International Journal of Modern Agriculture, Volume 10, No.1, 2021
ISSN: 2305-7246

EVALUATION OF THE EFFECT OF SEED RATE AND NITROGEN FERTILIZER
MANAGEMENT ON AGRONOMIC CHARACTERISTICS AND GRAIN YIELD
COMPONENTS IN QUINOA SUMMER CULTIVATION IN FARS PROVINCE

Tahereh Owiji*, Farhad Mohajeri®*, Mehdi Madandoust®, and Masoumeh Salehi*

1PhD student, Department of Agriculture, Fasa Branch, Islamic Azad University, Shiraz, Iran.

2 Assistant Professor, Department of Agriculture, Fasa Branch, Islamic Azad University, Shiraz, Iran.
® Associated Professor, Department of Agriculture, Fasa Branch, Islamic Azad University, Shiraz,
Iran.

*Assistant Professor, National Salinity Research Center, Agricultural Research, Education and
Extension Organization (AREEO), Yazd, Iran.

*Corresponding author (e-mail: fmohajeril397 @ gmail.com)

Abstract

In order to investigate the effect of seed rate and nitrogen fertilizer management on quinoa trait, a
two-year factorial experiment based on randomized complete block design was done during the
summer of 2017 and 2018 in Kharameh region. Experimental factors included seed rate at five levels
of 6, 7, 8, 9 and 10 kg ha™ and nitrogen at six levels of 120, 150 and 180 kg ha™ nitrogen divided into
2 (two leaf, Budding) and 3 times (two leaf, budding and pollination initiation), respectively. With
increasing seed rate, grain yield increased from 1716.33 to 3622.92 kgha™ and increasing nitrogen
from 120 to 180 kg ha™ increased the grain yield in the 2 and 3-time split treatments by 17.2% and
17.1%, respectively. Regarding the interaction between seed rate and nitrogen on grain yield, the
highest yield was obtained at 10 kg ha™ seed with 180 kg ha™ N per hectare divided at 3 times with
average yield of 3740 kg ha ™ and the lowest grain yield was obtained from interaction of 6 kg ha™
seed with 120 kg ha-1 of nitrogen split at two times with average yield of 1305 kg ha® . With
increasing seed rate, number of sub panicles per plant significantly increased from 6.95 to 14.6.
Among nitrogen levels, the highest 1000-seed weight was obtained by treatment with 180 kg using
three times (2.8 g). Whit increasing the number of nitrogen application times at each application level
significantly increased grain yield and other measured indices.

Keywords; Nitrogen Spilit, Quinoa, Seed Amount.

Introduction

Given the growing population growth in the country, there is an obvious need to increase crop
production. Also, the limited water resources in Iran and the fact that a vast area of the country are
climatically among arid and semiarid zones, it is of paramount importance to properly manage water
exploitation along with accurate use of agronomic practices, particularly under limited available
inputs (Foster, 1999; Chevallier, 2005). The industry of new plants is mainly facing with new species
and varieties, new areas and technologies for a crop production, new markets or a combination of
these factors. One of these plants that produces crop under drought and water deficit conditions is
Quinoa, Chenopodium quinoa, a member of the Amaranthaceae family and the Chenopodiaceae
subfamily, which is endemic to the Andean regions of the Americas (Bhargava and Srivastava, 2013).
This plant is cultivated from areas of sea level up to 4000 m above sea level and has several drought
tolerance mechanisms and high water use efficiency (Alvarez-Juete et al., 2010 and Brady et al.,
2007). Earliness is an important factor to produce sufficient biomass during the growing season, when
adequate moisture is available, and additionally it reduces the risk of frost and high cold mostly
occurring in arid areas (Jacobsen, 2003). Density is also an important and influential factor in
achieving optimal yield. Determination of an optimal plant density in turn plays an important role in
the use of production resources in agroecosystems (Kafi et al. 2011). An optimal number of plants per
unit area is the density by which all environmental factors are fully utilized by the plant, thereby
minimizing intra- and inter-plant competitions, which results in a maximum possible yield with the
desired quality (Khajehpour, 2001). The number of plants per unit area depends on germination
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ability, percentage of emergence and establishment, competition level, and survival of seedlings. The
amount of seed affects grain production per unit area by affecting single-plant grain yield. If grain
yield is low due to competition, a large number of plants at high density can compensate for the lack
of plant yield and consequently grain production per unit area (Koutroubas et al., 2000). In a study on
four plant distances of 5, 10, 15, and 20 cm with a fixed row spacing of 50 cm, it was observed that
grain amounts in safflower head increased significantly with increasing plant distance (a reduction on
grain level) (Fathi and Majdi Nasab, 2002). Decreased 1000-seed weight of rapeseed was observed
by increasing grain numbers (Vincence and Belan, 1988).

