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ABSTRACT

Cupressus lusitanica is a key plantation species with many uses leading to demand for
seed. This species produces seeds within cones, which are collected for seed extraction.
There are variations in seed collection and handling which compromise quality. Few
studies focus on cone morphometry and seed characterization, thereby causing a gap in
quality improvement through packaging and subsequent germination. Fifty cones were
collected from each of the thirty identified trees within a clonal seed orchard. Cone
characterization, seed extraction and germination were performed in the laboratory.
This was a factorial experiment with three factors: cone diameter, seed diameter and
seed density and their influences on germination. The present study separated the
cones by diameter (20mm sieve) and weight. Seed were sieved (2mm sieve) weighed,
floated and germinated. The results showed that seed size and density heavily impacted
on germination and thereby showing that sorting through sieving and floatation would
provide a low cost technique for seed quality improvement. The technique in the
present study improved germination from 25% to 50%, and also reduced the number of
seeds per kilogram from 290,000 to 105,000.

Contribution/Originality: The paper's primary contribution is finding that C. lusitanica seed size and density
heavily impacted on germination and thereby showing that sorting through sieving and floatation would provide a

low-cost technique for seed quality improvement.

1. INTRODUCTION
Cupressus lusitanica [1, 27 also called Mexican cypress, was globally introduced in many tropical plantation
areas to increase diversity of plantation species suitable for timber due to the susceptibility of other species to

biological attacks [8, 47. In Kenya, C. lusitanica is the most widely planted commercial species comprising about
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55% of forest plantation area [5, 67]. This species has wide uses mainly for timber, plywood, fuel wood, poles
production, live hedges and carbon sequestration [7-97. These myriad uses has caused a surge in demand for
propagation by seed [107]. The propagation of C. lusitanica for seed production has been on going with a major focus
on grafted clonal seed orchard [11, 127. Being a conifer, C. lusitanica produces its seeds within cones [27. It has
been observed that there exists a variation in seed collection practices which compromises germination and
subsequent quality [18-157]. The challenges that have been observed in seed collection of C. lusitanica infer
relationship between cone and seed characteristics. The relationship between cones and seed characteristics and
seed germination behavior, has been observed in other conifers to be correlated with either environmental or
genetic variables [16, 177]. There are few studies that have focused in cone morphometry for characterization in
conifers but none on C. lusitanica [18, 197. Variations in seeds weight affect the number of seeds in a unit of
packaging in most developing countries [20, 217]. These variations have been attributed to differences in
physiological characteristics, whereby, heavy seeds were observed to contain greater reserves of protein,
carbohydrate, lipid and energy than smaller seeds [2, 22, 237. Variation in seed weight within a species affects seed
germination, germination rate and seedling survival which are all limited by local environmental conditions [23-
257. In order to improve the seed quality during handling to enhance germination performance, a host of methods
have been tested for efficacy such as sieving, hand sorting, winnowing and floatation [26-297. These methods have
lacked an evaluation for ease of practice in developing countries whereby the technology should be easy on labour
and cost. More so, there is limited studies available on sorting of C. lusitanica seeds [28-307].

The objectives of the present study includes: i) characterization of C. lusitanica cones by diameter and its effects
on germination, ii) characterization of seeds by size from the different cone sizes and their effect on germination,
and iii) the effect of floatation of seeds on water and its effect on germination. This will offer an opportunity to
improve seed collection and handling for improved germination of C. lusitanica seeds. Both cones and seeds were

weighed for improved extraction and packaging respectively based on germination performance.

2. MATERIALS AND METHODS
2.1. Study Site

The study materials were collected from a Cupressus lusitanica clonal seed orchard in Londiani within the Rift
Valley region of Kenya. The area is located at latitude 0° 10" South and longitude 35° 36" E and also at an elevation
of 2,320 to 2,500 m above sea level. The area experiences annual precipitation of 1,000 to 1,500 mm. It has mean
minimum temperature of 14°C and a maximum temperature of 17°C with an average temperature of 15.7°C. This
area has a cool and moist climate, which is conducive to C. lusitanica seed production [67. This study was conducted
in June 2020, which is the peak cone production season for C. lusitanica in the region [317. Thirty trees that were
heavily seeding were randomly selected from a 14-year-old Cupressus lusitanica seed orchard. From each tree, fifty
mature cones were collected totaling to 1,500 cones. Mature cones were those that were brown in color and closed
at the time of collection [327]. The cones were packed in gunny bags and then brought to the KEFRI Rift Valley

Eco-Region Research Programme (RVERP) laboratory in Londiani, for seed extraction, sieving and weighing.

