The pollination of honeybees on peach blossom planted in vinyl house and its valuation of the fruits after harvest
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Abstract

The pollination activity of honeybees(Apis mellifera L.) was investigated on the peach blossoms planted in vinyl house of Cheongdo Peach Experiment Station during the early spring from 2/28/02 - 3/4/02. After harvesting the peach fruits, the differences of ripened fruits, such as bearing ratio, fruit weight, diameter, hardness, sweetness, and acidity were measured to compare the effects with honeybee, artificial, honeybee+artificial, and none pollination. The pollination activity in blossom and out/in-coming activity in hive was executed mainly at the morning time, the average staying time of a flower was 12 seconds, and there were observed divisions of pollination behavior between pollen-collectors and nectar-collectors. The effect of honeybee pollination was also synergistic with artificial pollination to ascend the each pollination effect of fruit weight, diameter, and sweetness.
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INTRODUCTION

Honeybees (Apis mellifera L.) can pollinate a myriad of flowers in the process of collecting of their own food, nectar and pollen in Nature. Specially, the values of agricultural crops such as fruits, vegetables, and seeds is much greater than those of apicultural products such as honey, pollen, propolis, wax, etc. (Waller et al, 1985). Furthermore, the pollination of honeybees induces “out-breeding” among plants resulting in the genetic diversity and adapts them into a changeable environment (Waser et al., 1996). However, the speedy development and built-up of metropolitan have ruined lots of nectar plants in Nature and substituted them with paved roads, houses, and factories. Therefore, the biological research on honeybees’ pollination and the inquiry of diversified crops using pollinators should be progressed continuously. The raising of peach on vinyl house has long before established in Japan, but it trends to increase in Korea recently although the raising area is not wide yet (Kim et al, 1998). This study focused on honeybees’ pollinating activity and the effect on the fruits, resulting in improvement of the profits in both raisers and bee-keepers.


MATERIALS AND METHOD

Honeybees’ pollinating activity

· Insect : Honey bee (Apis mellifera L.) 

· Place : 787 Kurari, Iseomeun, Cheondogun Kyongbuk, Korea (South), Kyongbuk Provincial Agricultural Technology Administration 

· Investigation Items : Number of outgoing and incoming foragers in front of  hive, Number of foraging honeybees in peach blossoms for 5 minutes,  Staying time of honey bees on a peach flower

· Period : February 28, 2002 ∼ March 4, 2002

· Scale : Langstroth Standard Hive containing five combs / 300 pyong, 32 peach plants in the green house

Estimation and comparison the fruits harvested in different blocks

· Blocks : Honey bee, Artificial, Honey bee + Artificial, Control

· Investigation Items : Bearing ratio, Weight, Diameter, Hardness, Sweetness, Acidity

· Acidity Estimation : according to Cunniff (1995)


RESULTS AND DISCUSSION
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The number of outgoing and incoming honeybees in front of hive was gradually reduced from the highest point in the morning, except at 13:00 that temperature was  suddenly changed from 24℃ to 27℃. There was no statistical significance of correlation between honey bees’ in- /out-activities and meteorological factor such as temperature, humidity, light intensity, and so on (Fig. 1). 

Fig. 1. Honey bees activities at the front of the hive installed peach trees planted in vinyl house (‘02. 2. 28)
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Fig. 2.The ratio of pollen-collecting honey bees to in-coming honeybees. At the front of hive (’02. 3. 4)

On the ratio of pollen-collectors among foragers (Fig 2), approximately 42% of incoming honeybees were collecting pollen and packing their pollen-baskets, corbicula. Therefore, we found that honey bees could be a potent pollinator in peach planted in vinyl house which had been heated in the early spring.


Besides, the number of pollinating foragers found on a peach flower for five minutes was decreased from the highest point at 10:00 (Fig. 3) and the staying time of foragers in each flower was gradually decreased during the investigating period (Fig. 4). 
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Fig. 3. The average number of honey bees observed in a part of the peach blossom for 5 minutes (‘02. 2. 28, 3. 2, 3. 4)
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Fig. 4. The staying time of pollinating honey bees found among the peach blossom in consecutive three days (‘02.2.28, 3.2, 3.4)

The reason why the foragers’ staying time was shorten, could be based on two components; First, it is the physiological change of flower because their nectar glands in the deep of perianth might be dried up. Secondly, it is the behavioral change of honey bee because they could adapt themselves into the shape of tree, flower, and the environment of green house peach planted. It could be a learning process occurred among foragers for the purpose of increasing the pollinating efficiency (Greggers and Mauelshagen, 1997; Menzel, 1979).
The behavioral differences between pollen-collectors and nectar-collectors were observed when compared to the staying time on peach flower (Fig 5). 
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Fig. 5. The comparison of staying time in a peach flower between pollen-collector and nectar-collector during their pollinating activity.

