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ABSTRACT

A pot experiment was conducted at the Faculty of Technology and
Development, Zagazig University, Sharkia Governorate, Egypt during
2018/2019 winter season to study the effect of integrated fertilization on the
productivity of quinoa crop growing under calcareous soils. The
experiment was laid out in split split plot arrangement using three
replications. Main plots assigned to nitrogen fertilizers rates: No, N1 N2, N3,
N4 Ns & Ng (0.0, 75,100, 125 kg inorganic-N fed 175 kg inorganic-N + 50
kg organic-N, 100 kg inorganic-N + 25 kg organic-N and 125 kg organic-N
fed™). The sub plots were dedicated to bio-fertilizer rates of b, by (0.0 and
2 L fed-1). The sub-sub plots occupied to micronutrient rates of To, T; (0.0
and 2 L fed™). The results indicated that the values of dry weight (DW),
grain yield (GY), straw yield (SY), biological yield (BY), harvest index (HI),
crude protein (CP), nitrogen (N), phosphorus (P) and potassium (K)
uptakes by quinoa plant organs at flowering and harvest stage increased
significantly with increasing bio- fertilizer rate, micronutrient rate and N
rate up to 100 fed . Partial substitution of mineral nitrogen fertilizers
(MNF) by organic nitrogen fertilizer (ONF) had positive effect on all
vegetative characters and chemical composition. Interaction between
studied factors gave positive effect on most studied traits.

The best interaction treatment that achieved the highest values for
most vegetative traits and chemical characters was (N, % by x Ty) or (Ng %
b1 X T1)

Keywords: Bio-fertilizer, N- fertilizer, chelate micronutrients fertilizers, Quinoa.

INTRODUCTION

Quinoa (Chenopodium quinoa Willd.) grown in a wide range of
environments and characterized by its resistance to extreme environmental and
climatic conditions. It can resist to drought stress (Eisa et al., 2012). It is tolerant
to extreme soil salinity values, such as 52 mS /cm .Quinoa requires temperate
temperatures especially during flowering and for most genotypes short day-length
to flower and produce seeds. Optimal mean temperatures are 10-18°C and it can
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resist both high (30-32°C) and low temperature (0-2°C), except during flowering
(Garcia et al., 2015). While it is day-neutral in the other area (Oelke et. al.,1990).
Therefore, quinoa fits to the Egyptian winter climate. Quinoa is now considered
an alternative to traditional crops in a climate change conditions, considering its
ability to adapt to marginal soils, droughts and frosts. Quinoa seeds are an
exceptionally nutritious food source, owing to their high protein content with all
essential amino acids, lack of gluten, and high content of several minerals, e.g.,
Ca, Mg, Fe, and health-promoting (Karina et al.,2014). Quinoa has a good
response to fertilization, in particular to nitrogen (Hakan 2015; Heba et al., 2019).
Soil fertility is the major factor to determining the productivity of all planting
systems; it is noted as a crucial problem facing agricultural development and crop
output in soils especially. Phosphorus and nitrogen elements are considered the
most important nutrients for root development, seed formation, growth and yield.
(Beigzade et al., 2013) Potassium is one of the three Macro primary nutrients,
which is necessary for plant growth (Rehm et al. 2002 and Lakudzala 2013).
Micronutrients are as important as macronutrients in plant nutrition. The
deficiency of micronutrients is considered one of the major causes of declining
plant growth and yield of crops productivity (Taiwo et al., 2001 and Somani
2008). Plants growing in calcareous soils suffer from a lack of essential nutrients.
Applying organic fertilizers have beneficial effects on soil microbial biomass and
activity, enzymatic processes and status of nutrients in soil (Sarwar et. al.2010;
Chukwu et al, 2012). On the other hand, bio-fertilizers are biological products
containing live microbes which helps in enhancing the soil fertility either by
fixing atmospheric nitrogen, solubilization of phosphorus, potassium mobilizing
or decomposing organic wastes or by augmenting plant growth by producing
growth hormones with their biological activities (Vessey 2003). Integrated soil
fertility management is a holistic approach to enhance agricultural productivity
and face problems related to poor soil fertility (Place et al., 2003).

Therefore, the objective of this work is to quantity the effect of integrated
fertilization on yield of quinoa and its components in calcareous soil.

