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Units of measure and styles vary from 
country to country. To improve 
communication and to speed the 
editorial process, the editors of the 
International Rice Research Newsletter 
(IRRN) request that contributors use 
the following style guidelines: 

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

(t/ha) or, with small-scale studies, in 
grams per pot (g/pot) or grams per row 

• Define in footnotes or legends any 

• Express all yields in tons per hectare 

(g/row). 

abbreviations or symbols used in a figure 
or table. 

• Place the name or denotation of 
compounds or chemicals near the unit of 
measure. For example: 60 kg N/ha; 
hot 60 kg/ha N. 

• The US dollar is the standard 
monetary unit for the IRRN. Data in 
other currencies should be converted 
to US$. 

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

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

• Express time, money, and 

• Write out numbers below 10 except 
in a series containing some numbers 10 
or higher and some numbers lower than 
10. For example: six parts; seven tractors; 
four varieties. But There were 4 plots 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. 

paced. 
• Type all contributions double- 

Genetic evaluation and utilization 
OVERALL PROGRESS 

Performance of rice cultivars on farmers’ 
fields in inland swamps of Sierra Leone 

I. C. Mahapatra, G. S. Banya, S. A. 
Raymundo, D. Mahapatra, S. R. Bapat, 
and R. A.D. Jones, Rice Research 
Station, Rokupr, Sierra Leone 

Rice occupies about 75% of Sierra 
Leone’s cultivated area. Although rice is 
predominantly in the uplands, the inland- 
valley swamps contribute a sizable area 
toward rice production. 

To determine the performance of 
different rice cultivars developed at the 
Rokupr Rice Research Station on 
farmers' fields, multilocational tests were 
conducted under the All Sierra Leone 
Coordinated Agronomic Trials during 

the last four wet seasons. The trials were 
conducted in all of the districts of Sierra 
Leone with a fertilizer dose of 40 kg N/ha, 
40 kg P 2 O 5 /ha and 40 kg K 2 O/ha. The 
cultivars ADNY 301, ROK8, and ROK6 
produced an average of more than 3.5 t/ha 
while ROK14 and ROK4 yielded a 
maximum of 3 to 3.5 t/ha (see table). 
Besides, ROK6, ROK8, and ADNY 301 
are susceptible to a large degree of 
variation, as much as 2.4 t/ha. The 
performance of CP4 and ROK5 was 
almost consistent. 

Thus, there is a great scope to increase 
rice production in Sierra Leone by 
farmers’ adoption of improved rice 
cultivars such as ADNY 301, ROK8, and 
ROK6. 

Range of grain yield (t/ha) of different rice varieties in the inland swamp ecology. 

Cultivar Centers Trials Yield (t/ha) 
(no.) (no.) Lowest Highest Difference 

RH2 
CP4 
ROK4 
ROK5 
ROK6 (IR5) 
ROK12 (ADNY 11) 
ROK8 (C13H3) 
ADNY 301 
ROK14 (Mange 2) 

4 
5 
3 
4 
6 
4 
9 
7 
8 

16 
18 
15 
12 
33 
32 
48 
34 
40 

1.2 
1.8 
2.3 
1.8 
1.1 
1.1 
1.4 
2.0 
1.2 

2.9 
2.6 
3.1 
2.2 
4.0 
2.8 
3.8 
4.7 
3.2 

1.7 
0.8 
0.8 
0.4 
2.8 
1.6 
2.4 
2.6 
2.0 

TKM9 — An improved red rice variety 

P. Vivekanandan, A. Thyagarajan, 
R. Balasubramanian, S. Kannaiyan, and 
M. Ramachandran, Paddy Experiment 
Station, Tirur 602025, Chingleput 
District, Tamil Nadu, India 

TKM9 is a red-rice derivative of the cross 
TKM7 (a pure line selection from 
Kullakar) and IR8. Developed at 

Tirurkuppam, TKM9 is a high yielding 
semidwarf with short bold grain that 
matures in 110 days under wetland 
conditions. It is moderately resistant to 
fulgorids, leaf folders, sheath rot, tungro, 
and bacterial blight. 

TKM9 can be grown like ragi Eleusine 
coracana with limited irrigation. Able 
to withstand drought, it can also be 
grown in dryland and semidryland 

Performance of TKM9 at Tirurkuppam, Tamil Nadu, India 

Variety 

TKM9 
ADT31 
CO34 
IR20 

Wetland 
yield 
(t/ha) 

Yield 
increase 

over IR20 
(%) 

Yield (t/ha) 
with limited 

irrigation 

Increase or 
decrease (%) 
compared 

with CO34 

5.2 
4.3 
4.1 
3.6 

44.4 
19.4 
13.9 

– 

2.9 
1.9 
1.6 
0.7 

81 
19 

56 
– 
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conditions. Its highest recorded yields 
are 5.2 t/ha under wetland and 2.9 t/ha 
under limited irrigation – superior to 

those of the other varieties tested (see 
table). Red rice is preferred in southern 
Tamil Nadu. 

A breakthrough in the ceiling grain yield 
of ponlai rice 

C. S. Huang, rice breeder, Taiwan 
Agricultural Research institute, Wufeng, 
Taichung Hsien, Taiwan 

The grain yield per unit area of ponlai 
rice in Taiwan is said to have approached 
a ceiling; during the past decade the yield 
increase of elite entries in regional tests 
has been less than 5%. The incorporation 
of the semidwarf plant type into ponlai 
varieties is considered necessary for 
further yield increases. 

The new variety Tainung 67 has given 
a breakthrough in grain yield. 
It probably inherited its semidwarf plant 

type from Taichung Native 1 through a 
“bridge” variety, Taichung Shi 138 (later 
named Taichung 187). 

Tainung 67, a selection from the 
cross Taichung Shi 138/2* Tainung 61, 
outyielded the control variety by 9% in 
the first crop and by 14% in the second 
crop in regional yield tests at 8 locations 
in Taiwan from 1977 to 1979. The variety 
is particularly adapted to Hsinchu, Tainan, 
and Taitung districts (see table). Its high 
yield potential was also confirmed in 
local trials in Taipei, Hsinchu, and 
Taichung districts. Tainung 67 showed a 
relatively low regression coefficient of 
entry means on environment means of 
grain yield in the regional yield tests (see 

Grain yield of Tainung 67 and percentage of yield increase over the control variety in 1977–79 
regional tests at 8 locations in Taiwan. 

Tainune 67 

Location 1st crop Increase 2d crop Increase Control variety 
yield (% over yield (% over 
(t/ha) control) (t/ha) control) 

Taipei 
Hsinchu 
Taichung 
Tainan 
Kaohsiung 
Taitung 
Hwalien 
Lotung 

6.0 
5.2 
7.4 
1.0 
5.3 
5.7 
5.1 
4.7 

7 
15 
8 

13 
2 

20 
18 
–4 

4.7 
4.8 
6.0 
4.5 
3.1 
4.9 
3.9 
3.7 

8 
22 
18 
20 
11 
23 

9 
5 

Taipei 309 
Hsinchu 56 
Tainan 5 
Tainan 6 
Kaohsiung 139 
Taitung 2 7 
Tainan 5 
Tainan 5 

figure). A sister line, TNGY-WF5, 
showed an even lower regression 
coefficient, but with a lower yield 
potential. 

harvest) of Tainung 67 is about 120 days 
in the first crop and 100 days in the 
second. It is relatively lodging resistants 
and responsive to nitrogen fertilizer. In 
the uniform disease nurseries, Tainung 67 
showed blast resistance similar to that of 
Tainan 5 and fair resistance to bacterial 
blight. It is relatively tolerant of the 
brown planthopper and sclerotial stem 
rot. Its milled rice quality meets local 
consumer requirements. In 1978 the new 
variety was planted in 101,000 ha in 
Taiwan, mostly in Hsinchu, Taichung, 
and Tainan districts. It is expected to 
be more widely planted in 1979. 

The growth duration (transplanting to 

IR2053-206-1-3-6, a new rice variety for 
the Sudan Gezira 

G. I. Ghobrial, senior rice specialist, 
Agricultural Research Corporation (ARC), 
Wad Medani, Sudan 

The line IR2053-206-1-3-6 has performed 
well in field experiments and observa- 
tional nurseries at the Gezira Research 
Station (GRS) from 1975 to 1978. The 
line, introduced from IRRI in 1975, is 
from the cross IR1416-131-5/IR22//C4-63. 
Its plant type, growth duration, yield, 
and grain quality are superior to those of 
the rices currently grown in the Gezira. 
At GRS, its yields were as high as 8.6 t/ha 
and averaged 6.9 t/ha in farmers' fields. 
GRS established direct seeding as the 
standard cultural practice for 
IR2053-206-1-3-6. 

In an ARC meeting at Wad Medani on 
20 February 1979, the Sudan Technical 
Subcommittee for Variety Release 
unanimously accepted the release of 
IR2053-206-1-3-6 as a rice variety for 
the Gezira. 

Individuals, organizations, and media are 
invited to quote or reprint articles or 
excerpts from articles in the IRRN. 
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Grand mean yield (t/ha) 
of rough rice and regression 
coefficient (bi) of entry 
means of environment 
means of 14 entries in 
1977II–1979I regional yield 
trials of ponlai japonica rice 
varieties at 8 locations in 
Taiwan. TNGY = Tainung 
yuh, CNY = Chianung yuh, 
TPY = Taipei yuh, HCY = 
Hsinchu yuh, TCY = 
Taichung yuh, NKY = Nankai 
yuh, KHY = Kaohsiung yuh, 
TTY = Taitung yuh, HLY = 
Hwalien yuh. Taiwan. 
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Agronomic characteristics 
Abscission layer in the rice pedicel 

S. Y. Zee, Department of Botany, 
University of Hongkong; B. S. Vergara, 
International Rice Research Institute, 
Los Baños, Laguna, Philippines; and 
T. M. Chu, Department of Agronomy, 
College of Agriculture, Taiwan Provincial 
Chung-Hsing University, Taichung, 
Taiwan 

The morphology of the abscission layer 
situated in the region between the 
pedicel and the rachilla of the spikelet 

of Peta, IR8, IR22, and Sukhwel 20 was 
investigated at flowering and 5, 10, 15, 
20, and 25 days after flowering. 

The abscission region of the pedicel 
in longitudinal view (Fig. 1) appears to 
consist of one to two layers of paren- 
chymatous cells surrounded by layers of 
heavily lignified sclerenchymatous cells. 

The abscission layer extends from 
the epidermis to the central vascular 
tissues in the pedicel. It does not cut 
right through the pedicel but leaves the 

central vascular bundle and several 
layers of sclerenchyma tissue bordering 
the vascular tissues of the pedicel 
“intact.” 

The parenchymatous cells that make 
up the abscission layer constitute a line 
of weakness in the pedicel, with the 
central vascular bundle (0.1 mm in diam) 
and the sclerenchymatous tissue situated 
between (or bordering) the vascular 
bundle and the abscission layer, forming 
the resistance tissues of the pedicel 
(Fig. 2). 

Comparative studies on pedicel 
morphology near the abscission layer of 
four rice varieties indicate that the 
shedding ability of rice spikelets might be 
controlled by 1) the number and size of 

1. The region of 
the abscission layer 
in the pedicel of 
rice (longitudinal 
view): A = abscis- 
sion layer, G = 
sterile glume, S = 
sclerenchymatous 
cell layers, V = 
vascular tissues. 

Morphological features of the abscission layer in the pedicels of 4 rice varieties, Hongkong. 
Sue of 

Cells in the parenchymatous Scleren- the scleren- Width of the 
Thickness of 

Variety abscission cells in the chymatous cells chymatous central vascular 
layer abscission (no. of 

(no. in section) layer 
(mm x 10 -3 ) 

layers) a tissue b bundle 
(mm x 10 -3 ) (mm) 

Peta 

IR22 
Sukhwel 20 

IR8 
21–22 
20–21 
19–20 
15–18 

5–7 
5–7 
5–7 
7–10 

5–6 
5–6 
5–6 
4–5 

70–100 
70–90 
70–90 
30–50 

0.1 
0.1 
0.1 
0.1 

a Number of sclerenchymatous cell layers bordering the abscission layer and the central vascular 

b Sclerenchymatous tissue bordering the abscission layer and the central vascular bundle of the 
tissues of the pedicel. 

pedicel. 

