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ABSTRACT

In line with a progressive plant breeding program, the current study attempted to identify prospective parent
materials for drought tolerance breeding using rhizometric and morphometric variables. Twelve upland rice
genotypes (URLS) as subplots were subjected to 0, 5, 10, 15 and 20-days duration of water withdrawal (DWW)
as main plots in a Split-plot experiment of a modified adaptation of the PVC Tube method in RCBD. The.
ANOVA revealed that DWW affected drought sensitivity-leaf rolling and drought recovery score. Drought
susceptibility index determined that Rinara was tolerant, and the rest were found to be highly tolerant.
Principal Component Analysis (PCA) revealed that 84.34% of the variation observed in this experiment can be
accounted by three principal components. Standardized Shannon-Weaver Diversity Index (H”) of URLSs under
20 days DWW ranged from H’=0.71 to H’=0.98 and were highly diverse (H’=0.83) confirming PCA results.
Pearson Product-Moment Correlation showed that maximum root length had medium positive linear
relationship with plant height (r = 0.63**) whereas root surface area was highly correlated with network length
(r =0.91**) and volume (r = 0.93**).
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INTRODUCTION

Studies dealing with the characterization, observation, and quantification of plant root growth and root systems
(rhizometric) have been and remain a critical area of research in all disciplines of plant science. The Asian
cultivated rice (Oryza sativa L.) is one of the most important crops and a major food source for more than half
of the global population. Furthermore, it also serves as a model crop for the plant science community
especially on genetic studies. On the other hand, rice farming is even dubbed as the “most important economic
activity on earth” (Maclean et al., 2002). Rice production is undeniably essential to both the food supply and
the economy. In the Philippines, rice is regarded as the most important food crop, being the staple food
throughout the archipelago. Rice is life for the Filipinos, not only because it is the staple food, but also because
it is tightly woven into the Filipino culture (Romero, 2008).

Being the less popular rice cultivation practice due to its low yield and investment returns, research and
breeding efforts for upland rice have not received much attention. However, the prevailing climatic and socio-
economic tensions proved to be also vulnerable to climate change, thus the great need to divert to upland rice
cultivation. With the prospects offered by upland rice cultivation, breeding efforts to further improve upland
rice cultivars must be undertaken, hence this study. Rice has the evolutionary peculiarity of being semiaquatic.
As a result, rice has few adaptations to water-limited conditions and is extremely sensitive to drought stress
(Lafitte et al., 2004). Drought is considered as the single most devastating environmental stress, which
decreases crop productivity more than any other environmental stress (Lambers et al., 1997). Drought severely
affects plant growth and development with substantial reductions in crop growth rate and biomass
accumulation.
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Traditional upland rice landraces had long been used by farmers. However, little is known about the responses
of these upland rice landraces to drought stress. This study was conducted to evaluate the response of various
upland rice landraces to drought stress at the early vegetative stage in hopes of harnessing the potential of the
Mindanao Island region in upland rice cultivation with its vast rainfed areas. Specifically, the study intended to
generate baseline information on the quantitative root characteristics of upland rice; quantify the phenotypic
diversity among upland rice landraces; determine associations and inter-relationships among drought related
components with different morphometric and rhizometric traits; and identify drought tolerant and susceptible
landraces.

METHODOLOGY

The experiment was conducted at the Agricultural Experiment Center, Central Mindanao University, Musuan,
Maramag, Bukidnon from October to December 2016. Germplasm materials: seeds of Azucena upland rice
variety and ten upland rice landraces namely: Domodao, Dinorado, Baysilanon, Rinara, Dumalengan,
Pinalawan, Ginilingan Puti, Chayong, Kalinayan, and Panilisa were sourced from the Northern Mindanao
Agricultural Crops and Livestock Research Center (NMACLRC) of the Philippine Department of Agriculture
— Regional Field Office 10. The susceptible check UPL Ri-5 was sourced from the Genetic Resources Division
of the Central Experiment Station of the Philippine Rice Research Institute in Mufioz, Nueva Ecija. Data on
number of roots, total plant length and maximum root length were measured at the date of extraction. Extracted
and cleaned root systems were then imaged and processed through the GiaRoots Image Analysis software to
estimate the following parameters: root surface area, root length density and daily root length gain, network
length and network volume. Visual evaluation of leaf rolling score, leaf drying score and drought recovery
score were also performed.

Experimental plants were planted in 7.62 cm x 40.64 Gl tubes. Soil medium was obtained from the field and
was mixed thoroughly to homogenize the soil medium (Figure 1). A conservative fertilization rate of 60-60-60
NPK (kg/ha) was thoroughly mixed on the soil medium prior to filling. After which, a tube was filled until the
tube was optimally full, the soil was extracted and weighed. The rest of the remaining tubes were then filled
with 750.00 g of soil (Figure 1).

