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Delta of Vietnam. 
IR9224-73-2-2-2-3 was named OM33. 

It has short growth duration, heavy til- 
lering, many grains/panicle (Table 1, 2), 
and good quality. It yields well in wet 
and dry seasons. 

IR8423-132-6-2-2 is early maturing 
and has many grains/panicle and low 
sterility percentage in wet season (Table 
1). In experimental plots and farmer 
fields it yields better in wet than in dry 

Guidelines and Style 
for 

IRRN Contributors 

To improve communication and to speed t he 
editorial process, the editors of the International 
Rice Research Newsletter (IRRN) request that 
contributors use the following guidelines and style: 

Style 

national units of measure (such as cavans, rai, etc.). 
• Use the metric system in all papers. Avoid 

with small-scale studies, in grams per pot (g/pot) or 
• Express all yields in tons per hectare (t/ha) or, 

grams per row (g/row). 

or symbols used in a figure or table. 

chemicals near the unit of measure. For example: 
60 kg N ha: not 60 kg/ha N. 

the IRRN . Data in other currencies should he 
converted to US$. 

• Abbreviate names of standard units of measure 
when they follow a number. For example: 20 kg ha. 

• When using abbreviations other than for units of 
measure, spell out the full name the first time of 
relerence, with abbreviations in parenthesis, then use 
the abbreviation throughout the remaining text. For 
example: The efficiency of nitrogen (N) use was 
tested. Three levels of N were .... or Biotypes of the 

studied the biotypes of BPH in .... 
brown planthopper (BPH) differ within Asia. We 

• Express time, money, and measurement in 

example: 8 years: 3 kg ha at 2-week intervals: 7%; 
numbers, even when the amount is less than 10. For 

4 hours. 
• Write out numbers below 10 except in a series 

containing some numbers 10 or higher and some 

seven tractors: four varieties. But There were 4 plots 
numbers lower than 10. For example: six parts; 

in India, 8 plots in Thailand, and 12 plots in 
Indonesia. 

• Write out all numbers that start sentences. For 
example: Sixty insects were added to each cage: 
Seventy-five percent of the yield increase is attributed 
to fertilizer use. 

Guidelines 

• Define in footnotes or legends any abbreviations 

• Place the name or denotation of compounds or 

• The US dollar is the standard monetary unit for 

based on results of research on rice or on cropping 
patterns involving rice. 

• Appropriate statistical analyses are required for 
most data. 

• Contributions should not exceed two pages of 
double-spaced, typewritten text. Two figures (graphs, 

supplement the text. The editor will return articles 
tables, or photos) per contribution are permitted to 

that exceed space limitations. 

discouraged. Exceptions will be made only if 
• Results of routine screening of rice cultivars are 

screening reveals previously unreported information 
(for example, a new source of genetic resistance to 
rice pests). 

varieties are encouraged. 

commercial chemicals and, when feasible, equipment. 

contributions. 

infection, degree of severity, etc.). 

• Contributions to the IRRN should generally be 

• Announcements of the release of new rice 

• Use common — not trade — names for 

• Do not include references in IRRN 

• Pest surveys should be quantified with data (% 

Genetic evaluation and utilization 
OVERALL PROGRESS 

Two varieties released for the 
Thambiraparani region 

W. W. Manuel, K. Ganesan, and C. K. 
Rajagopalan, Paddy Experiment Station, 
Ambasamudram 627401, Tamil Nadu, 
India 

Co 43 and Co 44 were recently released 
for general cultivation in Thambiraparani. 
They were developed at the Paddy Breed- 
ing Station, Coimbatore. Co 43 is a cross 
of Dasal and IR20, and Co 44 is a cross of 
ASD5 and IR20. Both are medium- 
duration (128 d) semidwarfs with 

medium slender white grains. 
From 1981 to 1983 they were evalu- 

ated in three (Sep-Oct to Feb) yield trials 
at Ambasamudram. Trials were fertilized 
with 100-22-42 kg NPK/ha. 

Both varieties performed better than 
IR20. Co 43 yielded an average 3.9 t/ha; 
and Co 44, 3.7 t/ha (see table). Co 43 is 
resistant to saline/alkaline conditions, 
leaf blast (Bl), sheath rot, and bacterial 
leaf blight. Co 44 is moderately resistant 
to brown spot, Bl, and sheath blight, and 
resistant to green leafhopper and gall 
midge. 

Performance of Co 43 and Co 44 at Ambasamudram, India. 

Days to Plant ht Panicles/ Panicle wt Grain yield (t/ha) 1981-82, 1982-83 

(g) MLT a ART b PC c Mean Variety flowering (cm) hill 

Co 43 98 87 6 1.8 4.0 4.6 3.2 3.9 
Co 44 98 86 6 3.6 4.3 3.1 3.7 
IR20 

1.2 
97 89 5 1.3 3.1 3.3 2.8 3.1 

CD P = – 
(0.05) 

0.5 0.8 

a Multilocation trial. b Adaptive research trial. c Promising cultures. 

Two IRRI rice lines released for 
cultivation in the Cuu Long Delta 

Nguyen Van Luat, Bui Ba Bong, Nguyen 
Minh Chau, and Nguyen Thi Thuan, Cuu 
Long Delta Rice Research Institute, 
Omon, Haugiang, Vietnam 

IRRI rice lines IR9224-73-2-2-2-3 and 
IR8423-132-6-2-2 were released in1983 
for large-scale cultivation in the Cuu Long 

Table 1. Agronomic traits of IR9224-73-2-2-2-3 and IR8423-132-6-2-2 at Omon, Haugiang, Vietnam. 

IR9224-73-2-2-2-3 IR8423-132-6-2-2 
Trait 1981-82 1982-83 1981-82 1982-83 

wet season dry season wet season dry season 

Duration (d) 115 110 115 113 
107 Plant height (cm) 90 

Panicles/m 2 305 
103 87 

396 250 
Grains/panicle 

326 
88 95 

Sterility (0/0) 
100 

22.2 
92 

1,000-grain weight (g) 22.6 23.4 22.5 23.0 
18.2 15.5 12.5 
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Table 2. Yields of IR9224-73-2-2-2-3 and IR8423-132-6-2-2 at Omon. Haugiang, Vietnam. 

Yield (t/ha) 

Line, variety Wet season Dry season Av 

1981 1982 1982 1983 

IR9224-73-2-2-2-3 6.1 4.5 4.2 6.5 5.3 
IR8423-132-6-2-2 6.7 3.9 3.5 5.5 4.9 

3.3 4.2 4.7 
0.57 

4.5 
ns 0.85 

Check a 5.7 
LSD 50/0 0.5 1 

a Check variety: wet season 1981, NN 6A; other seasons, NN 7A. 

season. It has yielded well in many 
provinces. 

Like previously released IRRI lines 
NN3A (IR36), NN6A (IR2307-247-2-2-3), 
and NN7A (IR2070-199-3-6-6), both 
newly released lines are resistant to most 
rice pests on the Delta except blast. They 
can be grown on slightly acid sulfate and 
saline soils. 

Agronomic characteristics 
GENETIC EVALUATION AND UTILIZATION 

Ratooning ability of some summer rices 
on saline-calcareous soil 

B. K. Singh, R. B. Thakur, and R. P. 
Singh, Agronomy Department, Rajendra 
Agricultural University (RAU), Bihar, 
Pusa, Samastipur 848125, India 

We conducted a field trial in summer 
1979 at RAU Research Farm to deter- 
mine the ratooning ability of Pusa 2-2 1, 
CR44-35, Pusa 33, NC1626, CR126-42-2, 
IET1444, and C8585. Soil was a cal- 
careous silt loam with medium fertility, 
pH 8.7, and Ec 1.20 mmho/cm at 25°C. 

Seeds were sown 16 Mar and 2 seed- 
lings/hill were transplanted at 15- × 15- 
cm spacing on 19 Apr. The main crop 
received 120-18-17 kg NPK/ha. C8585 
was harvested 16 Jul, NC1626 19 Jul, 
and other varieties were harvested 1 wk 
earlier, leaving a 15-cm stubble from 
ground level. The ratoon crop was hand 
weeded 15 d after the main crop was 
harvested, and 20 kg N/ha was top- 
dressed. The field remained saturated 
with occasional flooding up to 10-cm 

depth. The crop was irrigated twice in 
addition to frequent monsoon rains. At 
maturity, the ratoon crop of NC1626 
(intermediate) and C8585 (semidwarf) 
was harvested. Yields of other varieties 
were not recorded because of their 
poor ratooning ability. 

The C8585 ratoon yielded 32% of the 
main crop yield, and NC1626 24% of its 
main crop yield (see table). When yields 
of the main and ratoon crops were com- 
bined, however, NC1626 yielded better 
overall. 

The ratoon crop was 25% shorter than 
the main crop. Panicle-bearing shoots/hill 
of the ratoon seemed to be positively cor- 
related with the number of panicle- 
bearing shoots/hill for the main crop. The 
reduction in the number of ripened 
grains/panicle of ratoon was more pro- 
nounced (20-26%) than panicle length 
reduction (8-11%). The ratoon crop had 
lower grain weight (more with NC 1626) 
than the main crop. The ratoon crop 
matured 70 d earlier than the main 
crop. 

Grain yield, yield attributes, and other plant characters of main and ratoon crops of 2 short-duration 
summer rices, Bihar, India. 

Grains/ Panicle 1,000-gain Duration 
Variet yield Height Panicles/m 2 a panicle length weight 

(t/ha) (no.) (cm) (g) 
(d) 

NC1626 4.1 131 444 (10) 95 20.5 21.6 125 
Main crop 
NC1626 1.0 102 222 ( 5) 76 18.2 20.5 54 
Ratoon 
C8585 3.5 90 488 (11) 84 19.1 19.8 122 
Main crop 
C8585 1.1 65 311 ( 7) 62 17.5 19.2 52 
Ratoon 

a Figures in parentheses indicate number of panicles/hill. 

In Bihar, farmers usually plant one 
crop of early rice on medium uplands in 
wet season to ensure timely planting of 
subsequent upland crops. Besides in- 
creasing rice yield with less expenditure, 
growing a ratoon crop still permits timely 
planting of upland crops. Irrigation avail- 
ability is, however, a prerequisite for a 
ratoon crop in this area. 

Mashuri for cultivation in the Cuu Long 
Delta of Vietnam 

Nguyen Van Luat, Bui Ba Bong, Huynh 
Huu Duoc, and Nguyen Ly, Cuu Long 
Delta Rice Research Institute, O Mon, 
Hau Giang, Vietnam 

Much of the Cuu Long River Delta 
(Vietnamese part of the Mekong Delta) 
still is planted to late-maturing local varie- 
ties which yield from 1.5 to 4 t/ha. We 
compared Mashuri, introduced through 
the International Rice Testing Program 
in 1980, with popular local varieties 
Trang Chum (deepwater), Trang Lun 
(acid sulfate tolerant), Tieu Doil (salinity 
tolerant), and Nang Huong (good quality). 
In 3 yr of evaluation, Mashuri yielded 
well (Table 1). It had shorter duration 
than local varieties, produced more 
grains/panicle, and had lodging resistance, 
wide adaptability, and good quality. 

Mashuri, Trang Chum, and Trang Lun 
react similarly to common rice pests of 
the Cuu Long Delta. They are susceptible 
to brown planthopper (BPH) and sheath 
blight (ShB) and tolerant of leaf blast 
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Table 1. Characters and yields of Mashuri and some local Cuu Long Delta rice varieties, Hau Giang, Vietnam. 

Variety 
Duration 

(d) 

Plant 
height Panicles/m 2 Grains/panicle 
(cm) 

Lodging Yield a (t/ha) 

1980 1981 1982 
Character (0-9) 

Mashuri 150 132 264 230 
Trang Lun Acid sulfate tolerance 190 148 247 86 
Trang Chum Deepwater 180 137 204 124 
Tieu Doi Salinity tolerance 176 116 192 152 
Nang Huong Good quality 173 157 145 107 

a In a column, means followed by the same letter do not differ significantly at 5% level. 

Table 2. Reaction a of Mashuri to rice pests in the Cuu Long Delta, Hau Giang, Vietnam. 

BPH B1 

Variety Infestation Reaction Scale Reaction 
(%) (0-9) 

Mashuri 88 HS 2-6 R-MS 
Trang Lun 85 HS 4-5 MS 
Trang Chum 85 HS 4-6 MS 
Resistant C b 26 MR 1 R 
Susceptible C b 100 HS 4-9 MS-HS 

BLB 

Scale Reaction 
(0-9) 

4 MS 
3 MR 
3 MR 
1 R 
8 S 

ShB 

Scale Reaction 
(0-9) 

9 HS 
7 S 
7 S 
7 S 
9 HS 

a Artificial infestation, using IRRI test and scoring procedures: R = resistant, MR = moderately resis- 
tant, MS = moderately susceptible, S = susceptible, HS = highly susceptible. b Resistant check for 
BPH = IR36, BI =Te Tep. BLB = Cempo Selak. ShB = IET4699. Susceptible check for BPH = TN1. 
B1= NN 7A, BLB = 1R8, ShB = IR36. 

3 3.7 a 4.0 a 5.4 a 
4 
5 

3.1 b 3.8 a 5.5 a 

7 
3.1 b 3.7 a – 

9 
– 5.0 a 

– – 2.1 b 
– 

(Bl) and bacterial leaf blight (BLB) (Table 
2). In the monsoon season, when late- 
maturing varieties are grown, we expect 
Mashuri will not have severe pest 
problems. 

