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Gas exchangetraits and biplot analysis method can be used as screening

criteriafor salt tolerancein maize (Zea maysL.) cultivars

ABSTRACT

Water induced salt stress among other abiotic sti®sa main problem and decreases crop
productions in arid and semiarid areas of the wdtllolwever, selection of salt tolerant cultivars
by screening method in solution culture at vege¢aitage is an easy and economical way to
combat with salinity problems. The present hydropsitudy was conducted to evaluate the salt
tolerance of some newly approved and candidatesatdtof maize on the basis of gas exchange,
growth and ionic traits. Three water salinity lessbhving different electrical conductivity (EC),
sodium adsorption ratio (SAR) and residual sodiambonate (RSC) were developed and fifteen
maize cultivars were grown in Hoagland’s nutriesitiion. The results depicted that the highest
reduction in plant photosynthetic rate} Kn uptake and K Na" under onset of salt stress was
recorded in Sadaf, FH-963, FH-722 and FH-793 aedntmimal in Sahiwal-2002 and Afgoi.
Salt tolerant cultivars uptake less ‘Navhich depicted that Naion exclusion is positively
correlated with salt tolerance and plant photosstnthrate. Biplot analysis method appeared
valuable over conventional relative salt tolerameethod due to its graphical evaluation of
superior cultivars and grouping of cultivars inatpgcular environment in the biplot graph.
K eywords: Photosynthetic rate; Biplot graph’#Na' ratio

1. INTRODUCTION

Water induced soil salinity is the major threatmorldwide maize productions. Salinity is a main
hazard to cultivated land and globally about 800ioni hectares of land is salt affected [1].
About 12 billion US dollars annual loss is estindatkeie to salinity to the world economy and it
is still on increase [2]. This huge salt affectedaaand financial loss is a matter of concern for
growers who face a decrease in their output dudisosalinity problem. Moreover, increasing
food security issues are forcing stake holders agritulture sector to bring more land under
cultivation. Worldwide, about 50% food requirememdl be increased by 2050 due to
increasing population growth [3,4]. At present, thmost suitable land has already under
cultivation, and the estimated target can be aehiaither by expansion in cultivated areas and

developing cultivars that give higher yield on sdfected soll irrigated with poor quality water.
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By developing salt tolerant cultivars significantgop yield can be increased in arid and semi-
arid regions [5].

Water induced salt stress causes a number of almoghemical, ionic and physiological
changes in plants that resulted in reduction oftptdnotosynthetic rate and finally reduced crop
yield and quality. However, the decline in planbwth and crop yield generally differ among
various species and cultivars [6,7,8]. Of differphi/siological traits, plant gas exchange traits
are the most important one and significant vamaiio these gas exchange traits happen under
salt stress [9]. The plants under salt stress sti@vsubstantial decrease in photosynthetic and
transpiration rates [10]. The different responseglants in relation to various gas exchange
traits under salt stress not only occur within gggbut also within the cultivars of same species
[9,6,11]. Plant growth is ultimately reduced undait stress conditions yet plant species and
genotypes differ in their sensitivity or tolerartoesalts [12,13]. The development and screening
of salt tolerant genotypes is one of the best atmwh@mical ways of handling the salinity
problems [14]. The field screening results can li@eading because salinity effects intermingle
with water logging and drought [15]. In field cotidns salinity appears in patches and soil pH,
temperature, organic matter, nutrients availabdig soil moisture contents differ from one area
to other and even within same and between fieldgileMn hydroponics culture, mineral
nutrients are easily available to plants as contp&wesoil. Therefore this technique is the best
one due to less environmental variations [16,1d| s method has been used by a number of
scientists for screening of salt tolerant genotjif#49,20]. The present study was planned to
evaluate the comparative salt tolerance of someynapproved and some candidate maize
cultivars at the vegetative stage and to underdtamdelationships between the salinity induced
alterations in different physiological, growth amhic traits. The different statistical methods
such as relative salt tolerance, absolute saltante [21,22] GGE biplot [23] and susceptibility
index have been used to distinguish the salt toteraresponse of different crop
genotypes[24,25]. These methods give confusinglteeand errors with the exception of GGE
biplot [26,17,24]. Furthermore, these methods dse aot capable of displaying genotypes
average performance across saline treatments aathent interactions as compared to GGE
biplot graphs that depicted better results [24pl@iis a statistical method that simultaneously

shows the effects of genotypes and the traits. difjective of present study was to evaluate
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maize genotypes by traits interaction and to sthdyinter relationships among traits using biplot
analysis.

