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INTRODUCTION

Pea (Pisum sativum L.) are legumes 
that play a significant role in various sectors, both 
nutritionally and economically. As a key commodity, 
peas are used not only for household consumption as 
vegetables and snacks but also in the food industry, 
in both fresh and processed forms. Nutritionally, peas 
are rich in protein (22-27%), complex carbohydrates 

(42.65%), sugars (4-10%), and fats (0.6-1.5%), as 
well as vitamins, minerals, fiber, and antioxidants 
that contribute to maintaining health and preventing 
various diseases (SMÝKAL et al., 2012). Additionally, 
pea has the potential to support the increasing global 
food demand, with sales projections expected to rise, 
reaching a value of $285 million from 2020 to 2026. 
In Indonesia, the importance of green pea is growing, 
as evidenced by the increase in imports from 33.82 
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ABSTRACT: Pisum sativum L., commonly known as pea, dry pea, green pea, or field pea, is a widely cultivated and economically important 
legume. It contains various nutritional and bioactive compounds that provide substantial health benefits. In tropical regions, peas are generally 
cultivated in highland environments due to their sensitivity to temperature, humidity, and rainfall. This study evaluated the growth responses of 
pea under medium-altitude tropical conditions by assessing the phenological variability and growth patterns of three genotypes namely TMG-
8-2, BTG-1, and BW-44181(3)(1). Data analysis included analysis of variance (ANOVA), standard deviation, and plant growth analysis. The 
results showed significant differences in growth rates and developmental patterns among genotypes, with notable phenological variability in 
organ development rates. The TMG-8-2 genotype exhibited the fastest growth. Furthermore, growth analysis revealed that the BW-44181(3)
(1) genotype presented the highest growth rate, while the BTG-1 genotype demonstrated an intermediate growth pattern.
Key words: growth analysis, tropical pea, phenology, tropical, yield.

RESUMO: Pisum sativum L., também conhecido como ervilha, ervilha seca, ervilha verde ou ervilha de campo, é uma leguminosa amplamente 
cultivada e de grande importância econômica. É rica em diversos compostos nutricionais e bioativos que oferecem inúmeros benefícios à saúde. 
Em regiões tropicais, essas culturas são geralmente cultivadas em áreas de altitude elevada devido à sua sensibilidade à temperatura, umidade 
e precipitação. Neste sentido,  este estudo tem como objetivo avaliar a resposta do crescimento da ervilha às condições ambientais tropicais 
de altitude média, com foco na variabilidade fenológica e nos padrões de crescimento de três genótipos distintos, a saber: TMG-8-2, BTG-1 e 
BW-44181(3)(1). Para realizar o objetivo, a análise dos dados incluiu análise de variância (ANOVA), desvio padrão e avaliação do crescimento 
das plantas. Os resultados indicaram diferenças significativas nas taxas de crescimento e nos padrões de desenvolvimento entre os genótipos, 
com variabilidade fenológica observada na taxa de mudança dos órgãos. O genótipo TMG-8-2 apresentou o crescimento mais rápido. Além 
disso, a análise do crescimento revelou que o genótipo BW-44181(3)(1) apresentou a maior taxa de crescimento.
Palavras-chave: análise de crescimento, ervilha, fenologia, trópicos, produtividade.
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tons in 2021 to 1,508.69 tons in 2022. Similarly, 
imports of dry pea rose from 9,030.16 tons in 2021 to 
10,875.46 tons in 2022 (FAOSTAT, 2024).

The increasing demand for pea underscores 
their significant market potential, both domestically 
and internationally, which can be met by boosting 
local production. However, a major challenge is that 
pea is primarily cultivated in subtropical regions, 
while production in tropical areas — especially in 
medium and lowland regions — remains very limited 
(ZANETTA et al., 2023). Environmental factors 
such as high temperatures, fluctuating humidity, and 
varying rainfall can adversely affect the growth and 
productivity of pea (DEVI et al., 2023; MOHAPATRA 
et al., 2020; PARIHAR et al., 2023; WANG et al., 
2022; ZANETTA et al., 2024). Therefore, there is a 
need for superior and adaptive genotypes suited to 
these conditions. The variability of agronomic and 
morphological traits among local pea genotypes in 
Indonesia has been extensively documented, with 
moderate diversity observed in local genotypes 
(DAMARA et al., 2020; SARAGIH et al., 2018). 
Additionally, potential pea genotypes for medium 
and lowland cultivation were identified, including 
those collected from Karo, Garut, Semarang, 
Temanggung, Probolinggo, and Batu (WALUYO 
et al., 2019). Furthermore, significant genetic and 
phenotypic correlations between fresh and dry yields 
across various genotypes suggest the utility of these 
yield traits in breeding programs (CARGNELUTTI 
FILHO et al., 2024; PAMULATSIH & WALUYO, 
2019; PANWAR et al., 2023; UHLARIK et al., 2022). 
Despite these findings, existing research primarily 
focuses on basic characterization, highlighting 
the need for further investigation into the growth 
of pea plants to specific environmental factors in 
tropical regions, particularly from a phenological and 
phenorhythmical perspective.

