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ABSTRACT

A field study was carried out to ascertain the effect of irrigation
schedule and sow ng date on the water use efficiency (WE) of rice, Qyza
sativa.

The experinent consisted of 3 irrigation schedules (irrigating at 10, 15,
and 25 Kpa suctions) 4 sow ng dates (mid-Dec, nid-Jan., md-Feb,, md-Mr.);
two lowand rice varieties (ITA 212, and ITA 123) laid out as a 4 x 3 x 2 RCB
factorial with 4 replicates. The experinent was conducted at the Irrigation
Research Station, Kadawa (11° 39'N 08° 02'E and 500m above sea | evel), for 2
dry seasons from 1989 - 1991.

The main effects of irrigation schedule and sow ng date on plant height,
nunber of seeds per unit area, and grain yield were significant (P < 0.05).
These yield conponents and yield were highest with the March sow ng date, and
scheduling irrigation at 10 Kpa soil suction.

The main effect of irrigation schedule on ripening grade (filled-grain
percentage x 1000-grain weight) was significant (P < 0.05). The highest,
ri pening grade was obtained with scheduling irrigation at 10 Kpa soil suction.
Sowi ng date had no significant effect on ripening grade.

The effect of interaction between treatnments on vyield and vyield
conponents was not significant (P < 0.05). The differences in yield between
the sowing dates, are attributable to the preval ent weather conditions during
the ripening period, especially the max-mn. tenperature difference and sol ar
radi ation. Filled-grain percentage accounted for the highest variation in
grain yield, followed by 1000-grain weight. Max.-mn. tenperature differences
and solar radiation were lower during the ripening period in the March sow ng

date than the other dates.



The relationship between yield, nmax-mn. tenperature difference and sol ar

radi ation was well described by the follow ng prediction equation:

Y = [31.536 - 0.765t - 0.014S 18.5 x 10-?2
where Y = estimated yield int ha'; t =max-nin. tenperature difference in
°C, and S = solar radiation in Cal Cm?2.

Water use pattern was nononodal with the single peak at heading,
irrespective of sowing date and irrigation schedule. WJE was highest with the
March sowi ng date, and irrigation scheduled at 10 Kpa. The estimated ETcrop
was found to be described by the follow ng prediction equation -

ETcrop - 5.07 + 0.00272 Rs
where ETg-op = estinmated crop evapotranspiration, in nmday ', and Rs is the

solar radiation in Cal Cm?2.
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| CHAPTER 1
INTRODUCTION
Rice cultivation in Nigeria began with the introduction
in the sixteenth century of the indigenous West African

species, Oryza glaberrima 8Steud, to the inundated flood

plains of what is now northern Nigeria, where according to
Porteres (1950), it had spread from an original centre of
variation in the Central Nigeria Delta. Since almost all the
nunerous varieties of this 'red’ rice now grown in Nigeria
possess the fleoating habit, in contrast te the upland habit
which the species evolved elsewhere in Africa possess, it
would appear that the northern Nigeria flood plains provided
a unique ecological niche and possibly a secondary center of
diversity. |

The earliest cultivation of 'white' rice, Oryza sativa

L., in Nigeria apparently started about 100 years ago when
upland varieties were introduced to the high forest zone of
western Nigeria. The earliest recorded introductions of
white rice are those made by the Department of Agriculture
after 1919 (Hardcastle, 1959). Shallow swamp varieties from
British Guiana, and Ceylon (now Sri Lanka) were successfully
egtablished in the shallow flooding valleys (fadama) of

Kaduna, Niger, and Benue Rivers where they rapidly replaced



gwamp varietieg of red rice then extensively cultivated.

Today, swamp cultivation of Oryza glaberrima is mostly

confined to the far north of Nigeria where it is particularly
well adapted to the rapid fluctuations in flood depths that
ogcur. ! '

Four typical zones may be recognized in which rice can
Ee grown in Nigeria. In their present order of importancé
these are:- naturally inundated land, land provided with
supplementary irrigation, land not subject to inundation but
receiving sufficient rainfall, and tidal fresh-water mangrové
swamp . Throughout northern Nigeria rainfall is inadequate
for rice cultivation (Rae, 1944). The mean annual rainfall
in northern Nigeria varies between 1250mm to 1500mm in the
gsouth and 500mm to 750mm at the northern boundary. About
two-thirds of the total rainfall is received between July
and September, as rainfall before July and in October is
markedly reduced and irregqular. For this reason rice
cultivation, originating with the introduction of Q.
glaberrima has been confined to the fadamas where the
inundation extends beyond the end of rains into the critical
reriod when rice is heading.

The fadama floods,however, are ;characterised by a rapid
rise and vary from year to year in time of onset, duration
and depth. Deep flooding precludes _the use of much valuable
land and the varieties of white rice 2o far introduced do nof
possess the tolerance shown by the indigenous red rice to

this environment. In an effort to offset this problem,



gseveral small irrigation séhemes weée initiated in the old
Niger and Sokoto Provinces {(now Niger and Sokcoto States},
thue increasing the hectarage of swamp rice receiving
supplenentary water supplies., These schemes usually consist
of diversion weirs on perennial streams and a distributory
channel network over the area commanded. No large water
storage reservoirs have been included in the schemes, but
several include flood protection embarkments.

The construction in the mid '70s of large irrigation
schemes - the Kano River and the Bakalori Projects, all 16 
the sudan savanna ecological zone has Jled to a further
increase in hectarage under rice outgide the traditional
fadama areas. Production in these schemes is largely rainfed
with supplementary irrigation. With the ever increasing
demand for rice and the pressure to expand production in this
gsemi-arid zone, fully irrigated rice production remaing the
only viable option to meet this demand.

The bulk of rice produced in the Sudan Savanna
ecological 2zone (a semi-arid belt}) of northern Nigeria is
presently confined to the rainy season within the large
irrigation schemes, with supplementary irrigation. Recent
developments, however, have shown an increase in production
during the dry season under full irriqgation. The trend will
continue as pressure to boost domestic production of this
crop mounts, and also ag the search for a viable substitute
crop to irrigated wheat continues in the large irrigation

gschenmes within the Sudan Savanna.



Successful rice production under full or partial
irrigation will require an effective irrigation schedule,
suitable variety, and optimum sowing date. At the moment
experimental data to build a fully or partially irrigated
rice culture in the Sudan Savanna ecological zone of northern
Nigeria 1is very limited. There 1s therefore need for
research to generate these data.

It is in the light of the fore-going that the present
study was initiated to:

(1} develop an operational irrigation schedule for

rice production during the dry season,

(2) study the effect of irrigation schedule and sowing

date on the grain vield of rice, and

(3} study the effect of irrigation schedule and sowing

date on the water use efficiency of rice,



j CHAPTER 2
LITERATURE REVIEW
a4 number of factors ~ climate, soil moisture regime,
variety, and not the least nutrient supply play important
roles in successful cropping systems, irrigated rice cultures
inclusive. However this review will concentrate mainly on
the influence of climate and goil moisture regime (both

c¢losely linked}) on rice production, !

2.1 Climate

Climate plays a dominant role in agricultural production
gsystems; it tends to define the bounds within which the
physiological growth of crops occurs. Conseguently, cultural
practices are influenced extensively by climatic factors.
The physiological effects of climatic factors on crops such
as rice may not vary significantly between irrigated and
rainfed environments, but cultural aspects of rice production
can differ greatly, depending on the hydrologic environment
in which the crop is grown. !
| Where water is not a constraint to the rice crop, and
where biological stresses and adverse soil conditions are
negligible, yield potential is related to such atmospheric
parameters as air temperature and solar radiation (Oldeman et

al., 1987).



2.1.1 Temperature ;

Tenperature is one of.the najor factors affectihg rice
production. The rice plant is cultivated widely from
tropical through temperate c¢limate, though it originated in
the tropics. It is cultivated even in some subarctic
regions, such as Hokkaido island 1in northernmost Japan
(Nishiyvama, 1976). f : | .

Nevertheless, rice plants have optimal temperature
ranges for their growth and development. Both overly high
and overly low temperatures are unfavourable for rice
production. Cool weather damage iz not only awfully severe
in Hokkaido, but also occurs widely in cooler areas of
temperate regionsg and 1in mountalnous areas in lower
latitude regions (Nishiyama, 1976).

The effect of temperature on rice production is very
divergent and complex. Temperature affects rice plants both
directly and indirectly, for example through outbreaks of
diseases or changes in solil conditions. The effect of
temperature differs among different physiological properties
and among different organs of rice plants. Developmental
age, variety, cultivation methods, and environmental
conditions are also factors which influence the relation
' between temperature and rice production. Application of
Bharp scientific scalpela to this complexity will contribute

to improvements in rice production.



2.1.1.1. Germination Temperature i

Exact estimation of the lower limit of temperature for
germination is rather difficult., Germination proceeds very
slowly under low temperatures, and the seeds are likely to
rot before germination. The temperature at which any seed
can germinate seemg& to be near 0°c {(for rice plants of
cool-tolerant varieties). Himeda (1973) reported that some
varieties can germinate at 5<c (0 to 27 percent for seven
varieties). Himeda (1973) has o¢bserved the germination of
gseeds at 2 - 5°¢, though the seedlings could not grow at
this temperature. :

Reported values for the lowest temperature of
germination are: lower than 10°c (Chaudhary and Ghildyal,
1969), lower than 9°c (Aleshin and Aprod, 1960}, lower than
8= and 13=c for other less cool-tolerant varieties) {(Lee and
~Taguchi, 1969), lower than 12°c¢ (Livingston and Haasis,
1933), lower than li®c for varieties from Japan, and lower
than 13°c for those from tropical areas {(Oka, 1954},

Tropical varieties show, in general, higher mininumn
temperatures than temperate varieties (Matsuda, 1930; Pan,
1936; Wwada, 1949; Ormnrod and Bunter, 196la). 0Oka (1954}
reported that insular varieties showed lower mininum
temperatures than continental varieties,

Among Japanese varieties, Nakamura (1938) reported that
germination at low temperatures was the best in early ones,

and decreased in the order of middle ones and late ones; on

the other hand, 8Sasaki (1968a) reported that germination



ability was not highly correlated with growth duration:
upland rice was usually better than lowland rice (Onodera,
1934; Harashima, 1937, Nakamura, 1238}. oOn the other hand,
indica varieties did not seem to show differences among
different maturity periods (Pan, 1936; Ormrod and Bunter,
1961b) .,

Reported values for Ethe upperl limit of germination
temperature for rice plants are: higher than 42<c (Livingston
and Haasis, 1933) and 43=¢ {(Chaudhary and Ghildval, 1969%9). &
review by Owen (1971) showed that there is agreement that the
maximum temperature for germination is in the region of 40 -
45°c. | E

These datalindicate that the temperature range at which
rice seeds can germinate is between near 0=¢ and 45=c. The
optimal temperature range, ig howeve: much narrower - 182 to

33=¢c (Nighiyama, 1976). !

2.1.1.2 Dormancy

Seeds of Jjaponica varietieg have relatively short
periods of dormancy. On the other hand, some indica
varieties have a very long dormant period. The dormancy of
rice seeds can be broken by the application of high
temperature to dry seedg (Jennings and de Jesus, 1964). This
ig the easiest and mosat effective method of breaking
dormancy. The exposure.of seeds to 50°c for 4 to 5 days was

sufficient for most varieties; from 7 to 10 days was required



for exceptionally dormant varieties. Ota (1973) reported
that the favourable treatmeﬁt for breaking dormancy is 1-2
weeks at 40-45°C.

The dessication of seeds did not itself have a
dormancy-breaking effect, but it enhanced the breaking of
dormancy at high temperatures (0Ota and Takemura, 1970). On
the other hand the pre-socaking of seeds stimulated the
breaking of dormancy at lower temperatures (0= and 20°c, Ota
and Takemura (1970G)}); at 3°c but not at 27°c, Roberts (1962]).

The germination of partially dormant seeds has a
narrower range of temperature. Roberts (1962) ghowed that a
partially dormant population of seeds germinated at 27°c
(about 40 percent in this experiment); the germination
notably decreased above 30°c, did not occur at 42°c, and was
notably low at 17°c¢; while a population of seed which had
conpletely broken dormancy showed a high percentage of
germination over a range from 17 to 42°c,. This result
indicates that rice seeds belong tec the C type of dormancy in
the classification by Vegis (1964); that is, narrowing of the
temperature range of germination occurs from both the higher
and lower sides. S i
2.1.1.3 Effect of Ripening Conditions on Germination

Environmental conditions during the ripening of seedé
influence the characteristics of seed germination. Ikehashi
(1967, 1972) showed that low temperature (20=c) at the early

period of ripening f(about 10 days after heading) and high



10

temperaturé {30°c) at latér periods induced considerable
dormancy. However, high temperature at later periods
promoted germination. Lee and Taguchi (1969) showed that
high temperature during the early part of seed maturation,
combined with low temperature during the late part, promoted
germination, and vice versa. i

Seed germinability at low temperaéure was increased with
the maturation of seeds (Lee and Taguchi, 19%70).

Seeds which were produced 1in a warmer district grew
glowly in a cooler district in the first year; they recovered

the growth rate gradually during a few successive years (Yui,

1958) . :
|

2.1.1.4 Seedling Establiahﬁent in Direct Sowing

The time required for seedling emergence from direct
seeding of lowland rice increased linearly from an average
air temperature of 17<¢c to 12°c (12 - 13 days at 17°c and
about 30 days at 12®c) (Saito, 1964a). Saito (1965) reported
that the time from germination to plumule length of 2 or 3cm
increased with decreasing temperature: it was very long below
15=c.

The critical average air temperature for direct seeding
of low-land rice was estimated at approximately 13=¢ at
seeding time (Saito, 1964a) and 12=¢ (which might be lowered

to 1l1®c¢c) (Moriya 1963).



After the paper by Hamada (1937), it has generally come
to be accepted that the mesocotyl of paddy rice plants of the
japonica type does not elongate to more than 10mm in darkness
at 30°c, while that of the indica type elongates SOmm'or.
more. Recently, however, mesocotyl of the japonica type was
found to be markedly stimulated by high temperature treatment
of seeds before sowing (Anayama and Inouye, 1969; Inouye et
al., 1969). This stimulation occurred in both normal and
dwarf japonica varieties and also in indica varieties (Inouye
et al., 1969;.

High temperature treatments ranged from 30 to 95°c
(Anayama and Inouye, 1969; TInouye, et al., 1970), The
treatment most effective for nmnesocotyl elongation was
application of a temperature of 40°c for 15 days to seeds
which had husked and absorbed water for 8-14 hours at 25°c,
The wheole length of the plumule (mesocotyl and coleoptile),
however, was the longest following treatment for 12-13 days
at 40=c. The percentage of stimulated seeds decreased at
temperatures of 35°c and higher than 50®c, no stimulation was
observed at 30°c.

This stimulation of mesocotyl elongation in the japonica
type is mainly caused by cell multiplication (Inouye, et al.,
1970, Concerning the cultural temperature of seedlings
after treatment, mesocotyl length increased with rising
temperature from 16 to 34=c {Inouye et al., 1970).
Coleoptile elongation was stimulated slightly by the same
treatment at temperatures from 18 to 30°c; it was strikingly

inhibited at 34<c.
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High temperature treatment of seeds before sowing
promoted the emergence of rice seedlings, especially when the
seeds were deeply sown or covered with compacted soil
(Inouye, 1972; Inocuye and Hibi, 1972}). However this effect
wag not due to the high temperature treatment per se, but
primarily to the seed immersicn at 25°c for 20 hcours before
sowing {Inouve et al., 1973). The growth of the plumules in
japonica with high temperature treatment was much slower than
in Indica (Inouye et al., 1973). This was due to the
difference between them in the rate of mesocotyl elongation.

Inouye and Avanama (1971) studied the effect of
temperature on the strength of plumule elongation. Plumule
elongation was vigorous in seedlings which were cultured
under warm temperatures from 20 to 30=c; seedlings which
were cultivated at 17°c had much lower ability to elongate
(about one-fourth as compared with that at 30=¢), This may
be a primary factor in low emergence ability at low
temperature (Inouye et al., 1969). Initial growth of
germinated seeds was accelerated by germination to a degree
of pigeon-breast sghape, then kept at 5-10°c for 10-20 days
and dried in air (Yamada et al., 1963),

The temperature of irrigation water into which seeds are
sown 1s sometimes overly high in the tropical region. On the
other hand, it 1is sometimes overly low in temperate and

* Bubarctic regions.




Chapman | and Peteréon (1962} reported that water
temperatures between 25°c¢ and 30°c were most favourable for
seedling establishment of pregerminated rice sown directly
into water. Emergence of shoots from the water was most
rapid at 30°¢, but the optimal temperature for primary root
elongation and penetration of the soil was 20 - 25°c. At
35°c the roots grew mainly in water layer, so that the
seedlings floated free or were poorly attached to the soil.
The elongation of primary roots was inhibited more strongly
at 35°c than at 20®c. Conversely, the elongation of shoots
and secondary roots was inhibited more strongly at 20°c than
at 35°¢., Thus the root is more sensitive to high temperature
than the shoot. A water temperature of 40=¢ was lethal to
pre-germinated rice seeds.

Herath and Ormrod {(1965) reported that warmer
temperatures (24=, 27, and 32°c) favoured growth of both
shoots and roots as compared to a cooler one (16=c) in direct
sowing 1into water. However, the adverse influence of low
tenmperature was much smaller in the roots, Chapman (1969)
reported that seedling establishment decreased linearly with
increasing mean temperature over the range from 25° to 35=¢
near the soil-water interface for the first 20 days. The
turbidity of water contributed toc a decrease in the mean
water temperature (éhapman, 1969). However, it generally did
not improve seedling establishment, because of some factor

such as less firm rooting in the soil,
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Ormrod and Bunter (196la) estimated the «cold water
tolerance {(at 15.5°c) of pregerminated rice seedlings sown
directly into water. California varieties generally showed
greater tolerance than varieties from southern United States;
short-grain varieties were more tolerent than long-grain
ones; no definite relation was obtained with maturity groups,
except that none of the late varieties was egual in length to
Caloro, which was the most tolerant. None of the varieties
from Japan and other higher latitude countries was
significantly superior to Caloro, but many were considerably
poorer.

Tanaka and Yamaguchi (1969) studied the effect of
temperature on the early growth of seedlings. The growth
rate increased with increasing temperature over a range from
20® to 30°c. However, the growth efficiency (defined as the
ratio of produced dry matter to the sum of produced dAry
matter and respiratory consunption) of rice seedlings
germinated in the dark was constant over the same temperature

|
range.

Sasaki {1968a} and his coworkers sﬁudied the
relationship between germination at low temperature and
subseguent early growth of rice seedlings. Correlations
between germination coefficient and plant height, 1leaf
length, dry weight, and leaf number at an early stage of
growth were statistically highly significant {(Sasaki, 1968b).
Positive correlation was also obtained between germination at

low temperature and root development at an early stage at
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low temperatufe (Sasaki and Yamazaki, 1970); and betwéen the
germination and seedling establishment (Sasaki and Yamazaki,
1971y, These results show that varieties which have high
germinability at low temperatures, grow vigorusly at the
early stage under low tenperatures, and therefore the
varieties are favourable to seedling establishment with

direct sowing on cool lowland fields.

2.1.1.5 Seedling Establishment in Transplanting

According to Yatsuyanagi (1960), the critical average
air temperature for transplanting is 15.0=¢ <« 15.3®c for rice
seedlings raised in lowland nursery beds, 14.0° - 45.5°c for
seedlings from upland beds. The transplanting periocd has
been advanced about 20-30 days by applying protected upland
nursery beds in northern parts of Japan. This difference in
temperature sensitivity among seedlings grown differently is
considered to be due to the difference in seedling vigour
{Yatsuyanagi, 1960). For one thing, upland nursery seedlings
have higher starch and protein content, and thus higher
rooting ability, than lowland seedlings Yamada and 0Ota,
1957a, 1957b; Ota and Yamada, 1958),.

The rooting of rice seedlings OEcura favourably over a
range from 19° to 33°c with an optimum at 25-28®¢; it is
severely inhibited by temperature below 16°c and above
i352¢ (Nagai and Matsushita, 1963; Matshushima et al., 1%68a:

Chamura and Honma, 1973). Root number also notably decreased
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at 9® and 13=¢ (Chamura and Honma, 1973). Root decay
occurred increasingly with rising water temperature (Ueki,

1960; Matsushima et al., 1968b).

2.1.1.6 Top Growth j

Top growth of rice plants after the seedling stage is,in
general, linearly accelerated by raising average temperature
from approximately 18<°c to 33®¢ (Ueki, 1966; Place et
al.,1971; Sato 1972a; Chamura and Honma, 1973; Osada, et al.,
1973; Yoshida, 1973). Above and below this range, the growth
notably decreages. Water tempeéature is much mare
significant than air temperature for early growth and
development of lowland rice (Matsushima et al., 1964b, 1966,
1968a, 1968b). Sato (1972a) found that dry matter production
wag the largest under a day-night temperature regime of
30=-25=¢ for Norin 17, and 25-20-c¢ for 1IR8; leaf area per
plant was the largest at 30-25°c¢ for both varieties; thus,
the temperature of 35-30°c was overly high for the growth of
either japonica or indica varieties.

Sagaki (1927) reported that the elongation of rice
leaves increased with rising temperature from 17 - 3l-=¢;
thence it tended to decrease and practically ceased at 45<c¢,
The lower limit of temperature for rice leaf elongation was
estimated at 7 - 8°c¢ (Sasaki, 1927), at 1l0=c (Aimi, 1965)
and at 12°¢ (Tanaka and Munakata, 1974). Oda and Honda
(1963} reported that the velocity of leaf emergence was
greater at warmer conditions, and this hastened heading

accompanying the decrease in leaf number,
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Kaneda and Beachell (19745 survéyed the types of cold
injury of rice plants in more than 10 <ountries. For cold
injuries at vegetative growth stages, failure in germination
and slow seedling growth were observed in almost all
countrieg surveyed; stunting and discoloration of leaves were
reported in more than half of them. Seedling discoloration
is commonly seen in indica varieties grown under low
temperatures. The discoloration is usually variocus degrees
of vellowing of leaves; sometimes white specks on leaves and
white bands on sheath, or whitening of entire leaves are

observed. At tillering stage, the yellowing occurs on lower

leaves. Yellowing of leaves was observed also in japonica

varieties grown at 9-13<®c (Chamura and Honma, 1973),

2.1.1.7 Tillering o '
There 1is disagreement aﬁong reported data about the
effect of temperature on tillering. First, a number of
researchers (Oka, 1955; Takahashi et al., 1955; Hasegawa,
1959; Nagai and Matsushita 1963; Matsushima et al., 1964b;
Kakizaki, 1965; cChamura and Honma, 1973; Yoshida, 1973)
reported that tillering increased with rising temperature in
a range from approximately 15 to 33°c. Among them, Ok;
- 11955) and Takahashi et al., (1955) indicate that tillering
period was shortened by the optimal temperatures for
tillering differentiation, and thence the final number of
tillers decreased with rising temperature. Matsushima et al.
{1964b) alse indicated that at later periods the number of

tillers became larger at 16® and 36®c than at 21° and 3l°=c.
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Second, some researchers found oftimal temperatures.in'
the same range: at 25°c day and 20°c¢ night (Sato, 1972a}), at
an average soil temperature of 26°c (Chaudhary and Ghildyal,
1970}, and at an average temperature of 22-24=c (Ueki, 1966).

Third, a number of researchers (0Dda and Honda, 1963;
Matsushima et al., 1966; Osada et al., 1973) reported that
the number of tillers increased with decreasing temperature
in the same range as mentioned above. Among them, Matsushima
et al., (1966} noted that low temperature is not favourahkle
to the elongation of tillers.

To explain this discrepancy, Yoshida (1973) suggested
that tillering of rice plants should be considered in terms
of interaction betweeen 1light intensity, temperature, and
carbohydrate metabolism. Oda and Honda (1963) reported that
under a short-day duration, the conrplete suppression of
tillering {main culm monopoly) occurred at day-night
temperature of 29 - 22=c and 32-25"¢ in one variety; while
under long-day conditions, the sprouting of tillers was not
suppressed even under high temperatures. Kaneda and Beachell
(1974) reported that +tillering in indica varieties was
markedly reduced in the first crop Formosa; on the other
hand, japonica varieties showed low tillering ability under
tropical conditions. These results indicate a possible

gsolution to this controversy. !
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Oda and Honda (1963) reported that the first tiller
appeared earliest under day-night temperature regimes at
seeding time of 23¢ - 16<, 26-19=, and 29= - 22=¢; the
appearance was delayed at higher (32= - 25<¢) and lower (20
- 132 and 17® - 13°c) temperatures. i

Temperature above 33°c is not favourable to tillering
{Ueki, 1966; Hoshino et al., 1969; Chaudhary and Ghildyal,
1970). The lower critical temperatures reported for
tillering were near 9°c (Chamura and Honma, 1973), 13.7°¢
{Sinitsyna and Chan, 1972), lower than 10= - 15°c (Sato,.
1972a), lower than 16°c (Hoshino et al., 1969; Chaudhary and
Ghildyal, 1970) and about 16=c for seedlings from low-land

nursery beds (Yatsuyanagi, 1960). i

2.1.1.8 Leaf and Internode Development

Hoshino et al (1969) and Noguchi (1960) showed that rate
of leaf emergence increases with temperature over the range
16= - 36=¢. During early growth, Herath and Ormrod {1965},
showed that it was water rather than air tenmperature which
was important, Over a similar temperature range, both leaf
léngth and width increased with temperature. Where low
temperatures during elongation produced shorter Jleaves,
succeeding leaves were longer if temperatures were then
raised. Stomata on leaves formed at 16°¢c were largest, but
there were greater numbers on leaves formed at 32°c. Tajima
(1963) showed that leaf respiration increased with

temperature up to 44=c, in contrast to leaves of timothy and
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other grasses, which showed no rise above 38<c. Ormrod and
Bunter (1961b) concluded that as photosynthesis in young
plants appeared to be relatively insepnsitive to temperature,
its main effects on net 0. exchange were the result of its
effects on respiration rates and that low temperatures at
night, or during periods of low light intensity are probably
advantageous. Ormrod and Bunter (1961b} also found that the
respiration rates of some long -~ grained varieties were
gsignificantly lower at 23= and 30=c  than those of

short-grained varieties.

2.1.1.9 Nutrient Uptake !

It is clear that any effects of temperature on the
uptake of major nutrients are at the same time likely to
influence vegetative growth and root growth. Chiu et al.,
(1960, 1961) found that increases of 3 - 4°c 1ncreased
abgorption of N, P and especially K. Plant height and straw

yield were increased, though grain yield did not always

increase as well. In some 1instances increased nutrient
uptake were associated with earlier heading. In indica
varieties it resulted in increased translocation of

nutrients to the grain, but this wag not true for japonica
varieties, Chaudhary and Ghildyal (1970) obtained similar
results with an indica variety, nutrient uptake being
greatest at the temperature regime which gave best growth and
grain yield. Compared with less favourable regimes, the
nutrient concentration was highest in the grain and lowest in
the straw, implying an effect of temperature on nutrient

transpeort to the grain. : |
i
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2.1.1.10 Reproductive Growth i
The reproductive growth of a rice plant goes on for.a
lengthy period of about 60 days from panicle initiation to
grain maturity (Munakata, 1976}. The rice plant during this
period carries on morphological differentiation as well as
increasing dry matter. g
|
|
2.1.1.10.1 Panicle Initiation !

The start of floral initiation 1is marked by the
transformation of the apical growing point into floral
primordia and by the production of flower initials instead of
axillary shoots. In most cereals this change has little
apparent effect on growth until previously formed leaves are
fully expanded, by which time the leaf area of the plant is
near the maximum (Friend 1965). The association between
rapid leaf growth and earlier floral induction at high
temperatures has been discussed by Japanese workers (Noguchi
and Kamata 1939, 1965) and it has been suggested that the
number of leaves produced before heading is almost constant
for all Japanese early - maturing varieties (Asakuma, 1958;
Noguchi and Kamata 1965). The general wvalidity of this
suggestion has not, however, been =established. Delayed
floral initiation at )low temperatures has been reported for
japonica and indica varieties and the critical minimum
temperature is apparently arocund 15®c. According to Inouye
{1964), the optimum range for initiation was 25= - 30~c¢ by
day - 20-25®c¢ by night. No initiation occured at a day/night

regime of 5%/10° or at a constant regime of 15°c. In 4
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varieties (including indica and 3Jjaponica) tested by Owen
(1969}, no initiation occurred at 33°/15° but initiation and
flowering was satisfactory at 33®/23° (Owen, 1969). Similar
effects have been recorded in other field-grown rice crops
(Matsuo, 1954; Inoue et al, 1965}, Abnormalities caused by
temperatures around l4=c have been described and illustrated
by Shimuzu and Kuno (1966) and included: reduced numbers of
florets; fusion of lodicles, stamens and overies: formation
of intermediate or bi-sexual organs; continuation of
vegetative-type growth in spikelets without formation of
gsexual organhs, but with abnormally swollen tissue,

Subzequent favourable temperatures are unlikely to
overcome the limitations on yield already set by early low
temperatures, and this has been emphasised by Matsushima et
al. (1964b), Temperature {particularly that of the water)
up to panicle - initiation stage can determine the maximum
potential yield attainable, and subsequent conditions can
influence only the extent to which this potential is
realized. As already suggested when considering tillering,
the submerssion of the growing peint probably accounts for

the greater importance of water - than of air-temperature.
i

2.1.1.10.2 Vernalization ;

It is doubtful whether true vernalization has been
demonstrated in rice, vernalization being defined as a
requirement for a period of low temperature as a prereguisite

for floral induction or, where this requirement is not

i
I
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absolute, a reduction in the time taken to reach the
flowering stage after such a period, Noguchi (1959)
discussed the evidence and concluded that no vernalization
effects have been shown for Japanese varieties. Sircar and
Ghosh (1947) have reported accelerated flowering after high
- temperature treatments, but it is debatable whether the
term vernalization can properly be applied to this effect.,
|

2.1.1.10,3 Panicle emergence, Anthesis and Pollination

After panicle initiation, the next most sensitive stage
is the meictic stage of the pollen mother cells 10-14 days
before heading (Kiyosawa, 1962; Satake et al., 1969). Severe
spikelet sterility caused by low temperatures (12<c) for 2-4
days at this time is due to abnormal male characteristics
(Hayase et al., 1969; Ito et al., 1970) Development of most
of the flower organs, excluding the stamens, is unaffected
and pistils of plants subjected to low tenperatures can be
successfully pollinated with normal pollen from untreated
plants. At low temperatures, Nishiyama (1970) reported that
anther development ceased, anther regpiration fell by 50% and
protein content declined; also, there was an apparent
correlation between anther protein content and fertility.
Moriwaki (1958) found evidence that varietiegs differenceg in
tolerance to cold water were correlated with successful
pollen production. ;

The effects of abnormal pollenidevelopemt would becone
apparent at anthesis and thus possibly be confounded with the
effects of temperature at that stage. Successful anthesis is

dependent upon a favourable combination of atmospheric

T
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temperature (in the range 22-40°¢, according to Pogendorff
{1932), humidity and light intensity. The ma X Lmum
temperature for peollen germination is 40-50°¢ and the minimum
7-14=¢ (Enomoto et al., 1956; Kivosawa, 1962), but below 16°c
the ovary may fail to develop and partially germinated pollen
may abort (McDonald, 19661, Varietal differences in minimum
and maximum temperatures for;auccessful pollination have been
recorded (Enomoto et al., 1956). After fertilization,
susceptibility to low-temperature damage may be considerably
reduced. ! |
Work in the Philipines (IRRI, 1970) suggests that the

variety TR8 does not shed pollen at temperatures of 21°¢ or

less, the optimum temperature being 30°c.

2.1.1.10.4 Ripening '

Chandler (Chandler, 1963, 1967) has emphasized the
importance of conditions during ripening. Solar radiation is
of great importance, and in some circumstances, high
radiation levels may be associated with high temperatures.
Howevetr, where this is not so and where at the game time
salar radiation is not limiting, rice yield 1is negatively
correlated with mean daily air temperature during ripening
period {Murata, 1966; Tanaka and Vergara, 1967).
Translocation of carbohydrates to the developing grain is
retarded by low temperatures, but the ripening period 1is
lengthened and the net result is a greater final accumulation

of dry matter (Aimi et al., 1959, Tajima et al., 1961). High
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temperatures during ripening apparently cause capacity of the
grain to act as a sink for assimilates ta be prematurely
reduced (Aimi et al., 1959; Nagato et al., 1961) resulting in
chalky-centred kernels and increased thickness of bran and
aleurone layers {(Ebata, 1961; Nagato and Ebata, 1960, Nagato
et al., 1961). Murata (Murata, 1966) provides a general

sunmary of ripening in the yield-determining process.
|
2.1.1.11 varietal differences !
Systematic testing of varietal differences in
temperature response has been mainly concerned with
cold-tolerance. It is generally accepted that this trait is
heritable, and tolerance testing is done either at the
seedling stage (Adair, 1966) or at the reproductive stage
{Kondo, 1954), when the criterion is the degree of spikelet
sterility. In considering differences in temperature
sensitivity during growth, the interaction with photoperiod
gensitivity, is clearly recognized. Wada (Wada, 1952; Wada
and Nojima, 1954) divides Japanese varieties into two groups:
(i) early varieties of low photo-period and high
thermo-sensitivity; ; |
(i1) late varieties of hiQhI photoperiod and loﬁ
thermo-sensitivity.,
He relates this grouping to the geographical distribution
of the varieties. Other workers in Japan (Asakuma, 1958;

Noguchi and Kamata, 1965) have also reported the same

relationship between sensitivity to temperature and
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daylength. There is some evidence that the optimum
photoperiod of a variety can be altered by change 1in
temperature regime (Roberts and Carpenter, 1965).

Although the rice crop is commonly subjected to high
temperatures at one or other stage of its growth in many
regions 1in which it is grown, resistance or tolerance to
high temperatures has not received much attention from
plant breeders in the past. Within existing Jjaponica
varieties, mnarked differences 1in adaptability to high
temperatures during ripening have been demongtrated by Nagato
et al (1961}, Differences in tolerance between indica and
japonica varieties have also been shown by Oka (Oka, 1955),
who found that the tillering rates of indica varieties,
increased more with temperature than in Jjaponica varieties,
and there was less shortening of the tillering period so that
there is a smaller decrease in final tiller numbers {(or even,
in some cases, an increase}. Thig implies that indica
varieties have a greater capability for vegetative growth
under high temperatures, The increaging trend towards
multiple cropping and mid-~season sowing may enhance the
importance of heat tolerance at all stages of growth as a

!

varietal characteristics. J

2.1.1.12 Length of Phenological Phases
Higher temperatures accelerate the rate of development
at all phencleogical stages. This implies that the length of

a given phenclogical phase is shorter at higher temperatures.
[

|
i
;
i
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Van Dobken (1979) collected data on the length of the period
from emergence to anthesis for a number of crop species grown
at different constant temperatures. The shape of the
curvilinear relationship between mean air temperature and
days to flowering obtained suggests a constant product of
days and temperature (alsoc called heat units, heat sum or
degree days). Yoshida (1981) found that the number of days
to heading has a curvilinear relationship with temperature
within a 21-30°c range. |

Traditionally, the flowering to ripening periocd is considered

to be about 30 days. However, Oldeman et al (1987) reported

that temperature determines its length.
|
2.1.2 Solar Radiation

In Japan, the local differences in grain yield of rice

when cultured under the latest, recommended management

practices, using well-adapted high-yielding varieties, were

explained by the following four climatic factors at specific

growth stages: ;
(1) integrated mean daily temperature during the first
half of growth period, |
(2) daily solar radiation at tillering stage,
(3 mean daily temperature during the panicle
development stage; and ’

(4} daily solar radiation during the 7 weeks before

harvest (Murata and Togari, 1972).
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In the tropics, where temperature is usually not a
limiting factor solar radiation would be the major climatic
factor affecting grain yield. Grain yield is positively
correlated with solar radiation during the later stages of
plant growth (Moomaw et al., 1967; Tanaka and Vergara, 1967;
De Datta and Zarate, 1970) Adaptability is partly expressed
by the potential to produce relatively high yields even with
low solar radiation. !

The effect of solar radiation from flowering to harvest
time is in filling up the spikelets, the number of filled
spikelets, and weight per spikelet. The number of empty
spikelets increases with shading or lower solar radiation
{Wada et al., 1973)., Varietal differences were noted in the
degree of sterility as a result of low solar radiation.

During the rainy season or cloudy weather the solar
energy is low, but rich in blue and ultraviolet light (Gates,
1965). The low solar energy and high temperature may result
in tall plants, as is usual during the wet-season crop.
However, this 1s counterbalanced to a large degree by the
blue light, which inhibits plant elongation (Bokura, 1%67;
Inada, 1973) sgo that the resulting plant is not unusually
tall and spindly. Blue 1light, however, does not inhibit
elongation in some rice varieties (Bokura, 1967).

1f the rice leaves can utilize high-frequency
radiations, the plant may be able to maintain its

photosynthetic efficiency even during cloudy days.
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The other extreme is high solar energy per unit of time.
In most temperate countries, light intensity during the
regular cropping season 1is higher than in the tropical
countries (Moomaw and Vergara, 1965). No bleaching can be
geen under field conditions resulting from strong light
intensity. Many authors have shown that leaves developed
under high light intensity have more c¢ells, more highly
organized cells, higher chlorophyl content, and more stomata
per unit leaf area than leaves developed under low light
intensity (Pearce and Lee, 1969). This is an adaptation for
full utilization of the high solar energy available.

Air temperature in the tropics and subtropics is largely
a function of the intensity of solar radiation. This linear
relationship does not always apply to the tremperate zone,
however. ' |

In tropical and subtropical areas, solar radiation is an
important factor in affecting yield levels, particularly
during the rainy season. Research has shown that grain yield
is positively associated with total solar radiation available
during booting, flowering, and grain ripening stages {(Moomaw
et al., 1967; Tanaka and Vergara, 1967; De Datta and Zarate,
1970). A critical light reguiring periocd extending from
panicle initiation to 10 days prior to maturation was found
to affect rice yielde in the Southern States of USA (Stansel,

1975).
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For adaptiveness tco planting in both the dry and wet
seasons8, a variety should preduce a relatively high level of
yield in the wet season as compared to that in the dry
season. The differential growth characteristics of different
varieties under different levels of solar radiation values
and nitrogen were illustrated by Chang and Vergara (1972).

As has been pointed cut earlier the yvield capacity of
rice plants depends on the total number of spikelets per
sgquare meter and the average size of individual husks
{Murata, 1969). In anlaysing data pooled for 3 years, Murata
and Togari (1972) reported that three c¢limatic factors showed
comparatively high correlation coefficients with the total
number of spikelets. The first was solar radiation during
the 6 weeks after transplanting, through its effect on the
number of ears per square meter. The second and the third
are solar radiation and mean temperature, respectively,
during the 6 weeks up to heading, through their effect of
increasing the number of spikelets per ear. However, (Kudo,
1975) found that presumably bercause of the heavy
participation of wvarietal characteristics, the contribution
of climatic factors to the whole spikelet number was only
about 50%., Thus, it has been found best to use the dry
weight at heading, Wo {(g/m®), instead of total spikelet
number to represent vield capacity. Introducing the product
of Wo and 8 (average radiation during the 6 weeks after

heading in Kcal. sq cm~*), he succeeded in explaining 49% of
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the total variation in grain vyield due o the year, location
and variety by the following regression model: Y = 382 +
0.627 Wo.8. It may be considered that Wo represents not only
yield capacity but also the average size of photosynthetic
organs during the grain-filling period {(Murata and Togari,
1972 and to some extent, the amount of carbohydrate reserve
accumulated before heading, As earlier discussed, the
development of photosynthetic organs depends mainly on
temperature combined with the number of days from
transplanting to heading, and this caﬁ be well represented by
Wo. On the other hand, the function of the photosynthetic
organ depends mainly on solar radiation, after the middle
stage of growth., Needless to say, after the heading stage
.solar radiation plays the most important role in production
of vield content (Soga and Nozaki, 1957; Moomaw et al., 1967;
wWada, 1969; Murata and Togari, 1972; Yoshida, 1972).

Murata (1964) demonstrated that differences in rice
vields in different localities 1in Japan could be accounted
for by a simple regression using temperature and solar
radiation. This was made possible perhaps because in Japan
the usze of a superior variety is coupled with good soil,
ample and timely supply of nutrients as well as water, and
with thorough control of pests and disease, climatic or
weather factors thus becoming more limiting to grain yvield
{(Murata and Tagari, 1972). ;

j

|
J
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.A number of studies have indicated that vyield per
epikelet decreases with increased spikelet number per unit of
land (Matsushima, 1957; Munakata, et al., 1967; Murata, 1969;
Wada, 1969%9). This has led many rice scientists, regardless
of whether they work 1in the temperate region or in the
tropics, to study ripening as the most critical stage in

grain production. !

Murata (1964} found a close corfelation between graiﬁ
yield and solar radiation and daily mean temperature. Hanyu
et al., (1966) also found a high correlation between grain
vield and sunshine hours and daily mean temperature for 40
days of the ripening period. These two studies were made
with data collected from different localities where soil
conditions as well as c¢limatic conditions differed.
Therefore a question still remained whether effects of
climatic factors on yield were adequately separated from
those of so0il factors. Murakami (1973), by growing rice in
the same synthetic medium at different localities, also
demonstrated a close correlation between grain yield and
daily mean temperature and sunshine hours for 40 days of the
ripening period. These three authors came up with a similar
formula. In spite of different sources of data, the optimum
average daily mean temperature was found to be about the
game, ranging from 21.4< to Z21.8%c.

Munakata et al., (1967) derived a rather complex formula
for a relationship between grain yield, solar radiation,

temperature, and crop paramneters such as grain number and

|
|
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leaf blade weight, These studies indicate that local
differences in rice productivity can largely be accounted for
by differences in solar radiation and temperature during the
ripening period (Murata, 1972).

At IRRI, agronomists showed a high correlation between
grain yield and solar radiation during the ripening period
{Moomaw et al., 1967} or during the 45 days from 15 days
before flowering to harvest (De Datta and Zarate, 1970). 1In
addition, Tanaka et al., (1966) demonstrated a close
associaticn between grain yield and dry weight increase after
flowering., These results seem to indicate that ripening is
the most critical stage in grain production even in the
Lropics. ' :

Since a maijor portion of grain carbohydrate comes from
current photosynthesis during the ripening pericd (Yoshida,
1972), it 1is obvious that active photosynthesis during that
period 1is important. However, whether ripening is more
limiting to grain yield than any other stage of growth in a
given locality would be a different matter. 1In rice, sink
gize of a crop is largely determined by spikelet number per
square meter. Spikelets function as sink after pollination.
Hence the gink size is determined at and bhefore flowering.
Therefore the relative importance of c¢limatic influence
before and after flowering depends on whether sink size is
limiting to grain yield or not.

Filled~grain percentage appears to be determined by (a)

source activity relative fo sink size (Spikelet number) (b)
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ability of grains to accept carbohydrates, and (c)
translocation of assimilates from leaves to grains. Solar
radiation appears to affect grain filling and hence
filled-grain percentage mainly by contrelling source
activity. Under a given solar radiation, the sink size
relative to source activity affects filled-grain percentage.
This is shown by increased filled-grain percentage with
partial removal of spikelets (Matsushima, 1957; Wada, 1969),
Within a noderate range, temperature appears to affect
filled-qgrain percentage mainly by controlling the capability
of grains to accept carhohydrates, or the length of the
ripening period, Length of ripening period is inversely
correlated with daily mean temperature (Yamakawa, 1962).

Thus, persistence of cloudy weather conditions will be more

detrimental to grain filling under higher temperature regimes.

because of a shorter period of ripening. A ripening period
shortened by high temperature, conbined with c¢cloudy weather
conditions, 1is believed to be a major factor in impaired
ripening. Matsushima (1957) demonstrated that a
combination o©f high tenperature and low solar radiation
seriously impaired ripening. |

The relationship between solar energy level and the
yield response to nitrogen was studied by Montano and Barker
{1974) using results of a 2-year date of planting experiment.

They fitted a quadratic response function for each set of

monthly planting date, regressing yield on nitrogen. These
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solar energy level associated with the functions and slope of
the functions. Each group covered a specific range of solar

energy and contained functions appearing to have similar
glopes. Pooled regression was computed for each group. For
the highest solar energy, the nitrogen response was linear
throughout, indicating that a maximum yield was not reached
up to 120kg N/ha (the highest N rate in this experiment).

It 1is evident from numerous results that nitrogen
response in rice varieg considerably with the level of =solar
energy, which in turn varied widely within the year and to a
lesser extent from vyear to vyear. Experiments at IRRI in
fully irrigated fields demonstrated that, for the same amount
of N applied, a much higher yield could be expected in the
dry season. The major external difference between the two
seasons 1s solar radiation (Bhuiyan and Galang, 1987). bDe
Datta and Zarate, (1970), De Datta, (1973) found that grain
vyields of irrigated rice cleosely follow the pattern of sclar
radiation during the 45 days before harvest.

High solar radiation, particularly during the
reproductive stages is considered necessary for high rice
vields. Solar radiation in the tropics is generally less in
the wet season than in the dry season (Bhuiyan and Galang,
1987). However, extensive cloud cover during the wet season
18 not considered a significant limiting factor in obtaining
grain yield of 5-6t/ha (Yoshida, 1981). The limitation
reportedly applies when vyields higher than 5-6t/ha are
sought. That would require a scolar radiation of more than
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300cal/cm? per day during the reproductive stage (Bhuiyan and

Galang, 1987). Yoshida {1981) emphasized that adapted
varieties and good soil—water~cropl management practices
should be the strategies to achieve higher production in
areas/seasons where solar radiation isllow.

i

|
2.1.3 Humidity |

Little 1is known about the influence of humidity on
photosynthesis of. rice plants. Tsune and Sato (1971)
reported that the photosynthesis of rice leaves attained a
maximum at a relative humidity of 50-60% and above this
decreased slowly with increasing ‘humidity. When however,
half of the roots were cut off, phtosynthesis increased with
increasing humidity. Thus, opt imum humidity for
photosynthesis may vary depending upon interrelationships
between water absorption and transpiration.

Factors of the physical environment, such as temperature
and relative hunidity are often discussed in thelliterature
in relation to the bionomics of insects. Such papers
described asgpects of the development, survival, reproduction,
and behaviour of ingects. In rice, examples of field and
laboratory work are as follows: for rice gall midge, Fernando
{1971}, Kovitvadhi and Leaumsang (1971), Praskasa Rao et al.
(1971) and Kalode (1974); for stem borers, Areekul and
Chamchanya (1973), and Kalode (1974); for leafhoppers and
planthoppers, IRRI (1967), Bae and Pathak (1970), Chen

(1970), and Ohockubo (1973); and for the rice beetle, Syoji

(1972). |
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Besides the effects of c¢limate on bionomics, numercus
authors cite c¢limatic factors as influencing the changes in
population size over longer time periods such as several
generations (Pathak, 1968). Frequent references have been
made to rainfall, relative hunidity, and temperature.
Pradham (1972a,b) suggested that cooler seasons and cooler
regions had higher yields due to fewer pest problems.

Abraham et al (1972), through correlation studies, found
that there was a joint influence of rainfall, relative
humidity, and mean minimun temperature on stem borer
infestation (Tryporyza incertulas). The percentage of white
head correlated negatively with relative humidity.

Prakasa et al. (19711 suggested that steady
tenmperatures with the least fluctuations between maximum and
minimum, coupled with average high relative humidity, caused
outbreaks of the rice hispa (Discladispa armigera Olivier).

Emura and Kojima (1974) found that a relative humiditf
of less than 60% caused high larval mortality of Naranga
aenegcens Moore. It has been shown that a population of
Nilaparvata lugens reached big levels when plants were
transplanted close together (10cm spacingl), probably because
of the high relative humidity c¢reated in the insects habitat
{IRRI, 1973). Kim {1969} found a positive correlation
between population density of Laodelphax straitellus and
relative humidity. Singh and Chandra (1967) were able to
find a positive correlation between the peak population of

Leptocorpisa acuta (Thunberg) each year and higher relative
|

|
|
i
|
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humidity and higher rainfall at a séecific time of vyear.
With regard to the rice whorl maggot, Hydrellia philippina
Ferimo, Ferino (1968) found the pest generally more abundant
in the rainy season, even though correlation analysis did not
show any relationship between population density indices and
weather data. j
|
2.1.4 Wind |

Gentle wind during the growing period of the rice plant,
has been known to improve grailn vyvields as it increases
turbulence in the canopy (IRRI, 1976). Photosynthesis of the
plant community increases with wind speed; the increase 1s
mainly caused by the decrease in the boundary layer
resistance near the leaf surface within the plant community
(Yabuki et al., 1972). The increase in turbulence increases
the supply of carbon dioxide to the leaf. Extremely slow
windspeeds are sufficient, since wind greater than 0.3-0.9m
sec”* has no further effect on increasing photosynthesia
in different plants (Wadsworth, 1959). |

Leaves that can easily move with slightest air movement
would certainly have a better mechanism for decreasing the
boundary layer resistance (Vegara, 1976). The strong winds
contribute to the lodging of plants. In modern varieties,
this tendency to lodge has been greatly offset by their
short height, an important factor not only in increasingn
grain yields but in making the varieties better adapted to

lowland conditions {(Vergara, 19876).
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Dry winds have been known to cause dessication of rice
leaves., Under upland conditions, the mechanical damage of
leaves by wind is more severe than under lowland conditions,
probably the result of changes occurring in the leaves when
grown under upland condition (Vergara, 1976). It has been
shown, however, that some upland wvarieties are definitely
superior in resisting wind damage (Alluri et al., 1973).

Plants grown in low levels of nitrogen were found to
have high resistance to wind damages expressed in terms of
percentage of ripened grains and the weight and thickness of
grains (Matsuzaki et al., 1972), The resistance was ascribed
to the accumulation of carbohydrate in plants as a result of

|
low nitrogen level. !

Strong winds can be a direct Icause of sterility at
flowering time by dessicating the plant; they impair grain
growth by causing mechanical damage on the grain surface;
they cause the crop to lodge (Vergara, 1976). A hot and
dry air called foehn is frequently a causative factor of
"white heads”, particularly when it comes at the panicle
exsertion (Hitaka and Ozawa, 1970), Strong winds from the
coast often contain brackish water, thus causing severe
incidence of sterility (Hitaka and Ozawa, 1970).

Lodging o©of rice plants is mnore sericug in the rainy
geason than in the dry season. The impact of raindrops
compounded by gtrong winds, aggravate the lodging
susceptibility of tall and week-culmed tropical cultivars.
Strong winds cause leaf damage by breakage of blades or

g
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gshredding of leaf tips. Cultivars differ markedly in their
resistance to wind damage (IRRI, 1967, 1970; Alluri et al.,
19731, The probable relation of wind resistance to leaf
thickness or histological structure needs to be investigated.

It has been observed at IRRI that rice cultivars shatter
more in the dry season than in the wet season., Shattering is
more serious in an upland planting than in a flooded crop.
Perhaps a combination of relative humidity and air movement
is involved (Chang and Oka, 1976). ;
|
2.1.5 Rainfall and Irrigated Rice Culture

Rainfall and rainfall patterns influence rice cultural
practices in irrigated environments through their effects on
the availability of water at the irrigation source, the
irrigation requirements in the crop field, and the optimum
cropping calendar for farmers. f

In any irrigation system, the amount of water available
for irrigation during a season is determined by the amount of
precipitation in its catchment area {(Bhuiyan and Galang,
1987). This may be true even for irrigation systems using
groundwater; local rainfall can be the primary water source
for the annual recharging of a groundwater aquifer. The rice
area that can be supported by irrigation depends on the
amount of water available during the most water-demanding
period of the season, which is dependent on rainfall in the
catchment. An irrigation system's design addresses this
uncertainty by considering a supply wvalue which long-term
records predict has a reasonable probability of being

available. |
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Dela Vina et al. {1986) showed that unexpected
reductions in the amount of water available at an irrigation
system's sourcé, such as those caused by drastic reductions
in rainfall in the catchment caused major cutbacks in the
serviceable area of the system as well as severe drought
stregs 1in areas that could be only partly supplied with
irrigation water. A notable example of such a problem was
found recently in the Pantabangan reservoir of the Upper
Pampanga River Integrated Irrigation system (UPRIIS) 1in the
Philipines (Dela Vina et al., 1986).

That system was designed to irrigate mere than 100,000
ha in the wet season and is expected to sgerve more than
80,000 ha in the dry =season. Low wet season rain for two
consecutive years (1982 and 1983} caused water levels in the
regervoir to remain well below the expected 210m elevation,
which reduced the irrigated hectarage in the subsequent dry
geasons to about 83% of a normal year's coverage in 1982 and
to 40% in 1983 (Dela Vina et al.,, 1986). Also, many farmers
within the program area for irrigation could be only
partially served. ' 5

Such incidents are common in irrigation systems. When
they happen, many farmers find themselves coping with the
difficult problem of the change of their farmg from fully
irrigated to partially irrigated or rainfed.

A similar example makes the point for pump based
irrigation systems (Galang et al., 1984; Bhuiyan and Galang,

1987). -
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2.2 Ecology and Photoperiodism

Rice 1is sensitive to photoperiod; long-day treatments
can prevent or considerably delay its flowering. Rice
cultivars exhibit a wide range of variation in their degree
of sensitivity to photoperiod (Enomoto, 1935; Morinaga and
Kuriyama, 1954; Liang and Liu, 1983).

Most of the wild species of Oryza and many of the
primitive cultivated rices (0. Sativa L.) are photoperiod
sensitive and may be classified as short-day plants. Most
papers agree on such a classification, and therefore rice is
considered as a short-day plant. It is also classified as
photoperiod-sensitive and photoperiod-insensitive types, the
latter showing a low response or a slight delay in flowering.
The present tendency 1s to select photoperiod-insensitive
cultivars so that most of the cultivated rices may eventually
become photoperiod-insentisive ones. These improved, early
maturing cultivars may fit into the multiple cropping system
characteristic of progressive agriculture,

The growth of the rice plant can be divided into three
stages:

(1) the vegetative growth phase, from germination to

panicle initiation;

(2) the reproductive phase, from panicle 1initiation to

flowering; and

(3) the ripening phase, from flowering to full

development of grain.

In the tropics, the reproductive phase is about 35 days while

the ripening phase ranges from 30 to 35 days. Both phases
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are relatively constant, although low temperatures have been
known to prolong them and high temperatures to shorten them
{Vergara and Chang, 1985}, The ripening phase may be
prolonged to as much as 60 days. However, it is the
vegetative growth phase whose duration generally varies
greatly and which largely determines the growth duration of a
cultivar, especially in the tropics.

The vegetative growth phase can be further divided into
the basic vegetative phase {BVP) and the
photoperiocod-sensitive phase (PSP), {Vergara and Chang, 1985).
The BVP refers to the juvenile growth stage of the plant,
which is not affected by photoperiod. It is only after the
BVP has been completed that the plant is able to show its
response to the photoperiodic stinulus for flowering - this
is the PSP of the plant. : i

Based on the BVP and PSP, | varietal response to
photoperiod can be clagsified into four types (Gomosta and
Vergara, 1983}. Although some tropical cultivars may be
classified as the D type having both long BVP and long PSP,
most were probably eliminated during domestication since they
would have had an unusually long growth period and could be
planted only within a narrow range of dates. 1In classifying
cultivars based on BVP, most of those from the low latitudes
were found to have long BVP's (Wada, 1952; 1954).

At the early growth stages, the rice plant is
photoperiod insengitive (Anema, 1974; Ikeda, 1974; Sakamoto,

1968). Because of this insensitivity to photoperiod, the
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early growth stage has been termed the basic vegetative
phase; it is also referred to as the Jjunvenile growth stage
of the insensitive phase of the plant. The range of BVP
reported in the literature has va;ied from 10-85 days
(Gomosta and Vergara, 1983; Jagoe, 1952; Pushpavesa, 1980).
The indica cultivars generally have longer BVP (Zhang, 1983).

Several experiments showed that short-day treatments of
seedlings accelerated heading (Roberts and Carpenter, 1962;.
Sakamoto, 1968) or delayed it (Asakuma and Kaneda, 1967;
Misra and Khan, 1973). The results indicate the possible
effect of photoperiod while the plant is in its early growth
gstage and the posgible existence of a very short BVP. On the
other hand, long-day treatments of seedlings have been
reported to induce earliness 1in flowering (SenGupta and Ken,
1945, Sen, 1948). These varied and conflicting results may
have been caused by nonspecific factors. A good example is
seedling vigor, which is known to affect the flowering date,
especially in the weakly photoperiod-sensitive cultivars.

The degree of sensitivity of rice plants has been
reported to increase with age (Ikeda, 1975; Katayama, 1977;
Noguchi et al., 1971}). The optimum age of respongiveness is
probably the result of growth-limiting factors, such as gpace
and nutrients. |

The transition from the BVP to the PSP is not well
known; it could be abrupt or it could involve a gradual
buildup. Using several cultivars, Best (1961) found that the

insensitive phase (BVP) changed to the fully sensitive phase
|
[
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PSP within a week. Best (1961) gave the following as
possible explanations for the existence of the BVP:
(1) the first leaves formed are completely insensitive
to photoperiod; |
(2) the first leaves formed hav; very low sensitivity
that they do not reach an adequate level of induction to
evoke floral initiation before the more sensitive leaves
formed at higher nodes have reached this stage,
{3) the first leaves formed do not attain the induced
stage before the {(early} senescence of these leaves,
{4) the total leaf area reegquired before the plant can
react by floral initiation to the inductive photoperiod
is so large that it is reached only at a relatively late
stage of plant development |
(5) the growing point of the young plant is unable to
react to the floral stimulus or the stimulus cannot reach
the growing point. |
The PSP or the eliminable phase (Kakizaki, 1938) is the
growth stage indicative of the rice plant's sensitivity to
photoperiod. In photoperiod-sensitive cultivars, the PSP
determines the rice plant's sBensitivity.
The P8P of photopericd-insensitive cultivars ranges from
0-30 days or longer. Under continually long photoperiads,
some cultivars have been reported to remain vegetative even
after 12 years of growth (Best, 1959). The PSP is usually
determined by subtracting the minimum growth duration from

the maximum growth duration of a cultivar (Vergara and Chang,
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1985). Because many cultivars remain vegetative for a long
period if grown under long-day conditions, experiments are
usually terminated after 200 days and the PSP of the cultivar
is given the value 200+, |

A rice cultivar's response to photoperiod may be
measured by the length o¢f the PSP, which in turn is
determined by both the critical and optimum photopericds of
the cultivar. Because these two terms have been used
interchangeably and in many ways, the following definitions
have been adopted. Optimum photoperiod is the day length at
which the Quration from sowing to flowering is at a minimum
(Chandraratna, 1952). Critical photoperiod is the longest
photoperiod at which the plant will flower or the photoperiod
beyond which it cannot flower. |

The critical photoperiod determines whether a cultivar
will flower when planted at the usual time at a certain
latitude while the optimum photoperiod determines whether it
will flower within a reasonable time if planted during a
period with longer days than would normally occur during the
growing seasan. A cultivar with a longer optimum photoperiod
or no critical photoperiod would have wider adaptability - it
could be planted at any latitude and in any season, provided
it is not too sensitive to temperature.

The optimum photoperiod differs with cultivars although
many workers have obeerved it to be 8-10 hours (Chandraratna,

1961; Ikeda, 1976, 1975). Njoku (1959) did not find any
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optimum photoperiod in the varieties he studied. The
photoperiod he used was as short as 9Ihcurs, well below the
range of natural day lengths.

Cultivars with optimum photoperiods longer than 10 hours
have also been reported (Best, 1961; Moursi, 1963; Suge,
1972). The less sensitivity to photoperiod the longer ig the
optimum period (Hara, 1930; Miyabayashi, 1944). However,
others found no correlation between the optimum photoperiod
and the photoperiod sensitivity of the many cultivars they
tested {Yu and Yao, 1967). i

A photopericd longer or shorte; than the optimum has
been shown to delay flowering, the delay depending upon the
cultivar's sensitivity {Mivabashi, 1944; Roberts and
Carpenter, 1%62; Venkataraman, 1964; Padhy and Khan, 1982).

The term supraoptimum photoperiod has been used when the
photoperiod is shorter than the optimum. Panicle initiation
in plants receiving a photoperiod as low as 4 hours has been
reported (Ikeda, 1974), Plants receiving 8 hours light and
varying dark periods from 16 to 64 hours showed inhibited
shoot apex conversion (Khan, 1976). This was ascribed to
inadequacy of carbon compounds for synthesis of requisite
gquantity of flowering hormone. |

Scripchinsky {(1940), reviewing literature on rice,
indicated that the rice plants have a "critical length of day
for flowering." Later studies showed the presence of a
critical photoperiod ranging from 12 to 14 hours (Lamin and
Vergara, 1968; Toriyama et al., 1969; Tsuboki, 1980). The

critical photoperiods determined under controlled photoperiod
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rooms were almost the same as the day length from sunrise to
sunset at 30 days before flowering under natural conditions
(Tsuboki, 1980). 3

The lower the latitude of origin of a cultivar or
strain, the shorter the c¢ritical photoperiod (Katayama,
1964), The critical period is influenced by temperature and
lengthens as the plant becomes older. The PSP of a cultivar
igs probably a measure of the combined effect of photoperiod
on its optimum photoperiod and critical photoperiod. The
shorter the critical photoperiod, the longer 1is the PSP,
Short optimum photoperiod is also associated with long PSP.

Day length changes rythmically within a year and varies
depending upon the latitude. The amount of change in day
length during the rice cropping season differs from one
latitude to another (Vergara and Chang, 19835). Even in
locations at the same latitude the day length during the
cropping season may differ because the planting dJdates may
differ greatly depending mostly on the rainfall pattern at
each location. i

At northern latitudes (Sapporo, 43°N, and Konosu, 36°N,
both in Japan) day length increases and then decreases during
the cropping season (Vergara and Chang, 1985). At lower
latitudes (Taipei 25°N - Taiwan, and Los Bonos, 14°N -~
Philippines) day length increases during the main growing
season, Near the equator (Bukit Merah, 5°N) there is little
change. These differences in day length during the growing
season may account for the wide range of photoperiod response

|
of rice cultivars, r
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In the northern hemisphere, the longest days are in June
and the shortest are in December. Taking these into account,
the photoperiod response of the rice cultivars can be tested
to a limited extent by planting the cultivars at a certain
location at different dates. Maximum differences in growth
duration can be obtained in the May and November plantings if
temperatures are not too low for growth. If a rice's growth
duration changes more than 30 days, agronomists usually
consider it photoperiod sensitive or a seasonal cultivar
{(Vergara and Chang, 1985). This method of testing
sensitivity to photoperiod has been followed in Australia
tLangfield and Basinski, 1960), China {(Zhang, 1983), India
{Misra and Khan, 1973, 1977; Khan, 1982}, Japan (Yamakawa,
1962), Philippines (Velasco and Manuel, 1953), Senegal {(Coly,
1981), Sierra Leone (Craufurd, 1964), United States of
America (Jodon, 1953). These experiments confirm the
existence of wide cultivar differences in the effect of
planting date on flowering date. ;

Many of the results ocbtained from this type of testing,
however, are not applicable to identical cultivars grown at
different latitudes. A cultivar can be insensitive to day
length in Malaysia but sensitive in Taiwan. Results of field
tests at a certain latitude are, therefore, not alwayvs
applicable at another latitude. Some published papers on the
use of this testing method failed to mention latitude or the

place where the tests were conducted.

i
|
|
|
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Under natural conditions very small differences in day
length can affect the rice plant. 1In Malacca (Malaysia), the
difference between the maximum and the minimum day lengths is
only ldmin and yvet the cultivar Siam 29 takes 329 days to
flower when planted in January and only 161 days when planted

in September (Dore, 1976). |

Another instance showing the sensitivity of the rice
plant to small differences in day length was reported in a
date-of-planting experiment in Malaysia (Lamin and Vergara,
1968), There was a difference of as much as 156 days in the
growth duration of photoperiod-sensitive cultivars when
planted in the same month but in ﬁifferent years. This
presumably resulted from differences iin weather during the
critical periods. Cloudy weather early or late in the day
shortens the twilight hour, thus shortening the day length.

Toriyama et al., (1969) tested rice cultivars involving
not only mwonthly planting but also s=sowing at different
latitudes. This gives a better idea of the photoperiodic
regponse of the cultivars but involves much work and
cooperation, |

Rice can be grown over a wide range of environmental
conditions, from the equator to about 4°N latitude, leading
to the differentiation and establishment of various ecotypes
and forms. The great diveraity in photoperiod sensitivity
from one latitude to another or within a latitude probably
indicates that the rice cultivars predominantly cultivated in

each area are those that have been selected on the basis of

i
I
l
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local adaptability (that is, adaptability to the temperature
of the rice~-growing season, day length, and duration of the
growing season) to assure the full development of the plant
and the best possible balance between vegetative and
reproductive growth (Zhang, 1983), f

A major problem in studying the ecology of the rice
plant, especially in reference to photoperiodism, is that
cultivars' in farmers' field keep changing. Recent papers,
however, generally agree that among the photoperiod-sensitive
cultivars, the lower the latitutde of distribution, the
higher the sensitivity (Zhang, 1983)}.

The cultivars in the tropics or lower latitudes are
usually late maturing (long growth duration). Many studies
show that the late cultivars are more sengitive to
photoperiod than the early ones {Lee, 1964; Zhang, 1983). 1In
the tropics, where rice can be grown any time aof the year
provided there is sufficient water, photoperiod sensitivity
presents certain problems. During the off-season, when the
day length during the early growth stage is increasing, the
sensitive cultivars are uneconomical to use because they take
a very long time to produce any grain. For wider
adaptability, cultivars should have low photoperiod
sensitivity (Dasananda, 1961; Chang and Vergara, 1972) and
thus have little differences 1in growth duration when planted

at different times of the year or at varying latitudes.



52

Insensitive cultivars have been successfully grown at
different latitudes where rice 1s used as a crop (Yu and Yau,
1962; Chang, 1967). This 1indicates that it should not be
difficult to introduce new photoperiod-insensitive cultivars
to different rice growing areas or to culture them year-round
in the tropics. The plant breeders, as the varieties coming
out 1indicate, are developing more photoperiod-insensitive
cultivars.

Extensive testing in various rice-growing areas of the
world has established the wide adaptability of
photoperiod-insensitive cultivars. In general, the longer
the BVP the less the variation in growth duration and the
stronger the PSP the greater the variation in growth duration
(Zhang, 1983).

Photoperiod sensitivity may work as a safety mechanism
when precise planting dates are not followed, Maturation of
the crop at the same time, as with photoperiod-sensitive
cultivars planted at different dates, may reduce rat and
insect damage in any one field, Also harvesting and drying
are simplified.

1f the soil 1s not sufficiently fertile, a
photoperiod-sensitive cultivar will continue its compelled
vegetative growth until the short days come. This would give
the plant enough time to reach a reasonable plant weight and
accumulate enough carbohydrates before flowering (Vergara,
1976). Thus a photoperiod-sensitive cultivar generally may

be more resistant to unfavourable conditions.
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Long-growth-duration cultivars (essentially  photoperiod
sengitive) are least affected by strong scil reduction

(Yamakawa, 1965). ' I

Mogt upland rice cultivars have short growth duration
and are photoperiod-insensitive (Alluri and Vergara, 1975).
However, in areas where the rainfall pattern is bimodal, the
cultivars are of mwedium growth  duration and are
photoperiod-sengitive - possibly another indication of the
greater specific adaptability of long growth duration
cultivars to adverse conditions. |

The sensitivity to photoperiod of wild species has also
been studied in relation to their ecological distribution.
Most of the wild rice materials tested were sensitive
(Katayama, 1961, 1964, 1971, 1977). They suggested that this

sengitivity favours the wild rice plant and 1is perhaps

essential to their survival.

2.3 TIrrigation and Water Management

The basic purpose of irrigation is to supply plants
with water as needed to obtain optimum yvields and guality of
a desired plant constituent. As Taylor (1965) puts it,
"Irrigation should take place while the soil water potential
is still high enough that the scil can and does supply water
fast enough to meet the local atmogpheric demands without
placing the plants under a stress th;t would reduce yield or

guality of the harvested crop." A number of new approaches
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and commercially available devices have been developed for
scheduling irrigations which permit the irrigation farmer to
evaluate the supply of water to crops and, thus, to greatly
improve irrigation practices.

Criteria most suitable for scheduling irrigations vary
from one situation to another (Haise and Hagan, 1967},
Where water 18 scarce or expensive, irrigationg should be
scheduled to maximize crop production per unit of applied
water; where good land is scarcer than water, irrigations
should be scheduled to maximize crop production per unit of
planted area. It should be recognized, however, that other
considerations may dominate in sone situations. For
example, irrigation schedules may be modified te minimize
irrigation costs, facilitate other farm operations, overcome
problems of slow penetration of irrigation water, control
groundwater level, accomplish leaching of salts, or
accoommodate schedule of water delivery to the farm. 1In all
cases, the criteria selected for irrigation should permit
favourable crop yields, optimum wuse ¢f water, and proper
attention to other factars involved.

Various soil, plant, and evaporative techniques are used
as criteria for establishing irrigation schedules for a given
crop and c¢climatic area (Haise and Hagan, 19671}, Thege
include soil water indicators (soil appearance and feel, soil
water content, soil water suction); plant water indicators
(visual indicators of water stress, plant growth indcators
of water stress, leaf reflectance and temperature, plant
water measurements) ; and meteorological approaches

(evaporative devices},
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Plant response to irrigation is better correlated with
8oil water potential or suction than with so0il water content.
Thus measurements of s0i]l water potential or suction provide
a useful approach for scheduling irrigations (Haise and
Hagan, 1967).

The arithmetic integration of soil moisture tension
{s0il water suction) mneasured at various depths in the root
zone to obtain a single integrated value has been proposed
{(Taylor, 1952}. The number of instruments reguired and the
difficulties in interpretaticn make thisg approach of
guesticnable practical value. The use of instruments placed
at the depth of mwaximum root activity seems to be
satisfactory. Taylor (1965) computed ranges in values of
water potential or suction required for optimum growth of
many common crops based on instruments placed at the depth of
maximom root activity for crops growing on soils low in galt
content and well fertilized. The range of values given for
each crop recognizes the effects of high and low evaporative
demand and the need to consider weather conditions when

selecting the suction values at which irrigation is to be
|

applied.

The tensiometer measures soil water suction and can be
used to schedule irrigations without reference to so0il water
content. The porous cup and vacuum gauge, when filled with
water and placed in the s8cil, registers =s0il water suction
up to 0.8 bar. The vacuum gauge can be read at a glance.

One <c¢an 1irrigate when the wvacuum gauge registers the
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prescribed limits, provided the permissible soil water
suction for a given crop and the prevailing conditions are
known (Haise and Hagan, 1967). i

The use of tensiometer not only to schedule irrigation
but to indicate the amount of water to apply was suggested
by Richards and Marsh {(1961). They showed that placement of

tensiometers in the active root zone and near the bottom of

the roct zone provided information which permitted control

of deep percolation losses.

Instruments or other approaches Ifor indicating the need
for irrigation are most useful in water deficient areas where
cogt of water is usually high and where high value crops are
grown. Crops with established root systems like orchard
trees are easier to instrument than annual crops with an
expanding root system. Instruments placed in annual crops
are normally removed and reinstalled each crop season.
Where gualified technical personnel are available, as on
large or corporate farms, soil water gauging devices or
plant water measurements can be more easily managed and the
data better interpreted in terms of scheduling irrigation.

It is not always possible for a farmer to schedule
irrigation at the precise time water may be needed by the
crop. In some projects, the irrigation regime may be
limited by the water delivery system under which the farmer
operates. The rotation system, for example allows little
choice (Haise and Hagan, 1967), In other projects, the

farmer may receive a small stream of water under a
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continuous delivery system. The continuous delivery system
is inefficient, and excessive use of water often contributes
to drainage problens.

Maximum flexibility and the greatest opportunity to
irrigate on a more scientific basis occurs where irrigation
water is avalilable on demand (Haise and Haga, 1967). Water
is wusually ordered 1 or 2 days in advance where project
distribution systems have capacities to satisfy crop needs
during periods of peak demand. In spite of the advantages,
many farmers misuse the demand delivery system by irrigating
a ¢rop much more fregquently than needed.

Often irrigation schedules and applications must
consider other farming operations. The maintenance of a
favourakle salt balance may require, in some situations,
water applications in excess of the ET requirements of the
crop. This seldom requires more than a 10% increase. Deep
percolation losses occuring in the operation of many surface
irrigation systems frequently provide leaching cons=iderably
in eXxcess of salt balance requirements. Rains which fall
during a portion of the year may also provide much or all of
the required leaching. |

In areas where water 1is plentiful and cheap in
comparison tc other production costs and crop values, there
may be little incentive for a farmer to extend irrigation
intervals or to improve efficiency of water application just
to conserve water., If the farmer is to prosper in the face

of rising production costs including labour, machinery, and
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other factors contributing to the so-called "cost-price
sgqueeze", he must reduce operation costs, avoild any serious
risks to achieving favourable yield, and thus maximize net
returns wherever possible even if it means wasting water.

The extension of irrigation intervals dces not always
save water. Predicting the possibilities for saving water
reguires analysis of the prevailing conditions including
microclimatic factors affecting evaporation and
transpiration, the crop {(type, stage of growth, coverage of
soil surface, root depth, and effect of plant water stress
on vyield), the so0il (profile characteristics, infiltration
and internal drainage rates, and water retentian capacity),
slope and uniformity of grade, the irrigation system, and
management practices - particularly the =skill of the
irrigator. Extending irrigation intervals by using
technigques which allow more accurate assessment of actual
need for irrigation can reduce the -number of irrigations
applied in a season. The resultant savings in water will
depend on its effects on reducing evaporation losses,
reducing nitrogen fertilizer requirements, and improving
irrigation efficiencies (Haise and Hagan, 1967).

Extending the irrigation interval can reduce evaporation
from the so0il surface, but such reductions will achieve
little saving after the soil 1is fully covered (Haise and
Hagan, 1967). Extending the irrigation interval sufficiently
to reduce transpiration will usually lead to lower yields for

nost crops with posgible exceptions during the maturation

!
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stages of crops grown for dry weight of a reproductive organ
or for some chenmical constituent (Haise and Hagan, 1967),
The extent to which irrigation water can be saved by
extending the irrigation interval depends largely on
opportunities this provides to reduce application losses,
These losses depend on roct depth of crop, soil factors,
slope and uniformity of grade, irrrigation system, and skill
of the irrigator. Losses exceeding 50% may occur with each
irrigation especially where roots are shallow, infiltration
is rapid, fields are not graded to a desirable or uniform
slope, poorly adapted irrigation methods are used, and the
irrigator employs little skill (Haise and Hagan, 1967).
Application losses will also be higher the wetter the soil at
time of irrigation because an already relatively wet soil
will retain less of the applied water within the root zone.
In many situations, extending irrigation intervals tao
the extent permitted by the crop, the irrigation system
employed, and the schedule for water deliveries to the farm
constitutes a desirable irrigation program not only in terms
of water saving but also in labour saving, accomodaticn of

other cultural operations, and sometines improvement of root

!
growth and reduction in root disea=ses. In such cases, the

irrigation interval will depend primarily on the daily ET

rate and cn the guantities of water which can be applied.

2.3.1 Irrigation practice for rice
Irrigation of field crops is generally practiced solely

for the purpose of improving the plants’ moisture
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environment. Secondary effects sometimes are of importance,
as with rice where flooding assists in controlling weeds and
causes desirable changes in physicochemical soil reactions.,
Alteration of the soil temperature is a side effect which may
be beneficial or detrimental depending on the crop, the
season, and the water temperature (Robinsg et al., 1967},

Except for flooded rice, need for and quantity of water
reguired at irrigation in a particular environment are
determined by: |

(1) the gquantity of usable water stored in the crop

root zone; and |

{1i1) the rate at which this supply is depleted.
Usuable soil water storage in this context encompasses water
storage and transmission properties of the soil, the crops
effective root depth and proficiency in water absorption,
and the ability of the crop to tolerate soil water stress
imposed by increasing soill water suction and interacting
c¢limatic parameters (Robins et al., 1967). These factors
interdependently determine the quantity of water that may be
extracted safely before irrigation 1is needed. Rate of
depletion of this supply is determined primarily by climatic
parameters with certain limitations imposed by so0i1l and
plant factors which interact to control the
evapotranspiration and deep percolation rates. 1In the case
of submerged rice culture, water is stored above the soil
surface and irrigation water must be supplied to keep the

depth of water within certain limits.




61

Considerable research :effort has been applied to
determining optimum irrigation practices and factors related
to rice. This research has suffigiently clarified crop
characteristics and response to climate, soc0il and water
supply variations to permit outlining irrigation practice
recommendations for near-maximum yield under most conditions.
2.3.2 Crop characteristics influencing irrigation

- practicea for rice. | o
2.3.2.1 Season of growth

| Season of growth influences freéuency and quantity:of
required irrigation application because of wvariationa in
evapotranspiration with seasonal c¢limatic changes (Penman et
al., 1967). Irrigation frequency and guantity for rice,
whether produced under upland or lowland environments and
whether submerged or not, likewise depend on rate of
evapotranspiration. Water depletion is more rapid during
hot months than during cooler seasons, other c¢onditions
being similar. Under submerged conditions, however, rate at
which irrigation water must be supplied is often controled
by rate of deep percolation logs and amount of rainfall
rather than by evapotranspiration rate (Robins et al., 1967).

Rice 1s grown over a wide range of latitudes and
- elevations but grows and yields best under warm

temperatures. Short and intermediate season varieties (100
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to 150 days) are used in colder climates. Use of
long-duration varieties (180 days or more) is limited to
tropical latitudes (Robins et al., 1967). Using short or
intermediate maturing varietes, two and even three crops a
year, can be taken from some tropical lands. Due to the
continuous presence of a free water surface under submerged
conditions or the very wet conditions usually maintained
under intermittent irrigation, evapotranpiration by rice
generally approaches the climatic potential throughout its
growth cycle (Vacchani, 1953). This 1is in contrast to other
grain and field crops in which incomplete vegetative cover
during a portion of the growth period results in
evapotranspiration rates considerably below the climatic

potential.

2.3.2.2 Rooting Characteristics

Rate and depth of root growth and degree of root
proliferation greatly influence irrigation practice, except
for submerged rice or where a high water table exists. The
plants usable water supply is largely limited to the water
storable in that soil volume explored by the crop's root
system (Danielson, 1967).

Rice has a very shallow root system. Where grown
submerged or on upland areas during periocds of very high
rainfall, most roots are confined to the top 20 or 30 cm with
profuse secondary root development on or near the immediate
soil surface and 1in algal growth on the soil surface (Adair

et al., 1962). The root system of rice increases gradually
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from seeding or tranplanting, reaching a maximum at the time
of heading, and decreases after flowering while at maturity
most of the roots a}e dead. Root growth continues under low
oxyden c¢ohcentration in the soil. ﬁt the time of head

initiation, root growth is horizontal and upward, producing a

dense surface mat (Doorenbos et al., 1979).
.

2.3.2.3 Reaction to 80il water conditions

Rice apparently has three critical pericds wherein
moisture stress reduces grain vyield - the gseedling
establishment, the tillering stage of growth, and a period
from about 20 days before to about 5 days after heading
{Adair et al., 1962; Matsushima, 1962). Yield reductions
during the latter period are due to unfertilized florets.
Marked stress | near maturity also may cause yield
depressions. Stress may develop guite rapidly when submerged
rice 1is drained because of the very shallow root system

developed under flooded culture. Thus, care is taken to

aveid sudden stress under these conditions.

2.3.3, Rice Irrigation Systems and Practices

Rice irrigation is largely limited to surface flooding
systems. With surface systems, rice may be either flooded
in basins or irrigated in furrows or rills successfully
(Robins et al., 19%67; Doorenbos et al., 1979), Rice is not
especially sensitive to surface water impoundment so long as

ambient temperatures do not raise water temperatures above

T
i

40°C. ) : |



Rice generally grows and ﬁf&ducés.ﬁeét ﬁhén sﬁbmerged
during most of the growth pericd with water depth of 5 to
20cm. In sgome cases, rotation irfigéﬁgsh on a schedule
sufficient to keep the so0il surface layers at or near
saturation has produced yields egqual to thosge under submerged
culture and with gsignificant saving of water (Robins et al.,
1967; Doorenbos et al., 1979). In other cases, yields
comparable to submerged culture were produced by flooding
only during seedling establishment and from the early boot
stage to maturity {(Chow, 1951; Matsuo, 1937; Ten Have, 1959;
Aglibut et al., 1960; Adair et al., 1962; Matshushima, 1962),
Need for maintaining flooded c«conditions for rice
production has been attributed to:
(1) R difficulties in plant establishment due to shallow

root system, L

(ii) weed control,

{iii) control of microclimate

(ivi prevention of pollinatioh Ffailure

(v) . prevention of high manganese level which uéééf the

growth regulator Palance; and
(vi) increase in prot;in, mineral, and soluble
carbohydrate content of the grain.
Detriments from flooding on soils with poor drainage
characteristics, low pH and high organic matter include a
physiologic disease variously called "Mentak", "Pentek

merah”, and "browning disease”, (Vecht, 1953; Johnson, 1954;

Ponnamperuma et al., 1955}, Primary visible symptoms 15
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damage to the root system. On soils that aré low in iron and
where sulfur 1s present, continuous flooding may result in
toxic concentrations of H:S which céuéé root damage (Mitsui,
1954)., These root-damaging conditions are assocliated with
low s0il redox potentials which bring iron, manganese, or H.S
to toxic levels in  the soil. Tenporary drainage and
subseguent aeration ag the soil dries help alleviate damage
from these "diseases,"” é E !

Ag a minimum, water sufficienf go maintain the =s0il at
or near saturation during seedling establishment, tillering
and the 30 day pericd from 253 days before to 5 days after
heading is egsential for maximum production. )

Use of irrigation water colder than about 15®°¢ will
generally reduce plant growth and ultimate vyield. Good
water control structures, adequaté drainage facilities and
land shaping to provide maximum water contrel during water
application and within the field are important if use of
irrigation water is to be most efficient. Maximum water
Qontrol combined with care in scheduling planting can assure
meeting the demands of this crop with minimum irrigation
water supplies. Vamadevan and Dastanne (1968) showed that
about 70% of the water delivered to the rice crop in the
sobmergence practice was lost through deep percclation.

Presently, the orientation of research in water

management practices in irrigated rice cultures is directed

at water saving methods, Especially in transitional areas
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(semi-arid tropics like the Sudan Savanna inclusive), and in
areas with unstable irrigation systems (Huke, 1976; 1IRRI,
1989). In these areas, keeping the soil at or near
saturation level has been shown to be promising in terms of
water saved, without reducing yield. However, few research
has been carried out in this aspect of water management in

irrigated rice cultures (IRRI, 1989).



CHAPTER 3
MATERIALS AND METHODS

The experiment was conducted for 2 consecutive dry
seagong (198971990 and 1990/1%91) at the Irrigation Research
Station, