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Abstract

The objective of this study was to compare the effect of municipal sewage sludge (MSS) and triple superphosphate
(TSP) application on some growth traits and P uptake of quinoa under saline and non-saline conditions. Therefore, a pot
experiment was conducted in a completely randomized factorial design with 3 TSP levels (0, 29 and 38 mg kg! soil,
named as To, T; and T, respectively), 3 MSS levels (0, 0.25 and 0.5 %w/w, named as My, M; and M,, respectively), 2
irrigation water salinity levels (2 and 12 dS m™!, named as non-saline and saline, respectively) and 3 replicates. The
results showed that, although all the growth traits of quinoa significantly decreased by increasing of irrigation water
salinity, application of MSS and TSP (especially combined treatments) was able to diminish the negative effect of
salinity. In the non-saline condition, the highest amounts of shoot dry weight, seed yield and P uptake were observed for
T2M,, which were 2.8, 3.1 and 13.7 times more than ToMy, respectively. In the saline condition, although T>M> had the
greatest enhancement in all the measured traits, there was no statistically difference between this treatment and T1M,.
This result suggested that application of T{M, in the saline condition was more convenient for improving the growth of
quinoa as well as fertilizer management. The ToM, and TM; were the best treatments in the non-saline and saline
conditions, respectively, probably due to improvement of P uptake by quinoa as well as increase of soil organic matter
content.

Keywords: Soil organic carbon, Pseudo-cereal, Salinity, Seed yield.

Background and Objective: Due to the P reactions with soil components, all of the P applied to soils is not available
to plants, hence, it is necessary to improve P use efficiency. Application of organic compound (e.g., municipal sewage
sludge) as a P fertilizer into soil is one of the ways to enhance soil P supply. The P availability issue is much more
important in saline lands because in addition to soil components, salinity directly affects nutrient uptake and
translocation (Bouras et al., 2022). Therefore, this study was conducted to compare the effect of the individual and
combined applications of municipal sewage sludge (MSS) and triple superphosphate (TSP) on some growth traits and P
uptake of quinoa under non-saline and saline conditions.

Materials and Methods: A pot experiment was laid in a completely randomized factorial design with 3 MSS levels (0,
0.25 and 0.5 %w/w, named as My, M; and M, respectively), 3 TSP levels (0, 29 and 38 mg kg™! soil, named as T, T:
and T, respectively), 2 irrigation water salinity levels (2 and 12 dS m™!, named as non-saline and saline, respectively)
and 3 replicates. Three months after planting, the plants were harvested for recording plant height, stem diameter and
panicle length. The shoots were oven-dried at 70°C and the shoot dry weight, 1000-seed weight and seed yield were
measured. Additionally, the shoot dry was crushed, ashed at 450°C and extracted by 0.1 M HCI solution to determine
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the content of P by molybdate method (Murphy and Riley, 1962). Furthermore, soil within the pots was air-dried,
crushed gently and analyzed for the determination of electrical conductivity (EC) and soil organic carbon content.
Statistical analyses were performed with MSTATC 1.42 and the means were compared by Duncan’s test at p < 0.05.

Results: The results showed that all of the studied traits of quinoa in the saline condition were significantly lower than
the non-saline condition. In other words, salinity had a negative effect on the growth of quinoa. However, application of
MSS and TSP (especially the combined treatments) could improve the growth traits of quinoa. In the non-saline
condition, the maximum values of shoot dry weight, 1000-seed weight and seed yield were found in T,M,, which were
2.8, 1.2 and 3.1 times higher than that of the ToMy treatment, respectively. Likeness, the higher shoot P uptake (86.9 mg
pot!) was observed in the ToM; treatment. Nevertheless, T{M> was the best treatment in the saline condition as there
was no significant difference between the studied traits in this treatment and ToM». Furthermore, the non-significant
effect of MSS on soil EC and its positive effect on soil organic carbon content were other advantageous aspects of this
compound.

Conclusions: The effectiveness of the treatments on the studied traits of quinoa were as follows: individual application
of TSP < individual application of MSS < combined application of TSP and MSS. Therefore, the results suggested that
the use of organic resources with mineral P fertilizer can minimize the adverse effects of salinity and improve the
growth and yield of quinoa.
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Table 1. Selected physical and chemical properties of the studied soil
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Value Measurement methods and their references Unit Property
7.2 Electrometric pHe
Ll o ylas S UL
14.0 Platinum Electrode dSm™! & e
Electrical conductivity of saturated extract, ECe
68.7 Hydrometry (Gee and Bauder, 1986) % o
Sand
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14.0 Hydrometry (Gee and Bauder, 1986) % )
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Clay
(P9 (,..«.LS =Ly
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Available potassium
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Table 2. Selected chemical properties of the municipal sewage sludge used
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sludge (USEPA, 1995) Value references Unit Property
6.4 Electrometric pH (1:10)
4.1 Platinum Electrode dSm™! EC (1:10)
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Not-detected :*
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Table 3. Selected chemical properties of the irrigation water

