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ABSTRACT

To investigate the traits and characteristics aiies of common bean (Phaseolus vulgaris L.) geastynder
contrasting moisture regimes, a biennial experimeas conducted as split-plot based on randomizedptete
block design with four replications. Two irrigatidevels (normal and water deficit) and eight gepety (AND1007,
Akhtar, D81083, COS16, KS21486, MCD4011, WA453ariy WA4502-1) were arranged in main plots and in
sub-plots, respectively. The results indicated iW#&4502-1 had the highest leaf area and LAI, amd bkdomass,
and had the lowest chlorophyll content in the wedtered treatments. Under drought stress, AND10@ived the
highest leaf relative water content (RWC), leaf hanper plant, leaf angle, LAl and leaf biomasstHis case, the
highest level of chlorophyll index was related khtar genotype. Genotype WA4531-17 had the greafestific
leaf weight (SLW) in both conditions. Water defieiduced the RWC, leaf wet weight, leaf dry weig, and
plant leaf numbers until 8, 34, 31, 22, and 19 petages, respectively. By contrast, leaf tempeeatund leaf angle
of all genotypes increased up to 2°C and 24 degrieegeneral, AND1007 and COS16 were superior ggrest
than the others.
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INTRODUCTION

Availability of water is one of the most importafactors, which determine geographical distributiand
productivity of plants [1].At the whole plant level, the effect of stress &ually perceived as a decrease in
photosynthesis and growth, and is associated Withasion in carbon and nitrogen metaboligzh Plants exposed
to drought or water stress have evolved a seriemaphological and physiological adaptations, whocmnfer
tolerance to these stresses [3]. Changes in lestbarical characteristics are known to alter the, Canductance
diffusion components to maintain photosyntheticesatdespite low water status. Water deficiency Bmit
photosynthesis because of the restriction of @iffusion from the external environment to thebzadilation site in
chloroplast [4, 5]. Severe drought stress can ialdoce biochemical damage by reducing Calvin Cycliévity [4].
Much breeding for drought resistance in common eanhe warm tropics has until now focused on depiag
improved sources of drought resistance withoutnedar other varietal traits [6, 7New common bean cultivars
have been developed through selection and incatiparaf physiological, phenological, morphologicaid yield
traits for drought tolerance [8, 9]. Leaf charaigtigzs play critical roles in determining ratespdfotosynthesis and
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transpiration [10, 11]. Leaves intercept the ad@amounts of solar energy and assimilate,@®@nce due to their
significance in crop growth and yield, attentiontb@m and their characteristics is very importd&][ Drought
accelerates leaf senescence, decrease canopyexmee photosynthesis and decrease yields [13]eMdficit
reduces leaf area and number of leaves per pldntioleeduction in bean crop growth. Also, chlordplopntent
which directly associated with biomass accumulaliohean crop decrease by water deficit [14]. Lofskeaf area,
which could result from reduced size of youngevésaand inhibition of the expansion of developioligige, is also
considered an adaptation mechanism to drought [@5]course, reduced leaf area causes decreasenopyca
temperature and cooling of plant growth environmd®]. Wentworth etal. [17] determinedthe photosynthetic
characteristics of two contrasting varieties of aoon bean Phaseolus vulgar)sunder drought stres®oth
varieties showed reduced chlorophyll content oead rea basis and a decrease in leaf area amdraase in leaf
thickness. The capacity to avoid or minimize phiotoibitory and photo-oxidative damages is due noly do
biochemical processes but also to morpho-structdtaptations [18JAmong the different mechanisms of photo-
protection evolved in plants, leaf movement (paliab@pism) represents an efficient strategy tretucing light
interception is able to minimize excitation pressto reaction centers [19, 20]. Leaf angle, thdeandeaf deviates
from horizontal to ground, directly affects thexXlaf solar energy per unit leaf area, and is thugrportant factor
in determination of maximum photosynthetic abilifya plant [11, 21]. According to Pastenes et H)][in beans
(Phaseolus vulgarit.), paraheliotropism seems to be an importantagtiar to avoid photo-inhibition. The extent
of the leaf movement is increased as the watemgiatedrops, reducing light interception and maimitag a high
proportion of open PSII reaction centers. Chlordipthyorescence measurement has become a widety method
to study the functioning of the photosynthetic appas and is a powerful tool to study the plangsponse to
environmental stress [22]. The ratio of Fv/Fm pdad an estimate of the maximum quantum efficierfclp Sl
photochemistry. Cornic and Briantais [23] demoristtathat photosynthetic gas exchange rate and FvéEm in
Phaseolus vulgarisvere concomitantly decreased by water strBgsSouza et al. [24] studied the effect of water
deficit on soybean and concluded that severe ditosighss accelerate the leaf senescence by redusfiteaf
nitrogen and chlorophyll contents.

