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STRATEGIES FOR THE IMPROVEMENT OF WATER STRESS 
TOLERANCE OF ACTINIDIA (ACTINIDIA DELICIOSA A. CHEV) 

AND BIOCHEMICAL MARKER RESEARCH FOR EARLY 
SELECTION.  

Actinidia is one of the species cultivated in the 
Mediterranean area known for a prominent 
susceptibility to water deficiency. Irrigation in 
the most critical phases of the annual cycle 
plays a fundamentally important role not only 
in assuring adequate growth of the fruits and, 
therefore, a good crop yield, but it also 
influences the plant’s productivity in the 
successive year by preconditioning mineral 
nutrition and flower induction. A weakening of 
the plant caused by a water deficiency can 
also result in it becoming more susceptible to 
biotic stresses. 

Numerous studies have been conducted on 
the irrigation of actinidia orchards and on the 
physiology of the species aimed at verifying 
the crops’ behaviour under water stress, 
which have allowed for the acquisition of 
useful information for crop improvement.

Diverse species belonging to the Actinidia 
genus are found in nature, and numerous are 
the hybrids as well. Natural mutations or 
spontaneous crosses have given origin to a 
great variety of different characteristics and, 
thus, access to a vast genetic base utilisable 

for the selection of new varieties (Testolin et 
al., 2016). Nonetheless, many interesting 
agronomical traits, such as cold climate 
adaptation, disease resistance, including 
drought tolerance, are not present in the most 
cultivated variates. 

 
The principal causes which have stood in the 
way of fully harnessing the genetic potential 
and have rendered traditional genetic 
improvement lengthy and costly, have been 
the dioecious nature of the plant, the fact that 
the male individuals’ genetic background is 
unknown, in addition to a relatively long 
juvenile phase. 

Furthermore, the different levels of ploidity 
amongst actinidia species represent another 
obstacle for the interspecies hybridisation; 
numerous attempts at producing plantlets 
through interspecies hybridisation have failed 
(Pringle 1986; Mc Nelage and Considine 1989; 
Mu et al 1990; Ke et al 1991).

The genetic transformation techniques 
represent an extremely advantageous 
opportunity for the genetic improvement of 



woody fruit-bearing plants, including actinidia, 
which usually are characterised by a lengthy 
youth period, a high level of heterozygosity 
and by a low genetic variability. In addition, 
unlike other technologies applied to date, this 
technique allows for the targeted 
“improvement” of certain traits of widely used 
commercial varieties in a brief amount of time, 
performing a sort of “gene therapy,” without 
carrying out a profound modification to the 
plant’s DNA, thus maintaining the commercial 
varieties’ peculiar traits. The first transgenic 
woody plants, with potentially agronomically 
useful genes, have been obtained precisely in 
actinidia (Actinidia deliciosa A. Chev.) on a 
late-blooming pollinator, GTH (Giallo Tardivo 
Hayward) which was transformed with A. 
rhizogenes rolABC genes (Rugini 1989; Rugini 
et al., 1991). These pioneering works were 
followed by others, which have lead to the 
constitution of female actinidia plants of the 
cv. Hayward some transgenic for rol genes 
and others for osmotin (Rugini et al. 2000) 
which were the object of in-field 
experimentations up to the year 2012 hosted 
by the Research University of Tuscia (Rugini, 
2012). 


Materials and Methods

The in-field observations, on 11 years old 
plants, were focused on foliage water loss in 
the following genotypes:

1) male plants GTH (Giallo Tardivo Hayward) 

modified with the rol ABC from A. 
rhizogenes using the bacteria’s natural 
promoter;


2) Cv Hayward variety plants modified with 
rolABC, rolB, rolC genes through the 
bacteria’s natural promoter;


3) plants grafted with reciprocal grafts 
between GTH rolABC and GTH wt;


4) Cv Hayward variety plants modified with 
the tobacco osmotin gene under the 
control of the constitutive promoter 
CaMV35S (Rugini, 2012; Rugini 2015);


5) Control plants (wt) of both GTH and 
Haward;


6) Hayward plants regenerated from callus 
(regenerated Hayward wt).


