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GAS EXCHANGE AND PHOTOCHEMICAL EFFICIENCY IN LIMAB EAN
GENOTYPES GROWN IN COMPACTED SOILS*

RENATO FRANCISCO DA SILVA SOUZA*, DJAIL SANTOS’, WALTER ESFRAIN PEREIRA FABRICIO LOPES
DE MACEDO’, JHONY VENDRUSCOLG®

ABSTRACT - The effects of soil compaction on crop growtk anoductivity have been well studied in recent
years, however, studies on the physiological respeof crops to compaction are scarce. The obgeofithis
study was to evaluate the effect of soil compactinrgas exchange, and photochemical efficiencintd bean
(Phaseolus lunatus L.) genotypes of different growth habits. The expental design was a randomized block
in a 3x4 factorial arrangement, with three limarbganotypes (Branca-Pequena, Orelha-de-Vé and Raxin
and four compaction levels (soil densities of 1B, 1.5 and 1.7 g cf), with four replications. The following
variables were evaluated at 38 days after sowimgtgsynthetic rateA), leaf transpiration E), stomatal
conductance @ internal CQ concentration (Ci), instantaneous water use efficy (WUE), intrinsic water
use efficiency (IWUE), instantaneous carboxylatdficiency (iCE) and photochemical efficiendyq, Fm, Fv
and Fv/Fm). The data were subjected to analysis of variaaic&8% probability by the F test. The genotypes
showed a reduction in the photosynthetic rate witheasing soil compaction. The soil compactioeettd the
photochemical efficiency of the genotype Orelhavifg-with theFm andFv fitting to the linear model, and the
Fv/Fm fitting to the quadratic modeThe genotype Orelha-de-V6 had the highest raté ahd g at the soll
densities of 1.24 and 1.29 g ¢nrespectively. Regarding the photosynthetic rtiie, genotype Roxinha is
more efficient than Branca-Pequena at the soilitleat1.7 g cm®™.

Keywords: Phaseolus lunatus L.. Physical impediment. Photosynthetic rate.

TROCAS GASOSAS E EFICIENCIA FOTOQUIMICA DE GENOTIPO S DE FAVA CULTIVADOS
EM SOLO COMPACTADO

RESUMO - Os efeitos da compactagdo do solo no crescimemmdutividade das culturas tém sido muito
estudados nos ultimos anos, porém, as resposi@l®disas das culturas & compactacdo ndo tém meebi
devida atencdo. Objetivou-se avaliar o efeito dmpartacdo do solo nas trocas gasosas e na ef&iénci
fotoquimica de gendétipos de fav@h@seolus lunatus L.) de diferentes habitos de crescimento. O dafirento
experimental utilizado foi em blocos casualizadosanranjo fatorial 3 x 4, sendo trés gendétipos alea f
(Branca pequena, Orelha de v6 e Roxinha) e quatro niveis de compactagao (densidades de solo de 1,1; 1,3; 1,5

e 1,7 g crif), com quatro repeticdes. Aos 38 dias apds a sameaahalisaram-se as seguintes variaveis: taxa
fotossintética A), transpiracdo foliarH), condutancia estomaticas)(gconcentracdo interna de ¢€QCi),
eficiéncia instantdnea no uso da agua (EUA), efwé intrinseca no uso da agua (EIUA), eficiéncia
instantanea de carboxilacéo (EiC) e eficiénciagotmica Fo, Fm, Fv e Fv/Fm). Os dados foram submetidos a
analise de variancia a 5% de probabilidade pelte t€s Os genoétipos apresentaram redugdo na taxa
fotossintética com aumento da compactacédo do $tdove efeito da compactagdo do solo na eficiéncia
fotoquimica apenas para o genétipo ‘Orelha de adriy ajustes do modelo linear pdfa e Fv, e quadratico
para relagad-v/Fm. O gendtipo ‘Orelha de v@’ atingiu a maior taxaKle g nas densidades de solo 1,24 e
1,29 g cn¥, respectivamente. Em relacédo a taxa fotossintétiqgendtipo ‘Roxinha’ é mais eficiente que o
gendtipo ‘Branca pequena’ na densidade do solq®g &nt’.

