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ABSTRACT: Two-year-old (plug+1) containerized Abies balsamea (L) Mill. and Abies
concolor seedlings were grown under various irrigation in the greenhouse to examine gas
exchange parameters end of the growing period when they were exposed to extreme drought
stress. Relative height growth (RHG) and relative root collar diameter (RRCD) were measured
next to gas exchange parameters, such as net photosynthetic rate (Anet), stomatal conductance
(9s), transpiration rate (E), intrinsic water use efficiency (IWUE=Anet/gs), and water use
efficiency (WUE=Anet/E). As a result, A. balsamea seedlings had a higher RHG and RRCD
than A. concolor. Species had a significant effect on leaf gas exchange parameters that A.
balsamea had a higher Anet, gs, and a lower iIWUE than A. concolor. Increasing irrigation
increased Anet and E. The interaction of species and time was statistically significant for gs
and iWUE measurement. Increasing prolonged drought decreased gs and did not change iWUE
values for A. balsamea, while increased gs and reduced iWUE for A. concolor seedlings. Even
though Anet, E, and WUE were not statistically significant under the interaction of species and
time, there is a decreasing trend for A. balsamea on these parameters. In contrast, A. concolor
had a decreasing trend on Anet, and WUE and an increasing trend for gs when the seedlings
were exposed to extreme drought or extended the dehydration period were observed. A.
balsamea had a better performance and drought tolerance than A. concolor when exposed to a
prolonged drought.

Keywords: Abies balsamea, Abies concolor, net photosynthetic rate, stomatal conductance,
water use efficiency.
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CESITLI SULAMA REJIMLERINDE YETISTIRILEN Abies balsamea
VE Abies concolor FIDANLARININ BUYUME DONEMI SONUNDA
ASIRI KURAKLIK STRESI ALTINDAKI GAZ DEGISIM
PARAMETRELERI

OZET: Sera ortaminda farkli sulama rejimleri altinda yetistirilen iki yasinda (plug+1) tiipli
Abies balsamea ve Abies concolor fidanlarinin biiylime dénemi sonundaki asiri kuraklik
stresine maruz birakilmalari durumundaki gaz aligveris parametreleri incelenmistir. Net
fotosentez (Anet), stoma iletkenligi (gs), terleme oran1 (E), igsel (gergek) su kullanim etkinligi
(IWUE=Anet/gs) ve anlik bitki su kullanim etkinligi (WUE=Anet/E) yaninda goéreceli boy
biiyiimesi (RHG) ve ¢ap artimi1 (RRCD) 6l¢iilmiistiir. Sonug olarak A. balsamea fidanlari A.
concolor gore daha fazla RHG ve RRCD biiylimesi yapmistir. Yaprak gaz aligveris
parametreleri Gzerinde turlerin 6nemli bir etkisi olup, A. balsamea A. concolor gore daha
yuksek Anet, gs ve daha diisik IWUE degerlerine sahiptir. Artan sulama Anet ve E’yi
artirmugtir. Tiir ve 6l¢lim zamani etkilesimi, gs ve IWUE degerleri tizerinde istatistiksel olarak
anlamli ¢ikmistir. Kuraklik periyodunun uzamasi A. balsamea fidanlarinin gs degerlerini
diistirmiis ve IWUE degerleri degistirmezken, A. concolor fidanlarinda gs’yi artirmis ve iWUE
degerini disiirmistiir. Tir ve 6l¢iim zamani etkilesimi altinda Anet, gs ve WUE istatistiksel
olarak anlamli olmasa da bu parametreler A. balsamea fidanlarinda azalma egilimi
gostermistir. Aksine, fidanlar asir1 kuraklik stresine maruz kaldiginda veya susuz ddnem
uzadiginda, A. concolor fidanlarinin Anet ve WUE degerlerinde bir azalan ve gs degerlerinde
artan bir egilim gozlemlenmistir. A. balsamea uzun kuraklik donemine maruz kaldiginda A.
concolor’a gore daha iyi bir performansa ve kuraklik toleransina sahiptir.

Anahtar kelimeler: Abies balsamea, Abies concolor, net fotosentez, stoma iletkenligi, su
kullanim verimliligi.

