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Abstract : Rice production in Northeast Thailand tends to show both low yield per unit land and unstable crops.
The objective of this report is to clarify the actual situation of the rice cultivation. One typical rice growing village,
Don Daeng which is located 15 km from Khon Kaen city was chosen for the study. A survery of growth of rice,
yield and its components was carried out in the village. Thirty one and 30patchs were selected as sample paddy
fields in 1981 and 1983, respectively.

Rice cultivation of this village depends upon traditional local varieties and rain-fed paddy fields without
fertilizer. In 1981, unhusked grain yield was so low as the mean value of 181.6g/m? due to drought. The yield
showed a positive correlation with the each component. On the other hand, in 1983 the yield increased to
236.3g/m? as the mean value due to enough rain fall, and showed a correlation with the number of panicles per
square meter.

The growth and yield tremendously fluctuated among paddy fields in both years. The yield correlated positively
with the straw weight and the leaf area index, and negatively with the light transmission rate under a plant
canopy. Moreover, concentrations of nitrogen, phosphorus and potassium were remarkably low. These results
seem to suggest that increases in leaf area index and the number of spikelets per unit area by vigorous vegetative
growth lead to a yield increase.
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staying in one village called Don Daeng. This
paper presents part of the results of the field

Although Thailand is a rice exporting coun-
try, rice yield in the northeastern area tends to

be lower and less stable than any other part of
this country. It is due to shortage of irrigation
facilities and also to poor soil fertility. Undevel-
oped rice culture in this region poses serious
socio-economic problems. In order to obtain
information on the farming system, especially
on rice cultivation, the authers studied the
specific problems for about twelve months

* A part of this work was presented at the 174th meeting
of the Crop Science Society of Japan held in October,
1982.

study in the village. The objective of this
report is to clarify the actual situation of rice
growing in farmers’ fields, to analyze the rela-
tion between yield and its components and to
understand the characteristics of rice yield
formation by comparing with the results of
other yield surveys in related areas.

The outline of rice cultivation practices in
this village is as follows*%!9. Rice can be
grown only in rainy season in the rain-fed
paddy field with the help of animal power,
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using native photosensitive varieties. Gluti-
nous rice varieties of grain type B classified by
the grain length and width, are planted in
approximately 909, of the total paddy area,
transplanted usually during the period from
June to August and harvested in the period of
November to December. Little or no fertilizers
nor chemicals are applied. Moreover, no weed-
ing operation can be seen until harvesting.
Rice is seldom sold. The fluctuation of rice
production in the village is extremely large.

Materials and Methods

1. Research site

Don Daeng village lies about 15 km from
Khon Kean city which is located in the center
of Northeast Thailand. Paddy fields in Don
Daeng are distributed mostly in the alluvial
plain between the Chi river and low hills
stretching in the southern part of the village
compound. The plain portion consists of
numerous swales with higher ground as levees
surrounding them. Water condition varies
considerably among paddy plots due to
difference of their location on this peculiar
landform®. Soil texture in these paddy fields
can generally be categolized as loam or clay
loam. Soil fertility is lower than that of the
central plain of Thailand®.

The field survey for rice growth and vyield
was done twice, for the period from July 1981
to January 1982 and from June to December
1983, respectively.

2. Methods

In 1981, 31 plots were chosen for the study
of growth and yield components, by consider-
ing different physical conditions of the fields.
The number of tillers and plant height were
recorded in each plot every two weeks. Light
intensity under the crop canopy was measured
with a lux meter (Tokyo Photo Electric) at the
heading stage to obtain light transmission rate
(LTR). At harvest, the number of panicles of
10 hills was counted at 13 different points
along diagonals in each plot. Then, 65 hills,
i e, 5 hills per point, were harvested and
threshed. Air-dried straws and unhusked
grains were weighed at 2 months after har-
vests.

The yield components were measured by
the following procedures. The weight of grains
of the 65 hills sampled in each plot was
measured first. Then, it was corrected by the

ratio of the average number of panicles of the
65 hills to that of 130 hills. The yield per
square meter was calculated by multiplying
the grain weight per hill by planting density
measured as described hereafter. The air-dried
grains were separated into fully ripened and
unripened grains by salty water with specific
gravity, 1.03, which seems to be suitable for
the large-shaped glutinous varieties of samples
in this study and many other varieties than
Japanese ones®. These two fractions, fully
ripened and unripened, were weighed and the
number of spikelets were counted separately.
From the total number of spikelets of the two
fractions and the total number of panicles of
the 65 samples, the mean number of spikelets
per panicle was calculated. The percentage of
unfertilized grains among empty grains was
determined by Matsushima’s method?. With
the air-dried samples, nitrogen, phosphorus
and potassium contents were determined, by
means of the semi-micro Kjeldahl, colorimetric
and flame photometric methods, respectively.

