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Abstract

Background Water deficit is one of the most significant abiotic factors affecting rice and agricultural production
worldwide. In hybrid rice, cytoplasmic male sterility (CMS) is an important technique for creating high-yielding crop
based on heterosis. The phytohormone kinetin (Kin) regulates cell division in plant during the early stages of grain
formation, as well as flow assimilation and osmotic regulation under water stress. The present study performed to esti-
mate the effects of irrigation intervals (irrigation each six days (), nine days (Iy), twelve days (I;,) and fifteen days (I;5)
against continuous flooding (CF, each three days)) and kinetin exogenously application (control, 15 mg L™! and 30 mg
L") on hybrid rice (L1, IR69625A; L2, G46A and R, Giza 178 R) seed production.

Results Leaves traits (Chlorophyll content (CHC), relative water content (RWC), stomatal conductance (SC), Leaf
temperature (LT) and transpiration rate (TR)), floral traits such as style length (SL) and total stigma length (TSL), in addi-
tion to root traits (i.e, root length (RL), root volume (RV), root: shoot ratio (RSR), root thickness (RT), root xylem vessels
number (RXVN) and root xylem vessel area (RXVA) were evaluated and a significant enhancement in most traits

was observed. Applying 30 mg L™" kinetin significantly and positively enhanced all growth, floral and roots traits (RV
and RXVA recorded the most increased values by 14.8% and 23.9%, respectively) under prolonging irrigation intervals,
in comparison to non-treated plants.

Conclusions Subsequently, spraying kinetin exogenously on foliar could be an alternative method to reduce
the harmful influences of water deficiency during seed production in hybrid rice.
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Introduction

Rice is highly sensitive to water shortage and climate
change particularly in response to extended water defi-
cit periods and temperature increases. Rice (Oryza sativa
L.) considers one of the most important cereal crop for
humans, providing 20% of the world’s calorie needs and
13% of its protein requirements [1]. Rice not only pro-
vides the majority of energy, but it also contains protein,
vitamins, and other nutrients [2]. It is a semi-aquatic crop
plant that needs a lot of water to grow and develop prop-
erly. During the summer, it takes up to 22% of Egypt’s
planted area [3]. Hybrid rice produces 20-30% more than
traditional rice varieties which considers a priority in
food security for many people around the world. There
are several constraints that limit the hybrid rice produc-
tion, ie., lack of acceptability in some regions, higher
seed production cost, limitation of participating the pub-
lic sector corporations in seed production and lack of
heterosis with higher level. Efficient of seed production
is a major requirement and determine the success and
sustainability of hybrid rice production. Furthermore,
Egypt is regarded as one of the first countries to intro-
duce hybrid rice technology [4, 5].

Water deficit (drought) has an injurious effect on crop
production, environment and economy. Drought com-
bining with climate change has affected many regions
around the world that will affect negatively on crop
production and global food security [6]. These obsta-
cles decrease the cultivation area and subsequently the
future global production [7]. Water scarcity affects plant
development and productivity in general by causing mor-
phological, biochemical, and physiological alterations in
crops. Plants that are significantly stressed by drought
eventually die because photosynthesis and metabolism
are substantially interrupted [8—11]. Furthermore, water
shortage inhibits cell enlargement and plant growth that
will influence physiological processes, including pho-
tosynthesis, respiration, ion uptake, carbohydrate and
nutrient metabolism [8, 9]. Water deficit decreases water
uptake and seedling vigour throughout the germination
stage. At the cell level, drought disrupts the metabolic
process, reduces ATP synthesis, and inhibits water bal-
ance, resulting in poor seed germination [12—14].

The water limitation period and its severity deter-
mine the extent of loss in yield through reducing the
life cycle and grain filling period. In rice, grain weight,
panicle number, and yield considered the most effec-
tive parameters that affected grain yield. Besides, yield
components and grain yield have inspected in relation
to water deficit occurring at various stages of growth in
rice. The crop production and plant biomass and related
traits (such as biomass at harvest, number of panicles per
unit area (PNPU), panicle length (PL), number of paddies
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per panicle (GNPP), 1000-grain weight (GW), and filled
grain percentage (FP) reduced due to alteration in growth
characteristics caused by water shortage [12, 13, 15-17].

Stigma exertion, one of the stigma morphological indices
that plays a significant role in determining the rice mating
system, is widely implemented in seed production from
hybrid rice based on its pollination advantages. However,
it is still unclear how stigmatization affects rice’s pollina-
tion and spikelet fertility when there is a lack of water [18].

Plant growth hormones are small natural molecules
that stimulate many aspects during plant growth and dif-
ferentiation. Phytohormones are important in mediat-
ing different responses during stress cues for growth and
developmental control during biotic and abiotic stresses
[19, 20]. Up to date, nine classes of phytohormones
have been determined such as cytokinins (CK), auxins,
abscisic acid, (ABA), gibberellins (GA), salicylates (SA),
ethylene (ET), jasmonates (JA), strigolactones (SL) and
brassinosteroids (BR) [21]. Cytokinins (CKs) stimulate
the cell division that influence the growth of plant. They
are synthesis in plant roots from the adenine precur-
sor. Additionally, they move in the woody tissue (xylem)
towards leaves and fruits (the place of their use for plant
growth and differentiation of cells). Furthermore, plant
hormone interactions may play a key impact in regulat-
ing cellular processes such as cell elongation and spikelet
degeneration [22, 23].

Production of hybrid rice seeds necessitates a high
level of technological expertise. A sufficient amount of
irrigation and other agronomic techniques are neces-
sary to fully utilise the potential of hybrid rice cultivars
[24-27]. Various traits of plant development, physiology
and growth alter under cytokinin application (i.e., flower
and fruit development, plant-pathogen-interactions, seed
germination, leaf senescence, and apical dominance).
CKs have a vital role in controlling the development and
growth of plants, as well as improving plant tolerance to
water deficit. They improve photosynthesis by stimulat-
ing cell division and increasing sink strength. CK is inac-
tivated and metabolized via degradation by CK oxidase
enzymes or by conjugation with carbohydrates (sugars)
[20, 22-25]. Kinetin (Kn, a type of cytokinines) enhances
chlorophyll content in plants by stimulating the produc-
tion of photosynthetic proteins, accelerates the division in
cells, and modifies the apical dominance in plants [28, 29].