2. Light micrographs of longitudinal sections 
of the abscission layer in Sukhwel 20 (top) and 
Peta (bottom). Note the difference in thickness 
of the sclerenchymatous cell layers (S) bordering 
the abscission layer (A) and the vascular tissues 
(V) x 420. 

parenchymatous cells present in the 
abscission layer, and 2) the number of 
sclerenchymatous cell layers bordering 
the abscission layer and the central 
vascular tissues of the pedicel. These two 
morphological features vary somewhat 
between the rice varieties (see table). 
Among the four varieties, Sukhwel 20 
is the only one with fewer cells in both 
regions. Moreover, the parenchymatous 
cells in the abscission layer of 
Suhkwel 20 appear slightly larger than 
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those in Peta, IR8, and IR32, but the 
sclerenchymatous cell tissue bordering 
the central vascular bundle and the 
abscission layer is much narrower. 

Since Sukhwel 20 tends to shed its 
spikelets with relative ease, it may be 

reasonable to conclude that varieties 
with relatively larger parenchymatous 
cells in the abscission layer and a thinner 
sclerenchymatous tissue (fewer cell 
layers) bordering the abscission layer and 

the central vascular bundle of the pedicel 
are essentially more fragile (i.e. 
mechanically weaker). Consequently 
their spikelets are more susceptible to 
shattering. 

Performance of some long-duration 
semidwarf rice cultures in relation to 
their suitability for medium lowland 
cultivation during the wet season 

P. Mukherjee, Rice Research Station, 
Chinsurah, West Bengal, India 

An investigation to identify promising 
cultures for medium lowland cultivation 
(20 to 40 cm water level) used materials 
selected from coordinated trials at 
Chinsurah, Cuttack, and IRRI, 
Philippines. 

for medium lowland cultivation were 
tested in 1976 and 1977 (see table). 

Twelve long-duration entries suitable 

Yield of long-duration semidwarf rice cultures 
on medium lowlands during 1976-77 wet 
season, India. 

Culture 
Yield (t/ha) 

1976 1977 

Pankaj (check) 
IET2911 
IET3257 
IR32 
HTA448 
IET4087 
IET3235 
HTA108 
IR34 
Pankaj (M) 91 
CNBP153-58-2 
CNBP-134-134-1 

LSD (.05) 

5.7 
4.6 
4.6 
4.5 
4.5 
4.4 
4.2 
3.8 
3.8 
3.1 
3.5 
3.4 
0.4 

4.5 
3.2 
2.9 
3.4 
2.8 
3.1 
3.3 
3.5 
3.0 
4.2 
3.0 
2.3 
0.6 

The experimental design was randomized 
complete block with four replications. 
Plots were 4.8 x 2.6 m with plant spacing 
of 20 x 15 cm and fertilizer applications 
of 80 kg N/ha, 40 kg P/ha, and 40 kg 
K/ha. 

Pankaj was statistically superior to all 
the other varieties in 1976. Yields from 
IET2911, IET3257, IR32, HTA448, 
IET4087, and IET3235 were statistically 
the same. Pankaj, though the highest 
yielder in 1977, was statistically equal to 
Pankaj (M) 91. Yields from all the other 
cultures were statistically the same. The 
yield deviation between the 2 years may 
have been caused by environment. 

GENETIC EVALUATION AND UTILIZATION 

Disease resistance 
Gall midge- and bacterial blight-resistant 
varieties for Madhya Pradesh, India 

P. S. Shrivastava, B. O. Choudhary, R. K. 
Sahu, and V. N. Sahu, Central Rice 
Research Station, Raipur, Madhya 
Pradesh, India 

Gall midge and bacterial blight are the 
two most frequent biological stresses 
on the paddy crop of eastern Madhya 
Pradesh. The average farmer cannot 

afford plant protection measures against 
the two stresses. A breeding program 
for resistance to them was initiated at 
Raipur. Four improved varieties of 
different maturity groups, resistant to 
gall midge and bacterial blight and 
resistant to moderately resistant to 
several other pests, were developed. 
The varieties have performed well in 
farmers' fields and abundant seed is now 
available. Details of the varieties are: 

Variety Cross Yield Grain Days to 
(t/ha) quality a maturity 

Pest reaction b 

R2 384 

R35-2752 

R35-2750 

R35-2751 
RP9-4 
RPW6-17 

R68-1/Jaya 

IR22/W1263 

IR22/W1263 

IR22/W1263 
(check) 
(check) 

3.4 

3.7 

4.6 

4.2 
3.3 
4.3 

MS 

LS 

LB 

LB 
LB 
LB 

12 5 

128 

132 

1 35 
135 
140 

GM(R), SB(MR), LF(MR), BPH 
(MR), BLB(R) 
GM(R), SB(R), GLH(MR), BPH 
(MR), LF(MR), BB(R) 
GM(R), BB(R), HEL(R), RTV 
(R) 
CMCR), BB(R) 
GM(R) 
GM(R) 

a MS = medium slender, LS = long slender, LB = long bold. b GM = gall midge, SB = shoot borer, 
LF = leaf folder, BPH = brown planthopper, GLH = green leafhopper, BB = bacterial blight, HEL = 
Helminthosporium brown spot, RTV = rice tungro virus, R = resistant, MR = moderately resistant. 

Sources of resistance to rice ragged stunt 
disease 

A. Ghosh and V. T. John, All India 
Coordinated Rice Improvement Project 
(AICRIP), Rajendranagar, Hyderabad 
500030, India 

Rice ragged stunt, a virus disease 
transmitted by the brown planthopper, 
was first observed in the Philippines in 
1978 and has since been reported in 
Thailand, Indonesia, Sri Lanka, and in 
West Bengal, Orissa, and Tamil Nadu 
states in India. AICRIP screening 
programs were initiated to find sources 
of resistance to the disease. During 1979 
kharif, 80 varieties were screened in the 
greenhouse. Most of the high–yielding 
semidwarfs were susceptible (50-80% 
infection). But despite artificial 
inoculation, certain varieties – Pokkali, 
Getu, PTB18, PTB33, T141, Hitam, 
Benong 1, Tamiang, Slamat, Benong 3, 
Boak, and Boegimba – produced no 
symptoms. 
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Insect resistance resistant to the biotype in southern India 
and Sri Lanka and those resistant to the 

Indian biotypes of the brown 
planthopper 

S. K. Verma, P. K. Pathak, B. N. Singh, 
and M. N. Lal, G. B. Pant University of 
Agriculture and Technology, Pantnagar, 
Uttar Pradesh, India 

three other biotypes at IRRI succumb 
(see table). New genes for resistance to 
this biotype must be found; this biotype 
destroys all varieties with known 
resistance genes. 

The existence of brown planthopper 
(BPH) biotypes complicates control of 
the insect by resistant varieties. BPH 
biotypes, based on differential reactions 
of rice varieties to BPH injury, have been 
established. Some entries are resistant 
to biotype 1 (common in the Philippines), 
but are killed by biotype 2. Similarly 
cultivars resistant to biotype 2, found in 

the Philippines, Indonesia, Thailand, 
Vietnam, Taiwan, Korea, and Japan, are 
destroyed by biotype 3, which is not yet 
abundant in nature. Another biotype 
found in southern India and Sri Lanka 
damages varieties that are resistant to 
biotypes 1, 2, and 3. 

Glasshouse screening of rice varieties 
against the BPH populations found in 
Hyderabad (southern India) and Pantnagar 
(northern India) was initiated at Pantnagar 
in 1974. Results clearly indicate the 
existence of an additional biotype (the 
Pantnagar population) that differs from 
the four mentioned above. When 
exposed to this biotype, varieties that are 

Reactions a to brown planthopper biotypes of rice varieties with genes for resistance to given 
biotypes. 

Reactions 
Variety Biotype 1 Biotype 2 Biotype 3 Biotype 4 Biotype 5 

(IRRI) (IRRI) (IRRI) (Hyderabad) (Pantnagar) 

Mudgo 
Andaragahawewa 
Dalwa Sanam (MTU15) 
IR26 
RP9-6 

ASD7 
CR94-13 
H5 
Murumgakanyani 3 
Palasithari 60 1 
Murungakayan 101 B 
Murungakayan 303 B 
C62-1-2 30 

Rathu Heenathi 
Muthumanikan 
PTB 19 
Kuruhondarwala 

Babawee 
Lekamsamba 
Gulai 

PTB33 
ARC6650 

Bph I gene for resistance 
R S R 
R S R 
R MR R 
R S R 

MR S R 

bph 2 gene for resistance 
R R S 
R R S 
R MR S 
R MR S 
R R S 
R R S 
R MR S 
R R S 

Bph 3 gene for resistance 
R R R 
R R R 
R R R 
R R R 

bph 4 gene for resistance 
R R R 
R R R 
R R R 

Unknown gene for resistance 
R R R 
R R S 

S 
S 
S 
S 
S 

S 
S 
S 
S 
S 
S 
S 
S 

R 
S 
R 

MR 

R 
R 
R 

R 
R 

S 
S 
S 
S 
S 

S 
S 
S 
S 
S 
S 
S 
S 

S 
S 
S 
S 

S 
S 
S 

S 
S 

a Based on Standard Evaluation System for rice scale: R = resistant, MR = moderately resistant, S = 
susceptible. 

Unusual occurrence of rice hispa on rice 
in Himachal Pradesh, India 

A. K. Thakur, N. P. Kashyap, S. F. 
Hameed, and S. M. Suri, Department of 
Entomology-Apiculture, Himachal 
Pradesh Agricultural University, Palampur 
176062, India 

An epidemic of rice hispa Dicladispa 
armigera, once a minor rice pest in the 
Kangra Valley, occurred in 1979. 
Negligible rains with high ambient 
temperature and high relative humidity 
during the paddy seasons contributed 
significantly to the pest's abundance. 

The epidemic was first noticed in 
early August 1979 at Nagrota, Baijnath, 
and Palampur. Almost all the varieties 
grown in the field, particularly the 
highly susceptible varieties HPU 71, 
HPU 734, HPU 741, T23 (local Basmati), 
China 988, and HPU 2004, were severely 
infested. Moderately infested were 
HPU 731, HPU 8021, RT42 (Himdhan), 
Norin 18, and IR579. In a field trial, a 
spray of permethrin (synthetic 
pyrethroid as Ambush 25 EC) at 0.025%, 
quinalphos or endosulfan or methyl- 
parathion at 0.05% controlled the rice 
hispa more effectively than BHC did. 

An alternate biotype of green leafhopper 
in Bangladesh 

A. N. M. Rezaul Karim, research scholar, 
and M. D. Pathak, entomologist, 
International Rice Research Institute 

The presence in Bangladesh of a different 
biotype of green leafhopper (GLH) was 
suspected in 1967 when field plantings 
of IR8, which is resistant to GLH in the 
Philippines, were heavily infested. No 
apparent differences in morphology of 
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the insects from the two countries were 
recorded and insects collected in 
Bangladesh were confirmed to be 
Nephotettix virescens. 

A germplasm collection of 2,361 
strains, including 473 that are resistant 
to GLH at IRRI, was evaluated for GLH 
resistance at the Bangladesh Rice Research 
Institute (BRRI), Joydebpur, using 
techniques developed at IRRI. Varieties 
that possessed the single resistance genes 
Glh 1, Glh 2, Glh 3, glh 4, and Glh 5 
were included as differentials for 
detecting new biotypes. Varieties 
identified as resistant at BRRI were 
retested at IRRI. 

Only 10 of the 473 rice varieties that 
were resistant to N. virescens at IRRI 
were also resistant at BRRI. The varieties 
Pankhari 203, ASD7, IR8, and ASD8, 
which carry the single dominant genes 
Glh 1, Glh 2, Glh 3, and Glh 5, 
respectively, at IRRI were susceptible at 
BRRI. PTB8, which carries the recessive 
resistance gene glh 4, was moderately 
resistant at BRRI, but several varieties 
that were resistant at BRRI reacted as 
susceptible at IRRI (see table). Such 
differences in varietal reactions indicate 
distinctly different biotypes in the 

Pankhari 203 
ASD7 
Godalki 
Palasithari 601 
IR8 
Betong 
H5 
PTB8 
ASD8 
Kosatawee 
DV 1 39 
Sudu Madael 
Kiri Murunga 
Murungakayan 307 
TAPL 196 
PTB18 
Maddai Karuppan 

Differential reactions of some rice varieties to the local populations of green leafhopper at the 
Bangladesh Rice Research Institute (BRRI) and at the International Rice Research Institute (IRRI). 

