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ABSTRACT: The objective of this study was to evaluate the influence of irrigation with brackish water on 
the production of bamboo seedlings (Bambusa vulgaris). The experiment was carried out at the Fazenda 
Experimental Piroás, in the municipality of Redenção, CE, Brazil (4° 14’ 53” S, 38° 45’ 10” W, and altitude 
of 230 m),   in a completely randomized design with five treatments and six repetitions. The treatments 
consisted of five irrigation water electrical conductivity (ECw): 0.5 (control); 1.5; 2.5; 3.5 and 4.5 dS m-1. At 
120 days after the beginning of the application of the treatments the leaf gas exchange, relative chlorophyll 
index (RCI), plant height (H), shoot dry matter (SDM), H/SDM ratio, and the concentrations of Na+ and K+ 
in stems and leaves were evaluated. Salt tolerance indexes were calculated based on SDM, H, photosynthesis 
rate and RCI. The increase in the ECw reduced leaf gas exchange, and the reduction in the photosynthesis 
rate was caused by stomatal and non-stomatal effects. The salinity affected negatively the growth and quality 
of bamboo seedlings, with the greatest effects being with ECw equal to or greater than 2.5 dS m-1. Bamboo 
seedlings present Na+ retention in the stems and low Na+/K+ ratio in the leaves. Bamboo seedlings are tolerant 
to salinity up to 1.5 dS m-1, indicating that waters with this salinity can be used for seedling production of 
this species, without loss of growth and quality.
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Produção de mudas a partir de rizomas de Bambusa vulgaris
sob irrigação com água salobra

RESUMO: Objetivou-se com este trabalho avaliar a influência da irrigação com água salobra na produção de 
mudas de bambu (Bambusa vulgaris). O experimento foi desenvolvido na Fazenda Experimental Piroás (4° 14’ 
53” S, 38° 45’ 10” W, e altitude de 230 m), no município de Redenção, Ceará, no delineamento inteiramente 
casualizado, com seis repetições. Os tratamentos foram constituídos de cinco condutividades elétricas da 
água de irrigação (CEa): 0,5 (testemunha); 1,5; 2,5; 3,5 e 4,5 dS m-1. Aos 120 dias após o início da aplicação 
dos tratamentos foram avaliadas: trocas gasosas foliares, índice relativo de clorofila (IRC), altura das plantas 
(H), produção de biomassa seca da parte aérea (MSPA), relação H/MSPA e teores de sódio e potássio nos 
caules e folhas. Com os dados de MSPA, H, fotossíntese e IRC foram calculados os índices de tolerância à 
salinidade. O incremento na CEa reduziu as trocas gasosas foliares, sendo a redução na taxa de fotossíntese 
provocada por causas estomáticas e não estomáticas. A salinidade afetou negativamente o crescimento e a 
qualidade das mudas de bambu, sendo os efeitos mais expressivos com valores de CEa iguais ou superiores 
a 2,5 dS m-1. Mudas de bambu apresentam retenção de Na+ nos caules e baixa relação Na+/K+ nas folhas. As 
mudas de bambu são tolerantes à salinidade até 1,5 dS m-1, sendo um indicativo que águas com esta salinidade 
podem ser utilizadas na produção de mudas desta espécie, sem perdas de crescimento e de qualidade.
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Introduction

Bambusa vulgaris is one of the various bamboo species 
found all over the world, being more common in China, 
Madagascar, Asia, Australia, Africa and Central and South 
Americas. This species has culms that are straight close to 
the soil and droop at the tip, being widely used for civil 
construction, as raw material in the manufacture of paper and 
in the production of biomass and energy (Ghavami & Marinho, 
2005; Ribas, 2016; Santos et al., 2016).

The most widely used form of propagation for bamboo 
species is the asexual method, because flowering, and 
consequently seed production, is a very rare phenomenon in 
this species. The primordial benefit in this type of propagation 
is the obtaining of clones with phenotypic uniformity, thus 
maintaining characteristics identical to parental origin; in the 
case of bamboo, sections of culms, lateral branches or rhizomes 
are used (Braga et al., 2017). 

Irrigation is one of the fundamental factors for obtaining 
quality seedlings. However, in semiarid regions, as it is a case of 
the Brazilian semiarid region, part of the water sources, mainly 
groundwater, has limitations due to the high concentrations 
of salts and sodium (Holanda et al., 2016).

Bamboo is an alternative to increase biomass production in 
the semiarid region of Brazil, but there is a lack of information 
on irrigation management for this species, particularly when 
brackish water is used. In the case of seedling production, 
identifying the level of tolerance to salinity is extremely 
relevant, as it can serve as indicative for the use of sources 
of brackish water and of the capacity of this species to be 
established under saline conditions.