Our aims in the present study were: (1) to applicate an
external kinetin phytohormone at different water deficit
conditions, (2) to evaluate the possible effects of exoge-
nous kinetin implementation on leaves, roots, floral and
yield-related traits, (3) assessing the association between
applied treatments and the evaluated traits, (4) exploring
the best CMS lines that may incorporate in seed produc-
tion of hybrid rice under drought stress.
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Materials and methods

CMS lines and experiment conditions

Two cytoplasmic male sterility lines (CMS lines) in addi-
tion to one restore line were selected for the present
study. L1 (IR69625A, recorded genotype code Al, days
to heading recorded 104.5, Wild abortive (WA) CMS line
cytoplasmic source and originated from IRRI), whereas
L2 (G46A, coded A2, days to heading reached 88.9,
Gambiaca CMS line cytoplasmic source originated from
China). In the experimental farm of Rice Research and
Training Center (RRTC, 31°08'N and 30°58’E)-Sakha-Kafr
El-Sheikh-Egypt, the two CMS lines planted in two sea-
sons (2020 and 2021) under exogenously implemented of
kinetin combined with water deficit intervals. The used
restore line (Giza 178R, coded with R, days to heading
measured 100.7, cytoplasmic source (Gizal75/ Milyang
49 Indica/Japonic type) and origin from Egypt.

The implemented irrigation intervals were as follow:
CF=continuous flooding, I,=irrigation every six days,
I,=irrigation every nine days, I,, =irrigation every twelve
days and I,5=irrigation every fifteen days. Besides, the
exogenous kinetin treatment (control, 15 mg L', and
30 mg L") coupled with water shortage intervals were
examined in related to growth, floral and root -related
traits plus its reversal on F1 hybrid rice seed productivity.

The implemented treatments and agricultural practices

In the current experiment, a strip-split plot design was
used in three replications. In the horizontal plots, the
irrigation treatments (CF, irrigation every 6, 9, 12, and
15 days) were placed. While the two CMS lines were
separated the vertical plots (Al and A2). Meanwhile, the
three kinetin treatments (control, 15 mg L™}, and 30 mg
L™1) were plotted in the split vertical plots. Deep chan-
nels encircled the horizontal plots to manage and prevent
any lateral movement of irrigation.

The CMS lines seeds were soaked for 24 h in fresh
water, then drained and incubated at a rate of 5 kg from
the restorer line (Giza 178 R) and 15 kg ha™! (15 kg from
the CMS lines (IR69625A and G46A) for 48 h. CMS lines
IR69625A (A1) and G46A (A2) were seeded on May 1st
and 20th, respectively. To achieve optimum flowering syn-
chronization, the restorer line (R) planted in three times.
The first planting date was when 2.5 leaves of CMS line A1
recorded, the second date when leaves counted 3.5 in line
A1, whereas the third time applied when number if leaves
estimated 5 in the same CMS line. In the permanent field,
fertilizing rice plants with nitrogen and phosphate per-
formed at the rate of 165 kg N ha™! and 240 kg ha™! from
urea (46% N) and single super phosphate (15.5% P,05),
respectively. A 50 kg ha™ of 22% of ZnSO, was supplied
before planting and after pudding. All practices related to
agronomy were performed as recommended whereas the
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average of climate temperatures and soil conditions are
presented in Tables S1 and S2.

After thirty-day from sowing, both R and A line seed-
lings were transplanted in range 3—4 and 2 seedlings per
hill, respectively. The distance between seedlings in row
for A-A, R-R, and R-A lines was kept at 15, 20, 30 cm,
respectively, while the hill distance among the R and A
lines adjusted at 15 cm. Furthermore, CMS seed pro-
duction demand a 100-m isolation area and R lines (20
rows) were planted around the experiment location to
prevent cross pollination. Each major plot was separated
by a plastic barrier (2.5 m high) to prevent transfer of
pollen grain among treatments. Regular gibberellic acid
(GA,;) application in two times were applied: (1) GA; with
40% sprayed on A lines at heading percentages 15-20, (2)
GA, with 60% performed at 35-40% heading of A lines
(five days after heading). The shaking process achieved
two-to-three times with bamboo sticks from the pollen
parents (R line) for a period of 10 days to supply enough
pollen grains.

External application of kinetin

Two concentrations of Kinetin (15 and 30 mg per liter)
were implemented twice as a foliar spray on the CMS
lines during the mid tillering and panicle initiation stages
in comparison to non-treated plants (control plants were
treated with distilled water). Moreover, the irrigation
periods were applied after transplanting with 15 days.

The evaluated plant traits

Leaves growth, root, floral and seed yield parameters

Values were measured for leaves traits such as chlorophyll
content (CHC, mg ds-1), relative water content percent-
age (RWC, %), stomatal conductance (SC, mmol m-2),
leaf temperature (LT, “C), and transpiration rate (TR, pg
cm-2 s-1), style length (SL), total stigma length (TSL).
Chlorophyll content (CHLC; SPAD unit) was recorded
from the topmost completely expanded leaves on the
main panicle during the flowering period, utilizing a SPAD
meter (Model: SPAD-502, Hangzhou Mindfull Technol-
ogy Co., Ltd., Hangzhou, China). Relative water content
(RWC %) was calculated as previously stated by Barrs
and Weatherley [30], from the flag leaf. For assessing the
steady-state CO, and H,O exchange degrees of leaves, the
portable steady-state porometer LICOR (LI-1600, Lincoln,
NE, USA) was used. Transpiration rate (TR pg cm™2 s7%)
and stomatal conductance (SC mmol m~?) were assessed
in the fully expanded flag leaf. The leaf temperature (LT, °C)
was calculated from the steady-state porometer pressed
against the adaxial and abaxial surfaces of the leaf by the
thermocouple, whereas the leaf-to-air temperature gradi-
ent (TL-TA) was evaluated through the atmospheric tem-
perature [31]. Floral traits observations were recorded from
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ten randomly selected spikelets for each genotype. Spike-
lets samples were immediately fixed in acetic-alcohol (actic
acid:ethanol, 1:3) and kept in the fridge at four degrees
until investigation [32]. Photographs of style length (mm)
and pistil length (total stigma length, mm) were measured
under ocular microscope at 10X magnification to eyepiece
micrometer and images were taken with DP70 digital cam-
era attached to an Axioplane 2 microscope (Carl Zeiss,
Germany) at 350 for floral traits.

Root characteristics of CMS lines including root volume
(RV, cm?®), root length (RL, cm), root: shoot ratio (RSR),
root thickness (RT, mm), root xylem vessel area (RXVA,
mm?) and root xylem vessels number (RXVN) were also
evaluated under water scarcity and kinetin application.
Root traits were measured using five plants/genotype at
24 days after stress imposition as described by Pantuwan
et al. [33] and Gaballah et al,, [34]. Root samples of 2 cm
tall in average were taken from the nodal root tip for each
root. Samples were immediately subjected for fixation and
storage in FAA (formalin, 10%; acetic acid, 5%; ethyl alco-
hol, 50% and distilled water, 35%). Then, samples dehy-
drated with 50, 70 and 95% ethanol, followed by sectioning
by the microtome (Reichert-Jung, Model 1130/Biocut) with
10 mm slice thickness at 20 mm distance from the root tip.
After staining with safranine and fast green, photographs of
root cross sections were taken by a microscope (Olympus
BX51) since one pixel represented 0.47 mm. The average
of root xylem vessels number (RXVN) was counted under
the light microscope. The average of root xylem vessel area
(RXVA, mm2) was measured under ocular microscope at
10x magnification. The average diameter of all xylem ves-
sels of the three roots/plant were transformed to area by
using the formula:

Area =1 X r2

Where, 1 = Pi(3.14), r = radius.

