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Abstract

Background and objective: Researches on compost introduced the evidence of its benefits to plant productivity
and soil fertility. These advantages are noticed in forms of improving soil water holding capacity and nutrient
availability for plants. These changes can also improve plants’ capability to overcome salinity stress conditions. The
application of osmo-protectant materials (proline and trehalose) and/or compost addition enhances plant
antioxidative defense system against stress conditions. This experiment conducted to study the effect of spraying
quinoa plants with proline and trehalose with and without soil compost addition under salinity stress on some
morphological and physiological aspects.

Materials and methods: Quinoa plant was grown with or without compost in the soil and foliar sprayed with
proline or trehalose under salt irrigation. Plant samples were taken after 60 days from sowing and at the end of the
experiment for growth, yield, and biochemical measurements.

Results: Growth and yield measurements were decreased with salinity stress. High levels of both proline and
trehalose recorded the highest values of total soluble sugars, proline, and free amino acids in both unstressed or
salinity stressed plants with or without compost addition. The use of compost in soil for cultivating quinoa plants
with either proline or trehalose treatments increased growth parameters, photosynthetic pigments, and yield
attributes. In addition, these treatments improved the accumulation of some organic solutes in leaves and
promoted antioxidant enzyme activities.

Conclusion: Compost addition to soil with spraying proline or trehalose improved quinoa growth and yield and
produced seed nutritional value.
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Introduction
A large number of people around the world about 780
million persons are located in the undeveloped regions
according to the FAO (2014). From history point of
view, Gonzalez et al. (2012) stated that quinoa (Chenopo-
dium quinoa) was cultivated from about 3000 B.C. and it
is still cultivated in Peru, Bolivia, Chile, Ecuador,
Colombia, and Argentina. Moreover, during the last dec-
ade, quinoa played an important role in food security,
thus focusing global attention on nutrition and poverty
eradication event by the United Nations declaring the
year 2013 as its international year (FAO 2013). It has
been used as a staple food crop for thousands of years
(Martinez et al. 2015). Nowak et al. (2016) mentioned
that quinoa is one of humans’ foods that have high total
antioxidant capacity and used as an excellent source of
essential amino acids, micronutrients, vitamins, phenolic
compounds, and minerals.
Climatic changes due to global warming cause drought

and salinity that seriously reduce yield and crop quality
(Ramadan et al. 2020). Consequently, it was necessary to
study the physiological response of plants to salt stress
in order to develop appropriate plans to produce food
under environmental stress conditions (Abdallah et al.
2020). Recently, in Egypt, a large-scale land reclamation
is needed for large amounts of water for irrigation for
good potent of plant growth and high yield. Thus, the
use of various sources of irrigation water became a must,
and these sources often have relatively high salinity
levels such as well water (Abdallah et al. 2020). Salinity
(abiotic stress agent) is one of the most important fac-
tors appearing in areas characterized by low amounts of
fresh water, high evapotranspiration rate, and lack of
precipitation, which has a harmful effect on crop
production.
El Sebai et al. (2016) reported that salt stress is

considered one of the most important abiotic stress-
limiting plant growth and productivity through in-
creases in reactive oxygen species (ROS). These ROS
may cause cellular destruction by oxidative stress in
the forms of lipids oxidation, proteins, and nucleic
acids (Beltagi 2008). The extensive use of mineral
fertilizers, low rainfall, high evaporation rate, poor ir-
rigation water, and poor water management induces
declining in soil fertility and increasing soil
salinization which are considered the main problems
faced by farmers all over the world (Rady et al.,
2013). Therefore, attention is drawn on using various
forms of composts as partial substitutions to mineral
fertilizers as sources of nutrients due to high alkalin-
ity and low rains under normal or saline condition
(Smith et al. 2015). It is also well known that applica-
tion of compost has positive effects on the soil char-
acteristics, in addition to its beneficial effects in terms

of improved crop productivity, soil fertility and sus-
tainability, and balanced plant nutrition (El Sebai
et al. 2016).
Trehalose (a non-reducing disaccharide of glucose

consisting of two units of glucose “α-D-glucopyranosyl-
1,1-α-D-glucopyranoside”) is one of the higher plant-
synthesized substances that plays the protectant role
(abiotic stress) in plants (Almeida et al. 2007). Jain and
Roy (2009) reported that the stress protectant substance
(Trehalose) is synthesized when plants are exposed to
stress factors, e.g., heat, cold, oxidation, desiccation, and
so forth. Also, Fernandez et al. (2010) reported that tre-
halose is an energy source and has unique physico-
chemical properties since it efficiently stabilizes dehy-
drated enzymes, proteins, and lipid membranes. Re-
cently, Sadak et al. (2019) explained the trehalose role in
preventing the damage of biological structures during
desiccation by acting as molecules of signaling and anti-
oxidant. Application of osmo-protectants as trehalose
was found to induce positive effects in plant growth
overcoming the adverse effects of salinity stress (Abdal-
lah et al. 2016). They added that such an effect of trehal-
ose as a non-reducing disaccharide of glucose came
through inducing stabilizes in biological structures and
macromolecules (membrane lipids and proteins) with
abiotic stresses.
The foliar spraying of proline is known to tolerate

abiotic stress in different plants (Ali et al. 2008). Nanjo
et al. (2003) found that the increase in Arabidopsis
plant intracellular proline accumulation significantly
inhibited other genes responsible for the synthesis of
other amino acids or normal morphogenesis. Rontein
et al. (2002) reported that proline is involved in cell
osmoregulation and protection of proteins during dehy-
dration and can act as an enzymatic regular during
stress conditions. Also, it is a dominant organic mol-
ecule, under salinity stress, responsible for osmotic ad-
justment mediation as well as stabilizing sub-cellular
structures that could be considered a bowl for energy
and a stress-related signal. Ashraf and Foolad (2007)
concluded that excessive amount and free proline has
negative or side effects on cell growth or on protein
functions; accordingly, its effect vigor was correlated to
its concentration. They also reported that the effective-
ness of foliar-sprayed proline depends on the used con-
centration, plant species, plant development stage, and
time of application.
So, the current experimental work is carried out by

