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Abstract

Thereis little evidencethatthe nitrogennu-
trition supply at rates above or less than what
is considered optimal in non-saline conditions
improves growth and yield of halophyte crop
cultivated under salt stress. Therefore, hypoth-
esize of the presentwork was to find out the
magnitude to which N could restore the harm-
ful effects of salt stress on quinoa plants. A pot
experimentwas performedin greenhouse con-
ditions to evaluate quinoa's response grown
under water salinity treatments (0.0 & 200
mM NaCl) when nitrogen nutrition rates were
limiting (50ppm), adequate (250 ppm), and ex-
cess (450 ppm) to guide proper applicationrate
of nitrogen fertilizer under salinity stress. The
results indicated that, salinity caused a signifi-
cant decrease in the vegetative growth of the
plant. Consequently, all vegetative measure-
ments were negatively affected. Asaresult, the
seed yield decreased to more than 50%. The
application of a moderate level of nitrogen
(250 ppm) caused a significant ameliorative
effect on seed yield by 126% under non saline
conditions and 34.5 % under saline conditions
comparedto the low nitrogen level. The results
did notimprove any further with the applica-
tion of a higher level of nitrogen. These results
indicate that applying (N) in adequate may im-
prove most traits and prove to be a physiolog-
ical treatmentto increase resistance against the
negative effects of salt stress in quinoa.

Keywords: Salt Stress, Nitrogen Nutrition,
Nitrogen Use e Efficiency, Seed Yield, Cheno-
podium quinoa

1 Introduction

Salinity is one of the main environmental
stressors, as it causes growth and crop produc-
tivity to be reduced in many regions of the
world (Liang et al 2018). Salinity affects plant
growth by two major threats: osmotic andionic
stresses (Flower and Colmer 2008). Moreover,
it causes oxidative stress (Rafigetal 2017), gas
exchange reduction (Hu etal 2017), lessening
leaf water content and photosynthetic pig-
ments (Abbasetal 2017), which leadsto inhi-
bition of plant growth and decrease plant bio-
mass production (Abbas etal 2015, Negrdo et
al 2017). To make matters worse, most tradi-
tional cropsdo not tolerate salinity. Several re-
searches have focused on finding solutions to
this problem. One of these solutions is to utili-
zation of halophyte plants, which can resist
high levels of salt stress (Adolf et al 2012).
Quinoa is an annual herbaceous crop that be-
longs to Amaranthaceous family, it originates
from the Andean region. This region is charac-
terized by its harsh nature, and quinoa has
shown a high resist for many environmental
factors such as drought, frost, wind, hail and
salt stress (Hariadi et al 2011). Itis a faculta-
tive halophytic plant and can resistance ele-
vated levels of salinity of up to more than 400
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mM sodium chloride (Koyro and Eisa 2008,
Hariadietal 2011). The salinity tolerance limit
forboth biomassand quinoaseedyieldwas no-
ticedat200 mM NaCl (Eisaetal 2017). Proper
nutrition under salinity conditions is one of the
most essential agricultural practices to deal
with the adverse effects of salinity stress. Of
all the essential elements, nitrogen is required
in greater quantities and has a major role in the
growth and productivity of most crops,
whether under non-saline (Hou etal 2007) or
saline conditions (Chen et al 2010). Optimiza-
tion of nitrogen nutrition could be a convenient
strategy to alleviate the harmful effects of sa-
linity on plants by ameliorating nutrients im-
balances and/or ion toxicity through its im-
pacts on uptake and transport of ionsin plant
In addition to its vital role in osmotic adjust-
mentby inducing synthesis of osmoprotectants
like proline and glycine betaine (Siddiqui et al
2010, Raisetal 2013, Ashraf etal 2018). Alt-
hough, numerous researches have been per-
formed to study the individual effect of salt
stress or nitrogen nutrition on plant develop-
mentand productivity, there are few studieson
their interactive effects, and most of these
studies have been conducted on conventional
crops (Esmaili et al 2008, Chen et al 2010,
Zhang et al 2012, Ibrahim et al 2018). And
very few studies have been conducted on cash
crops for halophytes (Hessini et al 2011,
Hessinietal 2013, Amal Mahmoudetal 2019).
Therefore, the aim of the present study was to
compare the response of halophyte quinoa to
salinity stress when nitrogen nutrition rates
were limited, adequate, or in excess to guide
proper nitrogenfertilizer rate that could restore
yield losses induced by salinity.