Additionally, yield-related parameters such as seed
yield (SY, t ha™1), seed set (SS, %) and harvest index (HI,
%) were recorded under the implemented conditions. At
80% golden yellow color in seeds, the crop was harvested
and seeds sun-dried up to 14% moisture to evaluate seed
yield. Seed set percentage was calculated according to the
following formula:

Number of filled grains/panicle

Seed set % = 100

Total Spikelet number/panicle

All the studied traits were estimated based on the
Standard Evaluation System of IRRI (2014).

Statistics analysis

The experiment was designed according to strip-split
plot design in three replications. The obtained data
analyzed based on the ANOVA technique using a
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statistical computer package COSTAT and the mean
differences were compared by the Duncan’s Multiple
Range Test [35]. Principal component analysis (PCA)
and heatmap were conducted by the XLSTAT software
version 2019 [36].

Results

Effects of drought stress, kinetin application and their
interaction on leaves traits

The performance of CMS lines, IR69625A (L1) and G46A
(L2) under irrigation intervals and kinetin employment
as well as their interactions on the leaves traits including
chlorophyll content (CHC), relative water content per-
centage (RWC%), stomatal conductance (SC), Leaf tem-
perature (LT) and transpiration rate (TR), are presented
in Table 1. Prolong the irrigation intervals exhibited
highly negative and significant effects for all traits. Con-
tinuous flooding (CF) recorded the highest values for all
evaluated traits whereas, the lowest values were assigned
to I;; treatment except leaf temperature (LT) which
showed opposite trend in both seasons.

Furthermore, the assessed L2 displayed the highest
values for CHC, SC and LT with average 40.96 mg ds~?,
0.087 mmol m~2, and 29.38c, respectively, in the two
assessed seasons, meanwhile, the increment in RWC%
and TR were assigned to Giza 178 (R line) with aver-
age 85.50 mmol m~2 s~ and 49.64 ug cm™2 s7%, respec-
tively. Kinetin application at 30 mg L ™" had significant or
highly significant and positive impacts on all evaluated
traits in comparison with untreated plants. The aver-
age values of leaves traits in the two seasons of study
were 40.51 mg ds™!, 64.13%, 0.083 mmol m~2 s™! (under
15 mg L), 28.84 C and 43.62 pg cm 2 s~! for CHC,
RWC, SC, LT and TR respectively. In contrast, untreated
plants produced the lowest values of leaves traits reached
38.86 mg ds~!, 62,24%, 0.077 mmol m~2 57, 28.11 °C and
42.83 ug cm™2 571, respectively..

The interaction between the periods of irrigation and
genotypes (IX G) showed a highly significant effect for all
evaluated characteristics except LT. Going forward, inter-
action between the genotypes and kinetin spray (GxK)
manifested highly positive and significant increment in
CHC, whereas the other studied traits exhibited no sig-
nificant change. On the other hand, the studied leaves
traits were unaffected by the interaction between irriga-
tion intervals and kinetin application (K x I) or among
irrigation intervals, genotypes, and kinetin (I x L x K)
treatments.

The analysis of results implied significant and highly
significant impacts of interaction between irriga-
tion periods and genotypes (IxXG) on CHC, RWC, SC
and TR under both seasons (Table 2). The best values
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Table 1 Effect of irrigation intervals, two CMS lines and kinetin application as well as their interactions on plant leave traits during

2020 and 2021 seasons

Main effect and Chlorophyll Content

Relative water content Stomatal Conductance Leaf Temperature (C)

Transpiration Rate

interaction (mgds™) (% R.W.C) (mmolm—2s7") (mgecm™2s7T)
2020 2021 2020 2021 2020 2021 2020 2021 2020 2021
Irrigation intervals ()
CF 42.40a 44.34a 68.09a 70.99a 0.085a 0.095a 27.14c 29.14b 45.63a 47.02a
le 41.13b 42.22b 65.36b 67.25b 0.083b 0.093b 26.05d 28.05¢ 43.34b 44.73b
lg 39.01c 40.31¢ 63.32¢ 65.21c 0.078¢ 0.088c 25.23e 27.24d 42.74¢ 44.12c¢
Iy 37.11d 37.91d 57.55d 59.44d 0.067d 0.077d 29.12b 31.12a 40.85d 42.23d
lis 3641e 36.93e 56.64e 58.53e 0.060e 0.070e 29.82a 31.12a 40.15e 41.54e
F-test %% *x %% *x *x *x *x %% *x *x
Genotypes (G)
L1 3947b 40.59b 50.64c 52.73c 0.077b 0.087b 27.54b 29.54b 40.63b 42.01b
L2 40.39 41.53a 51.48b 53.57b 0.082a 0.092a 28.38a 30.38a 38.05¢ 39.44c
Gizal178R 37.77¢ 3891c 84.45a 86.55a 0.065¢ 0.076c 26.48c 28.48c 48.94a 50.33a
F-test %% *x %% *x *x *x *x %% *x *x
Kinetin application (K)
Control 38.30b 3943c 61.20c 63.29¢ 0.072b 0.083c 27.11¢ 29.11¢ 42.14c¢ 43.53¢
15 mg ! 39.38ab 40.52b 62.30b 64.39b 0.082a 0.085b 27.45b 29.45b 42.54b 43.93b
30 mg L 39.94a 41.08a 63.08a 65.17a 0.065¢ 0.086a 27.84a 29.84a 4293a 44.32a
F-test * * *x *x *x *x *x *x *x *x
Interactions
IXG %% *x * *x *x *x NS NS *x *x
GxK ** ** NS NS NS NS NS NS NS NS
IxK NS NS * NS NS NS NS NS NS NS
IXxGxK NS NS NS NS NS NS NS NS NS NS

" =Significant at 0.05 level, **=Significant at 0.01 level and NS Not significant. Means in the same column designated by the same letter are not significantly different

at 5% level

of CHC were recorded by the three genotypes (L1, L2
and R) under continuous flooding (CF) without sig-
nificant difference among them in the two seasons of
comarison. Besides, L2 exhibited the greatest SC value
(0.10 mmol m~2 s7') in average under CF, whereas,
Gizal78R displayed the highest and significant valuse
for RWC and TR under CF in both seasons. Other-
wise, water deficit stress caused shortage in all growth
traits compared to normal irrigation as clearly stated
by irrigation every 15 day (I,5) treatment in the three
genotypes.

