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Comparison of Some Photosynthetic Traits in Olive (Olea europaea L.) Genotypes

under Heat Stress Conditions
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Table 1. Mean comparison for stomatal conductance, photosynthetic rate, transpiration and water use efficiency in olive genotpes
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S5 55 Photosynthesis rate Water use efficiency Stomatal conductance Transpiration

Genotype (umol m? s1) (mmolCo, molH,0?) (molCo; m?2s™) (mmolH,0 m?2s?)
Amin 12.14a 2.17be 0.239%a 5.84a

Direh 11.17ab 2.37ac 0.185ab 5.11ab
Manzanilla 10.79ab 2.34ac 0.185ab 4.66bc
Zagros 10.06ab 2.38ac 0.156bc 4.17be
Arbequina 9.33bc 2.63a 0.144bd 3.62ce
Tmn2 9.32bc 2.32ac 0.142hd 4.05be
Kh15 9.03hd 2.57ab 0.131hd 3.81ce
Gorgan3 8.37ce 2.08ce 0.161bc 3.86ce
Koroneiki 8.01ce 1.89de 0.131hd 4.31hd
Meshkat 7.86¢ce 2.35ac 0.099cd 3.52de
Zard 6.97de 2.30ad 0.113cd 3.11e
Ozineh 6.13e 1.84e 0.091d 3.59ce
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Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level-using Tukey test.
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Table 2. Mean Comparison effect of different temperature treatments on water use efficiency, photosynthetic rate and stomatal conductance

in olive
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@l sl (S8 2w o dsn 5,50) (b 53 e o p ST dse (o) (56 5 s o 6K S 58 Use) (ST U 2 68 S5 U s o)
Temperature treatment Photosynthesis rate Transpiration Stomatal conductance Water use efficiency
(umol m2 st) (mmolH,0 m?2s?) (molCo,; m?s?) (mmolCo, molH,0%)
T1 (34+1.5°C) 11.84a 3.40b 0.195a 3.51a
T2 (37+1.5°C) 11.58a 4.80a 0.212a 2.44b
T3 (40+1.5 °C) 8.10b 4.64a 0.120b 1.74c
T4 (43£1.5 °C) 4.87¢c 3.65b 0.064c 1.40d
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Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level-using Tukey test.
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Table 3. Mean comparison of genotype x temperature treatment interaction effect on

photosynthesis rate and water use efficiency in olive
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N Photosynthesis rate (umol m-?s) Water use efficiency (mmolCo, molH,0™?)
Genotype T1 T2 T3 T4 T1 T2 T3 T4
Amin 17.42a  12.47af  11.02bi 7.64fm  3.47ad  2.29fn 1.72kr  1.19pr
Direh 17.25a 12.21ag  8.97dl 6.27hm  4.11ab  2.80cj 1.50Ir 1.07qr
Arbequina 15.38ab 11.51bh  6.56gm 3.88lm  3.22ag 3.55ad  2.11hq  1.64kr
Manzanilla 14.89ac 12.38af 7.75em 8.15em  3.6lad  2.28fo 1.82jr 1.66kr
Zagros 14.11ad 12.82af  7.93em 5.4jm 3.43ae  2.64ck 1.91ir 1.56Ir
Gorgan3 13.18ae 11.1bh 551im  3.69mn  3.28af  2.16fn 1.67kr  1.20r
Meshkat 12.58af  7.74em  8.03em 3.08m 3.45ad  2.69ck  2.04hr  1.22nr
Tmn2 12.06ag 12.104af 10.16cj 4.32jm  3.59ad  3.05cf 1.67kr  1.47Ir
Kh15 10.95bi 11.36bh  9.46ck  4.34jm  4.28a 1.99hr 2.0lhr  2.02hr
Koroneiki 9.77cj 11.16bh  7.95em 3.15lm  2.92ci 1.97ir 1.48Ir 1.21or
Zard 9.75¢j 8.96dI 523jm 3.95m  3.69ac  2.36em  1.54Ir 1.61kr
Ozineh 8.47em 6.43hm 5.00jm 4.64jm  3.09bh  1.9ir 1.37mr  0.99r
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Mean, for each trait, followed by at least one letter in common are not significantly different at the 5%

probability level-using Tukey test.
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Table 4. Mean Comparison of genoype x temperature treatment interaction effect on

stomatal conductance and transpiration in olive

(436 53 o o p 80 S5 Jpo) (514555, i
Stomatal conductance (molCo, m-?s?)

