Pol. J. Environ. Stud. Vol. 32, No. 4 (2023), 3247-3254

DOLI: 10.15244/pjoes/159426

ONLINE PUBLICATION DATE: 2023-05-10

Original Research

Plant Density Differentially Influences Seed Weight
in Different Portions of the Raceme of Castor

Wenxuan Mai, Xiangrong Xue, Ahmad Azeem*

State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography Chinese Academy

of Sciences, Urumqi 830011, China

Received: 25 November 2022
Accepted: 18 January 2023

Abstract

Castor (Ricinus communis L.) is an oilseed crop, that is cultivated in arid and semi-arid region.
Seed yield per plant of castor significantly effective by different environmental factors, but planting
density also influence on seed yield. A field experiments were conducted in 2016 and 2017 to investigate
the effects of in-row plant spacing (30, 40, 50 and 60 cm) on seed yield and weight in different
portions of the raceme under drip irrigation along with mulching. The results indicating reduction
in-row spacing, significantly reduced seed yield and weight per plant. Reduction percentage were greater
in secondary and tertiary racemes as compared to primary racemes. Seed weight and yield in basal
portion of raceme was also decreased by reducing in-row spacing. In comparison to raceme portion,
seed weight was more reduced in the middle portion and showed no change in the upper portion of the
raceme as compared to basal portion. Seed yield and weight per unit area was increased owing to the
larger plant population with decreasing in-row spacing, but below the threshold value of in-row spacing
(30 cm), seed fresh weight yield were decreased. Therefore, it was concluded, higher planting density
by reducing the in-row spacing may increase castor fresh weight yield. Yield may be increased further
by increasing the seed weight in the basal portion of the raceme, especially for primary racemes, while
maintaining the seed weight in the upper and middle portions of the raceme. Further studies needed
to explore different planting density effect on seed yield under different environmental factors within

different portions of raceme.
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Introduction

Castor (Ricinus communis L.) is an industrial crop
cultivated for the oil contained in its seed [1]. Castor oil
is largely used in the chemical industries worldwide.
Castor oil consumption is limited by insufficient
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and unreliable feedstock supply rather than by demand
[2].

In most regions producing castor, seed yield can
be rapidly increased with implementation of improved
agronomic practices, such as optimization of the plant
density [3]. Plant density arrangements for castor
crop have been studied previously with different
combination [3-5]. In castor crop growth, plant density
is the important component because its effect seed yield
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and plant growth [6, 7]. It is very difficult to define
best plant density for castor because it depends many
factors such as soil properties, role of fertilizers, plant
architecture, genotype, other environmental factors
(humidity, temperature and rainfall) along with cropping
season [3, 6, 8, 9]. Therefore, an optimal individual plant
density cannot be broadly recommended for castor.

Total castor seed yield is depended on the seed
weight in different portions of the raceme. Castor
racemes are born only at the shoot apices. A primary
raceme is the inflorescence that develops at the primary
stem apex, secondary racemes are born at the apex of
secondary branches, and so on. Development of new
branches and racemes can continue indefinitely owing
to the indeterminate growth habit of castor [10].

Developmental differences among racemes are likely
to be associated with environmental and physiological
conditions that change during the growing season [10,
11]. For example, the contribution of primary racemes
to the total seed yield varies from 14% to 69% [3, 6,
12]. Thus, the contribution of each raceme to seed yield
seems not to be a fixed trait, but rather a consequence
of the growing conditions that each raceme experiences.
Longer and favorable growing conditions are associated
with a higher contribution of secondary and tertiary
racemes [13]. Thus, the variation in growth among
primary, secondary and tertiary racemes were differ
under different plant densities, but little information
on this variability is presently available [14, 15].
The raceme of castor includes many capsules (for
example, more than 200 capsules, and >40 c¢cm long for
a primary raceme) in a typical castor plant, male flowers
are located at the bottom of the raceme, and female
flowers are located in the middle and top portions [16].
Thus, capsule development is dependent on the floral
type and position within a raceme and is potentially
influenced by environmental factors. The response of
Castor to different plant density is complex and involves
many eco-physiological aspects, because it creates
changes in growth and development [10]. The influence
of plant density on seed yield of the different raceme
types of castors is poorly understood, and it is unknown
if manipulation of plant density will influence the
seed weight in different portions of the castor raceme.
The objective of this study was to explore the influence
of plant density, by adjusting the in-row plant spacing,
on the seed yield and weight of each raceme type and
different portions of the raceme of castor.