The pollen-collectors was staying ca. 8 seconds shorter than nectar-collector and behaved promptly gathering pollen grains in the whole body hairs. Finally, the fruits of pollinated by honey bee had the higher value of qualities such as hardness, sweedness, or acidity and the fruits pollinated by artificial methods had the higher value of quantities such weight or diameter (Table 1).

Table 1. Comparison of peach fruits harvested in the different experiment blocks such as honeybee-, artificial-, honeybee+artificial-, and none-pollination

	Fruits
	None
	Artificial
	Honey bee
	Artificial+

Honey bee

	Bearing

Ratio
	30.5a
	55.2b
	62.9c
	53.0b

	Weight

(g)
	171.8a
	195.6bc
	182.9b
	197.3bc

	Diameter

(mm)
	68.0a
	72.7b
	69.7ab
	73.4b

	Hardness

(kg/5mmφ)
	1.12a
	0.65b
	1.07a
	0.66b

	Sweetness

(Brix, %)
	9.4a
	12.0b
	12.3b
	12.9b

	Acidity

(%)
	0.25
	0.20
	0.29
	0.17
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2002.03.02

		

		1		시설 복숭아(백약도)꽃에 투입된 벌통소문에서 출입봉수

						온도(℃)		습도(%)		광도(x1000)		출봉수		입봉수

				10:00-10:10		19		64		6.2		3		1

				11:00-11:10		27.3		52		9.4		30		6

				12;00-12:10		28.7		26		19.1		103		41

				13:00-13:10		21.5		23		15.3		123		46

				14:00-14:10		23		24		15.5		154		99

				15:00-15:10		20.7		27		13		73		201

				16:00-16:10		19.8		29		8.1		70		71

				17:00-17:10		17.6		61		2.7		28		53

		2		방화활동봉수 조사(5분간 배회조사)

				10:10		0

						5

				12:10		20

						8

				14:10		10

						8

				16:10		5

		3		꽃당 체류기간

						8.7

						7.25

						5.32

						6.72

						16.19

						10.07

						17.1

						6.37

						10.68

						7.66

				Sum		96.1

				Avg		9.6

				Std		4.1
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		시설복숭아(천안복숭아시험장) - 백약도 품종

		1. 기상요인과 꿀벌 벌통에서 출입활동수

		시간				기상요인						꿀벌활동

				온도(℃)		습도(%)		조도(X1000 Lux)		출봉수		입봉수		출봉-입봉

		10:00		24.6		59		11.9		120		63		57

				20.1		31		23.5		140		110		30

		12:00		22.2		23		18.1		134		115		19

				20.8		18		17.9		112		84		28

		14:00		18.7		20		21.7		35		60		-25

				17.6		20		13.4		10		16		-6

		16:00		20.9		42		6.5		22		25		-3

				17.5		68		1.7		1		3		-2

		2. 오전의 방화활동중 꽃당 꿀벌의 체류기간(초)

				화분수집봉		화밀수집봉

				5.13		8.91				One-way ANOVA: 방화봉 versus Factor

				4.37		8.21

				1.31		10.97				Analysis of Variance for 방화봉

				4.35		8.64				Source     DF        SS        MS        F        P

				3.14		7.49				Factor      1    421.60    421.60    51.16    0.000

				3.3		9.91				Error      22    181.31      8.24

				3.13		14.84				Total      23    602.91

				4.21		12.83				Individual 95% CIs For Mean

				4.92		9.18				Based on Pooled StDev

				2.56		19.81				Level       N      Mean     StDev  ------+---------+---------+---------+

				3.02		16.4				1          12     3.464     1.157   (----*----)

				2.13		14.97				2          12    11.847     3.891                           (----*----)

										------+---------+---------+---------+

				화분수집봉		화밀수집봉				Pooled StDev =    2.871                3.5       7.0      10.5      14.0

		AEG		3.5		11.8

		STDEV		1.16		3.89				Tukey's pairwise comparisons

										Family error rate = 0.0500

		3. 입봉수중 화분단자 달고 들어오는 꿀벌수(비율)								Individual error rate = 0.0500

				In-coming honeybees		Pollen-collecting honeybees		Ratio

		10:00		63		29		46		Critical value = 2.93

				110		36		33

		12:00		115		46		40		Intervals for (column level mean) - (row level mean)

