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Genetic evaluation and utilization 
OVERALL PROGRESS 

RAU21-168-1-2, a promising rice 
variety for waterlogged areas of 
Bihar, India 

S. Saran, V. N. Sahai, and Sheela Ghosh, 
Rajendra Agricultural University. Bihar, and 
Agricultural Research Institute, Mithapur, 
Patna 1, India 

RAU21-168-1-2 is a derivative from the 
IR8/ BR14 cross. It was developed at 
the Agricultural Research Institute, 
Mithapur, Patna. BR14 is a deepwater 
variety with good elongation capacity 
and submergence tolerance. 

RAU21-168-1-2 was compared to 
BR8, the recommended rice variety for 
lowlands, in 15 variety trials in the 
waterlogged fields at 5 research stations 
in Bihar from 1976 to 1978. 

The tall-stature BR8 culture matures 
in 150-155 days in the field and is mod- 
erately resistant to bacterial blight. It 
has short bold grains and is weakly sen- 
sitive to photoperiod. 

In the variety trials, the mean yield of 
RAU21-168-1-2 ranged from 2.4 t/ha to 
4.3 t/ ha. Yields of BR8 ranged from 2.7 
t/ ha to 3.3 t/ ha. The percentage 

Guidelines and Style 
for 

IRRN Contributors 

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

Style 

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

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

or symbols used in a figure or table. 
• Define in footnotes or legends any abbreviations 

increase in mean yield of RAU21-168-1- 
2 over BR8 was 27%. 

In 120 minikit demonstrations, con- 
ducted in farmers’ fields all over Bihar 
during 1978, RAU21-168-1-2 gave 8% 
higher yields than BR8. RAU21-168-1-2 
also has shown tolerance for water- 
logging. It can withstand complete sub- 
mergence for 7-10 days in the post- 
tillering stage. 

Genetic divergence in indigenous 
varieties of rice grown in Mirzapur 
district, U.P., India 

Saro — were in cluster I. Cluster II 
comprised nine varieties: Sukhdas, Chu- 
ramani, Kesar, Badli, Ghhingi, Bish- 
nubhog, Deula, Ramras, and Lejura. 
Cluster III comprised 5 varieties: Sonk- 
harcha, Dato, Silhat, Sonachur, and 
Gajraj. Cluster IV comprised Jilhore, 
Sarekhani, Badshah Pasand, Karahani, 
and Meghnath. In cluster V were three 
varieties: Bhendkabra, Usha, and Shah- 
deia. Cluster VI had varieties Raikera 
and Bansi. The remaining three clusters 
— VII, VIII, and IX — had one variety 
each: Dhania, Jaii, and Karanga. In 
each case the intracluster distance was 
scored as “0.” 

R. S. Singh, Genetics and Plant Breeding Among these clusters having more 
Department, N. D. University of Agriculture than one entry, intracluster distance was 
and Technology, Kumarganj, Faizabad, lowest in cluster I and highest in cluster 
India IV. Clusters IX and I had the highest 

The genetic divergence was assessed on 
the basis of D 2 statistic as per Tocher’s 
method for 35 indigenous rice varieties 
that have long been grown in Mirzapur 
district. The varieties were grouped into 
nine clusters (see figure). 

Eight varieties — Sugarimohar, Bud- 
hiabanko, Adamchini, Basmati, 
Lawangchur, Motichur, Shyamjira, and 

intercluster distance between themselves, 
followed by clusters IX and II, and IX 
and IV. Intercluster distance was lowest 
between clusters IV and II, followed by 
IV and I. The remaining clusters had 
moderate intercluster distances. 
Karanga showed very high D 2 values 
with almost all the varieties, except with 
Sonkharcha and Silhat, against which it 
showed low D 2 values. D 2 values were 

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

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

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

measure, spell out the full name the first time of 
• When using abbreviiations other than for units of 

the abbreviation throughout the remaining text. For 
reference, with abbreviations in parenthesis, then use 

example: The efficiency of nitrogen (N) use was 
tested. Three levels of N were ... or Biotypes of the 
brown planthopper (BPH) differ within Asia. We 
studied the biotypes of BPH In .... 

numbers, even when the amount is less than 10. For 
• Express time. money and measurement in 

example: 8 years; 3 kg ha at 2-week intervals; 7%; 
4 hours. 

containing some numbers 10 or higher and some 
• Write out numbers below 10 except in a series 

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. 

example: Sixty insects were added to each cage: 

• Place the name or denotation of compounds or 

• The US dollar is the standard monetary unit for 

• Write out all numbers that start sentences. For 

Seventy-five percent of the yield increase is attributed 
to fertilizer use. 

Guidelines 

• Contributions to the IRRN should generally be 
based on results of research on rice or on cropping 
patterns involving rice. 

most data. 
• Appropriate statistical analyses are required for 

• 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). 

• Announcements of the release of’ new rice 
varieties are encouraged. 

• Use common — not trade — names for 
commercial chemicals and, when feasible. equipment. 

• Do not include references in IRRN 
contributions. 

• Pest surveys should be quantified with data, (% 
infection, degree of severity, etc.). 
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Rice tungro virus resistance in 
medium-duration prerelease 
cultivars 

S. Srinivasan, Paddy Experiment Station, 
Aduthurai-6l2101, Tamil Nadu, India 

Cultivars of all crops performing signifi- 
cantly better in yield and quality than 

the existing cultivars are tested in adap- 
tive trials in farmers’ fields before 
release. During 1980, medium-duration 
cultivars TNAU 15776-3, AD6380, and 
DPI 591 were evaluated with three 
standard ones — Ponni, IR20, and M. 
Boothy — at 12 sites in Thanjavur dis- 
trict, Tamil Nadu. 

Since its appearance in Thanjavur in 

Statistical distances in 35 indigenous varieties of rice, U.P., India. 

lowest for Budhiabanko and Sugarimo- tributor (77.8%) followed by days to 
har, followed by Sukhdas and maturity and days to heading. Plant 
Churamani. height and spikelets per panicle con- 

An examination of the percent con- tributed equally (1.8%) toward D 2 . 
tribution of each character to divergence Test weight contributed the least (0.5%) 
showed grain yield as the major con- to D 2 . 

GENETIC EVALUATION AND UTILIZATION 

Disease resistance 
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1978, tungro has been the primary dis- 
ease in rice cultivation. The medium- 
duration cultivars raised in adaptive 
trials in the district were evaluated for 
their relative resistance to rice tungro 
virus. With the 12 sites as replications, 
the data on the rice tungro virus were 
statistically scrutinized (see table). 

Mean incidence of rice tungro virus (RTV) at 
Thanjavur District, Tamil Nadu, India. 

Culture Parentage RTV (%) a 

AV TV 
DPI591 IR1712/IR1330 4.4 12.1 
AD6380 IR8/Co25 5.1 13.1 
M. Boothy Tg65/ME80 12.5 20.7 
Ponni TG65/ME80 13.8 21.8 
IR20 IR262/TKM6 65.4 54.0 

C.D. = (P = 0.05) 6.3 
TNAU15776-3 ASD5/IR20 89.1 70.7 

a AV = actual percentage of RTV worked out. 
TV = transformed value (angular value) for the 
actual percentage. 

DPI 591 and AD6380 recorded a very 
low tungro incidence of about 5%. That 
indicated their high field resistance to 
the disease. If released as new varieties, 
the two cultivars can be best utilized in 
the rice tungro problem areas. 

Resistance to bacterial blight 

V. Mariappan, Valluva Paridasan, and P. 
Durairaj, Coimbatore, India 

Rice cultivars were screened for resist- 
ance to bacterial blight disease. The 
plants were raised in pots containing 
wetland soil and in the field spaced 
20 × 10 cm. Fertilizers were applied at 
120-60-60 kg NPK/ ha. The plants were 
inoculated at three stages: seedling (20 
days), tillering (50 days), and boot-leaf. 
The disease severity was scored on a 
scale of 0-9. Many cultivars were rated 
susceptible; a few were moderately 
resistant. 

Interestingly, ASD5 was resistant, 
comparable with TKM5 until tillering 
IR22 and IR26 were moderately sus- 
ceptible and ASD5 was resistant in the 
tillering stage. But ASD5 became 
infected in the panicle-emergence stage. 
Progeny of ASDS — TNAU7124 and 
TNAU 15776 — also scored resistant 
until tillering and were moderately sus- 
ceptible in the boot-leaf stage. The con- 



Root knot nematode— Fusarium 
complex in rice under dryland con- 
ditions in Brazil 

A. S. Prabhu and I. P. Bedendo, National 
Center of Rice and Beans 
(EMBRA PA/ CNPAF), C. P. 179, 74000 
Goiania, Goias, Brazil 

A root disease complex is affecting rice 
in the savannas (cerrados) of the states 
of Goias, Mato Grosso do SUl, and 
Mato Grosso where dryland rice is 
extensively grown. 

The symptoms on the aboveground 
parts were retarded growth, reduced til- 
lering, and pale yellow leaves. The 
symptoms were evident about 25 days 
after planting and the difference in 
height between diseased and healthy 
plants increased with time. 

The affected farmers’ fields showed 
light yellow patches of plants exhibiting 
retarded growth, and some nutritional 
disorder was generally suspected. But 
when the plants were pulled out, a black 
discoloration was seen at the under- 
ground basal node where adventitious 
roots are initiated. This discoloration 
extended along the mesocotyl, but sel- 
dom to the adventitious roots. Exami- 
nation of transverse sections of the root 
at the underground basal node of the 
culm showed discoloration of vascular 
tissues. Death of the affected plants was, 

Evaluation of resistance to rice blast 
in observation plots of Bagua 

Rafael Olaya Viera, rice plant pathologist, 
Experimental Station Vista Florida, CIAG- 
Norte, Apdo. 116-Chiclayo, Peru 

Materials selected from rice blast infec- 
tion beds were tested for resistance to 
leaf blast (seedling stage) and neck blast 
(adult stage) in 20-m 2 observation plots 
in fields where the incidence of blast was 
high. Additional information was taken 

however, uncommon. 
Isolating more than 50 diseased plant 

samples from different fields yielded 2 
distinct species of Fusarium. Inoculation 
tests using diverse isolates showed that 
one of the two species was highly 

Reaction of rice varieties or cultures to bacterial blight disease. 
Disease severity scale a 

Variety or culture Seedling Tillering Boot-leaf 
Pots Field Pots Field Pots Field 

BJ1 0 0 0 0 0 0 
Sigadis 
TKM6 
ASD5 
IR22 
IR26 

TN 1 
Pankaj 

TNAU7124 (ASD5/IR22) 
TNAU15776 (IR20/ASD5) 

0 
1 
1 
1 
3 
1 
5 
1 
1 

ASDIS (IR22/IR26) 3 
a 0 = not affected, 9 = highly susceptible. 

0 0 
0 1 
0 1 
1 5 
1 5 
1 3 
5 7 
1 1 
1 1 
3 7 

0 
0 
1 
3 
5 
1 
7 
1 
1 
1 

1 
1 
5 
5 
5 
3 
7 
5 
5 
7 

0 
1 
5 
5 
5 
3 
7 
3 
3 
7 

tribution of resistance by IR22 and the tillering stage to the bacterium 
IR20 in those two cultivars appears strain that causes severe damage to 
insufficient. ASDl5 (IR22/IR26) is also most of the improved rice varieties 
susceptible (see table). that are known to be bacterial blight 

ASD5 has potential resistance until resistant. 

pathogenic. The identification of the 
pathogenic species is under way. 

The incidence of root knot nematode 
caused by Meloidogyne javanica was 
observed after 75 days of crop growth in 
the experimental plots at the National 
Center of Rice and Beans, as well as in 
some of the farmers’ fields affected with 
Fusarium. 

Preliminary evaluation of the field 
incidence in 12 dryland rice cultivars, 
each grown in plots of 900 m 2 , showed 
significant differences in the percentage 
of plants affected by root infection 
caused by Fusarium, root knot nema- 
tode, and both root knot and Fusarium 
(see table). While the plants showing 
galls and egg masses on the roots incited 
by M. javanica had no symptom on the 
aerial parts, the plants affected with 
Fusarium infection singly or in combi- 
nation with root knot nematode were 
retarded in growth and had few tillers. 

The root disease complex was com- 
monly found in the second and third 
year of successive rice cultivations in 
savannas or in fields where rice is grown 
in rotation with pasture. 

Incidence of Meloidogyne javanica and Fusarium sp. in 12 rice cultivars under upland conditions in 
Brazil. 