Variety green leafhopper at a Nature of and gene for resistance 
Reaction to 

BRRI IRRI 

S R 
S R 

Monogenic, dominant, Glh1 
Monogenic, dominant, Glh2 

S R 
S 

Monogenic, dominant, Glh2 
R 

S 
Monogenic, dominant, Glh2 

R Monogenic, dominant, Glh3 
S R 
S R 

Monogenic, dominant, Glh3 

MR 
Monogenic, dominant, Glh3 

R 
S 

Monogenic, recessive, glh4 

MR S Monogenic, recessive, ? 
S R ? ? ? 

MR S ? ? ? 
MR S ? ? ? 
MR S ? ? 
MR 

? 

R 
Monogenic, dominant, Glh6 

R Digenic, dominant, Glh1+6 
R MR Monogenic, dominant, Glh7 

R Monogenic, dominant, Glh5 

R 

a R = resistant, MR = moderately resistant, S = susceptible. 

populations of N. virescens in Bangladesh 
and at IRRI. 

Results on the inheritance of GLH 
resistance in PTB18 are further evidence 
of biotype variation. PTB18 possesses 
two genes for GLH resistance at IRRI, 
one of which is allelic to Glh 1. In this 
study, a single dominant gene in PTB18, 

which is allelic to Glh 1, conveyed green 
leafhopper resistance at BRRI. 

No standard procedure for naming 
biotypes in insects is available. Therefore, 
for the present the GLH populations of 
Bangladesh and of the Philippines are 
being designated Bangladesh biotype (Bb), 
and Philippine biotype (Pb). 

GENETIC EVALUATION AND UTILIZATION 

Adverse soils tolerance 
Boron toxicity in rice soils 

F. N. Ponnamperuma, principal soil 
chemist; R. S. Lantin, senior research 
assistant; and M.T.C. Cayton, research 
assistant, Soil Chemistry Department, 
International Rice Research Institute 

Although boron toxicity is widely 
considered a hazard in soils irrigated with 
high-boron water, literature references to 
field cases of boron toxicity in rice on 
such soils could not be found. But now 
we have evidence for such toxicity. 

Boron toxicity is characterized by 
yellowing of the leaf tips, followed by 
the appearance of dark-brown elliptical 
blotches along the leaf edges, which later 
turn brown and die. Vegetative growth 
is not seriously depressed unless the 
toxicity is severe. 
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Those symptoms were observed on 
about 7 ha of an 80-ha farm located on 
soils (mainly Tropaquepts) derived from 
volcanic ash. The soils had been 
irrigated for 15 years with deep-well 
water with a boron content of' 
3.0-5.3 ppm. 

The soils had pH values of 6.6 to 
7.8, electrical conductivities (EC) (1 : 1) 
of 1.2–4.2 mmho/cm, and an available 
boron content of 3 to 11 ppm. The 
corresponding soil analyses for an 
unirrigated block were pH 5.6, 
EC 0.03 mmho/cm, and 1.2 ppm avail- 
able boron, indicating that irrigation had 
increased alkalinity, salinity, and the 
boron content of the soils. 

The shoot of the affected plants 
contained 32 to 39 ppm boron at 
flowering. IR40 showed more tolerance 

for boron toxicity than IR8. 

factor limiting rice yields on soils 
irrigated with high-boron water (as is 
often the case in arid regions) and on 
soils subject to inundation by seawater 
(which is high in boron). 

Boron toxicity may be an unrecognized 

Individuals, organizations, and media are 
invited to quote or reprint articles or 
excerpts from articles in the IRRN. 
Persons who wish additional details of 
information presented in IRRN should 
write directly to the authors. 



GENETIC EVALUATION AND UTILlZATlON 

Deep water 
CR1002 — a promising rice cultivar for 
rainfed waterlogged conditions 

P. Mukherjee and S. Biswas, Rice 
Research Station, Chinsurah, West 
Bengal, India 

CR1002 is a new rice strain derived from 
a cross of CR70 and Pankaj, made at the 
Central Rice Research Institute, Cuttack. 
It was included in a yield trial of 20 long- 
growth-duration rices in West Bengal 
under rainfed, ill-drained conditions in 
1978 kharif. An unprecedented flood 
submerged all entries. 

The experiment was in randomized 

Yield and performance of the different strains 
exposed to severe flooding. West Bengal, 
India, 1978. 

Growth yield 
Designation duration 

(days) 
(t/ha) 

CR1002 
IET5656 
CO 38 
IR34 
Pankaj (control) 

IET3257 
CR1009 
CR1006 
CR1011 
IET5633 

IR4219-35-3-3 

154 
160 
15 6 
158 
166 
17 3 
160 
172 
184 
173 
173 

3.5 
1.8 
1.5 
1.3 
1.3 
1.3 
1.0 
1.0 
0.5 
0.4 
0.0 

block design with four replications. 
Fertilizer was applied at 80-40-40 kg 
NPK/ha. At 46 days after transplanting 
the experimental plot was completely 
submerged for 4 days. The water 
remained at a depth of 75 to 55 cm for 
10 more days. CR1002 had 10% dead 
tillers and IR4219-35-3-3, 66%. Other 
entries had from 75 to 98% dead tillers. 

The severe flood stunted the plants 
and delayed their maturity (see table). 
CR1002 yielded highest — 3.5 t/ha — 
followed by IET5656. 

Such flash floods are common in 
kharif in low-lying areas in West Bengal 
and other parts of India. 

Pest management and control DISEASES 

Seed transmission of Rhynchosporium 
oryzae 

L. M. Sanchez, research aide; B. A. 
Eshada, senior research assistant; and 
F. L. Nuque, assistant plant pathologist, 
Plant Pathology Department, 
International Rice Research Institute 

The survival of Rhynchosporium oryzae, 
the causal agent of leaf scald disease of 
rice, was studied in the laboratory using 
the standard agar plating and blotter 
methods of detection. Seeds of the 
susceptible breeding line IR1487-372-1-1 
were collected from a naturally infested 
field, stored at four temperatures (20, 25, 
30, and 35°C), and examined periodically 
for the presence of the pathogen. 

The presence of R. oryzae on seeds 
was detected through seed plating on 
potato-dextrose-agar medium (PDA), and 
the blotter test. The blotter test detected 
higher infestation than the plating 
method did after 14 weeks of seed 
storage. The highest recorded rate of 
infested seeds was 90% for the blotter 
test and 47.5% for plating (see table). 

The pathogen survived as long as 

Percentages of seeds infested with Rhynchosporium oryzae at storage temperatures of 20, 25, 30, and 
35° C, as determined by the blotter and plating methods. " 

Weeks Seed infestation a (%) at 
in 20°C 25°C 30oC 35°C 

storage AD SD AD SD AD SD AD SD 

2 
6 
8 

10 
12 
14 
16 
20 
24 
28 

2 
6 
8 

10 
14 
16 
20 
24 
28 

0 
20.0 
20.0 
10.0 
10.0 
40.0 
70.0 
20.0 
70.0 
30.0 

2.5 
15.0 
27.5 
32.5 
15.0 
15.0 
35.0 
21.5 
35.0 

0 
40.0 

0 
10.0 
40.0 
50.0 
80.0 
40.0 
50.0 
90.0 

47.5 
35.0 
30.0 
25.0 
17.5 
20.0 
27.5 
42.5 
27.5 

0 
20.0 
10.0 
10.0 
10.0 
30.0 
30.0 
50.0 
40.0 
40.0 

22.5 
17.0 
25.0 
22.5 
10.0 
17.5 
30.0 
25.0 
30.0 

Blotter method 
0 

40.0 
10.0 
0 

10.0 
0 

40.0 
40.0 
10.0 
60.0 

Plating method 
17.5 
15.0 
40.0 
27.5 
10.0 
22.5 
15.0 
30.0 
20.0 

0 
20.0 
60.0 
40.0 
30.0 
70.0 
60.0 
70.0 
70.0 
70.0 

32.5 
30.0 
30.0 
20.0 
17.5 
10.0 
35.0 
12.5 
22.5 

0 
20.0 
80.0 
50.0 
70.0 
30.0 
70.00 
50.0 
60.0 
90.0 

27.5 
22.5 
40.0 
27.5 
32.5 
30.0 
27.5 
15.0 
25.0 

30.0 
5 0.0 
10.0 
60.0 
80.0 
40.0 
60.0 
50.0 
40.0 
60.0 

32.5 
30.0 
27.5 
22.5 
30.0 
25.0 
32.5 
20.0 
22.5 

0 
10.0 
10.0 
50.0 
40.0 
30.0 
70.0 
50.0 
80.0 
60.0 

30.0 
30.0 
42.5 
20.0 
30.0 

2.5 
30.0 
21.5 
37.5 

a AD = air-dried, SD = sun-dried. 

7 months at all of the storage 
temperatures in both air- and sun-dried 

samples. The high percentage of 
transmissibility and the length of survival 
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time in the grains indicated that R. oryzae 
is a seedborne pathogen and that infested 
seeds may serve as a primary source of 
inoculum. 

R. oryzae usually grew over or 
dominated other associated organisms on 

PDA. Sometimes it grew in mixed 
culture with other fast-growing fungi, or 
formed distinct individual colonies side 
by side with colonies of other organisms. 
Other fungal species that were commonly 
encountered during the study, in the 

order of their frequency of isolation, 
were Fusarium, Curvularia, Nigrospora, 
Helminthosporium, Phoma, Cercospora, 
and other unidentified and non- 
sporulating fungi. 

Rice ragged stunt disease in China 

L. K. Zhou, Plant Protection Institute, 
Guangdong Academy of Agricultural 
Sciences (GAAS), Guangdong, People's 
Republic of China (PROC), and K. C. 
Ling, International Rice Research 
Institute 

In March 1979, the senior author found 
in 3 lines of hybrid rice about 60 hills 
infected by a disease in an experimental 
plot in Zhonghwa country, Guangdong, 
PROC. The diseased plants were stunted 
and their leaves were green but ragged 
and twisted. 

The diseased hills were transplanted 
in pots and kept at GAAS. At later 
growth stages, their flag leaves were 
short, distorted, and occasionally ragged. 
Numerous nodal panicles were produced 
but many were incompletely exserted 
and most of the grains were empty (see 
figure). A few swollen veins were found 
on the lower surface of leaf blades and 
the outer surface of leaf sheaths. All the 
symptoms were similar to those of rice 
ragged stunt disease in the Philippines. 

Brown planthoppers Nilaparvata 
lugens were confined on diseased plants 
for acquisition feeding. The viruliferous 

Effectiveness of fungicides in the control 
of blast (neck rot) 

S. K. Sharma, Sushil K. Maheshwari, and 
P. Prabhakar Deo, Plant Pathological 
Laboratory, Department of Botany, Agra 
College, Agra 282002, India 

No suitable chemicals to control blast 
(neck rot) infection caused by Piricularia 
oryzae has been reported in Uttar 
Pradesh. Therefore the relative 
effectiveness of some fungicides was 
tested in the field. 

Foliar sprays of four fungicides — 
edifenphos, Miltox, blue copper, and 
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insects were then used to inoculate 
healthy seedlings, which then developed 
the above-mentioned symptoms, 
indicating that brown planthoppers could 
transmit the disease. 

A rice hill infected with ragged 
stunt disease in China. 

The results identify the symptoms of 
the disease found in Zhonghwa as those 
of rice ragged stunt in the Philippines. 
This may be the first record of ragged 
stunt in China. 

Relative effectiveness of some fungicides on blast (neck rot) incidence and grain yield of paddy 
during kharif seasons of 1974–75 and 1975–76. 

Dose 
(% active incidence (%) (mean of 4 
ingredient) 

Blast (neck rot) 

replicates) 

Grain yield 
(t/ha) Fungicide 

1974–75 1975–76 1974–75 1975–76 

Edifenphos 
Milt ox 
Blue copper 
Kitazin 17% 
Control 

C.D. @5% (critical 
deviation) 

0.1 
0.25 
0.30 

988 kg/ha 
– 

2.1 
4.3 
7.0 

10.0 
12.6 

2.2% 

Kitazin — were tested on the susceptible 
variety Basmati 370 in a randomized 

2.8 
5.4 
6.0 
8.6 

10.3 

2.45 

3.3 
3.0 
2.7 
2.1 
1.7 

2.20 

3.4 
2.9 
2.2 
1.9 
1.4 

4.25 

block design. Fertilizer was applied at 
80 kg N/ha. Spraying was done 25, 35, 



40, and 60 days after transplanting. 
The results of 2 years’ (1974–75 and 

1975-76) experiments indicate that all 
fungicides reduced the infection and 
increased yields (see table). Edifenphos 

was most effective. Similar findings were 
also reported by Mohanti and Dash in 
1971 and Subramanian and Ramaswamy 
in 1973. Miltox and blue copper were 
also good. 