2. MATERIALSAND METHODS

2.1 Plant growth and description of treatments
Seeds of 15 maize cultivars, FH 421, FH 810, FH, F8722, FH 985, FH 763, Sahiwal 2002
(SWL -2002), Golden, EV 1098, Afgoi, EV 5098, Sda¥/ 6089, EV 6098 and Agati 2002 were
procured from the maize department, Ayub AgricatiResearch Institute Faisalabad and from
Maize Millet Research Institute, Yousaf wala, SaiwPakistan. Healthy seeds of obtained
maize cultivars were sown in trays containing peesied sand. For the germination of seeds
water was sprinkled daily to maintain optimum maist When seedling growth reached at 2-3
leaf stage, the seedlings of each maize cultivaewansplanted in holes of thermo pole sheet
with the help of foam wrapped at shoot root junctiffoating on 200 liters water capacity iron
tubs. These iron tubs were lined with polytheneestaad containing half strength Hoagland’s
nutrient solution [27]. Proper aeration was prodithy bubbling air through nutrient solution for
8 hours a day by aeration pump. After one weekasfdplantation, three levels of water salinity
viz. T1 [Control], T, [EC 2.0 dS rit, SAR 15.0 (m mol })*?and RSC 2.25 m mgL™] and T
[EC 4.0 dS i1, SAR 25.0 (m mol )*? and RSC 5.0 m melL?] were developed. The
combinations of four salts (NaHGON&SQ,, CaCh.2H,O and MgSQ.7H,O) were used to
prepare these water salinity levels. In contredtment only Hoagland solution was provided
and no salt was added. The solution pH was adjustédb+0.5 throughout the experiment with
1 M NaOH or HCI, as required.
2.2 Measurements of gas exchange attributes
A fully expanded second leaf of maize plant frontheaepeat was used to record data of
different gas exchange traits such as photosyethate (A), transpiration rate (E) and stomatal
conductance (gs). The above mentioned gas exchzargeneters were measured by using an
open system LCA-4 ADC portable infrared gas analy2d measurements were recorded in
noon when light intensity was full (at 10:30 a.m. 12:15 p.m.) with adjustments stated
elsewhere [6,9].
2.3 Plant harvest and determination of K* and Na*
The plants were harvested after three weeks ofsalinity stress and plant leaves were washed

with distilled water and then dried on filter papghreet. The plant shoot fresh weight was
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recorded and then youngest fully expanded secaidfeplants from each repeat was separated
and stored at freezing temperature to determiharii N&. The rest of the plant samples were
dried at 65+2°C for 48 hours in oven to record shary weight of each cultivar. The leaf sap
was extracted using the method of [28] and diluneth distilled water as required for the
determination of K and N& contents with the help of flame photometer (JanR&P-7) by
using self- prepared standard solutions fromagent grade salts of KCI and NaCl.
2.4 Experimental design and biplot analysis
The experimental plan was CRD (completely randothidesign) with factorial arrangements.
Data of each trait were subjected to CoStat CompBtegram (version 6.303, USA) for
calculating ANOVA and means were compared with astlesignificant difference (LSD) test
[29]. The mean data were subjected to principle mament analysis and a biplot graph was
made to facilitate the visual evaluation of supecgaltivars and grouping of cultivars in the
biplot graph [23].

3. RESULTS

3.1 Effect of water induced salinity stresson plant gas exchange traits
Water induced salt stress significantly reduced glaat photosynthetic rate (A) and stomatal
conductance (gs) of all maize cultivars. A sigmfit dissimilarity was found in all maize
cultivars on the basis of these traits. The higeaktinduced reduction in A and gs under saline
(T,) and saline sodic gJ water treatments were recorded in FH-963, FH-B2laf and FH-793
and the minimum being in SWL-2002 and Afgoi (Tab)e However, leaf transpiration rate (E)
was also reduced under imposition of salt stresisthis reduction was minimal in SWL-2002
followed by Afgoi and maximal in Sadaf and FH-96Baljle 2). The biplot graphs of plant
photosynthetic and transpiration rates also shomsdl dissimilarity among cultivars under salt
stress treatments and depicted those cultivars 2002 and Afgoi made the longest vectors
towards salinity treatments and were categorizedstit tolerant cultivars (Fig. 1 & 2). While
the cultivars FH-722, Sadaf, FH-963 and FH-793 sftb@& susceptible response across salinity
treatments and was ranked as salt sensitive betaese cultivars appeared on the opposite side
of salinity treatment vectors in the biplot graph.



