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Abstract

Background and Objectives: Drought stress is a shortage of available water that limits
normal plant growth and delays life cycle completion; it affects growth and development by
inducing biochemical, physiological, and morphological changes. Identifying effective
management strategies to alleviate drought stress can improve plant yield and quality. However,
the effects of stress-mitigating agents such as nano calcium chloride and calcium carbonate on
scented geranium (Pelargonium graveolens) characteristics have not been studied. Therefore, this
study assessed the impact of foliar application of bulk and nano calcium chloride and calcium
carbonate on selected antioxidant properties, essential oil content, and yield of scented geranium
under drought stress.
Methodology: This experiment was conducted in 2023 at Lorestan University under greenhouse
conditions using a factorial design in a completely randomized design (CRD) with four
replications. The first factor was irrigation at two levels: no stress (80% of available water,
control) and severe water deficit (20% of available water). The second factor was foliar
application of calcium sources, calcium chloride and calcium carbonate in bulk and nano forms,
each at concentrations of 5, 10, and 15 mM, along with a control (0 mM). In total, 13 treatments
(26 treatment combinations) were evaluated. Rooted cuttings of Pelargonium graveolens were
transplanted into 15-cm-diameter pots. After transplantation, plants were irrigated normally until
full establishment. Foliar applications of calcium treatments were then initiated and applied every
two weeks, 10 times in total. Drought stress treatments were imposed after the first foliar
application according to scheduled irrigation intervals. At the end of the experiment (150 days
after initiation), aboveground plant parts were harvested for biomass measurements. Fresh
weights of leaves and stems were recorded immediately, and samples were then shade-dried to
determine dry weights. Essential oils were extracted from dried, ground leaves by hydro-
distillation in a Clevenger-type apparatus for three hours. To assess the activities of the
antioxidant enzymes catalase (CAT), ascorbate peroxidase (APX), and superoxide dismutase
(SOD), enzymes were extracted from frozen fresh leaf samples, and absorbance was read using a
spectrophotometer.
Results: Analysis of variance showed that drought stress, calcium treatments, and their
interaction significantly affected most evaluated traits (p < 0.01). Under 80% available water, 10
mM calcium carbonate increased catalase activity by 97.89% over the control (no foliar
application). This increase was statistically similar to that from 15 mM nano calcium carbonate
under the same irrigation condition or under 20% available water, which increased enzyme
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activity by 43.69%. Under 80% and 20% available water, 15 mM nano calcium carbonate
increased superoxide dismutase activity by 72.34% and 15.48%, respectively, over the control.
Under both irrigation levels, 15 mM nano calcium carbonate and nano calcium chloride increased
flavonoid content by 50.37% and 39%, respectively, over the control. Under 80% available water,
15 mM calcium chloride increased essential oil yield by 56.86% over the control; this increase
was statistically similar to that from 10 and 15 mM nano calcium chloride. Drought stress (20%
available water) reduced essential oil yield. However, under drought conditions, 15 mM nano
calcium carbonate increased essential oil yield by 80.95% over the control and was statistically
similar to 10 and 15 mM nano calcium chloride.

Conclusion: Both bulk and nano calcium treatments affected enzymatic, antioxidant, and
essential oil-related traits under both stress and non-stress conditions. Among the treatments, 15
mM nano calcium carbonate was the most effective for enhancing drought tolerance in scented
geranium.

