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Abstract: To date, ‘Japansche Citroen’ (JC) has only been used commercially as a rootstock in Indonesia; however,
the use of suitable rootstock remains challenging because of water limits in different places. The morphological,
physiological, and gene expression changes of one-and-a-half-year-old mandarin cv. ‘Keprok Batu 55’ (KB) and
sweet orange cv. ‘Manis Pacitan’ (MP) budded onto ‘Japansche Citroen’ (JC), ‘Rough Lemon’ (RL), ‘Salam’ (S),
“Volkameriana’ (V), and ‘Cleopatra Mandarin’ (C) rootstocks, subjected to six-week drought-stress conditions,
were examined under a shade house. The experiment was conducted in Junrejo Subdistrict ( £ 990 m a.s.l.), Batu
City, East Java Province, Indonesia, from January 2022 to May 2023. The experimental design was a factorial
randomized block design with two factors: rootstocks as factor I and two citrus species as factor II, with three
replications. A low shoot/root (S/R) ratio indicates much more root development than shoots observed in KB/C
(0.89) and MP/RL (0.87) plants under drought conditions; the MP/RL plant had the greatest stomatal density
(16.0/0.015 mm?) and percentage of stomatal closure (58.8%). In this condition, it had lower leaf relative water
content (RWC) than the control, with comparatively high RWC ranging from 45-55% in KB/JC, KB/S, MP/C,
and MP/RL. The drought did not affect cell membrane damage, although this did slightly increase the quan-
tity of chlorophyll 4, b, and carotenoids (P < 0.05). Aside from that, leaf proline and total soluble sugar levels
were higher in the dryness than in the control, with the combination of KB/C (331.6 p mol proline/g fresh
weight), MP/JC, and MP/RL plants having the highest (347.9 and 337.1 umol proline/g fresh weight). Meanwhile,
the plants with the greatest quantities of soluble sugar were KB/C (35.9 mg/g dry weight) and MP/V (75.3 mg/g
dry weight). Regardless of scion-rootstock interaction, KB enhanced the relative quantity of several genes such
as 1-Aminocyclopropane-1-carboxylate (ACC) synthase, Chlase, ethylene receptors (ETRI), osmotin, plasma
membrane instrinsic proteins (PIP1), and PIP2 allowing it to respond more effectively to drought stress condi-
tions. In contrast, MP only increased Chlase and ETRI ones. Under drought conditions, the KB/C and MP/RL
combinations are assumed to be more adaptable than others.
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Indonesia has commercially established cit-
rus as one of its main fruit commodities. In 2022,
the national production of this commodity (tan-
gerines and mandarins is projected to reach ap-
proximately 2 551 999.00 tons, with corresponding
to 57 000 hectares of harvested areas. This area is
estimated to be 70% ‘Siam’ (tangerine) and 30%
‘Keprok’ (mandarin). In addition to them, the farm-
ers also grow lemons, pummelo, and sweet orange
s (BPS 2023). Mandarin citrus cv. ‘Keprok Batu 55’
(KB) and sweet orange cv. ‘Manis Pacitan’ (MP) are
two common cultivars that customers like. Growers
usually bud the scion onto a rootstock to cultivate
them. ‘Japansche Citroen’ (CJ) (Citrus x limonia (L.)
Osbeck), or JC, is a popular rootstock among Indo-
nesian producers. Aside from that, a limited number
of growers also employ Rough Lemon’ (RL) (Cit-
rus x jambhiri Lush.) and ‘Salam’ (S) (Fortunella ja-
ponica Thunb.) as rootstocks on their plants. Others,
such as ‘Volkameriana’ (Citrus ‘Volkameriana’), and
‘Cleopatra Mandarin’ (CM) (Citrus reshni hort. ex
Tanaka), are less well-known.

The effect of rootstocks on scion perfor-
mance has received a lot of attention. Rootstock
may influence height, plant spread, canopy vol-
ume, scion and root diameters, leaf chlorophyll,
and nutritional levels in citrus trees (Santana-Viei-
ra et al. 2016; Hassanzadeh et al. 2019; Kumar et al.
2019; Zhu et al. 2020; Hayat et al. 2022).

The process of grafting on plants is a complicated
one that might cause a change in the plants’ es-
sential characteristics (Greco et al. 2012; Sharma,
Zheng 2019). The mobilization of genetic mate-
rial between the two of them brings about this
process of transformation (Stegemann et al. 2012;
Thyssen et al. 2012). In addition to this, there is
also the mobilization of endogenous hormones,
such as gibberellis acis (GA), auxin, and cytokinin,
as well as microelements (Asahina, Satoh 2015;
Zhai et al. 2021). According to Hertle et al. (2021),
the process of mobilization takes place via the for-
mation of a new intercellular connection. Two dif-
ferent portions of the plant surface derived from
rootstock and scion, come together and fit into one,
creating this connection. It is suggested that gene
flow from the rootstock occurs in citrus trees
as well, resulting in genetic variations in the plant
scions when different interstocks are used in man-
darin Borneo Prima plants (Devy et al. 2023).

Furthermore, rootstock might affect the ability
of a plant to adapt to its environment. According
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to Goncalves et al. (2019), ‘Rangpur’ lime rootstock
produces better drought tolerance when budded
with sweet orange scion by activating genes in-
volved with cell wall formation, soluble glucose
metabolism, and antioxidant metabolism. The ac-
tivation of their signaling pathways increases in re-
sponse to stress. Genes involved in starch metab-
olism, light responses, and ethylene signaling, on
the other hand, are downregulated. Rootstock may
transmit all stress responses to scion (Santana-
Vieira et al. 2016; Balfagon et al. 2022).

Increasing the translation of ABA signaling genes
might improve drought stress tolerance. Stomatal
closure and transpiration decrease as ABA accu-
mulates. In drought-tolerant rootstocks, changes
in root zone moisture increase the movement
of small amounts of ABA from roots to shoots,
enhancing water consumption efficiency (Liu
et al. 2016). Pine trees grafted with drought-tol-
erant rootstocks show higher photosynthesis, ac-
tivation of genes involved in abiotic stress toler-
ance, and an increase in phytohormone transcript
accumulation (Hinojosa et al. 2021). Under such
conditions, drought stress frequently increases
the expression of drought-related genes (Yulianti
et al. 2021). In this research, two popular com-
mercial citrus scions (mandarin cv. ‘Keprok Batu
55" and sweet orange cv. ‘Manis Pacitan’ ) budded
onto five rootstocks, namely JC, RL, ‘Volkameri-
ana, ‘Cleopatra Mandarin, and ‘Salam’ were evalu-
ated to determine their capacity to resist drought.
Dry conditions were applied to plants for six weeks,
and morphological, physiological, and gene-related
drought expression features were examined.

