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INTRODUCTION

Pollination plays an important role in determining 
the productivity of oil palm. The pollinating 
insect Elaeidobius kamerunicus is still a mainstay in 
ensuring the continuity of natural pollination in 
oil palm plantations, especially in the Southeast 
Asia (Desmier de Chenon, 2016; Fijen et al., 2018; 
Li et al., 2019; Mohamad et al., 2023; Norman 
et al., 2018), the world’s largest producer of 
palm oil (Oil World, 2020). Although Dislich  

et al. (2016) stated that the oil palm industry’s trust in 
one pollinator species like E. kamerunicus was risky, 
it seems that E. kamerunicus can coexist with local 
insect pollinators and even synergise in increasing 
pollination efficiency, as is the case in Southeast 
Asia with the pollinator Thrips hawaiinensis 
(Anggraeni et al., 2013; Lubis & Sipayung, 1987; 
Rahayu, 2009; Wahid & Kamarudin, 1997). In several 
countries, such as Benin, Brazil and Ecuador, 
studies have documented positive interspecific 
interactions between E. kamerunicus and other 
pollinating species including E. subvittatus and  
E. plagiatus in Benin, and both E. subvittatus and 
Grasidius hybridus in Brazil and Ecuador (Beaudoin-
Ollivier et al., 2017).

However, several decades after it was first 
introduced in the early 1980s, this pollinating 
weevil began to attract criticism, both for its low 
population (Kahono et al., 2012; Li et al., 2019; Lubis 
et al., 2014; Mohd-Rizuan et al., 2013; Prasetyo & 
Susanto, 2012a) and its aggressiveness as a slightly 
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weakened pollinator due to a reduced frequency of 
visits to female flowers (Dumont et al., 2018; Haran 
et al., 2020a; Prasetyo & Susanto, 2012b; Rahardjo 
et al., 2018). The results of a study on the dynamics 
of oil palm fruit set in various regions in Indonesia 
showed that oil palm plantations in the Sumatra 
Region tended to have oil palm bunches with a 
fairly high fruit set. Meanwhile, in the Kalimantan 
Area, including in the Malaysian section of Sarawak 
(Idris et al., 2016), many regions reported problems 
with lower fruit set (Lubis et al., 2014; Prasetyo & 
Susanto, 2012a; Purba et al., 2016). Makhdzir (2016) 
states that the concept of pollinator syndrome 
related to its role in transferring pollen from male 
flowers to female flowers is closely related to the 
rewards that will be received, such as pollen and 
nectar as separate considerations for this type of 
obligate pollinator.

According to Desmier de Chenon (2016), the 
female E. kamerunicus weevil visiting a female 
flower is likely looking for a location beneficial 
for its breeding. It has been suggested that the 
male E. kamerunicus weevil acts more effectively 
as a pollinator than the female weevil because it 
has a larger body size and can carry more pollen 
(Abd Latip et al., 2019; Desmier de Chenon, 1982; 
Malanno et al., 2018; Norman et al., 2018; Permana 
et al., 2017; Susanto et al., 2007; Syed, 1979). The 
weevil E. kamerunicus is thought to come to female 
flowers because female flowers bloom and emit  
attractive odour similar to male flowers’ anthesis 
(Auffray et al., 2017; Barcelos et al., 2015; Dhileepan, 
1994; Mayfield & Margaret, 2005; Sambathkumar 
& Ranjith, 2011; Tandon et al., 2001). Yue et al. 
(2015) stated that female flowers produce nectar 
as a food source for E. kamerunicus weevils but 
did not specifically mention the sex of the weevils. 
However, the specific contributions of male and 
female weevils to pollination efficiency have not yet 
been thoroughly investigated.

Therefore, a study of the sex composition and 
population density of the E. kamerunicus weevil 
was conducted to obtain information on the role of 
female flowers in insect breeding and as a basis for 
oil palm plant breeders to create plant materials that 
are in accordance with the behavioural characteristics 
of the E. kamerunicus weevil. This article discusses 
the role of male and female E. kamerunicus weevils, 
as well as their relative proportions, in determining  
the fruit set of oil palm under field conditions.