Rice blast incidence in different soil 
types 

K. C. Chuke, Genetic Evaluation and 
Utilization trainee from the People’s 
Republic of China; F. L. Nuque, assistant 
scientist, Plant Pathology Department, 
IRRI; and Ruby Castro, assistant 
scientist, Soil Chemistry Department, 
IRRI 

The evidence indicating increased blast 
susceptibility of rice when the soil 
nitrogen content is high seems 
conclusive, although the disease severity 
varies with other soil and climatic 
factors. The ratio of one element to 
another and the physical and chemical 
properties of the soil may play an 
important role in disease development. 
Numerous experiments from different 
countries have indicated that high soil 
nitrogen increases blast severity 
regardless of available phosphorus or 
potassium. That indicates that the 
influence of other elements is not 
significant. The influence of nitrogen on 
blast disease development under 
different soil conditions was evaluated 
to determine if varietal reactions to the 

disease were affected. 
Seven soils were obtained from 

various Philippine sites and designated by 
location as Malinao (Fe toxicity), 
Bulacan (K deficiency), Pangil (P defi- 
ciency), San Pablo (Zn deficiency), 
Pangil peat, Luisiana (P deficiency), and 
Maahas clay (normal check). The rice 
varieties used were Carreon, Tetep, 
IR442, and KTH 17. Carreon is resistant 
and the latter three varieties are highly 
susceptible to blast fungus isolate 
I-2017. 

and 5 g ammonium sulfate was 
incorporated into each. Seeds were 
sown in four randomized rows. The 
plants were inoculated in the dew 
chamber with blast fungus isolate I-2017 
that had been grown on prune agar for 
18 days. At 24 hours after inoculation, 
the plants were transferred to the 
glasshouse (20–36°C) where a 
humidifier provided dew. Seven days 
after inoculation disease incidence was 
scored and the lesions (Types 3 and 4) 
on the infected plants were counted. 
Another set of varieties grown in trays 
with the different soil types were 

The soils were placed in plastic trays 

exposed to natural infection in the blast 
nursery. Ten days later the number of 
blast-infected plants and their lesion 
numbers were recorded. 

With artificial inoculation disease 
incidence was greatest on KTH 17 (see 
table). The percentage of infection on 
this variety was highest (44.5%) on 
Bulacan phosphorus-deficient soil. 
Disease incidence ranged from 0 to 4% 
on Tetep and from 0 to 9% on IR442. 
I-2017 was not pathogenic on Carreon, 
which remained disease-free regardless of 
soil type. 

Under natural infection, IR442 
exhibited greater disease incidence in 
different soils than Tetep or KTH 17. 
That was expected because IR442 was 
used as the spreader source of inoculum 
in the blast nursery and most of the 
fungus populations present were 
pathogenic on it. KTH 17 produced 
more lesions than IR442 and Tetep with 
artificial inoculation in different soil 
types but in the blast nursery IR442 had 
more lesions than either KTH 17 or 
Tetep. Carreon remained disease-free in 
both instances, suggesting varietal 
differences in blast reaction. 

Under natural conditions, disease 
incidence was high in Bulacan potassium- 
deficient, Malinao iron-toxic, and Pangil 
peat soil (see table). Disease incidence 
in susceptible varieties was greater on 
those soils, and least in the San Pablo 
zinc-deficient soil. That could be due to 

Disease incidence and severity on four rice varieties in different soil types. IRRI, 1979. a 

Inoculated with I-2017 Natural infection 
Soil, disorder, series Carreon Tetep IR442 KTH 17 Carreon Tetep IR442 KTH 17 

DI (%) L/L DI (70) L/L DI (%) L/L DI (%) L/L DI (%) L/L DI (%) L/L Dl (%) L/L DI (%) L/L 

Bulacan (K deficient), 0 2.5 0 
Buenavista sandy clay loam 

Maahas clay (normal), 
Lipa loam 

Malinao (Fe toxicity), 
Malinao fine sandy loam 

Pangil peat - Histosol from 
Pangil, Laguna 

Luisiana (P deficient), 
Luisiana clay loam 

Pangil (P deficient), 
Paete clay loam 

San Pablo (Zn deficient) 
Lipa loam 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2.5 

0 

0 

4 

3 

0 

0.3 

0 

0 

0.5 

0 

0 

0 

5.5 

7 

9 

2.5 

4.0 

4.5 

0 

0.4 

0.2 

0 

0 

0.3 

0 

44.4 

34.5 

19.0 

16.5 

12.5 

10.0 

8.0 

0.9 

2.7 

0.8 

0.7 

1.0 

1.0 

0.9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.2 

0.2 

0 

9.0 

0.5 

0.3 

0 

57 

52 

48 

23 

24 

31 

11 

11 89 4.0 1.0 

22 92 4.9 1.7 

4.5 91 4.2 1.3 

11.5 89 2.5 0.6 

13.5 78 2.3 0.5 

14.0 89 2.7 0.9 

8.0 51 1.6 0.7 

a DI = disease incidence, L/L = mean number of lesions per leaf. 
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the severe yellowing and stunting of the 
seedlings, but seedling growth was 
similar in Pangil peat soil, where disease 
incidence was greater. 

The difference in disease severity may 
be due to the available soil nutrients that 
affect the plant tissues and the 
biochemistry of the host. Nutritional 
factors change the host’s growing status, 

cell structure, and chemical composition. 
The soil chemistry may affect patho- 
genesis, resulting in effects on disease 
incidence and severity. Plant nutrients 
required for pathogenesis are affected by 
the availability of soil nutrients that 
control plant growth and vigor and 
influence the plants’ resistance to blast. 
Different varieties may respond 

differently to the same nutritional 
environment, as demonstrated by 
Carreon, KTH 17, and IR442. The effect 
of excess or deficient essential elements 
in the soil on disease incidence and 
severity appears to depend on the 
combination of such elements as well as 
on the host and the pathogen. 

Pest management and control INSECTS 

Flight activities of brown planthopper, 
whitebacked planthopper, and their 
predator C. lividipennis in Malaysia 

Peter A. C. Ooi, Crop Protection, Pusat 
Pertanian, Telok Chengai, Alor Setar, 
Kedah, Malaysia 

The largest outbreak of the whitebacked 
planthopper (WBPH) Sogatella furcifera 
reported in Malaysia occurred in the 
Muda Irrigation Scheme in June 1979. It 
established the need for continuous 
surveillance of the pest. Light traps are 
an efficient device for monitoring the 

planthoppers and some of their natural 
enemies. The light trap consists of a 
kerosene pressure lamp suspended about 
1.8 m over a basin of water. Light traps 
were set in the Crop Protection building 
in Telok Chengai to study the flight 
activities of WBPH and the brown 
planthopper (BPH) and their 
predator Cyrtorhinus lividipennis at 
half-hour intervals from 1830 to 
2300 hours. 

were analyzed. The percentage catch 
for each of the three insects was 

Data from catches during 13 nights 
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calculated (see figure). Flight activities 
begin after 1900 hours, when the Kedah 
sky darkens. The main activity for all 
3 insects appears to occur from 1930 to 
2000 hours. Both WBPH and BPH 
continue to be active until 2100 hours. 
C. lividipennis is most active from 1930 
to 2000 hours. The study indicated that 
light traps must be lighted only from 
1900 to 2200 hours to monitor the 
BPH and WBPH in the Muda Irrigation 
Scheme. 

Effect of depth of submergence on 
incidence of bacterial blight and white 
grub infestation in transplanted rice 

G. L. Sharma, Agronomy Department, 
G. B. Pant University of Agriculture and 
Technology; S. C. Modgal, professor of 
agronomy, Himachal Pradesh Agricultural 
University, Palampur 178062, India; 
and R. C. Gautam, Agronomy 
Department, G. B. Pant University of 
Agricultural and Technology, Pantnagar, 
Uttar Pradesh, India 

Water submergence was conducive to 
the spread of bacterial blight caused by 
Xanthomonas oryzae, but it effectively 
checked white grub infestation in 
transplanted IR24 in a field experiment 
at Pantnagar, India. 

The disease incidence in the deep 
submergence treatment was significantly 
higher than that in the saturation and 
rainfed treatments, but similar to that in 
shallow submergence (see table). 

White grub infestation decreased with 
increasing depth of submergence. 
Significantly fewer plants were damaged 

Flight activities of the whitebacked planthopper 
S. furcifera, the brown planthopper N. lugens, 
and Clividipennis. Kedah, Malaysia. 



Effect of depth of submergence on bacterial 
blight (BB) incidence and white grub 
infestation in transplanted rice, 1973 wet 
season. Pantnagar, India. 

Treatment BB a disease White grub 
index damage (%) 

15 cm – 1 cm 
5 cm – field capacity 
1 cm – field capacity 

(50% total water use) 
36 cm total water 

Rainfed 
CD at 5% 
CV % 

5.07 
4.15 
1.65 
0.87 

0.90 
1.07 

28.00 

1.6 
3.3 

11.5 
20.4 

17.5 
5.0 

30.5 
a On 0–9 All India Coordinated Rice Improve- 
ment Project (AICRIP) scale, where 0 = no 
disease incidence. 

in the deep and shallow submergence 
treatments than in the saturation and 
rainfed treatments. 

Oxadiazon, a promising herbicide for 
dry-seeded rice in Sudan Gezira 

George I. Ghobrial, senior rice agronomist, 
Agricultural Research Corporation, Wad 
Medani, Sudan 

The semiarid Sudan Gezira has good 
potential for high rice production; it is 
rich in solar radiation and free from 
major pests. It has well-controlled 
irrigation but because of socioeconomic 
factors, farmers drill rice directly into 
dry soil and water the crop as needed 
until flooding commences 6 weeks after 
seeding. The result is severe infestation 
of upland weeds of the genera 
Phyllanthus, Leucas, Aristolochia, 
Echinochloa, Solanum, Momordica, 
Cyperus, Merremia, and Ocimum. 

Hand weeding is tedious and costly, 
and herbicides have been used 
unsuccessfully because they have been 
applied without any preevaluation. The 
identification of effective herbicides 
suitable for controlling dominant weed 
species such as P. niruri and L. urticifolia 
is therefore essential. 

In 1978, 11 herbicide treatments plus 
hand-weeded and unweeded controls 
were laid out in a randomized complete 
block design with 4 replications at the 
Gezira Agricultural Research Farm. The 
herbicides were applied at recommended 
rates and times. A knapsack sprayer was 
used to deliver about 450 liters/ha. 

Effects of 11 herbicides on grain yield of the rice IR2053-206-1-3-6, and on weed density and 
species. Sudan Gezira, 1978. 

Grain yield Weeds Treatment Uncontrolled weed genera 
(t/ha) (no./m 2 ) (decreasing order of density) 

Oxadiazon 

Oxyfluorfen 
Pendimethalin 
Bentazon a 

Dinitramine 
Thiobencarb a 

Butralin 
Propanil a 

Diethatyl 
Piperophos-dimethametryn 
Handweeded (20 + 40 DE) b 

Unweeded 

S.E. ± 

X-150 
4.34 
4.03 
3.43 
3.25 
2.96 
2.78 
2.46 
2.32 
2.26 
2.25 
2.20 
4.67 
1.31 

0.27 

7.7 
13.7 
12.6 
19.2 
20.0 
31.7 
38.7 
30.0 
23.2 
27.5 
11.0 

40.2 
– 

3.86 

Aristolochia, Solanum. 
Aristolochia, Solanum, Merremia. 
Aristolochia, Solanum. 
Phyllanthus, Solanum, Leucas, Aristolochia. 
Solanum, Phyllanthus, Leucas, Aristolochia. 
Phyllanthus, Leucas, Aristolochia, Momordica. 
Phyllanthus, Ipomea, Aristolochia, Ocimum. 
Phyllanthus, Leucas, Aristolochia. 
Phyllanthus, Aristolochia, Echinochloa. 
Phyllanthus, Solanum, Leucas. 
Phyllanthus, Aristolochia, Echinochloa. 

Phyllanthus, Leucas, Aristolochia, Merremia, 
– 

Momordica, Ipomea, Ocimum. 

a Now used in the Gezira. b Days after rice emergence. 

