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ABSTRACT

Two field experiments were performed during season of 2017 and 2018 at a private farm in newly
reclaimed land, Village No 8, EI-Minia Governorate, Egypt, to assess the effect of different nitrogen sources
[ammonium sulphate, (AS) and ammonium nitrate,(AN) fertilizers] and levels (60 and 90 kg N/fed) as well as
different compost levels (5, 10 and 15 t/fed) on growth parameters of quinoa plant, i.e. plant height, dry
weight/plant and number of leaves/plant; yield components (number of panciles/plant, 2000-grain weight and
grain yield/plant; yield parameters (grain, straw and biological yield); and N, P and K concentration and uptake
in both grains and straw as well as nitrogen utilization efficiency (NUtE). The experimental design was a split-
split plot design, where compost levels were allocated in main plots and nitrogen sources were arranged in sub
plots, while nitrogen levels were applied in sub-sub plots. The results show that all studied growth parameters,
yield and yield components as well as N, P and K concentrations and uptake in grains and straw were positively
responded to increasing nitrogen and compost levels, except P concentration in grains and straw in both seasons
and K concentration in grains in the second season only which did not affect by nitrogen levels. Nitrogen sources
were significantly effected the abovementioned traits, except 1000-grain weight and nitrogen concentration in
both grains and straw, which the effect of AS fertilizer was more pronounced than AN form. Nitrogen utilization
efficiency was negatively affected by compost and nitrogen levels, while nitrogen source was not affect this
trait. Combined 15 t/fed compost with 60 kg N/fed had statistically effect on quinoa productivity equal to the
effect of 90 kg N/fed.

Keywords: nitrogen sources, levels, quinoa plant, newly reclaimed soils, growth parameters, yield and yield

components.

INTRODUCTION

Quinoa (Chenopedium quinoa willd) is a pseudo
cereal crop which cultivated in Indian region since thousands
years age (Bhargava et al 2006). Its grain contain high
nutritional value, such as essential amino acids, high protein
content (about 15%) which free gluten, important mineral and
vitamins, polyphenols and phytosterols (Abugoch James,
2009), and saponins, which constituent of glocosidic
triterpenoids with about 80% glucose (Bhargava et al 2006).
Moreover, Jancurova et al (2009) reported that quinoa contain
high lysine value as well as Mg, Fe, Mn and vitamin B, which
important for growth development, metabolism and enzymes
functions in plant. In addition, Valencia-Chamorro (2003)
mentioned that the quinoa protein improved the human
immune system and help in protection from various diseases
such as cancer.

Egyptian total area is about one million square
kilometer, which most of them is under arid and hyper-arid
conditions, therefore, only about 3 percentage is cultivated (El-
Ramady et al 2013). Quinoa plants can resist the various
adverse factors, therefore, Egyptian Ministry of Agricultural
encourage the planting quinoa in newly reclaimed land (Adel,
2020). The extent in quinoa cultivation may be reduce the
country's dependence on wheat imports. The moderate
management resulted in quite low yield of quinoa, while it can
be maximized by using proper management such as irrigation,
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fertilization, organic manure application....... etc (Wang et al
2020).

Nitrogen is the most important macronutrients, which
it is a major components of various plant substances, such as it
comprise from 40 to 50% of the dry matter of protoplasm,
amino acids which consider the building blocks of protein,
chlorophyll formation (Roy et al 2006). Therefore, nitrogen
consider the major nutrient for rapid plant growth. Amino
acids and proteins formed only from ammonium cation, so
nitrate anion must be reduced. Huner and Hopkines (2008)
reported that nitrogen transported from roots to plant leaves as
NOs or as organic forms, such as amids or amino acids. Many
workers have been proved the beneficial effects of nitrogen on
quinoa yield such as Fawy et al (2017), Kansomjet et al
(2017), Mahmoud and Sallam (2017), Kakabouki et al (2018)
and Wang et al (2020).

Compost have been widely used in agricultural
production at the last years to improve soil properties and
fertility, which in turn increased crop growth and productivity.
Sadik et al (2009) reported that the decomposition of compost
in soil resulted in produce organic acids, which have beneficial
effect on increasing nutrient availability, beside it supply the
plants with various nutrients such as nitrogen, phosphorus and
micronutrients. They added that compost increased
agricultural productivity, improving soil the activity of
microorganisms as well as improving the environmental
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conditions and reducing the ecological risks, especially in
sandy soil. Bilalis et al (2012), Hirich et al (2014), Kakabouki
et al (2018) and Adel (2020) stated the positive effect of
compost application on quality and quantity of quinoa plants.

This study aimed to investigate the response of the
quality and quantity of quinoa plants grown in newly
reclaimed land to nitrogen sources and levels as well as
compost application.

MATERIALS AND METHODS

Two field experiments were conducted at a private
farm located in Village No 8 in newly reclaimed land, Minia
Governorate, Egypt in two successive seasons of 2017 and
2018 to evaluate the effect of different sources and levels of

Table 1. Chemical composition of used compost.

nitrogen under different levels of compost on quinoa
production grown in sand soil. The experimental design was a
split-split design in a complete randomized blocks in four
replications. The compost levels (5, 10 and 15 tffed) were
located in the main plots, while nitrogen sources (ammonium
nitrate, 33.5% N and ammonium sulphate, 20.5% N) were
arranged in sub plots. The nitrogen levels (60.0 and 90.0 kg
N/fed) were applied in sub-sub plots. The soil was sand in
texture, with pH 7.8 and 7.9, EC 2.0 and 2.1, dsm™® and organic
matter 0.25 and 0.27% as well as available N 2.1 and 2.7,
available P 3.5 and 2.7, and available K 35.1 and 31.2 mg kg*
in both seasons, respectively (according to A.O.A. C,1995).
The chemical composition of the used compost
(according to A.O.A. C, 1995) are listed in Table (1).

pH®  EC,dSm™ Organiccarbon (%) Organic matter (%) N% P% K%  C:Nratio
2017 8.11 3.62 22.25 38.36 152 0.48 134 1:15
2018 8.06 341 21.86 37.69 1.46 0.50 1.40 1:15

*in 1:15 compost-water suspension

Compost treatments were added before planting
during land preparation, while nitrogen treatments were done
at equal four doses, the first after thinning and the others after
every 15 days later. All treatments received 15.5 kg/fed P205
as superphosphate and 24.0 kg/fed K20 as potassium
sulphate. Other cultural practices for quinoa production were
done as in district.