spraying quinoa plant with different concentrations of
proline and trehalose with or without compost supple-
mentation to the soil irrigated with saline water to study
these treatment effects on some growth, physiological,
and yield parameters as well as some quality indicators
of the yielded seeds.
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Materials and methods
Plant materials and growth conditions
Quinoa (Chenopodium quinoa Masr 1) plant in the
present experiment was obtained from Agricultural Re-
search Centre, Giza, Egypt, and tested for its sensitivity
to salinity stress. The applied substances (proline and
trehalose) were supplied from Sigma Chemical Com-
pany, St. Louis, MO, USA. The current study was carried
out to clarify the roles of both proline and trehalose with
or without adding compost to growing soil on growth,
some physiological parameters, yield, and chemical com-
position of the yielded seeds of quinoa under different
salinity levels. Quinoa seeds were sown at the end of No-
vember in pots during two successive winter seasons
(2016/2017 and 2017/2018) in the greenhouse of Na-
tional Research Centre, Cairo, Egypt. The salt type and
its components used in irrigation were mainly the chlor-
ide mixture suggested by Stroganov (1962) as shown in
Table 1. The used compost was prepared by El-Sebai
et al., (2014) and its physico-chemical properties are pre-
sented in Table 2.
Seeds were grown in pots (50 cm diameter); each pot

filled with equal amounts of homogenous clay and sand
(2:1). Soil characteristics were sandy loam in texture,
sand 84.2%, silt 12.9%, clay 2.9%, pH 7.7, EC 0.5 dSm−1,
and organic matter 1.2%. After the inoculation of the soil
by the recommended amount of compost, seven seeds
per pot were used and thinned to four at 2 weeks post
planting. Five replicates were used for each treatment
after the inoculation of the soil by the recommended
amount of compost. The trehalose concentrations (2.5
and 5.0 mM) compared with two concentrations of pro-
line (0.5 and 1.0 mM) were sprayed twice after 30 and
45 days of cultivation. The fertilization with super phos-
phate (5 g/pot), potassium sulfate (25 g/pot), and urea (6
g/pot) were used (EL-Sebai et al. 2016).
The pots were divided into two main groups; the first

group was without compost and the second inoculated
with compost. Each group was divided into three sub-
groups according to irrigation with different levels of sa-
line solutions recommended by Stroganov’s (1962)
nutrient solutions at the rates of 0.0, 3000, and 6000mg/
L, which is equal to EC of 0.03, 5.0, and 9.0 dSm−1), re-
spectively. Each of the previous subgroups was divided

into four groups and sprayed twice with two proline con-
centrations (0.50 and 1.0mM) and two concentrations of
trehalose (2.5 and 5.0mM). Each treatment consisted of 5
replicates distributed in split-split plot in a completely
randomized design system. The seedlings were irrigated
with an equal volume (1 L/pot) of different salt solutions
three times, whereas tap water was used for the fourth
one to prevent the accumulation of salts around root sys-
tem. The seedlings were left under the following natural
growth conditions: 12 h light period, 65–70% relative hu-
midity, and day/night temperatures of 24/16 °C. The plant
samples were taken after 60 days from sowing for estima-
tion of some growth parameters as well as chemical ana-
lysis of photosynthetic pigments. At harvest stage, yield
and yield attributes were measured.

Growth trait measurements
A 60-day-old sample was collected to determine some
morphological traits and some chemical constituents. The
morphological traits measurements were plant length
(cm) and fresh and dry weights of shoot (gm/plant).

Yield trait measurements
At full maturity stage, yield and its components in terms
of plant height (cm), number of branches/plant, shoot
weight (gm), and seed weight (gm)/plant were measured.

Chemical analysis
Some biochemical aspects were assayed including photo-
synthetic pigments (chlorophyll a, chlorophyll b, caroten-
oids, and total pigments) in fresh leaves which were
estimated using the method of Lichtenthaler and Busch-
mann (2001). Total soluble sugars (TSS) were extracted

Table 1 Salt mixture components for the used chloride
salinization (expressed as percentage of total salt content)

MgSO4 CaSO4 NaCl MgCl2 CaCO3

10 1 78 2 9

Specific anions and cations in chloride mixture (% of total mill
equivalents):

Na+ Mg+2 Ca+2 SO−2 Cl− CO3
−2

38 6 6 5 40 5

Table 2 Physico-chemical properties of compost used through
this study

Character Unit Value*

Bulk density kg 528

Moisture content % 53

pH (1:10) 7.62

EC (1:10) ds/m 2.96

Total nitrogen % 1.07

Ammonium nitrogen (NH4−N) ppm 114

Nitrate nitrogen (NO3−N) ppm 19

Organic matter % 33.47

Organic carbon % 19.41

Ash % 66.53

C:N ratio 18.14 : 1

Total phosphorus (P2O5) % 0.36

Total potassium (K2O) % 2.48

*All analyses were carried out on the basis of dry weight except for
moisture content
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according to Homme et al. (1992) and determined ac-
cording to Yemm and Willis (1954). Proline content
was extracted and calculated according to the meth-
odology of Bates et al. (1973). Free amino acids (free
AA) were extracted as outlined by Vartainan et al.
(1992) and determined with the ninhydrin reagent
method reported by Yemm and Cocking (1955). En-
zyme extracts were prepared according to the method
of Chen and Wang (2006). Catalase (CAT, EC
1.11.1.6) and Super Oxide Dismutase (SOD, EC
1.12.1.1) activity was calculated by nitro-blue-
tetrazolium reduction method detected by Chen and
Wang (2006). Peroxidase (POX, EC 1.11.1.7) activity
was evaluated according to the methodology of
Kumar and Khan (1982). Ascorbate peroxidase (APX,
EC 1.11.1.11) activity was determined as described by
Nakano and Asada (1987).
Dry samples of quinoa seeds were used for the determin-

ation of total carbohydrate using the colorimetric method
according to Dubois et al. (1956). Crude protein percent-
age was extracted and determined by Micro-Kjeldahl as
well as oil content using methods outlined by A.O.A.C.
(1990). The value of total crude protein was calculated by
multiplying the total values of total-N by factor 6.25.
Macro element contents of quinoa seeds were deter-

mined according to the methodology of Chapman and
Pratt (1978). The seeds N and P contents were determined
using Spekol Spectro-colorimeter VEB Carl Zeiss. Potas-
sium (K) was estimated using the flame-photometer set.