The rice hills of 215 plots were sampled so
as to cover various land conditions in Don
Daeng village. At each plot, 100 hills, namely,
50 hills each along diagonals, were cut at
ground surface level and their total fresh
weight were weighed. After threshing, the
weight of fresh, unrefined grains was mea-
sured. The fresh weight of straw was obtained
by subtracting the grain weight from the total
weight. About 20g of grains and straws were
air-dried for 2 months for measuring dry
weight. A quadrat of 2.5m? was placed in a
plot and the number of hills was counted. The
mean of four replications per plot gave plant-
ing density. The grain yield per hill was
multiplied by planting density to obtain the
yield per unit land square meter. In this paper,
rice grain yield is given in terms of the grain
yield before winnowing since winnowing is not
commonly practiced in Don Daeng village.
Yield was corrected with moisture content as
1497,.

In 1983, 32 plots were chosen for the study
of growth characters. The changes of the tiller
number and plant height were recorded, and
LTR at the heading stage was measuerd with
the same procedures as in 1981. At the head-
ing stage, leaf area per hill was determined by
summing up each leaf area which was esti-
mated as the product of leaf blade length,
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width and 0.7. Althogh it is not confirmed,
whether the coefficient, 0.7, which is used for
japonica varieties®, is applicable to indica
varieties or not, it is convenient for a speedy
estimation of leaf area. Leaf area index (LAI)
was obtained by multiplying planting density
and mean value of 3 hills’ leaf area.

For yield survey 174 plots inclusive of those
32 plots, were chosen grain and straw weights
per m? were determined by the same proce-
dure for 215 plots in 1981. The number of
panicles was counted for each 100 hills. Other
yield components were measured using the
same procedure as in 1981.

Daily rainfall was recorded from the begin-
ning of the survey.

Results and Discussion

Monthly rainfall in Don Daeng village and
its neighboring town is shown in Table 1. The
total rainfall was critical for ordinary rice
cultivation. Rainfall was concentrated during
the period from May to October. Rainfall in
1981 was less than that in 1983, especially in
August and September. Growth injury caused
by drought was observed in part of the paddy
field located at a high elevation. It can be said
that this year-to-year fluctuation of rainfall is
salient in this region. In this village, severe
drought and flooding during rice growing
season decreased its rice production so often in

Table 1.

the past?. It can be seen that the mean value
of grain weight in the plots is very low and the
difference among plots is also greater (Table
2). The maximum value of grain weight was
17 times greater than the minimun value in
1981, and 8 times greater than in 1983 as well.
The difference of straw weight in the different
plots was larger than that of grain weight.
Grain and straw weights, and grain-straw ratio
were greater in 1983 than those in 1981.
However, the maximum values of grain weight
of two years were almost the same, though the
minimun value in 1983 increased. The
coeflicient of variation (CV) in grain weight
diminished in 1983. Actually, the percentage
of plots with less than 150 g/m? of grain
weight reached 619 in 1981, but reduced to
319, in 1983. On the contrary, the maximum
weight of straw increased remarkably. These
tendency of yield fluctuation in Don Daeng
rice fields was confirmed by the standing crop
survey for about 2,500 plots in two years®.

The results of yield components survey are
shown in Table 3. Comparing with two years,
it is clear that most of components differed
remarkably between two years. Especially, the
number of spikelets/panicle, the number of
spikelets/m?, percentage of ripened grains and
1000-grain weight increased remarkably in
1983.

The number of panicles/hill was very low in

Monthly rainfall (mm) at Don Daeng and Tha Phra.*

Year Location

Jan. Feb. Mar. Apr. May June July

Aug. Sep. Oct. Nov. Dec. Total

1981 Don Daeng — — — — —

— — 102 86 89 24 0 —

Tha Phra 0 2 20 56 262 140 201 95 72 114 35 0 997
1983 Don Daeng 7 10 23 13 44 257 100 359 148 153 21 0 1135
Tha Phra 7 5 4 23 95 258 98 357 185 201 8 0 1241

* The site of the Agricultural Research Station at 5 km west from Don Daeng.