INTRODUCTION

Among conifer species, Abies species (Fir ssp.) is an important genus of the Pinaceae family
that consists of 48 species and 24 varieties, especially in the northern hemisphere, and distribute
from Asia to Europe, Africa, and North and Middle America (Farjon, 2001). About ten fir
species are found in the USA (Semerikova et al., 2018). Among them, Abies concolor subsp.
concolor ‘Cibola’ and Abies balsamea (L.) Mill ‘Cooks’ are preferred to use for this study
because of their economic importance, desirable color for ornamental value such as Christmas
tree production, landscaping, and being a renewable resource (Kog, 2019; Cregg & O’Donnell,
2020). A. balsamea is native to most of Canada and the northern United States (Frank 1990).
Even though A. balsamea is slow-growing trees, it has been widely used for a Christmas tree
due to their dark green needles and strong scent (Cregg, 2016). Unlike, A. concolor naturally
occurs in the western United States, including Colorado, Utah, Idaho, Arizona, Nevada, and
New Mexico, and has been widely distributed in the southern Rocky Mountains (Laacke,
1990). A. balsamea in its native range is grown in mesic sites compared to A. concolor species
that they are some kinds of adaptation to xeric sites. In their natural distributed sites, A.
balsamea ‘Cooks’ receives about 760-1100 mm precipitation while A. concolor ‘Cibola’
receives 520-890 mm precipitation (Frank, 1990; Laacke, 1990) which is considered
moderately drought-tolerant (Wood, 2006). However, A. balsamea has a low drought tolerance
(TreesForME, 2021).
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Morphological, anatomical, and phenotypic characteristics of plants result from environmental
conditions (Kog, 2021a; Ozel et al., 2021). Among the environmental factors, water is an
essential compound for all living organisms. Water plays a crucial role in plants for their seed
germination (Kog, 2018), growth, development, and physiological processes such as carbon
assimilation and photosynthesis (Kog, 2021b; Kog, 2021c), directly associated with the xylem
water transport efficiency for terrestrial plants (Soba et al., 2020; Wang et al., 2020). The
efficiency of water usage in plants may alter under different environmental stress. Water use
efficiency is explained as the amount of water used to produce a unit of biomass or fixed carbon
unit during photosynthesis (Maier et al., 2019). Water use efficiency is used as one of the key
traits that reveal the physiological adaptation of plants to deal with water deficit conditions.
The proportion of net photosynthetic rate and transpiration reflects water use efficiency, while
the ratio of net photosynthetic rate and stomatal conductance indicates intrinsic water use
efficiency in the leaf-level via gas exchanges (Lambers et al., 2010). Stricter stomatal control
induces to enhance short-term (intrinsic water use efficiency) (Comstock, 2002) and long-term
water use efficiency (de Miguel et al., 2012). These traits have been widely used to investigate
the relationship between plant growth and physiology where plants are exposed to a water
deficit situation.

Tree root plays a crucial role in water and nutrient uptake in plants (Fageria et al. 2016; Shults
et al. 2020) and coping with environmental stressors (Seleiman et al. 2021). The state of the
lack of water in the soil is called a water deficit or drought, which restricts various physiological
processes in plants. A decline in plant turgor pressure triggers trees to close stomata to diminish
transpiration under drought stress (Dayer et al., 2020; Yang et al., 2021). Drought has often
been observed in many regions worldwide. Drought stress is crucial abiotic stressor limiting
plant growth and physiology among environmental stresses (Sevik & Erturk, 2015; Liet at al.,
2020; Guo et al., 2021; Kog, 2021b; Kog, 2021 c). The frequency of drought events will likely
be more common by the end of the 21% century due to climatic warming from increased
concentrations of greenhouse gasses (IPCC, 2014a; Varol et al., 2021). The increase in the
frequency and intensity of droughts are more likely to be associated with a decrease in soil
moisture (Xu et al., 2020). According to the future global climate change projection scenarios,
the air temperature may increase 2.5 °C and 5.4 °C by 2050 and 2100, respectively (IPCC,
2014b). Increasing air temperature progresses the evaporation and may increase or decrease
the precipitation in some regions. There will inevitably be some changes in the plants' gas
exchange parameters in these changing temperatures and precipitation.