MATERIAL AND METHODS

Research site. The research was conducted
at a shade house in Junrejo Subdistrict (£ 990 m
a.s.l.), Batu City, East Java Province, Indonesia,
from January 2022 to May 2023. The average tem-
perature, relative humidity, and light intensity
at the shade house were 30.6 + 0.7 °C, 51.6 + 1.4%,
and 2936.5 + 407.2 lux, respectively.

Materials. Rootstocks used in this study were
‘Tapansche Citroen’ (JC) (Citrus x limonia (L.)
Osbeck), ‘Rough Lemon’ (RL) (Citrus x jambhiri
Lush.), citrus ‘Volkameriana' (V) (Citrus x limon),
‘Cleopatra Mandarin’ (C) (Citrus reshni hort. ex
Tanaka), and local rootstock ‘Salam’ (S) (Fortunel-
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la japonica Thunb.). Meanwhile, two citrus scions
used were mandarin (Citrus reticulata Blanco)
cv. ‘Keprok Batu 55’ and sweet orange (Citrus sin-
ensis L.) cv. ‘Manis Pacitan’ .

Rootstock seeds were sown in the seedbed con-
taining mixed sand and soil (2:1), and it was main-
tained for one month under a shade house prior
to this study (September 2021). Rootstock seedlings
were then transplanted into polybags (10 x 30 cm)
with a 2:1:1 mixture of fine sand, manure, and soil.
Transplanted seedlings were kept in a shade house
for three months (October to December 2021). Two
citrus scions were then budded onto transplanted
rootstocks, and they were kept for 13 months (Jan-
uary 2022 to February 2023) (Table 1).

One-and-a-half-year-old budded trees (from
sowing the seeds) were transplanted in 2.4-liter
plastic polybags filled with rice husk, manure, and
soil (1:1:1) and watered twice a week for control
and without water for six weeks for drought treat-
ments. Plants undergo fertilization twice a month
using a solution of 15 g of NPK (15:15:15) ferti-
lizer and 10 g of ZA in 1 L of water, applied at a rate
of 100 mL per plant. After the drought treat-
ment had finished, all parameters were examined.

Methods

Shoot/root ratio. After six weeks of drying, plants
were removed from their surroundings, cleaned,
and divided into two sections: top (shoot) and bot-
tom (root), and dried in an electric oven at 70 °C
for two days. The S/R ratio was calculated by weigh-
ing the oven-dried shoots and roots.

Stomatal density (SD) and stomatal closure (SC).
To generate an epidermal impression, the leaf sur-
face was covered with nail polish. Peel off the dried

Table 1. Combination scion/rootstock plants

Treatment (scion/rootstock) Code
‘Keprok Batu 55’/‘Cleopatra Mandarin’ KB/C
‘Keprok Batu 55’/‘Japansche citroen’ KB/]C
‘Keprok Batu 55’/‘Rough Lemon’ KB/RL
‘Keprok Batu 55’/*Salam’ KB/S
‘Keprok Batu 55’/“Volkameriana’ KB/V
‘Manis Pacitan’/‘Cleopatra Mandarin’ MP/C
‘Manis Pacitan’/‘Japansche citroen’ MP/JC
‘Manis Pacitan’/Rough Lemon’ MP/RL
‘Manis Pacitan’/‘Salam’ MP/S
‘Manis Pacitan’/‘Volkameriana’ MP/V

layer of polish using sellotape and place it on
a slide. SD was examined at a 400x magnification
microscopeon an area of 0.015 mm?,

Relative water content (RWC). The relative water
content (%) in the leaves was calculated based on
the equation:

Relative water content (%) = [(fresh weight — dry
weight)/(fresh weight)] x 100

Membrane stability index (MSI). After washing
with deionized water, 0.2 g of leaf tissue was cut into
pieces and placed in 10 mL of deionized water. This
material is heated for 30 minutes at 40 °C. A con-
ductivity meter was used to measure its electrical
conductivity (EC1). For EC2, the value is produced
by re-boiling the content for 10 minutes at 100 °C.
MSI was determined using the following equation:
MSI (%) = [1 — (EC1/EC2)] x 100

Membrane injury (MI) was calculated based on
the equation: MI (%) = [1 - (MSId/MSIC) x 100]

MSIG1 = MSI drought; MSIC = MSI control (Abid
et al. 2018).

Chlorophylls and carotenoid content. Chloro-
phylls and carotenoid content were detected based
on Sumanta et al. (2014). A total of 0.5 g of crushed
leaf sample was added to 10 ml of 95% ethanol and
centrifuged for 15 minutes at 10 000 rpm. The su-
pernatant was separated and diluted ten times.
The absorbance of the diluted mixture was meas-
ured spectrophotometrically at 664, 649, and
470 nm. The concentrations (pg/ml) were calcu-
lated by equation:

Chlorophylla=13.36 A, - 5.19 A
sorbance)

Chlorophyll b = 2743 A, - 8.12 A,

Carotenoids = (1 000 A, — 2.13 Ch-a - 97.63
Ch-b)/209

Determination of leaf proline and total soluble
sugar content. The ninhydrin technique was utilized
for the analysis of leaf proline (Bates et al. 1973); it
included extracting 0.5 g of leaf sample from 10 mL
of 3% aqueous sulfosalicylic acid. Proline concen-
trations are measured at 520 nm (pmoles of proline
per gram of fresh-weight sample). The correspond-
ing amounts of proline were determined using
a standard curve.

The total soluble sugar was determined us-
ing the Anthrone method (Irigoyen et al. 1992).
A 0.1 g crushed leaf sample was extracted with
80% (v/v) hot ethanol and centrifuged at 6 000 rpm
for 15 minutes. The supernatant was extracted with
80% ethanol twice more. After mixing the three

(A = ab-
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supernatants, 5 mL of 80% ethanol was added.
The sugar content was measured at 620 nm.
The corresponding amounts of soluble sugar were
determined using a standard curve (mg/g DW).

Relative gene quantity analysis

Total RNA isolation. Young leaves from each
sample plant unit were collected to serve as com-
posite samples for each treatment. The composite
samples provided total RNA. The isolation tech-
nique followed the guidelines of the PureLink®
RNA Mini Kit. The quality and quantity of the iso-
lated RNA were detected by using the Implen Na-
noPhotometer®.

Synthesis cDNA. The conversion of isolated RNA
into cDNA was based on the guidelines of the iS-
cript™ cDNA Synthesis Kit (BioRad).

Analysis of gene quantity. The quantity of genes
was measured using the Mini Opticon Real-Time
PCR System (BioRad). Each RT-qPCR reaction con-
tained 10 pL of SYBR Green fluorophore (BioRad),
1 pL ¢cDNA template, 0.5 pL (10 mM) of each prim-
er (Table 2), and 8 pL of ddH,O. The amplification
program followed conditions: 10 minutes at 95 °C,
15 seconds at 95 °C for 40 cycles, and 1 minute
at 60°C with the addition of a melting curve rang-
ing from 65 °C to 95 °C. The Bio-Rad CFX Maes-
tro software was used to estimate the relative gene
quantity (relative to zero value). The primers used
were based on Yulianti et al. (2021) (Table 2).