Materials and Methods
Experimental Design

The field experiment was carried out at the Xiaoguai
Experimental Station of the Xinjiang Institute of
Ecology and Geography, Chinese Academy of Sciences
Urumgqi, Xinjiang, China, in the 2016 and 2017 cropping
seasons. The site has an arid climate with average
annual rainfall of 1053 mm, annual evaporation
of 2692 mm, annual insolation of 2705 h, annual
accumulated temperature >10°C of 3760°C, and 232
frost-free days per annum.

A gray desert soil from the study area, was analyzed
before sowing. The chemical properties of the 0-30 cm
soil layer was as follows: total available nitrogen
(N) 16.7 mg kg™, pH (H,0) 8.1, soil bulk density
1.33 g cm>, Olsen phosphorus (P) 3.1 mg kg7,
NH,OAc-extracted potassium (K) 2089 mg kg,
and organic matter 5.3 g kg

Seeds of the castor hybrid ‘Nongfeng commercial
producer of the hybrid seed’ were sown on 23 April
2016 and 20 April 2017. Two rows (40 cm apart)
were sown on either side of the irrigation drip line.
The distance between two drip lines was 160 cm
(Fig. 1). The treatments comprised four in-row plant
spacings (60, 50, 40, and 30 cm) and four plant
densities (20,833, 25,000, 31,250 and 41,667 plants ha™).
A randomized block design with three replicates was
used. Thus, there were 12 plots in total, each 16 m x 11
m in size.

The total volume of water supplied by drip irrigation
(DI) under mulch film was 4000 m?® ha™. Urea was
applied as a fertilizer at the rate of 250 kg N ha’,
of which 20% (50 kg N ha') was applied before
sowing as a basal dressing in 10 cm soil depth, and the
remainder (200 kg N ha™) was applied with the drip
irrigation in seven individual applications (Table 1).
In addition, 150 kg P,O, ha™ (as superphosphate) and
150 kg K ha™' (as potassium sulfate) were applied before
sowing as a basal dressing [17].

Measurements
Yield-related agronomic traits were measured by
randomly selected 10 adjacent plants in two rows of both

sides of drip line at maturity stage of plants in 139 and
137 days in 2016 and 2017 cropping seasons respectively.

ﬁ Mulch film “\1

Drip line
. or ” o)
40cm 120cm 40cm

Fig. 1. Schematic diagram illustrating the plant row spacing and irrigation system used in the experiment.
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Table 1. Amount of water and nitrogen fertilizer applied by drip irrigation.
Date of application
T"tar‘llit“:;‘;;and 2016 | SMay | 17May | 29May | 10Jun | 22 Jun | 4Jul | 14 Jul | 24 Jul | 4 Aug | 14 Aug | 26 Aug
2017 | 29 April | 12May | 24May | 6Jun | 17Jun | 1Jul | 12Jul | 20 Jul | 1 Aug | 12 Aug | 23 Aug
(HY?Z:) 4000 200 200 300 400 400 500 500 500 400 300 300
Nitrogen - - - 20 | 20 | 30 | 40 | 40 | 30 20 -
(kg N ha)

I Primary raceme
Secondaryraceme

Tertiary raceme

raceme

Upper
Middle
Basal

Fig. 2. Schematic diagram illustrating specific raceme portions.
Each raceme is divided into three equal portions, termed
‘Upper’, ‘Middle’ and ‘Basal’, representing the seed position in
the raceme.

Raceme effective length per plant is measured with
ruler, raceme number per plant, seed number per
raceme, are counting manually [1]. Furthermore, each
plant was divided into primary, secondary and tertiary
raceme, after that same parameters are mention above
measured with same procedure. 100-seed weight of
primary, secondary and tertiary racemes at different
portions (upper, middle and basal) of each raceme are
measured with weight balance (Fig. 2). Some castor
plants produced quaternary racemes, but these carried
no mature seed and consequently were not measured.
Seed yield was determined by harvesting an area of
about 51.2 m?, randomly selected four rows with from
each plot.

