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Morphological Changes in Soybean under Progressive Water Stress
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Abstract: The aim of the experiment was to investigate and evaluate morphological changes provoked by the
progressive water stress on Leaf Relative Water Content (LRWC), height of plant, number of leaves, shoot dry
matter, root dry matter in plants of soybean cultivar sambaiba. The experimental design was at randomized
entirely factorial, with 2 hydric conditions (stress and control) and 4 stress points (0, 2, 4 and 6 days). Tt were
showed in the plants under water stress drop in LRWC of 81.5 until 60.9% due water deficiency in substrate,
the number of leaves mcrease at both the treatments, it being showed after of 6 days the mcrease of 24.2 and
44.8% in the plants under stress and control, respectively. Tt was showed different behavior of the root dry
matter in plants under water stress, with higher root matter until the 2 days and lower matter after of this point,
when compared with control plants. The study with soybean cultivar sambaiba under progressive water stress
reveal that occurred reduction in the parameters from the experiment beginning, however significant
morphological changes in the number of leaves and root dry matter were showed only after 6 days of water

restriction.
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INTRODUCTION

The soybean 15 one of the more important crops in
the world, it is source of protein in the human food and
has been utilized mn the formulations of the animals
rations, besides utilization of the grain oil. The worldwide
vield is leadered by TISA, followed of Brazil, Argentina
and China, 1t are responsible for about 90% of the world
yield.

It is currently the grain more exported from Brazil,
with yield of about 56 millions of ton in 2005, besides it be
33% of Brazilian yield exported mainly to European market
(Agrianual, 2006). This crop is economically fundamental
to the Brazil by the significant internal consumption and
exportation rate greats (Dias, 2004).

The mechanisms utilized by the plants for overcome
the water stress effects might be biochemicals, through of
the changes in the proline levels (Vendruscolo et al.,
2007), hormones in which detach the abscisic acid
transport (ABA) from root on direction to shoot
(L et al., 2005) and physiologics that provoke the
stomatal closure and changes on chlorophyll tenors
(Chandrasekar ef al., 2000), in which it are mnterconnected
and act with the objective of decrease the damages that
this abiotic factor can cause for the plant.

According Van Heerden and Krtiger (2000), abiotic
stresses might are extremely damaging to Glycine max (L.)
Merril, it being more sensitive when compared with others
food legume as Vigna unguiculata e Phaseolus vulgaris

(Roy-Macauley et al, 1992; Silveira et al., 2003) and
also with others species as Gossypium hirsutum e
Sorghum  bicolor (Inamullah and Isoda, 2005,
Younis et al, 2000). The water stress might provoke
reduction strong in the yield, mainly during the growth
and development period (Van Heerden and Kriiger, 2002).
The aim of the experiment was investigate and evaluate
morphological changes provoked by the progressive
water stress on Leafl Relative Water Content (LRWC),
height of plant, number of leaves, shoot dry matter, root
dry matter in plants of soybean cultivar sambaiba.

MATERIALS AND METHODS

Growth conditions and plant material: The experiment
was carried out in greenhouse under natural conditions
day/mght (minimum/maximum air temperature and relative
humidity were: 22.4/37.6°C and 68/79%, respectively,
verified during the experiment), where the average
photoperiod was 12 h and the meximum active
photosynthetical radiation of 623 umol™ sec™
(at 12:00 h), located at the Instituto de Ciéncias Agraria
(ICA) of the Universidade Federal Rural da Amazénia
(UFRA), city of Belém, state of Para, Brazil (01°27°S and
48°26°W) during the months of September and October of
2006,

It was used seed of Giycine max (L.) Merril of
cultivar sambaiba collected in the 2006 season, from city
of Paragominas, state Pard, Brazil (03°00°S and 47°21"W)
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and stored until carrying out of the experiment. The
substrate utilized to the plant growth and evaluation was
composed by black potting soil and sand at 3:1 ratio,
respectively and the plants grown in pots with 6 L

capacity.

Experiment design and treatments: The experimental
design was at randomized entirely factorial, with 2 hydric
conditions (stress and control) and 4 stress points (0, 2, 4
and & days), the experiment was composed by 8§
repetitions and 64 experimental umts, as well as each
repetition had one plant.

