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Pollination Effect and Nesting Behavior of Osmia cornifrons on ‘Hongro’,

Early and 'Fuji', Late-season Apple Cultivars

Kyeong Yong Lee*, Jung Ae Lee' and Hyung Ju Yoon
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"Yeongju Agricultural Technology Center, Yeongju 36132, Korea

ABSTRACT: In order to use Osmia cornifrons more effectively in apples, we investigated the pollination effect and nesting activity of O.
cornifrons on ‘Hongro’, the middle-season cultivar, and ‘Fuji’, the late-season cultivar. There was a significant difference in the nesting
activity and pollination effect of O. cornifrons depending on the apple cultivar. The nesting activity, rate of trap nesting, and reproduction
in ‘Fuji’ were 2.5, 1.5, and 3.8 times greater than in ‘Hongro’, respectively. The pollination effect according to cultivar ‘Fuji’ was 1.6
times greater than that of ‘Hongro’ in the central fruit set. In terms of the quality of fruit, the asymmetry index of ‘Fuji’ was 2.5 times
lower than that of ‘Hongro’, and the number of apple seeds of ‘Fuji’ was 1.9 times greater than that of ‘Hongro’. The main reason for
this result was the air temperature. The activity of O. cornifrons was most affected by air temperature (R* = 0.578). It is expected that the
nesting activity and pollination effect are great in ‘Fuji’ (17.4-24.1°C) when the temperature during the blooming period is higher than
that of ‘Hongro’ (12.5-20.2°C). Our study provides important information on stable apple production for apple cultivators, and can be
used as an evidence for changes in flora and insect fauna caused by climate change.
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Table 1. Percentage nesting activity of Osmia cornifronsfemales
among different blooming seasons of apple cultivars in an apple
orchard

Average rate of nesting activities (%)

Cultivars n

Incoming Outgoing Total’
‘Hongro® 6 7.7+2.2° 49+0.6 126 +2.5
‘Fuji’ 9 198+£9.9* 11.2+55*% 30.9+14.3*

YTotal activity is the sum of entrance and exit to the nest.

“mean + standard deviation (SD)

“n” is the number of observations

*indicates that the data between cultivars were significantly
different according to a #-test (P < 0.05)

Table 2. Rate of trap-nesting and reproduction of Osmia cornifrons
among different blooming seasons of apple cultivars in an apple
orchard

. Rate of trap-nesting Rate of reproduction
Cultivar n P g P

(%) (fold)
‘Hongro® 12 11.0+1.3% 0.4
‘Fuji’ 12 16.2 + 6.8* 1.5

“mean + standard deviation (SD)

“n” is number of observations

* and ** indicates that the rate of trap-nesting and reproduction
between cultivars were significantly different according to a

t-test and Chi-square test, respectively (P < 0.05)
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Fig. 1. Central fruit set among different pollination methods in
blooming seasons of ‘Fuji’ and ‘Hongro' in apple orchards. Different
letters indicate significant differences among pollination methods
based on the results of one-way ANOVA and Tukey’s HSD test (P <
0.05). * indicates a significant difference (P < 0.05) between treat-
ments by #test

o] 2FAA=E 1t} 21 =9+ w(Chi-square test: x% = 15.018, p
=0.001), v A S B ok Atk e E7Ee o] 7t
210k O H(x% = 15.799, p=0.001), HFIHE-2 vja]@rlopy
ANFGEA7 AP A ETE T 38) o] 4F WOITHx, = 17.034,
p = 0.0001) (Table 3). ‘-] | A] L/DZ}2 2| &7kt Q1
FoHo] AISEETE 6%old wE AuE Ueheirt
(one-way ANOVA test: F2 122 = 16.531, p = 0.0001). &
o vfefasleut Qg4 el R at 29 ol
Skal(one-way ANOVA test: x% = 12.439, p =0.002), AF=1}-&
(% =26.792, p=0.0001)7} HH (% = 19.032, p = 0.0001)
2 3u)) oA Wkt K Table 3). “ T2’ FLA1= Ol 51, ojej®r}
A, A =0 2 79 T (one-way ANOVA test: Fs 137 =
13.786, p = 0.0001), FI-5 Htsh= 2 4% sl A=
L5 G0l g0t rlelrlel il olgtto] Al
SRHTHES TS Bt Table 4). ‘54 P FA1
shrol g e golu|gh Aol GIRATHTable 4).
£27F |0 A LD %k EEEEEEE BERS S F

Fojula ol gIolE yhe, AE IS FAHR Aol S 1}
g E](Chl-square test: TE|BILO]H X% = 18442, p =
0.0001; Q1F4=5E x* = 17.298, p = 0.0001; AFASE ¥ =
5.165, p = 0.024) (Table 3). T 2|7} (itest: ti35 = 4.041, p
=0.0001)3} Q1545 (tu3 = 6.367, p=0.0001) ] 2J3}+ T}A] FA|
B2 S RT3 o Ao, At A

j}i

Table 3. Fruit shape and fruit length/fruit diameter (L/D) values of fruit for different pollination methods of ‘Hongro’ and ‘Fuji’ apple

cultivars in the apple orchard

Fruit shape (%)
Cultivars pollination methods n L/D value” Shape" Asymmetric® Oblate”
index index index
Osmia cornifrons 80 89.1+57%a 66.3%* 65.0% ** 18.8
‘Hongro’ Artificial pollination 20 879+49a 65.0%* 90.0* 15.0
Natural pollination 40 83.9+6.6b 30.0 95.0% 52.5
Osmia cornifrons 80 88.2+5.7a 55.0%** 28.3%* 20.0
‘Fuji’ Artificial pollination 20 87.1+48a 48.0%* 28.0%* 32.0
Natural pollination 40 813+7.1b 20.0 77.5 62.5

YL/D value = fruit length/fruit diameter

“The shape index is the percentage of fruit with an L/D value above 0.87.
*The asymmetric index is the percentage of fruit with a difference of more than 7 mm between the minimum fruit length and the

maximum fruit length.