Because of Mashuri’s favorable per- 
formance, we are carrying out a large- 
scale seed multiplication program in co- 
operation with provincial agricultural 
departments. 

Measurement of seedling height in rice 
varieties and breeding lines 

K. T. Nwe, research scholar, and D. J. 
Mackill, associate plant breeder, IRRI 

Seedling or vegetative vigor is an im- 
portant trait for direct-seeded and trans- 
planted rainfed lowland conditions and is 
usually measured visually in the field 
some time after transplanting. Seedling 
height is an important component of 
seedling vigor. We studied the relationship 
between seedling height measured in 
plants grown in a seedbox and plant 
height at 20 d after transplanting (DT), 
mature plant height, and days to 50% 
heading of plants grown in a concrete bed 
in the field. 

Pregenninated seeds of 20 genotypes 
(including traditional and semidwarf 
varieties and breeding lines) were sown in 
single rows in seedboxes in a randomized 
complete block design with 4 replica- 
tions. Seedling height of individual seed- 
lings was measured 7, 14, 21, and 28 d 
after seeding (DAS). Twenty-one-day-old 
seedlings were transplanted in single rows 
in the concrete bed. 

The ranking of varieties for seedling 
height differed little for each measure- 

Seedling height at 21 DAS, plant height at 21 DT, mature plant height, and days to 50% heading for 
20 rice varieties and breeding lines, IRRI. 

Seedling ht (cm) 
21 DAS a 

Plant ht (cm) Mature plant ht Days to Variety 21 DT (cm) 50% heading 

Aungzeya 41.7 a 89.7 176.0 
Black Gora 40.8 a 92.8 157.0 
Shwedinga 39.3 ab 79.0 158.8 
Nam Sagui 19 37.6 bc 90.2 146.0 
Emata 35.9 cd 93.8 153.6 

Ngwe toe 33.1 de 87.5 136.0 
5207 32.7 e 77.2 134.2 

D25-4 33.2 de 73.5 121.0 

IR14632-22-3 31.3 ef 64.0 117.4 
IR19248-76-2-1-3 30.7 efg 72.5 121.4 
IR32 
IR5 2 
IR34 

30.1 fg 60.2 110.6 
29.3 fgh 66.8 108.4 
28.3 ghi 69.3 113.8 
27.8 ghi 61.5 119.2 

108.2 
26.5 hijk 69.3 144.6 
26.2 ijk 62.0 70.4 
25.0 jk 72.3 130.4 
24.2 k 63.7 127.8 
23.9 k 61.0 94.2 

IR14753-49-3 
IR520-2-1-6 27.3 hij 62.7 
BR3 19-1 
IR13564-95-1 
ITA 141 

IR50 
a Means followed by a common letter are not significantly different at the 5% level. 

IR19242-58-2-3-2 

72 
73 
87 
63 
99 
89 
65 
88 
88 
87 
97 
78 
84 
80 
85 
82 
55 
82 
88 
72 

ment date. The CVs for 7, 14, 21, and 28 
DAS were 14.7, 6.8, 5.5, and 7.8%. The 
21-d measurement gave the most reliable 
results. 

Data for seedling height at 21 DAS, 
plant height at 21 DT, mature plant 
height, and days to 50% heading are in 
the table. Seedling height at 21 DAS was 
highly correlated with both plant height 

at 21 DT ( r = 0.83) and mature plant 
height ( r = 0.75). The correlation with 
days to 50% heading was not significant 
( r = –0.05). The seedling box measure- 
ment appears to be an accurate estimate 
of plant height at 21 DT in the field. 

For rainfed lowland conditions it 
would be useful to have plants of inter- 
mediate stature with tall seedlings. As 
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can be seen from the high positive cor- traditional varieties by breeding can be ling height while maintaining a relatively 
relation between seedling height and expected to reduce seedling height. The lower mature plant height. 
mature plant height, shortening of tall Burmese variety D25-4 had good seed- 

Flowering induction in photoperiod- 
sensitive rices which are potential donors 
of whitebacked planthopper (WBPH) 
resistance 

J. P. Singh, H. Singh, S. C. Mani, and 
J. S. Nanda, Plant Breeding Department, 
G. B. Pant University of Agriculture and 
Technology, Pantnagar 263145, U. P., 
India 

Many traditional tall and photoperiod- 
sensitive rice varieties have genes for 
resistance to various stresses and can be 
used as donors. But their usefulness in 
breeding programs at higher latitudes is 
limited because they either do not flower 
or flower late and die of cold. With ap- 
propriate photoperiod treatments, such 
varieties could be induced to flower early 
and could be used in hybridization pro- 
grams. 

ARC6579, ARC10464, ARC11321, and 
ARC11324 are potential donors of genes 
for resistance to WBPH (Sogatella 
furcifera), but they are photoperiod 
sensitive and do not flower at Pantnagar 

Balamawee, Ptb 19, ARC6624, 

Photoperiod response of different rice varieties at Pantnagar, India. 

Days to flowering 

Variety 70-d-old seedlings a 56-d-old seedlings b Control c 

10 h 9 h 10 h 9h DS DS 
photoperiod photoperiod photoperiod photoperiod 28 May 82 11 Jun 82 

Balamawee 96 97 89 89 
Ptb19 105 106 88 89 

No flowering No flowering 

ARC6624 103 101 88 
No flowering No flowering 

89 
ARC65 7 9 

154 
102 

141 
101 88 88 154 14 1 

ARC10464 101 102 88 88 141 128 
ARC11321 102 104 89 88 153 139 
ARC11324 105 105 91 90 152 139 

a Sown 28 May 1982. b Sown 11 Jun 1982. c DS = direct seeded. 

(29°N lat. and 79.3°E long.). 11 Jun, the same varieties flowered in 88 
We tested artificial methods of flower to 91 d with 10 h photoperiod and 88 to 

induction. Varieties were planted 28 May 90 d with 9 photoperiod. In the field, 
and 11 Jun 1982. To induce flowering at flowering duration varied from 141 to 
70 d for the first date and 56 d for the 154 d in the May sowing and from 128 
second, seedlings were placed in dark to 141 d in the June sowing. Balamawee 
chambers for 10 and 9 h photoperiod and Ptb 19 did not flower in the field. 
treatment. One set of seedlings from each Flowering duration did not differ for 
date of sowing also was transplanted in 10 and 9 h photoperiod. Photoperiod 
the field as a control. cycles varied from 26 to 36 in the 28 May 

When planted on 28 May, all varieties sowing and from 33 to 35 in the 11 Jun 
with 10 h photoperiod flowered in 96 to sowing. Fifty-six-d-old seedlings flowered 
105 d and those with 9 h photoperiod in earlier than 70-d-old ones. 
97 to 106 d (see table). When planted 

GENETIC EVALUATION AND UTILIZATION 

Insect resistance 
Free-choice and no-choice seedling bulk 
tests for evaluating resistance to 
whitebacked planthopper (WBPH) 

R. C. Saxena, associate entomologist, 
IRRI, and principal research scientist, 
International Centre of Insect Physio- 
logy and Ecology, Nairobi, Kenya; and 
Z. R. Khan, postdoctoral fellow in 
Entomology, IRRI 

A free-choice seedling bulk test is 
routinely used for mass screening of 
rice germplasm to identify donors of 
resistance to rice leafhoppers and plant- 
hoppers. It is relatively simple, inexpen- 
sive, and fairly reliable when dealing 

Table 1. Settling behavior a of WBPH nymphs on seedlings of susceptible and resistant rice varieties in 
a free-choice screening test, IRRI, 1983. 

Variety 

Nymphs (%) that settled on seedlings at indicated h 
after infestation b 

1 8 24 48 

ADR52 4.2 a 6.2 cde 6.5 bc 6.0 c 
ARC10239 4.5 a 6.3 cd 5.5 d 6.0 c 
Colombo 4.5 a 5.8 de 6.4 cd 6.6 c 
Muskhan 41 4.4 a 6.9 bc 7.1 bc 6.5 c 
N22 4.4 a 7.1 bc 7.3 bc 6.5 c 
N32 4.3 a 6.5 bcd 6.7 bc 5.9 c 

Podiwi A8 4.2 a 7.3 b 7.5 b 7.6 b 
WC1240 4.1 a 6.6 bcd 6.3 cd 6.4 c 
TN1 (susceptible check) 4.5 a 14.1 a 19.6 a 20.7 a 

a Percentage calculated on total number of insects released in a seedbox and remaining insects on the 
soil below the seedlings. b In a column, means followed by a common letter are not significantly dif- 
ferent at 5% level; av of 5 replications, 750 nymphs/seedbox. 

IR2035-117-3 4.2 a 5.3 e 5.6 d 6.2 c 
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Reaction of rice varieties to rice ragged 
stunt virus (RSV) infection by three 
brown planthopper (BPH) biotypes 

A. Parejarearn, research scholar, IRRI; 
D. B. Lapis, formerly senior research 
fellow, IRRI, now associate professor, 
University of the Philippines at Los 
Baños College of Agriculture; and 
H. Hibino, plant pathologist, IRRI 

Recent screening data at IRRI indicated 
that the varieties resistant to RSV were 
also resistant to the vector BPH. We 
tested five RSV-resistant, two inter- 
mediate, and one susceptible rice varieties 
for resistance to three BPH biotypes and 
RSV infection in the greenhouse. 

Varieties with resistance to BPH bio- 

Table 2. Rice seedling resistance to infestation by WBPH nymphs in free-choice (FC) and no-choice (NC) tests a , IRRI greenhouse, 1983. 

Resistance rating b 

Variety 18 Jul 25 Jul 31 Jul 8 Aug 

FC NC Difference FC NC Difference FC NC Difference FC NC Difference 

ADR52 1.0 0.9 0.1 ns 0.8 1.1 –0.3 ns 0.9 0.6 0.3 ns 1.0 0.6 0.4 ns 
ARC10239 1.1 1.1 0.0 ns 1.1 1.1 0.0 ns 1.1 0.6 0.5 ns 1.4 1.1 0.3 ns 
Colombo 1.0 1.1 –0.1 ns 1.0 1.3 –0.3 ns 1.4 1.0 0.4 ns 1.1 1.0 0.1 ns 

0.3 ns 0.7 0.7 0.0 ns 0.4 0.8 –0.4 ns 0.6 
Muskhan 41 1.6 1.4 0.2 ns 1.2 0.6 0.6 * 0.5 1.1 –0.6 * 

–0.3 ns 

N22 
1.0 0.9 

0.9 

1.3 2.1 –0.8 ** 0.9 1.9 0.6 2.8 –2.2** 0.8 2.2 –1.4 ** 
0.1 ns 

–1.0 ** 
N32 1.4 1.1 0.3 ns 1.1 0.7 0.4 ns 0.9 0.7 0.2 ns 1.0 1.3 
Podiwi A8 3.3 6.0 –2.7 ** 2.5 4.6 –2.1 ** –4.5 ** 2.6 7.8 

–0.3 ns 
2.0 6.5 

WC 1240 0.3 0.3 
–5.2 ** 

0.0 ns 0.3 0.3 0.0 ns 0.2 0.3 
TN1 (check) 

–0.1 ns 
9.0 9.0 

0.4 0.7 
0.0 ns 9.0 9.0 0.0 ns 9.0 9.0 0.0 ns 9.0 9.0 0.0 ns 

–0.3 ns 

IR2035-117-3 1.0 0.7 

Standard Evaluation System for Rice). 
a Av of 5 replications. ns = not significant; *, ** significant at 5% and 1% levels. b Scored on 0-9 scale: 0 = highly resistant, 9 = highly susceptible (1980 

with highly susceptible and highly 
resistant germplasm. 

However, shortly after seedlings are 
infested, nymphs tend to move to the 
susceptible check variety, which causes 
imbalance in the infestation on the test 
varieties. If this occurs to a significant 
extent, the escape of a test variety may 
be misconstrued as genetic resistance. 
We compared the reliability of WBPH 
resistance scores obtained in free-choice 
and no-choice tests. 

In the free-choice test, 10 varieties 
were sown in 40-cm-long rows, each in 
60- × 45- × 10-cm wooden trays in 
the greenhouse. One-week-old seedlings 
were thinned to 15/row and covered 
with a fine-mesh fiberglass screen cage 
55 cm long, 40 cm wide, and 50 cm 

high. Each seedling was infested with 
five second-instar nymphs. Nymphs that 
settled on rice seedlings were counted 
at 1, 8, 24, and 48 h after infestation. 
Seedling damage was scored when the 
susceptible check TN1 died. Treatments 
were replicated five times and repeated 
four times at weekly intervals. 

In the no-choice test, varieties were 
sown and treated as in the free-choice 
test, but each row of seedlings was 
excluded from all others by a vertical, 
mylar plastic partition, assuring equal 
exposure to insect infestation. 

The initial distribution of nymphs 
was uniform in the free-choice test, but 
after 8 h or longer, nymph percentages 
were significantly higher on TN1 than 
on resistant varieties (Table 1). This 

differential infestation soon after insect 
release created an imbalance in the 
infestation level of the test varieties, 
which helped some resistant varieties to 
escape damage. This shortcoming was 
avoided in the no-choice test. 