2 Materials and Methods
2.1 Plant growth conditions and treatments
Seeds of Chenopodium quinoa willd cv.
Hualhuas, (origin: International Potato Center,

Lima, Peru) were surface sterilized before
sowing by soaking for 10 seconds with 70%

ethanolandthenwere washed for several times
with distilled water. Five seeds were then
transferred onto a plastic pot (25 cm inner di-
ameter and 30 cm height, with 5 drain holes at
the bottom). The pots were filled with washed
sandy soil “7.5 kg per pot” under controlled
conditions in the greenhouse of Agricultural
Botany Dept., Faculty of Agriculture, Ain
Shams University (latitude 30° 06' 48" and
longitude 31° 14' 52").

Plants were regularly watered with a modi-
fied nutrient solution (Arnon and Hoagland
1940). The nutrient solution was modified by
replacing all sources of nitrogen by ammo-
nium nitrate salt, with maintaining other nutri-
ent concentrations. All pots were exposed to
photoperiod of (14h light/ 10h dark) with a
day/night temperature of (28/15 + 3°C) and
relative humidity ranged from40 to 60%. Day-
light radiation type metal halide lamps (Osram,
200 watt, light intensity 300 pumol mtst) were
used for lighting.

Plants thinned out to maintain one plant per
pot. After a further one week the treatment be-
gan. Treatments have been organized in totally
randomized design with 12 replicates. Each
replicate was included in a combination of two
levels of salinity [control and 200 mM Nacl].
“Some studies mention that optimal growth
and productivity of quinoacan be carried out
between 10 and 20 dS/m (Hariadi et al 2011,
Adolf et al 2013)” therefore, we tried to in-
crease the resistance of quinoa to raise the tol-
erance limit to above 200 mM for NaCl salin-
ity. With three levels of nitrogen (50, 250 and
450 ppm).

2.2 Samples and harvest

Two samples were taken to assess the im-
pact of nitrogen nutrition rates on growth and
productivity of C. quinoawilld. cv. Hualhuas
grown under salinity treatments.

The first sample (8 weeks after sowing) to
estimate some growth and some physiological
parameters, by randomly selecting for six rep-
licates of each treatment.
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2.3 Growth parameters

The plants were divided into leaves (L),
stem(S), and root (R) after determine plant
height (Ph). To calculate the dry weight for all
plant organs, samples of about 10 g were dried
at 70° C until constant weight was reached.

2.4 Physiological parameters
2.4.1 Determination of osmotic potential

The freeze-point depression method was
used to measure the osmotic potential of the
press sap of roots and leaves using a cryo os-
mometer (Osmomat 030, Genotec GMBH,
Berlin 2006).

2.4.2 Determination of mineral elements

About 0.2 g of powdered dried plant sam-
ples from each plant organ was put in glass
flask and added 10 ml of concentrated sulfuric
acid to start the digestion of samplesand kept
overnight at room temperature. The next day,
1 ml of hydrogen peroxide was added to each
flask, they were placed in a digestion block
whose temperature was set to 350°C for 45
minutes. The extracts were cooled, then 2 ml
of hydrogen peroxide was added, then they
were brought back to the digestive block, this
step was repeated several times until the ex-
tracts became colorless. After that, the extracts
were filtered and supplemented to 50 ml with
distilled water. The concentration of total ni-
trogen (N) in these digests was analyzed using
the modified micro Kjeldahl method in a dis-
tilling unit VELP UDK-127 according to the
procedure described by Cottenie et al (1982).
The amount of Na*and K* contents was esti-
mated using a Flame photometer (Jenway
PFP7, ELE Instrument Co. Ltd., UK).

2.4.3 Nitrogen Use Efficiency (NUE)

Total Nitrogen uptakewas calculated as the
product of (N) concentration of whole plant
components in corresponding to its dry mass
(Chenetal 2010). Two indices of nitrogen use

efficiency, including agronomic nitrogen use
efficiency (aNUE) and physiological nitrogen
use efficiency (pPNUE) were calculated after
the following equations used by Song et al
(2019).

aNUE = (YN - YC)/EN ........ (1)

Where aNUE = Agronomic efficiency of ap-
plied N (gyield increase per g N applied)

YN refer to grain yield [g pot™'] in the N-
applied treatments (N2 and N3)

YC refer to grain yield [g pot™'] in the low
N applied (N1)

FN = rate of N applied [g pot?]

