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Abstract

Introduction: Soil salinity is a major problem in arid and semi-arid regions, which reduces plant
yield and thus threatens food security. Soil salinity limits plant growth by limiting plant access to
water, creating nutritional imbalances, and causing osmotic stress in plants. In addition, phosphorus
deficiency is also a common problem in these regions. Providing optimal levels of nutrients,
especially phosphorus, can reduce the negative effects of salt stress and improve plant
performance. The aim of this experiment is to determine the critical phosphorus level in soil and
leaves and to investigate the response of yield, yield components, and phosphorus uptake of quinoa
plants at two levels of salt stress.

Materials and Methods: An experiment was conducted in a completely randomized design with
three factors of soil phosphorus including 10 levels (S1-S10), phosphorus application at two levels
(application of 9 mg per Kg soil and non-application) and two levels of irrigation water salinity (6
and 12 6 dS m™) with three replications in pots. In this experiment, the values calculated manually
using the phosphorus fertilizer equivalent formula according to the soil test, phosphorus was added
from triple superphosphate at the rates of 25.25, 50.5, 67.32, 92.57, 109.46; 134.71, 151.54, 176.79
and 218.87 mg Kg of soil with 15% moisture content and was incubated for one year due to the
process of phosphorus fixation by gypsum and lime in the soil. Then, to apply phosphorus levels (0
and 9 mg phosphorus Kg?) soil was added from a triple superphosphate source. To determine the
critical phosphorus level in leaves at the flowering stage, samples were taken from leaves close to
the panicule. Biomass, seed weight, and harvest index were measured. The phosphorus content in
shoots and seeds was also measured by the dry digestion method.
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Results and Discussion: The results showed that salinity stress of 12 dS m™? reduced grain yield
and biomass by 17 and 24 percent, respectively, but the harvest index increased by 4.5 percent. The
application of phosphorus fertilizer increased grain yield and harvest index. Also, salinity stress of
12 dS m™ reduced grain phosphorus uptake (20 %), shoot phosphorus uptake (55 %), and finally
plant phosphorus uptake (29 %). The greatest positive effect of phosphorus was observed in soils
with salinity of 6 dS m™. The interaction results showed that initial phosphorus levels also played
an important role in determining the effect of salinity and phosphorus fertilizer. Soils with available
phosphorus of 8 and 13 mg kg™ showed significantly higher biomass (20 and 19.8 g pot™) under 6
dS m? salinity stress and phosphorus application, while soil with available phosphorus of 16 mg
kg™ had the lowest biomass (12 g pot™?) under 12 dS m™ conditions. The critical phosphorus limit
for soils with salinity of 6 dS m™ and 12 dS m™* was 8.9 and 13.8 mg kg, respectively, and based
on leaf phosphorus was 1.9 and 2.25 g kg™.

Conclusion:In general, these results showed that optimal management of phosphorus fertilization
and reduction of the effects of salinity stress improved growth and yield of quinoa. This is
especially important in areas with moderate salinity for sustainable use of soil and water resources.
Careful management of phosphorus nutrition under saline conditions is essential to improve
phosphorus allocation to seeds and maintain crop yield and quality.
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Table (1) Physical and chemical properties of soil
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Table (2) Final phosphorus content of ten soil samples which are used in experiment
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Table (3) Irrigation water characteristics
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Table (4) Analysis of variance of traits related to quinoa plant yield under the influence of salinity
treatments, soil P and phosphorus application
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Table (5) Mean comparison of the main effect of salinity, soil P and phosphorus application on some
traits related to quinoa yield

sy el 035 Cams) O3 als O35
(Aoy3) (O 53 0.9 OIUE 53 0.5) (Treatment) ;s
: . Seed weight dSm™) 8 o
Harvest Index (%) Biomass (g pot™) (g pot?) Salt stress
48.33+2.21 b 18.56+0.3 a 8.9910.19 a 6
52.91+1.89 a 14.1+0.23 b 7.44+0.14 b 12
&S ind sk SOII P
49.29+2.11 a 16.64+0.8 a 8.12+0.38 a S1
49.92+2.85 a 17.1+0.59 a 8.55+.34 a S2
51.32+2.44 a 16.85+0.86 a 8.61+0.39 a S3
50.6+1.89 a 15.71+0.9 ab 7.92+0.46 ab sS4
51.15+3.05 a 16.87 +0.86 a 8.61+0.43a S5
53.99+2.88 a 15.69+1.24 ab 8.25 +0.56 a S6
49.02+1.92 a 14.89+0.6 b 7.31+0.32 b S7
49.79+2.13 a 16.49+0.97 8.19+0.47 a S8
49.73+2.37 a 16.94+0.8 a 8.43+0.45 a S9
51.35+3.11 a 16.11+1.11 ab 8.20+0.52 a S10
i
P application
48.66+3.01 b 15.35+0.34 b 7.42+0.15 b 2 pe Without P
application
52.57+2.88 a 17.31+0.41 a 9.01+0.18 a 5,28 P application