Palavras-chave Phaseolus lunatus L.. Impedimento fisico. Taxa fotossintética.
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INTRODUCTION texture, with densities varying from 1.0 to 1.6rg'%
the soil resistance to penetration can vary froht®.
Soil compaction limits the volume of soil 6.1 MPa, respectively (STONE; GUIMARAES;
explored by the roots, reducing the root systemMOREIRA, 2002). In common beans, the soil
grov\[[h, and Consequenﬂy, the deve|0pment andesistance to penetration of 1.7 MPa is CritiC&',
productivity of several crops (MOURA et al., 2008; ~ compromising the maximum grain yield (LIMA et
GUBIANL, REICHERT; REINERT, 2014; al, 2010).
VALADAO et al., 2015). Information on soil Lima bean Phaseolus lunatus L.) can be
compaction is essential for planning soil grown both for grain production and for use as a
management; however, few studies focus on the green manure (PEGADO et al., 2008) and has a
effects of compaction on physiological aspectshef t broader adaptation capacity than common bean.
plant, making it difficult to understand the However, few studies evaluated this crop under
performance of the cultures in this stress condlitio Stress conditions, and provided information abtait i
(GRZESIAK et al., 2013). agronomic potential in the Semiarid region of Brazi
Soil Compaction Changes the soil structure The objective of this StUdy was to evaluate thedaff
and, consequently, decrease its total porosityOf soil compaction on gas exchange, and
macroporosity, and water and oxygen availability Photochemical efficiency of lima bearfPHaseolus
(NAWAZ; BOURRIE; TROLARD, 2013; lunatus L.) genotypes of different growth habits.
GRZESIAK et al, 2016). This increases soil
resistance to penetration and limits the root sgste
growth. Therefore, plants grown in compacted soilsMATERIAL AND METHODS
have their physiological functioning altered, with
reductions in their photosynthetic rate due to The experiment was conducted in a protected
stomatal and nostomatal limitations; reductions in environment in the Agricultural Sciences Center
water and nutrient absorption; changes in the (CCA) of the Federal University of Paraiba (UFPB),
production of growth hormones, especially abscisicin Areia in the state of Paraiba (PB), Brazil, from
acid, and ethylene; and decreases of chlorophyll December 2015 to January 2016. The region's
synthesis (KOZLOWSKI, 1999). climate is classified as hot and humid, and has an
The soil compaction level can be quantified average annual precipitation of 1395 mm (CCA/
by the soil density, which increases the soil UFPB Meteorological Station, INMET-OMM:
resistance to penetration (SUZUKI et al., 2007, 82696, 1965-2014). During the experimental period,
HERNANDEZ-RAMIREZ et al., 2014; KUNCORO the maximum, average, and minimum air
et al., 2014). Soil compaction levels between 2@ a temperature inside the protected environment were
2.5 MPa were reported as the critical limits of assessed daily by minimum and maximum
resistance to penetration for most vegetablesthermometers (Figure 1).
(SILVEIRA et al., 2010). In soil with sandy loam
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Figure 1. Maximum, average, and minimum air temperaturedag¢'), measured inside the protected environment during
the experimental period.
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The soil used in the experiment was collected laboratory for chemical, fertility, and granulometr
in the layer 0.00-0.20 m of an area of Ultisol analysis, according to EMBRAPA (2011)
(abruptic distrophic Red-Yellow Argissolo - SiBCS) (Table 1).
in the CCA/UFPB Campus, and sent to the

Table 1 Chemical characteristics, fertility, and granultmpeof the layer 0.00-0.20 m of an Ultisol (abruptlistrophic
Red-Yellow Argissolo - SiBCS).

Attribute Granulometry
pH? P K Na c& Mg® AP H+Al m Vv oM Sand Silt  Clay
mg dm® e cmol dm?® —coeeeeeeeeeee s % ---mmv g kg* g kg*
5.9 35 0.85 0.11 2.9 1.8 0.0 4.2 0.0 58 52.22 686 121 193

H,0 (1:2.5); m= Al%* saturation; V = base saturation; OM = Organic matter.

