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Abstract
Rainfed lowland has been widely used for rice cultivation by farmers across Asia despite its risk of flooding.
Flash flooding usually will occur several times during the rice growth period. The condition is even worse in
South Sumatra with the lack of drainage system that sometimes put rice plants in full submergence stress
condition. The recovery period after submergence is considered an important phase in determining plant
survival. Thus this study was conducted to evaluate rice seedlings' growth analysis during submergence and after
recovery period due to the application of phosphorus. Evaluating these traits was beneficial to study rice plant
morphological and physiological response to submergence stress. Two rice cultivars were cultivated: Ciherang
(Indonesian commercial cultivar) and a submergence tolerant cultivar, Inpari 31 (Ciherang sub-1). Phosphorus
application was given to plants before submergence as following P0 = no phosphorus (control); P1 = phosphorus
application three days before submergence; P2 = phosphorus application seven days before submergence; P3 =
phosphorus application fourteen days before submergence. Growth analysis parameters then were calculated
based on the data collected from during and post submergence condition. Results showed that during
submergence, relative growth rate (RGR) was positively correlated to the changes in net assimilation rate (NAR)
and negatively correlated to leaf area ratio (LAR). While after 14 days of the recovery period, RGR was more
influenced by the increase of LAR.
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INTRODUCTION
Flooding has been a significant threat to rice cultivation in lowland areas across Asia,
especially in Southeast Asia. The condition is even worse in South Sumatra with the lack of
drainage system that sometimes put rice plants in full submergence stress condition South
Sumatra lowland has been subjected to flash flooding that can occur in any plant
developmental stage during planting season. Swamp rice cultivation in South Sumatra usually
would suffer from submergence stress condition in the early growth of the vegetative stage.
However, the possibility of other unexpected submergence stress would still become a threat
due to seasonal change (Irmawati et al., 2015). The flooding will undeniably impact plant
growth that can even lead to plant mortality due to prolonged complete submergence.
Addressing this issue, many researchers have studied the effect of submergence on rice
growth (Bailey-Serres et al., 2010; Singh et al., 2014; Oladosu et al., 2020).
Plant growth analysis is a parameter commonly used to define the differences in plant growth
under a specific growing environmental condition. It has been utilized in many different types
of plants, such as in wheat (Sugár et al., 2017), tomato (Monte et al., 2013), rice (Irmawati et
al., 2016), and any other plants. Relative growth rate (RGR) is one of the primary growth
analysis components indicating biomass accumulation during a specific period (Tessmer et
al., 2013). RGR is determined by another two growth analysis components: leaf area ratio
(LAR) and net assimilation rate (NAR). Evaluating these traits was beneficial to study rice
plant morphological and physiological response to submergence stress.

137 | Book Chapter homepage: https://proceedings.aecon.ump.ac.id/index.php/aecon/issue/view/1

ISBN: 978-602-6697-64-6

Gautam et al. (2014) reported that the recovery period after submergence could be a
determining factor to ensure plant survival and growth after submergence. Proper nutrient
management was considered as one of the alternatives to enhance plant survival and growth
after submergence. While nitrogen use showed a negative response (Gautam et al., 2015), the
application of phosphorus before submergence to strengthen plant roots is considered a better
option. Thus, this research was objected to evaluate rice seedlings' growth analysis during
submergence and 7 and 14 days of recovery period due to phosphorus application before
submergence.
METHODS
The research was conducted in an experimental tank of the Agronomy Department,
Agriculture Faculty, Sriwijaya University. Two rice cultivars were used: Ciherang (a
commercial cultivar commonly used by swamp rice farmers in South Sumatra) and Inpari 30
(Ciherang sub-1 as submergence tolerant cultivar). Phosphorus solution (30 ppm P) was
applied to the roots of rice seedlings in four levels based on application time: P0 = control (no
phosphorus), P1 = phosphorus application three days before submergence; P2 = phosphorus
application seven days before submergence; P3 = phosphorus application 14 days before
submergence. Rice seedlings were first grown in the nursery for 14 days and then transplanted
into a single pot. The pots were then placed in a concrete tank filled with water to give the
plants submergence. Submergence was started at seven days after transplanting (DAT) for
seven days. To calculate growth analysis, plant samplings were carried out for 4 times: t0 =
right before submergence (7 DAT), t1 = right after submergence (14 DAT), t2 = 7 days after
submergence (21 DAT), and t3 = 14 days after submergence (28 DAT). The collected data
consisted of total leaf area, plant total dry weight, and leaf dry weight. The calculation of
growth analysis was then performed following these formulas below.
Relative Growth Rate (RGR) =
Net Assimilation Rate (NAR) =
Leaf Area Ratio (LAR)