				84		35		42

		14:00		60		26		43		1

				16		8		50

		16:00		25		5		20		2     -10.813

				3		1		33		-5.952

										Two-sample T for 화분수집봉 vs 화밀수집봉

										N      Mean     StDev   SE Mean

										화분수집  12      3.46      1.16      0.33

										화밀수집  12     11.85      3.89       1.1

										Difference = mu 화분수집봉 - mu 화밀수집봉

										Estimate for difference:  -8.38

										95% CI for difference: (-10.94, -5.83)

										T-Test of difference = 0 (vs not =): T-Value = -7.15  P-Value = 0.000  DF = 12
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		시설복숭아(천안복숭아시험장) - 백약도 품종

		1. 기상요인과 꿀벌 벌통에서 출입활동수

		시간				기상요인						꿀벌활동

				온도(℃)		습도(%)		조도(Lux)		출봉수		입봉수		출봉-입봉

		10:00-10:10		17.7		79		2.8		2		2		0

		11:00-11:10		17.6		85		4.2		2		1		1

		12:00-12:10		18.4		83		7.5		17		6		11

		13:00-13:10		16.6		82		6.9		32		22		10

		14:00-14:10		13.4		89		0.6		4		2		2
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		시설복숭아(천안복숭아시험장) - 백약도 품종

		1. 기상요인과 꿀벌 벌통에서 출입활동수

		시간				기상요인						꿀벌활동

				온도(℃)		습도(%)		조도(Lux)		출봉수		입봉수		출봉-입봉

		10:00-10:10		26		68		16.4		49		42		7

				19		56		9.9		21		29		-8

		12:00-12:10		20		51		11.2		48		19		29

				22		44		17.8		59		73		-14

		14:00-14:10		21		57		25.6		151		132		19

				19		50		6.3		5		15		-10

		16:00-16:10		21		55		7.8		6		2		4

		2. 오전의 방화활동중 꽃당 꿀벌의 체류기간(초)

				1.26

				2.43
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				3.32

				1.26

				2.17

				2.34

				1.11

				4.12

				2.32

		SUM		21.45

		AVG		2.145

		STDEV		1.0066473508

		3. 입봉수중 화분단자 달고 들어오는 꿀벌수(비율)

				입봉수		화분단자		비율

		10:00		42		35		83.3

				29		24		82.8

		12:00		19		17		89.5

				73		44		60.3

		14:00		132		38		28.8

				15		5		33.3

		16:00		2		0		0.0
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종합

		1. 꿀벌의 방화활동중 꽃당 체류기간

				2002.2.28		2002.3.2		2002.3.4				One-way ANOVA: Vtg T. versus Date

				13.31		16		6

				16.38		14		10				Analysis of Variance for Vtg T.

				20.76		15		28				Source     DF        SS        MS        F        P

				7.58		9		4				Date        2      68.7      34.4     1.01    0.376

				10.93		14		10				Error      27     914.9      33.9

				9.12		8		8				Total      29     983.6

				23.09		12		3				Individual 95% CIs For Mean

				13.16		16		5				Based on Pooled StDev

				12.4		10		6				Level       N      Mean     StDev  --+---------+---------+---------+----

				12.23		9		22				1          10    13.896     4.890             (----------*---------)

												2          10    12.300     3.093        (----------*----------)

				02.2.28		02.3.2		02.3.4				3          10    10.200     8.257  (----------*----------)

		AVG		13.9		12.3		10.2				--+---------+---------+---------+----

		STDEV		4.8900379458		3.0930028559		5.3				Pooled StDev =    5.821            7.0      10.5      14.0      17.5

												Tukey's pairwise comparisons

												Family error rate = 0.0500

												Individual error rate = 0.0196

												Critical value = 3.51

												Intervals for (column level mean) - (row level mean)

												1           2

												2      -4.865

												8.057

												3      -2.765      -4.361

												10.157       8.561

				3. 방화활동봉수(대상나무에서 5분간 배회조사)