The grains of quinoa, variety Misrl (obtained from
Agricultural Research Center, Giza, Egypt) were sown at 20
and 25 November in both seasons, respectively in plots (21
m?). Each plot had ten rows (each row was 6 m? long and 3.5
m width). The space between rows were 60 cm and the
distance between hills in the row was 20 cm, where lot of
seeds were sown in the hill. At harvest (about 120 days) ten
plant samples were collected from each plot to measure,
growth parameters (plant height, dry weight/plant and
number of leaves/plant), yield components (number of
panciles/plant, 1000-seed weight (g) and seed yield/plant (g),
and yield parameters (grain, straw and biological yields,
t/fed). Also, samples from seeds and straw were taken to
determine nitrogen, phosphorus and potassium concentration
(according to Chapman and Pratt, 1978) and converted to N,
P and K uptake, as the following equation:

Nutrient uptake = Nutrient concentration x grains or straw yield
Nitrogen utilization efficiency (NUtE):

The nitrogen utilization efficiency as kg quinoa
seeds/kg total absorbed nitrogen was calculated for each
treatment as the following formula:

NULE (kg seed / kg absorbed) = grain yield (kg/fed) / total
nitrogen uptake (kg/fed).

The data were subjected to the statistical analysis
according to Snedecor and Cochran (1980). L.S.D. values at
0.05 levels were used to compare the differences between
means.

RESULTS AND DISCUSSION

Growth parameters

Table 2 clearly show that increasing the level of
compost was gradually and significantly increased quinoa
plant height, dry weight/plant and number of leaves/plant.
Application of 15 t/fed compost increased these parameters
by about 23.0, 25.6 and 27.0 % in comparison with 5 t/fed
compost treatment respectively in the first season. similar

** in 1:15 compost-water extraction

trends were obtained in the second season. The positive effect
of compost on growth parameters may be due to, 1- direct
effects such as feeding plants with available nutrients,
improving soil fertility and quality, increasing soil organic
matter, and acting as soil conditioners and 2- indirect effect,
by enhancing microorganisms that improving various nutrient
availability such as P, S, Mn and micronutrients, also,
compost contains various microorganisms that exert many
substances and metabolites which act as phytohormones and
promoting plant growth (Marschner et al 2012). These results
are in line with those obtained by El Sabei et al (2016) and
Adel (2020).

As for nitrogen sources, the data show that growth
parameters of quinoa were significantly affected by nitrogen
fertilizer forms. Ammonium sulphate (AS) fertilizer had
tallest plant height, heaviest dry weight/plant and greatest
number of leaves/plant than ammonium nitrate (AN). The
superiority of AS fertilizer is mainly due to its physiologically
acidic is more efficient than ammonium nitrate, especially in
newly reclaimed land which contain high calcium carbonate
(Ozturk, 2010). Similar results were obtained by Sarhan and
Ismail (2003) for fodder beet plants and Ismail et al (2006) for
maize plants who reported the superiority of ammonium
sulphate than ammonium nitrate in its effect in plant grown in
alkaline conditions.

The data reveal that nitrogen levels was significantly
affected growth parameters of quinoa. Added 90 kg N/fed
increased plant height, dry weight/plant and number of
leaves/plant over 60 kg N/fed by about 6.1, 8.4 and 6.5 in the
first season and 7.4, 10.1 and 8.8% in the second one,
respectively. The increment of growth parameters caused by
increasing nitrogen level could be explained by the fact that
nitrogen is the important nutrient for chlorophyll formation,
which convert the light energy to chemical energy of
photosynthetic organs (Zhao et al 2005). In this concern,
Daughtry et al (2000) mentioned that more chlorophyll
enhanced photosynthetic active leaf area resulted in better
assimilation, in turn improve growth development. These
results agree with those obtained by Geren (2015) and
Kansomjet et al (2017) who stated that increasing nitrogen
levels increased growth parameters of quinoa
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Table 2. Effect of nitrogen sources and levels under different levels of compost on growth parameters of quinoa plants.

Compost Nitrogen

Nitrogen levels (kg/fed) (C)