Relative water contefRWC) as an integrative indicator of internal plarmtter status under drought conditions has
successfully been used to identify drought-reststaitivars of common bean [25\ccording toKumar et al. [3],
the high yielding bean cultivars displayed a smalégluction in leaf water content but a larger i in leaf
water potential than the poor yielder. Stoyano\] f2@orted that water stress reduced RWC betweét dred 37%

in the first trifoliate leaf. This reduction is Higr in sensitive than resistant varieties [27]. cHjpeleaf weight
(SLW) and canopy temperature have been propospdtestial surrogate tools for selecting genotypéh higher
WUE in several legumes [15]. O’'Neill et al. [28]r=idered leaf temperature as a potential indicat@tant water
stress, since increasing plant water deficit letmisstomatal closure, decreases transpirational iregpoand
consequently increases leaf temperature.

Since the leaves are more sensitive and plasgenvoronmental changes than the other organs, aidrkdts also
associate with the important leaf functions, eviiuaof leaf characteristics can provide a lotrdbrmation on the
crop growth and some stress tolerance mechanishesefbre, the objective of this research was tatifieleaf

responses of eight common bean genotypes to dratrgiss.

MATERIALS AND METHODS

Eight common bean genotypes including white graM4502-1 and WA4531-17), red group (Akhtar, AND1007
and D81083) and Chitti group (COS16, KS21486 andDMICL1) were investigated under normal irrigatiom an
water deficit in the research farm of Seed andtRtaprovement Institute (SPII), Karaj, Iran. Nornialgation was
performed based on 55-60 mm evaporation from ddapan. Water stress was performed based on 100¥kt0
evaporation from class A pan after seedling esthbients from emergence df &ifoliate leaf to maturity. Split-
plot experiments were performed in randomized cetegblock design with four replications. The seedse sown
on June 2009 and 2010. Irrigation conditions antbgges were in the main- and sub-plots, respdygtiGeeds of
each genotype were sown at 6 rows of 5 m lengthh \plants space of 5 cm, separated by 50 cm. Leaf
morphological traits such as leaf number per plaaf, angle with the horizon, the leaf fresh anglwleight and leaf
area were investigated. Number of leaves per plaeaich genotype was determined in two stagesfinering
and flowering) by counting the leaflets. In flowsgistage (R6), several traits were determined dctuleaf angle
from horizon, fresh and dry biomass, LAI, relatiwater content of leaves (RWC), leaf chlorophyll érgd
chlorophyll fluorescence and SLW. Leaf chlorophgtiex was measured using the chlorophyll meter (GINA,
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SPAD-502). To determine chlorophyll fluorescendes tentral leaflets of each plant were taken irkriegs and
then were taken in the light and chlorophyll fllewence was determined using a Fluorometer (mode&d@ESA).
At the two stages of growth (flowering, R6; podifigy period, R8), leaf temperature of plants watedrined based
on Fischer et al. [29].

