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ABSTRACT — The use of an artificial diet may represent a step toward more cost-effective rearing of generalist phytoseiid
mites. Life table studies were performed to evaluate the nutritional value of ten different artificial diets as an alternative
food source for rearing of Neoseiulus californicus McGregor. All experiments were carried out under laboratory conditions,
at 25 ± 1°C, 60 ± 5% RH and a photoperiod of 16:8 (L:D) h. Most enriched diets reduced the total developmental time
of the predator compared to the basic artificial diet (AD1). All enriched artificial diets (except AD10 (diet enriched with
multivitamin syrup) and AD5 (diet enriched with serum albumin protein)) increased the total fecundity of N. californicus
compared with AD1, and the highest fecundity was observed on the diet supplemented with Ephestia kuehniella Zeller
eggs (AD2). The highest intrinsic rate of increase (r) values were observed on the diets enriched with E. kuehniella eggs
(AD2), Artemia franciscana Kellogg cysts (AD3) and maize pollen (AD6), whereas the diet enriched with serum albumin
protein (AD5) had the lowest value of this parameter. In conclusion, the diets supplemented with arthropod components,
as well as with bull sperm or maize pollen all enhanced survival, development and reproduction of N. californicus, and
consequently its population growth parameters.
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INTRODUCTION

The two-spotted spider mite (TSSM), Tetranychus
urticae Koch is a major pest in many economically
important crops (Helle and Sabelis, 1985; Luczyn-
ski et al., 1990; Sedaratian et al., 2011; Alipour et
al., 2016) and has a host range of more than 1,100
species of plants (Grbic et al., 2011). Management
of TSSM is extremely difficult, and a large quan-
tity of pesticides are used for this purpose. Chem-
ical pesticides can be harmful to humans, envi-
ronment and nontarget organisms and may cause

secondary pest outbreaks and resistance (Debach,
1974). In contrast, biocontrol agents, including phy-
toseiid mites, are generally considered safe to hu-
mans and the environment and generally have no
effect on other nontarget organisms (Fathipour and
Maleknia, 2016).

In biological control programs accompanied
with augmentation of biocontrol agents, provid-
ing the necessary facilities for mass production of
these agents is the crucial subject. Mass produc-
tion and release of biocontrol agents is the founda-
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tion of augmentative biological control (King, 1993).
Current mass-rearing systems are complex as they
require multiple organisms, comprising the preda-
tor/parasitoid, the prey/host and the host plant.
The necessity of maintaining three trophic levels in
natural rearing systems may cause problems of dis-
continuity, and the high costs for rearing facilities
and labor can lead to high market prices for the
predator (De Clercq et al., 2005). The availability
of effective artificial diet will reduce the number of
trophic levels, and the use of it may assist in making
the mass production of a biocontrol agent more cost
effective (Grenier and De Clercq, 2003).

Predatory mites of the family Phytoseiidae are
economically important predators of phytophagous
mites and insects in greenhouse crops (Greco et al.,
2005; Khodayari et al., 2013). Several species of
phytoseiid predatory mites rank among the most
important biocontrol agents used in augmentative
biological control against various pests (Cock et
al., 2010; Van Lenteren, 2012). Neoseiulus califor-
nicus McGregor (Acari: Phytoseiidae), one of the
most important biocontrol agent of TSSM, can pro-
vide excellent biological control of spider mites over
wide range of climatic and management conditions
(Oatman et al., 1977). The possibility of mass rearing
of N. californicus on alternative and more economi-
cal diet such as pollen increases the interest in this
predator as a control agent (Castagnoli and Simoni,
1999).

In the mass production of different generalist
phytoseiid mites, astigmatid mites are being used
as primary food sources instead of natural prey
(Bolckmans and van Houten, 2006). However, this
rearing system is often time-consuming and allergy
problems can be generated using astigmatid mites
(Fernandez-Caldas et al. 2007). The availability
of effective artificial diet may assist in making the
mass production of a phytoseiid mite more cost ef-
fective. Reducing costs of production could de-
crease the market price of phytoseiid mites and in-
crease the number of growers using biological solu-
tions for pest management.

To create an artificial diet for an arthropod, the
feeding mechanism and its digestive system as well
as its nutritional requirements and the biochemical

composition of its natural food should be known.
However, much of the successes with artificial di-
ets were based on a simple trial-and-error approach.
According to the purity of components, artificial di-
ets can be classified into three types: (1) holidic diet,
is one of which the chemical structure of all ingre-
dients is known; (2) meridic diet, has a holidic basis
but at least one of the components has an unknown
structure or purity; (3) oligidic diet, in which a few
of the components are known chemically, and con-
tain unpurified organic components, mainly raw or-
ganic materials (Dougherty, 1959). In addition, an-
other classification according to the presence or ab-
sence of insect components (hemolymph, tissue ho-
mogenates or extracts, egg juice) has been proposed
by Grenier and De Clercq (2003).