Plant height (cm) Dry weight/plant (g) No. of leaves/plant
Eﬁe)d SOE‘é‘)’eS 2017 2018 2017 2018 2017 2018
60 90 mean 60 90 mean 60 90 mean 60 90 mean 60 90 mean 60 90 mean
AN 313 366 340 342 39.1 36.7 226 26.7 247 265 305 285 109.2 1241 116.7 1129 1315 1222
5.0 AS 355 39.1 373 387 422 405 253 285 269 275 316 296 1165 1362 1264 121.2 1426 1319
mean 334 379 356 365 40.7 386 240 27.6 258 270 311 290 1129 1302 1216 1171 1371 1271
AN 389 412 401 416 465 441 283 31.6 300 320 36.2 341 1346 1425 1386 137.7 1496 1457
10.0 AS 422 453 438 453 48.1 46.7 30.7 332 320 338 37.6 357 1471 1569 1520 1413 159.2 150.3
mean 406 433 41.9 435 473 454 295 324 310 329 369 349 1409 1497 1453 1395 1564 148.0
AN 418 419 419 446 46.7 457 306 319 313 358 365 352 1451 1457 1454 1537 1541 1539
15.0 AS 456 457 457 48.1 483 482 337 334 336 37.1 373 372 1573 1572 1573 160.2 1605 160.4
mean 437 438 438 464 475 469 322 327 324 355 369 36.2 1512 1515 1544 1578 157.3 157.6
mean of AN 373 399 38.7 401 441 422 272 30.1 287 314 344 326 1296 1374 1335 1348 1451 140.0
sources AS 411 434 423 44 462 451 299 317 30.8 328 355 342 1403 1501 1455 1409 1541 1475
mean of 60 39.2 421 285 318 1350 138.1
levels 90 41.6 45.2 30.9 35.0 143.8 150.3
LS.Dat0.05
A 172 1.78 1.01 1.08 7.25 7.02
B 145 1.61 0.95 1.01 6.04 5.36
C 1.02 113 091 0.96 6.01 512
AB N.S N.S N.S N.S N.S N.S
AC 1.92 1.96 135 1.39 9.11 8.31
BC N.S N.S N.S N.S N.S N.S
ABC N.S N.S N.S N.S N.S N.S

The data of the interaction reveal that the growth
parameters of quinoa were responded to the interaction between
compost and nitrogen level treatments, where the differences
between the effects of added 60 kg N/fed on growth parameters
were statistically equal to the effect of added 90 kg N/fed under
the highest level of compost (15 t/fed). These results may be due
to highest levels of compost contain nitrogen, which beside 60 kg
Nffed is enough to the requirement of quinoa plants from
nitrogen. In general, the highest growth parameters of quinoa
were achieved for the treatment of 15 t/fed compost + 60 or 90
kg N/fed as ammonium sulphate fertilizer. On the other hand, the
treatment of 5 t/fed compost + 60 kg N/fed as ammonium nitrate
exhibited the lowest ones.

Yield components

The data in Table 3 reveal that number of

panciles/plant, 1000-seed weight and seed yield/plant were

significantly responded to compost application. The increasing
of compost levels were gradually increased the quinoa yield
components in both seasons. Added 15 t/fed compost resulted
in increases in these parameters by about 67.7, 20.0 and 29.2
% over 5 t/fed compost, respectively in the first season. similar
trends were obtained in the second season. The promotive
effect of compost on yield components of quinoa is mainly due
to its effect on quinoa growth as mentioned before (Table 2).
Also, Ramzani (2017) reported that association of compost led
to reduce the pH value by about 0.3 units in soil rhizospher,
which improved nutrients availability, consequently increased
plant growth and yield and its components. These results are
in a good agreement with those obtained by Papastyianou et al
(2014) and Adel (2020) who reported that compost application
enhanced yield components of quinoa plants.

Table 3. Effect of nitrogen sources and levels under different levels of compost on yield components of quinoa.

Compost  Nitrogen

Nitrogen levels (kg/fed) (C)

No. of panicles/plant

1000- seed weight (g)

Seed yield/plant (g)
g{‘;d 50‘({;‘)’65 2017 2018 2017 2018 2017 2018
60 90 mean 60 90 mean 60 90 mean 60 90 mean 60 90 mean 60 90 mean
AN 72 102 87 77 109 93 33 36 35 35 37 36 131 164 148 139 168 154
5.0 AS 81 118 100 85 121 103 33 36 35 36 38 37 146 172 159 153 184 169
mean 77 110 93 81 115 98 33 36 35 36 38 37 139 168 153 146 176 16.1
AN 126 144 135 129 147 138 38 41 40 39 42 41 169 185 177 182 211 197
10.0 AS 141 165 153 144 168 156 39 42 40 39 43 41 183 217 200 20.7 227 217
mean 134 155 144 137 158 147 39 42 40 39 43 41 176 201 189 195 219 20.7
AN 139 146 143 142 148 145 42 42 42 42 43 43 181 188 185 211 214 213
15.0 AS 168 169 169 169 169 169 42 43 43 42 43 43 202 219 211 225 228 227
mean 154 158 156 156 159 157 42 43 42 42 43 43 192 204 198 218 221 20.8
mean of AN 112 131 122 116 135 125 38 40 39 39 41 40 160 179 170 177 198 188
SOUrces AS 130 151 140 133 153 143 38 40 39 39 41 40 177 203 190 192 213 203
mean of 60 121 124 38 39 16.9 18.6
levels 90 14.1 144 4.0 41 19.1 205
L.S.Dat0.05
A 0.95 0.98 0.08 0.09 1.21 1.28
B 113 1.26 N.S N.S 1.02 1.09
C 1.16 1.29 0.09 0.09 1.36 143
AB N.S N.S N.S N.S N.S N.S
AC 152 1.70 0.13 0.14 1.65 1.80
BC N.S N.S N.S N.S N.S N.S
ABC N.S N.S N.S N.S N.S N.S

With respect to nitrogen sources, the data clearly indicate
that AS fertilizer produced higher values of number of

panciles/plant, and seed yield/plant than AN fertilizer, while
1000-seed weight did not affect by nitrogen forms. The
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superiority of AS over AN fertilizers in these two parameters
reached to 14.8 and 11.8% in the first seasons, respectively.
Similar trends were obtained in the second season. The
augmentation in yield components of quinoa due to AS than AN
fertilizer is mainly due to the superiority of the effect of AS
fertilizer on the growth parameters as the abovementioned
discussed. In this connection, Tisdale and Nelson (1975)
mentioned that, due to the accompany SO4-- anion, this source
of fertilizer tends to be some what acidic in soil than AN fertilizer,
in turn improve soil pH near root zone, which positively
increased plant growth. Similar results were obtained by Ismail et
al (2006) and Hassanien (2009) who reported that ammonium
sulphate surpassed ammonium nitrate in its effect on yield
components of maize plants.

