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ABSTRACT

The North-eastern part of Brazil has problems with high salt content in water and
soil. An experiment was carried out to evaluate the effects of irrigation water salinity
on seedling emergence and initial development of four guava cultivars (Psidium
guajava L.). ‘Pentecoste’, ‘Paluma’, ‘Surubim’ and ‘|PA B-38'. This was done in
acompletely randomized design with irrigation water having five electrical
conductivity (ECy) levels: 0.5; 1.5; 3.0; 4.5 and 6.0 dS m'*. Salinity considerably
inhibited the seedling emergence, plant height, stem diameter, leaf area and dry mass
content roots (RDM), stems (SDM) and leaves (LDM) in all cultivars tested. After
emergence, all plants irrigated with water with EC,, higher than 4.5 dS m*, died. The
dry mass content was highest in leaves, followed by roots and stems. Guava is more
sensitive to salt during seedling formation. Seedlings irrigated with EC,, above
1.5 dSmi* do not form plants of quality suitable for planting.
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INTRODUCTION

Guava (Psidium guajava L.), is
popular in the world fruit market,
dthough «ill little known in some
countries. It is vaued for its favourable
scent, flavour and minerd-protein
content, and the cultivation of this
tropica fruit became recognised as an
economically promising activity for
Brazil. In the North-eastern region of
Brazil, where supplemental irrigation
is used, guava can produce a yield of
above 30 Mg ha’ (Gonzaga Neto et
al., 1982). However, in arid and
semi-arid regions, where the salinity
of water (EC,) used for irrigation can
increase during dry periods, adverse
effects on seedling production and
development of guava can occur.
Guava plant is ranked as being salt-
sensitive or reasonably salt-sensitive
by Ayers and Westcot (1999) and
confirmed by Cavacante and
Caval cante (2006).

Salinity affects the germination,
growth and developmental phases of
mogt plants (Berngtein, 1964) including
fruit species such as passon fruit,
Passiflora edulis (Cavadcante et d.,
2005), mango, Mangifera indica
(Zuazo et d., 2004), pine cone, Annona
squamosa (Lima et d., 2001) and
guava, Psidium guajava (Pereira, 2000;
Tévoraet d., 2001; Ebert e al., 2002).

Saline complex in water is in
equilibrium with soil. Therefore, the
continuous use of low quality water
for agriculture, with reasonable and
high salinity level (0.75 < EC,, < 3.0
dS m* and ECw > 30 dS m?
respectively), provokes toxic problems
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for plants and may cause physical
degradation of soil. In this situation,
monitoring irrigation water quality
has high importance for seedling
production (Ayers and Westcot, 1999).

With increasing saline concen-
tration, the water availability in soil
(water and osmotic potentias) is
remarkably reduced, making water
absorption by roots more difficult.
During the germination phase, this
phenomenon promotes higher salt
absorption by seeds, giving rise to
a depreciative effect on the germina-
tion process (Mayer and Poljakoff-
Mayber, 1989).

Kaul et a. (1988) studied the
effects of sodium chloride, sodium
sulphate and calcium chloride on
guava and showed that increased
medium EC,, inhibited germination
and root and hypaocotyl growth. They
also concluded that sodium chloride
was more deleterious than calcium
chloride and sodium sulphate.
Makhija et al. (1980) and Hooda and
Yamdagni (1991) evaluated the
salinity influence on guava growth at
various phenological phases and
concluded that saline stress inhibited
plant growth most during the
germination phase. This is contradicted
by results of experiments done by
Pereira (2000), which indicated that
‘ Pentecogte’, ‘Paumd, ‘Surubim’ and
‘IPA B-38' guava cultivars are more
st sendgtive during the seedling
formation phase.

Hence, the aim of this paper was
to investigate the effects of irrigation
water salinity on the germination and
initial development of four guava
cultivars.
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MATERIAL AND METHODS

Plant materials

Four guava cultivars were used:
‘Pentecoste’  with white pulp and
‘Paluma, ‘Surubim’ and ‘1PA B-38
with red pulp.

Growth conditions

The experiment was carried out
in a canvassed shelter of the Centre
of Agrarian Sciences, Federd
University of Paraiba, Brazil. The air
temperature ranged between 23-28°C
during the day and between 15-18°C
a night. The relative humidity
fluctuated between 45 and 85%.
Under the experimental conditions,
the temperature varied from 24-25°C
and the air humidity was bel ow 80%.

