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Bionomics of Tefranychus urticae Koch on Eggplants under Various
Potassium Regimes in Controlled Environment

Ju Kim*, Sang-Koo Lee', Jeong Man Kim, Tae—Heung Kim‘, Ju=Rac Lim, Hyoung—Gwon Chon and
Yong—~Kyu Shin

Jeollabuk-do Agricultural Research and Extension Services, lksan 570-704, Korea
"Faculty of Biological Resources Science, Chonbuk National University, Chonju, Chonbuk 561-756, Korea

ABSTRACT : Development of T. urticae was studied on the leaves of eggplant grown in hydroponics
with potash contents of 0 mM, 2 mM, 6 mM, and 12 mM. As the levels of potash increased, that
of nitrogen decreased and that of P, K, Mg increased in the plant. While contents of crude protein
and fiber decreased, those of ash and sugar increased. Carbohydrate content was the highest at 2 mM.
Water contents increased as those of potash increased with the exception at 0 mM. Biomass was the
heaviest as 552.7 g at 6 mM and the lightest at 0 mM. Leaf thickness and the content of chlorophyll
increased as the content of potash increased. Laboratory leaf disc tests provided with various potash
levels revealed that feeding and oviposition preferences of T. wrticae were high at 6 mM and 12 mM,
respectively. Ratio of damaged leaf by naturally occurting T. wrticae on eggplants of 99 days post-transplant
in the greenhouse was the highest at 6 mM. Development of immature stages of T. urticae shortened
as the levels of potash increased with a less tendancy in male than in female. No differences were
detected in adult longevity and oviposition period but the number of eggs laid was the most as 84.7
at 6 mM and the least as 40.6 at 0 mM. There were no differences in the rate of egg hatch and the
ratio of sex. Ry, rm, and A were the highest at 6 mM and the lowest at 0 mM. T and Dt were the
lowest at 6 mM and the highest at 0 mM. There was a descending trand of 7. urticae developmet when
levels of potash either gets high or low in the hydroponics.

KEY WORDS : Potassium application level, Feeding preference, Development period, Mortality, Fecundity,
Sex ratio
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Table 1. Composition of nutrient solution on different potassium application levels in eggplant hydroponics

Potassium application level NO5’ NH," H:PO, K’ Ca*" Mg™ S0~ cr
(mM) (mM)

0 6.0 4.0 1.0 0.0 1.5 1.0 1.0 0.0

2 7.0 3.0 1.0 2.0 1.5 1.0 1.0 0.0

6 9.0 1.0 1.0 6.0 1.5 1.0 1.0 0.0

12 10.0 0.0 1.0 12.0 1.5 1.0 1.0 4.0
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Table 2. Mineral contents in fresh eggplant leaves grown at different potassium application levels in hydroponics

Potassium N P K Ca Mg Na Cu Fe Mn Zn
application level B
(mM) () e e (g kg") -oemeemeemeeees
0 423 2 06lc 012d 076b 047 ab 003 a 430 a 7567 a 31552a 2721 a
2 355b 08 b 094c 099a 055a 002a 693 a 71.18 a  246.71 ab 2829 a
6 360b 080b 264b li5a 018c 002a 4.69 a 6621 a 20033 bc 3805 a
12 283 ¢ 1052 345a 09%a 040b 002a 413 a 61.71a 12353 ¢ 2736 a

® Mean separation within columns by Duncan’s multiple range test at p < 0.05.

Table 3. General composition of fresh eggplant leaves on different potassium application levels in hydroponics

; . . bo- . Free sugar content )
Pma,ss“_lm Calory  Moisture Ash  Protein  Lipid Carbo Fiber g B-carotene Vitamin C
application hydrate Fructose Glucose Sucrose

level y R

(mM) (Kcal-lOO g ) (%) ...... (mg-kg ) ______
0 51.60b*  82.26bc 2.53d 4.86a 0.35d 7.26b 274a 0.87a 0852 0.46c 64.24c  84.6%b
2 60.72a 8138 27% 4.380a 1002 8.13a 1.90b 020b 025b 0.59bc 152.07a  98.82a
6 51.27b 8298 290b 447b 045¢ 733b 187b 0.19p 0.18 0.77b 45.64d  72.53¢
12 49.37h 8342a 3.56a 34lc  0.76b  722b  1.63¢ 0.15b 0296 1.15a 107.096  79.33bc

* Mean separation within columns by Duncan’s multiple range test at p < 0.05.

