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This field investigate was conducted in 2021 and 2023 to evaluate the response of two potato
cultivars to different levels of glycine in terms of plant dry mass (PDM), yield, total sold solutions
(TSS), and some miniral elements analysis from aerial parts of potato plants. Two potato
cultivars namely, Spunta and Larissa were exposed to three levels of glycine (0.0, 1.5 and 3.0
mM). Trial pieces were conducted as a factorial based on a randomized complete block design
with three replications. glycine treatments led to significant effects on most characters, i.e., PDM
and yield of two potato cultivars were significantly increased in all concentrations of glycine as
compared to the control. As well, P content was increased by foliar application of glycine in all
levels. but, K and Fe content in aerial parts were decreased. Also, a positive correlations were
found among N and K, or/and K and Fe elements. Moreover, the results of this research
revealed that increasing levels of glycine have positive effects on growth, biomass and yield of
potato cultivars.

Key words: Potato. Glycine. Plant dry mass. Yield

Abbreviations: PDM plant dry mass, TSS total sold solutions, N nitrogen, P phosphorus, K
potassium, Na sodium, Zn zinc, Fe iron.
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A potato yield losses in the world, as a result of
climate alteration is expected to range between 18 and
32% during the first three decades of this century
(Hijmans, 2003; Monneveux et al., 2014). Drought,
salinity, low and high temperatures are the most
important limiting factors among different environmental
constraints which induce plant stress and reduce crop
productivity in many parts of the world (Lawlor, 2002).
Generally, a great challenge in the future, rises demand
for nutrition products and for fresh water resources
because of increasing a predicted world population of 9
billion by 2050 and altered food behaviors (Costa et al.,
1997; Araus et al., 2008; Singh and Kaur, 2009; Levy et
al., 2013; Lobell et al., 2008), also, growing crisis in
many parts of the world i.e., COVID-19 and wars.

However, potato (solanum tuberosum L.) is
presented in the fourth greatest main food crop after
wheat, maize and rice (Singh and Kaur, 2009). In
agriculture there are many procedures that have been
proposed and used widely to inhance mineral nutrition of
plants under regular or stress conditions (Pérez-Jiménez
et al., 2015; Sanchez et al., 2005), i.e., inorganic
fertilizers have an inevitable role in food production of
agricultural crops (Souri and Hatamian, 2019).
Furthermore, nitrogen is an essential macroelement for
plant growth and development. As well, plants are
required it in the largest quantities for their metabolisms
and represents up to 2% of plant dry mass (Masclaux-
Daubresse et al., 2010). In addition, because of the
main source of N for plants are nitrate, they absorb it
from agricultural soil in the form of nitrate and
ammonium, while organic N such as amino acids, can
also be taken up by plants (Nasholm et al., 2009).
Moreover, organic nitrogen must be converted into
nitrate or ammonium prior to become biologically
available (Gonzalez-Perez et al., 2015), and which
represents 96-99% of total nitrogen in soil, could be
directly absorbed by plants and significantly influence
plant physiology and nutritional quality (Paungfoo-
Lonhienne et al., 2008).

In the other hand, amino acids characterize a main
part of the low-molecular weight organic N that is

dissolved in the soil. The existence and concentrations

of different amino acids vary significantly from one
ecosystem to another. In general, these compounds are
found at low concentrations in the soil, =0.01 to 10 mM
(Jones et al., 2005). Plus, amino acids have various
important biological functions in plant cells including
detoxification of toxins and heavy metals (Hussain et al.,
2018; Rizwan et al, 2017; Bashir et al., 2018),
optimizing the nutrient uptake, translocation and
metabolism, vitamin biosynthesis, growth biostimulation,
contribute in the tolerance of plants to environmental
stresses such as drought, salinity, high and low
temperatures, other than in the synthesis and production
of aminochelate fertilizers (Jeppsen, 1991; Sharma and
Dietz, 2006; Souri and Hatamian, 2019). Furthermore,
amino acids have been shown to improve plant growth,
yield, and nutrient uptake (Garcia et al., 2011). In these
patches, glutamic acid, serine, glycine, alanine, and
aspartic acid are the most abundant amino acids (Lipson
and Nasholm, 2001). Conversely, the simple amino acid
(glycine has a single hydrogen atom as its side chain
with the chemical formula NH,-CH,-COOH is regarded
as a proof of life), was the original nutrient form for
organisms (Xu et al., 2017) and is one of the most
plentiful free amino acids in agricultural soil. Also, the
glycine concentration of soil ranges from 1.14 to 2.39 g
N/g, corresponding to more than 30% of total free amino
acids (Wang et al., 2013; Gonzalez-Perez et al., 2015).
However, this research was conducted to study the
response of growth and yield of two potato cultivars to

