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RESUMEN. Este trabajo se realizó con el objetivo de evaluar 
el efecto del QuitoMax® en diferentes variables fisiológicas 
en plantas de frijol (Phaseolus vulgaris L) sometidas a dos 
regímenes de riego. Se utilizó la variedad de frijol negro  
 ̏Tomeguín ̋ sembradas en canaletas de hormigón de 2,60 m de 
largo por 0,60 m de ancho, en las que se colocaron dos hileras 
separadas a 0,40 m y una separación entre plantas de 0,11 cm 
para un total de 44 plantas por canaleta, cada tratamiento contó 
con tres réplicas. Los tratamientos fueron: 100 (T100) por 
ciento de la ETc. (Evapotranspiración estándar del cultivo) y el 
50 (T50) por ciento de la ETc, contándose en cada tratamiento 
de riego con una variante en la que se aplicaron 200 mg ha-1 
de QuitoMax® a los 20-25 días posteriores a la siembra y una 
dosis similar al inicio de la floración y otra en la que no se 
aplicó el bioestimulante. Las evaluaciones realizadas fueron 
los potenciales hídrico foliar, osmótico actual, osmótico 
saturado, contenido relativo de agua, conductancia estomática, 
clorofilas a, b y totales y en unidades SPAD, se observaron 
los estomas, y se estimó el potencial de turgencia a partir 
de los potenciales hídrico foliar y el osmótico actual. Los 
resultados indicaron en primer lugar, que las plantas de frijol 
(Phaseolus vulgaris L.) se ven afectadas al ser sometidas a 
un régimen de riego insuficiente y en segundo lugar que las 
dos aplicaciones de QuitoMax®, fueron capaces de atenuar 
los efectos de la deficiencia de agua.

ABSTRACT. This work was carried out with the 
objective to evaluate the effect of QuitoMax® on different 
physiological variables in bean plants (Phaseolus vulgaris L)  
conducted under two irrigation regimes. The black bean, 
variety ̏  Tomeguín ̋  was planted in concrete gutters of 2,60 m  
long by 0,60 m wide, in which two separate rows were 
placed at 0,40 m and a plant spacing of 0,11 cm for a total 
of 44 plants per channel, each treatment counted on three 
replicates. The treatments were: 100 (T100) percent of 
the ETc. (Standard crop evapotranspiration) and 50 (T50) 
percent of ETc, counting in each irrigation treatment with a 
variant in which 200 mg ha-1 of QuitoMax® were applied at 
20-25 days after sowing and a dose similar to the beginning 
of flowering and another dose in which the biostimulant 
was not applied. The evaluations were leaf water potential, 
current osmotic and saturated osmotic potentials, relative 
water content, stomatal conductance, total chlorophylls a 
and b and in SPAD units, the stomata were observed, and 
also turgor potential is estimated from the leaf water and 
osmotic potentials. The results indicated first, that bean 
plants (Phaseolus vulgaris L.) are affected when subjected 
to a regime of insufficient irrigation and secondly, that the 
two applications of QuitoMax® were able to attenuate the 
effects of water deficiency.

Instituto Nacional de Ciencias Agrícolas. Gaveta Postal 1, San José de 
las Lajas, Mayabeque, Cuba, CP 32700 
) dmorales@inca.edu.cu

INTRODUCTION
The common bean (Phaseolus vulgaris L.) is 

a very important grain legume in the Americas and 
parts of Africa where it serves as a vital source of 
proteins, vitamins and mineral nutrients (1).
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The adequate management of the nutrition 
of the plants and the efficient control of the 
pests that affect them, constitute two essential 
e lements to obtain a high product iv i ty and 
quality of the agricultural production, as well as, 
that the indiscriminate application of chemical 
products can cause damages to the environment, 
create resistance on the part of phytopathogenic 
microorganisms and cause harm to human health (2).  
The practice of biocontrol of diseases in vegetables 
shows a viable alternative in relation to the 
traditional chemical method.

The sustainable management of soil fertility is 
one of the main concerns of several researchers (3),  
given the adverse impact and ecological threats posed 
by the use of conventional chemical fertilizers (4).  
In this context, biostimulants represent an interesting 
alternative. They consist of various substances and 
microorganisms that are used to improve the growth 
and development of plants (5).