-i‘-O] Z7}shol| wel 2718k Aol o ui(F = 552.1, £ 4.86, 4.80, 4.47, 3.41% 2 ZFA3FHTHF =63.25, df

=3, 23, p=0.0001), Ca& 6 mMo] 1.15%=Z 7} w12 =3, 11, p=0.0001). ZAY2 2 mMoﬂ/\i 1L.00%=E 73
0 mMOI 0.76%= 7F Wdth Mg2 2 mMo] 0.55%= L1 6 mMolA 045% 2 Wkon, B8E-2 2 mMA
71 =911, 6 mMo] 0.18% 2 7 Wkt Mn2 Z] 2o A 8.13% 2 =1 12 mME 7.22% 2 71 @tk
Alajako] 271802 ZF7) 315,52, 246.71, 200.33, 123.53 ZAGE e AB|gpol 28R ZH7F 2,74, 1.90,
mg-kg'l_(li A5} 1L, Na, Cu, Fe, Mn, Zn 5-& *{E] 1.87, 1.63%E Zh&stHriF=46.77, df=3, 11, p=
7ol Zfol7} gigich 6 mMAZIH HAHOE FHH  0.0001). HEFHICE 2 mMALolA 98.82 mg-kg' 2 7
Q) QY B7)% kg Holn Ytk Kim ef al (005} A ¥, 6 mMAE|oIA 725 mg-kg' 2 Hgrom, 2t
F(Biaritz)o A ZeAulgE BEjolE O 29 & 32 Ze) Alujleio] F7HE A T2
o] Z7184:=2 N, Ca, Mg, Fe, Mn 52 #4393, P, 0 mMA oAl 3 6 mMA oA Weton Hge

58zl om, Na2 A80] itk sl & AF  ZeEdo] 371858 3715t 3 BAZ & 9 0
N, P, Ki= ¥X|5}5111, Mg, Fe, Mn- H|5:3tH ko] %] mMA 7} 7 =0 o2& 12 mM, 6 mM, 2 mM<&
SO} Cal ¥l gt Marschner (1995)% K7} &Fo| 2.2 o)4jt}. B-carotened 2 mM 2ol A} 152.07 mg-kg' &
2 & Fol 22l Ca, Mg, Fe I Mn& E471 ABEl3L, 714 &3 6 mMA o)A 45.64 mg-kg' 2 Wotch ¢
PO} F7} QL P7h Folom ool T4l —7} W FUPEL 2 mMAA B EY w2 APHEE

3 o oo TE E23}= A}-XZ_]—.&Q“ 71018}k o5t 9otk
SHAT

b G2 ks Table 33 2tk 22 Al Za| Au|$E0| TE TX|e| £} 9of 48X Y
L9ug 9 %_:d;w 2 mmoM 60.72 Kcal2 714
LobT Zhe) AlH|&Zo] 22 12 mMoA 23] 49.37 22| AR|pag FEEias o o 49 *3%31 5
Keal2 713 ‘;&%t% sxo 7h7h 8226, 8138, 8298, AL Table 49} ) 7] AluleES GElEide of 4
83.A2%E 12 mMEEoA 7FE g0 &L 2 A 6 mMAE|o A 2 5527 g0 & J1RF =9, qg%

H|Zo| Z7184E 747} 253, 2.79, 2.90, 3.56% 2% 2 mM, 12 mM£=0|2loH, 0 mMZ=ZollA] 713 e 4:8F
Z7}5}931(F = 189.15, df =3, 11, p=0.0001), Zghlia & VERHICHF =199.79, df =3, 23, p=0.0001). 424
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Table 4. Yield, leaf thickness, and chlorophyll contents (meantSD) of fresh eggplant leaves on different potassium application levels
in hydroponics

Potassium application level (mM) Yield (g/plant) Leaf thickness (mm) Chlorophyll content (Spad unit)

0 71.1424.7 d° 0.24+0.05 b 2444998 b
2 472.8+50.8 b 0.25+0.02 b 51.2+4.63 a
6 552.7£315 a 0.26+0.03 ab 53.8+3.41 a
12 299.8+35.7 ¢ 0.28+0.03 a 54.1£3.29 a

? Mean separation within columns by Duncan’s multiple range test at p < 0.05.

