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Mutualistic interaction between Phenacoccus solenopsis and
tending ant Paratrechina longcornis and their effects
on chlorophyll fluorescence in cotton leaves

Jun HUANG ™ | Juan ZHANG, Tian-feng XIA, Ming-jiang LI
Flower Research and Development Centre, Cotton and Flax Research Institute, Zhejiang Academy of Agricultural Sciences ,

Hangzhou, Zhejiang 311202, China

Abstract; [ Background] Herbivore injury has a direct effect on the growth and performance of host plants through photosynthetic
suppression. However, changes in the photosynthetic activity of host plants affected by mutualism between honeydew-producing he-
mipterans and tending ants remain poorly understood. [ Method] The effects of interaction between an invasive mealybug Phenacoccus
solenopsts and its tending ant Paratrechina longicornis on chlorophyll characteristics of infested cotton Gossypium hirsutum leaves were
observed through a chlorophyll fluorescence measurement system under greenhouse conditions. [ Result] P.longicornis numbers in-
creased with P. solenopsis numbers. However, over time, plants infested with had a lower number of mealybugs than uninfested
plants. Changes in light utilization efficiency were induced by P.solenopsis feeding of infested cotton leaves. After P.solenopsis feeding
injury for 20 d, the light utilization efficiency compared with the control was reduced by 37.0% and 53.5% for without- and with-ant
treatments, respectively. Changes in maximum relative electron transport rate were also induced by P.solenopsis feeding injury, and
the influence was more obvious after 20 d or with tending ant infestation. However, the light saturation coefficient describing the re-
sistant capacity of a sample to glare was not influenced by P.solenopsis with or without ants. [ Conclusion and significance] The inter-
actions between P.solenopsis and P.longicornis and their negative effects on the photosynthetic activity of cotton leaves could have
been caused by P.solenopsis feeding rate by P.longicornis.
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B IR (Mutualism ) J& 9 FAH B2 1 ) —F
HEESFIRR, 2YM R AT RGNS
TRERT LAZEF 59 T 2L ( Bronstein, 1994) , W
=% ¥ H B # ( Honeydew-producing hemipter-
ans) [ 5 HUZ S B i 28 L) ) o R T AR TS
HHA 5 [A] f Z2 — ( Grinath et al.,2012; Kaplan & Eu-
banks,2005; Tena et al.,2013; Way,1963; Wimp &
Whitham ,2001) . 3 H. 20X 25 FAEY 9 6 LA K
L HA TR 521 ( Styrsky & Eubanks,2007) , 415y
IRE I H R e ) i, RO e
52 K3 (Huang et al.,2011; Zhou et al.,2013) ,
It H ™ 2 H R AU R AR B
P E 7 NI I X6 25 EAE Y9 16 (Stadler & Dix-
on,1998; Yao et al.,2000; Yao & Akimoto,2002) ,
TE I Ik 7 v 0 A 23 XA ) B A R RS
Y47 4 1 5L 9KEE ( Buckley, 1987 ; Delabie, 2001 ;
Way & Khoo,1992) ,

FRZERMIY Phenacoccus solenopsis Tinsley &3
H Hemiptera #¥17%} Pseudococcidae ( Cockerell ,1902) ,
e — R LAY 8 e E R 3 e o R SRR R
T8 e X DR FHAE ) | el OO B AL 40 | SR A i 55 45
ZPAEWE U™ EAEH , B 5 B i Sl iz i
R B R (R = sk AR, 2009) o iz HUE
PAT LSS BRI BT 5 R A P RO BT K
WY Solenopsis geminata ( Fabricius) f4 B 5 P ( Tins-
ley, 1898) , iZ Ky W #5045 5y 55 W W40 A A M 21 L
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LR R IOCDN I % FOR Bl ith £ v I 7€ 5 23 B
Tk Ik R AR 0 fE = B S AR A R
2 R POCRHE , DLW B AR A OGS
A BT P ) 52 SRy 2D R AR R AR I AR
B B R AR S R AR R AR
1 #MREFE
1.1 #ifEw

FEARNBAE WA 607, FRAE R A T4 A K
s E AR (E AR 16 em) PN, CE 7E R % R
IR (30+2) °C XTI (75+5) % RH, /K AE$E
R, FHERK 2 6~8 Fr it JEIFA ik,
12 #ilEHR

PRI T 2011 4F 8 H R A WHLA BN T
s Ll DX T &R B9 K AE S 15 W Portulaca  grandiflora
(Hook) I, 28 N LA AR AL 27 T FR 4k 24
PRI 3 Wy, HupAR g A e SR A Hh Bl AL
PRI, B 2R H IO AR AE