Among the products studied for the biocontrol, 
the polysaccharide of chitosan found naturally in 
the cell wall of some fungi and which has been 
obtained commercially from chitin, stands out for its 
biocompatibility, biodegradability, low toxicity, high 
bioactivity and microbial activity. (6), positive results 
in the use of biostimulants have been verified in 
several investigations, among them those carried 
out in Vigna unguiculata (7).

Although the mechanisms by which chitosan 
stimulates the growth and development of plants 
are not exactly known, it has been suggested that 
they are involved in physiological processes, such 
as avoiding water losses through transpiration (8).  
In this sense, the presence of stomatal closure 
in plants spr inkled with chi tosan has been 
demonstrated, which suggested that the stimulating 
effect of growth after stomatal closure could be 
related to an antiperspirant effect in the plant (9,10), 
pointing out that foliar application of chitosan in 
potato reduced the effects of water stress (11). 

On the other hand, i t  has been pointed 
out from the results found in the cultivation of 
beans (Phaseolus vulgaris L.), that one of the 
aspects through which chitosan was influencing 
the reduction of perspiration is that this product 
increases the levels of abscisic acid (ABA) in the 
treated leaves, which activates the partial closure 
of the stomata (12).

Taking into account the aforementioned, the 
present work was carried out with the objective 
of evaluating the QuitoMax® effect on different 
physiological variables in bean plants (Phaseolus 
vulgaris L.) subjected to two irrigation regimes.

MATERIALS AND METHODS
The work was carried out during the months 

of January to April 2013 in the central area of the 
National Institute of Agricultural Sciences (INCA), 
for which 12 concrete gutters of 2,60 m long  
and 0,60 m wide were planted ( 1,56 m2) that contained 
Ferralitic Red Leached soil (13). In each gutter, 44 
black bean plants of the variety “Tomeguín” were 
planted in two separate rows at 0,40 m and a spacing 
between plants of 0,11 m.

Two irrigation treatments were used, in each of 
them two QuitoMax® applications were carried out at 
a rate of 200 mg ha-1, the first at 22 days after sowing 
and the second at 39 days coinciding with the start 
of flowering, as well as, there were two treatments in 
which the product was not applied, giving rise to four 
treatments distributed according to an experimental 
design of random blocks with three repetitions (three 
gutters per treatment). The treatments tested were:
T100, irrigated at 100 percent of the ETc. (Standard 
crop evapotranspiration)
T50, irrigated at 50 percent of the ETc.
T100 + QuitoMax®

T50 + QuitoMax®

The irrigation was applied by means of an 
automated micro spray system and the water 
delivery was controlled by valves placed in each 
treatment.

Evapotranspiration of the reference culture 
(ETo) was calculated using data from a nearby 
meteorological station (approximately 200 m from 
the experiment) and the FAO Penman-Monteith 
method (14) was used. The crop evapotranspiration 
under standard conditions (ETc.) was calculated by 
the following equation:

Etc. = ETo* Kc. [1]

where: 
Etc. Culture evapotranspiration [mm d-1],
Kc Crop coefficient [dimensionless],
ETo Evapotranspiration of the reference culture [mm d-1]
The Kc cultivation coefficients used were the following:

Kc initial = 0,15; Kc medium = 1,10 and Kc. final = 0,65

The irrigation was applied by means of an 
automated micro spray system and the water delivery 
was controlled by valves placed in each treatment.

During the period between January 21 and 26,  
irrigation was 3 mm per day in all treatments 
to ensure homogeneous germination and initial 
growth. From that moment, irrigation was applied 
according to each treatment. Effective rainfall was 
considered when this was greater than 3 mm. Other 
cultural attentions were performed equally in both 
treatments.
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The plotted data of the maximum, minimum, 
solar radiation and rain temperatures correspond 
to the decennial values obtained.

Soil moisture (%) was determined weekly, using 
a TDR (Time Domain Reflectrometry) Field Scout 
TDR 100 System, Spectrum Technologies, Inc, 
in each treatment 30 measurements were made  
(ten in each container) at 20 cm of depth.

Evaluations

The leaf water potential (Ψw) was determined 
with a pressure chamber (Soil Moisture Equipment 
Co Santa Barbara USA). The leaves used for the 
dew measurements were frozen in liquid nitrogen, 
then defrosted and the osmotic potential (Ψs) was 
determined, using a Wescor 5500 vapor pressure 
osmometer (Wescor, Logan, USA). The pressure 
potential (Ψp) was estimated as the difference 
between Ψw and Ψs.