						2002.2.28		2002.3.2		2002.3.4				Sum		Avg		Stdev

				10:10-10:15		15		11		4				30		10.0		5.6

				11:10-11:15		11		7		8				26		8.7		2.1

				12:10-12:15		7		5		2				14		4.7		2.5

				13:10-13:15		3		2		1				6		2.0		1.0

				14:10-14:15		2		1		1				4		1.3		0.6

				15:10-15:15		2		0		0				2		0.7		0.0

				16:10-16:15		0		0		0				0		0.0		0.0

								10:10-10:15		10.0

										8.7

								12:10-12:15		4.7

										2.0

								14:10-14:15		1.3

										0.7

								16:10-16:15		0





종합

		0		4.8900379458

		0		3.0930028559

		0		5.3



DATE

SECONDS

12.3



2002.02.28

		0		5.5677643628

		0		2.0816659995

		0		2.5166114784

		0		1

		0		0.5773502692

		0		0

		0		0



TIME

NUMBER



2002.03.02

		시설복숭아(청도복숭아시험장) - 일천백봉 품종

		1. 기상요인과 꿀벌 벌통에서 출입활동수

		시간				기상요인						꿀벌활동

				온도(℃)		습도(%)		조도(X1000 Lux)		출봉수		입봉수		출봉-입봉

		10:00		22		59		11.3		124		106		18

				23		46		23.3		76		57		19

		12:00		26		36		25.4		48		37		11

				29		27		21.6		101		116		-15

		14:00		25		21		13.6		44		46		-2

				27		23		14.1		39		35		4

		16:00		25		24		10.2		8		15		-7

		2. 오전의 방화활동중 꽃당 꿀벌의 체류기간(초)

				13.31

				16.38

				20.76

				7.58

				10.93

				9.12

				23.09

				13.16

				12.4

				12.23

		SUM		138.96

		AVG		13.896

		STDEV		4.8900379458

		3. 방화활동봉수(대상나무에서 5분간 배회조사)

				10:00		15

						11

				12:00		7

						3

				14:00		2

						2

				16:00		0





2002.03.02

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0



온도(℃)

습도(%)

조도(X1000 Lux)

출봉수

입봉수

조 사 시 간

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



2002.03.04

		0

		0

		0

		0

		0

		0

		0



시     간

평균 마리수

복숭아꽃 방화 봉수

0

0

0

0

0

0

0



		시설복숭아(청도복숭아시험장) - 일천백봉 품종

		1. 기상요인과 꿀벌 벌통에서 출입활동수

		시간				기상요인						꿀벌활동

				온도(℃)		습도(%)		조도(1000 Lux)		출봉수		입봉수		출봉-입봉

		10:00-10:10		14.5		70		5.6		0		0		0

		12:00-12:10		22.3		62		16.3		100		101		-1

		14:00-14:10		25.6		39		18.8		11		17		-6

		16:00-16:10		22.6		42		9.7		4		8		-4

		2. 오전의 방화활동중 꽃당 꿀벌의 체류기간(초)

				16

				14

				15

				9

				14

				8

				12

				16

				10

				9

		SUM		123

		AVG		12.3

		STDEV		3.0930028559





		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0



온도(℃)

습도(%)

조도(1000 Lux)

출봉수

입봉수



		시설복숭아(청도복숭아시험장) - 일천백봉 품종

		1. 기상요인과 꿀벌 벌통에서 출입활동수

		시간				기상요인						꿀벌활동

				온도(℃)		습도(%)		조도(1000 Lux)		출봉수		입봉수		출봉-입봉

		10:00-10:10		21.9		51		14.6		0		0		0

		12:00-12:10		21.3		23		18.6		6		13		-7

		14:00-14:10		25.8		14		33.1		35		49		-14

		16:00-16:10		22.1		20		76.8		4		4		0

		2. 오전의 방화활동중 꽃당 꿀벌의 체류기간(초)

				6

				10

				28

				4

				10

				8

				3

				5

				6

				22

		SUM		102

		AVG		10.2

		STDEV		8.2569835762





		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0



온도(℃)

습도(%)

조도(1000 Lux)

출봉수

입봉수
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Chart1

		Pollen-collector		1.1573830853

		Nectar-collector		3.8913968825



Division of pollinating honeybees

SECOND

3.4641666667

11.8466666667



2002.03.02

		

		1		시설 복숭아(백약도)꽃에 투입된 벌통소문에서 출입봉수

						온도(℃)		습도(%)		광도(x1000)		출봉수		입봉수

				10:00-10:10		19		64		6.2		3		1

				11:00-11:10		27.3		52		9.4		30		6

				12;00-12:10		28.7		26		19.1		103		41

				13:00-13:10		21.5		23		15.3		123		46

				14:00-14:10		23		24		15.5		154		99

				15:00-15:10		20.7		27		13		73		201

				16:00-16:10		19.8		29		8.1		70		71

				17:00-17:10		17.6		61		2.7		28		53

		2		방화활동봉수 조사(5분간 배회조사)

				10:10		0

						5

				12:10		20

						8

				14:10		10

						8

				16:10		5

		3		꽃당 체류기간

						8.7

						7.25

						5.32

						6.72

						16.19

						10.07

						17.1

						6.37

						10.68

						7.66

				Sum		96.1

				Avg		9.6

				Std		4.1





2002.03.02

		0

		0

		0

		0

		0

		0

		0



시   간

마리수

복숭아 꽃에서 방화 활동하는 꿀벌(5분간 계수)