Whereas several artificial diets have been devel-
oped for predatory insects, relatively few attempts
have been made for rearing of predatory mites on
artificial diets (McMurtry and Scriven, 1966; Ken-
nett and Hamai, 1980; Ogawa and Osakabe, 2008;
Nguyen et al., 2013, 2014a). Therfore, the main ob-
jective of this study was to develop a suitable artifi-
cial diet for mass rearing of phytoseiid predators in
which Neoseiulus californicus (McGregor) was cho-
sen as a phytoseiid predator to be studied in this
research.

MATERIALS AND METHODS

Predator stock culture

The culture of N. californicus at the laboratory
was started with individuals obtained from Kop-
pert Biological Systems. Laboratory colonies of
N. californicus were reared in green plastic arenas
(18×13×0.1 cm) on water-saturated sponge in a
Plexiglas box (25×18×10 cm), which was half-filled
with water. The edges of the arenas were cov-
ered with moist tissue paper to provide moisture
and prevent predators from escaping (Walzer and
Schausberger, 1999). Bean leaves (Phaseolus vulgaris
var. Khomein) infested with TSSM were added to
the arena every other day.
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Providing dietary supplements

Pollen of maize (Zea mays L.) was collected from
plants at the Faculty of Agriculture campus in Tar-
biat Modares University, Tehran, Iran, in July 2014,
then it was oven dried (at 37 °C for 48 h). Steril-
ized eggs (by UV rays) of Ephestia kuehniella Zeller
(Lep.: Pyralidae) were provided by the Insectar-
ium of Scientific and Industrial Research Organi-
zation of Iran, whereas the larvae of E. kuehniella
were obtained from reared colonies on wheat flour
at the Laboratory of Entomology, Faculty of Agri-
culture, Tarbiat Modares University, Tehran, Iran.
Artemia franciscana Kellogg (Anostraca: Artemiidae)
cysts were purchased from aquarium fish sale cen-
ter in Isfahan, Iran, and decapsulated by washing
in a hypochlorite solution (Van Stappen, 1996). Bull
sperm was provided by livestock and poultry feed
sale center in Kerman, Iran. Serum albumin protein
(bovine serum albumin) was purchased from labo-
ratory equipment center of Tarbiat Modares Univer-
sity, Tehran, Iran.

The specimens of Plusia gamma L. (Lep.: Noctu-
idae) were originally collected from infested corian-
ders (Coriandrum sativum L.) at the Faculty of Agri-
culture greenhouse in Tarbiat Modares University,
Tehran, Iran. P. gamma colony was reared on green
bean pods (Phaseolus vulgaris L.) in a growth cham-
ber at 25 ± 1 °C, relative humidity of 60 ± 5% and a
photoperiod of 16:8 (L:D) h. The larval hemolymph
was collected from live P. gamma larvae (last instar)
according to Ghasemi et al. (2013).

All above-mentioned supplements were frozen
at -20 °C for long-term storage or refrigerated at 4
°C for up to 2 weeks during the experiments. In ad-
dition, multivitamin capsule (each capsule contains:
vitamin A 5000 IU, vitamin D 400 IU, vitamin E 30
IU, vitamin B1 1.5 mg, vitamin B2 1.7 mg, vitamin B6

2 mg, vitamin B12 6 mcg, vitamin C 60 mg, folic acid
0.4 mg, nicotinamide 20 mg, calcium 125 mg, iodine
150 mcg, iron 18 mg, magnesium 100 mg) and mul-
tivitamin syrup (each 5 ml contains: vitamin A 2500
IU, vitamin D 400 IU, vitamin E 15 IU, vitamin B1 1
mg, vitamin B2 2.1 mg, vitamin B6 1 mg, vitamin B12

5.4 mcg, vitamin B5 5.13 mg, and water in sufficient
quantity ) were prepared from pharmacy.