Seeds of the genotypes Branca-Pequenal2 hours until radicle emission. Then, they were
Orelha-de-V6 and Roxinha (Table 2) were obtainedseeded in PVC columns with different compaction
from small producers of the micro-regions of levels. The moisture of the columns was maintained
Campina Grande, PB, and Curimatal Paraibano, PBbetween 70 and 80% field capacity, with irrigation

The seeds were subjected to surfacethe surface layer until the ¥9day after sowing
disinfestation with ethanol (E0) at 70% for (DAS), and by capillarity from the 30to 38" DAS,

30 seconds and sodium hypochlorite (NaClO) at 1%to stimulate the rupture of the compacted soil laye
for 1 minute. These seeds were then germinated iby the root system (SILVA; MAIA; BIANCHINI,
germ test papers in BOD for 48 hours, with a 2006).

temperature of 27+2°C under photoperiod of

Table 2 Characteristics of lima beaRHaseolus lunatus L.) genotypes.

Genotypes Growth habit Germination 100-Grain weight
Growth Type (%) (9)
Branca-Pequena Determinate | 98 29.3
Orelha-de-V6 Indeterminate 1] 88 82.7
Roxinha Indeterminate \Y% 92 334

The experimental unit consisted of a column photosynthetic rate A), leaf transpiration H),
formed with three 100 mm diameter PVC rings. The stomatal = conductance Jg internal CQ
lower ring was 12.0 cm high and had a 1 mm screerconcentration (Ci), instantaneous water use
covering the bottom; it was filled with soil efficiency (WUE), intrinsic water use efficiency
presenting density of 1.1 g ¢émThe intermediate (iWUE), instantaneous carboxylation efficiency
ring was 3.5 cm high and was filled with soil (iCE), initial fluorescence Ho), maximum
presenting densities of 1.1 g éncontrol), and 1.3, fluorescence Km), variable fluorescenceFy) and
1.5 or 1.7 g cil. The soil densities were obtained by quantum efficiency of photosystem F\/Fm).
successive strikes with an iron mass of 6 kg in the The gas exchange evaluations were
soil with moisture close to field capacity. The top performed at the 38 DAS, by measuring the
ring was 12.0 cm high and was filled with soilla¢t photosynthetic rate A), leaf transpiration H),
density of 1.1 g cMup to 10.0 cm, leaving 2.0 cm stomatal  conductance Jg internal CQ
of edge for irrigation. A 2 cm wide strip was pldce concentration (Ci) using an infrared gas analyzer
around the upper edge of the intermediate ring to(IRGA, ADC System). Readings were performed
prevent root penetration between the PVC columns. between 9:00 a.m. and 11:00 a.m. with an external

Planting fertilization was carried out actinic light (Q) of 1200 umol ths?, using the third
according to the soil analysis, and consisted infully expanded leaf from the apex of the main
applying a solution of 150 g ciof N (urea), 200 g branch.
cm® P,Os (simple superphosphate), and 150 gcm After the data collection, the instantaneous
of K,O (potassium chloride), representing 15, 20 andwater use efficiency (WUE) was evaluated by the
15 kg ha of N, ROs and K0, respectively. ratio between photosynthetic and transpiration rate

The experimental design was a randomized(AE™); the intrinsic water use efficiency (iWUE) was
block with 3x4 factorial arrangement, with evaluated through the ratio between the
three lima bean genotypes (Branca-Pequenaphotosynthetic rate and stomatal conductange™;
Orelha-de-V6 and Roxinha) and four compaction and the instantaneous carboxylation efficiency JiCE
levels (1.1, 1.3, 1.5 and 1.7 g ©&mn with four was evaluated by the relation between the
replications. photosynthetic rate and the internal L£O

The following variables were evaluated: concentration ACiY) (MACHADO et al., 2005;
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SANTOS et al., 2009). The interaction between lima bean genotypes
The photochemical efficiency was evaluated and soil densities significantly affected the
using a modulated fluorometer (Plant Efficiency photosynthetic rateA). The A of the genotypes in
Analyzer PEA If, Hansatech Instruments Co., UK) compaction levels 1.1, 1.3 and 1.5 g “‘trwas
and the same leaves used for the gas exchangamilar, but at the most severe compaction lev, t
evaluations, which were adapted to the dark for 30A of the genotype Roxinha was higher than that of
minutes. the Branca-Pequena, without differing from that of
The mean data (n = 3 per plot) were analyzedthe Orelha-de-V6 (Figure 2A). Thé& of the
for homogeneity of variance (Levene) and normality three genotypes fitted to the linear regression
(Kolmogorov-Smirnov), and no data transformation model, with a reduction of 67 (Branca-Pequena),
was required. Subsequently, these data wereé2 (Orelha-de-Vé) and 51% (Roxinha) from the
subjected to analysis of variance by the F te§%at lowest to the highest compaction level.
probability, using the software SISVAR The leaf transpiratiore) of the Orelha-de-Vo
(FERREIRA, 2008). Genotypes with significant in the soil density of 1.5 g chwas statistically
means were evaluated by the Tukey's test at 5%reater than that of the Branca-Pequena, without
probability and soil densities by regression analys differing from that of the Roxinha (Figure 2B). The
from the F test at 10% probability. E of the Roxinha fitted to the linear regression
model, with a reduction of 1.56 mmol of® m? s?
at each increase in soil density. On the other hand
RESULTS AND DISCUSSION Branca-Pequena and Orelha-de-V¢é fitted to the
quadratic model presenting the highEgtates at the
soil densities of 1.27 and 1.24 g ¢hrespectively.