Nitrogen contributes to the formation of amino acids, vitamins, and chlorophyll. If nitrogen is
sufficiently provided to the plant, it can to increase plant growth rate and protein storage of grain s
(Siadat et al. 2013). Erley et al. (2005) reported that quinoa strongly reacts to nitrogen fertilizer use.
Breti et al. (2000) obtained that the highest yield of quinoa grain s with the highest level of nitrogen
consumption (225 kg/ha). Excessive amounts of nitrogen reduce grain yield as it decelerates grain
ripening and improves plant vegetative growth. Consumption of nitrogen fertilizer increases both
grain yield and protein content (Brenner and Williams 1995). Goma (2013) reported that nitrogen
fertilization increased the vegetative growth, metabolism rate, and dry matter accumulation in quinoa.
An experimental study was conducted at Izmir University in Turkey to investigate the effect of
nitrogen fertilizer levels (zero, 50, 75, 100, 125, 125, 150, and 175 kg/ha) on quinoa grain yield in
Mediterranean climatic conditions. It was found that nitrogen use at 150 kg/ha was the best amount
for the production of maximum grain yield, harvest index and 1000-seed weight (Geren, 2015). In the
United Arab Emirates, it was reported that nitrogen use at 120 kg/ha was the best level for quinoa
cultivation (Mosseddaq et al., 2016). Based on experimental results in Mollasani, Ahvaz, an increase
in the amount of nitrogen fertilizer led to increased yield and yield components as well as grain and
plant nitrogen content in some varieties of quinoa. There were significant differences between levels
of nitrogen fertilizer and varieties of quinoa in terms of the number of sub-branches, plant height,
stem diameter, number and weight of inflorescence in the plant, number of grain s in the
inflorescence, 1000-seed weight and grain yield, dry matter yield, and harvest index (Shahmansouri
2015). Other studies also indicated an increase in quinoa grain yield because of increased nitrogen use
(Eisa and Abdel-Ati, 2014; Schulte et al., 2005).

In another study, the effects of planting date, nitrogen fertilizer levels, and their interaction were
significant on all measured agronomic traits of quinoa. A comparison of mean values showed
decreases in nitrogen use efficiency indices with increasing nitrogen consumption from 80 to 320
kg/ha. It was also observed that a planting date of October 20 and using 320 kg/ha of nitrogen were
more suitable for obtaining the maximum yield of quinoa grain s in Ahvaz region (Saeidi et al., 2020).
Given that appropriate number of grain s and optimum amount and time of nitrogen fertilizer use
affect the plant growth and yield, this study aimed to evaluate the effect of seed amounts and nitrogen
fertilizer levels on the growth and yield of quinoa grain in climatic conditions of Kharameh city in
Fars province.

Materials and Methods

The interaction of grain number and nitrogen fertilizer management on agronomic traits, yield, and
yield components of quinoa were investigate in salt soils of Fars province (Kharameh), located at 29°
32" N and 53° 11" E with an altitude of 1597 m above sea level. A factorial experiment in a complete
randomized block design with three replications was started on 31 August 2018 until 2019 for two
consecutive years. Experimental factors were the amount of grain s consumed at five levels (6, 7, 8, 9,
and 10 kg/ha) and nitrogen split application at six levels (120, 150, and 180 kg/ha) in two and three
split applications of two-leaf and budding stages and two-leaf, budding, and pollination onset. Each
block consisted of 30 plots with totally 90 plots for the whole experiment. The blocks were 2 m apart
and each plot measured 2 x 3 m?. The water salinity was12 dS/m. The TITICACA cultivar obtained
from Yazd Salt Research Center was used in this research.

The examined agronomic traits were plant height, leaf area, leaf dry weight, plant dry weight, grain
yield, grain yield components (panicle length, panicle diameter, and number of sub-panicles), and
1000-seed weight. One m? of each plot and an average of 15 plants per plot were harvested to
calculate grain yield and yield components, respectively. The 1000-seed weight was obtained by
calculating 100-seed weight with a moisture content of 14% by a digital scale. To investigate and
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analyze the growth rate, four destructive sampling was performed four weeks after emergence once a
week to obtain plant height, plant and leaf dry weights, and leaf area. After completion of data
collection in the above experiments, data were analyzed by analysis of variance (ANOVA) using
SAS. Mean values were compared with Duncan’'s multiple range test at significance levels of 1 and
5%.

Results and Discussion

The results of physicochemical analysis of the studied farm soil during the experimental years (Table
1) indicate that the soil has high salinity, alkaline acidity, low organic carbon, moderate to good
phosphorus and potassium, and appropriate microelements of iron, zinc, manganese, and copper, with
a loamy texture. Due to the high tolerance of quinoa to soil salinity, there was no need to wash the soil
to reduce salinity. Based on these results, potash and phosphorus fertilizers and foliar application of

microelements were not applied due to the appropriate levels of these elements.
Table 1. Results of physical and chemical analysis of experimental farm soil before testing
EC [pH] oc | N | P | K|Fe| zn | Mn | cu [ SAND | SILT | CLAY
Year -
ds,m % PPM %
2018 | 106 | 752 | 0.44 | 002|154 |449|7.2|153|19.75|152| 316 | 451 | 233
2019 | 9.8 |7.38| 057 [0.03| 12 |351|82| 09 | 152 | 1.8 | 26.2 | 38.7 | 251

Table 2 summarizes the meteorological statistics of the surveyed period from 2018 to 20109.
Accordingly, the maximum average temperature in the studied months belongs to August with 31.7
°C in the first year and 31.6 °C within the two years of the experiment. The minimum average
temperatures in both experimental years belong to December with 8.12 and 7.7 °C, respectively, for
the growing seasons of 2017-18 and 2018-19, respectively. Total amounts of rainfall were
respectively 20 and 53.3 mm during the experimental period in 2018 and 2019.