Preparation of artificial diets

The basic artificial diet (AD1) was prepared accord-
ing to Nguyen et al. (2013), which consisted of 5 %
honey, 5 % sucrose, 5 % tryptone, 5 % yeast extract,
10 % egg yolk, and 70 % distilled water (w/w). The
other diets (AD2 to AD10) consisted of 80 % AD1
enriched with 20 % (w/w) of different supplements
(Table 1). Liquid or soluble supplements such as
bull sperm, serum albumin protein, haemolymph of
P. gamma, the contents of multivitamin capsule, and
multivitamin syrup, directly were mixed with the
basic artificial diet (AD1) and then were centrifuged
(at 12,000 rpm at 5 °C for 15 min). The other sup-
plements (E. kuehniella eggs, decapsulated A. fran-
ciscana cysts, maize pollen, and E. kuehniella lar-
vae) initially were ground in a ceramic mortar then
mixed with the basic artificial diet (AD1) and then
were centrifuged. The obtained diets were trans-
ferred to 2 ml micro tubes and frozen at -20 °C for
long-term storage or refrigerated at 4 °C for up to 2
weeks during the experiments.

Experimental design

In order to evaluate the suitability of different ar-
tificial diets as alternative food sources for rearing
of N. californicus, life table parameters were deter-
mined. At the beginning of the experiments, to ob-
tain the synchronized eggs of N. californicus, 50 pairs
of newly emerged N. californicus (male and female)
were transferred from the conditioned colonies onto
a bean leaf disc. After 24h, the deposited eggs were
transferred individually to the experimental units
(by using a small brush) up to 70 replicates per
treatment. Experimental units were similar to those
used for the predator culture, but in a smaller scale
(Khanamani et al., 2017).

These eggs (70 eggs for each treatment) were
checked daily and the incubation period was
recorded. After the emergence of larval predators,
the respective test diet was offered as food. Arti-
ficial diets were absorbed on a small piece of filter
paper (2 × 2 mm) (Nguyen et al., 2013) which was
placed in the corner of experimental unit sheet, and
refreshed every two days. Duration and survival of
different immature stages were monitored every 24
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TABLE 1: Ingredients (%w/w) of different artificial diets.

Artificial diets Ingredients
AD1 5 % honey, 5 % sucrose, 5 % tryptone, 5 % yeast extract, 10 % egg yolk, and 70 % distilled water
AD2 80 % AD1 + 20 % Ephestia kuehniella egg
AD3 80 % AD1 + 20 % decapsulated Artemia franciscana  cyst
AD4 80 % AD1 + 20 % bull sperm
AD5 80 % AD1 + 20 % serum albumin protein (bovine serum albumin)
AD6 80 % AD1 + 20 % maize pollen
AD7 80 % AD1 + 20 % haemolymph of Plusia gamma
AD8 80 % AD1 + 20 % whole body tissue extracts of Ephestia kuehniella larvae
AD9 80 % AD1 + 20 % multivitamin capsule
AD10 80 % AD1 + 20 % multivitamin syrup

*AD, artificial diet; AD1, basic artificial diet.

h until the adult stage. When the adult stage was
reached, females and males were coupled. The cou-
ples were kept together up to the end of the study,
and survival and number of eggs produced by fe-
males were recorded daily. The experiment lasted
until both adults died. All experiments were car-
ried out under laboratory conditions, at 25 ± 1°C,
60 ± 5% RH and a photoperiod of 16:8 (L:D) h.

The parameters recorded in these experiments
were: duration of different life stages, immature
survival, preoviposition and oviposition periods,
fecundity, sex ratio (♀/♂+♀), female and male
longevity, and lifespan.

Life table parameters estimation

Data obtained from all individuals on the ten arti-
ficial diets were subjected to the age-stage, two-sex
life table procedure (Chi and Liu, 1985; Chi, 1988)
to analyze the effect of diet on the bio-ecological pa-
rameters of N. californicus. The age-stage specific
survival rate (sxj) (x is the age and j is the stage);
the age-specific survivorship (lx); the age-specific
fecundity (mx); and the life table parameters (intrin-
sic rate of natural increase (r), finite rate of increase
(λ), net reproduction rate ( R0), gross reproduction
rate (GRR), and mean generation time (T)) were cal-
culated accordingly. More details on two-sex life ta-
ble parameters can be found in the relevant refer-
ences (Huang and Chi, 2012; Khanamani et al., 2013;
Safuraie-Parizi et al., 2014).

Statistical analysis

The life table parameters were calculated by using
the TWOSEX-MSChart program (Chi, 2015). The
standard errors of duration of different life stages,
immature survival rate and life table parameters
were estimated by using the bootstrap procedure
(Efron and Tibshirani, 1993; Huang and Chi, 2013).
Because the bootstrap method generated normally
distributed estimates and smaller variances. To ob-
tain stable estimates, we used 40,000 bootstraps.
Standard error of the bootstrap is the standard de-
viation of the bootstrap replications (Efron and Tib-
shirani, 1993). The differences of bootstrap-values
among the treatments were compared using the
paired bootstrap test based on the confidence inter-
val of difference (Akca et al., 2015).