Total 

Pratao Precoce (standard) 518 93.71 35.99 
Dourado Precoce 402 81.79** 3.49** 
IAC 25 303 66.78** 27.31 

Medium duration 

Cultivar Infected plants a (%) 
number of 

plants Fusarium sp. M. javanica 

Early maturing 

IAC 47 (standard) 365 69.86 43.12 
Pratao 
IAC 1246 

434 56.32** 
385 53.18** 38.46 

Iguape Redondo 428 46.91** 
Fernandes 

44.49 
294 43.21** 38.67 

Amarelao 270 37.23** 
IAC 5544 

62.20** 

IRAT 13 
312 32.27** 
261 

48.27 
31.62** 

Bico Ganga 
55.77 

305 29.72** 33.66 

40.38 

a Data presented include combined infection of Fusarium and Meloidogyne. Mean percentages marked 
with asterisks are significantly different from the standard checks as judged by t-test at the 1% level of 
probability. 
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to identify good sources of resistance. 
This report covers material tested in 

the Experimental Sub-Station 
Huarangopampa-Bagua (5° 35’ lat. S., 
78° 30’ long. W) in 1978, 1979 and 1980. 
Of the 17 lines and varieties chosen for 
each test, 10 were selected from trials in 
Bagua, Yurimaguas, and Tingo Maria 
from 1968 through 1978 and the remain- 
ing 7 were obtained from IRBN-75, 
which was tested during 1976 and 1977 
in the same 3 sites. 

Low natural infection at the seedling 
stage prevented clear differentiation of 
the materials for resistance to leaf blast. 
The severity of the blast attacks at the 
panicle stage, however, (26% in Minabir 
2 in 1978 and 70% in Fanny in 1979 and 
1980) made it possible to single out the 
resistant materials Colombia I, C46-15, 

Rice materials selected for resist- 
ance to P. oryzae in infection beds 
at Yurimaguas, Bagua, and Tingo 
Maria 

Rafael Olaya Viera, rice plant pathologist, 
Experimental Station Vista Florida, CIAG- 
Norte, Apdo. 116-Chiclayo, Peru 

The materials tested in infection beds by 
the PNA (Rice National Program) con- 
sist of rices selected in the breeding pro- 
gram, those tested for blast resistance, 
PNA promising lines, and those intro- 
duced from abroad (International Rice 
Research Institute, Centro Internacional 
de Agricultura Tropical, International 
Institute of Tropical Agriculture, etc.). 
The rices that showed blast resistance 
after several tests are retested and ana- 
lyzed for their general reaction, reaction 
by locality, consistency of reaction, 
source of resistance used, etc. 

This report includes the rices with 
outstanding performance during the 
periods 1968-72 and 1974-78, during 
which more than 16,500 rices were 
tested. It also includes the best materials 
in three localities. 

In 1968, a strong program for rice 
varietal improvement started in Peru. In 
the first testing period (1968-72), most 
of the blast-resistant rices were materials 
introduced mainly from IRRI. IR480-5- 
9-2, IR532, and Tetep were used as res- 

6 IRRN 6:2 (April 1981) 

and Tetep. These three varieties kept 
their resistance to leaf blast over several 
years and have been the most consist- 
ently tolerant in the field. 

Colombia I and C46-15 had relatively 
good yielding potential despite their low 
tillering capacity. Tetep and C46-15 are 
tall and have lodging tendencies. 

Their poor plant type should be con- 
sidered if they are to be used as parents. 
Colombia I also is resistant to the virus 
disease hoja blanca and is convenient to 
use as a resistance source in Bagua and 
Jaen, where blast and hoja blanca are 
cyclicly epidemic. 

A second group of good materials — 
IR1544-238-2-3, IR1416-1-42-2-3-3, and 
Tadukan — have shown acceptable 
agronomic characteristics, but are not as 
stable in reaction to blast as Colombia 

istance sources. Their progeny per- 
formed well in the second testing period 

Of the rices ranked outstanding in the 
(1974-78). 

second period, 63% were from Peru, 
27% from Colombia, and 10% from 
IRRI. These rices should be further 
tested for consistency of blast resistance. 
Among the selected material, five lines 
were IR480-5-9-2 derivatives, two were 
Tetep derivatives, two were PI 184675 

Rice cultivars found resistant during 
a tungro epidemic 

R. Thakur, B. N. Sahay, R. K. Singh, and 
A. K. Roy, Rajendra Agricultural Univer- 
sity, Plant Breeding and Genetics Depart- 
ment, Bihar Agricultural College, Sabour, 
Bhagalpur, India 

Tungro virus disease appeared in epi- 
demic form in Bihar in October 1980. 
Of 150 rice cultivars screened in six 
trials, only 4 were found highly resist- 
ant: IR38, IR2863-38-1, C190-1, and 
C183-1. BIET 281, Borogar 5, BR 1-91- 

Parwapankh, and 64-117 were tolerant. 
The susceptible cultivars included 
Jaya, Pankaj, Biplab, T141, Intan, 
IET5656, IET6710, IR2050-78-1-3, and 
Kencanna. 

6, 62-31, 7551 G-5, BR34, BR9, 

I, C46-15, and Tetep. 
IR1544-238-2-3 and IR1416-142-2-3- 

3 have good yield potential, dwarf plant 
type, and intermediate reaction to hoja 
blanca but have shown susceptible reac- 
tions to leaf blast. Tadukan has low 
yield potential, tall plant type, and 
intermediate reaction to hoja blanca. It 
has been more consistent in its resist- 
ance at both seedling and adult stages. 

an unstable capacity to withstand the 
pathogenic variability of the fungus. 
P545-5-22-3-5-2-2, Carreon, and Dissi 
Hatif, particularly, gave variable reac- 
tions. However, the same variability of 
the fungus imposed the use of different 
sources of resistance in the breeding for 
blast-resistant varieties. 

The rest of the rices tested showed 

derivatives, and one was a Colombia I 
derivative. 

The PNA 12-24 group of resistant 
lines (6 lines), which are progeny of 
IR8/ Apura, are especially interesting. 
During the 1969-72 period in the same 
test localities, IR8 was moderately res- 
istant to moderately susceptible to blast 
and Apura was consistently moderately 
resistant. The latter reaction should be 
defined and studied carefully. 

Donors of brown spot resistance in 
the Indian Punjab 

G. L. Raina, R. K. Saini, and G. S. Sidhu, 
Rice Research Station, Punjab Agricultural 
University (PAU), Kapurthala (Punjab), 
India 

The 570 IET (Initial Evaluation Trial) 
entries of rice received from the All 
India Coordinated Rice Improvement 
Project were screened for reaction to 
brown spot Helminthosporium oryzae 
in the field during 1980 kharif at the 
PAU Rice Research Substation, Gur- 
daspur. The entries were grown in 2 
rows, 5 m long. Fertilizers were applied 
at 100-50-50 kg of N, P 2 O 5 , and K per 
hectare. The disease was scored by the 
Standard Evaluation System for Rice 
scale, 3 months after transplanting. Two 



Table 1. Donors of brown spot resistance in the Punjab. 1980 kharif. 
IET No. Designation Source Disease score a 

7366 RNRO 1429 T. Hamsa/ Rasi 1 
7367 RNR 27033 (T712/TNI)//HR 35 1 
7343 KAU 23372 MN 54-42 mutant 3 

7353 TNAU 13932/2 – 
7364 RNRO 1446 T. Hamsa/ Rasi 3 
7368 RNR 36718 (GEB 24/Sigadis)//(IR8/RNR 8102) 3 

7349 CO 32-20-66 – 3 

7417 R243-3041 IR7516(1R2071-625-1-252/205-3-521-3-3) 3 
7497 CR294-28-1 (IR20/Zenith)// Malagkit Sungsong 3 
7513 HPU5048-Pep 9-1B JC 98/Kulu 3 
7547 RP1442-2-2-3-5 Rasi/ K 46-15-B 2 3 
7145 CR263-889 T 141/Baok/T 141 3 
6978 CR141-5036 CRRP5 (N22/TN1)//(T90/IR8) 3 
7261 RP897-3790-30-1 Rasi/Mettasanna 3 
6151 CR141-60-58-2-295 (N22/TNI)//(T90/IRS) 3 
6686 IR42 (IR2071-586-5-6) IR2042/CR 94-13 3 
7291 PY 1 Ponni/IR8 3 

– Susceptible check 7 
a 1976 Standard Evaluation System for Rice scale of 1-9. 

Table 2. Distribution of scores of resistance 
donors of brown spot of rice at PAU Rice 
Research Sub-Station, Gurdaspur, Punjab. 

Leaf area Resistance donors 
infected Number Percent 

1 Less than 1% 2 0.35 
3 1-5% 15 2.63 
5 5-25% 467 81.93 
7 25-50% 79 13.86 
9 More than 50% 7 1.22 

a 1976 Standard Evaluation System for Rice scale. 

entries were scored resistant; 15 were 
moderately resistant (Table 1). The dis- 
tribution of scores is in Table 2. The res- 
istant and moderately resistant donors 
are being used in Punjab breeding pro- 
grams. 

GENETIC EVALUATION AND UTILIZATION 

Insect resistance 
Gall midge infestation in a monthly- 
planted trial 

C. Kudagamage and L. Nugaliyadde, Cen- 
tral Rice Breeding Station, Batalagoda, 
Ibbagamuwa, Sri Lanka 

A 10-m 2 plot of BG34-8 rice variety was 
transplanted on the first of each 
calendar month beginning in March 
1977 and ending in February 1979 at 
Batalagoda. Infestation of gall midge 
Orseolia oryzae was assessed by count- 
ing the infested hills in the total area 
planted at 3, 4, and 5 weeks after trans- 
planting. After each count the galls were 
removed to avoid subsequent 
recounting. 

The total number of hills sampled 
and the total infested hills at 3, 4, and 5 
weeks after transplanting were used to 
calculate the percentage of gall midge 
infestation for 3 particular planting 
dates. Gall midge infestation was bimo- 
dal with a major peak in the December 
planting and a minor peak in the June 
planting. Furthermore, data on the 
mean rainfall for the 2 years show that 
the infestations peaked 2 months after 
the peak rainfall (see figure). These find- 
ings are being used to plan field screen- 
ing tests such as the International Rice 
Gall Midge Nursery and the Gall Midge 
Biotype study. 

Gall midge infestation and rain- 
fall at Central Rice Breeding 
Station, Sri Lanka. 

Chemical differences in rice varieties 
susceptible or resistant to gall midge 
and stem borer 

B. Vidyachandra, J. K. Roy, and Bhaskar 
Das, Central Rice Research Institute, 
(CRRI) Cuttack 6, India 

Gall midge Orseolia (Pachydiplosis) 
oryzae and yellow stem borer Tryporyza 
incertulas are two major internal feeder 

pests of rice. Varietal differences in res- 
istance to these pests have long been 
observed. To understand the mechanism 
of resistance, we undertook biochemical 
studies of selected resistant and suscept- 
ible varieties. 

Because the gall midge attacks the 
vegetative shoot apex and the stem 
borer attacks the stem, 1-cm-long vege- 
tative shoot apices and 2.54-cm-long 
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stems of the respective resistant and sus- 
ceptible varieties were collected from 80- 
day-old healthy plants. Fresh plant 
samples were lyophilized for 6 hours, to gall midge Free amino acids Phenols Soluble sugars 
and 300 mg of lyophilized samples were 
extracted in 80% ethanol by grinding 
with mortar and pestle, and then fil- 
tered. Total free amino acids, phenol, 
and soluble sugars were chemically ana- 
lyzed as per standard procedures using 
the ethano1 extract of the materia1. The 
data for gall midge and stem borer res- 
istance are presented in Tables 1 and 2. 

Results indicated that varieties PTB 
18, PTB 21, and Leuang 152, which are 
highly resistant to gall midge, had rela- 
tively higher content of free amino acids 
and phenols and less sugars in their 
shoot apices than the susceptible varie- 
ties Jaya and IR8. In the case of the 
stem borer, on the other hand, the stems 
of both TKM6 (resistant) and Ratna 
(moderately resistant), a derivative of 

Table 1. Biochemical constituents of vegetative shoot apices of selected rice varieties resistant and sus- 
ceptible to gall midge. CRRI, Cuttack, India. 

Variety Reaction a Biochemical constituents (mg/g dry tissue) 

PTB 18 R 24.8 5.5 12.0 
PTB 21 R 32.5 7.8 10.8 
Leuang 152 R 15.4 4.6 10.7 
Jaya S 9.3 4.4 19.0 
IR8 S 9.7 3.8 19.7 

a R = resistant, S = susceptible. 

Table 2. Biochemical constituents of stems of selected rice varieties resistant and susceptible to yellow 
stem borer. CRRI, Cuttack, India. 