MATERIALS AND METHODS

Samples and Location of Study 

The study was conducted on five-year-old 
commercial oil palm (dura x pisifera) Simalungun 
in East Kotawaringin, Central Kalimantan. The 

selected test block has homogeneous planting 
conditions with standard planting practice. The 
randomly selected samples were plants with 
prospective female inflorescences, which would 
bloom at least seven days later and had a total 
of around 1,100 flowers/bunch. Each selected 
bunch was then covered using a pollination bag 
(Agrivex®) as in the procedure for pollination 
in the breeding program (Bonneau et al., 2017; 
Durran-Gasselin et al., 1999; Lubis, 1993).

Artificial Pollination Process

The pollination process was carried out 
artificially using a number of weevils (60 and 120 
weevils/bunch) with different sex compositions. 
Weevils were collected immediately after emerging 
from post anthesis of male inflorescences, before 
they began carrying pollen, as part of the breeding 
process. Weevils were collected in gauze bags with 
treatment numbers. The collection was conducted in 
the morning, before 6:00 am, when the weevils were 
inactive, to facilitate easier counting. The weevils 
were then sprayed with pure oil palm pollen with a 
moisture content (MC) of 4%-6%, using the protocol 
established by Widiastuti and Palupi (2008). 
Finally, the weevils were immediately put into the 
pollination bag when the female flowers bloomed 
on the first day and left for at least 15 days. After 
that, the pollination was opened, and the bunches 
were labelled. 

Experimental Design

The experiment was conducted using a 
completely randomised design (CRD) with 
treatments comprising two weevil population 
levels: 60 and 120 weevils/inflorescence. Each 
population level was tested with four different sex 
ratio compositions: 1:0 (all-male), 0:1 (all-female), 
1:2 and 1:4 (male-to-female). Each treatment was 
replicated 20 times. Control treatments included: 
(1) Female inflorescences enclosed and left 
unopened until anthesis had fully passed, (2) female 
inflorescences enclosed and subsequently opened at 
the onset of anthesis and (3) female inflorescences 
left uncovered and untrimmed, representing 
natural open pollination conditions. During 
both artificial pollination treatments and open  
pollination controls, weather conditions were dry, 
with daytime temperatures ranging from 21°C-34°C 
and relative humidity between 50% and 80%. 

Fruit Bunch Analysis

The artificial pollination treatments were 
carried out during August-September 2022. After 
5-6 months of the treatment of pollination, bunch 
analysis was carried out using the 9-Quadrant 

ARTIC
LE IN

 PRESS

ARTIC
LE IN

 PRESS



3

THE IMPACT OF Elaeidobius kamerunicus FAUST POPULATION DENSITY AND SEX RATIO ON OIL PALM FRUIT SET IN INDONESIA

Method (Purba et al., 2016). After the bunches were 
weighed, each spikelet was cut from the bunch 
from the base to the tip and placed sequentially. 
The first one-third is the spikelet group from the 
base of the bunch, the one-third in the middle is 
the spikelet group from the centre of the bunch and 
the remaining one-third is the spikelet group from 
the tip of the bunch (Figure 1). Each spikelet was 
then divided into three parts based on its position:  
Outer, middle and inner fruit. The fruit set was 
calculated from the percentage of fruit that 
develops due to pollination (indicated by the 
presence of kernels and nuts) compared to the 
total fruit potential. Thus, the value of the fruit set 
was obtained from nine quadrants, including the 
spikelet/fruit parts of outer tip, middle tip, inner 
tip, outer centre, middle centre, inner centre, outer 
base, middle base and inner base. In addition, the 
weight of developed fruits was compared to the 
bunch weight to obtain the fruit-to-bunch value. 

Data Analysis

The data were analysed using Multivariate 
Analysis of Variance (MANOVA) in R Studio to 
assess the significance of differences in treatment 
effects. Post-hoc comparisons were conducted 
using Tukey’s HSD test to identify specific 
differences between groups. To evaluate the effect 
of E. kamerunicus population and sex ratio on 
fruit, a multiple linear regression analysis was 
performed. The model was analysed using the 
Ordinary Least Squares (OLS) method with the 
statsmodels package in Python. Significance of 
individual predictors was tested at a 95% confidence 
level (α = 0.05), and the overall model fit was 
assessed using the F-test to determine whether 
the predictors jointly explain significant variance  
in fruit set. 

