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The effect of water deficiency stress and citrulline on essential oil content,
photosynthetic pigments and chlorophyll fluorescence of hyssop (Hyssopus
officinalis L.) in different harvests
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ABSTRACT

In the present study, effects of exogenous citrulline (control, 1 mM and 2 mM) and water availability (100% WA, 50% WA
and 25% WA) on growth indices, health of photosynthetic system, and essential oils quantity of hyssop were examined in
two successive harvests (summer and autumn, 2019). Extraction of essential oils and determination of its content was
performed by using clevenger-type apparatus in full blossoming stage. Analysis of variance showed that essential oil
content, fresh weight, leaf area, plant height, total chlorophylls, and Fv/Fm indicator were decreased under severe water
deficit stress (25% WA). Although citrulline doesn’t have a significant effect on essential oil content, citrulline at 2 mM
could increase essential oil content under severe water deficit stress by about 15% and 30% in the first and second harvest,
respectively. According to mean comparison, citrulline employment at 2 mM could significantly improve total chlorophyll
content, anthocyanines content, relative water content and Fv/Fm indicator under severe water deficit stress. Overall, results
of experiment corroborate that citrulline in low concentrations can economically collaborate as a metabolic agent in
improving the essential oil content and growth parameters of hyssop.
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Table 1. Concentration of macro and micro elements in nutrition solution.

NO; PO, SO, Cl Total (meg/L) Microelements (Concentration) ~ Concentration (mg/L)
K 1.2 H;:0.2-H:04 0.2 - 2.05 NHMO,0s 0.05
Na - - - 01 0.1 H:BO; 15
Ca 1.4 - - - 1.4 MnSO4.4 H,O 2
Mg 0.1 - 0.75 - 0.75 CuS0,4.4H,0 0.25
NH4 0.1 - - - 0.1 ZnS047H20 1
H - Hy;02-H:04 - - 0.6 Fe-EDTA 10
Total 2.7 1.2 1 0.1 5 Total 14.8
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Table 2. Results of variance analysis effect of citrulline and water deficit stress on growth traits in hyssop.

Means of squares

. Leaf Relative water Plant Dr; Fresh Essential
Saurces of variance df area content Height weigyht weight oil content

Block 2 16.508 9.462 320.05 720.685 8235.5 0.0008
Citrulline (C) 2 5.211 195.24™ 162.16™ 249.407 1034.667 0.070
Water deficit stress (S) 2 29.49 18.07 215.166™ 24.079 3862.167 0.119°
SxC 4 7.655 10.879 10.416 91.407 969.833 0.004
Main Error 16 14.419 29.15 16.18 66.726 594.645 0.013
Time of harvest (T) 1 88.882" 21.40 2787.85" 204.166 241108.9” 0.1157"
CxT 2 0.939 8.685 8.796 48.22 82.74 0.017
SxT 2 11.247 5.629 0.574 37.388 588.574 0.031
SXCxT 4 5.252 2.657 21.435 108.61 389.57 0.004
CV% - 8.35 5.17 7.71 18.07 14.69 26.34

SIS (Sxe Dgldl 055 5 000 0 5 ) Jlaizl mhaw (o o pme Dol oS 5 ains g
*** ns: Significantly differenceat the 1 and 5% of probability levels, and non-significantly difference, respectively.

Lgj Slao (S p oy ploj B nS0he auglie ¥ Jsoo

Table 3. Mean comparison effect of harvest time on some traits of hyssop.

o Chl. a Total Total chlorophyll  Anthocyanines EO Plant Fresh Leaf
Main Factor content chlorophyll content content o . . )
(mgg' Fw)  value (SPAD) (g g’ Fw) (umol g F)  content%  height em)  weight () area (cm’)
Harvest time First 0.287 a 49.18a 0413a 0.533a 0.507 b 3525b 49.18a 19.19a
Second 0.175b 45.04b 0.269 b 0.355b 0.60 a 49.62a 45.04b 16.63 b
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In each column, values with same letter does not have significantly difference with each other.
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Table 4. Results of variance analysis effect of citrulline and water deficit stress on photosynthetic pigments of hyssop.

Means of squares

S . Anthocyani SPAD Total chlorophyll — Total carotenoids  Chl. a/b Chl. b Chl. a
ources of variance df .

nes content value content content ratio content content
Block 2 0.0175 42.14 0.00052 0.0015 0.447  0.00017  0.0010
Citrulline (C) 2 0.033" 87.41° 0.024 0.0011 4807  0.0018  0.0276™
Water deficit stess (S) 2 0.016 155.87" 0.010 0.0014 3.078°  0.0060°  0.00080
SxC 4 0.011 14.045 0.011 0.0013 0327  0.00049  0.007
Main Error 16 0.0097 20.54 0.0065 0.0015 0.948  0.0014  0.0031
Time of harvest (T) 1 0.426™ 231.01" 0.280" 0.0059 2986 0.0090°  0.163"
CxT 2 0.0040 13.844 0.00068 0.0011 0.762 0.001  0.00081
SxT 2 0.0253 11.755 0.00083 0.0016 0.292 1.30 0.0026
SXCXT 4 0.0042 24.371 0.0013 0.0015 0.042  0.00054  0.00093
CV% - 19.77 9.08 32.98 26.10 32.98 30.22 37.17

SIS (e Dgl 058 g aoy0 B o) Jlois| e j0 ls e Solds oS5 4 ins g 4

** * ns: Significantly difference at the 1 and 5% of probability level, and non-significantly difference, respectively.
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Table 5. Mean comparison effect of citrulline on some traits of hyssop.