different levels of glycine under field conditions.
MATERIALS AND METHODS

Plant material, growing conditions and

experimental design

In this investigate, a field experiment was conducted
as a factorial based on a randomized complete block
design with three replications and carried out from the
Februry to April 2021 and 2023 for two years at Algotta
research station of general commission for scientific
agriculture research, located in Damascus, Syria (33°
24.64' N, 36° 30.87' E and 616 m above the mean sea
level) to examine the effects of application of three
levels of amino acid ‘glycine’ (0.0, 1.5, and 3.0 mM) on

two potato cultivars (Spunta and Larissa). Tubers (about
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50-70 gr) were kept at room temperature of 25°C for two
weeks to germinate and then cultivated in the soil with
deminshes 25 cm between plants and 75 cm between
rows. Before planting, some samples of the medium
culture were prepared for analyzying (table 1). All plants
were irrigated normally. Therefore, glycine treatments
were applied at the stage of beginning flowers. At the
end of the experiment (i.e., 110 days) all parts of potato
plants were collected for analyzying.
Plant dry mass

At the end of this research, aerial parts of potato
plants (shoots and stems) of each cultivar and in each
block and replicate were dried to specify a fixed dry
weight.

Yield

The harvest of tuber yield of potato cultivars and
calculations (t/h) were done alone in each block and
replicate.

Total soluble solids (TSS)

Tubers samples of potato cultivars were collected
randomly and the TSS measurements were done by

using a field device (Refractometer).
Analysis of ions

Shoots of plants were dehydrated and digested in an
acid mixture consisting of sulfuric, nitric and per-chloric
acids in the ratio of 1:8:1 (v/v). The aliquot was filtered
and used for determination of K, Na and with Flame
photometer (Allen et al., 1986). Nitrogen was measured
using micro Keldahl method (Jackson, 1958) and the P
concentration of plant samples was determined, by
colorimetrically after nitric perchloric digestion method
(Hanson, 1950).

Oven dried grinding 0.5 g sample was taken into 50
ml conical flask and 5 ml HNO;+ HCIO, was added into
it. After that, it was transferred into digestion chamber
for 2.5 hours. Then it was cooled down. Again, 20 ml of
distiled water was added and heated with digestion
chamber at 280 °C for 30 minutes. The solution was
then transferred into 100 ml volumetric flask with filter
paper and made the volume 100 ml (stock solution). 5
ml extract solution in addition with 20 ml distilled water
was taken into 50 ml volumetric flask. Then, At last, 1 ml
LnCl; was added and the volume was made 50 ml with

distilled water. Finally, reading of Na" and K* was taken

by atomic absorption spectrophotometer (Bar-Tal et al.,
1991). By atomic absorption spectrometry (Perkin
Elmer, Waltham, MA model 5000 spectrophotometer),
the concentrations of Zn and Fe were determined (Allen
et al., 1986).

Data analysis

To determine the difference among treatments and
between cultivars, the mean data of two years were
tested and subjected to analysis of variance (ANOVA)
by using SAS and MSTATC programs, and conducted
as a factorial based on a randomized complete block
design with three replications. Comparison of means
was achieved by using LSD test (p < 0.05) and the
correlation coefficients between the characters were
done by using PROC CORR of SAS program.