RESULTS AND DISCUSSION

Generally, the oil palm fruit set from the treatment 
of 60 female weevils/female inflorescence on the 
outside was higher than the fruit set on the inside 
(Table 1). Likewise, the fruit set of the spikelet 
at the tip was higher than at the middle and the 
base. The highest fruit set value was achieved 
in the weevil treatment with a sex ratio of 1:4 at 
the outermost fruit position of the spikelet tip of  
71.30% followed by the weevil treatment with a sex 
ratio of 0:1, 1:0 and 1:2 which produced fruit set 
values of 69.57%, 68.40% and 62.85% in the same 
position, respectively, although not significantly 
different by Tukey’s test. Statistically significant 
differences among treatments were observed at 
the base section of the spikelet across all fruit 
positions (outer, middle and inner). The lowest 
fruit set at the base was recorded in the 1:0 (all 
male weevils) treatment, at 33.19%, which was 
significantly lower compared to the 1:2, 1:4 and 
0:1 treatment, which had fruit set 42.88%, 48.91% 
and 54.84%, respectively. Within this section, 
the 1:2 treatment was statistically different from 
the 1:4 and 0:1 treatment, whereas no significant 
difference was observed between the latter two. 
This pattern was also seen in the middle fruit 
position of the spikelet base. In contrast, at the 
outer fruit position of the spikelet base, the 1:2 
treatment yielded a fruit set value of 59.78%, which 
was not significantly different from the 1:4 and 
0:1 treatments. However, it remained significantly 
higher than the 1:0 treatment. This finding suggests  
that female weevils play a substantial role 
particularly in pollinating the innermost fruit 
positions, suggesting that female weevils possess 
enhanced mobility and efficiency in accessing 
deeper floral structures. Therefore, optimising 
the sex ratio of pollinator populations may serve 

Figure 1. (a) The sample bunch divided into three spikelet groups (top, middle and base); (b) the fruits position on every  
spikelet divided into three groups (outer, middle, inner) and (c) the developed and parthenocarpy fruits in every spikelet.

The sample bunch

Spikelet group from 
the top of the bunch

Spikelet group from  
the middle of the bunch

Spikelet group from 
the base of the bunch
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Outer fruits
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The fruits
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as a strategic approach to improving pollination 
efficiency and enhancing fruit set in oil palm 
plantations.

A similar pattern was observed in treatments 
of 120 weevils/inflorescence, the highest fruit set 
value was consistently recorded at the spikelet 
tip, followed by the middle and base sections. 
Furthermore, the outer fruit position demonstrated 
the highest fruit set, followed by the middle and 
inner positions (Table 2). Notably, the fruit set value 
exceeded the typical range, reaching 79.91% in the 
0:1 (all-female) weevil sex ratio treatment. Although 
this value was not statistically different from those 
recorded in the 1:4, 1:2 and 1:0 treatments, which 
achieved fruit set values of 76.48%, 74.99% and 
71.95%, respectively, at the spikelet tip and outer 
fruit position, it remained significantly higher 
compared to the open-pollinated control treatments. 
The control treatments, involving inflorescences 
with and without prior sheath removal, yielded 
fruit set values of 66.18% and 65.40%, respectively. 
Significant differences among weevil sex ratio 
treatments, particularly in the 1:0 (all-male 
weevils) group, were evident at the spikelet base 
across all fruit positions (outer, middle and inner).  
Despite these differences, the fruit set values in the 
1:0 treatment remained higher than those in the 
open-pollinated control treatments. Moreover, no 
statistically significant differences were observed 
among the 1:2, 1:4 and 0:1 treatments, indicating 
that variations in sex ratio within these ranges did 
not substantially affect fruit set outcomes. These 
findings highlight the critical influence of weevil 
population density on pollination success. The 
consistently higher fruit set values in treatments with  
120 weevils/inflorescence, regardless of sex ratio, 
suggest that an increased number of pollinators 
enhances pollen distribution and fertilisation 
efficiency. This observation underscores the 
importance of optimising both weevil population size 
and sex ratio to maximise pollination effectiveness 
and improve fruit set in oil palm cultivation.