S U e e 13,118 ok (S SAST s hd 0 8 (et hud 5 )l
P application: 9 (mg/kg) phosphorus of soil, Without P application: No phosphorus application
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Table (6) Analysis of variance of phosphorus uptake traits and phosphorus concentration in different organs of quinoa plant under the influence of salinity
treatments, soil p and phosphorus application

Sl e SL(Mean Square)
oS JS i Sl b Sl ol B Sl ale ol i S sl s Ll o s il @3l3T 4y SOl e
Plant Phosphorus ~ Seed Phosphorus  Shoot Phosphorus Shoot P Seed P Leave P df S.0V
uptake uptake uptake concentration concentration concentration
Soss
2626.19™ 1617.74™ 121.72" 0.001"™ 0.009™ 0.085™ 1 Salinity
Sed 7 slaw
108.34™ 66.44" 10.38™ 0.004™ 0.005™ 0.005™ 9 Soil P
Sd 3 )8
22018.47™ 14808.82"™ 712.61 0.228™ 1.186™ 0.02™ 1 P application
Sed 7o X (55 55
57.67" 44.28™ 4.86" 0.002" 0.004™ 0.004™ 9 SalinityxSoil P
S X (G
219.05™ 76.03" 36.98" 0.0002" 0.0054™ 0.051™ 1 SalinityxP application
b X pd = sla
28.37™ 18.97™ 8.43™ 0.003™ 0.003" 0.002 9 P applicationx Soil P
AedX b 7 sla X (55 45
P applicationx Soil Px
18.81" 16.37" 473" 0.002" 0.001" (O 9 Salinity
U
30.39 23.03 2.1 0.001 0.001 0.001 80 Error
15.13 15.12 20.99 26.47 9.13 11.93 (Dol e

CVv
* % ns

il g A3 8 5 gy el 53 3 e SV 5 s e CBetl pke Kl i a5 "
ns, *, and ** indicate no significant difference and significant difference at the 5 and 1 percent levels, respectively.
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Table (7) Comparison of the average main effect of salinity, soil P and phosphorus application on phosphorus uptake traits and phosphorus concentration in
different organs of quinoa plant

oS IS Jid wod 43 Hiud ol 8 Pl id e s2lsn Il s ke Gls Hiub cble oE s bl (Treatment) L
Seed P Leave P
IS ST ST iy CoTeUaton comentron €91 2
(%) (%) Salt stress
41.11+2.13a 35.42+1.72a 5.69+0.48a 0.09+0.01a 0.38+0.01a 0.16+0.01b 6
31.75+1.73b 28.08+1.46b 3.67+.32b 0.08+0.01a 0.37+0.01b 0.22+0.01a 12
b & sk SOII P
32.99+4.06¢ 32.94+3.61bc 3.35+0.61d 0.06+0.01e 0.35+0.03d 0.22+0.01a s1
38.74+4.82ab 32.94+3.62ab 5.81+1.34ab 0.1+0.02ab 0.38+0.03bcd  0.21+0.01ab S2
38.51+4.17ab 33.46+3.37ab 5.05+0.9abc 0.1+0.02bc 0.38+0,03a-d 0.22+0.01a S3
38.4+5.55ab 32.99+4.37ab 5.41+1.21ab 0.1+0.02ab 0.4+0.03ab 0.18+0.02cd S4
42.1+4.71a 35.96+3.65a 6.14+1.11a 0.12+0.02a 0.41+0.03a  0.18+0.01cde S5
35.07+5.03bc 30.51+4.34bc 4.56+0.81bcd 0.09+0.01bcd 0.35+0.03d 0.19+0.02bc S6
32.17+4.33¢c 27.34+3.38¢c 4.83+1.08bc 0.09+0.02bc 0.36+0.04cd  0.19:+0.02bcd Y
36.17+4.49bc 32.23+3.88ab 3.94+0.7cd 0.08+0.01cde 0.39+0.04abc  0.17+0.01de S8
35+4.65hc 31.04+3.94bc 3.96+0.78cd 0.07+0.01de 0.36+0.03d 0.16+0.02e S9
35.15+4.25hc 31.38+3.7bc 3.76+0.74cd 0.08+0.01cde 0.38+0.03bcd  00.17+0.01de S10
T
P application
22.88+0.65b 20.64+0.6b 2.24+0.1b 0.04+0b 0.28+0.01b 0.18+0.01b 22 e
without P application
49.98+1.27a 42.86+1.0a 7.12+0.39a 0.13+0.01a 0.48+.01a 0.20+0.01a 5,8 P application