prer surface of leaves

Lower surface of leaves

Fig. 1. Photograph of eggplant leaves grown at different potassium application levels in hydroponics.
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Table 5. Diet preference (MeantSD) of T. urticae to fresh eggplant leaves grown at four different potassium application levels in the

laboratory
Potassium . Post treatment in days
application llte of
level (mM) eaves 1 2 3 4 3
Upper 1.0£0.71(3.6% b’ 2.1£1.88(2.2) cd 6.1+2.74(4.5) ¢ 7.6£3.85(3.7) d 12.325.41(4.3) ¢
0 Lower 0.0+0.00(0.0) b 1.4£1.56(1.5) d 3.9+£1.24(2.9) ¢ 5.3£2.17(2.6) d 10.0+4.95(3.5) ¢
Average 0.5+0.71 1.8+1.67 5.0£2.31 6.4+3.19 11.245,04
Upper 0.5£0.87(1.8) b 9.1£3.35(9.7) be 11.4+3.36(8.4) ¢ 20.349.53(10.0) bed  26.1£8.66(9.0) be
2 Lower 0.4+0.41(1.5) b 10.2+1.48(10.8) bc  22.8+11.19(16.8) ab 45.0£22.68(22.2) a  48.0+22.03(16.6) a
Average 0.5+0.65 9.7+£2.51 17.1£9.84 32.7420.94 37.1+19.57
Upper 44+4.98(16.1) b 17.946.42(19.1) ab  22.4+6.88(16.5) ab 31.9£13.26(15.7) abc 50.2+22.41(17.4) a
6 Lower 8.8£6.11(32.1) a  24.9£11.16(26.5) a  32.3x13.93(23.8) a 40.0+16.2619.7) a 54.2420.47(18.7) a
Average 6.6+5.75 21.4+9.34 27.4£11.60 35.9+14.63 52.2420.35
Upper 1.7£0.83(6.2) b 10.0£3.54(10.7) be  13.3+5.56(9.8) becC  15.5+5.63(7.6) cd 35.6+8.20(12.3) ab
12 Lower 10.6+4.84(38.7) a  18.3£9.88(19.5) ab  23.5+6.42(17.3) ab  37.5+14.57(18.5) ab  52.8+19.98(18.2) a
Average 6.2+5.69 14.1+£8.24 18.4+7.80 26.5+15.60 44.2+17.02

* percentage[(No./Total No. per day)x100]

¥ Mean separation within columns by Duncan’s multiple range test at p=<0.05.
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Table 6. Oviposition preference (Mean+8D) of 7. urticae to fresh eggplant leaves grown at four different potassium application levels

in hydroponics

Potassium

151U ite of Post treatment in days
application leaves
level (mM) 1 2 3 4 5
Upper 0.0£0.00(¢%) o* 0.0£0.00(0) ¢ 0.0£0.00(0y d 0.0£0.00(0) ¢ 0.0£0.00(0) ¢
0 Lower 0.0+0.00(0) a 0.0£0.00(0) ¢ 0.0£0.00(0) d 0.0£0.00(0) ¢ 0.0+0.00(0) ¢
Average  0.0+0.00 0.0+0.00 0.0+£0.00 0.0£0.00 0.0£0.00
Upper 0.0£0.00(0) a 2.0+2.42(9.9) be 2.5+3.28(6.6) cd 8.6£5.31(134) b 11.5+£7.83(14.8) b
2 Lower 0.0£0.00(0) a 1.1£1.24(5.4) be 5.6+3.85(14.8) be 8.1£549(12.7) b 9.9£6.42(12.7) b
Average  0.0£0.00 1.5+1.87 4.1+3.74 8.4+5.10 10.7+6.80
Upper 0.6+£0.89(40.0) a 4.040.71(19.8) ab  6.4+0.55(16.8) abc  12.0+1.22(18.7) ab  16.0+2.55(20.5) b
6 Lower 0.5£0.51(33.3) a 2.841.64(13.9) bc  4.8+2.77(12.6) ¢ 9.0£5.15(14.0) b 9.8+5.59(12.6) b
Average  0.5£0.69 3.4+1.35 5.6+£2.07 10.5+3.87 12.945.24
Upper 0.4£0.41(26.7) a 3.8+1.92(18.8) ab  9.8£1.30(25.8) a 16.4+4.16(25.6) a 19.0+£2.92(24.4) a
12 Lower 0.0£0.00(0) a 6.5+5.03(32.2) a 8.9+£5.92(234) ab 10.0£7.13(15.6) b 11.746.38(15.0) b
Average  0.2:0.34 5.1+£3.85 9.4+4.07 13.2+6.45 15.4+6.04

* percentage [(No./Total No. per day)x100]
¥ Mean separation within columns by Duncan’s multiple range
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Fig. 2. Percentage of occurrence and density of T. urticae at varying potassium levels in greenhouse.
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Fig. 3. Eggplants with T. urticae occurrence at different potassium application levels in hydropenics.