Statistical analysis
A combined analysis for the results of two successive sea-
sons was statistically carried out according to analysis of
variance (ANOVA) technique for the split-split plot design
experiment with three factors in a completely randomized
system using MSTAT-C (1988) computer software pack-
age. Least significant difference (LSD) method was used to
test the differences among treatment means at 5% level of
probability as described by Snedecor and Cochran (1980).

Results
Growth parameters
The effect of proline (0.5, 1.0 mM) or trehalose (2.5 and
5.0 mM) concentrations on growth traits of quinoa when
irrigated with different salinity levels in soils supple-
mented or un-supplemented with compost is presented
in Table 3. Compared with the control plants, the irriga-
tion of plants with 3000 and 6000 mg/L led to significant
(P < 0.05) decrease in all studied morphological parame-
ters (plant height and fresh and dry weights of shoot).
On the contrary, plants grown in the presence of com-
post showed significant (P < 0.05) enhancement in its
growth compared to the corresponding control.
All used concentrations of proline or trehalose in-

creased significantly (P < 0.05) in the studied growth pa-
rameters of quinoa plants in the presence and absence
of compost under different salinity levels. The most ob-
vious increase in growth traits was obtained with the
highest concentration of both proline and trehalose

Table 3 Morphological criteria of quinoa plants treated with proline or trehalose with (+) and without (−) compost amendment
under salinity stress (average of two seasons)

Salinity
(mg/L)

Treatment, mM Shoot length (cm) Shoot FW (g) Shoot DW (g)

− + − + − +

0 Control 16.25 22.24 8.22 10.65 0.82 1.03

Proline 0.5 18.73 27.64 11.08 13.16 1.28 1.59

1.0 21.95 34.42 12.56 15.44 1.64 1.82

Trehalose 2.5 22.20 35.26 12.41 16.82 1.55 1.93

5.0 25.80 37.25 14.72 18.30 1.81 2.18

3000 Control 14.56 18.32 5.28 6.98 0.54 0.87

Proline 0.5 15.36 18.95 5.71 8.28 0.78 0.93

1.0 16.65 21.45 7.40 9.53 0.81 0.96

Trehalose 2.5 16.84 21.78 7.64 9.40 0.87 0.97

5.0 17.21 23.00 6.98 11.43 0.68 1.12

6000 Control 11.93 13.89 3.89 4.92 0.41 0.78

Proline 0.5 12.69 16.32 4.69 6.68 0.62 0.79

1.0 14.22 18.49 5.90 8.34 0.73 0.82

Trehalose 2.5 14.62 18.80 5.96 8.72 0.79 0.85

5.0 15.95 20.15 6.46 8.93 0. 93 0.89

LSD at 5% 1.35 1.58 0.06
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application in the presence of compost compared to
their corresponding control.

Photosynthetic pigments contents
Quinoa plants irrigated with saline water (3000 and
6000 mg/L) caused gradual significant (P < 0.05) de-
creases in its contents of chlorophyll a, chlorophyll b, ca-
rotenoid, and total pigments as compared with their
control ones (Table 4). The results also revealed a sig-
nificant (P < 0.05) increase in photosynthetic pigment
contents in plants treated with different salinity levels in
soils enriched with compost compared to the corre-
sponding plants grown without compost treatment.
Results (Table 4) also revealed that plants treated with

either proline (0.5, 1.0 mM) or trehalose (2.5 and 5.0
mM) concentrations under normal conditions or under
salinity stress with or without compost treatment signifi-
cantly (P < 0.05) increased its all photosynthetic pigment
contents compared to the control and its corresponding
control treatments. The maximum increases of the
photosynthetic pigments were obtained when trehalose
was applied at the rate of 5.0 mM and amended with
compost.

Change on osmo-protectants
Perusal of data in Table 5 for quinoa plants irrigated with
saline water (3000 and 6000mg/L) revealed gradual de-
creases in total soluble sugars (TSS) compared with the
control with or without compost addition. This reduction
concluded that salt stress may inhibit the photosynthetic

Table 4 Photosynthetic pigments (μg/g fresh weight) of quinoa treated with proline or trehalose with (+) and without (−) compost
amendment under salinity stress (average of two seasons)

Salinity
(mg/L)

Treatment, mM Chlorophyll a Chlorophyll b Carotenoids Total pigments

− + − + − + − +

0 Control 18.44 20.11 4.29 4.88 4.67 5.22 27.4 30.21

Proline 0.5 20.17 21.15 4.84 5.93 5.42 6.31 30.43 33.39

1.0 21.16 22.46 5.78 6.65 6.32 7.42 33.26 36.53

Trehalose 2.5 20.09 21.45 5.01 5.98 7.7 8.07 32.80 35.50

5.0 22.12 23.89 6.57 7.16 5.87 6.38 34.56 37.43

3000 Control 16.15 16.73 2.80 3.87 2.54 2.83 21.49 23.43

Proline 0.5 16.58 17.06 3.31 4.28 3.18 3.16 23.07 24.50

1.0 17.89 18.81 3.98 4.47 3.54 3.88 25.41 27.16

Trehalose 2.5 17.44 18.11 3.69 4.72 4.08 4.83 25.21 27.66

5.0 18.15 19.95 5.11 5.78 3.96 5.17 27.22 30.90

6000 Control 14.34 14.69 2.27 3.25 2.08 2.97 18.69 20.91

Proline 0.5 14.73 15.21 2.51 3.73 3.01 3.54 20.25 22.48

1.0 15.14 15.75 2.98 4.45 3.32 4.37 21.44 24.57

Trehalose 2.5 15.16 15.58 2.68 3.49 3.42 4.59 21.26 23.66

5.0 16.02 16.75 3.43 4.68 2.85 3.96 22.3 25.39

LSD 5% 1.86 0.45 0.39 2.03

Table 5 Total soluble sugars, proline, and free amino acids (mg/
100 g dry weight) of quinoa treated with proline or trehalose
with (+) and without (−) compost amendment under salinity
stress (average of two seasons)

