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Abstract 
This study aimed to investigate the gas exchange, growth and biomass production of Cnidoscolus quecifolius 
fertilized with potassium and submited to different water conditions. The experiment was conducted in a 
completely randomized design, with 4 replications and two plants per experimental unit, with treatments 
arranged in factorial scheme 3 × 4, corresponding to three levels of potassium (0 (control), 97.5 and 195 mg dm-3 
K) and four levels of water (100% (control), 75%, 50% and 25% of pot capacity). Growth (height, shoot 
diameter, leaf area, and dry mass) and physiogical parameters (water potencial (Ψw), stomatal conductance (gs), 
transpiration rate (E), net photosynthesis (A), CO2 intercelular concentration (Ci), carboxylation efficiency (A/Ci), 
and intrinsic water use efficiency (A/E). Increase in potassium promoted rise in Ψw, gs, E, and A. However, it 
not influenced the growth parameters, except roots dry mass. Reduction in water levels reduced Ψw, gs, E and A, 
growth and dry matter production of plants. It is recommended that the substrate moisture level of 75% of the 
pot capacity in the early growth stages of faveleira seedlings. 
Keywords: plant nutrition, water stress, stomatal behaviour 

1. Introduction 
The semi-arid region of Brazil is characterized by irregular distribution of rainfall, long periods of drought and 
high temperatures, and the ‘Caatinga’ as the main vegetation component, with the predominance of small trees 
and shrubs, which most of them have a complete caducifolia throughout the dry period of the year. 

The low availability of water to the plants, generating moderate or severe water stress, widely reported in 
innumerable plant species, causes changes in plant morphology and physiology, interfering in several metabolic 
processes (Pinheiro & Chaves, 2011). As the water becomes less available to the plant roots, there is a reduction 
in the cellular water potential and, consequently, in the cells turgescence. As a consequence, stomatal closure 
mechanisms are triggered, reducing water loss through transpiration (Fanaei et al., 2009; Scalon et al., 2011; 
Valadares et al., 2014). However, such a strategy causes losses in photosynthetic carbon assimilation, reducing 
Rubisco activity, resulting in low assimilate production. However, there is a decrease in leaf area and plant 
growth (Vandoorne et al., 2012; Valadares et al., 2014; Padilha et al., 2016). 

The water stress affects stomatal and non-stomatal aspects, such as the thylakoid membranes structure (Dias & 
Brüggerman, 2010), the electron transport in photosystem II (Lima et al., 2003), ATP synthesis and in activity or 
capacity and velocity of Rubisco regeneration (Flexas et al., 2004), as well as in the regeneration of RuBP 
(Boussadia et al., 2008). 

Potassium, an essential element to plants, is the most abundant cation in cells and has a greater participation in 
cell osmoregulation, influencing cell growth and stretching and, consequently, plant growth (Marschner, 1995). 
In addition, it directly participates in photosynthesis, oxidative photophosphorylation and protein activation 
(Marschner, 1995; Santiago & Wright, 2007), and its addition to plants has the potential to increase 
photosynthesis by increasing photosynthetic efficiency and stomatal control (Pasquini & Santiago, 2012). Due to 
its role in cell osmotic adjustment, it is directly related to plant resistance to water stress (Taiz & Zeiger, 2013). 
However, researches on its supply to plants is scarce, mainly on Brazialian native species. And such information 
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is crucial to know the requirements of these species and the possibility of increasing their tolerance to adverse 
water conditions, especially in the seedling stage. 

The Cnidoscolus quercifolius Pohl., known as ‘faveleira’, from the Euphorbiaceae family, one of the most 
representative plant species of the Caatinga, has a wide spectrum of use, mainly in animal feed. Despite their 
recognized tolerance to drought, there is no information in the literature about the physiological aspects of this 
tolerance during the nursery phase. Allied to this fact is the absence of research with mineral nutrition in it, 
especially in relation to potassium and its effects on plant growth and physiology. 

Thus, the present aimed to investigate the gas exchange, growth and biomass production of young ‘faveleira’ 
plants exposed to different water conditions and fertilized with potassium. 

2. Method 
The experiment was carried out in a greenhouse at the Unidade Acadêmica de Engenharia Florestal, 
Universidade Federal de Campina Grande, Patos, Paraiba State, Brazil (7o03′34″ S and 37o12′30″ W, 260 m). 
According to Köppen’s classification, the climate of the region is BS'h'type, semi-arid, with an annual average 
temperature above 25 °C and an average annual rainfall of less than 1,000 mm/year, with irregular rains. 