The substrate consisted of
washed sand, humus and bovine
manure (sand : humus : manure = 1:1:1)
with C/N ratio of 12:1 and was filled
into 5.0 | black polyethylene pots
measuring 25 cm in height and 18cm
in diameter. The initid eectricd
conductivity in the soil solution was
approximatdy 49 dS m'. Before
sowing, the subgtrate was washed with
water (EC,, = 0.5 dS mi*) to obtain an
EC vaue of bdow 2.0 dS m™ in soil
solution (Limaet d., 2001).

Sdine irrigation water was obtained
by the dilution of high dam saine water
(ECy = 27.0 dS m™) with digtilled water
(Cavdcante @ d., 2001) in order to
obtan five levels of sdinity (ECy 0.5
15; 3.0; 45 and 6.0 dS m™). During the
expaiment, the waer supply was
adminigered every 48 h a volume
sufficient to meet the evapotrangoiration
requirements, according to Allen & 4d.
(1998).
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Determination of seedling emer-
gence

Ten seeds were sown in each pot.
The number of emerged seedlings
was recorded daily until stabilization
of the emergence process. A previous
study (Annonimous 1992), showed
that germination percentages, under
the non-saline conditions, were 51%
for ‘Pentecoste’ and ‘Paluma’, 45%
for ‘Surubim’ and 53% for ‘IPA B-
38'. The average number of emerged
seeds was divided by 10 and
multiplied by the value obtained for
each cultivar in the laboratory tests.

Measurements of seedling growth

Sixty days after emergence al
seedlings irrigated with water with
ECv 45 and 6.0 dS m' died.
Therefore, the factorial design 5 x 4
was reduced to 3 x 4, which involved
only ECy levds 05, 1.5 and 3.0dSm™*
and the respective genotypes. Plant
height was measured with a millimetre
ruler, sem diameter with a digita
pagquimeter (300 mnV12'-001 mmy/
0005", Digimess, Sio Paulo, Brazil)
and leaf area was measured at 60,
120 and 180 days after sowing
(DAS). Leaf area was first estimated
according to the length and the
maximum width of leaves, and then
corrected by the factors obtained
from coefficients between the rea
area and the estimated area of each
cultivar. The factors of each cultivar
were; 0.758 for ‘Pentecoste’, 0.743
for ‘Paluma’, 0.745 for ‘Surubim’
and 0.758 for ‘' IPA B-38'.

At 180 day after sowing, the dry mass
content in roots (RDM), gems (SDM) and
leaves (LDM) was determined.
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Statistical analysis

Trestment was adminigered in
arandomized complete design. Sta-
tigicd andyses included andyss of
vaiance (ANOVA) and polynomia
regresson to mean separation of EC,
results usng SAS software. Means
separdion on the data was conducted
using Tukey’'s test (Ferreira, 2000) at
P < 0.01. For statistic evaluation, the
seedling emergence data was trans-
formed to arcsen [x (%)/100]"?
according to David' stest.

RESULTS

Since significant interactions
between guava cultivars and EC,
were not registered, the regression
analyses of all dependent variables
were peformed with means of
cultivars at each EC,,.

Water salinity significantly
affected guava seed germination. The
increase in irrigation water's EC
inhibited seedling emergence of all
guava cultivars tested with a mini-
mum fit of 0.97 (Tab. 1).

Salinity affected aso further
seedling development. With time
elapsing, sadline effects remarkably
increased (Fig. 1), which is shown by
a drastic decrease in plant height,
stem diameter and leaf areg,
especially 180 days after sowing.

Increasing EC, from 0.5 to
3.0dS m’ resulted in a notable
reduction in plant height; by 29.11%
in ‘Pentecoste’, 20.04% in ‘Paluma’,
39.81% in ‘Surubim’ and 74.37% in
‘IPA B-38'.

Plant development, expressed by
stem diameter, steadily decreased
with EC,, increasing (Fig.1), and the
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highest reductions were observed at
the 180 DAS. Under the same ECy,
level (1.5 and 3.0 dSm™) ‘Paluma
showed the lowest decrease of stem
diameter.

Guava leaves showed different
reaction pattern to increased salinity.
The increase of water salinity level
did not reduce leaf area after 60 days
of sowing. However, in older seed-
lings water with EC above 1.5 dSm'™*
caused significant reduction of leaf
area, which reduced the biological
value of seedlings (Fig. 1).