Podiwi A8, with wbph 4 resistance 
gene, was moderately resistant in the 
free-choice test, but susceptible in the 
no-choice test (Table 2). N22, with 
Wbph 1, was resistant in the free-choice 
test, but moderately resistant in the no- 
choice test. 

The no-choice test, which ensures 
even insect distribution on the test 
plants, may be particularly useful in 
screening of hybrid seed material for 
inheritance studies of insect 
resistance. 

Reaction of 8 selected varieties to 3 BPH biotypes and RSV infection by those biotypes, IRRI. 

Reaction to BPH a Reaction to RSV b 

Biotype 1 Biotype 2 Biotype 3 Biotype 1 Biotype 2 Biotype 3 
Variety 

Ptb 21 S S S I (35) S (76) S (90) 
Murungakayan R R S R (26) R (31) I (47) 
Mawee R R R R (25) R (22) R (24) 
Balaratawee R MR S I (48) S (70) 
Hathili 

R (13) 
R R MR 

IR22 
R (16) 

S 
I (40) 

S 
I (46) 

IR50 
S I (58) I (58) S (90) 

R R MR 
TN 1 S S 

R (21) 
S 

I (35) I (33) 
S (68) S (82) S (90) 

a Data from Entomology Department, IRRI. b Results of mass inoculation based on 0-30% infection 
= R, 31-60% infection = 1, 61-100% infection = S. Figures in paretheses are percentage infection. 

type 1 in the mass inoculation were less low nymphal survival. Fewer nymphs 
preferred by the insect and received more were produced by adults allowed to ovi- 
insect probing punctures per day. When posit on resistant varieties. 
allowed to feed on resistant varieties, Seven-d-old seedlings of the test varie- 
biotype 1 showed shorter life-span and ties were transplanted in clay pots at 20 
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seedlings/pot. Sixteen pots, 2/variety, 
were caged with viruliferous BPH of each 
biotype for 24 h at 5 insects/seedling. 
One month after inoculation, percentage 

had less RSV infection regardless of bio- biotypes. Results indicate that varietal 
type. IR22 and TN1 had higher percent reaction to RSV varies with reaction to 
infection for the three biotypes (see BPH biotype vector; therefore a degree of 
table). For all varieties tested, reaction to correlation exists between BPH and RSV 

of infected seedlings was recorded. RSV infection with the three BPH bio- resistance. 
Mawee, Hathili, Murungakayan, and IR50 types was similar to their reaction to the 

Use of a lignin-specific dye to demon- 
strate phloem feeding by brown plant- 

Filter paper discs on which 
honeydew of BPH biotype 

hopper (BPH) 1 was collected when the 
insect fed on susceptible 

Z. R. Khan, postdoctoral fellow, 
Entomology Department, IRRI; and 
R. C. Saxena, principal research scientist, 
International Centre of Insect Physiology 
and Ecology, Nairobi, Kenya, and 
associate entomologist, IRRI 

Microtomy of plant tissue on which the 
BPH has fed, qualitative and quantitative 
biochemical analyses of excreta, and its 
indicator chemical reactions have been 
relied upon to demonstrate phloem 
feeding by BPH Nilaparvata lugens (Stål) 
on the rice plant. We confirmed phloem 
feeding by BPH on susceptible and 
resistant rice varieties by using safranine, 
a lignin-specific dye that is selectively 
translocated in xylem vessels and would 
indicate xylem feeding if the excreta 
were red. 

Roots of 10-d-old seedlings of BPH 
biotype 1 -susceptible TN1, and resistant 
ASD7 were immersed in a 0.2% aqueous 
solution of safranine 0 for about 6 h. 
After washing off the excess dye, groups 
of 2 or 3 treated seedlings were trans- 
ferred to water-filled, small glass beakers 
or plastic containers in mylar cages. Ten 

TN1 and resistant ASD7 
rice varieties. Bluish amino 
acid spots on ninhydrin- 
treated filter paper discs 
(c, d) indicate more 
phloem feeding on TN1, 
while the absence of red 
spots on filter paper discs 
(a, b) indicates lack of 
xylem feeding on both 
susceptible and resistant 
varieties. 

~ 

~ 

newly emerged BPH biotype 1 females 
were then allowed to feed for 24 h on 
the seedlings, at the base of each of which 
was placed a 9-cm-diameter filter paper 
disc. A set of untreated seedlings were 
infested similarly as a control. The honey- 
dew excreted by the hoppers dropped on 
the filter paper disc and was readily ab- 
sorbed. 

The BPH is primarily a phloem feeder 

because no red honeydew spots were 
detected on filter paper discs (Fig. la,b) 
Although the amount of BPH honeydew 
excreted was less on resistant ASD7 than 
on susceptible TN1 plants, the appear- 
ance of bluish amino acid spots indicated 
phloem feeding when filter paper discs 
from control seedlings were treated with 
0.1% ninhydrin acetone solution (Fig. 
1c,d). 

Electronically recorded waveforms 
associated with feeding behavior of green circuit and equipment 

1. Schematic diagram of 

leafhopper (GLH) for recording GLH feed- 
ing on rice, IRRI. 

Z. R. Khan, postdoctoral fellow, 
Entomology Department, IRRI; and 
R. C. Saxena, principal research scientist, 
International Centre of Insect Physiology 
and Ecology, Kenya, and associate 
entomologist, IRRI 

We used an electronic feeding recorder to 
monitor GLH Nephotettix virescens 
feeding on GLH-susceptible and resistant 
plants. 
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of each entry were transplanted at 20- × 
15-cm spacing in a 2-row plot, 2.5 m 
long. A local susceptible variety was 
planted around the nursery. TN1 was the 
susceptible check and W1263 was the 
resistant check. Leaffolder-damaged 
leaves from 10 randomly selected hills of 
each variety were counted at 60 and 75 d 
after transplanting. Percent damaged 
leaves was computed with the following 
formula to correct for the level of insect 
pressure, as indicated by the susceptible 
check. 

Corrected % damage = 

% damaged leaves 
in test entry 

% damaged leaves 
in susceptible check 

× 100 

The following criteria were used on 
the converted scores to place percent 
damaged leaves on a 1-9 scale. 

Scale Damaged leaves (%) 
1 1- 10 
3 11- 20 
5 21- 35 
7 36- 50 
9 51-100 

None of the tested entries were free of 
leaffolder infestation. However, the fol- 
lowing entries scored 3:GEB24 (acc. no. 

TNAU9039-14, TNAU9227-1, UPR311- 

(acc. no. 11057). BG12-1, BG367-3, 

5909), IR9209-26-2-2-2-3, NR59, PTB33, 

19-2-1, UPR82-1-7, 343-D.T., and W1263 

BKNBR1030-51-1-1-2-1, BR220-1-1, 
IR13429-170-3, IR19575-85-2-2-3, 
Kaohsiung Sen Yu 204, OR100-25, 
TKM6, T2005, and X2-D.T. scored 5. 
The remaining entries were highly suscep- 
tible. 

GENETIC EVALUATION AND UTILIZATION 

Temperature tolerance 
Selection for cold-tolerant rice varieties Cold-tolerant crosses selected in Kashmir, India. binations) screened, 87 entries had a 
in Kashmir, India cold tolerance score of 1 at early seed- 

ling stage (see table). Parameters used to 
R. N. Kaw, Plant Breeding Department, select for cold tolerance were leaf color, 
IRRI; and H. K. Gadroo, G. H. Zargar, Jukoku/IET1444 16 vigor, and survival percentage. Entries 
and M. Ibrahim, Main Rice Research IET1444/Jukoku 10 

IET1444/Hayayuki 15 with cold tolerance are being tested in 
Station, Khudwani, Kashmir, India Reimei/IET1444 14 other trials. 

Cross Cold-tolerant 
entries selected (no.) 

About 1.8 million ha of riceland in the 
north and northeast hills of India have 
cold air and water temperatures during 
the growing season. In Jammu and 
Kashmir, rice is grown on 236,000 ha. 
About 67% (161,000 ha) of that is in 
the Kashmir Valley, 1,500 to 2,285 m 
altitude at 33.25 to 35.25 °N and 
74.25°E longitude. Under normal condi- 
tions the growing season for rice is 145 d 
at 1,500 to 1,650 m elevations and 135 d 
at 1,650 to 2,285 m. 

Although the area planted to high 
yielding modern varieties is increasing, 
early-maturing, cold-tolerant, high 
yielding, disease-resistant varieties are 
needed for high rice production in the 
hills. Low-temperature injury afflicts the 
crop at different growth stages. Tempera- 
tures at the early seedling and late matur- 
ing stages are hardly sufficient to sustain 
crop growth, and recovery from cold 
injury at higher elevations is low and 
slow. Minimum and maximum tempera- 
tures at seedling stage (Apr-May) are 6.4 
to 9.8°C and 19.9 to 25.0°C. At maturity 
stage (Sep-Oct) minimum temperatures 

IET1444/Houyoku 2 
IET1444/K78-13 9 
Kalinga I/Joesan Tongil 7 
Kalinga II/Lysingi 2 
AC71/KN-lB-361- 

1-8-6-9 6 
Kl7-6-1-1-1/Kn-lB-361-1-8-6-9 1 
K17-9-1-l/IR28 1 
K21-9-10-l/IR2053-521-1-2 1 
K143/IR28/IET1444 1 
IET1444/Niver 2 

are 11.3 to 4.6°C, and 24.8 to 22.9°C 
are maximum. 

Low temperatures and cold irrigation 
water limit rice growth at early seedling, 
reproductive, and ripening stages. Breed- 
ing programs have been intensified to 
incorporate the cold tolerance of local 
and Japanese cultures into desirable, 
high yielding varieties. 

In Apr and May 1982, the Kashmir 
Valley had an unusually long, cold 
spring with minimum Apr and May tem- 
peratures averaging 6.7 and 9.1°C. 
Most presoaked and presprouted seeds 
of the commonly grown varieties in 
open seedbeds or direct-seeded plots 
died and seeding had to be repeated. Of 
1,367 lines (comprising 14 cross com- 
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Inheritance of rice leaf discoloration 
resulting from low temperature 

V. S. Chauhan, Plant Breeding 
Department, Vivekananda Laboratory for 
Hill Agriculture, Almora 263601, India 

Cold temperature limits the adaptation 
and production potential of rice varieties 
in subtemperate and temperate regions. 
Cold causes seedling mortality, stunting, 
poor tillering, leaf discoloration, poor 
panicle exsertion, spikelet degeneration, 
and spikelet sterility. We studied the 
inheritance of leaf discoloration as af- 
fected by low temperatures. 

We crossed Pratao, a cold-tolerant 
variety with a leaf discoloration score of 
3, and IR8, a cold-susceptible variety 
with a leaf discoloration score of 7-9 and 
scored 20 F 1 plants and 10 plants of each 
parent in 1981. The Fls had moderate 
leaf discoloration (a score of 5). 

and the parents were transplanted at 20 
× 15-cm spacing. Planting dates were 

In 1982 wet season, F 2 s of the cross 



2. Waveforms recorded 
during GLH feeding on 
susceptible TN1 (top) and 
resistant ASD7 (bottom) 
rice varieties using an 
electronic monitoring 
device, IRRI. 

A fine (18 m µ ), 5-cm-long gold wire 
was attached to the dorsum of an 8- to 
10-h-old GLH female by silver paint. The 
insect was starved for 2 h and then placed 
on the leaf blade of a 30-d-old susceptible 
TN1 or resistant ASD7 rice plant. The 
gold wire was connected to the negative 
input terminal of a D. C. chart recorder. 
The voltage source was two 1.5 V D. C. 
batteries connected in a series. The 

positive battery terminal was connected 
with the plant roots through aluminum 
foil and moistened filter paper (Fig. 1). 
The negative battery terminal was con- 
nected with the positive input terminal of 
the chart recorder. GLH feeding activity 
was monitored for 180 min at a chart 
speed of 1.5 cm/min. 

The waveforms recorded for GLH 
showed distinct differences in the feeding 

activity on susceptible and resistant 
plants (Fig. 2). On susceptible TN1, the 
GLH probed readily and ingested for 
longer durations from the phloem (Pi), 
although initially the insect also sucked 
small amounts of xylem sap (Xi). On 
resistant ASD7, the insect made brief and 
repeated probes followed by salivation 
and feeding mainly from the xylem. 

Yield losses of a susceptible rice variety varieties were Sumjinbyeo (japonica) and Sumjinbyeo and Milyang 23 had a 
to brown planthopper (BPH) in Korea Milyang 23 (Tongil hybrid). Cheong- large BPH population, but infestation on 

cheongbyeo, with the Bph 1 gene for Cheongcheongbyeo remained low. Yield 
resistance, was the check variety. losses were 29.4% for Sumjinbyeo and 

Seedlings were transplanted in early 19.1% for Milyang 23 (see table). BPH 
Jun and grown using traditional cultural did not affect Cheongcheongbyeo yield. 
practices without insecticide application. 
The BPH population was recorded 55, 70, 

J. O. Lee and H. G. Goh, entomologists, 
Institute of Agricultural Sciences, Office 
of Rural Development, Suweon, Korea 

We evaluated rice yield losses to BPH of and 90 d after transplanting. Yields of 
susceptible and resistant rice varieties in each variety were compared with that of 
fields in southern Korea. Susceptible an insecticide-sprayed plot. D. K. Garg, Vivekananda Laboratory for 

Hill Agriculture, Indian Council of Agri- 
Yield losses of BPH-susceptible and resistant rice varieties, Suweon, Korea. a cultural Research, Almora, U.P., India 

Field resistance to rice leaffolder 

Reaction Insects/plant Days to 
Variety to hopperburn yield (t/ha) Yield Leaffolder Cnaphalocrocis medinalis is a 

BPH 55 70 90 Insecticide Insecticide major rice pest in the hilly region of U.P. 
DI DI DI Initial Complete free treated Infestation from Aug to Oct peaks in Sep. 