Table 2. Mean values of monthly minimum and maximum temperatures and precipitation during
quinoa growth in Kherameh within growing seasons of 2018 and 2019

Mean of Min. Mean of Max. Precipitation (mm)
Month Temperature (°C) Temperature (°C)

2018 2019 2018 2019 2018 2019

July 30.8 30.7 31.7 31.6 0 0

Aug. 27.9 28.5 28.8 28.1 0 0
Sep. 21.4 22.7 22.3 23.5 0 0.3
Oct. 12.8 13.4 13.4 13.0 0 24
Nov. 8.12 7.7 8.8 8.3 20 29

Based on the results of compound ANOVA (Table 3), the effect of year was significant at 1% level on
plant height, plant dry weight, panicle length and diameter, number of sub-panicles, and 1000-seed
weight, but it had no significant effects on the other traits. According to the ANOVA results, the
independent effect of seed amounts and N levels and their interaction were significant on all the
examined traits at a level of 1%. The interaction of year x seed amounts was significant on the leaf
and plant dry weights and panicle diameter at a level of 1%, but it was not significant on the other
traits. The interaction of year x N was significant on leaf and plant dry weights at 1% and on panicle
diameter at 5%, but it did not affected the other traits significantly.

Table3. Summary of a two-year compound ANOVA for Plant height (P.H.), Leaf area (L.A), Leaf dry
weight (L.D.W.), Plant dry weigh (P.D.W.) [after 4" week], panicle length (Pan. L.), panicle diameter
(Pan. D), Sub-panicles no. (S. Pan. no.), 1000-grain weight (T.G.W), and Grain yield (G.Y.) with
different seed amounts and nitrogen levels
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L.D. Pan. Pan. SPan. | TG

SOV. |df | PH | LA | 50 | pDwW. | O A e I B A
vear (Y) | 1 | 80.0™ | 0.017 | %01 | 231.20" | 7.13" | 0.89™ | 33.54™ | 0:28 | 10904.45

gﬁ%rr 4| 324 | 003 | 001 | 483 055 | 0.01 | 1.04™ | 0.01 | 1666.67
Seed 204.81 | 350.14 | 47.10 | 209332.5 | 204.73 | 27.61 | 323.45 | 8.05 | 17567680.

amount( | 4 - - - o - - - o it

D) 0 30

1220 | 0.09™ | 0.02~ | 0.08™ | %01 | 56195

Fk

Yx D 4 |088™ | 0.01™ |0.03

Nit(rﬁge” 5 | 209.66 | 2580° | ) jee | ooyg g0 | 108.74 | 15.50 | 41151 | 2.33 | 1) gng5ce
YxN 51 097™ | 0.01™ | 0.02" | 10.13™ | 0.17™ | 0.01" | 0.05™ 0;90 675.05"™
DxN | 20 | 312 | 438 | 0107 | 375327 | 1.817 | 0.46™ | 863 | Ol | 29830754
Y 20 | 0es™ | 0.01™ 0017 | 648" | 000™ |0.02 | 008™ | %2 | 200.60"
Eror | Y| 188 | 002 | 001 | 261 | 048 | 0.00 | 049 |0.00 | 790.80

CV% | 152 | 123 | 96 [ 11.80 | 1410 [ 11.30 [ 1220 [ 158 | 141 |

*and **: Significant at 5% and 1% probability levels, respectively.
ns: Non-significant

A comparison of mean values for the effects of seed numbers on the studied traits (Table 4) reveals
that the 1000-seed weight increased from 1.83 to 3.06 g by increasing the seed level from 6 to 10
kg/ha. Arif et al. (2010) reported an increase in 1000-seed weight with increasing corn plant density.
The 1000-seed weight increased significantly with increasing N consumption from 120 to 180 kg/ha.
An increase in the N use intervals at each level also led to a significant increase in the 1000-seed
weight (5, 3, 4, and 12% for 120, 150, and 180 kg/ha of N, respectively). The highest and lowest
values of the 1000-seed weight were respectively recorded in treatments with 180 kg/ha of N at three
stages (2.8 g) and 120 kg/ha of N at two intervals (2 g), which were placed at the highest and lowest
statistical groups with a significant difference.

