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Abstract
Background and Objectives
The ability of predators to feed, develop, and reproduce on non-prey food sources, such as pollen, is a
desirable trait for biological agents to maintain their populations in the event of prey scarcity.
Additionally, this trait is valuable for rearing predators in laboratories or mass-rearing purposes before
release. Research has shown that pollen as a dietary supplement may increase the establishment of
generalist predatory mites, thereby improving pest control by these mites. Pollen provides essential
nutrients, including proteins, carbohydrates, lipids, amino acids, vitamins, flavonoids, and minerals;
however, pollen's nutritional value can vary among plant species. In addition, phytoseiid mite species
vary in their ability to utilize pollen. Studies have shown that food sources, particularly those
containing high percentages of protein and carbohydrates, are nutritionally valuable for rearing
predators. Thus, our study aimed to compare the nutritional value of a powdered sugar diet (contains
high carbohydrates) and saffron and the mixture of almond and maize pollen grains (contains high
protein) for Neoseiulus californicus McGregor (Acari: Phytoseiidae) performance to optimize its mass-
rearing.
Materials and Methods
In this research, we evaluated the nutritional value of powdered sugar (sugar dust), saffron pollen, and
a mixture of almond and maize (almond+maize) pollen in mass-rearing of the predatory mite N.
californicus. Life table studies were conducted under laboratory conditions at 25 + 1°C, 60 + 5% RH,
and a photoperiod of 16:8 (L:D) h. Data analysis and population parameters (r, .Z, GRR, Ro, and T)
were calculated using the TWOSEX-MSChart program. The means and standard errors of all
parameters (duration of different life stages, fecundity, reproductive periods, longevities, and
population growth parameters), were calculated by the bootstrap procedure. To obtain stable estimates,
100,000 bootstraps were used. Mean comparisons of the parameters were performed using the paired
bootstrap test based on confidence interval.
Results
Individuals of N. californicus successfully developed from larva to adult when fed all tested diets.
However, the pre-adult duration was significantly longer on the powdered sugar diet compared to the
pollen diet. The individuals fed saffron pollen had the shortest pre-adult duration (6.70 days). The
adult longevity of males and females fed on the pollen diets was longer than those fed on powdered
sugar. Females lived longer than males on all the treatments. The highest average lifespan was for the
individuals fed saffron pollen (58.33 days). However, the longest life span belonged to one of the
female individuals fed on the almond+maize pollen (90 days). Although individuals fed on powdered
sugar exhibited high survival rates and long lifespans, they had no fecundity. However, the average
fecundity on saffron and almond+maize pollens was 43.19 and 37.59 eggs/female, respectively. The
values of the intrinsic rate of increase (r), finite rate of increase (1), gross reproductive rate (GRR), net



reproductive rate (Ro) and mean generation time (T) on saffron pollen and almond+maize pollen were
0.195 versus 0.183 day?, 1.215 versus 1.201 day™, 32.15 versus 31.48 offspring, 29.85 versus 25.36
offspring and 17.41 versus 17.68 days, respectively, without any significant differences. The
probability of newly laid eggs reaching the adult stage was 100%, 100%, and 91% on the saffron
pollen, almond+maize pollen, and powdered sugar diet, respectively.

Discussion

Our results indicate that saffron and almond+maize pollens can be effectively used for the mass-
rearing and conservation of the predatory mite N. californicus in biological programs. Although the
reproductive efficiency of the predatory mite on the powdered sugar diet was poor (with no fecundity),
this diet is suitable for the long-term survival of the predatory mite and can be used to maintain
populations during periods of low demand or limited supply. The long lifespan of the powdered sugar
diet may be related to its high carbohydrate content; however, the lack of fertility on this diet is due to
its deficiency in protein and other essential nutrients. The protein content of pollen is believed to be
one of the best indicators of nutritive quality as it is closely linked to the reproductive performance of
consumers. The high efficiency of the predator on the saffron and almond+maize pollens is probably
due to their high protein content.
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Table 1. Duration of different life stages (days) and fecundity (eggs/female) (+ SE) of Neoseiulus californicus
reared on powdered sugar, saffron pollen and the mixture of almond and maize (Almond+Maize) pollen

Parameters Pollen diet Alternative diet
Saffron Almond+Maize Powdered sugar
Egg 1.98+0.08? 2.12+0.092 2.18+0.142
Larva 1.00 1.00 1.00
Protonymph 1.87+0.06" 1.67+0.08° 5.28+0.132
Deutonymph 1.93+0.09° 2.03+0.06° 8.05+0.23%
Preadult 6.7+0.11° 6.85+0.13° 15.94+0.362
Adult longevity (M") 42.71+2.582 44.12+2.732 30.33+4.39°
Adult longevity (F) 54.83+0.97 49.41+2.88° 42.18+1.86°
Total life span 58.33+2.82 55.47+2.18%® 50.22+3.70°
APOP” 2.14+0.13° 2.80+0.132 -
TPOP* 8.9+0.18° 9.51+0.142 -
Oviposition period 23.14+0.8? 24.63+2.332 -
Fecundity (eggs/F) 43.19+3.35° 37.59+2.14° 0.00+0