PNUE = (YN - YC)/(UN-UC)......... )

Where pNUE =Physiological efficiency of ap-
plied N (g yield increase per g increase in N
uptake).

UN and UC =is total nitrogen uptake in the
nitrogen applied treatment and its control.

The second sample (yield) was taken after
ripening (18 weeks after sowing) by randomly
selecting for six replicates of each treatment.
The Inflorescences of six replicates of each
treatment were separated from the stems, the
seeds were separated from inflorescences by
hand. The seeds weight of each plant was rec-
orded, as well as the weight of 1000 seeds per
plant.

2.4.4 Statistical analysis

All data were statistically analyzed of vari-
ance procedure using SAS software Version 9
(SAS, 2006).

3 Results and Discussion

The results of two-way ANOVA analysis
fordifferentmorphological, physiological, and
seed yield traits are presented in Table 1. The
fresh weight of shoot, plant height, shoot dry
weight, root fresh weight, root dry weight and
stem diameter were significantly affected
by water salinity, nitrogen treatments, and
their interactions. The seed yield of quinoa
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respondedsignificantly to the treatments of sa-
linity, nitrogen and their interaction. Con-
versely, there were no statistically significant
differences in the weight of 1000 grains per
plantunder all treatments Table 1. The corre-
lation coefficients for all measured morpho-
logical traits showed significant positive corre-
lation with seed yield Table 2. The highest
correlation value was recorded for shoot fresh
weight (0.905) followed by stem diameter
(0.893), plant height (0.883), shoot dry weight
(0.882), rootdry weight(0.767), androot fresh
weight (0.704), respectively.

The effects of saline water and N addition
rate on seed yield of quinoa are illustrated in
Fig. 1 Under the treatments of non-saline con-
ditions (S0), increasing the nitrogen applica-
tion rate from low (N1) to moderate (N2) sig-
nificantly increased seed yield by 126%, but
further rising into the highest level (N3) re-
sulted inasignificantdecreaseinthe seedyield
by 8.3% less than (N2) rate. Application of sa-
linity in irrigation water (200 mM NacCl) sig-
nificantly decreased the seed yield of quinoa
by 50.9% less than the non-saline low nitrogen
treatment. Elevation of nitrogen application
rate under the saline condition from (N1) to
(N2) significantly increased the seed yield of
quinoa by 34.5%. In contrast to the non-saline
condition, raisingthe level of nitrogenapplica-
tion from (N2) to (N3) led to insignificant in-
crease (P <0.05) of seed yield by 8.8% higher
than the (N2) rate.

As for the physiological traits, a significant
effectof saline water, nitrogenrates andthe in-
teraction between them on the osmotic poten-
tial of rootwere observed. But,the osmotic po-
tential of leaveswas significantly affected only
by salinity meanwhile, nitrogen levels or the
interactive between salinity and nitrogen treat-
ments had no effects Tables 1 & 3. The corre-
lation coefficient between osmotic potential
and seed yield is presented in Table 2. Either
osmotic potentials of root or leaves showed
positive association with seed yield, the leaves
osmotic potential recordeda higher correlation
value (0.776) than that of root osmotic poten-
tial (-0.370).

Karema, Ibrahim, Sayed Hussin, Sayed Eisa

The statistical analysis presented in Table
1. Showed that the nitrogen concentration, ei-
ther in root or leaves, was significantly af-
fected by nitrogenapplicationrates (P<0.001),
while the effect of salinity was non-significant
on nitrogen concentration in root and was rel-
atively limited in leaves (P<0.05). The highest
significant concentration of nitrogen in root
tissues was obtained at a moderate level of ni-
trogen (N2) in both non-saline (SO) and saline
(S1) treatments Table 3. and the nitrogen con-
centration in the root displayed a positive as-
sociation with seed yield Table 2. Meanwhile,
the highest significant value of nitrogen con-
centration in leaves was observed at the high-
est nitrogen application rate (N3) to record
5.07% under non- saline treatment and 4.03 %
under salinity treatment, on dry weight basis
Table 3. However, the nitrogen content in
leaves had no significant correlation with seed
yield Table 2. Therefore, the results of the pre-
sentwork clearly indicatedthat increases of ni-
trogen concentration in plant leaves might not
be translated into increases in seed yield for
halophytic species like quinoa.