For the composition of the substrate, a soil of subsoil was collected at the Nupearido Farm (UFCG), whose 
classification is lithofolic Neosol, textural class Sand Free, with the following fertility characteristics, at 0-30 cm 
depth: pH (CaCl2 0, 01 M) 5.0; P 4.5 μg dm-3; Ca 5.1 cmolc dm-3; Mg 1.9 cmolc dm-3; K 0.17 cmol-dm-3; Na 
0.57 cmol-dm-3; H + Al 3.1 cmolc dm-3; CTC 10.84%; V 71.4%. Regarding the physical characteristics, the soil 
presented sand, silt and clay, respectively, 780, 100 and 120 g kg-1. 

Before sowing, the soil was fertilized with 50 mg dm-3 N and 250 mg dm-3 P (Furtini Neto et al., 1999). 
Potassium fertilization was performed according to the treatments, with half of the dose applied to the cover and 
the remainder, thirty days after. 

After breaking the integumentary dormancy, the seeds were sown in black plastic bags containing 5 kg of soil (3 
seeds per bag). At the fifteenth day after emergence (DAE), thinning was performed, leaving only one plant per 
bag, taking care to maintain the greatest possible uniformity in relation to height, stem diameter and leaves 
number. 

The irrigation was performed once a day, trying to keep the substrate humidity close to 100% of the pot capacity 
(pc), determined by weighing. 

After 30 days of thinning (45 DAE), treatments were started, consisting by a 3 × 4 factorial scheme, 
corresponding to three doses of K (0 (control), 97.5 and 195 mg dm-3 K) and four water levels (100% (control), 
75%, 50% and 25% of pot capacity). 

On the day of the beginning of the treatments, four plants were collected for the determination of initial height 
(IH). At 150 DAE, leaves were collected, scanned in a table scanner and, using the DAD (Digital Area 
Determiner) software, the leaf area (LA) was determined (Ferreira et al., 2008). After the scanning, leaves, stem 
and roots wete taken to oven drying at 65 oC during 72 hours. They were then weighed to determine the dry mass 
of these components. The absolute growth rate (AGR) was determined using the equation: AGR = (FH – IH)/ΔT, 
where, FH, IH, and ΔT correspond respectively to the final height, initial height and time interval between 
measurements. 

The transpiration rate (E), stomatal conductance (gs), photosynthesis rate (A) and internal CO2 concentration (Ci) 
were measured using the LCpro-SD portable photosynthesis analyzer (ADC BioScientific Ltd.). These readings 
were performed on fully expanded leaves, inserted in the second node from the apex of the plants, between 10:00 
and 11:00 AM. The intrinsic water use efficiency (A/E) and A/Ci were calculated. The photosynthetically active 
radiation (PAR) of the equipment was adjusted to 1200 μmol m-2 s-1. 

After the stomatal evaluations, the leaves were harvested for the determination of leaf water potential (Ψw) using 
the pressure pump (Scholander et al., 1965). 

The experiment was distributed in a completely randomized design, with four replicates and two plants per 
experimental unit. The data were submitted to ANOVA, and the Tukey’s test was used for means comparation at 
α ≤ 0.05. We used the Assistat statistical package version 7.7 Beta (Silva & Azevedo, 2016). 

3. Results and Discussion 
3.1 Water Potential and Gas Exchange 

There was a significant effect of the treatments on the parameters evaluated, except A/E, Ci, and A/Ci. 
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The Ψw enhanced as the K increased (Table 1), and was accompanied by increase in E, from 2.96 to 5.32 mmol 
m-2 s-1, respectively in 0 and 195 mg dm-3 K, corresponding to an 80% increase. In relation to gs, an increase 
(45%) was also observed, a behavior similar to that obtainded in A, which increased by 47%, when compared to 
the same treatments mentioned above. 

The increase in Ψw of the plants evidences the performance of this ion as an osmotic agent, guaranteeing the 
maintenance of water absorption by plants (Silva et al., 2013). Positive effects of K addition, raising gs, E and A, 
were ratified by Pasquini and Santiago (2012) in Alseis blackiana, indicating that stomatal functioning is favored 
by nutrient availability, allowing greater gas exchange between the plant and environment. Such changes have 
positive effects on the growth of seedlings and seedlings in response to fertilization, according to these authors. 

