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PHYSIOLOGICAL RESPONSE OF WHEAT
(Triticum aestivum L.) CULTIVAR INCA TH 4 TO WATER

DEFICIT

Respuesta fisiologica del trigo (7Triticum aestivum L.)
cultivar INCA TH 4 al déficit hidrico

José M. Dell’Amico®, Roberqui Martin Martin, Eduardo I. Jerez Mompie,
Donaldo Morales Guevara and Rodolfo Plana Llerena

ABSTRACT. In areas of the National Institute of
Agricultural Sciences (INCA) an experiment was conducted
with crop wheat in order to assess their physiological
response to water stress by default, for which the effect of two
irrigation treatments on soil moisturecontent, development
variables, water relations, yield and water use efficiency
(WUE) in culturewere evaluated. The INCA TH 4 cultivar
was grown at double row in concrete containers of 1,56 m?.
The two irrigation treatments T 100 and T 50, they consisted
of applying 50 to 100 % of standard crop evapotranspiration
(ETc.), respectively.Background fertilization was performed
before planting with complete formula NPK (9-13-17) and
urea (46-0-0) applied to each container 0,1 and 0,04 kg,
respectively. Irrigation was applied using an automated
system micro sprinkler and water delivery was controlled
by valves placed in each treatment. The results showed a
significant effect of treatments on soil water content and
T 50 at 52 and 67 days after sowing (DDS) that dropped
below 15 %, something that was confirmed with the values
of potential deficit soil moisture (Dp) which was 178 in
T 50 and 77 mm in T 100, respectively. Also the results of
leaf water potential (Wfoliar) showed that T 50 plants were
exposed to severe water deficit at 41 and 62 DDS, with
lower values of -1,5 MPa and T 100 at 62 DDS. Stomatal
conductance (gs) showed greater sensitivity to water stress
than the remaining variables of water relations. Studied
treatments hardly exerted any effect on growth variables,
mainly in the accumulation of dry matter and leaf area. In
T 50 plants had a lower yield and water use efficiency
(WUE) was slightly higher than the T 100.

Key words: growth, wheat, crop yield, irrigation,
water use
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RESUMEN. En areas del Instituto Nacional de Ciencias
Agricolas (INCA) se realizo un experimento en el cultivo
de trigo con el objetivo de evaluar su respuesta fisiologica
al estrés hidrico por defecto, para lo cual, se evaluo el efecto
de dos tratamientos de riego en el contenido de humedad
del suelo, variables del desarrollo, las relaciones hidricas, el
rendimiento y el uso eficiente del agua (WUE) en el cultivo.
El cultivar empleado fue el INCA TH 4 cultivado en doble
hilera en contenedores de hormigén de 1,56 m> Los dos
tratamientos de riego T 100 y T 50, consistieron en aplicar el
50y el 100 % de la evapotranspiracion estandar del cultivo
(ETc), respectivamente. Se realizo una fertilizacion de fondo
antes de la siembra con formula completa NPK (9-13-17)
y urea (46-0-0) aplicando a cada canaleta 0,1 y 0,04 kg,
respectivamente. El riego se aplico mediante un sistema
automatizado de micro aspersion y la entrega del agua se
control6 mediante valvulas colocadas en cada tratamiento.
Los resultados mostraron un efecto importante de los
tratamientos en el contenido hidrico del sueloy en T 50 a los
52 y 67 dias después de la siembra (DDS) este descendi6 por
debajo del 15 %, aspecto que se corroboro con los valores del
déficit potencial de humedad del suelo (Dp) que en T 50 fue
de 178 yen T 100 de 77 mm, respectivamente. También los
resultados del potencial hidrico foliar (‘¥ . ) evidenciaron
que las plantas de T 50 estuvieron expuestas a déficit hidrico
severo alos 41 y 62 DDS, con valores menores de -1,5 MPa
ylasde T 100 alos 62 DDS. La conductancia estomatica (gs)
reflejo una sensibilidad mayor a la deficiencia hidrica que las
restantes variables de las relaciones hidricas. Los tratamientos
estudiados practicamente no ejercieron efecto alguno en las
variables del crecimiento, principalmente en la acumulacion
de materia seca y el area foliar. En T 50 las plantas tuvieron
un rendimiento menor y su uso eficiente del agua (WUE) fue
ligeramente mayor que las de T 100.