PRI A K A ST TR W, I R 28 2 S TR
(T PEISAC) (JE3E X,2001) FIC A (52 A
FoHAR,1995) o LA I BUFE IR F M N A AR
Y58 8 Torenia fournieri L. 5 i BRML Capsi-
cum annuum L. 705 Eleusine indica Gaertn. ]
ZAFTE, IF HAEARRR AT BR324 H0 i 1) 3t 07 35 3
T



34 . YR Journal of Biosafety 504
13wt BBLBEEL 0,10 .20 o W7 1675 4 15 H-H 1K 1

Phik 15 A R DL — SR AR AE AR B | BEATL 2
3 HIFHEBCA AL L. (1) SRR A+ KA
W (2) AP AEFE R R A W5 (3) TCHUF AR
IR IR R 15 3k - MR RSB
525 W, RIS, X R R AT AT AR A, FE
PRICHAWT BB A AR IE L T |, B MS B 33
FIN, #d 2 KZE R (60 cmx45 cmX5 cm) [&
2 W iy L5 (R AR AR BERE E (25 emXx 10 em x5 cm) HE
A E S ) AR MR O FERG B b B RS A
I . A 9IHE 0.5.10.15.20 d FEATHEAE M i
GRRDOCSEIME Mt 7E A R LA

TR S AR R AR ST B WU
14 MEEWEARSHNE

i PAM-2500 784 48 X i i 4% 38 91X
(Walz 23], FE ) 34 7400 5 A 46 0 R 04 DRt e il
2, e 2030-B BLEEHEATIN A, ek oo B
B E Rk i [ 4 Ve Ul B I de &
138] ETR(OGA B TL 5 H0R ) B PAR(OGCA A U
55 iR, B Ry i 7 28 IR H Platt et al.
(1980) kst s e ph R A T4 A LA A P
=P % (1= ™ MWy x PV R ST 5 HIGE
g 1 R,

x1 REXBHEUERAXNFSHASNENX

Table 1 Parameter abbreviations used in the text

£55 Notation SE X Definition
P HeE3# R Photosynthetic rate( rETR)
P, FeARFIRE ST Photosynthetic capacity at saturation( rETR,,. )
a HARREPR ARG AFIHZR Initial slope: describes the light utilization efficiency
B eIl Z 4 Photoinhibition parameter
E. =P, /o Feits FISEL, Fid— AT NG RYHEPTHE 1 Light-saturation parameter: describes the resistant capacity of a sample to glare
ETR,, TR i 26 Y B R AR X L AL i 3% (TG 4) Maximum relative electron transport rate in a RLC ( dimensionless)
PAR HeEARERE ST Photosynthetic active radiation
1.5 HIESHF R TS (F=61.80,df=2,P<0.001)
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i F BT[] T 5 A B R 4 DS HN 25 50,
Tukey K36 HCAZ X 4045 hb BRIE] 1) 22 3 & M. P
BiR A SPSS 14.0 A AT 481153 #T, Excel 2003
BRAFAVEIR B ASE- 8 b iR (means £SE ) 2675 .
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Fig.2 Effects of P.longicornis and feeding-injury time on (A) light utilization efficiency (), (B) maximum relative

electron transport rate (rETR,, ), and (C) light saturation coefficient (£, ) of infested cotton leaves
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R2 KREHY ARG ER B KD EX RN FHRERASH( o, ETR,, 1 E, ) BIF2MN
Table 2 Results of repeated measures ANOVA on the effects of P.longicornis ( Treatment) , feeding-injury time ( Time) ,

and their interaction on the data of chlorophyll fluorescence parameters (a, ETR,, , E,)

- mas 2 Factoe I ()T b0 sy . .
Fitting parameters df (numerator, denominator) Mean squares
a Kb FH Treatment 2,48 0.025 13.35 <0.001
FisJ [H] Time 4,48 0.0060 4.45 0.0039
Ab PR XEF [H] TreatmentXtime 8,48 0.0054 4.0013 0.0011
ETR,,.. AbFE Treatment 2,48 49830.72 34.24 <0.001
H5} [E] Time 4,48 9395.82 2.57 0.04
Kb X FE] TreatmentXtime 8,48 6569.72 1.79 0.10
Ey AL PR Treatment 2,48 464476.73 3.55 0.061
F (8] Time 4,48 270267.01 1.059 0.39
Kb XS TE] TreatmentXtime 8,48 376159.23 1.47 0.19
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