Table 2. Comparison of the grain and straw weight.
Year N Mean Max. Min, Cv
Grain weight 1981 215 181.6 562.8 32.9 44 2
(g/m?) 1983 174 236.3 331.7 65.7 32.2
Straw weight 1981 215 249.1 912.6 50.3 56.4
(g/m2) 1983 173 319.1 1511.3 60.2 62.0
Grain-straw 1981 215 78.3 152.6 33.0 27.6
ratio (%) 1983 173 85.9 203.6 21.7 31.8

Note : N ; number of samples, CV ; coefficient of variation (%) .
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Table 3. Comparison of the values of yield components.

Components Year N Mean Max. Min. cv
Number of 1981 215 11.9 18.3 5.7 18.4
hills/m? 1983 174 12.4 17.4 5.3 15.8
Number of 1981 30 3.5 9.2 3.5 22.7
panicles/hill 1983 174 5.9 13. 2.9 26.8
Number of 1981 30 86.3 196.1 33.9 44.8
spikelets/panicle 1983 174 108.3 186.1 33.8 25.1
Number of 1981 30 5186 9930 1866 44 .7
spikelets/m? 1983 174 7731 19549 2230 34.5
Percentage of 1981 30 63.0 81.4 9.4 23.0
ripened grain 1983 174 74 .4 91.6 39.5 11.3
1000-grain 1981 30 32.4 37.7 17.4 17.2
weight (g) 1983 174 36.3 48.7 23.1 12.0

Note ! N ; number of samples, CV ; coefficient of variation (%) .

Table 4. Comparison of maximum tiller number, percentage of produtive culms and
plant length.

Year N Mean Max. Min, Ccv

Maximum tiller 1981 30 10.2 249 4.5 39.5
number/hill 1983 32 10.7 33.7 4.5 57.6
Percentage of 1981 30 69.4 100.0 42 4 22.6
productive culms 1983 32 73.7 97.0 56.0 13.5
Plant length at 1981 30 136 179 85 20.8
harvest (cm) 1983 33 163 217 109 17.2

Note : N ; number of samples, CV | coefficient of variation (%) .

Table 5. Leaf area index and light transmission rate at heading stage.
Year N Mean Max, Min. cv
leaf area index (LAI) 1983 33 1.1 4.9 0.3 79.2
Light transmission 1981 16 46.8 78.0 24.3 32.5
rate (LTR, %) 1983 32 24.0 82.0 0.6 78.7

Note : N ; number of samples, CV ; coefficient of variation (%) .

both years, and its change was smaller than
those of other components.

Lower value of the number of panicles/hill
was due to low maximum tiller number/hill
(Table 4). Its maximum value was only 33.7,
and the variance was greater than that in the
number of panicles/hill. Its minimum value,
4.5 means little tillering after transplanting in
the plot. The mean value of percentages of
productive culms reached about 70. The range
of variations of plant length at harvest was
also larger.

The rice plants in Don Daeng as a whole are
characterized by a poor dry matter produc-
tion, a small number of panicles and con-
comitantly, a small number of spikelets/m?. It
should also be noted that the percentage of
matured grains was very low in drought years

such as 1981. Dry matter production of rice
plant community was very low, with small LAI
and high LTR at the heading stage (Table 5).
It means that the canopy formation, namely
vegetative growth is usually very poor in the
paddy field in Don Daeng. Moreover, each
value scattered widely.

The nutritional status of the rice plants at
harvesting was very unfavorable for rice pro-
duction (Table 6). Compared with the results
obtained at IRRI' in the same tropical area,
nitrogen and potassium concentration in the
grain and phosphrus concentration in the
straw were almost the same. However, nitro-
gen and potassium concentration of straw
were almost half of them and phosphorus
concentration of grain was very low. The
variance among plots were large, especially in

NII-Electronic Library Service



Mivacawa and KURODA

Rice Yield in Rain-fed Paddy of Northeast Thailand

531

Table 6. Nitrogen, phosphorus and potassium concentration of plant at harvesting stage.
N Mean Max. Min. CcvV
Ni grain (a) 30 0.93 1.23 0.77 11.4
“(rt"%el“N op) erain (b) 30 0.95 1.24 0.79 11.2
ot = 7 siraw 30 0.24 0.49 0.11 37 .4
Phosoh grain (a) 30 0.051 0.102 0.017 37.9
E’;PO"‘““SO/) grain (b) 30 0.051 0.100 0.018 35.9
25y 70 straw 30 0.106 0.369 0.012 87.0
P . grain (a) 30 0.35 0.49 0.18 21.5
Oz?zsg‘m% grain (b) 30 0.36 0.50 0.18 20.7
2- 70 straw 30 1.75 2.72 0.62 25.5