RESULTS

Life stages duration and survival

The life history parameters of N. californicus fed
on ten different artificial diets are shown in Ta-
ble 2. The egg incubation periods did not differ
among diets. However, diet had a significant effect
on the developmental time of larval and nymphal
stages of N. californicus. The cohort reared on the
artificial diet enriched with multivitamin capsule
(AD9) could not complete their life cycle, and all
of them died before adulthood in the larval and

410



Acarologia 57(2): 407–419 (2017)

protonymphal stages. Duration of total develop-
mental time of the predator was significantly dif-
ferent among tested diets; this period was longer
when the predator was fed on the basic artificial
diet (AD1). All enriched diets (except AD10) re-
duced the duration of preadult developmental time,

and the enriched diet with serum albumin protein
(AD5), followed by AD7, had the fastest develop-
ment. However, despite short development time,
immature mortality was high on the enriched diet
with serum albumin protein (AD5).

A significant effect of diet was found for male
and female longevity of adult N. californicus. On the
diets enriched with multivitamin syrup (AD10) and
P. gamma haemolymph (AD7), followed by AD2, N.
californicus males and females were generally found
to have the longest longevity, whereas the shortest
longevity for both sexes was on the diet enriched
with serum albumin protein (AD5). Furthermore,
duration of total life span of N. californicus indicated
significant differences among tested diets, and the
longest period was related to those reared on the
diets enriched with multivitamin syrup (AD10) and
P. gamma haemolymph (AD7), and the shortest pe-
riod was related to those on the diet enriched with
serum albumin protein (AD5).

The age-stage specific survival rates (sxj), and
age specific survivorship (lx) curves of N. californi-
cus are shown in Figures 1 and 2, respectively. Ac-
cording to these results, the highest preadult mor-
tality of N. californicus was on the diet enriched with
multivitamin capsule (AD9), followed by AD5 (diet
enriched with serum albumin protein), whereas no
immature mortality was observed on the diet en-
riched with maize pollen; on the other diets imma-
ture mortality was intermediate.

Reproductive parameters, sex ratio and fecundity
curves

Reproductive periods (adult pre-ovipositional pe-
riod (APOP), total pre-ovipositional period (TPOP),
and oviposition days) and fecundity of N. califor-
nicus fed on different artificial diets are shown in
Table 2. Diet significantly influenced the reproduc-
tive periods and fecundity of N. californicus. All
enriched artificial diets (except AD10 and AD7)
reduced the duration of pre-ovipositional periods
(APOP and TOPO) compared with basic artificial
diet (AD1), and the shortest pre-ovipositional pe-

riod was on the artificial diet enriched with A. fran-
ciscana cysts (AD3).

The highest number of oviposition days was
obtained on the artificial diet enriched with E.
kuehniella eggs (AD2), followed by AD3 (enriched
with A. franciscana cysts), whereas the lowest num-
ber was on the diet enriched with serum albumin
protein (AD5). All enriched artificial diets (except
AD10, diet enriched with multivitamin syrup; and
AD5, diet enriched with serum albumin protein)
increased the total fecundity of N. californicus, and
the highest fecundity was observed on the diet en-
riched with E. kuehniella eggs (AD2). Furthermore,
offspring sex ratio of N. californicus on all artificial
diets (except AD6) was female-biased.

Age specific fecundity (mx) of N. californicus fed
on different artificial diets is shown in Figure 2. Fe-
cundity curve was not drawn for the diet enriched
with multivitamin capsule (AD9), because it did not
allow individuals to reach adulthood. The fecun-
dity curves showed that N. californicus had the high-
est peak of oviposition on the diet enriched with
E. kuehniella eggs (AD2), followed by the diets en-
riched with A. franciscana cysts (AD3) and maize
pollen (AD6). The lowest peak of oviposition was
observed on the diet enriched with serum albumin
protein (AD5).

Population growth parameters

Population growth (life table) parameters of N. cal-
ifornicus fed on different artificial diets are shown
in Table 3. Population growth parameters of the
predator were significantly different among tested
artificial diets. All enriched artificial diets (except
AD10, diet enriched with multivitamin syrup; and
AD5, diet enriched with serum albumin protein)
increased the intrinsic rate of increase (r) of N.
californicus compared with the basic artificial diet

411



Khanamani M. et al.

