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The Effects of different ecological factors on rearing efficiency of
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Abstract: This paper studied about the effects of five ecological factors: rearing temperature(x,), relative
air moisture (x,) . rate of feces sifting (x;), density of larvae (x,) and fodder water percentage (x5) on
growth speed and survival rate of older mealworm (Tenebrio molitor L.) larvae through rotational
composite design of quadratic regression. Two models were established to describe the effects of the five
factors: Y, =127.5079 4 18. 655925 + 2. 7894xs2, — 2. 38542505 — 3. 0594t + 1. 824125 — 3. 85592%; Y, =
1. 7459 4+ 0. 41082, + 0. 09752, + 0. 90252, + 0. 34422 + 0. 0834x% + 0. 306027 — 0. 2623x%. The models
showed that percentage of fodder water is the major factor affecting the growing speed of T. molitor
larvae, and rearing temperature and density of larvae and fodder water are the major factors on death rate.
The models also show that temperature and fodder have important effects on growth speed and death rate,
and significance tests showed they have significant difference both the 0. 05 and 0. 01 levels. The optimal
rearing conditions are temperature of 24~27 C, relative air moisture of 64 % ~70% . feces sifting rate of
once in 2~4 days, density of larvae of 0.42~0.49 g/cm?* and fodder moisture of 13.48% ~17.48%.
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Table 1 Factors of the rearing condition of 7. molitor L. and level
X
Variation Level Temperature Humidity of Sifting rate of Density Fodder water
X; X,CC) atmosphere X,(%) frass X3(d/ ) (g/ ) percentage X5( %)
+2 33 90 9 210 39
+1 30 80 ™ 170 31.5
Level of 0 27 70 5 130 24
factors —1 24 60 3 90 16.5
—2 21 50 1 50 9
Nj=(Zyj—Z0;)/2
2.1
2, s
1( )

Y, =127.5079 — 0. 18022, + 0. 35902, — 0. 4071as — 0. 16002, + 18. 655925 + 1. 2604212, + 0. 527221205 —
1. 75432120 — 1. 57952125 + 0. 2192x2,205 + 0. 070120y — 1. 79922005 + 2. 7894520, — 2. 3854305 +
0. 7138x,a5— 3. 059327+ 0. 217225+ 1. 824225 — 0. 622527 — 3. 8558
2( ):
Y, =1.7459 + 0. 4108z, + 0. 09752, + 0. 0083x; + 0. 90252, + 0. 344225 + 0. 0050x,0, — 0. 0275205 +
0. 02002124 + 0. 03632125 — 0. 05002525 + 0. 01502524 + 0. 0038225 + 0. 017525204 — 0. 0038z 325 +
0. 0213x,25+0. 083327+ 0. 050823+ 0. 064625+ 0. 306027 — 0. 26222%
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Table 2 Experimental design and result of the rearing factors of T. molitor L. larvae
P‘. ~ S F. ot <
actors Speed of Death actors Speed of Death
No. weight gain rate No. weight gain  rate
X X, X3 Xi X5 - X X, X; X Xs
Lo 2 ) oo o ) 22
1 1 1 1 1 1 141. 60 3.88 19 O 2 0 0 0 125. 27 1.40
2 1 1 1 —1 —1 121.67 1. 36 20 0 —2 0 0 0 128. 58 1.08
3 1 1 —1 1 —1 109. 79 3. 44 21 0 0 2 0 0 136. 38 1. 31
4 1 1 —1 —1 1 153.13 1.99 22 0 0 —2 0 0 130. 31 1.28
5 1 —1 1 1 —1 110. 29 3.20] 23 0 0 0 2 0 124. 33 3.83
6 1 —1 1 —1 1 140. 40 1.71 24 0 0 0o —2 0 122. 80 0. 69
7 1 —1 —1 1 1 141.51 3. 63 25 0 0 0 0 2 156. 83 3.31
8 1 -1 -1 —1 —1 116. 28 1.24 26 0 0 0 ORNES. 2 64.21 0. 86
9 —1 1 1 1 —1 113. 47 2.51| 27 O 0 0 0 0 120. 31 0. 88
10 —1 1 1 —1 1 135. 40 0.91 28 0 0 0 0 0 142. 20 1.37
11 —1 1 —1 1 1 145. 04 2.90 29 O 0 0 0 0 131. 27 1. 25
12 —1 1 -1 —1 —1 113. 39 0.66 30 O 0 0 0 0 123. 87 1. 68
13 —1 —1 1 1 1 146.13 2.76 31 O 0 0 0 0 140. 23 1.82
14 —1 —1 1 —1 —1 105. 95 0. 54 32 0 0 0 0 0 134. 68 1.08
5 -1 —1 —1 1 —1 103.79 2.17 33 0 0 0 0 0 137.72 0. 88
6 -1 —1 —1 —1 1 153. 90 0.70 34 0 0 0 0 0 133. 96 1.52
17 2 0 0 0 0 108. 35 2.01 35 0 0 0 0 0 132. 26 1.43
18 —2 0 0 0 0 119. 31 0.73 36 0 0 0 0 0 125.76 0. 83
3
3.1
. b
b o
b
e X:C 1% IN XiC 5% N
XX, R X, X;C 20% ). P
) X4\