MATERIALS AND METHODS

A pot experiment was carried out at Faculty of Technology and
Development, Zagazig University, Sharkia Governorate, Egypt during 2018/2019
winter season to investigate the effect of integrated fertilization on yield of quinoa
and its components in calcareous soil. Main characteristics of the studied soil and
compost using are recorded in Table 1. The compost was obtained from a factory
in the Sharkia Governorate. Closed bottom plastic pots (35 cm in diameter and 27
cm deep) filled with 20 kg air dried calcareous soil, which was transferred from
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Table 1. Some characteristic of soil and compost under study:
Some physical properties of soil
Sand Silt Clay Textural Bulk density Real density | S.P
% % % class g/cm3 g/lcm3 %
61 13 26 Sanldy Clay 1.28 24 45
oam
Some chemical properties of soil
Available
EC CaCOg 1 Total N 1
(dsm) pH % | OMEKI)|  (igh mgkg
N P K
1.08 8.74 33.90 19.3 0.9 65 12 210
Chemical properties of compost
OM ocC CIN Total N Total P 4
(Okg™)  |(g kg™ ratio (g kg (g kgh) Total K (g kg7)
410 238 1:17 14 4.80 9.80

the surface layer (0 - 30cm) of Noubaria Research Station. The experiment was
laid out in split split plot design arrangement with three replicates. The main plots
were assigned to nitrogen fertilizer rates (mineral and organic), where N mineral
fertilizer applied as ammonium sulphate (AS), 205 g N kg® while N organic
fertilizer added as compost (C), 14g N kg™. The main plots treatments were as
follows:

Noo = without N fertilizer

N1 = 75 kg inorganic-N fed *
N2 = 100 kg inorganic-N fed *
N5 = 125 kg inorganic-N fed

The sub plots were dedicated to bio-fertilizer rates (0.0 and 2 L fed™ i.e., by,
b1) of three microorganisms' species’, nitrogen-fixing bacteria (Azotobacter
Chroococum),  phosphorus  dissolving  bacteria  (Bacillus  Megaterium
Var.phosphaticum) and potassium solubilizing bacteria (Bacillus Circulans).

The sub-sub plots were occupied to micronutrient fertilizers in the form of
chelated compounds for Fe, Cu, Zn and Mn at concentrations of 5, 2, 5 and 5 %,
respectively (foliar sprayed at two levels 0.0 and 2 L fed” i.e., To, T4). Both bio-
fertilizers and chelate micronutrients were obtained from Egyptian Ministry of
Agriculture (Central Labe of Organic Agricultural). On 6th/12/2018, twenty
cleaned quinoa seeds (Chenopodium Quinoa Wild.) were sown in each pot with
soil moisture at saturation by using tap water. For other irrigations, water was
added when soil moisture had depleted to 75% of the total available water. Fifteen
plants were left in each pot after thinning. The recommended rates of phosphorus

N4 = N1+ 50 kg organic-N fed ™
Ns = N+ 25 kg organic-N fed
Ns = 125 kg organic-N fed *
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(10.88 kg P fed™) as Ca- superphosphate (68 g P kg™), potassium (20 kg K fed™)
as potassium sulphate (400 g K kg™) as well as compost (14g N kg™) were added
during soil preparation. Mineral nitrogen fertilizer was applied in three equal
splitting doses; the first was after 21dayes from planting; the second after 25 days
from the first and the third after 15 days from the second. Bio-fertilizers were
added twice, the first with sowing and the second after 30 days from the first.
Micronutrients fertilizers were added twice, the first after 70 days from sowing
(panicle formation stage) and the second after 20 days from the first (full
flowering stage). After 90 days from sowing five plants were taken from each pot.
At harvest on 27/4/2019, all plants of each pot (ten plants) were taken and
separated into grains and straw. The plant length (PL) cm, dry weight (DW),
biological yield (BY), straw yield (SY) and grain yield (GY) were recorded (g
pot?) .The plant samples were taken and oven dried at 70 °C until a constant
weight then conserved for analysis. The N, P and K contents of the plants were
determined by wet digestion using the standard methods as reported by
Westerman (1990). Crude protein (CP) content was calculated by multiplying N
content x 6.25 according to Ronaled et al. (2005).

Harvest index (HI) was calculated as a percent  [(grain yield + total
biological yield) x 100]. Soil samples were taken before planting for analysis of
some physical and chemical properties according to Sparks (1996).

RESULTS AND DISCUSSION

1- Vegetative characters and yield quality:
a) Effect of N rate and source:

Data in Tables (2, 3) show that quinoa plant length (PL) at both flowering
and harvesting stages increased significantly with increasing either mineral N
fertilizer rate alone or in the case of partial replacement of it by organic N
(compost), while the values decreased when the treatment Ng (compost, 125 kg
N fed™) was added. In addition, data indicated that the values of quinoa dry
weight (DW) at flowering stage, straw yield (SY), grain yield (GY) and
biological yield (BY) at harvesting stage significantly affected by N fertilization
treatments.

