ISSN 1392-3196

Zemdirbyste-Agriculture

Vol. 106, No. 2 (2019)

129

ISSN 1392-3196 / e-ISSN 2335-8947
Zemdirbyste-Agriculture, vol. 106, No. 2 (2019), p. 129–134
DOI 10.13080/z-a.2019.106.017

Improving potato microclone productivity by exogenous
application of proline, glutamic acid and stem decapitation
Liudmila TRIPOLSKAJA, Almantas RAZUKAS
Lithuanian Research Centre for Agriculture and Forestry, Vokė Branch
Žalioji 2, Vilnius, Lithuania
E-mail: liudmila.tripolskaja@lammc.lt

Abstract

Various growth regulators are used for plant stress reduction. They help to maintain the osmotic pressure required
in cells and protect against increased saline concentration in the nutrition medium. The purpose of the experiment
was to determine the influence of bioactive products produced from amino acids: proline amino acid (PAA) Prolis,
and glutamic amino acid and potassium sulphate (GAA-K2SO4) Pompa, and stem decapitation on the formation of
potato (Solanum tuberosum L.) minitubers of early cultivar ‘Goda’ and very late cultivar ‘VB Aista’ with different
durat ion of plant ontogenesis. Amino acid products were used once (after potato microclone transplanting to the
substrate) or twice (after microclone transplanting to the substrate and after 30 days) during the growing season.
Stem decapitation was performed at growth stages BBCH 51 and 57. The influence of PAA and GAA-K2SO4 on
the productivity of microclones was found to depend on the potato genotype. The minituber weight of potato late
cultivar ‘VB Aista’ increased significantly (P < 0.05) after treating plants with GAA-K2SO4 once or twice during
the growing season. Stem decapitation at stage BBCH 57 significantly increased the minituber weight of both
cultivars and the number of minitubers of ‘VB Aista’. A strong positive correlation was established between the
minituber weight and nitrogen concentration in the potato leaves at the flowering stage.
Key words: bioactive product, glutamine, minituber, osmoprotectant, proline.

Introduction

A widely used method in the modern potato
seed production is meristem tissue multiplication, when
free from viruses, bacterial and fungal infection potato
sprout meristem cells are separated and microclone
plants in vitro are grown. In this way, both healthy virus
free potato plants and rapidly multiplied potato seed are
obtained (Dimante, Gaile, 2014). The microclone plants
grown in vitro are transferred to greenhouses for further
cultivation. During transplanting the microclone root
system is partially damaged, therefore, it is extremely
difficult for them to adjust to the water balance in the
early days. In addition, the plants enter a different nutrient
medium with higher salt concentrations which can lead to
stress. In order to restore damaged water balance, plants
begin to accumulate more specific metabolites in cells
such as mannitol, proline, glycine betaine and various
sugars (Valentovič et al., 2006; Chen et al., 2007).
Increased proline concentration ensures the stability
of cell osmotic potential and protects the structure of
macromolecules and organelles (Haghighi et al., 2012).
To increase plant resistance to stress, different measures
such as poly γ-glutamic acid (Lei et al., 2016), proline,
γ-aminobutyric acid (Ali et al., 2008; Farooq et al., 2017),

macronutrient potassium (K), which play an important
role in osmotic adjustment (Ahmad et al., 2018), and
bacterium Azospirillum brasilence (Tkachenko et al.,
2015) are also used.
Foliar application of proline increases plant
yield, plant height, leaf number and stimulates the growth
of root system (El-Sherbeny, Teixeira da Silva, 2013),
as well as activates nitrogen uptake and the synthesis
of amino acids and chlorophyll (Takeuchi et al., 2008).
Farzana (2014) found that foliar application of proline
increased wheat drought tolerance, which increased grain
yield. The optimal proline concentration was 50 mM.
Exogenous proline significantly increased plant growth
and nitrogen assimilation; however, the effect depends
both on the plant species and the cultivar. In the review
on exogenous proline application for plants Hayat
et al. (2012) suggest that proline increases plants stress
tolerance when low concentrations are used.
The multiplication rate of potato minitubers
depends on the root system and the number of stolons
on which the minitubers form. Bioactive substances
and other means can stimulate the development of
these plant organs. One of these ways is the removal of
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plant stem tops – stem decapitation. After decapitation,
axillary buds start to grow, growth energy increases and
larger foliage forms. It has been established that such
a measure increases the formation of minitubers and,
accordingly, the overall productivity of plants; however,
the effectiveness depends on the development stage of
plants and the potato genotype (Desta, Tsegaw, 2008).
Evstratova and Nikolaeva (2016) published the opposite
data. They established that the stem decapitation
increased the area of an assimilation surface of plants,
but the yield of potato tubers decreased. According to
Bautista Condori et al. (2018), stem decapitation had
no effect on the tuber yield in the three native potato
varieties evaluated in Bolivia. Stem decapitation is
applied in the organic potato seed production technology
in the Netherlands (Struik, Wiersema, 2012).
The purpose of this study was to determine the
effect of biologically active products based on amino
acids (PAA and GAA-K2SO4) and stem decapitation on
the productivity of potato meristem microclones of early
cultivar ‘Goda’ and very late cultivar ‘VB Aista’ with
different duration of plant ontogenesis.