Table 4. Comparison of the average simple effects of plant density and different levels of on yield,
yield components, and some agronomic traits of quinoa nitrogen in two years

S. Pan

N oy | LA | LDW | PDW. [, . | Pan [~ S0 TGW | G.Y
g* C (cm? | (gram/m | (gram/m N D ' (gram | (Kgha-
levels (cm) plant) 2 2 (cm) (cm) (per ) N

plant)

N1 55.9f | 19.0f | 2.58f 155.5f | 10.9f | 2.8F | 4.85f | 2.0f | 2393.4f

N2 61.5¢ | 19.3¢ | 2.7¢ 162,56 | 12.58 | 3.3¢ | 7.10¢ | 2.1 | 2474.1¢
3.66 | 10.05

N3 64.6d | 19.7d | 2.8d 170.0d | 13.2d p q 2.3d | 2525 1d
11.80

N4 70.1¢ | 20.4¢ | 3.0¢ 177.3¢ | 14.0¢ | 3.95¢ | 2.4C | 2563.1C
433 | 13.40

N5 72.8D | 209b | 3.1P 184.50 | 15.0P N b 2.50 | 2806.2D
14.39

N6 79.12 | 2142 | 312 195.88 | 16.33 | 4.832 | 2.83 | 2899.62

353




International Journal of Modern Agriculture, Volume 10, No.1, 2021
ISSN: 2305-7246

o2 e
Seed
amount**

D1 631.383 16E31 197E 97 08E 10E94 3.21 6.95E | 1.83E 171:.33
D2 58E33 18[.315 519D 121.75D 12[.)25 3.;7 8.38D 2.84 2403.33
D3 66(.:08 20(.:01 3.13C 154.92C 13(.:22 3.(?4 9.75C | 2.33C 2443.83
D4 69|.392 21|.348 3578 209.678 14I.369 4.821 11I.358 2 49B 28585.83

78.56 | 24.55 17.14 | 5.15 | 14.67 3.06 | 3622.92

A A

Averages with at least one common letter in each column do not have a statistically significant
difference (Duncan 5%).

N1 and N2: 120 Kg ha™ two times (two leaves and flora initiation) and three times (two leaves,
floral initiation and beginning of flowering stages), N3, N4: 150 Kg ha™ two times (two leaves
and flora initiation) and three times (two leaves, floral initiation and beginning of flowering
stages), N5 and N6: 180 Kg ha™ two times (two leaves and flora initiation) and three times (two
leaves, floral initiation and beginning of flowering stages), and ** D1, D2, D3, D4, and D5 are 6,
7, 8, 9. and 10 Kg ha* with plant distances of 2,4,6, 8, and 10, respectively, on the row.

Increased N consumption likely reduced the competition between seeds for nutrient uptake, and
consequently more photosynthates were allocated to each plant, thereby increasing the 1000-seed
weight. A research also confirmed that average weight of corn grain decreased by 9-25% due to N
defficiency in various N consumption treatments (Ghadiri and Majidian, 2003). An increase in the
amount of consumed seed from 6 to 10 kg/ha resulted in a significant elevation of the plant and leaf
dry weights. The highest plant dry weight belonged to a seed density of 10 kg/ha (287.92 g/m?),
which increased significantly compared with the lowest density with an average of 97.08 g/m?. Leaf
dry weight also increased significantly from 1.27 to 4.16 g/ m? due to an increase in seed density
(Table 4). Increased N content led to elevated plant and leaf dry weights per unit area. An increase in
N use from 120 to 180 kg/ha in the two- and three-stage split applications resulted in increased leaf
dry weight by 20.2 and 14.8%, and plant dry weight by 18.6 and 20.5%, respectively. The plant dry
weight increased by the consumption of each N level in the three-stage compared to the two-stage
split applications (4.5, 4.6, and 6.12% at N levels of 120, 150 and 180 kg/ha, respectively).

Nitrogen is one of the key environmental factors in the control of biomass and yield through affecting
leaf area index (radiation absorption) and photosynthetic capacity per unit area of leaf area (Tuil and
Van, 1965). Research has shown that plant growth rate can be controlled by the plant nutrient content
(Tesar, 1984). Nitrogen allocation to leaves increases nitrogen use efficiency, thus, increasing CO»
absorption and dry matter production per unit of nitrogen (Kim and Chol, 1991). Dry matter yield was
reported to increase with increasing nitrogen fertilizer (Caks, 2001).

The interaction of N x seed amount on the plant and leaf dry weights indicated that the highest
amount of this parameter (180 kg/ha) was obtained in the three-stage split application and a seed
amount of 10 kg/ha (4.45 and 323.5 g/m? of the leaf and plant dry weights, respectively). All these
indices increased with increasing the seed amount, the area, and the stage of nitrogen fertilizer use
(Table 5).

An increase in the amount of seeds from 6 to 10 kg resulted in significant increases in the panicle
length from 10.94 to 17.14 cm (56.6%), panicle diameter (71.09%), and the number of sub-panicles
from 6.95 to 14.67. The results also showed significant elevations in the panicle length and diameter
and the number of sub-panicles with increasing use of nitrogen. The findings showed that, the
abovementioned indices increased at each nitrogen level with increasing times N fertilizer application.
Due to the interaction of nitrogen (180 kg) at three stages with 10 kg/ha of seeds, the panicle length,
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diameter, and number of sub-panicles alone were placed in the highest statistical group (21.5 cm, 5.91
cm, and 19.5 panicles/m?, respectively) (Table 5).