In view of the above, the present study aimed to evaluate 
the tolerance to salinity of bamboo seedlings produced from 
rhizomes, through growth and physiological evaluations.

Material and Methods

The experiment was carried out under 50% shade net at 
the Piroás Experimental Farm, belonging to the Universidade 
de Integração Internacional da Lusofonia Afro-Brasileira 
(UNILAB), in the district of Barra Nova (4º 14’ 53” S, 38º 45’ 
10” W, altitude of 230 m), municipality of Redenção, CE, Brazil 
in the period from July to December 2015.

The experiment was conducted in a completely randomized 
design, with five treatments and six repetitions. Treatments 
consisted of five irrigation water electrical conductivity (ECw): 
0.5 (control); 1.5; 2.5; 3.5 and 4.5 dS m-1. In order to obtain 
the irrigation water electrical conductivity, the salts NaCl and 
CaCl2.2H2O, at 7:3 equivalent proportion, were added to the 
water from a reservoir located on the farm, with ECw of 0.5 
dS m-1. This proportion was used because it is close to that 
observed in many water sources in the Brazilian semiarid 
region (Medeiros, 1992). 

Bamboo rhizomes were planted in polyethylene pots with 
capacity for 60 L, at spacing of 1.0 m between rows and 0.80 m 
between pots in the same row. The salt treatments application 
started 15 days after the rhizomes were transplanted to the pots. 

A drip irrigation system was installed, and irrigation 
management along the entire experiment was based on the 

climate, using the indirect method of USWB Class-A pan, 
which was installed close to the experimental area. The 
irrigation depth was applied at two-day intervals, using a pan 
coefficient (kp) of 0.7 and in order to replace 100% of reference 
evapotranspiration (ETo). Thus, it was possible to maintain 
the soil at field capacity and, in addition, a leaching fraction 
of 0.2 was applied.

At 120 days after the treatments started, fully mature leaves 
were evaluated for net photosynthesis (A), stomatal conductance 
(gs), transpiration rate (E) and internal CO2 concentration 
(Ci). Measurements were taken between 8 and 12 h, with an 
infrared gas analyzer (Li6400XT model, Licor, USA), using an 
artificial radiation source of 1400 μmol m-2 s-1 and under natural 
conditions of temperature and CO2 concentration. Additionally, 
the relative chlorophyll index (RCI) was estimated using a 
portable SPAD meter (502 model, Konica Minolta, Osaka, 
Japan), in the same leaves used for gas exchange measurements.

After measuring their height (H), plants were harvested, 
separated into stems and leaves, and dried in a forced air 
circulation oven at 65 ºC until constant weight. Shoot dry 
matter (SDM) was obtained by the sum of the biomasses of the 
leaves and stems. Data of plant height and shoot dry matter 
were used to calculate the H/SDM ratio.

The dry materials of leaves and stems were ground in a 
Wiley-type mill (MA 340 model, Marconi, Brazil) and used to 
determine sodium and potassium concentrations, according 
to the method of Miyazawa et al. (1984). Data of Na+ and K+ 
concentrations were used to calculate the Na+/K+ ratio in stems 
and leaves.

Data of SDM, plant height, net photosynthetic rate and 
relative chlorophyll index were used to calculate the percentage 
reductions in comparison to the lowest salinity level, and the 
salinity tolerance levels were obtained according to Soares 
Filho et al. (2016).

The collected data were subjected to analysis of variance. 
When there was a significant effect, the data were subjected to 
regression analysis. Statistical analyses were carried out with 
the aid of the programs Excel and Assistat 7.7 Beta (Silva & 
Azevedo, 2016).

Results and Discussion

Salinity significantly influenced all variables of leaf 
gas exchange evaluated in this study (p ≤ 0.01), which 
showed linear responses to the increase in irrigation water 
electrical conductivity (ECw). There were also significant 
effects on growth, relative chlorophyll index, and on Na+, K+ 
concentrations and Na+/K+ ratio (p ≤ 0.01). 

The net photosynthetic rate (A) decreased by 1.89 μmol m-2 s-1 
per unit increase in ECw (Figure 1A). Similar results have been 
observed in several plant species, which showed reductions in 
their photosynthetic rates when subjected to salinity (Garcia-
Sanchez et al., 2006; M’rah et al., 2006; Navarro et al., 2007; 
Praxedes et al., 2010; Silva et al., 2017), leading to negative effects 
on the production of photoassimilates and growth.

Stomatal conductance decreased by 0.017 mol m-2 s-1 
per unit increase in ECw (Figure 1B). The reduction in gs is 
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leaves are potentially subjected, controlling their water loss to 
the environment under stress conditions (Taiz et al., 2015).