Furthermore, analyses were performed relative 
to certain physical parameters of the terrain 
on soil samples collected in the experimental 
area at 40 cm of depth, immediately following 
those performed on the foliage water loss, 
namely: granulometric evaluation (sand, lime 
and clay according to the dimensional limits of 
the I.S.S.S., with the wet sieving and 
sedimentation method or pipette method) and 
the water retention curve including the 

calculation of the hydrological constants of 
the field water capacity (-33kPa) and the point 
of permanent wilting (-1500 kPa ) using the 
method of the Richards’ pressure plate 
apparatus -).

The in vitro and biochemical analyses were 
performed upon two transgenic genotypes of 
actinidia: Hay osm1 and Hay osm166, derived 
from two different transformation events and 
compared with the respective controls: 
Hayward wt and a genotype of Hayward wt 
regenerated from callus which had stood out 
in field for its tolerance to drought. The shoots 
were multiplied on a solid substrate for 
multiplication composed of salts and MS 
vitamins (Murashige and Skoog, 1962), with 
added BAP (0,7 mgL-1 ), NAA (0,01 mgL-1) and 
Plant Agar 0,6%, pH 5.8, enriched with 
various concentrations (0, 1, 2, 3%) of 
polyethylene glycol (PEG), before sterilising in 
autoclave at 121˚C for 20 minutes. The tests 
were conducted in pots with 250 mL  capacity 
with 50 mL of substrate. 3 pots containing 10 
shoots each were used for each of the various 
PEG concentrations. 

The evaluations, conducted after 4 weeks of 
growth in a grow room at 23˚C, evaluated the 
count of newly formed shoots and the relative 
number of nodes per shoot, besides the 
weight of the basal callus. A portion of the 
plant material (shoot without basal callus) was 
preserved at -80˚C for biochemical analyses 
that, in particular, focused on the calculation 
of proline concentration, total protein, thiolic 
compounds, and of malondialdehyde (MDA) 
and the variation of the activity of certain 
stress-related enzymes related to water stress 
(guaiacol peroxidase and catalase), utilising 
techniques previously described by Bradford 
(1976), Santangelo et al. (2003) and Astolfi et 
al. (2005). The principal scope was the 
identification of enzymatic and non-enzymatic 
markers capable of precocious selection 
among a multitude of genotypes of the ones 
most tolerant to water stresses. Specifically, 
the objective was to check for possible 
differences in the water stress response 
mechanisms activated in plants transformed 
with osmotin and in control plants regenerated 
from callus (regenerated Hayward wt). 


Results and discussions 
Field tests 
The granulometric evaluation of the soil upon 
which the plants subject of the work persisted 
allowed for its classification as “loamy” 
according to the relative triangle of the I.S.S.S. 
texture. The knowledge of the water retention 
curve, specifically for the soil involved in the 



Table 1 Granulometric composition and hydrological components of the soil (±DS) at the moment of 
sampling for the hydric state of the leaves of 11 year old Actinidia plants in the summer period (end of 
June 2012).

Granulometry

(I.S.S.S.)

% clay

50,53

%lime

23,78

%sand 
25,69

Field capacity (-0.33 kPa) (Humidity % in weight) 38,08. ± 0,77

Point of wilting (-1500 kPa) (Humidity % in weight) 24,94 ± 0,18

Gravimetric humidity % (Humidity % in weight) 23,63 ± 1,95

Table 2

Assessment of the state 
of foliage wilting of the 
different self-rooted or 
grafted genotypes 
present in the field in 
absence of irrigation. 

(A = Wilted; 
VA = early wilting;

V = Not wilted), at the 
moment of explantation 
(end of June, 2012, 
starting point of wilting 
irreversible).  

THESIS STATE OF FOLIAGE WILTING

HAY wt A

Regenerated HAY wt V

HAY Osmotin (various clones) V-VA

GTH wt A

GTH rolABC V

HAY rol ABC V

HAY rol B V

GTH rol ABC / GTH wt V

GTH wt / GTH wt VA

GTH wt / GTH rol ABC VA

HAY wt / HAY wt A

HAY wt / GTH rol ABC A

experimental tests was useful for a 
comparative valuation including the 
gravimetric humidity content found in the soil 
at the moment of sampling. In the 
experimental area the average humidity, in the 
period of sampling, dropped below the point 
of permanent wilting, as can be deduced in 
comparing it with the water retention curve 
(Table 1). The plants transformed with the rol 
genes exhibited the notable phenotypic traits 
conferred by these genes and already 
described in previous works (Rugini et al., 
1997 Gutiérrez-Pesce and Rugini 2008; Rugini 
2012 and 2015) in addition to a better 
tolerance to water stress, due probably to the 
improved efficacy of the foliar apparatus. This 
affirmation finds a confirmation in the fact that, 
among the grafted plants, only transgenic 
(genes rolABC and rolB) grafts resulted 
tolerant to drought, while the reciprocal ones 
did not (Table 2). Hayward rolB plants, which, 
beyond their tolerance to water stress, also 
presented fruits of analogous dimensions to 
those of the mother plant (Rugini 2012 and 
2015) are of particular interest from an 