Experimental design. The research methodology
used was a factorial randomized block design con-
sisting of two factors: rootstocks as factor I and citrus
varities as factor II, with three replications. Each treat-
ment consisted of two plants, for a total of 120 poly-
bags. The combination of five rootstocks and scions
of ‘Keprok Batu 55" and ‘Manis Pacitan’ were divided
into two groups, then these groups were subjected
to drought stress conditions for six weeks and normal
conditions for control treatment, respectively.

Statistical analysis. A one-way analysis of vari-
ance (ANOVA) was used to analyze the data, sub-
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sequent to Duncan’s multiple range tests (P < 0.05).
The data was provided as mean + standard devia-
tion, using three replicates. R 4.3.2 (2023-10-31
ucrt) for Windows was used to create a heatmap
(accessed on October 31, 2023). Trait mean val-
ues were normalized, and the library pheatmap
was adapted to generate heatmap and hierarchi-
cal clusters.

RESULTS

Shoot-to-root ratio. Citrus budded plants were
treated to water deficit to investigate the influ-
ence of rootstock on scion responses to drought.
After stress treatments, the plant’s oven-dry mass
was measured, and the shoot-to-root ratio was es-
tablished. The control treatment results in a signifi-
cant (P < 0.05) difference in the S/R ratio. Plants
of KB/S and MP/C exhibit a S/R ratio value great-
er than others, indicating that their shoot mass
is greater than their root one. Other treatments,
on the other hand, have a S/R value less than one
(Table 3). Under drought conditions, all scion and
rootstock combination plants had no significant
(P < 0.05) effects on the S/R ratio. They vary from
0.76 to 1.18 under such conditions. On the ‘Keprok
Batu 55" and ‘Manis Pacitan, the treatments with
the lowest S/R values were KB/C (0.89) and MP/V
(0.76), respectively. This may indicate that the root
mass is greater than the shoot mass (Table 3).

Stomatal density (SD) and percentage of stoma-
tal closure (SC). The interaction between the root-
stock and the scion impacts the SD significantly
(P < 0.05). At control conditions, MP/V has the
highest SD (16.7) and KB/C has the least (11.2).
The later treatment is not significantly different
(P < 0.05) with KB/JC and KB/V. Meanwhile, under
drought conditions, rootstock treatment in dry en-
vironments also affects the SD value of the plants.
When compared to other plants, MP/C and MP/

Table 2. PCR primers forward and reverse sequences (Yulianti et al. 2021)

Primers Forward sequences Reverse sequences

Osmotin CAACGACCTCTCCTCCTACG ACAGCTCGTCCGTACCAAAC
PIP1 AGGATTACACGGAGCCACCT TGCTTTTGGATTTGGACACG
PIP2 TGTGTTCATGGTTCACTTGG TGAATGGTCCAACCCAGAAG
Chlase ACCGCTTGTGCACCTGAAG TGTCCATGTGACCATAATCTGTAGC
ACS2 CACAGTGTTCACCAAGGAGTC CGAGTAAATGATACCGACCCTAA
ETRI1 CAGGAGAGAAGCGGAAACAG GCTCGGGTGTCAATTCAGTC
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Table 3. The shoot-to-root ratio of a citrus budded plant

Treatments S/R ratio

control drought
KB/C 0.92 + 0.1% 0.89 + 0.1
KB/JC 0.85 + 0.1% 1.13+ 0.2
KB/RL 0.89 +0.1% 1.18 £ 0.3
KB/S 1.06 + 0.1 1.07 £ 0.3
KB/V 0.95 + 0.1% 0.94 + 0.2
MP/C 1.02 + 0.2 1.03 + 0.2
MP/JC 0.75 + 0.1% 0.99 + 0.3
MP/RL 0.74 + 0.1% 0.87 + 0.2
MP/S 0.98 + 0.2% 1.06 + 0.2
MP/V 0.62 + 0.04° 0.76 + 0.1
P ns
R? (%) 53.8 24.3

ns — letter in one column is not significantly different
at P < 0.05; *different at P < 0.05 according to Duncan Mul-
tiple Range Test; C — ‘Cleopatra Mandarin’; JC — ‘Japansche
Citroen’; RL — ‘Rough Lemon’; S — ‘Salam’; V — “Volkameri-
ana’; KB — ‘Keprok Batu 55’ ; MP — ‘Manis Pacitan’; data are

means * standard deviation; n = 6

RL plants had the highest values (15.8 and 16.0, re-
spectively) (Table 4). Drought treatment, in general,
tends to increase SD in both ‘Keprok Batu 55" and
‘Manis Pacitan’ .

In terms of the percentages of SC, all combination
treatments were not significantly different both un-
der control and drought conditions. The range of sto-
matal closure under control and drought conditions
were 22.5 (KB/C) to 35.4% (KB/JC), and 35.3 (KB/RL)

to 58.8% (MP/RL), respectively. In addition, the in-
crement of stomatal closure ranged from 6.6 (KB/V)
to 27.4 % (MP/RL) (Table 4).

Relative water content (RWC) and membrane in-
jury (MI). The scion/rootstock combination showed
significantly different leaf RWC under drought condi-
tions (P < 0.01) (Table 5). The scion/rootstock com-
bination with KB/S had the highest RWC (54.9%),
followed by KB/JC (53.4%). In contrast, there was no
significant difference among scion/rootstock com-
binations under control conditions. The RWC value
varies from 64% to 74%. Nevertheless, drought stress
reduced the RWC values of plants by 12.5 (KB/S)
to 31.8% (MP/V).

When plants were exposed to drought treatment,
the percentage of membrane damage in both ‘Keprok
Batu 55’ and ‘Manis Pacitan’ plants was unaffected
by the usage of rootstocks. Membrane injury (MI)
ranged from 5.9 (MP/C) to 37.9% (MP/V) (Table 5).

Chlorophyll and carotenoids content. The leaf
chlorophyll and carotenoids content were signifi-
cantly affected by the interaction between the root-
stock and the scion. The highest chlorophyll a con-
tent was observed in MP/C (8.0 ug/mL) under control
conditions and KB/V and MP/JC (8.3 pg/mL) under
drought stress. In addition, MP/C produced the high-
est chlorophyll b content under both control and
drought conditions. The highest carotenoids con-
tent was detected in MP/V (1.7 pg/mL) and MP/]C
(1.6 pg/mL) under control and drought conditions,
respectively (Table 6).

Leaf proline (Pro) content. Plants subjected
to drought stress will respond physiologically in or-

Table 4. Leaf stomatal density and stomatal closure percentage in citrus budded plants

Stomatal density (SD/0.015 mm?)