0

0

0

0

0

0

0



2002.03.04

		시설복숭아(천안복숭아시험장) - 백약도 품종

		1. 기상요인과 꿀벌 벌통에서 출입활동수

		시간				기상요인						꿀벌활동

				온도(℃)		습도(%)		조도(X1000 Lux)		출봉수		입봉수		출봉-입봉

		10:00		24.6		59		11.9		120		63		57

				20.1		31		23.5		140		110		30

		12:00		22.2		23		18.1		134		115		19

				20.8		18		17.9		112		84		28

		14:00		18.7		20		21.7		35		60		-25

				17.6		20		13.4		10		16		-6

		16:00		20.9		42		6.5		22		25		-3

				17.5		68		1.7		1		3		-2

		2. 오전의 방화활동중 꽃당 꿀벌의 체류기간(초)

				화분수집봉		화밀수집봉

				5.13		8.91				One-way ANOVA: 방화봉 versus Factor

				4.37		8.21

				1.31		10.97				Analysis of Variance for 방화봉

				4.35		8.64				Source     DF        SS        MS        F        P

				3.14		7.49				Factor      1    421.60    421.60    51.16    0.000

				3.3		9.91				Error      22    181.31      8.24

				3.13		14.84				Total      23    602.91

				4.21		12.83				Individual 95% CIs For Mean

				4.92		9.18				Based on Pooled StDev

				2.56		19.81				Level       N      Mean     StDev  ------+---------+---------+---------+

				3.02		16.4				1          12     3.464     1.157   (----*----)

				2.13		14.97				2          12    11.847     3.891                           (----*----)

										------+---------+---------+---------+

				Pollen-collector		Nectar-collector				Pooled StDev =    2.871                3.5       7.0      10.5      14.0

		AEG		3.5		11.8

		STDEV		1.16		3.89				Tukey's pairwise comparisons

										Family error rate = 0.0500

		3. 입봉수중 화분단자 달고 들어오는 꿀벌수(비율)								Individual error rate = 0.0500

				귀소봉		화분수집봉		비율

		10:00		63		29		46		Critical value = 2.93

				110		36		33

		12:00		115		46		40		Intervals for (column level mean) - (row level mean)

				84		35		42

		14:00		60		26		43		1

				16		8		50

		16:00		25		5		20		2     -10.813

				3		1		33		-5.952

										Two-sample T for 화분수집봉 vs 화밀수집봉

										N      Mean     StDev   SE Mean

										화분수집  12      3.46      1.16      0.33

										화밀수집  12     11.85      3.89       1.1

										Difference = mu 화분수집봉 - mu 화밀수집봉

										Estimate for difference:  -8.38

										95% CI for difference: (-10.94, -5.83)

										T-Test of difference = 0 (vs not =): T-Value = -7.15  P-Value = 0.000  DF = 12





2002.03.04

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0



온도(℃)

습도(%)

조도(X1000 Lux)

출봉수

입봉수

시설 복숭아에 투입된 꿀벌의 소문출입과 기상요인들

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



2002.03.06

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0
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귀소봉

화분수집봉

비율

조사시간

마리수

비율(%)

귀소봉 중 화분수집봉의 비율(2002.3.4)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



2002.03.08

		0		1.1573830853

		0		3.8913968825



Division of pollinating honeybees

SECOND



		시설복숭아(천안복숭아시험장) - 백약도 품종

		1. 기상요인과 꿀벌 벌통에서 출입활동수

		시간				기상요인						꿀벌활동

				온도(℃)		습도(%)		조도(Lux)		출봉수		입봉수		출봉-입봉

		10:00-10:10		17.7		79		2.8		2		2		0

		11:00-11:10		17.6		85		4.2		2		1		1

		12:00-12:10		18.4		83		7.5		17		6		11

		13:00-13:10		16.6		82		6.9		32		22		10

		14:00-14:10		13.4		89		0.6		4		2		2





		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0



온도(℃)

습도(%)

조도(Lux)

출봉수

입봉수



		시설복숭아(천안복숭아시험장) - 백약도 품종

		1. 기상요인과 꿀벌 벌통에서 출입활동수

		시간				기상요인						꿀벌활동

				온도(℃)		습도(%)		조도(Lux)		출봉수		입봉수		출봉-입봉

		10:00-10:10		26		68		16.4		49		42		7

				19		56		9.9		21		29		-8

		12:00-12:10		20		51		11.2		48		19		29

				22		44		17.8		59		73		-14

		14:00-14:10		21		57		25.6		151		132		19

				19		50		6.3		5		15		-10

		16:00-16:10		21		55		7.8		6		2		4

		2. 오전의 방화활동중 꽃당 꿀벌의 체류기간(초)