The interaction between genotypes and kinetin treat-
ment (G x K) is depicted in Table 3. When kinetin was
applied at 15 mg L', Gizal78R displayed a considerable
increase in chlorophyll content with an average 41.83 mg
ds™!. On the other hand, L1 sprayed with 30 mg kinetin
L~! exhibited the lowest CHC in both seasons.

Root traits in CMS lines under irrigation intervals, kinetin
and their interaction

Root characteristics including, root length (RL, cm),
root volume (RV, cm?), root: shoot ratio (RSR), root

thickness (RT, mm), root xylem vessels number
(RXVN) and root xylem vessel area (RXVA, mm?) were
estimated under the effect of irrigation intervals, gen-
otypes, and kinetin application as well as their inter-
actions (Table 4). Continue exposure the genotypes
under study to water deficit, significantly reduced
the root traits (RL, RV, RSR, RT, RXVN and RXVA)
by 27.2%, 37.2%, 12.7%, 30.5%, 10.8% and 32.2%,
respectively.

The effect of genotypes was highly significant for all
traits. The drought tolerance Gizal78R recorded the
most significant and positive values of RL, RV and RSR,
while, the uppermost traits RT and RXVN assigned to
L2, otherwise, RXVA belonged to L1 genotype. The kine-
tin treatments displayed highly significant and positively
effects for all evaluated traits especially under 30 mg L™
concentration. The most increased values were assigned
to RV and RXVA by 14.8% and 23.9% as an average of
both seasons. The interactivity between all evaluated root
traits had no significant impact except the interaction
between irrigation X genotypes and genotypesXkinetin
regarding RL and G x K related to RV.
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Table 2 Effect of interaction between irrigation intervals and genotypes on chlorophyll content, relative water content, stomatal

conductance and transpiration rate during 2020 and 2021 seasons

Genotypes Irrigation Chlorophyll content (mg/  Relative water content Stomatal conductance Transpiration rate (pug
intervals ds-1) (%) (mmolm~—2s7") cm2s7)
Years
2020 2021 2020 2021 2020 2021 2020 2021
L1 CF 42.50a 44.45a 56.849 60.50f 0.085d 0.095d 43.97f 45.36f
le 41.22¢ 42.32b 5457 h 56.46 h 0.082e 0.092e 41789 431749
lg 39.02de 40.40c 52.86i 54.75i 0.078f 0.088f 41.19h 4258 h
I5 3761f 3842e 44.96 k 46.85 k 00749 0.084 9 38.46j 39.85j
l15 36.88f 37.40f 43.96 | 4585 0.067i 0.076i 3773 k 3912k
L2 CF 42.63a 44.58a 57.60f 60.50f 0.095a 0.105a 40.55i 41.94i
le 41.35bc 42.45b 5529h 57.18h 0.092b 0.102b 38.53] 39.917j
lg 39.22de 40.52¢ 53.57i 55.46i 0.087¢c 0.097c¢ 3798 k 3937k
I 39.75d 40.55¢ 45.81j 47.70j 0.070h 0.080 h 36.95 | 38341
l15 39.02de 39.54d 45.15jk 47.03jk 0.063j 0.073j 36.22m 3761m
Gizal78R CF 42.06ab 44.01a 89.83a 92.72a 0.076 g 0.086 fg 52.35a 53.74a
le 40.80c 41.90b 86.23b 88.12b 00749 0.084 g 49.73b 51.12b
lg 38.70f 39.99 cd 83.53c 85.42¢c 0.070 h 0.080 h 49.03c 50.42c
I 33969 347649 81.88d 83.77d 0.057 k 0.067 k 47.12d 4851d
Iis 33349 33.85h 80.80e 82.6% 00511 0.061 | 4649 47.88e

Means in the same column designated by the same letter are not significantly different at 5% level

Table 3 Effect of interaction between genotypes and kinetin
application on chlorophyll content during 2020 and 2021
seasons

Genotypes Kinetin application Chlorophyll content
(mg/ds™")
Years
2020 2021
L1 Control 38.22d 39.36d
15mg L™’ 3931c 4045¢
30mg L™ 37.35e 3849
L2 Control 39.71c 40.38¢
15mg L™’ 4061b 41.74b
30mg L™ 37.83de 38.96de
Gizal78R Control 40.75b 41.59b
15mgL™’ 41.26a 42392
30mg L™ 38.12d 39.26d

Means in the same column designated by the same letter are not significantly
different at 5% level

When analyze the intersection among genotypes X kine-
tin (GXxK), root length (RL) and root volume (RV) had the
highly significant and/or significant values with Giza 178R
under 30 mg L1 in both seasons (Table 5). In the same man-
ner, the interaction between irrigation intervals and CMS
lines genotypes (IXG) implied significant impacts on RL
under continuous flooding (CF) with Gizal78R (Table 6).

The anatomical characteristics in response to drought
were elucidated by pictorial section. As illustrated in
Fig. 1, application of the plant hormone kinetin (30gm
LY increased the root cortical file number, stele diam-
eter and xylem vessel under normal irrigation and water
deficit (I;5) (Table 6).

Performance of floral related traits

The performance of genotypes, IR69625A (L1), G46A
(L2) and Gizal78R under irrigation intervening periods
and kinetin employment as well as their interactions on
the stigma traits (style length (SL) and total stigma length
(TSL)) are presented in Table 7. The assessed traits in
genotypes of interest manifested a wide variation among
treatments of irrigation. CF treatment had a positive and
significant effect as indicated by a decrease in floral traits
values when water deficiency increased. The CMS line L1
displayed highly significant effect for SL and TSL com-
pared to L2 and Giza 178R. Application the plant hor-
mone kinetin at the rate of 30 mg L™! positively improved
both the floral traits and exhibited the highest SL and
TSL values reached 19% and 4%, respectively when com-
pared to control (non-treated plants).