Stomatal closure (%)

Treatments -

control drought control drought increment
KB/C 11.2 + 0.7¢ 12.4 + 0.5 22.5 + 6.4 39.0+ 11.6 16.6 + 10.6
KB/JC 11.9 + 0.7¢ 12.4 + 0.3 35.4 + 2.0 479+5.1 12.4 + 4.7
KB/RL 12.0 + 0.5% 11.6 + 0.4¢ 259 + 2.4 35.3 + 4.4 94+5.9
KB/S 12.9 + 1.2b«d 12.4 + 0.9 254 + 8.2 37.1+26 11.6 + 10.7
KB/V 11.5 + 0.8¢ 12.2 + 1.2¢ 34.5 + 4.4 41.2 +4.7 6.6 +5.5
MP/C 12.7 + 0.7°d 15.8 +1.22 22.6 + 4.6 37.0 + 4.7 14.4 + 9.0
MP/JC 15.2 + 1.7%¢ 14.6 + 1.3%¢ 345+ 5.8 52.1+2.7 17.6 +7.2
MP/RL 15.7 + 1.4 16.0 + 0.7 314 +4.7 58.8 + 5.8 27.4 + 10
MP/S 15.1 + 0.4%"¢ 14.6 + 0.9%¢ 283 + 3.6 44.7 + 2.0 16.4 + 3.2
MP/V 16.7 + 0.2 15.5+ 0.3 26.9 5.3 43.2 + 14.6 16.3 +9.8
P * * ns ns ns
R? (%) 83.4 79.3 48.8 52.9 23.1

For abbreviations explanation see Table 1; *is significant different at P < 0.05 according to Duncan Multiple Range Test
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Table 5. Levels of leaf relative water content (RWC) and membrane injury (MI)

RWC (%)

Treatments MI (%)

control drought reduction
KB/C 659 £5.1 39.2 + 3.0¢ 26.7 £+ 7.6 23.6+t11.5
KB/JC 74.0 £ 1.6 53.4 + 1.6% 20.6 + 1.4 17.0 £ 14.0
KB/RL 74.3 £ 1.6 43.1 + 5.7° 31.2+72 7.5+21
KB/S 64.0 £ 5.4 54.9 £ 6.2% 12.5 £ 6.7 7.9 %45
KB/V 69.5£2.1 42.0 +9.3¢ 276 +7.8 18.0 £ 10.3
MP/C 64.3 £ 3.01 46.3 + 3.7%¢ 18.0 £ 6.3 59+6.7
MP/]C 68.9 1.3 374 +1.2°¢ 31.5+19 31.3+8.3
MP/RL 729 +£9.1 455 + 3.9%¢ 27.4 +13.0 18.2 +11.0
MP/S 67.3£3.3 40.2 + 4.4¢ 27.1+4.9 13.5 +4.5
MP/V 69.9 £ 2.3 38.1 +1.9¢ 31.8+4.1 379+ 10.6
P ns ns ns
R? (%) 52.2 85.3 44.3 60.5

For abbreviations explanation see Table 1; *is significant different at P < 0.05 according to Duncan Multiple Range Test

der to protect themselves from damage or death.
The significant interaction was shown in leaf Proline
content both under drought stress and control condi-
tions. In general, Proline accumulation in leaves in-
creased under dry circumstances compared to control
ones (Table 7). Under drought conditions, leaf Proline
content was highest in MP/JC (347.9 umol Proline/g
FW), followed by MP/RL (337.1 pumol Proline/g FW).
Under the same circumstances, Proline concentra-
tion in KB was found to be high in plants budded on
‘CleopatraMandarin’ (KB/C,331.6 umol Proline/gF W)

and ‘Rough Lemon’ rootstocks (KB/RL, 320.8 pmol
Proline/g FW).

Soluble sugar content. A significant difference
was observed in leaf soluble sugar concentrations both
under control and drought conditions. MP/V and
MP/C had the highest leaf soluble sugar concentration
under drought (75.3 mg/g DW) and control condi-
tions (37.9 mg/g DW), respectively (Table 8). It seems
that the use of different rootstocks relatively did not
affect the leaf-soluble sugar content in ‘Keprok Batu
55} both under drought and control conditions.

Table 6. Levels of leaf chlorophyll and carotenoids content

Levels of leaf chlorophyll (Chl) and cartenoids content

Treatments Chl-a (ug/mL) Chl-b (ug/mL) Carotenoids (ug/mL)

control drought control drought control drought
KB/C 5.6 + 1.3 7.3 + 0.1 4.2 +0.1%¢ 4.6 +0.14 1.4 +0.7% 1.0 + 0.024¢
KB/JC 5.3 0.1°¢ 7.2+0.14 3.2+0.14 4.5 +0.24 0.8 + 0.01> 1.0 + 0.044¢
KB/RL 4.4 + 0.5 7.9 + 0.23Pd 3.1+0.24 4.7 +0.044 0.4 + 0.3 1.5 + 0.05%
KB/S 4.9 + 1.2b¢ 8.1 +0.1%¢ 3.9 £0.1° 4.8 + 0.1>< 0.6 + 0.3 1.0 + 0.01¢
KB/V 3.8+ 1.1¢ 8.3 +0.02° 3.7 0.5 4.9 + 0.03Pd 1.0 + 0.1b¢ 1.3 + 0.04"°
MP/C 8.0 +0.2° 7.6 + 0.23P<d 4.7 + 0.2 5.7 +0.2° 1.6 + 0.01%° 0.8 +0.01°
MP/JC 6.1 + 0.1%>¢ 8.3 + 0.02° 3.6 + 0.3 5.0 £ 0.1% 0.9 + 0.12b¢ 1.6 £ 0.03
MP/RL 6.0 + 0.1%¢ 7.4 + 0.1Pd 3.8 +0.1¢ 4.6 + 0.044 1.1 +0.01%¢ 0.9 + 0.03°
MP/S 7.2 + 0.12>¢ 8.2+ 0.3 4.6 + 0.1 5.2 +0.2% 1.0 + 0.04%"¢ 1.2 + 0.05%
MP/V 4.8 +0.2> 5.1+ 0.6° 3.1+ 0.2¢ 3.6 0.3 1.7 0.1 0.8 +0.2¢
R? (%) 77.4 94.5 89.6 94.5 69.2 95.9

For abbreviations see Table 1; *, ** significatnly different at P < 0.05, and at P < 0.01 according to Duncan Multiple Range Test,

respectively
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Table 7. Level of leaf proline content

Proline (umol)/sample (g FW)