Note : N ; number of samples, CV ; coefficient of variation (%), (a) ; full ripened grain,

(b) ; un-winnowed grain,

Table 7. Correlation coefficients which relate to the yield’s traits.
No. of No. of No. of No. of No. of
hills panicles panicles spikelets spikelets
/m? /hill /m? panicle /m?
Number of hills/m? — —0.538** 0.298 —~0.581*** —0.419*
Number of panicles/hill —0.005 — 0.622*** 0.367* 0.628***
Number of panicles/m? 0.528*** 0.830*** — —0.140 0.306
Number of spikelets/panicle —0.412*** —0.030 —0.263** — 0.880***
Number of spikelets/m? 0.188 0.740***  0.718*** 0.454*** -
Percentage of ripened grain 0.145 0.132 0.222* —0.160 0.069
1000-grain weight —0.064 —0.301** —0.326*** 0.002 —0.275**
Grain weight/m? 0.212* 0.644*** 0.638*** 0.406*** 0.899***
Straw weight/m? —0.076 0.385***  0.280** 0.484*** 0.608***
% of 1000 Grain Straw
ripened grain wt. wt.
grain wt.
Number of hills/m? —0.221 0.193 —0.418* —0.313
Number of panicles/hill 0.428* 0.157 0.613***  0.430*
Number of panicles/m? 0.343 0.068 0.308 0.212
Number of spikelets/panicle 0.208 0.466** 0.833*** 0.814***
Number of spikelets/m? 0.350 0.483** 0.963*** 0.841***
Parcentage of ripened grain — 0.408* 0.467** 0.177
1000-grain weight —0.243* — 0.647***  0.554**
Grain weight/m? 0.119 0.079 — 0.841***
Straw weight/m? —-0.078 0.015 0.642*** —

Note . The boled letters and the Roman indicate the values in 1981, 1983, respectively.
Coefficients asterisked are significant at 0.1% (***), 1% (**) and 5% (*) level.

phosphorus concentration of straw.

In conclusion, the rice growth, yield and its
components in Don Daeng village varied
extremely among plots even in a single year,
and between both years as well. This instabil-
ity and variability were caused by the circum-
stances of rice cultivation per se, such as water
regime of each plot which have different traits
according to the various landforms. This is the

major problem to be studied in detail for
further improvement in rice growing.

As Table 7 shows, the yield components
were found to be correlated positively in most
cases, with grain weight. Particularly, the cor-
relation between the grain weight/m? and the
number of spikelets/m? and that between
grain weight/m? and the number of spikelets/
panicle were quite significant in 1981. In 1983,
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Table 8. Correlation coeflicient among yield components and growth indices.
1981 1983
% of % of
productive LTR productive LTR LAI

culms culms
Number of hills/m? —0.141 0.198 —0.369* —0.090 —0.127
Number of panicles/hill —0.087 —0.614*** —0.118 —0.604*** 0.601***
Number of panicles/m? —0.248 —0.429* —0.459* —0.566** 0.595%*
Number of spikelets/panicle 0.301 —0.431* 0.438* —0.262 0.302
Number of spikelets/m? 0.254 —0.609*** —0.202 —0,695*%** 0.817***
Percentage of ripened grain 0.048 —0.262 —0.380* 0.270 —0.076
1000-grain weight 0.266 —0.408* 0.377* 0.066 —0.124
Grain weight/m? 0.280 —0.699*** —0.150 —0.701*** 0.831***
Straw weight/m? 0.039 —0.701*** 0.031  —0.539** 0.549**
Percentage of productive culms — 0.552** — —0.119 —0.225
Light transmission rate — — — — —0.548**

Note . The values were obtained using 30 (198

1), and 31 samples (1983), respectively.

Coefficients asterisked are significant at 0.19% (***), 1% (**) and 5% (*) level.

however, the correlations between grain
weight/m? and the number of spikelets/m?,
and grain weight/m? and the number of
panicles/m? or /hill were quite significant.
Exceptionally, correlation between grain
weight/m? and the number of hills/m? in 1981
was negative. In 1981, the number of spi-
kelets/m? was limited by the number of spi-
kelets/panicle. On the contrary, it was
influenced by the number of panicles/m? in
1983. As shown in Table 3, the range of
variance of the number of spikelets/panicle
was diminished, and that of the number of
panicles/m? became greater in 1983 than in
1981. The mean value of the number of spi-
kelets/panicle decreased in 1981 due to short-
age of rainfall. The drought affected not only
the number of spikelets/panicle but also the
percentage of ripened grains and 1000-grain
weight at the same time in some cases. The
correlation coefficient between the percentage
of ripened grains and that of unfertilized
grains became —0.642***. It can be said that
the low percentage of ripening was mostly
caused by drought injury in flower organs.