14
12
Zm 10 - T
E =
Q' 8- 0
O F
© ©
s 6 2
g A u] g
= 41 ¢ y=20179-14.176**x R=0.96 =
<4 X b w & =-16.402 + 34.536x- 13.643%*x R = 0.98
y = 25556 - 11.674**x R=0.88 A
21 v oo 0g10% R 095 O y=-7.882+21.395x- 8.618"xR = 0.75
- - = N
y=es GLTTXRED 270 v J=-6540-1565' R=0.98
0 T T ) 0+ T T )
11 13 15 17 11 13 15 17
Soil density (g cil) Soil density (g cil)

*= significant at 5 probability, and **= significarat 1% probability by the F test in the regress@nalysis. Means
followed by the same letter in the same soil dgrdhit not differ statistically by the Tukey's tes6&o probability.

Figure 2. Photosynthetic rateAf (A), and leaf transpirationE] (B) of the lima beanRhaseolus lunatus L.) genotypes
BrancaPequena (#); Orelha-de-Vé @) and Roxinha ¥), at 38 days after sowing in response to soil amtipn levels.

The genotype Roxinha had higher from the root to the shoot.

photosynthetic rate in the highest compaction level Orelha-de-V6 had greater leaf transpiration
Thus, this genotype has potential to be grown ilsso than Roxinha at the soil density of 1.5 g §mvhich
that presents some physical impediment to rootdenoted its smaller efficiency in reduce losses of
growth. However, it is necessary to evaluate howwater by transpiration. This difference can be
much this higher photosynthetic rate affects tlampl attributed to the different adaptation mechanisins o
yield. Reductions in the photosynthetic rate wereplants under different stress conditions. An exampl
also observed by Tu and Tan (1988) in commonis the reduction in the hydraulic conductivity
bean varieties grown in compacted soil (1.6 ¢°cm of the bean root in response to saline
with reductions of up to 46%. Campostrini and stress (CALVOPOLANCO; SANCHEZ-ROMERA;
Yamanishi (2001), observed reductions in the AROCA, 2014). According to Ollas and Dodd
photosynthetic rates (28 to 51%) of papaya(2016), changes in root hydraulic conductivity may
genotypes grown in compacted soil (4.12 MPa), andaffect the water status of the plant to control
attributed this result to the reduction of stomatal transpiration. The maximum rates & was 5.45
conductance caused by the transport of abscisit aci(Branca-Pequena) and 5.40 mmol ofCHm? s*

309 Rev. Caatingg Mossoro, v. 31, n. 2, p. 306 — 314, abr. — j2A18
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(Orelha-de-Vo) at the soil densities of 1.27 gcm controls the CQ entry and water exit in the leaf
and 1.24 g cm, respectively. These results mesophyll (TAIZ; ZEIGER, 2004).

were similar to those found by Ferraz et al. (20062) The highest soil compaction levels caused
common bean ecotypes grown under field conditionslinear increases in the internal carbon conceupitnati
in the Semiarid region of Brazil. (Ci), with increases of 74.40 pmol “ms?