Salinity
(mg/L)

Treatment, mM TSS Proline FAA

− + − + − +

0 Control 1565 1638 15.83 17.13 217.65 267.14

Proline 0.5 1594 1728 17.41 20.54 241.46 292.47

1.0 1611 1839 19.50 23.75 262.65 303.28

Trehalose 2.5 1643 1976 24.75 27.12 298.28 298.75

5.0 1786 1711 30.44 32.27 254.65 308.54

3000 Control 1365 1437 27.71 29.62 240.32 314.23

Proline 0.5 1411 1536 29.36 32.63 254.89 326.76

1.0 1447 1576 31.01 33.65 271.65 341.14

Trehalose 2.5 1487 1584 33.45 35.32 320.86 361.24

5.0 1509 1520 39.89 43.62 344.94 395.63

6000 Control 1401 1403 39.87 41.29 315.25 352.23

Proline 0.5 1412 1429 42.43 44.07 336.42 368.63

1.0 1426 1447 44.17 46.57 352.92 391.17

Trehalose 2.5 1444 1498 47.25 50.92 395.33 415.57

5.0 1487 1420 49.63 51.28 450.42 475.67

LSD at 5% 53.24 1.47 18.71
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activity and/or increased partial utilization of carbohy-
drates into other metabolic pathways. Salinity stress re-
sulted in a significant improvement in proline and free
amino acid levels of quinoa plants.
The data (Table 5) also showed that compost treat-

ment increased significantly (P < 0.05) in quinoa plant
TSS contents compared to untreated ones (compost-
free). The increases in total soluble sugars induce adjust-
ments in the osmotic balance and increase the chloro-
phyll contents (Table 4) which increased its rate of
photosynthesis and carbohydrate synthesis. Compost
supplementation positively improved proline and free
amino acid content in quinoa plants with increasing sal-
inity stress levels.
Foliar application with different concentrations of pro-

line (0.5, 1.0 mM) or trehalose (2.5 and 5.0 mM) in the
presence of compost at different salinity levels induced a
significant (P < 0.05) increase in the content of osmo-
protectants (total soluble sugars, proline, and free amino
acids) in quinoa plants; proline accumulation is recorded
with stressed plants compared to control plants, espe-
cially at higher salt concentration.

Antioxidant enzymes
The results in Table 6 showed the activities of the anti-
oxidant enzymes (SOD, CAT, POX, and APX) in the
shoots of quinoa. The irrigation of quinoa plants with
saline water (3000 and 6000 mg/L) caused gradual in-
creases in SOD, CAT, and APX as compared with the
control in the absence and presence of compost. The

contents of quinoa plants POX activity showed a gradual
decrease with increasing salinity levels. In respect to the
effect of compost addition, the studied antioxidant en-
zyme activity increased significantly (P < 0.05) compared
to stressed and unstressed plants.
The obtained results (Table 6) showed that foliar ap-

plication of proline (0.5, 1.0 mM) or trehalose (2.5 and
5.0 mM) significantly (P < 0.05) increases the SOD,
CAT, POX, and APX activities under salt stress and un-
stressed conditions. The maximum increases of the stud-
ied antioxidant enzymes were obtained when trehalose is
applied at the rate of 5.0 mM and amended with
compost.

Yield components
Results in Table 7 are presented for the influence of qui-
noa plant yield parameters by foliar application of pro-
line or trehalose in the presence or absence of compost
under different salinity treatment levels. Increasing salin-
ity level resulted in significant (P < 0.05) reduction of
yield in terms of plant height, number of branches/plant,
shoot weight, and seed weight/plant.
Soil supplementation with compost positively im-

proved all studied yield components. The use of com-
post represents an excellent opportunity to decrease the
adverse effect of salinity (abiotic) stress on crop yield.
Applying proline (0.5, 1.0 mM) or trehalose (2.5 and

5.0 mM) on quinoa plants showed that both treatments
significantly (P < 0.05) increased the yield components
as compared with the corresponding salinity levels

Table 6 Antioxidant enzyme (μg/g fw) of quinoa plants treated with proline or trehalose with (+) and without (−) compost
amendment under salinity stress (average of two seasons)

Salinity
(mg/L)

Treatment, mM SOD CAT POX APX

− + − + − + − +

0 Control 18.26 20.11 55.32 60.33 31.21 36.27 7.82 9.06

Proline 0.5 19.69 21.43 57.93 60.84 32.56 37.08 8.91 9.88

1.0 21.19 22.46 61.04 61.86 34.18 38.44 10.36 10.36

Trehalose 2.5 20.03 21.45 60.45 61.56 38.69 40.61 12.87 12.87

5.0 22.12 23.89 61.78 63.12 40.88 44.05 13.60 13.60

3000 Control 25.77 26.63 60.93 60.35 23.04 31.21 12.22 13.22

Proline 0.5 27.31 28.45 61.81 63.70 25.91 32.29 13.09 13.73

1.0 28.30 31.04 62.03 65.40 27.32 34.47 13.98 13.98

Trehalose 2.5 28.75 30.21 61.96 63.28 28.67 36.35 14.00 14.00

5.0 30.87 32.54 63.00 72.31 32.54 37.45 14.86 14.86

6000 Control 33.13 36.05 62.71 62.21 15.56 23.28 14.01 14.62

Proline 0.5 35.44 38.86 65.87 66.67 17.25 25.09 15.47 15.82

1.0 38.65 41.12 68.31 68.45 19.23 26.36 16.01 16.01

Trehalose 2.5 38.74 40.32 68.24 74.47 20.48 28.32 17.30 17.30

5.0 40.01 44.14 71.30 80.46 23.58 29.14 19.33 19.33

LSD at 5% 0.65 2.42 1.34 0.79
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Table 7 Yield parameters of quinoa plants treated with proline or trehalose with (+) and without (−) compost amendment under
salinity stress (average of two seasons)