Plant height increased by 23.7% with increasing nitrogen levels and seed density from 6 to 10 kg. The
maximum average plant height (78.56 cm) among the treatments was found in a seed amount of 10
kg/ha, which was placed in the highest statistical group with a significant difference compared to the
other treatments. An increase in nitrogen level and consumption stage led to elevated height of the
plant. When the nitrogen consumption stage increased from two to three stages, the plant height rose
by 10.01, 8.5, and 8.7% at 120, 150, and 180 kg/ha of N levels, respectively. It seems that an increase
in nitrogen consumption provided better conditions for the use of sunlight and the production of
photosynthates through increasing the durability and the LAI, ultimately leading a significant increase
in plant height (Mousavi et al., 2015). Nitrogen deficiency in cereals reduces plant height (Kamkar et
al., 2011). It was also stated that increased amount of nitrogen fertilizer resulted in elevated height of
quinoa plant (Mohaddesi et al., 2010). The plant height response to different levels of nitrogen
consumption was also noted by some researchers (Elbehri et al., 1995; Jacobsen et al. 2005).

Here, plant height also increased with increasing N levels in each of the studied densities. The split
application and stage of N use in each of the applied densities led to increased height of the plant. The
results showed the highest plant height (93.6 cm) was obtained from the interaction of the three-stage
split application at 180 kg of N with a seed density of 10 kg/ha, which increased by 78.4% compared
to the lowest plant height due to the interaction of seed density (6 kg/ha) and 120 kg of N used in the
two-stage split application (Table 5).

Grain yield improved with increasing seed consumption and consequently elevated seed density. The
yield increased from 1716.3 to 362.9 kg/ha by an increase in the amount of consumed seeds from 6 to
10 kg/ha. The decreased yield by increasing planting distance (reduced seed density) can be explained
by the fact that high planting distance was not compensated by more number of plants. The superior
production in the superior treatment can be attributed to a sufficient number of plants and also to the
proper plant uptake from available resources (Mohaddesi et al., 2010).

Late consumption of nitrogen fertilizer in three-stage split application increased the yield. An increase
in the amount of nitrogen increased the yield of quinoa grain s significantly. The lowest average yield
(2,393.4 kg/ha) was recorded with N use of 120 kg/ha at two-leaf and budding stages, and the highest
average (2899.6 kg/ha) belonged to 180 kg of N treatment at two-leaf, budding, and pollination onset
stages. Increasing the stage of N fertilizer use at levels of 120, 150, and 180 kg led to increased yield
by 3.4%, 1.5%, and 3.32%, respectively. Increases in the amount of nitrogen from 120 to 150 and 150
to 180 kg/ha resulted in improved yields of 5.5 and 3.5%, and 11.1 and 13.1%, respectively, in the
two- and three-stage split applications. These results are consistent with those obtained by Wopereis-
Pura (2002), who concluded that late consumption of nitrogen in rice increased yields by 0.4 and 1
tons/ha in wet and dry seasons, respectively.

Numerous studies have been conducted on the timing and amount of N fertilizer use to determine
fertilizer recommendations for different rice cultivars (Walker et al. 2006). During 1970-1980,
nitrogen management research mostly focused on increasing nitrogen efficiency by reducing its
depletion, hence farmers were advised to use the fertilizer as two- or three-stage split applications
during the growing season (Buresh, 2007). Therefore, the amount and timing of N fertilizer use is
important for optimum grain yield (Walker et al. 2006). In the present study, the interaction of levels
and stages of N fertilizer use on grain yield revealed a rising trend of changes at all N levels with
increasing seed density (Fig. 1). An increase in the grain yield was observed with increased number of
split applications at any level of nitrogen. Grain yield was maximal (3740 kg/ha) by the interaction of
180 kg N treatment at three stages with 10 kg/ha of seeds, which was placed in the highest statistical
group. This treatment had an elevation of 1.7 times compared with the least yield (1305 kg/ha)
obtained from the interaction of 120 kg N treatment at two stages with 6 kg/ha of seeds (Fig. 1). This
trend of change was repeated in all the treatments.
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Table 5. Comparison of average interaction effects of seed amounts and different levels of
nitrogen on some traits of quinoa in two years