Materials and methods

The experiment was conducted at Vokė Branch
of the Lithuanian Research Centre for Agriculture and
Forestry in 2015–2017. Meristem microclone plants of
potato (Solanum tuberosum L.) early cultivar ‘Goda’
and very late cultivar ‘VB Aista’ were tested. Each
experiment consisted of 560 microclone plants. The
plants were grown in vitro up to two-leaf stage (2–3 cm
long). At the beginning of April, microclones were
planted in greenhouses with controlled air temperature,
1 plant per polyethylene cylindrical pot. The pot diameter
was 20 cm, height – 20 cm, pot volume – 6280 cm3.
Microclone plants from plantlets were grown in a peatbased growing medium; substrate pHH2O 6.0, plant
available P2O5 300–350 mg kg-1, plant available K2O
350–400 mg kg-1.
The experimental design. Factor A – potatoes
of different ontogeny duration (meristem microclone
plants): 1) ‘Goda’ (early, growing period 90–100 days)
and 2) ‘VB Aista’ (very late, growing period 120 d.+).
Factor B – measures to stimulate potato rhizogenesis
and minituber formation: 1) background (fertilization
with NPK fertilizers), 2) stress reduction product proline
amino acid (PAA) Prolis after transferring plants to
substrate (PAA 1), 3) stress reduction products PAA and
glutamic amino acid and potassium sulphate (GAAK2SO4) Pompa increasing cellular osmotic pressure
(osmoprotectant) after transferring plants to substrate
(PAA + GAA-K2SO4 1), 4) stress reduction product
PAA twice during the growing season (after planting to
substrate and after 30 days via leaves) (PAA 2), 5) stress
reduction products PAA and GAA-K2SO4 twice during
the growing season (after planting to substrate and after
30 days via leaves) (PAA + GAA-K2SO4 2), 6) removal of
potato stem tops at the inflorescence (cyme) emergence
(stage BBCH 51), and 7) removal of potato stem tops at
the inflorescence (cyme) emergence (stage BBCH 57).
The characteristic of the tested products. Proline
amino acid (PAA) product Prolis, soluble crystalline
substance, contains pure 99.5% L-α-proline. The product
is intended to reduce biotic and abiotic stress; it regulates

the absorption of macro- and microelements and
stimulates the mechanisms of natural defence of plants.
Glutamic amino acid (GAA-K2SO4) product Pompa,
concentrated, soluble, easy to absorb fertiliser, contains
L-α-glutamic amino acid 196 g kg-1, potassium 344 g kg-1
and sulphur 144 g kg-1. It is used to increase the osmotic
pressure of plant cells.
Plant fertilization. Before transferring the plants
to the greenhouse, the substrate in all treatments was
fertilized with a complex fertilizer with a nitrification
inhibitor Novatec Classic 12-8-16 (N60) 1.57 g per pot.
The PAA was used as a solution of 0.005% concentration
at 50 ml per pot (treatments 2 and 4) or a mixture of PAA
(0.005%), and GAA-K2SO4 (0.5%) – at 50 ml per pot
(treatments 3 and 5). Stem decapitation was performed
at the inflorescence emergence stage (BBCH 51, first
1–2 mm individual buds of first inflorescence visible of
main stem) and at the stage BBCH 57 (buds of second
inflorescence extended to 5 mm open of main stem).
During decapitation, 6–8 cm of stem tops was removed.
Chemical analyses. Nitrogen (N) (by the
Kjeldahl method) and carbohydrate (First Commission
Directive 71/250/EEB) concentrations were determined
in potato leaves during the flowering stage. The recording
of minituber yields was carried out at the full maturity
stage. A tuber weight (g) per plant and the amount of
tubers were determined.
Statistical analysis. The data were evaluated
by a two-factor analysis of variance (ANOVA) using the
Fisher’s test (P < 0.05). Duncan’s post-hoc test (P < 0.05)
was used to carry out multiple comparisons for potato
cultivars. A correlation-regression analysis of data was
performed to determine the strength and nature of the
relationship between the variables. The relationship
between individual indicators was estimated by using
correlation coefficient R and determination coefficient R2
at a probability level of 95%.

