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Abstract: Effect of feeding of brown planthopper (BPH), Nilaparvata lugens (Stal), on depositional site, shape and
numbers of callose in various leafsheath tissues were investigated using frozen section and fluoresence microscopy. The
results showed that callose was mainly deposited in phloem, parenchyma, epidermal and xylem tissues, with phloem
being dominant. Most calloses have a small granular shape. After treated with BPH feeding, manual acupuncture or
injection of BPH saliva, numbers and distribution of callose in leafsheath increased evidently in each of the three rice
varieties that have different tolerance, in particular in the susceptible variety TN1. As compared with healthy plants
(control) , after eight days recovery growth from BPH removal, callose number and distribution did not change
significantly in TN1 leafsheaths, reduced evidently in the tolerant variety Utri Rajapan, and reduced slightly in the
antibiosis variety Rathu Heenati. By contract, in the treatments of manual acupuncture or injection of BPH saliva,
numbers and distribution of callose after eight days of recovery growth were significantly increased in the susceptible
variety, changed little in tolerant variety, and increased slightly in antibiosis variety, as compared with control plants.
It was concluded that tolerance of rice varieties were related to abundance of callose deposited in phloem tissue of
leafsheath.
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Fluorescence microscope 800X ; Callose, Yellowish green fluorescence light spot; A, Epidermal tissue; B, Parenchyma; C, Phloem tissue; D,

Xylem tissue; E, Filamentous callose in phloem tissue; F, Small particle of callose in phloem tissue; G, Middle particle of callose in phloem

tissue; H, Great particle of callose in phloem tissue; I, Two great particles of callose in phloem tissue.
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Fig. 1. Distribution (Fig. A-D) and size (Fig. E-I) of callose in rice leaf sheath tissues.
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Table 1. Effects of BPH feeding and different recovery time on callose deposition in leaf sheath tissue of rice plants.

R P 5 A T Y R ORI 5 i At BHAYEER L VN R
R BRI 50 CREYE R RBEIG R BEIR R AU AL S BRGS0 OBk
Alcé No. of Total no. of callose Area of callose No. of callose
varieties
vascular bundles (No. of callose per per vascular in xylem tissue
and treatment
(No. of slices) vascular bundle) bundle” /pm® (Small particles®)
TN1
F 2% NT(CK) 245(49) 43€0.17) 8.8943.84 1
KIECE 2 d BPHFT 395(79) 528(1.34) 54.7941.80 2
L HERE A 2 d TDRGRI 620(124) 328(0.53) 22.27+2.16 1
LR 4K 4 d FDRGRI 500(100) 233(0.47) 17.8042.38 0
AR 4K 8 d EDRGRI 650(130) 149(0.23) 8.49+3.26 0
Utri Rajapan
F2ZEF NTCK) 340(68) 189(0.56) 20.77+£2.38 0
) KIECE 2 d BPHFT 410(82) 661(1.61) 64.9941.56 0
L HJFE 4K 2 d TDRGRI 415(83) 303(0.73) 32.00+2.75 1
EHFE 4K 4 d FDRGRI 520(104) 338(0.65) 27.0742.25 2
L HJFRE 4K 8 d EDRGRI 525(125) 166(0.32) 13.40+3.32 2
Rathu Heenati
K% E NT (CK) 335(67) 118€0.35) 12.7443.59 0
W CEHCE 2 d BPHET 425(85) 434(1.02) 37.354+1.60 0
KWERE 4K 2 d TDRGI 595(119) 322(0.54) 26.061+2.76 0
EHJFRE LK 4 d FDRGI 515(103) 314(0.61) 21.20+1.85 0
Kl E 4K 8 d EDRGI 675(135) 151€0.22) 11.0444.65 0
0 G = A
e L R At 21 2 IG5 4506 NSRS
B No. of callose in other tissues
JKFE S A 5 A No. of callose in phloem tissue
(Small particles®)
Rice varieties
220K AN TR A LRI A KGR AR T BE 4 41
and treatment
Filamentary Small Middle Great Epidermal Parenchyma
form* particles® particles” particles® tissue tissue
TNI1
K%ZFE NT (CK) 4 21 9 4 4 0
W CIEUE 2 d BPHET 25 228 64 30 177 2
EHEWMEEK 2 d TDRGRI 21 216 61 15 2 12
EHWFEME EK 4 d FDRGRI 18 160 32 9 4 10
EHMFEWE LK 8 d EDRGRI 10 79 9 8 30 13
Utri Rajapan
KZFE NT (CK) 16 116 31 5 5 16
W CEHCE 2 d BPHFT 26 255 77 35 39 229
EHJFME A K 2 d TDRGRI 26 154 54 24 6 38
EHJFRE LK 4 d FDRGRI 16 152 46 19 12 91
L HJFRE 4K 8 d EDRGRI 11 98 24 10 17 4
Rathu Heenati
K3 %E NT (CK) 10 55 7 6 16 24
¥ CIUE 2 d BPHET 36 297 59 13 28 1
FHEWE 4K 2 d TDRGRI 12 193 48 29 24 16
FHEWE ALK 4 d FDRGRI 142 28 10 16 96
EMJEWE K 8 d EDRGRI 54 12 19 14 36

