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Study of physiological and biochemical responses of some hazelnut cultivars under
drought stress and re-watering conditions

Ali Shahi', Mohammad Reza Fatahi®", Zabihollah Zamani? and Reza Maali-Amiri?
1, 2. Ph.D. Candidate and Professor, College of Agriculture and Natural Resources, University of Tehran, Karaj, Iran
(Received: Nov. 13, 2016 - Accepted: Aug. 25, 2018)

ABSTRACT

Due to decreasing in precipitation and under-ground water resources and increasing the chance of drought stress, it is
necessary to select drought resistant or tolerant cultivars and genotypes. Hazelnut is one of the most important nut trees. In
order to study responses of six hazelnut cultivars (‘Fertile’, ‘Ronde’, ‘Longue’, ‘Segorbe’, ‘Gerd’ and ‘Merville’) to drought
stress, a RCBD based factorial experiment was carried out on three-year-old outdoor potted saplings. Irrigation treatments
included control (regular watering), and drought stress (withdraw watering). Rewatering after drought stress period was
performed and recovery of plants after one day and after one week were studied. Results of variance analysis showed
significant differences between irrigation treatments as well as the cultivars. Photosynthetic pigments and the quantum
efficiency decreased under drought stress, whereas, MDA and proline contents increased. The highest quantum efficiency
of photosystem Il was observed in control treatment (0.731) and the lowest was in stress treatment before rewatering, but
one week after rewatering it returned to the control level. Gerd cultivar with highest amount of photosynthetic pigments had
also the highest amounts of antioxidant compounds (phenolic compounds and flavonoids). Proline content had negative
correlations with most of the studied characters except MDA. Under drought stress, ‘Longue’ and ‘Ronde’ expressed the
lowest and the highest leaf injury (necrosis %), respectively. ‘Longue’, ‘Fertile’ and ‘Gerd’ cultivars were more tolerant to
drought than other cultivars.
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Table 1. Physical and chemical characteristics of the soil

Soil mixture Texture

pH EC

Water percentage  Water percentage
in FC in PWP

Leaf composts (15%), sand (25%),
and garden soil (60%)

Sandy loam

1.6 24.74% 7.43%
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Table 2. Results of variance analysis of water stress effect and cultivar on studied characteristics of hazelnut

Mean Squares

Source of variations

df Chla Chlb Total Chl Carotenoids Fv/Fm
Block 2 0.19"™ 0.02"™ 0.33™ 0.07"™ 0.003 ns
Water stress (WS) 3 3377 0.29" 543" 0.43" 0.02"
Cultivar (C) 5 4.29™ 0.69™ 9.00™ 0.23" 0.008"
WSxC 15 0.39™ 0.02™ 0.61™ 0.14" 0.002 ™
Error 46 0.73 0.07 1.46 0.06 0.003
CV% 12.82 7.94 12.10 7.25 8.23

(N gid 0g5lsS ST S Tas FVIFM ¢ Ldg IS Chl) sy ) 50 Jlaio| o 50 jlo o iglis o lo sime pud oglis o )3 4y oot

ns, *, **: non-significant, significant at 5% and 1% level, respectively Chl, chlorophyll; Fv/Fm, maximum quantum efficiency of photosystem II)

Continued table 2. Results of variance analysis of water stress effect and cultivar on studied characteristics of hazelnut

Mean Squares

Source of Variations

df TSC Proline MDA TPC TF
Block 2 223.97 ns 0.28 ns 62.16 ns 0.12 ns 0.46 ns
Water stress (WS) 3 480.21" 108.9” 3969.98™ 0.47" 7517
Cultivar (C) 5 567.83" 3.927 1424.48™ 8.7" 76.96™
WSxC 15 388.55™ 245" 467.89" 1.20™ 485"
Error 46 148.64 0.46 85.58 0.09 0.45
CV% - 7.64 18.06 7.49 7.97 9.40

LS 5 TPC caaallisogglle MDA ¢ Jgloe IS (sl joumgy S TSC) duoys V 50 Jloi! zrbaws 10 o sine gl ¢yfo cine gl 95 usi i 4 st g 3 NS

(JS loasgigds TF 5 JS Jgid

ns, *, **: non-significant, significant at 5% and 1% level, respectively ( TSC, total soluble carbohydrates; MDA, malondialdehyde; TPC, total phenolic

compounds; and TF, total flavonoids)
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Table 3. Means comparison of photosynthetic pigments and maximum quantum yield of photosystem Il in hazelnut
cultivars under water stress conditions

