Effect of Phosphorus Levels on Early Seedlings of
Rice (Oryza sativa) under Varying Moisture Stress
Conditions

ABSTRACT

This study investigated the impact of moisture levels and phosphorus applications on different rice
varieties. It aimed to:1. Identify optimal rice varieties for specific moisture and phosphorus
combinations.2. Understand how moisture stressaffects seed germination speed and root and shoot
development.3. Analyze the influence of increased phosphorus on root growth, especially under
moisture stress.4. Evaluate if additional NPK application enhances the positive effects of phosphorus.
The meticulously controlled experiment, conducted within the International Rice Research Institute
(IRRI)'s RGA facility from October to November 2023, utilized five rice varieties, three moisture levels
(flooded, ideal, and Drought-like), and varying phosphorus levels.

The findings revealed a positive correlation between phosphorus levels and root length across all rice
varieties. This emphasizes the crucial role of phosphorus in promoting root development under
challenging conditions. Notably, while increased phosphorus significantly enhanced root adhesion
under flooding and aided seedling recovery, drought remained a significant barrier to root growth,
regardless of phosphorus application. Interestingly, despite general genetic uniformity in germination
and root-shoot parameters among the varieties, a clear positive correlation between phosphorus levels
and root length was still observed.

In conclusion, this study highlights the importance of phosphorus in strengthening root grip during
floods, thereby aiding seedling recovery. However, it also emphasizes that drought remains a dominant
factorhindering plant growth. The consistency observed across different rice varieties strengthens the
findings, and the significant increase in root length with increased phosphorus application underscores
its vital role in root development under challenging conditions. This study provides valuable insights for
optimizing rice growth strategies by considering specific rice varieties, moisture levels, and phosphorus
applications.
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1. INTRODUCTION

Rice (Oryza sativa L.) is a major and staple foodcrop in many parts of the world, feeding more
than threebillion people and providing 50-80 % of their dailycalories’ intake [1]. Given its prominence, it
becomes imperative to understand the prominent factors affecting its growth and development. Among
these, the role of phosphorus, a vital nutrient, in nurturing early rice seedlings under varying moisture
stress conditions has emerged as a topic of paramount significance [2].

This study primary focuses on rice cultivation by exploring the effect of different levels of
phosphorus on early rice seedlings. We focus on five distinct rice varieties, namely IR-192, IR-193, IR-
206, IR-205, and IR-204 [3]. Each of these varieties exhibits its unique characteristics, including variations
in germination percentages, root and shoot lengths, and germination speed.

Moisture stress is a challenge often faced by rice crops, particularly in regions with irregular
rainfall patterns or water scarcity [2]. As moisture stress levels escalate, rice seedlings experience a
decline in their germination speed, leading to concerns about crop viability. It is within this context that we
investigate the potential of phosphorus to mitigate the impact of moisture stress on early rice growth.



The essential part of our research lies in understanding the extent to which phosphorus
application influences the germination speed and root growth of these rice varieties when confronted with
moisture stress [4]. In addition, we seek to unveil the synergistic effects of NPK (Nitrogen, Phosphorus,
and Potassium) application on rice seedling development [5].

This research aids in contributing valuable insights into optimizing nutrient management practices
for rice cultivation, ultimately working towards strengthening the resilience of this essential crop in varying
environmental conditions. In the following sections, we shall further discuss the methodology employed,
the outcomes observed, and the broader implications of our study in the context of rice cultivation and
food security.

2.MATERIAL AND METHODS

2.1Study area
The experiment was conducted in the RGA (rapid generation advance) facility of The
International Rice Research Institute, located in The Philippines.
2.2 Material
2.2.1 Tray Selection: For this study, a total of 15 trays were employed, each containing 5 x 7 cells.
These cells were designed to accommodate 3 rice seeds per cell.
2.2.2 Variety Selection: Five different rice varieties, namely IR-192, IR-193, IR-206, IR-205, and IR-204,
were selected for the experiment [2]. These varieties were planted in separate rows within the trays.
2.2.3 Moisture Stress Levels: Three distinct moisture stress levels were considered in the experiment:
a. T1 (Drought-Like Condition):It represented conditions of severe moisture stress, stimulating
drought.
b. T2 (Ideal Moisture Stress Level): This level aimed to match the optimal moisture conditions for
rice growth.
c. T3 (Flood-LikeCondition):It represented conditions with excessive moisture, representing flooded
or waterlogged conditions.
4. Phosphorus Levels: Five different phosphorus levels of 0.36g, 0.86g, 1.11g, 1.36g+0.68g, and
1.61g+1.2g were applied to each tray depicting differences in moisture stress to investigate their impact
on growth and development. These levels were systematically varied to create experimental conditions
with different phosphorus concentrations.
Thus, three significant stages of an experimental setup were maintained- Randomization,
Localization and Repetition.
2.3 METHOD-
1. Tray Planting: The selected rice varieties were planted in each tray, with each row designated for a
particular variety. The trays were organized to ensure a balanced distribution of varieties and treatments.
2. Seed Planting: Three rice seeds were planted in each cell within the trays. This provided an
opportunity to assess germination rates and competition among seeds within the same cell.
3. Moisture Stress Application: The designated moisture stress levels (T1, T2, and T3) were simulated
by adjusting the water supply to the trays. T1 received minimal water, matching drought-like conditions,
while T2 maintained ideal moisture levels, and T3 involved waterlogging conditions.
4. Phosphorus Application: The five different phosphorus levels were systematically applied to the
trays. This allowed for a comprehensive examination of the influence of varying phosphorus
concentrations on the rice seedlings.
5. Data Collection: Throughout the experimental period, data on germination rates, root and shoot
lengths, and germination speed were regularly collected and recorded for each tray, variety, moisture
stress level, and phosphorus level combination.

3.RESULTS



The experiment demonstrated that increased phosphorus application significantly aided root adhesion to
the soil in flooded conditions [6]. This enhanced root-soil interaction promoted better re-establishment of
rice seedlings after periods of flooding. The roots of the treated seedlings exhibited improved anchorage
and resistance to the effects of flooding [7].

Regardless of phosphorus application levels, the study found that the lowest root development was
consistently observed under all drought conditions. This suggests that drought stress had a more
substantial impact on root development than phosphorus application [8]. Drought conditions negatively
affected root growth irrespective of the phosphorus levels applied.

The research showed that all tested rice varieties exhibited nearly identical germination percentages and
root-shoot ratios and development. This indicates that the rice varieties tested had similar responses to
the experimental conditions, suggesting that genetic factors had limited influence on these specific
parameters [9].

A nota outcome of the experiment was the observation that with every 25% increase in phosphorus
application, there was a substantial increase in root length and root hair growth [10,11]. This suggests a
positive correlation between phosphorus levels and root length, with a significant boost in root growth as
phosphorus application rates were increased by 25% increments. This highlights the role of phosphorus
in stimulating root development in rice seedlings.

4. DISCUSSION-

Flooded Fields and Phosphorus: Increased phosphorus application proved a boon in flooded conditions.
By enhancing root adhesion to the soil, it boosted seedling re-establishment and anchorage after
submergence. This suggests that optimizing phosphorus levels could significantly improve seedling
resilience in flood-prone regions.

Drought: Drought, however, painted a starkly different picture. Regardless of phosphorus application, it
consistently suppressed root growth. This emphasizes the need for additional strategies to combat
drought stress, as phosphorus alone seems insufficient to mitigate its adverse effects on root
development.

Varieties in Harmony: Intriguingly, all tested rice varieties exhibited near-identical germination and root-
shoot development across all conditions. This suggests that genetic factors played a limited role in these
specific parameters within the experiment's context.

Phosphorus: The clear positive correlation between phosphorus levels and root length was a resounding
observation. Every 25% increase in phosphorus significantly spurred root growth, highlighting its crucial
role in stimulating seedling development. This opens exciting avenues for optimizing phosphorus
application to enhance root systems and potentially improve overall rice performance.



Among all five varieties, IRRI 193 exhibited the highest germination percentage (91%), while the lowest
was observed in IRRI 206 (86%) (Fig. 1). In terms of growth at the basal dosage of NPK and with ideal
moisture levels, IRRI 192 demonstrated the highest mean root growth, whereas the lowest was recorded
in IRRI 206. The lowest mean shoot growth was observed in IRRI 205 (Fig. 2).
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Fig. 2 Growth at basal dosage at ideal moisture level



The mean root growth at a 50% increase in phosphorus levels with ideal moisture conditions was highest
in IRRI 206 and lowest in IRRI 205, while the highest shoot growth was observed in both IRRI 206 and
IRRI 205 at this level (Fig. 3). At a 75% increase in phosphorus levels with ideal moisture conditions, the
highest mean root growth was observed in IRRI 204 and the lowest in IRRI 192, while the highest shoot
growth was observed in both IRRI 193 and IRRI 204 (Fig. 4).
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Fig. 3 Growth at 50 per cent increase in phosphorous at ideal moisture level
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Fig. 4 Growth at 75 per cent increase in phosphorus at ideal moisture level



At a 100% increase in phosphorus levels with ideal moisture conditions, both mean root and shoot growth
were highest in IRRI 205 (Fig. 5). Similarly, at a 125% increase in phosphorus levels with ideal moisture
conditions, both mean root and shoot growth were highest in IRRI 206 (Fig. 6).
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Fig. 6 Growth at 125 per cent increase in phosphorus at ideal moisture level



Under drought-like conditions, mean root growth at the basal dosage was highest in IRRI 192, while
mean shoot growth was highest in IRRI 205 (Fig. 7). At a 50% increase in phosphorus levels under
drought-like conditions, mean root growth was highest in IRRI 205, and mean shoot growth was highest
in IRRI 193 (Fig. 8).
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Fig. 8 Growth at 50% increase in phosphorous (drought conditions)



In (Fig.9) at 75% increase in Phosphorus level under drought condition yielded a maximum root growth of
2.75cm in IRRI 204 and a maximum mean shoot growth of 2.40 cm in IRRI 206. In (Fig.10) at 100%
increase in Phosphorus level under drought condition yielded a maximum mean root growth of 2.96cm in
IRRI 192 and a maximum mean shoot growth of 2.59 cm in IRRI 192.
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Fig. 9 Growth at 75% increase in phosphorous (drought conditions)
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In (Fig. 11) at 125% increase in Phosphorus level under drought condition yielded a maximum mean root
growth of 3.80cm in IRRI 204 and a maximum mean shoot growth of 3.50cm in IRRI 204. In (Fig. 12) at
ideal Phosphorus level under flooded condition yielded a maximum mean root growth of 1.50cm in IRRI
193 and a maximum mean shoot growth of 1.20cm in IRRI 193 and IRRI 206.
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Fig. 11 Growth at 125% increase in phosphorous (drought conditions)
GROWTH AT BASAL DOSE
(FLOODED CONDITION)
1.60 1.50 1.48
1.40

1.40 1.35
% 1.20 1.20 1.20
A 1.20 1.10
(V]
- 1.00 0.90
=
£ 0.80
2
2 060
o
& 0.40
()
=

0.20

0.00

IRRI 192 IRRI 193 IRRI 206 IRRI 205 IRRI 204

Hybrid Varieties

® Mean Root Growth  ®mMean Shoot Growth

Fig. 12 Growth at basal dose (flooded conditions)



In (Fig. 13)at 50% increase in Phosphorus level under flooded condition recorded a maximum mean root
growth of 1.89cm in IRRI 204 and a maximum mean shoot growth of 1.30cm in IRRI 206. In (Fig. 14) at
75% increase in Phosphorus level under flooded condition recorded a maximum mean root growth of
2.60cm in IRRI 204 and a maximum mean shoot growth of 1.56cm in IRRI 206.
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Fig. 13 Growth at 50% increase in phosphorous (flooded condition)
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Fig. 14 Growth at 75% increase in phosphorous (flooded condition)



In (Fig. 15) at 100% increase and an additional increase of 50% on the fifth day in Phosphorus level
under flooded condition recorded a maximum mean root growth of 3.60cm in IRRI 192 and a maximum
mean shoot growth of 2.45cm in IRRI 205. In (Fig. 16) at 125% increase and an additional increase of
75% on the fifth day in Phosphorus level under flooded condition recorded a maximum mean root growth
of 4.20cm in IRRI 192 and a maximum mean shoot growth of 2.80cm in IRRI 205.
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Fig. 15 Growth at 100% increase + increased by 50% on the 5" day in phosphorous (flooded
condition)
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4. CONCLUSION

In conclusion, the experiment yielded valuable insights into the impact of phosphorus application on rice
seedlings across diverse environmental conditions. The findings underscore several key points. Firstly,
phosphorus application proved instrumental in bolstering root adhesion to soil under flooded conditions,
thereby enhancing the seedlings' resilience to flooding stress—a critical consideration for rice cultivation
in flood-prone regions. Secondly, regardless of phosphorus levels, drought conditions adversely affected
root development in rice seedlings, emphasizing the imperative of addressing drought stress through
complementary strategies alongside phosphorus application. Thirdly, the consistent germination
percentages, root-shoot ratios, and overall development across various rice varieties suggest that genetic
factors exerted minimal influence on these specific parameters within the experimental framework. Lastly,
a notable observation was the significant increase in root length corresponding to incremental
phosphorus application, indicating a positive correlation between phosphorus levels and root growth—a
finding that underscores the potential for optimizing root development by fine-tuning phosphorus
application rates. These insights provide valuable guidance for refining agricultural practices aimed at
enhancing rice yield and resilience in diverse environmental contexts.
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