Reaction a Biochemical constituents (mg/g dry tissue) 

TKM6 R 2.0 2.5 21.2 

Variety 
to yellow stem borer Free amino acids Phenols Soluble sugars 

Ratna MR 3.9 1.8 30.5 
IR8 S 13.7 4.4 50.3 
a R = resistant, MR = moderately resistant, S = susceptible. 

the cross TKM6/IR8, have less amino free amino acids, phenols, and soluble 
acids, phenols, and sugars than the sus- sugars were related to the resistance of 
ceptible IR8. However, it was not these varieties to gall midge and stem 
determined whether the relative levels of borers. 

GENETIC EVALUATION AND UTILIZATION 

Drought resistance 
Rice varietal reactions 
ity on acid sulfate soil 

to iron toxic- 

F. N. Ponnamperuma, principal soil chem- 
ist; and J. L. Solivas, research assistant, 
International Rice Research Institute 

In 3 seasons, 420 rices were screened for 
iron toxicity tolerance in an acid sulfate 
soil in a farmer's field in Albay Pro- 
vince, Philippines. The soil was a Sulfa- 
quept (pH 3.5, organic carbon 1.2% 
active iron 2.5%, active manganese 
0.001%, exchangeable sulfate 0.27%, 
and available phosphorus 7 mg/kg). 

after broadcasting 50 kg N/ha and 25 
kg P/ha. Three-week-old seedlings, 
raised in a normal seedbed, were 
planted in three 3-m rows at a 20 × 
20 cm spacing in randomized complete 
blocks replicated 3 times. A resistant 
check and a susceptible check were 
among the rices tested. The field was 
irrigated from a nearby stream. The 
plants were scored 4 weeks after trans- 
planting for iron toxicity on foliar 
symptoms and general appearance, 

The field was puddled and harrowed 
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using the scale 1 to 9 (1 = almost nor- Table 1 summarizes the results. 
mal plant, and 9 = almost dead or dead Forty-one rices showed tolerance for 
plant). A score of 3 or lower indicated iron toxicity. Outstanding among them 
tolerance. were IR36, IR3839-1, IR4442-165-1-3-2, 

Table 1. Distribution of iron toxicity scores in field mass screening of rices during 3 seasons on an acid 
sulfate soil, Malinao, Albay, Philippines. 

Rices Score a distribution 
Varieties tested Season (no.) 1 2 3 4 5 6 7 8 9 

IRON 1978 1979 dry 262 0 0 36 166 57 2 1 0 0 
1979 GEU Elite 1979 wet 85 0 0 0 5 15 33 23 9 0 
1980 GEU Elite 1980 dry 73 0 0 5 39 26 3 0 0 0 

Total 420 0 0 41 210 98 38 24 0 0 
a On the scale 1 to 9 (1 = almost normal plant, 9 = almost dead or dead plant). 

Table 2. Iron toxicity scores and grain yield of 7 selected rices in 3 seasons on an acid sulfate soil, Albay, 
Philippines. a 

1979 dry 1979 wet 1980 dry 
Variety 
or line Score Yield Score Yield Score Yield 

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

IR26 4.8 1.7 f 7.2 b Not tested 
IR36 3.3 2.5 de Not tested 3.7 5.2 cde 
IR42 Not tested 6.0 b 5.3 5.9 abc 
I R44 Not tested 5.2 2.1 abc 4.0 6.3 abc 
I R46 4.0 3.2 bc 4.5 2.6 a 4.0 6.4 ab 
IR4422-180-2 Not tested 5.0 2.7 a 4.7 4.6 def 
IR4683-54-2 2.5 4.5 a 5.0 2.4 ab 3.0 6.7 a 
a In a column, values followed by the same letter are not significantly different at the 5% level. The plants 
were scored 4 weeks after transplanting, on the 1-9 scale. b Not harvested. 



IR4568-225-3-2, IR4625-269-4-2, 
IR5853-118-5, IR8192-200-3-3-1-1, 
IR9129-136-2, IR13419-113-1, IR13240- 
10-1-3-2, IR13423-17-1-2-1, IR14632- 
246-2, IR19743-46-2-3, B2149-PN-26-1- 
1, BPI R1-2, and IET 1444. 

cated yield trials in the same field in 
each season. The plot size was 2 × 3 
m in the first season and 3 × 4 m in 
the two other seasons. Cultural practices 
were the same as for the mass-screening. 

Grain yields of seven selected rices 
and iron toxicity scores in three seasons 
are in Table 2. 

In the 1979 dry season, IR4683-54-2 

Fifteen rices were evaluated in repli- 

gave the lowest score (2.5) and the high- 
est yield (4.5 t/ha); IR26, the susceptible 
check, gave the highest toxicity score 
(4.8) and the lowest yield (1.7 t/ ha). 
There were no other correlations 
between symptoms 4 weeks after trans- 
planting and grain yield. 

In the 1979 wet season, iron toxicity 
was severe because of soil acidification 
in the dry months preceding the wet 
season. The toxicity scores were high 
and the yields were low. But, IR4422- 
480-2, IR4683-54-2 and IR46, which 
were among the top yielders in the dry 
season experiment, also were among the 
best in the wet season. IR26, the sus- 

ceptible check, and IR42 suffered 
severely from iron toxicity. Their matur- 
ity was so delayed that they could not 
be harvested with the rest. 

icity was not severe (apparently due to 
the wet soil during the rainy months 
before planting), scores were low, and 
the yield was high. IR4683-54-2 was 
again the highest yielder. IR46 also 
showed tolerance for excess iron in both 
score and yield. 

IR46 and IR4683-54-2 may be suited 
to acid sulfate soils in which the 
main growth-limiting factor is iron 
toxicity. 

During the 1980 dry season, iron tox- 

Decimal scoring systems for Tall traditional varieties differ from stages than to responses at the repro- 
drought reaction and recovery abil- semidwarfs in their visible responses to ductive phase, which is more closely 
ity in rice screening nurseries water stress. In the past workers have related to grain yield. Recovery from 
G. C. Loresto and T. T. Chang, Interna- often given more attention to drought drought stress also deserves attention. 
tional Rice Research Institute resistance at the vegetative growth We have devised decimal scoring sys- 

Table 1. Scoring system for drought resistance screening at vegetative phases I and II. IRRI, 1981. 

Decimal 
score 

Stress symptoms 
Plant type 

Leaf rolling Leaf drying Plant color Growth stunting 

1 Tall traditional types Slight folding from No drying 
early morning to late 
afternoon 

Semidwarf types No rolling Few leaf tips drying 

Remains green No stunting 

Green 

3 Tall traditional types Partial rolling from Few tips drying more than Green 
early morning to late 1 cm in length; 5-10% 
afternoon basal leaves dried 

Semidwarf types No rolling 75% leaf-tip drying extended Green 
to 1/4 of leaf blade; 5-10% 
of lower leaves dried 

5 Tall traditional types Complete and tight rolling Most younger leaf tips dried; Unusually dark 
from early morning to late 25–40% lower leaves dried green 
afternoon. Partial unroll 
ing when temperature cools 
during day; complete un- 
rolling at night 

Semidwarf types Complete and tight rolling; 50% younger leaves with Ashen gray or Slight 
partial unrolling at night 1/2 – 1/3 area dried; 25- yellow 

40% lower leaves dried 

7 Tall traditional types Tube-like rolling; no un- Most upper leaves with Ashen gray or Stunted 
rolling at night 2/3 – 3/4 area dried; 60- yellow 

80% lower leaves dried 
Semidwarf types Same as tall traditional 

9 Tall traditional types Tube-like rolling; no un- 100% of all leaves dried; Meristematic tissues Severe stunting 
rolling at night plants generally approach show a slight green 

permanent wilting, some to light green tinge 
die 

Semidwarf types Same as tall traditional 
a Scores were taken 15–20 days from the start of imposed stress or when the susceptible checks showed symptoms of moisture stress. Preliminary scoring 
should be taken when plants show the first signs of stress. b Vegetative phase I refers to the active tillering stage of both the early and late-maturing varie- 
ties, and ranges from 50 to 60 days after seeding (DS). Vegetative phase II applies only to the late-maturing varieties at about 80–100 DS. 
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Table 2. Scoring systems for drought resistance at reproductive phase, 12-15  days after start of stress. 
Decimal Heading Panicle Panicle Spikelet Grain Leaf 

score exsertion size fertility (%) filling rolling 

1 No delay Full Normal 91–100 Mostly well-filled Slight folding 

3 Delayed by less Full Normal 76–90 Mostly well-filled 
than 1 wk 

Half-rolling 

5 Delayed by more Partial b Slightly reduced 51–75 Mostly half-filled Full to tight 

7 Delayed by more Half-exserted Reduced by half 11–50 Half-filled to empty Tight 

9 NO heading until Half-exserted Reduced by half 0–10 Mostly empty Tight 

than 1 wk 

than 2 wks 

soil moisture is 
replenished 

a Late varieties usually recover and produce grains when the rains set in before the end of the test. Reproductive scores are usually less reliable for the late-maturing 
varieties when rainfall is frequent before the dry season ends. b Except for inherent agronomic traits. 

Table 3. Scoring system for recovery (scores taken 1 or 2 days after rewatering). tems that provide separate criteria for 
Decimal scale Description different variety groups, for responses at 

1 90% of plants produce new leaves and tillers 1-2 days after watering (or a rain) the vegetative and reproductive stages, 
3 75% of plants produce new leaves and tillers 1-2 days after watering and for recovery after rain (Tables 1, 2, 
5 75-90% of plants produce new leaves and tillers 3-4 days after watering 3). Our system should supplement the 
7 50-75% of plants produce new leaves and tillers 4-5 days after watering brief scales given in the 1980 Standard 
9 Fewer than 50% of plants produce new leaves or tillers 1 week after watering Evaluation System for Rice. 

Pest management and control DISEASES 
I 

Studies on Claviceps oryzae sativae, 
the incitant of false smut of rice 

R. A. Singh. presently senior postdoctoral 
fellow. Plant Pathology Department, Inter- 
national Rice Research Institute; and R. K. 
Verma, Plant Pathology Department, G. B. 
Pant University of Agriculture and Technol- 
ogy, Pantnagar 263145, India 

Nutritional studies of the fungus Cla- 
viceps oryzae sativae showed that 
growth was maximum on yeast peptone 
potato dextrose agar, followed by that 
on oatmeal yeast extract, rice yeast dex- 
trose, yeast extract, rice polish, 
Richard’s, Lilly and Barnett’s, Raulin’s, 
Coon’s, Leonian, Brown’s and Czapek’s 
agar. Seven carbon sources were tested. 
Growth was maximum on maltose fol- 
lowed by mannitol, galactose, starch, 
sucrose, lactose, and sorbose, and con- 
trol. Among the nitrogen sources evalu- 
ated, asparagine supported maximum 
growth of the fungus followed by 
ammonium oxalate, ammonium chlo- 
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ride, potassium nitrate, peptone, con- 
trol, sodium nitrate, and tris (hydroxy- 
methyl) methylamine. 

Eight isolates of the fungus collected 
from different parts of India were 
grouped into four strains on the basis of 
morphological and cultural characters. 
A cytological study of the germinating 
conidium indicated that mitotic division 
and germ tube formation occur simul- 
taneously. Subsequent nuclear divisions 
occur quickly to meet the requirement 
of secondary conidia produced at the 
rate of 1 nucleus/conidium. 

Survival studies of conidia, pseudo- 
sclerotia, and true sclerotia showed that 
the first two propagules do not survive 
for long either at room temperature or 
in the field and probably do not serve as 
the source of primary inoculum in 
northern India. However, true sclerotia 
survived sufficiently long at room 
temperature and in the field and proba- 
bly act as the primary inoculum source. 

Fungicidal evaluation in vitro showed 

that Du-Ter, TCMTB, Brestanol, 
Aureofungin, and Difolatan were effec- 
tive against the pathogen. Alkaloids 
were detected in both pseudosclerotia 
and true sclerotia, which gave positive 
test for a carbohydrate, glycolipid and 
for an unsaturated compound, but they 
differed on the basis of the presence 
or absence of aldehyde or ketones, or 
both. 

Mechanical separation of paddy 
seeds as applied to plant pathology 
K. M. Rajan, Rice Research Station (RRS), 
Moncompu, Kerala, India 688503 

Two major plant pathological 
constraints in rice production in the 
Kuttanad tract of Kerala, India, are 
sheath blight Corticium sasakii and 
sheath rot Acrocylindrium oryzae. 
Sheath rot is relatively new and is 
difficult to control through chemical 
means because it is seedborne. 