The potassium concentration, whether in
roots orin leaves, was significantly affected by
salinity and nitrogen treatments, while the in-
teraction effect showed a significant effect on
the potassium concentration in the root, but in
the leaves was insignificant Table 1. Data pre-
sented in (Table 3) clearly showed an opposite
trend between the effects of salinity treatment
and nitrogen fertilizer on potassiumconcentra-
tionindifferentplantparts. In general, Salinity
treatmentled to decrease potassiumconcentra-
tion in roots, which was about 15% less than
that of non-saline treatment. Meanwhile, po-
tassium concentration in the roots was signifi-
cantly increased by increasing nitrogen appli-
cation rates up to (N2) to record 14.4% greater
than (N1) treatment. Moreover, the results of
the interaction effects showed that the salinity
treatmentcauseda linear decrease of thepotas-
sium concentrationin the roottissues underthe
applicationrates of N1, N2, and N3 to being
6.7%, 4.5% and 30.8% less than non-saline,
respectively. However, the increasein nitrogen
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Table 1. Two-way ANOVA analysis of planttraits by salinity (S), nitrogen (N), and their interaction (S*N)

Parameters Salinity (S) Nitrogen (N) Interaction (S*N)
Plant height [cm] 2454 55.47" 20.68™"
Stem diameter [cm] 68.64™ 26.917 155"
Root fresh weight [g plant 1] 796.83""" 79.917 74,947
Shoot fresh weight [g plant -1] 3631.68™" 960.08™*" 72850
Root dry weight [g plant 1] 672.68™" 151.66™"" 138.34™"
Shootdry weight [g plant 1] 880.56™"" 232.65™ 170.19™
Seed yield [g plant-1] 1836.03" 323.58™ 160.83™""
Weight of 100 seed [g] .02n.s 2.17ns 74ns
Osmotic potentialin root [MPa] 74.627 8.25™ 8.09™
Osmotic potentialin leaves [MPa] 353.0" 1.95ns 2.26n.s
Nitrogen concentration in root [%] 391ns 26.32" 281ns
Nitrogen concentration in leaves [%] 5.00" 195.00™" 33.80™"
Potassium concentration in root [96] 20.02™ 8.00™ 9.52™*
Potassium concentration in leaves [%] 24.00" 59.04™ 0.12ns
Sodium concentration in root [%] 512.00"" 22.62™ 87ns
Sodium concentration in leaves [%] 976.07"" 247 n.s 407"

Number represent F-values *P< 0.05, **P< .01, ***P< 0.001, n.s., non-significant

application rates from N1 to N3 led to a signif-
icant increase in the potassium content in the
roots by about 34.7% under non-saline treat-
ment, but it had no effect under saline treat-
ment Table 3. In contrast to the roots, the po-
tassium concentration in leaves sharply de-
creased as affected by increasing nitrogen lev-
els. The highest potassium concentration value
was recorded at saline treatment (S1) under
low nitrogen nutritionlevel (N1). However, in-
creasing nitrogen application rates led to sig-
nificant decrease of potassium content in
leaves under both of non-saline and saline
treatments Table 3. Potassium concentration
in the root displayed a significant positive
association with seed yield, while the potas-
sium content in leaves presented a significant
negative association with seed yield Table 3.

The two-way ANOVA results presented in
Tables 1 and 3 showed that the sodium con-
centration in the roots and leaves was signifi-
cantly increased under salinity treatment to
record 87.5% and 300% higher than the non-
saline treatment in the roots and leaves, respec-
tively. Sodium concentration in roots was sig-
nificantly increased by N treatments. While, N
treatments had no significant effect on the

sodium content in leaves Table 1. The correla-
tion coefficient between sodium content in
roots or leaves with seed yield is presented in
Table 2. Sodium concentration in roots and
leaves exhibited negative significant correla-
tion with seed yield. Water salinity treatment
significantly increased sodium concentrations
in both of roots and leaves. This led to a grad-
ual reduction in K+/ Na+ ratio in both organs
Fig. 2 However K+/Na+ ratio in the leaves
were progressively lower than those of the
roots.