Plant phenology refers to the changes in 
the growth and development phases of plants over 
time, influenced by environmental factors such as 
temperature, humidity, rainfall, and photoperiod 
(PIAO et al., 2019; STUCKY et al., 2018; TANG 
et al., 2023). Observing plant phenophases, such as 
flowering and fruiting, provides valuable insights 
into plant adaptation to environmental conditions 
(CHEN et al., 2020; PEREIRA et al., 2024). In 
the context of tropical medium land legumes, 
a deeper understanding of plant phenology is 
essential for identifying the most promising 
genotypes for development. This knowledge can 
also aid in planning more effective cultivation 
strategies, predicting yields, and assisting in pest 

and disease management. Studies of pea phenology 
in subtropical environments indicate that variations 
in temperature and growing season can significantly 
affect aspects such as flowering time, pod mass, and 
total productivity per unit area (LAMBRECHT et al., 
2023). Additionally, research has emphasized the role 
of temporal rhythms, such as circadian rhythms, in 
regulating physiological activities like leaf movement 
and flowering, highlighting the complex relationship 
between plants and their environment (WANG et 
al., 2022). As climate conditions continue to change 
due to global warming, further research into plant 
phenological responses under various environmental 
conditions is increasingly essential, with studies 
indicating that climate warming has led to a shift in 
flowering phenology, resulting in plants flowering 
earlier in response to rising temperatures (GEISSLER 
et al., 2023).

In addition to phenology, pea growth 
is profoundly influenced by biomass allocation 
and photosynthesis. Plant growth hinges on 
biomass accumulation, achieved through a delicate 
balance between carbon assimilation during 
photosynthesis and carbon loss through respiration 
(JANUŠKAITIENĖ & PETRAITYTĖ, 2017). 
Analyzing pea plant growth parameters, such as leaf 
area ratio (LAR), specific leaf area (SLA), and relative 
growth rate (RGR), provides valuable insights into 
plant adaptation to their environment. For example, 
the ratio of leaf area to leaf weight plays a crucial role 
in biomass allocation; subsequently, affecting growth 
rate and yield. Moreover, the use of RGR and net 
assimilation rate (NAR) is essential for understanding 
plant growth patterns, particularly in the context of 
environmental changes (WANG et al., 2022).

The importance of analyzing phenology 
and growth in plants is underscored by recent 
research, which highlights the role of the root system 
in influencing the phenotypic expression of above-
ground plant characteristics (BEKTAS et al., 2023; 
QI et al., 2019; SLEIGHT et al., 2023; YOU et al., 
2017). This research suggested that the shoot-root 
biomass ratio in legume plants is potentially related 
to high yields and other important agronomic traits 
(DU et al., 2019; POLANIA et al., 2017; SALIM et 
al., 2021). Increasing shoot-root biomass ratio has 
been shown to be associated with increasing yield 
and traits correlated yield in pea (MARTÍN-BRULL 
et al., 2024; MUBAROK et al., 2024; VOISIN et al., 
2022). This phenomenon emphasized the importance 
of understanding the relationship between pea growth 
phases and tropical environmental conditions to 
optimize plant productivity. In this study, we focused 
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on observing the phenology and yield variability 
of pea grown in tropical areas which are known 
to have high temperatures and variable humidity. 
This research aimed to understand phenophase and 
phenorhythms as part of the phenology of local pea 
genotypes, which can be utilized to enhance pea 
production in the mid-altitude tropics. Phenophase 
and phenorhythm are crucial for determining the 
rate and timing of plant growth processes, ultimately 
contributing to more efficient cultivation strategies 
(KASHYAPI & BAHOT, 2012; PANFILOVA et al., 
2021). Insights into plant yield characteristics are 
expected to play a significant role in plant breeding 
programs and the development of superior varieties 
capable of providing high yields in challenging 
tropical environments.

MATERIALS   AND   METHODS

The research was conducted from 2022 
to 2023 at the experimental field of the Faculty 
of Agriculture, Brawijaya University, Malang 
(7°56’22”S 112°37’03”E; 507 m a.s.l). A randomized 
block design was employed to evaluate three pea 
genotypes: TMG-8-2 (G1), BTG-1 (G2), and BW-
44181(3)(1) (G3). The genetic material utilized in this 
study was sourced from Plant Breeding Laboratory 
collection of Brawijaya University. Each genotype 
was replicated three times, with each replication 
consisting of 30 polybags measuring 30 x 30 cm. 
Each polybag was sown with a single seed. The 
experiment was carried out under tropical climate 
conditions (Table 1). Cultivation practices include the 
use of appropriate plant cultivation equipment and 
adherence to recommended maintenance guidelines 
for pea plants.

Phenological observations focused on 
phenophase (developmental events) and phenorhythm 
(intervals between stages), including germination, 
leaf and stem growth, root formation, flowering, pod 
development, seed maturation, and senescence. Data 
was collected every 10 days, except for germination 
and flowering, and calculated using standard 

growth analysis formulas with average and standard 
deviation.

Plant growth analysis
Plant growth was monitored using both 

destructive and non-destructive methods. Non-
destructive observations included measurements of 
plant height, number of leaves, and leaf area, while 
destructive sampling involved the determination of 
total dry weight. Developmental traits such as days 
to flowering, days to harvest, and number of flowers 
were recorded, along with yield parameters including 
the number of pods and seeds per plant, pod and 
seed weight, and seed weight per pod. Observations 
were conducted every 10 days from 10 to 70 days 
after planting (DAP), following the methodology of  
(PANDEY et al., 2017).

Data analysis
Data analysis using software Microsoft 

Excel 2019, considering standard errors and 95% 
confidence interval. In addition, using the Statistical 
Tool of Agriculture Research (STAR) 2013 software. 
The level of significance for the analysis of variance 
uses 95% and if it is significantly different, it is 
continued with a further LSD test with a level of 5%.

RESULTS   AND   DISCUSSION

Phenorhythmic diversity of pea genotypes
All three genotypes displayed similar 

germination and early vegetative growth stages, 
with cotyledon emergence occurring around 3 dap 
and the appearance of true leaves shortly thereafter 
(Table 2). The duration of the vegetative and 
reproductive periods in peas is influenced by the 
interaction between temperature, humidity, and the 
specific genetic makeup of the plant (LAMBRECHT 
et al., 2023). Phenophase and phenorhythms from 
germination, vegetative growth, and root-shoot 
development in three genotypes exhibited similar 
early growth stages, with cotyledon emergence 
around 3 days after planting (dap) (Figure 1). High 

Table 1 - Monthly temperature, humidity and rainfall data in Malang. 
 