Data Analysis

Assumptions of parametric statistics were tested
to verify normality and homogeneity of variance

using the Shapiro-Wilk normality test and Levene’s
test before further analysis. To determine the main
effect and interaction effects of each growth trails
(P<0.05), data were analyzed using one-way analysis
of variance (ANOVA) with row spacing as main
factor. Furthermore, a posthoc Tukey test P<0.05 was
performed to determine significant difference within
treatments (SAS Institute, 1998). Origin 2015 software
(OriginLab Corporation, Northampton, MA, USA) was
used for correlation analysis and graphs making.

Results and Discussion
Seed Yield

Castor seed yield increased by more than 34% with
decrease of in-row plant spacing from 60 to 30 cm in
2016 and 2017 (Table 2). However, the extent of yield
increase was gradually reduced with decreasing in-row
spacing. For example, in 2016, the yield increase was
667 kg ha™ (15.1%) with decrease of in-row spacing
from 60 to 50 cm, 503 kg ha™ (9.9%) with decrease in
spacing from 50 to 40 cm, and 347 kg ha™ (6.1%) for
the change in spacing from 40 to 30 cm. Similar results
were obtained in 2017 experiment. It was also observed
that castor seed yield increased with increasing plant
density [7, 13] but beyond the threshold level of plant
in-row spacing (30 cm) seed yield and weight was
reduced [1, 16]. Therefore, according to the results, there
is an optimum plant density dependent on genotype, soil
properties, fertilizer effects, environmental conditions,
and agricultural practices [18]. In the present study, the
seed yield under the lowest in-row spacing of 30 cm
was higher among other spacing. This finding suggests
that increasing the planting density through decreased
in-row plant spacing using a wide-narrow row-spacing

Table 2. Castor seed yield attained between different in-row plant spacings.

In-row plant spacing (cm) 60 50 40 30
Yield (kg ha™) 4419.3a 5080.4b 5643.0c 5990.1¢
2010 Yield increase (kg ha™') 661.1a 562.6a 347.1b
Yield (kg ha™) 4610.4a 5290.6b 5798.1c 6179.7¢c
2017 Yield increase (kg ha™) 680.2a 507.5b 381.6¢
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Table 3. Yield and its components per castor plant under different in-row plant spacings.
Year In-rgw plant Raceme number | Effective raceme | Seed number per | 100-seed weight | Seed weight per
spacing (cm) per plant length (cm) raceme (2) plant (g)
60 5.1a 38.3a 804.8a 30.2a 246.6a
50 4.9a 31.3ab 733.4ab 30.7a 228.1ab
2016 40 5.0a 29.0b 671.7b 28.9a 197.3b
30 4.8a 25.1b 561.9¢ 27.8a 159.0c
60 5.1a 32.9a 845.5a 30.7a 262.4a
50 5.0a 28.9ab 766.9ab 30.8a 237.6a
201 40 5.0a 27.0ab 668.2b 29.6a 201.4b
30 4.9a 23.6b 526.8¢ 29.4a 156.4¢

Note: “Effective raceme length” indicates the length of the raceme that bore seeds. Means followed by the same letter(s) for each

parameter within a year are not significantly different at P<0.05 (n = 3).

pattern is a favourable method to increase castor yield
under DI [6].

Yield Components

Deduction in-row spacing, the raceme number
per plant and 100-seed weight showed decreasing
trends, but the differences among treatments were not
significant (Table 3). Seed number per raceme was
the main determinant of seed yield per plant [12, 19].
The effective raceme length and seed number per
raceme showed significant decreases with the reduction

[ ] Upper

60 cm 50 cm

[ Middle

of in-row plant spacing (60 to 30 cm). While decreased
in-row spacing from 60 to 30 cm, the seed yield per
plant decreased from 246.6 to 159.0 g plant™ (35.5%),
and from 262.4 to 156.4 g plant' (41.2%), in 2016 and
2017, respectively (Table 3). Instead of decreased raceme
number per plant and 100-seed weight, but overall yield
were increased in narrow (Table 2) spacing because its
increased number of plants per ha, that added more
seed number per plant and more raceme number per
plant [20]. It was also observed that the number of seeds
per raceme decreased linearly as castor plant density
increased [21]. It was observed decreased seed yield per
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Fig. 3. Seed weight in different portions of primary, secondary and tertiary castor racemes. Error bars represent the standard error of the

mean (n = 3).



Plant Density Differentially Influences Seed...