S O e e 13,118 pde (S p SST g s Said 08 e jaud s )08
P application: 9 (mg/kg) phosphorus of soil, Without P application: No phosphorus application
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Table (8) Comparison of the average interaction effect of salinity stress, soil P and phosphorus application on some phosphorus uptake traits and phosphorus

)5S ol Sy ey 0L e 5 s

concentration of quinoa plant

2308 035 L Pl i e
(0l sl lsh el Jis il s i bl &, s chle Sl Lasls b 3 ) [ Sost
Biomass (g pot Shoot Shoot P Seed P Leave P Harvest P S @s m
Y Phosphorus concentration (%)  concentration (%)  concentration (%) Index (%) application  spjlp  Salinity
uptake 1()mg pot

18.32+1.69b-  33+0.43j-m  0.054+0.009ghi  0.278+0.004hij 0.219+0.11d-h 40.1+4.1g  Withoutere
18.95+0.5%9-f  577+1.49fj  0.096:0.025d-g  0.467+0.004a-e 0.185:0.019g-k  OL2*04b-f  whits e 7
17.88+0.25c-h 2 .38+0.45kIm 0.044+0.009hi 0.283+0.005h-k 0.173+0.003i-m  °20-3#0.6b-f  Withoutere
19.35+0.42a-e 12.79+1.13a 0.198+0.018a 0.502:0.018abc 0.182+0.006h-k 485:L7c-f  Whits, s
16.77x0.82e-j 2 64+0.32kIm 0.046+0.003hi 0.282+0.005h-k 0.185:0.007g-k ~ 48:2#L5c-f - Withouten
20.96+1.05ab 6.91+1.19d-h  0.102+0.018def  0.445+0.019cde 0.163+0.002j-n 50.3:0.9b-f  Whits s @
16.20+0.28f-K  247+0.24kim  0.045:0.002hi 0.301+0.007g-] 0.104+0.0040 47.1%2.8d-g  Withouteae E
19.8+1.74a-¢ 10.63+2.34ab 0.17+0.028ab 0.507+0.034abc 0.188+0.011g-k 50.1£2.2b-f  Whits .5 - (E
17.39+0.7d-h  341+0.36j-m  0.057+0.008ghi 0.360.008fg 0.2140.007¢-i 46.50.9d-g  Withouteae L.
20.91+0.99ab 10.7+1.32ab 0.167+0.002ab 0.48+0.031a-d 0.194+0.037-j 51.1£0.8b-f  Whits,,5 7 G%f,‘
16.29+0.99f-k  351+0.13i-m  0.061+0.005f-i 0.287+0.025hij 0.188+0.012g-k ~ 42-7*2.1efg  Withoutese ®

21.71%0.87a 8.78+1.19bcd  0.123+0.015cde 0.463+.012b-e 013120.009mno  20-7#24b-f  Whits s 2
14.93t06h-p  2.86:0.18kIm  0.056:0.001ghi  0.263+0.029ijk 0.152+0.009j-n  47-8#lLlct  Withouter
17.18+0.42d-i 9.93+2.03bc 0.169+0.032ab 0.467+0.038a-¢ 014840.007ko  48:1#0.2cF  Whits, e T

20.02+1.3a-d  2,06+0.08Im 0.032+0.003i 0.242+0.01ijk 0.105:0.0080  47-1#2.3d-g  Withoutese