Data were analyzed based on experimental desigrelmbttans comparison was performed based on Dusican’
multiple range test @.05). All calculations were performed using SA®réion 9.1) and SPSS (version 16)
software. Cluster analysis was performed basedR@NMA method.

RESULTS AND DISCUSSION

Number of leaves and leaf angle

These traits were significantly different in thengeypes and irrigation factor. Water deficit reddiaaumber of
leaves per plant until 18% and increased leaf afrigla horizon until 24 degree. In normal conditigxND1007
and Akhtar had the highest and lowest leaves @t @it the pre-flowering (vegetative stage) andi@productive
stage), respectively. In stressed plants, the biglred the lowest leaves per plant at the vegetatage were related
to above mentioned genotypes, while at the R6 si&@el502-1 had the lowest leaves per plant (Table 1)
According to many reports [30, 31], low irrigatidevel reduces total number of leaves per plant.ddmitought
condition, leaf angle was increased such that AND18nd D81083 had greater leaf angles (Table Bf argle
directly affects the flux of solar energy per uteéaf area, and is thus an important factor in aeiteng the
maximum photosynthetic ability of a plant [19, 3&eater leaf angles decrease transpiration anddagaage by
decreasing direct exposure to high-intensity ligit]. Our results are in agreement with findingsaofl Lizana et
al. [27] that Leaf angle increase with increasiregew deficit.

Leaf fresh and dry weight

Water stress significantly decreased leaf fresh dnydweight until 34% and 31%, respectively. Thghast and
lowest percentage reductions in LFW were relatedv#®4502-1 and KS21486, respectively. D81083 shotined
lowest reduction in LDW. At the flowering stagegethighest LFW and LDW were related to WA4502-1 iellw
watered treatments, while at stress condition ANIYLBad the highest values (Table 1). Barrios e28l05) also
concluded that under water stress, dry weight afds located on branches was reduced by 56.3%ngsaced to
15.0% for the leaves located on the main stem.

Leaf area and LAl

Both leaf area (LA) and leaf area index (LAI) wesignificantly affected by irrigation levels and g¢ype. Water
deficit reduced these traits until 27%. LA, reduced 22% in all genotypes. WA4502-1 had th&dsglevels of
LA, LAl at R6 and LAl .y in well watered treatments. At the stress conajtidND1007 showed the highest LA
and LAI. The greatest reduction in LA was relatedfA4502-1 consequently resulted in its LAI redant{Table
2). Barrios et al. [33] reported that leaf areadoj beans reduces when the plants expose to draighgs.
Furthermore, Nielsen and Nelson [30] observed fagrit LAI reductions in black bearPliaseolus vulgaris)
under drought stress condition. Hopkins et al. [dtaled that leaf size can increase with increaagintemperature.
Also, large leaves have thicker boundary layeraipfround their surfaces which insulate and degreeater loss
through transpiration.

Table 1- The means of leaf No./plant, leaf angledm Horizon, leaf fresh (LFW) and dry (LDW) weightsunder normal (N) and water
stress (S) conditions

Leaf No./Plant Leaf No./Plant Leaf angle LFW LDW
Genotype (pre-flowering) (flowering stage) (Degrees) (9) (9)
N S N S N S N S N S

WA4502-1 29.75ab 21.13abc 5250ab 41.25b  41.069.3 abc 16.79 a 8.67d 553a 2.77b
WAA4531-17 22.88d  20.88bi 3438« 27.88¢ 31.5¢ 57.0de 1583 bc 11.15f 3.41c¢ 267t

Akhtar 21.88d 18.38 ¢ 33.88¢c 29.88 ¢ 385b 85.8 16.20abc 11.26ab 4.13c 3.37a
D81083 29.63ab 23.88abc 54.75ab 46.13ab 40.018.0 ab 15.69 cd 10.11c 3.29d 2.74b
AND1007 32.00: 27.00: 62.63 51.13: 50.5¢ 75.8 ¢ 16.02 b 11.76 ¢« 472t 3.43:

KS21486 31.75a 25.25 ab 35.62 ¢ 31.00c 44.3 ab.8 a5l 11.83 e 8.67d 221e 1.45d
COS16 28.00 abc  20.63bc 43.13bc 28.38¢c 420b.5d@k 16.39ab 1054 c 3.60d 217c

MCD4011 24.75bc 23.(0abc 43.88b  39.88t 405t 66.0bct  15.32¢ 10.12¢ 3.78cc  2.64t
Different letters at each column for genotypesdating significant difference at.05.
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Leaf chlorophyll content and fluorescence

The effect of irrigation was significant on leafl@tophyll index. Water deficit reduced leaf chlohgfi index until
7%. This percentage varied among genotypes and WA45with 4.21% reduction and Akhtar and MCD4011
genotypes with 1.58% and 1.74% reductions had ifjleebt and lowest reductions in leaf chlorophylalfle 2).
According to Mafakheri et al. [34] report, the dease in chlorophyll under drought stress is mailoly to damage
to chloroplasts caused by active oxygen speciesf fleorescence (Fv/Fm) was significantly influeddey both
factors. In normal conditions, there were no sigaifit differences among genotypes. Water defitérisified leaf
fluorescence. Akhtar leaves showed the lowest dlsmence (Table 2). On the other hand, this vathety the
highest quantum yield and damage to its photostiotisgstem (PSll) is less than other genotypesdikrgs of
Santos et al. [35] revealed that moderate watecitidfd not promote photo-inhibition, as both dgbd-stressed and
non-stressed plants presented Fv/Fm higher th&b @f’the maximum water deficit.

Relative water content

Both factors had a significant effect on leaf riglatwater content (RWC). Reduction in RWC by wateficit was
8%. In both conditions, Akhtar and AND1007 had tlighest RWC. WA4531-17 genotype showed the lowest
RWC in stressed treatments. The lowest RWC redudtictress condition was related to the MCD4014b(@ 3),

i.e. the ability to retain water in the leaves lostgenotype is higher than others. Khan et al] @#icluded that
water deficit stress resulted in a considerabldimdén RWC (18%; from 83% in normal condition t8% in
stressed plants).

Table 2- The means of LAI, LAl nax, leaf chlorophyll and fluorescence (Fv/Fm) under armal (N) and water stress (S) conditions

Chlorophyll
LAI LAl max (SPAD) Fv/IFm

N S N S N S N S
WA4502-1 51la 276bc 937a 72l1a 39.96b 37.110.893a 0.658bc
WA4531-17 2.81d 220de 8.12bc 6.78bc 41.49a .213F 0.885a 0.653 ¢

Genotype

Akhtar 3.74bt 3.07al 849bc 6.86bc 4056%u 3898: 0.878a 0.690:
D81083 3.07d 246cd 5.30d 3.82e 40.15ab 37.050.875ab  0.655c
AND1007 4.18b 335a 8.69ab 6.93ab 40.19ab 0xb4 0.845d 0.653 ¢
KS2148¢ 1.75¢ 1381 454¢ 3431 40.75b 3855: 0.865b 0.673ab
COS16 3.01d 207e 899ab 6.4lc 4164a 37.85@iB48 cd 0.653 ¢

MCD4011 328cd 247cd 6.65c 539d 40.63ab B88 0.865bc  0.683 ab
Different letters at each column for genotypesdating significant difference at0.05.

Leaf temperature and specific leaf weight

Factors had not significant effect on leaf tempemt Of course, at R6 stage under water strese there
significant differences among genotypes. In thamet D81083 and Akhtar had the warmest and cotdases,
respectively. Leaf temperature at R6 and R8 (ptlohdi period) stages increased until 2°C by watefidait.
According to Khan et al. [36], water stress regllite considerable increases in leaf temperatureteiMaeficit
raised the leaf temperature in all genotypes. Aldw drought tolerant genotypes showed lower staimat
conductance associated with warmer leaves, whikensitive lines were observed higher conductandecaoler
leaves. Specific leaf weight (SLW) significantlyflirenced by both factors. Decreasing water avditglded to a
reduction in SLW until 6%. WA4531-17 had higher Slunder water stress than the others (Table 3).