Table 1: Effect of saline/saline sodic water on plant photosynthetic rate (umol CO, m? S*) and
stomatal conductance (m mol m? S*) of maize genotypes

Photosynthetic rate Stomatal conductance

g/'efoztip% T, T, T T, T, Ts
FH 421 15.67+0.88 5.26+0.30  2.19+0.06 165+3.53 57+4.33 33+8.82
FH 810 16.00+0.58 5.98+0.37  2.77+0.12 17146.36 64+4.67 4045.36
FH 793 16.23+0.68 4.50+0.20 1.97+0.09 167+8.82 53+8.82 30+5.77
FH 722 15.72+0.47 4.55%0.23 1.88+0.09 16045.77 47+8.82 30+2.31
FH 985 16.67+0.88 6.90+0.32  2.92+0.05 16945.21 70+3.18 53+3.76
FH 963 15.92+1.00 3.10+0.08 1.93+0.09 17045.77 44+5.57 26+2.96
SWL 2002 15.84+0.99 8.64+0.18 5.97+0.15 16045.77 85+2.91 61+4.93
Golden 15.42+0.87 7.08+0.15  3.55+0.25 155+7.64 62+3.93 44+3.48
EV 1098 14.44+0.84 6.16+0.13  2.91+0.06 165+2.91 63+8.82 38+3.06
Afgoi 16.26+0.51 7.57+0.23  4.20+0.25 154+4.33 71+6.66 52+2.33
EV 5098 13.88+1.18 5.01+0.17 2.4510.16 163+12.02 60+5.77 37+3.33
Sadaf 14.90+0.67 4.39+0.19  1.27+0.07 169+4.93 4345.13 20+2.03
EV 6089 14.60+0.91 4.97+0.07 2.30+0.11 16145.93 60+5.77 4045.77
EV 6098 15.00+0.72 5.91+0.36 2.98+0.27 160+1.73 53+8.82 42+3.93
Agati 2002 15.61+0.40 7.57+0.32  3.10+0.09 163+12.02 67+4.81 45+2.91

. T, (Control), T, (EC 2.0, SAR 15 and RSC 2.25),(EC 4.0, SAR 25 and RSC 5.0)

124 Each value is an average of 3 replicates =+ S.E

125  Significant variances were recorded for concemratiof K and Na in the leaf sap of all maize
126  cultivars under salinity stress as compared to robnBy increasing salt stress, significant
127 increases in Naconcentrations were recorded in each maize cultivan control. The lowest
128 increase in Naconcentrations were recorded in SWL-2002 and Afgoaile the highest in FH-
129 722, FH-963 and FH-793 cultivars at both salingtydls respectively.
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Fig. 1. Biplot graph for plant photosynthetic rate of 15 maize genotypes at three different salinity levels (PC

1, principal component 1,PC 2, principal component 2)

The salt tolerant cultivars appeared on the oppasde of salinity vectors in biplot graphs of
Na" and sensitive cultivars showed longest vectorsatds salinity treatment vectors (Fig. 3).
The trend in case of Kwas almost opposite, the salt tolerant maize\arki uptake higher K
and maintained higher’'KNa" as compared to salt sensitive (Table 2). Similtrs/PCA biplot
graph of K showed visual variation among cultivars undefedént treatments and the graph
showed that cultivars SWL -2002 and Afgoi had threglest vectors with salinity treatments and
were ranked as salt tolerant(Fig. 4). Cultivars $&3 and FH-793 had a susceptible response
across salinity treatments and these appearedeoneiifative side of treatment vectors and were
ranked as salt sensitive.

4. DISCUSSION
Selection of cultivars that have capability to grawth poor quality water will help to increase
the crop growth and production. Development of waéirant variety is very difficult mechanism
due to less genetic germplasm resources, lack aeprselection methods and variations in

response to salt tolerance at different growth esad?lant early stage had been shown more
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sensitive to salt injury than mature stage andait provide more efficient screening technique
[30].
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Fig. 2: Biplot graph for plant transpiration rate of 15 maize genotypes at three different salinity
levels (PC 1, principal component 1,PC 2, principal component 2)

