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ABSTRACT

Somata are the pores which surrounded by two guards cells which play an important role in regulation of plant
water balance and gas exchange between plant internal tissues and the atmosphere. The research involved the
examination of variations in stomatal traits. stomatal density (SD), stomatal length (SL), stomatal width (SW) and
stomatal surface (SS) based on changes in the plant growth parameters in different growing media in corn. All
growth parameters studied was found significant differences between combination rates in both of growing media.
The stomatal parameters were changed related to the growing parameters. The increasein leaf growing parameters
led to increase in SW, S and SS values but decrease in SD. It can be said that the SS of corn plant leaf set by
changing both of the SW and SL sizes, acting positively on growth conditions. It can be suggested to combine the
results obtained from maize with other uninvestigated plant and growth condition to clarify mechanisms of stomatal
which are undercontrol of genetic and environmental factors.
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Abbreviations

Somatal density (SD), stomatal length (L), stomatal width (SW), stomatal surface (SS),leaf length (LL), leaf width (LW), fresh weight roots
(FWR), fresh weight biomass (FWB), root volume (RV), fresh leaf weight (FLW), root length (RL), dry biomass weight (DBW), and dry root
weight (DRW).

INTRODUCTION

Stomata are the pores which surrounded by two gueltsl which play an important role in regulatidrpéant water
balance and gas exchange between plant intersakesand the atmosphere. Stomata are very impdr¢gatise
they are directly responsible for water loss antbaa accumulation [1].

Generally, stomatal initiation is determined bytenvironmental and genetic factors [2]. Stomaltaracteristics
in some species have generally high heritabiliy. (iess sensitive to environmental change) [B]lenn the others
species stomatal characteristics have being mamsitse to environmental factors [4]. Nevertheled#ferent
effects of abiotic factors on stomatal size mayeshghon plant species/varieties [5, 6].

Xu and Zhou [7] reported that SL correlates withthbof genome size and water conditions. Besides,isSD
genetically determined as a quantitative trait,. [8he relative importance of gene versus enviroriman
determining SD or SL and its interspecific variatitave not yet been estimated under a unified fwarie A wider
diversity of models for the genetic and environragébntrol of stoma should be considered [9]. Thane some
researches indicating changes in the number ofatom various conditions such as drought [10,ad decrease
in stomatal size [12, 13]. Although,many researdm@ge examined stomatal responses to unfavoraligditams
(such as stress) [6, 14, 15, 16, 13],there is @lmosreports about response of stomata to favorghievth
conditions [18].Currently, the mechanisms of stahetsponse are very complex and not yet fully ustded [15,
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18]. Only a few model species have been used tlysin the mechanisms of genetic and environmefffedte on
stomatal parameters. Also, variation among spetéss not been quantified yet [9]. Determining diferes of
stomatal behaviors for different species, intracgmeand environments will be contributed in exptaon of the
mechanism of stomatal responses.

This research involves the examination of variaionstomatal traits: stomatal density (SD), stahkngth (SL),
stomatal width (SW) and stomatal surface (SS) ffedint growing media in corn plant. Stomatal pagters have
been evaluated based on the plant growth parameters

MATERIALS AND METHODS

Plant material and growth conditions

Pioneer 31D24 corn cultivars were used as planémaht Two different materials (diatomite and peliwere used
as growth media. Different ratios of these mater{&l 10, 20, 30 w/w) is mixed with soil and weitked into pots.

Used diatomite and perlite were coated with olivecgssing waste material. Created soil combinatiwase

considered as different growth media to investigatmatal parameters behaviors.150, 25, 200, 25,51ppm
guantities of N, P, K, Mg, Zn and Mn, were addedh® soil, respectively. The pot experiment wasdemted with

randomized complete block design with three refiics. The plants grown in pots which containindysoil were

used as control group. At the beginning of the expents, four seedlings were planted in each péierAen days,
thinning was done and only two seedlings wereited#ach pot.

Measurements of Traits

Growth Parameters

Seventy five days after sowing, leaf length (LIgafl width (LW), fresh weight roots (FWR), fresh glei biomass

(stem + leaf) (FWB), root volume (RV), fresh leagight (FLW), root length (RL), stem length (SL)ydriomass

weight (DBW), and dry root weight (DRW) of the ptarwere determined. The mean values in each ré¢iplica
were used for statistical analysis.