3251

castor raceme with increased plant density within a row
[6]. However, neither study examined changes in seed
yield under different portions of the raceme. In this
study raceme was divided into three portions (Fig. 2)
and found more reduction in basal, middle portion and
very less in the upper portion (Fig. 3).

The present study showed that the number of seeds
per raceme decreased, in the order tertiary/secondary/
primary racemes, with the decreased of in-row spacing,
(Table 4). For example, in 2016 within in-row spacing
reduction from 60 to 30 cm, the seed number of
primary racemes decreased from 312.8 to 253.6 (18.9%)),
that of secondary racemes from 139.0 to 95.7 (31.1%)
and tertiary racemes from 98.0 to 63.1 (35.6%). Higher
plant density within narrow row spacing creates higher
competition among plants and causing decline in seed
yield per plant [22-24]. In narrow spacing every plant

try to capture resources under competition with other
neighbour plant [24, 25]. For this process every plant
trying to capture resources by increasing their below
ground growth as compared to above ground growth
[23], due to this seed yield of per plant was reduced.

Seed Weight in Different Portions of Raceme

The seed weight in different portions of the primary
raceme showed the trend basal>middle>upper (Fig. 3).
However, the differences in seed weight among the
raceme portions differed from those observed with the
decreased of in-row spacing. The seed weight in the
upper portion decreased significantly, almost no change
was observed in the middle portion, and the basal
portion showed a gradual decreased with reduction
of in-row spacing. This result explained that reduction

Table 4. Yield and its components for different raceme types of castor under different in-row plant spacings.

Year Raceme | In-row plant |Raceme number | Effective raceme | Seed number | 100-seed | Seed weight Seed weight
position | spacing (cm) per plant length (cm) per raceme | weight (g) | per raceme (g) | per plant (g)
60 la 47.2a 312.8a 32.2a 100.7a 100.7a
50 la 41.3ab 297.4ab 32.4a 96.4ab 96.4ab
Primary
40 la 35.6b 288.6ab 31.1a 89.8ab 89.8ab
30 la 34.0b 253.6b 29.7a 75.3b 75.3b
60 22a 38.4a 139.0a 30.9a 43.0a 94.5a
50 2.1a 29.9b 128.5ab 31.2a 40.1ab 84.2ab
2016 | Secondary
40 2.2a 26.7bc 110.0c 28.7a 31.5bc 69.4bc
30 2.1a 21.4c 95.7¢c 27.7a 26.5¢ 55.7¢
60 1.9a 29.4a 98.0a 27.6a 27.1a 51.4a
50 1.8a 24.6ab 92.2ab 28.6a 26.4ab 47.5ab
Tertiary
40 1.8a 22.6b 78.5¢ 27.0a 21.2bc 38.1bc
30 1.7a 20.0b 63.1d 26.1a 16.5¢ 28.0¢c
60 la 45.9a 336.7a 32.8a 110.4a 110.4a
50 la 42.9ab 318.7ab 31.9ab 101.7ab 101.7ab
Primary
40 la 40.8ab 306.2ab 31.9ab 97.7bc 97.7bc
30 la 33.0b 272.4b 30.4b 82.8¢ 82.8¢c
60 2.2a 32.4a 137.2a 30.6a 42.0a 92.4a
50 2.1a 25.6ab 127.2ab 30.9a 39.3a 82.5a
2017 | Secondary
40 22a 23.5ab 95.8¢c 29.6a 28.6bc 63.0b
30 2.1a 22.5b 71.6d 29.3a 21.0c 44.1c
60 1.9a 20.4a 108.9a 28.8a 31.4a 59.6a
50 1.9a 18.2a 95.9ab 29.5a 28.1ab 53.4a
Tertiary
40 1.8a 16.6a 82.8b 27.3b 22.6bc 40.7b
30 1.8a 15.2a 57.8¢c 28.4ab 16.4c 29.5¢

Note: “Effective raceme length” indicates the length of the raceme that bore seeds. Means followed by the same letter(s) for each
parameter within a year are not significantly different at P<0.05 (n = 3).
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Fig. 4. Linear regression between seed weight in different portions of the raceme and in-row plant spacing for different raceme types. *
Significant correlation P<0.05, ** highly significant correlation P<0.01 (n = 24).