Seed treatment with fungicides 

a 



generally does not kill fungi present 
inside glumes. Although treating seeds 
with hot water is effective against 
internal pathogens, the process is precise 
and difficult for farmers to adopt. 
Infected seeds weigh less than healthy 
and fully filled grains; so mechanical 
separation based on specific gravity 
would help differentiate healthy and 
diseased seeds. 

season (Oct-Jan) at the Moncompu 
RRS, seeds of Bharathy (highly 
susceptible to sheath rot) were treated 
with different concentrations of 
common salt. Seeds that sank to the 
bottom in each solution were washed in 
three changes of clean water and 
broadcast. 

Both sheath blight and sheath rot 
were reduced as salt concentration 
increased (see table). In general, sheath 
blight incidence was low but sheath rot 
disease was moderate up to 7.5% 
concentration of the salt solution. 
Reduction in sheath rot at a 

In a field experiment during the punja 

Transmission of Rhynchosporium 
oryzae Hashioka and Yokogi by 
seed 

S. Amu Singh and P. K. Sen Guptu. Plant 
Pathology Department, Bidhan Chandra 
Krishi Viswavidyalaya, Kalyani-741235, 
West Bengal, India 

The transmission of Rynchosporium 
oryzae, the pathogen for rice leaf scald, 
was investigated in three separate trials. 
In the first, the fungus was detected by 
the standard blotter method in seeds of 
Cheena I collected from a heavily 
infected farmer's field. The seeds were 
examined periodically for the presence 
of the fungus. In the second test, 
surface-sterilized seeds of Cheena I were 
rolled in actively sporulating culture of 
the fungus and were sown in sterilized 
potted field soils. In another test, seeds 
from severely infected plants of Cheena 
I and IET2914 were similarly sown in 
sterilized field soil. Observations on the 
appearance of the disease on the seed- 
lings raised in the two tests were 
recorded until the plants reached 
maturity. 

Intensity of sheath blight and sheath rot diseases 
in seeds treated with different concentrations of 
salt solution. Kerala, India. 

Concn (%) 
of salt solution 

Sheath Sheath 
blight rot 
score a score b 

0.0 (untreated control) 1.8 3.6 
2.5 1.5 3.6 
5.0 0.6 3.1 
1.5 0.4 3.1 

10.0 0.2 2.6 
12.5 0.1 1.4 
15.0 0.3 0.9 
17.5 0.2 0.3 
20.0 0.2 0.1 

C.D. 0.8 1.0 
a 1976 Standard Evaluation System for Rice 
(SES) scale: 1 = lesions limited to lower 1/4 of 
leaf sheaths, 9 = lesions reaching top of tillers; 
severe infection on all leaves. b 1976 SES scale: 1 
= less than 1% [of tillers affected] ( = to resistant 
check), 9 = 50-100% ( = to susceptible check). 

concentration of 15% was significant 
compared to that at lower 
concentrations. 

Mechanical separation of seeds by the 
method used in this experiment is cheap 
and simple, and can easily be used by 
farmers. 

Isolation of Rhynchopriron oryzae from rice seeds 
of cultivar Cheena I. West Bengal, India. 

Date of Seeds(%) giving the fungus 
observation a Unsterilized Sterilized 
1 Aug 1977 1.14 0 
20 Aug 1.13 0 
1 Sep 0.86 0 
1 Oct 0.61 0 
1 Nov 0.00 0 
18 Nov 0.00 0 
a Seeds were collected on 26 July 1977. 

With the blotter method, the leaf 
scald fungus could be detected from 
seed samples of cultivar Cheena I within 
the first 3 months of collection (see 
table). The percentage of fungal isola- 
tions gradually declined with time of 
storage. Low percentages of seeds (0.61- 
1.14%) yielded the fungus. Success in 
isolating the fungus from unsterilized 
seed samples and failure to do so from 
surface-sterilized seeds indicated that the 
pathogen was externally seedborne. 

The plants raised from seeds artifi- 
cially inoculated with the fungus and 
from seeds harvested from scald-infected, 
plants of both Cheena I and IET2914 
remained disease free until maturity. 

Although a low percentage of rice seeds 
may have borne the leaf scald fungus R. 
oryzae, the exact role of this seedborne 
infection in causing the disease could 
not be established. 

Studies on sheath rot of rice 

R. A. Singh, presently senior postdoctoral 
fellow, Plant Pathology Department, Inter- 
national Rice Research Institute; and C. A. 
Raju, Plant Pathology Department, G. B. 
Pant University of' Agriculture and Technol- 
ogy, Pantnagar 263145, India 

Sheath rot of rice caused by Sarocla- 
dium oryzae (Sawada) Gams and 
Hawkeworth has recently become 
serious in northern India. 

A partially selective medium for the 
fungus has been developed by incorpo- 
rating 100 ppm Dithane 2-78 and 750 
ppm Dicrysticin S in Kirchoffs 
medium. The infected leaf sheaths and 
grains from diseased panicles were 
stored at room temperature (8-40° C) 
and under field conditions to study the 
survival of the pathogen. The fungus 
was isolated periodically from diseased 
parts on Kirchoffs medium. The fungus 
survived as long as 4 months in seed 
and 7 months in leaf sheath kept at 
room conditions and as long as 10 
months in leaf sheaths in the field. 

The disease development and the 
meteorological factors for the corres- 
ponding period were compared for 3 
consecutive seasons from 1976-78 kharif 
to determine the most favorable condi- 
tions. Disease development was maxi- 
mum when the minimum temperature 
was 17-20° C and the minimum relative 
humidity, 40-50% at flowering. The 
maximum temperature, maximum rela- 
tive humidity, rainfall, and sunshine 
could not be correlated with disease 
severity. 

Of the inoculation methods tried, 
injection of the spore suspension and 
placement of the pathogen grown on 
pearl millet inside the boot leaf sheath 7- 
4 days before flowering gave maximum 
disease in the field. 

Five varieties — Basmati 370, Chin- 
surah Boro II, Hom Thong, Sigadis, 
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and TKM6 — were resistant to the dis- 
ease under artificial inoculation. 

Chemical control trials for 2 consecu- 
tive seasons showed that 3 sprays of 
carbendazim (0.05%), benomyl (0.05%), 
and Brestanol (0.1%) gave good disease 
control in the field. 

Epidemiological adaptation by the 
rice blast pathogen during adverse 
weather 

G. P. Singh, R. N. Singh. and Paromita 
Mukherjee. Plant Pathology Department, N. 
D. University of Agriculture and Technol- 
ogy, Rice Research Station (RRS), 
Masodha, Faizabad, U. P., India 

During kharif 1979, dark-brown to 
blackish lesions were observed on the 
panicle-bearing and ensheathed lower 
internodes and nodes of the stems in 
plants of a susceptible local rice cultivar 
Tulsiphool at the Faizabad RRS. The 
lesions were either eye-shaped or irregu- 
lar; the latter were more common on the 
panicle axis and below its base. Blurred 
brown blotches appeared on the sheath 
encasing the affected part of the stem. 
There was mycelial growth with abun- 
dant sporulation on the ensheathed 
lesions on nodes and internodes (see 
photo). The naked lesions rarely sporu- 
lated. In advanced stages the lesions on 
the sheath also sporulated underneath. 

Ensheathed lesions on nodes and internodes, and 
blotches on the sheath encasing the affected part 
of the stem of the cultivar Tulsiphool. Faizabad, 
U. P., India. 
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No breaking at the panicle base was 
seen. 

internodes are a peculiar characteristic 
of Tulsiphool and appear to provide 
favorable conditions for the develop- 
ment of those symptoms. The disease 
appeared during the last 2 weeks of 
October when night temperatures were 
relatively mild and considerable dew col- 
lected on the leaves. The microclimate 
was therefore suitable for disease devel- 
opment in the ensheathed nodes and 

Long sheaths encasing the nodes and 

internodes. The general weather during 
the growing season, however, was unus- 
ually dry and not favorable for blast 
development (see table). 

The occurrence of the disease on 
highly susceptible cultivars such as Tul- 
siphool under adverse situations appears 
epidemiologically significant. However, 
the disease may only be regarded as a 
“sleeper disease” in Eastern U. P. 
because of the requirement of critical 
weather parameters for its development. 

Monthly meteorological data, June to November 1979, at the Faizabad Rice Research Station, India. 
Weather parameter Jun Jul Aug Sep Oct Nov 
Rainfall (mm) 27.2 182.2 31.2 21.2 39.0 22.4 
Rainy days (no.) 2 12 4 2 4 1 
Relative humidity (%) 63 84 81 79 85 84 
Max temp (° C) 38.7 33.7 34.6 35.7 33.5 32.0 
Bright sunshine (h) 9.7 6.9 9.7 9.5 9.4 8.9 

Incidence and chemical control of 
ufra in boro fields 

Md. Montezar Rahman. N. R. Sharma, and 
S. A. Miah, Plant Pathology Division, 
Bangladesh Rice Research Institute, Joy- 
debpur, Dacca, Bangladesh 

A survey of ufra disease on boro rice 
was conducted in the Dacca- 
Narayanganj-Demra Project area in 

loss due to ufra, carbofuran 3G was soil 
incorporated in the mild ufra-infected 
portion. Reduction in disease spread 

plots compared with the control (see 
table). 

The yields of the treated plots and 
the control differed significantly. 
Carbofuran 3G at 34 kg/ ha appeared 
best in controlling ufra and reducing 
yield loss. 

and severity was observed in the treated 

1979 because ufra had appeared on 
transplanted aman rice in that area in control plots of IR8. Dacca, Bangladesh. 1980: 
1978. Skipping 1979, the disease reap- Ufra 
peared in 1980 and affected about 1.2 Treatment Yield severity 

ha of transplanted IR8 severely in boro 

Yield and ufra severity in carbofuran-treated and 

(t/ha) (%) 

(Nov to Apr). Eighty percent of the Control 1.43 b 5.67 b 
I7 kg carbofuran 3G/ ha 1.69 b 4.67 ab 

crop of the heavily infected patches was 34 kg carhofuran 3G/ha 2.93 a 1.67 a 
completely lost. a Mean of 3 replications. Means followed by the 

To reduce disease severity and yield same letter are not significantly different. 

Pest management 
and control WEEDS 
Effect of time of nitrogen application 
on weed growth and yield of dry- Different amounts of nitrogen were 
seeded rice incorporated into the soil before plant- 

ing and applied as topdressing to dry- 
Nizam U. Ahmed, senior scientific officer, seeded wetland IR36 rice to determine 
Bangladesh Rice Research Institute, Joy- the effect of time of nitrogen application 
debpur, Dacca, Bangladesh; and K. Moody, on weed growth and crop yield. 
International Rice Research Institute Some plots received no basal applica- 



tion of nitrogen but received 30 kg 
N/ha at 2 and 4 weeks after emergence 
(WE). Others received a basal nitrogen 
application of 104 kg N/ha and, at 4 
WE, additional nitrogen needed to 
make the total amount 60 kg N/ha. At 
8 WE, all plots received an additional 40 
kg N/ha. 

All plots received a total of 100 kg 
N/ha. Each plot was weeded 3 times: 2, 
5, and 8 WE. Before each weeding, and 
at harvest, weeds were sampled from 
three quadrats (0.5 × 0.5 m/plot), 
counted, and weighed. 

weed count was observed, but the 
weight of weeds harvested from the 
plots that received a basal application of 
40 kg N/ ha was significantly higher 
than that of weeds harvested from the 
plots that received a basal application of 
0 or 10 kg N/ha (see table). Plots with 
smaller amounts of basal fertilizer were 
easier to weed because the weeds, prim- 
arily grasses, were smaller and easier to 
distinguish from the rice. 

Topdressing of nitrogen affected the 
weed count 5 WE. The number of 

At 2 WE, no significant difference in 

Weed control in dry-seeded rainfed 
bunded rice and its residual effect 
on weed growth of the subsequent 
transplanted rice 

Nizam U. Ahmed, senior scientific officer, 
and M. Zahidul Hoque, head, Rice Crop- 
ping Systems Division, Bangladesh Rice 
Research Institute (BRRI) Joydebpur, 
Dacca, Bangladesh 

One of the most important rainfed 
cropping patterns in Bangladesh is dry- 
seeded rice followed by transplanted 
rice. Hand weeding is the only means 
for controlling weeds in dry-seeded rice, 
but it is becoming expensive. Therefore, 
butachlor [N-(butoxymethyl)-2-chloro- 
2',6'-diethylacetanilide] was tested as an 
alternate means for controlling weeds in 
dry-seeded rice. Butachlor's residual 
effect on the weeds of the following 
transplanted rice was also determined. 