5

(46 53 o o ST ds0) 3
transpiration (molH,O m-2s?)

Genotype T1 T2 T3 T4 Tl T2 T3 T4
Amin 0.36a 0.266ae  0.193bk 0.130cl 5.14ag 5.47ad 6.37a 6.39a
Direh 0.29ab  0.173bl  0.166bl 0.113el 4.27aj 4.38a) 5.90ab 5.89ab
Arbequina  0.193bk 0.233ah  0.100gl  0.050j1  2.04j 4.33a) 5.50ad 2.61f
Manzanilla 0.273ac  0.27ad 0.103gl 0.93gl 4.12a) 5.42ad 4.23aj 4.89ah
Zagros 0.21ai 0.23ah 0.120cl  0.063il 4.16aj 4.95ag 4.10aj 3.46bj
Gorgan3 0.28ab 0.24ag 0.070il  0.050j1 4.03aj 5.14ag 3.29bj 3.00cj
Meshkat 0.096gl 0.173bl  0.093gl 0.0351 2.22ij 4.70ai 3.94a) 2.53gj
Tmn2 0.170bl  0.23ah 0.123cl  0.045kl 3.35bj 4.75ai 5.23af 2.87d]
Kh15 0.116dl  0.26af 0.113el 0.0361  2.55gj 5.66ac 4.77ai 2.27hj
Koroneiki ~ 0.160bl  0.203bj  0.126cl 0.035]  3.65bj 5.66ac 5.34ae 2.62fj
Zard 0.146bl  0.170bl  0.080h1 0.056j 2.64ff 3.79a) 3.38bj 2.65f]
Ozineh 0.123cl  0.106fl  0.066il 0.070il 2.70ej 3.37bj 3.63bj 4.66aj
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Mean, for each trait, followed by at least one letter in common are not significantly different at the 5%

probability level-using Tukey test.
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ABSTRACT
Zeinanloo, A.A. 2023. Comparison of some photosynthetic traits in olive (Olea europaea L.) genotypes
under heat stress condtions. Seed and Plant, 39, pp.545-566 (in Persian).

High temperature has negative effects on olive physiology, especially flowering, fruit
growth and oil production. To identify olive cultivars/genotypes tolerant to heat stress,
12 olive cultivars and genotypes with four temperature treatments T1: (34 £ 1.5 °C), T2:
(37 £ 1.5 °C), T3: (40 = 1.5°C) and T4: (43 £ 1.5 °C) were evaluated at Tarom olive
research station, Iran, in 2016. The experiment was conducted as factorial arrangement in
randomized complete block design with three replications. The results showed that the
photosynthesis rate and water use efficiency decreased with increasing temperature. The
results showed that the highest photosynthesis rate was obtained in T1 with 11.84 umol
m2 st and the lowest in T4 with 4.87 umol m?2s?. In T, temperature treatment, cv.
Manzanilla maintained more than 50% and cv. Amin 44% of their photosynthesis
efficiency compared to T1temperature treatment. The of cultivar temperature x treatment
interaction effect showed that the highest photosynthesis rate in T1 was 17.42 and 17.25
pumol.m2st in cv. Amin and cv. Deira, respectively. At temperatures > 40° C, there was
a sharp decrease in the stomatal conductance of the leaves. Cv. Arbequina and Ozine
genotype had the highest and lowest water use efficiency with 2.63 and 1.84 mmolCO:
molH,0%, respectively. Also, the highest water use efficiency was obtained in KH15
genotype and cv. Deira in T1 temperature treatment. Due to the considerable decrease in
photosynthesis rate at temperatures above > 40 °C, olive cultivation in areas with hot
summers will cause significant reduction in fruit yield and in fruit oil content.

Keywords: Olive, climate change, photosynthesis rate, stomatal conductance,

transpiration.

oY


https://orcid.org/0000-0002-8497-6558

VECY Jlo oF o)los ¥4 il "3y 9 Jlg8”

Introduction

One of the problems of olive cultivation that has become more apparent in recent years
is climate change particularly rising temperatures. The increase in temperature has caused
dramatically decreases in the fruit yield and oil content of olive warm and dry areas of
the world. (Siakou et al., 2021) Adaptability of large number of olive cultivars in warm
regions require many resources and time (Azimi et al., 2016). However, by examining
the factors related to photosynthesis during the peak of summer heat, cultivars with high
photosynthesis rate can be screened (Bongi et al., 1987). Then, the selected cultivars can
be evaluated for heat tolerance and adaptability to target areas.