Month --------Temperature (ºC)-------- ----------Humidity (%)---------- ----------Rainfall (mm)---------- 

November 2022 22.82 87.30 25.92 
December 2022 24.00 83.98 7.83 
January 2023 27.71 78.77 6.78 
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temperatures at midaltitude tropical environment can 
significantly impact the phenology and phenorhythms 
of pea plants (WILLIAMS et al., 2022), leading 
to a reduction in the reproductive period, forced 
maturity, and negatively impacting seed development 
and quality. In the flowering phase, particularly at 
the 50% bloom stage, noticeable differences were 
observed among the three pea genotypes based on 
their mean flowering times. The TMG-8-2 genotype 
reached 50% flowering at 65 days, while BW-
44181(3)(1) and BTG-1 reached the same stage at 38 
± 0 and 43 ± 2 days, respectively. The ANOVA results 
supported this observation, showing significant 
treatment effects on seed number per plant (NSP, 
MS = 819.53) and seed number per pod (NSPP, MS 
= 2.17). This indicated that the 50% flowering stage 
contributed more strongly to seed formation than pod 
formation (TASNIM et al., 2022). Additionally, high 
temperatures may negatively influence seed weight 
and germination rates, although heat-tolerant varieties 
tend to maintain better performance under such 
conditions. (LAMICHANEY et al., 2021; ZANETTA 
et al., 2023; 2024). Planting time which is  related 
to changes in temperature, and genotypes affects the 
phenology and phenorhythms of pea plants during 
plant growth and development (SUMER, 2023). 

Genotype (TMG-8-2) initiated flowering 
earlier than the other two genotypes, with flower bud 
emergence at 28 dap. BTG-1 and BW-44181(3)(1) 

began flowering at 26 dap and 30 dap, respectively. 
High temperatures during reproductive and seed-
filling period decrease seed nitrogen amount in pea 
(LARMURE & MUNIER-JOLAIN, 2019) can 
severely reduce both seed yield and germination, 
early vegetative stage can lead to poor emergence, 
stunted growth, and impaired physiological functions 
in pea plants (DEVI et al., 2023; MOHAPATRA 
et al., 2020). TMG-8-2 and BW-44181(3)(1) 
exhibited synchronized senescence, with leaf and 
pod senescence occurring within a short timeframe 
(Figure 1). BTG-1 displayed a more prolonged 
senescence phase. Genetic variability among 
genotypes plays a crucial role in determining the 
timing and duration of different phenological stages 
(BOURGAULT et al., 2022; SEROVA et al., 2023).

Plant growth analysis
Genotypic variation impacts a broad 

spectrum of developmental traits, including phenophase 
timing and the progression of growth stages. Both 
genetic and environmental factors exert significant 
control over the developmental trajectory of plants 
(ALSUBHI & ALZAHRANI, 2024; BRATKOVIĆ 
et al., 2024). Plants with higher leaf area ratio have 
better light capture ability, providing a competitive 
advantage (HASSANPOUR-BOURKHEILI et al., 
2020). The differences in leaf area ratio (LAR) values 
in the three genotypes (Figure 2A) are due to variations 

Table 2 - Different pea growth stage genotype. 
 

Different pea genotypes (mean ± standard deviation) dap 

No. Stages Code TMG-8-2 BW-44181-(3)-(1) BTG-1 
1 Root appears time 05 3 ± 0 3 ± 0 3 ± 0 
2 Time to shoot 08 4 ± 0 3 ± 0 4 ± 0 
3 The first true leaves open 11 9 ± 0 7 ± 0 8 ± 0 
4 Number of leaves > 9 19 17 ± 4 21 ± 3 23 ± 3 
5 Number of segments > 9 39 26 ± 3 23 ± 5 25 ± 3 
6 Early flower buds appear 51 28 ± 2 31 ± 2 28 ± 3 
7 The first flowers bloom 60 31 ± 3 34 ± 2 32 ± 3 
8 Flowers bloom 50% 65 38 ± 0 43 ± 2 42 ± 3 
9 End of flowering 69 43 ± 4 45 ± 3 48 ± 3 
10 Pods emerge early 71 34 ± 3 37 ± 2 35 ± 3 
11 50% pods developed/flat 75 38 ± 3 41 ± 2 38 ± 3 
12 Fresh harvest time 79 44 ± 3 46 ± 2 46 ± 3 
13 50% dry pods 80 51 ± 4 56 ± 2 56 ± 3 
14 Dry harvest time 89 56 ± 4 61 ± 2 56 ± 3 
15 Plant senescense 97 56 ± 5 64 ± 3 66 ± 3 

 
 
 
 
 

 



Phenological strategies and plant growth patterns in pea (Pisum sativum L.) to increase yield in the tropics.

Ciência Rural, v.56, n.11, 2026.

5

in leaf area and number of leaves among the three 
genotypes. In previous studies, there were variations 
in leaf characteristics among different genotypes 
(COSMULESCU et al., 2020). The leaf weight ratio 
(LWR) (Figure 2B) during the vegetative phase 
when all plant organs are experiencing growth. This 
indicated that an increase in leaf weight ratio signifies 
a higher allocation of dry matter to leaves compared 
to the entire plant. In the early stages, plants focus on 
leaf organ formation and allocate all photosynthetic 
products to the leaves rather than the entire plant dry 
weight. Additionally, the efficiency of plant resource 
utilization, including water, can be determined by the 
genotype (GE et al., 2016).