Three treatments (see table) with 
three replications were put in a random- 
ized complete block design. The land 

weeds in the plots that received 20 kg 
N/ ha as a topdressing was significantly 
lower than that in the plots that had 
received 4-60 kg N/ ha as a topdressing 
by 4 WE. Weed counts in the plots that 
received 30 kg N/ha as a topdressing 
were significantly lower than those in 
the plots topdressed with 60 kg N/ ha 
(see table). 

Weed counts and weights before the 
third weeding (8 WE) and at harvest 
were not affected by the different rates 
of nitrogen applied either basally or as a 
topdressing. The total number and 
weight of weeds sampled throughout 
crop growth were likewise not affected. 

Weed counts and weights at 2 WE 

and weed counts at 5 WE were further 
analyzed for trend comparisons. Linear 
responses were significant. At 2 WE, the 
parameters increased with the amount 
of nitrogen applied basally while at 5 
WE, weed counts increased with the 
amount of nitrogen applied as a 
topdressing. 

no basal nitrogen was significantly 
higher than that from the plots that 
received 20 or 40 kg N/ ha as a basal 
application. Thus, delay in application 
of fertilizer nitrogen until the first weed- 
ing resulted in a reduction in the initial 
weed growth and an increase in grain 
yield. 

The yield from the plots that received 

Number and weight of weeds at 2 and 5 weeks after crop emergence (WE) and rice yield as affected 
by rate and time of nitrogen application. 

N application rate (kg/ ha) Weeds at 2 WE Weeds at 5 WE Rice 
Basal Topdressing No. Wt No. Wt yield 

2 WE 4 WE 8 WE (g/m 2 ) (g/m 2 ) (t/ha) 
0 30 30 40 115 a 20.0 b 193 a 112.0 a 3.3 a 

10 0 50 40 126 a 38.8 b 164 ab 
20 0 40 40 165 a 57.6 ab 163 ab 88.0 a 2.6 b 

16.2 a 3.2 ab 

30 0 30 40 167 a 67.6 ab 98 bc 85.2 a 2.8 ab 
40 0 20 40 205 a 76.8 a 76 c 61.6 a 2.6 b 

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

Effect of weed control treatments on performance and weed weight of the first dry-seeded rainfed 
bunded rice and residual effect on the number and weight of weeds of the subsequent transplanted rice 
crop. BRRI, 1980 aus-t. aman season. a 

Dry-seeded rice (BR6) Transplanted rice c 

aus 1980 (Nizersail) t. aman, 1980 
Stand count Grain Panicles Weed wt Weed counts Weed wt 

(no./0.25 m 2 ) yield (no./0.25 m 2 ) (g/0.25 m 2 ) (no./0.25 m 2 ) (g/0.25 m 2 ) 
2 WE (t/ha) at harvest 4 WT 4 WT 

Unweeded check 45.00 a 1.38 a 77.83 a 34.40 a 60.11 a 4.59 a 
Butachlor 2.0 kg/ ha, 25.33 b 1.28 a 67.37 a 10.48 b 13.61 a 4.43 a 

Hand weeding 2, 5, 43.61 a 2.29 b 103.50 b 3.28 c 43.61 a 6.10 a 
fb HW at 3 WE 

and 8 WE 
a Av of 3 replications. In a column, means followed by a common letter do not differ significantly at 
the 5% level. b fb = followed by. HW = hand weeding. WE = weeks after crop emergence. c WT = 
weeks after transplanting. 

used had medium elevation, clay loam 
with 2.0% organic matter, and pH of 
6.8. It was bunded and accumulated at 
least 2 to 3 cm water to allow rice culti- 
vation. After land preparation, seeds of 
BR6 were sown in rows 25 cm apart at 
the rate of 100 kg/ha. In the appro- 
priate plots butachlor was sprayed 
before the germinating rain came. Fertil- 
izers were applied at 80-60-40 kg N, 
P 2 O 5 , and K 2 O per hectare. Land prepa- 

ration for the second crop of trans- 
planted rice was done plot by plot; no 
treatment was applied to this crop. 

count, and weed weights were deter- 
mined by taking random samples from 
two 0.5- × 0.5-m quadrats in each plot. 
Grain yields were determined by taking 
crop-cuts from 3 × 2 m of each plot. 

At 2.0 kg/ha, butachlor gave excel- 
lent weed control. There were no weeds 

Rice stand count, panicle count, weed 
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in the butachlor-treated plots until 15 
days after crop emergence. However, 
there was a significant reduction 
(42.9%, see table) in the stand count of 
BR6 rice. The cultivar seemed to be 
very much susceptible to butachlor. The 
yields of the butachlor-treated plots 
were significantly lower than those of 

Studies on the chemical control of 
weeds in dry-seeded wetland rice 

S. Kannaiyan, K. Govindarajan, and H. D. 
Levin, Plant Pathology Laboratory, Paddy 
Experiment Station, Tirur-602 025, Tamil 
Nudu, India 

The effectiveness of certain herbicides 
was assessed in a field experiment dur- 
ing samba (Aug-Dec) with the rice var- 
iety ADT31. The test herbicides were 
propanil, butachlor, and 2,4-D. The 
herbicides were sprayed once 10 days 
after sowing. The first weeding was 
done 30 days after sowing and the 
second weeding, 45 days after sowing. 
Each time the monocot and dicot weeds 
were sorted separately, and their weights 
recorded by plot. The consolidated wet 
weights of monocot and dicot weeds 
were analyzed statistically. The grain 

Light requirements for growth of 
some perennial paddy weeds 

Jiro Harada, Toshiei Ito, Kakeo Koyama, 
and Takayuki Tanaka, Hokuriku National 
Agricultural Experiment Station, Joetsu. 
Niigata 943-01, Japan 

Knowing the light requirements of 
weeds is important in determining weed 
damage to crops and in developing 
methods of ecological control. We 
examined the growth response of four 
major perennial paddy weeds in Japan 
— Sagittaria pygmaea, S. trifolia, Cype- 
rus serotinus, and Eleocharis kuroguwai 
— to reduced light (60, 45, 22, and 9% 
relative sunlight) in the field. The plant 
number and dry weight of shoots of S. 
pygmaea per unit area greatly increased 
in 60% and 45% sunlight (see figure). 
The dry weight of shoots of S. trifolia 
also increased in 60% sunlight. But the 
number of plants and shoot dry weight 
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the plots hand weeded three times. 
Weed counts and weights taken at 4 

weeks after transplanting of the second 
rice crop showed no significant differ- 
ence among the treatments. That indi- 
cates that butachlor had no residual 
effect on the weed growth of the second 
crop. 

Major weeds in both rice crops were 
Echinochloa colona (L.) Link, Eleusine 
indica (L.) Gaertn., Cyperus iria L., and 
Fimbristylis littoralis Gaud. 

Further study of butachlor at differ- 
ent rates of application and on different 
cultivars of dry-seeded rice seems essen- 
tial. 

and straw yield of rice also were 
recorded. 

to control of both monocot and dicot 
weeds were statistically significant. 
Among the herbicides tested 2,4-D and 
propanil were superior in controlling 
monocot weeds; propanil and butachlor 
were effective in controlling dicot weeds 

The treatment differences with regard 

(see table). The treatment differences 
with respect to grain yield were also 
statistically significant. Butachlor and 
propanil were equally significantly 
superior to 2,4-D and the hand-weeded 
check. Butachlor and propanil increased 
yield by 17.9 and 15.7%, respectively, 
over the control; 2,4-D increased it by 
6.4% over the hand-weeded check. 

Effectiveness of certain herbicides in the control of weeds for dry-seeded wetland rice. 

Herbicide 

Percent 
Rate Mean wt (g/m 2 ) Grain increase 

(kg ai./ ha) yield 
Dicot (t/ha) control Monocot over 

2,4-D 5 kg in 250 liters water 114.60 221.45 2.78 6.40 
Propanil 7.5 liters in 250 liters 155.75 124.95 3.02 15.79 

Butachlor 5 liters in 250 liters water 249.20 143.00 3.08 17.90 
Control (hand 323.50 366.50 2.61 – 

water 

weeding) 
SE 41.34 48.97 .103 
CD 42.78 150.88 .317 

of C. serotinus and E. kuroguwai 
rapidly decreased with diminishing sun- 
light. Tuber formation of these weeds 
(except S. trifolia) decreased in such 
conditions. 

The results suggest that the shoot 
growth of S. pygmaea and S. trifolia is 
more adapted to reduced light than that 
of the two sedges C. serotinus and E. 
kuroguwai. 

Individuals, organizations, and media 
who wish additional details of 
information presented in IRRN should 
write directly to the authors. 

Effect of limitation of sunlight on the growth of 
some perennial paddy weeds, Japan. *70.0 g/m. 
**369.2 g/m 2 , ***462.5 g/m 2 , ****430.0 g/m 2 . 
Mean solar radiation at control during the treat- 
ment period: 367.3 cal/cm 2 per day. 



Pest management and control INSECTS 

Transmission of rice yellow dwarf 
with the blue race of Nephotettix 
virescens 

V. Muniyappa, Plant Pathology Depart- 
ment, and C. A. Viraktamath. Entomology 
Department, University of Agricultural 
Sciences, Hebbal, Bangalore 560024, India 

During investigations on the transmis- 
sion of rice yellow dwarf by the green 
leafhopper Nephotettix virescens, a few 
blue-colored adults were observed in the 

rearing cages. These adults were separ- 
ated and reared separately on healthy 
rice seedlings enclosed in clear-plastic 
cages. In the first generation the pro- 
geny segregated into blue and green 
colors. In subsequent generations, only 
blue leafhoppers appeared. 

low dwarf by blue- and green-colored 
N. virescens was tested. Second-instar 
nymphs of both blue and green N. 
virescens were collected and released 
separately on plants infected with rice 

The transmission efficiency of rice yel- 

yellow dwarf for 24 hours of acquisition 
feeding. After a 30-day incubation 
period in the leafhoppers, 25 female and 
25 male adults from each group were 
enclosed individually with 15-day-old 
healthy plants of the rice cultivar 
IET2295 for 48 hours. The percentage 
of active transmitters was 64% for blue 
females, 48% for blue males, 56% for 
green females, and 44% for green males. 
Therefore the blue race of N. virescens 
was as good a transmitter of yellow 
dwarf as the common green race. 

Effectiveness of seedling root dip for 
control of gall midge 

U. S. Misra. B. C. Shukla, V. K. Kosta, and 
A. K. Dubey, Central Rice Research Sta- 
tion, Raipur, M.P., India 

Early planting or the use of gall midge- 
resistant (GMR) varieties helps reduce 
rice gall midge damage. When farmers 
are not prepared to grow GMR varieties 
and also must plant late, chemicals 
(granular systemic insecticides) are the 
only available means of protection. But 
most chemicals are too costly for the 
average farmer. 

A seedling root dip, if effective, 
should be economical. Although pro- 
phylactic in nature, it would fit into a 
system of integrated pest control 
because of its low cost and its ecological 
selectivity (seedling dip would have little 
adverse effect on natural enemies of gall 
midge). 

In our preliminary pesticide screening 
trials, we found the insecticides chlorpy- 
rifos and isofenphos promising for use 
in seedling root-dip treatment (Table 1). 

In another experiment, we further 
tested those insecticides in both plain 
water and a 1% urea solution. The dip- 
ping time of 1 hour was extended to 3 
hours. 

12 hours was most effective (Table 2). 
But when isofenphos was used with 
1.0% urea, reduction of the dipping time 

The dipping in 0.02% isofenphos for 

Table 1. Percentages of silver shoots, productive tillers, and sound grains and average yield of rice variety 
Jaya under different seedling root dip treatments to control rice gall midge. Raipur, India. a 

Treatment 
Silver Productive Dipping shoots (%) 

Sound 
tillers (%) grains c Yield 

at harvest c (%) (t/ha) time (h) at 30 DT b 

Untreated check 47.4 c 45.7 e 62.4 
lsofenphos 0.02% 12 39.0 bcde 56.1 abcd 66.3 

1.8 de 
2.6 bc 

lsofenphos 0.02% 1 40.0 cde 46.8 d 67.8 1.9 cde 

lsofenphos 0.02% 12 35.4 bcd 48.4 d 63.4 2.3 bcd 

lsofenphos 0.02% 1 29.7 ab 52.6 cd 60.5 2.6 b 

lsofenphos 0.04% 12 23.3 a 64.6 a 57.1 3.5 a 

Isofenphos 0.04% 1 41.9 de 48.3 d 63.0 1.5 e 

lsofenphos 0.04% 12 29.8 abc 54.8 abcd 61.4 2.2 bcd 

Isofenphos 0.04% 1 32.8 abcd 63.4 ab 61.1 2.2 bcd 

Chlorpyrifos 0.02% 12 33.8 bcd 60.2 abc 61.6 2.3 bcd 

Chlorpyrifos 0.02% 12 35.9 bcd 50.7 cd 64.3 ns 2.1 bcd 

in water 

in water 

in 1% urea solution 

in 1% urea solutlon 

in water 

in water 

in 1% urea solution 

in 1% urea solution 

in water 

in 1% urea solution 
a In a column. any 2 means followed by the same letters are not significantly different at 5% level. ns = not 
significant. b Days after transplanting. c Angular transformed value. 