Results and discussion

The biochemical analysis of leaves conducted
during the potato flowering stage showed that nitrogen
concentration in them depended on the length of the
growing period of the cultivar and the measures taken.
A higher nitrogen concentration was observed in the leaves
of potato cultivar ‘VB Aista’ which has a longer growing
period compared to an early cultivar ‘Goda’ (P < 0.05)
(Fig. 1). Plant treatment with amino acid products PAA
or GAA-K2SO4 increased nitrogen uptake and nitrogen
concentration in the leaves of ‘Goda’ increased by on
average 32.7–72.5%, and by 32.0–135.9% in the leaves
of ‘VB Aista’ compared to the control treatment.
A higher nitrogen concentration in ‘Goda’ leaves
was determined after using products PAA and GAAK2SO4 twice during the growing season, and the repeated
treatment of ‘VB Aista’ plants with amino acid products
after 30 days did not change nitrogen concentration
significantly. A similar effect of L-proline on nitrogen
uptake is described in the publication by Takeuchi et al.
(2008) and Teh et al. (2016). Assimilation of nitrogen
(N) and other elements (P, K) is also enhanced by the
combination of L-proline with potassium nitrate (KNO3)
(Kaya et al., 2006). Alwan and Fathi (2013) found that
increasing potassium levels from 0.5 to 2.0 g per pot
increased N, P and K adsorption of roselle (Hibiscus
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Note. Error bars indicate least significant difference at the 95% probability level (LSD05)

Figure 1. The influence of bioactive products and stem decapitation on nitrogen concentration in potato leaves at the
flowering stage (BBCH 69)
sabdariffa L.) by 52.9, 12.4 and 25.0 %, respectively,
and an increase in proline dosage from 0 to 150 mg L-1
induced higher assimilation of the above mentioned
elements by 165.1, 101.9 and 162.6 %, respectively.
Similar data of proline influence on photosynthetic
activity were published by Zahoor et al. (2017).
Stem
decapitation
increased
nitrogen
assimilation in plants by promoting the growth of new
organs, and its concentration in the leaves of ‘Goda’
increased by 52.3–52.9% and in the leaves of ‘VB Aista’
– by 25.9–25.0% compared to the control treatment, and
its effect was similar to that of PAA and GAA-K2SO4.
Decapitation time (BBCH 51 or 57) as well as differences
in ontogenesis duration of the cultivars, did not affect this
indicator (P > 0.05).

During photosynthesis, the synthesis of organic
compounds takes place in plant leaves. These compounds
are further used for the formation of new tissues or,
as a source of energy, participate in other biochemical
processes. Analyses of carbohydrate concentrations
in potato leaves during flowering showed that in the
control treatment they ranged from 32.6 to 65 g kg-1
(Fig. 2). More carbohydrates were found in the plants
of ‘Goda’ of a shorter growing period. Plant treatment
with PAA or its mixture with GAA-K2SO4 decreased
carbohydrate concentrations in the leaves by 62.3–
91.1%. Carbohydrate concentrations decreased more
in the plants of ‘Goda’. Ben Ahmed et al. (2010) found
that proline supplement mitigated the reduction of plant
growth and photosynthetic activity under salt stress and

Note. Error bars indicate least significant difference at the 95% probability level (LSD05)

Figure 2. The influence of bioactive products and stem decapitation on carbohydrate concentration in potato leaves at
the flowering stage (BBCH 69)
the decreased soluble sugars content in plants showed
important osmoprotectant effect.
Of all the measures investigated, the highest
reduction in carbohydrate concentrations resulted from
stem decapitation. They decreased by 91.4–92.3% in the
leaves of ‘Goda’ and by 74.8–77.9% in ‘VB Aista’. The
decapitation time (BBCH 51 or 57) did not affect the
changes in this indicator. The decrease in carbohydrate
levels may be associated with the effect of amino acids
activating plant nutrition, which increases the flow of
assimilates from leaves to roots, as they are required
as building material for the formation of new roots.
The decrease in carbohydrate and starch concentrations
with the increase in nitrogen concentration in plants was
determined in the experiments with other plants as well
(Nunes et al., 2014).