2.2. Experimental Design

Once in the laboratory, the cones were sorted by sieving using a 20mm sieve. Cones that were more than 20mm
were categorized as large cones (CB) and those that were less than 20mm were categorized as small (CS).
Assessment for maturity and defects (already opened, immature and pest damage) was conducted and 240 mature
and defect free cones selected for each of the two categories (CB and CS). Each cone in each of the categories (CB
and CS) was measured for diameter with an electronic caliper and weighed with as a KERN & Sohn (KB 10000-1N)
balance. They were then placed in glass petri dishes and subjected to artificial heating for seed extraction at 65°C

for 48 hours in an oven (YAMATO DS411) [83] (Figure 1). Seeds from each of the two categories (CB) and (CS)
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were then sieved in a standard 2mm sieve. Seeds that were more than 2mm were categorized as big seed from both
the large and small cones (CBBS and CSBS) while those that were less than 2mm were categorized as small seeds
from the large and small cones (CBSS and CSSS). Thirty seeds were randomly selected from each of the four
categories (CBBS, CBSS, CSBS and CSSS) and individually weighed using an analytical balance (UMS-UK
BA2204C) (Figure 1). Seeds from each of the four categories were subsequently subjected to floating test [28, 34
for 5 minutes where they were further separated into floaters (CBBSFF, CBSSFI, CSBSFF and CSSSFF) and
sinkers (CBBSFS, CBSSFS, CSBSFS and CSSSFS) resulting to eight categories. During germination, four replicates
of 50 seeds each from each of the eight categories were placed in petri dishes lined with wet cotton wool (distilled
water) and placed in the cultivation chamber (TOMY CFH-415) at 27°C and 70%RH. The number of germinated

seeds were recorded daily for up to 30 days. Radicle emergence was taken as the criterion for germinability (857 .

CONES
COLLECTION
LARGE SMALL
CONES (CB) CONES (CS)
/ \ Extraction / \
BIG SEEDS SMALL SEEDS BIG SEEDS SMALL SEEDS
(CBBS) (CBSS) (CSBS) (CS58)
i
Floatation
SINKERS FLOATERS SINKERS FLOATERS SINKERS FLOATERS SINKERS FLOATERS
(CBBSFS) (CBBSFF) (CBSSFS) (CBSSFF) (CSBSFS) (CSBSFE) (CSSSFS) (CSSSFF)

Figure-1. The experimental design diagram with the steps from cones collection up to seed extraction and floatation.

3. RESULTS
8.1. Cone Characteristics
After the sieving and measuring cones, the study observed cones >20mm had a mean diameter of 23.7 £

0.33mm and a mean weight of 8.6 = 0.31g which was significantly different (p<0.05) than cones < 20mm (Figure 2
a, b and Table 1.
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Figure-2(a). Mean cone diameters for large cones >20mm (CB-red) and small cones <20mm (CS-blue), 2 (b) Mean cone weights for large cones
>20mm (CB-red), and small cones <20mm (CS-blue). Error bars show standard error, n=480 cones.
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3.2. Seed Characteristics

Following seed extraction, sieving and weighing based on the cones from which the seeds were extracted, seeds
>2mm were the heaviest (CBSB 10.9+0.49mg, p<0.05) Figure 3a and Table 1. All seeds from the big cones (CB)
were observed to be heaviest with mean weight of 9.0£0.85mg (p<0.05) Figure 38b and Table 1. All big seeds (SB)
were observed to be heaviest with a mean weight of 8.2+0.88mg (p<0.05) Figure 3c and Table 1.