Sumjinbyeo S 0.4 47.1 503.4 99 105 4.1 5.8 29.4 

Milyang 23 S 0.1 12.8 500.7 101 108 5.4 6.6 19.1 Thirty-one entries for screening from 

Cheongcheongbyeo R 0.0 0.3 8.7 – – 6.0 6.0 0.0 different countries were received from 
IRRI. They were field screened in 1982 

a Av for 3 replications. DT = days after transplanting. wet season. Forty-five-day-old seedlings 

We screened rice genotypes to identify 
(japonica) sources of resistance. 

(tongil hybrid) 
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Reaction of extracts of Mawee and TN1 infec- 
ted with RSV at 30 d after inoculation. IRRI, 
1984. 

Average yield a of MDU2, Madurai, India. 

Yield (t/ha) 

Variety Research station Multilocation Rice Coordinated 
trial (1) trials (23) b Yield trials (8) 

MDU2 
IR20 
Increase over IR20 (%) 

3.7 6.1 4.4 
2.9 5.5 3.7 

28 11 19 

a Numbers in parentheses indicate sites from which yields were averaged. b Trials were conducted at 
the hot spot area. 

adjusted to expose 60-d-old seedlings to 165 tolerant (score 3) plants, 380 leaf discoloration with incomplete 
12-14°C air temperature for about 30 d. moderately tolerant (score 5), and 185 dominance for green leaf color. The study 
They were scored for leaf discoloration susceptible (score 7-9) plants, a perfect is preliminary and no confirmation of the 
using the 1980 Standard Evaluation 1:2:1 with a nonsignificant c 2 , that genetic ratio was done with F 3 progenies 
System for Rice. The F 2 segregation had indicated a monogenic inheritance for of backcross generations. 

Cold-tolerant rice variety MDU2 

C. Soundrapandian, V. D. Guruswamy 
Raja, M. Kadambavanasundaram, and 
P. Rangasamy, Agricultural College and 
Research Institute, Madurai, Tamil Nadu 
Agricultural University, India 

Cold damage is a serious constraint to rice 
yields in the high-altitude zone of Tamil 
Nadu, where in winter, minimum tempera- 
ture is 14.5 to 16.0oC. MDU2, a 
promising cold-tolerant rice variety, was 
approved by the Tamil Nadu State 
Varietal Release Committee in Jan 1984 
for cultivation in the Cumbum Valley of 
Madurai district. MDU2 is a hybrid cross 
of C0-25 and IR8. 

In station trials, MDU2 yielded 28% 

more than IR20, and in 23 yield evalua- with medium tillering ability and good 
tion trials on farmer fields it yielded 11% panicle exsertion. Grains are medium 
more. In the rice coordinated yield trials, slender with white kernels, and grain type 
MDU2 yielded an average 19% more than is acceptable to local consumers. It has 
IR20 (see table). some tolerance for leaf blight, gall midge, 

Spikelet sterility was 23% for MDU2 leafroller, and stem borer, and is recom- 
versus 45% for IR20. MDU2 is a medium- mended for cultivation in the second crop 
duration (130-135 d), semidwarf variety season (Oct-Feb) in the Cumbum Valley. 

Pest management and control DISEASES 
~~ 

Relative amount of rice ragged stunt virus 
(RSV) in an infected plant 

A. Parejarearn, research scholar, IRRI; 
D. B. Lapis, formerly senior research 
fellow, IRRI, now associate professor, 
University of the Philippines at Los Baños 
College of Agriculture; and H. Hibino, 
plant pathologist, IRRI 

Scoring of rice varieties resistance to 
RSV has been based on percentage of in- 
fected seedlings. Using this method, it is 

Relative amounts of RSV in infected rice plants on different days after inoculation, IRRI. 

Absorbance at 405 nm of extracts in ELISA 
Variety Reaction 

to RSV a 
30 DAI b 45 DAI b 60 DAI c 

Ptb 21 I 0.38 bc 0.48 0.25 ns 
Murungakayan R 0.28 c 0.64 0.32 
Mawee R 0.88 a 1.08 0.75 
Balaratawee R 0.83 a 0.93 0.56 
Hathili R 0.80 a 1.43 0.40 
IR22 I 0.84 a 0.91 
IR50 R 0.70 ab 0.87 

0.69 

TN1 S 0.78 ab 0.91 0.55 
0.21 

Average 0.69 0.90 0.47 

a Results of mass screening were based on 0-30% infection = R, 31-60% infection = 1, 61-100% in- 
fection = S. DAI= days after inoculation. In a column means followed by a common letter are not sig- 
nificantly different. ns: not significant. b Average A 405 of extracts at 1:200 dilution. c Average A 405 
of extracts at 1 : 160 dilution. 

not clear whether the resistant varieties 
are resistant to RSV infection or to virus 
multiplication. Therefore, we determined 
the resistance of eight selected varieties 
and the relative amount of the virus in 
each variety by mass screening and 
enzyme-linked immunosorbent assay 
(ELISA). 

Seven-d-old seedlings in test tubes 
were inoculated at five brown plant- 

hoppers/seedling and then grown in the 
greenhouse. One month later, three in- 
fected seedlings were selected from each 
variety and transplanted singly in clay 
pots. At 30, 45, and 60 d after 
inoculation, extracts of the whole plant, 
except the root, were tested by ELISA. 
g -globulin was coated with 2.5 µg/ml and 
g -globulin/alkaline phosphate conjugate 
was diluted 300 times. The relative 
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amount of virus antigen in the extracts 
was determined by their absorbance at 
405 nm after 30-min incubation with the 
substrate. 

diluted and RSV was detected in the ex- 
tracts up to 1/400-1-3200 dilution (by 

weight) (see figure). The relative amount 
of RSV was shown as absorbance of ex- 

Absorbance decreased as extracts were 

Rice grassy stunt (GSV) at high altitudes 

V. Mariappan and T. B. Ranganathan, 
Tamil Nadu Agricultural University, 
Coimbatore, India 
The occurrence of GSV and its transmis- 
sion by the brown planthopper (BPH) 
Nilaparvata lugens were reported in India 
in 1969. About 100 ha of rice in Tamil 
Nadu were infected with GSV in 1972, 
and about 15,000 ha were infested by the 
virus and its vector in the adjoining state 
of Kerala in 1973-74. 

tracts at 1/200 dilution for the test at 30 
and 45 d after inoculation and at 1/160 
dilution at 60 d. 

The relative amount of RSV in indi- 
vidual plants varied among test varieties. 
Statistically significant differences in the 
amount of RSV was shown at 30 d after 
inoculation, but not at 45 and 60 d. 
Regardless of the test variety, the amount 

of RSV was highest at 45 d and declined 
by 60 d. The relative amount of RSV was 
less in Ptb 21 and Murungakayan than in 
the other varieties. There was no signific- 
ant difference in RSV amount between 
resistant and susceptible varieties. The 
results indicate that the resistant varieties 
tested were resistant to RSV infection 
but not to virus multiplication. 

Since then, the disease has not been leaves, but the plants were green because 
observed, despite the presence of large of high soil N in the valley. Infection was 
BPH populations. Recently, rice with less than 3% in Jagannath, IR20, and 
symptoms similar to those of GSV was local varieties on the horticultural farm in 
found in the Dugalur Valley of the Devala. 
Nilgiris Mountains of Tamil Nadu, where Transmission tests using BPH nymphs 
rice is grown on about 3,500 ha. The were conducted. Nymphs lived for 10 d 
valley is isolated, and surrounded by on the source plant, then were transferred 
2,000-m-high, densely forested hills. BPH to 10-d-old TN1 plants for 5-d inocula- 
are present in the valley. tion access feeding. One month later, 

Disease symptoms were severe stunting inoculated TN1 plants developed GSV 
and profuse tillering with narrow erect symptoms. 

Pest management and control INSECTS 

Brown planthopper (BPH) resistance to Susceptibility of a susceptible (S) and 6 field strains of BPH to 4 synthetic pyrethroids and DDT in 
a synthetic pyrethroid Taiwan, China. a 

Chih-Ning Sun, and Shu-Mei Dai, Permethrin Cypermethrin Deltamethrin Fenvalerate DDT 
Entomology Department, National Strain 
Chung-Hsing University, Taichung, LC 50 
Taiwan 400, China 

RR LC 50 RR LC 50 RR LC 50 RR LC 50 RR 
(mg/ml) (mg/ml) (µg/ml) (µg/ml) (mg/ml) 

As a follow-up of the 1979-80 survey that Pingtung 2.53 843 9.17 26 14.6 15 5.32 16 
indicated BPH was resistant to per- Meinung 2.38 793 5.53 15 39.2 41 13.22 40 0.121 3.7 

Hsinshih 3.27 1090 7.53 21 6.7 7 16.67 51 0.114 3.5 
methrin yet susceptible to fenvalerate, in Chiayi 2.15 717 4.00 11 9.1 10 4.70 14 0.112 3.4 
1982 we monitored BPH susceptibility to Taichung 0.22 73 0.48 1 2.0 2 2.30 7 0.062 1.9 

four major synthetic pyrethroids and Hsinchu 2.64 880 5.29 15 14.3 15 4.80 15 0.128 3.9 

DDT. 
S 0.003 – 0.36 – 0.95 – 0.33 – 0.022 – 

– – 

Up to 1,000-fold resistance to per- 
a Resistance ratio (RR) = LC 50 of field strain divided by LC 50 of S strain. 

methrin was found while resistance levels ble to DDT, giving circumstantial housefly, mosquito, and diamondback 
to 3 other synthetic pyrethroids were evidence that in Taiwan BPH resistance moth. A metabolic mechanism probably 
much lower, ranging from 10- to 50-fold to permethrin is not related to DDT has caused the high BPH resistance to 
(see table). All BPH tested were suscepti- resistance, as it is in insects such as the permethrin. 

Changing insect pest status in the lmphal 
Valley 

R. N. Barwal, Indian Council for Agricul- 
tural Research (ICAR) Complex for NEH 
Region, Manipur Centre, Imphal 795001, 
India 

Expanding irrigation facilities in the 
Imphal Valley allow the growing of two 
rice crops instead of one. But as cropping 

intensity increased, so have populations 
of common insect pests and sporadic out- 
breaks of unusual pests. 

In 1979, a dry year, stem borers were 
major pests (see table), with 9.5% dead- 
hearts at tillering and 16.7% at post- 
flowering. As rice hectarage increased, 
populations of other insects such as gall 
midge, leafroller, leafhoppers, caseworm, 
grasshoppers, rice bugs, and greenhorned 
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caterpillar increased, and pest problems 
developed earlier in the season. 

Caseworm became a serious problem 
when main crop transplanting was 
delayed to mid-Aug, and gall midge 
became a problem after the last week of 
Jul. Leafroller and greenhorned cater- 
pillar disappeared late in the main season, 
and leafhoppers, grasshoppers, and rice 
bugs continued through harvest. Thrips 



Insect pests of rice in the lmphal Valley of Manipur, India. 

Pest and year of Family Economic status 
severity 

Damage a 

Stem borer, 1979 Major pests in dry season. 9.7% DH at preflowering and 
Scirpophaga incertulas Pyralidae Collectively, become 16.7% at postflowering, 
(Walk) major in upland rice. 10 Apr 1979. 
S. innotata (Walk) Pyralidae 
Chilo suppressalis Pyralidae 

Sesamia inferens Noctuidae 
(Walk) 

(Walk) 
Gall midge, 1981–82 Major pest in the main 11.1% SS on 11 Aug 1981 

Orseolia oryzae Cecidomyiidae season, particularly in late transplanting. 
(Wood-Mason) transplanted rice. 

Green leafhopper, 1980–82 Major pests in the main 7.0 GLH/5 sweeps on 11 
Nephotettix virescens Cicadellidae season. Aug 1981 transplanting. 

N. nigropictus (Stal) Cicadellidae 
(Dist.) 

Leafroller, 1979–83 Major pest in the main 22.5 LR/m 2 on 8 Jul 1981 
Cnaphalocrocis Pyralidae season transplanting 
medinalis (Guen.) 

Caseworm, 1980–82 Serious pests in flood-prone 72.25 CW/m 2 on 24 Aug 
Nymphula depunctalis Pyralidae areas in late transplanted 1981 transplanting. 

Guen. main season rice. 

Grasshopper, 1980–82 
Oxya japonica 

Thunberg 
Rice hug, 1980–82 

Leprocorisa oratorius 
(Fab.) 

Cletus sp. 

Hydrellia sp. 
Whorl maggot, 1980–83 

Major pest. Population 3.0 GH/5 sweeps on 11 Aug 
Acrididae increases as season advances. 1981 transplanting. 

Major pest. Population 1.0 RB/5 sweeps on 11 Aug 
Alydidae increases as season advances. 1981 transplanting. 