				1.26

				2.43

				1.12

				3.32

				1.26

				2.17

				2.34

				1.11

				4.12

				2.32

		SUM		21.45

		AVG		2.145

		STDEV		1.0066473508

		3. 입봉수중 화분단자 달고 들어오는 꿀벌수(비율)

				입봉수		화분단자		비율

		10:00		42		35		83.3

				29		24		82.8

		12:00		19		17		89.5

				73		44		60.3

		14:00		132		38		28.8

				15		5		33.3

		16:00		2		0		0.0





		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0
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입봉수

화분단자

비율

시간

마리수

퍼센트(%)

입봉수 중 화분봉수 비율

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0
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Chart1

		0.4236111111		5.5677643628

		8.6666666667		2.0816659995

		0.5069444444		2.5166114784

		2		1

		0.5902777778		0.5773502692

		0.6666666667		0

		0.6736111111		0



Pollinating honeybees in peach blossoms

Time

Number

10

4.6666666667

1.3333333333

0



종합

		1. 꿀벌의 방화활동중 꽃당 체류기간

																										13.31

				2002.2.28		2002.3.2		2002.3.4				One-way ANOVA: Vtg T. versus Date														16.38

				13.31		16		6																		20.76

				16.38		14		10				Analysis of Variance for Vtg T.														7.58

				20.76		15		28				Source     DF        SS        MS        F        P														10.93

				7.58		9		4				Date        2      68.7      34.4     1.01    0.376														9.12

				10.93		14		10				Error      27     914.9      33.9														23.09

				9.12		8		8				Total      29     983.6														13.16

				23.09		12		3				Individual 95% CIs For Mean														12.4

				13.16		16		5				Based on Pooled StDev														12.23

				12.4		10		6				Level       N      Mean     StDev  --+---------+---------+---------+----														16

				12.23		9		22				1          10    13.896     4.890             (----------*---------)														14

												2          10    12.300     3.093        (----------*----------)														15

				02.2.28		02.3.2		02.3.4				3          10    10.200     8.257  (----------*----------)														9

		AVG		13.9		12.3		10.2				--+---------+---------+---------+----														14

		STDEV		4.8900379458		3.0930028559		5.3				Pooled StDev =    5.821            7.0      10.5      14.0      17.5														8

																										12

												Tukey's pairwise comparisons														16

																										10

												Family error rate = 0.0500														9

												Individual error rate = 0.0196														6

																										10

												Critical value = 3.51														28

																										4

												Intervals for (column level mean) - (row level mean)														10

																										8

												1           2														3

																										5

												2      -4.865														6

												8.057														22

												3      -2.765      -4.361												Sum		363.96

												10.157       8.561												Avg		12.132

						2002.2.28		2002.3.2		2002.3.4				Sum		Avg		Stdev

				10:10-10:15		15		11		4				30		10.0		5.6

				11:10-11:15		11		7		8				26		8.7		2.1

				12:10-12:15		7		5		2				14		4.7		2.5

				13:10-13:15		3		2		1				6		2.0		1.0

				14:10-14:15		2		1		1				4		1.3		0.6

				15:10-15:15		2		0		0				2		0.7		0.0

				16:10-16:15		0		0		0				0		0.0		0.0

										Pollinating honeybees in peach blossoms

								10:10		10.0

										8.7

								12:10		4.7

										2.0

								14:10		1.3

										0.7

								16:10		0





종합

		02.2.28		4.8900379458

		02.3.2		3.0930028559

		02.3.4		5.3



Time

Seconds

12.3

13.896

12.3

10.2



2002.02.28

		0.4236111111		5.5677643628

		8.6666666667		2.0816659995

		0.5069444444		2.5166114784

		2		1

		0.5902777778		0.5773502692

		0.6666666667		0

		0.6736111111		0



Pollinating honeybees in peach blossoms

Time

Number

10

4.6666666667

1.3333333333

0



2002.03.02

		시설복숭아(청도복숭아시험장) - 일천백봉 품종

		1. 기상요인과 꿀벌 벌통에서 출입활동수

		시간				기상요인						꿀벌활동						5. 입봉수 가운데 화분수집봉의 비율

				Temperature (℃)		Humidity (%)		Light density (X1000 Lux)		Out-goming honeybees		In-coming honeybees		출봉-입봉				ratio		%