Treatments

control drought
KB/C 163.2 +3.3° 331.6 + 13.3%
KB/JC 31.8 + 2.6 288.3 + 8.7%
KB/RL 78.9 + 1.3% 320.8 + 7.7%
KB/S 104.9 + 10.4¢ 273.3 + 16.0°°
KB/V 61.5 + 4.2° 319.8 + 33.0%°
MP/C 81.2 + 8.4% 206.4 + 33.9
MP/JC 68.2 +10.3° 347.9 + 0.0°
MP/RL 193.2 + 6.3 337.1+7.7%
MP/S 62.9 + 4.6° 330.9 + 14.1%
MP/V 96.8 + 2.9 306.9 + 35.0%°
R? (%) 98.2 78.6

For abbreviations see Table 1; **significant different at
P < 0.01 according to Duncan Multiple Range Test

Relative quantity of related-drought genes.
Citrus plants exposed to stress enhance the rela-
tive expression of numerous genes involved in cell
metabolism (Gongalves et al. 2019). At control and
drought conditions, patterns of quantity genes var-
ied in ‘Keprok Batu 55’ and ‘Manis Pacitan’ (Table 9).
In general, the relative quantity was higher under
drought conditions than under control, with a big-
ger percentage rise in ‘Keprok Batu 55’ . Significantly
more quantity genes were found in KB with ACS
and osmotin, whereas Chlase and ETRI were found

Table 8. Level of leaf soluble sugar content

Total soluble sugar (mg/g DW)

Treatments

control drought
KB/C 15.9 + 4.3¢ 35.9 + 3.6%
KB/JC 27.4 + 4.8 30.4 + 0.9¢
KB/RL 24.1 + 2. 8¢ 34.0 + 6.5¢
KB/S 25.0 + 3.1%¢ 27.8 +2.64
KB/V 18.1 +2.0¢ 23.8 +6.2¢
MP/C 44.6+29a 61.9 + 1.0°
MP/JC 29.7 + 9.8¢ 66.8 + 5.4%
MP/RL 28.2 + 3.2%¢ 52.3 + 2.8°
MP/S 24.5 + 8.3% 61.1 + 4.8
MP/V 37.9 + 6.1% 75.3 + 7.5
R? (%) 69.7 93.4

For abbreviations see Table 1; **significant different at

P < 0.01 according to Duncan Multiple Range Test

in greater numbers in MP. The KB/C and MP/RL
combinations seem to have performed the best
in gene quantity.

Comparison of treatment results. A compari-
son heatmap analysis indicated two distinct groups
among the parameters assessed in this research
(Figure 1). Group 1 comprised all drought-relat-
ed genes, soluble sugar content, proline, MI, and
SC. The remainder is classified as the second one,
which includes the S/R ratio, RWC, chlorophyll,
and carotenoid concentration.

Drought-treated plants, on the other hand, were
separated into two groups depending on their re-
sponses. The first group contains MP/V, KB/C, and
MP/RL, with the main difference being a much high-
er concentration of all related-drought genes, as well
as Proline and MI, than others.

The second group is divided into four sub-groups:
2a. MP/C, 2b. MP/JC and MP/S, 2¢. KB/JC and KB/S,
and 2d. KB/RL and KB/V. This group is distinguished
by above-average amounts of chlorophyll 4, b, and
S/R ratios. There were differences in the amounts
of PIP1, ETRI, PIP2, Chlase, SD, and soluble sugar
in sub-groups 2a-b and 2c-d, which are ‘Manis Paci-
tan’ and ‘Keprok Batu 55, respectively. ‘Manis Paci-
tan’” had higher amounts of these substances than ‘Ke-
prok Batu 55’ (Figure 1).

DISCUSSION

The lack of water and rootstock treatments on
two citrus scion cultivars changed the morphol-
ogy of the plants, as seen in the S/R ratio and sto-
matal characters. Drought also affects physiologi-
cal and genetic characteristics such as leaf RWC
and MI, chlorophyll, and the relative abundance
of drought-related genes.

Drought stress affects shoot-to-root ratio. Ge-
netic variations of rootstocks would impact scion
biomass (Hayat et al. 2022). Under water stress,
plants grafted onto drought-resistant rootstock
will have a high drought-resistance coefficient.
This is related to increases in root production and
decreases in root dry weight (Li et al. 2021; Prinsi
et al. 2021).

At control conditions, the rootstock had a signifi-
cant (P < 0.05) effect on the growth of plant shoots
and roots. ‘Salam’ rootstock stimulated more shoot
development than roots in KB/S plants, while
MP/V plants produced more root growth than
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Figure 1. Heatmap and cluster analysis of the morphological, physiological, and relative quantity of related-
drought genes in ‘Keprok Batu 55’ (KB) and ‘Manis Pacitan’ (MP) plants budded onto five rootstocks grown under

drought stress treatment

C — ‘Cleopatra Mandarin’; JC — ‘Japansche Citroen’; RL — ‘Rough Lemon’; S — ‘Salam’; V — “Volkameriana’; RWC — rela-
tive water content; SD — stomatal density; S.R. — shoot roor ratio; Chl a — chlorophyll a; Chl b — chlorophyll b; ACCSyn

— 1-Aminocyclopropane-1-carboxylate synthase; Osmotin; SC — stomatal closure; Pro — proline; MI — membrane injury;

TSS — total soluble sugar; PIP2 — plasma membrane instrinsic proteins; ETRI — ethylene receptors; PIPI1 — plasma mem-

brane instrinsic protein; Car — carotene

shoot growth. However, under drought treatments,
rootstock treatment did not affect the value of the
plant S/R ratio. Among all combinations of scion/
rootstock, KB/C, MP/RL, and MP/V plants ex-
hibit lower S/R ratios than the others, with values
of 0.89, 0.87, and 0.76, respectively. This suggests
that on the ‘Keprok Batu 55, ‘Cleopatra Manda-
rin’ rootstocks favor root development more than
shoot segments, as do the RL and “Volkameriana’
rootstocks on ‘Manis Pacitan’ (Table 3).