=

Specific Leaf Area (SLA)

=

Leaf Weight Ratio (LWR)

=

ln(𝑊2)− ln(𝑊1)
𝑡2−𝑡1
𝑊2−𝑊1
ln(𝐴2)− ln(𝐴1)

×

𝐴2−𝐴1
𝐴2−𝐴1

ln(𝐴2)− ln(𝐴1)
𝐴2−𝐴1
ln(𝐴2)− ln(𝐴1)
𝑊𝐿2−𝑊𝐿1

𝑡2−𝑡1
ln(𝑊2)− ln(𝑊1)

×
×

ln(𝑊𝐿2)− ln(𝑊𝐿1)

𝑊2−𝑊1
ln(𝑊𝐿2)− ln(𝑊𝐿1)

×

𝑊𝐿2−𝑊𝐿1
ln(𝑊2)− ln(𝑊1)
𝑊2−𝑊1

(1)
(2)
(3)
(4)
(5)

where W = plant total dry weight (g), A = total leaf area (cm2), WL = leaf dry weight (g), and
t = sampling time (days).
The calculation of growth analysis was done separately so that there were three sets of growth
analysis data consisting of 1) t1 – t0 (a condition during submergence); 2) t2 – t1 (the state at
seven days after submergence); and 3) t3 – t2 (condition at 14 days after submergence).
Pearson product-moment correlation was then also utilized to calculate the correlation among
growth analysis parameters.
RESULTS AND DISCUSSION
Based on the calculation of growth analysis, it was found that during submergence, the
relative growth rate (RGR) of rice seedlings generally would decrease as seen from Fig 1a
except for P1 of Inpari 30. The negative value indicated the decrease of RGR, as shown in the
lower total dry weight after submergence. Net assimilation rate (NAR) and leaf area ratio
(LAR) of rice seedlings can be seen in Fig 1b and 1c, respectively. Compared to LAR, NAR
had shared a similar trend with RGR. At the same time, there was still an increase in LAR
even during seven days of submergence. This similarity pointed out that the decline of NAR
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more influenced the decrease in RGR. The correlation among these three parameters was then
evaluated, resulting in a highly significant positive correlation between RGR and NAR (P <
0.01; r = 0.980). However, RGR and LAR showed a significant negative correlation (P <
0.05; r = -0.812), indicating that LAR's increase likely caused a decrease in RGR.
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Fig 1. RGR (a), NAR (b), LAR (c), SLA (d), and LWR (e) of two rice cultivars
during submergence (t1-t0) at 14 DAT due to phosphorus application. Error
bars indicate standard error (n=6).
During submergence, the increase in LAR expressed leaf expansion rate did not stop even
when the seedlings were under stress conditions. While there was no significant difference
among phosphorus treatments (data not shown), the difference was more apparent between
both cultivars where Inpari 30 had a relatively larger LAR than Ciherang. This indicated that
the leaves of Ciherang had more damage due to senescence caused by submergence stress.
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Research by Fukao et al. (2012) reported that sub-1 rice genotypes had a delay of leaf
senescence by limiting ethylene production.
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Fig 2. RGR (a), NAR (b), LAR (c), SLA (d), and LWR (e) of two rice cultivars after
seven days recovery (t2-t1) at 21 DAT due to phosphorus application. Error
bars indicate standard error (n=6).
Fig 1d shows the change in specific leaf area (SLA), while leaf weight ratio (LWR) can be
seen in Fig 1e. Both SLA and LWR were leaf morphological features that usually would
influence LAR. However, in this research, no correlation was found among these parameters.
By looking at the figures, it was then understood that SLA had a similar trend of LAR
changes while the changes in LWR were not too apparent. SLA is often regarded as a growth
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parameter to estimate leaf thickness. It has been used in various research to evaluate plants'
tolerance to stress conditions such as drought, as reported by Cal et al. (2019).
After seven days of recovery, rice seedlings started to improve the growth, as shown in the
change of RGR, where it was no longer in negative values (Fig 2a). All RGR had already had
positive values and a similar tendency as NAR (Fig 2b) though not as noticeable as during
submergence. By comparing the three parameters: RGR, NAR, and LAR (Fig 2c), it was
found that both cultivars had different growth responses after given a seven days recovery
period. Ciherang had a greater increase in NAR than Inpari 30. P1 gave the best result for
Ciherang, while P2 and P3 were considered the best treatments in Inpari 30. In contrast, Inpari
30 showed a better performance in terms of LAR compared to Ciherang. Rapid improvement