As for the water treatments, there was a reduction in Ψw as the water levels provided to the plants decreased, 
interfering negatively in the behavior of the stomata (Table 1). Comparing the 100% and 75% pc, it was 
observed that there was no significant difference in the values of E, gs and A, evidencing that the physiology of 
the stomata of the faveleira plants was not altered by the reduction of the water level from 100 to 75% cv. 
However, below this value, stomata closure began, and at the lowest water level (25% pc), E, gs and A 
corresponded, respectively, to 66, 47 and 47% of those verified in the treatment with the highest values (75% pc). 
It can be seen that gs and A of the plants have been shown to be more sensitive to water deficit than E. 

 

Tabel 1. Water leaf potential (Ψw), transpiration rate (E), stomatal conductance (gs) and photosynthesis rate (A) 
of ‘faveleira’ plants fertilized with K and under water deficit 

K (mg dm-3) Ψw (MPa) E (mmol m-2 s-1) gs (mol m-2 s-1) A (µmol m-2 s-1) 

0 -1.25 b 2.96 b 0.11 b 4.84 b 

97.5 -0.91 a 4.58 a 0.13 ab 6.25 a 

195 -0.81 a 5.32 a 0.16 a 7.11 a 

Water (% pc) Ψw (MPa) E (mmol m-2 s-1) gs (mol m-2 s-1) A (µmol m-2 s-1) 

100 -0.84 a 5.12 a 0.17 a 7.61 a 

75 -0.82 a 5.16 a 0.17 a 7.88 a 

50 -0.94 b 3.44 b 0.10 b 5.02 b 

25 -1.51 c 3.40 b 0.08 b 3.75 b 

Note. Means followed by equal letters in the columns do not differ from each other by the Tukey test (P ≤ 0.05). 

 

The relationship between water deficit and the physiological processes controlled by stomata is well established. 
The decrease in water availability to plants promotes a reduction in Ψw, compromising the cellular turgescence, 
including the stomata guard cells, promoting their closure (Flexas et al., 2004). Thus, transpiration is reduced, 
which may represent a strategy of the plants to avoid excessive dehydration of their tissues (Albuquerque et al., 
2013), which can negatively affect several metabolic processes, leading to their death. 

The decrease in stomatal conductance is a tool to evaluate the degree of water stress to which the plant is 
submitted due to its sensitivity to changes in the water status of the plants (Eksteen et al., 2013). Changes in 
stomatal conductance in response to environmental and physiological signals represent the primary form of 
plants to regulate gas exchange and water flow, with changes in hydraulic conductivity in the short-term 
soil-plant-atmosphere continuum (Torres-Ruiz et al., 2015; Fernandes-Silva et al., 2016). 

The stomatal limitation to gas exchange has direct reflexes in photosynthesis by reducing the availability of CO2 
to ribulose-1,5-bisphosphate carboxylase/oxygenase enzyme (Rubisco) (Pinheiro & Chaves, 2011), affecting its 
activity. However, this process can also be affected by non-stomatal factors, such as damage to the 
photosynthetic system due to the de-structuring of thylakoid membranes (Dias & Brüggermann, 2010); and in 
regeneration rate of the Rubisco enzyme (Flexas et al., 2004), and the regeneration of RuBP (Boussadia et al., 
2008).  

3.2 Growth Parameters 

There was no significant effect of potassium fertilization on the analyzed parameters, except in the dry mass of 
the roots. In relation to water treatments, the reduction in water availability to the plants promoted a progressive 
reduction in all analyzed parameters.  
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The water deficiency imposed by the decrease in the water supply was more detrimental to the height of the 
plants than to the diameter of the stem (Table 2). When 75%, 50% and 25% pc water was supplied, the plant 
height corresponded to 79, 68 and 55% of that obtained in the control treatment plants, respectively. In this same 
sense, the stem diameter was 90, 86 and 75%. Thus, the water deficit caused the production of smaller plants, but 
more vigorous due to the larger stem diameter.  

Regarding the leaf area, the reduction in water availability drastically reduced this component (Table 2). Plants 
submitted to 75 and 50% pc presented a 25% reduction in leaf area, compared to the control treatment plants 
(100% pc) at the highest water restriction produced less than half of the leaf area of the control treatment plants. 
As a reflection of this reduced leaf area, and consequently A, the AGR was extremely low. The plants that 
received only 25% pc presented about 1/3 of the AGR of well-irrigated plants (100% cv).  