Pa
ra

m
et

er
s

A
D

1
A

D
2

A
D

3
A

D
4

A
D

5
A

D
6

A
D

7
A

D
8

A
D

9
 A

D
10

Eg
g 

(d
)

2.
2±

0.
1a

2.
3±

0.
1a

2.
3±

0.
1a

2.
3±

0.
2a

2.
3±

0.
1a

2.
2±

0.
2a

2.
2±

0.
1a

2.
 2

±0
.2

a
2.

4±
0.

2a
2.

3±
0.

2a

La
rv

a 
(d

)
1.

1±
0.

0b
1.

0±
0.

0c
1.

2±
0.

1ab
1.

0±
0.

0c
1.

3±
0.

1a
1.

2±
0.

1ab
1.

1±
0.

0b
1.

1±
0.

0b
1.

2±
0.

1ab
1.

1±
0.

0b

Pr
ot

on
ym

ph
 (d

)
2.

8±
0.

1b
2.

4±
0.

1de
2.

5±
0.

1cd
e

2.
4±

0.
1de

2.
1±

0.
1f

2.
1±

0.
1f

2.
6±

0.
1bc

2.
3±

0.
1e

8.
3±

0.
2a

2.
6±

0.
1bc

D
eu

to
ny

m
ph

 (d
)

3.
5±

0.
2a

2.
3±

0.
1d

2.
8±

0.
1b

2.
9±

0.
2b

1.
8±

0.
1f

2.
5±

0.
1cd

2.
7±

0.
1bc

2.
 0

±0
.1

e
…

…
3.

5±
0.

2a

Pr
ea

du
lt 

(d
)

9.
7±

0.
2a

8.
1±

0.
1d

8.
9±

0.
2bc

8.
5±

0.
1c

7.
5±

0.
2e

8.
5±

0.
1c

8.
 7

±0
.1

c
7.

8±
0.

1de
…

…
9.

5±
0.

3ab

M
al

e 
(d

)
32

.7
±2

.6
cd

58
.6

±6
. 8

ab
41

.9
±5

.5
bc

50
.8

±2
.4

b
23

.2
±4

.8
d

47
.1

±2
.1

b
62

.8
±3

.1
a

39
.7

±2
.7

c
…

…
71

.8
±6

.6
a

Fe
m

al
e 

(d
)

42
.9

±3
.6

de
61

.0
±4

.5
b

56
.9

±5
.7

bc
55

.2
±5

.5
bc

d
21

.7
±2

.1
f

46
.6

±3
.1

cd
e

74
.2

±2
.9

a
40

.7
±3

.3
e

…
…

68
.1

±8
.9

ab

Li
fe

 s
pa

n 
(d

)
48

.4
±2

.5
d

68
.3

±3
.8

ab
59

.6
±4

.2
bc

62
.3

±3
.7

bc
29

.3
±2

.9
e

56
.0

±1
.8

cd
78

.3
±2

.3
a

48
.5

±2
. 7

d
…

…
79

.4
±5

.4
a

A
PO

P 
(d

)
13

.0
±1

.1
a

8.
1±

0.
8c

5.
1±

0.
2e

9.
2±

0.
5b

7.
0±

0.
 0

cd
5.

8±
0.

6de
11

.5
±1

.1
ab

7.
1±

0.
9cd

…
…

10
.8

±0
.8

ab

TP
O

P 
(d

)
22

.7
±1

.2
a

16
.3

±0
.8

cd
14

.0
±0

.1
e

17
. 8

±0
. 6

bc
14

.0
±0

. 0
e

14
.3

±0
.7

de
20

.3
±1

.1
ab

15
.1

±0
.9

de
…

…
21

.0
±0

. 6
a

O
vi

po
si

tio
n 

da
ys

6.
0±

0.
9d

24
.4

±2
.3

a
18

.5
±2

.3
ab

10
.7

±1
. 6

c
1.

0±
0.

0e
16

.7
±1

.6
b

14
.6

±1
.1

b
9.

7±
1.

3c
…

…
10

.3
±1

.2
c

Fe
cu

nd
ity

 (e
gg

)
5.

1±
0.

 9
d

25
.2

±2
.3

a
18

.5
±2

.3
b

9.
6±

1.
6c

0.
1±

0.
06

e
17

.1
±1

.8
b

13
.7

±1
.2

b
9.

0±
1.

3c
…

…
8.

0±
1.

4cd

Se
x 

ra
tio

0.
58

0.
60

0.
61

0.
66

0.
69

0.
48

0.
59

0.
63

0.
56

Im
m

at
ur

e
Su

rv
iv

al
(%

)
0.

80
±0

.0
5c

0.
87

±0
.0

4bc
0.

90
±0

.0
4bc

0.
78

±0
.0

6c
0.

56
±0

.0
7d

1.
00

±0
.0

0a
0.