Salinity
(mg/L)

Treatment, mM Plant height (cm) Number of branches/plant Shoot weight (g) Seed weight/plant (g)

− + − + − + − +

0 Control 43.53 46.95 11.48 14.32 7.98 8.78 4.11 5.21

Proline 0.5 46.43 50.96 13.43 15.86 8.43 9.56 5.42 6.40

1.0 52.00 55.12 15.32 17.90 10.22 11.86 6.63 7.42

Trehalose 2.5 50.12 54.04 17.04 18.50 11.27 12.43 8.20 9.00

5.0 55.32 58.14 16.89 18.33 10.76 11.89 7.96 8.02

3000 Control 38.65 40.98 9.34 11.00 5.18 6.32 3.06 4.02

Proline 0.5 41.46 43.05 10.25 11.65 5.61 6.32 3.64 4.19

1.0 44.19 45.19 10.51 12.50 5.90 6.83 3.75 4.23

Trehalose 2.5 44.80 45.03 11.83 12.30 6.55 7.64 4.12 4.78

5.0 45.04 47.34 10.91 12.00 5.31 6.66 3.76 3.86

6000 Control 24.29 28.32 7.50 8.50 3.24 4.71 2.10 2.42

Proline 0.5 26.98 31.15 8.46 9.24 4.76 5.38 2.53 3.48

1.0 30.88 34.52 9.33 9.50 5.08 6.06 2.71 4.22

Trehalose 2.5 32.21 34.63 9.50 10.50 5.66 6.16 3.39 4.41

5.0 35.76 40.14 9.33 11.00 5.17 5.98 2.76 3.41

LSD at 5% 3.25 1.16 0.46 0.25

Table 8 Carbohydrate, protein, and oil percentage in the
yielded seeds of quinoa plants treated with proline or trehalose
with (+) and without (−) compost amendment under salinity
stress (average of two seasons)

Salinity
(mg/L)

Treatment, mM Carbohydrate % Protein % Oil %

− + − + − +

0 Control 56.95 60.73 13.35 13.92 6.37 6.56

Proline 0.5 60.86 61.15 14.58 15.19 6.52 7.16

1.0 62.47 61.89 15.77 16.34 6.83 7.94

Trehalose 2.5 60.73 63.14 16.76 14.98 7.45 6.77

5.0 63.41 65.32 17.24 19.03 7.65 9.45

3000 Control 53.15 52.18 11.42 11.88 5.12 6.01

Proline 0.5 54.73 54.82 13.51 13.96 5.98 6.52

1.0 55.37 55.25 14.77 14.84 6.54 6.88

Trehalose 2.5 53.64 53.89 13.38 14.15 6.61 6.68

5.0 57.32 56.85 15.90 16.93 7.13 7.45

6000 Control 45.92 49.27 9.04 10.77 4.75 5.12

Proline 0.5 47.53 51.53 9.96 11.83 5.07 5.86

1.0 49.72 52.87 10.32 12.65 5.44 6.23

Trehalose 2.5 47.13 49.32 11.88 11.08 5.04 5.21

5.0 51.03 55.30 12.67 14.01 6.17 6.85

LSD at 5% 1.75 0.35 0.16

Table 9 Element contents N, P, and K (%) in the yielded seeds
of quinoa plants treated with proline or trehalose with (+) and
without (−) compost amendment under salinity stress (average
of two seasons)

Salinity
(mg/L)

Treatment (mM) N% P% K%

− + − + − +

0 Control 2.26 2.34 0.220 0.251 0.318 0.376

Proline 0.5 2.32 2.42 0.231 0.258 0.332 0.371

1.0 2.45 2.53 0.240 0.265 0.354 0.382

Trehalose 2.5 2.36 2.68 0.272 0.278 0.374 0.379

5.0 2.79 2.86 0.353 0.383 0.388 0.401

3000 Control 2.28 2.42 0.238 0.261 0.319 0.383

Proline 0.5 2.33 2.49 0.245 0.273 0.332 0.397

1.0 2.51 2.55 0.266 0.285 0.345 0.403

Trehalose 2.5 2.35 2.63 0.302 0.322 0.349 0.332

5.0 2.54 2.65 0.265 0.280 0.322 0.389

6000 Control 2.09 2.27 0.229 0.242 0.306 0.314

Proline 0.5 2.14 2.32 0.256 0.274 0.364 0.386

1.0 2.01 2.38 0.274 0.287 0.392 0.406

Trehalose 2.5 2.47 3.16 0.299 0.302 0.403 0.414

5.0 3.27 3.75 0.341 0.385 0.402 0.421

LSD at 5% 0.24 0.0022 0.0024
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particularly in the presence of compost. Trehalose at the
rate of 5.0 mM was the most effective on yield trait ad-
vancement under the presence of compost as compared
to those without compost at the three tested salinity
levels.

Changes in carbohydrate, protein, and oil percentage
The available result in Table 8 represents the effect of
salinity stress (3000 and 6000mg/L) on quinoa plants
treated with proline or trehalose in the absence and
presence of compost. Irrigating the plant with salinity re-
duced the seed nutritive value. The foliar application of
proline or trehalose in addition or absence of compost
on quinoa plants grown ameliorates the adverse effect of
salinity on seed nutritive values in terms of carbohy-
drate, protein, and oil percentage. Compost addition
with trehalose gave the best results compared to that
recoded with un-supplemented.