Among the measurement of needle gas exchange parameters, the Li-Cor portable
photosynthesis system (Li-Cor Biosciences, Lincoln, NE, USA) has been commonly used for
more than two decades due to providing robust results. With this instrument, it is obtained such
as stomatal conductance, net photosynthetic rate, transpiration rate. The model of Li-Cor
6400XT is a closed system that controls COg, relative humidity, IRGA, and light intensity,
which provides robust and rapid simultaneous responses and excludes time delays. All gas
exchange parameters are measured based on a unit area on the needle or leaves.

These two conifer species have been intensively planted as Christmas trees around the USA,
especially in the Midwest and Eastern USA. Since they will continue to be used intensively in
the future, it is crucial to know how they will react under a more extended period of drought
stress, which is the most critical adverse effect of future climate changes. Species have various
abilities to acclimate and survive under disparate hydraulic and water conditions (Allen et al.,
2010) and gas exchange. By improving the understanding of gas exchange mechanism and
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responses to drought, farm managers will better be prepared for possible changes in reducing
precipitation and lack of soil water status under future global warming events. This study aimed
to investigate the effect of dehydrating the A. balsamea and A. concolor seedlings, which were
subjected to various drought stress treatments during the growing period, on the gas exchanges
of the seedlings at the end of the growing period.

MATERIALS AND METHODS

This experiment was conducted in an automatically controlled greenhouse at the Tree Research
Center on the Michigan State University, USA. A double layer of clear plastic was used to
cover the greenhouse. The average of minimum and maximum temperature was 27.04 °C and
15.45 °C in the greenhouse during the measurement period (August 21 — September 18).

Plant Material and Containerization Substrates

Two-years old (plug+1) containerized A. balsamea (Balsam fir) (L.) Mill. ‘Cooks’ (New York),
and A. concolor (Concolor fir) ‘Cibola’ (New Mexico) seedlings were obtained a commercial
nursery (Vans Pine Nursery, West Olive, MI) on the first week of May. Then, they were
transferred into 11.2-liter black cylindrical plastic containers with Fafard 52 potting mix
(Conrad Fafard, Inc. Agawam, MA). The potting mix, pH range was 5.5 to 6.5 after wetting,
consists of Canadian sphagnum peat moss (30%), vermiculite, perlite, processed pine bark,
dolomitic limestone and wetting agents. A total of 120 seedlings were potted into containers
and well-watered until mid-July. 60 g of granular fertilizer (Osmocote Plus 15-9-12 [N, P, K],
5-6 month controlled-released) (Everris NA Inc, Dublin, OH) was applied as top dress in the
beginning of June.

——

| Figure 1. Plant materials at the beginning of the study .

The initial root collar diameters (+ S.D) were 4.48 (+£0.65), 5.14 (+0.99) mm and heights (+
S.D) were 21.76 (+£2.25), 25.48 (+2.57) cm for A. balsamea and A. concolor, respectively.

Irrigation Treatment

At the beginning of the irrigation treatment, five containerized seedlings from each species
were used to decide plants’ water requirements as the following procedure. The ten well-
watered containers were allowed to drain gravitationally for 2 hours and weighted. The
containers were weighted again a week later. The difference between initial and final weight
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was how much water seedlings were used weekly. Irrigation treatments were then established
at 100, 50, and 25% of the water requirement as determined above.

Irrigation treatments were then established at the 100, 50, and 25 % of determining water usage
corresponding to three irrigation volumes: High=Well-watered (3000 mL), medium (1500
mL), and low (750 mL). The irrigation volumes were applied manually from June 19" to
August 21%, for about nine weeks, and then the irrigation treatments were terminated.

Relative Root Collar Diameter (RRCD) and Relative Height Growth (RHG)

Root collar diameter and stem height were measured at the beginning and end of the
experimental period. A digital caliper and tape measurer were used to measure root collar
diameter and stem height of seedlings, respectively. Root collar diameter was measured at the
soil surface. Relative root collar diameter (RRCD) and relative height growth (RHG) was
calculated as the difference between the end of the growth period and the initial measurement
divided by initial values.