R NG S5/ N FSURE 1 T8 AR P 3948 £ AR MR D 4 (26.231.03) pem® ;" P BURL A9 T AR (76,69 43.24) pem® 5 K BURL 1) T AR (193.8546.73)
pm® s LR BEARTA TETRLA (7.69 4 3.71) pm® 5 T P (E L AR HETR

* Area of small particle callose (average®SE) is (26.23+1.03) pm’; " Area of middle particle callose (average+ SE) is (76.69+3.24)
pm”; © Area of greater particle callose (average 4 SE) is (193.85+6.73) pm”; ‘Area of filamentary form callose is (7.69+3.71) pm*;
* Average= SE.

NT, No Treatment; BPHFT, BPH feeding for 2 days; TDRGRI, Two days of recovery growth after insect removal; FDRGRI, Four days

of recovey growth after insect removal; EDRGRI, Eight days of recovery growth after insect removal.
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Table 2. Effects of manual acupuncture and different recovery time on callose deposition in leaf sheath tissue of rice plants.

~ A4 R AR FIG BT F i A BAYEE R - KRR h
TR A b Ff 5 AL B o L .
Rice CBEAR DI R0 CREZEAE AROPEIR AR BEIR IR A UTRR R AR BRI G 550 OBk
o No. of Total no. of callose Area of callose No. of callose
varieties
vascular bundles (No.of callose per per vascular in xylem tissue
and treatment
(No. of slices) vascular bundle) bundle® /pm’ (Small particles®)
TN1
F 2% NT(CK) 245(49) 43€0.17) 8.89+3.84 1
AT A0 MA 415(83) 313€0.75) 34.16+2.80 0
{1 EHfE R B K 2 d TDRG 460(92) 413(0.90) 30.7141.48 1
{1 ET fE W B A K 4 d FDRG 380(76) 352(0.93) 31.514+1.77 0
S EHfE K 2 A K 8 d EDRG 435(87) 406(0.93) 39.5942.18 7
Utri Rajapan
k2% NT(CK) 340(68) 189(0.56) 20.7742.38 0
AN T4 MA 385(77) 307(0.80) 28.07+2.51 15
2 1R EF R E K A 2 d TDRG 430(86) 243(0.57) 21.834+1.97 0
S IRE H R 2 K 4 d FDRG 385(77) 348(0.90) 37.9642.57 11
SR EH R R K 2 A K 8 d EDRG 410(82) 217(0.53) 21.8842.40 2
Rathu Heenati
K ZE NT(CK) 335(67) 118(0.35) 12.7443.59 0
AT A MA 385(77) 406(1.05) 44,45+2.35 0
EIRE R E R Z £ K 2 d TDRG 400(80) 360(0.90) 31.85+1.96 0
SRR A K 4 d FDRG 400(80) 288(0.72) 26.47+2.41 0
1R E fE B A K 8 d EDRG 440(88) 207(0.47) 16.56+3.08 0
T R k.
e H AL o S B E{méﬂé\ﬂfﬂﬁﬁﬂm')ﬁ%ﬁyd.\ﬁﬁ )
No. of callose in other tissues
JKFE i Ah 5 Ak B No. of callose in phloem tissue
(Small particles®)
Rice varieties
220K N R LR A K I F AL T RE 21 4
and treatment
Filamentary Small Middle Great Epidermal Parenchyma
form* particles® particles” particles® tissue tissue
TNI1
£ZFE NT(CK) 4 21 9 4 4 0
AN T4 MA 52 131 51 26 4 49
s R R B B K 2 d TDRG 27 52 42 10 17 264
fFILEfE R E K 4 d FDRG 26 77 24 12 2 211
IR R E 4K 8 d EDRG 33 128 56 26 5 151
Utri Rajapan
* 52 E NT(CK) 16 116 31 5 5 16
AT A MA 27 79 28 11 3 144
S EM R R 2 £ K 2 d TDRG 15 54 22 13 5 134
5 HE W 4 K 4 d FDRG 9 71 29 25 11 192
15 4K 8 d EDRG 24 70 24 15 4 78
Rathu Heenati
KZE NT(CK) 10 55 7 6 16 24
AN T4 MA 75 109 56 30 52 34
fEIRERE W £ K 2 d TDRG 35 84 25 16 62 138
IR G R E 4K 4 d FDRG 51 59 29 15 36 98
RS A W AE K 8 d EDRG 71 78 23 12 11 12

* TR RGBT /N R Y TR P B = AR E R 2 (26,23 £1.03) pm® ;" HP SR A T AR O (76.69 4 3.24) pm® 3« KBURL A TR AR K (193.85+£6.73)
pm? s LR PEAR A ERR(7.6943.71) pm? 5 7 FHE + FRAER

* Area of small particle callose (average®SE) is (26.23+1.03) pm®; " Area of middle particle callose (average+ SE) is (76.69+3.24)
pm”; ¢ Area of great particle callose (average + SE) is (193.85 4 6.73) pm”; “Area of filamentary form callose is (7.69 4+ 3.71) pm’;
“ Average= SE.