Water induced salt stress causes a number of amoghemical, ionic and physiological
changes in plants that resulted in reduction ohtplaiomass. However, the decline in plant
growth and crop yield generally differ among vas@pecies and cultivars [19,7]. Plant biomass
production is related to multiple physiological,otihemical and ionic traits. In present
experiment water induced salinity stress causedctemh in gas exchange attributes, such as
photosynthetic rate, transpiration rate and in stianconductance of maize cultivars that
resulted in reduced biomass production. Howevdt,tskerant maize cultivars showed lower
reduction in gas exchange attributes under onsefalfstress as compared to salt sensitive.
Similar results were reported by [9] that undert saless plant biomass and vigor primarily
depend on photosynthetic and transpiration ratéhigiregard, plant gas exchange traits are the
most important that significantly play role in plapiomass production. Under salinity stress
plant photosynthetic rate decreased that resultedower biomass production [31,10,6].
Similarly in the present study the positive coriela was observed between maize plant

photosynthetic rate and shoot fresh weight (Figsually, it is assumed that reduction in plant
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photosynthetic rate under salt stress occur dydatiot stomatal regulations. Similarly, [32,33]
reported that stomatal closing is the most imparteason which results in lower plant
photosynthetic rate under onset of salt stressitacauses reduction of G(partial pressure in
leaves [34,35].
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Fig. 3: Biplot graph for Na" of 15 maize genotypes at three different salinity levels (PC 1, principal
component 1,PC 2, principal component 2)

The adverse effects of salt stress on plant phothsyic rate have been observed to occur due to
several reasons, such as plant respiration andraietransport system and accumulation of
stress metabolites, gene expression and proteithesia [36,37]. However, different plant
genotypes and cultivars give different responseeiative to these physiological traits under
onset of salt stress. Similarly, [19/@jported that there is ample evidence of genetiatvan for

salt tolerance in maize genotypes. Decreased msraation and photosynthesis rates might be
due to lower shoot growth, unbalanced nutrient kept@nd cell membrane damage. The poorer
plant fresh and dry biomass productions of maizkivems were positively correlated with
reducing plant photosynthetic and transpiratiore riditat were also positively associated with

lower plant dry biomass production.



Table 2: Effect of saline/saline sodic water on plant leaf transpiration rate (mmol H,O m? S%)
and K* : Na' ratio of maize genotypes

Transpiration rate K*: Na'ratio
g/'efoztip% T, T, T T, T, T
FH 421 3.62+0.21 2.34+0.18 1.50+0.12 2.57+0.14 7803012 0.30+0.010
FH 810 3.60+0.16  2.44+0.23  1.92+0.06 2.77+0.11 3808017 0.35+0.005
FH 793 3.48£0.27 2.22+0.21 1.33+0.09 2.25£0.08 84804029 0.22+0.004
FH 722 3.77£0.12 2.00£0.15 1.53+0.12 2.24+0.06 5804043 0.21+0.008
FH 985 4.04+0.13 2.90+0.07 2.14+0.18 2.79+0.15 280/019 0.41+0.009
FH 963 3.72£0.19 1.96%0.18 1.31+0.05 2.23+0.08 9804018 0.19+0.007
SWL 2002 3.75£0.09 3.24+0.15 2.89+0.08 3.07£0.09 .2440.016 0.90£0.021
Golden 3.68+0.23 2.80+0.08 1.97+0.03 2.58+0.08 74803016 0.53+0.011
EV 1098 3.49+0.26  2.56+0.13 1.82+0.16 3.14+0.20 8580.018 0.42+0.014
Afgoi 3.80£0.11 3.18x0.09 2.49+0.11 3.28%£0.10 10029 0.67+£0.025
EV 5098 3.39£0.21 2.82+0.12 1.76+0.18 3.06£0.19 84#0.014 0.48£0.005
Sadaf 3.77£0.12 1.55+0.19  1.15+0.12 2.40+£0.05 #MER9 0.35+0.0004
EV 6089 3.62+0.25 2.91+0.05 1.80+0.11 2.95+0.14 8280.016 0.50+0.002
EV 6098 3.53£0.24 2.85+0.09 1.95+0.03 3.00£0.12 86#40.038 0.47£0.018
Agati 2002  3.44+0.09 3.03#0.12 1.91+0.16 2.87+0.12.84+0.004 0.45+0.020
184 | 1, (Control), T, (EC 2.0, SAR 15 and RSC 2.25)(EC 4.0, SAR 25 and RSC 5.0)
185 Each value is an average of 3 replicates + S.E
186
187  Similarly, positive relationship of plant fresh addy biomass production under salt stress with
188 gas exchange attributes had already been repartddférent crops such as maize [6], cotton
189  [38], barley [39], sorghum [31], and canola [20kdRction in stomatal conductance of maize
190 cultivars can be due to less guard cell turgiditgt aap flow in response to salinity stress. Similar
191  results were reported in maize [19] and in cot@®B].[
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Fig. 4: Biplot graph for K* of 15 maize genotypes at three different salinity levels (PC 1, principal

component 1,PC 2, principal component 2)