A multiple linear regression analysis was 
conducted to determine the effect of weevil 
population and sex ratio on fruit set in oil palm. The 
regression model was statistically significant [F(2, 
1077) = 105.7, p<0.001], indicating that the predictors 
collectively explain a significant proportion of 
variance in fruit set. The model yielded an R² value 
of 0.164, meaning that approximately 16.4% of 
the variability in fruit set can be explained by the 
combined effect of the number of weevils and sex 
ratio. Regression coefficients and their significance 
levels are presented in Table 3. The regression 
results indicate that the number of weevils has a 
positive and statistically significant effect on fruit 
set, with each additional weevil associated with 
an increase of 0.195% in fruit set. Conversely, sex 
ratio shows a negative and significant relationship 

with fruit set, suggesting that a higher proportion 
of male weevils corresponds to a lower fruit set  
percentage.

The higher value of oil palm fruit set on the 
outside is due to the ease with which the weevil 
visits flowers, beginning at the outer or tip and 
working its way inward. Elaeidobius kamerunicus 
weevils are known to visit female flowers to the 
fennel scent that is released (Anggraeni et al., 
2013; Fahmi et al., 2016; Filho et al., 2019; Hussein 
et al., 1989; Rahayu, 2009; Syed, 1979). Although, 
in one bunch, female flowers bloom on the first 
day from the base position or at random (Adam 
et al., 2005), and some researchers suspect that the 
arrival of weevils carrying pollen is a coincidence  
(Auffray et al., 2017; Li et al., 2019; Mayfield & 
Margaret, 2005; Norman et al., 2018; Sambathkumar 
& Ranjith, 2011; Syed, 1979). As a result, the 
distribution of pollen attached to the weevil’s body 
to be dropped onto the flower pistil is greater on 
the tip and outer sides than on the innermost side. 
The spikelet at the base has a narrower angle than 
the spikelet in the centre and tip. Meanwhile, the 
position of the flower on the inside may also be 
pinched, making it difficult for the weevil to move 
in that position.

Table 1 and 2 consistently show that treatment 
with female E. kamerunicus weevils produced 
better fruit set values compared to treatment 
with only male weevils. This result indicates 
that female weevils that have smaller body sizes 
than male weevils (Abd Latip et al., 2019; Haran 
et al., 2020b; Lumentut & Hosang, 2016; Syed, 
1979) actually have a bigger role as pollinator 
insects for oil palm. Female weevils also carry 
less pollen than male weevils but still much more  
than the indigenous T. hawaiinensis. The study 
conducted by Permana et al. (2017) showed that 
the number of pollen grains in the bodies of male 
and female weevils visiting the female oil palm 
flowers was 3,357 grains/weevil and 277 grains/
weevil, respectively. Meanwhile, according to 
Syed (1979), 235 and 56 grains were stored in 
the elytra, thorax and abdomen of male and 
female weevils. Rahayu’s study (2009) showed that 
fruit set values were higher in flowers visited by  
E. kamerunicus and T. hawaiinensis than those visited 
by E. kamerunicus weevils only. The relatively small 
size could be a factor causing the T. hawaiinensis 
insect to be able to enter the deepest corners of 
the fruit. According to Anggraeni et al. (2013), the 
arrival of T. hawaiinensis tended to occur when the 
sun was not shining (very early in the morning or 
late in the evening); hence, its job as a pollinating 
insect became less important because it could only 
carry a few pollen grains. Therefore, it is necessary 
to consider an insect species that is small but capable 
of acting as a good oil palm pollinator. Desmier de 
Chenon (2016) mentions that this opportunity exists  
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for E. subvittatus, which is more than half the size of 
E. kamerunicus and acts as a pollinator for oil palm. 
Previous studies even concluded that there was a 
dominance of E. subvittatus as a pollinator insect 
in areas with low rainfall (Desmier de Chenon, 
1982), thereby offering a great opportunity as a 
good pollinator complex for oil palm plantations in 
Indonesia. 

Compared to the control treatment, the 
treatment of weevils with 60 and 120 weevils/
inflorescence produced higher fruit set values  
(Table 1, 2 and 4). This indicates that the population 
of weevils that naturally visit female flowers 
bloom is insufficient for pollination in the field, 
or the amount and availability of pollen carried 
are still lacking, although field observations 

TABLE 1. FRUIT SET VALUE IN EACH QUADRANT OF BUNCHES AS AFFECTED BY TREATMENTS OF 60 E. kamerunicus 
WEEVILS/FEMALE INFLORESCENCE

Quadrant
Average fruit set value (%)