Palabras clave: crecimiento, rendimiento, riego, trigo,
uso del agua
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INTRODUCTION

Wheat is a species that has a wide range
of adaptation; it grows and develops under very
diverse environments and can be seeded both in
winter and spring, which together with its great
consumption, has allowed to be spread in many
parts of the world (1).

In Cuba, wheat was introduced since the early
years our island was conquered by Spaniards and
it was grown until the beginning of the XIX century.
Later on, this crop was prohibited by the metropolis,
which feared for market competition (2). Thus, it is
very important to provide knowledge about wheat
sowing, investigation results and recommendations
to students, researchers and producers under
Cuban conditions (3).

Water competition among various sectors, such
as agriculture, industry, hydropower, aquaculture,
tourism and urban consumption demands a more
efficient irrigation in agricultural production (4-6).
Drought is one of the adversities that crops often
confront during their growth and development. In
recent years, droughts caused by global climatic
change are each time more frequent (7), so that
investigations on plant response to water deficit
are essential. According to some authors, soil
moisture has a significant impact on dry biomass
accumulation and distribution in wheat plants,
providing more than 70 % yield (8).

Other authors working on this crop have
previously shown that water use efficiency (WUE)
is a key physiological variable that indicates crop
ability to preserve water in areas where it is limited,
by combining drought resistance with high yield
potential (9, 10).

In Cuba, there are a few research works
regarding the effect of irrigation treatments on
wheat development and yield; therefore, the main
objective of this study consisted of evaluating the
physiological response of cv. INCA TH 4 to soil
water deficiency.

MATERIALS AND METHODS

This work was conducted at the central
area of the National Institute of Agricultural
Sciences (INCA) from November, 2013 to
February, 2014, using six concrete containers
2,60 m long x 0,60 m wide (1,56 m?) and 0,50 m
deep with Lixiviated Red Ferralitic soil (11). Then,
30 g wheat seeds of cv. INCA TH 4 were seeded
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in two rows spaced 0,25 m between them in each
container.

A basal dressing was applied before sowing
with a complete formula of NPK (9-13-17) and urea
(46-0-0), at a rate of 0,1 and 0,04 kg to each
container, respectively. Irrigation was spread by
an automated micro sprinkler system and water
was delivered through valves placed on irrigation
sides in each treatment.

Two irrigation treatments (three containers
per treatment) were tested and arranged
according to a randomized block experimental
design with three replications, which were as
follows:

T 100, watered at 100 % ETc (Standard crop
evapotranspiration)

T 50, watered at 50 % Etc.

Crop evapotranspiration (ETo) was calculated
by using data from a nearby meteorological
station (about 200 m far from the experiment)
and FAO Penman-Monteith method (12) under
standard conditions (ETc) through this equation:

ETc= ETo*Kc. [1]
where:

ETc: crop evapotranspiration [mm d-']

Kc: crop coefficient [dimensionless]

ETo: crop evapotranspiration [mm d-'] of
reference

The following crop coefficients were
employed:
Initial Kc = 0,15; mid Kc= 1,10 and final Kc= 0,65

During a 14-day-period (November 27 to
December 10), 3 mm water was daily irrigated
to both treatments, in order to ensure a
homogeneous early germination and growth.
From December 11 upwards, irrigation was
applied according to each treatment. Rainfall
was considered effective when it exceeded
3 mm. Other cultural practices were also
performed in both treatments.

Data of maximum and minimum temperatures
as well as of solar radiation corresponded to
values recorded within rainy days.

SOIL MOISTURE EVALUATION

Soil moisture (%) was weekly evaluated by a
TDR (Time Domain Reflectometry) probe of Field
Scout TDR 100 System, Spectrum Technologies,
Inc. and 30 measurements were done in each
treatment (10 per pipe) at 20 cm deep.
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As a measure of crop moisture stress, the potential
deficit of soil moisture (Dp, mm) was calculated (13). Dp is
a measure of the amount by which atmospheric demand
is higher than that provided by irrigation and rainfall (R+1),
independently of available soil moisture. Dp was calculated
according to the following formula:

Dp=[PET dt- X (P+|)+Ds [2]
where:

IPET is standard evapotranspiration (mm) calculated
in this case by FAO Penman-Monteith method from
sowing (12)

> (P+1) (mm) is total rainfall and irrigation applied from
sowing

Ds (mm) corresponds to soil moisture deficit at sowing
time (PET-P)

If Dp increases, it will reach a maximum level of
potential deficit, so that the crop will not be able to
extract water. Thus, maximum Dp (mm) throughout
developing period is a measure of the total amount of
stress experienced by a crop.