Dry stress causes plants to change their metabo-
lism, enhancing water usage efficiency by decreas-
ing water loss (Dahro et al. 2023). The initial phase
in plant adaptation is to limit shoot development,
decrease surface area, and promote root growth
in order to maximize water absorption. Howev-
er, according to Zhang et al. (2022), the gene sus-
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pected of encoding hyperosmolarity (OSCAI) does
not function in this situation. This reduces cal-
cium absorption in guard and root cells, resulting
in decreased transpiration and plant root develop-
ment (Yuan et al. 2014). In general, all of these ac-
tivities result in a reduction in the fresh and dry
weight of plant shoots and roots (Bashir et al. 2021).
The rootstock’s effect on the scion’s performance
is controlled by chemicals that move from the root
to the shoot. These chemicals include peroxidase
(POD), abscisic acid (ABA), gibberellins (GA2 4), and
many more (Jahromi et al. 2012; Sousa et al. 2022).
Researchers have classified ‘Rangpur’ Lime
as a drought-tolerant citrus rootstock because
it grows by consuming photoassimilates from
the leaves and transporting them to the roots
(Silva et al. 2021). Due to water scarcity, it altered
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Table 9. Relative quantity gene of ACS2, Chlase, ETRI, osmotin, PIP1, and PIP2 at the scion/rootstock combinations

treatments

Treatments ACS2 Chlase ETRI osmotin PIPI PIP2
Control

KB/C 0.222 + 0.037 0.121 £+ 0.021 0.344 + 0.069 0.413 £0.083 0.164 +0.024  0.083 £ 0.016
KB/JC 0.155+ 0.060 0.053+ 0.013 0.076 + 0.027 0.069 + 0.010 0.079 + 0.043  0.044 + 0.007
KB/RL 0.358 + 0.023 0.142 + 0.014 0.370+ 0.036 0.416+ 0.030 0.143 + 0.010 0.100 + 0.019
KB/S 0.627 £ 0.093 0.197 + 0.030 0.686 + 0.075 0.630+ 0.107 0.295+ 0.040 0.199 + 0.011
KB/V 0.210 £ 0.018 0.095+ 0.005 0.165+ 0.015 0.216 + 0.012 0.111 + 0.003  0.084 + 0.006
MP/C 0.269 +£ 0.044  0.247 £0.059  0.268 £ 0.034 1.000 £ 0.254 0.613 +£0.144  0.593 + 0.110
MP/]C 0.447 £ 0.104 0.208 +0.107  0.289 £ 0.060 0.309 + 0.018 0.221 + 0.074  0.278 + 0.052
MP/RL 0.253 £0.022  0.207 £0.062  0.211 £0.042 0.590 £ 0.095 0.297 + 0.044  0.313 + 0.125
MP/S 1.000 + 0.158  1.000 + 0.142  1.000 + 0.195 0.929 + 0.147 1.000 + 0.135 1.000 + 0.151
MP/V 0.808 £ 0.035 0.805+0.049  0.684 +0.056 0.598 + 0.050 0.447 + 0.045 0.612 £+ 0.041
Drought

KB/C 1.000 + 0.335 1.000+ 0.189 1.000 + 0.223  1.000 + 0.324 1.000 + 0.167  1.000 + 0.152
KB/JC 0.076 £ 0.019 0.033 + 0.008 0.068 + 0.026 0.069 + 0.012 0.095+ 0.016  0.030 + 0.006
KB/RL 0.649 + 0.082 0.232+ 0.017 0.504 + 0.039 0.772+ 0.025 0.385+ 0.050 0.268 + 0.019
KB/S 0.053 + 0.019 0.189+ 0.011 0.080 + 0.024 0.062+ 0.020 0.150+ 0.010 0.111 +0.019
KB/V 0.341 + 0.054 0.132+ 0.021 0.246 + 0.048 0.363 + 0.085 0.217 + 0.023  0.083 + 0.013
MP/C 0.096 £ 0.000  0.527 +0.127 0.568 £ 0.172 0.062 + 0.112  0.402 + 0.054  0.190 + 0.109
MP/JC 0.385+0.045 0.219+£0.050  0.259 £ 0.051 0.001 + 0.006 0.290 + 0.041 0.147 + 0.047
MP/RL 0.174 +0.230  0.856 + 0.088  0.973 £0.134 0.848 + 0.069 0.785 + 0.061 0.693 + 0.097
MP/S 0.006 £ 0.014  0.624 +0.077  0.383 £0.020 0.023 £ 0.015 0.315+0.020  0.113 + 0.031
MP/V 0.663 £ 0.033  0.867 +0.103  0.870 £ 0.107 0.427 £ 0.150 0.524 + 0.066  0.373 + 0.133

For treatments abbreviations see Table 3

plant development and shoot morphology sooner
than the other rootstocks, with a considerable de-
crease in shoot and increase in root growth (Sil-
va et al. 2023).

Stomatal density (SD) and percentage of sto-
matal closure (SC). Stomata are pores that allow
water and CO, to enter and exit plants. Their size
and density will influence their resistance, photo-
synthetic capabilities, and plant production (Chen
et al. 2020). One of the most significant charac-
teristics of drought-tolerant plants is their ability
to adjust SD and SC.

In citrus plants, the utilization of the root-
stock would influence their stomatal density (Oustric
et al. 2021). Our results indicate that rootstocks had
a substantial influence on plant SD in both control
and drought conditions. This demonstrates that the
rootstock affects the phenotype of the plant’s stoma-
ta. This is consistent with a study on Macadamia sp.
(Wakefield et al. 2022).

In general, SD was relatively similar to both control
and drought treatments. The SD decreased by a rela-

tive slight under drought conditions in MP/V, MP/
JC, KB/S, and KB/RL plants. These rootstocks are
expected to adapt better to drought than others
by reducing SD mechanisms in their scions to con-
trol transpiration, thereby limiting water loss and its
adverse effects (Hughes et al. 2017).

Drought factors also promote a greater closure
of stomata. This is consistent with the research
of Zhao et al. (2015), who found that dryness would
drastically enhance stomatal production in maize, re-
sulting in an increase in SD but a decrease in stoma-
tal size and a higher SC. ABA levels in leaves would
increase under these conditions, resulting in reactive
oxygen species (ROS). The higher ROS levels would
induce the guard cells to create nitric oxide (NO)
and Ca2*. All of them contribute to the SC (Bharath
et al. 2021; Jia et al. 2021). ABA-induced peptide 2; 1
(PIP2; 1) may also activate this pathway (Rodrigues
et al. 2017). MP/JC, MP/RL, KB/C, and KB/JC plants
likewise exhibited the highest percentage of stomatal
closure. ‘Cleopatra Mandarin, JC, and RL rootstocks
are considered to alter water use efficiency in water-
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stressed conditions via changes in SD, stomatal size,
and, finally, an increase in SC.

A six-week dry treatment affected the value
of RWC, MSI, and MI. The impact is also found
in plant chlorophyll and carotenoid levels. Each
scion-rootstock combination plant exhibited dis-
tinct behavior. The scion/rootstock combination,
according to Neves et al. (2017), would result
in a different response to RWC as well as other
physiological processes such as reduced MSI and
increased in their MI level.

Relative water content (RWC) and mem-
brane injury (MI). Drought stress reduced RWC
in both species’ leaves by 12-32% (Table 5). Re-
duced RWC has an influence on cell volumes in-
side the leaf, ABA accumulation, and SC (Sack et al.
2018). The outer layers of cells are the first to be
stressed by many factors. This is thought to be
a consequence of an adverse shift in membrane flex-
ibility and protein organization. As a consequence,
ensuring optimum membrane durability is crucial
for plant adaptation to water scarcity (Yuan et al.
2014; Bashir et al. 2021). This situation is consistent
with Mossad et al. (2018), who found that lowering
irrigation circulation by 55% increases the leaf wa-
ter deficit by 27% and reduces fruit growth by 15%
without affecting shoot or trunk development.