0.01254
c d (a)
0.01004 Seed size
| K]
C -
= 0.00754
2
[}
<
- 0.0050
&
0.00254
0.0000
CB cs
Cone size
0.0100 a N (b) 0.0100 s b (c)
__ooo7s __ 00075
] =2
200050 £ 00050
3 k
& &
0.0025 0.0025
0.0000 0.0000
c8 ] cs S8 ss
Cone size Seed size

Figure-3(a). Seed weight by cone size from which seeds were derived (CBSB, CBSS, CSSB, and CSSS), (b) mean weight of seed by cone (CB and
CS), and (c) mean weight of a seed by size (SB and SS), small letters (a, b, ¢, d; a and b) above denote significance (p<0.05).

Table-1. Mean diameters and mean cone weights for large cones (CB) and small cones (CS). Mean seed size in
relation to cone (CBSB, CBSS, CSSB, and CSSS). Mean seed weight by cone (CB and CS) and mean seed weight by
seed size (SB and SS) + Standard error (SE).

Cone size Diameter (mm) Weight (g)
CB 23.71£0.33 8.610.31
CS 16.810.27 2.9+0.14
Cone size Seed size Weight (mg)
CB SB 10.910.49
CS SB 5.510.24
CB SS 7.1£0.31
Cs SS 8.910.26
CB SB and SS 9.0£0.85
CS SB and SS 4.710.19
CB and CS SB 8.2+0.38
CB and CS SS 5.510.26
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3.8. Germination Results

On germination and assessment of performance, it was observed that there was no significant difference in
percent cumulative germination by cone size as a factor (p>0.05). Percent cumulative germination by seed size
showed that big seed had highest cumulative percent germination (SB 30%4.5%) than small seed (SS 17+3.1%).
Analysis of germination by floatation showed that sinkers had highest mean percent germination FS 29+4.7% than
floaters FF 17+2.8% (p<0.05). Analysis of the germination performance through factor combination showed that
big seed sinkers (SBFS) had highest significant percent cumulative germination of 43£8.0% (p<0.05) with factor
combination compared to SBFF, SSFF and SSFS Figure 4.
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Figure-4. Percent cumulative germination of C. lusitanica seeds by seed size (SB >2mm and SS <2mm) and floatation (floaters FF and sinkers
FS) in 30 days.

4. DISCUSSION

The present study observed significant differences in cone diameter and cone weight but this did not affect
germination performance. Similarly, the study showed significant differences in seed weight between seeds above
2mm (SB) and those below 2mm (SS). These differences were also replicated in germination performance with SB
outperforming SS. This shows that sorting of seeds through sieving offers a low-cost technique to improve seed
quality of C.lusitanica. A similar outcome on the importance of sieving for other species has been documented by
earlier studies [25, 267, with the present study relating it to germination performance.

Floatation technique, otherwise known as sedimentation, has been used to improve seed lot quality, whereby, in
this technique, non-viable seeds i.e. empty, shriveled and pest damaged seeds, in seed lots are easily sorted out.
Thus, when sown the germination performance is improved [28, 297. The present study showed significant
differences between seed that sunk and those that floated. This finding shows that floatation is a minimum-cost
technique with minimum skills required for improving seed quality for higher seedling yield, which offers higher
opportunity to improve quality.

Cupressus lusitanica is primarily propagated by seed but also cuttings can be used. In the present study on
observing the high germination performance of big seeds sinkers, basing on their seed weights, a one kg package
would have seeds ranging between 95,000 and 105,000. These findings improves what [31, 367 had earlier reported
(160,000 to 290,000 C. lusitanica seeds per kilogram), of which only their study observed 25 % germination while
the present study observed a higher germination of 51% . Germination of C. lusitanica has been reported to take

place between 25 -30 days for which the present study also observed a similar pattern [87].
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5. CONCLUSION AND RECOMMENDATION

The study observed that cone differences in diameter and weight does not determine germination performance.

Germination performance was mainly influenced by a combination of sorting of seeds through sieving and floating

to classify them into big and small seeds. Big seeds showed significantly higher germination compared with small

seeds. The big seed size is therefore recommended for use in tree nurseries for better germination performance.

This also offers a low cost technique for improving seed quality for C. lusitanica seed during seed collection and

handling.
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