agronomic and commercial point of view.  
The plants transgenic for the osmotin 
exhibited a regular flowering and fruit 
production analogous to the control, without 
showing apparent morphological differences, 
including the sizing and shape (Rugini et al., 
1998; Rugini, 2012); the fruits exhibited a clear 
tolerance to Botritis cinerea (botrytis) and to 
Cadophora luteo-olivacea (cadophora) as 
reported in previous works (Rugini et al., 
2011). Similarly, the leaves presented the same 
property, verified with artificial infections with 
botrytis mycelium in agar disks (Figure 1). 
Likewise to the rolABC and rolB plants, they 
showed a tolerance to water stress, deducible 
from the state of wilting observed in 
comparison to other control plants in soil 
humidity conditions nearing the point of wilting 
(Table 2). Among the non-transgenic plants a 
somaclone of particular interest  (regenerated 
Hayward wt), produced from the callus of 
Haward wt, which showed a nearly similar 
tolerance in field to the one of transgenic 
plants for osmotin and rol genes. 




Figure 1 Artificial infections with Botritis cinerea on leaves and fruits with an agar tile containing 
mycelium of the fungus, performed on all the leaves (old, mature, young). Note how the control plants 
have lost all their leaves (right) following treatment with the fungus, while the transgenic ones (left) have 
limited the sickness to the surface occupied by the tile. 

Laboratory tests 
The tests conducted in the laboratory evaluated 
the response in vitro to water stress induced in 
shoots of two transgenic osmotin kiwi genotypes, 
derived from two distinct transformation events in 
contrast to the Hayward wt and regenerated 

Hayward wt controls. The transformed shoots 
showed a superior tolerance to PEG-induced 
water stress compared to the Hayward wt control 
and, quite similarly to the new stress-tolerant 
genotype, regenerated Hayward wt (Table 3). 

Table 3 Growth parameters (Average number of shoots, number of nodes, weight of the basal callus) of the 
Hayward wt clones (control), regenerated Hayward wt, Hayward osm1 and Hayward osm166. The 
averages, which are indicated with a different letter for each group of genotypes, show the significant 
differences over p≤0,05 (Tukey Test).

Clone PEG 8000 
(% w/v)