Figure 1. Thoroughly mixed soil medium, Gl sheet, tie wire ring, digital weighing scale and fabricated Gl tube

Three grams of seeds for every experimental genotype were placed in small cloth bags. These bags were
secured by tying and were labeled properly. Seeds were soaked in water for 24 hours and were incubated for
the next 36 hours in a mound of rice straw. Each tube was sown with one pre-germinated rice seedling based
on the experimental layout. The seedlings were taken-cared for uniformly and were protected from insect pests
and diseases until termination of the experiment at 30 days after sowing (DAS) in a rain-out shed.
Agrometeorological factors such as temperature and relative humidity were not controlled. Adtuyon clay

Page 871 . .
www.rsisinternational.org


https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

Wiy
X “’/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (1JRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/1JRIAS |[Volume X Issue 111 March 2025

3, 5
4 RSIS ~

(Ultisol) was the prevalent soil type in the area which were gathered from corn fields and homogenized prior to
filling into GI tubes. Soils in tubes were watered daily to field capacity from the date of sowing until seven
days after sowing (DAS) to ensure successful seedling emergence and growth. The amount of water applied
was based on the water holding capacity of the soil media. Beyond the 7 DAS period, the experimental tubes
were watered following the different re-watering schedules assigned as main-plot factors. The area was kept
free from weeds throughout the growing period. This was done by hand weeding. Subsequent hand weeding
was done as often as the need arises. The experiment was laid out in a Split-plot arrangement in Randomized
Complete Block Design (RCBD), with three replications. The treatments are presented in Table 1.

Table 1. List of main plot and subplot factors of the Split-plot experiment

MAIN PLOT FACTOR (Duration of water withdrawal) | SUBPLOT FACTOR (Upland rice genotypes)

D1 — daily watering

V1 - Azucena (Tolerant check)

D2 — 5 days withdrawal prior to re-watering

V2 - UPL Ri-5 (Susceptible check)

D3 — 10 days withdrawal prior to re-watering

V3 - Domodao

D4 — 15 days withdrawal prior to re-watering

V4 - Dinorado

D5 — 20 days withdrawal prior to re-watering

V5 - Baysilanon

V6 - Rinara

V7 - Dumalengan

V8 - Pinalawan

V9 - Ginilingan Puti

V10 - Chayong

V11 - Kalinayan

V12 - Panilisa

Statistical Analysis. Data gathered for drought sensitivity scores, drought recovery score and drought tolerance
index were analyzed following the Analysis of Variance (ANOVA) in Split-plot for RCBD. Drought
sensitivity and recovery scores were subjected to arc sine transformation. The Honestly Significant Difference
(HSD) or Tukey’s Test was used to determine significant differences between genotype means. These
procedures were performed using SAS v.9.1.2. Principal Component Analysis (PCA) was performed. The
variables identified by PCA were subjected to Standardized Shannon-Weaver Diversity Index (SSWDI) or
simple H which was computed to determine the phenotypic diversity of the upland rice varieties. The
following rating scale adopted from Jamago and Cortes (2012) was used. Cluster analysis was performed to
assess germplasm for their genetic variation and to discover patterns of genetic diversity by grouping
genetically similar genotypes. Clustering was based on agglomerative hierarchical clustering using Euclidean
distance of dissimilarity and Ward's agglomeration method in XLStat.

RESULTS AND DISCUSSION

Baseline Morphometric and Rhizometric Traits

Among the 22 morphometric and rhizometric traits observed in this experiment only eight variables were
found to have varied significantly either among different durations of water withdrawal (DWW) or among the
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different upland rice landraces (URLS). The rest of the variables were found to be non-variable indicating that
upland rice landraces had similar responses to the DWW. Furthermore, no significant interaction between
upland rice varieties and durations of water withdrawal was detected in the ANOVA of all the traits.

Total Plant Length

Data on total plant length of the 12 experimental genotypes (Table 2) were analyzed statistically and revealed
highly significant differences among means. Domodao recorded the longest plant length of 524.40 mm.
Tukey’s test further revealed that Domodao had a total plant length that was statistically comparable to nine
other experimental upland rice genotypes. On the other hand, Dinorado (333.27 mm) recorded the shortest
plant length. This implies that the total plant length of this experiment’s set of upland rice landraces exhibits
phenotypic diversity in terms of total plant length, consistent with findings on the genetic variability and
phenotypic diversity of upland rice genotypes (Tefera et al., 2023; Sohrabi et al., 2012). Mean plant lengths
attributed to the effects of the different DWW implemented were not statistically comparable. This suggests
that the different DWW implemented did not affect the total plant length of upland rice genotypes, aligning
with studies indicating limited environmental influence on certain morphological traits in upland rice (Lyu et
al., 2014).