The nitrogen levels were significantly effected yield
components of quinoa. Added 90 kgffed nitrogen increased
number of pancils, 1000-seed weight and seed yield/plant by
about 16.5, 5.3 and 13.0% when compared with added 60 kg
Nffed, respectively in the first season. The corresponding
increases in the second season were 16.1, 5.1 and 10.2%. These
increment may be due to increasing nitrogen level enhanced the
merestmic activity, vegetative growth and photosynthates
accumulation (Allam et al, 2001). These results are in harmony
with those obtained by Gomaa (2013) and Wang et al (2020)
who reported that yield components of quinoa increased with
increasing nitrogen levels.

As for the interaction, the data indicate that, yield
components were responded to the interaction between compost

level and nitrogen level (AXC). The increasing nitrogen level
from 60 to 90 kg/fed did not statistically induce any changes in
yield components in presence of 15 t/fed compost. The highest
values of yield components were achieved from the treatment of
15 t/fed compost + 60 or 90 kg N/fed as ammonium sulphate
fertilizer. However, the treatment of 5 t/fed compost + 60 kg
N/fed as ammonium nitrate exerted the lowest ones.
Yields

The obtained data in Table 4 indicate that yield
parameters in term of grain, straw and biological yields were
significantly affected by composting. Increasing compost level
had a positive effect on yield parameters. The increment in seed,
straw and biological yields resulted to added 15 t/fed compost
were 38.6, 38.8 and 39.4% over 5 t/fed compost, respectively in
the first season. The corresponding increases in the second season
were 34.5, 35.6 and 35.5% in the abovementioned respect. The
promotive effect of compost may be due to it have several
advances, such as: induce balanced slow release nutrients in soil,
enhance microorganisms activity, improve root growth caused
by better soil structure as well as increased soil organic matter (EI-
Etr et al 2004), consequently increased growth and productivity
of plant. Moreover, the positive effect of compost on growth
parameters and yield components as mentioned in Tables 2 and
3 is a good explanation to its effect on seed and/or straw yields.
These results are in accordance with those obtained by Hirich et
al (2014), Ramzani et al (2017) and Adel (2020) who stated the
beneficial effect of compost in quinoa yields.

Table 4. Effect of nitrogen sources and levels under different levels of compost on yields of quinoa.

Compost Nitrogen

Nitrogen levels (kg/fed) (C)

tfed SOUIGes Grain yield (ton/fed) Straw yield (ton/fed) Biological yield (ton/fed)
A ®) 2017 2018 2017 2018 2017 2018
60 90 mean 60 90 mean 60 90 mean 60 90 mean 60 90 mean 60 90 mean
AN 091 100 096 098 112 105 1.09 120 115 118 132 125 200 220 210 216 244 230
5.0 AS 100 112 106 1.10 120 115 119 134 127 132 144 138 219 246 233 242 264 253
mean 096 1.06 1.01 1.04 116 110 114 127 121 125 138 132 210 233 221 229 254 242
AN 114 133 124 124 150 137 136 160 148 150 179 165 250 293 272 274 329 302
10.0 AS 121 147 134 133 151 142 145 175 160 159 180 170 266 322 294 292 331 312
mean 118 140 129 129 151 140 141 168 154 155 180 167 258 3.08 283 283 330 3.07
AN 133 133 133 141 150 146 160 160 160 178 179 179 293 293 293 319 329 324
15.0 AS 147 147 147 151 151 151 176 176 176 180 180 180 3.23 323 323 331 331 331
mean 140 140 140 146 151 148 168 168 1.68 179 180 179 308 308 308 325 330 328
mean of AN 113 122 117 121 137 129 135 147 141 149 163 156 248 269 258 270 3.01 285
sources AS 123 135 129 131 141 136 147 162 154 157 168 163 2.69 297 283 2838 309 299
mean of 60 1.18 1.26 141 153 2.59 2.79
levels 90 1.29 1.39 154 1.66 2.83 3.05
L.S.Dat0.05
A 0.11 0.13 0.16 0.17 0.16 0.17
B 0.07 0.08 0.10 0.12 0.09 0.10
C 0.07 0.09 0.11 0.11 0.10 0.11
AB N.S N.S N.S N.S N.S N.S
AC 0.18 0.21 0.27 0.29 0.25 0.26
BC N.S N.S N.S N.S N.S N.S
ABC N.S N.S N.S N.S N.S N.S

As for nitrogen source, the results show that ammonium
sulphate gave yield parameters of quinoa exceeded than
ammonium nitrate by about 10.3, 9.2 and 9.7% t/fed in first
season and 54, 45 and 4.9 tffed in the second one. The
superiority of AS over AN fertilizer may be due to AS form
reduce soil reaction (Sas et al 2003). Bedell et al (1999)
mentioned that ammonium sulphate form improved lateral roots,
pH and total seedling biomass than ammonium nitrate form.
Also, Garbin and Dillenburg (2008) and Gendy et al (2013)
stated that ammonium sulphate fertilizer surpassed ammonium
nitrate fertilizer in producing growth and yield of plants.
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Considering nitrogen levels, the data reveal that
increasing nitrogen level from 60 to 90 kg/fed increased seed,
straw and biological yields by about 9.3, 9.2 and 9.3% in the
first season and 10.3, 8.5 and 9.3% in the second one. These
increases indicated that quinoa plants respond well to
increasing nitrogen levels and have high ability to accumulate
nitrogen in seed and straw (Razzaghi et al 2012). The
increment in quinoa yields caused by increasing nitrogen
levels may be due to nitrogen fertilizer had positive effect of
vegetative growth and yield components (Tables 2 and 3),
consequently improved the ability for photosynthesis and
photosynthate translocation to grains (Thanapornpoonpong,
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2004). Similar results were obtained by Fawy et al (2017) and
Mahmoud and Sallam (2017) who reported that quinoa plants
positively responded to increasing nitrogen levels.