Table 2. Percentages of silver shoots, productive tillers, and sound grainsand average yield of rice variety 
Jaya under different seedling root dip treatments a to control rice gall midge. Raipur, India. 

Treatment 
Silver Productive Sound Av 

tillers (%) grains yield 
at harvest c (%) (t/ha) 

Dipping shoots (%) 
time (h) at 30 DT b 

lsofenphos 0.02% 12 14.5 a 70.1 67.6 
lsofenphos 0.02% 

2.2 a 

Chlorpyrifos 0.02% 12 20.8 b 62.6 67.5 
Chlorpyrifos 0.02% 

1.5 bc 

3 15.3 a 59.9 70.1 1.8 ab 
in 1% urea solution 

3 14.4 a 59.8 67.2 1.4 bc 
in 1% urea solution 

Untreated check 36.6 a 59.9 ns 64.78 ns 1.2 c 
a In a column, any 2 means followed by the same letters are not significantly different at 5% level. ns = not 
significant. b Days after transplanting. c Angular transformed values. 
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to 3 hours was equally effective. Chlor- chlorpyrifos had no effect on grain fill- but was ineffective, regardless of con- 
pyrifos was not effective. ing. Isofenphos 0.04% was most effec- centration, when dipping time was 

Seedling root dip of isofenphos or tive when dipping time was 12 hours, reduced to 1 hour. 

Efficacy of granular insecticides on 
different developmental stages of 
brown planthopper 

D. J. Koshiya, A. K. Bhattacharya, and S. K. 
Verma, Department of Entomology, G. B. 
Pant University of Agriculture and Technol- 
ogy, Pantnagar, India 

A literature review reveals that almost 
nothing is known about the effect of 
granular insecticides on the develop- 
mental stages. 

lar insecticides were carried out on 1- 
month-old potted plants of varieties 
Taichung Native 1. Test insecticides at 
1 kg a.i./ ha were applied in standing 

Laboratory experiments with 9 granu- 

water. A circular polythene sheet was 
placed on the water surface so the stem 
passed through a central hole while the 
upper part of the plant stood in its natu- 
ral position. The treated plants were 
caged in transparent plastic tubes and 6 
individual stages of the brown plant- 
hopper Nilaparvata lugens were released 
on the test plants. Each treatment was 
replicated four times. The mortality 
caused by individual insecticides was 
recorded 48 hours after the insects were 
released. 

The table indicates that nymphs of 
the first and second instars were highly 
susceptible to AC 64475, carbofuran, 
phorate, and isofenvinphos; those of the 

third instar were highly susceptible to 
the first three. 

For the fourth- and fifth-instar 
nymphs, carbofuran and phorate were 
most effective. Among adults, the 
females were comparatively less suscept- 
ible than the males. However, both were 
highly susceptible to carbofuran and 
phorate. The mortality caused by the 
other insecticides at all the active stages 
was significantly less. 

Overall, carbofuran, phorate and AC 
64475 were most effective because they 
resulted in high mortality in all the 
active stages of N. lugens. Quinalphos, 
fenitrothion, and fenthion registered low 
mortality. 

Mean percentage of mortality of different stages of N. lugens due to granular insecticides. Pantnagar, India. 
Mortality (%) 

Insecticide First-instar Second-instar Third-instar Fourth-instar Fifth-instar Adult male Adult Mean 

AC 64475 100.0 (90.0) 100.0 (90.0) 100.0 (90.0) 95.0 (80.0) 92.5 (76.2) 97.5 (85.4) 87.5 (72.1) 96.1 (83.5) 

Carbofuran 100.0 (90.0) 100.0 (90.0) 100.0 (90.0) 100.0 (90.0) 100.0 (90.0) 100.0 (90.0) 100.0 (90.0) 100.0 (90.0) 
Fenthion 61.4 (51.3) 52.8 (46.6) 42.5 (40.7) 40.0 (39.2) 32.5 (34.7) 45.0 (42.1) 20.0 (26.2) 42.0 (40.2) 
Fenitrothion 46.1 (42.8) 35.8 (36.7) 40.0 (39.2) 30.0 (32.9) 25.0 (29.9) 27.5 (31.4) 15.0 (22.5) 31.3 (33.6) 
lsofenvinphos 100.0 (90.0) 100.0 (90.0) 85.0 (67.5) 85.0 (67.5) 72.5 (58.5) 82.5 (67.5) 87.1 (65.6) 87.1 (72.4) 
Mephosfolan 92.2 (75.9) 68.6 (56.0) 60.0 (50.8) 50.0 (45.0) 50.0 (45.0) 55.0 (47.9) 52.0 (46.4) 61.2 (52.4) 
Phorate 100.0 (90.0) 100.0 (90.0) 100.0 (90.0) 97.5 (85.4) 97.5 (85.4) 100.0 (90.0) 100.0 (90.0) 99.3 (86.7) 
Quinalphos 38.6 (38.4) 35.0 (36.2) 28.9 (32.5) 22.5 (28.3) 8.1 (16.1) 8.1 (16.1) 4.4 (11.4) 20.8 (25.6) 

Control 2.5 (9.1) 2.5 (9.1) 2.5 (9.1) 2.5 (9.1) 2.5 (9.1) 2.5 (9.1) 2.5 (9.1) 2.5 (9.1) 
Mean 72.0 (64.4) 67.6 (60.3) 62.6 (56.2) 57.8 (52.6) 53.1 (48.9) 58.1 (53.0) 50.9 (47.5) 

nymph nymph nymph nymph nymph female 

AC 92-100 79.4 (63.4) 71.7 (58.1) 67.5 (55.4) 55.0 (47.9) 50.0 (45.0) 60.0 (50.8) 45.0 (42.1) 61.2 (51.8) 

C.D. at 5% 
Data in parentheses are angular transformed values. 

Insecticide (I) (2.44) 
Stages (S) (2.04) 
Interaction (I × S) (6.46) 

Potential wind-assisted migration by 
planthoppers in the Philippines 

L. J. Rosenberg, Centre for Overseas Pest 
Research, College House, Wrights Lane, 
London W8 5SJ, U. K. 

Long-distance migration, assisted by 
wind, may play a part in the develop- 
ment of planthopper populations in the 
tropics as it does in Japan and Korea. 

A suction trap, 11 m above the 
ground, monitors daily aerial activity 

over a 2-ha rice plot at Liliw (Philip- 
pines) near IRRI, in a study of the effect 
of migration on insect population 
dynamics at the site. A peak catch of 
both brown planthoppers and white- 
backed planthoppers was recorded 
when the trap was emptied on the morn- 
ing of 15 October 1979. The captured 
insects could have originated at the site 
or immigrated from other rice areas. 
The airborne planthoppers encountered 
windspeeds of about 3-9 km/ hour. This 

is probably greater than their flight 
speed. In such winds, the track of the 
planthoppers would tend to be the same 
as that of the air in which they were 
flying. 

With the use of weather maps to 
determine the airflow above the Philip- 
pines, it is possible to simulate the 
movement of planthoppers captured 14- 
15 October. To illustrate the potential 
displacements, the tracks of plant- 
hoppers taking off from or arriving at 
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the site either at dusk on 14 October or 
at dawn on 15 October are shown in 
Figures 1 and 2. 

flight were limited. Previous studies 
found that: 

The height and duration of migratory 

• Migration is restricted to the lowest 
1,500 m of the atmosphere. 
Temperatures above this height are 
lower than 17° C and therefore too 
low for sustained flight. 

• Some planthoppers are capable of 
flying downwind for 30 hours (the 
calculated migration time from 
China to Japan). Weather maps 
were drawn for 6-hour intervals at 
the earth’s surface and for 12-hour 
intervals at 1,500 m for 12-16 
October. 

Planthoppers flying near the surface 
would have originated within Luzon 
even if they had been airborne for the 
suggested maximum 30 hours. The 
upper-air tracks show that for immi- 
grants, back tracks of more than 4 
hours before dusk on 14 October and 8 
hours dawn on 15 October reach the 
sea. The insects therefore probably orig- 
inated on Luzon because the next sour- 
ces were 40-41 hours flying time away in 
Taiwan and Palawan, respectively, 
which are far longer migration flights 
than previous work suggests. Down- 
wind emigration would have been 
toward the southeast near the surface 
and in the upper air. 

Three important aspects of wind- 
borne displacement are illustrated by the 
figures: 

1. Tracks vary with height of flight 
because wind direction and speed 
change with height. 

2. The track of any airborne insect 
varies with the time of migration 
because the airflow changes from 
hour to hour. 

reflect the airflow at the time of 
migration, not the mean seasonal 
airflow. 

October is a transition period when 

3. The tracks of airborne insects 

the southwest monsoon is replaced by prevailing airstreams were disturbed by these typhoons and demonstrate the 
the northeast monsoon. Displacement typhoons to the east and west of the importance of considering the effects of 
of planthoppers toward the northeast or Philippines. The potential tracks of the short-duration weather systems when 
the southwest did not occur because the planthoppers reflect the influence of studying insect migration. 

1. Surface and upper-air tracks 
of planthoppers arriving at or 
leaving Liliw, Philippines, at 
dusk on 14 October 1979. 

2. Surface and upper-air tracks 
of planthoppers arriving at or 
leaving Liliw, Philippines, at 
dawn on 15 October 1979. 

IRRN 6:2 (April 1981) 17 



Soil and crop management 
Screening blue-green algae types 
tolerant of daphnids in paddy fields 

S. Srinivasan, Paddy Experiment Station 
(PES), Aduthurai 612101 Thanjavur Dis- 
trict, Tamil Nadu, India 

Pathogens or predators, cyanophages, 
bacteria, fungi, daphnids, and fish are 
problems in establishing blue-green 
algae (BGA) in the fields. But the major 
hurdle in the rice fields of Tamil Nadu 
seems to be daphnids alone. As soon as 
the BGA start growing in the paddy 
fields and even before the formation of 
spores (akinetes), the daphnids appear 
in abundance and devour the whole 
algal mass. 

the application of carbofuran 3G or 
Ekalux 5G. But the saving of 25 kg 
inorganic nitrogen per hectare through 
the use of BGA is nullified by the cost 
of pesticides for the control of daphnids. 
Use of insecticides and keeping the field 
without water for a few days also help, 
but they encourage weed growth. To 
find a cheap and easy solution to the 
problem, selection of BGA types that 
can proliferate in the field even with a 
thick daphnid population was attempted 
during 1980 at PES, Aduthurai. 

Three separate conditions suitable for 
the growth and development of different 
BGA were created each month — 
planted field, field with stubbles and 
plowed, and prepared field. As per the 
field-scale BGA multiplication proce- 
dure standardized by the author, water 
was maintained permanently and super- 
phosphate alone was added as nutrient 
for algal activity. To have a dense popu- 
lation of daphnids, no pesticide was 
applied. BGA that developed from 
January-December were recorded and 
observed for their tolerance for daph- 
nids. A total of 62 species of BGA 
belonging to 18 types were recorded 
during the year: 17 Anabaena, 7 Nostoc, 
7 Oscillatoria, 5 Cylindrospermum, 3 

Daphnids can be controlled easily by 

Aulosira, 3 Gloeotrishia, 3 Lyngbya, 3 
Microcystis, 2 Chroococcum, 2 Apano- 
these, 2 Wollea, 2 Phormedium, and 
one each of Calothrix, Gloeocapsa, 
Microcoleus, Rivularia, Plectonema, 
and Gloeothece. 

Among them, Wollea bharadwajae 
and Microcystis marginata grew without 
any setback even under high daphnid 
populations. The additional advantage 
of these algae is their ability to be in the 
field the year-round. Aphanothece pal- 
lida and Gloeotrichia raciborskii were 
the next best, followed by Chroococcus 
minimus, Aphanothece prasina, Gloeo- 
thece rhodochlamys, Rivularia aquatica, 
Plectonema boryanum, Calothrix bre- 
vissima, Nostoc verrucosum, and Ana- 
baena fertilissima. 