The means followed by different letters in the same row are significantly different (P < 0.05, Paired bootstrap test). *M, male;
F, female; APOP, adult pre-ovipositional period; TPOP, total pre-ovipositional period (from egg to the first oviposition).
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Table 2. The mean (xSE) two-sex life table parameters of Neoseiulus californicus reared on saffron and

almond+maize pollens

Parameters Pollen diet Alternative diet
Saffron Almond+Maize Powdered sugar

r (day?) 0.195+0.006%" 0.183+0.0072 S

A (day™?) 1.215+0.0072 1.201+0.0082 -

GRR (offspring) 32.15+3.44° 31.48+5.11° -

Ro (offspring) 29.85+2.64° 25.36+3.27° -

T (day) 17.41%0.30° 17.68+0.45° -

*Data were calculated using the bootstrap procedure with 100,000 samples. **The individuals fed on the powdered sugar had

no fecundity.

b g os aaliS (CL:J) > ol J:i;l:.a Sokias
s 0529 Sonl el X Gy 53 S saST 5
(CL:J) (3l wi;l._.» ool (fy) s,y al>
)Xy):}f)&i‘_;af;jéjahmjav\iui:lf
@l s ol Sl 4 ar g Ll | sy d>
Sl goein LS (G058 A8y oME ) S
Jo oSl ol o 5 (M2 Dl 0l 6l 2 600k
a5l OLiss e 8 Llie sls ) SRS Eass
A 3 A o o 505 3l S btplab es 8 (g5 5 i
win 55 Ol 3 oI Sl 53 A (S35 S iops e
L;J':_)r.;d)lv\.&udbjm«i.@\uﬁ ‘5}_)(.55‘:)};‘)}\
038 bl 5l phe Ole 008 5l 4ds LS
Ll D3l
(Bx)) (Ghuut 3 A yo- (i (5N 41 ol

S a8 (B) st oy i (S5 4 o
5 0,ae) 03,5 (A5 L5y 5l 4di L N. californicus
bl o osls QLS ¥ IS 55 & )p3rplsly 03,8 b gloms
Wge 036 35 & (S5 4 dal dagomin pl 4 5
& G, OFMY U8 3y Sladss L 5K 4 ous
5.8 bylse 3l 4dis by s, OANY Oljie; 03 S 5
S5 a0 dal (pl pesdle Al o 5, O0/FF S s3pll
FRIFY 5 00 /FA 5 4 5 g osle Jl sl seb Ol )
Slasdss L) 5, FE/FY 500/Yr (U8 5o Sladis L) 5,
L liee 51 4dis L) 5o, POV 5 ¥4/40 5 (Ol i 03 5

-L&L'u.a (QJS+C|Jl{ abf

SO 45 (5090L 9 (Sbows) Sy e

GaS (Sx) i, dlbepem f ok el F
L s 0l e 05 5 63, N. californicus 5,1
odd osls Ol VS 3 A5 o 5 Sybtplal o35
o 3 Bl o (gl al o fw 059 sl 5Tl
domiul b opl e o LS ] e 5 X e B oile
S 51 IS (Sleoki 51 g e o s esde
R PR TS R g
IR G (F JS8) () (g 005 el f 55 S o
e S5 Ix e s o OLaS ) X e b olile 0.5
= ChlB oS Cl Sy sl g I el esla
ol arg Loyl ) gl Calases Jol e Sl
Ol B o 5o S adi o3 elly &5 cla st
45 513 el oS J 3 g TAY WU sl el
ydtelal 03,8 byle 5 Olyiej 038 Sl esS
Sl pled o yy £l alo ey b ge b izl
Sl g Sm s IS s 4 fok de e o
3 e 0L 038 5 apdis b S e Job oSSl
i S5 Gay OMYY) 55 ol cbajles sl
Shes S adis esle SRl (Fp 4 by e b
—o) a4 LB 4 sy Dbt plsl 035 bl
0 JK8) amsls Sl

S saS Sk sla e
53 Calie olds sla sl 3 adss L NL californicus

'QLLJ (mx) wﬁ' °}.’J 6)‘5)“.' ol ol 03ls QL&u Y Jg.&



Survival rate (Sy)

Survivorship (lx)

83 s 3 el 5 :Neoseiulus californicus 2,5 as™ o 5l L 5 s Sl slalde Copllas tsbels A+
Eee 19p 1
R ! n Saffron s
og lll1 Almond+Maize ==~ Larva-nymph P R 08 i Powdered Suger
. | :' ..................................... Female l'.:: :
0.6 1) ¥ 06 b 0.6 !
: % — . =Male ¢ [T
0.4 ; 0.4 A ; 0.4
po——— B i
; Mo -
0.2 : _: . o e 0.2 " ::_ S i 0.2 ‘
N L S, L A SO S i A
0 10 20 30 40 50 60 70 80 9 0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 S50 60 7J0 8 9%
Age (day)
bolso 9 Olsae) 085 8 34 (895 Neoseiulus californicus s 4™ (Sxj) Gy o o o sl& &5 -1 J<b
O yd+plab os F
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