The above mentioned agronomic traits increased with increasing mineral N
rate from zero up to 100 kg N fed™ then decreased at treatment N3 (125 kg N fed
1) and then came back to increase again at treatment of N, (75 kg inorganic-N +
50 kg organic-N). Generally using the treatment Ns (100 kg inorganic-N + 25 kg
organic-N) or Ng (125 kg organic-N) led to significant decreases in the values of
(DW), (SY), (BY) and (GY) as compared to any N-treatment except N (control).
The maximum values of DW (13.50), SY (62.61) and BY (99.30 g pot™) were
recorded with N, treatment, while for GY (36.92 and 36.69 g pot™) were reported
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Table2. Effect of nitrogen, bio and micronutrients fertilizers on vegetative
characters as well as nutrient uptake by quinoa plant at flowering Stage.

869

D P-
Treatment Plant length weiIa; t N-Uptake Uptake K-Uptake
cm gram pot*
N- fertilizer rate (kg N Fed™)

N 39.46 7.54 0.227 0.010 0.201

N; 48.25 12.11 0.440 0.017 0.353

N, 51.58 12.78 0.487 0.019 0.380

N3 54.33 11.24 0.432 0.016 0.334

N4 55.99 13.50 0.489 0.019 0.393

N5 58.21 11.06 0.410 0.015 0.321

Ng 49.37 10.47 0.264 0.015 0.281

Bio. fertilizer rate (L Fed™)
by 49.36 10.71 0.377 0.015 0.303
b, 52.70 11.77 0.409 0.017 0.343
Micronutrients fertilizer rate (L Fed™)

Ty 49.82 10.14 0.358 0.014 0.303

T 52.24 12.35 0.428 0.017 0.343
LSD5% a 0.71 0.21 0.026 0.001 0.020
LSD5% b 0.50 0.20 0.022 0.001 0.015
LSD5% ¢ 0.10 0.10 0.018 0.001 0.014

Table3. Effect of nitrogen, bio and micronutrients fertilizers on quinoa yield and its
quality at harvesting Stage.

Plant Straw yield G_rain Biol_ogical Harves Prote

Treatment length yield yield t Index in

cm gram pot™ %
N- fertilizer rate (kg N Fed™)
No 54.36 2747 16.50 43.96 37.51 8.67
N, 74.05 54.62 34.35 88.97 38.55 14.62
N, 75.21 60.23 36.92 97.15 37.99 15.11
N 79.30 55.83 33.54 89.37 37.53 13.20
N, 80.35 62.61 36.69 99.30 36.87 15.01
Ns 83.22 47.28 31.67 78.95 40.14 13.18
Ns 70.55 32.64 24.78 57.41 43.02 11.72
Bio. fertilizer rate (L Fed™)
by 72.36 46.51 29.07 75.57 38.62 12.55
b, 75.36 50.83 32.20 83.03 38.98 13.59
Micronutrients fertilizer rate (L Fed™?)

To 72.30 46.68 28.57 75.25 38.18 12.81
T, 75.42 50.66 32.70 83.35 39.42 13.34
LSD 5%, a 0.12 0.46 0.73 1.23 0.36 0.25
LSD 5% ,b 0.14 0.43 0.71 0.96 0.30 0.18
LSD5%,c 0.08 0.05 0.31 0.49 0.22 0.08
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with applying N, (100 kg N fed™) and N4 (75 kg inorganic-N + 50 kg organic-N)
respectively without significant different between them. These findings may be
due to the integrated fertilization of chemical and organic fertilizers, which help in
enhancing of nutrient status in soil especially that are low in organic matter (Umar
Khan et. al., 2007). These results are in harmony with those obtained by Parra et
al. (2019) and Heba et al. (2019). Concerning harvest index (HI), data recorded in
Table 3 indicate that the values of this character showed a slightly effect by N
fertilization rate. This finding attributed to the ratio of (increment value in grain
yield / increment value in straw yield) at Ng (1.64) was higher than that the same
ratio at Ns (1.15). Shafi et al. (2011) and Niguse and Kassaye (2018) reported that
the harvest index has a positive relation with N fertilization rates as compared
with control treatment (0.0 N fertilizer rate) .The maximum value of 43.02 was
obtained at Ng (125 kg organic-N fed ) followed by the value of 40.14 at N5 (100
kg inorganic-N + 25 kg organic-N).

b) Effect of bio- fertilizer

As shown in Tables 2 and Table 3, using bio- fertilizer had a significant
positive effect on (PL) and (DW) of quinoa at flowering stage and (PL), (SY),
(GY), (BY) and (HI) at harvesting stage. As an average, using bio- fertilizer (2
L fed™) gave the best values of (52.70 cm and 11.77 g pot™) with increases of
(6.77, 9.90 %) for PL and DW at flowering stage while the values of (75.36
cm ), (50.83 g pot™?), (32.20 g pot™), (83.03 g pot?) and (39.98 %) with
increments of 4.15, , 9.29, 10.77, 9.87 and 0.93 % for (PL), (SY), (GY), (BY)
and (HI) were realized at harvesting stage, respectively comparing to control
treatment (zero bio- fertilizer). These results may be due the promoting effect of
bacteria on plant growth and productivity by improving nitrogen fixation and
raising phosphorus and potassium availability by releasing from its non —
soluble compounds in soil. Similar results are reported by Wali et al. (2018);
Ewis (2020).

