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Cold storage technology of Amblyseius eharai
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Abstract Panonychus citri is a common pest mite in citrus orchards in Hubei province, causing blossom loss,
fallen leaves and fallen fruits in citrus. The use of biocontrol techniques to manage pests in orchards plays an
important role in the production of pollution-free fruits. Amblyseius eharai is a dominant predator mite of P. citri
in citrus orchards in Hubei. The cold storage of A. eharai needs to be considered in applying A. eharai to control
of P. citri. This study was aimed to investigate the effects of temperature and cold storage time on A. eharai in
the cold storage process. The results showed that A. eharai exhibited different survival rates and amounts of
oviposition in seven days under three cold temperatures (5, 7C and 9C). There was no significant difference in
the survival rate of the mite after 5—15 d of cold storage at different temperatures, but the mites had a higher
egg-laying capacity when stored at 7C. The number of eggs was approximately 17.1—18.1. Refrigeration at 5C
for 20— 60 d gave rise to higher survival rates (26.7% to 66.7%) and more egg deposition (13.3 to 17. 1).
Therefore, 7C is the best choice within 15 d of cold storage, but 5C can result in the best survival rate and the
most egg deposition if stored for 20—60 d. This study lays a theoretical foundation for the cold storage technology
of A.eharai, and provides an important practical guidance for biological control of pest mites.
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Table 1 The effects of different refrigeration temperatures and durations on the survival rate of Amblyseius eharai

BRI /d SEAEIE 2/ % Average survival rate
Refrigeration time 5C 7C 9C

0 (96. 7£3. 3)aA (96. 7£3. 3)aA (96. 7£3. 3)aA

5 (86. 7£3. 0)abA (90. 0£5. 8)aA (96. 7£3. 3)aA
10 (80. 0£5. 8)abcA (86.7£3. 3)aA (90. 0£5. 8)abA
15 (76. 7£3. 3)abcdA (83.3%£3.3)abA (80. 0£5. 8)abcA
20 (66. 7£8. 8)abcdeA (73. 32£6. 7)abcA (70. 0£5. 8)bedA
25 (63. 32£6. 7)bedefA (60. 0£5. 8)bedA (56. 7£6. 7)cdeA
30 (56. 7£8. 8)bedefgA (56. 7£3. 3)cdA (53.37£3.3)deA
35 (53. 32£6. 7)cdefgA (50. 0£5. 8)cdeA (46. 7£6. 7)defA
40 (50. 045, 8)cdefgA (40. 045, 8)defA (36. 73, 3)efgA
45 (46. 743. 3)defgA (26.743. 3)efB (23. 3%3. 3){ghB
50 (40. 0£5. 8)efgA (23.3+£3.3)IB (20. 0£5. 8)ghC
55 (33.3£3. 3)fgA (20. 0£5. 8)fB (13.3%£3. 3)ghC
60 (26.7£5. TgA (16. 7£3. 3)IA (10. 0£5. 8)hA

1) R R BIE A RER . [R5 B 5 AN ) /NS 7 R A [ — 4 SR E A [ & JRUIN 1) - YT s S 2 B 700 37 0. 05 /K28 e B35
(Tukey 7). [FA7TEHR G A RIS FREFORTE R — V2 5 ] | AN [R1v8 UR BE  TL IS SR 77 15 32 7E 0. 05 /K22 57 1.3 (Tukey 12)

Data are mean==standard error. Different lowercase letters in the same column indicate significant difference in the survival rate at the same

refrigeration temperature for different refrigeration periods at 0. 05 level (Tukey method). Different uppercase letters in the same row indi-

cate significant difference in the survival rate at different refrigeration temperatures for the same refrigeration period at 0. 05 level (Tukey