Table 5 shows that RWC scion values did not differ
under control. However, under drought conditions,
scions responded with varying RWC levels (37-55%)
depending on rootstock type. Both ‘Keprok Batu 55’
and ‘Manis Pacitan’ , which budded onto RL and
“Volkameriana’ rootstocks, reacted to RWC stimuli
similarly, with values of RWC of 43—45 and 38-42%,
respectively. Plants budded onto the other three
rootstocks behaved differently, with ‘Keprok Batu 55’
having a higher RWC than ‘Manis Pacitan’ on JC and
‘Salam’ ‘Keprok Batu 55’ was less responsive to RWC
stimuli on ‘Cleopatra Mandarin’ rootstock than on
‘Manis Pacitan’.

The ‘Cleopatra Mandarin’ rootstock is thought to be
drought-tolerant by driving the ‘Manis Pacitan’ scion
to retain relatively high leaf RWC and low stomatal
closure, allowing the photosynthesis process to oper-
ate more efficiently than plants with other rootstocks.
It is hypothesized that this produces balanced devel-
opment of the plant’s shoot and root segments, which
is represented in the S/R ratio value being approxi-
mately the same (1.0) under both control and dry
situations. A similar phenomenon occurs with KB/S
plants (Table 1).
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MSThasasignificantimpact on membrane damage
(MI). The lower the MSI score, the bigger the mem-
brane damage. Low intake of carbon in drought en-
vironments creates reactive oxygen species (ROS),
primarily superoxide (O2°'~") and hydrogen peroxide
(H,0,), which cause membrane cell deterioration
(Abid et al. 2018; Amoah, Seo 2021). Furthermore,
drought-tolerant wheat plants had a greater MSI
and a lower MI under these conditions.

When compared to other treatments, KB/RL,
KB/S, and MP/C had a comparatively low ML
The low degree of membrane damage is assumed
to be related to the rootstock’s ability to stimu-
late the upper stem to maintain RWC in the plant,
hence reducing ROS generation and the damage it
causes. It suggested that ‘Cleopatra Mandarin; RL,
and ‘Salam’ are more efficient in utilizing water un-
der drought stress, making them relatively resistant
to drought.

Chlorophyll and carotenoid content. Plant chlo-
rophyll levels have a significant impact on photosyn-
thesis. The rootstock employed in this research af-
fects the level of chlorophyll and carotenoids. These
results are in line with prior citrus research (Gonza-
lez-Mas et al. 2009; Kumar et al. 2019). In control en-
vironments, ‘Cleopatra Mandarin’ rootstock induced
the generation of chlorophyll 2 and b in ‘Manis Paci-
tan’ (MP/C) better than other rootstocks. However,
KB/V and MP/JC generate this substance better than
others under dry conditions. On the other hand,
the highest carotenoid content was detected in MP/V
(1.7 pg/mL) and MP/JC (1.6 pg/mL) under control
and drought conditions, respectively (Table 6).

Variation in chlorophyll synthesis capability is
thought to be a genetic trait of plants and a result
of adverse environmental conditions (Gonzdlez-
Mas et al. 2009; Kumar et al. 2019). This condition
will impair rootstock’s capacity to absorb nutrients
from the soil (Bashir et al. 2021). ‘Cleopatra Man-
darin, ‘Volkameriana, and JC rootstocks are re-
garded as relatively drought-resistant due to their
tendency to generate more chlorophyll than others.

At Harumi Tangor citrus budded onto Citrus
junos as the most drought-resistant rootstock, ex-
hibited the highest chlorophyll levels in leaves un-
der dry conditions (Dong et al. 2021). In addition
to high levels of chlorophyll, dry situations pro-
mote the upregulation of five photosynthesis-relat-
ed genes as well as greater Rubisco activity in Chry-
santhemum plants grafted onto resistant rootstock
(Chen et al. 2018). During drought, mobile mR-
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NAs from the rootstock are transported to the
scions of cucumber plants grafted onto pumpkin
rootstock, which are identified as photosynthesis-
related mRNAs. This chemical is thought to have
increased chlorophyll concentration and photosys-
tem II maximum (Davoudi et al. 2022).

Proline and soluble sugar levels generated
from drought stress. Proline and soluble sugar
are two compounds produced by stressed plants
to protect themselves from injury or death (Goufo
et al. 2017; Guo et al. 2018). Starch in the leaves
causes proline and sugar synthesis during drought
stress (Zanella et al. 2016; Dahro et al. 2023), which
is then transported to the roots (Wang et al. 2022).
Table 7. shows that, in general, proline accumula-
tion in leaves increased under dry circumstances
compared to control ones. The RWC is inversely
related to the amount of Proline under drought
conditions. In this research, a negative correlation
was shown between RWC and proline content;
the regression equations for proline level at ‘Ke-
prok Batu 55" and ‘Manis Pacitan’ are Y, .=
4202 - 2.4 x (R* = 0.54**) and ¥, = 552.5 —
5.9 x (R* = 0.27%), respectively. Decreased levels
of RWC would increase proline buildup.

Rootstocks JC and RL on ‘Manis Pacitan’ plants
(MP/JC and MP/RL) produced more Proline than
other rootstocks, as did ‘Cleopatra Mandarin’
on ‘Keprok Batu 55’ (KB/C). Meanwhile, as seen
in Table 8, dry conditions encourage an increase
in plant-soluble sugar concentration. When ‘Manis
Pacitan’ and ‘Keprok Batu 55’ plants budded onto
‘Volkameriana’ (MP/V) and ‘Cleopatra Mandarin’
(KB/C), they had the highest sugar levels.

An increase in soluble sugar and sucrose content is
followed by a reduction in starch content in soybean
leaves (Du et al. 2020). Citrus plants’ dehydration tol-
erance strategy may be controlled by glucose buildup
as well as abscisic acid and salicylic acid accumula-
tion in the roots and leaves, which protect plant cells
from oxidative damage (Santana-Vieira et al. 2016).

According to the findings of a study by Silva et al.
(2023), in drought conditions, citrus plants would in-
duce the production of 58 major metabolites, the ma-
jority of which were amino acids, organic acids,
and sugars. The rise in these compounds is a means
for plants to adapt to dryness and to absorb water
from their surroundings (Dahro et al. 2023). These or-
ganic solutes work as appropriate osmolytes to main-
tain turgor or as antioxidants to protect cell function-
ing (Goufo et al. 2017). These stress conditions will

stimulate the synthesis of heat shock protein (HSP70)
in scion cucumber grafted on drought-tolerant pump-
kin, leading to an increase in Proline accumulation
(Davoudi et al. 2022). Drought-tolerant plants absorb
water and photosynthesize more efficiently than sen-
sitive plants (Dien et al. 2019); Dahro et al. 2023.