Table 7. Development period in days (meantSD) for egg and nymphal stages of T. urticae on leaves of eggplant grown at various

potassium application levels in the laboratory

i)ltﬁiiigx Sex (o) Egg period Developmental period of immature (days)
level (mM) (days) Larva Protonymph Deutonymph Total
Female (7) 3.7£047 A* 1.9+0.86 A 1.7£047 A 2.0%0.55 A 5.6+1.22 A
0 Male (12) 3.740.48 a’ 1.840.38 a 1.740.48 a 1.8£0.38 a 5.3+0.76 a
Pooled (20) 37 1.9 1.7 1.9 55
Female (16) 3.5+0.52 AB 1.940.62 A 1.3:045 B 1.9£0.34 AB 5.0+1.03 B
2 Male (24) 3.5¢0.51 a 1.6:+0.50 ab 1.240.38 be 1.5+0.51 ab 434044 b
Pooled (40) 35 1.7 1.2 1.7 4.6
Female (22) 334046 B 1.4+0.49 B 1.240.39 B 1.6£0.49 B 4.240.59 C
6 Male (14) 3.1£036 b 144051 b 1.3£047 b 14£0.51 b 4.1£0.66 b
Pooled (36) 32 14 1.2 1.5 42
Female (18) 3.6+0.51 AB 1.3+049 B 1.140.32 B 1.6+0.51 B 4.0+0.69 C
12 Male (24) 3.5%0.51 a 1.5£0.51 b 1.0£0.00 ¢ 1.9£0.65 ab 4.1+0.88 b
Pooled (42) 35 14 1.1 1.6 40

? Female ¥ Male, Mean separation within columns by Duncan’s multiple range test at p < 0.05.
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Table 8, Age-specific mortality of T. urticae on leaves of eggplant grown at various potassium application levels in the laboratory

Potassium application

Immature stage mortality (%)

No. eggs tested

level (mM) Larva Protonymph Deutonymph Total
0 58 10.3 17.2 27.6 55.2
2 52 5.8 9.6 7.7 23.1
6 46 43 8.7 8.7 21.7
12 48 0.0 4.2 8.3 12.5

Table 9. Oviposition period and longevity, fecundity (MeantSD} of 7. urticae on leaves of eggplant grown at various potassium

application levels in the laboratory

Potassium No. Pre- Oviposition Post- Longevity No. ¢ Oviposition

application adults oviposition period oviposition or\?i. osﬁtges d rate

level (mM)  tested  period (day) (day) period (day) Female male P (eggs/day)
0 7 0.3£0.49 2  5.9+2.85 a 0.3+0.49 a 6.4+2.15 a 48+1.11 a 40642287 b  4.1£2.67 a
2 8 0.0+0.00 a 7.942.23 a 0.140.35 a 8.0+2.07 a 5241.09 a  81.0+32.11 a 6.844.79 a
6 11 0.240.40 a 7.5£2.50 a 0.3:0.47 a 7.9£1.97 a 5.7¢1.07 2 84.7+33.73 a  7.744.96 a
12 9 0.1+£0.33 a 744230 a 0.3£0.71 a 7.9+1.54 a 5.1+1.84 a  61.4425.03 ab 6.1+343 a

* Mean separation within columns by Duncan’s multiple range test at p < 0.05.
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Fig. 4. Daily fecundity changes of T. urticae on leaves of eggplant grown at various potassium application levels in the laboratory.

Table 10. Rate of hatching and sex ratio (Mean£SD) of T. urticae on leaves of eggplant grown at various potassium application levels

in the laboratory

Potassium application level (mM) No. eggs tested

Hatchability (%) Sex ratio (%)

0 284
2 648
6 932
12 553

84.849.01 a° 0.69£0.102 a
91.9+4.14 a 0.69+0.093 a
89.1+6.71 a 0.75+0.078 a
90.1£5.87 a 0.72£0.074 a

* Mean separation within columns by Duncan’s multiple range test at p < 0.05.
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Table 11. Life table statistics (mean+SD) of T. urticae on leaves of eggplant grown at various potassium application levels in the

laboratory
P ium icati
—— - x : m
0 14.65+ 8.93 0.24£0.05 1.27+0.07 11.37£1.89 2.93+0.65
2 43.04+14.26 0.36x0.04 1.44+0.06 10.38£1.14 1.9120.21
6 51.83+13.83 0.41+0.02 1.50£0.03 9.74+0.52 1.71+0.07
12 38.60+12.09 0.37+0.04 1.45+0.06 9.77+0.87 1.85+0.21

Ry; net reproductive rate (female/female), ry; intrinsic rate of increase (female/female/day), DT; doubling time (day), A; finite rate of

increase (female/female/day), T; mean generation time (day).
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