Coreidae 
Major pest in early and 13.96% tiller infestation 

Ephydridae main season rice. 15 DT on 1 Jun 1982 
transplanting. 

Planthoppers, 1980–83 Major pests in early 407.25 WBPH/m 2 45 DT on 
Sogatella furcifera Delphacidae paddy only. 15 Apr 1982 transplanting. 

Sogatodes pusanus Delphacidae 

Nilaparvata lugens Delphacidae 

(Horvath) 

(Dist.) 

(Stå1) 
Nursery thrips, 1980–83 Major pest of main season 179.5 nymphs/5 sweeps 

Stenchaetothrips Thripidae nursery. 15 DT on 1 Aug 1982 sown 
biformis (Bagnall) nursery. 

Greenhorned caterpillar, Major pest early in the 2.5 GC/5 sweeps on 14 Jul 
1980–82 main season. 1981 transplanting. 

Melanitis leda Linn. Nymphalidae 

Ear-cutting caterpillar, 1982 Sporadic pest late in the 10.9 immature insects/hill 
Mythimna separata Noctuidae rice season. on Oct 1982 planting of 

(Walk) RCM3. 

a DH = deadhearts, SS = silvershoots, GLH = green leafhopper, LR = leafroller, CW = caseworm, GH = 
grasshopper, KB = rice bug, DT = days after transplanting, WBPH = whitebacked planthopper, GC = 
greenhorned caterpillar. The data show peak activity of the pest on P33 at the ICAR Complex farm 
at Sangaipat. SS and LR are average of 6 observations; CW, GH, GLH, KB, and HC are average of S 
observations at 15-d interval, starting from 15 DT. 

damaged Jul and Aug nurseries in valleys, early rice were abundant. The white- 
but not in the foothills. backed planthopper seriously damaged 

In 1980, whorl maggot in the main early rice in 1983, perhaps because of 
season and whitebacked planthopper in unusually heavy rains and flooding. 

A meadow grasshopper Conocephalus 
longipennis (Orthoptera: Tettigoniidae) 
predator of rice yellow stem borer (YSB) 
egg masses 

P. C. Pantua, research assistant, and J. A. 
Litsinger, entomologist, Entomology 
Department, IRRI 

Experiments to determine the egg parasi- 
tization incidence of YSB by taping egg 
masses to plants in the field revealed a 
high level of predation by an unknown 
insect. 

Suspected predators were collected 
and caged with potted rice plants laden 
with stem borer egg masses. Adults of a 
meadow grasshopper, Conocephalus 
longipennis (Haan), produced identical 
predation symptoms as those found in 
the field. 

Subsequent field trials using marked 
egg masses showed predation ranged from 
17 to 65% over the sampling dates, with 
an overall average of 46% (see table). 

Rate of predation of Scirpophaga incertulas egg 
masses by Conocephalus longipennis, IRRI, 
1980-81. 

Date egg masses Egg masses Predation 
were exposed exposed (no.) (%) 

6 Nov 1980 24 17 
28 Nov 1980 32 25 

7 Jan 1981 72 65 
14 Jan 1981 24 45 
17 Sep 1981 28 46 
28 Sep 1981 40 60 

9 Oct 1981 52 65 

Incidence of brown planthopper (BPH) 
and white fly in Nigeria 

M. S. Alam, International Institute of 
Tropical Agriculture, Oyo Road, P. M. B. 
5320, Ibadan, Nigeria 

In Mar and Apr 1983, BPH Nilaparvata 
maeander Fennah caused hopperburn in 
two rice fields at Ibadan, Nigeria. This is 
the first report of hopperbum caused by 
N. maeander in Africa. Some of the af- 
fected cultivars were TOs 5262, TOs 
6860, TOx 1727-B, TOx 1812-B, TOg 
6344, TOg 6399, and TOg 6745. 

Mind bugs Cyrtorhinus menanops 
Reuter and Tytthus parviceps Reuter are 
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predators of eggs of this insect. 
N. maeander is found only in Africa. 

It was first observed by Fennah (1958) in 
Sudan and French Guinea. Later, 
Critchley (1977) observed the insect in 
Ibadan. In Sep 1983 the insect was ob- 
served in Badeggi, at a research station of 
the National Cereal Research Institute. 

Hopperburn caused by whitebacked 
planthopper (WBPH) 

S. S. Saini, Plant Protection Officer, 
Central Plant Protection Station, 
Directorate of Plant Protection, Quaran- 
tine, and Storage, Pathankot 145001, 
Punjab, India 

WBPH ( Sogatella furcifera Horvath) pop- 
ulation buildup, with 15-35 insects/hill, 
began the first week of Sep 1983 and 
reached epidemic levels of 200 to 500 

Nomenclature changes for some rice 
arthropods 

A. T. Barrion, senior research assistant, 
and J. A. Litsinger, entomologist, 
Entomology Department, IRRI 

Seed bugs 
In a recent review of the seed bug genus 
Stollia Ellenrieder, Eusarcoris Hahn 
became synonymized by Stollia (Hsieh et 
al 1977. A handbook for the determina- 
tion of the Chinese Hemiptera- 
Heteroptera). Therefore, the correct 
names of the species formerly under 
Eusarcoris are 

Stollia capitatus (Distant) 
Stollia guttiger (Thunberg) 
Stollia montivagus (Distant) 
Stollia parvus (Distant) 
Stollia ventralis (Westwood) 

Mole crickets 
The revision of the Afrotropical mole 
crickets redefined the distribution of 
Gryllotalpa africana Palisot de Beauvois. 
Townsend stated that G. africana is con- 
fined to Africa and does not occur in 
Australia or Asia (Townsend, B. C. 1983. 
A revision of the Afrotropical mole 
crickets, Bull. Br. Mus. (Nat. Hist.), 
Entomol. 46(2): 183). Gryllotalpa 
orientalis Burmeister now replaces 
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N. maeander is a potential pest of rice in 1983, irrigated rice from seedling to 
Africa. maturity at Ibadan was infested. When 

The white fly Aelurocybotus indicus infestation was high, black sooty mold 
David and Subramaniam was found in developed on the leaves, which eventually 
Senegal, Upper Volta, Nigeria, and withered and died. Seriously affected 
Mauritania by Williams and Dips (1981). cultivars were TOs 6865, TOs 5827, and 
White fly is an important rice pest in some TOx 891-212-2-102-1-1. 
West African countries. From Feb to Apr 

Area and extent of damage by WBPH at different localities in 1983 kharif in the Punjab. 

District Block Villages Area Level of 
affected (no.) infested (ha) infestation 

Patiala Patiala 7 64 Severe 
Sirhind 29 480 
Bhunerheri 5 36 Moderate 
Bassi Pathana 14 172 Severe 
Naba 48 

Rupar Chamkaur Sahib 10 200 Very severe 
Moderate 

Total 69 1000 

Very severe 

insects/hill by 20 Sep. About 1,000 ha of 10-40% grain yield reduction. Area and 
rice in the Punjab were hopperburned. level of infestation are given in the 
PR106 was most seriously damaged, with table. 

G. africana in Asia. The correct name for 
the Asian mole cricket is Gryllotalpa 

Breeding methods for Pipunculidae 
(Diptera), endoparasites of leafhoppers 

orientalis Burmeister. 

Larval parasites Department, Bangladesh Agricultural 

Microgastrinae that contains important 
parasitic genera – Apanteles and Micro Pipunculid larvae are endoparasites of 

new genera. Thereafter, Apanteles Cicadellidae and Delphacidae, many of 
became synonymized by Cotesia. The which are serious rice pests. We raised 
correct names for the stem borer parasites Pipunculus campestris Ltr., Eudorylas 
A. flavipes (Cameron) and A. ruficrus subterminalis Collin, and Tomosvaryella 
Haliday are now Cotesia flavipes Cameron sylvatica Meig. in captivity at the Zoolo- 
and Cotesia ruficrus (Haliday). gical Institute, West Berlin. 

S. Huq, assistant professor, Entomology 

Mason (1981) reclassified the subfamily University, Mymensingh, Bangladesh 

gaster – and split Apanteles into several several Hornoptera families, especially 

In the same reclassification, Apanteles The breeding box measured 45 × 30 

a new genus Exoryza Mason and there- were covered with a fine-gauge mesh to 
fore, its valid name is Exoryza schoenobii facilitate air flow. The two other sides 
(Wilkinson). Similarly, Microgaster were covered with glass. One glass side 
russatus Haliday was designated type of Could be opened and closed. In the bot- 

Hygroplitis Thomson. Its correct name tom of the box was a round 11-cm- 

now is Hygroplitis russatus (Haliday). diameter hole through which a potted 
host plant was inserted (see figure). The 

Pupal parasite box was kept dry and clean to limit 
Joseph et al (1973) studied the oriental fungal infection of the emergent parasitic 
Brachymeria and reported that Brachy- larvae. 
meria lasus (Walker, 1841) and B. Adult Euscelis incisus (Kib.), a species 
obscurata (Walker, 1874) were con- of cicadellid leafhopper (GLH) parasi- 
specific. B. lasus (Walker) was published tized by the Pipunculidae species were 
33 yr earlier than the latter and is, there- collected by sweep net during summer 
fore, the correct name for both species. and fall 1976 to 1980 from different 

schoenobii Wilkinson became the type of × 20 cm. The lid and two opposing sides 



Breeding box for Pipunculidae, Berlin, West 
Germany. I

Insecticidal control of the rice yellow 
stem borer (YSB) 

S. Murugesan and S. Chelliah, Tamil Nadu 
Agricultural University, Coimbatore 3, 
India 

We evaluated the efficacy of eight emulsi- 
fiable concentrate insecticides and a wet- 
table powder for control of YSB Scirpo- 
phaga incertulas in a field experiment, in 
1983 rabi. Maximum protection—seed- 
ling root dip in chlorpyriphos 0.02% for 
12 h followed by quinalphos 1.0 kg ai/ha 
at 20, 40, and 60 d after transplanting 
(DT)—and untreated check treatments 
were included for comparison. Insecti- 
cides were applied 22 and 60 DT. 

One application at 22 DT with 0.75 
kg ai/ha quinalphos, ethion, triazophos, 
bromophos, monocrotophos, Mipcin 

Toxicity of insecticides to the predatory 
mirid bug Cyrtorhinus lividipennis Reuter 

S. Chelliah and R. Rajendran, 
Entomology Department, Tamil Nadu 
Agricultural University, Coimbatore-3, 
India 

The mirid bug Cyrtorhinus lividipennis is 
an effective predator of rice hopper eggs 
and nymphs. We assessed the toxicity to 
the mirid bug of some commonly used 
rice insecticides. With an atomizer, potted 
45-d-old TN1 rice plants were sprayed 

places in Berlin. Two other GLH species, When the flies had mated, a large 
Turrutus socialis (F1.) and Mocuellus number of first- to third-instar nymphs 
collinus (Boh.), also are parasitized. of E. incisus were released on the plants 

Twelve- to 15-d-old Vicia faba plants for parasitization by Pipunculidae. One 
were used to feed E. incisus. Parasitized such test consisted of 8 flies (4 males + 
hoppers were released on the plants. 4 females) and about 150 E. incisus 
Pipunculid larvae that emerged success- nymphs. Sixty-five E. incisus were para- 
fully pupated in the box. Pupae were sitized. Female parasites preferred 
transferred to petri dishes containing second- to third-instar nymphs for ovipo- 
sterilized sand placed inside the box. To sition. 
avoid desiccation, sand was moistened Parasite larval duration was 29 to 32 d, 
with few drops of tap water at 3-d calculated from the date of oviposition to 
intervals. Emergent flies were fed diluted emergence of larva from the host. Pupal 
honey (6 cc water/g honey) on small duration was 9 to 21 d. Adult flies lived 
pieces of blotting paper or cotton to for 4 to 11 d. 
simulate the honeydew secretions of Our studies indicate this breeding 
leafhoppers on which the flies naturally method is successful for Pipunculidae 
live. Blotting paper and cotton were that emerge from the first generation of 
changed every 2 or 3 d. leafhoppers in summer. 

Efficacy of spray formulation insecticides for control of YSB, Coimbatore, India. a 

Dose Deadhearts Whiteheads Yield 
(kg ai/ha) (%) (%) (t/ha) Insecticide 

Cypermethrin (Ripcord 10 Ec) 0.10 8.5 bc 7.8 d 2.1 cd 
Triazophos (Hostathion 40 Ec) 0.75 3.8 ab 5.7 cd 3.4 b 
Bromophos (Nexion 35 Ec) 0.75 4.1 ab 4.1 bc 3.2 bc 
Monocrotophos (Monocil 40 Ec) 0.75 4.2 ab 3.3 ab 3.6 b 
Ethion (Tafethion 50 Ec) 0.75 3.4 ab 5.5 bc 3.4 b 
Quinalphos (Kotophos 25 Ec) 0.75 3.0 a 4.5 bc 3.5 bc 
Mipcin 50 WP (MIPC 50 WP) 0.75 4.2 ab 4.5 bc 3.2 bc 
UC 54229 99 SP b 0.75 4.7 ab 6.1 cd 3.0 cd 
RH 0994 45 EC b 0.75 5.2 abc 8.2 de 3.3 bc 
Maximum protection c 1.6 a 2.0 a 4.8 a 
Untreated check 11.2 c 11.2 e 2.4 d 

a In a column, means followed by the same letter are not significantly different at 5% level DMRT. 
b Technical name not available. c Seedling root-dip in chlorpyriphos 0.02% for 12 h followed by 
quinalphos 5G @ 1.0 kg ai/ha at 20, 40, and 60 DT. 

