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Meteorological factors affecting the nesting activity of
the alfalfa leafcutting bee Megachile rotundata and an evaluation of
its pollination efficacy on alfalfa seed yield
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Abstract [Aim] The alfalfa leafcutting bee (Megachile rotundata) is one of the most widely used managed pollinators
worldwide. This study aimed to clarify the nesting habits of female bees and identify the key meteorological factors affecting
their nesting activity, and evaluate the efficacy of M. rotundata in increasing alfalfa seed yield under the current cell release
density. [Methods] Two bee-trapping methods (nesting boards and paper straws) were used to monitor the dynamic changes

in the number of sealed holes constructed by female bees during the pollination period. The impact on seed yield was assessed
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within the range of 0-140 m in four directions outside the bee domicile (northeast 40°, southeast 130°, southwest 220°, and
northwest 310°) using the quadrat yield measurement method and the classification method of seed yield per unit area.
[Results] Our results indicated that the nesting activity was slow in the first 2 weeks after bee release in early June, peaked
in mid-June and remained at a high level for approximately two weeks, then gradually declined after late June. Female bees
showed a clear preference for nesting boards oriented toward the east or southeast. Within the azimuth range of 90° east to
260° west, the number of sealed holes exhibited a highly significant negative correlation with azimuth angle (P < 0.001).
Correlation analysis between the number of sealed holes and seven common meteorological variables indicated that mean
temperature, maximum temperature and daylength were significantly positively correlated with the number of sealed holes
(P < 0.05), identifying them as key meteorological factors affecting the nesting activity of female bees. Additionally, under the
current release density of 30 000-40 000 cells per bee domicile, the adult emergence rate was 61%, the effective pollination
range was within 40 m of the bee domicile (covering approximately 0.50 hm?), resulting in a 1.94-3.58-fold increase in alfalfa
seed yield compared with natural pollination. The corresponding effective bee density was 36 000-48 000 bees per hectare,
with dispersal mainly toward the southwest. [Conclusion] Our findings suggested that the east-southeast direction is optimal
for hanging nesting boards to attract female M. rotundata. Environmental conditions including a mean temperature of 24 °C, a

maximum temperature of 32 °C and a daylength longer than 14.86 h can serve as reference indices for selecting

brood-production sites. Moreover, pollination efficiency under the current cell release density remains insufficient, and

increasing bee input is required to meet the demands of alfalfa seed production.
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Fig. 2 Dynamic curves of the number of sealed holes of female Megachile rotundata and
the preference for nesting board orientations
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A. Number of sealed holes observed using the nesting board method; B. Number of sealed holes observed using the paper
straw method; C. Number of sealed holes on nesting boards with different orientations; D. Correlation between azimuth and
the number of sealed holes. Different lowercase letters indicate significant differences between orientations (P < 0.05,
Tukey’s HSD test). Asterisks indicate highly significant correlation between the number of sealed holes and the board
azimuth angle (* P <0.05, ** P<0.01, and *** P <0.001, Pearson correlation analysis).
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A. Correlation between sealed holes and meteorological factors using the nesting board method; B. Correlation between
sealed holes and meteorological factors using the paper straw method; SH: Sealed holes; AT: Mean temperature; MAT:
Maximum temperature; MIT: Minimum temperature; MRH: Mean relative humidity; RF: Rainfall; DL: Daylength; WS:

Mean 2 min wind speed. The same below. Asterisks indicate significant correlations between the number of sealed holes and
meteorological variables (* P < 0.05, ** P <0.01, and *** P <0.001, Pearson correlation analysis).
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Table 1 Eigenvalues and contribution rate of principal components

AL PR TRk
% L Nesting board method Paper straw method
Meteorological variable T 1 FIsr 2 FWsr1 FEMgr2 FRUF3
PC1 PC2 PC1 PC2 PC3

W45 1E Mean temperature 0.46 - 0.34 0.52 - 0.36 -0.10
x5SR Maximum temperature 0.45 -0.33 0.37 -0.19 - 0.68
ARSI Minimum temperature 0.43 - 0.02 0.48 - 0.06 0.49
2SR HEE  Mean relative humidity 0.23 0.55 0.29 0.57 0.14
Rt Rainfall -0.13 0.53 0.10 0.61 - 0.07
B Daylength 0.42 0.37 0.48 0.24 -0.13
15 2 min X3 Mean 2 min wind speed - 0.41 -0.25 0.20 -0.29 0.49
¥FE{H Eigenvalue 3.46 1.86 2.43 1.77 1.14
Ti#k* (% ) Contribution rate (%) 49.47 26.56 34.75 25.23 16.32
ZFTTHZE (% ) Accumulative contribution rate (%)  49.47 76.03 34.75 59.98 76.30
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Fig.5 Adult emergence and loss status in
Megachile rotundata cells
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Alfalfa seed yield under Megachile rotundata pollination in China
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Fig. 6 Alfalfa seed yield at different orientations and distances from the Megachile rotundata domicile

A. PEE 3100 EE B AL Y B G R 77 H 5 B AR 40°A ] R 2 b ) 1 4 b 177
C. ViR 2200 R [FIFEES AL B 75 R T P2 i D. ARFS 130°AN[RIIE B 1) E f P 7 7=k
A RN Py A AN [R) R B 7 Ak B A A T A AR R
(*P<0.05, ** P<0.01, *** P<0.001, Student’s ¢ K5 )o
A. Alfalfa seed yield at different distances along the northwest (310°) direction; B. Alfalfa seed yield at different distances
along the northeast (40°) direction; C. Alfalfa seed yield at different distances along the southwest (220°) direction;
D. Alfalfa seed yield at different distances along the southeast (130°) direction. Asterisk indicates that alfalfa seed yield

at different distances or orientations outside bee domicile are significantly higher than that from natural pollination
(* P<0.05, ** P<0.01, ¥* P<0.001, Student’s ¢-test).
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Fig. 7 Flight dispersal of Megachile rotundata based on seed yield frequency distribution
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and Cane, 2011 ), B, wI7EM IR Fit—2
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