Three seeds were placed into each pot and after
7 days, the plants were thinned to one per pot only. The
plants remamed m greenthouse for 40 days, watered daily
and received macro and micronutrients every 5 days,
using the nutritive solution of Hoagland and Arnon
(1950). Starting 40th day after the implementation of the
experiment, the plants from the treatment under stress
were submitted to the period of 6 days without wrigation,
simulating the water stress until the 46th day. After this
period the plants were take away to the Laboratorio de
Fisiologia Vegetal Avancada belongng to Instituto de
Ciéneias Agrarias (ICA) of Universidade Federal Rural da
Amazdénia (UFRA) for measure the morphological
parameters.

Measurements: [t was measured the height of plant and
number of leaves, besides it be determined the Leaf
Relative Water Content (LRWC) performed with 10 mm
disks in diameter, it being calculated as: LRWC = [(FW-
DW)Y(TW-DW)] =100, where FW is the fresh weight, TW
is the turgid weight measured after 24 h of saturation on
deionised water at 4°C in the dark and DW is the dry
weight determined after 48 h i an oven at 80°C
(Slavick, 1979). Tt was carried out the washing of the root
with distilled water and after the plants were divided at
shoot and root, it being the fresh matters placed for
dehydrate at 65°C for 72 h, for quantification of the root
dry matter and shoot dry matter.

Data analysis: The standard error were calculated for each
point, it being applied the variance analysis i the results
and the averages of the treatments were compared
following Tukey test at the 5% significance level, using
SAS (SAS, 1996) and based on statistical theories by
Gomes (2000).

RESULTS
Leaf relative water content: Occurred significant decrease

i the LRWC and 1t were showed different behaviors
among the control and stress treatments, as well as the
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Fig. 1: Leaf relative water content in plants of
Glycine max cultivar sambaiba under 0, 2, 4 and
6 days of water stress. Averages followed by the
same letter do not differ among themselves by the
Tukey test at 5% of probability and the bars
represent the mean standard error

control treatment was kept with oscillation small and
varying of 81.2 until 83.4%. However, the treatment under
water deficiency had progressive fall of 81.5 to 60.9% in
the LRWC of the 0 to 6 days, respectively. Moreover, it
was possible show (Fig. 1) significant difference after of
2, 4 and 6 days under water deficit, when compared with
the control plants.

Height of plant: Significant difference was not observed,
according to ANOVA, in which both treatment had
increase on height of plant, the plants under water stress
had increase of 22.7,12.8 and 25.2% in the periods from
0to 2, 2 to 4 and 4 to 6 days, respectively, in total of
60.7% during the 6 days, moreover, the Fig. 2 reveal that
of 0 to 6th day, under the same assessment point, the
control treatment had higher values that the found in the
stress treatment.

Number of leaves: In agreement with variance analysis
occurred significant difference among the treatments, it
beng showed increase on number of leaves m the stress
and control treatments, besides not have occurred foliar
abscission during the measwred period, in which the
plants under stress had increase on number of leaves of
20.7, 0.0 and 3.5% during the period between 0 to 2, 2to 4
and 4 to 6 days, respectively, moreover this treatment
have total mecrease of 24.2%. However, the control
treatment had accumulated increase of 44.8%, in which
this treatment had the higher number of leaves during the
period of 2 to 6 days, when compared with stress, as well
as only in the 6th day of water restriction occurred
significant difference among the treatments (Fig. 3).
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Fig. 2. Height of plants on Glycine max cultivar sambaiba
under 0, 2, 4 and 6 days of water stress. Averages
followed by the same letter do not differ
among themselves by the Tukey test at 5% of
probability and the bars represent the mean
standard error
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Fig. 3: Number of leaves m plants of Glycine max cultivar

sambaiba under 0, 2, 4 and 6 days of water stress.
Averages followed by the same letter do not differ
among themselves by the Tukey test at 5% of
probability and the bars represent the mean
standard error

Shoot dry matter: Tt were observed increase in the diy
matter of the aerial part in the treatments control and
stress, moreover, the ANOVA reveal that occurred not
significant difference among the treatments. The control
treatment had matter than the stress treatment (Fig. 4),
from the beginning until the assessment final, its being
showed in the control the accumulated increase de 101.4%
during the & days, this increase occurred with the values
of 8.3, 41.7 and 51.4% in the periods from Oto 2, 2 to 4,
4 to 6 days, respectively. In the plants under water stress
was observed the total increase of 87.4% during the
period of & days, proving that same under water deficit the
studied species had increase of aerial dry mass.
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Fig. 4 Shoot dry matter in plants of Glycire max cultivar
sambaiba under 0, 2, 4 and 6 days of water stress.
Averages followed by the same letter do not differ
among themselves by the Tukey test at 5% of
probability and the bars represent the mean
standard error
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Fig. 5: Root dry matter n plants of Glycine max cultivar
sambaiba under 0, 2, 4 and 6 days of water stress.
Averages followed by the same letter do not differ
among themselves by the Tukey test at 5% of
probability and the bars represent the mean
standard error