RESULTS

Analysis of variance for plant dry mass (PDM),
potassium (K) and iron (Fe) of potato cultivars revealed
statistical significance (p < 0.01) between cultivars. As
well as, these statistical significances (p < 0.01) between
treatments were shown for PDM, yield, phosphorus (P)
and Fe. As well, analysis of variance for total soluble
solids (TSS) was not significant in the studied cultivars,
treatments and between interactions treatments and
cultivars (table 2).

Plant dry mass and yield

The interaction effects of cultivars and glycine levels
were significant (p < 0.01) on plant dry mass (PDM) and
(p < 0.05) on yield of potato cultivars (table 2). Under
regular conditions of irrigation, the maximum and
minimum values of PDM were attained in Spunta (93.3
g/plant) and Larissa (80.0 g/plant), and vyield were
achieved in Larissa (38.99 t/h) and Spunta (31.3 t/h). On
the other hand, under glycine treatments (1.5 and 3.0
mM), the maximum and minimum values of PDM were
obtained in Spunta (153.3 g/plant) and Larissa (116.7
g/plant) in the treatment 3.0 mM, likewise, yield in
Larissa (52.52 and 40.96 t/h) in the treatment 3.0 and
1.5 mM, respectivily (table 5). PDM and yield were
significantly increased in the tested cultivars at 1.5 and
3.0 mM of glycine treatments compared to the conrtol
under normal conditions. Maximum increasing were
observed at 3.0 mM of glycine treatment (55.71 % and
44.0 %) for PDM and yield as compared to the normal
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Larissa cultivar (table 4).

conditions, respectivily (table 3). On the other hand,

PDM of Spunta was increased by 20 % as compared to
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were significant (p < 0.05, p < 0.01) on K and Fe

contents, respectivily (table 2). Under normal conditions

Elements analysis of the aerial parts of potato plants

of irrigation, the highest and lowest values of K were

The interaction effects of cultivars and glycine levels
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attained in Spunta (0.98 %) and Larissa (0.34 %), and
Fe were achieved in Spunta (2437 mg/kg) and Larissa
(818 mg/kg). On the other hand, under glycine
treatments (1.5 and 3.0 mM), the maximum and
minimum values of K were obtained in Spunta and
Larissa at the treatments 1.5 and 3.0 mM of glycine.
likewise, Fe (1622 mg/kg) in Spunta at the treatment 1.5
mM and Larissa (454 mg/kg) at the treatment 3.0 mM of
glycine (table 5). K and Fe were significantly decreased
in the tested cultivars by increasing levels of glycine
compared to the normal conditions. But, regarding to the
P element, our results revealed increasing values by
increasing levels of glycine as compared to the control
(table 3). Then again, the higher values of N, K and Fe
were found in Spunta as compared to Larissa cultivar.
But, the opposite results were found in Zn element (table
4).

Relationship between the traits

Correlation coefficients between of different traits
and cultivars were calculated and are presented in table
6. Our results revealed that PDM was highly and
positively correlated with yield and phosphorus. Also, a
positive correlation was found between potassium and

nitrogen, as well, between potassium and iron (table 6).
DISCUSSION

Amino acids such as, glycine and glycine betaine
were discovered in a wide varieties of microorganisms
and higher plants (Rhodes and Hanson, 1993). As well,
they are considered as an organic osmolites that clearly
gathers in many plant species and they found to be
plentiful in chloroplasts, which plays a main role in
regulating, protecting the thylakoid membrane and
consequently maintaining the amount of photosynthesis
(Genard et al., 1991).