(MIPC 50 WP) or UC54229 significantly crotophos effectively reduced white- 
reduced deadheart damage, and produced heads. Monocrotophos 0.75 kg ai/ha most 
results similar to those of maximum pro- effectively reduced YSB infestation at 
tection (see table). Two sprays of mono- tillering and flowering. 

Toxicity of insecticides to the mind bug C. lividipennis, Coimbatore, India. 

Corrected mortality (% T. V.) a at indicated 
Insecticide Formulation time after spraying 

(%) 
1 d 3 d 5 d 

Endosulfan 0.07 34.72 a 7.40 a 20.63 a 
Neem oil 5 36.90 a 38.11 bcd 20.01 a 
Carbaryl (50% WP) 1.0 49.59 a 81.99 e 46.02 a 
Phosalone 0.07 62.15 abc 46.36 bcde 36.07 a 
Monocrotophos 0.08 65.67 abc 60.85 de 53.96 a 
Chlorpyriphos 0.04 83.51 bc 60.58 de 33.25 a 
Quinalphos 0.075 90.00 c 50.08 cde 41.85 a 

= Arc Sin transformed value. 

a In a column means followed by a common letter are not significantly different at P = 0.005, T. V. 
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with 1.5 ml of spray fluid mixed at in each pot 1.3, and 5 d after spraying. followed by neem oil 5% (see table). 
recommended concentrations and in- and mortality was recorded. Mortality in Quinalphos 0.075%- chlorpyriphos 
dividual plants were placed in cylindrical the check was corrected using Abbott's 0.04%, phosalone 0.07%, and monocro- 
polyester (mylar) film cages. An un- formula. tophos 0.08% were highly toxic to the 
treated check, sprayed with water, was Of the 7 insecticides evaluated, endo- predator for up to 3 d. The toxicity of all 
maintained. Treatments were replicated sulfan 0.07%, which is effective against insecticides tested diminished 5 d after 
thrice. Ten predatory bugs were released rice hoppers, was least toxic to the mirid. spraying. 

A method for purifying brown planthop- 
per (BPH) Nilaparvata lugens biotypes 

F. Medrano and E. A. Heinrichs, 
Entomology Department, IRRI 

BPH populations used to evaluate rice 
germplasm and breeding lines are selected 
and maintained on TN1, Mudgo, or 
ASD7. These populations are virulent to 
the variety on which they are cultured 
and are considered as biotype 1, 2, and 3 
respectively. When these populations are 
used in screening, each seedbox contains 
the three varieties as checks to determine 
plant response to the BPH population 
with which they are infested. When un- 
usual reactions occur — such as when 
both Mudgo and ASD7 are killed by 
either the Mudgo or ASD7 population — 
the screening program must be termi- 
nated and the cultures purified. Our bio- 
type purification method is described 
below and in the figure. 

Purification begins with 50 mated 
pairs from the greenhouse culture each 
placed in a mylar tube cage to oviposit 
on 30-d-old potted TN1 plants. The 
nymphs that hatch are reared to adults 
(second generation), from which 20 
mated pairs are caged on another potted 
TN1 plant for 3 d for oviposition. Suffi- 
cient numbers of third-generation 
progeny of single first-generation parents 
are now ready to be classified as distinct 
biotypes for the following tests. 

Seedling bulk tests. Ten seeds of TN1 , 
IR26, Mudgo, ASD7, IR36, and IR56 
are sown separately, 9 d after the second- 
generation adults are caged for oviposi- 
tion, in 6-cm-long rows at 4-cm spacing 
in a seedbox containing fine soil. Weeds 
are removed 6 d after sowing and the test 
seedlings are placed in an 18- × 15- × 
35-cm mylar cage, with two 12- × 12-cm 
windows covered with fine nylon mesh 
cloth in each of four sides. 

Test seedlings are infested 7 d after 
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sowing with 8 second- to third-instar 
nymphs/seedling. Damage is rated when 
TN1 dies and rating is done twice at 2- to 
3-d intervals. The final rating is used for 
evaluation. If only TN1 dies, the colony 
is biotype 1. If TN1, IR26, and Mudgo 
die, it is biotype 2; and if TN1, ASD7, 
and IR36 die, the population is biotype 3. 

Mixtures of biotypes in a colony 
originating from a single pair may still 
exist in the third generation. They are 

A comparative study of some bionomic 
parameters of three species of green rice 
leafhopper (GLH) 

R. R. Valle and E. Kuno, Entomological 
Laboratory, College of Agriculture, 
Kyoto University, Sakyo-ku, Kyoto 606 
Japan 

We studied the bionomics of two tropical 
GLH species ( Nephotettix nigropictus 
and N. virescens ) and a temperate species 
( N. cincticeps ) in a 25+1°C room with 
16-h photoperiod using a susceptible 
japonica variety (see table). 

in mean incubation period. N. virescens 
had the longest, followed by N. nigro- 
pictus and N. cincticeps. Mean nymphal 
development for males and females of 
the three species was longest for N. nigro- 

The three species significantly differed 

Intraspecific hybridization between rice- 
and grass-infesting brown planthopper 
(BPH) biotypes 

R. C. Saxena, principal research scientist, 
International Centre of Insect Physiology 
and Ecology, Nairobi, Kenya, and asso- 
ciate entomologist, IRRI; and 
M. V. Soriano, research aide, and 
A. A. Barrion, research fellow, IRRI 

We conducted several studies to deter- 
mine the taxonomic and biological status 
of a BPH Nilaparvata lugens (Stål) pop- 
ulation that thrives on the common weed 
grass Leersia hexandra (L.) Swartz along 
irrigation canals on the IRRI farm. 

The BPH population was strongly 
specific to Leersia and individuals died 
when caged on rice plants. Morphological 
evaluation of the grass-infesting (BL) BPH 
showed the population was hetero- 

detected when 10-20% of the seedlings 
of the resistant test varieties are killed. 
When this occurs we separately cage 20 
individual pair of 3d-generation adults 
and repeat steps 2 to 6 (see figure). This 
cycle is repeated until a colony that ex- 
hibits the typical reaction of the desired 
biotype is selected. 

Population growth study. A popula- 
tion growth study confirms the reaction 
of the colony selected from the seedling 

bulk tests. We place two pair of 3d- 
generation adults on 30-d-old potted 
TN1, Mudgo, and ASD7 plants in a mylar 
cage. The progenies in each cage are 
counted 30 d after infestation. If popula- 
tion is high only on TN1, the colony is 
biotype 1 ; on TN1 and Mudgo, it is bio- 
type 2; and on TN1 and ASD7, it is bio- 
type 3. When we get those results, we cul- 
ture those insects for the screening 
program. 

Some bionomic parameters of 3 species of green rice leafhopper, Nephotettix spp. a 

N. nigropictus N. virescens N. cincticeps 

Incubation period (d) 7.81 ± 0.32 c 9.42 ± 0.11 a 8.31 ± 0.23 b 
Developmental female 21.50 ± 0.18 a 19.11 ± 0.21 b 17.83 ± 0.10 c 
period (d) of nymphs 

male 19.60 ± 0.16 a 18.43 ± 0.19 b 16.94 ± 0.11 c 
Preovipositional 4.91 ± 1.25 a 5.43 ± 1.75 a 5.25 ± 1.11 a 

Longevity (d) female 19.35 ± 0.60 b 21.72 ± 0.65 a 16.82 ± 0.55 c 
male 13.85 ± 0.55 c 22.68 ± 0.50 a 15.55 ± 0.71 b 

Fecundity (d) 198.0 ± 10.33 a 165.55 ± 8.74 b 140.19 ± 10.70 b 

multiple range test). 
a In a row, means with the same letter are not significantly different at the 5% level (Duncan’s 

period (d) 

pictus and shortest for N. cincticeps. between male and female N. virescens. 
There was no significant difference in Among females, those of N. virescens 

the mean preovipositional period of the lived longest. 
three species. The mean number of eggs laid per 

Female N. nigropictus and N. cincticeps female was highest for N. nigropictus. 
lived longer than males, but there was no The difference between N. virescens and 
significant difference in longevity N. cincticeps was not significant. 

Successful matings, oviposition, and egg hatchability in crosses between and within N. lugens biotype 
1 (B1) and the grass-infesting biotype (BL), IRRI. a 

Cross Successful 
mating 

(no.) 

Eggs laid Nymphs that 
emerged Hatchability 

(%) (female × male) (no.) (no.) 

B1 × B1 10 558 a 520 a 94 a 
BL × BL 10 160 b 154 a 95 a 
B1 × BL 9 506 a 436 a 81 a 
BL × B1 4 108 b 56 b 27 b 

x 2 = 17.14 

ent at 5% level. 
a Av of 10 replications. In a column, means followed by a common letter are not significantly differ- 

geneous but distinct from the rice-specific 
BPH biotype 1 (Bl), biotype 2 (B2), and 
biotype 3 (B3). There were also cyto- 
logical differences. 

We hybridized grass-infesting and rice- 
infesting BPH to determine the biological 
and evolutionary relationships and the 
way host specificity or virulence is in- 
herited. 

Genetic crosses of individual pairs of 
grass- and rice-specific populations were 
made on the grass host and on TN1 for 
B1, Mudgo for B2, and ASD7 for B3 
enclosed together in mylar cages. Three 
generations of offspring and backcross 
progenies were produced from the Bl and 
BL cross. The cross of a female BL with 
a male B1 showed low successful mating 
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frequency and low egg hatchability per- 
centage (see table). In the reciprocal 
cross, female B1 × male BL, there was a 
high mating frequency and egg hatchabil- 
ity, but survival of F 1 hybrids remained 
low. These results show there are pre- and 
post-mating barriers between the two 
populations. 

Host specificity tests showed the 
ability of the F 1 progenies to feed and 
survive on rice (TN1) plants was 
dominant over that on the grass. 
Dominance was observed to the 3d 
generation of the genetic cross and the 
1st generation of the backcross progenies 
(see figure), indicating that host specifi- 
city was controlled by a single major 
autosomal gene. 

of F 1 hybrids showed that the B1 parent 
contributed more to the total genome of 
the progenies. Chromosomal aberrations 

Enzyme polymorphism in rice brown 
planthopper (BPH) 

R. C. Saxena, principal research scientist, 
International Centre of Insect Physiology 
and Ecology, Nairobi, Kenya, and asso- 
ciate entomologist, IRRI; and C. V. Mujer, 
research assistant, IRRI 

Using horizontal starch gel electropho- 
resis, we analyzed enzyme polymorphism 
in BPH biotype 1 and 3 populations. 
Polymorphism was noted in 6 of 11 
enzymes: catalase (CAT), esterase (EST), 
isocitrate dehydrogenase (IDH), malate 
dehydrogenase (MDH), malic enzyme 
(ME), and phosphoglucose isomerase 
(PGI). We carefully evaluated PGI, IDH, 
and MDH. 

For each of those three enzymes, the 
variability of the main bands was ex- 
plained by the polymorphism of one gene 
coding for dimeric enzymes. This was es- 
tablished by using two indirect lines of 
evidence: 1) the inferred heterozygous 
genotypes for a particular locus displayed 
an additional intermediate band more 
intense than both parental bands, and 
2) the inferred genotype distributions 
observed in the two populations did not 
deviate significantly from the distribu- 
tions predicted by the Hardy-Weinberg 
expectation (Table 1). 

Preliminary cytological examinations 
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Scheme of direct crosses, reciprocal crosses, and backcrosses involving N. lugens biotype 1 (Bl) and 
the grass-infesting biotype (BL), IRRI. 

were also observed, which further con- mating frequency and egg hatchability 
firmed the existence of some degree of were significantly higher in conbiotic 
reproductive isolation between the BPH crosses than in interbiotypic pairs. These 
populations. discrepancies indicate the presence of 

sible between B1 and B2 or B3. However, between those biotype populations. 
Intraspecific matings were also pos- some restrictions to the normal gene flow 

Table 1. Observed frequencies of genotypes in 3 protein loci of BPH biotype 1 and biotype 3. IRRI, 
1983. 

Biotype 1 Biotype 3 
Locus Genotype 

Observed Expected a c 2 Observed Expected c 2 

Pgi 105/105 
100/105 
100/100 
95/105 
95/100 
95/95 
Total c 

Idh 100/100 
93/100 
93/93 
Total c 

Mdh 100/100 
100/109 
109/109 
Total c 

30 
50 
54 

0 
3 
1 

138 
149 

12 
0 

161 
147 

14 
0 

161 

22 
64 
47 

2 
3 
0 

149 
12 
0 

148 
13 
0 

9.01 b 5 
(df = 4) 16 

80 
0 
1 
0 

102 
0 b 154 

(df = 1) 1 
0 

155 
0.084 b 153 
(df = 1) 1 

154 

2 6.75 b 

23 
77 

(df = 4) 

0 
1 
0 

154 0 b 

1 
0 

(df = 1) 

153 0 b 

1 (df = 1) 

a Compared with Hardy-Weinberg expectation. b Not significant at the 5% probability level. c Sample 
size. 

