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Abstract: Harvest time is one of the most important determining factors of seed quality, especially for species that
produce seeds over irregular and long-term periods, such as Larix kaempferi. A cone collection plan must be
established to increase seed production efficiency and stable mass production. We investigated seed qualities such as
seed efficiency, germination rate, and 75 (germination speed), with 7 or 8 cone collection times at a clonal seed
orchard of L. kaempferi in Chungju between 2021 and 2022. A multivariate analysis was then performed for the
collected data. In early August, decreases in the moisture contents and browning of cones were observed. These were
followed by a decrease in germination rate, with a peak at the end of September, but no clear trend was observed.
The later the cones were harvested, the better the seed vigor (75)). However, the seed yield and efficiency decreased
owing to increases in seed scattering and the number of insect-damaged seeds. As a result, the optimal time of seed
harvest for the seed orchard was in early August. To produce uniform seedlings, insect damage must be reduced
through timely control and harvest cones in early September. This shows that the degree of browning and moisture
content of cones can be used as indicators of the timing of cone collection in L. kaempferi seed orchards.
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Table 1. Indexes and formulas of cone and seed quality.
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Figure 1. Brown area of cones among harvest times in 2022.

Table 2. Seed production among cone harvest times.

Year Harvest times
Index Mean 2021 07/26  08/09 08/16 08/22 0829 09/08 09/22 10/05 P-value
2022  07/07 0721 07/28 08/04 08/11 08/25 09/18
Aborted 1272 2021 - - 12.13 1496 1693 9.13 9.66 6.16 1455 1645 <.001
ovules rate
(%) 20.91 2022  39.13 1542 1635 1899 18.07 19.66 19.09 - - - <.001
Insect-dama  52.52 2021 - - 25.8 16 49.71 67.63 73.05 57.07 69.79 69.87 <.001
ged Seeds
rate (%)  49.52 2022 42,17 3894 51.02 459 5615 594  53.86 - - - >.05
Empty seeds 25.15 2021 - - 2572 321 31.73 2031 17.82 30.67 1845 19.81 <.001
rate (%) 3543 2002 6582 6505 64.68 7412 7337 7615 7825 - ; - <001
80 a Anova, p-value <.001
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Figure 2. Seed efficiency among harvest times in 2021 (above) and 2022 (below).
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Table 3. Pearson’s correlation coefficients of 10 variables in 2021.
Cone Cone Cone Aborted Insect-dam  Empty Seed Seed T Moisture
length width  dry weight ovule aged seed seed efficiency germination 30 contents
lcone - 0.54%%%  0.87%* 014  -0.03 -0.15 0.19 -0.05 0.26 0.09
ength
Cone - 0.71%%* 0.03 -0.01 -0.13 0.14 02 -0.11 -0.14
width
Cone - 012 -028%  -0.04 0.48%** 0.1 0.23 0.2
dry weight
Aborted ovule - -0.31%* 0.44 %% 0.07 0.23 -0.25% -0.14
Insect-damaged - 0.78%k%  _0.88*** 013 0.36%% 041 %%
seed
Empty - 0.41%¥% 002 0.18 0.14
seed
Seed - 0.11 0.44%xx  ( 50%xx
efficiency
Seed - 04355 0,07
germination
T50 - 0.35%**
Moisture )
contents
Rk p<001; **, p<01; *, p<.05
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Figure 3. Moisture contents among harvest times in 2021 (above) and 2022 (below).
Dotted boxes are outliers due to rain 1 day ago.
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Figure 4. Germination rate and Tso among harvest times in 2021.
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Table 4. Two-way ANOVA for moisture contents, seed efficiency, and Tso.

Moisture contents Seed efficiency Tso
Year
Sum of Mean of F-value P-value DF Sum of - Mean of F-value P-value DF Sum of Mean of F-value P-value
squares  squares squares  squares squares squares

Harvest 2021 4 16401.73 4100.43 53.19 <.001 7 76966.88 1099527 77.23 <.001 7 1841.64 263.09 3733 <.001

time 2022 5 21624.95 432499 54.01 <.001 6 254195 423.66 541 <.001

2021 9 1088.05 120.89 1.57  0.15 9 5603.55 622.62 437 <001 9 68359 7595 10.78 <.001

Clone

2022 3 547.86 182.62 228 0.09 10 7316.24 731.62 9.34 <001
Harvest 2021 36 2766.7 76.85 1 0.5 63 1347037 213.82 1.5 0.013 63 72087 11.44 1.62  0.004
time *

Clone 2022 15 3998.72 266.58 333 <001 60 5988.44  99.81 1.27  0.111

2021 57 439423 77.09 349 49686.92 142.37 317 223427 7.05
Error
2022 47 376339 80.07 198 15508.21 78.32

Table S. Covariance matrix of 10 variables with the 2 principal component scores.

Variable PC1 PC2
Cone Length 0.84 0.34
Cone Width 0.53 0.27
Cone Dry Weight 0.92 0.15
Fertile Scale 0.84 0.3
Aborted Ovule 0.49 0.03
Insect-damaged Seed -0.04 0.92
Empty Seed 0.49 -0.63
Filled Seed 0.66 -0.59
Germination rate 0.26 0.16
Tso 0.26 -0.49
Variance Explained (%) 35.89 21.56
-
: Times 3:,
4 : ® 07/26 -
! ® 08/09 !
08/16 -
08/22
08/29 -j%’_—'—
® 09/08 =
® 09/22 :
@ 10/05 '5-
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- B
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4 r
; .
-6 -4 -2 0 2 4 6 -
PC1 (359 %) -
(A) ®)

Figure 5. (A) PCA of 10 variables related to cone and seed quality, (B) Hierarchical clustering
for 2 principal components. The colors represent the harvest times in 2021.
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