Weight of potato minitubers. After completing
minituber weight recording at the full maturity stage,
it was found that potatoes with different lengths of the
growing season produced similar minituber yields. The
minituber weight per plant of the early cultivar ‘Goda’
averaged 132.3 g and late cultivar ‘VB Aista’ – 125.5 g
(P > 0.05) (Table). Microclone treatment with PAA and
GAA-K2SO4 products had a positive effect on minituber
weight. The yield of minitubers increased more (31.3–
46.8%) after plant treatment with PAA once or twice
during the growing season or having applied a mixture of
PAA and GAA-K2SO4 twice during the growing season.
Stem top removal increased minituber weight
as well, but a significant increase (+31.2%, P < 0.05)
in yield was determined only after decapitation at the
stage BBCH 57. Duncan’s test assessed the effect of
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Table. The influence of bioactive products proline amino acid (PAA) Prolis and glutamic amino acid and potassium
sulphate (GAA-K2SO4) Pompa, and stem decapitation on potato microclone productivity
Bioactive product
(factor B)
Background (NPK)
PAA 1
PAA + GAA-K2SO4 1
PAA + GAA-K2SO4 1
PAA + GAA-K2SO4 2
Decapitation at BBCH 51
Decapitation at BBCH 57
Factor A average
LSD05 factor A
LSD05 factor B

Cultivar (factor A)
Minituber weight g per plant
Goda
124.2 ab
128.7 ab
130.4 ab
133.2 ab
139.9 ab
146.0 ab
146.0 b
132.3

VB Aista
72.3 a
99.4 ab
128.8 bc
129.8 bc
136.4 c
139.0 cde
172.8 e
125.5

Factor B average
102.7
150.8*
134.8*
111.6
141.2*
126.5
134.7*

Number of minitubers per plant
Goda
7.32 ab
7.38 ab
8.18 ab
8.46 ab
8.64 ab
8.68 ab
8.92 b
8.22

VB Aista
7.15 a
7.44 a
7.71 abc
8.08 abc
8.76 abc
8.89 abc
9.66 c
8.24

Factor B average
7.81
8.31
9.15
8.06
8.14
8.13
8.04

7.42

LSD05 A × B

8.18

0.87

26.76

1.28

Note. Means in the same column followed by different letters represent significant differences at P < 0.05 between treatments
according to the Duncan’s multiple range test; * − significant at the 0.05 level.

tested products on the minituber weight of the potato
cultivars with different lengths of the growing season.
Potato microclones of ‘Goda’ were found to have a
positive tendency for minituber weight increase due to
the application of PAA and GAA-K2SO4; however, the
differences from the control were insignificant (P >
0.05). Only the removal of stems at the stage BBCH 57
significantly increased (+17.6%) the minituber weight
of this cultivar. Decapitation was more efficient for
‘VB Aista’ with a longer growing period, especially, if
performed during stage BBCH 57. The minituber weight
significantly increased (139%, P < 0.05) compared both
with the control treatment and with the effects of PAA
and GAA-K2SO4. According to Evstratova and Nikolaeva
(2016), the decapitation effect is not always positive, and
depending on the climatic factors, it can also reduce the
minituber yield.
Compared to the early cultivar ‘Goda’, the
microclones ‘of VB Aista’ with a longer growing
period were more sensitive to the use of biologically

active products. All combinations of bioactive product
application significantly increased the minituber weight.
A higher yield increase of minitubers (P < 0.05) was
obtained by applying a mixture of PAA and GAAK2SO4 twice during the growing season, that is, when
the stimulatory effect of amino acids on the development
of plants was combined with the regulatory effect on
osmotic pressure in cells. Butt et al. (2016) carried out the
studies on proline efficacy for reducing salt concentration
stress, and also found that its effect on plant development
depended on a genotype.
A correlation regression analysis revealed a
strong positive correlation between minituber weight and
nitrogen concentration in the leaves at the flowering stage,
and a strong negative correlation between minituber
weight and carbohydrate concentration (Figs 3 and 4).
It should be noted that the productivity of ‘VB Aista’
with a longer growing period was more dependent on
the concentrations of nitrogen and carbohydrates in the
vegetative mass compared to the early cultivar ‘Goda’.