When compared within a same treatment and thetsestilonic traits showed that response of
different maize cultivars were also differed sigrahtly and genotypic differences were also
cleared under different poor quality water treattae@omparison further revealed that cultivars
buildup higher N&in their plant leaves indicated poorer growth g@hetosynthetic rate. This
higher concentration of Nan leaves inducing water deficit by disturbing themotic balance of
leaf cells. Excessive contents of ‘Nia plant leaves also become lethal and lead totpalls
death. The salt tolerant maize cultivars accumdlatere K and hence maintained highef:K
Na' ratio than salt sensitive. Increasing uptake of Nancentration and reducing *K
concentration by enhancing salt stress resulted rieduction of K: Na' ratio. It can be due to
negative effect of Naon K’ transport into xylem. Higher K Na' ratio in leaf sap of plants
under salt stress is considered an important satectiterion for salinity tolerance [40,41,42].
The important mechanism contributing in expressibsalt tolerance is ability of plant species
or cultivars to keep low levels of Nand higher level of Kwith in the leaf or tissue. The results
depicted a negative relationship between the plaptbiomass production and Naptake in
plant tissue (Fig. 6). Similar results were repdry [6] on maize and [43] on sunflower. The
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reductions in plant growth under salt stress camut might be credited to excessive buildup of

Na’ within plant parts [44,45].
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Fig. 5: Correlation of maize plant shoot fresh weight with plant photosynthetic rate

The difference of Naaccumulation in shoots of different plants miglet dssociated to their
abilities to uptake Naby roots and further transfer it to shoots. Simjla[46] described that
plant genotypes differed not only in their ratesvaich they uptake Nabut it also depend on
transportation of Nafrom root to shoots. Similar results were repoittgd6] that salt tolerance
in maize was correlated with lower shoot Nsccumulation. In the present study a negative
correlation was observed between plant Nantents and plant dry biomass production, while
plant shoot dry weight showed positive relationshigth plant K: Na" ratio and photosynthetic
rate (Fig. 6). The better plant growth in contriil vater) could be due to higher uptake of, K
resultant in high K Na' [19]. Salt tolerant genotypes maintained highewgh rate, protect
metabolic system and is normally associated withitéid N& transportation into shoot [47].
Additionally, K': Na" ratio in plant leaves is also a good techniquedfine plant resistance
against salt stress. Reduction ift Kla" of maize genotypes grown in poor quality wateliriga
sodic water) can be due to antagonism of Wah K* uptake (Table 2). Wide dissimilarities
among maize genotypes fof:KNa can be due to their limited capability for the @oailation

of Na' by plant root cells and also the transportatiomNaf to leaves by monitoring their entry
into root xylem from plant root cells. Actually, \tas reported that higher'KNa" was more



230 significant for plants than simply retaining a lawéa™ concentration [48,49]. Previously many

231 researchers reported that highér Ka' in plant tissue was a suitable parameter for Seleof

232 salt tolerance in various crops [12,6]. Therefarethe present study the salt tolerant maize
233 cultivars SWL-2002 and Afgoi accumulated less sid@t depicted higher plant photosynthetic

234 rate and retained greatef:KNa’ ratio under water induced salt stress.
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236  Fig. 6: Correlation of maize plant shoot dry weight with plant photosynthetic rate, Na" and K : Na*

237  The principle component analysis of gas exchange ianic traits showed visual variation
238 among cultivars under different poor quality watteatments. Cultivars SWL-200#hd Afgoi

239  were ranked as salt tolerant because these appeawadds salinity treatments in the biplot
240 graphs. While cultivars Sadaf, FH-963, FH-722 akldM3 were ranked as highly salt sensitive
241  because these cultivars appeared on opposite itatysdleatments. Similarly, [24] and [50]
242  reported that salt tolerant wheat cultivars madwést vectors towards salinity treatments and

243  sensitive appeared on the negative side of tredtweetors in the biplot graph.

244 5. CONCLUSION
245 It can be concluded that biplot analysis methodeapgd to be the best statistical methodology
246  for screening of salt tolerance in maize cultivdte to its graphical display and depiction of
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average performance of cultivars across differezdtinents and in a particular environment.
Screening for salinity tolerance under controlledditions at early growth stages on the basis of
different gas exchange and ionic traits in solutautture is a simple and quick method for
determining genotypic differences. Leaf sap iomait$ like K', K- Na' and photosynthesis
system related attributes like stomatal conductam@nspiration and photosynthetic rates
affected significantly at different levels of saltess, hence can be used as screening critega. Th
present results also provided guidelines to plaeedbers interested to develop salt tolerant
varieties that they can use these salt toleranivars as parental material for further breeding
program.
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