For the measurement of the osmotic potential 
at maximum saturation (Ψos) the leaves were 
hydrated for 24 hours by placing their petioles in a 
container with distilled water, covered with parafilm 
paper and placed at low temperatures in a domestic 
refrigerator, subsequently frozen in liquid nitrogen 
and the same procedure applied to determine the 
Ψs was followed.

For the determination of the Relative Water 
Content (CRA), ten leaves were taken per treatment 
at 11:00 am to which the fresh mass (MF) was 
determined, then hydrated for 24 hours following 
the same procedure used to obtain it. After that 
time, the Saturated Mass (MFS) was determined 
before placing them in a stove at 80 oC until 
reaching a constant weight (MS). The CRA was 
calculated according to the following expression:

CRA=MF-MS/MFS-MS

Stomatal conductance was determined at two 
stages of plant development. The measurements 
w e r e  t a k e n  a t  11 : 0 0  a . m .  w i t h  a n  A P 4 
dissemination porometer in leaves well exposed 
to the sunlight of the upper third of the plants. 
A determination of the chlorophyll content were 
made using a chlorophyll meter SPAD-502 PIus, 
Minolta brand, standard model; which by reading 
the absorbances of the leaf in the red and near 
the infrared regions, calculates a numerical value 
in SPAD units that is proportional to the amount of 
chlorophyll.

Chlorophylls a, b and total were determined 
using the acetone extraction method, performing the 
absorbance determinations in the spectrophotometer 
at wavelengths of 660 and 642,5.

To observe the stomata, a sampling was made 
41 days after sowing, taking leaves from the upper 
part of the plant, making the observations in the 
central part of the leaflet and on both sides of 
the main rib; the process consisted in making a 
scraping on the leaf adaxial side, once obtained the 
epidermal leaf was placed on a slide, with a drop of 
toluidine blue, for five minutes. Subsequently, two 
washes of five minutes each were made, a drop of 
glycerin was placed and a coverslip was placed.

The samples were observed in a light optical 
microscope (Zeiss) and photographed with a 
camera (Motic) coupled to it.

The cultural and phytosanitary tasks were 
carried out according to what was stated in the 
Technical Guidelines for the cultivation of beans (15).

For the processing of the data and the 
comparison of means at the evaluated moments, 
the Statistical Program SPSS 19.0 for Windows (16) 
was used. The figures with the results were made 
using the SIGMA PLOT 11.0 program.

RESULTS AND DISCUSSION
The temperature and rainfall data show that 

the experimental period was characterized by 
being relatively hot and dry, as can be observed in  
(Figures 1A and C), mainly because the minimum and 
maximum temperatures had very little variation and 
their ranges of values were between 16 and 18 ºC  
minimum, between 26 and 30 ºC maximum and 
accumulated rainfall was 77 mm equivalent to  
only 6,4 mm per week.

On the other hand, solar radiation showed a 
range of values between 19 and 28 Mj m-2 d-1 and 
the highest values were presented at the end of 
the experiment. Cumulative climatic water demand 
(ETo) in the period was 327 mm, which represents 
an average daily evapotranspiration of 5 mm.

 In general, except the temperatures that were 
relatively warm, although it is suggested that the 
beans can be grown with average temperatures 
ranging from 15 to 27 ºC, with an optimum  
of 25 ºC (17), although in other works it has been 
found that the beans supports up to 50 °C without 
damage to its cells (18). The precipitation and 
ETo values are typical of the months in which the 
experiment was carried out.

Climate components play an important role 
in the life of living organisms and of nature as a 
whole (19,20), which is why it has been suggested 
that the direct impacts of climate change on 
natural, economic and social systems, due to high 
temperatures and changes in rainfall patterns, they 
are increasingly evident, with the primary production 
sector being one of the most negatively affected.
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Air temperature (oC), solar radiation (MJ m-2 d-1), rain, accumulated rain (mm) and accumulated standard Evapotranspiration (ETo) (mm)

Figure 1. Environmental conditions during the experimental period
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Figure 2 shows the variations in the moisture 
content of the soil, where it was observed that in 
the irrigation treatments T100 and T100+QuitoMax® 
the soil moisture always remained above 27 % and 
at 40 DAS it reached maximum values of around 
46 % with very little difference between the two.

As for T100 and T100+QuitoMax®, the values 
of this variable were between 20 and 30 % and only 
differences between them were found from the 40 
DAS. These results show the effect of the irrigation 
treatments applied to the crop.