WATER RELATION EVALUATION

After 22, 41, 62 and 77 days of seeding, water
potential (W), solute potential (W_, ) and solute
potential at maximum saturation (W_, . ¢..) were
evaluated in leaves of two plants per replicate (six
observations per treatment).

W, Was measured between 10:00 and 11:00 am
by a Scholander pressure chamber, Soil Moisture
Model P80 L08. Randomly selected leaves were
taken out of the upper third portion of plants, which
were fully developed and well exposed to the sun.
Immediately after evaluating W, samples were
covered with aluminum foil, frozen in liquid nitrogen
and stored in a freezer at -80 °C. To determine W¥_
sat» l€aves surrounding those selected were taken out
for measuring W, .. and placed in hydration chambers
with distilled water at darkness between 6 and 8 °C
for 24 hours. Afterwards, they were wrapped with
aluminum foil for freezing in liquid nitrogen and stored
in a freezer at -80 °C.

Subsequently, all samples were thawed at room
temperature and leaf cell juice was obtained by
centrifuging to 3000 rpm for three minutes. Starting
from 100 uL aliquots, W_ . and ¥ _ . were
determined in leaves through a Vapro 5520 vapor
pressure osmometer. Leaf pressure potential (Wp) was
calculated by the difference between W_ . and W
through the formula:

Yp=WY

foliar solute

W

solute [3]

foliar
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Likewise, stomatal conductance was measured
using an SC-1diffusion porometer. All assessments
corresponding to 41, 62 and 77 days after sowing
were performed on the flag leaf. Water stress
evaluated in plants was based on Y, values.
A slight water stress was considered when W_
was higher than -1,0 MPa, a moderate stress
when W value was between -1,0 and -1,5 MPa
whereas a severe water stress when ¥ . was

lower than 1, 5 MPa (11).
GROWTH AND DEVELOPMENT EVALUATIONS

Growth and development variables: the aerial
part and root length (cm), the aerial part and root dry
mass (g) and leaf area (cm?) were evaluated 21, 40,
61 and 76 days after seeding (DAS). Leaf area was
measured through an AMP-300 integrator and dry
masses were obtained by shot forced oven drying at
80 °C up to constant weight.

YIELD EVALUATION

For evaluating yield and its components at
90 DAS, 10 plants (spikes) were randomly harvested
in each container (30 plants per treatment), measuring
their grain number, grain mass and empty grains per
spike, as well as total yield of each container (g m2).
Concerning data of yield and water applied (ET) to
each treatment, water use efficiency (WUE, kg m=3)
was calculated using the formula:

WUE=Y [4]
ET
where:

WUE is water use efficiency, Y is yield (kg m?) and
ET (mm) is the actual crop evapotranspiration in each
treatment (9).

In this experiment, ET was calculated using the
following equation:

ET= [+P-R-D-SW [5]
where:
ET (mm) is evapotranspiration
I (mm) is the amount of water applied by irrigation
P (mm) is rainfall
R (mm) is runoff (it was not considered in this case
according to growing conditions)
D is drainage (it was negligible in this case)
SW is soil moisture content change in the profile
exploited by roots (14).

For processing data, means were compared and
the confidence interval was calculated through SPSS
19.0 statistical program for Windows (15). Results were
plotted using Sigma Plot 11.0 program.
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RESULTS AND DISCUSSION

Temperature and rainfall data make evident
that the experimental period was relatively
warm and dry, as it can be seen in Figure 1A
and C, mainly because minimum and maximum
temperatures had a little variation and their
averages were of 17 and 27 °C respectively,
whereas accumulated rainfall was only of 68 mm,
equivalent to 6 mm per week.

Moreover, solar radiation was relatively
high (Figure 1B), with an average value of
19,62 Mj m2 d' compared to similar periods
with values between 15 and 16 Mj m=2 d-".
Higher radiation values were presented
at experimental beginning (the first
17 days), reaching up to 22 Mj m2d-" at 52 DAS.
Climatic water demand (ETo) accumulated within
the period was of 306 mm, representing a mean
daily evapotranspiration of 4 mm.