92
±0

.0
3b

0.
88

±0
.0

4bc
0.

00
±0

.0
0e

0.
76

±0
.0

6c

A
rt

if
ic

ia
l d

ie
ts

*
d,

da
y;

M
al

e,
m

al
e

lo
ng

ev
ity

;F
em

al
e,

fe
m

al
e

lo
ng

ev
ity

;A
PO

P,
ad

ul
tp

re
-o

vi
po

si
tio

na
lp

er
io

d;
TP

O
P,

to
ta

lp
re

-o
vi

po
si

tio
na

lp
er

io
d

(f
ro

m
eg

g
to

fir
st

ov
ip

os
iti

on
).

A
D

1=
ba

si
c

ar
tif

ic
ia

ld
ie

t,
A

D
2

to
A

D
10

=
ba

si
c

ar
tif

ic
ia

ld
ie

te
nr

ic
he

d
w

ith
Ep

he
st

ia
ku

eh
ni

ell
a

eg
gs

(A
D

2)
;A

rt
em

ia
fra

nc
isc

an
a

cy
st

s
(A

D
3)

;b
ul

ls
pe

rm
(A

D
4)

;B
ov

in
e

se
ru

m
al

bu
m

in
pr

ot
ei

n
(A

D
5)

;m
ai

ze
po

lle
n

(A
D

6)
;P

lu
sia

ga
m

m
a

ha
em

ol
ym

ph
(A

D
7)

;E
.k

ue
hn

iel
la

la
rv

ae
(A

D
8)

;m
ul

tiv
ita

m
in

ca
ps

ul
e

(A
D

9)
;a

nd
m

ul
tiv

ita
m

in
sy

ru
p 

(A
D

10
). 

Th
e 

m
ea

ns
 fo

llo
w

ed
 b

y 
di

ff
er

en
t l

et
te

rs
 in

 th
e 

sa
m

e 
ro

w
 a

re
 s

ig
ni

fic
an

tly
 d

iff
er

en
t (

P 
< 

0.
05

, p
ai

re
d 

bo
ot

st
ra

p 
te

st
).

TA
B

L
E

2:
In

gr
ed

ie
nt

s
(%

w
/w

)o
fd

iff
er

en
ta

rt
ifi

ci
al

di
et

s.

412



Acarologia 57(2): 407–419 (2017)

FI
G

U
R

E
1:

A
ge

-s
ta

ge
su

rv
iv

al
ra

te
(s

xj
)o

fN
eo

se
iu

lu
s

ca
lif

or
ni

cu
s

on
di

ff
er

en
ta

rt
ifi

ci
al

di
et

s
A

D
1=

ba
si

c
ar

ti
fic

ia
ld

ie
t,

A
D

2
to

A
D

10
=

ba
si

c
ar

ti
fic

ia
ld

ie
te

nr
ic

he
d

w
it

h
Ep

he
st

ia
ku

eh
ni

el
la

eg
gs

(A
D

2)
;A

rt
em

ia
fr

an
ci

sc
an

a
cy

st
s

(A
D

3)
;b

ul
ls

pe
rm

(A
D

4)
;B

ov
in

e
se

ru
m

al
bu

m
in

pr
ot

ei
n

(A
D

5)
;m

ai
ze

po
lle

n
(A

D
6)

;P
lu

si
a

ga
m

m
a

ha
em

ol
ym

ph
(A

D
7)

;E
.k

ue
hn

ie
lla

la
rv

ae
(A

D
8)

;m
ul

ti
vi

ta
m

in
ca

ps
ul

e
(A

D
9)

;a
nd

m
ul

ti
vi

ta
m

in
sy

ru
p

(A
D

10
).

413



Khanamani M. et al.

FI
G

U
R

E
2:

A
ge

-s
pe

ci
fic

su
rv

iv
or

sh
ip

(lx
),

an
d

ag
e-

sp
ec

ifi
c

fe
cu

nd
it

y
(m

x)
of

N
eo

se
iu

lu
s

ca
lif

or
ni

cu
s

on
di

ff
er

en
ta

rt
ifi

ci
al

di
et

s.