Table 2. Total plant length, number of roots and maximum root length of upland rice genotypes at different
DWW

TREATMENT COMBINATIONS | TOTAL PLANT NUMBER OF MAXIMUM ROOT
LENGTH (mm) ROOTS LENGTH (mm)

Different Duration of Water Withdrawal

Daily Watering 412.81 9.36 191.94

5 Days of Water Withdrawal 398.83 6.94 179.61

10 Days of Water Withdrawal 413.50 7.64 196.36

15 Days of Water Withdrawal 403.06 7.69 196.81

20 Days of Water Withdrawal 463.08 9.11 223.94

F-test NS NS NS

Upland Rice Genotypes

Azucena 420.67%¢ 8.93% 193.60%
UPL Ri-5 367.93%¢ 9.27% 157.47%
Domodao 524.40? 8.40% 275.67°
Dinorado 333.27°¢ 5.87" 140.40°
Baysilanon 423.53%¢ 6.87%° 206.40%°
Rinara 451.13%¢ 8.80% 220.47%°
Dumalengan 514.27%° 9.072° 269.40%°
Pinalawan 409.00%¢ 7.87% 188.40%
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Ginilingan Puti 346.07™ 8.60% 143.40°
Chayong 371.073¢ 7.07% 170.93%®
Kalinayan 455.07%¢ 9.67° 224,53
Panilisa 402.67%¢ 7.40% 182.13%
Ftest b ok * o
Ftest a*b NS NS NS
CVa (%) 28.28 25.93 21.47
CVb (%) 24.53 26.45 23.88
HSD (a) - ; )
HSD (b) 176.13 3.62 129.92
HSD (a*b) - ; )
Means on the same column that show at least one common letter are not significantly different at
a=0.05 (HSD).
*% - Means are significantly different based on 0=0.01
* - Means are significantly different based on 0=0.05
NS -  Means are not significantly different based on ¢=0.05

Number of Roots

Results of ANOVA reveal that upland rice genotypes had statistically variable mean number of roots. The
analysis identified Kalinayan to have the greatest mean number of roots (9.67), which was statistically
comparable with nine other experimental upland rice genotypes. The mean analysis also revealed that
Dinorado recorded the least number of roots, having developed only 5.87 roots. The number of roots of any
crop is crucial for their respective drought response; however, results in this experiment imply that these
upland rice genotypes have comparable numbers of roots. This finding aligns with previous studies that
highlight the adaptability of root traits in upland rice under varying environmental conditions, including
drought stress (Tuhina-Khatun et al., 2015; Gonzalez et al., 2021). However, it can be noted that while
Dinorado is popular with consumers because of the aroma it exudes when cooked, it has the least number of
roots. On the other hand, the mean number of roots attributed to the effect of the DWW implemented was not
statistically variable. The interaction of the DWW and the different upland rice genotypes was found to be
statistically non-significant, consistent with findings that root traits often exhibit limited variability under
controlled drought conditions (Shoaib et al., 2022).

Maximum Root Length

F-test (ANOVA) revealed that the 12 experimental genotypes varied significantly (P<0.01) in terms of
maximum root length (Figure 2). The upland rice landrace Domodao recorded the longest root, having a mean
root length of 275.67 mm. In contrast, Ginilingan Puti and Dinorado recorded the shortest maximum root
lengths of 143.40 mm and 140.40 mm, respectively. These results imply that most upland rice genotypes,
which are popular landraces, have significant root reach potential, a trait often associated with adaptation to
drought conditions (Wang et al., 2023; Gonzalez et al., 2021). Additionally, it can be concluded that the
smaller the number of roots an upland rice genotype has, the shorter the root length, as exhibited by Dinorado.
The mean maximum root length attributed to the effect of DWW implementation was not statistically variable.
The interaction of the DWW and the different upland rice genotypes was found to be statistically non-
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significant, consistent with findings that environmental factors often have limited influence on maximum root
traits in drought-adapted rice genotypes (Xu et al., 2020).

Figure 2. Scanned root images subjected to GiaRoots Image Analysis
Root Surface Area

Data on the root surface area was obtained by subjecting scanned images of rice roots to GiaRoots image
analysis software. GiaRoots-generated data was found to be statistically variable among different upland rice
genotypes. With this, the mean analysis identified Rinara to have the highest root surface area of 143494.85
mm?®. However, Tukey’s test also found that Rinara had a mean root surface area that was statistically
comparable to 10 other experimental upland rice landraces. On the other hand, Domodao was found to have
the least root surface area among all the experimental upland rice landraces, with only 178373.21 mm? root
surface area. These results suggest that most of the experimental genotypes possess large root surface areas,
which are advantageous for nutrient and water uptake in soils with poor fertility (Pang et al., 2020). However,
ANOVA declared these mean values to be statistically comparable. Furthermore, the interaction between
DWW and URLs was found to be non-significant.