method).
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Table 2 The effects of different refrigeration durations on the amounts of oviposition per female Amblyseius eharai at 5°C
Y E] /d AEMEF= R /B Oviposition number per female
Refrigeration RPN 2R 83K AR 5K 556K CANIPS
time izt Second day Third day Fourth day Fifth day Sixth day Seventh day
0 (1. 0+0. DabC ~ (1.2£0. DaBC  (2.2+0.2)aA (1. 9£0.2)aAB (1. 7£0. DedABC  (1.240. DbBC (1. 1+£0. DaC
5 (2.3740. 2)aA (2.940. 2)aA (3.340.3)aA  (3.3£0.2)aA  (2.840.2)abcdA  (2.740.2)abA  (2.5£0. 3)aA
10 (1.440. abBC (1.740.2)aBC (2. 14-0. 3)aABC (2. 47+0. 2)aAB (3. 140. 2)abcA (2.140. 2)abABC (1. 1£0. 2)aC
15 (0. 4£0. DbC (1. 6+£0.aABC (1. 940.2)aAB (1.140.3)aBC (1. 7£0. 3)bedAB (2. 7£0. 2)abA (2. 3+0. 3)aAB
20 (1.740. 2)abBC (2. 940. 3)aA (3.340.2)aA  (2.7£0.3)aAB (2. 340. 2)abcdABC (2. 54-0. 2)abABC (1. 6+0. 2)aC
25 (1.840.4)abB  (1.9740.2)aB (2.540.3)aAB (2. 7£0.2)aAB (3. 3740. 2)abA (2.9740.2)abAB (1. 8+0. 2)aB
30 (1.1£0.2)abC (1. 1#£0. 3)aC (2.3%£0.3)aABC (3.0+0.4aAB  (3.5£0. 2)aA (3.14+0.2)aAB  (2.140. 2)aBC
35 (1.340. 3)abA  (2.340. 3)aA (2.340.9aA  (3.3£0.9DaA  (2.740. DabedA  (2.340.3)abA  (1.3£0. 3)aA
40 (0. 740. 3)bA (1. 740. HaA (3.040.6)aA  (2.7£0.3)aA  (2.340.3)abcdA (2. 740.9)abA (1. 7£0. DaA
45 (1. 0£0. 0)abA (1. 7£0. T)aA (2.0£0.6)aA  (3.3+0.9aA  (2.7£0.3)abedA  (1.7£0.3)abA (2. 0£0. 6)aA
50 (0. 740. 3)bB (1.7£0.3)aAB  (2.34+0.3)aAB  (3.7+0.9aA  (1.37£0.3)dAB (2.0+0.6)abAB (1. 740. 7)aAB
99 (1.040.6)abB  (2.340.3)aAB  (2.040.6)aAB (3.7£0. DaA  (2.340.3)abcdAB (1. 740.3)abAB (1. 3£0. 3)aAB
60 (1.3740.3)abA  (3.3740.9)aA (2.3£0.3)aA  (2.0%£0.6)aA  (2.37£0.3)abedA  (1.37£0.3)abA (1. 3+£0. 3)aA

1
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Data are mean= standard error. Different lowercase letters in the same column indicate significant difference in the amounts of oviposition in

the same day for different refrigeration periods at 0. 05 level (Tukey method). Different uppercase letters in same row indicate significant

difference in the amounts of oviposition in different days for same refrigeration periods at 0. 05 level ( Tukey method).
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Table 3 The effects of different refrigeration durations on the amounts of oviposition per female Amblyseius eharai at 7°C