Changes in mineral contents of the yielded seeds
Quinoa plants yielded seeds’ results subjected to salinity
stress (3000 and 6000mg/L) in the absence and presence
of compost and/or treated with proline or trehalose are
presented in Table 9. Irrigation of the plants with salin-
ity induced non-significant increase in the macro-
elements content (N, P, and K) in the yielded seeds in
response to 3000 mg/L, meanwhile the highest salinity
level (6000 mg/L) induced a significant (P < 0.05) de-
crease in the detected macro-elements compared to con-
trol plants.
Soil amendment with compost increases the availabil-

ity of plant nutrients, improves physical properties, and
stimulates biological activities. The available results
(Table 9) showed that an addition of compost to soil
provided higher total N, K, and available P contents than
control of quinoa plants.
Furthermore, proline and trehalose in the presence

and absence of compost are generally induced by an in-
crease in total N, P, and K contents of quinoa seeds. It
could be concluded that the stimulative effect of proline
and trehalose to increase N content came through en-
hancing the biosynthesis of free amino acids (Table 5).
The relatively large quantity of macroelements required
for plant growth and development (Table 3) and photo-
synthetic pigments (Table 4) was obtained in plants
treated with proline and trehalose when compost is
added to the experimental soil.

Discussion
Growth parameters
The effect of proline or trehalose on growth traits of
quinoa when irrigated with different salinity levels in
soils supplemented or un-supplemented with compost is
presented in Table 3. Compared with the control plants,

the irrigation of plants with 3000 and 6000 mg/L led to a
significant decrease in all studied morphological parame-
ters (plant height and fresh and dry weights of shoot).
These results might be due to the inhibitory effect of sal-
inity through reduced water absorption and metabolic
activities or due to Na+ and Cl- toxicity and nutrient de-
ficiency caused by ion interference. The obtained results
are consistent with results recorded by Hussein et al.
(2019) found that salinity level of 4000 ppm reduced
plant height, leaves number, leave area/plant, and dry
weight of shoot, leaves, and spike/plant of barley plant.
Also, Abdallah et al. (2020) reported that all growth cri-
teria of wheat cultivars are affected with salinity levels
due to salt stress effects on plant cells’ functions in
terms of different enzymes and metabolism functions in
the cell.
On the contrary, plants grown in the presence of com-

post showed significant enhancement in its growth com-
pared to the corresponding control. The role of compost
in increasing quinoa growth may have resulted from en-
dogenous growth promoters produced by microorgan-
ism which enhance the mobilization of nutrient through
increasing cell divisions and/or increasing the differenti-
ation of the vascular connection between the axillary
buds and the main stem. In this regard, Kirakosyan et al.
(2006) stated that auxin in forms of IAA produced from
fungi (mutant Penicillium) enhanced the growth of rice
plant under salinity stress. Also, El Sebai et al. (2016)
who worked on quinoa plants reported that the im-
proved growth characteristics resulted from increased
application rate of compost and attributed this improve-
ment to the enhanced decomposition of organic matter
and mineralization of nutrients.
All used concentrations of proline (0.5, 1.0 mM) or

trehalose (2.5 and 5.0 mM) concentrations increased sig-
nificantly (P < 0.05) the studied growth parameters of
quinoa plants in the presence and absence of compost
under different salinity levels.
Concerning the effect of proline, Taie et al. (2013)

found a similar trend of increased growth parameters
(plant height, number of leaves, and shoot dry weight).
These increases in growth attributed to low and high
proline concentrations that have a role in protecting en-
zymes, structures of proteins, and organelle membranes
(Hoque et al. 2007). These results are also supported by
findings of Ashraf and Foolad (2007) who suggested that
proline supplies energy for growth and survival thereby
helping the plant to overcome stresses. Also, Abdallah
and El-Bassiouny (2016) found that exogenous applica-
tion of proline led to marked increases in growth charac-
teristics (plant height, shoot, root fresh, and dry weight)
on quinoa plants. They added that proline treatment in-
duced an increase in apical meristem and cell division
(Ali et al. 2008).
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For trehalose treatment effect, Zeid (2009) reported
that trehalose is nontoxic molecules as compatible sol-
utes able to accumulate at high concentrations in the
cytoplasm and participate in turgor maintenance. It also
protects the macromolecular structures against the de-
stabilizing effect of anhydrobiotic conditions under salin-
ity stress. Gaff (1996) referred this action of trehalose in
transgenic plants in improving water relations and desic-
cation tolerance to osmoregulation and stomatal closing
when drought stress became mild. The same trend of
trehalose application was reported by Alam et al. (2014)
with different Brassica species.

Photosynthetic pigments contents
Quinoa plants irrigated with saline water (3000 and
6000 mg/L) caused gradual significant decreases in its
contents of chlorophyll a, chlorophyll b, carotenoid, and
total pigments as compared with their control ones
(Table 4). Similar results were recorded by Sadak et al.
(2012) on and Abdallah et al. (2020) on wheat cultivars.
Kosová et al. (2011) concluded that enzymes’ activities
which can be considered as a secondary effect of the re-
duced CO2 partial pressure resulted from stomatal clos-
ure in leaves were responsible for the inhibitory effect of
salinity stress on the photosynthetic pigments. More-
over, under salinity stress, the same effect (a reduction
in photosynthesis and growth) is induced by the increase
in free radicals (ROS) in chloroplasts and destruction of
chlorophyll molecules (Sadak et al. 2020). In addition,
Rady et al. (2013) referred the adverse effect of salt stress
to the chlorophyllase enzymes responsible for chloro-
phyll degradation.
The results (Table 4) also revealed a significant (P <