Root Length Density

A total of 10 URLs were found to have statistically similar mean root length density with Domodao, which
recorded the highest root length density of 0.57 mm/mmg3. On the other hand, Dinorado and Ginilingan Puti
had the lowest root length densities of 0.29 mm/mm3. Root length density of a crop's root system shows the
relative presence of roots in every unit length of the soil profile, a critical trait for nutrient and water uptake
efficiency (Wang et al., 2023; Sandhu et al., 2016). In this variable, Dinorado has consistently shown inferior
performance despite its popularity among upland rice farmers.

Table 3. Root surface area, root length density and daily root length gain of upland rice genotypes at different
DWW

TREATMENT ROOT SURFACE ROOT LENGTH | DAILY ROOT LENGTH
COMBINATIONS AREA (mm3) DENSITY (mm/mm3) GAIN (mm/day)

Different Duration of Water Withdrawal

Daily Watering 148979.33 0.39 6.62

5 Days of Water Withdrawal 108349.36 0.37 6.19

10 Days of Water Withdrawal 124256.02 0.40 6.77
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15 Days of Water Withdrawal 132824.83 0.40 6.79
20 Days of Water Withdrawal 163909.63 0.46 7.72
F-test NS NS NS
Upland Rice Genotypes
Azucena 153240.28%¢ 0.40% 6.68%
UPL Ri-5 133876.79% 0.32% 5.43%
Domodao 178373.21° 0.572 9.512
Dinorado 91654.68" 0.29° 4.84°
Baysilanon 97376. 96%° 0.42% 7.12%
Rinara 143494.85° 0.45% 7.60%
Dumalengan 185417.69%% 0.55% 9.29%
Pinalawan 116146.24%° 0.39% 6.50%
Ginilingan Puti 112431.82%¢ 0.29° 4.94°
Chayong 116478.24%¢ 0.35% 5.89%
Kalinayan 176191.35% 0.46% 7.74%
Panilisa 123283.89%¢ 0.37% 6.28%
Ftest b ** el kel
Ftest a*b NS NS NS
CVa (%) 16.30 21.47 31.47
CVb (%) 8.63 23.88 53.88
HSD (a) - ; 3
HSD (b) 84276.99 0.27 4.48
HSD (a*b) - : 5

Means on the same column that show at least one common letter are not significantly different at

¢=0.05 (HSD).

o

*

- Means are significantly different based on a=0.01
- Means are significantly different based on 0=0.05

NS -  Means are not significantly different based on ¢=0.05

This suggests that the trait behind Dinorado’s popularity is its grain aroma when cooked rather than its yield or
root efficiency, as supported by studies highlighting trade-offs between agronomic traits and consumer
preferences in upland rice (Pang et al., 2020). Analysis of the means ruled that Dinorado and Ginilingan Puti
were statistically different from the rest of the experimental genotypes in terms of root length density,
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consistent with findings that root architecture traits vary significantly among upland rice genotypes under
different environmental conditions (Gonzalez et al., 2021).

Daily Root Length Gain

In terms of daily root length gain, Domodao took the lead among the 12 URLs having recorded a mean daily
root length gain of 9.51 mm/day. On the other hand, Ginilingan Puti and Dinorado recorded the lowest mean
daily root length gain of 5.89 mm/day and 4.84 mm/day, respectively. Being a measure of the speed of a crops
root system growth towards the depth of the soil strata, results imply that most of the URLSs have similar speed
of root penetration and that there is a narrow room for improvement in this variable of URLs. Finally,
statistical analysis declared mean daily root length gain attributed to the effect of the implementation of DWW
to be non-variable. Furthermore, no significant interaction was detected between the implementation of DWW
and the experimental upland rice landraces.