		10:00		22		59		11.3		124		106		18				1/124		1				sum		30

				23		46		23.3		76		57		19				3/76		4		주활동시간

		12:00		26		36		25.4		48		37		11				12/48		25				avg		10

				29		27		21.6		101		116		-15				3/101		3

		14:00		25		21		13.6		44		46		-2				1/44		2

				27		23		14.1		35		39		-4				1/35		3

		16:00		25		24		10.2		8		15		-7				0/8		0

																		Sum		38

		2. 오전의 방화활동중 꽃당 꿀벌의 체류기간(초)																Avg		5.4285714286

				13.31

				16.38

				20.76

				7.58

				10.93

				9.12

				23.09

				13.16

				12.4

				12.23

		SUM		138.96

		AVG		13.896

		STDEV		4.8900379458

		3. 방화활동봉수(대상나무에서 5분간 배회조사)

				10:00		15

						11

				12:00		7

						3

				14:00		2

						2

				16:00		0





2002.03.02

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0



Temperature (℃)

Humidity (%)

Light density (X1000 Lux)

Out-goming honeybees

In-coming honeybees

Time

Number

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



2002.03.04

		0

		0

		0

		0

		0

		0

		0



시     간

평균 마리수

복숭아꽃 방화 봉수

0

0

0

0

0

0

0



		시설복숭아(청도복숭아시험장) - 일천백봉 품종

		1. 기상요인과 꿀벌 벌통에서 출입활동수

		시간				기상요인						꿀벌활동

				온도(℃)		습도(%)		조도(1000 Lux)		출봉수		입봉수		출봉-입봉

		10:00-10:10		14.5		70		5.6		0		0		0

		12:00-12:10		22.3		62		16.3		100		101		-1

		14:00-14:10		25.6		39		18.8		11		17		-6

		16:00-16:10		22.6		42		9.7		4		8		-4

		2. 오전의 방화활동중 꽃당 꿀벌의 체류기간(초)

				16

				14

				15

				9

				14

				8

				12

				16

				10

				9

		SUM		123

		AVG		12.3

		STDEV		3.0930028559





		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0



온도(℃)

습도(%)

조도(1000 Lux)

출봉수
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		시설복숭아(청도복숭아시험장) - 일천백봉 품종

		1. 기상요인과 꿀벌 벌통에서 출입활동수

		시간				기상요인						꿀벌활동

				온도(℃)		습도(%)		조도(1000 Lux)		출봉수		입봉수		출봉-입봉

		10:00-10:10		21.9		51		14.6		0		0		0

		12:00-12:10		21.3		23		18.6		6		13		-7

		14:00-14:10		25.8		14		33.1		35		49		-14

		16:00-16:10		22.1		20		76.8		4		4		0

		2. 오전의 방화활동중 꽃당 꿀벌의 체류기간(초)

				6

				10

				28

				4

				10

				8

				3

				5

				6

				22

		SUM		102

		AVG		10.2

		STDEV		8.2569835762





		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0



온도(℃)

습도(%)

조도(1000 Lux)

출봉수

입봉수




_1122663820.xls
Chart8

		0.4166666667		0.4166666667		0.4166666667		0.4166666667		0.4166666667

		23		46		23.3		76		57

		0.5		0.5		0.5		0.5		0.5

		29		27		21.6		101		116

		0.5833333333		0.5833333333		0.5833333333		0.5833333333		0.5833333333

		27		23		14.1		39		35

		0.6666666667		0.6666666667		0.6666666667		0.6666666667		0.6666666667



Temperature (℃)

Humidity (%)

Light intensity (1000 Lux)

Out-going honeybees

In-coming honeybees

TIME

NUMBER

22

59

11.32

124

106

26

36

25.4

48

37

25

21

13.6

44

46

25

24

10.2

8

15



종합

		1. 꿀벌의 방화활동중 꽃당 체류기간

				2002.2.28		2002.3.2		2002.3.4				One-way ANOVA: Vtg T. versus Date

				13.31		16		6

				16.38		14		10				Analysis of Variance for Vtg T.