Shoot Number Number of Nodes Basal Callus

Hayward wt 0 1,67 a 5, 11 a 0,25 a

Hayward wt 1 1,56 a 3, 67 b 0,14 b

Hayward wt 2 1,68 a 3,88 b 0,10 b

Hayward wt 3 1,75 a 3,77 b 0,16 b

regenerated Hayward wt 0 2,22 a 7,11 a 0,52 a

regenerated Hayward wt 1 1,89 a 6,01 ab 0,25 b

regenerated Hayward wt 2 2,01 a 5,01 b 0,29 b

regenerated Hayward wt 3 1,61 a 5,55 b 0,20 b

Hayward osm 1 0 1,68 a 5,22 a 0,46 a

Hayward osm 1 1 1,70 a 5,00 a 0,29 b

Hayward osm 1 2 1,77 a 5,03 a 0,16 b

Hayward osm 1 3 1,65 a 4,89 a 0,16 b

Hayward osm166 0 1,84 a 6,33 a 0,36 a

Hayward osm166 1 1,81 a 6,70 a 0,23 ab

Hayward osm166 2 1,72 a 5,44 a 0,12 b

Hayward osm166 3 1,76 a 5,67 a 0,14ab



The growth of the cultivated shoots showed 
the same parameters even at the highest 
concentration of PEG (3%) and similarity to 
those placed in the control substrate lacking 
PEG. To the contrary, the growth of shoots of 
the cv Hayward wt was progressively reduced 
with the increase of PEG concentration and 
the leaves were visibly damaged. The 
regenerated Hayward wt genotype showed a 
superior growth performance compared to cv 
Hayward wt, both in terms of number of 
shoots and nodes as well as basal callus 
(statistical calculation not shown in table 2). 
This genotype possessed a major vigour in 
vitro and in field (data not shown). Considering 
this is a case of regeneration, and, therefore, 
of a plant produced from competent cells, 
possibly with different epigenetic traits, it may 
have acquired a reinvigoration, similarly, but to 
a minor extent, observed in many genotypes 
derived from crosses. A tentative hypothesis 
may be advanced that this phenomenon 
grows more evident the more the cultivar 
ages, in other words  the number of times 
agamic multiplication is performed on it 
increases, unless additional modifications take 
place due to somaclonal variability. This 
behaviour has also been observed in the first 
olive plants of the cv Canino regenerated 
through somatic embryogenesis from adult 
maternal tissues. These plants, in fact, 
exhibited a major youthfulness and vigour in 
respect to those propagated by stimulation of 
the axil buds or by cutting (Rugini personal 
communication). 

The analysis of the measured biochemical 
parameters confirmed that the tolerance to 
induced stress is accompanied by changes at 
the level of enzymatic activity and of the 
accumulation of metabolites involved in stress 
mechanisms (Figure 3). 

In plants subjected to water stress, a 
reduction of the photosynthetic activity is 
generally confirmed, which causes a lower 
CO2 assimilation rate and the accumulation of 
reducing agent potency. The latter event 
determines the increase of reactive oxygen 
species (ROS) and of free radicals (Schwanz 
and Polle, 2001; Vranovà et al., 2002); such 
stress conditions require, therefore, a increase 
in antioxidant enzyme activity. The plants 
contain, additionally, numerous non-enzymatic 
antioxidant compounds, which can detoxify 
the ROS and, thus, diminish the negative 
effect of the stress. 

In this work, we evaluated the variation in the 
activity of two antioxidant enzymes - catalase 
and peroxidase, which are involved in the 
elimination of H2O2 from the chloroplasts, and 
the concentration of the non-proteic thiols as 

a non-enzymatic marker, was also analysed. 
On the other hand, we analysed the content of 
MDA as a indicator of the oxidative stress 
damage, which allows for the valuation of 
cellular membrane lipid peroxidation levels.

The results seem to indicate that the 
transgenic genotype plants could be capable 
of confronting water stress and suffering fewer 
damages, as indicated by the lower levels of 
MDA compared to the wt. However, in this 
type of response, there appears to be no 
implication of either peroxidase or catalase, 
which do not show relevant variations in the 
same genotype, following subjection to stress. 
A different discussion may be had over the 
regenerated drought-tolerant genotype, which 
shows, like the transgenic one, lower levels of 
MDA, but, unlike the transgenic one, shows 
perceivable variations of the two measured 
anti-oxidative enzymes, which could explain 
these plants’ better capacity of response to 
water stress generated by exposure to PEG. 
After all, the control genotype is subjected to 
oxidative stress damage (increase of MDA 
levels following PEG treatment) to which it 
responds with an increase of antioxidant 
enzyme activity, principally of peroxidase. 

The fact that the peroxidase activity increases 
in Hayward genotype wt tissues during the 
progressive exposure to water stress, while 
remaining constant and even decreasing in 
the transgenic genotype, can be in part 
explained considering that the peroxidases 
participate in the modulation of the cell wall 
properties during plant growth (Bacon et al., 
1997) and, therefore, a increment in the 
activity of these enzymes may reflect 
variations of the mechanical properties of the 
cell wall, which, in turn, could be correlated to 
an adaptation to water stress, which would be 
necessary in the Hayward wt genotype but 
not in the transgenic genotype (inasmuch as it 
appears not to suffer damages). Therefore, 
even in the wt genotype, the peroxidase 
enzyme would not have only a antioxidant 
role. In order to explain the better 
performance of the transgenic genotype in 
terms of water stress, we evaluated the 
concentration of thiol compounds in the 
leaves of these plants to verify whether the 
lack of damage was due to a greater 
production of these compounds for the 
neutralisation of the ROS. 

The thiols, similarly to cysteine and 
glutathione, are organic sulphur traces 
abundantly available in plant tissues and, in 
normal conditions, the glutathione is the 
predominant trace.




