AGRICULTURE

Intervarietal Mixtures of Rice and Incidence
of Brown-spot Disease] (Helminthosporium
oryzae Breda de Haan)

Ir hus been domonstrated by Roy* that two varieties
of rice, when grown in mixture, may influence the yield
of oach other, and that the effeot is nearly as often favour-
ablo as unfavourable. Cortain mixtures yiold more than
the moans of the two comp in I
nm} occasionally oven exceed the botter components in
yield.

The mixturo cffects of the rice varieties 36 BK BR7
and 498-24 BR8 (hereafter called BK and 24, respec-
tively) were studied oritically, with ad te repli
and under different i ditions over an ad
period. The general plan of the experiment was as follows:
BK alone, 24 alons, intra-oluster mixture of BK and 24,
seed mixture of BK and 24 in equal proportions, alternate
rows of BK and 24 and, finally, half-plots. Equal
numbers of plants were transplanted in cach plot. With
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Table 1. NUMBER OF GRAINS INFEOTED BY oryzae AND OF LOSSES IN OF TWO RICE VaRINTIRES
No. of gralns attacked by H. oryzas
Percen-
Total No. Slight Heav, Destructive
Variety Treatment of gralns o id u o o
examined tive Relative Relative Total
Absolute | (per cent) | Absolute | (per cont) | Absoluto | (per cent)
BE Alone 32,950 0,190 286 8,340 108 078 30 80
BE Alternato rows 82,620 4,150 128 1,021 81 822 10 27
Seedll ture 32,130 7,190 224 1,878 48 ase 10 34
BE Seed mixture 4,200 6,980 204 1,772 52 428 12 2
BE Half-plots 37,080 11,100 205 2,452 a5 802 08 6
24 Alone 3 2,484 76 186 06 20
24 Alternate rows 32,620 071 80 160 05 i3
24 ling mixture 34,270 1,811 53 1956 06 26
24 Seed mixture 33,830 1,040 58 214 08 24
24 Hall-plots 389,740 2,345 59 328 08 29

suoh a layout it was possible to compare the performances
of different kinds of mixtures.

In 1 year, alternate rows gave an inareased yield of
259 per cent more than the mean of the two components
in pure stand, and 19-7 per cent more than the yield of
the higher-yielding variety. Other kinds of mixtures gave
smaller but significant increases.

Roy"* has indicated that the factors involved in such

healthy; slightly infeoted (light-brown spots on the
surface of the glumes); heavily infected (dark-brown spots
on the surfaces of the glumes and the fungus penetrating
into deep layers); and totally destroyed. Weights of a
thousand grains, with and without glumes, were recorded
for both varieties and the results are shown in Table 2.
Because of the red-brown colour of the glumes of 24,
slightly infected grains could not be recorded separately.

The reduction in weight without glumes was used as &
of the loss, since the glumes are of little economic

intervarietal interacti are highly plex and that
the final growth exp of the :s ts in &
mixture are the results of the combined effects of a

differential

number of factors. Roy? also suspected that
disease resil of the comp t varieti
beneficial effeots in mixtures.

We are now in a position to test this hypothesis and

might have

value. The total losses were calculated and are shown in
the last column of Table 1.

'he sup P rows’ is clearly
seen from Table 1. The results, however, show only the
losses from attack on the ear-heads. Similar differences,

ially b plots with pure varieties and plots

to offer & partial expl for the i d yield. In
1964 we observed that different plots suffered to varying
degrees from brown-spot disease, which attacked leaves
of rice plants in all stages of development. Later on, spots
appeared on the glumes, and a part of the heavily infected
grains ined sterile. The b: pot is caused by &
fungus Helminthosporium oryzae (Breda de Haan).

For detailed investigation, some ear-heads of rice were

P y
with alternate rows, were seen in the attack of the fungus
on the leaves and on the stem. The total losses through
H. oryzae are, therefore, greater than indicated in Table 1,
but the tendency shown in the figures should remain much
the same.

Tt is well known that H. oryzae forms a number of
races®4, Owing to the multi-nucleate cells and fr b

ltations, h , the races do not always remain

harvested from each plot at , and the bers of

grains with slight incidence of the disease, heavy incidence
and total destruction were counted. Owing to the red-
brown colour of the glumes, slight attack could not
clearly be detected in the variety 24 and was left out of