In general, except temperatures that were
relatively warm, rainfall and ETo values are typical
of the experimental months.

Figure 2A shows soil moisture content
variations, since in both irrigation treatments its
values were about 40 % at 22 DAS, due to the
occurrence of 25 mm rainfall and from that date on,
there was a sharp moisture decrease in treatment
T 50, whereas at 52 and 71 DAS, it could reach
values of about 13 % water content. However, in
T 100, soil water contents ranged between 30 and
45 % during the whole experimental period. These
results prove the remarkable effect of treatments
applied to the crop.

The fact that accumulated Dp values in
irrigation treatments were lower than cumulative
ETo indicates that plants in both treatments were
exposed to some degree of water stress and Dp
value was of 178 mm for T 50, whereas of 77 mm
for T 100, representing a difference of 101 mm.

These results suggest that perhaps
irrigation scheduling resulted to be practice
for establishing and applying treatments, they
did not allow providing the necessary water
amount to meet crop demands, mainly for
T 100 plants. Some works conducted on sweet corn
(Zea mays L.) found a similar trend to Dp values,
with a difference of 83 mm between treatments (13).

With regard to W . values in T 50
and T 100 (Figure 3A), it was evident that
T 50 plants at 41 and 62 DAS were subjected
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Figure 1. Environmental conditions during the
experimental period at INCA, San José de
las Lajas, Mayabeque

to a severe water stress with average values
of -1,6 and -1,83 MPa, respectively, meanwhile
T 100 plants were in this condition only at
62 DAS with W, values of -1,62 MPa. Moreover,
increased values of this variable in plants of both
treatments at the end of the experiment were due
to higher soil moisture contents caused by rainfall.

W e iN both treatments followed the same
behavioras W . (Figure 3B), although obviously with
more negative values and differences between plants
of both treatments were practically appreciated at
41 DAS.
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Figure 2. Seasonal variation of soil water content
in both treatments T 50 and T 100 (A) at
20 cm deep and potential deficit of soil
moisture and climatic water demand
(ETO) (B)

On the other hand, W_, .. values showed
differences between plants of both treatments at
41 (-0.30) and 62 (-0.19 MPa) DAS (Figure 3D),
whereas more negative values corresponded to
T 50 plants.

These results suggest the possibility of
occurring an osmotic adjustment process in
T 50 plants, which has allowed to keep positive
turgor levels (Figure 3C), even though plants
were affected by a severe water stress in both
evaluation times.

Similar results regarding W, . behavior in
plants of both treatments have been reported
in this crop when studying the physiological
mechanisms that enable to increase water
use efficiency in winter wheat with irrigation
deficit (16), as well as when assessing differences
in root functions of two wheat genotypes for a long
period of drought adaptation (17).
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When analyzing stomatal conductance
(Figure 4), its behavior was very similar to soil
moisture, observing remarkable differences
at 22, 41 and 62 DAS, with reductions in
T 50 plants of 16, 72 and 77 %, respectively,
compared to T 100 plants. Plant values were
similar in both treatments only at the end of
the experiment.

It is notable that among all water relation
variables evaluated, stomatal conductance was
the most sensitive to crop water limitations.

Some research works were performed
on barley (Hordeum vulgare L.) crop with
reductions of up to 43 % stomatal conductance
in plants affected by water stress and compared
to its corresponding well-watered controls (18).

Several growth indicators evaluated at
different crop cycle times are presented in
Table I, without significant differences in any
variable between plants of both treatments
at 22 and 77 DAS. However, statistically
significant differences were recorded in stem
length of T 100 plants at 41 DAS and in root
length of T 100 plants at 62 DAS. In contrast to
what was observed at 41 DAS, other indicator
values tended to be slightly higher in T 100
plants.

In general, it can be summarized that
irrigation treatments had practically no effect
on plant growth variables, as there were
always significant differences in stem length
at 41 DAS and root length at 62 DAS of T 100
plants, respectively. On the other hand, dry
biomass accumulated in the aerial part, root
and leaf area did not present any statistically
significant differences at the evaluated times,
which may be associated to the fact that plants
of both treatments had an appropriate water
supply almost until the first 22 DAS and it was
enough to allow them keep adequate levels
of leaf growth and dry biomass accumulation.