Stomatal Parameters

Stomatal observations were carried out on 75th dégs sowing (DAS) using a bright-field light momcope. The
stomatal density (SD), stomatal length (SL) ananstial width (SW) were determined from the undersitieach
leaf using prints made with nail varnish. SL wasameed between the junctions of the guard celesaeh end of
the stoma as defined by two research groups [5, 19]

The SW was measured perpendicular to maximum widitich represents the maximum potential openinghef t
stomatal pore, but not the aperture of openingahatally occurs. SD (number of stomata perjnwas determined

as described by previous study Radogibal. [17]. Stomatal surface (SS), was obtained usingaggn number 1

(equation from Wang al.[20], with some modifications).

o _SLXSWxm (1)
B 4
The SL and SW values are measured as micrometes (

SPAD Value

While the stoma parameters investigated, the plogimal aspect of the event to be ignored, SPADieslwere
monitored and evaluated. Chlorophyll content wasmained from intact leaves using a portable clpbydl meter
SPAD-502 (Minolta, Ltd., Osaka, Japan). ReadingBfAD values were done at 75th day after treatniEémiee
measurements were made per plant, three leavesclvesen from each plant (lower, middle and uppavds of
plant) and three different regions of each leafd@ité and two ends of leave) were used for tests. cFilorophyll
meter was used to estimate the nitrogen statusopsc The instrument measures transmission ofighd &t 650
nm, at which chlorophyll absorbs light, and trarssion of infrared light at 940 nm, at which no apsion occurs.
On the basis of these two transmissions valuesn#teiment calculates a SPAD value that is quigdl worrelated
with chlorophyll content [21, 22]. Chlorophyll meteeadings (SPAD values) were repeatedly takeheatenter of
the leaves.

Statistical Analysis

The data were subjected to analysis of varianceQ¥N) using factorial randomized complete plots daswith
three replications, and least significant differeiicSD 0.05) was used to determine significantedéhces between
treatment means.
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RESULTS AND DISCUSSION

Growth Parameters

Belonging to different growing media, growth paraense are given in Table 1. In all studied growthapaeters,
significant differences between combination rateddth of growing media were found. As is evidemni the
growth parameters, stomatal behavior will be ustfulexamining different growing media. Althoughetincrease
in growth parameters was seen generally in alligonnedia, the increase rate for perlite 5% andodiie 20%
was remarkable compared with other combinations.

Tablel. Effect of different growing media on growthparameters
(leaf length (LL), leaf width (LW), fresh weight roots (FWR), fresh weight biomass (stem + leaf) (FWB), root volume (RV), fresh |eaf weight
(FLW), root length (RL), stemIength (SL), dry biomass weight (DBW), and dry root weight (DRW)

LL LW FWR FWB RV FLW RL SL DBW  DRW
(cm) (cm) (gn (gn (cm) (gn (cm) (cm) (gn (gn
C 33.1F 357 38.07 23.00 24.17 210 33.00° 64.00 3.77 5.68
P5 3457 402  48.20 12.52 36.37 297 3157 66.6F 4.36 7.56
P10 4413 5458 92.65 77.30 75.83 4058 3367 9050 13.6% 15.08
P20 46.8% 4.78 76.62 80.22 74.48 322 36.33 89.00 14.6% 14.16"
P30 5400 543  68.08 9137 13333 460 3133 838F 1578 1350
Tot. 4253  4.64 64.72 56.88 68.83 338 3318 7879 1043 11.19
D5 5727 6.03 6740 83317 11400 3.08¢ 32.8% 9167 1223 9.85%
D10 61.23 5.60% 109.70 82.317 123.060 4.07 3430 82.07 1272 1214
D20 5300 547 19672 8427 1466F 438 3827 8670 1419 20.84
D30 36.6F 420 7517 41.98 53.67 317 3343 5900 6.50 9.40
Tot. 4826  4.97 97.41 62.97 92.30 336 3437 7669 9.87 11.58

Means with same |etters are not significantly different (p< 0.05).

Stomatal parameters

Significant variation for stomatal parameters wasesved based on growing media (Table 2). The kighP value
was observed in control plants. In parallel witbréase in portion of diatomite or perlite, SD vagignificantly
decreased except for 5% rates of both materials. ddtrease in SD value in both materials in 0.58 isin
parallel with increase in plant growth rate. Preigisesearches stated that stomatal density inaréasmfavorable
conditions (stress). These values are in line withease in SD during stresses which were deterdiiryeHtayet

al. [23] on bean, Kuet al.[24] on cabbage, and Labateal.[25] on tomato. Especially, in response to heavyaine
stress, the SD increased which was agreeing withaB# CAI [16] report. Rates of perlite and diatterincreased

in parallel with the increasing width of the stomdthough our earlier study on tobacco[26] showkedlttthe SL
value decreased with the increase in Cr dosagee thvas no significant difference in SW in both eéss.
However, Zhanget al.[11], reported that SL increases under limitedgation conditions, whereas SW decreases.
On the contrary, corn showed a tendency to incre¢hsewidth of the stoma under favorable conditions.
Nevertheless, different effects of abiotic factorsstomatal size may depend on plant species/ieif, 6]. It can
be said that the SS of corn plant leaf is set langing both of the SW and SL, under favorable gnosanditions.
The SS parameters showed that there were sigrifiifflerences between different portions of growimgdia.
Generally, the increase in SS value is observeddrgase in diatomite and perlite rate.