A greater number of spikelets did not cause
a decrease in the percentage of ripened grains
and 1000-grain weight, even though in a
bumper vyear, 1983. Moreover, the grain
weight correlated to the straw weight quite
significantly.

In general, vigorous vegetative growth does
not necessarily bring about a high grain yield.
In Don Daeng, however, it appeared that poor
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Fig. 1. Relationship between leaf
area index (LAI) and grain
weight (g/m?) in 1983.

vegetative growth was a direct cause of the low
grain yield. In order to improve yield in this
village, it may still be useful to adopt the
strategy of increasing the number of spikelets
per unit area by increasing the number of
panicles/hill, principaly.

The correlation between the percentage of
productive culms and other components was
little significant (Table 8). LAI was positively,
but LTR was negatively correlated with the
grain weight/m?, straw weight/m? the num-
ber of panicles/hill and the number of spi-
kelets/m?2. It can be said that the rice commu-
nity which had lower LTR value had more
yielding potential in this village. However, Fig.
1 shows that the rate of yield increase became
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small when LAI became larger than about 2.
It was suggested that there might be a saturat-
ing value of LAI. When the farmers try to
increase yield by increasing LAI more than 2
using fertilizer, they have to introduce the rice
varieties with improved plant type.

It was found that grain yield was negatively
correlated with the nitrogen concentration in
grain (r=—0.419*) and straw (r=—0.319),
and positively correlated with potassium con-
centration in grain (r=0.512**). The distribu-
tion of nitrogen in the various parts of the
plant at harvest was as follows: 349, in the
straw, 109 in the unripened grains and 569,
in the ripened grains. Similar results were
reported so far in Bangken Rice Experiment
Station in Thailand”.

On the whole, it may be effective to make
rice plants more vigorous by using fertilizer, in
order to get more yield in this village. But it
should be noted that field conditions of this
village differ widely in various points, e.g.
manifold landform, water regime and soil fer-
tility. Moreover, the amount of rainfall and its
distribution in rainy season fluctuate remark-
ably year by year. On the other hand, improv-
ing water condition by constructing irrigation
canal like that in the left bank of Chi river may
be difficult in near future in this village.
Therefore, there may be risks with using ferti-
lizer here. It may be more practical for improv-
ing yield in Don Daeng to examine the various
circumstances in paddy fields.

When compared with other yield surveys
conducted in the farmers’ fields in
Thailand"?!%'® and Malaysia'!"'2!¥_the char-
acteristics of rice yield in Don Daeng can be
discribed as follows. The grain yield of Don
Daeng in 1981 was slightly higher than that of
in Chai Nat (153g/m? ') in Thailand, but
lower than that in any other place, e.g. Central
Plain (213g/m? ¥, 209¢g/m? #) and northern
part (272g/m? in single cropping fields, 378g/
m? in double cropping fields!®) in Thailand,
and in Malaysia (321g/m? 'V, 323g/m? in off
season and 304g/m? in main season!?, 318
~444¢g/m? '¥) . The value in 1983 reached on
intermediate level of them, however, it is still
lower than those in northern Thailand and
Malaysia. The number of hills/m? was almost
same in any surveys. The number of panicles/
m?, the number of spikelets/panicle and the
percentage of ripened grains in Don Daeng

were less than those in Thailand and
Malaysia. 1000-grain weight was nearly equal
to that of northern Thailand. As previously
described, in this village, large grain and B
type verieties were dominant as well as in
northen Thailand. The relationship between
grain weight and most of yield components in
1981 was similar to that in Malaysia and
central plain of Thailand, but obviously
different from that in northern Thailand.
Nevertheless, the correlation coefficients
between grain weight and the number of
spikelets/panicle, and 1000-grain weight were
significantly larger than those of Malaysia and
central plain in Thailand. On the contrary,
relationship between grain weight and yield
components in 1983 was strikingly similar to
that in northern Thailand, except for the
positive correlation between grain weight and
the number of hills/m? in Don Daeng.

In conclusion, rice yield potential in Don
Daeng is not inferior to that in central
Thailand, but practical yield is governed
entirely by rainfall during the cropping sea-
son.
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