Specific leaf area (SLA) values of 
the genotypes showed an increasing pattern in 
the growth phase, followed by a decrease when 
entering the generative phase (Figure 2C). Genetic, 
environmental, and plant age factors contribute to 
the SLA value, which is a key parameter in plastic 
morphology (KARAVIN, 2013; SAID et al., 2022). 
Plants exposed to higher light levels produced leaves 
with higher SLA values, indicating adaptation to 
light requirements. The increased relative growth 
rate (RGR) (Figure 2D) signifies a higher rate of 
standard growth across different plant components, 

allowing for comparative analysis of plant 
performance and serving as an indicator of plant 
viability (POMMERENING & MUSZTA, 2015). 
Net assimilation rate (NAR) (Figure 2E) quantifies 
the plant’s efficiency in converting light energy into 
biomass within the assimilation area. While RGR 
is strongly correlated with increased plant height, 
genotypic differences in NAR and LAR responses 
explain variations in total dry mass accumulation (JI 
et al., 2021). The relationship between phenological 
variability and pea plant growth provides valuable 
insights for optimizing agronomic practices during 
critical phenological phases, such as flowering and 
harvesting.

Yield variability
The results showed that the field conditions 

(block effects) did not significantly (α < 0.05) influence 
any of the measured traits (Table 3). However, 
significant differences were observed among the 
genotypes for two traits: seed number per plant 
(NSP) and seed number per pod (NSPP) at α < 0.05. 
Further analysis using the least significant difference 
(LSD) test revealed that the genotype BW-44181(3)
(1) significantly outperformed the other two 
genotypes, BTG-1 and TMG-8-2, in both seed 

Figure 1 - The progression of vegetative organs and yields throughout the developmental and growth stages of the 
three pea genotypes.
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Figure 2 - Plant growth analysis of three pea genotypes — TMG-(8)(2), BTG-(1), and BW-44181(3)(1) — grown 
under mid-altitude tropical conditions. The panels show changes over time in five growth parameters: 
(A) Leaf Area Ratio (LAR); (B) Leaf Weight Ratio (LWR); (C) Specific Leaf Area (SLA); (D) Relative 
Growth Rate (RGR); and (E) Net Assimilation Rate (NAR), measured from 10 to 70 days after planting. 
Each point represents the mean value, and vertical bars indicate the standard error of the mean (± SE).
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number traits. TMG-8-2 exhibited the lowest values 
for NSP and NSPP. While fertilization can influence 
seed numbers, selecting superior genotypes like 
BW-44181(3)(1) is a promising strategy to increase 
pea yield. The results of this further testing for the 
number of seeds per plant and the number of seeds 
per pod are presented in table 4. To maximize pea 
yield in tropics, a multifaceted approach is necessary. 
While fertilization can contribute to increasing the 
number of seeds per plant, the genetic potential 
of the cultivar plays a crucial role. The number of 
seeds per plant and number seed per pod are highly 
heritable trait, exhibiting significant variation 
among pea accessions (ZELEKE et al., 2024). By 
identifying and utilizing superior genotypes with 
high seed-setting potential, we can significantly 
improve overall yield (AYUPOV et al., 2019; OLLE 
et al., 2020; SAVAGE & BASSEL, 2016). Several 
studies have demonstrated significant variation in 
plant characteristics and yield among different pea 
genotypes (JAGADEESH et al., 2023; LUITEL et 
al., 2021; PATHAK et al., 2019).

CONCLUSION

This study revealed significant 
phenological diversity among the TMG-8-2, BW-
44181-3-1, and BTG-1 pea genotypes, both in 
terms of phenorhythm and organ development rate. 
While TMG-8-2 exhibited the fastest phenorhythm, 
it displayed the slowest organ change rate. Yield 
diversity was primarily observed in the number 
of seeds per plant and number of seeds per pod. 
Several parameters, including plant height, leaf 
number, internode number, root nodule number, time 
to nine leaves, 50% flowering, fresh harvest, and 
senescence, significantly influenced plant growth 
and development. The three pea genotypes exhibited 
distinct growth patterns. BW-44181-3-1 demonstrated 
a higher growth rate compared to BTG-1 and TMG-
8-2. As the plants progressed in times, their LAR, 
LWR, and SLA decreased, while SLW, NAR, and 
RGR increased. Genotypic differences were evident 
in growth and developmental stages, particularly 
during the generative and senescence phases.

 

Table 3 - Analysis of variance of pea yield characteristics. 
 

Source df --------------------------------------------------------------Mean Square-------------------------------------------------------------- 

  

NF 
(flowers 
number 

per plant) 

NPP (pod 
number 

per plant) 

NSP (seed 
number 

per plant) 

100W 
(100 seeds 

weight) 

PPW (pod 
weight per 

plant) 

NSPP 
(seed 

number 
per pod) 

SWP (seed 
weight per 

pod) 

SWPP 
(seed 

weight per 
plant) 

Block 2 7.132ns 14.57ns 212.95ns 3.21ns 0.009ns 0.004ns 0.002ns 7.04ns 
Treatment 2 11.24ns 15.86ns 819.53* 8.41ns 0.01ns 2.17* 0.003ns 10.48ns 

Error 4 4.72 7.57 53.58 1.58 0.005 0.13 0.002 2.61 

 
Description: *significant F5%. 
 
 
 
 
 

Table 4 - Number of seed per plant and number of seed per pod three genotypes. 
 

Genotypes --------------Number seed per plant-------------- --------------Number seed per pod-------------- 

BW-44181-(3)-(1) 59.2a 5.4a 
TMG-8-2 26.0b 3.9b 
BTG-1 31.8b 3.5b 

 
Means followed by the same lower case letter/s do not differ significantly at LSD 5%. 
 
 
 
 



8

Ciência Rural, v.56, n.11, 2026.

Waluyo et al.

DATA   AVAILABILITY   STATEMENT

The raw data supporting the findings of this study are 
available from the corresponding author.

ACKNOWLEDGMENTS

This research was funded by the Institute for Research 
and Community Service (LPPM) / Directorate of Research and 
Community Service (DRPM) of Universitas Brawijaya through the 
Excellent Research Grant / Hibah Penelitian Unggulan (HPU) with 
contract number 612.42/UN10.C20/2023.

DECLARATION   OF   CONFLICT   OF   
INTEREST

The authors declare no conflicts of interest.

AUTHORS’   CONTRIBUTIONS

All authors made substantial and equal contributions 
to the conception, design, and writing of the manuscript and 
approved the final version for publication.

DECLARATION   OF   USE   OF   ARTIFICIAL   
INTELLIGENCE

This study did not use artificial intelligence.

REFERENCES

ALSUBHI, N. H.; ALZAHRANI, S. M. Plant phenology: definition, 
history, and response to environmental factors. Egyptian Journal 
of Botany, v.64, n.Special Issue, p.49-58, 2024. Available from: 
<https://doi.org/10.21608/ejbo.2023.209652.2323>. Accessed: 
Mar. 10, 2023. doi: 10.21608/ejbo.2023.209652.2323.

AYUPOV, D. S. et al. Selection of high-yielding, high-tech 
varieties of field pea (Pisum sativum L.). Legume Research, v.42, 
n.5, p.615-619, 2019. Available from: <https://doi.org/10.18805/
LR-474>. Accessed: Mar. 10, 2024. doi: 10.18805/LR-474.

BEKTAS, H. et al. On the possible trade-off between shoot and 
root biomass in wheat. Plants, v.12, n.13, p.2513, 2023. Available 
from: <https://doi.org/10.3390/plants12132513>. Accessed: Mar. 
10, 2024. doi: 10.3390/plants12132513.

BOURGAULT, M. et al. Genotypic variability in root length in pea 
(Pisum sativum L.) and lentil (Lens culinaris Medik.) cultivars in 
a semi‐arid environment based on mini‐rhizotron image capture. 
The Plant Phenome Journal, v.5, p.e20037, 2022. Available 
from: <https://doi.org/10.1002/ppj2.20037>. Accessed: Mar. 10, 
2024. doi: 10.1002/ppj2.20037.

BRATKOVIĆ, K. et al. Interpreting the interaction of genotype 
with environmental factors in barley using partial least squares 
regression model. Agronomy, v.14, n.1, p.194, 2024. Available 
from: <https://doi.org/10.3390/agronomy14010194>. Accessed: 
Mar. 12, 2024. doi: 10.3390/agronomy14010194.

CARGNELUTTI FILHO, A. et al. Sampling sufficiency, correlation 
and path analysis in forage pea. Ciência Rural, v.54, n.3, 2024. 

Available from: <https://doi.org/10.1590/0103-8478cr20220579>. 
Accessed: Mar. 12, 2024. doi: 10.1590/0103-8478cr20220579.

CHEN, J. et al. Plants with lengthened phenophases 
increase their dominance under warming in an alpine plant 
community. Science of The Total Environment, v.728, 
p.138891, 2020. Available from: <https://doi.org/10.1016/j.
scitotenv.2020.138891>. Accessed: Mar. 11, 2024. doi: 
10.1016/j.scitotenv.2020.138891.

COSMULESCU, S. et al. Determination of leaf characteristics 
in different medlar genotypes using the imagej program. 
Horticultural Science (Prague), v.47, n.2, p.117-121, 2020. 
Available from: <https://doi.org/10.17221/97/2019-HORTSCI>. 
Accessed: Mar. 11, 2024. doi: 10.17221/97/2019-HORTSCI.

DAMARA, H. L. et al. Keragaman dan korelasi karakteristik fisik 
biji dengan perkecambahan dan karakter hasil pada kacang ercis 
(Pisum sativum L.). PLANTROPICA: Journal of Agricultural 
Science, v.5, n.1, p.74-84, 2020. Available form: <https://doi.
org/10.21776/ub.jpt.2020.005.1.9>. Accessed: Mar. 10, 2024. doi: 
10.21776/ub.jpt.2020.005.1.9.

DEVI, J. et al. Heat stress tolerance in peas (Pisum sativum 
L.): Current status and way forward. Frontiers in Plant 
Science, v.13, 2023. Available from: <https://doi.org/10.3389/
fpls.2022.1108276>. Accessed: Mar. 12, 2024. doi: 10.3389/
fpls.2022.1108276.

DU, Y. et al. Shoot/root interactions affect soybean photosynthetic 
traits and yield formation: A case study of grafting with record-
yield cultivars. Frontiers in Plant Science, v.10, p.445, 2019. 
Available from: <https://doi.org/10.3389/fpls.2019.00445>. 
Accessed: Mar. 11, 2024. doi: 10.3389/fpls.2019.00445.

FAOSTAT. Crops and livestock products. 2024. Available from: 
<https://www.fao.org/faostat/en/#data/TCL>. Accessed: Mar. 11, 2024.

GE, Y. et al. Temporal dynamics of maize plant growth, water 
use, and leaf water content using automated high throughput 
RGB and hyperspectral imaging. Computers and Electronics 
in Agriculture, v.127, p.625-632, 2016. Available from: <http://
dx.doi.org/10.1016/j.compag.2016.07.028>. Accessed: Mar. 10, 
2024. doi: 10.1016/j.compag.2016.07.028.

GEISSLER, C. et al. The influence of climate warming on 
flowering phenology in relation to historical annual and seasonal 
temperatures and plant functional traits. PeerJ, v.11, p.1-21, 2023. 
Available from: <https://doi.org/10.7717/peerj.15188>. Accessed: 
Mar. 12, 2024. doi: 10.7717/peerj.15188.

HASSANPOUR-BOURKHEILI, S. et al. Fitness cost of 
imazamox resistance in wild poinsettia (Euphorbia heterophylla 
L.). Agronomy, v.10, n.12, p.1-9, 2020. Available from: <https://
doi.org/10.3390/agronomy10121859>. Accessed: Mar. 10, 2024. 
doi: 10.3390/agronomy10121859.

JAGADEESH, K. et al. Genetic variability studies in field 
pea (Pisum sativum L.) for yield and associated characters. 
Environment Conservation Journal, v.24, n.2, p.244-249, 
2023. Available from: <https://doi.org/10.36953/ECJ.13172379>. 
Accessed: Mar. 11, 2024. doi: 10.36953/ECJ.13172379.

JANUŠKAITIENĖ, I.; PETRAITYTĖ, S. The response of 
photosynthetic parameters of Triticum aestivum L. and Pisum 
sativum L. to different levels of salinity stress at different 



Phenological strategies and plant growth patterns in pea (Pisum sativum L.) to increase yield in the tropics.

Ciência Rural, v.56, n.11, 2026.

9

climate conditions. Environmental Research, Engineering 
and Management, v.73, n.4, 2017. Available from: <https://doi.
org/10.5755/j01.erem.73.4.19444>. Accessed: Mar. 12, 2024. doi: 
10.5755/j01.erem.73.4.19444.

JI, Y. et al. Dissecting the genotypic variation of growth responses 
to far-red radiation in tomato. Frontiers in Plant Science, v.11, 
n.January, p.1-9, 2021. Available from: <https://www.frontiersin.
org/journals/plant-science/articles/10.3389/fpls.2020.614714/
full>. Accessed: Mar. 10, 2024. doi: 10.3389/fpls.2020.614714.

KARAVIN, N. Effects of leaf and plant age on specific leaf area in 
deciduous tree species Quercus cerris L. var. Cerris. Bangladesh 
Journal of Botany, v.42, n.2, p.301-306, 2013. Available from: 
<https://doi.org/10.3329/bjb.v42i2.18034>. Accessed: Mar. 11, 
2024. doi: 10.3329/bjb.v42i2.18034.

KASHYAPI, A.; BAHOT, A. S. Phenophase wise study of 
parameters controlling water requirement of soybean crop [Glycine 
max (L.) Merr.] at various agroclimatic zones. MAUSAM, v.63, 
n. 2, p.239-246, 2012. Available from: <https://doi.org/10.54302/
mausam.v63i2.1397>. Accessed: Mar. 13, 2024. doi: 10.54302/
mausam.v63i2.1397.

LAMBRECHT, D. M. et al. Plastochron, phenology, and 
production of green pea in different growing seasons. Ciência 
e Agrotecnologia, v.47, 2023. Available from: <https://doi.
org/10.1590/1413-7054202347008222>. Accessed: Mar. 13, 2024. 
doi: 10.1590/1413-7054202347008222.

LAMICHANEY, A. et al. Untangling the influence of heat stress on 
crop phenology, seed set, seed weight, and germination in field pea 
(Pisum sativum L.). Frontiers in Plant Science, v.12, p.635868, 
2021. Available from: <https://www.frontiersin.org/journals/plant-
science/articles/10.3389/fpls.2021.635868/full>. Accessed: Mar. 
12, 2024. doi: 10.3389/fpls.2021.635868.

LARMURE, A.; MUNIER-JOLAIN, N. G. High temperatures 
during the seed-filling period decrease seed nitrogen amount in 
pea (Pisum sativum L.): evidence for a sink limitation. Frontiers 
in Plant Science, v.10, p.1-11, 2019. Available from: <https://
doi.org/10.3389/fpls.2019.01608>. Accessed: Mar. 11, 2024. doi: 
10.3389/fpls.2019.01608.

LUITEL, B. P. et al. Evaluation of growth and yield characters of 
garden pea genotypes at Dailekh, Mid-Western Nepal. Nepalese 
Horticulture, v.15, p.24-33, 2021. Available from: <https://doi.
org/10.3126/nh.v15i0.36642>. Accessed: Mar. 10, 2024. doi: 
10.3126/nh.v15i0.36642.

MARTÍN-BRULL, I. et al. Shoot and root decomposition 
from different cropping systems under semiarid Mediterranean 
conditions. Journal of Soil Science and Plant Nutrition, v.24, 
n.3, p.4059-4072, 2024. Available from: <https://doi.org/10.1007/
s42729-024-01646-8>. Accessed: Mar. 11, 2024. doi: 10.1007/
s42729-024-01646-8.

MOHAPATRA, C. et al. Effect of heat stress during flowering 
and pod formation in pea (Pisum sativum L.). Physiology and 
Molecular Biology of Plants, v.26, n.6, p.1119-1125, 2020. 
Available from: <https://doi.org/10.1007/s12298-020-00803-4>. 
Accessed: Mar. 11, 2024. doi: 10.1007/s12298-020-00803-4.

MUBAROK, A. et al. Penerapan analisis biomassa shoot-root ratio 
dalam memprediksi hasil pada genotipe ercis. Paspalum: Jurnal 
Ilmiah Pertanian, v.12, n.1, p.144, 2024. Available from: <https://

doi.org/10.35138/paspalum.v12i1.586>. Accessed: Mar. 10, 2024. 
doi: 10.35138/paspalum.v12i1.586.

OLLE, M. et al. Finding best field pea (Pisum sativum L.) 
cultivars for breeding in Northern climatic conditions. Acta 
Agriculturae Scandinavica, Section B — Soil & Plant 
Science, v.70, n.1, p.1-7, 2020. Available from: <https://doi.org/
10.1080/09064710.2019.1660400>. Accessed: Mar. 13, 2024. doi: 
10.1080/09064710.2019.1660400.

PAMULATSIH, D.; WALUYO, B. Korelasi antara hasil dan 
komponen hasil ercis (Pisum sativum L.). Jurnal Produksi 
Tanaman, v.7, n.5, p.783-791, 2019. Available from: <https://
protan.studentjournal.ub.ac.id/index.php/protan/article/
view/1116/1133>. Accessed: Mar. 10, 2024.

PANDEY, R. et al. Plant growth analysis paper. Manual of 
ICAR Sponsored Training Programme on “Physiological 
Techniques to Analyze the Impact of Climate Change on Crop 
Plants”, n.January, p.103-107, 2017. Available from: <https://doi.
org/10.13140/RG.2.2.21657.72808>. Accessed: Mar. 10,2024. doi: 
10.13140/RG.2.2.21657.72808.

PANFILOVA, O. et al. Agrometeorological and morpho-
physiological studies of the response of red currant to abiotic 
stresses. Agronomy, v.11, n.8, p.1522, 2021. Available from: 
<https://doi.org/10.3390/agronomy11081522>. Accessed: Mar. 10, 
2024. doi: 10.3390/agronomy11081522.

PANWAR, S. et al. Estimation of correlation coefficient and path 
analysis in field pea (Pisum sativum L.). International Journal of 
Environment and Climate Change, v.13, n.11, p.1871-1877, 2023. 
Available from: <https://doi.org/10.9734/ijecc/2023/v13i113344>. 
Accessed: Mar. 11, 2024. doi: 10.9734/ijecc/2023/v13i113344.

PARIHAR, A. K. et al. Delineating the role of plant stature towards 
heat stress tolerance in field pea (Pisum sativum L.). Heliyon, v.9, 
n.3, p.e14539, 2023. Available from: <https://doi.org/10.1016/j.
heliyon.2023.e14539>. Accessed: Mar. 11, 2024. doi: 10.1016/j.
heliyon.2023.e14539.

PATHAK, V. et al. Studies of genetic variability, heritability and 
genetic advance for yield contributing traits in field pea (Pisum 
sativum L.). Journal of Pharmacognosy and Phytochemistry, v.8, 
n.4, p.2587-2589, 2019. Available from: <https://www.phytojournal.
com/archives/view-pdf/9357/8-4-418>. Accessed: Mar. 10, 2024

PEREIRA, C. C. et al. What triggers phenological events in plants 
under seasonal environments? A study with phylogenetically related 
plant species in sympatry. Brazilian Journal of Biology, v.84, 2024. 
Available from: <https://doi.org/10.1590/1519-6984.257969>. 
Accessed: Mar.2024. doi: 10.1590/1519-6984.257969.

PIAO, S. et al. Plant phenology and global climate change: Current 
progresses and challenges. Global change biology, v.25, n.6, 
p.1922-1940, 2019. Available from: <https://doi.org/10.1111/
gcb.14619>. Accessed: Mar. 11, 2024. doi: 10.1111/gcb.14619.

POLANIA, J. et al. Root traits and their potential links to plant 
ideotypes to improve drought resistance in common bean. Theoretical 
and Experimental Plant Physiology, v.29, n.3, p.143-154, 2017. 
Available from: <https://doi.org/10.1007/s40626-017-0090-1>. 
Accessed: Mar. 12, 2024. doi: 10.1007/s40626-017-0090-1.

POMMERENING, A.; MUSZTA, A. Methods of modelling 
relative growth rate. Forest Ecosystems, v.2, n.1, 2015. Available 



10

Ciência Rural, v.56, n.11, 2026.

Waluyo et al.

from: <https://doi.org/10.1186/s40663-015-0029-4>. Accessed: 
Mar. 12, 2024. doi: 10.1186/s40663-015-0029-4.

QI, Y. et al. Plant root-shoot biomass allocation over diverse 
biomes: A global synthesis. Global Ecology and Conservation, 
v.18, p.e00606, 2019. Available from: <https://doi.org/10.1016/j.
gecco.2019.e00606>. Accessed: Mar. 11, 2024. doi: 10.1016/j.
gecco.2019.e00606.

SAID, A. A. et al. Association mapping and candidate genes for 
physiological non-destructive traits: Chlorophyll content, canopy 
temperature, and specific leaf area under normal and saline 
conditions in wheat. Frontiers in Genetics, v.13, 2022. Available 
from: <https://doi.org/10.3389/fgene.2022.980319>. Accessed: 
Mar. 11, 2024. doi: 10.3389/fgene.2022.980319.

SALIM, M. et al. Screening of soybean genotypes based on root 
morphology and shoot traits using the semi-hydroponic phenotyping 
platform and rhizobox technique. Agronomy, v.12, n.1, p.56, 2021. 
Available from: <https://doi.org/10.3390/agronomy12010056>. 
Accessed: Mar. 12, 2024. doi: 10.3390/agronomy12010056.

SARAGIH, R. et al. Keanekaragaman genotipe-genotipe potensial 
dan penentuan keragaman karakter argo-morfologi ercis (Pisum 
sativum L.). Jurnal Agro, v.5, n.2, p.127-139, 2018. Available 
from: <https://doi.org/10.15575/3230>. Accessed: Mar. 10, 2024. 
doi: 10.15575/3230.

SAVAGE, W. E. F.; BASSEL, G. W. Seed vigour and crop 
establishment: Extending performance beyond adaptation. Journal 
of Experimental Botany, v.67, n.3, p.567-591, 2016. Available 
from: <https://doi.org/10.1093/jxb/erv490>. Accessed: Mar. 11, 
2024. doi: 10.1093/jxb/erv490.

SEROVA, T. A. et al. Effects of elevated temperature on Pisum 
sativum nodule development: I — detailed characteristic of unusual 
apical senescence. International Journal of Molecular Sciences, 
v.24, n.24, p.17144, 2023. Available from: <https://doi.org/10.3390/
ijms242417144>. Accessed: Mar. 10, 2024. doi: 10.3390/ijms242417144.