in-row spacing along with plant density, effect
differently on the rename portions. Some row spacing
were affect the upper, someone affect the basal and
some were affect the middle portion [5, 16]. A similar
trend was observed for secondary racemes with the
decreased of in-row spacing from 60 cm to 40 cm;
however, the ranking upper>middle>basal was observed
under 30 cm in-row plant spacing in 2016, whereas the
middle portion attained the highest seed weight in 2017
(Fig. 3). The seed weight in different portions of tertiary
racemes showed the trend basal>middle>upper under
60 and 50 cm in-row spacings. However, under 40 cm
in-row spacing the rank order was identical to that of
secondary racemes under 30 cm in-row spacing, and the
trend upper>middle>basal. These results suggested that,
regardless of the raceme type, the effect of the decrease
of in-row spacing on seed weight was mainly exerted
on the basal portion of the raceme.

The correlation between in-row spacing and seed
weight in different portions of the raceme was analyzed
(Fig. 4). The seed weight in the basal portion of primary,
secondary and tertiary racemes declined significantly
with the decrease of in-row spacing, but the extent of the
decrease differed among the raceme types and showed
the trend primary>secondary>tertiary. The seed weight
of the middle portion also reduced with decreasing in-
row spacing, but the extent of the decrease was smaller
than that of the basal portion. The seed weight in the
upper portion of the primary raceme increased with
decreasing in-row spacing, but no significant change
was observed for secondary and tertiary racemes. This
finding indicating that decreasing in-row spacing, basal
and middle part of the raceme facing interspecific
competition to capture resources that’s why growth
of basal and middle portions were effective more as
compared to upper portions [26, 27]. The decreased
in seed weight in the different raceme types showed
the trend tertiary/secondary/primary with reduction of

in-row spacing (Table 4, P<0.05). The smaller decreased
in seed weight of the primary raceme with reduction
of in-row spacing compared with the other raceme
types, mainly reflected the small decreased in seed
weight of the middle portion and the increased in
the upper position of the primary raceme. The seed
weight of the primary raceme decreased more
significantly (P<0.05) than that of secondary and
tertiary racemes. Therefore, the overall seed weight per
plant decreased with the reduction of in-row spacing,
and the greatest impact was on the basal portion of
primary racemes.

In castor, the number of seeds per capsule is defined
during raceme development, and little variation from
the typical three-seeded capsules is observed [13].
The average number of seeds per capsule varies from
2.5t0 2.9, and is not influenced by plant density [3, 7-9].
Therefore, in the present experiment, the decreased
seed weight in the basal portion of the raceme with
decreased of in-row spacing could reflect a decrease in
the number of capsules.

In a typical castor plant, male (staminate) flowers
are located in the basal portion of the raceme, and
female (pistillate) flowers are located in the middle
and upper portions [19]. A castor raceme usually
does not develop all of the female flowers to capsules,
that it potentially could because some female flowers
are lost by abscission [28]. Flower abscission can
be caused by carbohydrate shortage in relation to
the source-sink ratio [5], as observed in Capsicum
annuum [29], Citrus sinensis [30] and Olea europaea
[31], although the different species involved prevent
direct comparisons. Accordingly, a source reduction
(defoliation) applied after initiation of the raceme
reduced the number of seeds production [3]. Therefore,
removing some secondary or tertiary ineffective raceme
may be more effective to the improvement of castor
yield.
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Conclusions

Seed weight and yield per castor plant decreased
significantly with the increase of in-row plant spacing
but overall yield was increased because of higher
number of plants. Below 30 cm plant spacing overall
yield was also reduced. Seed yield with 60 cm in-row
spacing decreased about 35% compared with 30 cm
in-row spacing. The percentage decrease was greater for
secondary and tertiary racemes than primary racemes.
Regardless of raceme type, the effect of reduction in-
row spacing on seed weight was mainly exerted on the
basal portion of the raceme, which showed a significant
decreased, especially in primary racemes. While, seed
weight decreased less markedly in the middle portion,
and increased (in primary racemes) or showed no
change (in secondary and tertiary racemes) in the upper
portion. Furthermore, seed weight in the basal portion
of the raceme was increased, while maintaining seed
weight in the upper and middle portions. This study,
give direction, different plant density significantly
effects seeds yield and weight on different portion
of raceme. Further studies needed to explore raceme
seeds yield under different plant densities along with
different environmental factors for better understanding
of raceme, seed yield.

Acknowledgments

We thank “Western Young Scholars” project
of the Chinese Academy of Sciences (Grant NO.
2019-XBQNXZ-A-0006) for supporting this study.