The yields of IR2053-206-1-3-6 were 
72% lower in the unweeded plots than in 
the hand-weeded (see table). They were 
significantly higher in all the herbicide 
treatments than in the unweeded control. 
Oxadiazon gave the highest yield, 
comparable to that in the hand-weeded 
treatment. It effectively controlled 

Egg parasites of the yellow stem borer in 
West Bengal 

Indrani S. Hikim, Rice Research Station, 
Chinsurah, West Bengal, India 

Natural enemies play an important role 
in the control of populations of the rice 
yellow borer Tryporyza incertulas (Wlk.). 
They should be considered for maintaining 
homeostasis, particularly in the wet 
season when chemical protection is 
neither economical nor feasible in low- 
lying areas of West Bengal. Egg parasites 
are important components in the faunal 

most of the weed flora without being 
phytotoxic to the rice plant. Being a 
preemergence herbicide, oxadiazon is 
preferable in the almost fully mechanized 
farming system of the Gezira. X-150, 
oxyfluorfen, and pendimethalin also were 
promising. 

composition of natural enemies. Five 
hymenopteran insects have been noted 
on yellow borer egg masses at the 
Chinsurah Station and identified from 
IBP Handbook 14 as Tetrastichus 
schoenobii Ferr., Telenomus dignus 
Gahan, Telenomus dignoides Nixon, 
Telenomus rowani Gahan, and 
Trichogramma japonicum Ashm. The 
percentage of parasitism was estimated 
from the emergence of parasitoids from 
the viable eggs of field-collected egg 
masses (see table). 

The low parasitism in March and 

Egg parasitization of the yellow stem borer at Chinsurah, West Bengal, India. 

Egg masses 
(no.) 

Sterile Parasitized 
egg masses egg masses 

(no.) (no.) 
Month Parasitization 

(%) 

Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 
Nov 

136 
117 
136 
44 
45 
36 
26 
35 

137 
164 

24 
25 
34 
24 
10 
2 
2 
2 
9 

54 

70 
48 
41 
14 
12 
16 
17 
21 
70 
98 

62 
52 
40 
71 
34 
48 
71 
63 
55 
89 
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April, and high parasitism in May and 
August suggest that parasitoid activity 
might not be dependent on the density 

of egg masses in the field. Sterility in 
borer egg masses was caused by high 
temperature, particularly in May. Many 

parasitoids could not emerge from eggs 
when the air temperature was higher 
than 32°C. 

Insecticide dusts provide only short-term 
control of whitebacked planthoppers 

Peter A. C. Ooi, Crop Protection, Pusat 
Pertanian, Telok Chengai, Alor Setar, 
Kedah, Malaysia 

A high population of the whitebacked 
planthopper (WBPH) in rice at Telok 
Chengai offered an opportunity to 
evaluate the effects of various dust 
insecticide formulations. In Malaysia, 
farmers use 1% propoxur dust and 
2% MTMC + 2% phenthoate dust for 
control of brown planthopper. The dust 
is delivered by a motorized knapsack 
blower fixed with a 30-m multihole vinyl 
tube. The system speeds the treatment 
of affected fields. 

The first set of experiments was 
conducted on 21 May 1979. Thirty hills 
per field were sampled with a portable 
suction sampler. The three dusts tested 
effectively reduced the population of 
WBPH nymphs and adults. The 
population remained low for about a 
week. But 2 weeks after the treatment, 
WBPH density increased in all treatments 
(see figure). In fact, the population in 
the treated fields was higher than the 
original, possibly due to immigration. 
The dusts appeared toxic to the WBPH 
predator Cyrtorhinus lividipennis, which 
unlike WBPH, did not increase rapidly 
after treatment. The dusts’ effect on 
spiders was similar to that on 

Populations of white- 
backed planthoppers 
(WBPH) and predators 
in fields treated with 
2% MTMC + 2% phen- 
thoate dust. Telok 
Chengai, Malaysia, 1979 

C. lividipennis. 

dust on 16 June 1979, 20 hills were 
In another experiment with 2% MIPC 

examined visually; the results were 
similar to those of the earlier 
experiments. 

Relative attraction of rice hoppers and 
their common predators to different light 
sources 

G. S. Lim and Md. Jusoh, Malaysian 
Agricultural Research and Development 
Institute (MARDI), Serdang, Selangor, 
Malaysia 

In Malaysia, light traps attracted 
particularly high populations of rice 
leafhoppers and planthoppers during 
massive hopper outbreaks in 1967 in 
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Trengganu, in 1977 in Tanjong Karang, 
and in 1979 in Kedah. As many as 
92.16 million brown planthoppers (BPH) 
may be caught by 15 fluorescent lamp 
traps between 1900 and 2330 hours. 
Subsequent studies showed that intensive 
light trapping rapidly destroyed large 
BPH populations in an outbreak; as many 
as 141 BPH/hill may be removed by 
1 trap/0.4-ha area. Because increased 
trapping efficiency could remove more 
BPH, the relative attractiveness of 
different light sources was studied. 

Four sources of light were compared — 
a 25-watt black light, a 25-watt 
fluorescent light, a 60-watt tungsten 
light, and light from a kerosene pressure 
lamp (Butterfly) operating at maximum 
pressure. The traps were set 1.8 m above 
the ground and at least 228.5 m apart. 
They were set up simultaneously for 3 
nights (24, 27, and 28 Feb 1978) from 
1800 to 2200 hours. 

Black light had the greatest attraction. 
Based on the overall catch per source, the 
catch efficiency of black light was about 



Catches of rice leafhoppers and their common predators by light traps of different light sources. B = black light, F = fluorescent light, T = tungsten light, 
K = kerosene pressure lamp. 

Catches of rice hoppers and their common predators by light traps of different light sources. 

Black light (25 W) 
Fluorescent light (25 W) 
Tungsten light (60 W) 
Kerosene pressure lamp 

88.8 
2.1 
1.3 
7.8 

66.4 
17.8 

6.1 
9.7 

77.9 
7.3 

10.3 
4.5 

89.3 
6.9 
1.9 
1.9 

74.2 
19.4 

1.9 
4.5 

Catches (%) 
Nilaparvata Sogatella Nephotettix spp. Cyrtorhinus Paederus Casnoidea Light source 

lugens furcifera lividipennis fuscipes interstitialis 

74.2 
16.7 
2.6 
6.5 

9 times that of fluorescent light, 20 
times that of the kerosene pressure 
lamp, and 24 times that of tungsten light 
(see figure). The catches of the three 
other light sources were not significantly 
different (P>0.05). The trend was the 
same for insect species studied 
individually. 

Black light attracted more than 74% 
of each of the insect species studied 
except Nephotettix spp., and 89.3% of 
the predator Paederus fuscipes (see table). 
Among the three other light sources, the 
fluorescent light caught the most 
insects. But the catch was always lower 
than 20% of the total catch of each 
species. 

tremendously increase light-trap 
Although the use of black light can 

efficiency in rice fields, it has some 
practical limitations at the farm level. 
The most notable is the need for electric 
current and the possible hazard to 
eyesight on close exposure. Nevertheless, 
black light deserves further study because 
of its high capacity to attract and, 

therefore, its potential usefulness in 
destroying massive pest populations 
during outbreaks. Its possible farm use 
to monitor insect species, prevent pest 
buildup, or remove huge populations of 
highly phototoxic insect pests should be 
studied. 

Feeding behavior of Dicladispa armigera 

K. Budhraja, R. R. Rawat, and O. P. 
Singh, Entomology Department, J. N. 
Agricultural University, Jabalpur, M. P., 
India 

A single Dicladispa armigera (Oliv.) grub 
was found to consume 20 to 410 
(av 132.4) mm 2 of rice leaf area in its 
lifetime. From 1 to 10 (av 4.7) larval 

mines/leaf were found. After emergence 
the adult beetles began to feed mostly at 
the apical parts of leaves and proceeded 
downward. The adult beetles produced 
parallel white membranous streaks by 
scraping the chlorophyll of leaves. The 
length of streaks ranged from 1 to 78 mm 
(av 7.6 mm). A single adult beetle 
consumed 6.2 to 54.5 (av 25.3) mm 2 of 
leaf area/day. The severely infested leaf 
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parts withered, dried, and ruptured along 
the streaks, causing a blighted appearance 

The feeding activity of adult beetles 
was recorded at 0900, 1200, and 1600 

hours on a clear, sunny day. Adult 
beetle feeding was maximum (44%) at 
0900; it was lowest (3%) at 1200 and 
intermediate (26.8%) at 1600 hours. 

Major insect pests of irrigated rice in the 
lower Amazon Basin 

Chao-yen Hsieh, entomologist, Instituto 
de Pesquisas IRI, Belem, Para, Brazil 

About 4,000 ha of irrigated rice producing 
2 crops/year is cultivated in the Jari 
estate on the northern side of the Amazon 
River, between the Paru and Jari Rivers. 
IR22 is commercially grown in the area. 
The first crop is planted in April–May 
and harvested in August–September, then 
the second crop is planted and harvested 
in December–January. Field operations 
are completely mechanized; large 
machinery and agricultural aircraft are 
used. 

The cultivated area has increased in 
the past few years and the double-cropping 
system has recently been adopted. 
Consequently, insect pests are becoming 
serious. Field surveys show that the 

major insect pests of irrigated rice are the 
fall armyworm Spodoptera frugiperda 
(Smith and Abb.), the brown semilooper 
Mocis latipes (Guen.), the rice water 
weevil Lissorhoptrus sp., and the stink 
bug Oebalus poecilus (Dall). These insect 
populations must be controlled if rice is 
to be grown profitably. The table shows 
pest occurrence in relation to the growth 
stage of the rice plant. 

Major insect pests of irrigated rice in the lower Amazon Basin, Brazil. 

Rice growth stage Major insect pests 
Damage 

1st crop 2d crop 

Seedling emergence to 
maximum tillering 

Panicle initiation to 
heading 

Heading to dough 

Spodoptera frugiperda 
Mocis latipes 
Lissorhoptrus sp. 

Mocis latipes 

Oebalus poecilus 

S. frugiperda 
– 

Lissorhoptrus 

– 

O. poecilus 

Leaf feeding 
Leaf feeding 
Leaf feeding (adults) 
and root pruning (larvae) 

Leaf feeding and head 
damage 

Grain sucking (nymphs 
and adults) 

Effects of granular insecticides on stem 
borers and their parasites and predators 

Vichai Khusakul, Raywat Pattarasudhi, 
and Petch-hatai Patirupanusorn, Division 
of Entomology and Zoology, Department 
of Agriculture, Bangkhen, Bangkok 9, 
Thailand 

Granular insecticide formulations tend to 
be effective for the control of rice stem 
borers and brown planthoppers in 
Thailand. 

An experiment was conducted at the 
Chainat Rice Experiment Station, 
Chainat province, to determine the 
effectiveness of granular insecticide 
formulations for stem borer control, their 
adverse effects on stem borer parasites 
and predators, and the expected 
monetary returns from treated vs check 
plots. 

Three granular insecticides — lindane 
6% G, chlorfenvinphos 10%, carbofuran 
3% G — were tested on variety RD1, 
which is susceptible to stem borers. They 
were applied at 1 kg a.i./ha 20, 40, and 
60 days after transplanting. 

replications was used, with insecticide 
rates as the main plot and insecticide as 
subplots. A cornpound fertilizer of 

A split-plot design with three 
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Table 1. Effects of granular insecticides applied at 1 kg a.i./ha 20, 40, and 60 days after 
transplanting (DT) on stem borers, and that on predators and parasites. Chainat, Thailand, 1976. 

Treatment 
Effect of insecticide 

20 DT 40 DT 60 DT 

Lindane 
Chlorfenvinphos 
Carbofuran 
Check 

LSD 0.05 
C.V. 

Lindane 
Chlorfenvinphos 
Carbofuran 
Check 

LSD 0.05 
C.V. 

Lindane 
Chlorfenvinphos 
Carbofuran 
Check 

LSD 0.07 
C.V. 