c) Effect of micronutrients

Data presented in Tables 2, 3 appeared that plant length, dry weight, grain,
straw, biological yields and harvest index in the two studied growth stages
increased significantly with foliar application of micronutrient fertilizer.
Application of 2 L fed™ resulted in achieving maximum values of 52.24, cm,
12.35 g pot™ with increases of 4.86, 21.79 % for (PL) and (DW) at flowering
stage, whereas the values of 75.42 cm 50.66 g pot™, , 32.70 g pot™* , 83.35 g pot™
and 39.42 % with increments of, 4.32, , 8.53, 14.46, 10.72, and 3.25 % for (PL),
(SY), (GY), (BY) and (HI) were obtained at harvesting stage as compared to non-
application micronutrient fertilizer (Ty), respectively. These results may be
attributed to the promoting effect of micronutrients on plant growth and
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productivity by positively affects enzymes, activation the cell physiology,
improving photosynthetic activities. These results are in agreement with those
obtained by Singh et al. (2017) and Stewart et al. (2021).

d) Interaction effect:

The statistical analysis of variance for data in (Tables 4, 4 continuous, 5 and 5
continuous) show different positive responses to interaction effect of mineral and
organic N fertilizer rates, bio- and micronutrients fertilizer rates on quinoa yield and
its components at flowering and harvesting stages. With respect to the effect of the
interaction between N and bio-fertilizers rates, data reveal that the higher values of
plant length at two studied periods were achieved at the treatment (Nsxb;) with
gained increments amounted to 50.80, 56.2 0% while dry weight at flowering stage
recorded the greater increase value of 86.90 % by using the treatment (N4xb;) over
the control treatments (No). On the other hand, higher values of (SY), (GY) and
(BY) at harvest stage have been resulted from (Nsxb;) with increases of 139.50,
131.50 and 136.70%, respectively followed by the treatment of (Nyxb;) with
increments of 130.50, 127.00 and 129.00 % comparing to (No). As regards (HI), the
treatments (Ngxb;) or (Noxho) gave the highest values.

Concerning the interaction effect of nitrogen fertilizer rates and
micronutrient fertilizer rates, data presented in Tables 4, 4 continuous, 5 and 5
continuous indicate that treatment of (NsxT;) gave the highest values of plant
length at flowering and harvest stages whereas, the interaction treatment (NgxT1)
realized greatest harvest index value. In addition, the highest values of (DW),
(SY), (GY), and (BY) were achieved as a result of (NsxT;) with increases of
99.90, 140.00, 154.00 and 145.50 %, respectively as compared to (NoxTo).

Regarding the interaction effect of bio-fertilizer rates and micronutrient
fertilizer rates, data emphasizes that, interaction of treatment (byxT;) was the best
one which recorded the maximum values for most studied vegetative characters
with gained increments of 11.95, 33.00, 8.60, 18.00, 26.50 and 21.30 % for (PL),
(DW) at flowering stage, (PL), (SY), (GY) and (BY) at harvest stage over the
control treatments (boxTp). Also data indicate that the interaction between bio-
fertilizer rates and micronutrient fertilizers had no significant effect on (HI) values.

In general, the results illustrated that the values of studied agronomic traits
significantly affected by interaction between N levels, bio-fertilizer rates and
micronutrient fertilizer rates. The best interaction treatment that achieved the
highest values of 60.33 and 87.50 cm with increases of 57.40 and 66.90 % for
plant length at flowering and harvest stages, respectively was (Ns x b; X T;) as
compared to (No X by x To) treatment. However, the highest values of dry weight
at flowering stage, straw vyield, grain yield and biological yield at harvest were
recorded at (N4 % by % T1) with increment of 123, 168, 179 and 173% over
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Tabled. Interaction effect of nitrozen, bio and micronmtrients fertilizers on vezetative characters
as well a5 nuirient uptake by quinoa plant at flowering Stage.