Conflict of Interest

The authors declare no competing interests.

References

1. DEVORA-ISIORDIA G., VALDEZ-TORRES L.,
GRANILLO-MORENO K. Evaluation of the effect of
the salinity of irrigation water on the yield of castor plant
hybrids (Ricinus communis L.) in Mexico. Int. J. Hydrol.
Sci. Technol. 2 (5), 613, 2018.

2. AZAD A., RASUL M., KHAN M., SHARMA S.C,
MOFIJUR M., BHUIYA M. Prospects, feedstocks and
challenges of biodiesel production from beauty leaf oil and
castor oil: A nonedible oil sources in Australia. Renewable
Sustainable Energy Rev. 61, 302, 2016.

3. PIVETTA L.G, TOMAZ C.D.A., FIOREZE S.L.
LARA-FIOREZE A.C.D.C., PIVETTA L.A., ZANOTTO
M.D. Growth performance of castor bean hybrids
under different plant densities. Revista Ceres. 64, 399,
2017.

4. AKANDE T., ODUNSI A., AKINFALA E. A review of
nutritional and toxicological implications of castor bean
(Ricinus communis L.) meal in animal feeding systems. J.
Anim. Physiol. Anim. Nutr. 100 (2), 20, 2016.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

MALLHI Z.1., RIZWAN M., MANSHA A., ALI Q.
ASIM S., ALI S., HUSSAIN, ALROKAYAN S.H., KHAN
H.A., ALAM P. Citric acid enhances plant g A.rowth,
photosynthesis, and phytoextraction of lead by alleviating
the oxidative stress in castor beans. Plants. 8 (11), 525,
2019.

CORDEIRO C.ED.S., ECHER F.R., PIRES L.H., CRESTE
J.E. Productivity of castor bean plants intercropped at
different plant densities with Urochloa ruziziensis. Revista
Brasileira de Engenharia Agricola ¢ Ambiental. 23, 109,
2019.

ANNAPURNA D., RAJKUMAR M., PRASAD M.
Potential of Castor bean (Ricinus communis L.) for
phytoremediation of metalliferous waste assisted by plant
growth-promoting bacteria: possible cogeneration of
economic products, in Bioremediation and Bioeconomy.
Elsevier. 149, 2016.

GOMEZ J1.J.M., SAADAOUI E., CERVANTES E. Seed
shape of castor bean (Ricinus communis L.) grown in
different regions of Tunisia. J. Agric. Ecol. Res. Int. 8, 1,
2016.

ZHANG T., HU Y., ZHANG K., TIAN C., GUO 1J.
Arbuscular mycorrhizal fungi improve plant growth of
Ricinus communis by altering photosynthetic properties
and increasing pigments under drought and salt stress.
Ind Crops Prod. 117, 13, 2018.

SANDILYA S.P, BHUYAN PM., NAGESHAPPA V.,
GOGOI D.K., KARDONG D. Impact of Pseudomonas
aeruginosa MAJ PIAO3 affecting the growth and
phytonutrient production of castor, a primary host-plant of
Samia ricini. J Soil Sci Plant Nutr. 17 (2), 499, 2017.
KUMAR S., SAKURE A.A., PATEL D.A., PATEL M.P.
Integration of morpho-physico-biochemical traits with
SSR and SRAP markers for characterization of castor
genotypes of Indian origin. Oil Crop Sci. 2022.

MORI K.K., PATEL J., RANI K., MORI VK., KUMAR
M., AJAY B. Deciphering higher order non-allelic
interactions for quantitative characters through twelve
generation mean analysis in castor (Ricinus communis L.).
Genet. Resour. Crop Evol. 1, 2022.

TADAYYON A., NIKNESHAN P., PESSARAKLI M.
Effects of drought stress on concentration of macro-and
micro-nutrients in Castor (Ricinus communis L.) plant. J.
Plant Nutr. 41 (3), 304, 2018.

PATEL D.K., PATEL D., PATEL J., PATEL K., PARMAR
D. Heterosis and inbreeding depression for seed yield and
its contributing characters in castor (Ricinus communis L.).
The pharma Innovation. 8 (5), 333, 2019.

SEVERINO L.S., AULD D.L., VALE L.S., MARQUES
L.F. Plant density does not influence every castor plant
equally. Ind Crops Prod. 107, 588, 2017.