2.50 
3.33 
0.50 
7.67 

NS 
57.0% 

6.17 
9.83 
4.8 3 

15.17 

0.85 
23.8% 

4.67 
5.33 
6.17 
8.50 

0.5 3 
17.5% 

Stem borers a 

28.50 
22.00 

7.50 
41.83 

1.37 
23.2% 

Predators b 

63.83 
43.83 
12.83 
56.00 

1.00 
12.6% 

Parasites c 

2.50 
4.83 
3.67 
6.83 

NS 
2 7.0% 

92.33 
32.00 

7.50 
17.00 

1.71 
19.1% 

69.83 
38.17 

6.33 
85.67 

1.09 
13.3% 

3.17 
6.00 
2.67 
6.50 

NS 
29.2% 

a Stem borer infestation based on % dead hearts. The predominant species of stem borer were Chilo 
suppressalis (Walker) and Chilo polychrysus (Meyrick). b No./10 sweeps of sweeping net 42 cm in 
diam. The predators were Tetragnatha spp., Oxyopes spp., Cyrtorhinus lividipennis (Reuter), 
Lycosa pseudoannulata, and damselflies. c No./l0 sweeps of sweeping net 42 cm in diam. The 
parasites were Telenomus spp., Apanteles spp., Tetrastichus spp., Elasmus spp., and Tropobracon 
spp. 



Table 2. Rice yield and monetary value in the plots treated with granular insecticides at 1 kg a.i./ha. 
Chainat, Thailand. 

Rice yield Income a Cost of 
insecticide 

($/ha) 
Insecticide 

Profit b 

(t/ha) ($/ha) ($/ha) 

Carbofuran 
Chlorfenvinphos 
Lindane 
Check 

6.26 
5.44 
3.5 3 
3.38 

78 3 
680 
441 
42 3 

94 
127 

11 

689 
553 
408 
42 3 

a Value of rice based on price of rice at $125/t. b Value of crop (income) minus cost of insecticide 
and application. 

16-20-0 NPK was applied at 375 kg/ha, 
split into 3 applications. 

Carbofuran was the most effective 
insecticide against the stem borer and 
lindane the least effective (Table 1). The 
insecticides did not affect the number of 

parasites but carbofuran severely 
reduced the predator population. The 
net increase from supplying carbofuran 
was about 61% more than from the 
untreated check (Table 2). 

Soil and crop management 
Effect of seed, seedbed, and main field 
treatments on the yield of ADT31 and 
IR20 

S. Rajagopalan, V. G. Palaniyandi, and 
A. Muthusankaranarayanan, Paddy 
Experiment Station, Ambasamudram, 
Tamil Nadu, India 

Two experiments on seed, seedbed, root 
nutrient treatments, and main field 
manuring were carried out at 
Ambasamudram during 1977 and 1978 
kar (Jun-Sep). The 1977 experiment 

Table 1. Effect of seedbed and main field 
manuring on grain yield of 25-day-old IR20 
seedlings grown in a farmer's field, Paddy 

Nadu, India, 1977 kar. 
Experiment Station, Ambasamudram, Tamil 

Treatment Yield 
Seedbed a Main field b (t/ha) 

None 

Diammonium 
phosphate 

Diammonium 
phosphate 

None 

Diammonium 
phosphate 

None 

Recommended NK 
fertilizer (no phos- 
phorus) 

Recommended NPK 

4.0 

4.8 

4.9 

3.8 

4.7 

4.2 

CD = 0.3 
a Diamrnonium phosphate treatment: 2 kg/40 m 2 . 

examined the combined effect of seedbed 
and main field manuring on the yield of 
IR20 transplanted 25 days after sowing 
(DS) into a field with low phosphorus 

level. The 1978 experiment studied the 
combined effect of seed, seedbed, and 
root-dip nutrient treatments on the yield 
of the short-duration variety ADT31 
transplanted at both 25 and 40 DS. 

Seedbed manuring significantly 
affected the yield of IR20. The seedlings 
that received 2 kg diammonium 
phosphate/40 m2 in the seedbed had 
0.8 t/ha higher grain yield than the 
seedlings that did not (Table 1). 
Seedlings that received seedbed manuring 
but no phosphorus fertilizer in the main 
field yielded significantly more than the 
control (4.9 vs 3.8 t/ha) but about the 
same as the seedlings that received both 
seedbed manuring and main field 
phosphorus fertilizer application 
(4.7 t/ha). The finding suggests that 
seedlings treated with diammonium 
phosphate in the seedbed need no 
phosphate application in the main field. 

The grain yield of ADT3 1 was 
significantly affected by 1) the 
interaction between seedling age at 
transplanting and seedbed manuring, 
2) the interaction between seedling age 

Table 2. Effect of seedbed, sprouted seed, and root-dip nutrient treatment on grain yield of ADT31 
seedlings, Paddy Experiment Station, Ambasamudram, Tamil Nadu, India, 1977 kar. 

Grain yield (t/ha) 

at transplanting Diammonium phosphate treatment a Seedling age 

(days after 
sowing) 

2 kg/40 m 2 3% soln 4% 3% 

Root-dip treatment b 

to to sprouted None manganese zinc None 
seedbed seed sulfate soln sulfate soln 

5.8 
5.4 

25 
40 

6.1 
5.4 

5.7 
4.9 

5.2 
5.1 

5.6 
4.6 

5.5 
5.4 

ab CD = 0.2 

Table 3. Effect of seed and seedbed treatment on grain yield of 25-day-old ADT31 seedlings, Paddy 
Experiment Station, Ambasamudram, Tamil Nadu, India, 1978 kar. 

Treatment Grain yield 
Seed Seedbed Sprouted seed (t/ha) 

1% potassium chloride soln 

1% potassium chloride soln 

1% potassium chloride soln 

2 kg diammonium 
phosphate/40 m 2 

2 kg diammonium 
phosphate/40 m 2 

3% diammonium 
phosphate soln 

3% diammonium 
phosphate soln 

5.1 

6.4 

5.9 

5.9 

5.6 

Control 5.3 

CD = 0.3 
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at transplanting and root dipping, and 
3) the combined effect of seedling age 
and seed and seedbed nutrient 
treatments. 

Of the ADT31 seedlings transplanted 
at 25 DS, those that received 2 kg 
diammonium phosphate/40 m 2 in the 
seedbed yielded 6.1 t/ha (Table 2). 
Those that were treated with 3% 
diammonium phosphate solution at seed 
sprouting yielded 0.5 t/ha more than 
those that were not. Of the seedlings 
transplanted at 40 days old, those that 
received a seedbed application of 
diammonium phosphate yielded 0.3 t/ha 

higher than those that did not; those 
that were treated with diammonium 
phosphate at seed sprouting yielded 
0.2 t/ha less than those that were not. 

The application of diammonium 
phosphate to the seedbed or to the 
sprouted seed may be desirable for 
increasing the yields of 25-day-old 
seedlings. When the roots of such 
seedlings were previously dipped in 4% 
manganese sulfate solution, the yield 
was significantly higher than that of the 
control, but almost the same as that of 
the seedlings whose roots had been 
dipped in 3% zinc sulfate solution. In 

seedlings transplanted at 40 DS, root 
dipping in zinc sulfate adversely affected 
grain yield. 

The 25-day-old seedlings that received 
both potassium chloride seed treatment 
and diammonium phosphate treatment 
of the sprouted seed yielded the same as 
the seedlings that received diammonium 
phosphate seedbed treatment alone 
(Table 3). The best combination was 
seed treatment with 1% potassium 
chloride solution, seedbed manuring 
with diammonium phosphate, and 
transplanting at 25 DS. 

Straw as a source of nutrients for wetland 
rice 

F. N. Ponnamperuma, principal soil 
chemist; R. U. Castro, assistant scientist; 
and A. B. Capati, research assistant, Soil 
Chemistry Department, IRRI 

Rice straw is a natural source of plant 
nutrients. It contains about 0.6% 
nitrogen, 0.1% phosphorus, 3% 
potassium, 8% silicon, and several 
micronutrients. The common Southeast 
Asian practice of burning the straw at 
threshing sites in the field sends up in 
smoke almost all the nitrogen and 
renders spotty the distribution of other 
elements. If the straw is incorporated 
into the soil, about 30 kg N/ha, 6 kg P/ha. 
and 150 kg K/ha, and 400 kg Si/ha will 
be returned to the soil evenly each 
season. Besides, the added organic 
matter should encourage nitrogen 
fixation by anaerobic bacteria. Because 
no information on the long-term effects 
of straw on nutrient balance in soils and 
the growth of rice in the tropics was 
available, two field experiments on 
Maahas clay (pH: 6.4, O.M.: 3.3%, total 
N: 0.130%, exchangeable K: 
1.05 meq/100 g, Olsen P: 5.5 ppm) were 
started in 1972 at IRRI. 

In one experiment we compared the 
long-term effects of four straw 
management practices — removal, 
burning in situ, plowing in, and application 
as compost — on the nutrient content of 
the soil and growth of wetland rice. The 
results are in Table 1. 

Compared with straw removal, straw 
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incorporation caused significant increases 
of 0.47% organic matter, 0.023% 
nitrogen, 3.9 ppm available phosphorus, 
and 0.26 meq/100 g of exchangeable 
potassium. The accumulated nutrients 

amounted to 38 kg N, 0.7 kg available P, 
and 17 kg exchangeable K/ha per season. 

In a parallel experiment on Maahas 
clay, we studied the influence of straw 
incorporation under four water regimes. 

Table 1. Effects of 4 straw treatments on the nutrient status of Maahas clay after the 12th cropping 
season. a 

Straw treatment pH 
Organic Total N Olsen P Exchange- 
matter 

(%) able K 
(%) 

(ppm) 
(meq/100 g) 

Removed 
Burned 
Plowed in 
Applied as compost 

6.2 a 
6.2 a 
5.9 a 
6.2 a 

3.26 b 
3.17 b 
3.13 a 
4.01 a 

.187 b 

.187 b 

.210 a 

.211 a 

11.6 c 
13.4 bc 
15.5 b 
27.6 a 

1.19 c 
1.35 ab 
1.45 a 
1.27 bc 

a In each column, any two means followed by a common letter are not significantly different at the 
5% level. 

Table 2. Effects of straw incorporation on the nutrient status of Maahas clay under 3 water regimes 
after the 12th cropping season. 

Difference between straw and no-straw treatments 

Water regime Organic 
matter pH 

Total Olsen p Exchange- 
(%) able K 

(%) (ppm) (meq/100 g) 

Dry fallow 
Dry fallow with msd a 

Flood fallow 
Mean 

–0.3 * 
–0.2 ns 
–0.3 * 
–0.2 * 

0.38 * 
0.60** 
0.52* 
0.50** 

0.02 1 * 
0.020ns 
0.029* 
0.023** 

1.8* 
2.3* 
1.1ns 
1.7** 

0.20* 
0.10ns 
0.20 
0.17* 

a Midseason drying. * = significant at the 5% level. = nearly significant at the 5% level. ** = signi- 
ficant at the 1% level. ns = nonsignificant. 

Table 3. Effects of straw incorporation on the nutrient content of 3 soils and the yield of the 6th 
rice crop on them. 

Increase due to straw incorporation a 

Soil Organic matter Total N Olsen P Exchangeable K Yield % 
(%) (%) (ppm) (meq/l00 g) (g/drum) 

Luisiana clay 
Maahas clay 
Pila clay loam 

Mean 

0.34** 
0.08 ns 
0.25 * 
0.22 * * 

0.013* 
0.008 ns 
0.023** 
0.0 15 ** 

1.0 ns 
0.7 ns 
3.0** 
1.6* 

0.102** 
0.183** 
0.128** 
0.138** 

51* 
40 ns 
50* 
47* 

35 
29 
45 
36 

a Significant at the 5% (*) and 1% (**) levels. ns = nonsignificant. 



The results are in Table 2. 

incorporation, averaged for the three 
water regimes, was as follows: 

Nutrient accumulation due to straw 

Nutrient kg/ha per season 

Total N 38 
Available P 3 
Exchangeable K 11 

In 2 parallel 6-year-long field 
experiments, incorporation of straw 
produced in situ gave the identical value 
of 38 kg/ha per season for nitrogen 
added. Although the content of nitrogen, 
phosphorus, and potassium increased, 
yield was low with or without straw 
incorporation and the benefit of straw 
incorporation small because of zinc 

deficiency and boron toxicity induced 
by bad irrigation water. 

To ascertain whether comparable 
amounts of nutrients were added in 
other soils, the effect of straw 
incorporation at 5 t/ha on the nutrient 
status of three soils was studied outdoors 
in 200-liter steel drums. The soils were 
Luisiana clay (pH: 6.7, total N: 0.154%), 
Maahas clay (pH: 7.1, total N: 0.130%), 
and Pila clay loam (pH: 7.7, total N: 
0.109%). 