The highest dry mass content,
under any water sdinity, was in
leaves. The dependency between dry
mass accumulation in each organ and
salinity of irrigation water was most
remarkable in the root system (Fig.
2). Under irrigation with the lower
ionic concentration in irrigation
water (Fig. 2A), ‘Pauma was least
affected. However, this cultivar also
presented the highest reduction rate
in dry mass content during EC,
increase from of 0.5t0 3.0dSm™.

The ECy of 45 dS m’, and
higher, were toxic for al guava
plants —at this water salinity all plant
growth indices stopped, indepen-
dently of cultivar (Fig. 1).

DISCUSSION

Our results show tha the inhibitory
sdinity affected seedling emergence of
dl cultivars, as reported previoudy by
Perdra (2000). This confirms that
cultivars of the same species can present
a dmilar tendency under the same
conditions of sdinity during the seedling
emergence phase, which was proposed
by Berngein (1964).
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Figure 1. Effect of irrigation water salinity (EC,,) on plant height, stem diameter and
leaf area of four guava cultivars measured 60, 120 and 180 days after sowing (DAS)

Table 1. Regression coefficients of seedling emergence (SE), plant height, stem
diameter, leaf area and dry mass content in roots (RDM), stems (SDM) and leaves
(LDM) asafunction of water salinity

. Y =A*EC, +B

Variable (Y) A B =
SE -4.100 32.220 0.97**
Plant height - 6.565 38.110 0.99**
Stem -0.442 4.367 0.99**
diameter

RDM -1.280 6.165 0.88**
SDM -0.923 5.033 0.99**

Y = A*(EC,)? + B*EC,, + C
A B ¢ R

Leaf area - 236.800 694.850 326.930 0.99**
LDM - 0.636 0.642 7.190 0.99**

**Significant at p < 0.01
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Figure 2. Effect of irrigation water salinity (EC,,) on dry mass content in roots, stems
and leaves of four guava cultivars

Sinity affects al the develop-  due to the senstivity of embryonic axis
mental stages of plants (Hu and to the contact with sdts (Mauromicde
Schmidhalter, 2004), but seed germina-  and Licandro, 2002).
tion is one of the most important phases Strogonov  (1964) studied the
for the sdine evaluation of plant species  physiological basis of plant reaction
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to saline stress and concluded that
st damage is most severe during
vegetative stage. Likewise, Pereira
(2000) and Tavora et a. (2001) came
to the same conclusion. However,
Hooda and Yamdagni (1991)
reported that guava is more salt
sensitive during germination than
during the initial growth phase.

Analysis of plant height increase
until 180 DAS show that guava
cultivars had their growth affected
differently under the same sdine sress,
as reported previoudy by Bengen
(1964). Regression anadyds data of
sdine levels and plant height identified
linear corrdation (Tab. 1) with a 0.99
minimum  fit, which agrees with
findingsof Meoni et d. (2001).

Plants irrigated with the water of
lowest EC (0.5 dS m™) had the
thickest stems, but this did not
resulted in seedlings of good quality,
as also reported by Pereira (2000) and
Téavora et d. (2001). As can be seen in
Figure 1, sem diameter was strongly
influenced by EC,, and plant age, as
expected. This sendtivity shows
atendency to leve off with increasing
ECw vaues as predicts the linear
regression model with a fit minimum of
0.99, aspresentedin Table 1.

Leaf area was not as affected by
salinity as was the plant height and
stem diameter, but this doesn’t
indicate salt tolerance or osmotic
adjustment. Previous research results
suggest that saline stress is more
pronounced in plants during their
initial growth phase, when EC,, is
increasing up to the levels of
reasonable and severe toxicity (0.75
< EC, <30dSm*and EC, > dSm?,

J. Fruit Ornam. Plant Res. vol. 15, 2007: 71-80

respectively) (Ayers and Westcot,
1999; Parida and Das, 2005). Salt
stress also results in a considerable
decrease in the fresh and dry mass
content in leaves, stems, and roots
(Chartzoulakis and Klapaki, 2000).
The highest losses of plant mass
were registered with EC,, 3.0 dS m™,
independently of plant organ or
cultivar, as also found by Ayers and
Westcot (1999).

The linear regression analysis of
RDM data (Tab. 1) shows a tendency
for the RDM to level off with an ECy
increase at a fit minimum of 0.88, as
was also shown by Ebert et al. (2002)
in a study on NaCl-stressed guava
seedlings. In this study, plants
irrigated with water with EC, =
0.5dS m* accumulated 56% more
RDM than those irrigated with water
having EC of 3.0 dS m®, which
contradicts results obtained by
Munns (2002).