The morphological characteristics of 
some tolerant species are given below: 

Wollea bharadwajae was seen in 
cropped as well as in fallow fields. After 
2-3 weeks of submergence, the thallus 
first appeared as a club-shaped vesicle; 
later it appeared as a cylindrical finger- 
like structure attached to the soil sub- 
strate in clusters. It was free floating 
because of mechanical disturbance in 
later stages. The initial light blue-green 
color changed to light yellowish-brown 
later. The alga was highly gelatinous 
and slightly sticky. 

only in cropped fields. The rounded, 
irregularly flattened colony was seen on 
the soil surface as a thin sheet in a water 
column. The greenish blue thick mass 
floated in the daytime. 

Aphanothece pallida was seen in 
cropped and in fallow fields. In cropped 
fields it was seen floating only in the 3-4 
weeks after planting. The thallus was 
gelatinous, soft, light. The mature thal- 
lus was granular and dull yellow. 

Gloeotrichia raciborskii was seen in 
cropped and fallow fields. The thallus 
was spherical, soft, light brownish black. 
In the initial stage of development the 
small round thallus attached itself to 

Microcystis marginata was observed 

some of the thread-like pieces of plant 
parts. After full growth, it appeared as a 
cylindrical worm-like structure from a 
distance because of the dense aggrega- 
tion of algae colonies. 

Chroococus minimus was seen in 
plowed fields after harvest and before 
planting. The thallus initially was 
slightly gelatinous, yellowish brown, and 
roughly oval to round. The mature col- 
ony had various shapes and was slightly 
leathery. 

Aphanothece prasina was seen in 
cropped fields (second crop) during cool 
weather. The young thallus was slightly 
gelatinous and soft. After full growth, it 
was brownish and slightly leathery. 

Gloeothece rodochlamys was seen in 
the stubbles of the first crop after har- 
vest. The thallus initially was more or 
less round, later forming an expanded, 
light blue-green gelatinous mass. 

Rivularia aquatica was seen in the 
first season crop of kuruvai from the 6t 
to the 8th week after planting. The thal- 
lus was spherical, light yellowish brown, 
hollow, highly glazy in appearance, and 
slightly gelatinous. It would not stick 
even if crushed with the fingers. 

Plectonema boryanum was seen in 
fields with stubbles after harvest, and in 
cropped and in fallow fields. In summer 
it spread so much that the thallus had a 
diameter measuring a few meters. 

Calothrix brevissima was seen with 
Plectonema boryanum during the 
summer months (March to June) in fal- 
low fields. No separate colony was 
observed. 

Nostoc verrucosum floated in water 
with the first-season crop immediately 
after planting and until 3-4 weeks. The 
thallus was seen sticking to some dead 
plant parts, and was spherical or sub- 
spherical like blue-green balls and gelat- 
inous to feel. After sufficient growth it 
became verrucose, hollow, soft, and 
olive green in color. 

low as well as cropped fields during 
Anabaena fertilissima was seen in fal- 
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November-January. The thallus initially 
was oval or spherical and slightly gelati- 
nous. After full growth it was hollow 
and brownish. 

To implement the BGA technology in 

Influence of nitrogen topdressing on 
the performance of blue-green algae 

S. Srinivasan, Paddy Experiment Station, 
Aduthurai 612101, Tamil Nadu, India 

The usefulness of blue-green algae 
(BGA) under nitrogen levels as high as 
100 kg/ha was established earlier. To 
assess the influence of topdressing of 
nitrogen fertilizer on BGA performance, 
a trial was conducted in kharif 1979 
with the variety ADT31. Nitrogen fertil- 
izer was tried at rates as high as 
100 kg/ha in slabs of 25 kg. A compo- 
site culture of BGA was applied uni- 
formly to treatments a week after plant- 
ing. Various nitrogen levels were applied 
with BGA both with and without top- 
dressing of 25 kg N/ha 35 days after 
transplanting. The crop was harvested 
early in October. Topdressing of nitro- 
gen fertilizer at 25 to 100 kg N/ha had 
no inhibitory effect on BGA perform- 
ance. Yield data follow: 

Grain 
Treatments (kg/ ha) yield 

(t/ha) 
N 0 + BGA 10 3.8 
N 0 + BGA 10 + N 25 topdressing 4.2 

N 25 + BGA 10 + N 25 topdressing 4.6 

N 50 + BGA 10 + N 25 topdressing 5.0 

N 75 + BGA 10 + N 25 topdressing 5.3 

N 100 + BGA N 25 topdressing 5.8 
C.D. (C : 0.05%) 0.3 

N 25 + BGA 10 4.2 

N 50 + BGA 10 4.5 

N 75 + BGA 10 4.9 

N 100 + BGA 5.4 

Effects of drying on the germinabil- 
ity of newly harvested rice seeds 

Salvacion M. Galon and Manuel T. Galon, 
Negros Oriental National Agricultural 
School (NONAS), College, Bayawan, 
Negros Oriental, Philippines 

Poor seed germination is a problem 
because farmers do not know how to 

Tamil Nadu, the 12 BGA types will be 
multiplied in 1981 and distributed to 
State seed farms for further 
multiplication before distribution to 
farmers. 

handle newly harvested rice seeds. The 
problem increases with double-cropping 
if the first crop is a new variety. Most 
improved rice varieties are weakly or 
moderately dormant, and so farmers are 
often short of seedlings and must leave 
portions of their fields unplanted. 

An experiment using seeds of the 
early-maturing IR50 was conducted at 
the NONAS Experiment Farm in 
October I980 with two objectives: to 
determine the effect of the number of 
drying days on germinability of newly 
harvested rice, and to find the relation 
between “rest days” after drying and 
germination percentage. 

The rag doll was used: 100 selected 
IR50 seeds/treatment were sun-dried 
(on sawali at 6 kg seeds/m 2 ) from 0700 
to 1500 hours for 1, 2, 3, 4, and 5 days 
then soaked in water and incubated for 
48, 72, and 96 hours, respectively. The 
seeds were sown in a seedbed, then ger- 
mination percentages were recorded 
every 48, 72, and 96 hours, respectively. 

The germinability of newly harvested 
rice seeds increased with the number of 
days of sun-drying and with the number 
of days the seeds were allowed to “rest” 

after drying. 
Germination was maximum when the 

seeds were dried continuously for 4 
days, “rested” for 6 days, then soaked in 
clean water and incubated for 48 hours. 

When seeds were dried from 0 to 2 
days, germination was slow (beginning 
24 hours to 96 hours after incubation) 
and nonuniform. Rice seeds dried from 
3 to 5 days germinated uniformly; ger- 
mination ended within 48 hours of 
incubation. 

tion if immediately after harvest he 
cleans rice seeds and soaks them in 
clean water for 24 hours, then incubates 
them for the next 48 hours. Drying for 1 
day would give a germination of 17%; 
drying for 4 or 5 days, 93% (see figure). 

We found that 70% of the viable 
seeds will sprout if induced to germinate 
without a rest period. One day of rest 
results in about 75% germination of 
viable seeds; 2 days will give 80%; 4 
days, 90%; 5 days, 95%; and 6 days, 
100%. 

For germinability in relation to the 
interval of days of drying, the study 
showed a 42% increase with 0-1 day dry- 
ing, 71% with 1-2 days drying, 28% with 
2-3 days, 10% with 3-4 days, and 0.1% 
with 4-5 days. 

Thus, there is no need to dry newly 
harvested rice seeds more than 4 days if 
the seeds are to be used immediately for 
the next crop. 

The farmer can expect 10% germina- 

A v e r a g e  p e r c e n t a g e  
germination of newly 
harvested IR50 rice seeds 
with respect to length of 
drying. Negros Oriental, 
Philippines. 
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P. C. Pantua, research assistant; and J. A. 
Litsinger, entomologist, Entomology 
Department, Cropping Systems Program, 
International Rice Research Institute 

Arthropod abundance in continuous 
vs biannual rice cropping systems 

Simple methods of extracting boron 
for assay of available soil boron 

M. T. Cayton, research assistant; and F. N. 
Ponnamperuma, principal soil chemist, 
International Rice Research Institute 

The standard method of extracting 
available boron from soils involves 
refluxing soil samples with a dilute solu- 
tion of barium chloride. Because this 
procedure is not applicable to routine 
soil testing in developing countries, two 
simpler methods of boron extraction 
were compared with the standard 
method. 

soils (pH, 3.5-8.0; organic carbon, 0.1- 
14%; available boron, 0.2-24 mg/ kg) 
was correlated with the boron content 
of IR42 grown on these soils in the 
greenhouse. The soils were assayed by 
three methods: 

The available boron content of 53 rice 

1. Refluxing 20 g soil with 40 ml 
water containing 0.5 ml 10% 
barium chloride for 5 minutes in a 
round-bottom flask on an electric 
heating mantle, filtering the sus- 
pension, and measuring boron in 
the filtrate (the standard method); 

2. Gently boiling 20 g soil with 40 ml 
water containing 0.5 ml 10% 
barium chloride in a 200-ml conical 
flask with a small funnel in the 
mouth for 5 minutes on a hot 
plate, filtering, and measuring 
boron in the filtrate (the hot plate 
method) and; 

3. Shaking 10 g 80-mesh soil with 20 
ml 0.05 N HCl in a 50-ml plastic 
bottle on a horizontal shaker for 5 
minutes at 180 cycles/minute, fil- 
tering, and analyzing boron in the 
filtrate (the 0.05 N HCl method). 

Boron in the extracts was estimated 
spectrophotometrically after color 
development by the curcumin-oxalic 
method. 

Available boron by the two simple 
methods correlated highly with boron 
by the standard method: 

hot plate boron vs 

0.05 N HCl boron vs 
standard boron r = 0.971** 

standard boron r = 0.956** 
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Plant boron correlated highly with 
available soil boron by the three 
methods 

plant boron vs 

plant boron vs 

plant boron vs 

standard boron r = 0.842** 

hot plate boron r = 0.842** 

0.05 N HCl boron r = 0.909** 

The acid-extractable boron correlated 
better with plant boron than did boron 
by the two other methods. 

The new methods are simple, reliable, 
rapid, inexpensive, applicable to routine 
soil testing, and are as efficient as the 
standard method for soil boron extrac- 
tion. Apart from its simplicity, the 0.05 
N HCl method has an added advan- 
tage: it can also be used to determine 
available copper and zinc. 

The critical limits for boron toxicity 
in rice soils are 5 mg/ kg by the hot plate 
method and 4 mg/ kg by the 0.05 N 
HCl method. 

Rice-based cropping systems 
successfully span the periods between the 
biannual crops through migration from 
nearby fields planted at different times. 

3. Pest populations would decline in 
continuous plantings because of a newly- 
found favorable advantage offered to 
natural enemies whose population build- 
up had previously been selectively held 

With year-round irrigation, a continuous back in biannual croppings (perhaps 
rice cropping pattern popularly termed a through a lower capability to migrate). 
rice garden offers maximum utilization The precedent for this statement comes 
of land. If the field area is less than 1.5 from the well-documented fact that 
ha, 4 crops of early maturing rice/ year biological control is more successful on 
can be grown, using family labor, by div- perennial than on annual crops, and 
iding the field into 13 plots, transplanted continuous cropping is similar to a per- 
sequentially each week. ennial crop. 

stages at any one time, continuous crop- respond differently to continuous crop- 
ping would appear ideal for insect pest ping. Whorl maggot and rice bug, which 
buildup. We measured populations of have definite preferences for specific 
both insect pests and natural enemies stages of rice, may greatly increase in 
without insecticide protection over 2 continuous cropping. Brown and white- 
years (1978-79) at IRRI using insect- backed planthoppers, which are believed 
susceptible cultivars (IR1917 in 1978 and to be highly successful migrants, may 
IET 3877 in 1979) in continuous (0.25-ha already have attained their biotic poten- 
field) and biannual (0.5-ha field) systems. tial in biannual cropping systems. The 

We hypothesized three possible con- wide array of stem borer and leaf folder 
sequences of continuous cropping in larval parasites currently known, but 
terms of insect pest population buildup: considered ineffective, may become 

1. Continuous cropping would nullify highly abundant to check these pests. 
the inherent cultural control offered by Insect pest populations were highly 
biannual cropping to break pest popula- similar over four cropping seasons in 
tion cycles. Pest populations would mul- continuous and biannual cropping sys- 
tiply to epidemic numbers more rapidly tems (Table 1). They were generally  low 
than in the biannual system. in both systems — only whorl maggot 

2. There would be no significant and stem borers exceeded economic 
change in pest abundance due to contin- injury levels during the 2 years. Stem 
uous cropping because insect pests could borers were more abundant in con- 

Because rice is found in all growth Each group of insect pests may 



Table 1. Comparison of insect pest and natural enemy abundance on insect-susceptible varieties in continuous and biannual cropping systems over a 2-year 
period. IRRI, 1978-79. 