Gas Exchange Measurement

In this study, randomly selected four seedlings from each treatment were used on gas exchange
measurements using Li-Cor conifer chamber (LI1-6400XT, Lincoln, NE, USA) with an
attachment of the RGB (Red, Green, Blue) light source (640-18A). The calibration procedure
was done before each measurement as suggested by the manufacturer. Then reference CO> and
the photosynthesis photon flux density (PPFD), and the airflow rate set and maintained 400
umol mol? s, 500 pumol s, 500 pmol s, respectively. Four seedlings were randomly chosen
from each treatment, and three readings were taken on each seedling on the two measurement
days (September 4 [14 days of the dehydration] and September 18 [28 days of the dehydration].
The needle-leaves used to take measurements from each seedling were scanned and determined
projected leaf area using the ImageJ software program (Rasband, 2016). The obtained needle-
leaf areas were then entered as a section in the Li-Cor system to adjust gas exchange parameters
earlier measured in the greenhouse for the specimen.

Several gas exchange variables, especially the net photosynthetic rate (Anet, pmol m? s1),
stomatal conductance (gs, pmol H.O m? s?), transpiration rate (E, mmol m2 s%), intrinsic
water use efficiency (IWUE=Anet/gs) and water use efficiency (WUE=Anet/E) were
instantaneously measured and calculated by the LI-6400XT software.

Statistical Analysis

A complete randomized design was used with two species, three drought stress levels, two
measurement times, and ten seedlings for each treatment of water stress (considered as
replication), and a total of 120 containerized seedlings were used in this study. SAS 9.1
software (SAS Institute Inc., Cary, NC, USA) was used to analyze data. All gas exchange
parameters were tested for normality using PROC UNIVARIATE. PROC MIXED function
was used to conduct an analysis of variance (ANOV A) for all the variables. Tukey’s adjustment
was used to mean separation of species, treatment, and time factor for all gas exchange
parameters. The relations between gas exchange variables were determined by linear and
logarithmic regression.
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RESULTS
Relative Root Collar Diameter (RRCD) and Relative Height Growth (RHG)

A. balsamea statistically had a higher RRCD and RHG compared to A. concolor. A. balsamea
and A. concolor seedlings had 0.66+0.01 and 0.57+0.01 mm growth on RRCD when 0.35+0.01
and 0.30+0.01 cm growth on RHG, respectively. Increasing irrigation increased RRCD that
well-watered treatments had higher RRCD growth compared to medium and low watered
seedlings for both species. Increasing irrigation increased the RHG for A. balsamea, while
increasing in irrigation did not affect RHG for A. concolor.

Gas Exchange Parameters at The Needle-Leaf Level

The statistical analysis of variance for Anet, gs, E, IWUE, and WUE among two species, three
drought stress, and two measurement times are given in Table 1.

Table 1. Degrees of Freedom (df), F-values of Analysis of Variance for Anet, gs, E, IWUE,
and WUE Among Two Species, Three Drought Stress, and Two Measurement Times.
Source of variation df Anet gs E iWUE WUE

Between subjects

Species (S) 1 3.95* 49.69*** 1.84ns 159.71*** 0.29ns
Irrigation (1) 2 12.73*** 2.20ns 4.47* 1.74ns 0.83ns
Time (T) 1 106.35*** 2.61ns 0.03ns 76.37*** 23.53***

Within subjects

Sxl| 2 0.30ns 0.90ns 0.35ns 0.24ns 1.05ns
SXT 1 0.18ns 47.77%** 2.81ns 100.84*** 0.88ns
IXT 2 2.58ns 1.48ns 0.01ns 1.30ns 2.44ns
SXIXT 2 3.31* 0.11ns 0.40ns 4.35* 0.62ns

Note: * significant at 0.05 level. *** Significant at 0.001 level. ns: not significant.

The mean values and Tukey’s test results of Anet rate in terms of the interaction of species,
irrigation level, and time are presented in Table 2.