Plazt Dry X X K-
Treammest bemrih | weisht | Uptake Uptake | TUptake
[N.Fert., race Bisi, raie Mlicro., race
fzFed?) | (LFedy {LFed 1) m grampat

Ts 38.33 7.08 0182 000 017
by T. 317 753 0221 0010 1201
- Alean 38.75 731 0,206 BHL0 01584
: T 30,67 774 0.243 0010 0,297
b T. .67 7.78 0:251 0010 0.208

Aean 017 707 0.148 (13T} [
Ts 35 E 1018 0410 0oLs [EEH
by T. .33 13.18 0488 0020 .40z
. Alean 1500 1168 0440 (IO 0341
o Ta 3033 1106 1411 0016 0318
b T L& 140 1453 0018 041z
Alean 50.50 1254 0,431 8817 0.365
T, 4767 11.15 0423 0018 1351
by T. 45.67 13.63 0.517 0018 0371
" Alean 117 12138 0450 (I3 1.341
- Ts 3367 1186 0450 0016 L]
By T. FEE] 1347 0,538 0024 (R
Alean 55.00 1317 0485 [T 0.3%
T, 3100 1016 0354 0014 FEJE:
be T- 53,67 10.40 0,398 0014 ]
% Mlean 51.34 10.28 0.381 014 0.306
: Ts 5333 10,33 0.387 004 0.3
B T: 51.33 14.06 0.560 02l 0402
Alean %633 1270 0474 (IO 0.361
Ta 1287 T 0431 (TN 0343
by T. 56.33 382 0282 EIL 034l
. Aean 5.6 1251 1472 (I3 03351
o Ts ] (138 0431 0021 [
By T. 083 15.80 0.364 002l [
Alean 5733 14.08 0.507 B2 0.433
Ta 36.67 1006 0369 (I 0313
by T. 5117 11.12 0404 [TE] 0231
. Alean 5582 1058 0,356 [I0E] 0.3
™ Ta 3867 i3 0333 FIE] 0303
by T. §0.33 1334 0.523 0018 037+
Alean EE] 1.4 0433 0016 0338
Ts 3533 548 0.238 0012 [
by T. 5213 TNE 0273 ool7 0.2%1
- Alzan 18.73 8.54 0,136 [T} 0.266
: T 4.33 8.63 0.229 [T 0254
B T. 53.67 12.58 0.314 0017 0328
Aean .0 1111 1.172 [0 0.2%5
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Confinnons. in Tabled.
Flant Dry N- P- K-
Treatment lensth | weisht | Uptske | Uptske | Uptake
N-Fert. .
rabe Micro., r_Tte o sram ]mt"
. Ta 39.00 141 1219 0010 0.197
Mg
T, 3992 147 0236 0.010 1203
. T 47130 10.62 0410 0015 0300
Ny
T, 4900 1341 0471 0010 0.407
. I SLET | nst | o4e6 | 0017 | 0350
T, 5150 1403 0528 0.021 1410
. I S17 | w25 | o386 | 0014 | 0316
T, 3550 1223 0479 0017 351
. Ty 3380 12.19 1451 0019 1303
T, 3508 1431 0528 0.020 0300
. Ty 371487 0.04 1356 0013 0300
EAF1 i .
T, 5875 1218 ) 463 0016 0333
. Ta 45.83 907 0234 0012 0233
Ng .
T, 5290 1138 1204 0017 0.300
N Ta 4822 087 0355 0014 0293
Bio. Fert, T, 30,30 1154 1300 0016 0314
rate
L Fed) . Ta 5142 1041 0360 0015 0313
' T, 5308 13.14 0458 0018 1373
LiD., a*h 025 023 NS NS NS
LSD s &% 025 023 NS 0.001 0.036
LiD s b 013 0.14 0025 0.001 0.019
LED - &b 033 036 0.067 0.002 0.051
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Table 5. Interaction effect of nifrogen, bio and micronuirients fertilizers on quinoa vield and its
quality at harvestimg Stage.
Plast Straw Craim | Biclogical Harvest .
Treatmest length ield <ield ield Inder Protein
N-Fert, Bin., rute Miera., o
rae (LFed") e m Fram poi” ]
g Fed ) [LEed)
T; 144 1578 13.07 483 J5ER .56
B T §3.67 18.TS 16.23 43.00 3w .32
%, Alean 534 26.26 15.68 4192 3TH B.14
i Ty §1.33 B 16.82 483 3152 E.78
bi T 5800 1834 17.83 47.1% 378 i3
Mean 5567 1563 1734 46.01 3767 B
T; TLET §0.84 3151 £13% 35 1307
by Ty TIET 5167 ERR GhEl 3633 13.81
- Alean LT M5 312 §6.43 313 1354
o Ts T4.33 5201 3143 4.4 JE53 15.62
bi T T6.32 §7.93 431 ba.i 4103 15.76
Mean 1243 5408 36.4% 9148 FEN) 15.69
Ty T1.33 §5.77 EER §0.74 3185 1433
by T4 452 5852 3881 13 98T £.23
. Mean Ti43 5115 35.3% 93.54 JE 56 14.39
o T; Ti33 §7.88 3364 §1.52 3473 15.73
b T TRET #3876 4128 110.02 375 15.62
Mean TG #3312 343 100.77 311 1584
Ts T652 5.5 3052 §145 3748 )
B T4 T2.33 5576 3382 #0838 3741 134
%, Mean T7.83 53.64 3117 §5.02 31355 1190
) T; TRET §3.28 3312 i2.4l 3748 1266
bi T4 867 #0.73 36.52 L] 31.55 1402
Alean 8067 A .52 .53 315 1349
T; TTA4E §3.66 31.33 5015 3495 1438
by T 8013 #0.01 JLET b3 383l 15.08
% Mean TRAY 0.3 3= 945 3713 1473
o T; 2043 #1438 3424 LET4 354l 1514
bi T4 83.33 [ 4111 111.3% ] 1541
Mean il.8% 5.53 35.1% 104.07 J660 15.28
T; TE.AS 46.87 pLAY] T6.04 3837 12.54
by T 8417 4487 LT T6.57 4139 12.7%
. Mean §1.51 4587 4z T6.31 JRER 1187
i Ts §1.33 4354 07 7481 4139 13,64
b T4 8750 5353 34.82 §8.35 3941 1374
Mean §4.07 45.63 e §1.53 4040 13.70
T; G760 184l 2023 41,64 4151 10.1%
b Ti TOET 1087 1133 §1.00 4191 13T
X Alean .13 004 11.2% .33 4118 11.43
) T; G552 3612 2614 5124 4158 225
bi Tl T4.00 634 ElEE] 86.73 4154 11.67
Mean 7196 36.23 FL¥Y) 4.5 4376 1194
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Confinnons in Table 5.