The leaf water potential showed a different 
response only after eight days of the highest 
values applied in the plants that received a 
better water supply (Figure 3A).It is appreciated 
that the differences between the treatments 
were maintained until 20 days after the product 
appl icat ion showing the greatest  potent ia l  

in the best-supplied plants without the addition of 
QuitoMax® with difference that under this same level 
of soil moisture was received the product dose, a 
similar response showed the treatments with less 
water supply, but with a differentiated potential 
higher in the plants treated with the biostimulant. 
These results confirm those raised by other authors 
who have pointed out the potential of chitosan in 
adverse conditions of different origin (21,22).

The current osmotic potential differentiated the 
response of the plants in two well-defined groups 
according to the water availability with which the 
plants counted but with no difference between the 
two treatments in each of the cases (Figure 3B), an 
issue that must be given by a higher concentration 
of solutes in these plants due to less hydration of 
their tissues, as could be seen in the behavior of 
the leaf water potential.
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The bars above the mean values represent the confidence interval of the means, α = 0,5

Figure 2. Seasonal variation of soil water content in treatments at 20 cm depth

The bars above the mean values represent the confidence interval of the means, α = 0,5

Figure 3. Leaf water potential (A), osmotic potential (B), turgor potential (C) and saturated osmotic potential 
in bean plants treated with QuitoMax® and subjected to two levels of water supply
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The bars above the mean values represent the confidence interval of the means, α = 0.5

Figure 4. Stomatal conductance (A) and relative water content (B) in bean plants treated with QuitoMax® 
and subjected to two levels of water supply
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On the other hand, the turgor potential showed 
a similar behavior between the best supplied water 
treatments and that with the 50 % reduction of the 
available water received the QuitoMax® applications 
without differences between them (Figure 3C), 
which they were differentiated from the less supplied 
with water and without the biostimulant, ratifying 
the criterion of the positive effects of the chitosan 
derivatives before adverse conditions for the plants.

The saturated osmotic potential, although after 
eight days of taxes, the treatments did not show a 
very different behavior among them (Figure 3D), 
from that moment on they began to differentiate and 
in the last evaluation a clear difference between the 
treatments better supplied with water and those less 
favored was evidenced, with differences in this last 
condition between the treaty with the biostimulant and 
the one that was not treated, differences that seem 
to indicate the presence of an osmotic adjustment 
or perhaps a strong stomatal regulation as a way to 
avoid water losses via transpiration. 

This plant response could be related to the 
synthesis of abscisic acid (ABA) that occurs when 
they are in the presence of this type stress (23), 
a question that has been raised by other authors 
who have reported that it has been shown that 
drought causes an increase in the biosynthesis and 
accumulation of ABA by activating the genes that 
code for the enzymes involved in the biosynthesis 
of this hormone. This increase in ABA is the signal 
that allows amplifying other signaling cascades that 
apparently regulate the water balance in the plant 
and tolerance to stress. In this way, the synthesis and 
regulation of this bioregulator constitutes a response 
mechanism to the water deficit of the soil.

Stomatal conductance measured at two stages 
of crop development showed the lowest values 
in the treatment that received 50 % of the water 
needed to cover its evaporative demand (Figure 4A),  
while this variable was favored with the application 
of QuitoMax® to reflect these treatments values 
higher or similar to that of the plants that received 
100 % of water. 

On the other hand, the Relative Water Content 
measured in four stages of the crop development 
until 49 days after sowing (Figure 4B), showed the 
tendency to decrease as the plants were aging, 
as well as the values extremes were found in 
the treatments that did not receive biostimulant 
applications, while the behavior of the plants treated 
with the product was similar until 41 days; moment 
from which all the treatments were differentiated 
from each other with the highest values in the 
treatments with greater water availability in the 
soil, occupying an intermediate position those who 
received the QuitoMax® applications.