 

Table 2. Height (H), stem diameter (D), leaf area (LA) and absolute growth rate (AGR) of ‘faveleira’ plants 
fertilized with K and under water deficit 

Water (% pc) H (cm) D (mm) LA (cm2 planta-1) TCA (cm dia-1) 

100 20.2 a 10.9 a 925.8 a 0.09 a 

75 16.0 b 9.8 b 706.4 b 0.06 b 

50 13.7 c 9.4 b 699.9 b 0.05 c 

25 11.2 d 8.2 c 435.0 c 0.03 d 

Note. Means followed by equal letters in the columns do not differ from each other by the Tukey test (P ≤ 0.05). 

 

The effects of reduced water availability on plant growth are widely reported in the literature and the degree of 
injury varies with plant species and water level. The effects of low water availability on the growth of riparian 
tree species (two native and three exotic species), Perry et al. (2013) verified a reduction of 70-97% in the 
biomass of the seedlings, and native species were more impaired than the exotic species. In mutambo plants 
(Guazuma ulmiflora Lam.), Scalon et al. (2011) verified a reduction of 50% in the plants height submitted to 
treatments with less water availability (25 and 12.5% cc (field capacity)), compared to 100 and 50% cc, at 35 
days of water treatment. These authors also verified that the stem diameter of the seedlings maintained at 12.5% 
cc was halved, in relation to the treatments mentioned above, also at 35 days.  

According to Table 3, there was no significant difference between treatments 100 and 75% pc, in relation to total 
dry mass, leaves and roots dry mass. However, as the amount of water supplied to the plants decreased, there 
was a decrease in dry mass production. From the analyzed components, the stem dry mass was more impaired, 
followed by shoot, roots and leaves, with reduction rates of 75, 63, 60 and 41%, respectively, when comparing 
25% cv treatment plants with of the control (100% cv). 

 

Tabela 3. Stem, leaves, shoot, roots, and total dry mass of ‘faveleira’ plants fertilized with K and under water 
deficit 

Water (% pc) 
Dry mass (g) 

Stem Leaves Shoot Roots Total 

100 5.3 a 2.9 a 8.2 a 82.9 a 91.1 a 

75 3.2 b 2.6 a 5.8 b 77.8 a 83.6 a 

50 2.7 b 2.3 b 5.0 b 39.9 b 44.9 b 

25 1.3 c 1.7 b 3.0 c 33.5 b 36.5 b 

Note. Means followed by equal letters in the columns do not differ from each other by the Tukey test (P ≤ 0.05). 

 

Nascimento et al. (2011) verified in Hymenaea courbaril that the water stress reduced the plant dry mass. These 
authors also verified that when the plants were submitted to the water level of 25% pc, there was decrease in 
leaves, stem, roots, and total dry mass, around 77, 71, 70 and 70%, respectively, when compared to the treatment 
100% pc.  

The reduction in plant growth caused by the water deficit is due to the decrease in the turgescence of the cells, 
resulting in a decrease in the elongation and, consequently, in the cell multiplication (Padilha et al., 2016). 
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However, this inhibition of growth may help the plant to economize and better distribute the resources 
(carbohydrates) that become scarce under conditions of water stress (Muller et al., 2011). 

With the reduction in the amount of water supplied to the plants and consequently in the leaf water potential, 
stomatal closure occurred, directly interfering with the opening of the stomata, with a decrease in transpiration, 
stomatal conductance and photosynthesis rate (Table 1). These results explain the fact of the decrease in growth 
(Table 2) and dry matter production of the faveleira plants (Table 3). 

The potassium supply increased dry mass production in the roots (Table 4). There was a 16 and 25% increase in 
roots dry biomass in plants that received 97.5 and 195 mg dm-3 K, respectively, in relation to the control 
treatment. In order to maintain cell turgescence, potassium, which acts as an osmotic agent (Silva et al., 2013), 
promoted an increase in water uptake, ensuring greater cell growth and dry mass accumulation in the roots.  

 
Table 4. Roots dry mass of ‘faveleira’ plants fertilized with K 

K (mg dm-3) Roots dry mass (g) 
0 49.7 c 

97.5 58.9 b 

195 67.1 a 

Note. Means followed by equal letters in the columns do not differ from each other by the Tukey test (P ≤ 0.05). 

 

4. Conclusions 
Potassium supported leaf water potential, plant gas exchange and root growth.  

Decrease in water supply reduced leaf water potential, directly interfering in the stomatal behavior, promoting 
reduction in plant growth. However, water can be supplied up to 75% pc, because below this value plants can 
enter water stress. 
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