Similar results were recorded when
studying the effects of supplementary irrigation
on dry matter accumulation and distribution,
as well as water use efficiency in winter
wheat (19). Nevertheless, it should be stated
that important effects of treatments were
recorded when dry matter distribution was
destined to yield formation, an aspect that will
be addressed below.
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When analyzing the effect of irrigation
treatments on yield variables, it was found
that the highest values of grain number per
panicle, grain mass of ten panicles and
yield (g m?)at 90 DAS corresponded to T 100 plants
(Figure 5A, B and C, respectively). Meanwhile the
largest number of empty grains per panicle was
recorded in T 50 plants (Figure 5D).

These results indicate that severe water
stress mainly affected T 50 plants, causing less
grain formation and more empty grains than in
T 100 plants. Concerning these results, which
are linked to the effects of different irrigation
treatments (20), climatic conditions (19),
soil moisture (21) and rainfall (22) on wheat
yield, there is enough updated information
and, in general, it is said that wheat yield is
adversely affected when plants are exposed to
severe water stress, either by deficiency (20)
or excess (21).
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Table. Effect of irrigation treatments on plant growth variables at 22, 41, 62 and 77 DAS

Treatment Stem length Root length Dry mass of aerial part  Dry mass of root Leaf area
(cm) (cm) © @ (cm?)
22 DAS
T 50 38,20 13,400 0,233 0,035 69,37
T 100 38,68 13,483 0,275 0,042 74,33
Significance 0,762 0,070 0,114 0,305 0,626
41 DAS
T 50 57,92 12,55 1,211 0,131 170,60
T 100 59,55 12,19 0,985 0,123 154,35
Significance 0,012 * 0,260 0,574 0,321 0,943
62 DAS
T 50 86,27 11,57 1,926 0,228 90,05
T 100 100,65 13,33 1,934 0,293 98,92
Significance 0,240 0,030 * 0,079 0,610 0,244
77 DAS
T 50 66,37 11,82 1,975 0,313 23,90
T 100 83,33 14,67 2,184 0,253 30,77
Significance 0,147 0,417 0,471 0,106 0,199
14 4
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Figure 5. Yield variables of wheat plants with different irrigation treatments at 90 DAS
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Figure 6 shows the results of estimated yield
andwater use efficiency in plants of both treatments,
where the highest yield logically corresponded to
T 100 plants, whereas water use efficiency was
slightly higher in T 50 plants.

Estimated yield
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20 { Water use efficiency (WUE)
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Bars on average values represent the confidence interval of means,
a=0,5

Figure 6. Effect of irrigation treatments
T 50 and T 100 on estimated yield A
(kg ha') and water use efficiency (WUE)
B (kg m?)

Some experiments were conducted on wheat
cultivars, so as to evaluate water use efficiency
associated to agronomic and physiological traits
in two groups of cultivars: a first group with
16 and a second one with ten cultivars. It was
found that most cultivars in both groups had a
similar response to water supply, since water
use efficiency was higher in less irrigated plants,
while yield was higher in plants subjected to a
slight water stress (10). Simultaneous increases
in yields and water use efficiency were recorded
when efficiently combining irrigation with
appropriate cultivars (23, 24).
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CONCLUSIONS

In general, it can be concluded that wheat plants of
cv. INCATH 4 do not necessarily require an excessive
water supply but an efficient irrigation management, to
be able to reach an adequate development and yield,
as well as an efficient water use.

BIBLIOGRAPHY

1. Plana, R.; Alvarez, M. y Varela, M. “Evaluacién de una
coleccion del género Triticum: trigo harinero (Triticum
aestivum ssp. aestivum), trigo duro (Triticum turgidum
ssp. durum) vy triticale (X Triticum secale Wittmack)
en las condiciones del occidente de Cuba”. Cultivos
Tropicales, vol. 27, no. 4, 2006, pp. 49-52, ISSN 0258-
5936. of the wheat from Villa Clara [en linea]. (eds.
Hammer K., Esquivel M., y Knupffer H.), edit. CABI-
CAB Abstracts, Cuba, 1992, 165-173 p., CABDirect2,
[Consultado: 23 de marzo de 2016], Disponible en:
<http://www.cabdirect.org/abstracts/19931639269.
jsessionid=B86097EF22CD9D1E90561C6188A4AFC5>.
Moreno, |.; Ramirez, A.; Plana, R. y Iglesias, L. “El cultivo
del trigo. Algunos resultados de su produccion en Cuba”.
Cultivos Tropicales, vol. 22, no. 4, 2001, pp. 55-67, ISSN
0258-5936.