Flamt Straw rain Bizlegical Harvest .
Trestment ogth | vieW | vield vield Indey | Frotem
R Mhcre., rate a )
Tabe Fed' om Zram pet b
{kg Fed) {LFed )
T, k] iR 1554 153 it 537
N
Ty 553 e ) 1708 ] 3731 ied
T; 7300 514t 3reT Bi49 3541 1442
5
T 1308 bk | 36463 M4 e 14.78
T, T3 53 3653 3351 k) 3734 1214
LB
T T6.38 0364 4003 103,67 ot 1503
T, TR 5341 3rez 5143 74T 1162
b}
' Ty 550 b ) 35607 2331 3758 1378
T; TRET 0037 3reg 2547 503 14.76
)
' T ELT4 £ 63 4045 10514 mas 1518
% Tq .60 4333 3008 7343 gz 1310
- T 5153 4210 336 5146 4040 1317
T, bE 76 i1l Lla 343 4130 1.1
5
T; T133 330l 636 33T 414 1z
T, 0.8 4341 IT4a TL90 iTel 1116
) By
Biio. Fert . T T3.74 4761 3068 TE16 333 1184
Tate
(LFed") . Tq TA62 4783 60 T1.60 3544 1343
I T T1.10 i M 5546 jasr 1374
Lil,, 1B wm LK) 083 L3 L] wm
Lil,., 1% wm LK) 083 L3 L] wm
L., b% o o 4 o N3 L]
LaDh,., =*b% 231 013 L1z L a8 a2

(No x by x Tp), respectively. Additionally, data appeared that there is no
significant difference between the interaction treatments of (N4 x b; x T1) and (N2
x by x Ty). Notwithstanding, treatments of (N4 x by x T;) was superior to (N2 X by
x T;). This means that, we can save about 25 kg of mineral-N fed” and replace it
by adding 50 kg of organic-N fed™ as compost. These association positive for the
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studied agronomic traits could be attributed to the beneficial effect of integrate
organic, inorganic and bio -fertilizers to improve nutrient status in soil. These
results coincide with those obtained by Ashik et al. (2016) and Bilal et al. (2017).

2- Chemical composition and nutrients uptake
a) Effect of N fertilization rates (mineral and organic)