HILIOTI Z., MICHAILOF C., VALASIADIS
D., ILIOPOULOU E., KOIDOU V., LAPPAS A.
Characterization of castor plant-derived biochars and their
effects as soil amendments on seedlings. Biomass and
Bioenergy. 105, 96, 2017.

MAI W., XUE X., AZEEM A. Growth of cotton crop
(Gossypium  hirsutum L.) higher under drip irrigation
because of better phosphorus uptake. Appl Ecol Environ
Res. 4865, 2022.

KUMAR S., SAKURE A.A., PATEL D.A., PATEL M.P.
Integration of morpho-physico-biochemical traits with
SSR and SRAP markers for characterization of castor
genotypes of Indian origin. Oil Crop Sci. 7 (1), 22, 2022.
de LACERDA R.D., ALMEIDA L.C., GUERRA H.O.,
da SILVA J.E. Effects of soil water availability and organic



3254

Mai W, et al.

20.

21.

22.

23.

24.

25.

matter content on fruit yield and seed oil content of castor
beanl. Engenharia Agricola, 2020.

SORATTO R.P., SOUZA-SCHLICK G.D.D., GIACOMO
BM.S.,, ZANOTTO M.D., FERNANDES A.M.
Espagamento e populagao de plantas de mamoneira de
porte baixo para colheita mecanizada. Pesqui Agropecu
Bras. 46 (3), 245, 2011.

SOUZA-SCHLICK G.D.D., SORATTO R.P., ZANOTTO
M.D. Optimizing row spacing and plant population
arrangement for a new short-height castor genotype in fall-
winter. Acta Scientiarum. Agronomy. 36, 475, 2014.
VICKERS N.J. Animal communication: when i’m calling
you, will you answer too? Current bio. 27 (14), R713, 2017.
AZEEM A., SUN 1J, JAVED Q. JABRAN K,
SAIFULLAH M., HUANG Y., DU D. Water deficiency
with nitrogen enrichment makes Wedelia trilobata to
become weak competitor under competition. Int J Environ
Sci Technol. 1, 2021.

AZEEM A., WENXUAN M., CHANGYAN T., JAVED
Q., ABBAS A. Competition and Plant Trait Plasticity of
Invasive (Wedelia trilobata) and Native Species (Wedelia
chinensis, WC) under Nitrogen Enrichment and Flooding
Condition. Water. 13 (23), 3472, 2021.

SUN J., JAVED Q. DU Y, AZEEM A., ABBAS
A., IQBAL B., HE Y., XIANG Y., DU D. Invasive
Alternanthera philoxeroides has performance advantages
over natives under flooding with high amount of nitrogen.
Aquatic Ecol. 1, 2022.

26.

27.

28.

29.

30.

31.

AZEEM A., SUN J, JAVED Q., JABRAN K., DU D.
The effect of submergence and eutrophication on the trait’s
performance of Wedelia trilobata over its congener native
Wedelia chinensis. Water. 12 (4), 934, 2020.

JAVED Q., SUN J., AZEEM A., JABRAN K., DU D.
Competitive ability and plasticity of Wedelia trilobata (L.)
under wetland hydrological variations. Scientific Reports.
10 (1), 1, 2020.

CAVALARIS C., LATTERINI F., STEFANONI W.,
KARAMOUTIS C., PARI L., ALEXOPOULOU E.
Monitoring Chemical-Induced Ripening of Castor
(Ricinus communis L.) by UAS-Based Remote Sensing.
Agriculture. 12 (2), 159, 2022.

HERNANDEZ-PEREZ, T., GOMEZ-GARCIA M.DR.,
VALVERDE M.E., PAREDES-LOPEZ O. Capsicum
annuum (hot pepper), An ancient Latin-American crop
with outstanding bioactive compounds and nutraceutical
potential. A review. Compr Rev Food Sci Food Safy. 19
(6), 2972-2993.

FENG S., SUH JH., GMITTER FG., WANG Y.
Differentiation between flavors of sweet orange
(Citrus sinensis) and mandarin (Citrus reticulata). J
Agric Food Chem. 66 (1), 203, 2018.

ALESCI A., MILLER A., TARDUGNO R., PERGOLIZZI
S. Chemical analysis, biological and therapeutic activities
of Olea europaea L. extracts. Nat Prod Res. 36 (11), 2932,
2022.