Nitrogen accretion varied with the 
soil: it was highest in Pila clay loam and 
least in Maahas clay. In all three soils 
straw incorporation significantly 
increased grain yield (Table 3). The 
increase in nutrient content on a hectare 
basis was as follows: 

Increase (kg/ha per season) 

Total N Avail- Exchange- Clay 
able P able K 

Luisiana clay 
Maahas clay 
Pila clay loam 

Mean 

43 
26 
77 
49 

0.3 
0.2 
1.0 
0.5 

13 
24 
17 
18 

Incorporation of straw brought about 
an increase of 38 kg nitrogen and about 
14 kg/ha per season of exchangeable 
potassium in two field experiments on 
Maahas clay. The corresponding 
increases averaged for three soils in a 
drum study were 49 kg N and 18 kg K. 

Incorporating straw increases the 
natural supply of nutrients in wetland 
rice soils. 

Efficient use of fertilizer nitrogen in 
wetland rice under poor water 
management 

M. Narayana Reddy, Jr., and J. E. Shinde, 
Sr., soil scientists, All India Coordinated 
Rice Improvement Project, 
Rajendranagar, Hyderabad 500030, India 

A split application of nitrogen sometimes 
increases fertilizer efficiency and yields 
of wetland rice more than does a single 
basal application. But the efficiency of 
split-applied nitrogen depends on water 
management. Water-management 
constraints in farmers' fields include 
field-to-field irrigation, lack of drainage 
facilities, and over irrigation prompted 
by irregular water supply. Therefore the 
practice of split nitrogen application was 
evaluated under both controlled and 
uncontrolled irrigation in the 1978 wet 
season in five villages under the 
Operational Research Project, 
Miryalguda, Andhra Pradesh. The soil was 
a red sandy loam with pH 7.8-8.0 and 
0.52-0.86% organic matter. Controlled 
irrigation (CI) involved submergence at 
2- to 5-cm level through separate 
channels, drainage before topdressing of 
nitrogen, and reflooding. Uncontrolled 
irrigation (UI) practices were the 
farmers’ normal heavy application of 
irrigation water (submergence level 
varying from 5 to 20 cm), field-to-field 
irrigation, and topdressing of nitrogen on 

Effect of water management on grain yield and efficiency of urea-nitrogen applied at 100 kg N/ha. 
Mean of 5 experimental sites in a farmer’s field. Andhra Pradesh, India, 1978 wet season. a 

Yield 
Treatment (t/ha) 

Yield response Recovery of fertilizer 
(kg grain/kg N in grain + straw (%) 
fertilizer N) (Differential method) 
CI UI CI UI CI b UI b 

Control, no N 
Urea, 3 splits 
NC-urea, 3 splits 
NC-urea, all basal 

LSD (0.05) 
CV (%) 

3.6 
6.0 
6.0 
6.7 

3.1 
4.4 
4.9 
5.6 

0.66 
10.00 

23.2 
23.0 
30.7 

– 

7.80 
16.50 

13.4 
18.2 
25.1 

– – 
40.3 
29.4 
65.9 

21.9 
24.7 
46.5 

– 

9.08 
18.05 

a NC-urea = urea blended with neem cake (residue of Azadirachta indica seed after oil extraction) at 
30% by weight of urea using coal tar solution. Split application = 25% basal with incorporation, 50% 
topdressed at active tillering stage and 25% at panicle initiation. 
b CI = controlled irrigation, UI = uncontrolled irrigation. 

floodwater with no previous drainage. 
All treatments required careful water 

management for best results (see table). 
Yields decreased about 26% when split 

application of ordinary urea was 
associated with the farmers' poor 
management of irrigation water. 

Despite poor water management, basal 
application of neem cake-blended urea 
gave yields, yield responses, and crop 
recovery of added nitrogen equal to 
those of split application of ordinary 
urea under ideal conditions. 

Effect of seedling age and number per 
hill on grain yield of rice varieties 

G. L. Sharma, R. C. Gautarne, and P. S. 
Bisht, Agronomy Department, C. B. Pant 
University of Agriculture and Technology, 
Puntnagar, India 

Seedlings of rice varieties Pusa 2-21 and 
Jaya were transplanted al 20, 40, and 
60 days after seeding to study the extent 
of yield reduction when transplanting 

is delayed. To compensate for yield 
reduction 2, 4, or 6 seedlings/hill were 
transplanted. The experiment used a 
randomized block design with four 
replications. The crop was sown in wet 
nursery beds at the Crop Research 
Center, Pantnagar on 16 June in the 
1977-78 wet season. 

When older seedlings of short-duration 
Pusa 2-21 were transplanted, yield 
reduction was consistent regardless of 
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Effect of age (20, 40, 60 days) and number of seedlings per hill on grain yield of rice varieties, 1977 
wet season, Pantnagar, India. 

Seedlings 
(no./hill) 

Yield (t/ha) 
Jaya Pusa 2-21 

20 d 40 d 60 d 20 d 40 d 60 d 

2 
4 
6 

6.8 
7.5 
7.4 

6.5 
5.7 
6.6 

4.9 
5.7 
5.0 

7.3 
7.3 
7.4 

4.6 
5.2 
5.4 

6.0 
6.2 
6.7 

Standard Coefficient Coefficient 
Source of variation deviation of variation of difference 

of mean (±) (%) at 5% 

Variety 
Seedling age 
Seedlings/hill 
Variety × age × seedlings/hill 

interaction 

0.3 
0.4 
0.4 

1.0 

seedling number. The yield increased 
when the number of seedlings from the 
same age group rose from 2 to 6/hill (see 
table). The magnitude of yield reduction 
due to overaged seedlings was low for the 
medium-duration Jaya. The yield 

19 
1.1 
1.1 

2.7 

increased with 2 and 4 seedlings of the 
same age group per hill, and 6 seedlings/ 
hill for 40-day-old seedlings. The 
difference was probably due to a 
buildup in the insect population in a 
few plots. 

Reduction of nursery area in wet 
cultivation of rice 

S. Rajagopalan, V. G. Palaniyandi, and 
A. Muthusankaranarayanan, Paddy 
Experiment Station, Ambasamudram, 
Tamil Nadu, India 

A study was conducted at Ambasamudram 
to determine the minimum area required 
for a seedbed and the optimum seeding 
rate. 

Seedlings from the nursery seeded at 
3, 6, and 9 kg/40 m 2 were healthier and 
stronger than those seeded at 12 kg/40 m 2 . 
The seedlings seeded at 3 kg/40 m 2 were 
taller than those seeded at the other 
rates. The number of leaves that each 
seedling produced did not differ among 

the various treatments (see table). 
When the seed rate was increased from 

3 to 6 kg/40 m 2 , the number of seedlings 
per unit area proportionally increased. 
When the seed rate was increased to 9 
and 12 kg/40 m 2 the increase in the 
number of seedlings was not proportional. 
That might be attributable to the high 
mortality of seedlings at higher seed 
rates. 

The seedlings from the nursery seeded 
at 6 kg/40 m 2 , when spaced at 20 × 10 cm, 
covered twice the main field area covered 
by the seedlings seeded at 3 kg/40 m 2 . 
Increasing the seeding rate to 9 and 
12 kg/40 m 2 did not result in a 
proportional increase in the main field 
area covered. 

Effect of nursery seeding rate on rice seedlings and wet cultivation of rice, Paddy Experiment 
Station, Tamil Nadu, India. 

Seedbed 
Seeding Seedling ht Leaves 

Area (m 2 ) 
required to Transplanting Grain 

(no./ transplant rate yield 

with seedlings 1 ha main (kg/ha) (t/ha) 

Seedlings covered in the 
rate (cm) 

seedling) 
(no./m 2 ) main field 

(kg/40 m 2 ) 
field (m 2 ) 

3 
6 
9 

12 

30 
23 
22 
22 

4 
4 
4 
4 

320 1 
6024 
6816 
8027 

21 
40 
45 
53 

480 
252 
224 
188 

36 
38 
51 
57 

6.2 
5.6 
5.2 
4.9 

C.D.: 0.4 

However, the yield of seedlings seeded 
at 6 kg/40 m 2 was lower (5.6 t/ha) than 
that of seedlings seeded at 3 kg/40 m 2 

(6.2 t/ha) (see table). Because yield was 
the ultimate deciding factor, the nursery 
seeded at 3 kg/40 m 2 was the most 
economically advantageous. 

Response of transplanted rice to zinc 
application in Gangetic alluvial soils 

K. Prem Kumar, M. S. Raju, and P. J. R. 
Reddy, Faculty of Agriculture, Banaras 
Hindu University (BHU), Varanasi 
221005, India 

Improved rice varieties planted in alluvial 
soils often show symptoms of zinc 
deficiency, particularly during early 
growth. Zinc deficiency is usually 
corrected by applying zinc to the soil or 
as a foliar spray. Therefore, to determine 
the importance of zinc application to 
rice production, an experiment was 
conducted with and without zinc. The 
zinc was applied at a rate of 16 kg/ha as 
soil application and 5 kg/ha as a foliar 
spray in kharif 1976 at the BHU Research 
Farm. The soil is medium-textured with 
a pH of 7.3. 

Zinc as zinc sulfate was incorporated 
into the soil at final puddling; it was also 
sprayed at the tillering and booting 
growth stages. The effects of the two 
methods of zinc application on plant 
height, straw yield, and grain yield 
components were compared. 

The experiment showed that 
alluvial soils are deficient in available 
zinc. Zinc application increased grain 
and straw yield significantly. Foliar- 
sprayed zinc increased yield by 17.2%; 
it also increased straw yield and 100-grain 
weight. Both soil and foliar application 
of zinc significantly affected plant height 
and number of grains per panicle. 

Nitrogen management at moderate levels 
of nitrogen in lowland rice 

G. L. Sharma, R. C. Gautam, and P. S. 
Bisht, Department of Agronomy, G. B. 
Pant University of Agriculture & 
Technology, Pantnagar, India 

A field experiment on nitrogen 
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management was conducted with 
transplanted Jaya rice on Tarai soil in 
the lowlands of Uttar Pradesh, India, 
during the 1977-78 wet season. Total 
nitrogen used was 60 kg/ha as ordinary 
urea, sulfur-coated urea (SCU), urea- 
enriched farmyard manure (FYM), urea 
incubated with soil, and pellet 
application of urea incubated with soil. 
Single superphosphate and muriate of 
potash at 40 kg P 2 O 5 /ha and 25 kg K 2 O/ 
ha were basally applied to all plots. 

Differences in grain yield due to 
source and timing of N application were 
significant. Nitrogen use was most 
efficient with SCU broadcast as a single 
application and incorporated into the 
soil before transplanting (see table). 

Effect of timing of application and source of nitrogen (N) on grain yield of rice. Pantnagar, India. 

N application (kg/ha) Grain yield (t/ha) 
Planting Early tillering Late tillering Panicle initiation 

0 
60 
15 

0 
0 

30 a 

30 b 

60 c 

30 c 

30 d 

0 
0 

15 
30 
20 
15 a 

15 b 

0 
15 
15 d 

0 
0 

15 
0 

20 
0 
0 
0 
0 
0 

0 
0 

15 
30 
20 

15 b 

0 
15 

15 a 

15 d 

4.9 
6.4 
6.9 
6.4 
6.5 
6.5 
6.4 
7.1 
7.0 
6.3 

S.E m ± 0.2 
CD at 5% 0.6 
CV (%) 7 

a Urea incubated with soil. b Pellet application of urea incubated with soil. c Sulfur-coated urea. 
d Urea-enriched farmyard manure. 

Fertilizer and weed management of aus 
rice in Bangladesh 

M. Zahidul Hoque and Raisuddin 
Akanda, Division of Rice Cropping 
Systems, Bangladesh Rice Research 
Institute (BRRZ), Joydebpur, Dacca, 
Bangladesh 

Inadequate weed and fertilizer manage- 
ment hampers aus (monsoon) rice 
production in Bangladesh. 

A 1979 experiment in the BRRI 

project area used the improved variety 
Chandina under farmer conditions to 
determine: 1) the yield gap between the 
potential and the farmer’s actual yields, 
2) the effectiveness of nitrogen, sulfur, 
and weed control on yield, and 3) the 
economics of alternative practices. The 
design was complete factorial in a 
randomized complete block, with three 
applications, each with nitrogen, sulfur, 
and weed control. The crops were grown 
with supplementary irrigation. 

Yield with the farmer’s practices 
(2.6 t/ha) and potential yield (4.3 t/ha) 
showed a gap of 1.7 t/ha (see table). 
The use of nitrogen, sulfur, and weed 
control bridged the gap by 0.7, 0.6, and 
0.7 t/ha, respectively. The change 
brought in a net income of US$415/ha. 
The benefit-cost ratio for the extra 
investment ranged from 5.3 to 16.4, 
depending on the treatment combina- 
tions. 

