + 50% first
node formation treatment. The maximum average thousand
kernel weight value was obtained from the 66% sowing +
33% early tillering treatment (Table 5). Generally, dividing
N into two applications gave higher thousand kernel
weights compared with one or three applications.
According to studies conducted by Kili¢ (2010),
Hossain et al. (2006) and Ozberk et al. (2009), thousand
kernel weights increased significantly in bed planting
system. Thousand kernel weights of NAT treatments 4, 5
and 10 NATs were similar to or less than the treatment of no
N (treatment 13). N application at sowing provided more
time for grain filling period compared to that of delayed N
application. The longest grain filling period was recorded
for the 66% sowing + 33% early tillering treatment. The
66% sowing + 33% early tillering treatment also gave the
highest grain filling rate (Table 5). Grain filling was faster
as a result of two separate N applications compared to a
single or three N applications. When a single N application
was compared to three applications, the single application
was superior. Grain filling rate was less for no N applied
(treatment 13) compared to treatments 4 and 5.
Khaleque et al. (2008) reported that on account of
higher uptakes of nitrate nitrogen and collection of more
solar radiation along with carbon dioxide grain and straw
N content was the highest in bed planting system 2.13 and
0.33%, respectively. The highest durum wheat grain N
content was obtained from the 50% early tillering + 50%
first node treatment. Dividing N into two applications
resulted in higher N content in the grain compared to one
application or dividing the same amount of N into three
applications. Grain N contents of treatments 2 and 9 were
similar to that of treatment 13 (Table 5). Limon-Ortega et
al. (2000) stated that 150 kg N ha' nitrogen level is the
most stable N application rate within all environments at
the first node stage.
The highest harvest index was obtained from the
50% early tillering + 50% first node formation treatment.
Dividing the N fertilizer into two applications resulted

in a harvest index greater than treatments involving one
or three applications. The harvest index was superior for
one N application compared to three applications. Harvest
index values of treatments 3, 7 and 9 were similar to or
lower than that of treatment 13 (Table 5).

There were several reports and studies reporting that
bed planting system influences grain yield (Alam 2012;
Bhuyan et al. 2012; Connor et al. 2003; Hossain et al. 2006,
2004). The average of grain and biological yield values are
presented in Table 6. The highest yield was obtained from
the 66% sowing + 33% early tillering treatment. Yields
from two N applications were generally better than of
one or three applications. Additionally, grain yield of one
application was superior to three applications of N. The
grain and biological yields of treatments 4, 5 and 10 were
similar to or lower than that for treatment 13. Ortega et al.
(2008) reported that the timing of N application did not
affect the bread wheat grain yield when cultivated on a bed
planting system. Limon-Ortega et al. (2000) reported that
regardless of time of nitrogen application while nitrogen
rate increased, wheat produced higher grain yields in
high yielding environments. However, in low yielding
environments wheat did not respond to increased nitrogen
rates.

The highest N yield was obtained from 66% sowing
+ 33% early tillering NAT (Table 6). Generally, dividing
N fertilizer into two applications provided greater N
yield compared to one application or dividing N to three
applications. Additionally, one N application was superior
to three applications. The N yields of treatments 6,7, 8,9
and 11 were similar to or lower than that of treatment 13.

CONCLUSION

The highest grain yield was obtained from 66% sowing +
33% early tillering NAT. Grain yield was generally greater
for treatments consisting of two N applications compared
to the treatments of one or three applications. Dividing N
fertilizer into two applications (at sowing and tillering) is
compatible with common management practices of the
Diyarbakir region. If irrigation is not an option, applying
all the N fertilizer at sowing is more suitable during dry
seasons. In conclusion, the highest values from parameters
studied here were obtained from the 50% sowing + 50%
first tillering and 66% sowing + 33% early treatments.
N application rate and time of durum wheat genotypes
should consist of applying 50-60% of the total N fertilizer
at sowing and 40-50% at the early tillering stage under
irrigated conditions and with bed planting.
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