However, similar to the findings Noroozlo et al.,
(2019) on Lettuce and sweet basil, and Shooshtari et al.,
(2020) on cucumber, our results indicated that PDM and
yield of two potato cultivars were increased by
increasing levels of glycine. The maximum increaseing
of PDM was observed in Spunta cultivar by 39% and
28% at the treatments of glycine 3 and 1.5 mM
respectivily, and Larissa by 58% at the treatment 1.5

mM as compared to their controls (table 5). On the other

hand, yield was increased in Spunta cultivar by 56% and
Larissa by 35% at the treatment 3 mM as compared to
their controls (table 5). Similarly, our results showed
highly and positively correlated between plant dry mass
and yield (table 6). In fact, glycine is one of the main
amino acids that is essential for protein biosynthesis in
plant cells (Ma et al., 2017). As well, many studies
indicated that foliar application of glycine can increase
chlorophyll  biosynthesis and photosynthetic rates
resulting in improved plant growth (Garcia et al., 2011).
Also, other investigations showed that amino acids could
affect not only plant nitrogen metabolism, but also
carbon metabolism due to their strong interactions
(Nunes-Nesi et al., 2010) and in the result, plant growth
and yield of crops could be improved (zZhang et al.,
2015).

Conversely, in this research, we obsearved
increasing in P by about 120% in potato plants at the
treatment 3 mM as compared to the control (table 3).
Moreover, our results indicated that K and Fe were
decreased by increasing levels of glycine in all
treatments, accept Fe values in the culivar Larissa at the
treatment 1.5 mM (table 3 and 5). The maximum
decreasing of K and Fe were 21 and 40% at the
treatment 3 mM as compared to the controls (table 3).
As well, the positive corrolation between K and Fe
indicats that increasing levels of K leads to increasing
levels of Fe conversely (table 6). However, results of
Shooshtari et al., (2020) on cucumber plants revealed
that there is no significant effect on the leaves content of
K and Fe elements between the treatments of foliar
application of glycine and control. Nevertheless, study of
Noroozlo et al., (2019) on lettuce displayed significant
increasing of Fe percent at the treatment 1000 mg/L of
glycine, while its percent in the other concentrations of
glycine was decreased and they noticed that there is no
significant effect as compared to the control.

On the other hand, P is an essential macro-nutrient
for growth and development in all living organisms. It
serves various basic biological functions as a structural
element, in energy metabolism, in the activation of
metabolic intermediates, in signal transduction and in
the regulation of enzymes. Likewise, K does an activator

of many enzymes, share in synthesis of amino acids and
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proteins, opening and closing of stomata. As well, Fe
intervenes in chlorophyll synthesis, cytochromes and
nitrogenase (Vreugdenhil et al., 2007). Then again, at
the end of potato plants cycle, K is playing a main role in
transporting nutrition materials from the aerial parts to
the tubers. In fact, amino acids such as glycine improve
chlorophyll biosynthesis and photosynthesis rates and
enhance protein biosynthesis and in the result, they are
improving growth and development of plants (Khan et
al., 2012; Souri and Hatamian, 2019).

CONCLUSION

In the present study, we have been able to gather
evidence that foliar application of glycine in all levels
increased plant dry mass and yield of potato plants. As
well, concentration of glycine, 3 mM was more effective
as compared to the other levels. However, our outcomes
recommend that amino acids: Case of glycine, are
effective to improve plant growth and yield of potato

cultivars.
ACKNOWLEDGMENT

This work was supported by the General Commission
for Scientific Agriculture Research, and Department of

Horticulture Science. Damascus- Syria.

CONFLICTS OF INTEREST

The authors declare that they have no potential

conflicts of interest.

REFERENCES
Allen S.E., Grimshaw H.M. and Rowland A.P. (1986)

Chemical analysis. In Methods of plant ecology, ed.
By P.D. Moore and S. B. Chapman. Blackwell:
Oxford.

Araus J.L., Slafer G.A., Royo C. and Serret M.D. (2008)
Breeding for yield potential and stress adaptation in
cereals. Critical Rev. Plant Sci., 27,377-412.

Bar-Tal A., Fergenbaun S. and Sparks D.L. (1991)
Potassium-salinity interaction in irrigated corn. Irrig.
Sci., 12, 27-35.

Costa L.D., Vedove G.D., Gianquintoi G., Giovanardi R.
and Peressotti A. (1997) Yield, water use efficiency
and nitrogen uptake in potato: influence of drought
stress. Potato Res., 40,19-34.