Table 2. Allele frequencies in 3 protein loci of BPH biotype 1 and biotype 3. IRRI, 1983. 

Locus 
Allele frequency 

1 2 3 

Heterozygosity a 

(H) 

Pgi 

Idh 

Mdh 

Biotype 1 0.018 0.583 0.398 0.38 
Biotype 3 0.005 0.868 0.128 0.17 
Biotype 1 0.037 0.963 – 0.07 
Biotype 3 0.003 0.997 – 0.01 
Biotype 1 – 0.957 0.043 0.09 
Biotype 3 – 0.997 0.003 

H1 = 0.07 
0.01 

H3 = 0.02 

a The 5 other invariant loci were included in the calculation of H. 



G. C. Tosh and B. C. Jena, Orissa 
University of Agriculture and Technology, 
Bhubaneswar 3, India 

Dry-seeded lowland rainfed rice has good 
potential in northeastern India, but heavy 
weed infestation is a serious constraint. 
In 1983, we evaluated bentazon and 
bentazon + 2,4-D for weed control. 

In northeastern India, the typical dry- 
seeded field weed flora is 68-75% sedges, 
15-20% broadleaf weeds, and 5-10% gras- 
ses. Bentazon was applied by a knapsack 
sprayer at 1.5 and 2.0 kg/ha alone or in 
combination with the amine salt of 
2,4-D at 1.0 kg/ha with 1,000 litres of 
water/ha as a directed spray 15 d after 
rice germination. 

Bentazon alone and bentazon + 2,4-D 
did not have a phytotoxic effect on rice 
seedlings. Bentazon + 2,4-D significantly 

reduced weed population and weed dry 
matter accumulation compared with 
bentazon alone and grain yield was 
similar to that with conventional hand 
weeding (see table). With unchecked 
weed competition, grain yield was 
reduced 33.3%. 

Area of honeydew spots excreted by BPH at 
different temperatures, Suweon, Korea. 

Area (mm 2 ) a in 24 h 
Temp (°C) 

Nymphs Adults Mean 

26 30.1 a 
20 
16 3.2 bc 
13 5.4 bc 

9 0.0 c 0.0 b 0.0 

7.8 b 
22.9 a 
19.5 a 

3.5 b 
4.4 b 

26.5 
13.7 

3.4 
4.9 

a Mean for 2 replications. In a column, means 
followed by a common letter are not signifi- 
cantly different at the 5% level. 

Effect of temperature on brown plant- 
hopper (BPH) feeding 

J. O. Lee, H. G. Goh, and J. S. Park, 
entomologists, Institute of Agricultural 
Sciences, Office of Rural Development, 
Suweon, Korea 

We studied the effect of temperature on 
BPH feeding. BPH were collected from 
the stubble in rice fields on 5 Oct, after 
the crop was harvested and when mean 
temperature fell below 16 to 13°C. 

Two 4th-instar nymphs and 2 adult 
BPH were placed in a mylar film cage and 
allowed to feed on 15-d-old plants of sus- 
ceptible Milyang 23 for 24 h at a constant 
temperature. Area (mm 2 ) of the honey- 
dew spots excreted by BPH on Toyo No. 
2 filter paper dipped in a solution of 
bromocresol green (2 mg/ml ethanol) was 
measured. 

BPH feeding significantly decreased at 
lower temperatures (see table). At 9°C 
there was no feeding activity at nymph or 
adult stages. 

The PGI gene had three alleles: Pgi 35 , The allele frequencies and the hetero- As far as those three loci are con- 
Pgi 100 , and Pgi l05 designated as 1, 2, zygosities of the two populations are in cerned, biotype 1 exhibits more genetic 
and 3, respectively. The IDH gene had Table 2. Biotype 1 had a slightly higher variation than biotype 3. A more con- 
two alleles: Idh 93 and Idh 100 , designated mean heterozygosity (H) (0.068) than clusive statement regarding the extent of 
as 1 and 2. The MDH gene had two biotype 3 (0.023), mainly because of a variation could be obtained by increasing 
alleles: Mdh 100 and Mdh 109 , designated higher number of heterozygotes at locus the number of protein loci investigated. 
as 2 and 3. PCI. 

Pest management and control WEEDS 
Weed control in dry-seeded lowland rice 
With bentazon and bentazon combined 
with 2,4-D 

Effect of different bentazon concentrations and bentazon combined with 2,4-D on rice grain yield 
and weed mortality, Bhubaneswar, India. a 

Weeds Weed dry wt Grain 
Treatment (no./m 2 ) (g/m 2 ) yield 

at 25 DAS at 90 DAS t/ha 

Bentazon @ 1.5 kg/ha 101.2 87 3.3 c 
Bentazon @ 2.0 kg/ha 79.6 69 3.6 b 
Bentazon @ 1.5 kg/ha + 2,4-D 59.4 57 3.9 a 

Bentazon @ 2.0 kg/ha + 2,4-D 47.8 53 4.0 a 

Conventional hand weeding 398.6 28 4.2 a 

Unweeded control 415.2 210 2.8 d 

@ 1.0 kg/ha 

@ 1.0 kg/ha 

(25 and 45 DAS) 

CD at 5% 19.4 10.4 0.27 

a DAS = days after seeding. 

Effect of rice crop residue management 
on weed growth in lowland rice 

V. Ramaswamy, agronomy research as- 
sociate, Plant Clinic Centre, Tamil Nadu 
Agricultural University (TNAU), Kanchi- 
puram 631 501, South India; 
S. Sankaran, agronomy senior research 
fellow, IRRI; and S. P. Palaniappan, pro- 
fessor of agronomy, TNAU, Coimbatore 
641033, South India 

At TNAU, Coimbatore, in 198 1 summer 
and monsoon seasons, we found that 
incorporating rice crop residues reduced 
weed dry matter production (DMP). 
Treatments were in a randomized split- 
plot design with three replications. 

In summer, treatments were control, 
no residue incorporated (S 0 ); 10 t rice 
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Effect of rice crop residue management on weed growth in lowland rice. TNAU, Coimbatore, India. 

Summer Monsoon 

Treatment 

S0B0 

S0B1 

SlB0 

SIB1 

S2B0 

S2Bl 

S3B0 

S3B1 

N 50 
N 75 
N l00 

N 50 
N 75 
N l00 

N 50 
N 75 
N l00 

N 75 
N 100 

N 50 
N 75 
N l00 

N 75 
N l00 

N 75 
N l00 

N 50 
N 75 
N l00 

N 50 

N 50 

N 50 

Plant ht 
(cm) LAI 

61 3.66 
72 4.37 
78 5.18 

70 3.81 
84 4.68 
85 5.44 

73 5.39 
81 6.97 
87 6.87 
75 5.65 
80 7.17 
84 6.90 
73 5.37 
79 6.74 
84 6.42 
72 5.44 
83 6.83 
85 6.67 

77 5.69 
80 6.80 
90 6.71 
15 5.78 
80 6.99 
88 6.82 

BGA DMP of 
(kg/10 m 2 ) weeds 
fresh wt (kg/ha) 

0.19 
0.48 
0.44 

0.32 
0.58 
0.54 

0.70 
1.43 
0.93 
2.92 
4.58 
3.97 
0.73 
1.15 
0.96 
1.82 
2.81 
2.64 

0.77 
1.3 1 
0.97 
3.23 
4.72 
4.67 

343 
27 1 
26 1 
3 07 
269 
272 

23 
20 
15 
38 
18 
17 
52 
37 
43 
62 
44 
51 

31 
22 
27 
35 
25 
24 

Grain 
yield 
(t/ha) 

4.6 
4.8 
5.0 
4.7 
5.0 
5.2 

5.5 
5.8 
5.7 
6.0 
6.5 
6.3 
4.8 
5.4 
5.2 
5.3 
5.9 
5.6 
4.9 
5.6 
5.5 
5.6 
6.1 
5.9 

Plant ht 
(cm) 

56 
67 
70 

75 
77 
80 

75 
79 
80 
76 
79 
85 
75 
79 
81 
74 
80 
83 
74 
80 
84 
75 
79 
85 

LAI 

2.44 
3.75 
3.82 
2.62 
3.79 
3.92 
4.81 
5.38 
5.40 
4.87 
5.54 
5.66 
4.40 
5.20 
5.27 
4.27 
5.31 
5.47 

4.1 1 
5.32 
5.43 
4.73 
5.49 
5.52 

BGA 
(kg/10 m 2 ) 

fresh wt 

0.12 
0.36 
0.34 

0.39 
0.70 
0.66 
0.86 
1.63 
1.16 
3.13 
5.28 
5.02 
1.03 
1.39 
1.10 
2.07 
3.84 
3.90 

1.08 
1.83 
1.67 
4.19 
6.30 
6.02 

DMP of Grain 
weeds yield 
(kg/ha) (t/ha) 

435 
381 

3.5 

404 
3.6 
3.8 

521 
446 

3.7 
3.9 

427 4.1 
25 
18 

4.5 

19 
4.8 
4.8 

37 
14 

5.0 
5.5 

15 5.5 
41 
24 

4.0 

29 
4.4 
4.4 

42 
36 

4.5 

33 
5.0 
4.9 

30 
24 

4.2 
4.8 

20 4.8 
32 
22 

4.8 

19 
5.2 
5.2 

CD (0.05) 
Residues (s) 
Bonemeal (B) 
S × B 
N levels 
S at N 
N at S 
B at N 
N at B 

3.9 
ns 
5.6 
2.3 
ns 
ns 
ns 
ns 

0.09 
0.07 
0.13 
0.10 
0.19 
0.21 

ns 
ns 

0.20 
0.14 
0.28 

ns 
ns 
ns 
ns 
ns 

14.4 
ns 
ns 
9.4 

21.1 
18.8 
ns 
ns 

79 
55 

111 
56 
12 

112 
ns 
ns 

long straw/ha (S 1 ); 4.6 t 30-cm rice 
stubble/ha (S 2 ); and 10 t composted rice 
straw/ha (S 3 ), incorporated with 50 

with 22 kg P/ha as bonemeal (B 1 ) and 
without bonemeal (B 0 ). 

The following monsoon crop was 
grown in the same field with N 50 , N 75 , 
or N 100 and B 1 (11 kg P/ha as bonemeal) 
and B 0 to study the residual effect of 
residue incorporation. 

A bulk crop of IR20 was raised in the 
experimental field during the northeast 
monsoon. Plots where 30 cm IR20 stubble 
were incorporated were pegged. In other 
plots, stubble was removed at the base 
and the field was puddled and leveled, 
except in S2. In S2, stubble was incor- 
porated using a spade. Rice crop residue 
was incorporated 2 wk before planting 
in 4- × 5-m 2 plots (net 3.3 × 4.8 m 2 ). 

(N 50 ), 75 (N 75 ), or 100 (N 100 ) kg N/ha, 

Seedling age at transplanting was 22 d 
in summer and 24 d in monsoon. Spacing 
was 15 × 20 cm 2 . The summer crop of 
Co 37 (IET849) was transplanted 25 Mar 
and harvested 22 Jun. The monsoon crop 
was planted 31 Jul and harvested 4 Nov. 
In monsoon, all residue was incorporated 
by spade. 

Five plants per plot were randomly 
tagged. At flowering, plant height; leaf 
area index (LAI), by length and width 
method; and blue-green algae (BGA) 
fresh weight, using a 50- × 50-cm 2 

quadrat and expressed in kg/m 2 , were 
recorded. Grain yield at 14% moisture 
was expressed as kg/ha. Weed DMP was 
estimated by taking samples from a 50- 
× 50-cm 2 quadrat in each plot, and was 
expressed in kg/ha. 

nificantly reduced weed DMP in both 
Incorporation of rice crop residues sig- 

1.9 
1.4 
2.8 
2.0 
ns 
ns 
ns 
ns 

0.07 
0.05 
0.10 
0.07 
0.13 
0.14 

ns 
ns 

0.34 
0.24 
0.47 
0.17 
0.43 
0.34 
0.3 1 
0.24 

8.4 62 
6.0 44 

11.0 87 
4.9 61 

11.2 93 
9.8 122 
7.9 ns 
6.9 ns 

seasons and significantly increased grain 
yield. In both seasons, S 1 and S 3 had sim- 
ilar results and lowest weed DMP (see 
table). Weed population was less with 
rice residue incorporation because of in- 
creased rice plant height, LAI, and BGA 
growth. Increasing N levels decreased 
weed DMP. N 75 was similar to N 100 in 
both seasons for all treatments. 

The International Rice Research News- 
letter and the IRRI Reporter are mailed 
free to qualified individuals and institu- 
tions engaged in rice production and 
training. For further information write: 
IRRI, Communication and Publications 
Dept., Division R, P. O. Box 933, Manila, 
Philippines. 
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Pest management and control OTHER PESTS 
Patterns of bandicoot rat damage to deep- 
water rice in Bangladesh 

M. S. Ahmed, Entomology Division, 
Bangladesh Rice Research Institute, 
Joydebpur, Dhaka; and M. Y. Mian and 
J. E. Brooks, Vertebrate Pest Section, 
Bangladesh Agricultural Research 
Institute, Joydebpur, Dhaka, Bangladesh 

In deepwater rice areas in Mirjapur 
Upazilla, Bangladesh, Bandicota indica 
(the greater Indian bandicoot rat) and 
B. bengalensis (the lesser bandicoot rat) 
cause substantial damage to rice crops. In 
late Aug and early Sep, when floodwater 
is near peak depth and rice is in the 
elongation stage, rats attack the top 

shoots of rice plants, next to the node 
above water level. Leaf sheaths are bitten 
open for 2.5 to 4.0 cm and the top of the 
growing stem is eaten, after which the 
terminal leaf yellows and dies, providing 
a visual clue to rat damage in the field. 
Compensatory tillering begins just below 
the damaged node. On casual examina- 
tion, dead shoots resemble rice stem 
borer damage. 