Network Volume and Length

Root network length and volume were obtained using the GiaRoots image analysis software. Statistical
analysis of the data revealed that both network variables were non-variable at each of the two levels of
comparison possible (Table 4). Mean root network volume and length attributed to the effect of the
implementation of DWW were found to have conferred no variability in both variables. Finally, the possible
interactions of the two variables were considered in the experiment; however, its accuracy is sacrificed over
the accuracy of the measurement of the genotypic effects or the experimental upland rice genotypes. Hence,
based on the results, it is recommended that similar experiments should be done until physiological maturity.
However, ANOVA revealed that mean root network volume and length were found to be statistically variable.
Mean analysis also identified Dinorado to have the lowest root network volume of 116184.68 mm3. In this
variable, it was observed that Dumalengan recorded the highest mean root network length of 14118.53 mm
together with Domodao, which recorded an average root network length of 14623.80 mm. Dinorado was
observed to have the lowest root network length among the twelve experimental upland rice landraces. It
should be remembered that Dinorado also recorded a significantly lower root network volume. Hence, it can be
concluded that among all the URLSs in this experiment, Dinorado recorded poor network volume and length,
which might explain its drought susceptibility in farmers’ fields (Gonzalez et al., 2021; Pang et al., 2020).
However, thanks to its aromatic grains, Dinorado still enjoys a great extent of popularity among upland rice
farmers and consumers in Bukidnon (Sandar et al., 2022).

Table 4. Root network variables of upland rice genotypes at different DWW

TREATMENT COMBINATIONS NETWORK VOLUME (mm®) | NETWORK LENGTH (mm)

Different Duration of Water Withdrawal

Daily Watering 182725.06 11977.44

5 Days of Water Withdrawal 137724.54 8340.94

10 Days of Water Withdrawal 149242.14 10062.28

15 Days of Water Withdrawal 166696.66 10353.22

20 Days of Water Withdrawal 205886.63 12784.06
F-test NS NS

Upland Rice Genotypes

Azucena 180842.85%° 12612.47%®
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UPL Ri-5 169279.27% 10346.53%
Domodao 219833.16% 14118.53?
Dinorado 116184.68° 7012.80°
Baysilanon 118779.85™ 7734.60%
Rinara 178577.13%¢ 11257.80%
Dumalengan 229676.60% 14623.80°
Pinalawan 137085.70%* 9547.87%
Ginilingan Puti 140182.89%% 8811.93%
Chayong 154318.80%° 8959.80%
Kalinayan 225320.26° 13627.80%°
Panilisa 151378.90%° 9789.13%
Ftest b *x kel
Ftest a*b NS NS
CVa (%) 106.39 116.61
CVb (%) 50.22 53.08
HSD (a) - -
HSD (b) 151378.90 6927.73
HSD (a*h) - -
Means on the same column that show at least one common letter are not significantly different at
o=0.05 (HSD).
=% - Means are significantly different based on o=0.01
* - Means are significantly different based on 0=0.05
NS -  Means are not significantly different based on ¢=0.05

Diversity Analysis

Phenotypic diversity was assessed in this experiment using the Standardized Shannon-Weaver Diversity Index
(H’) and described using the scale of Jamago and Cortes (2012). Variables that were found to have
significantly contributed to the variability accounted for the first principal component in the principal
component analysis of every duration of water withdrawal implemented were identified and subjected to
SSWDI. Furthermore, SSWDI-derived H’ obtained from the different contributory variables were presented in
Table 5. Interestingly, it was found that the implementation of DWW has significantly affected the phenotypic
diversity of upland rice seedlings, consistent with studies emphasizing the impact of water stress on phenotypic
traits (Domingo et al., 2023; Wang et al., 2021). This experiment might have been the first attempt to
determine the phenotypic diversity dynamics of upland rice seedlings under various levels of drought stress, as
previous studies have focused on mature plants or field conditions (Yin et al., 2023; Tuhina-Khatun, 2015).
Based on the results, it was found that the SSWDI of the same variables under different DWW can fluctuate
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despite being measured on the same genotypes. Moreover, the mean diversity (H”) of significant contributory
variables at DWW may also fluctuate. In this experiment, it can be noted that the mean diversity of
significantly contributory variables of upland rice seedlings subjected to daily watering, five- and 15-day
durations of water withdrawal were numerically comparable. However, mean phenotypic diversity dropped
when the same upland rice seedlings were subjected to a 10-day duration of water withdrawal. These findings
hint at the possibility of genetic plasticity in upland rice landraces to early vegetative stage drought stress
induced by water withdrawal alone, aligning with research on drought adaptation mechanisms in traditional
upland rice varieties (Domingo et al., 2023; Yin et al., 2023; Rabara et al., 2014).

It should also be noted that subjecting upland rice seedlings in 20 days duration of water withdrawal has
increased the mean phenotypic diversity to 0.82 H’. Furthermore, SSWDI values recorded on significantly
contributory variables of upland rice seedlings subjected to the 20 duration of water withdrawal mostly
rhizometric and shoot biomass variables. The high variability observed in this main plot factor may indicate
that the implementation of long duration of water withdrawal on upland rice seedlings is able to induce the
expressions of certain rhizometric responses and trigger the expression of new drought stress response genes.