Exploring the interaction between the irrigation and
genotypes (I x G) (Table 8) revealed highly significant dif-
ferentiations in SL and TSL, meanwhile, I x K interplay
exhibited visible changes in the measured floral traits
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Table 4 Effect of irrigation intervals, genotypes and kinetin application as well as their interactions on root traits during 2020 and

2021 seasons

Main effectand RL(cm) RV (cm3) R:S Ratio RT RXVN RXVA (mm)
interaction
Years
2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021

Irrigation intervals (1)

CF 25.37a 26.34a 49.02a 52.52a 0.57a 0.59 0.93a 0.97a 5.33a 5.38a 0.57a 0.61a

le 23.18b 24.16b 42.88b 46.38b 0.50b 0.58b 0.83b 087b 529 5.34a 0.54b 0.58b

o 21.23¢ 22.20c 38.08¢c 41.58¢ 0.49¢ 0.57¢ 0.73c 0.77¢ 5.22a 5.27a 047¢ 0.51¢

[ 19.62d 26.35a 33.91d 3741d 0.48d 0.56d 0.69d 0.73d 5.20a 5.22a 043d 047d

ls 18.34e 19.33e 30.14e 33.64e 0.44e 0.52e 0.64e 0.68e 4.76b 4.79b 0.38e 042e

F-test %% . %% %% %% *x %% %% . %% %% .
Genotypes (G)

L1 19.25¢ 20.23c 34.71c 38.21c 0.38¢ 0.46¢ 0.73c 0.76¢ 451c 4.56¢ 0.49a 0.53a

L2 22.34b 23.30b 39.36b 42.86b 0.48b 0.56b 0.83a 0.86a 551a 5.56a 0.48b 0.52b

Giza178R 23.05a 2401a 42.35a 45.85a 0.58a 0.66a 0.75b 0.78b 547b 5.52b 0.46¢ 0.50c

F-test *% %% %% %% %% %% %% %% %% %% %% %%
Kinetin application (K)

Control 20.25¢ 21.24c 35.80c 39.30c 0.46¢ 0.54¢ 0.73c 0.77¢ 4.96b 501b 041c 0.45¢

15mg L™ 21.70b 22.68b 38.32b 41.82b 048b 0.56b 0.76b 0.80b 5.23a 5.28a 048b 0.53b

30mg L™ 22.68a 23.66a 4231a 4581a 0.50a 0.58a 0.81a 0.85a 5.30a 5.35a 0.55a 0.58a

F-test *% *% *% *% *% *% *% *% *% *% *% *%
Interactions

IXG ** ** NS NS NS NS NS NS NS NS NS NS

GxK ** ** * * NS NS NS NS NS NS NS NS

IxK NS NS NS NS NS NS NS NS NS NS NS NS

IxGxK NS NS NS NS NS NS NS NS NS NS NS NS

" =Significant at 0.05 level, **=Significant at 0.01 level and NS Not significant. Means in the same column designated by the same letter are not significantly different

at 5% level

Table 5 Effect of interaction between genotypes and kinetin
application on root length and root volume during 2020 and
2021 seasons

Genotypes Kinetin RL(cm) RV (cm3)
application
Years
2020 2021 2020 2021
L1 Control 1837h 1935h 3186h 3536h
15mg L™ 2095f 2053g 3648f  39.98f
30mg L™ 2144e 2240e 3904de 4259de
L2 Control 19559 20539 3436g 378649
15 mg L 22.28d 2326d 3965cd 43.14cd
30mg L™ 2327c  24.25c 4096bc  44.46bc
Gizal178R Control 19.83g 2081f 37.90ef 41.40ef
15mg L™ 2378b 24.76b 4198b  45.48b
30 mg L 2444a 2550a 47.04a 5051a

Means in the same column designated by the same letter are not significantly
different at 5% level

(Table 9). Likewise, G x K interactivity exposed remark-
able impact on SL but had no significant impact on TSL
(Table 10). According to variance analysis, a measurable
change in SL and TSL was observed by examining the
reaction among I x G x K (Table 11).

In details, feasibility the interconnection between
irrigation and genotypes (I x G) displayed the greatest
values of SL with L2 while L1 had the maximum num-
bers of TSL under well-watered conditions (CF). Under
severe water shortage (I;5), the lowest numbers in SL
were assigned to L2, whereas the lowest TSL exhibited in
Gizal78R (Table 8).

The interrelationship in between I x K regarding SL and
TSL showed highly significant and/or significant increase
in case of 30 mg kinetin L' implementation under well-
watered treatment. A percentage reached 49.43 and 15.94
increment in SL and TSL, respectively, were detected
when 30 mg kinetin L™! was applied under CF compari-
son to un-treated plants under I, (Table 9). Exploring the
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Table 6 Effect of interaction between irrigation intervals and
genotypes on root length during 2020 and 2021 seasons

Genotypes Irrigation intervals R L (cm)
Years
2020 2021
L1 CF 22.87e 23.85e
ls 20579 21559
lg 18.87i 19.85i
[ 22.87e 1859
s 16.36 k 17.34 k
L2 CF 26.27b 27.25b
e 23.91d 24.89d
g 22.04f 23.02f
[ 2041 g 2139¢
lis 19.05i 20.03i
Gizal178R CF 26.96a 27.94a
le 25.06¢ 26.04c
[ 22.76e 23.74e
[ 2086 g 21844
L 1961h 2059 h

Means in the same column designated by the same letter are not significantly
different at 5% level

interaction between the genotypes and Kinetin applica-
tion (G x K) revealed highly significant differences in SL.
The tallest stigma was obtained by L1 when treated with
30 mg Kinetin L™ with an average measured 0.375 mm
(Table 10).

In the same study, the interaction among I x L x K
resulted a positive and statistically significant enhance-
ment in SL for all irrigation times and kinetin treatments
in comparison to untreated plants (Table 11 and Fig. 2).
The uppermost SL values were found in L1, L2 and Giza
178R treated with 30 mg L™ under all irrigation condi-
tions. In addition, the best numbers in TSL were detected
in the un-treated plants from the three genotypes under
all irrigation periods.

Yield-related traits under water deficit and kinetin
application

The measured traits related to yield involve seed yield
(SY), seed set (SS) and harvest index (HI) were assessed
in presence of kinetin treatment, water scarcity and their
interactions. The evaluated traits including SS, SY and HI
showed highly significant reduction under water shortage
(under I,;) recorded 61%, 45%, and 30%, respectively, in
comparison to untreated plants (Table S3). Besides, L2 X
R displayed more detraction in the evaluated traits than
L1 X R. Furthermore, kinetin implementation enhanced
the yield-related traits (SS, SY, and HI) by 17%, 14%,
and 14.5%, respectively under 30 mg kinetin L™'. The
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interactivity between I x L, LXK, I x K, and I x LxK
revealed highly significant impacts in yield traits under
study.

Exploring the interchange among irrigation intervals
and hybrids (I x L) showed decrease in all measured
traits with continue decrease in water supplementary.
The reduction in seed set (SS), seed yield (SY), and har-
vest index (HI) reached 60.7%, 47.2%, and 30.8% for L1
X R and 61.8%, 42.7%, and 30.9% for L2 X R, respectively
when I,; compared to CF (Table S4). When going for-
ward to explore the interaction between the two CMS
lines (Hybrids) and kinetin hormone, a valuable posi-
tive and significant increment was detected under 30 mg
kinetin L™, A percentages reached 16.7, 14.7 and 14.5,
with L1 X R and 17.5, 14.0 and 14.4, with L2 X R, were
detected in SS, SY and HI, respectively (Table S5).