Weevil sex ratio (male: female) Control treatments

Part of spikelet Fruit position 1:0 0:1 1:2 1:4 A B C

Tip Outer 68.40a 69.57a 62.85a 71.30a 0.16b 66.18a 65.40a

Middle 59.29a 66.05a 61.96a 61.92a 0.05b 59.51a 59.79a

Inner 48.59a 54.65a 51.10a 53.90a 0.06b 52.83a 54.26a

Middle Outer 64.38a 69.33a 62.14a 68.92a 0.22b 69.45a 59.10a

Middle 56.59a 67.64a 54.23a 59.24a 0.14b 58.84a 57.71a

Inner 45.56a 54.38a 50.42a 49.26a 0.12b 52.58a 46.63a

Base Outer 54.98b 64.18a 59.78a 62.04a 0.14d 56.02b 45.02c

Middle 44.46c 59.82a 50.93b 54.30a 0.06d 49.26b 39.75c

Inner 33.19c 54.84a 42.88b 48.91a 0.00d 42.90b 29.31c

Note:	 Means followed by the same letters in each row show no significant difference based on Tukey’s test at a significance level of 
95%. A - Covered before and opened two weeks after anthesis; B - Covered before and opened when the flowers started to bloom;  
C - Without being covered nor the sheath being cleaned. 

TABLE 2. FRUIT SET VALUE IN EACH QUADRANT OF BUNCHES AS AFFECTED BY TREATMENTS OF 120 E. kamerunicus 
WEEVILS/FEMALE INFLORESCENCE

Quadrant
Average fruit set value (%)

Weevil sex ratio (male: female) Control treatments

Part of spikelet Fruit position 1:0 0:1 1:2 1:4 A B C

Tip Outer 71.95a 79.91a 74.99a 76.48a 0.16c 66.18b 65.40b

Middle 71.49a 71.84a 70.05a 72.54a 0.05c 59.51b 59.79b

Inner 60.60a 66.68a 66.07a 64.29a 0.06c 52.83b 54.26a

Middle Outer 70.09a 77.55a 73.72a 73.90a 0.22c 69.45a 59.10b

Middle 66.94a 72.29a 64.03a 69.76a 0.14c 58.84b 57.71b

Inner 58.14a 62.73a 61.84a 61.57a 0.12c 52.58a 46.63b

Base Outer 68.91b 72.94a 72.09a 72.85a 0.14d 56.02b 45.02c

Middle 59.97b 69.07a 63.72a 61.11a 0.06d 49.26b 39.75c

Inner 50.53b 60.48a 59.28a 55.34a 0.00d 42.90b 29.31c

Note:	 Means followed by the same letters in each row show no significant difference based on Tukey’s test at a significance level of 
95%. A - Covered before and opened two weeks after anthesis; B - Covered before and opened when the flowers started to bloom;  
C - Without being covered nor the sheath being cleaned. 

TABLE 3. REGRESSION COEFFICIENTS FOR PREDICTORS OF FRUIT SET

Predictor Coefficient (β) Std. error t-value p-value

Intercept 50.560 1.534 32.96 <0.001

Number of weevil 0.195 0.015 12.92 <0.001

Sex ratio (M/F) -14.805 2.216 -6.68 <0.001ARTIC
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during the treatments indicated an E. kamerunicus 
population density of 35,442 weevils/ha and the 
availability of male inflorescences at anthesis was  
5 inflorescences/ha. In the weevil treatment, before 
infesting the female flowers bloom, the weevils 
were first sprayed with pure oil palm pollen with 
a viability of above 80% in dry conditions with a 
MC of 4%-6% so that the pollen could easily fall 
on the flower stigmas. This causes the pollen 
falling on the pistils of female flowers to be in 
good conditions for pollination. This also occurs 
in the hatch and carry method, which produces 
better pollination (Prasetyo et al., 2019). While 
in natural conditions, weevils from the field that 
land on female flowers bloom come from male 
flowers bloom so that the pollen conditions are still 
wet or sticky. They may also carry pollen that has 
just germinated, making it difficult to fall on the 
stigma. On top of that, the weevils might not carry 
pollen or have just hatched from male flowers after 
blooming and immediately visited female flowers 
in bloom so that flower pollination did not occur. 
Recent findings also confirmed that the female 
weevil population is generally much higher than 
males at both male and female inflorescences, 
and that visitation intensity varies according to 
anthesis day, which further influences pollination  
efficiency (Zulkefli et al., 2024).