SAR SO4# HCO; CI Na* Mg?* Ca** pH  EC
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Table 4. Analysis of variance for some growth traits, yield and P uptake of quinoa

Sla e ke
Mean of squares
' T s 63"“’73 R
b der s Shes 033 S O Jsb o J::’UCL“
. &l Ol a3 Ly pli Degree of Sources of variation
ol s £ls ol JsSL freedom
1000- ’ Stem Plant
Shoot P Seed seed Shoot dry Panicle  diameter height
uptake yield weight weight length
5143.1% 414.4%  2.3% 2976.3%*  691.8%*  40.2**  13994.1** 1 (Salinity) (5, s
7253 4% 125.1%*  04* 627.2% 15.8% 3.2% 1253.5** 2
(Sewage sludge)
1839.6™ 45.6™ 0.1 110.9%* 11.6 1.5° 223.3% 2
(Triple superphosphate)
y y y , . LN R RTIT
867.4% 16.6** 0.0 150.2%* 7.6* 1.2% 258.7% 2
(Salinity x Sewage sludge)
. e Sld s 555
235.3% 2.5% 0.0 6.8 0.9 52 ) Salinity x Triple )
28.7%
(superphosphate
Ju s Sled e X NS
326.8% 1.6 0.0 6.9* 0.8 02 340 4 Sewage sludge x Triple )
(superphosphate
X NS el X (g5
e Slid s
15.3 277 0.0 2.9 1.3 0.2 38.1 4
Salinity x Sewage sludge x )
(Triple superphosphate
65.7 0.6 0.0 1.3 24 0.3 59.1 36 (Error) Ua>
(1) s s
28.3 73 7.8 5.7 13.9 11.9 14.5

(Coefficient of variation)

Ll sy ) 50 dublcﬂa_dj:)\:&#;ljfgg%ﬁg**}*

* and ** stand for significant effects at 5 and 1% probability levels, respectively.
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Table 5. Mean comparisons of the interaction effect of different levels of municipal sewage sludge, triple superphosphate and
salinity on some growth traits of quinoa

wlsls 055 ISl dsb Wl ks <yl 3 e Slid e il o s
1000_-seed Panicle _Stem Plgnt S NS Salinity
weight length diameter height
Different levels of municipal sewage sludge and ~ (dSm™)
(®) (cm) (mm) (cm) triple superphosphate
2.1 kim 104° 3.84 47.6°f ToMo
2.3 14.0° 5.2¢ 57.24d TiMo
2.4 ghi 14.82 5.6 61.2¢d T2Mo
2.6 dfe 143" 5.4b¢ 73.9% ToMi
2.7 bed 15.8% 5.93be 78.4% TiMi 2
2.8b¢ 15.6 5.9abe 79.44 TaMi
2.7 ode 15.02 5.9abe 72.7 @be ToM>2
2.9° 16.42 6.2 69.3 bed TiM2
3.12 17.22 6.42 83.92 T2M2
1om 7.34 3.64 27.1h ToMo
2.0Mm 7.44 3.84 32.7¢ TiMo
2.2 7.44 3.74 35.7feh T2Mo
2.2k 7.44 3.94 38.8 feh ToMi
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In each column, means followed by at least one similar letter are not significantly different (Duncan, p < 0.05). Ty, T1, T, are 0, 29 and 38 mg kg"!
triple superphosphate and My, M1, M, are 0, 0.25, 0.5 %w/w municipal sewage sludge, respectively.
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Fig. 1. Shoot dry weight of quinoa as affected by municipal sewage sludge, triple superphosphate and salinity; Bars with at least one
similar letter are not significantly different (Duncan, p < 0.05). To, T1, T2 are 0, 29 and 38 mg kg™! triple superphosphate and Mo, M1,

Mz are 0, 0.25, 0.5 %w/w municipal sewage sludge, respectively.
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Fig. 2. Seed yield of quinoa as affected by municipal sewage sludge, triple superphosphate and salinity; Bars with at least one similar
letter are not significantly different (Duncan, p < 0.05). To, T1, T2 are 0, 29 and 38 mg kg™! triple superphosphate and Mo, M1, M are

0, 0.25, 0.5 %w/w municipal sewage sludge, respectively.
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Table 6. Mean comparisons of the interaction effect of different levels of municipal sewage sludge, triple superphosphate and
salinity on soil organic carbon and electrical conductivity of saturated extract (ECe) after harvesting
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In each column, means followed by at least one similar letter are not significantly different (Duncan., p<0.05). Ty, T1, T, are 0, 29 and 38 mg kg"!
triple superphosphate and Mo, M1, M, are 0, 0.25, 0.5 %w/w municipal sewage sludge, respectively.
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Fig. 3. The P uptake of quinoa as affected by municipal sewage sludge, triple superphosphate and salinity; Bars with at least one
similar letter are not significantly different (Duncan, p < 0.05). To, T1, T2 are 0, 29 and 38 mg kg™! triple superphosphate and Mo, M1,

Mz are 0, 0.25, 0.5 %w/w municipal sewage sludge, respectively.
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