Agroeconomics of nitrogen, sulfur, and weed management over farmer’s levels in BRRI cropping systems research site at Salna, Bangladesh, 1979 aus. 
Treatment a Yield Value of Cost of

f 

Added profit 
Av yield difference from yield over farmer’s Benefit-cost 

Sulfur Nitrogen Weeding (t/ha) farmers’ leve l difference H inputs treatment 
(US$/ha) 

ratio 
frequency (kg/ha) (US$/ha) 

F(54 kg/ha) F(0) F(zero) 2.6 
F F H(3) 3.0 
F H(34 kg/ha) F 3.1 
F H H 3.2 

H(80 kg/ha) F F 3.1 
H F H 3.3 
H H F 4.1 
H H H 4.3 

a F = farmer’s level of management (traditional system), H = improved management (improved variety). 

40 1 
440 
5 32 
45 3 
68 6 

1419 
1669 

– 
106.93 
117.33 
141.86 
120.80 
182.93 
378.40 
445.06 

– – 
7.87 

14.53 
22.40 

7.20 
15.07 
21.73 
29.60 

99.06 
102.80 
119.47 
113.60 
167.87 
356.67 
415.47 

– 
12.6 

7.1 
5.3 

15.8 
11.1 
16.4 
14.0 

– 

Modified urea materials and nitrogen 
efficiency in wetland rice 

M. A. Singlachar, rice agronomist, Y. S. 
Veeraraja Urs, junior agronomist, and 
A. M. Sudhakar, research assistant, 
University of Agricultural Sciences, 
Regional Research Station, V. C. Farm, 
Mandya, Karnataka 571 405, India 

The growth and yield of wetland rice 

depend on the availability and use of 
nitrogen at the various physiological 
stages of the crop. Split application, 
placement, and controlled release are 
the three major approaches to increasing 
nitrogen efficiency in wetland rice. Five 
seasons of experimentation at Mandya 
have shown that the basal application of 
nitrogen in mudballs, paper capsules, and 

as supergranules and sulfur-coated urea 
is superior to split application. 

In a replicated trial conducted in the 
summer of 1979 under the All India 
Coordinated Rice Improvement Project 
(AICRIP), basal application of several 
modified urea materials was compared 
with basal and split applications of prilled 
urea. Granulated compost and super- 
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Effect of sources and timing of nitrogen application on the grain yield of rice variety Rasi (IET 
1444). Mandya, India, 1979 summer. 

Treatments a Yield Panicles Grains 1000-grain wt 
B – T – PI (t/ha) (no./m 2 ) (no./m 2 x 100) (g) 

0 – 0 – 0 
60 – 0 – 0 
30 – 0 – 30 
30 – 30 – 0 

0 – 30 – 30 
60 nc 0 – 0 
60 fym 0 – 0 
60 SG1 0 – 0 
60 SG2 0 – 0 
60 GC 0 – 0 

CD (0.05): 

3 .0 
5.4 
4.6 
5.2 
3.4 
4.6 
3.1 
6.1 
5.6 
6.3 

0.7 

260 
342 
340 
332 
2 70 
302 
228 
373 
394 
413 

– 

161 
233 
217 
2 45 
204 
209 
163 
294 
298 
304 

– 

20 
22 
23 
21 
21 
20 
19 
20 
21 
22 
– 

a B = basal; T = tillering; PI = panicle initiation; nc = urea blended with neem cake; fym = farmyard 
manure enriched with urea; SG1 = supergranule (1-g size); SG2 = supergranule (2-g size); GC = 
granulated compost. 

granules gave the highest grain yields (see 
table). High panicle production and high 
grain number accounted for the increased 
yield. Urea blended with neem cake 
(using coal tar) and farmyard manure 

enriched with urea did not give superior 
performance. The lack of a clear 
response to split application could have 
been caused by the short growth duration 
(120 days) of the test variety. 

(44% N) 30 days after the second 
treatment (18 Jan 79). In the second 
experiment, cutting heights were 8, 13, 
and 18 cm above the ground, and a 
RCBD was replicated 4 times. The net 
plot size was a direct-seeded 2-m row. 
The main crop seeded on 30 June and 
managed with farmers' practices was cut 
on 23 December 1978 and topdressed 
with 50 kg urea/ha 30 days later. The 
third experiment, located at Balehonnur, 
repeated the 1977 experiment. 

The main crop seeded on 23 June 
1978 was cut on 9 December and the 
ratoon was topdressed 40 days later at 
40 kg urea/ha. The ratoon was harvested 
on 21 April 1979. The other practices 
followed were local ones. All 3 
experimental crops lost an estimated 35% 
to birds (there were no rice plots around 
the experiments). 

cutting height influenced grain yield 
(Table 1). A 5-day interval after harvest 

Neither the cutting time nor the 

Rice-based cropping systems yield differences because the main and 

Rice ratoon crop management in hilly 
regions of Karnataka, India 

T. G. Reddy, M. Mahadevappa, and K. R. 
Kulkarni, University of Agricultural 
Sciences, Bangalore 24, India 

Ratoon cropping might increase rice 
production without an increase in land 
area. Reports of good ratoon crop yields 
in the hilly regions of Karnataka and 
farmers' acceptance of ratoon cropping 
have encouraged researchers to evaluate 
the potential for increasing and stabilizing 
rice ratoon yields and to identify 
optimum management practices. A 
preliminary study on ratoon cropping 
was therefore undertaken in a farmer’s 
field. 

Two replicated experiments were 

conducted to determine the effect of 
cutting time and cutting height. A third 
experiment continued the yield 
performance study conducted in 1978. 
All studies were conducted with the 
stubble of the 1978 wet season harvest 
at Sringeri, Chikmaglore District, which 
is representative of the hilly rice region. 
In the first experiment cutting time was 
fixed at 35, 40, and 45 days after 50% 
flowering (40 days is the normal harvest 
time). The net plot size was 10 m 2 with 
3 replications in a randomized complete 
block design (RCBD). The main crop 
seeded on 30 June and cultivated with 
farmers’ practices was cut, leaving a 
stubble height of 13 cm on 13, 18, and 
23 December. The entire experimental 
area was topdressed with 50 kg urea/ha 

ratoon crops have long growth durations 
(171 and 130 days). Longer cutting 
intervals might cause significant 
differences. Similarly, the yield 
differences attributable to cutting 
height were not significant, but treat- 
ments differing by 10 cm or more might 
produce large differences. With the 
late-maturing variety Intan, minor 
differences in cutting time and height 
of the main crop appear to have no 
significant influence on yield. 

Table 1. Effects of cutting time after 50% flowering and cutting height of the main crop on the 
grain yield of the ratoon crop of variety Intan. 

50% flowering (t/ha) from ground (t/ha) 
Days after Grain yield a Cutting ht (cm) Grain yield b 

8 
13 
18 

30 
35 
40 

a CV: 13%. b CV: 21%. 

3.0 
3.1 
3.1 

2.8 
2.9 
2.6 

Table 2. Yield data of main (MC) and ratoon 
crops (RC) of Intan at Balehonnur, Karnataka, 
India, 1978–79, at different fertility levels. 

MC treatment Grain yield (t/ha) Yield of RC 

MC RC (% of MC) 

N 0 P 0 K 0 
N 40 P 0 K 0 
N 80 P 0 K 0 
N 120 P 0 K 0 
N 40 P 20 K 0 
N 80 P 40 K 0 
N 120 P 60 K 0 
N 40 P 20 K 20 
N 80 P 40 K 40 
N 120 P 60 K 60 
N 120 P 60 K 40 
N 120 P 60 K 40 + Zn 

Mean 

4.2 
5.2 
5.3 
5.9 
5.3 
5.7 
6.0 
5.4 
5.7 
5.7 
6.1 
6.2 
5.6 

2.1 
2.6 
2.1 
2.5 
2.7 
2.8 
2.9 
2.8 
2.8 
3.5 
3.4 
3.1 
2.8 

50 
50 
51 
42 
51 
49 
48 
52 
49 
61 
56 
50 
50 
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The ratoon crop yields in the third 
experiment were attractive: an average 
of 2.9 t/ha ranging from 50 to 60% of 

the main crop. But their yields were 
much lower than those of 1977–78. 
Bird damage contributed to the 

discrepancy to some extent. The factors 
that cause such high yield fluctuations 
should be further investigated. 

Announcements 
Training course on techniques in 
bioproductivity and photosynthesis 
offered in Yugoslavia 

A course of practical instruction in 
techniques used in bioproductivity and 
photosynthesis will be offered in 
Belgrade, Yugoslavia, 22 August – 
6 September 1980. The following topics 
will be covered: 

• biofuels and energy balances 
• field photosynthesis measurements 
• plant photosynthetic characteristics 
• carbon assimilation and metabolism 
• cell and chloroplast reactions, and 
• nitrogen metabolism. 
Sponsors of the course are the United 

Nations Environment Programme and the 
Maize Research Institute, Belgrade. 

Methods applicable to field and 

laboratory studies will be presented in a 
form suitable for young scientists 
(minimum qualifications, M.Sc. or 
equivalent) from developing countries. 
Instruction will be in English. 

the 5th International Congress on 
Photosynthesis in Kallithea, near 
Thessaloniki in northern Greece (close to 
Belgrade) from 7-13 September 1980 
(that program is relevant to the subject 
matter of the training course). 
Registration will be provided; travel and 
accommodation support will be 
negotiated. 

Applications are invited and should 
arrive by 1 May 1980. Applicants will 
not be considered unless the following 
information is provided: 1) a detailed 
curriculum vitae, 2) a brief description 

Participants will be expected to attend 

of present and future research and its 
relevance to the program, and 3) a letter 
of support from their supervisors (this is 
essential). 

Limited funds for travel and local 
accommodation will be available. 
Candidates are also urged to apply to 
national and international agencies for 
support. 

J. A. Berry, Stanford; J. Coombs, 
Reading; D. O. Hall, London; and 
Z. Vucinic, Belgrade. 

The organizing committee consists of 

Apply to: 
Coordinator, 
UNEP Study Group 
University of London King’s College 
68 Half Moon Lane 
London SE24 9JF, U.K. 

IRRI will release publication printing 
negatives 

The main purpose of IRRI publications 
is wide dissemination of information on 
rice research and production to scientists, 
educators, and extension specialists. 

To broaden that information 
dissemination, IRRI has initiated a new 
policy. We will provide duplicate printing 
negatives of selected lRRI publications 
to any agricultural developmental 
organization or publishing company in a 
developing nation that wishes to reprint 
IRRI volumes in that country. 

When IRRI publishes a book the vast 
majority of publication costs — editing, 
typesetting, artwork, layout, and 
design – are “captured” on the offset 
printing negatives. Local organizations 
can use duplicate negatives to print their 
own volumes of IRRI publications at a 
cost even much lower than direct 

purchase from IRRI. 
IRRI will release printing negatives 

under these conditions: 
1. IRRI will release negatives only to 

organizations in developing nations. 
2. No organization will sell the 

reprinted IRRl publications outside its 
own country. 

not be priced higher than the IRRI 
discounted price for developing nations 
(which represents only typesetting, 
negative, paper, and printing expenses). 

4. The requesting organization will 
not make changes or substitutions in the 
sets of negatives provided by IRRI. The 
contents of the local publications should 
be identical to the contents of the 
original IRRI volumes. with two 
exceptions: 

3. Reprinted IRRl publications should 

a. For the title page, IRRI will 
provide a new negative that includes 
the phrase This publication was 
reprinted with the permission of the 
International Rice Research Institute. 

b. For the cover, the requesting 
organization is free to either order 

duplicate IRRl printing negatives, or 
to design and print its own cover (but 
lRRI must be recognized on the cover 
as the originator of the volume). 
5. The requesting organization is free 

to determine the paper stock and printing 
process to be used. 

6. The requesting organization will 
reimburse IRRl for the negative 
reproduction costs, and for shipping 
charges (at 1979 prices, about US$300 
for a typical 200-page publication). 

The principle of the new printing 
policy is similar to that of the IRRI 
Farm Machinery Development Program; 
when IRRI engineers design a new farm 
machine, they release the blueprints – 
free — to qualified organizations or 
commercial firms in the developing 
nations that want to manufacture it. 

We hope that the new policy will 
increase the dissemination of rice 
information and lower its cost. It should 
save foreign exchange in the developing 
nations, and help build local capacity for 
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