Data in Tables 2, 3 and 6, indicate that N, P, K-uptake (g pot™) by quinoa
plant organs as well as total nutrient uptake (sum of element uptake by straw
and grains) at flowering and harvest stages and grains protein content (%),
increased significantly with increasing mineral N fertilizer rate up to 100 kg N
fed®. In addition, data show that partial substitution of mineral nitrogen
fertilizers (MNF) by organic N fertilizer (ONF) i.e., 75 kg mineral-N + 50 kg
organic-N fed™ led to significant increases of nutrient uptake. This result might
be due to the crucial function of nitrogen to stimulating metabolic activities,
accelerating metabolic products and hence improving growth leading to a better
yield qualitatively as well as quantitatively as already discussed (results in
Tables 2 & 3). These results are in conformity with those obtained by Hakan
(2015); and Abdulrahman et al. (2019). On the other hand, data also clearly
appear that the values of abovementioned parameters markedly decreased with
added 100 kg inorganic-N + 25 kg organic-N fed™ and severely decreased with
applying 125 kg organic-N fed™ (Tables 3 & 6). In general, the relative
decreases of grains protein content, total N, P and K-uptake at harvest stage due
to applying (100 kg inorganic-N + 25 kg organic-N fed?) as compared to
applying (100 kg mineral-N fed™) were 12.80, 29.40, 26.50 and 30.00 %,
respectively. In contrast, the relative decreases of the same parameters were
22.40, 61.90, 30.60 and 53.00 % as a result of applying (125 kg organic-N fed
1, respectively. This depressing effect possibly could be explained by the wide
C:N ratio of compost which decreased the availability of N required for growing
plants through its immobilization into organic N forms. Nitrogen, phosphorus
and potassium-uptake by quinoa plants at flowering stage as well as by straw
and grains at harvest stage took the same trend as for total nutrient uptake with
application of N fertilization rates.

b) Effect of bio- fertilizer rate:

Data in Tables 2, 3 and 6 explicitly indicate that bio- fertilizer rate had a
significant effect of N, P, K-uptake (g pot™) by quinoa plant organs as well as
total nutrient uptake at flowering and harvest stages and crude protein content
(%). As an average, the increments were 8.50, 13.30 and 13.2% for N, P and K -
uptake by quinoa plant at flowering stage respectively. While the gained increases
for grains protein content, N, P and K —uptake by straw and grains as well as total
nutrient uptake at maturity stage were 8.30, (6.30, 4.20 & 9.40%)straw, ( 19.50,
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3.8 0& 6.50%)grains and (12.20, 3.90 and 8.40%) total, respectively as compared
to non-application of bio-fertilizer. These findings can possibly due to the
stimulation effect of bio-fertilizers in increasing the biological nitrogen fixation
(BNF), solubilization of nutrients and increased its availability or through
increased hormonal action and antibiosis. These results coincide with mentioned
by Ewis (2019) and Ewis (2020) whom reported that application of bio- fertilizers
recorded the highest available and uptake of NPK and significantly superior over
control treatment.

c) Effect of micronutrient fertilizer rate:

Data clearly demonstrate that chemical composition, crude protein content
and nutrient uptake by quinoa plant organs at flowering and maturity stages
significantly influenced by foliar spraying of micronutrients (Tables 2, 3&6).
Using micronutrients solution at a level of 2 Lfed® gave maximum values of
0.428, 0.017, 0.343, 1.482, 0.083 and 1.282 g pot™ and 13.34 % with increments
of 19.60, 21.40, 13.20, 11.76, 16.90, 5.40 and 4.10 % for total N, P, K-uptake at
flowering and harvest stages and quinoa protein content, respectively as compared
to non-fertilized treatment. Furthermore, data indicate that N, P, K-uptake at
flowering and harvest stages by quinoa organs took the same trend as for total
nutrient uptake with applying of micronutrients fertilizer. Bender et al. (2013) and
Stewart et al. (2021) obtained similar results.

d) Interaction effect:

Data illustrated in Tables 4 &7 and continuous show that the interaction
between N levels and bio-fertilizer rates had no significant effect on values of N,
P and K-uptake by quinoa plants at flowering stage or K-uptake by straw at
harvest stage. In addition, the values of N-uptake at flowering stage and K-uptake
by straw at maturity stage not influenced significantly by the interaction between
N-fertilizer rates and micronutrient fertilizer rates. On the other hand, data in
Tables 4, 5, 7 and continuous reveal that the values of protein content, N, P-
uptake by straw and grains and K-uptake by grains as well as total N, P and K-
uptake at maturity stage significantly affected by (N rate x bio-fertilizer rat) and
(N rate x micronutrient fertilizer rate). With respect to the effect of interaction
between N-fertilizer levels and micronutrient fertilizer rate, data explain that the
interaction effect gave positive response on the studded chemical characters at the
two growth stages except P-uptake by quinoa plant organs as well as total P-
uptake at maturity stage.
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Table 7. Interaction effect of nitrogen, bio and micronutrients fertilizers on
nutrient uptake by quinoa organs at harvesting Stage.
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Continuous (TableT).