Root dry matter: Tt were showed significant increases on
dry matter of the root of the stress and control plants,
moreover, it was showed significant difference only in the
6th assessment day. The plants under water stress had
higher root dry matter than the control treatment, until 2
days after the application of the restriction water, in which
occurred the increases of the 14.9 and 8.8% on stress and
control treatments, respectively, provoked by the higher
growth of the root in the plants under light water stress
(Fig. 5). From 2nd until 6th day, the root dry matter of the
stress plants were smaller, with growth during the periods
between 2 to 4 and 4 to 6 days of only 7.0 and 37.7% in
plants under water deficit, however the plants kept under
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irrigation (control) had increase on root dry matter of
18.4 and 75.4% in the interval of 2 to 4 and 4 to 6 days,
respectively, its being higher in the two intervals, when
compared with the stress treatment. Proving that from
2 days of water deficit the root diy matter of this species
is affected negatively.

DISCUSSION

The LRWC decrease provoked by the water
deficiency in soil, as well as the root might assimilate
lower water amownt/volume with mcrease the period
under water stress (Taiz and Zeiger, 1998). Similar results
it were found by Sanchez-Rodriguez et al (1999)
investigating plants of Casuarina equisetifoli. The water
stress simulated artificially in this experiment cause as
direct consequence changes in LRWC, because during
the transpiration process and photosynthesis occur water
loss through of the stomata and the assimilation/
reposition rate 1s strongly affected, occurred probably
decrease of the conductance stomatal for reduce the water
loss to the atmosphere (Verslues ef al., 2006).

The lower height and shoot dry matter i the plants
under water deficiency occurred, probably due the ABA
action, in which it is produced in the cells under abnormal
conditions and this way inhibit the cell division and/or
DNA synthesis. Similar results on the height reduction in
plant under water stress were described by Martinez et al.
(2004) studying Atriplex halimus, as well as Lacerda et al.
(2001) working with genotypes of Sorghum bicolor under
salt stress. Studies carried out by Wang er al. (1998)
reveal that the ABA induce the gene expression that
codify the inhibited protein of the cyclin-dependent
activity (ICK1), coinciding with the results found by
Jakoby et al. (2006) on extreme unportant of this metabolic
mn cell division process and consequently development
and growth plant.

The smaller number of leaves showed in the plants
under water stress it is due the drop in LRWC, in which
reduce the leaf turgor, the assimilation of water and
nitrogen compounds (Reddy et al., 2003) occurred with
consequence a lower or void extension rate of the leaf
area existent 1 the plant, moreover probably increase in
the abscisic acid levels (ABA) mroots, in which it will are
transported from roots to shoot and it will act in the apical
region of the plant with antagonist of the auxin and
cytokinin, responsible for growth and cell division,
respectively (Taiz and Zeiger, 1998), through these
hormoenal mechanisms the buds remain dormancies and
develop not the leaf news. The reduction in the number of
leaves in plants under water stress agree with the results
got by Ismail et al. (2004) worlang with Musa sp.
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The weight higher of the root dry matter showed in
plants under water deficit, in the period between O and
2 days of water stress, it can are attribute to root length
increased provoked by the search of water in substrate,
because with this behavior the plant tempt balance the
water supplement, it can make normal the growth rates
and tissue developments, besides organize the metabolic
activity affected by the water restriction (Pimentel, 2004).
These results are similar with found by Sankar et al. (2007)
studying the water stress effects on root behavior in
Abelmoschus esculentus, in which occurred merease of
the root length and consequently weight major under
moderate water deficit, however it was showed decrease
of the root length under strong water stress, when
compared with control plants. According to Kerbauy
(2004) studies with gene modified plants describe that
occur decrease of the ethylene levels and increase of the
abscisic acid (ABA) in roots of the plants under water
stress, when compared with plants normally irrigated, it
prove the different behavior these hormonals, besides it
are attribute at ABA the capacity of the remain ethylene
normal levels produced in root of plants under normal
conditions. However, the higher root dry matter of the
control plants, in finish of the experiment, occurred due at
growth of way constant, it being higher at growth of the
plants under water stress after of 2 days.

The study with soybean cultivar sambaiba under
progressive water stress reveal that occurred reduction in
the parameters from the experiment begmmning, however
significant morphological changes in the number of
leaves and root dry matter were showed only after 6 days
of water restriction.
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