Table 5. Standardized Shannon Index of experimental upland rice varieties in terms of various morphometric
and rhizometric variables under different DWW

MORPHOMETRIC AND DURATION OF WATER WITHDRAWAL (DAYS)
RHIZOMETRIC VARIABLES
Daily 5 10 15 20
Plant Height 0.66 0.81 0.86 - -
Maximum Root Length - 0.79 - - -
Root Fresh Weight 0.91 0.63 0.74 0.73 0.81
Root Dry Weight 0.71 0.87 - 0.74 0.79
Shoot Fresh Weight 0.79 0.58 0.67 0.76 0.86
Shoot Dry Weight - - - 0.74 0.76
Root-shoot Weight Ratio - - - - -
Root-shoot Length Ratio - 0.92 - - -
Daily Root Weight Gain 0.81 0.69 - 0.80 0.74
Daily Root Length Gain - 0.81 - 0.74 -
Daily Shoot Weight Gain 0.70 - - 0.74 0.71
Daily Shoot Length Gain 0.64 0.81 0.74 - -
Total Plant Length 0.86 0.83 0.81 - -
Total Plant Biomass 0.67 0.86 - 0.79 0.81
Root Diameter 0.77 - 0.35 - -
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Root Weight Density - 0.71 0.67 0.76 0.82
Root Length Density - 0.79 - - -

Average Root Width - - - - -

Number of Roots - 0.77 - 0.88 -

Root Surface Area 0.79 0.78 - 0.74 0.97
Network Length 0.83 0.74 - - 0.79
Network Volume - 0.74 - 0.88 0.97

Leaf Rolling Score - - - - -

Leaf Drying Score - - - - -

Drought Recovery Score - - - - -

Mean 0.76 0.77 0.69 0.77 0.82

Results show that the diversity of fresh weight decreases when URL seedlings are subjected to increasing
DWW. On the other hand, shoot fresh weight was found to have an increasing phenotypic diversity trend in
terms of shoot weight. This study deduced that the decrease of the phenotypic diversity observed in root fresh
weight may indicate that drought stress in upland rice seedlings tend to approach to a mean root fresh weight
as evidenced by observed downward trend of its phenotypic diversity. This is due to the general response of
upland rice seedlings under drought where they prioritize root development. For instance, take a scenario
where genotypes with high root biomass are subjected to drought, physiologically, plants would compromise
below-ground biomass accumulation to give way for longitudinal root development. Other genotypes with
poorer root biomass will also do the same but would have to mobilize above-ground biomass to pursue root
development. This then results in an increase in the variability of shoot biomass as genotypes with poor root
biomass will mobilize shoot biomass while those with greater root biomass can just mobilize photosynthates
that are close to the root apex being the priority growing point.

Relationship of Drought Related Components

Principal Component Analysis (PCA) of various morphometric and rhizometric data of upland rice seedlings
under five days of water withdrawal was performed. The procedure aimed to determine variables responsible
for the variability observed in upland rice seedlings subjected to five days of recurring drought stress. The
biplot generated in this analysis is illustrated in Figure 2. PCA results suggest that total plant length (TPL),
daily root length gain (DRLG), daily shoot weight gain (DSWG), and shoot dry weight (SDW) contributed the
most to the variability observed in upland rice seedlings subjected to five days of recurring drought, consistent
with findings that morphometric traits are key indicators of drought tolerance (Verma et al., 2019; Yin et al.,
2023). It was further noted that drought sensitivity traits such as leaf rolling and leaf drying scores, along with
drought recovery score and average root width, improved their contribution to variability under drought
conditions, as these traits are expressed more prominently during stress periods (Pang et al., 2020; Yin et al.,
2023). The prioritization of cellular activity in root apices to enhance root penetration aligns with studies on
adaptive mechanisms in upland rice genotypes under limited water availability (Da Mata et al., 2023; Sandar et
al., 2022). This postulate also makes sense as physiological activity under stress is limited to photosynthate
partitioning due to leaf rolling or drying out, a phenomenon widely observed in drought-stressed rice varieties
(Ding et al., 2013; Verma et al., 2019).
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Figure 2. Bi-plot of factor loadings of 25 qualitative and quantitative morphometric and rhizometric variables
from principal component analysis of twelve upland rice genotypes under different DWW

Identification of Drought Tolerant Genotypes
Drought Sensitivity and Recovery

Rice plants that were watered daily showed healthy leaves. Presented in Table 5 are the drought-induced leaf
rolling sensitivity values of the different upland rice genotypes at DWW implemented. Statistical analysis
revealed that the mean leaf rolling score of URLs attributed to the effect of the implementation of DWW
varied significantly. Mean analysis revealed that upland rice seedlings subjected to 15 days duration of water
withdrawal resulted in the highest mean leaf rolling score of 31.34 percent. On the other hand, seedlings of
URLSs subjected to five, 10- and 20-days durations of water withdrawal recorded statistically similar mean leaf
rolling scores. Finally, seedlings of upland rice genotypes which were watered daily recorded the lowest leaf
rolling score of 0.25 percent.