Whorl Stem borer d (%) Leaf 
Rice 

Year Crop Cropping maggot c 
Dead- White- damaged bug f 

folder- e Hoppers g (no./m 2 ) Spiders g Egg parasitization h (%) 

system b (grade) hearts heads leaves(%) (no./ 
5 m 2 ) 

BPH h WBPH i GLW j (no./m 2 ) BPH i WBPH j GLH k 

30 DT 50-55 DT 40-50 DT 

IR1917 
1978 First Biannual 5 3.5 2.5 < 1 < 1 4.2 2.1 3.6 16 53 55 38 

Continuous 4 5.0 4.5 < 1 < 1 3.1 0.2 0.2 5 65 54 53 

Second Biannual 5 7.0 6.5 4 3.0 0 0.1 2 10 10 5 5 
Continuous 6 8.5 8.0 5 4.5 0 0 1 11 10 11 3 

IET3877 
1979 First Biannual 3 2.5 0.5 < 1 2.5 0.04 0.3 1 4 14 4 4 

Continuous 3 5.0 0.5 < 1 2.5 1.3 0.3 0.6 9 7 6 4 

Second Biannual 5 1.3 0.8 0.5 2.0 0.3 0.5 0.9 3 3 2 2 
Continuous 5 1.3 0.6 0.5 1.0 1.3 0.04 0.6 9 5 2 2 

a DT = days after transplanting. b Unreplicated treatments. Insects were monitored from the continuous cropped plot planted the same week as the biannual 
crop. c Hydrellia sasakii: 1-9 scale based on damaged leaves: 1 = < 1 %, 3 = 1-25%, 5 = 26-50%, 7 = > 50%, 9 = > 5% with tom leaves. d Scirpophaga incertulas 
and Chilo suppressalis: 5-m 2 sample area. e Cnapholocrosis medinalis: 100-leaf sample. f Leptocorisa oratorius: 5-m 2 sample taken in early morning. g Mean of 
6-7 weekly samplings (10 hills/sample) from FARMCOP suction machine. h Mean of 64 weekly exposures of hopper eggs using Otake’s method. i Nilaparvata 
lugens. j Sogatella furcifera. k Nephotettix virescens and N. nigropictus. 

Table 2. Insect pest parasitization in continuous and biannual cropping systems. a IRRI, 1978-79. 

Individuals held (no.) Parasitization (%) 

Biannual Continuous Biannual Continuous 
Year Crop Pest Stage 

1978 Second L. oratorius Egg b 213 147 4 16 
S. incertulas Larva 24 14 21 7 
C. suppressalis Larva 24 5 8 60 
C. medinalis Larva 60 73 33 29 

1979 First S. incertulas Egg b 623 734 96 95 
a Unreplicated treatments. Parasitization was recorded from field plots in the continuous cropping system planted the same week as the biannual crop. 
b Using Otake’s exposure method. 

tinuous plantings. The differences over 
seasons, however, were neither great nor 
highly consistent. 

Natural enemies of hoppers — spiders 
and egg parasites — were abundant in 
both systems (Table 1). Spider numbers 
were greater than the combined popula- 
tions of plant hoppers and leafhoppers. 
The differences in hopper egg para- 
sitization between cropping systems were 

stem borer larvae were difficult to make 
because of the low sample sizes, but 
biannual cropping favored yellow stem 
borer parasites, whereas the continuous 
system favored striped stem borer 
parasites. 

Evidence from 2 years’ observations of 
insect-susceptible cultivars without insec- 
ticide supported hypothesis 2; conti- 
nuous cropping did not dramatically 

which received high levels of insecticide, 
helped cause the low pest numbers; 

2. The location of the experiment on 
the IRRI farm (itself-a continuously 
cropped field) may have increased the 
pest populations in the biannual plot; 
and 

insect pests. 
3. The conclusions are limited only to 

not striking. increase or decrease insect pest popula- Agroeconomic comparison of 

pests over the 2-year period were more used in 1978-79, no more than two insec- Bangladesh village 
difficult to make because the pest popu- ticide applications would have been justi- 

Parasitization estimates of the other tions. Based on economic thresholds farmers’ rice cropping patterns in a 

lations were generally low (Table 2). fied (1st and 2d crops of 1978) and the M. Zahidul Hoque and Md. Azizur 
Parasitization estimates of leaf folder application number would have been the Rahman, Divsion of Rice cropping 
larvae and yellow stem borer eggs were same for both cropping systems. 
almost identical in both systems. Para- Three factors regarding extrapolation (BRRI), Joydebpur, Dacca, Bangladesh 
sitization of rice bug eggs was low, but of these results should be borne in mind: 
was greater in continuous cropping. 1. The plots used were small and per- Rice is grown year-round and occupies 
Conclusions regarding parasitization of haps the fields surrounding the trial, more than 80% of the total cropped 

Systems, Bangladesh Rice Research Institute 

IRRN 6:2 (April 1981) 21 



Residual nitrogen fertilizer and its availability. AICRIP, Hyderabad, India. 
Treatment a 

LSD 
Crop Season Rice-wheat Wheat-rice (0.05) 

rotation rotation 
Rice 1977 wet 
Wheat 
Rice 1978 wet 

Residual fertilizer N 
after 1st crop 

Uptake by 2d crop 1.3 1.4 0.4 0.4 0.1 

1977-78 dry 
15 N 15 N 
0 N 14 N 

Kg N/ha 

21.0 18.4 N.S. 

15 N 
0 N 

15 N 
14 N 

a 15 N = fertilized by labeled urea, 14 N = fertilized with unlabeled urea, 0 N = no N fertilizer added, N.S. = not 
significant. 

area of Bangladesh. In about 18 basic 
cropping patterns, rice is grown as the 
major crop. Where irrigation is 
available, rice is preferred unless other 
crops such as wheat, potato, chili, are 
more advantageous. Under irrigated 
highland and medium highland 
situations, the most important cropping 
patterns are high yield (HYV) boro - 
HYV t. aman and HYV aus - HYV t. 
aman, but some farmers may grow a 
pattern of three rice crops or of a rice - 
rice - nonrice crop. 

In 1978-79, detailed monitoring was 
done in 62 contiguous farmers' fields in 
a deep tube well irrigated area at the 
Salna cropping systems research site of 
BRRI. Daily record keeping on farmers' 
field operations and inputs used along 
with crop-cutting was done to determine 
input-output of cropping patterns on 
each plot. The boro crop was irrigated, 
and the aus and t. aman crops were 
mainly rainfed. Results indicated (see 
table) that annual rice production from 
a hectare of land could vary from 2.3 to 
10.3, depending on cropping pattern. 
Among the single-crop patterns, the 
HYV boro crop gave the highest 
production (5 t/ha), net return, and 
benefit-cost ratio. Among the two-crop 
patterns, the highest annual production 
(7.4 t/ha) came from the HYV t. aman - 
pajam boro pattern, but the highest net 
return and benefit-cost ratio were from 
the pajam t. aman - local boro pattern. 
Among the three-crop patterns, the 
highest production, net return 
($1,324/ha), and benefit-cost ratio came 
from the HYV aus - pajam t. aman - 

Residual nitrogen fertilizer in soil 
and its availability in a rice - wheat 
cropping system 

J. E. Shinde, senior soil scientist, All India 
Coordinated Rice Improvement Project 
(AICRIP), Rajendranagar, Hyderabad 
500030, India 

In a field experiment on a Vertisol, 80 
kg N/ ha was applied to rice in 3 split 
doses and to wheat in 2 splits using 15 N- 
labeled urea. The rice crop used 18.6 kg 
N/ha, and wheat 22.4 kg (LSD 0.05 = 
1.4). Kjeldahl analysis of soil samples 
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Average productivity, costs, and returns of farmers' rice cropping patterns,  Salna rice cropping 
systems research site, BRRI, 1978-79. 

Total Total 
yield variable return 

cost 
cost 

(t/ha) ($/ha) 

No. 
sampled 

Net Benefit- 
Rice cropping pattern a 

($/ha) ratio 

HYV aus 1 2.3 205 120 1.6 
Pajam t. aman b 3 3.2 141 423 4.3 
Local t. aman 2 2.7 242 216 1.9 
HYV boro 1 5.0 222 844 4.8 
Local boro 1 2.9 235 420 2.8 
HYV aus – local t. aman 3 5.5 328 532 2.6 
HYV aus – pajam t. aman 2 5.4 268 564 3.1 
HYV aus – pajam boro 2 5.9 362 746 3.1 
Pajam t. aman – local boro 2 7.0 251 1069 5.3 
Pajam t. aman – HYV boro 12 7.3 430 957 3.3 
Pajam t. aman – pajam boro 12 6.5 378 927 3.4 
HYV t. aman – pajam boro 4 7.4 567 948 2.6 
Local aus – pajam t. aman – pajam 3 9.2 628 1114 2.8 

HYV aus – local t. aman – HYV boro 1 7.6 442 890 3.0 
HYV aus – pajam t. aman – local 2 9.5 470 1200 3.6 

HYV aus – local t. aman – local boro 2 8.0 580 1026 2.8 
Local aus – local t. aman – HYV 2 5.5 589 489 1.8 

boro 
HYV aus – pajam t. aman – pajam 4 9.9 542 1293 3.4 

boro 
HYV aus – pajam t. aman – HYV 3 10.3 480 1324 3.8 

boro 
a HYV = high yielding variety, t = transplanted. b Pajam is considered neither a HYV nor a local 
variety in official statements in Bangladesh. 

boro 

boro 

HYV boro pattern, which also gave the 
highest production and net return 
among all the test patterns. The lowest 
production, net return, and benefit-cost 
ratio came from the single HYV aus 
crop. Interestingly the results indicated 
that the growing of a single HYV boro 
crop could give higher net return and 
benefit-cost ratio than those for some 
two-crop or even some three-crop 
patterns. Similarly, some two-crop 
patterns could also give higher 

production, net returns, and benefit-cost 
ratio than some three-crop patterns. Net 
return and benefit-cost ratio were, of 
course, influenced by the cost of 
production and prevailing market price 
for different rice varieties. The results of 
the present study may explain why 
farmers, often called great economists, 
sometimes do not go for intensive 
cropping patterns despite irrigation and 
other facilities. 

drawn from the root zone after harvest 18.4 kg (see table). The KC1-extractable 
showed that the residual nitrogen after labeled NH 4 + NO 3 – N in the root zone 
rice was 21 kg/ ha, and that after wheat amounted to 0.42% of the added nitro- 



gen after rice, and 0.09% after wheat. used 2.2%. The effect of the added lyzed for 15 N/ 14 N isotopic ratio by the 
The difference was reflected in the avail- unlabeled urea (80 kg N/ha) on availa- International Atomic Energy Agency, 
ability of the residual fertilizer nitrogen. bility of residual fertilizer nitrogen was Vienna, using the mass spectrometric 
Thus, wheat after rice used 6.5% of the negligible in both cases. and modified Dumas methods, respec- 
fertilizer residue, and rice after wheat The soil and plant samples were ana- tively. 

Announcements 
Dr. M. Mahadevappa receives 
Hooker Award for agricultural 
research 

The Academic Council of the Indian 
Agricultural Research Institute (IARI), 
New Delhi, recently presented the 
Hooker Award for 1978-79 to Dr. M. 
Mahadevappa, plant scientist (paddy), 
Regional Research Station, VC Farm, 
Mandya (University of Agricultural 
Sciences, Bangalore). 

convocation on 28 February 1981 for 
Dr. Mahadevappa’s outstanding 
research contributions in the area of rice 
breeding and in the development of 
high-yielding rice varieties. 

The award was presented at the IARI 

M. Mahadevappa, recipient of the 1978-79 Hooker Award for Agricultural Research. 

Dr. Amir U. Khan receives award Medal of the Philippine Inventors mechanization of tropical agriculture 
from Indian Society of Agricultural Commission. He has published about 50 and appropriate technology for develop- 
Engineers research papers and technical articles on ing countries. 

The Indian Soclety of Agricultural 
Engineers (ISAE) recently presented the 
Commendation Medal for 1979-80 to 
Dr. Amir U. Khan, IRRI agricultural 
engineer with the IRRI-PAK Industrial 
Development Project, Islamabad, Pakis- 
tan. The ISAE award recognized 
Dr. Khan’s outstanding contributions in 
the field of farm machinery research and 
development. A Life Member of ISAE, 
Dr. Khan has been an agricultural engi- 
neer for 25 years. He is former head of 
the IRRI Agricultural Engineering 
Department and project leader, 
USAID/IRRI Agricultural Machinery 
Development Project. Dr. Khan has 
also received the Presidential Gold 

Amir Khan checks an IRRI exper- 
imental machine in a rice field. 
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