3.1 Nitrogen use efficiency

Nitrogen use efficiency as indicated by ag-
ronomic nitrogen use efficiency (aNUE) and
physiological nitrogen use efficiency (pNUE)
are presented in Table 4. Salinity treatment
significantly decreased both of aNUF and
pNUF to recored 82.8% and 18.8% less than
non-saline treatments.

As for interaction between salinity and ni-
trogen treatments, the highest level of nitrogen
application (N3) significantly reduced both of
aNUF and pNUF under non-saline treatment,
while it had no significant effect under saline
treatments.
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Fig 1. Impact of various rates of nitrogen addingand two levels of water salinity on seed yield. Each column
shows the mean values of six replications and the barsrepresent (S.E) standard errors. The same letters are
notsignificantly different at(P <0.05)
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Fig 2. Impact of various rates of nitrogen addingand two levels of water salinity on K/Na ratio in both
leavesand roots. Each column shows the mean values of six replications and the bars represent (S.E) stand-
arderrors. The same letters are not significantly differentat (P < 0.05) within each organ
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Table 4. Effect of addingvarious levels of nitrogen
adding and two levels of water salinity on agro-
nomic nitrogen use efficiency (aNUE) and physio-
logical nitrogen use efficiency (pNUE)

Treatment aNUE pNUE
S0 1232+21.8 692£2.9
st 210423 565+1.8
LSD 6.6235 4.449
N2 98:432.6 65%£4.9
N3 455412 8 612+1.6
LSD 6.6235 4449
SON2 1712+4.1 750+1.4
S0 N3 74542.7 630415
SLN2 25042 8 54041 8
SLN3 16°40.6 59bc+2 6
LSD 9.367 6.2918

Values are presented asthe mean of six replications
+ standard error (SE). Values with the different let-
ters represent a significant difference at (P < 0.05)
within each treatment. (L.S.D) represent the Least
Significant Difference within each treatment

The individual effects of water salinity or
nitrogen fertilizers on the development and
yield of crops have been extensively studied,
but the effect of their interaction has not yet
been fully understood. Nevertheless, the
growth and productivity attributes of plantsare
a direct result of various biochemical and
physiological mechanisms, and their diminish-
ing due to salinity is highly dependent on the
plant species. For example, halophyte species
are considered to be highly tolerant to salinity
compared to glycophytes. Moreover, halo-
phytes differ in their resistance to salinity and
this is one of the bases used to assess their po-
tential of utilization (Koyro et al 2008). The
salt concentration leading to the yield depres-