S. Pan
amsoier?ts* Nitrogen | P.H. (Lcr):z (;raDm\/Ar; (ngmvlvm Pan.L. | Pan.D | no. TGW
*
* (Cm) /plant) 2) 2) (Cm) (Cm) (per (gram)
plant)
N1 52,500 | 15.278 | 1.10Y | 89.502d | 8.10S |2.05U | 350" | 1.51F
15.67
N2 53.50" 5b6 111U | 91.502C | 925" | 2.545 | 4.50M | 1.540r
N3 60.50K | 16.37C | 1.17tU | 96.002b | 10.650P | 2.64" | 6.50! | 1.74P
D1 16.68
N4 68.00N q 1.22t | 98.502@ | 11.25N0 | 2.950 | 7.50K | 1.840
12.70! | i N
N5 71.009 | 16.83¢ | 1.445 | 101.002 . 3.65 | 9.251 | 2.05
N6 77508 | 17.05F | 1.617 | 106.00Y | 13.70)K | 4.250 | 10.45! | 2.30iK
17.23
N1 52.500 | "¢ 1.760 | 109.50 X | 9.500r | 2.35t | 4.50m | 1.614
55.50 | 17.36 114.50
N2 o h 1.89P w | 11.25M0 | 265" | 650! | 1.850
| | 17.48 m
N3 56&?0 h 1.97P | 11750V 11‘20 3.05P | 7.25Kl | 2.05n
= - 12.65! -
N4 59.50K | 18.731 | 2.330 | 124.00U . 3.35" | 950 | 2.15M
. ' I | 11.25 |
N5 | 60.50K | 18.04i | 2610 | 12950t | 13.70K 3'519 - 2'510
: : gh .| 11.25 ,
N6 | 65.501 | 19.151 | 2.600 | 135508 14'5;0 4050 | Ty | 240N
| | 1941
N1 57.50 K 2.70M | 139.50" | 10.25Pd | 2.555 | 4.50M | 2.00N
|
N2 | 5950k | 19.68! | 296! | 145500 12655 3100 | 650! | 2.15M
.| 19.86 K ¥ - N
N3 63.50) o 3.05 150.00P | 12.95Kl | 3.41n | 9501 | 2.34i]
D3 :
20.12 . . i gh
N4 | ess0h | ) 328l | 157.500 | 13.971 | 3.66l 11'h25 2'4i3
g | 20.36 : gh . | 12.50 fg
N5 69.50 3371 | 164.00n | 146657 3 ggij 2.50
h 0 i g h
20.62 . ef
N6 78.00€ 0 3430 | 173.00M 15'35 457F | 14.25F | 2.55f
21.03 |
N1 61.00K q 3.48" | 179.00! 12;]15 3.210 | 5.25M | 2 25K
N2 65.501 | 21.23" | 3.519" | 190.00K | 13.901 | 3.56M | 7.50K | 2.35i]
. hi | 11.50 fg
D4 N3 | 68.000 | 21.385 | 35870 | 202.50] 14'?5 396 | 2'4h7
. f 13.25
N4 70.509 | 2158t | 3.50f0 | 216.50 14'a7 91 4400 ; 2.55f
N5 73.50f | 21.72t | 3.63F | 220.00" | 15.75€f | 4.77¢ | 15.50€ | 2.64€
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u
2101 16.50
N6 | 81.00d | 77 3667 | 241.009 | 16.72¢d | 537C | T | 2.698
I| 22.16 h
N1 56r£0 Y 3.85¢ | 260.00f 14'3;9g 387K | 650! | 2.64¢
¢ | 22.46 q ’ :
N2 | 7367t | 7, | 4030 | 271008 | 15.75¢f | 4.82¢ | 10.501 | 2.69€
23.30
D5 N3 | 7450f | 77 | 414 | 284.000 | 15.970e | 5250 | 15508 | 2.88d
24.82
N4 | 8400C | ©, " | 419C | 290.00¢ | 17.02¢ | 5.39C | 17.50C | 2.98C
26.44 18.50
N5 | 8a.s0P | T 07 | 4.28P | 290.000 | 18.24D | 5660 | T | 3.35D
N6 | 93.678 | 28157 | 4458 | 323502 | 21502 | 5918 | 19.502 | 3.858

Averages with at least one similar letter in each column do not have a statistically significant difference

(Duncan 5%).

N1 and N2: 120 Kg ha™ two times (two leaves and floral initiation) and three times (two leaves,
floral initiation, and beginning of flowering stages), N3, N4: 150 Kg ha™* two times (two leaves and
floral initiation) and three times (two leaves, floral initiation and beginning of flowering stages), N5
and N6: 180 Kg ha™ two times (two leaves and flora initiation) and three times (two leaves, floral
initiation, and beginning of flowering stages), and ** D1, D2, D3, D4 and D5 are 6, 7, 8, 9, and 10
Kg ha™ with plant distances on rows 2,4,6, 8, and 10, respectively.
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Figure 1. Comparison of the average interaction effects of seed amounts and different levels of
nitrogen on grain yield of quinoa in two years.
Averages with at least one similar letter have no statistically significant difference (Duncan 5%)

Conclusion
The results of a two-year experiment in this study showed that a seed amount of 10 kg/ha was

appropriate to achieve an optimum plant density for maximum grain yield of quinoa during summer
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cultivation in Kharameh region. Grain yield increased by about 1.2 times with the highest grain
consumption level compared to the lowest density (6 kg/ha). Significant differences were observed
between grain yield at 120, 150, and 180 kg/ha of nitrogen in both two- and three-stage split
applications, with the latter resulting in a higher yield than the two-stage split application at each of
the tested levels. However, increasing the split application from two to three stages did not increase
the yield as did increasing nitrogen levels. In the present study, the best N application was the
treatment with 180 kg of pure N fertilizer use at three stages (two-leaf, budding, and pollination
onset). According to the results and the trend of changes in the yield by grain amount and increasing
nitrogen levels, the variety cultivated in this experiment seems to have the ability to tolerate higher
amounts of grain s and more fertilizer use. To achieve higher yields, it is recommended to conduct
experiments with higher grain amounts per unit area and higher nitrogen levels.