In greater detail, the fruit set values from 
the three control treatments (Table 1, 2 and 4) are 
different. In the negative control treatment (female 
inflorescences were covered before blooming and 
opened two weeks after the flowers bloomed), 
almost no flowers developed into fruit and the fruit 
set only 0.11%. In contrast, the control treatment 
involving sheath removal before flowering recorded 
a higher fruit set value of 56.40%, compared to 
50.88% in the control treatment without sheath 

removal. However, the difference between these 
two control treatments was not statistically 
significant. Normally, female flowers will start to 
bloom when the sheath is broken by 25.00%-50.00%  
(Tandon et al., 2001). This condition causes some of 
the flowers from the outermost part not to be seen 
visually. Nonetheless, the weevils still have the 
potential to visit these flowers because of the smell 
of volatile compounds produced by these flowers 
(Anggraeni et al., 2013; Rahayu, 2009; Susanto  
et al., 2007; Syed, 1979). This also demonstrates that, 
in addition to the fruit’s relatively narrow angle, its 
location covered with a sheath also creates problems 
for the range of the weevil’s movement to visit all 
the flowers in the inflorescence.

Table 1, 2, 3 and 4 also show that the more  
weevils infest the female oil palm flowers bloom, 
the higher the fruit set value is formed. Various 
observations regarding the higher population of 
weevils will increase the fruit set of oil palm have also 
been made before (Dhileepan, 1994; Lubis et al., 2017; 
Prasetyo et al., 2019; Rahardjo et al., 2018; Syed & 
Saleh, 1987). A higher population of weevils carrying 
a lot of pollen leads to better mobility of insects, 
thereby optimising pollen distribution. A population 
of 120 weevils/inflorescence could produce fruit 
set above normal (>75%) at the tip of the flower 
spikelet and the outer flower and tended not to be 
reached from other positions. Table 3 shows that, on 
average, the highest fruit set value (only 70.39%) was  
achieved in the 0:1 treatment (only female weevils). 

On the other hand, the value of a fruit bunch 
was higher with the increasing fruit set value.  
Table 3 shows that the tendency for a high fruit set 
will result in a higher fruit-to-bunch value, although 
some data show that different fruit sets produce 
fruit-to-bunch values that are not significantly 
different. Corley and Tinker (2016) stated that in the 

TABLE 4. FRUIT SET, FRUIT TO BUNCH AND POTENTIAL OF OIL CONTENT OF BUNCHES AS AFFECTED BY TREATMENTS 

Treatments Number of weevils/
inflorescence Sex ratio Average fruit set 

value (%)
Average value of 
fruit to bunch (%) Oil potential (%)*

Weevil 60 1:0
0:1
1:2
1:4

52.83c

62.27b

55.14bc

58.87b

56.30b

64.25a

56.68b

62.71a

22.58c

24.07b

22.60c

23.43b

120 1:0
0:1
1:2
1:4

64.29b

70.39a

67.31a

67.54a

63.83a

69.37a

65.49a

65.15a

24.01b

25.42a

24.84a

24.89a

Control Inflorescences were covered and opened two 
weeks after anthesis

0.11d 0.75c 10.51d

Inflorescences were covered and opened when 
the flowers started to bloom

56.40bc 63.82a 23.45b

Inflorescences were uncovered and the sheath 
were not cleaned

50.88c 59.84ab 22.60c

Note:	 Means followed by the same letters in the same column show no significant difference based on Tukey’s test at a significance level 
of 95%. * - Calculated using the Rendemenmeter formula (Susanto et al., 2014).
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case of a lower fruit set, the size of loose fruit could 
be heavier if the nutrients given were the same in 
one planting area. A high value of fruit-to-bunch 
will result in a greater oil yield.

CONCLUSION

The number and sex of E. kamerunicus weevil 
that comes to the anthesis female inflorescence 
blooms determine the value of the fruit set formed. 
Pollination using 120 weevils/inflorescence resulted 
in a higher pollination rate compared to a lower 
density treatment of 60 weevils/inflorescence. 
Greater use of female weevils gives higher fruit set 
values, because female weevils with a size of about 
2-3 mm can reach flowers to the base of the bunch 
and the deepest spikelet. 
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