The behavior of these variables in different water 
conditions in the soil is well known for different types 
of plants as well as for beans in which a reduction 
in stomatal conductance has been found as a result 
of the stomatal regulations that occur when the 
water availability in the soil constitutes a limitation 
for the proper development of plants (24,25).  
This explains, as has been suggested, from studies 
carried out with different varieties of Phaseolus 
vulgaris and Vigna unguiculata, respectively, 
which under these conditions produces a reduction 
in stomatal  conductance, t ranspirat ion and 
photosynthesis.
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The bars above the mean values represent the confidence interval 
of the means, α = 0.5

Figure 5. Total chlorophylls in bean plants treated 
with QuitoMax® and subjected to two 
levels of water supply

The bars above the mean values represent the confidence interval of the means, α = 0.5

Figure 6. Chlorophyll a (A), chlorophyll b (B), total chlorophylls (C) and chlorophyll a/b ratio (D) in bean 
plants treated with QuitoMax® and subjected to two levels of water supply
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This paper highlights the treatments with the 
application of biostimulant in which this variable 
was favored and probably other processes related 
plants with respect to reduced availability of water 
in the soil without the biostimulant application.

The total chlorophylls measured at different 
development times of the plants reflected a similar 
behavior among all the treatments, since there were 
no differences between them and at the moments 
when the values were more distant, the differences 
did not exceed 0.2 SPAD Units (Figure 5).

This result indicates that the plants in general 
were sufficiently supplied with nutrients, mainly 
nitrogen, so the availability of nutrients was not a 
limitation for their normal development.

On the other hand, it can be inferred that the 
photosynthetic system of the leaves maintained its 
integrity, thus guaranteeing favorable conditions 
for the development of the plants, aspects that 
have been pointed out by other authors from works 
carried out in Coffea canephora Pierre (26).

As shown in Figure 6A, chlorophyll a showed 
di fferences between the t reatments wi th a 
descending behavior from the plants well supplied 
with water to those moderately supplied, with 
differences in turn among those that even when 
receiving the QuitoMax® applications had different 
water content in the soil, while chlorophyll b showed 
a similar behavior among the treatments, although 
with higher values in the treatments better supplied 
with water and with the lowest value in which the 
biostimulant was not received and had a lower 
amount of water. (Figure 6B)

When evaluating the behavior of the total 
chlorophylls it was possible to appreciate that 
all the treatments were different from each other 
(Figure 6C), showing a concordant response with 
that shown by chlorophyll a, which indicates that it 
was this type of chlorophyll that made the greatest 
contribution to total chlorophylls.
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Figure 7. Status of stomata in bean plants treated with QuitoMax® and subjected to two levels of 
water supply
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On the other hand, the chlorophyll a/chlorophyll 
b ratio followed the same behavior as chlorophyll a, 
showing the highest value in the plants that did not 
lack water during the crop cycle (Figure 6D), followed 
by the treatments sprinkled with QuitoMax® and the 
lower ratio in the treatment without product and with 
less water availability. In general it can be said that the 
ratio between both types of chlorophyll was not high.

It has been shown that the water deficit causes 
a decrease both in the growth and development 
of the plants, as well as in the chlorophyll content 
(27,28) as well as in the chlorophyll a/chlorophyll b 
ratio, indicating that this decrease in the proportion 
between both chlorophyll types may be related to 
stomatal limitations (24).

When observing the status of the stomata 
in the different treatments used, it could be 
seen that they present a very similar state, 
where there seems to be an incipient degree of 
openness, which could be related to the different 
degree of polymerization and acetylation of  

the chitosan used or with the doses of QuitoMax® used, 
which in general were low in relation to those used 
by other authors who have found that the chitosan 
application stimulates the stomatal closure and 
therefore exerting an antiperspirant effect (9,10, 29),  
although it is noteworthy that other authors in works 
carried out in Glycine max and in Zea mays reported 
that chitosan stimulated stomatal opening and 
transpiration (30).

CONCLUSIONS
 ♦ In conclusion, it can be pointed out that QuitoMax® 

applied at two stages of the crop development at a 
dose of 200 mg ha-1 favors the water status of the 
plants grown under conditions of water deficiency 
in the soil.

 ♦ On the other hand, it is suggested to continue the 
studies related to this subject taking into account 
that QuitoMax® could be a promising material used 
to reduce the harmful effect of water stress in plants.



100

Donaldo Morales Guevara, José Dell’Amico Rodríguez, Eduardo Jerez Mompie, Pedro Rodríguez Hernández, /et. al/

BIBLIOGRAPHY
1. Dorcinvil R, Sotomayor-Ramírez D, Beaver J. Agronomic 

performance of common bean (Phaseolus vulgaris L.) li-
nes in an Oxisol. Field Crops Research. 2010;118(3):264–
72. doi:10.1016/j.fcr.2010.06.003

2. Ramos LR, Montenegro TC, Pereira N. Empelo del 
quitosano en agricultura. Revista Iberoamericana de 
Polímeros. 2011;12(4):195–215. 