Garcia A.L., Madrid R., Gimeno V., Rodriguez-Ortega
W.M., Nicolas N. and Garcia-Sanchez F. (2011) the

effects of amino acids fertilization incorporated to the
nutrient solution on mineral composition and growth
in tomato seedlings. Spanish J. Agric. Res., 9,852-
861.

Genard H., Saos J.L.E., Hillard J., Tremolieres A. and
Boucaud J. (1991) Effect of salinity on lipid
composition, glycine  betaine content and
photosynthetic activity in chloroplasts of suaeda
maritima. Plant Physiol. Biochem., 29,421-427.

Gonzalez-Perez P., Zhang R., Wang X., Ye J., and
Huang D. (2015) Characterization of the amino acid
composition of soils under organic and conventional
management after addition of different fertilizers. J.
Soil. Sediment., 15, 890-901. doi: 10.1007/s11368-
014-1049-3

Hanson W.C. (1950) The photometric determination of
phosphorus in fertilizers using the
phosphovanadomolybdate complex. J. Sci. of Food
and Agri., 1, 172-173.

Hijmans R.J. (2003) The effect of climate change on
global potato production. Amer. J. Potato Res.,
80,271-279.

Hussain A., Ali S., Rizwan M., Ziaur Rehman M.Z.,
Hameed A., Hafeez F., Alamri S.A., Alyemeni M.N.
and Wijaya L. (2018) Role of zinc-lysine on growth
and chromium uptake in rice plants under Cr stress.
J. Plant Growth Regul., 37, 1413-1422.

Jackson M.L. (1958) Soil chemical analysis. New
Jersey: Prentice-Hall Inc. Englewood Cliffs.

Jeppsen R.B. (1991) Mineral supplementation in plants
via amino acid chelation. Amer. Chem. Soc., 25,
320-331.

Jones D.L., Healey J.R., Willett V.B., Farrar J.F. and
Hodge A. (2005) Dissolved organic nitrogen uptake
by plants an important N uptake pathway? Soil Biol.
Biochem., 37,413-423.

Khan A.S., Ahmad B., Jaskani M.J., Ahmad R. and
Malik A.U. (2012) Foliar application of mixture of
amino acids and seaweed (Ascophylum nodosum)
extract improve growth and physicochemical
properties of grapes. Inter. J. Agric. Biol., 14, 383-
388.

Lawlor D.W. (2002) Limitation to photosynthesis in
water-deficited leaves: stomata vs. metabolism and
the role of ATP. Ann. Bot., 89,871-885.

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 21 No. 1 2025



84 Effect of Different Levels of Glycine

Levy D., Coleman W.K. and Veilleux R.E. (2013)
Adaptation of potato to water shortage: irrigation
management and enhancement of tolerance to
drought and salinity. Amer. J. Potato Res., 90,186-
206.

Lipson D. and Nasholm T. (2001) The unexpected
versatility of plants: Organic nitrogen use and
availability in terrestrial ecosystems. Oecologia,
128,305-316.

Lobell D.B., Burke M.B., Tebaldi C., Mastrandrea M.D.,
Falcon W.P. and Naylor R.L. (2008) Prioritizing
climate change adaptation needs for food security in
2030. Sci., 319,607-610.

Ma Q., Cao X., Xie Y., Xiao H., Tan X. and Wu L. (2017)
Ehects of glucose on the uptake and metabolism of
glycine in pakchoi (Brassica chinensis L.) exposed to
various nitrogen sources. BMC Plant Biol., 17:58.

Masclaux-Daubresse C., Daniel-Vedele F., Dechorgnat
J., Chardon F., Gaufichon L. and Suzuki A. (2010)
Nitrogen uptake, assimilation and remobilization in
plants: Challenges for sustainable and productive
agriculture. Ann. Bot., 105,1141-1157.

Monneveux P., Ramirez D.A., Awais-Khan M.,
Raymundo R.M., Loayza H. and Quiroz R. (2014)
Drought and heat tolerance evaluation in potato
(Solanum tuberosum L.). Potato Res., 57,225-247.