MA, Manual acupuncture; TDRG, Two days of recovery growth after manual acupuncture; FDRG, Four days of recovery growth after

manual acupuncture; EDRG, Eight days of recovery growth after manual acupuncture.
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Table 3. Effects of manual injection of BPH saliva and different recovery time on callose deposition in leaf sheath tissue of rice plants.

R P 5 A T Y R ORI 5 i At BHAYEER L AR 41 2R
R BERE Y R 0 CREYE R RBEIG R BEIR R AU AL S BRGS0 OBk
Alcé No. of Total no. of callose Area of callose No. of callose
varieties
vascular bundles (No of callose per per vascular in xylem tissue
and treatment
(No. of slices) vascular bundle) bundle * /pm’ (Small particles®)
TN1
K ZE NT(CK) 245(49) 43€0.17) 8.89+3.84 1
4TS R EUE ) IBPHS 445(89) 299(0.72) 30.1442.95 1
MU E JE W E A K 2 d TDRG 410(82) 297(0.67) 26.66+2.21 1
A E G B A K 4 d FDRG 435(87) 297(0.68) 25.0242.25 0
LA K E A K 8 d EDRG 425(85) 374(0.88) 34.3342.02 1
Utri Rajapan
&% % (CK)No Treatment (CK) 340(68) 189(0.56) 20.7742.38 0
WA EUE VR IBPHS 390(78) 276(0.71) 25.16+2.07 18
BRI E JE & E K 2 d TDRG 400(80) 371(0.93) 39.2042.24 2
RN E KR K 4 d FDRG 405(81) 294(0.73) 29.5342.45 2
FEBLA K Z 42 K 8 d EDRG 350(70) 196(0.56) 21.05+2.52 5
Rathu Heenati
AZE NT(CK) 335(67) 118€0.35) 12.7443.59 0
WG R EUE R IBPHS 380(76) 439(1.16) 31.84+1.11 3
B E R E A K 2 d TDRG 365(73) 393(1.08) 39.3141.98 1
A E R E 4K 4 d FDRG 405(81) 364(0.90) 28.254+1.57 5
A E G E A K 8 d EDRG 415(83) 188(0.45) 16.76+3.55 7
0 G = A
e L R Hﬁﬁéﬂé\ﬂfﬂﬂ?‘rﬂ&lﬁﬁﬁg(d'\ﬁﬂ )
No. of callose in other tissues
JKFE S A 5 A No. of callose in phloem tissue
(Small particles®)
Rice varieties
220K AN R LRI A KGR AR T BE 4 41
and treatment
Filamentary Small Middle Great Epidermal Parenchyma
form* particles® particles” particles® tissue tissue
TN
k%% NT(CK) 4 21 9 4 4 0
56 R EUE i IBPHS 68 105 49 26 4 46
BRI E E K B 2 d TDRG 38 59 33 13 0 153
RN E R 4K 4 d FDRG 36 73 28 14 6 140
A JF K E A K 8 d EDRG 30 82 16 18 0 197
Utri Rajapan
K %% NTCK) 16 116 31 5 5 16
4 T EE B IBPHS 17 82 24 10 4 121
BN F G E 4K 2 d TDRG 26 83 51 23 8 178
B F F W Z £ K 4 d FDRG 7 63 27 18 6 171
BRAEF R E 4K 8 d EDRG 14 48 26 7 3 93
Rathu Heenati
*3%E NT(CK) 10 55 7 6 16 24
W5 R EUE ) IBPHS 69 61 17 6 114 169
B E E R E A K 2 d TDRG 70 77 46 18 51 130
Wl E E W EZ LK 4 d FDRG 50 51 26 9 43 180
B E JE W K 8 d EDRG 69 53 19 14 3 23

R NG S5/ N FSURE 1 T8 AR P 3948 £ AR MR D 4 (26.231.03) pem® ;" P BURL A9 T AR (76,69 43.24) pem® 5 K BURL 1) T AR (193.8546.73)
pm?® s BERRTE 2R BT AL (7,69 £3.71) pm?; * S H(E bR AER

* Area of small particle callose (average®SE) is (26.23+1.03) pm’; " Area of middle particle callose (average+ SE) is (76.69+3.24)
pm”; © Area of great particle callose (average + SE) is (193.85 4+ 6.73) pum”; “Area of filamentary form callose is (7.69 +3.71) pm’;
* Average= SE.

IBPHS, Injection of BPH saliva; TDRG, Two days of recovery growth after injection of BPH saliva; FDRG, Four days of recovery growth

after injection of BPH saliva; EDRG, Eight days of recovery growth after injection of BPH saliva.
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