Treatment N-uptake w._._m:uww K-uptake
gram pot
N-Fert., Micro.,
rate rate Straw  [Grains | Total Straw |[Grains |Total |3traw |Grains |Total
(kg Fed) (L Fed?!)
N, Ty 0212 | 0213 0425 0010 |0026 |0036 |0483 | 0184 | 0667
T, 0226 | 0243 0468 0011 | 0028 | 0038 |0529 |019% | 0727
T, 0865 | 0743 1608 0022 (0035 |0077 | 1045 | 0478 | 13520
T, 0944 | QRT3 10817 |0030 [0050 |0080 |1045 | 03518 | 1563
T, 1087 | 0819 1916 0029 | 0048 | 0077 1127 | 0490 | 1616
T, 1.136 | 0963 2.101 0029 | 00532 0082 |[1.191 | 0312 | 1.703
N Ty 08035 |0647 1432 0024 |0041 (0065 |0990 | 0304 | 1294
T, 0942 774 1.715 0028 |0056 |0084 | 1000 |041%8 | 1418
N T, 0993 | 077 1.77 0032 (0039 |0091 1018 | 0305 | 1523
o T, 0024 |0089 2013 0036 | 0068 0104 |1.031 |0339 | 13570
. T, 0755 | 0631 1386 0020 | 0041 | 0.061 0795 | 0347 | 1.142
o T, 0744 | 0708 1452 0021 | 0052 | 0072 | 0827 | 0352 |1.179
N T, 0302 | 0421 0.723 0028 |0062 |0090 |[0523 |0226 | 0748
T, 0208 |03512 0800 0025 (0037 |0082 | 0561 | 0255 | 0816
] T, 0695 | 03557 1252 0023 | 0044 | 0067 | 0834 | 0347 | 1201
Bio.Fert, | bo T, 0738 | 0635 1303 00235 | 0032 | 0077 | 0807 | 0390 | 1.196
rate T, | 0742 |0638 | 1399 |0023 |0051 |0074 | 0834 | 0376 | 1231
(L Fed?) by = - —— = ~ -
T, 0.737 0.791 157 0027 | 0032 (0078 | 0961 | 0408 | 1369
L5Ds, a*b 0.031 | 0.016 0.026 0.002 | 0.006 |0.007 N§ 0.007 | 0.012
L5Ds, a*c 0.031 |0.016 0.026 0.002 | 0.006 |0.007 N3 0.007 | 0.012
LDz, b¥c 0.016 | 0.008 0.014 N5 N5 N5 0.046 | 0.004 | 0.006
L5D=, a*h*c 0.043 | 0.022 0.037 0.002 |0.008 |0.010 |0122 |0.010 |0.017
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Generally, the statistical analysis of variance for data explicitly indicate that
the values of all studded chemical characters at flowering and harvest stages
markedly affected by (N-fertilizer rates x bio-fertilizer rates x micronutrient
fertilizer rates). The best interaction treatment that achieved the highest values for
N, P, K-uptake at flowering stage, protein content, N-uptake by quinoa organs, P-
uptake by straw, K-uptake by straw as well as total K-uptake were (N2 x by x Ty).
On the contrary, the highest values for P-uptake by grains and total P- uptake
were recorded with treatment of (N4 X by % Ty). These results are in conformity
with those obtained by Dhaliwal et al. (2019) and El-Gamal et. al. (2020) whom
reported that combined application of organic , mineral and bio-fertilizers played
a pivotal role in improvement of soil physico-chemical properties, macro and
micronutrients distribution and their transformations, which leads to significant
increasing of nutrients concentration and uptake by quinoa plants.

Conclusion

Quinoa as a grain crop has a high tolerance that enables it to grow in places
where other crops cannot grow thus gives a better reaction and performance
reflected on its growth, grain productivity and quality as well as organs chemical
composition when it is amended with mineral, organic and bio fertilizers.
Nonetheless, from a physiological activity perspective, the plant responded better
to mineral fertilization. Even though the organic fertilizer did not contribute to the
nitrogen available to the plant, the used bio and chelated micronutrients fertilizers
are efficient in the contribution of nitrogen, phosphorus and potassium for plant
development. The obtained results from this work indicate that application of
nitrogen (mineral and organic), bio-and micronutrients fertilizers gave positive
effect on most studied traits and the best treatment was the interaction treatment
of N, (100 kg inorganic-N fed™) x by (2 L bio-fertilizers fed™) x Ty(2 L chelated
micronutrient fed™).

Finally, since the quinoa crop is a multi-purpose cereal crop with a high
nutritional value and its cultivation succeeds in areas that suffer from problems in
soil fertility, water stress, calcium carbonate stress and other problems that limit
the productivity of other grain crops, the cultivated areas must be expanded with
focusing on developing a balanced fertilization program based on organic and
biological fertilizers in order to improve the physical, chemical and biological
properties of these soils and thus increase the yield of quinoa to bridge the gap in
the production and import of wheat from abroad, reduce the use of mineral
fertilizers and their production costs and preserve the environment from pollution.
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