Earlier experiments have shown proof of plant seedlings to survive drought due to the expression of early
vigor. Richards et al., (2006, 2007) and Rebetzke et al., (2016) agreed that early vigor under conditions of low
evapotranspiration may allow annual crops to optimize water use efficiency (WUE) and limit the loss of water
due to direct evaporation from the soil surface. This leaves stored more water available for later developmental
stages when soil moisture becomes progressively exhausted and increasingly limiting for survival. Abscisic
acid (ABA) has been shown to affect many of the traits that influence the water balance of the plant through
both dehydration avoidance and dehydration tolerance (Thompson et al.,, 2007). However, the sudden
introduction of moisture to plants by the early vigor expressed in seedlings may prove to be detrimental as the
sudden influx of water may have diluted ABA concentrations in rice leaves. The dilution and transpiration of
ABA may have been the reason drought symptoms were aggravated in seedlings subjected to 15 days of water
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withdrawal (Yan et al., 2023; Wang et al., 2023b). The same may also have been the reason upland rice
seedlings have survived, as traits like leaf rolling and ABA modulation have been linked to drought tolerance
(Yan et al., 2023). Additionally, studies have identified that phenotypic traits such as reduced vegetative
growth and improved root systems contribute significantly to drought adaptation in upland rice genotypes
(Shruthi et al., 2024; Lanna et al., 2021).

Table 5. Drought sensitivity and recovery of upland rice genotypes at different DWW

TREATMENT COMBINATIONS LEAF ROLLING LEAF DRYING DROUGHT
SCORE (%) SCORE (%) RECOVERY SCORE
Different Duration of Water Withdrawal
Daily Watering 0.25° 0.25 99.75%
5 Days of Water Withdrawal 14.60° 9.04 68.64°
10 Days of Water Withdrawal 13.99° 9.86 70.48"
15 Days of Water Withdrawal 31.34° 19.89 61.73"
20 Days of Water Withdrawal 7.37™ 7.14 68.23"
F-test ol NS *x
Upland Rice Genotypes
Azucena 15.59 8.88 72.31
UPL Ri-5 14.53 14.51 75.69
Domodao 12.08 7.60 69.68
Dinorado 13.11 5.25 74.96
Baysilanon 9.00 3.44 81.07
Rinara 12.68 7.04 76.37
Dumalengan 18.89 14.28 67.09
Pinalawan 15.44 9.36 72.48
Ginilingan Puti 14.46 10.29 74.70
Chayong 9.52 8.03 75.49
Kalinayan 12.30 8.56 73.95
Panilisa 14.53 13.61 71.46
Ftest b NS NS NS
Ftest a*b NS NS NS
CVa (%) 24.64 27.04 24.85
CVb (%) 16.92 23.96 24.12
HSD (a) 12.17 - 26.94
HSD (b) - - -
HSD (a*b) - - -

Means on the same column that show at least one common letter are not significantly different at

=0.05 (HSD).

#% - Means are significantly different based on a=0.01
= - Means are significantly different based on o=0.05
NS - Means are not significantly different based on a=0.05

With most rice plants exhibiting drought-induced leaf rolling sensitivity reactions after the implementation of
only 15 days of water withdrawal, it is recommended that the optimal number of days of water withdrawal that
will enable rice breeders to screen upland rice genotypes for drought tolerance/sensitivity using leaf rolling is
15 days. However, this is still subject to verification, hence the research moves for further verification.
Nevertheless the 15 days of drought implementation together with the daily watering of the experimental units
in their first 7 days from sowing proves to be short enough that even with limited space and resources, rice
breeders can still conduct rapid drought screening since this study was able to prove that 15 days of water
withdrawal on rice seedlings is enough to weed out drought susceptible genotypes. Finally, statistical analysis
detected no significant interaction between duration of water withdrawal and upland rice genotypes.
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Leaf drying is also one of the drought sensitivity variables that was measured in this experiment (Table 5).
Leaf drying is a drought sensitivity variable being worse than the leaf rolling. The same with leaf rolling score,
data on drought sensitivity by leaf drying for the five days main plot factor was based on four repeated ratings,
while the 10- and 15-days main plot factor were based on two repeated ratings and the twenty days main plot
factor was only taken once.