In case of interrelatedness among irrigation periods
and kinetin treatment (I x K), an improvement in the
evaluated yield traits (SS, SY and HI) was observed under
30 mg L' of kinetin from each irrigation interval as a
comparison with untreated plants (Table S6). Similarly,
I x LxK (irrigation times, two CMS lines, and kinetin
employment) displayed a considerable increase in yield
characteristics in both hybrids under all water defi-
cit intervals and when 30 mg L™! of kinetin was spayed
(Table S7).

Correlation among traits

Estimating the association between traits under study
revealed a strong correlation between the evaluated
parameters as illustrated by principal component analy-
sis. PCA1 and PCA2 calculated 84.04% (54.90% for
PC1 and 29.13% for PC2) as displayed in the PC-biplot
(Fig. 3). A strong Interrelationship among chlorophyl
content (CHC), relative water content (RWC), stoma-
tal conductance (SC), and transpiration rate (TR), style
length (SL), root volume (RV), root length (RL), root:
shoot ratio (RSR), root thickness (RT), root xylem ves-
sel area (RXVA) and root xylem vessels number (RXVN)
were detected in the positive side of PC1. Otherwise, leaf
temperature (LT) exhibited a negative correlation with
the other measured characteristics. Remarkably, kinetin
application (15 mg L™! and 30 mg L), CF, I, and par-
tially I, along with L2 and Gizal78R located in the posi-
tive side of PCA1 in companion with most evaluated
traits.

To assess the interrelation among the quantified traits
under water deficiency and kinetin implementation, anal-
ysis with heat map was performed (Fig. 4). Two groups
of treatments were categorized (one group included I,
and I;;, whereas the second group involved the rest of
treatments and genotypes). Furthermore, the traits under
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Normal irrigation Flush irrigation every 15 days
Genotype
kinetin application (a) kinetin application (b) kinetin application (c) kinetin application (d)
(0 gL (30 mgL™") (0 gL (B0 mg L)
IR69625A
G46A
Giza 178

Fig. 1 Pictorial illustration section of root xylem vessels affected by irrigation treatments coupled with or without kinetin application in rice

genotypes

study grouped in two categories (1* group had CHC, LT,
SC, SL, TSL, RT, and RXVN, while 2™ group involved
RWC, TR, RV, RL, RSR and RXVA). Continuous flooding
(CF), I and 30 mg L' showed a positive and significant
association with all evaluated traits except LT (under CF
and Ig) and SC (under 30 mg L™ of kinetin). Besides, L2
and Gizal78R exhibited a significant positively impact
with the most characterized traits.

Discussion

In climate change, heat and drought stresses increase
in the area of crop planting that led to negative impacts
on morphology, physiology, biochemical and overall
yield and quality of plant. Water shortage is expected to
increase and become more severe based on global tem-
perature increases, agricultural development, industri-
alization and human population increment [37]. Water

deficit is a clearly problem especially in arid and semi-
arid regions of the world. Rice considers a sensitive plant
to water deficit at all growth stages. Water scarcity in
sensitive stages of rice growth will affect significantly on
the plant growth, development, biochemical and physi-
ological characteristics that will led to sustainable reduc-
tion in crop yield and quality [37-39].

Chlorophyll content (CHC), relative water content
percentage (RWC%), stomatal conductance (SC), Leaf
temperature (LT) and transpiration rate (TR), exhibited
highly negative and significant effects under I,; inter-
val. Drought has a negative impact on plant height,
effective panicle number and leaf area index. Leaf area
will decrease when plant suffers from water shortages
through inhibiting the cell division and expansion of
mesophyll tissue that drive to reduction in photosynthe-
sis and lessening in material accumulation. Furthermore,
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Table 7 Effect of irrigation periods, genotypes and kinetin implementation as well as their interactions on style length and total

stigma length traits the two seasons of study

Main effect and interaction style length (SL)

Total stigma length (TSL)

Years
2020 2021 2020 2021

Irrigation intervals (1)

CF 0.38a 041a 2.44a 2.45a

le 033b 0.36b 2.23b 2.25b

g 0.27¢ 0.30c 2.19¢ 2.20c

[ 0.24d 0.27d 2.14d 2.16d

ls 0.23d 0.26d 2.15d 2.16d

F-test *x *x *x *x
Genotypes (G)

L1 0.32a 0.34a 2.53a 2.54a

L2 0.28b 031b 2.37b 2.3%

Giza178R 0.28b 0.31b 1.79¢ 1.80c

F-test * * *x *x
Kinetin application (K)

Control 0.26¢ 0.29c 2.18c 221c

15mg L™ 0.29b 0.32b 223b 2.25b

30mg L™ 0.33a 0.35a 227a 2.30a

F-test * * *x %%
Interactions

IXG *x *x * *x

GxK ** ** NS NS

IxK *x *x * *

%G xK *x *x * *

" =Significant at 0.05 level, **=Significant at 0.01 level and NS Not significant. Means in the same column designated by the same letter are not significantly different

at 5% level

plant height will increase by water deficit especially at the
early stage of panicle differentiation whereas at mid-till-
ering stage, plant height will significantly reduce [40—42].
Likewise, leaf growth will minimize when plant suffers
from limited water potential, subsequently, lower turgor
pressure in xylem due to water deficit will guide to poor
cell division and development leading finally to diminish
the leaf area in rice plant [43]. Additionally, leaf anatomy
and ultra-structure change under water deficiency that
result reduction in number of stomata, shrinkage of leaf
size, poor development of conducting system and cutini-
sation on leaf surface [44]. Drought prevents the devel-
opment of plant organs especially the productive organs,
making abnormal anther cracking, increase the flowering
period and limiting the number of fertile pollen grains.
On the other hand, it causes limited supply of assimilates,
premature leaf senescence and shortened grouting dura-
tion during the middle and late stages of grouting [45].
Roots play a vital role in absorption of water and nutri-
ents from soil contributing for drought tolerance [34, 46].
They prove plants and take up water and nutrients from the

soil, thus, root growth strongly affects plant development
and productivity. Moreover, increasing evidence indicates
that root growth is deeply implicated in plant tolerance to
abiotic stresses such as drought and salinity. These findings
point that modifying root growth and development pro-
vides a potentially helpful approach to improve plant abi-
otic stress tolerance [47, 48]. In the primary stage of water
deficit, plants accelerate roots growth to enhance water
absorption via induction many proteins to be involved in
carbon/nitrogen metabolism and root morphogenesis [49].