414



Acarologia 57(2): 407–419 (2017)

TABLE 3: The mean (±SE) life table parameters of Neoseiulus californicus on different artificial diets.

r (day-1) λ (day-1) GRR (offspring) R 0 (offspring) T (day)
AD1 0.0213±0.0056d 1.0216±0.0058d 6.83±1.27b 2.39±0.53e 39.69±2.11b

AD2 0.0782±0.0067a 1.0814±0.0072a 18.49±2.89a 13.14±2.22a 32.79±1.18d

AD3 0.0685±0.0061ab 1.0709±0.0065ab 20.77±2.68a 10.10±1.87ab 33.52±1.23cd

AD4 0.0478±0.0070c 1.0489±0.0073c 8.32±1.73b 5.05±1.13cd 33.36±1.09cd

AD5 -0.2089±0.0355e 0.8119±0.0288e 0.09±0.04c 0.05±0.02f 15.00±0.00g

AD6 0.0726±0.0073ab 1.0754±0.0079ab 10.12±1.90b 8.17±1.53abc 28.70±0.95e

AD7 0.0558±0.0049bc 1.0574±0.0052bc 8.6±1.20b 7.60±1.11bc 36.16±1.01bc

AD8 0.0601±0.0083abc 1.0620±0.0088abc 7.43±1.21b 4.85±0.93cd 25.99±0.64f

AD10 0.0243±0.0056d 1.0245±0.0057d 6.6±1.37b 3.43±0.857de 49.49±2.42a

Artificial diets
Parameters

*The means followed by different letters in the same culomn are significantly different among treatments using
the paired bootstrap test at 5% significance level.

(AD1), and the highest r values were observed on
the diets enriched with E. kuehniella eggs (AD2),
A. franciscana cysts (AD3) and maize pollen (AD6),
whereas the diet enriched with serum albumin pro-
tein (AD5) had the lowest r value. The highest and
lowest values of the finite rate of increase (λ) were
obtained on the diets enriched with E. kuehniella
eggs (AD2) and serum albumin protein (AD5), re-
spectively. The cohort reared on the diets enriched
with E. kuehniella eggs (AD2), followed by the diets
enriched with A. franciscana cysts (AD3) and maize
pollen (AD6), had the highest net reproductive rate
(R0), and those on the diet enriched with serum al-
bumin protein (AD5) had the lowest R0. The high-
est gross reproductive rate (GRR) was observed on
the diets enriched with E. kuehniella eggs (AD2) and
A. franciscana cysts (AD3). In addition, the longest
and shortest mean generation time (T) of N. califor-
nicus were obtained on the artificial diets enriched
with multivitamin syrup (AD10) and serum albu-
min protein (AD5), respectively.

DISCUSSION

The use of an artificial diet may represent a step to-
ward more cost-effective rearing of generalist phy-
toseiid mites and other biocontrol agents (Abou-
Awad et al., 1992). Artificial diets can be an alter-

native to natural and factitious prey for the mass
production of biocontrol agents, reducing costs and
facilitating automation of the production (Kennett
and Hamai, 1980). The main purpose of this study
was to develop a suitable artificial diet for mass
rearing of the two-spotted mite predator, N. califor-
nicus.

Life tables are descriptions of survival potential
at different ages or stages, and the life table pa-
rameters is a powerful tool for analyzing and un-
derstanding the impact of an external factor (such
as diet) on the development rate, survival rate, re-
production rate and rate of population increase of
an arthropod population (Momen, 2001). The most
important advantage of a life table is that it sum-
marizes multiple life history parameters like imma-
ture survival, development time, adult fecundity,
and longevity by a single value defined as r (Carey,
1993). Thus, r can be used as the most important cri-
terion in evaluating the suitability of diets for rear-
ing of arthropods.

Our study revealed distinct effects of different
artificial diets on bioecological parameters of the
predatory mite N. californicus. Our results show
that N. californicus can feed and develop to the adult
stage on all the tested diets (except on AD9, diet en-
riched with multivitamin capsule); however, pread-
ult duration was different among tested diets. All
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enriched diets (except AD10) reduced the duration
of immature developmental time. This can be ex-
plained by deficiency of primary essential nutrients
for growth and development in the basic artificial
diet (AD1) and this deficiency could be compen-
sated by adding supplements (especially protein
and insect components). The developmental time of
N. californicus has been reported to be 5.87 and 6.16
days on almond and date palm pollens, respectively
(Khanamani et al., 2017) which is shorter than the
development time on any of the artificial diets stud-
ied here. Therefore, these pollens can be considered
to be favorite food for the immature stages of N. cal-
ifornicus in mass-production system (Khanamani et
al., 2017). The suitability of pollen grains has also
been proved for other phytoseiid species (e.g., Ri-
ahi et al., 2016)