The aim of this research was to identify cultivars/genotypes tolerant to heat stress and
suitable for regions with warm and dry climatic conditions with high photosynthesis rate
under high temperatures.

Materials and Methods

This reseach was carried out to identify olive cultivars/genotypes tolerant to heat
stress, 12 olive cultivars and genotypes (Zard, Arbequina, Deira, Amin, Koroneiki,
Manzanilla, Meshkat, Zagros and genotypes of Ozineh, Gorgan3, Tmn2, Kh15) with four
temperature treatments T1: (34 £ 1.5 °C), T2: (37 £ 1.5 °C), Ts: (40 + 1.5°C) and Ta4: (43
* 1.5 °C) were evaluated at Tarom olive research station, Iran, in 2016. The experiment
was conducted as factorial arrangement in randomized complete block design with three
replications. Physiological indices were measured using the LCI model of UK-ABC.
Photosynthesis related indices were measured in three replications, and in each replication
at least on three leaves from completely developed leaves of the current year for each
cultivar/genotype. The measured indices included: difference of reference CO, and
atmospheric CO2 concentration with CO2 of the sub-stomatal chamber, photosynthetic
active radiation (P. A. R.), chamber temperature, leaf temperature, stomatal conductance
(9s), transpiration (E), photosynthesis rate (A), water use efficiency (WUE), which was
calculated from the A/E ratio (Bongi et al., 1987). The mean leaf temperature was 0.81
°C higher than the ambient temperature, during the implementation of the experiment.
The average atmospheric CO> concentration was 388 ppm. The minimum, maximum and
mean of P. A. R was 1547, 1880 and 1721 umol m™ s%, respectively. Analysis of variance
was performed using Minitab version 17 software, and means were compared using
Tukey's test at the 5% probability level.
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Results and Discussion

Analysis variance showed that the effect of cultivar, temperature and genotype x
temperature treatment interaction effect on photosynthesis rate (A) were significant at the
5% level. Means comparison revealed that cv. Amin had the highest mean photosynthesis
rate with 12.14 umol ms™t. There was no significant difference between cv. Amin, cv.
Deira, cv. Zagros and cv. Manzanilla for photosynthesis rate. The lowest (A) was obtained
in cv. Zard and Ozine genotype with 6.97 and 6.13 pumol m™ s, respectively. The
interaction effect of genotype x temperature on (A) indicated that lowest (A) was obtained
in cv. Meshkat and cv. Koroneiki in T4 with 3.03 and 3.15 umol m2s™, respectively. The
photosynthesis rate of olive leaves usually does not exceed 18 umol m2sat light intensity
of 1900 umol m?s? (Bongi et al., 1987).

The mean comparison effect showed that the highest stomatal conductance (gs) was
related to cv. Amin with 0.239 molCO, m?s?, and the lowest was related to Ozine
genotype with 0.091 molCO, m?2s™. Cv. Deira and cv. Manzanilla had similar stomatal
conductance with 0.185 molCO2 m?s™. The stomatal conductance in cv. Koroneiki was
0.131 molCO2 m2s™ and Ozine genotype with 0.091 molCO, m?s™ had the lowest (gs).
Siakou et al. (2021) reported that the stomatal conductance in cv. Koroneiki was between
0.65-0.228 molCO, m?2 s, As the temperature increased, the stomatal conductance
decreased. In T4, the stomata conductance was 0.064 molCO, m* st which decreased by
69.8% as compared to T, temperature treatment. There was linear relationship between
photosynthesis rate and stomatal conductance with coefficient of determination of R?=
0.7873.

Cultivar Arbequina with 63.2 mmolCO2 molH,O had the highest water use efficiency
and the lowest water use efficiency belonged to cv. Koroneiki and Ozine genotype with
1.89 and 1.84 mmolCO, molH,O?, respectively. Water use efficiency had a direct
relationship with (A) and a negative relationship with transpiration (E) (Chartzoulakis et
al., 199b). The lowest water use efficiency for all cultivars/genotypes was in T in, except
in cv. Zard. The lowest water use efficiency belonged to Ozine genotype in T4 with 0.99
mmolCo2 molH20. The mean comparison indicated that the cv. Amin had the highest
transpiration with 5.84 mmolH,O m2s?and cv. Zard the lowest with 3.11 mmolH,0 m"
251 and other genotypes had no significant differences. With increasing temperature, leaf
transpiration increased but decreased in Ts. The reduction of (E) at temperature > 43°C
was due to the closing of the stomata.

0%0
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