Erdem, T.; Arin, L.; Erdem, Y.; Polat, S.; Deveci, M.;
Okursoy, H. y Gliltas, H. T. “Yield and quality response
of drip irrigated broccoli (Brassica oleracea L. var. italica)
under different irrigation regimes, nitrogen applications
and cultivation periods”. Agricultural Water Management,
vol. 97, no. 5, mayo de 2010, pp. 681-688, ISSN 0378-
3774, DOI 10.1016/j.agwat.2009.12.011.

Tran, L. D.; Schilizzi, S.; Chalak, M. y Kingwell, R.
“Optimizing competitive uses of water for irrigation and
fisheries”. Agricultural Water Management, vol. 101, no.
1, 1 de diciembre de 2011, pp. 42-51, ISSN 0378-3774,
DOI 10.1016/j.agwat.2011.08.025.

Gaydon, D. S.; Meinke, H. y Rodriguez, D. “The best
farm-level irrigation strategy changes seasonally
with fluctuating water availability”. Agricultural Water
Management, vol. 103, enero de 2012, pp. 33-42, ISSN
0378-3774, DOI 10.1016/j.agwat.2011.10.015.

Zhou, S.; Han, Y.; Chen, Y.; Kong, X. y Wang, W. “The
involvement of expansins in response to water stress
during leaf development in wheat”. Journal of Plant
Physiology, vol. 183, 1 de julio de 2015, pp. 64-74, ISSN
0176-1617, DOI 10.1016/j.jplph.2015.05.012.

Lan, P. L.; Zhen, W. Y.; Dong, W.; Yong, L. Z. y Shi,
Y. “Effects of Plant Density and Soil Moisture on
Photosynthetic Characteristics of Flag Leaf and
Accumulation and Distribution of Dry Matter in Wheat”.
Acta Agronémica Sinica, vol. 37, no. 6, junio de
2011, pp. 1049-1059, ISSN 1875-2780, DOI 10.1016/
S1875-2780(11)60030-8.

Fang, Q. X.; Ma, L.; Green, T. R.; Yu, Q.; Wang, T. D. y
Ahuja, L. R. “Water resources and water use efficiency
in the North China Plain: Current status and agronomic
management options”. Agricultural Water Management,
vol. 97, no. 8, agosto de 2010, pp. 1102-1116, ISSN 0378-
3774, DOI 10.1016/j.agwat.2010.01.008.



José M. Dell’Amico, Roberqui Martin Martin, Eduardo |. Jerez Mompie, Donaldo Morales Guevara and Rodolfo Plana Llerena