In addition to differences in immature develop-
ment time, there were also significant differences in
juvenile survival and fecundity among the different
diets. All individuals of the cohort reared on the
artificial diet enriched with multivitamin capsule
(AD9) died in the larval and protonymphal stages,
and after that individuals reared on AD5 (enriched
with serum albumin protein) had the highest pread-
ult mortality (approximately 50%) and lowest fe-
cundity. Therefore, the use of these two supple-
ments is not recommended in the preparation of ar-
tificial diet for N. californicus. Adding insect com-
ponents to artificial diets enhanced their suitabil-
ity and improved their nutritional quality for ento-
mophagous insects (Grenier and De Clercq, 2003;
De Clercq, 2004). The supplemented diets with
maize pollen (AD6), insect components (AD2, AD7,
and AD8) and artemia cysts (AD3) reduced the im-
mature mortality and increased fecundity of N. cal-
ifornicus. Although these values of fecundity were
lower than those reported on T. urticae (38.31 eggs),
almond pollen (46.87 eggs), and maize pollen (34.89
eggs) (Khanamani et al., 2017), these values exceed
the values reported on date palm (2.18 eggs), bee
(2.55 eggs), bitter orange (10.01 eggs) and sunflower
(12.80 eggs) pollens (Khanamani et al., 2017).

Differences in survival, developmental and re-
productive characteristics were reflected in the life
table parameters especially in the r value. The high-

est r value in our study were observed when N.
californicus was fed with the diets enriched with
E. kuehniella eggs (AD2), A. franciscana cysts (AD3)
and maize pollen (AD6). These growth rates ex-
ceed the values reported on date palm (0.010 day-1)
and bee-collected (0.005 day-1) pollens (Khanamani
et al., 2017), and Thrips tabaci Lindeman (0.041 day-1)
(Rahmani et al., 2009). However, these values were
lower than those reported for N. californicus when
fed on T. urticae (0.154 day-1), almond pollen (0.231
day-1), maize pollen (0.179 day-1) (Khanamani et
al., 2017), Lepidoglyphus destructor (Schrank) (0.245
day-1) and Acarus siro L. (0.104 day-1) (Simoni et al.,
2006). Thus, the almond pollen and L. destructor
followed by the maize pollen and A. siro are more
suitable diets for mass-rearing of N. californicus. In
addition, interesting results were obtained with the
alternative prey Petrobia harti (Ewing) and pollens
of Carpobrotus edulis (L.) and Scrophularia peregrina
L. (Ragusa et al., 2009).

Although the reproductive performance of the
predator on most of the prepared artificial diet was
relatively low, because of their suitability for preser-
vation of the adult predator they can be used as a
food source supplied during the delivery of com-
mercially mass-produced phytoseiid mites or for
maintenance of the population in times of demand
shortage. In addition, their application can also
support the predator population in times of prey
scarcity in the crop. In times of prey scarcity, long-
term preservation of phytoseiid mites was more im-
portant than increasing their capacity for egg pro-
duction, because an over-abundance of the preda-
tors can lead to an over-consumption of the food re-
source and may cause an increase in the frequency
of cannibalism (Schausberger, 2003). It should be
mentioned that solid artificial diets have several ad-
vantages than liquid ones, including more conve-
nient application and storage. In addition, solid ar-
tificial diets are believed to have better potential for
use as supplemental foods to sustain predatory mite
populations in the crop after release (Nguyen et al.,
2014b).

The artificial diet developed by Ogawa and Os-
akabe (2008) supported preadult development and
survival of the predatory mite N. californicus but its

416



Acarologia 57(2): 407–419 (2017)

oviposition rate on this diet was negligible com-
pared with a diet of T. urticae. In the present study,
the basic artificial diet (AD1) was prepared accord-
ing to Nguyen et al. (2013), however, the oviposition
rate and ultimately the obtained r values of Ambly-
seius swirskii (Athias-Henriot) on AD1 (Nguyen et al.
2013) and AD1 enriched with extracts of decapsu-
lated A. franciscana cysts (Nguyen et al. 2014a) were
higher than those obtained in the present study for
N. californicus. The higher performance of A. swirskii
on artificial diets may be due to the generalist feed-
ing habits (Type III) of this predator, whereas, N. cal-
ifornicus is a selective predator (type II) of tetrany-
chid mite (McMurtry et al., 2013).

In conclusion, the diets supplemented with
arthropod components, as well as with bull sperm
or maize pollen all enhanced survival, develop-
ment and reproduction of N. californicus, and con-
sequently its population growth parameters. How-
ever, further experiments are needed to develop a
suitable artificial diet for providing higher repro-
ductive performance for phytoseiid mites. In addi-
tion, further work will be needed to develop a diet
in a practical form for mass production and/or as a
supplementary diet in the crop. Liquid diets are not
practical. The diets should be as simple as possi-
ble but support a good population growth rate, i.e.
unnecessary components of the diets should be re-
moved.
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