Keywords: Antioxidant enzymes, drought stress, essential oil, foliar application, nano calcium
carbonate.
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Table 1. ANOVA for foliar bulk/nano-CaCl, and CaCOj; effects on enzymatic and antioxidant activities of
Pelargonium graveolens under drought stress

S.O.V. df CAT APX SOD Phenols Felavoenoids FRAP Shoot dry weight
Activity
Drought 1 0.000055™  38.368™  375.523""  0.000022" 0.003393** 0.003838" 1672.2"
stress (DS)
Ca 12 0.002410™  54.172""  716.859"" 0.001301" 0.005777"" 0.105119™ 34.00™
DS x Ca 12 0.000790"™  2.723™ 195.927""  0.000210" 0.001804™ 0.015505™ 1.96™
Experimental 78  0.000158 1.018 2.830 0.000036 0.000058 0.002940 0.26
C.V. (%) 8.58 7.00 3.63 9.66 2.31 3.78 371

ns * and ™*: non-significant, significant at 5, and 1% probability levels, respectively. CAT= Catalase, APX= Ascorbate peroxidase, SOD=
Superoxide dismutase

Sis i cos CaCO3 5 CaCl2 sU 5 SIL slse b (s ke Jlinad JlawSl 5T 5 o 5T slacIlas —¥ Jous

Table2. Enzymatic and antioxidant activities of Pelargonium graveolens in response to foliar bulk/nano-CacCl,
and CaCOg under drought stress

Treatment Phenols Felavoenoi FRAP CAT APX SOD
Available Compound Concen (mg GAE ds (mg (umol Activity
water tration gDW) RutinEqg- Feg! (umol mint g1)
content (%) (mM) 1 DW) DW)

80 Control 0 0.042m 0.2641 1.30N 0.095! 9.04 37.6"
5 0.047%m 0.292! 1.32hi 0.127k 8.7! 46.08¢

CaCl, 10 0.052/ 0.3179" 1.35% 0.1297 15.60¢ 45,470

15 0.0657 0.337¢ 1.530d 0.158¢f 16.2bd 54.6%

CaCl2>-NPs 5 0.055Mk 0.312" 1.35%h 0.131Mk 10.5Kk 47 .6%F

10 0.074¢¢ 0.356° 1.58P 0.1468" 14.0% 55.00¢

15 0.074¢d 0.319%h 1.56b% 0.132Mk 15.6%¢ 53.90¢

CaCO3 5 0.050%m 0.316" 1.32hi 0.142fi 12.99n 28.0m

10 0.06749 0.3284f 1.349" 0.1882 15.7¢¢ 47 50F

15 0.0709f 0.327¢9 1.53bd 0.144f%i 14.7¢f 48.7d

CaCOz3-NPs 5 0.050%m 0.312" 1.36"" 0.155¢9 13.9% 33.34

10 0.065¢%9 0.321fh 1.4189 0.163%¢ 15.4d% 63.92

15 0.085% 0.3972 1.590 0.178% 16.7bd 64.82

20 Control 0 0.048km 0.269j 1.349" 0.119% 11.1 56.2°
5 0.0524 0.338¢e 1.40%9 0.13891 11.4i 328

CaCl; 10 0.06191 0.338d 1.47% 0.158¢f 17.30% 348"

15 0.06191 0.365% 1.50¢d 0.158¢f 17.5% 35hk

5 0.046%m 0.338d 1.25i 0.136Mk 11.5Mi 36.2N

CaClz NPs 10 0.06410 0.366% 1,530 0.158¢ 16.504 47.8%

15 0.083° 0.3740 1.530d 0.142% 17.0be 46.9%F

5 0.045'm 0.318fh 1.42¢f 0.1484h 12.691 33.6/

CaCOs 10 0.062¢" 0.321%h 1.21i 0.136 14 4¢f 44.19

15 0.06191 0.368° 1.51bd 0.132Mk 16.4bd 52.8¢

CaCO3 NPs 5 0.053 0.298 1.30h 0.145¢ 13.8f 35.7Mi

10 0.0922 0.3179h 1.530d 0.1650d 16.90d 55.50

15 0.080 0.339d 1.682 0.171&¢ 18.48 64.92

Means with common letters are in the same statistical group at 5% probability level (LSD test). CAT= Catalase, APX= Ascorbate peroxidase, SOD=
Superoxide dismutase