X, Xi. X; XiC 1% )\ X
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Table 3 Lack of fit and significant test of models of larvae growth speed and death rate
R?
R? Adjusted
Source of Sum of Degree of Test of Test of Determinant JL,IS ¢
L . L . determinant
variation squares freedom lack of fit significance coefficient .
coefficient
Q 10930. 6325 35
1 Q 9685. 1649 20 Fri=5.8332" "
Q 1245. 46725 15 0. 8861 0.7341
Model 1 _
Q 457. 3094 9
Q 788. 1518 6 Fy=2.5852"
Q 35.1957 35
9 Q 32.3990 20 Fr,=8.6886**
Q 2.7967 15 0.9205 0. 8146
Model 2
Q 1.1028 9
Q 1.6939 6 Fyo=2.3040™
Q 10930. 6325 35
3 Q 9456. 6417 20 Fr=31.0091""*
Q 1473. 9907 15 0. 8652 0.8373
Model 3 -
Q 457. 3094 9
Q 1006. 6813 6 F3=3.3348"™
Q 35. 1957 35
1 Q 32. 0854 20 Fr=41.2635"
Q 3.1103 15 0.9116 0. 8895
Model 4
Q 1.1028 9
Q 2. 0075 6 Fy=2.7305™
F1=2.5852<C Fo.05(6.9)=23-376  Fr1=5.8332>F0.01(20,15 = 3- 36
Fy=2.3040<< Fo.05¢6.9)=3.376  Fre=8.6886> Fo.01¢20.15=3- 36

F3=23.3348<T Fo.05¢5.9)=3- 376
Fy=2.7305<< Fo.05¢6,9)=3. 376

Frz=231.0091>F.01(20.15)=3- 36
Fri=41.2635>F0.01(20.15) = 3. 36

4

Table 4 Result of significant test of partial coefficients

Significance of difference

Model
Y., X X5, X XS a=0.01 a=0.05 a=0.1 a=0.2
s s 1 Model 1 3 12 4
2 Model 2 ty.t+2%t5.2%
Y. =127, 5079— 3. 0594 3 Model 3 ¢5,¢% 9 & tgt,lgz‘,g,‘tgt;
4 Model 4 1y411,1% 15,12 PN
Y=127.507941. 8241X3
Y,=127.5079418. 6559X;—3. 8559X%
. . , 0.+2 2
(—2<X<2) s . s 27C

H

o
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Ys=1.7459+0. 4108X,+0. 0834 X?
Yo=1.7459+0. 0975X,

Yio=1.745940. 0925X,+0. 3060X}
Y =1.745940. 3442X;40. 2623X?

N N N ’

—2.—2.—1.4747.0. 6561 (—2<X<2) , . s
3.2
o » X X X5 X5 s “

Y, =127.5079-+2. 7894 XX, +108241X3
Y13=127.5079-+18. 6559X;— 2. 3854 X:X5+1. 8241X5—3. 8559 X}
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. . . . . Fig. 2 The interaction between feces sifting rate and
Fig. 1 The interaction between rearing density and

L fodde water percentage
feces sifting rate

Level of fodd t tage; @ Level of {
(DLevel of rearing density; @Level of feces sifting rate DlLeve er water percentage; (2Leve coes

sifting rate

3.3
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5'=625 . 10% 55, 18d
0.5% 103, 5, 6,
5. 6 . 10% 26~27C,
~4d/ 0. 61~0. 79g/cm?, 33.27~39.71%. 18d
0.5% 24~25C, 64 % ~70% . 0.42~0.49g/cm?,



678 23

13.48% ~17-48%,

4
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, . t 3 20d  30d,
18% . 12% 1.6 1.7
. 33.27%~39.71% o
5 10 %

Table 5 The rearing condition that T. molitor L. larvae overweight 10 Y% per day

Level Temperature X, Sifting rate of frass X3 Density X, Fodder water percentage X5
—2 4 32 14 0
—1 14 14 11 0
0 19 0 11 0
1 14 1 8 16
2 4 8 11 39
55 55 55 55

Sum of frequency

0 —1.1091 —0.1636 1.7091
Level(average)
S.E. 0. 1408 0. 1884 0.1971 0.1967
95%
e —0.2760~0.2760  —1.4784~—0.7398  —0.5499~0. 2227 1.3236~2. 0946
95 % fiducial limit
. .. 26~27C 2~4d/ 108~139g/ 33.27%~39.71%
Rearing condition
6 18d 0.5%
Table 6 The rearing condition that the total death rate below 0.5 %of T. molitor L. larvae in 18 days
Fodder
Level Temperature X; Humidity of atmospher X, Density X, water percentage X;
—1 37 27 42 61
—1 31 24 43 45
0 19 19 18 2
1 12 17 0 0
2 4 16 0 15
103 103 103 103
Sum of frequency
—0.8252 —0.2816 —1.2330 —1.1359
Level (average)
S.E. 0.1336 0.1390 0.0716 0.1360
95% .
o —1.0479~ —0.6025 —0.5540~ —0.0092 —1.3733~ —1.0927  —1.4025~ —0. 8693
95% fiducial limit
24~25C 64%~70% 75~86g/ 13.48%~17.48%

Rearing condition
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64%~70% o

5
) 1% 5% ; 10% : 26~
27C, 2~4d/ 0.61~0.79g/cm?*, 33.27%~39.71%.
18 0.5% : 24~25C, 64%~70% . 0.42~0.49
g/cm?, 13.48% ~17.48%,
24~27C. 64%~70%. 2~4d/ .
0.42~0.49g/cm?, 13.48%~17.48%,
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