Acknowledgements
The authors sincerely appreciate the farm owner, the researchers at the National Salinity Research
Center and the Seed and Seedling Improvement Research Institute, who helped us with the research.

Referneces

1. Alvarez-Jubete L., Wijngaard, H., Arendt, E.K. 2010. Polyphenol composition and in vitro
antioxidant activity of amaranth, quinoa buckwheat and wheat as affected by sprouting and
baking. Food Chemistry, 119(2): 770-778.

2. Arif, M., Jan, M.T., Khan, N.U., Akbar, H., khan, S. A., Khan, M.J and et al. 2010. Impact of
plant populations and nitrogen levels on maize. Pak. J. Bot. 42(3):3907-3913.

3. Basra Shahzad M.A., Igbal Shahid, Afzal Irfan.2014. Evaluating the Response of Nitrogen
Application on Growth, Development and Yield of Quinoa Genotypes. International Journal
of Agriculture and Biology. 16: 886-892.

4. Berti, M., Wilckens, R., Hevia, F., Serri, H., Vidal, 1., and Mendes. C. 2000. Fertilizaction

nitrogenada en quinoa (Chenopodium quinoa Willd). Ciencia Investigsction Agraria. 27: 81-

90. (In Spanish with English abstract).

Bhargava, A. and Srivastava, S.2013. QUINOA Botany, Production and Uses. CABI

6. Brady, K., Ho, C.T., Rosen RT et al.2007. Effects of processing on the nutraceutical profile of

quinoa. Od Chemistry:100(3):1209-1216.

Buresh, R.J. 2007. Fertile Progress. Rice Today, Pp: 32-33.

8. Caks, G. 2001. Interactions between Azospirillum and VA mycorrhiza and their effects on
growth and nutrition of maize and ryegrass. Soil. Boil. Biochem. 15: 705-709.

9. Chevallier A.2005. The encyclopedia of medicinal plants. 4th ed. London: WB Saunders; 33-
41.

10. Erley, G. S. A, Kaul, H. P., Kruse, M. and W. Aufhammer. 2005. Yield and nitrogen
utilization efficiency of the pseudocereals amaranth, quinoa and buckwheat under differing
nitrogen fertilization. Eur. J. Agron. 22: 95-100.

11. Elbehri, A., Putnam, D.H., Schmitt, M. 1993. Nitrogen fertilizer and cultivar effects on yield
and nitrogen—use efficiency of grain amaranth. Agron. J. 85: 120-128

12. Eisa, S., Abdel-Ati, A. 2014. Optimization of Chenopodium quinoa nitrogen nutrition in
sandy soil. In Proceedings of the 16th World Fertilizer Congress on CIEC: Proceedings of the
Technological Innovation for a Sustainable Tropical Agriculture, Rio de Janeiro, Brazil.

13. Fathi, F and H, Majdi Nasab. 2002. Effect of row and plant distance on seed and oil yield of
safflower cultivars. Proceedings of the 7th Congress of Agriculture and Plant Breeding.
Faculty of Agricultural Sciences, University of Guilan.145 pages. (in Persian)

14. Foster, S., 1999. Peppermint (Mentha piperita L). American Botanical Council Series, 78(4):
3-8.

15. Geren, H. 2015. Effects of different nitrogen level on the grain yield and some vyield
components of quinoa (Chenopodium quinoa Willd.) under mediterranean climatic conditions
Turk. J. Field Crops. 20: 59-64.

16. Ghadiri, H. and Majidian, M. 2003. Effect of different nitrogen fertilizer levels and moisture
stress during milky and dough stages on grain yield, yield components and water use

o

~

358



International Journal of Modern Agriculture, Volume 10, No.1, 2021
ISSN: 2305-7246

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

efficiency of corn (Zea mays L.). J. Sci. & Technol. Agri. Nat. Res., 7(2): 103-112. (in
Persian)

Ghorbani gilayeh, H., Ashouri, M.2017. Effect of Planting Density and Nitrogen Fertilizer
Levels on Bean Yield and Yield Components in Roodsar City, Crop Production, 11(1)73-84.
(in Persian)

Goma, E. F. 2013. Effect of nitrogen, phosphorus and biofertilizers on Quinoa plant. J. Appl.
Sci. Res. 9(8): 5210-5222.

Heidari Pour, R., Kozaki, A. and Nasiri Mahallati, M .2017. Investigation of the Effect of
Nitrogen Fertilizer and Density at Unusual Levels on Growth Characteristics of Grain Yield
and Maize Forage; Iranian Crop Sciences, 48(3): 865 -876. (in Persian)

Jacobsen, S.E. 2003. The worldwide potential for quinoa (Chenopodium quinoa, Willd.).
Food Revolution International. 19: 167-177.