597



Koc, I. / Turkish Journal of Forest Science 5(2) 2021: 592-605

Table 2. The Mean of Anet Rates (umol m s1) By the Interaction of Species, Irrigation, and

Time.
Species
Abies balsamea Abies concolor
Irrigation
(mL/week) Sept. 4 Sept. 18 Sept. 4 Sept. 18 Mean
Low-watered (W1=375) 8.60 bc 6.23¢e 8.63 bc 477 f 7.06 B
Medium-watered (W2=750) 9.95a 7.17 de 9.08 abc 7.40d 8.40 A
Well-watered (W3=1500) 9.52 ab 7.17 de 8.68 bc 7.32de 8.17 A
Mean of species x Time 9.36 A 6.86 A 8.80 A 6.50 A
Mean of Species 811 A 7.65B

Note: The uppercase letter vertically indicates the significance of irrigation, whereas the uppercase letter
horizontally indicates the significance of species and species x time separately. The lowercase letters indicate the
significance within the interaction of species, irrigation, and time combination.

As a result, species (S), irrigation (I), time (T) as a single factor, and the interaction of SxIXT
were significant (P<0.05) for Anet (Table 1). A. balsamea seedlings had a higher Anet value
compared to A. concolor (Table 2). A prolonged dehydration period reduced the Anet values
for both species. Increasing in irrigation significantly increased Anet that W2=W3 treatments
had a higher Anet compared than W1 treatment (Table 2). Anet values on Sept. 4 had
statistically higher (9.08 pumol m2 s) than Sept. 18 (6.68 pumol m s) for both A. balsamea
and concolor (P<0.05) (statistics are not shown in table). Medium-irrigated (W2) A. balsamea
seedlings had the highest Anet values on Sept. 4, while lowly-irrigated (W1) A. balsamea
seedlings had the lowest Anet values on Sept. 18 under the interaction of SxIXT (Table 2).

The mean values and Tukey’s test results of gs (umol H.O m? s?) rate in terms of the
interaction of species, irrigation level, and time are presented in Table 3.

Table 3. The Mean of gs (umol H,O m s) By the Interaction of Species, Irrigation, and

Time.
Species
Abies balsamea Abies concolor
Irrigation
(mL/week) Sept. 4 Sept. 18 Sept. 4 Sept. 18 Mean
Low-watered (W1=375) 0.08 a 0.04a 0.02a 0.03a 0.04 A
Medium-watered (W2=750) 0.07 a 0.05a 0.03a 0.05a 0.05 A
Well-watered (W3=1500) 0.09 a 0.05a 0.02a 0.05a 0.05A
Mean of species x Time 0.08 A 0.05B 0.02C 0.05B
Mean of Species 0.06 A 0.03B
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Note: The uppercase letter vertically indicates the significance of irrigation, whereas the uppercase letter
horizontally indicates the significance of species and species x time separately. The lowercase letters indicate the
significance within the interaction of species, irrigation, and time combination.

As a result, only S and SxlI interaction were significant (P<0.05) on the gs (Table 1). A.
balsamea seedlings had a higher gs compared to A. concolor (Table 3). Under the SXT
interaction, A. balsamea seedlings on Sept. 4 statistically had the highest gs values, while the
A. concolor seedlings on Sept. 4 had the lowest gs values. As can be seen, a prolonged
dehydration period decreased A. balsamea gs values statistically while increasing gs values for
A. concolor (Table 3).

The mean values and Tukey’s test results of E (mmol m s™) rate in terms of the interaction of
species, irrigation level, and time are presented in Table 4.

Table 4. The Mean of E (mmol m? s™) By the Interaction of Species, Irrigation, and Time.

Species

Abies balsamea Abies concolor
Irrigation
(mL/week) Sept. 4 Sept. 18 Sept. 4 Sept. 18 Mean
Low-watered (W1=375) 0.87a 0.80a 0.75a 0.75a 0.79B
Medium-watered (W2=750) 1.16a 0.96 a 0.88 a 1.00 a 1.00 A
Well-watered (W3=1500) 121a 0.97 a 0.93a 1.05a 1.04 A
Mean of species x Time 1.08 A 091A 0.85A 0.93A
Mean of Species 099 A 0.89 A

Note: The uppercase letter vertically indicates the significance of irrigation, whereas the uppercase letter
horizontally indicates the significance of species and species x time separately. The lowercase letters indicate the
significance within the interaction of species, irrigation, and time combination.

Irrigation was significant (P<0.05) only on E, while the rest of the factors was not significant
(P>0.05) (Table 1). Increasing irrigation increased seedlings’ E that W3=W2 had the higher
values than W1 treatment (Table 4). It has not been determined that the prolongation of the
dehydration period affects the seedling species E.