3. Le Mire G, Luan Nguyen M, Fassotte B, du Jardin P, 
Verheggen F, Delaplace P, et al. Review: implementing 
plant biostimulants and biocontrol strategies in the 
agroecological management of cultivated ecosystems. 
Biotechnology, Agronomy, Society and Environment. 
2016;20(Suppl.1):299–313. 

4. Wezel A, Casagrande M, Celette F, Vian J-F, Ferrer A, 
Peigné J. Agroecological practices for sustainable agricul-
ture. A review. Agronomy for Sustainable Development. 
2014;34(1):1–20. doi:10.1007/s13593-013-0180-7

5. Calvo P, Nelson L, Kloepper JW. Agricultural uses of 
plant biostimulants. Plant and Soil. 2014;383(1–2):3–41. 

6. Falcón-Rodríguez A, Costales-Menéndez D, Martínez-
Téllez MÁ, Ann-Gordon T. Respuesta enzimática y 
de crecimiento en una variedad comercial de tabaco 
(Nicotiana tabacum, L.) tratada por aspersión foliar 
de un polímero de quitosana. Cultivos Tropicales. 
2012;33(1):65–70. 

7. de Oliveira F de A, de Medeiros JF, de Oliveira MKT, 
Souza AAT, Ferreira JA, Souza MS. Interação en-
tre salinidade e bioestimulante na cultura do feijão 
caupi. Revista Brasileira de Engenharia Agrícola 
e Ambiental. 2013;17(5):465–71. doi:10.1590/
S1415-43662013000500001

8.  Kim S-K. Chitin, chitosan, oligosaccharides and their 
derivatives: biological activities and applications. Boca 
Raton, Fla - London: CRC Press - Taylor & Francis Group; 
2011. 643 p. 

9. Bittelli M, Flury M, Campbell GS, Nichols EJ. Reduction 
of transpiration through foliar application of chitosan. 
Agricultural and Forest Meteorology. 2001;107(3):167–
75. doi:10.1016/S0168-1923(00)00242-2

10. Safaei Z, Azizi M, Maryam Y, Aroiee H, Davarynejad G. 
Effect of Different Irrigation Intervals and Anti-Transpirants 
Compounds on Yield and Yield Components of Black 
Cumin (Nigella Sativa). International Journal of Advanced 
Biological and Biomedical Research. 2014;2(0):326–35. 

11. Iriti M, Picchi V, Rossoni M, Gomarasca S, Ludwig N, 
Gargano M, et al. Chitosan antitranspirant activity is due to 
abscisic acid-dependent stomatal closure. Environmental 
and Experimental Botany. 2009;66(3):493–500. 
doi:10.1016/j.envexpbot.2009.01.004

12. Jiao Z, Li Y, Li J, Xu X, Li H, Lu D, et al. Effects of 
Exogenous Chitosan on Physiological Characteristics of 
Potato Seedlings Under Drought Stress and Rehydration. 
Potato Research. 2012;55(3–4):293–301. doi:10.1007/
s11540-012-9223-8

13. Hernández JA, Pérez JJM, Bosch ID, Castro SN. 
Clasificación de los suelos de Cuba 2015. Mayabeque, 
Cuba: Ediciones INCA; 2015. 93 p. 

14. Allen RG, Pereira LS, Raes D, Smith M. Evapotranspiración 
del cultivo: Guías para la determinación de los requeri-
mientos de agua de los cultivos [Internet]. Rome, Italy: 
FAO; 2006 [cited 2017 Feb 16]. 299 p. (Estudio FAO 
Riego y Drenaje). Available from: http://www.fao.org/
docrep/009/x0490s/x0490s00.htm

15.  Instituto de Investigaciones Hortícolas. Guía Técnica 
para el cultivo del frijol. La Habana, Cuba: Liliana 
Dimitrova; 2000. 38 p. 

16. IBM Corporation. IBM SPSS Statistics [Internet]. Version 
19.0. U.S: IBM Corporation; 2010. Available from: http://
www.ibm.com

17. Barrios EJ, López C, Kohashi J, Acosta JA, Miranda S, 
Mayek N. Avances en el mejoramiento genético del frijol 
en México por tolerancia a temperatura alta y a sequía. 
Revista Fitotecnia Mexicana. 2011;34(4):247–55. 