Jacobsen, S.E., Monteros, C., Christiansen, J.L., Bravo, L.A., Corcuera, L.J., Mujica, A.
2005. Plant responses of quinoa (Chenopodium quinoa Willd.) to frost at various
phonological stages. Eur. J. Agron. 22: 131-139.

Kafi, M., Rezvan Bidokhti, Sh and Sanjani, S. 2011. The Effect of Planting Time and Plant
Density on Yield and Morphophysiological Characteristics of Thyme in Mashhad Climatic
Conditions. Journal of Horticultural Science, 25 (3): 319-310. (in Persian)

Kamkar, B., Safahani Langroudi, A. and Mohammadi,R. 2011. The use of nutrients in crop
plants. Publication of Jihad University of Mashhad. P 500.

Khajehpour, M.R. 2001. Principles and principles of agriculture. Publications Jihad Isfahan
University of Technology. 386 pages. (in Persian)

Kim, Y.D., Spark, M., Rha, I.S., and Chol, J.S. 1991. Studies on the productivity of forage
sorghum and different cultural stage on regrowth, yield and nutritional value of sorghum
Sudan grass hybrid. Herb. Abst., 61: 165-165.

Koutroubas, S.D., D.K. Papakosta, and A. Doitsinis. 2000. Water requirements for castor oil
crop (Ricinus communis L) in a Mediterranean climate. Journal of Agronomy and Crop
Science. 184: 33- 41.

Manzoor, Z., Awan, T.H., Safdar, M.E., Ali, R.I.,Ashraf, M.M. and Ahmad, M. 2006. Effect
of nitrogen levels on yield and yield components of basmati 2000. Pakistan. J. Agric. Res.,
44(2): 115-120.

Mohaddesi, A., Abbasian, A., Bakhshipour, S. and Mohammad Salehi, A. 2010. Effects of
nitrogenous fertilizer and planting density on yield and yield components of 843 rice line.
Journal of Crop Ecophysiology. 2(3):198-208.

Mosseddag, F. B., M. A. Bounsir, O. Khallougand and H. Benlhabib. 2016. Optimization of
quinoa nitrogen nutrition under mediterranean climatic conditions. In International Quinoa
Conference. 6-8 Dec. Dubai.

Mousavi, S.Gh., Mohammadi, A.L., Baradaran, R., Seghatol eslami, M.G. and Amiri, A.
2015. Effect of nitrogen fertilizer rates on morphological traits, yield and yield components of
three cultivar of rice. Journal of Iranian Agricultural Research. 13(1): 146-152.

Saeidi S., Siadat S. A., Moshatati A., Moradi-Telavat,A., Sepahvand N. 2020.Effect of
sowing time and nitrogen fertilizer rates on growth, seed yield and nitrogen use efficiency of
quinoa (Chenopodium quinoa Willd) in Ahvaz, Iran. Iranian Agricultural Sciences J.; 21 (4)
:354-367

Schulte Auf M., Erley, G.; Kaul, H.P., Kruse, M.; Aufhammer, W. 2005.Yield and nitrogen
utilization efficiency of the pseudocereals amaranth, quinoa, and buckwheat under differing
nitrogen fertilization. Eur. J. of Agron. 22: 95-100.

Shahmansouri, R. 2015. Reaction of quinoa cultivars to nitrogen levels. MSc Thesis.
Agricultural Sciences and Natural Resources University of Khuzestan, Iran. (In Persian).
Siadat, S. A., A. Modhej and M. Esfahani. 2013. Cereals Production. Jahad Daneshgahi
Mashhad Press. (In Persian).

Tesar, M.B. 1984. Physiological basis of crop growth and development. WI. USA. 341p.

Tuil, H.D., and Van, W. 1965. Organic Salts in Plants in Relation to Nutrition and Growth.
Agric. Res. Rep. Wegheningen, Netherlands. 657p.

Thanapornpoonpong S..2004. Effect of nitrogen fertilizer on nitrogen assimilation and seed

359



International Journal of Modern Agriculture, Volume 10, No.1, 2021
ISSN: 2305-7246

quality of amaranth (Amaranthus spp.) and quinoa (Chenopodium quinoa Willd), Institute of
Agricultural Chemistry, Gottingen, 5(1): 135-147

38. Vincence, J., and M. Belan. 1988. Yield of winter rape cultivars in relation to changes in yield
forming components. Agronomy Journal. 3: 60-66.

39. Walker, T.W., Martin, S.W., and Gerard, P.D. 2006. Grain yield and milling quality response
of two rice cultivars to top-dress nitrogen application timings. Agron. J. 198: 1495-1500.

40. Williams, J. and D. Brenner. 1995. Grain Amaranth. p. 129-186. In: J. Williams (Ed.) Cereal
and Pseudocereal. Chapman and Hall. London. UK.

41. Wopereis-Pura, M.M., Watanabe, H., Moreira, J., and Wopereis, M.C.S. 2002. Effect of late
nitrogen application on rice yield, grain quality and profitability in the Senegal River valley.
Europe. J. Agron. 17: 191-198.

360



	Abstract
	Introduction
	Referneces