OAY Yoooled FY s o)) e 5 pasls LS lidsy anlidas

ouLm‘ .:ng.o.:«_} Q‘J.:.a 6L¢§ju,.CaCO3,CaC|2 jJL!_’ &La Jl:'..,...lf .:‘_,.4 uﬁl.“jjl:u J.'o" U“Jt!.Jl.ﬁ 4..[)'.26 -y JJ-\?
Sl A5 Cov g ke Slaaad

Table 3. ANOVA for foliar balk / nano CaCOs and CaCl: effects on content and oil yield of Pelargonium
graveolens under drought stress

S.0.v df Oil content Oil yield
Drought 1 0.095™ 0.113™
Ca 12 0.093™ 0.008™
DS x Ca 12 0.008™ 0.000357™
Experimental error 52 0.0026 0.000036
C.V.(%) 6.57 5.99

ns,*, and **: non-significant, significant at 5, and 1% probability levels, respectively.
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Figure 1. Pelargonium graveolens shoot dry weight as affected by drought stress x foliar bulk/nano-CaCl, and
CaCOgj; interaction.Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 2. Pelargonium graveolens essential oil content as effected by drought stress /foliar bulk / nano CaCos
and CacClz interaction. Means with common letters are in the same statistical group at 5% probability level (LSD test).
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Figure 3. The interactive effect of drought stress and foliar application of bulk and nano calcium chloride and
calcium carbonate on the essential oil yield of scented geranium. Means with common letters are in the same statistical group

at 5% probability level (LSD test).
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Table 4. Essential oil composition of Pelargonium graveolens as affected by drought stress and foliar bulk/nano-
CaCl, and CaCO;

§ 6959z bR wRz § B9 59z &L &6Qz

2 3030% 39303 2 30 305 3Q 3085
No RI Compound s ZF ZF% 2P ZP® S 2§ ZFeE 2L Z2Q°

(80% AWC) (20% AWC)
% %
1 920 a-pinene 0.7 0.6 0.6 0.8 04 04 05 - 0.3 0.3
2 1090 linalool 11 04 04 0.6 04 0.6 - - 04 04
3 1099 cis-rose oxide 48 34 36 42 38 30 2.8 15 21 19
4 1113 2-isopropyl-5- 24 22 19 25 22 18 16 11 11 10
methyl-2- hexenal
5 1149 citronellal 06 0.8 04 09 11 0.8 04 - 12 05
6 1154 p-menthan-3-one 101 7.7 76 8.2 78 6.8 58 52 56 54
7 1230 citronellol 421 419 40.1 426 38.2 420 40.9 435 410 394
8 1266 citronellyl formate 222 222 251 218 20.6 20.3 21.6 233 219 223
9 1290 geraniol formate 17 21 27 20 17 12 11 13 15 18
10 1339 citronellol acetate 11 12 11 10 12 11 14 14 11 11
11 1360 copaene 03 03 - - 04 - - - 05 05
12 1405 Z-caryophyllene 15 12 14 11 18 12 16 20 20 18
13 1430 citronelly! 13 15 16 13 17 19 23 25 18 19
propionate

14 1438 B-humulene 0.3 03 - 05 04 - - - 05 0.8
15 1504 y-cadinene 05 0.6 - 05 0.8 - - - 11 0.6
16 1516 citronellyl butyrate 19 23 28 22 28 30 38 46 29 32
17 1547 geranyl butyrate 0.6 0.7 1.0 0.7 09 10 10 13 0.8 10
18 1565  caryophyllene oxide 15 17 22 22 29 2.7 23 - 16 21
19 1577  phenylethyl tiglate 17 26 27 27 29 36 30 30 25 27
20 1600 viridiflorol 0.2 03 - - 04 0.3 - - 0.3 03
21 1653 citronellyl tiglate 15 19 25 19 2.5 37 46 55 32 40
22 1688 geranyl tiglate 0.7 1.0 17 11 12 20 20 259 20 26

RI= Retention Indices
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