Many authors believe that the
root system isthe most affected plant
organ by sdlinity because it has
adirect contact with sats in soil
solution and that most of cellular and
molecular mechanisms of plant
osmorregulation and salt tolerance is
related to roots (Ayers and Westcot,
1999; Cavalcante et a. 2001).
Whether this was the case, cultivars
‘Surubim’ and ‘IPA B-38 were
superior over ‘Pentecoste and
Paluma’ in reaction to water salinity
under the same EC,, (Fig. 2). Munns
(2002) reported that cultivars of the
same species can present different
sat tolerances under the same saline
condition, what agrees with the work
presented.
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In reation to SDM, the *Surubim’
cultivar (Fig. 2B) had significantly
higher dry mass content under an
intermediate water EC (1.5dS m™).
This parameter shows that the
deleterious effect of EC,, enhances
the differences of salinity effects on
guava cultivars, in relation to dry
mass accumulation. Generally, water
salinity increase from 0.5 dSm™to
30 dS m* causes areduction of
nearly 50% in SDM. As was aso the
case for RDM, SDM decrease
showed a tendency to level off at
increased EC,,, as predicts the linear
regression presented in Table 1, with
afit minimum of 0.99.

In al cultivars tested, LDM was
higher than SDM and RDM under
any water sdinity. This agrees with
results on seedlings of passion fruit
and pine cone irrigated with dam
saline water reported by Lima et al.
(2001). Decrease of dry mass accumu-
lation at elevated water sdinity wasaso
reported by Ebert et al. (2002).

The reduction of LDM under
ECw of 1.5 dS m™ demonstrates that
guava cultivars ‘Surubim’ and ‘1PA
B-38' are more resistant to salt stress
than ‘Pentecoste and ‘Pauma.
Marcelis and Van Hooijdonk (1999)
indicate the importance of leaves in
sdine dress reaction gudies, reveding
that reduction of LDM in plants aso
reduces in almost 80% plant growth
due to decresse in lesf arem, light
perception and ssomata gas exchange

As proposed by Lauchi and
Epstein (1984), Kaul et a. (1988),
Hooda and Yamdagni (1991) and
Lima et d. (2001), dry mass accumu-
lation reflects the physologicd status of
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sdt stressed roots.
CONCLUSIONS

Our studies show the following:

¢ With the increase of water salinity,
the seedling emergence, plant
height, stem diameter, leaf areaand
dry mass production of roots, stems
and leaves of guava are inhibited:;

o Seedlings irrigated with water
salinity of 4.5 and 6.0 dS m™ died:;

e Guava is more sendtive to sdinity
during the seedling formation phase;

o Guava seedlings can not be irrigated
with water sdlinity above 1.5 dSm™.
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WPLYW ZASOLENIA WODY NA ROZWQOJ SIEWEK
CZTERECH ODMIAN GUAWY (Psidium guajava L.)
W WARUNKACH POENOCNO-WSCHODNIEJ
BRAZYLII

italo Herbert Lucena Cavalcante, Lourival Ferreira
Cavalcante, Yuncai Hu i Markilla Zunete Beckmann-
Cavalcante

STRESZCZENIE

W pétnocno-wschodnigl Brazylii wystepuja problemy z zasoleniem wody
i gleby. Badania mialy na celu ustali¢c wplyw zasolenia wody do nawodnien na
kietkowanie i rozwdj siewek czterech odmian guawy (Psidium guajava L.):
‘Pentecoste’, ‘Paluma’, ‘ Surubim’ i ‘IPA B-38'. Badania przeprowadzono w uktadzie
losowym, stosujac wodg 0 pieciu stopniach zasolenia (przewodnictwa jonowego): 0,5;
1,5; 3,0; 451 6,0 dS m. Zasolenie znaczaco ograniczylo kietkowanie nasion oraz
wysokos¢ siewek, érednice pedu, powierzchnig lisci i zawartos¢ suchej masy
w korzeniach, pedach i lisciach wszystkich badanych odmian. Przy stosowaniu wody
0 przewodnictwie jonowym powyzej 4,5 dS m* wszystkie rosliny zamarty. Zawartosé¢
suchgl masy byta ngwyzsza w lisciach a ngjnizsza w pedach. Guawa jest bardzigj
wrazliwa na zasolenie podczas rozwoju siewek niz podczas kietkowania. Jakosé¢
siewek nawadnianych woda o przewodnictwie jonowym powyzej 1,5 dS m! nie
kwalifikowata ich jako materiatu do nasadzen.

Stowa kluczowe: guawa, zasolenie wody, produkcja siewek
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