in LAR was possibly due to less damage of leaves after submergence in Inpari 30. The
variation mostly influenced variation in RGR value in NAR and LAR. The changes in RGR
were attributed to plant physiological response reflected in NAR value and by morphological
differences among plants as shown in LAR value. Many previous research types have
validated these findings ((Fu et al., 2012; Matteo et al., 2015; Li et al., 2016). In this research,
Both NAR and LAR did not show any significant correlation to RGR. However, NAR was
positively correlated to plant total dry weight (P < 0.05; r = 0.814). Plant total dry weight
itself was highly correlated to RGR (P < 0.01; r = 0.942). As for LAR, SLA and LWR were
both positively correlated (P < 0.05) to LAR with r = 0.911 and r = 0,831, respectively. This
confirmed the improvement in morphological features of rice seedlings after seven days of
recovery.
At 14 days of recovery, rice seedlings had generally already shown normal growth, as seen in
some morphological features. Ciherang had a slower growth rate than Inpari 30 at 14 days
recovery, as seen in Fig 3a. P0 treatment in Inpari 30 had a massive increase compared to the
previous week. All phosphorus treatments in Inpari 30 had started growth recovery from 7
days after submergence, while growth improvement in P0 occurred after 14 days of recovery.
This indicated a slow recovery ability to control plants compared to plants from other
phosphorus treatments. Based on the correlation test, it was found that RGR was significantly
correlated to LAR (P < 0.05; r = 0.894) and also highly correlated to SLA (P < 0.01; r =
0.942). LAR also had a significant correlation with both SLA and LWR, as occurred in the
previous week. The variations in RGR, NAR, LAR, SLA, and LWR can be seen in Fig 3a, 3b,
3c, 3d, and 3e, respectively.
Based on the calculation of growth analysis, it was found that plant growth generally would
be disturbed due to submergence stress, as shown in the negative value of RGR during
submergence. The changes in RGR were attributed to the variations in both NAR and LAR.
The decrease in NAR indicated the reduction of assimilating accumulation in leaves during
submergence. Plant metabolism, especially photosynthesis, is hampered due to submergence
stress, while plant requires enough energy to maintain its metabolism to survive. As one of
the survival mechanisms, the plant tends to elongate the stem to reach oxygen and light above
the water surface. However, due to submergence, a high elongation rate is believed to bring a
negative effect on plant survival, as reported by Panda & Sarkar (2014). It was stated that
plant elongation would consume accumulated carbohydrates as an energy source, which later
would be required by plants after de-submergence. A similar result was also reported by Adak
et al. (2011), confirming a lower carbohydrate accumulation in plants during submergence.
Research by Buraschi et al. (2020) found a negative correlation between RGR during
submergence and recovery. This research also showed a similar result where RGR during
submergence negatively correlated with RGR after seven days of recovery (P < 0.05; r = 0.889). However, no significant correlation was found with RGR at 14 days of recovery. This
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indicated that plants that could retain or minimize their growth during submergence would
have better growth after submerged stress. The drastic increase in plant growth was occurred
after seven days of recovery and later became more stable at 14 days of recovery.
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Fig 3. RGR (a), NAR (b), LAR (c), SLA (d), and LWR (e) of two rice cultivars after
14 days recovery (t3-t2) at 28 DAT due to phosphorus application. Error bars
indicate standard error (n=6).
CONCLUSIONS
Based on the results, it was concluded that during submergence, relative growth rate (RGR)
was positively correlated to the changes in net assimilation rate (NAR) and negatively
correlated to leaf area ratio (LAR). While after 14 days of the recovery period, RGR was
more influenced by the increase of LAR. Avoiding massive use of accumulated carbohydrates
during submergence will benefit plant survival and growth during recovery after
submergence.
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