SLEIGHT, N. J. et al. Belowground biomass and root:Shoot ratios 
of three willow cultivars at two sites. Forests, v.14, n.3, p.525, 
2023. <https://doi.org/10.3390/f14030525>. Accessed: Mar. 11, 
2024. doi: 10.3390/f14030525.

SMÝKAL, P. et al. Pea (Pisum sativum L.) in the genomic era. 
Agronomy, v.2, n.2, p.74-115, 2012. Available from: <https://doi.
org/10.3390/agronomy2020074>. Accessed: Mar. 10, 2024. doi: 
10.3390/agronomy2020074.

STUCKY, B. J. et al. The plant phenology ontology: A new 
informatics resource for large-scale integration of plant phenology 
data. Frontiers in plant science, v.9, p.517, 2018. Available from: 
<https://doi.org/10.3389/fpls.2018.00517>. Accessed: Mar. 11, 
2024. doi: 10.3389/fpls.2018.00517.

SUMER, F. Ö. The effects of different sowing times on the 
phenological characteristics and seed yield of the pea. Turkish 
Journal of Field Crops, v.28, n.2, p.301-312, 2023. Available 
from: <https://doi.org/10.17557/tjfc.1391483>. Accessed: Mar. 12, 
2024. doi: 10.17557/tjfc.1391483.

TANG, Y. et al. Effects of temperature, precipitation, and CO2 on 
plant phenology in China: A circular regression approach. Forests, 
v.14, n.9, p.1844, 2023. Available from: <https://doi.org/10.3390/
f14091844>. Accessed: Mar.11, 2024. doi: 10.3390/f14091844.

TASNIM, S. et al. Relationship of quantitative traits in different 
morphological characters of pea (Pisum sativum L .). Journal of 
Multidisciplinary Applied Natural Science, v.2, n.2, p.103-114, 
2022. Available from: <https://doi.org/https://doi.org/10.47352/
jmans.2774-3047.119>. Accessed: Mar. 13, 2024. doi: 10.47352/
jmans.2774-3047.119.

UHLARIK, A. et al. Phenotypic and genotypic characterization 
and correlation analysis of pea (Pisum sativum L.) Diversity Panel. 
Plants, v.11, n.10, 2022. Available from: <https://doi.org/10.3390/
plants11101321>.  Accessed: Mar. 12, 2024. doi: 10.3390/plants11101321.

VOISIN, A.-S. et al. Effect of mineral nitrogen on nitrogen 
nutrition and biomass partitioning between the shoot and roots of 
pea (Pisum sativum L.). Plant and Soil, v.242, p.251-262, 2022. 
Available from: <https://doi.org/10.1023/A:1016214223900>. 
Accessed: Mar. 13, 2024. doi: 10.1023/A:1016214223900.

WALUYO, B. et al. Diversity and genetic potential of Indonesia 
pea (Pisum sativum L.) landrace based on morphological traits in 
lowlands. TPGM, v.10, p.13-19, 2019. Availabe from: <https://
www.pgm-my.org/wp-content/uploads/2020/04/TPGM-10.pdf>. 
Accessed: Mar. 12, 2024.

WANG, J. et al. Diverse responses of vegetation phenology to 
changes in temperature and precipitation in Northern China. 
Geocarto International, p.1-24, 2022. 2024. Available from: 
<https://doi.org/10.1080/10106049.2022.2068677>. Accessed: 
Mar. 10, 2024. doi: 10.1080/10106049.2022.2068677.

WANG, D. et al. Large-scale heat-tolerance screening and genetic 
diversity of pea (Pisum sativum L.) germplasms. Plants, v.11, n.19, 
p.2473, 2022. Available from: <https://doi.org/10.3390/plants11192473>. 
Accessed: Mar. 11, 2024. doi: 10.3390/plants11192473.

WILLIAMS, O. et al. The genetic architecture of flowering time 
changes in pea from wild to crop. Journal of Experimental 
Botany, v.73, n.12, p.3978-3990, 2022. Available from: <https://
doi.org/10.1093/jxb/erac132>. Accessed: Mar. 12, 2024. doi: 
10.1093/jxb/erac132.

YOU, D. et al. Short-term effects of tillage and residue on spring 
maize yield through regulating root-shoot ratio in Northeast China. 
Scientific Reports, v.7, n.1, p.13314, 2017. Available from: 
<https://doi.org/10.1038/s41598-017-13624-5>. Accessed: Mar. 
09, 2024. doi: 10.1038/s41598-017-13624-5.

ZANETTA, C. U. et al. Dissecting genetic variation and association 
mapping for agro-morphological traits under high temperature stress 
in pea (Pisum sativum L.). Euphytica, v.220, n.2, p.1-22, 2024. 
Available from: <https://doi.org/10.1007/s10681-023-03279-x>. 
Accessed: Mar. 15, 2024. doi: 10.1007/s10681-023-03279-x.

ZANETTA, C. U. et al. Variability and assessment of 
interrelationships among yield and yield-related characters of pea 
accessions under the influence of high temperature. New Zealand 
Journal of Crop and Horticultural Science, p.1-19, 2023. 
Available from: <https://doi.org/10.1080/01140671.2023.2180760
>. Accessed: Mar. 16, 2024. doi: 10.1080/01140671.2023.2180760.

ZELEKE, B. et al. Genotype × environment interaction and 
stability of field pea (Pisum sativum L.) genotypes for seed yield in 
Northwestern Ethiopia. Journal of Tropical Crop Science, v.11, 
n.2, p.155-164, 2024. Available from: <https://doi.org/10.29244/
jtcs.11.02.155-164>. Accesed: Mar. 14, 2024. doi: 10.29244/
jtcs.11.02.155-164.


	_Hlk198487815