Figure 3. The relationship between minituber weight and nitrogen concentration in leaves at the flowering stage
(BBCH 69)
Number of minitubers. While producing
meristem potato seed material it is not only important to
increase the weight of minitubers, but also to increase the
number of minitubers and obtain tubers of a larger size,
as they can be further propagated in the field, thereby
reducing the costs of virus-free seed propagation. Struik
(2007) summarises the results of various studies and
indicates that 1 microplant usually forms 2–5 minitubers;
however, the differences between cultivars can be
substantial – from 0.26–3.07 to 7.00–8.31. Potatoes of

cultivars ‘Goda’ and ‘VB Aista’ produced an average
of 8.22–8.24 minitubers per plant and their number did
not depend on the genotype (P > 0.05). The treatment
of microclones with biologically active substances
and the removal of stem tops had a positive effect on
minituber formation; however, a significantly higher
number (+17.2%, P < 0.05) of minitubers was found in
the treatment where microclones were applied with PAA
twice during the growing period.
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Figure 4. The relationship between minituber weight and carbohydrate concentration in leaves at the flowering stage
(BBCH 69)
The results of minituber analysis data for
each potato cultivar according to Duncan’s test showed
that the bioactive substances PAA and GAA-K2SO4
had a tendency to increase their number in the early
cultivar ‘Goda’, but the differences from the control
were insignificant. Only stem decapitation significantly
(P < 0.05) increased the formation of minitubers compared
to the control treatment and bioactive substances. Potatoes
of the cultivar ‘VB Aista’ with a longer growing period
significantly increased the number of minitubers after
treatment with GAA-K2SO4 or PAA twice during the
growing season. However, the removal of stems at the
stage BBCH 57 resulted in an even higher increase in the
minituber number. A substantial increase (22.5%, P > 0.05)
in the minituber number was observed both compared with
the control and with bioactive substances.

Conclusions

1. The bioactive products proline amino acid
(PAA) Prolis and glutamic amino acid and potassium
sulphate (GAA-K2SO4) Pompa did not have any
significant effect on the productivity of the microclone
potato early cultivar ‘Goda’; however, the trend of
minituber weight increase was obvious. The weight
and number of minitubers were significantly (P < 0.05)
increased by stem top decapitation carried out at the
stage BBCH 57.
2. Microclone productivity of the potato late
cultivar ‘VB Aista’ was effectively enhanced by the use
of bioactive products PAA and GAA-K2SO4. A higher
minituber weight was achieved by using PAA and GAAK2SO4 mixture once or twice per growing period (P <
0.05). Significantly higher (P < 0.05) minituber weight
per plant was obtained after stem decapitation at the
stage BBCH 57. This measure significantly increased
the number of minitubers compared to the effects of
bioactive products.
3. The tuber weight of microclones strongly
correlated with nitrogen concentration (positive
correlation RGoda – 0.70, RVB Aista – 0.87) and carbohydrate
concentration (negative correlation RGoda – 0.85, RVB Aista –
0.96) in potato leaves at the flowering stage (BBCH 69).
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Bulvių mikroklonų produktyvumo didinimas prolino
bei glutamo rūgščių produktais ir stiebų dekapitacija
L. Tripolskaja, A. Ražukas
Lietuvos agrarinių ir miškų mokslų centro Vokės filialas

Santrauka

Siekiant sumažinti augalų stresą plačiai naudojami įvairūs augimo reguliatoriai, kurie padeda palaikyti reikiamą
osmosinį slėgį ląstelėse ir apsaugo nuo didesnės druskų koncentracijos mitybinėje terpėje. Eksperimento tikslas
– nustatyti aminorūgščių pagrindu pagamintų bioaktyvių produktų Prolis (prolino rūgštis) bei Pompa (glutamo
rūgštis ir kalio sulfatas, GAA-K2SO4) ir stiebų dekapitacijos įtaką skirtingos vegetacijos trukmės – ankstyvosios
veislės ‘Goda’ ir labai vėlyvos veislės ‘VB Aista’ – valgomosios bulvės (Solanum tuberosum L.) mikrogumbų
reprodukcijai. Aminorūgščių produktai per vegetaciją buvo panaudoti vieną (po mikroklonų persodinimo į
substratą) arba du (po mikroklonų persodinimo į substratą ir po 30 dienų) kartus. Stiebų dekapitacija atlikta BBCH
51 ir 57 vystymosi tarpsniais. Nustatyta, kad produktų Prolis ir Pompa įtaka mikroklonų produktyvumui priklausė
nuo bulvių genotipo. Vėlyvosios veislės ‘VB Aista’ bulvių gumbų masė esmingai (P < 0,05) padidėjo po augalų
apdorojimo produktu Pompa vieną arba du kartus per vegetaciją. Stiebų dekapitacija BBCH 57 tarpsniu esmingai
didino abiejų veislių bulvių gumbų masę ir veislės ‘VB Aista’ bulvių gumbų skaičių. Nustatytas gumbų masės
stiprus teigiamas priklausomumas nuo azoto koncentracijos bulvių lapuose žydėjimo tarpsniu.
Reikšminiai žodžiai: bioaktyvūs produktai, glutaminas, minigumbai, prolinas.