The mean values and Tukey’s test results of IWUE (Anet/gs) rate in terms of the interaction of
species, irrigation level, and time are presented in Table 5.
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Table 5. The Mean of IWUE (Anet/gs) (%) By the Interaction of Species, Irrigation, and

Time.
Species
Abies balsamea Abies concolor
Irrigation
(mL/week) Sept. 4 Sept. 18 Sept. 4 Sept. 18 Mean
Low-watered (W1=375) 140.11d 172.92 cd 415,00 a 155.85d 220.97 A
Medium-watered (W2=750) 148.57 d 149.98 d 368.09 ab 208.19 ¢c 218.71 A
Well-watered (W3=1500) 135.81d 141.73d 340.29 b 180.60 cd 199.61 A
Mean of species x Time 14150 C 154.88 C 374.46 A 181.54B
Mean of Species 148.19B 278.00 A

Note: uppercase letter vertically indicates the significance of irrigation, whereas the uppercase letter horizontally
indicates the significance of species and species x time separately. The lowercase letters indicate the significance
within the interaction of species, irrigation, and time combination.

The single factors such as S and T and the interaction of SxT and SxIXT were significant
(P<0.05) on IWUE (Table 1). The highest iWUE was observed in A. concolor compared to A.
balsamea. Time as a single factor was significant that the highest iWUE values were observed
on Sept. 4 (257.98 %) compared to Sept. 18 (168.21%) (data are not shown in table). Under
the SXT interaction, A. concolor seedlings on Sept. 4 statistically had the highest iWUE values,
followed by the A. concolor seedlings on Sept. 18, while A. balsamea seedlings on both dates
had the lowest iWUE values. Prolonged the dehydration period did not affect A. balsamea
IWUE values statistically while it decreased iWUE values for A. concolor (Table 5). The
highest iIWUE was observed lowly watered (W1) A. concolor, while the lowest iWUE was
observed lowly watered A. balsamea on Sept. 4 under the SxIXT interaction (Table 5).

The mean values and Tukey’s test results of WUE (Anet/E) rate in terms of the interaction of
species, irrigation level, and time are presented in Table 6.

Table 6. The Mean of WUE (A/E) (%) By the Interaction of Species, Irrigation and Time.

Species

Abies balsamea Abies concolor
Irrigation
(mL/week) Sept. 4 Sept. 18 Sept. 4 Sept. 18 Mean
Low-watered (W1=375) 1194 a 7.80a 11.73 a 711a 9.65 A
Medium-watered (W2=750) 10.47 a 7.60 a 10.60 a 10.27 a 9.73 A
Well-watered (W3=1500) 10.26 a 7.69a 9.68a 8.14a 8.94 A
Mean of species x Time 10.89 A 7.69 A 10.67 A 8.51 A
Mean of Species 9.29 A 9.59 A
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Note: The uppercase letter vertically indicates the significance of irrigation, whereas the uppercase letter
horizontally indicates the significance of species and species x time separately. The lowercase letters indicate the
significance within the interaction of species, irrigation, and time combination.

Time is the only factor that was significant on WUE (Table 1) that the highest mean values
were observed on Sep. 4 (10.78%) compared to Sept. 18 (8.10%). The highest WUE values are
observed in an early stage of dehydration (14 days) in the late growing season, and progressive
dehydration on plants reduced the WUE for both species (Table 6).

DISCUSSION
Drought Stress Effect on RRCD and RHG

Under water deficit conditions, plants have various mechanisms to alleviate their effect,
resulting in plant growth and development restriction (Topacoglu et al., 2016; Kog, 2019; Yigit
etal., 2019; Liu et al., 2020; Kog, 2021b: Kog, 2021c; Seleiman et al. 2021). Some plants tend
to increase root growth such as pine species (Kog, 2019; Ding et al., 2020), but some plants
tend to increase height growth, such as fir species, under unfavorable conditions (Gower et al.
1992; Pang et al., 2018). A. balsamea seedlings had a higher RRCD and RHG than A. concolor
under each drought stress condition except for severe water stressed seedlings in this study.
Under severe water-stressed (low-irrigated) treatment, A. balsamea seedlings had no statistical
differences than A. concolor seedlings. Decreasing water availability reduces cell elongation,
which results in reducing RRCD and RHG in plants.