The stomatal conductance (g of the (Branca-Pequena), 83.39 pmol ?m st
genotypes Branca-Pequena and Roxinha fitted to th¢Orelha-de-V6), and 53.92 pmolns® (Roxinha) at
linear model, with reductions of 0.18 and each increase in soil density (Figure 3B). These
0.12 mol n? s?, respectively, at each increase in soil results denote that the reduction in the
density (Figure 3A). The sgof the genotype photosynthetic rate is due not only to the stomatal
Orelha-de-Vo fitted to the quadratic model, with a limitation but also to the non-fixation of G the
maximum value of 0.26 mol fs® at the estimated carboxylation phase. Similar results were found by
soil density of 1.29 g cth These results can be Dias and Briiggemann (2010), who found no
attributed to the abscisic acid and the reductiothé  changes in Ci in common bean planBhgseolus
hydraulic conductivity of the root caused by wulgaris L.) subjected to water stress, when
deformations under confinement conditions compared to control. These authors also found a 49%
(FIGUEIREDO et al.,, 2014). According to decrease in the activity of the enzymes 1.5 ritmilos
Comstock (2002), both chemical and hydraulic bisphosphate carboxylase oxygenase (Rubisco) and
signaling are important in the stomatal regulatidn Ru5PK in stressed plants, thus limiting assimikatio
plants. In addition, these results explain the cédn of CO,. This probably occurred in the present study,
in the photosynthetic, and transpiration rates;esig however these enzymes were not analyzed.

0.30 330
320
0.25 310
o To 300
~_ 0.201 ‘€
E 5 20
£ !
$0.15 R c 0
&  y=0478-0.179"*x R= 097 2700k A
N _
O y=-0661+1422x- 054 =0.87 ¢ Y=19065+743%6x k=096
0.10 v y=0.398-0.120"*x R=0.99 260 O y=17819+83385"x R=094
/( { v y=22120+53925%x R=0.95
0.00 + T T | 0+ T T |
11 13 15 17 11 13 15 17
Soil density (g cfil) Soil density (g cifl)

*= significant at 5 probability, and **= significamt 1% probability by the F test in the regressioalysis.

Figure 3. Stomatal conductance (gs) (A) and internal, €icentration (Ci) (B) of the lima beaRhaseolus lunatus L.)
genotypes Branca-Pequerg, Orelha-de-Vé ), and Roxinha¥), at 38 days after sowing in response to soil atipn
levels.

The instantaneous efficiency in water use (Orelha-de-V6), 0.039 (Roxinha) pmol “ms?
(WUE), intrinsic water use efficiency (iWUE) and (umol m?s)™* at each increase in soil density.
instantaneous carboxylation efficiency (iCE) had The reductions in the WUE and iWUE were
linear reductions with increasing soil compaction i due to the gradual decrease of thavith increasing
all genotypes (Figure 4A, 4B and 4C). The WUE of soil compaction, without maintenance of the
the genotypes reduced 1.67 (Branca-Pequena), 1.3Bhotosynthetic rate. Reductions gg with negative
(Orelha-de-V6) and 1.54 (Roxinha)ymol m? s* effects onA andE due to soil compaction have been
(mmol HO m? s%)™? at each increase in soil density; reported in several crops (GRZESIAK et al., 2013;
the WUE of the genotypes reduced 28.10WANG et al., 2013). The iCE reduced because the
(Branca-Pequena), 25.81 (Orelha-de-V6) and 22.6Jhotosynthetic rate did not follow the increaseaheaf
(Roxinha) pmol m? s* (mol m? s%)* at each Ci generated by the increased compaction levels.
increase in soil density; and the iCE of the genotypes According to Machado et al. (2005), photosynthesis,
reduced 0.056 (Branca-Pequena), 0.043intracellular CQ concentration, and assimilation of

carbon dioxide are connected.
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Figure 4. Instantaneous water use efficiency (WUE) (A); intrinsic water use efficiency (iWUE) (B), and instantaneous
carboxylation efficiency (iICE) (C) of the lima beaPh@seolus lunatus L.) genotypes BrancBequena (4); Orelha-de-Vé
(o) and Roxinha ¥), at 38 days after sowing in response to soil cstipn levels.