Under water deficiency, rice increases the length and den-
sity of root hairs as an instinctive response to face drought
stress. Rice roots become more lengthen due to accumu-
lation of abscisic acid (ABA) concentration in roots under
drought stress, since rice genotype that has a deep root sys-
tem, coarse roots, and capacity to produce many branches
will be more tolerant to water shortages [50]. In contrary,
some reports mentioned a reduction in root length in
response to water deficit [51, 52]. Among rice cultivars,
there are significant differences in root morphological traits
(i.e, root thickness, depth, and root mass) based on genetic
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Table 8 Effect of interaction between irrigation intervals and genotypes on style length and Total stigma length during 2020 and

2021 seasons

Lines (L) Irrigation intervals style length (SL) Total stigma length (TSL)
Years
2020 2021 2020 2021
L1 CF 0.40a 043b 2.72a 2.74a
l 0.35b 0.38c 2.54c 2.56¢
lg 0.30d 0.33f 2.46d 248d
L, 027e 0309 245de 247de
lis 0.26e 0.29h 243e 245e
L2 CF 042a 0.44a 2.57b 2.59b
lg 0.32¢ 0.36e 2.36f 2.38f
ly 0.25ef 0.29h 23449 2359
Iy 0.230 h 025k 230h 232h
lis 020 h 0.23 1 230h 232h
Giza178R CF 0.34b 0.38c 2070 2.03i
le 032cd 0.35e 1.78 1.80j
ly 027e 0315 mg 174k 1.76 k
Iy 0.24fg 0.27] 1721 1731
lis 0.23fg 0.27] 1711 1.731

Means in the same column designated by the same letter are not significantly different at 5% level

Table 9 Effect of interaction between genotypes and kinetin
application on style length and total stigma length traits of both

seasons

Kinetin Irrigation style length Total stigma

application Intervals length

(K)

Years
2020 2021 2020 2021

Control CF 0.35¢c 0.38c 2.38c 241c
le 0.27f 0.31f 2.09f 2.22f
Iy 025g 028g  2l4gh  2.15gh
[ 0.22] 0.25] 212hi  2.14hi
lis 0.20 k 0.24 k 2.10i 212

15mg L™ CF 0.3% 042b 242b 243b
le 0.33d 0.37d 2.23e 2.25e
lg 0.27f 0.30f 2.19f 2.21f
Iy 024 h 027h 2.19f 2179
lis 0.23i 0.26i 2.15gh 2179

30mg L™ CF 042a 045a 2.50a 2.52a
le 0.38b 042b 2.27d 2.29d
ly 031e 033e 2.27d 2.29d
I, 0.27f 0.30f 2159 2179
I 025g  028g 219 221f

Means in the same column designated by the same letter are not significantly

different at 5% level

Table 10 Effect of interaction between genotypes and kinetin
application on plant style length during 2020 and 2021 seasons

Kinetin application Lines (L) style length
(K)
Years
2020 2021
Control L1 0.28d 0.31d
L2 0.25e 0.28e
Gizal78R 0.25¢e 0.29%
15mg L™ L1 031b 0.34b
L2 0.28¢ 0.32c
Gizal178R 0.28¢ 0.31cd
30mg L™ L1 0.36a 0.3%
L2 031b 0.34b
Giza178R 031b 0.34b

Means in the same column designated by the same letter are not significantly

different at 5% level

variation in response to drought since, root architecture and
growth are regulated by essential genes and metabolic pro-
cesses under conditions of water-deficit [51, 53]. In peanut
(Arachis hypogaea L.), drought stress significantly decreased
root and yield characteristics (0.83—1.03 g plant™' of root
dry weight and 7.98-8.89 g plant™ of pod dry weight),
respectively [54]. Root characteristics were monitored
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Table 11 Effect of interaction among irrigation intervals, CMS lines and kinetin application on plant floral traits during 2020 and 2021

seasons
Lines (L) Irrigation intervals  Kinetin application style length Total stigma length
Years
2020 2021 2020 2021
L1 CF Control 0.35e 0.38e 2.66b 2.68b
15mg L™ 0.40b 043b 2.50f 2.56e
30mg L™ 044a 047a 1.96r 1.98r
le Control 0.39bc 033h 2.50f 2.52f
15mg L™’ 0.29h 0.37ef 2.33mno 2.35mno
30mg L™ 043a 0.46a 1.76t 1.78t
ly Control 0.27jk 0.30jk 2.39ijk 2470k
15mg L™ 029h 033h 2290 2320
30mg L™ 0.33f 0.36f 1.71u 1.73u
Iy Control 0.24no 0.270p 243hi 245hi
15mgL™! 0.26k 0.29kI 2.25p 2.27p
30mg L™ 0315mg 034g 167u 1.69u
Iis Control 0.23pq 0.26pq 2.38jkt 2405k
15mglL™! 0.26 Im 0.28Im 2.25p 2.27p
30mglL™! 0.29hi 0.33hi 1.67u 1.70u
L2 CF Control 0.39%bc 0.42bc 2.69b 2.71b
15mg L™ 043a 0.46a 2.57cde 2.60cde
30mg L-1 0.43a 0.46a 1.98r 2.01r
le Control 0.26k 0.29kI 2.55de 257 cd
15mg L™ 0.33f 0.36f 2.36klm 2.38kIm
30mglL™! 0.37d 0.40d 1.78st 1.81st
lo Control 0.23pq 0.26pq 249fg 251fg
15mg L™ 0.24n0 0.27no 234mn 236 mn
30mg L 0.28ij 0.31ij 1.76t 1.79t
Iy Control 0.19s 022s 247fg 248fg
15mgL™! 0.22qr 0.25qr 2.31no 2.34no
30mg L’ 0.240p 0.270p 1.69u 1.73u
Iis Control 0.17t 0.20t 245gh 247gh
15mg L™ 0.20s 0.23s 231no 2.32no
30mg L™ 0.22qr 0.26qr 1.69u 173u
Giza 178R CF Control 0.315mg 0349 2.82a 2.82a
15mg L™’ 0.34ef 0.3ef 2.60c 2.62¢
30mg L’ 0.38 cd 041 cd 2.08q 2.11q
ls Control 0.27jk 0.30jk 259 cd 261 cd
15mg L™ 0.33f 0.36f 2.40ij 2.42j
30 mg L 0.35e 0.38e 1825 1.83s
lo Control 0.25Imn 0.29Imn 2.50f 2.53f
15mg L™’ 0.27jk 0.30jk 2.36kIm 2.38kIm
30mg L™’ 0.30gh 0.33gh 1.78's 1.80s
I Control 0.21r 0.25r 2471 2509
15mgL™! 0.23pq 0.26pq 2.34Imn 2.34Imn
30mgL! 0.26k 0.29kI 1.76t 179t
Iis Control 0.21r 0.25r 248fg 2515 mg
15mg L™ 0.23pq 0.26pq 2.34Imn 2.36lmn
30mg L™ 0.25mno 0.28mno 1.75t 1.76t

Means in the same column designated by the same letter are not significantly different at 5% level
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Normal irrigation Flush irrigation every 15 days
Genotype kinetin application kinetin application kinetin application kinetin application
(OmgL) (30 mg L) (OmgL") (30mg L")

TIR69625A

(L1)

G46A

(L2)

Giza 178R

Fig. 2 Pictorial illustration section of stigma dimensions affected by irrigation treatments with kinetin application in the three rice genotypes

under water deficit stress in many crops, i.e., in soybean
[55], wheat [56], rice [51], and common bean [57, 58].