Fields with B. indica damage were 
located as far as 500 m from the nearest 
exposed high ground. B. indica remained 
in areas of water hyacinth and where field 
debris, left after harvest, floated to the 
surface and formed a mat where rats 
could keep out of water. 

Rats also constructed resting platforms 
of cut rice tillers in the fields. Some plat- 
forms were 50 × 50 cm and stood 3 to 4 
cm above the water surface. Woven rat 
nests also were found attached to 
emerging rice tillers. One nest was 
roughly oval, 22 × 35 cm on top and 15 
cm deep. 

flooded deepwater rice fields from before 
peak flood until after harvest. Population 
distribution in the fields is not related to 
distance. from the nearest exposed high 
ground. During flood stage, extensive 
poison baiting in water hyacinth and 
floating field debris considerably reduced 
rat damage. 

B. indica apparently lives in the 

Soil and crop management 
A simple planting rod for population 
maintenance in rice fields 

G. S. Thangamuthu, agronomist, Tamil 
Nadu Agricultural University, Coimbatore, 
Tamil Nadu, India 

Optimum rice plant population must be 
maintained for high grain yield. We 
designed a simple, efficient, and economic 
tri-planting rod (see figure) to guide 
spacing of transplanted rice. 

The planting rod consists of two 50- 
× 25-cm wooden frames with 2 pegs for 
fixing the frames into the soil. Holes are 
spaced at 10, 15, and 20 cm in the lower 
part of the frame, so that 1.5 cm × 3.6-m 
aluminum rods can be inserted according 
to the space required between rows. The 
rods are secured to the frame by nails and 
are marked at 10-cm intervals with black 
paint for the between-piant spacing with- 
in the row. The planting rod weighs about 
2.6 kg, making it easy to move. 

transplant 1 ha in 20 h. 

tages: 

With this planting rod, 26 persons can 

The planting rod gives these advan- 

• optimum population/unit area is 

Tri-planting rod for transplanting rice, Tamil Nadu, India. 
- 

maintained; cation of plant protection chemi- 
• rows are uniform; cals, growth regulators etc.; and 
• the 0.3-m check row between the • the device simplifies placement of 

2 blocks acts as drainage or irri- urea supergranules by applicator. 
gation channel and path for appli- The planting rod costs about US$14. 
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Increasing rice production by using 
terpenoids 

K. K. Talwar and P. S. Kalsi, Chemistry 
Department; and I. Kumai, Plant 
Breeding Department, Punjab 
Agricultural University, Ludhiana, India 

The introduction of semidwarf tropical 
indica plant type varieties has substan- 
tially improved rice production. We are 
attempting to raise the yields above the 
present 10 t/ha potential by using ter- 
penoids and their synthetic derivatives 
as plant growth regulators. 

PR106 seeds were treated with 
solutions of known and recently 
synthesized terpenoids/essential oils. 

Effect of growth regulators on rice yield, Ludhiana, India. 

1981 kharif 1983 kharif 

Yield Percent Yield Percent 
(t/ha) of control (t/ha) of control 

Treatment 

Essential oil from Cyperus scariosus 

Zerumbone 

C 16 -Guaianolide 

Control 

100 ppm 
200 ppm 
100 ppm 
200 ppm 
100 ppm 
200 ppm 

9.9 
– 

10.5 

10.0 

9.3 

– 

– 

106 

112 

107 

100 

– 

– 

– 

6.0 
5.4 
5.5 
5.8 
5.7 
5.7 
5.3 

111 
102 
103 
108 
107 
106 
100 

Solutions were prepared by dissolving 
the desired quantity of the compounds 
in small quantity of alcohol and then 
adding warm water to the desired 
volume. Seeds were soaked in this 

solution for 24 h. Five-wk-old seedlings 
from treated and untreated (control) 
seeds were planted at 20- × 15-cm 
spacing in 1981 and 1983 kharif, and 
yield was recorded (see table). 

Efficiency of P fertilizers as determined 
by IR20 grain yield 

A. Saravanan and G. V. Kothandaraman, 
Tamil Nadu Rice Research Institute, 
Aduthurai, India 

We conducted a pot experiment to deter- 
mine the relative efficiency of P fertilizers 
as determined by rice grain yield. Soil was 
alluvial with low Olsen’s P (8 kg/ha), 950 
ppm P-fixing capacity, pH 6.3, and CEC 
54 meq/100 g. The experiment was in a 
complete randomized design with two 
replications. Coated and uncoated water- 
soluble P fertilizers diammonium 
phosphate (DAP), monoammonium phos- 
phate (MAP), single superphosphate 
(SSP), and insoluble rock phosphate were 
applied. P was applied at 26.19, 39.29, 
and 52.39 kg/ha with 120 kg adjusted 
total N/ha. 

Relative efficiency of different P fertilizers as determined by rice grain yield, Aduthurai, India. 

P fertilizer 
(total P content %) 

Grain yield (g/pot) 

26.19 39.29 52.39 
kg P/ha kg P/ha kg P/ha 

Mean 

DAP (20.9) 
MAP (23.6) 
SSP (8.9) 
Coated DAP (10.7) 
Coated MAP (12.1) 
Coated SSP (5.2) 
Rock phosphate (14.8) 
Coated rock phosphate (6.1) 

Mean 

22.3 
17.9 
20.6 
22.6 
17.9 
21.3 
15.6 
15.7 
19.23 

24.4 
18.4 
22.2 
23.8 
18.7 
22.0 
16.8 
16.2 
20.3 1 

Sources of P 
Levels of P 
Interaction 

24.8 
18.7 
22.6 
24.6 
19.4 
22.2 
17.2 
16.3 
20.74 

CD 5% 
0.54 
0.20 

ns 

23.8 
18.3 
21.8 
23.7 
18.6 
21.8 
16.5 
16.1 
20.09 

Water-soluble P sources increased rice 
grain yield more efficiently than insoluble 
P (see table). DAP gave the maximum 
yield followed by SSP and MAP. Coated 

and uncoated treatments produced 
similarly. Increased P application 
enhanced grain production. Interaction 
effects were insignificant. 

Varietal tolerance for bentazon in direct- 
seeded lowland rice 

G. C. Tosh, G. K. Patro, and B. C. Jena, 
Orissa University of Agriculture and 
Technology, Bhubaneswar 751003, 
Orissa, India 

Controlling rice weeds with selective post- 
emergence herbicides is gaining impor- 
tance in direct-seeded lowland rice. We 
evaluated the effect of postemergence 
herbicide application on weed growth and 
grain yield of direct-seeded lowland IR36, 
Mahsuri, and T141 in wet season. The 
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Effect of bentazon on grain yield of 3 rice cultivars and weed mortality, Orissa, India. 

IR36 Mahsuri T141 

Treatment Weeds a Weed Grain Weeds a Weed Grain Weeds a Weed Grain 
(no./m 2 ) wt b yield (no./m2) wt b yield (no./m 2 ) wt b yield 

(g/m 2 ) (t/ha) (g/m 2 ) (t/ha) (g/m 2 ) (t/ha) 

Bentazon @ 2 kg/ha 
Bentazon @ 2 kg/ha + 

2,4-D @ 1 kg/ha 
Two hand weedings 

at 25 and 45 d 
after seeding 

Untreated and 
unweeded control 

97 
58 

37 

412 

108 
48 

21 

217 

2.6 
2.9 

3.2 

1.1 

75 
52 

32 

277 

66 
39 

20 

169 

3.0 
3.3 

3.4 

1.6 

66 
40 

29 

219 

a 60 d after sowing. b 90 d after sowing. 

49 
27 

18 

104 

2.0 
2.4 

2.2 

1.8 



Cracks during milling of IR20 raw rice and par- 
boiled rice. 

field trial was in a split-plot design with 
four replications. Two kg bentazon/ha 
was applied alone and in combination 
with 1.0 kg amine salt of 2,4-D/ha as a 
directed spray 15 d after rice germinated. 

Weed flora in the experimental field 
was 60-70% annual sedges (Cyperus iria 
L., C. diffomis L., Fimbristylis miliacea 
(L) Vahl, Scirpus acutus Muhl), 15-20% 
annual broadleaf weeds (Aeschynomene 
indica Linn, Ludwigia parviflora Rosb., 
Cyanotis cucullata Kunth, Monochoria 

vaginalis Presl), and 10-15% annual 
grasses (Echinochloa crus-galli (L) Beauv., 
Eragrostis cilianensis (L) Beauv.). 

Bentazon treatments did not damage 
any rice but IR36. Parts of IR36 leaves 
turned yellow-brown the day after 
bentazon treatment, but the discoloration 
disappeared 5-7 d later. 

Weed control efficiency was assessed 
60 and 90 d after sowing. Bentazon + 
2,4-D controlled weeds in T141 and 
Mahsuri significantly better than in IR36, 

perhaps because T141 and Mahsuri form 
a thicker canopy more quickly than semi- 
dwarf IR36. Weed weight differed for dif- 
ferent rice varieties, but interaction 
between herbicide treatment and variety 
was not significant. 

Bentazon + 2,4-D gave significantly 
higher grain yield in T141 over hand 
weeding and bentazon alone (see table). 
Results with bentazon would be different 
if grasses were the predominant weed 
species. 

Machinery development and testing 
Husk-fired rice parboiling unit developed 

S. Thangavelu, M. Ramanathan, and 
P. Vasudevan, Tamil Nadu Agricultural 
University Research Centre, Vellore, 
India 

We developed a husk-fired, 0.5-t capacity 
rice parboiling unit that is suitable for use 
by farmers and small rice mills. It uses 
steam parboiling. 

The unit consists of a 1.2- × 1.2-m 
galvanized iron drum that is separated 
horizontally into 2 chambers by perfora- 
ted G. I. sheet. The lower 25-cm chamber 
is the hot water chamber and the upper 
95-cm compartment is the steam 
chamber. A 7.5-cm-diam G. I. vertical 
pipe is at the center with lateral 2.5-cm 
pipes welded to it in triplets at 15-cm 
intervals. The unit is mounted over a 
husk-fired furnace constructed of country 
bricks and clay mortar. A 20-cm water 

through the exit door. 
The first batch of rice takes 25-30 min 

to be parboiled, and subsequent batches 
take 15-20 min. Traditional country par- 
boiling takes 70-90 min/batch. With this 
unit, parboiling cost per tonne is 17% of 
that in the country method because of 
higher fuel utilization efficiency. 

during milling for different parboiling 
methods at constant drying temperatures, 
but varying drying time. Using the steam 
parboiler, the crack percentage has been 
reduced to 8-12% from 40-45% for the 
traditional method. Bran oil content was 
4-6% more than with the traditional 

The figure compares percent breakage 

method. 
This parboiling method eliminates the 

dark color and undesirable smell of rice 
column is maintained in the hot-water that is common with the traditional 
chamber and water-soaked rice is fed into method, and eliminates development of 
the steam chamber. The unit is emptied any mycotoxins. 

Announcements 
Pakistan names two IRTP entries as 
varieties 

The Government of Pakistan recently ap- 
proved rice varieties IET4094 (CR156- 
5021) and lR2053-261-2-3 for cultivation 
in Sind Province. The varieties were re- 
ceived from IRRI through the Internatio- 
nal Rice Testing Program and tested 
under local conditions for several years. 

IET4094 was named Dokri Rice 82 
(DR82) and is expected to replace the 
currently grown variety IR6. DR82 is 
high yielding, matures early, and has 
better grain quality than IR6. IR2053 
was named Dokri Rice 83 (DR83). It is 
early maturing and is suitable for late 
transplanting in Aug. Until now, no 
variety has been available for Aug trans- 
planting. 

New IRRI publications 

The following new IRRI publications are 
available for purchase from the Commu- 
nication and Publications Department, 
Division R, IRRI, P. O. Box 933, Manila, 
Philippines: 

Field problems of tropical rice 

Organic matter and rice 
(Spanish edition) 

IRRN 9:4 (August 1984) 23 




	front.pdf
	irrn84-4_0001.pdf
	irrn84-4_0002.pdf
	irrn84-4_0003.pdf
	irrn84-4_0004.pdf
	irrn84-4_0005.pdf
	irrn84-4_0006.pdf
	irrn84-4_0007.pdf
	irrn84-4_0009.pdf
	irrn84-4_0008.pdf
	irrn84-4_0010.pdf
	irrn84-4_0011.pdf
	irrn84-4_0012.pdf
	irrn84-4_0013.pdf
	irrn84-4_0014.pdf
	irrn84-4_0015.pdf
	irrn84-4_0016.pdf
	irrn84-4_0017.pdf
	irrn84-4_0018.pdf
	irrn84-4_0019.pdf
	irrn84-4_0020.pdf
	irrn84-4_0021.pdf
	irrn84-4_0022.pdf
	irrn84-4_0023.pdf
	back.pdf