Nasholm T., Kielland K. and Ganeteg, U. (2009) Uptake
of organic nitrogen by plants. New Phytol., 182, 31-
48.

NoroozloY.A., Souri M.K. and Delshad M. (2019) Effects
of foliar application of glycine and glutamine amino
acids on growth and quality of sweet basil. Adv.
Hort. Sci., 33,495501.

Noroozlo Y.A., Souri M.K. and Delshad M. (2019)
Stimulation effects of foliar applied glycine and
glutamine amino acids on lettuce growth. Open
Agric., 4,164-172.

Nunes-Nesi A., Fernie A.R. and Sttt M. (2010)
Metabolic and signaling aspects underpinning the
regulation of plant carbon nitrogen interactions. Mol.
Plant., 3,973-996.

Paungfoo-Lonhienne C., Lonhienne T.G., Rentsch D.,
Robinson N., Christie M., Webb R.Il., et al. (2008)
Plants can use protein as a nitrogen source without

assistance from other organisms. Proc. Natl. Acad.
Sci., 105, 4524-4529.

Pérez-Jiménez M., Pazos-Navarro M., Lépez-Marin J.,
Galvez A., Var6 P. and del Amor F.M. (2015) Foliar
application of plant growth regulators changes the
nutrient composition of sweet pepper (Capsicum
annuum L.). Scientia Hortic., 194,188-93.

Rhodes D. and Hanson A. (1993) Quaternary
ammonium and tertiary sulfonium compounds in
higher plants. Ann. Rev. Plant Physiol. Plant Mol.
Biol., 44,357-384.

Rizwan M., Ali S., Hussain A., Ali Q., Shakoor M.B.,
Ziaur-Rehman M., Farid M. and Asma M. (2017)
Effect of zinc-lysine on growth, yield and cadmium
uptake in wheat (Triticum aestivum L.) and health
risk assessment. Chemosphere, 187, 35-42.

Sanchez A.S., Juarez M., Sanchez-Andreu J., Jorda J.
and Bermudez D. (2005) Use of humic substances
and amino acids to enhance iron availability for
tomato plants from applications of the chelate
FeEDDHA. J. Plant Nutr., 28,1877-1886.

Shooshtari F.Z., Souri M.K., Hasandokht M.R. and Jari
S.K. (2020) Glycine mitigates fertilizer requirements
of agricultural crops: case study with cucumber as a
high fertilizer demanding crop. Chem. Biol. Technol.
Agric., 7:19.

Singh J. and Kaur L. (2009) Advances in potato
chemistry and technology. In Bradshaw J.E. and
Ramsay G. (Eds.), potato origin and Production. 67,
pp. 1 -26. Academic Press is an imprint of Elsevier.
USA.

Souri M.K. and Hatamian M. (2019) Aminochelates in
plant nutrition: a review. J. of Plant Nutr., 42, 67-78.

Vreugdenhil D., Bradshaw J., Gebhardt C., Govers F.,
Mackerron D.K.L., Taylor M. and Ross H. (2007)
Potato biology and biotechnology. In Kirkman M.A.
(Eds.) Global Markets for Processed Potato
Products. 2, Amsterdam, United Kingdom.

Wang X.L., Ye J., Gonzalez Perez P., Tang D.M. and
Huang D.F. (2013) The impact of organic farming on
the soluble organic nitrogen pool in horticultural soil
under open field and greenhouse conditions: a case
study. Soil Sci. Plant Nutr., 59, 237-248.

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 21 No. 1 2025



Alhoshan and Hammoud 85

Xu W.Q., Zhu Q. and Hu C.H. (2017) The Structure of Tegeder M. (2015) Improvement of pea biomass
glycine dihydrate: implications for the crystallization and seed productivity by simultaneous increase of
of glycine from solution and its structure in outer phloem and embryo loading with amino acids.
space. Angew. Chem. Int. Edit., 56, 2030-2034. Plant J., 81,134-146.

Zhang L., Garneau M.G., Majumdar R., Grant J.,

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 21 No. 1 2025