Still, against all expectations, the thiol 
concentration was augmented in the wt 
genotypes and in the resistant, but not in the 
transgenic. 

The significance of such results and, overall, 
the interpretation of the behaviour of the 
transgenic genotype, remain an open question 
and further elucidations will certainly be drawn 
from the study of the activity of other 
antioxidant enzymes, such as 
superoxidedismutase (SOD) and ascorbic 

peroxidase (APX), which are key enzymes in 
the anti-oxidative system of not only 


chloroplasts, but also other cellular 
compartments. Furthermore, the measuring of 

GSH content variations (which could be 
masked on the inside of the total thiol fraction) 
could explain the defence mechanism through 
which the plant operates to reduce the effects 
of water stress. 

In conclusion, from the preliminary results 
obtained in this work of comparing osmotin 
transgenic plants to the somaclone — both of 
which drought tolerant — it may be affirmed 

that certain physiological parameters, 
identified in plants transgenic for the osmotin 
gene, could be employed as possible markers 

Figure 3 Average content of proline (express in µg•g-1 of fresh weight), proteic concentration (mg g-1 f.w.), 
guaiacol peroxidase (∂A min-1 mg-1 proteins), catalase (∂A min-1 mg-1 proteins), MDA content (µg g-1f.w.), 
of thiols (mmol g-1 f.w.) of Hayward wt (control), regenerated Hayward wt, Hayward osm1 subject to 
various concentrations of PEG used. Different letters on the graphic are used to indicate significant 
differences per P<0.01 (Tukey test).

�



for the precocious selection of drought-
tolerant plants derived through other 
techniques of genetic improvement. 

Furthermore, the plants over-expressing 
osmotin, in addition to representing an 
opportunity for sustainable agriculture, 
through the manifestation of greater 
resistance in terms of biotic and abiotic 
stresses, could also have important 
implications for the protection of human 
health. It is known, in fact, that osmotin 
belongs to the PR (Pathogen Related) protein 
family, of the 5th type (Anil Kumar et al., 2015) 
and, in nature, it is only produced by plants in 
response to pathogen attack or abiotic 
stresses of various kinds. It has been 
observed that osmotin is capable of 
protecting the chlorophylls and the 
photosynthesis related metabolic pathways 
(Barthakur et al. 2001; Goes et al., 2010), thus 
determining the increased proline 
accumulation, which performs a re-
equilibration of osmotic balance and the 
protection of the cell structure (Subramanyam 
et al., 2011). In terms of human health, of 
particular importance is the role that osmotin 
plays in the veterinary and human field of 
applications, inasmuch as this plant protein is 
capable of mimicking the activity of the 
human hormone Adiponectin (Kadowaki et al., 
2005). 

Adiponectin is a hormone produced by the 
adipose tissues and is involved in various 
metabolic processes, such as glucose 
regulation and the catabolism of fatty acids 
both in the body and the brain. The scarcity of 
adiponectin results in diseases such as 
diabetes, liver conditions and cardiovascular 
problems (Kadowaki and Yamauchi, 2005; 
Tang et al., 2005; Holland and Scherer, 2013). 
For these reasons, today there is a growing 
interest in the research on osmotin, seen as a 
protein with a therapeutic potential targeted to 
humans. Recent publications have 
demonstrated that osmotin is capable of 
recovering damages caused by senile 
dementia, Alzheimer’s, diabetes, colitis and 
Crohn’s disease, thanks to its capacity to 
activate the Adipor1/Sirt1 receptors (Shah et 
al., 2016) and, therefore, to activate the 
cellular enzymatic cascade improving the 
functionality of mitochondria and, thus, 
potentiating the cell’s vital activity, including 
the control of neoplastic growth. A project is 
underway at the Research University of 
Tuscia, in Viterbo for the extraction and 
purification of recombinant osmotin from the 
transgenic genotype actinidia plants, which, 
unlike control plants, express the recombinant 
gene for osmotin from tobacco Wisonsin 38 

with a 35S viral promoter, and, therefore, 
produce the protein at a factor which could 
vary between 4% and 16% of the total protein 
content. These genotypes are, de facto, 
perfect bioreactors capable of supplying 
osmotin, of great therapeutic worth, in good 
quantities and in a context of being ready for 
human and animal consumption, making the 
commercialisation of this substance 
economically advantageous for the 
pharmaceutical industry and plant suppliers 
alike. 
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