18. Castro-Nava S. Temperatura óptima y etapa fenoló-
gica para determinar la termoestabilidad de la mem-
brana celular en maíz y frijol. Phyton (Buenos Aires). 
2013;82(2):249–54. 

19. Lal R, Delgado JA, Gulliford J, Nielsen D, Rice CW, 
Pelt RSV. Adapting agriculture to drought and extre-
me events. Journal of Soil and Water Conservation. 
2012;67(6):162A–166A. doi:10.2489/jswc.67.6.162A

20. Al-Kaisi MM, Elmore RW, Guzman JG, Hanna HM, 
Hart CE, Helmers MJ, et al. Drought impact on crop 
production and the soil environment: 2012 experiences 
from Iowa. Journal of Soil and Water Conservation. 
2013;68(1):19A–24A. doi:10.2489/jswc.68.1.19A

21. Lizárraga-Paulín EG, Torres-Pacheco I, Moreno-Martínez 
E, Miranda-Castro SP. Chitosan application in maize 
(Zea mays) to counteract the effects of abiotic stress 
at seedling level. African Journal of Biotechnology. 
2011;10(34):6439–46. doi:10.5897/AJB10.1448

22.  Yan J, Cao J, Jiang W, Zhao Y. Effects of preharvest 
oligochitosan sprays on postharvest fungal diseases, sto-
rage quality, and defense responses in jujube (Zizyphus 
jujuba Mill. cv. Dongzao) fruit. Scientia Horticulturae. 
2012;142:196–204. doi:10.1016/j.scienta.2012.05.025

23. Rosabal-Ayan L, Martínez-González L, Reyes-Guerrero 
Y, Núñez-Vázquez M. Resultados preliminares del 
efecto de la aplicación de Biobras-16 en el cultivo 
del frijol (Phaseolus vulgaris L.). Cultivos Tropicales. 
2013;34(3):71–5. 

24. Cardona-Ayala C, Jarma-Orozco A, Áramendiz-Tatis H, 
Peña-Agresott M, Vergara-Córdoba C. Respuestas fisio-
lógicas y bioquímicas del fríjol caupí (Vigna unguiculata 
L. Walp.) bajo déficit hídrico. Revista Colombiana de 
Ciencias Hortícolas. 2014;8(2):250–61. 

25. Pedroza-Sandoval A, Trejo-Calzada R, Sánchez-Cohen 
I, Samaniego-Gaxiola JA, Yánez-Chávez LG. Evaluación 
de tres variedades de frijol pinto bajo riego y sequía 
en Durango, México. Agronomía Mesoamericana. 
2016;27(1):167–76. doi:10.15517/am.v27i1.21896

26. Netto AT, Campostrini E, Oliveira JG de, Bressan-Smith 
RE. Photosynthetic pigments, nitrogen, chlorophyll a 
fluorescence and SPAD-502 readings in coffee lea-
ves. Scientia Horticulturae. 2005;104(2):199–209. 
doi:10.1016/j.scienta.2004.08.013



101

Cultivos Tropicales, 2017, vol. 38, no. 4, pp. 92-101                                                                                                        October-December

27.  Abdelraouf RE, El-Habbasha SF, Hozayn M, Hoballah 
E. Water Stress Mitigation on Growth, Yield and Quality 
Traits of Wheat (Triticum aestivum L.) Using Biofertilizer 
Inoculation. Journal of Applied Sciences Research. 
2013;9(3):2135–45. 

28. Abu-Muriefah SS. Effect of chitosan on common bean 
(Phaseolus vulgaris L.) plants grown under water stress 
conditions. International Research Journal of Agricultural 
Science and Soil Science. 2013;3(6):192–9. 

29. Issak M, Okuma E, Munemasa S, Nakamura Y, Mori 
IC, Murata Y. Neither Endogenous Abscisic Acid nor 
Endogenous Jasmonate Is Involved in Salicylic Acid-, 
Yeast Elicitor-, or Chitosan-Induced Stomatal Closure 
in Arabidopsis thaliana. Bioscience, Biotechnology, 
and Biochemistry. 2013;77(5):1111–3. doi:10.1271/
bbb.120980

30.  Sharp R. A Review of the Applications of Chitin and 
Its Derivatives in Agriculture to Modify Plant-Microbial 
Interactions and Improve Crop Yields. Agronomy. 
2013;3(4):757–93. doi:10.3390/agronomy3040757

Received: December 5th, 2016 
Accepted: April 21rst, 2017