Treatments™ Chla(ugg*DW) Chlb(ugg'DW)  Total Chl (ugg’ DW)  Carotenoids (ug g DW)  Fv/Fm
Water treatments
Control 7.08a 2.74a 9.83a 2.24a 0.731a
WS 6.14c 2.45¢c 8.58b 1.91b 0.672b
Rw1 6.46bc 2.54hc 9.09ab 2.00b 0.681b
RW2 6.92ab 2.65ab 9.57a 2.1% 0.732a
Cultivars
Fertile 6.31bc 2.43b 8.73bc 2.02bc 0.735a
Ronde 7.02ab 2.66b 9.69b 2.08bc 0.706ab
Longue 5.86¢ 2.45b 8.31c 2.16ab 0.722a
Segorbe 6.37bc 2.43b 8.81bc 1.98bc 0.685ab
Gerd 7.55a 3.05a 10.73a 2.04a 0.713ab
Merville 6.78b 2.55b 9.33b 1.94c 0.663b

) 4 Slas aisee ol (Sl glasals iz ygel bl as )0 O Jlas! mhaw 1o ls gire Dglas 39 baimslis b e et o )0 aline gy

(1 pmsgid soglsS TS 2STas FVIFm ¢ L3g 1S (Chl

* Similar letters in each column representing no significant differences at 5% according to Duncan’s Multiple Range Test (Chl, chlorophyll; Fv/Fm,

maximum quantum efficiency of photosystem II)
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Figure 1. Means comparison of interaction effect of hazelnut cultivars and drought stress on proline content

(Watering conditions: C, control; WS, water stress; RW1, sampling one day after re-watering; RW2, sampling one
week after re-watering)
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Figure 2. Means comparison of interaction effects of hazelnut cultivar x drought stress for total soluble carbohydrates

content; similar letters on each column representing no significant differences at probability level of 5% according to

Duncan’s Multiple Range Test. Watering conditions: C, control; WS, water stress; RW1, sampling one day after re-
watering; RW2, sampling one week after re-watering.
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Figure 3. Means comparison of interaction effects of hazelnut cultivar x drought stress for MDA content; similar
letters on each column representing no significant differences at the probability level of 5% according to Duncan’s
Multiple Range Test. Watering conditions: C, control; WS, water stress; RW1, sampling one day after re-watering;
RW2, sampling one week after re-watering.
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Figure 4. Means comparison of interaction effects of hazelnut cultivar x drought stress for total phenolic compounds
contents; similar letters on each column representing no significant differences at the probability level of 5%
according to Duncan’s Multiple Range Test. Watering conditions: C, control; WS, water stress; RW1, sampling one
day after re-watering; RW2, sampling one week after re-watering.
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Figure 5. Means comparison of interaction effects of hazelnut cultivar x drought stress for total flavonoids contents;
similar letters on each column representing no significant differences at the probability level of 5% according to
Duncan’s Multiple Range Test. Watering conditions: C, control; WS, water stress; RW1, sampling one day after re-
watering; RW2, sampling one week after re-watering.
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Figure 6. Means comparison of hazelnut cultivars under drought stress conditions for leaf injury percentage (necrosis
%); similar letters on each column representing no significant differences at the probability level of 5% according to
Duncan’s Multiple Range Test.
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Table 4. Pearson’s correlation coefficients between 10 different traits of hazelnut culivars under different irrigation

treatments

Traits Fv/IFm Chla Chlb T Chl Caro TSC Pro MDA TPC TF
Fv/Fm 1
Chla 0.24 1
Chlb 0.32 0.92™ 1
T Chl 0.26 0.99™ 0.95™ 1
Caro 047" 0.69™ 0.79™ 0.73™ 1
TSS 0.01 -0.00 -0.20 -0.05 0.04 1
Pro -0.64" -0.51" -0.52" -0.52" -0.56™ -0.07 1
MDA -0.31 -0.16 0.00 -0.12 -0.07 -0.25 0.66™ 1
TPC 0.08 0.54™ 0.67" 0.58" 0.36 -0.30 0.07 0.48" 1
TF 0.06 0.41 0.6 0.47" 0.38 -0.37 0.15 0.66™ 0.91" 1

JS slacljoueg S TSC ¢ udg IS Chl ] ginsgid oglsS ST, fiSTlas FVIFM 3) o0 ) 50 Jlois! mhaws [0 Jlo sime Siglsl o 5y st g 3

(S slaasgds TF g J5 Jed ol 5 TPC sauall o9l MDA ¢ Jglome
*, **: Significant difference at 5%, and 1% level, respectively ( Fv/Fm, maximum quantum efficiency of photosystem II; Chl, chlorophyll; TSC, total
soluble carbohydrates; MDA, malondialdehyde; TPC, total phenolic compounds; and TF, total flavonoids)
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