It is obviously to notice that, quinoa yields were
significantly responded to the interaction between the levels of
both compost and nitrogen (AXC), where under 15 t/fed
compost, the yields of quinoa due to 60 kg/fed were statistically
equal to that resulted to added 90 kg N/fed. Itis worthy to mention
that these interaction effects on yields were parallel to the
interaction on growth parameters (Table 2) and yield components
(Table 3). In general, the quinoa plants supplied with 15 t/fed
compost and fertilized with 60 or 90 kg N/fed as ammonium
sulphate exhibited the greatest quinoa yields. Whereas, the plants
treated with 5 t/fed compost and received 60 kg Nffed as
ammonium nitrate exerted the lowest ones.

N,P and K concentration

The data in Tables 5 and 6 represent the effect of

compost, and nitrogen sources and levels on N, P and K

concentration in both grains and straw. The data show that, the
increasing compost amendment in soil led to significant
increasing in N, P and K concentration in grains and straw of
quinoa plants. Comparing with added 5 t/fed compost, 15 t/fed
compost increased N, P and K in grains by about 9.7, 63.8 and
23.6 %, respectively in the first season. Similar trends were
obtained for quinoa straw and for the second seasons. The
positive effects of compost on N, P and K concentration in
grains and straw may be due to its high content of N, P and K
(Table 1), therefore the N, P and K content in grains and straw
were proportional to the increase in compost levels (Sadik et
al, 2009). Also, many workers such as Salem et al (2004) and
Alli et al (2009) reported that organic manure amendment led
to increase of nutrient content by decreasing soil pH in root
zoone during its decomposition, consequently improved
nutrients availability. These results are similar to those
obtained by EI-Quesni et al (2010) for Schefflera arboricola L.
plants and El Sebai et al (2016) for quinoa plants.

Table 5. Effect of nitrogen sources and levels under different levels of compost on N, P and K concentration in grain of quinoa.

Compost Nitrogen

Nitrogen levels (kg/fed) (C)
0,

N % P% K%
%’d 50‘(15‘)365 2017 2018 2017 2018 2017 2018
60 90 Mean 60 90 mean 60 90 mean 60 90 mean 60 90 mean 60 90 mean
50 AN 232 241 237 225 235 230 041 042 042 039 038 039 101 104 103 100 103 1.02
: AS 235 242 239 226 235 231 052 052 052 050 051 051 108 111 110 1.07 110 1.09
mean 234 242 238 226 235 230 047 047 047 045 045 045 105 108 106 104 107 1.05
100 AN 247 253 250 238 247 243 056 056 056 053 053 053 113 117 115 141 111 141
: AS 248 254 251 238 246 242 067 066 067 063 062 063 120 125 123 118 117 1.8
mean 248 254 251 238 247 242 062 061 061 058 058 058 117 121 119 115 114 114
150 AN 255 266 261 246 253 250 0.74 0.75 075 072 073 0.73 127 131 129 125 123 124
: AS 256 265 261 245 254 250 079 079 079 077 077 077 130 134 132 127 125 126
mean 256 266 261 246 254 250 077 077 077 075 075 075 129 133 131 126 124 125
meanof AN 245 253 249 236 245 241 057 058 057 055 055 055 114 117 116 112 112 112
sources AS 246 254 250 236 245 241 066 066 066 063 063 063 119 123 121 117 117 117
mean of 60 2.46 236 062 059 117 115
levels 90 254 245 0.62 059 1.20 115
LS.Dat005
A 0.10 0.08 0.05 0.04 0.06 0.07
B N.S N.S 0.04 0.04 0.03 0.03
C 0.12 0.10 N.S N.S 0.02 N.S
AB N.S N.S N.S N.S N.S N.S
AC N.S N.S N.S N.S N.S N.S
BC N.S N.S N.S N.S N.S N.S
ABC N.S N.S N.S N.S N.S N.S

Table 6. Effect of nitrogen sources and levels under different levels of compost on N, P and K concentration in straw of quinoa.