0.05) increase in photosynthetic pigments contents in
plants grown in soils enriched with compost compared
to the corresponding plants grown without compost
treatment. This is consistent with compost effects on
stomatal opening that is confirmed with Nguyen et al.’s
(2012) and El Sebai et al.’s (2016) findings who reported
that the adverse effects of salinity stress are ameliorated
in terms of increased chlorophyll contents with compost
containing microorganism. It is worth noting that carot-
enoid content was significantly higher in quinoa plants
with compost treatment in combination with different
concentrations of salt compared to other plants without
compost. The increased chlorophyll content accompan-
ied to the enhancement in plant capacity to reduce the
damaging effect of ROS may be attributed to the in-
creased carotenoids, which may play a role as a free rad-
ical scavenger, with compost treatment.
Results also revealed that plants treated with either

proline (0.5, 1.0 mM) or trehalose (2.5 and 5.0 mM) con-
centrations under normal conditions or under salinity
stress with or without compost treatment significantly (P

< 0.05) increased its all photosynthetic pigment contents
compared to the control and its corresponding control
treatments.
Concerning the effect of proline application, Yan et al.

(2011) explored the role of proline in possessing some
defensive mechanisms for damage of plants in addition
to its function as a nutrient under salt stress. These
defense mechanisms played a role in promoting photo-
synthesis, maintaining enzyme activity, and scavenging
ROS. Taie et al. (2013) found that proline exogenous ap-
plication was capable of overcoming the harmful effects
of salinity on photosynthetic pigments.
Regarding trehalose treatments, Abdalla et al. (2016)

found that presoaking rice seeds in trehalose produced a
significant increase in photosynthetic pigments com-
pared to untreated resultant plants. Moreover, Ali and
Ashraf (2011) attributed the increment in biomass and
some key photosynthetic attributes to a specific increase
in Rubisco activity, resulted from increased amounts of
Rubisco protein, chlorophyll, and the light-harvesting
apparatus.

Change on osmo-protectants
Perusal of data in Table 5 for quinoa plants irrigated
with saline water (3000 and 6000mg/L) revealed gradual
decreases in total soluble sugars (TSS) compared with
the control with or without compost addition. Similar
results have been reached by Rady et al. (2011) in sun-
flower cultivars. Salinity stress resulted in a significant
improvement in proline and free amino acid levels of
quinoa plants. These results are supported by other re-
sults recorded by El-Bassiouny and Abdel-Monem
(2016) who found that salinity stress was capable of act-
ing as activators of free amino acids accumulation in
sunflower plants. Moreover, Abdallah et al. (2016) re-
ported that proline plays crucial protecting roles from
drought-osmotic stresses in terms of osmotic adjust-
ment, stabilization, and protection of enzymes, proteins,
and membranes and the reduction in lipid membranes
oxidation. Mitysik et al. (2002) recorded that increased
osmolytes (proline and free amino acids) protect macro-
molecules via stabilizing protein structure and/or scav-
enging ROS produced under stress conditions.
Data also showed that compost treatment increased

significantly quinoa plants TSS contents compared to
untreated ones (compost-free). The processes involved
of compost lead to increased rates of photosynthesis and
of carbon compounds to the plants (El-Sebai et al.
2016). In addition, it is mentioned that the increase in
total soluble sugars induces adjustments in the osmotic
balance and increases the chlorophyll contents which in-
creased its rate of photosynthesis and carbohydrate syn-
thesis. Compost supplementation positively improved
proline and free amino acid content in quinoa plants
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with increasing salinity stress level (Table 5). These re-
sults are in agreement with plants by El-Sebai et al.
(2016) on quinoa and Banerjee et al. (2012) on mustard
plant.
Foliar application with different concentrations of pro-

line (0.5, 1.0 mM) or trehalose (2.5 and 5.0 mM) in the
presence of compost at different salinity levels induced a
significant (P < 0.05) increase in the content of osmo-
protectants (total soluble sugars, proline, and free amino
acids) in quinoa plants, proline accumulation recorded
with stressed plants compared to control plants espe-
cially at higher salt concentration. These effects are in
line with the recorded results by Noreen et al. (2018)
who denoted that copper stressed wheat plants reduced
ROS content and increased proline accumulation with
proline treatments and Yang et al. (2014) on salt-
stressed Arabidopsis plants treated with trehalose which
elevated its total soluble sugars. Ibrahim and Abdellatif
(2016) found that foliar application of trehalose im-
proved plant osmotic adjustment ( free amino acids, re-
ducing sugars, and total soluble sugars) on wheat leaves
under water stress.

Antioxidant enzymes
The results in Table 6 showed the activities of the antioxi-
dant enzymes (SOD, CAT, POX, and APX) in the shoots
of quinoa. The irrigation of quinoa plants with saline
water (3000 and 6000mg/L) caused gradual increases in
SOD, CAT, and APX and gradual decrease in POX activ-
ity as compared with the control in the absence and pres-
ence of compost. In terms of salinity effect, these results
were supported by the results of El-Bassiouny and Sadak
(2015). In this concern, Abdallah et al. (2020) stated that
the increase in antioxidant enzymes could be considered
as an indicator to the increased production of ROS and
stimulation for a protective mechanism to reduce oxida-
tive damage resulted from plant responses to stress. Mul-
tiple antioxidant enzyme systems are involved in the
enzymatic scavenging of ROS.
An addition of compost to the soil increased signifi-

cantly the studied antioxidant enzyme activity compared
to stressed and unstressed plants. Similar effects were
obtained by El-Sebai et al. (2016) who found that com-
post increases tolerance of quinoa plants to salinity
stress through increasing the activity of antioxidant en-
zymes (CAT, SOD, POX, and APX activities) as com-
pared with the corresponding control. Also, Shaukat
et al. (2006) recorded increments in POX activity on Tri-
ticum aestivum as a result of inoculating the plants with
Pseudomonas strains.
The obtained results showed that foliar application of

proline (0.5 and 1.0 mM) or trehalose (2.5 and 5.0 mM)
significantly increases the SOD, CAT, POX, and APX
activities under salt stress and unstressed conditions.