The initial fluorescenceHp) of the genotype energy transfer capacity compromised at the density
Branca-Pequena at density of 1.5 g°amas greater level of 1.5 g cri. The reductions irfFm and Fv
than that of the Orelha-de-Vo, but did not diffearh show that the increased soil compaction reduced the
that of the genotype Roxinha (Figure 5A). The maximum capacity of photochemical reactions of the
was not altered by soil compaction levels, regaslle genotype Orelha-de-Vo, and its ability to trandfer
of the genotype. However, the maximufm) and  energy of the electrons to the production of chamic
variable Ev) fluorescence, and the quantum energy (BAKER, 2008). However, the effect of
efficiency of photosystem IIFW/Fm) of the genotype temperature on the reduction of both variables
Orelha-de-Vo fitted to the regression models—linearcannot be ruled out due to its sensitivity to
for Fm andFv, and quadratic foFv/Fm (Figure 5B,  temperature increase, as described by Vieira et al.
5C and 5D). TheFm reduced 43.7, and thEv (2010).
reduced and 41.0 at each increase in soil density. Philip and Azlin (2005) reported that the soil
The genotype Orelha-de-Vé reached the maximumcompaction did not altdfo andFm in Lagestromia
Fv/Fm of 0.730 in the soil density of 1.29 g ém speciosa L., but altered the quantum efficiency of

The increase irFo represents a decrease in photosystem Il Ev/Fm). These results are partly
the energy transfer capacity of the antenna to thesimilar to those found by Shukor et al. (2015), who
photosystem II, or destruction of the reaction eent evaluated the effect of compaction on the decrefse
of photosystem II (P680) (BAKER; ROSENQVST, Fv/Fm in Azadirachta excelsa, however, unlike
2004, MELO et al, 2010). Thus these results Philip and Azlin (2005), these authors also found
indicate that the genotype Branca-Pequena had itdecreases iRmandFv.
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followed by the same letter in the same soil dgrdiit not differ statistically by the Tukey's tes6&b probability.

Figure 5. Initial fluorescence Ko) (A); maximum fluorescence (Fm) (B); variable fluorescence (Fv) (C) and quantum
efficiency of photosystem IIFW/Fm) (D) of the lima bean Rhaseolus lunatus L.) genotypes BrancBequena (4);
Orelha-de-V6 ) and Roxinha ¥), at 38 days after sowing in response to soil ctipn levels.

No significant differences inFviIFm were  CONCLUSIONS
found between the lima bean genotypes. This

indicates that they are genetically very close The soil compactions decreased stomatal
regarding photochemical activity, as also pointetl 0 conductance and  increased internal ,CO
by Portes and Magalhdes (1993) in common beartoncentration of the lima bean genotypes evaluated.
genotypes. The genotype Roxinha had the low@st |t reduced leaf transpiration and photosynthette ra
Fm at the highest compaction level (1.7 g"9m  py both stomatal and non-stomatal factors.

however, this not resulted in a lower photosyntheti Regarding the genotypic performance, the
rate (Figure 2A). This result indicates thaF&dFm genotype Roxinha was more efficient than the
below 0.750 do not always represent a lowergenotype Branca-Pequena,  considering its
photosynthetic rate, although, they are correlatethhotosynthetic rate at the soil density of 1.7 g°cm
(LIMA, 2014). and more efficient in reducing water loss by

The genotype Orelha-de-V6 hadF&/Fm of  transpiration than the genotype Orelha-de-Vé at the
0.730 at the estimated soil density of 1.29 g°cm ggj| density of 1.5 g ci

This Fv/Fm was lower than that recommended by The increase in soil compaction levels did not
Lichtenthaler, Buschmann and Knapp (2005) fordecrease the photochemical efficiency of the
non-stressed plant5—0740 to 0.850. HOWGVGr, Li efgenotypes Branca_Pequena and Roxinha, but

al. (2004) found=v/Fm of 0.660 to 0.783 in legumes, decreased the photochemical efficiency of the
which indicates that the optimuRv/Fm of 0.750 to  genotype  Orelha-de-V6, except its initial

0.850 may not apply to lima bean plants. Grzesiakflyorescence.

(2009) observed reductions of 15 and 36%Wfm Future studies should be carried out to
in triticale apd maize, respectively, grown in identify more tolerant lima bean genotypes, and
compacted soils (1.58 g ¢in which adaptation mechanisms are most used to

reduce their physical stress by compaction,
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especially those connected to the hydraulicGRZESIAK, M. T. Impact of soil compaction on
conductivity of the root system. root architecture, leaf water status, gas exchange
growth of maize and triticale seedling®ant Root,
Toyama, v. 3, s/n., p. 10-16, 2009.
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