Vgt a] /d e D+ /HL  Oviposition number per female
Refrigeration 1R ¥R 53R 4R 5K 6K /TR
time First day Second day Third day Fourth day Fifth day Sixth day Seventh day
0 (1.040. DaC  (1.240. DaBC  (2.240.2)aA (1. 9£0. 2)aAB (1. 740. DaABC  (1.240. DaBC (1. 040. DaC
5 (0.7£0.2)aB  (2.8+0.2)aA (2.1£0.2)aA  (3.2£0. 2)aA (3.140. 2)aA (2.9£0.2)aA  (2.3%£0.2)aA
10 (0.97£0.2)aC (1. 6£0.3)aBC  (2.8£0.4)aAB (3.37£0. 2)aA (3.340. 2)aA (2.92£0.2)aA  (2.4%£0. DaAB
15 (1.640.2)aB  (2.5£0.2)aAB  (3.0£0.2)aA  (3.37£0. 2)aA (2.840. 2)aA (2.840.2)aA  (2.27£0. 2)aAB
20 (0.940.2)aB  (2.2£0.2)aAB  (2.3£0. )aAB (2.540. 6)aA (2.37£0. 2)aAB (0.940.2)aB (1. 5£0. 2)aAB
25 (1.240. DaD  (1.7£0.2)aCD  (2.8740.2)aAB (2. 6740.2)aABC  (2.2740.3)aABCD (2.9740.3)aA (1. 740. 2)aCD
30 (0.940.2)aB (1. 1£0. 2)aB (2.940.2)aA  (2.440.2)aA (2.6740. 2)aA (2.540.2)aA  (2.37£0. 2)aA
35 (0.740.3)aB  (2.0£0.6)aAB  (2.3£0.3)aAB (1.37£0. 3)aAB (3.320. 3)aA (1.740. DaAB (2.3£0.9aAB
40 (1.3£0.3)aA  (2.3+0.3)aA (2.7£1.2)aA  (2.7£0.3)aA (2.340. DaA (2.7£0.9aA  (1.3+0.3)aA
45 (0.7£0.3)aA (1. 3+£0.3)aA (2.3£0.3)aA  (3.0E1. 2)aA (2.3740.9aA (2.040.6)aA  (1.7£0. DaA
50 (1.040.0)aA (1. 7£0. DaA (2.740.9aA  (3.710.7)aA (2.07£0. 6)aA (1.340.3)aA  (2.0£0. 6)aA
55 (1.04+0.00aB (1. 7£0.3)aAB (2. 0£0.6)aAB (2. 7%0. 3)aAB (3.0£0. 6)aA (2.340.3)aAB (1. 3%£0. 3)aAB
60 (1.040.6)aA  (2.07£0. 6)aA (2.7£0.3)aA  (3.0£0. 6)aA (2.3740. 3)aA (2.0£0.6)aA (1. 7+£0.3)aA
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Table 4 The effects of different refrigeration durations on the amounts of oviposition per female Amblyseius eharai at 9°C

Vst ] /d HEMEF= D HE /B Oviposition number per female
Refrigeration EBISN EWES 3K NS 5K 6K ENIDS
time First day Second day Third day Fourth day Fifth day Sixth day Seventh day
0 (1.040. DaC  (1.2740. DaBC  (2.240.2)aA (1.9740. 2)aAB (1. 7£0. DaABC (1. 2740. DaBC (1. 140. 1)abC
5 (0.740. DaB  (2.5£0. 3)aA (2.6740. 2)aA (2.840. 2)aA (3.3740. 2)aA (2.740. 2)aA (2.3740.2)aA
10 (1.140.2)aC  (1.87£0.2)aBC  (2.640.2)aAB (2. 640.2)aAB (3. 1%0.2)aA (2.440.3)aAB (2. 3+£0. 2)aAB
15 (1.440.HaB  (2.7£0.2)aAB  (2.940.4)aA (2.9740. 2)aA (2.5740. 3)aAB (2.340.2)aAB (2. 1+£0. 2)aAB
20 (0.940. DaC  (2.1£0. 4)aAB  (2.340.2)aAB (2. 8740. 2)aA (2.5%£0. 2)aAB (1. 840. 1)aABC (1.5+0. 2)abBC
25 (1.240.2)aB  (1.9740.2)aAB (2. 740. 2)aA (2.840. 2)aA (2.5+0. 2)aA (2.3740.2)aA (2.140. 2)aAB
30 (0.740. DaC  (1.640.2)aBC (2. 740.2)aA (3.140. 2)aA (2.5+0. 3)aAB (2.240. DaAB  (2.1+£0. 2)aAB
25 (1.040.6)aA (1. 7£0. 3)aA (2.740. 3)aA (2.0740. 6)aA (3.3740. 9aA (2.3740. 3)aA (1. 340. 3)abA
40 (1.0£0. 6)aA  (2.3+£0.3)aA (2.740.9aA  (3.3£0.3)aA  (3.0%0.6)aA (2.040. 6)aA (1. 340. 3)abA
45 (1.0£0.6)aA  (2.0%0. 6)aA (3.3£0. 3)aA (3.7£0. 9)aA (1. 7£0. 3)aA (1. 7£0. 7aA (1. 30. 3)abA
50 (1.3£0.3)aAB (1.740.3)aAB  (2.0£0.6)aAB (3.7%0. 9aA (2.3+£0. 7)aAB (2.7£0.3)aAB (0. 740. 3)bB
55 (1.0+£0.6)aA (1. 7+0.3)aA (2.310.3)aA  (3.0%0.6)aA  (2.7%0. 3)aA (2.0+0. 6)aA (1. 3+0. 3)abA
60 (1.340.3)aB (1. 740.3)aAB  (2.3740.3)aAB  (3.3740. 3)aA (3.0=£0. 6)aAB (3.040.6)aAB  (2.0+£0. 6)aAB
2.2.4 P A gk A 8] AR A R B X UL R B G2 9 4 5 CHHRIE T 12K 5 d AL B FAME 7 d Y
BJa 7d N R B PO, O 19, 8 hi, B E TR0 D%