The obtained results came in line with the findings of
Nounjan et al. (2012) who found that the SOD activity
was considerably increased to convert O2 to H2O2 under
salinity stress, which is detoxified thereafter by POX,
APX, and CAT. However, enhanced CAT activity in tre-
halose considered an efficient H2O2 scavenging mechan-
ism that contributes to tolerance of salt-induced
oxidative stress (Dolatabadian and Jouneghani 2009).
Also, Abdallah and El- Bassiouny (2016) reported that
proline plays a regulatory role in the activity and func-
tion of SOD, CAT, and POX enzymes in plant cells as
well as in their participation in metabolic response de-
velopment in response to environmental factors. The
antioxidant enzyme system (the first defense line) pro-
vides vital protection against oxidative damage through
scavenging the active oxygen species (O−, OH−, and
H2O2) within stressed plant cells (Sharma and Dubey
2007).

Yield components
The response of quinoa plants yields parameters by fo-
liar application of proline or trehalose in the presence or
absence of compost under different salinity treatment
levels (Table 7).
The noticed reduction in yield traits may be attributed

to the inhibitory effect of salinity on growth (Table 3)
which reflected on the yield as well as the disturbance in
mineral uptake (El Sebai et al. 2016).
The use of compost represents an excellent opportun-

ity to decrease the adverse effect of salinity stress and
positively improved all studied yield components. El
Sebai et al. (2016) reported that soil enriched with com-
post significantly increased the yield component of qui-
noa plants under water stress conditions Also, Rady
et al. (2016) reported that an addition of compost im-
proved the soil characteristics and consequently pod and
seed yields of common bean.
Applying proline or trehalose on quinoa plants at

different concentrations showed that both treatments
significantly (P < 0.05) increased the yield components
as compared with the corresponding salinity levels par-
ticularly in the presence of compost. Sadak (2016) found
that the treatment of fenugreek plants with different
concentrations of trehalose led to an increase in its yield
components. Moreover, Abdallah and El-Bassiouny
(2016) found that the treatment of quinoa plant with
proline at different concentrations stimulated its yield
parameters.

Changes in carbohydrate, protein, and oil percentage
The results in Table 8 revealed that irrigation of plants
with saline solution reduced the seed nutritive value.
The effect of salinity stress was in good harmony with
the results obtained Ramadan et al. (2019) on sunflower.
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The foliar application of proline or trehalose in addition
or absence of compost on quinoa plants grown amelio-
rates the adverse effect of salinity on seed nutritive
values in terms of carbohydrate, protein, and oil percent-
age. Compost addition with trehalose gave the best re-
sults compared to that recoded with un-supplemented.
As regards to the effect of compost, similar findings

were obtained by El-Sebai et al. (2016) who stated that
adding compost to the soil significantly increased total
carbohydrate, protein, and oil percentage contents of
quinoa yielded seeds.
Similar to the findings with our data, regarding the ef-

fect of proline treatment, Abdallah and El-Bassiouny
(2016) found also that the application of proline in-
creased the nutritional values of the yielded seed of qui-
noa plants in terms of carbohydrate and protein
percentage. Also, Taie et al. (2013) on faba bean plants
showed that treatment with proline significantly in-
creased both total carbohydrates and total soluble carbo-
hydrates compared to the control.
The observed increase in nutritive in seeds in response

to trehalose treatments was in accordance with the stud-
ied of Elewa et al. (2017) induced that trehalose treat-
ments at different levels caused marked increases in
carbohydrate, protein, oil, and antioxidants of the
yielded seeds either in non-stressed or drought-stressed
plants relatively to the control ones. They added that
trehalose serves as a carbohydrate storage molecule as
well as a transport sugar (Muller et al., 1999). In
addition, underexposure of plants to stress, trehalose can
replace hydrogen bonding through polar residues result-
ing in preventing protein denaturation and fusion of
membranes responsible for protein and membrane sta-
bility (Iturriaga et al. 2009).

Changes in mineral contents in yielded seeds
Results in Table 9 showed that plants irrigated with high
salinity levels (6000 mg/L) reduced the macro-elements
content (N, P, and K) in the yielded seeds. In this re-
spect, as reviewed and discussed by Ramadan et al.
(2019), salt stress disrupts the availability, competitive
uptake, and translocation of nutrients to the plant parts.
Interference of other elements with excessive concentra-
tions of Na and Cl ions present in the soil causes imbal-
anced plant nutrition. These results can be disproved to
others on the base that higher concentrations of sodium
chloride (NaCl) as the prevailing salt in the soil lowers
its osmotic potential that induce a reduction in the avail-
ability of water and minerals to root cells resulting in os-
motic and ionic effects on plants (Khan et al., 2012).
Soil amendment with compost increases the availabil-

ity of plant nutrients, improves physical properties, and
stimulates biological activities. The data obtained herein
are in harmony with those of by El-Naggar (2010) who

found that the organic compost applications increased
the uptake of N, P, and K of Narcissus tazetta L.
Furthermore, proline and trehalose in the presence

and absence of compost generally induced an increase in
total N, P, and K contents of quinoa seeds. In support of
the above result of increased macro-element content
with proline treatment, Dawood et al. (2014) on Vicia
faba plants stated that foliar treatment of proline im-
proved the toxicity of stress water by increasing the in-
organic nutrients (N, P, K, and Ca) as well as the ratio of
K+/Na+. Also, Ali et al. (2008) on maize cultivars stated
that proline increased ion uptake and regulated their
transportation.
Elewa et al. (2017) found that different levels of treat-

ments of trehalose gave marked increases in nitrogen,
phosphorous, and potassium contents of quinoa plants.
In another study, a similar effect was obtained by Ajay
et al. (2002) on transgenic and non-transgenic rice
plants and Yang et al. (2014) on Arabidopsis.

Conclusion
Soil supplementation with compost improved quinoa
growth, yield, and produced seeds with high nutritional
value when the plants foliar sprayed with proline and/or
trehalose under saline water stress conditions.
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