constant over long periods of time®. It was demonstrated

Table 2. DRY WEIGHT (GRAMS) OF 1,000 GRAINS
Dry weight (g) of 1,000 gralos

consideration. From the different plots of four replicates,
. Varlet; Types of ‘With glumes Without glumes
20 ear-heads of four different rows were cut and investi- ¥ Infection Absolute  Relative  Absolute  Relative
gated.  Altogether, 3,200 ear-heads with more than 24 Healthy 2628 100 o128 100
300,000"grains were examined. The results are shown in 7 ?“mﬂ" dltl:(;-:ogd 1081 o 1440 o8
"By simato the 1 BoOE . 2% B OR
‘o estimate the loss of weight caused by the fungus, BE  Slightly Infected 2376 5
§ i % 2 BE  Heavily infeoted 1497 50 1278 62
the grains were sorted into the following four categories: BE Tx:fnll;yd:amyed 826 18 0 0
Table 8. THE INPLUENOE OF NON-EMEROENCE ON THE ATTACK OF H. oryzas
Varlety BK, 20 ear-heads each from non-lodging plants
Autack of H. oryzae
Type of emergence No. of Slight Heavy Complete of loss
ns
wi Relative Relntive Relative
Absolute (per cent) Absolute (per cent) Absolute (per cent)
Complete emergence 1,880 24 1 108 56 42 28 50
Slight non-emergence 1,840 310 ¥y 348 186 308 105 245
Conslderable non-emergence 1,720 300 174 162 269 414 241 885
Table 4. FoUR WITH INFECTED GRAINS OF VARIETY BE
Experiment No. Total
I I jivd v
Types of Infeoted grains ‘Winnowed out ‘Winnowed out ‘Winnowed out Winnowed out ‘Winnowed out
Total Total Total Totw! Totl
No. |Abso-|Relatlve| No. |Abso-|Relative| No. |Abso- [Relatlve| No. |Abso-[Relativel No. of | Abso- | Relative
Inte | (%) lute | (%) lato | (%) Tute | (%) | gralna | lute [ (%)
| Towlly destroyed
| Tosaty destroyed gralns 8| 8 | 100 5 1 | 100 o o | 10 33 83| 100
| ]1}:.?".‘{-’-":,‘3“‘%" graing 184 | 61 466 wg 85 13«% 1'}; 127 ‘71-7 166 | 118 608 | 000 | 880 [ 6830
Heathy rndon 20| 8 | 80| 72| 60 | 833 | B[ B4 | 100 08 | 100 250 | 260 | 803
i ¥ wrning 1728 | 8 05 | 1,782 | 72 40 | 1,451 | 181 90 | 1,018 276 | 171 | 6572 | 487 4
] Totnl 1801 | 85 46 | 1,001 | 222 | 111 | 1,728 | 868 | =200 | 1,88 | 400 | 2044 | TAM {180 |15
|
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by Dus Gupta* that different varieties show u different
resistance to the various strains of the A

As a working hypothesis, we put forward the following
oxplanation of our results. The yields of the different

plots alroady described show a negative correlation with
the incidence of H. oryzae. The superior performance of
alternate rows, and the extremely small number of
affected grains, can be explained by the isoluting cffeot
of the rows against the spread of the fungus. If the
plants are arranged in o complote chess-board pattern,
cach plant in the plots with alternate rows is surrounded
by two plants of the same variety and by six plants of &
different variety. In all other arrangements, the number
of neighbouring plants of the same variety is greater, and
the isolating effeot is therefore of less influence. The
same should hold true for all pairs of varieties which are
resistant to a common strain of H. oryzae but to different
degrees. In the plots with intra-oluster mixtures of
seeds the isolating effeot is still important, although less
so than in the alternate rows. It is to be expected that
*half-plots’ of all kinds of mixtures will show the least
influence.

The large number of grains infected by the in
the plots with pure varicties is to a certain extent due to
the high degree of ‘non-emergence’. As shown in Table 3,
non-emergence results in & great number of totally

d grains, espeoially those ining in the sheath
of the top leaf under conditions of a high air humidity.

Tt is well known that mixtures are characterized by
stability performance. While the causes of such stabiliza-
tion are generally unknown, there does exist some frag-
mentary evidence on disease reaction in some crops.
Suneson’ has shown that the yield of & 3 : 1 mixture of
two wheat varieties, respectively resistant and susceptible
to the prevalent race of stem rust, was as great as the
yield of the pure resistant variety, though plote of the
pure susceptible were reduced to 58 per cent in yield.
At maturity, susceptible plants in the mixed plots had
only two-thirds the rust incidence of plants in the pure
susceptible stands. In mixture, the attack had been
slowed down sufficiently to allow the plants to yield a
crop before succumbing. Suneson also reports comparable
observations on oats’. The disease buffering effects of
mixtures were considered as means of maintaining the
temperate inbred cereals, wheat and oats, in equilibrium
with their rusts until about 60 years ago, when ‘boom
and bust oycles'? were started by the adoption of pure
line breeding?®.

This preliminary report suggests that further investi-
gations are required. We suggest that this line of study
be pursued in India and elsewhere. For such experiments,
the component varieties should be chosen to have approx-
imately the same duration. Separation becomes easy if
the grains of the component varieties have different
colours, shapes or sizes, or if the awns have different
lengths. Dark grains are, however, unfavourable since
the detection of infected grains is then more difficult.

Attention should also be given to another point. It is
well known that the leaf-spot disease of rice is transmitted
through infected seeds. Seed treatment with fungicides
is not entirely successful, espeoially if seeds are heavily
infected; in these cases, the fungus can penetrate into
the deep layers of the glumes and sometimes as far as the
embryo. It would, therefore, bo of great help if the
number of grains with heavy fungus attack could sub-
stantially be reduced before the seed treatment is carried
out. As shown in Table 2, heavily attacked grains show
8 reduction in weight (not necessarily in length) of about
?5‘—‘:0 per cent. All totally destroyed grains are very

ight.

In many parts of India the cleaning of rice for sced
purposes is done by rather primitive methods and with
incomplete results, mostly by winnowing. It can, how-
over, be demonstrated (see Table 4) that the winnowing-
out of between 10 per cent and 25 per cent of the total
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number of grains results in a considerable reduction of
heavy infection (sbout two-thirds) and a substantially
complete erndication of totally destroyed and ‘empty’
grains from tho seod remaining. Seed samples winnowoed
this way should, therefore, show a minimum transmission
of the disease to the sced-bed after proper treatment
with a fungicide and should remain largely froe from the
fungus during the carly stages of growth.
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