Compost Nitrogen

Nitrogen levels (kg/fed) (C)
0,

N% P% K%
%d So%é‘):es 2017 2018 2017 2018 2017 2018
60 90 mean 60 90 mean 60 90 mean 60 90 mean 60 90 mean 60 90 mean
AN 109 125 117 103 122 113 014 015 015 0.13 014 014 056 062 059 054 060 057
50 AS 108 127 118 102 121 112 019 020 020 0.18 0.19 019 061 071 066 0.60 070 0.65
mean 109 126 1.17 103 122 112 017 0.18 0.17 0.16 017 016 059 0.67 063 057 065 0.61
AN 153 187 170 149 181 165 025 025 025 024 024 024 085 092 089 083 090 087
10.0 AS 154 186 1.70 150 182 166 031 032 032 030 030 030 096 103 100 093 1.00 0.97
mean 154 187 170 150 182 166 028 0.29 0.28 0.27 027 027 091 098 094 0.88 095 0.92
AN 197 211 204 195 208 2.02 044 044 044 043 042 043 126 129 128 124 127 126
15.0 AS 199 210 205 195 209 2.02 051 052 052 050 051 051 141 146 144 140 145 143
mean 198 211 204 195 209 202 048 048 048 047 047 047 134 138 136 132 136 134
mean of AN 153 174 164 149 170 160 0.28 0.28 0.28 0.27 027 027 089 094 092 0.87 092 0.0
Sources AS 154 174 164 149 171 160 034 035 034 033 033 033 099 107 103 098 105 101
mean of 60 153 1.49 0.31 0.30 0.94 0.92
levels 90 1.74 171 0.31 0.30 1.01 0.99
L.S.D at0.05
A 0.11 0.13 0.07 0.06 0.09 0.08
B N.S N.S 0.04 0.04 0.07 0.05
C 0.13 0.14 N.S N.S 0.05 0.04
AB N.S N.S N.S N.S N.S N.S
AC N.S N.S N.S N.S N.S N.S
BC N.S N.S N.S N.S N.S N.S
ABC N.S N.S N.S N.S N.S N.S
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As shown in Tables 5 and 6 nitrogen fertilizer sources
were significantly effected phosphorus and potassium
concentration in both grains and straw in both seasons, while
nitrogen concentration did not affected. The effect of
ammonium sulphate resulted a significantly higher P and K
content in grains and straw than ammonium nitrate form. The
superiority of AS fertilizer on P and K content is mainly due to
its effect on improving its availability due to the positive effect
of AS fertilizer on reducing soil reaction (Tisdale and Nelson,
1975). These results are in line with those obtained by Sarhan
and Ismail (2003), Ali et al (2009) and Hassanein(2009).

Regarding nitrogen levels, the obtained data reveal that
N and K concentration were significantly increased as nitrogen
level increased, except K content in grains in the first season.
Added 90 kg N/fed yielded N and P concentration in grains
exceeded that due to added 60 kg N/fed by about 3.3 and 3.6%,
respectively in the first season. However, the increment in N
and K concentration in quinoa straw due to added 90 kg N/fed
reached to 13.7 and 7.4% in the first season and 14.8 and 7.6%
in the second one in comparison with added 60 kg N/fed,
respectively. Similar results were obtained by Gomaa (2013)
and Mahmoud and Sallam (2017) and Wang (2020) who
found that N and K concentration in quinoa grains and straw
were positively responded to nitrogen levels.

The data of the interaction between any two of the
studied factors or among them indicate that N, P and K
concentration in both grains or straw did not significantly
affect by these interactions. In general, the highest N and K
concentration in grains or straw were obtained under the plants
received 15 t/fed compost and fertilized with 90 kg N/fed as
ammonium sulphate, while the plants supplied with 5 t/fed
compost in combined with 60 kg N/fed as ammonium nitrate
possessed the lowest ones.

N, P and K uptake

The data in Tables 7,8 and 9 represent the effect of
compost application and nitrogen fertilization on N, P and K
uptake by grains and/or straw. The data reveal that increasing
compost levels was gradually increased N, P and K uptake in
grains and straw as well as total uptake. Application of 15 t/fed
compost increased total N, P and K by about 85.6, 176.2 and
1249% in comparison with added 5 tifed compost,
respectively in the first season. The corresponding increasing
in the second were 823, 175.6 and 116.6 % in the
abovementioned order. The increment in nutrient uptake due
to increasing compost levels is mainly explained by the effect
of compost on quinoa yields (as discussed before in Table 4)
and N, P and K concentration in grains and straw (Tables 5 and
6), where nutrient uptake calculated as multiplying grain or
straw yields by N, P and K concentrations. These results are in
parallel to those obtained by Ali et al (2009) on wheat plants
and El-Shabrawy (2019) on potato plants and Fawy et al
(2017) for quinoa plants.

As nitrogen sources, the data clearly indicate that
nitrogen sources were significantly affected N, P and K uptake
in grains and/or straw, where quinoa plants fertilized with
ammonium sulphate absorbed more N, P and K in its grains and
straw than that supplied with ammonium nitrate by about 10.1,
28.3 and 19.1%, respectively in first season. Similar trends were
obtained in the second season. The superiority of AS than AN
fertilizers on nutrient uptake could be explained by the beneficial
effect of AS fertilizer than AN on quinoa yields. Moreover, AS
fertilizer improved soil pH than AN due to presence of sulphate
anion after ammonium absorption by plant, consequently
increase nutrient availability near plant roots (Tisdale and
Nelson, 1975). These results are similar to those obtained by
Hassanein (2009) and Sadik et al (2009) for maize plants.

Table 7. Effect of nitrogen sources and levels under different levels of compost on N, P and K uptake in grains of guinoa.

Nitrogen levels (Kg/fed) (C)

ompost Nitrogen

N (Kg/fed) P (Kg/fed) K (Kg/fed)
g{‘;d Sotgges 017 2018 2017 2018 2017 2018
60 90 mean 60 90 mean 60 90 mean 60 90 mean 60 90 mean 60 90 mean
50 AN 2111 24.10 22.61 22.05 26.32 24.19 3.73 420 397 382 426 404 919 1040 9.80 9.80 1154 10.67
' AS 2350 27.10 25.30 24.86 28.20 26,53 520 582 551 550 6.12 581 10.80 12.43 11.62 11.77 13.20 12.49
mean 22.31 25.60 23.95 23.46 27.26 25.36 447 5.01 474 466 519 492 10.00 11.42 10.71 10.79 12.37 11.58
100 AN 28.16 33.65 30.90 29.51 37.05 33.28 6.38 745 6.92 657 7.95 7.26 12.88 1556 14.22 13.76 16.65 15.21
’ AS 30.01 37.34 33.67 31.65 37.15 3440 8.11 9.70 890 838 9.36 887 14.52 18.38 16.45 15.69 17.67 16.68
mean 29.08 35.49 32.29 30.58 37.10 33.84 7.25 858 791 748 8.66 8.07 13.70 16.97 15.33 14.73 17.16 15.94
150 AN  33.92 35.38 34.65 34.69 37.95 36.32 9.84 998 991 10.15 10.95 10.55 16.89 17.42 17.16 17.63 18.45 18.04
’ AS 37.63 38.96 38.29 37.00 38.35 37.67 11.61 11.61 1161 11.63 11.63 11.63 19.11 19.70 19.40 19.18 18.88 19.03
mean 35.77 37.17 36.47 35.84 38.15 37.00 10.73 10.79 10.76 10.89 11.29 11.09 18.00 18.56 18.28 18.40 18.66 18.53
meanof AN 27.73 31.04 29.39 28.75 33.77 31.26 6.65 721 693 6.85 7.72 7.28 12.99 14.46 13.72 13.73 1555 14.64
sources AS  30.38 34.47 32.42 31.17 3457 32.87 831 9.04 868 850 9.04 877 14.81 16.84 15.82 15.55 16.58 16.07
meanof 60 29.06 29.96 7.48 7.68 13.90 14.64
levels 90 32.76 34.17 8.13 8.38 15.65 16.07
L.S.Dat0.05
A 201 2.10 0.95 0.97 1.82 191
B 1.56 1.69 0.73 0.77 1.34 1.50
C 1.79 183 0.49 0.53 101 1.08
AB N.S N.S N.S N.S N.S N.S
AC 2.68 2.74 1.39 1.43 240 247
BC N.S N.S N.S N.S N.S N.S
ABC N.S N.S N.S N.S N.S N.S

Considering nitrogen levels, the results show that N, P
and K uptake in grains, straw and total uptake were increased as
nitrogen level increased from 60 to 90 kg N/fed. The relative
increasing intotal N, P and K due to 90 kg N/fed reached to 17.2,
8.8 and 13.6%, respectively in first season. Similar trends were
obtained in the second one. The positive effect of nitrogen level

on grain and straw yields (Tables 4 and 5) is a good explanation
for its effect on nutrient uptake as mentioned before. These results
are in line with those obtained by Fawy et al (2017) and
Kakabouki et al (2018) who stated that nutrients uptake for
quinoa plants were linearly correlated with increasing nitrogen
levels.
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The data of the interaction reveal that the total N, P and
K uptake by grains, straw and total uptake were significantly
affected by the interaction between compost levels and nitrogen
levels (AXC), where in presence of 15 t/fed compost, the effect
of 60 kg N/fed on N, P and K uptake by grains and/or straw are
statistically equal to the effect of 90 kg N/fed. The finding were

parallel to the effect of the interaction between compost and
nitrogen levels (AXC) on grain and straw yields (Table 4). In
general, the treatment of 15 t/fed compost in combined with 60
or 90 kg N/fed gave the highest values of N, P and K uptake.
Whereas, quinoa plants treated with 5 t/fed compost and
fertilized with 60 kg N/fed absorbed lowest N, P and K.

Table 8. Effect of nitrogen sources and levels under different levels of compost on N, P and K uptake in straw of quinoa.

Nitrogen levels (kg/fed) (C)

Compost Nitrogen

N (Kg/fed) P (Kg/fed) K (Kg/fed)
E%d o 5017 2018 5017 2018 2017 2018
60 90 Mean 60 90 mean 60 90 mean 60 90 mean 60 90 mean 60 90 mean
50 AN 1188 15.00 13.44 12.15 16.10 1413 153 180 166 153 185 169 6.10 744 6.77 637 792 7.15
) AS 1285 17.02 1494 1346 1742 1544 226 268 247 238 274 256 7.26 951 839 7.92 10.08 9.00
mean 12.37 16.01 14.19 12.81 16.76 14.79 189 224 207 196 229 212 6.68 848 758 715 9.00 8.07
10.0 AN 2081 29.92 25.36 22.35 3240 27.37 340 400 3.70 3.60 430 395 1156 14.72 13.14 12.45 16.11 14.28
) AS 2233 3255 27.44 23.85 32.76 28.31 450 560 5.05 4.77 540 5.09 1392 18.03 15.97 14.79 18.00 16.39
mean 2157 31.24 26.40 23.10 32.58 27.84 3.95 4.80 4.37 4.19 485 452 1274 16.37 1456 13.62 17.06 15.34
15.0 AN 3152 33.76 32.64 34.71 37.23 3597 7.04 704 704 765 752 759 20.16 20.64 20.40 22.07 22.73 22.40
’ AS 3502 36.96 35.99 35.10 37.62 36.36 8.98 9.15 9.06 9.00 9.18 9.09 24.82 25.70 25.26 25.20 26.10 25.65
mean 33.27 35.36 34.32 34.91 37.43 36.17 8.01 8.10 8.05 8.33 835 834 2249 23.17 22.83 23.64 24.42 24.03
meanof AN 2140 26.23 23.82 23.07 858 2582 399 428 414 426 456 4.41 1261 14.27 13.44 13.63 1559 14.61
sources AS 2340 28.84 26.12 24.14 29.27 26.70 525 581 553 5.38 577 558 15.33 17.75 16.54 15.97 18.06 17.02
meanof 60 22.40 23.60 462 4.82 13.97 14.80
levels 90 27.54 28.92 5.05 5.17 16.01 16.82
L.S.Dat0.05
A 1.82 1.86 0.76 0.78 141 1.46
B 1.16 1.25 0.65 0.71 1.25 1.29
C 1.35 1.39 0.32 0.37 0.92 0.97
AB N.S N.S N.S N.S N.S N.S
AC 2.01 211 0.95 1.02 1.85 1.89
BC N.S N.S N.S N.S N.S N.S
ABC N.S N.S N.S N.S N.S N.S

Table 9. Effect of nitrogen sources and levels under different levels of compost on total N, P and K uptake of quinoa.

Compost Nitrogen

Nitrogen levels (kg/fed) (C)

N (Kg/fed) P (Kgfed) K (Kg/fed)
E{L‘;d 503585 2017 2018 2017 2018 2017 2018
60 90 Mean 60 90 mean 60 90 mean 60 90 mean 60 90 mean 60 90 mean
5o AN 32.99 39.10 36.05 3420 4242 3831 526 600 563 535 611 573 1529 17.84 1657 16.17 1946 17.82
: AS 36354412 4024 3832 4562 4197 7.46 850 7.98 7.88 886 837 18.06 21.94 20.00 19.69 23.28 2149
mean 34,67 41.61 38.14 36.26 4402 4014 636 7.25 681 662 749 7.05 16.68 19.89 1828 17.93 21.37 19.65
100 AN 4897 6357 56.27 51.86 69.45 60.66 9.78 11.45 1062 10.17 12.25 11.21 24.44 30.28 27.36 26.21 32.76 29.49
: AS 5234 69.89 61.12 5550 69.91 62.71 12.61 15.30 13.96 13.15 14.76 13.96 28.44 36.41 32.43 30.48 3567 33.08
mean 50.66 66.73 58.69 53.68 69.68 61.68 11.20 13.38 12.29 11.66 13.51 12.58 26.44 33.35 29.89 28.35 34.22 31.28
150 AN 6544 69.14 67.29 69.40 75.18 72.29 16.88 17.02 16.95 17.80 1847 18.14 37.05 38.06 37.56 39.70 41.18 40.44
: AS 72657592 74.29 72.10 7597 74.04 20.59 20.76 20.68 20.63 20.81 20.72 43.93 45.40 44.67 44.38 44.98 44.68
mean 69.05 72.53 70.79 70.75 75.58 73.16 18.74 18.89 18.81 19.22 19.64 19.43 40.49 41.73 41.11 42.04 43.08 42.56
meanof AN  49.13 57.27 53.20 51.82 62.35 57.09 10.64 11.49 11.07 11.11 12.28 11.69 2559 28.73 27.16 27.36 31.13 29.25
sources ~ AS  53.78 63.31 5855 55.31 63.83 59.57 1355 14.85 14.20 13.80 14.81 14.35 30.14 34.58 32.36 3152 34.64 33.08
meanof 60 51.46 53.56 12.10 1250 27.87 29.44
levels 90 60.29 63.09 13.17 1354 31.66 32.89
LSDat0.05
A 311 341 155 171 275 381
B 257 262 113 1.30 236 244
c 281 295 092 1.10 255 271
AB NS NS NS NS N.S N.S
AC 391 411 2.09 225 3.02 335
BC NS NS NS NS N.S NS
ABC N.S NS NS N.S N.S N.S

Nitrogen utilization efficiency (NUtE)

The data in Table 10 represent the affect of calculated
nitrogen utilization efficiency by compost and nitrogen
treatments. The data show that nitrogen utilization efficiency
were decreased by increasing both compost and nitrogen levels.
Where increased compost level from 5 to 15 t/fed decreased
NULE by about 25.3 and 26.3% in both seasons, respectively.
Also, NUtE decreased by about 7.3 and 7.5 in the two growing
seasons, respectively. Owing to increased nitrogen level from 60
to 90 kg N/fed, while nitrogen sources did not effect in this
incidence. In this concern, Mahmoud and Sallam (2017)

mentioned that nitrogen utilization efficiency was markedly
related to genotype of cultivars. Moreover, Razzaghi et al (2012)
reported that the variation in NUtE may be due to the texture
grade of the soil, they added that NUtE of quinoa (CV. Titicaca)
grown on sand soil was higher than grown on sandy loam or
sandy clay loam. Contrastingly, Erley et al (2005) stated that
NULE of studied quinoa cultivar did not respond to nitrogen
levels. Similar results were obtained by Mahmoud and Sallam
(2017) who found that as nitrogen levels increased the nitrogen
utilization efficiency of quinoa decreased. On the other hand,
NULE was not responded to nitrogen sources.
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Table 10. Effect of nitrogen sources and levels under
different levels of compost on nitrogen utilization
efficiency of quinoa.

Compost Nitrogen Nitrogen levels (Kg/fed) (C)

t/fed sources 2017 2018

(A) (B) 60 90 mean 60 90 mean

50 AN 2758 2558 2658 28.65 26.40 27.53
) AS 2751 2539 2645 2871 26.30 27.50

mean 2755 2548 2651 28.68 26.35 27.52

100 AN 2328 2092 2210 2391 2160 22.75
' AS 2312 21.03 2208 2396 2160 22.78

mean 2320 2098 22.09 2394 2160 22.77

150 AN 2032 19.24 19.78 20.32 19.95 20.13
: AS 20.23 19.36 19.80 20.94 19.88 20.41

mean 2028 19.30 19.79 20.63 19.91 20.27

mean of AN 2373 2191 2282 2429 22.65 2347

Sources AS 23.65 2193 2278 2454 2259 2356

mean of 60 23.65 24.42

levels 90 21.92 22.62

L.S.Dat0.05

A 1.01 1.05

B N.S N.S

C 0.98 0.99

AB N.S N.S

AC N.S N.S

BC N.S N.S

ABC 1.19 1.22

CONCLUSION

It could be concluded to fertilized quinoa plants grown
in sand soil with 15 t/fed compost in combined with 60 kg
N/fed as ammonium sulphate to maximizing quinoa
productivity as well as save about 30 kg N/fed.
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