Plant hormones such as auxin, cytokinin, abscisic acid
and brassinosteroids are essential for vascular pattern-
ing and differentiation through enhancing jasmonic
acid signaling. Xylem diameters and deep root growth
improve water acquisition when depth water is available
(51, 59-62]. Accordingly, kinetin application (30 mg L)
displayed significant and/or highly positive significant
impacts on all evaluated leaves traits such as CHC, RWC,
SC, LT and TR when compared to untreated plants. This
is supported by the findings of Malabug et al. [63] who
applied kinetin externally and observed slowing down
in breakdown of chlorophyll and photosynthetic pro-
teins, which in turn delayed leaf senescence. This sug-
gest that rice plants can be greened longer at the grain
filling stage when kinetin is applied during the flowering
stage, thereby, contributing to the observed increase in
yield. The interaction between the irrigation periods and

genotypes (IX Q) showed a significant or highly signifi-
cant effect for CHC, RWC%, SC and TR. Assessment of
seventeen rice genotypes in presence of drought caused
a noticeable reductions in chlorophyll content (CHC),
relative water content (RWC), grain yield (GY), and its
related-traits [64, 65]. Interaction between G x K had
significant and positive effects on CHC in both seasons
since kinetin hormone increased the leaf relative chloro-
phyll content in rice cultivar.

Performance of floral related traits such as style length
(SL) and total stigma length (TSL) were affects by water
deficit (Table 7). As expected, with prolonged water
scarcity, the evaluated floral traits (SL and TSL) showed
negative and significant decreases. The CMS line L1
produced the tallest style length and total stigma length
when compared with L2 and Giza 178R. Differences
among the rice genotypes in floral related traits may be
attributed to the nature of the genotypes, which is mainly
affected by genetic and partially by the environmental
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Fig. 3 PC-biplot detecting the correlation between the evaluated traits (leaves, floral, and roots -related traits) under treatments kinetin

implementation and water deficit

factors. Hamad et al. [66] stated that spraying some plant
growth regulators (i.e., gibberellic acid) in combination
with different N levels can enhance stigma properties,
including stigma vigor and excretion which ultimately
influence the seed yield and out-crossing rate in rice.
Polygenes are controlled stigma excretion in the rice gen-
otype. Recently, part of linked QTLs were identified in
relation to stigma excretion, some of these were used in
QTL pyramiding to improve the hybrid rice seed produc-
tion [67-69]. Tian et al., [18] reported that the excreted
stigma considers the main factor affecting outcrossing
rate during seed production in hybrid rice (in the female
parent spikelet). Based on the spreads out of the exerted
stigma at a wide angle, the area for receiving pollen will
enlarge, that will led to resolve the transmitting barrier of
foreign pollen, subsequently, rice genotypes can pollinate
from the next day until a few days after flowering when
the stigma exserted [70]. Takano-Kai et al. [71] reported
a positive correlation among the stigma exertion rate and
the style length in rice. Development and stigma elonga-
tion happen in the spikelets of rice pistils are basically
influenced by the environment. The biological process of
such traits is easy to explain, and phenotype screening is
highly accurate.

Remarkably, the average of root trait values (RL, RV,
RSR, RT, RXVN, and RXVA) were significantly reduced
by continued exposure to water deficiency (I;5) by 27.2%,
37.2%, 12.7%, 30.5%, 10.8%, and 32.2% if compared to
CF, respectively. Kim et al. 2020 [62] reported that an
extreme water deficits restrict root growth and develop-
ment because of low water availability and increasing
soil resistance. The primary areas of water uptake are
the young root tips, despite the fact that the length and
surface area of the root may influence the uptake of soil
resources. Both plant productivity under drought stress
and the root hydraulic conductivity are affected by the
diameter of xylem vessels. When compared to plants
with a larger xylem vessel diameter, those with a smaller
xylem diameter typically have lower risk of cavitation and
minimize hydraulic conductivity from using less water.
The drought tolerance Gizal78R had the highest values
for RL, RV, and RSR, whereas L2 received the best values
for RT and RXVN, and L1 displayed a significant incre-
ment in RXVA. These results are in consistent with those
obtained by Henry et al. [72] who stated that rice geno-
types with drought-tolerant and/or drought-susceptible
had significantly different bleeding rates of sap from the
root system. The formation lateral root increases under
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Fig. 4 Heatmap of the correlation analysis among the implemented conditions (i.e., water intervals, CMS lines (L1, L2 and Giza178R) and kinetin
application (15 and 30 mg/l) with the evaluated leaves, floral and root-related traits

water deficit, that led to increase the exterior area for
water absorption from contraction water columns. Addi-
tionally, there was a significant decrease in the diameter
of the nodal root resulting in relatively finer roots to
maintain resources. When root cross-sectional diameter
increased, plant gives the priority for water retention in
vascular tissue alternatively lowering radial oxygen loss in
response to drought [72].

Xylem considers the main route for water and miner-
als transport within the plant. The xylem development
relies on hormone concentration and activity of tran-
scription factors. Abiotic stresses, such as drought and
salinity represent a significant impact on xylem pattern-
ing, size and number of the water-transporting xylem
vessels. Under drought stress, minimizing the risk of
xylem vessel cavitation was assigned to the reduction
in number or diameter of xylem vessels. Furthermore,
the cell diameter of sclerenchyma get larger under
water shortages since the crowded cells are not needed
under drought for oxygen retention while, forming aer-
enchyma cells reduces because they are demanded for
providing plant with oxygen in flooded soils. Genotypes
with drought-resistant develop these traits to enhance
water uptake along the day when effective transpiration
is happen [61, 62, 72-74].

Conclusion

Water deficit is considered a main factor in reducing
crop production. Drought (irrigation every 6, 9, 12, and
15 days) is extremely injurious to rice plants and affect-
ing the leaves, floral, and root characters. Exogenous
implementation of the phytohormone kinetin (30 mg
L™') reduced the negative impacts of water short-
age and improved most of studied traits in two CMS
lines (IR69625A and G46A) during seed production in
hybrid rice, respectively.
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