Total chlorophyll Chl a/b Chla Anthocyanines Relative Plant Dry
Trait value ratio content content water content  height weight
(SPAD) (mgg'Fw) (mgg'Fw) (umol g’ Fw) (%) (cm) (g
Control 46.63 ab 1.85b 0.191b 0.395b 83.38b 445a  37.38Db
Citrulline 1 mM 45.19b 221b 0.233b 0.465 a 86.11b 4383a 41.05ab
2 mM 49.52 a 2.87a 0.270 a 0473 a 89.94a 39b

DS gre Dglas 9905 9 a0, 0 5 ) Jleixl e jo o g ©gld oS 5 ayins g 4

4.483 a

** * ns: Significantly difference at the 1 and 5% of probability level, and non-significantly difference, respectively.
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Table 6. Mean comparison effect of water deficit stress on some traits of hyssop.

Chl a/b Total Plant Fresh Leaf Essential
Trait ratio Chlorophyll height weight area oil content
(mg g' Fw) (SPAD) (cm) (8 (cm?) (%)
Control 2.74 a 4947 a 46.16 a 162.22 a 18.95a 0.631 a
Water deficit stress Moderate 2.29 ab 48.05a 41.83 b 156.22 a 18.31 ab 0.528 b
Severe 191b 43.82b 39.33 ¢ 134.38b 16.48 b 0.480 b

DS gre Dglas 995 9 ao;0 0 5 ) Jleixl e jo o pe Sgld oS 5 4y ins g 4

** * ns: Significantly difference at the 1 and 5% of probability level, and non-significantly difference, respectively.
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Table 7. Results of variance analysis effect of citrulline and water deficit dtress on chlorophyll fluorescence
parameters related to hyssop.

Means of squares

Sources of variance df F, Fn Fy Fy/Fy Electrolyte leakage
Block 2 43479.86 41407.48 1765.31 0.0036 13.018
Citrulline (C) 2 96544.9 35150.7 15808.61° 0.038™ 46.46
Water deficit stress (S) 2 13926.7 4387.03 9277.37 0.020™ 87.62
SxC 4 40344.1 27281.78 5799.52 0.016™ 38.68
Main Error 16 24861.15 20343.52 1073.09 0.0026 115.45
Time of Harvest (T) 1 756.9 6035.21 392.71 3.6 39.18
CxT 2 47388.9 74111.41 10334.08 0.0090 22.90
SxT 2 9603.63 23382.41 6086.57 0.0039 14.74
SxCxT 4 9970.16 10614.06 3528.89 0.0060 67.79
CV% - 19.31 16.34 12.85 7.45 33.01

SIS sire Dglds 355 9 9o ,8 B 5 ) Jlaiol mhaw o s e Dglis oS 4ins gins g s s

** % ns: Significantly difference at 1 and 5% of probability level, and non-significantly difference, respectively.
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Figure 1. Mean comparison of interaction effect of citrulline and water deficit stress on maximum quantum yield of PS
II parameter in hyssop. In each treatments, In each treatment, values with same letter does not have significant difference.
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Table 8. Pearson correlation analysis for physiological indices in hyssop.
Traits EL RWC PH LA DW FW SPAD _ ChL A ChlL A/B Ant Fo Fy Fu Fy/Fy

EL 1
RWC 0.237 1
PH 0.417 -0.266 1
LA -0.191 0.283 -0.265 1
DW 0.250 0.666"  -0.341 0.425 1
FW 048 -0.141 0.89"  -0.192 -0.248 1
SPAD 0.060  0.6237 0364 077" 0.464 -0.240 1
Chl A 0.333 0.590" 0.78" 0.538"  0.638”"  -0.64"  0.586" 1
Chl. A/B 0.145 0772 <0329 0.486"  0.626" -0.212 0.69™ 0.722" 1
Ant -0.112 -0.063 0.69™ -0.57 -0.369 0.617 047 -0.67" -0.368 1
Fo 0.097 0717 0.046 -0.303 -0.402 -0.073 -0.54" -0.400 -0.56" 0.016 1
Fy -0.035  0.644"  -0.085  0.307 0.567" 0.102 0.336 0.382 0.442 -0.028 -0.46 1
Fu 0.129 -0.082 0.271 -0.175 0.121 0.239 0312 -0.151 -0.200 0.219 -0.06 -0.092 1
Fy/Fu 0.034 0.784™ 0.032 0.389 0.506" 0.187 0.569" 0.390 0.589" 0.068 -0.877 0717 0.029 1

(ol sog0e 5 il bghas abolis Slio (o (Saod) b ys o Jloiol g 58 jlo ire Siglis™ g sy gty Jleiz| mhaw jo s tme glis
*: Significantly difference at 5% probability level. **: Significantly difference at 1 % probability level. EL: electrolyte leakage, RWC: relative water
content, PH: plant height, LA: leaf area, DW: dry weight, FW: fresh weight, Chl: chlorophyll, Ant: anthocyanines.
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