Similar to Proline, the increase in soluble sugar
in drought-stressed plants serves as an osmopro-
tectant as well as a source of plant carbon since
the starch content in the leaves decreases under
these situations (Silva et al. 2023). Research by Da-
voudi et al. (2022) showed a comparable large rise
in sugar contents corresponding to activated genes
encoding carbohydrate metabolism.

Relative gene quantity in response to drought.
The variations in response to gene quantity in each
combination plant suggested that physiological acti-
vation had occurred in the roots. According to Balf-
agén et al. (2022), a rootstock is more drought-re-
sistant than others if the plant’s antioxidant system is
more activated.

Drought setting increased the relative amount
level of ACS in KB/C, KB/RL, and KB/V plants
by 62-350%; however, this situation also decreased
the quantity of this gene at KB/JC and KB/S plants
by about 51 and 91.5%, respectively. All rootstock
treatments reduced the amount of this gene in ‘Ma-
nis Pacitan’ by 13—-99%, with the MP/S plant having
the lowest level (Table 9).

According to Jia et al. (2021) and Eun et al. (2019),
ACS influences SD formation and ethylene synthe-
sis. S-adenosyl-L-methionine (SAM) is converted
by ACS activity into 1-aminocyclopropane-1-car-
boxylate (ACC) (Jia et al. 2021). Activating ACC
oxidase (ACO) transforms ACC into ethylene. JC
and ‘Salam’ may respond to drought by activating
the ACS gene, which leads to a stomatal and eth-
ylene production arrangement. Reduced ACC syn-
thesis would reduce SD and ethylene production,
allowing plants to save water. Once ethylene highly
accumulates in this manner under stress, it causes
plant mortality (Jha et al. 2021; Jia et al. 2021).

Chlase enzymes regulate chlorophyll degradation
(Harpaz-Saadi et al. 2007). The presence of more
ethylene in plants enhances the activity of this en-
zyme, resulting in more chlorophyll degradation
(Jacob-Wilk et al. 1999). In contrast to most of the
plants that were examined by Ben-Yaakov et al
(2006), during leaf senescence, the Chlase activity
reduces but is not involved in chlorophyll break-
down (Hu et al. 2021).
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Drought treatment, in general, promotes a rise
in the amount of Chlase in plants, with the great-
est increase in KB/C. However, there was a decline
in its quantity at the KB/JC, KB/S, and MP/S plants.
The reduction in ACS and Chlase activity in these
three plants is thought to be a method for the plants
to adjust to dry situations.

Plants under stress also induce changes in the
ethylene receptor ETRI, allowing for relatively un-
inhibited plant growth and development (Cebrian
et al. 2021; Wang et al. 2008). The lower the ETRI
level, the more prone the plant is to ethylene, which
limits growth (Zhao, Schaller 2004). In this research,
a positive correlation was shown between ACS and
ETRI levels, indicating that ACS activity determines
the amount of ethylene produced. The regression
equation for ETR1 quantity is Y., = 0.167 + 0.732
ACS™ (R? = 49.8%; P = 0.001). Plants with a signifi-
cant rise in ETRI were KB/C and MP/RL, where-
as the decreased ones were KB/S and MP/S. It is
expected that ‘Salam’ used as rootstocks at ‘Keprok
Batu 55" and ‘Manis Pacitan’ will respond to drought
by reducing ethylene production at their scion.

The quantity of osmotin will increase to defend
plants from abiotic stress. It has a role in the in-
duction of osmo-tolerance in plants (Simsek 2018;
Bashir et al. 2020). This protein activity is respon-
sible for essential cell activity under controlled
conditions (Bashir et al. 2020; Faillace et al. 2021).
Soybean plants with osmotin had improved physi-
ological responses and yield in dry conditions (Luis
et al. 2014; Faillace et al. 2021). According to our
findings, under dry conditions, KB/C, KB/RL, and
MP/RL plants had a larger relative amount of os-
motin than the others. These three plants may ad-
just to their surroundings by promoting the devel-
opment of osmoprotectants such as proline, soluble
sugar, and others.

PIPs are in charge of encoding aquaporins, which
are water-restricting channels (Afzal et al. 2016).
The expression pattern changes widely depending
on the amount of disturbance and the plant type.
During times of extreme drought, the plant lowers
PIP intensity to minimize water loss via the roots into
the surrounding soil and maintain suitable moisture
levels (Afzal et al. 2016; Yildirim et al. 2018; Opazo
et al. 2020; Yang et al. 2022). Hou et al. (2019) and
Shen et al. (2020) found that PIP1 in Arabidopsis is
a crucial driving factor that regulates the production
of salicylic acid. It would promote the creation of the
other PIPI family members responsible for SC. Un-
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der the same conditions, PIP2 activation is also trig-
gered by ABA (Rodrigues et al. 2017).

However, depending on the citrus -cultivar,
drought-induced stomatal conductance decreases
are related to PIP2.1 and PIP2.5 downregulation
(Miranda et al. 2022). It was predicted that lower-
ing PIP2 would result in a slight rise in SC. Under
insufficient water conditions, Keprok Batu 55 bud-
ded onto JC rootstock (KB/JC) had the lowest rela-
tive amounts of PIP1 and PIP2 genes (0.095 and
0.030, respectively) (Table 9).

According to a comparative heatmap, in a dehydra-
tion situation, ‘Cleopatra Mandarin’ and ‘Rough Lem-
on’ rootstocks may stimulate ‘Keprok Batu 55" and
‘Manis Pacitan’ scions, respectively to up-regulate
transcription of all drought-related genes, synthesize
Proline, soluble sugars, and chlorophyll 2 and b at av-
erage levels, allowing leaf RWC and photosynthesis
to be comparatively maintained, and finally root de-
velopment to be significantly higher than shoot devel-
opment.The rise in the number of ACS, ETRI, PIP1,
and PIP2 genes in the two plants is regarded normal
and has no negative effects on the plants.

CONCLUSION

Drought stress decreased leaf water content, mem-
brane integrity, and stomatal aperture, resulting
in higher Proline and soluble sugar concentrations.
‘Keprok Batu 55" exhibited signs of stress by increas-
ing all relative genes quantity, but ‘Manis Pacitan’ only
elevated Chlase and ETRI. This indicates that cell
membranes are being protected from stress damage
and that water loss is being prevented, leading in low-
er MI values and improved rooting performance.

Based on the value of proline, MSI, shoot/root
ratio, and all gene quantities, ‘Keprok Batu 55’ and
‘Manis Pacitan’ budded onto ‘Cleopatra Mandarin’
and ‘Rough Lemon’ rootstocks, respectively (KB/C
and MP/RL), exhibited suitable plant growth and
were thought to be more adaptable to dry conditions
than the others.
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