Table2. Responses of stomatal parameters
stomatal density (SD), stomatal width (SW), stomatal length (SL), stomatal surface (SS) and SPAD value to different growing media

Stomatal density Stomatal width Stomatal length Stomatal surface SPAD

(no/mm?) (um) (um) (um?® value

Control 139.29 19.19 30.03 452 50 18.40
Perlite5 81.60' 20.03¢ 31.00 487.53 24.97
Perlite 10 118.87 20.40" 32.27 516.80 26.817
Perlite 20 117.33 20.50* 29.30 471.4%F 27.017
Perlite 30 107.13 21.27 32.50 54257 26.733
Total 112.84 20.28 31.02 494.17 24.778
Control 139.30 19.13 30.08 452 50 17.40
Diatomite 5 79.60 20.33 34.43 549.77 28.28"
Diatomite 10 118.87 19.23 34.16 514.87" 25.97
Diatomite 20 112.24 20.43 31.40 503.8¢ 29.43¢
Diatomite 30 102.00 20.206" 32.96¢ 522 57" 31.87
Total 110.39 19.88 32.58 508.70 26.59

Means with same |etters are not significantly different (p< 0.05).
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SPAD Value

SPAD value as an expresser for chlorophyll contesd determined on 75th DAS. In terms of SPAD vahere
was a significant difference between combinatidesan both of growing media(Table 2). The incremsportion
of diatomite and perlite led to increase in SPADugawhich is in accordance with result of othereggsh [27]
Although the increase in SPAD value was seen ih Ipo¢dia, the increase related to perlite was sligtinpared
with diatomite which showed a remarkable increase.

Correlations

To further understand the relationship between atalmparameters and leaf growing parameters, alation
analysis was performed (Table 3). Increase in ¢gafvth parameters is parallel with decreasing i stomata
density, while the stomata length and width iséased. Also, parallel to increase in leaf growttapeeters, the SS
has increased. By the way, in the research condiumetobacco plants, the SS showed decreased alighao
increased stress condition [26]. In tobacco redytie SS is adjusted with reducing only the SL ealuhile SW
dose not changed. However, in this study, incréas®S is adjusted with changes in both SL and SWeg A
negative correlation was found between the SD vahteSL, SW, SS, SPAD, LW (-0.606, -0.584, -0.701633, -
0.519 respectively) and it is in line with resudfsOrcen et al[26] study on tobacco. Other reseascheported that

in other stressful conditions such as drought, Sgatively correlates with SL in sondejube leaves[6] and
Platanus acerifolia leaves[28]. Also during plant evolution the samend can be observed. Franks et al. [29] and
Martinez et al. [30] reported that throughout an adaptation tought, increase in SD and a decrease in cell size
under water stress could occur.

Table 3.Coefficient correlations between stomatataits and leaf growth parameters

Leaf Leaf Fresh leaf Stomatal
; ; Dry leaf Stomatal Stomatal . Stomatal
length width weight - oioht @) width (um)  length (um) density surface (un)
(cm) (cm) (9) gnt(g H gth (1 (no/mm?) H
Leaf length 1
Leaf width 0.915 1
Fresh leaf gy 0772 1
weight
Dry leaf weight 0.903 0.821 0.915 1
Stomatal width 0.557 0.571 0.634 0.645 1
Stomatal length 0.552 0.644 0.557 0.340 0.394 1
Stomatal density -0.423 -0.519 -0.290 -0.247 -0.584 -0.606 1
Stomatal surface  0.642° 0.718 0.687 0.537 0.763 0.895 -0.711 1
SPAD value 0.781" 0.748 0.780° 0.810° 0.841° 0.551 -0.633 0.787

* Sgnificant at p = 0.05; ** Sgnificant at p = 0.01; ns not significant
CONCLUSION

The stomatal parameters and SPAD value were chamgded to the growing parameters. The increadeah
growing parameters leads to increase in SW, SLa8& SPAD value but decrease in SD. The stomatahpzters
and SPAD values are suitable indicators for growéwgluation. So, it can be suggested to combinerdhelts
obtained from maize with other uninvestigated pkamd growth condition to clarify mechanisms of sabah which
are under control of genetic and environmentalofiect
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