YThe oblate index is the percentage of fruits with an L/D value below 0.84.

“mean + standard deviation

Different letters indicate significant differences among the pollination methods based on the results of one-way ANOVA and Tukey’s

HSD test (P <0.05).

*indicates that the fruit shape between cultivars was significantly different according to a Chi-square test (P < 0.05).
**indicates the fruit shape among pollination methods were significantly different according to a Chi-square test (P < 0.05).
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Table 4. Weight and number of seeds for different pollination methods of ‘Hongro’ and ‘Fuji cultivars in the apple orchard

Cultivars pollination methods n* Weight Number of seeds
O. cornifrons 80 385.1 £80.8"b 3.7+3.1%
‘Hongro’ Artificial pollination 20 441.9 £ 62.9a 3.5+£3.7
Natural pollination 40 326.9+95.0c 1.7+1.8
O. cornifrons 80 337.5+£48.8 7.0 £2.5%
‘Fuji’ Artificial pollination 20 335.9+48.8 5.7£1.6
Natural pollination 40 3254+404 6.6 £3.2%

* mean = standard deviation (SD)

Different letters indicate differences among the pollination methods based on the results of one-way ANOVA and Tukey’s HSD test (P

<0.05).

*indicates that the weight and number of seeds between cultivars were different according to a Chi-square test (P < 0.05)

Table 5. Daily mean climatic conditions during the apple blooming period in different apple cultivation areas for 10 years (2011-2020)

District Air temperature (°C) Humidity Wind velocity Precipitation volume
(Apple cultivar) Mean Maximum Minimum (%) (m/s) (mm)
Jangsu-gun (‘Hongro’)  12.5+ 1.7 20.2+3.3 48+3.6 653+19.2 1.1+0.2 26+58
Danyang-gun (‘Fuji’)  17.4+ 1.9% 24.1+3.6* 10.2+4.1*%  62.1+17.1 1.4+0.5 04+09

“mean + standard deviation (SD)
The blooming period is from March 13 to April 30

*indicates that the rate of trap-nesting and reproduction between cultivars were different according to the #-test (P < 0.05)
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Table 6. The correlations between climatic conditions and nesting
activity of Osmia cornifrons

. Air Illuminance Relative
N?sFlng temperature level humidity
activity x
R’ R R
Total 0.680** -0.110 -0.101
In 2008 0.388* 0.361 -0.180
In 2009 0.387** 0.488%** -0.358
In2014 0.427** 0.264 -0.049

YPartial correlation coefficient

“Partial correlation coefficients were calculated using nesting
activity and climatic parameters as control variables. As each
set of values was used to calculate two correlations, ** and *
indicate correlations at P <0.01, or P <0.05, respectively (two-
tailed test)

2008 A(ANOVA F, 36 =26.099, p = 0.0001; R* = 0.420, DW =
1.297), 2009 (F,. 7 = 76.277, p = 0.0001; R* = 0.501, DW =
0.918), 2014 (F, 5; = 97.438, p = 0.0001; R* = 0.656, DW =
0.836), 12|31 37fUEE Mt doJE|(Fiie = 190.042, p =
0.0001; R*=0.532, DW = 1.297) B 2L 9} o] 281=710] 9
o)t 3|HAo] =EEL
40.4%, 49.4%, 65.0%, 52.9% & UEFITHFig. 2).
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Fig. 4. Average air temperature in the pre-blooming phase and
petal fall phase in apples from 2011 to 2020 in Yeongju-si, Korea.

OF 7|22 oFgt Aol attA7} SHRIEUTHR = 0.131, p =
0.009). 104 -5-3F 44| U7t Ht7]|23t Far7]22] |

ZARRE A3(Fig. 5), /e A17]914.1. ~ 4.10.9] 1_074]—,——
283 + 12494 24.9 10,98 714 =9k7, <Z2° 7|3kA|7]¢]
4.11.~420.219.3+8.69}21.2+ 8.4, ‘T A3kA]7]914.21
~430. 217.1+£6.82+19.9+5.3 £ 0] <X 9] 7{Er} &
U= A7]915.1.~5.10.213.5 £ 3.89} 14.7 £ 3.1 2 71 Wk
CHone-way ANOVA test: A7t Hat7]-& Fi36 = 5482, p =
0.003; Y7t Z117]-& F356 = 3.185, p = 0.035). A4 A1},
Gl 7] eo] MEASE Sojua o) 4TS ey

Pollination effect by Osmia cornifrons on apple cultivars 129



5
(A) a
40
35
-
% 30 ab
5 b
Z 25
o
-
5 20 b
=
£ 15
(=]
8
10
5
0
4/1~4/10 4/11~4720 4/21~4/30 5/1~5/10

Date

10
a
35
ab

2
§% ab
&
‘= 25
= 25
b
o2
£
@
215
1]
=]
o 10

5

0

4/1~4/10 4/11~4/20 4/21~4/30 5/1~5/10

Date

Fig. 5. Coefficient of variation of average air temperature (A) and maximum air temperature (B) between the pre-blooming phase and
petal fall phase in apples from 2011 to 2020 in Yeongju-si, Korea. Different letters indicate significant differences among periods based on
the results of one-way ANOVA and Tukey’s HSD test (P < 0.05). The length of the error bars is the standard deviation at each coefficient of

variation of air temperature.

orh 7 Ht7]e: R =-0.534, p=0.0001; L7+ 2] 317]:2: R
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