Water Stress Effect on Gas Exchange Parameters

In the last decades, water stress has become the most unfavorable environmental factor for
plant growth and physiology worldwide (Seleiman et al., 2021). Water availability plays a
crucial role in every physiological process directly or indirectly in plants, including gas
exchanges. Progressing water stress inhibits seedling gas exchange parameters (Kog, 2021b,
Kog, 2021c). In general, decreasing water availability in the soil decreases xylem pressure
potential resulting in a decline in gs, Anet, and E in plants in line with the current study. A
decrease occurs in the protective cell turgor due to the reactions occurring in the leaf cells of
the coniferous species under water stress. Thus, the stomatal apertures are reduced or closed
that gs regulate the Anet and E. The reduction of stomatal aperture declines CO assimilation
under water stress (Song et al., 2020). The stomatal closure is achieved by a decreasing water
potential and increasing hormonal concentration such as abscisic acid (Hsu et al., 2021) in
coniferous species (Brodribb & McAdam, 2013). The reduction of stomatal aperture results in
decline in gs, Anet, and E is observed in other conifer species such as Pinus ssp., and A. ssp.
(Zweifel et al., 2009; Hart et al., 2020).

In contrast, decreasing water availability in the soil generally increases iWUE and WUE for A.
balsam and A. concolor. Trees can achieve high iWUE either due to high Anet values and low
stomatal conductivity or under the influence of both (Kog, 2019; Kog, 2021b, Kog, 2021c).
Decreasing gs in the leaf will reduce the amount of E; thus, this will positively affect WUE in
plants (Belmecheri et al., 2021) in line with the present study. When plants are exposed to water
stress, they tend to use water more efficiently to increase growth (Li et al., 2020; Liu et al.,
2015). Under water stress conditions, plants with higher iWUE and WUE values result in better
growth and productivity (Xu et al., 2020).
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Increasing the water stress intensity on plants tends to reduce gs, Anet, E while increasing
IWUE and WUE to alleviate or acclimate to water stress conditions. Seedlings who were
exposed to 14 days no watering period had a higher Anet, gs, E, and WUE and a lower iWUE
for A. balsamea when a higher Anet, iWUE, and WUE for A. concolor compared to seedlings
who exposed to 28 days no watering period. Under 14 days no watering period, highly irrigated
seedlings had a higher Anet, gs, E than other watering treatment for both species in this study.
Stomatal behavior plays a critical role in the balance between Anet and gs, and Anet and E
(Kog, 2021b, c) resulting the higher or lower iWUE and WUE in plants (Urban et al., 2017). In
the present study, with the increase of the dehydration period, A. balsamea further increased
leaf stomatal control, while stomatal control decreased in A. concolor. This stomatal control
has increased the IWUE values from A. balsamea with the prolongation of the dehydration
period. A. concolor had the opposite trend.

CONCLUSION AND SUGGESTIONS

Water is an essential element for all living things. In the lack of water, negativities occur in
plants' growth, development, and gas exchange. Some tree species are less affected by water
scarcity because of mechanisms they have developed against water scarcity. The prolongation
of the dehydration period affects tree species that do not have well-development protective
mechanisms against water stress, and the effects of water stress can detect using gas exchange
measurements. As a result of the gas exchange measurements, the A. balsamea species has
applied a more successful strategy than A. concolor by closing its stomata earlier, and a stricter
stomatal control results in reducing transpiration rate and increasing water use efficiency. The
height and diameter growth results support that A. balsamea performs better than A. concolor.
The adverse effects of water stress will be less with A. balsamea compared to A. concolor.

The current study results should be supported by future studies focusing on below-ground parts
of the species. When trees have a robust root system, they can alleviate water stress by using a
different mechanism. The genetic variation, root type, length, ratio of the finer roots, and root
to shoot ratio are crucial for plant growth, development, and physiology under unfavorable
conditions. Furthermore, the leaf type and stoma length are the other factors to be focused on
in the future. Future studies are necessary to test fir species that naturally occurs in Turkey.
Future studies will increase our knowledge and provide some information to growers and
practitioners.
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