In general, it was observed that the implementation of 15 days of water withdrawal caused the drought
recovery of the URLs to go even lower. However, it should also be noted that compared to the plants which
experienced only 10 and 15 days of water withdrawal, more upland rice genotypes exhibited higher drought
recovery even after being subjected to 20 days of water withdrawal. This observation aligns with findings that
upland rice genotypes possess unique drought tolerance mechanisms, such as sugar-mediated osmotic
acclimation and antioxidative responses, which contribute to their ability to recover under prolonged drought
conditions (Melandri et al., 2021; Dwivedi et al., 2023). Finally, the researcher recommends the conduct of
further experimentation on the drought recovery of upland rice cultivars to better understand the drought
recovery performance of upland rice seedlings in response to water withdrawal. ANOVA detected no
significant interaction between the main plot and subplot factors of this experiment in terms of drought
recovery scores. This implies that the total variation observed in this variable can be due to the implementation
of different water withdrawal durations. These findings are consistent with studies highlighting that
transcriptomic divergence in upland rice contributes significantly to its drought adaptation and recovery (Lou
et al., 2020; ).

Drought Susceptibility

Biomass yield has been considered an important variable in varietal selection for drought stress tolerance
(Kondhia et al., 2015). Drought Susceptibility Index (DSI) was computed using the Fischer and Maurer
formula (1978). Fischer and Maurer (1978) reported that DSI is based on a reduction in yield adjusted for
drought intensity of experiment. DSI values are interpreted based on the direction of desirability and were
ranked following the scale of (Kumar et al., 2014) as highly drought-tolerant (DSI <0.50), drought-tolerant
(DSI: 0.51-0.75), moderately tolerant (DSI: 0.76-1.00) and drought susceptible (DSI >1.00). In general, lower
DSl values indicate lower differences in biomass yield across stress and non-stress conditions which translate
to more resistance to drought (Table 6). In general, the DSI analysis was successful in determining the degree
of tolerance and susceptibility to drought of seedlings of experimental upland rice genotypes. The
implementation of five days of recurring drought was found to be most effective in screening for drought
susceptibility. This proves that the repetitive exposure to drought of upland rice seedlings is more detrimental
than longer exposure to drought stress. Furthermore, based on DSI analysis, seedlings of UPL Ri-5, Domodao,
Baysilanon, Dumalengan, Ginilingan Puti, Chayong, Kalinayan and Panilisa are considered highly drought
tolerant after consistently exhibiting high drought tolerance across all DWW.

Table 6. Drought susceptibility index of upland rice varieties at different DWW s for total plant biomass

VARIABLES DWW
5 DAYS 10 DAYS 15 DAYS 20 DAYS
Azucena 0.25°T 0.18°7 0.657 0.21°7
UPL Ri-5 0.19HT 0.03HT 0.40HT 0.33HT
Domodao 0.26HT 0.02HT 0.09HT 0.43HT
Dinorado 1.22° 0.13HT 0.19HT 0.78MT
Baysilanon 0.32HT 0.37HT 0.20HT 0.35HT
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Rinara 1.205 0.35™ 0.217 0.617
Dumalengan 0.02°T 0.20°T 0.39°T 0.14°7
Pinalawan 0.527 0.60" 0.19°7 0.45°T
Ginilingan Puti 0.10HT 0.09HT 0.49M7 0.037
Chayong 0.297T 0.087T 0.3777 0.43FT
Kalinayan 0.12°T 0.33°T 0.30°T 0.28°T
Panilisa 0.26M7 0.2777 0.497 0.08"7

HT | = | Highly tolerant

T = | Tolerant

MT | = | Moderately tolerant

S = | Susceptible

CONCLUSIONS AND RECOMMENDATIONS

The current study was able to report the quantitative morphometric and rhizometric traits of the experimental
upland rice landraces thereby establishing baseline information of the experimental genotypes in terms of their
morphometric and rhizometric traits. Phenotypic diversity of the experimental genotypes was slightly
influenced by the implementation of different DWW wherein the 20 DWW induced the highest level of
phenotypic diversity on the upland rice genotypes. Based on PCA, it can be concluded that shoot and root
length variables of upland rice genotypes are inversely related while all biomass variables as closely related
with one another. This indicates that genotypes that develop the most biomass can still yield the most. Through
the drought susceptibility index equation, it has been found that 5 days DWW is enough to identify susceptible
upland rice genotypes which were Dinorado and Rinara. It can also be concluded that repeated exposure to
drought improves upland rice seedlings tolerance to drought thereby ensuring its survival on the long run.
However, it should be expected that optimal yield could not be attained by upland rice subjected to drought
stress at seedling stage. Hence, further studies are recommended on the quantification of yield reduction of
upland rice subjected to different DWW at seedling stage.
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