Zhang, X.; Chen, S.; Sun, H.; Wang, Y. y Shao, L.
“Water use efficiency and associated traits in winter
wheat cultivars in the North China Plain”. Agricultural
Water Management, vol. 97, no. 8, agosto de 2010,
pp. 1117-1125, ISSN 0378-3774, DOI 10.1016/j.
agwat.2009.06.003.
Hernandez, J. A.; Pérez, J. J. M.; Bosch, |I. D. y
Castro, S. N. Clasificaciéon de los suelos de Cuba
2015. edit. Ediciones INCA, Mayabeque, Cuba, 2015,
93 p., ISBN 978-959-7023-77-7.
11.Allen, R. G.; Pereira, L. S.; Raes, D. y Smith,
M. Evapotranspiracion del cultivo: guias para la
determinacion de los requerimientos de agua de los
cultivos. edit. Food and Agriculture Organization of the
United Nations, 2006, 328 p., ISBN 978-92-5-304219-7.
Garcia, A.; Guerra, L. C. y Hoogenboom, G. “Water
use and water use efficiency of sweet corn under
different weather conditions and soil moisture
regimes”. Agricultural Water Management, vol. 96,
no. 10, octubre de 2009, pp. 1369-1376, ISSN 0378-
3774, DOI 10.1016/j.agwat.2009.04.022.
13.Quangqi, L.; Baodi, D.; Yunzhou, Q.; Mengyu, L. y
Jiwang, Z. “Root growth, available soil water, and
water-use efficiency of winter wheat under different
irrigation regimes applied at different growth stages
in North China”. Agricultural Water Management, vol.
97, no. 10, octubre de 2010, pp. 1676-1682, ISSN
0378-3774, DOI 10.1016/j.agwat.2010.05.025.
14.1BM Corporation. IBM SPSS Statistics [en linea].
version 19, [Windows], Multiplataforma, edit. IBM
Corporation, U.S, 2010, Disponible en: <http://www.
ibm.com>.
15.Xue, Q.; Zhu, Z.; Musick, J. T.; Stewart, B. A. y Dusek,
D. A. “Physiological mechanisms contributing to the
increased water-use efficiency in winter wheat under
deficit irrigation”. Journal of Plant Physiology, vol.
163, no. 2, febrero de 2006, pp. 154-164, ISSN 0176-
1617, DOI 10.1016/j.jplph.2005.04.026.
16.Seé&enji, M.; Lendvai, A.; Miskolczi, P.; Kocsy, G.;
Gallé, A.; Szics, A.; Hoffmann, B.; Sarvari, E.;
Schweizer, P.; Stein, N.; Dudits, D. y Gydrgyey,
J. “Differences in root functions during long-term
drought adaptation: comparison of active gene sets of
two wheat genotypes”. Plant Biology, vol. 12, no. 6, 1
de noviembre de 2010, pp. 871-882, ISSN 1438-8677,
DOI 10.1111/j.1438-8677.2009.00295.x.

10.

12.

102

17.Gonzélez, A.; Bermejo, V. y Gimeno, B. S. “Effect of
different physiological traits on grain yield in barley
grown under irrigated and terminal water deficit
conditions”. The Journal of Agricultural Science, vol.
148, no. 03, junio de 2010, pp. 319-328, ISSN 1469-
5146, DOI 10.1017/S0021859610000031.
18.Zhang, X.; Chen, S.; Sun, H.; Shao, L. y Wang, Y.
“Changes in evapotranspiration over irrigated winter
wheat and maize in North China Plain over three
decades”. Agricultural Water Management, vol. 98,
no. 6, abril de 2011, pp. 1097-1104, ISSN 0378-3774,
DOI 10.1016/j.agwat.2011.02.003.
19.Liu, H.; Yu, L.; Luo, Y.; Wang, X. y Huang, G.
“Responses of winter wheat (Triticum aestivum L.)
evapotranspiration and yield to sprinkler irrigation
regimes”. Agricultural Water Management, vol. 98,
no. 4, febrero de 2011, pp. 483-492, ISSN 0378-3774,
DOI 10.1016/j.agwat.2010.09.006.
Tambussi, E. A.; Nogués, S. y Araus, J. L. “Ear of
durum wheat under water stress: water relations and
photosynthetic metabolism”. Planta, vol. 221, no. 3,
12 de enero de 2005, pp. 446-458, ISSN 0032-0935,
1432-2048, DOI 10.1007/s00425-004-1455-7.
Stfeda, T.; Dostal, V.; Horakova, V. y Chloupek,
O. “Effective use of water by wheat varieties with
different root system sizes in rain-fed experiments in
Central Europe”. Agricultural Water Management, vol.
104, febrero de 2012, pp. 203-209, ISSN 0378-3774,
DOI 10.1016/j.agwat.2011.12.018.
Fang, Q.; Ma, L.; Yu, Q.; Ahuja, L. R.; Malone, R. W.
y Hoogenboom, G. “Irrigation strategies to improve
the water use efficiency of wheat—-maize double
cropping systems in North China Plain”. Agricultural
Water Management, vol. 97, no. 8, agosto de 2010,
pp. 1165-1174, ISSN 0378-3774, DOI 10.1016/j.
agwat.2009.02.012.
23.Yan, N. y Wu, B. “Integrated spatial-temporal analysis
of crop water productivity of winter wheat in Hai
Basin”. Agricultural Water Management, vol. 133,
febrero de 2014, pp. 24-33, ISSN 0378-3774, DOI
10.1016/j.agwat.2013.11.001.

20.

21.

22.

Received: December 12, 2014
Accepted: July 27, 2015

Revista

Cultives
Tropicales

de Ci

Agricolas