18.41+1.2b-g 6.17+1.32d-i 0.098+0.018d-g  0.497+0.014abc 0.179+0.018h-I 51.6£1.4b-f  Whits .58 ®
17.424#1.41d-h  20740.17Im 0.033+0.001i 0.286:+0.026hij 0.124+0.01n0 45.1%1.2fg  Withoutess
19.79+1.41a-e 7.9+0.8c-f 0.129+0.011bcd 0.4620.015b-¢ 0.12+0.012n0 50+2.2b-f Whits s €

oYY
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18.33+0.91b-g
20.47+1.54abc
13.14+0.38l-p
16.15+0.69f-
14.85+1.1h-p
16.32+0.67f-k
14.27+1.05i-p
15.4+0.74g-n
12.97+0.67m-p
13.8+0.56j-p
13.51+0.34k-p
15.67+0.16g-m
12.96+1.04m-p
11.8+1.17p
12.25+0.790p
15.18+0.73h-0
12.48+0.28nop
15.06+0.72h-0
13.51+0.12k-p
17.04+0.16d-i
13.42+0.49k-p
12.24+0.770p

2.26+0.05kIm
7.21+1.34d-g
1.33+0.14m
3+0.8KIm
2.12+0.26Im
5.94+0.8¢-]
2.03+0.07Im
8.63+0.82b-e
1.730.07Im
6.8+0.88d-h
2.1+0.05Im
8.36+0.53b-f
2.55+0.94kIm
3.390.26j-m
1.44+0.16Im
5.08+0.82g-k
1.6620.26Im
5.88+0.42¢-j
1.620.11Im
4.27+0.53h-1
1.37+0.05Im
4.21+0.4h-m
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0.037+0.002hi
0.11+0.024de
0.032+0.003i
0.061+0.014f-i
0.039+0.002hi
0.12+0.018cde
0.046+0.003hi
0.189+0a
0.044+0.002hi
0.157+0.019abc
0.051+0.001hi
0.193+0.013a
0.06+0.017f-i
0.098+0.004d-g
0.038+0.006hi
0.107+0.013de
0.041+0.005hi
0.132+0.011bcd
0.037+0.002hi
0.082+0.006e-h
0.034+0.001i
0.128+0.019bcd

0.331+0.018gh
0.488+0.02a-d
0.251+0.008ijk
0.404+0.044ef
0.251+0.008ijk
0.48+0.023a-d
0.305+0.015ghi
0.497+0.014abc
0.288+0.016hij
0.524+0.015ab
0.289+0.005hij
0.506+0.021ahc
0.214+0.014k
0.45+0.024cde
0.243+0.017ijk
0.48+0.021a-d
0.287+0.015hij
0.531+0.037a
0.235+0.014jk
0.443+0.001cde
0.255+0.019ijk
0.426+0.008de

0.157+0.007j-n
0.137+0.006l-0
0.218+0.019d-h
0.254+0.014a-d
0.189+0.004f-k
0.284+0.02ab
0.232+0.008c-f
0.286+0.017a
0.21+0.011e-i
0.237+0.023cde
0.153+0.014j-n
0.162+0.007j-n
0.183+0.005h-k
0.27+0.014abc
0.161+0.007j-n
0.291+0.019a
0.176+0.015h-I
0.228+0.007c-g
0.145+0.007k-0
0.244+0.013b-e
0.153+0.011j-n
0.232+0.008c-f

47.8+2.3c-f
49.5+2b-f
52.2+1.5b-f
53.7+0.7bcd
48.4+4.6¢-f
52.6+0.6b-f
51.8+1.1b-f
55+1.4bc
52.4+3.5b-f
52.9+0.8b-e
52.4+0.3b-f
54.7+0.7bc
50+0.2b-f
69.6+7.7a
48.9+2.2c-f
51.4+1.2b-f
49+1.9c-f
51.5+1.4b-f
51.1+0.9b-f
52.7+1.2b-e
51.6+1.3b-f
56.6+0.5b

Without(..\p
Whits .,
Without(..\p
Whits .18
Without,.e
Whits .18
Without,.e
Whits .,
Withoutr,\p
Whits .18
Withoutr,\p
Whits .,
Withoutr,\p
Whits .,
Without,.e
Whits .,
Without,.e
Whits .,
Withoutr.\;
Whits .,
Withoutr.\;
Whits .18

6S 8S LS 9S GS ¥S €S ¢s TS 0TS

0TS

S O e 13,118 ok (S p SST s Siud 08 e @ jaud s )l
P application: 9 (mg/kg) phosphorus of soil, Without P application: No phosphorus application
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Figure (10) Critical phosphorus limit in two salinity conditions of 6 dS/m in soil (a) and leaves (c) and 12 dS/m in soil (b) and leaves (d) in quinoa plant.
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