				20.76		15		28				Source     DF        SS        MS        F        P

				7.58		9		4				Date        2      68.7      34.4     1.01    0.376

				10.93		14		10				Error      27     914.9      33.9

				9.12		8		8				Total      29     983.6

				23.09		12		3				Individual 95% CIs For Mean

				13.16		16		5				Based on Pooled StDev

				12.4		10		6				Level       N      Mean     StDev  --+---------+---------+---------+----

				12.23		9		22				1          10    13.896     4.890             (----------*---------)

												2          10    12.300     3.093        (----------*----------)

				02.2.28		02.3.2		02.3.4				3          10    10.200     8.257  (----------*----------)

		AVG		13.9		12.3		10.2				--+---------+---------+---------+----

		STDEV		4.8900379458		3.0930028559		5.3				Pooled StDev =    5.821            7.0      10.5      14.0      17.5

												Tukey's pairwise comparisons

												Family error rate = 0.0500

												Individual error rate = 0.0196

												Critical value = 3.51

												Intervals for (column level mean) - (row level mean)

												1           2

												2      -4.865

												8.057

												3      -2.765      -4.361

												10.157       8.561

				3. 방화활동봉수(대상나무에서 5분간 배회조사)

						2002.2.28		2002.3.2		2002.3.4				Sum		Avg		Stdev

				10:10-10:15		15		11		4				30		10.0		5.6

				11:10-11:15		11		7		8				26		8.7		2.1

				12:10-12:15		7		5		2				14		4.7		2.5

				13:10-13:15		3		2		1				6		2.0		1.0

				14:10-14:15		2		1		1				4		1.3		0.6

				15:10-15:15		2		0		0				2		0.7		0.0

				16:10-16:15		0		0		0				0		0.0		0.0

								10:10-10:15		10.0

										8.7

								12:10-12:15		4.7

										2.0

								14:10-14:15		1.3

										0.7

								16:10-16:15		0





종합

		0		4.8900379458

		0		3.0930028559

		0		5.3



조사일짜

시간 (초)

12.3



2002.02.28

		0		5.5677643628

		0		2.0816659995

		0		2.5166114784

		0		1

		0		0.5773502692

		0		0

		0		0



조사시간

마리수



2002.03.02

		시설복숭아(청도복숭아시험장) - 일천백봉 품종

		1. 기상요인과 꿀벌 벌통에서 출입활동수

		시간				기상요인						꿀벌활동

				Temperature (℃)		Humidity (%)		Light intensity (1000 Lux)		Out-going honeybees		In-coming honeybees		출봉-입봉

		10:00		22		59		11.3		124		106		18

				23		46		23.3		76		57		19

		12:00		26		36		25.4		48		37		11

				29		27		21.6		101		116		-15

		14:00		25		21		13.6		44		46		-2

				27		23		14.1		39		35		4

		16:00		25		24		10.2		8		15		-7

		Sum		177

		Avg		25.3

		2. 오전의 방화활동중 꽃당 꿀벌의 체류기간(초)

				13.31

				16.38

				20.76

				7.58

				10.93

				9.12

				23.09

				13.16

				12.4

				12.23

		SUM		138.96

		AVG		13.896

		STDEV		4.8900379458

		3. 방화활동봉수(대상나무에서 5분간 배회조사)

				10:00		15

						11

				12:00		7

						3

				14:00		2

						2

				16:00		0
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		0		0		0		0		0
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		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0
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2002.03.04
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		0

		0

		0
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시     간

평균 마리수

복숭아꽃 방화 봉수
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		시설복숭아(청도복숭아시험장) - 일천백봉 품종

		1. 기상요인과 꿀벌 벌통에서 출입활동수

		시간				기상요인						꿀벌활동

				온도(℃)		습도(%)		조도(1000 Lux)		출봉수		입봉수		출봉-입봉

		10:00-10:10		14.5		70		5.6		0		0		0

		12:00-12:10		22.3		62		16.3		100		101		-1

		14:00-14:10		25.6		39		18.8		11		17		-6

		16:00-16:10		22.6		42		9.7		4		8		-4

		2. 오전의 방화활동중 꽃당 꿀벌의 체류기간(초)

				16

				14

				15

				9

				14

				8

				12

				16

				10

				9

		SUM		123

		AVG		12.3

		STDEV		3.0930028559





		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0
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		시설복숭아(청도복숭아시험장) - 일천백봉 품종

		1. 기상요인과 꿀벌 벌통에서 출입활동수

		시간				기상요인						꿀벌활동

				온도(℃)		습도(%)		조도(1000 Lux)		출봉수		입봉수		출봉-입봉

		10:00-10:10		21.9		51		14.6		0		0		0

		12:00-12:10		21.3		23		18.6		6		13		-7

		14:00-14:10		25.8		14		33.1		35		49		-14

		16:00-16:10		22.1		20		76.8		4		4		0

		2. 오전의 방화활동중 꽃당 꿀벌의 체류기간(초)

				6

				10

				28

				4

				10

				8

				3

				5

				6

				22

		SUM		102

		AVG		10.2

		STDEV		8.2569835762





		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0
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