Table 3. The means of RWC, leaf temperature at R6nal R8 stages, and SLW under normal (N) and water gtss (S) conditions

RWC Leaf temperature  Leaf temperature SLW
Genotype (%) atR6 °C) atR8 °C) (gcn?)
N S N S N S N S

WA4502-1 77.22abc  71.96ab 3345a 36.33ab 35.989.00ab 4.28c 4.02c
WAA4531-17  72.84 bc 66.57 ¢ 33.79a 35.03bc 36.7538.68ab 4.95a 5.02a

Akhtar 8l.36 a 7403a 3323a 33.44d 3750a 3386 442bc 4.40bc
D81083 77.07abc 69.68abc 33.6la 36.78a  36.8539.63 a 428 c¢c 453b
AND1007 79.41 ab 7404a 3413a 3553abc 37.488.13ab 451bc 4.11bc
KS21486 72.39¢c 67.58bc 3380a 3654a 3650b.3838 4.70ab 4.15bc
COS16 77.41abc 69.33abc 3354a 34.80c 37.23&7538b 495a 4.23Dbc

MCD4011 73.66bc 71.15abc 33.15a 34.48cd 37.6838.83ab 4.63abc 4.21bc
Different letters at each column for genotypesdating significant difference at.05.
R6: flowering; R8: pod filling duration.
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Akhtar is one of the varieties that well adaptedhi Iran climate. In this variety, we observed liighest values of
leaf chlorophyll content and RWC. However, its I8abrescence resulted from stress was lower thanothers,
suggesting its higher photosynthetic efficiency emstress condition. This genotype had also théesbteaves and
the lowest leaves per plant. In contrast, D81088varmer leaves and lower pre-flowering numbereafves than
others under drought stress. In this condition, X5 indicated the lowest amounts of leaf fresh @nydweight,
leaf area and LAI that due to its small size, thsutts were predictable. According to the resultee of the most
adaptable genotypes is AND1007 that has greatelesabf leaves per plant, leaf fresh and dry weilglef area,
LAI, and RWC than the others. Due to water defi¢tA4502-1 showed the highest reductions in pre-fong
number of leaves per plant (29%), leaf fresh (48¥J dry weight (50%) and leaf area per plant (468ay the
lowest reductions in leaf chlorophyll index (2.7%he lowest reduction in LA}« (16%) and the greatest reduction
in leaf chlorophyll index (10.3%) were related tcAWb31-17. Akhtar leaves had the lowest angles fhamizon. In
contrast, it had the lowest reduction in leaf df#6) and the coolest leaves at both R6 and R&stdghe greatest
reductions in LAln.x (28%) was related to D81083. Also, this genotypmlidated the greatest increase in leaf angle
from horizon (33 degrees) and the lowest ratiowFm. AND1007 had the lowest reductions in leaklfreveight
(26%). The highest percentage reductions in thebmurof leaves at R8 stage (34%), LAk (28%) and RWC
(10.4%) were related to COS16. MCD4011 having blétaharacteristics such as lower reductions ihdeambers

in both vegetative (7%) and reproductive (9%) stadg®NC (3.4%) and less fluctuation in the fluoresmeethan
other genotypes, and suitable plant type and it&l gwain marketing, is good option for introducttorareas similar
to Iran climate conditions.

CONCLUSION

Comparisons among the genotypes revealed that weiéms are more drought-susceptible than red aiiti Ch
beans. Intra-grouping evaluations showed that WR45D has a relative advantage compared to the ethite
bean. In general, AND1007 and COS16 were supeeonotypes than the others.
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