sion of 50% relative to its yield under non-sa-
line conditionsis defined as the limit of salin-
ity tolerance (Kinzel and Bhattacharjee 1982).
Quinoa was classified as a facultative halo-
phyte with an ability to grow under salinity
levels similar to those found in seawater, and
the limit of salinity resistance (C50 value) for
biomass production and seed yield was esti-
mated to be approximately at 20 dSm™.
Whereas, the optimum growth and productiv-
ity of different quinoa specieswas at salt con-
centration of less than 10-20 dSm-! (Jacobsen
et al 2003, Koyro and Eisa 2008, Hariadi et al
2011, Adolfetal 2013, Eisaet al 2017). Our
present study showed a similar result in terms
of a significant reduction in seed yield by
50.9% under saltstress (20 dSm-?) less thanthe
non-saline treatment. Likewise, the individual
effectsof nitrogenfertilizerson the growthand
production of quinoa seeds have been studied,
and the optimal levels of nitrogen nutrition for
the quinoa crop have been estimated to be
ranged between 75to 160 kg N ha (Jacobsen
etal 1994, Erley etal 2005, Basra etal 2014,
Geren 2015). The proper use of nitrogen nutri-
tion to mitigate the harmful effects of salt
stress has been discussed on several glyco-
phyte crops(Chenetal 2010, Zhangetal 2012,
Ashraf etal 2018, Ibrahimetal 2018, Hessini
etal2019, Songetal2019, Qinetal 2020, Zhu
et al 2020). But so far, not much attention has
been paid to cash halophyte crop (Pessarakli et
al 2012). It is well known that, the salinity
stress causes adverse effects on the uptake,
transport and assimilation of the nutrients
within plant tissues (Ashraf etal 2018). In ac-
cordance with our results, the growth and
productivity of the quinoa plants were signifi-
cantly reduced in response to water salinity
treatment (200 mM NacCl). In this regards,
there are a number of factors that may limit
plant growth and productivity under salt stress
conditions. The initial deleterious constraint of
salt stress on plant is due to an osmotic stress
(Munns2005). Asshown in (Table2), osmotic
potential of root or leaves significantly
decreased and became lower values than
non-saline treatments. However, the results
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clearly showed that quinoa plants could effi-
ciently decrease leaves osmotic potential to be
lower than those of roots. This clearly implies
that quinoa plants, grown under salinity stress,
are able to adjust their osmotic potential to
maintain a positive water uptake, and this has
been previously reported by many researchers
(Hariadi et al 2011, Eisa et al 2012). On the
other hand, the dropping of osmotic potential
of plant organs to avoid salt stress was con-
comitant with progressive sodium accumula-
tion, particularly in the leaves Table 2. This
led consequently to reduce in K*/Na* ratio for
both of rootand leaves Fig 2 This may be an
explanation for the reduction of growth and
seed yield under salinity treatments due to ion
imbalance. However, quinoa is known to be
considered as a salt- includer halophyte, tend-
ing to immediately translocate sodium and
potassium from roots into leaves and utilize
them to adjust osmotic potential. This may
explain why the potassium accumulation is
higherin leaves under the saline treatment than
the non-saline treatment Table 2. In this con-
text, Huchzermeyer and Koyro (2005)
reported that potassium accumulation is much
more preferred under salt stress. Moreover,
(Shabala et al 2010, Hariadi et al 2011)
reported that the resistance of salinity in qui-
noa is attributed to its highly efficient potas-
sium retention.

The proper of nitrogen application rate un-
der salinity conditions could be an effective
physiological remedy to increase the plant tol-
erance against the harmful effects of salt stress
(Siddiquietal 2010). The results from the pre-
sent study clearly showed that the increase of
nitrogen application rate, under salinity treat-
ment, from low nitrogen rate (N1) up to mod-
erate nitrogen rate (N2) significantly increased
nitrogen and potassium concentration in root,
butincreasing nitrogen application up to high-
est rate (N3) decreased both of nitrogen and
potassium concentration inroot. This ill effect
of high nitrogen application rate could be
attributed to reduce water uptake as a result of
decreasing the soil water potential, and/or by
competitive processes occurring on mem-
branes of root cells, at the sites of ion transport

between Cl-andNO3~on onehand, and/ or be-
tween Na* and other captions of the essential
element such as K* and NH4* on other hand
(Ashraf and Harris 2004, Shawer 2014, Song
et al 2019). The results also clearly showed
that the increase in nitrogen application rates
led to a significant decrease in the osmotic
potential of roots (Tables 1 & 3). This phe-
nomenon could be explained by the applica-
tion of large amount of nitrogen greater than
the ability of the plant to absorb, then addi-
tional nitrogen residual in the soil solution
leading to a secondary salinization (Song et al
2019).

Concerning the nitrogen use efficiency, the
present study used aNUE and pNUE as the
two-most prevalent measures. Agronomic
nitrogen use efficiency is an important eco-
nomic indicator leading to an estimate the
maximum value of the crop: cost ratio, evalu-
ating the benefits of investment since both pa-
rameters are closely related for input and out-
put prices (Vanlauweetal 2011). In the pre-
sent study either under salinity treatment or
non-saline ones, moderate N rate gave higher
aNUE and pNUE than high N rate. This result
suggested that the NUE reduced with increas-
ing N rates higher than adequate rate (N2).

4 Conclusion

In summary, decreasing N rate to 250 ppm
either under salinity stress or non- saline treat-
ments would reduce the cost related to N ferti-
lizer use and improved NUE by proper man-
agement of nitrogen fertilizer especially under
salinity stress.

Abbreviations: O.P, osmotic potential
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