Ll 2 6 0 S A S [ V4 I B RV RN B] 5 10,15,45.50.55,60 d BB =R, 7 C AR
JG 7 dEFEER R LR 5, SRR 3 FARGREE R V15 d bR 7 d N RFEER IR,
TSR REG BRME 7 d BT R A RUE B R X 180 1R, 7EERMH b E iR ] 5,10 d B BE Ay
HEZH (0 ) MER I, Sl 10,0, 9 KL, AH B At v 5B s E) = 3.0
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Table 5 The effects of different refrigeration durations and different refrigeration temperatures on

the amounts of oviposition per female Amblyseius eharai in seven days

Vi A /d P F= P4/ kL Oviposition amount per female
Refrigeration time 5C 7C 9°C

0 (10. 240. 2)dA (10. 240. 2)bA (10. 240. 2)bA

5 (19. 840. TaA (17. 1£1. 0)aA (16.97£0. 8)aA
10 (13. 97+ 1. 0)bedA (17.2+1. 0)aA (15. 940. 7aA
15 (11. 640. 6)cdB (18. 140. 6)aA (16. 840. 9aA
20 (17. 140. 8)abA (12. 5+1. 2)abB (13.940. 8)abAB
25 (16.9741. 2)abA (15. 141. 2)abA (15. 340. 6)abA
30 (16. 3%+1. DabcA (14.5%0. 3)abA (15. 04=0. 2)abA
35 (15. 741. 5)abcA (13. 740. 9 abA (14. 3£1. 2)abA
40 (14. 741. 5)abedA (15. 340. 3)abA (15. 741. 2)abA
45 (14. 341. 9 bedA (13. 342. 0)abA (15. 0%1. 5)abA
50 (13. 340. 3)bedA (14. 342. 0)abA (15. 6+1. 2)abA
55) (14. 340. 3)bedA (14. 0£1. 2)abA (14. 0£2. 7)abA
60 (14. 040. 6)bedA (14. 741. 9abA (16.3£0. 3)aA

1) R R I R . RPN R ING R R 78 R — 8 SRR BE AN [R] ¥ U 18] T 7 B 78 0. 05 JK-F 2253 B3 (Tukey ¥, [FAFT
A FRE - BERR 7] — v I ] A ) ¥ JRGIR B 7 B TE 0. 05 /K- 22 57 35 (Tukey 1)

Data are meantstandard error. Different lowercase letters in the same column indicate significant difference in the amounts of oviposition

at the same refrigeration temperature for different refrigeration durations at 0. 05 level (Tukey method). Different uppercase letters in the

same row indicate significant difference in the amounts of oviposition for the same refrigeration duration at different refrigeration tempera-

tures at 0. 05 level (Tukey method).
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