Stomatal closure constitutes a physical barrier to CO2 entry 
into mesophyll cells, leading to lower carboxylation rates. 
However, the reduction in photosynthetic rate may also be due 
to non-stomatal effects (Silva et al., 2017; Medeiros et al., 2018), 
associated with the photochemical phase and with the carbon 
reduction cycle (Hussain et al., 2012). The data from the present 
study showed that internal carbon concentration (Ci) increased 
linearly as the ECw (Figure 1D) increased, although there was 
a reduction in gs (Figure 1B). This demonstrates that the net 
photosynthetic rate measured at the end of the experiment 
(Figure 1A) was not limited by CO2 supply.

Similar results were obtained by Musyimi et al. (2007), 
who observed around 300% increase in Ci in avocado plants 
under saline conditions, and simultaneous reductions in 
photosynthetic rate. According to Lucena et al. (2012), 
increments in leaf tissue Ci may be associated with a reduction 
in the activity of carbon metabolism enzymes due to the 
sensitivity to Na+ and Cl- accumulation in the leaves, resulting 
in phytotoxicity. It is important to emphasize that the evaluated 
leaves exhibited symptoms of burning (visual observation), 
especially at the highest ECw, which is indicative of toxic effects 
caused by the accumulation of salts in leaf tissues or of effects 
that cause leaf dehydration. 

Figure 2 illustrates the data of height (H), shoot dry matter 
(SDM), height/shoot dry matter ratio (H/SDM) and relative 
chlorophyll index (RCI).

Plant height was affected by salt stress, showing a 
reduction as the imposed stress increased (Figure 2A). As 
can be observed, the reduction in plant height became more 
pronounced under conditions of salinity higher than 2.5 dS m-1. 
According to Jácome et al. (2003), the most common effect of 
salinity on plants, in general, is the limitation of growth, due 
to the increase in the osmotic pressure of the medium and, 
consequently, reduction of water availability, affecting cell 
division and elongation. 

With the increase in ECw, shoot dry matter production 
decreased according to a quadratic polynomial model (Figure 
2B). Pulavarty & Sarangi (2018), analyzing the growth of 
seedlings of three bamboo species under 100 mM of NaCl, also 
observed reductions in shoot biomass production and number 
of leaves, and the response depended on the species. These 
reductions in production are explained by the influence of salt 
stress, which can also alter the partitioning of photoassimilates 
between the different parts of the plants.

The increase in irrigation water salinity caused increments 
in the H/SDM ratio (Figure 2C). This ratio is a good indicative 
of the seedling survival capacity in the field; the lower the 
quotient obtained, the more rustic will be the seedling (Gomes 
et al., 2002). Therefore, the increments in H/SDM ratio, 
observed mainly under ECw values equal to or higher than 
2.5 dS m-1, result in loss of seedling quality, considering their 
survival capacity. Similar results were observed in ‘chichá’ 
(Sterculia apetala (Jacq.) H. Karst.) seedlings (Lima et al., 2018). 

The increase in salinity also caused a reduction in the relative 
chlorophyll index (Figure 2D). The reduction in chlorophyll 
concentration may have contributed to the reduction in CO2 

A.

B.

C.

D.

**, * - Significant at p ≤ 0.01 and p ≤ 0.05, respectively; CV - Coefficient of variation

Figure 1. Net photosynthetic rate-A (A), stomatal conductance-
gs (B), transpiration-E (C) and internal CO2 concentration-Ci 
(D) in leaves of Bambusa vulgaris as a function of irrigation 
water electrical conductivity (ECw)

caused by the osmotic effect associated with the accumulation 
of salts in the soil, which hampers water absorption by roots 
(Ramegowda & Kumar, 2015). As a consequence, plants 
decrease stomatal opening to reduce water losses to the 
atmosphere.

In agreement with the above-mentioned observations, the 
transpiration rate (E) decreased by 0.49 mmol m-2 s-1 per unit 
increase in ECw (Figure 1C). This result agrees with Lima et 
al. (2010), who report that stomatal conductance behavior 
(Figure 1B) determines the transpiration demand to which the 
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The increments in Na+ concentrations and in Na+/K+ ratio 
were higher in the stems than in the leaves, suggesting the 
existence of a Na-retention mechanism in the stems, as observed 
in other species (Aquino et al., 2007). This may be explained by 
the fact that this ion, during its transport through the plant, i.e., 
from the roots to the leaves, is eliminated from the transpiration 
flow in order to be compartmentalized in stem tissues. In 
addition, the Na+ ion can be readily translocated through the 
phloem and, consequently, the high concentrations occurring 
in leaves that actively transpire can be diluted by means of a 
redistribution throughout the plant (Lacerda et al., 2005) .

Salinity tolerance has been correlated with the maintenance 
of adequate potassium nutrition (Tester & Davenport, 2003), 
and the Na+/K+ ratio is considered a criterion in the selection of 
genotypes more tolerant to salt stress (Bessa et al., 2017). Na+/
K+ ratios equal to or lower than 0.6 are required for optimum 
metabolic efficiency in non-halophytes (Cunha et al., 2013). 
The Na+/K+ ratios obtained in the present study were much 
higher in the stems than in the leaves, but were lower than 0.6, 
indicating that this variable was not the most determinant in 
the reduction of plant growth and photosynthetic rate.

Several studies have reported the deleterious effect of 
salinity on K+ concentration and Na+/K+ ratio in the plant 
tissue of woody species in the seedling phase. However, these 
responses differ among species and the substrates used. In 
general, the experiments in hydroponics and using only 

A.

B.

C.

D.

**, * - Significant at p ≤ 0.01 and p ≤ 0.05, respectively; CV - Coefficient of variation

Figure 2. Plant height - H (A), shoot dry matter - SDM (B), 
height/shoot dry matter ratio – H/SDM (C) and relative 
chlorophyll index - RCI (D) of Bambusa vulgaris plants as 
a function of irrigation water electrical conductivity (ECw)

assimilation rate (Figure 1A) and it is also a factor that limits the 
survival capacity of seedlings under field conditions. Reduction 
in chlorophyll concentration under saline stress conditions has 
also been demonstrated in other bamboo species (Pulavarty 
& Sarangi, 2018). This response may be related to the osmotic 
and toxic effects caused by salinity, which result in the increase 
of chlorophyll degradation by the enzyme chlorophyllase (Taiz 
et al., 2015).

The increase of ECw resulted in nutritional disorder, causing 
reduction in K+ concentrations (Figure 3A) and increases in Na+ 
concentrations (Figure 3B) and in Na+/K+ ratio (Figure 3C). 

A.

B.

C.

**, * - Significant at p ≤ 0.01 and p ≤ 0.05, respectively; CV - Coefficient of variation

Figure 3. Concentrations of K+ (A), Na+ (B) and Na+/K+ ratio 
(C) in stems and leaves of Bambusa vulgaris plants as a function 
of irrigation water electrical conductivity (ECw)
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NaCl as a stressing agent result in greater reductions in K+ 
concentration and greater increments in Na+/K+ ratio, as 
observed for Eucalyptus species (Pulavarty et al., 2016). For 
cultivation in soil, as observed in plants of the ‘Caatinga’ (Bessa 
et al., 2017), or when a mixture of salts is used, as in the present 
study, the variations are less significant.

Table 1 shows the percentage reduction of shoot dry matter 
(SDM), plant height (H), photosynthetic rate (A) and relative 
chlorophyll index (RCI), compared to the lowest level of salinity 
applied (0.5 dS m-1), and the respective salinity tolerance 
indices, according to Soares Filho et al. (2016). For shoot dry 
matter production (SDM), bamboo was classified as tolerant 
(T), moderately tolerant (MT), moderately sensitive (MS) and 
sensitive (S), respectively, at levels of 1.5, 2.5, 3.5 and 4.5 dS m-1.

The reduction percentages and the respective salinity 
tolerance classification were similar for the mean net 
photosynthetic rate and relative chlorophyll index (Table 
1). Plant height was the variable with largest discrepancy in 
comparison to biomass production, so apparently it is not a 
good indicator of tolerance to salinity in bamboo plants. These 
results, however, diverge from the data of Pulavarty & Sarangi 
(2018), obtained with three other species of bamboo under salt 
stress, which showed greater reduction in plant height than in 
biomass production.
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Universidade Federal do Ceará (UFC) and Universidade 
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T, MT, MS, S - Tolerant, moderately tolerant, moderately sensitive and sensitive, 
respectively 

Table 1. Percentage reduction of shoot dry matter (SDM), plant 
height (H), photosynthetic rate (A) and relative chlorophyll 
index (RCI), compared to the lowest irrigation water electrical 
conductivity (ECw) applied (0.5 dS m-1), and salinity tolerance 
classification of Bambusa vulgaris plants subjected to increasing 
salinity in irrigation water

Conclusions

1. The increase in irrigation water salinity reduced leaf gas 
exchanges, and the reduction in the photosynthetic rate was 
caused by stomatal and non-stomatal effects.

2. Salinity affected negatively the growth and quality of 
bamboo seedlings, with the most expressive effects at irrigation 
water electrical conductivity equal to or higher than 2.5 dS m-1.

3. Bamboo seedlings has retention of Na+ in the stems and 
low Na+/K+ ratio in the leaves.

4. Bamboo seedlings proved to be tolerant to salinity up to 
1.5 dS m-1, which is an indication that water with this salinity 
level can be used in the production of seedlings of this species, 
without loss of growth and quality.
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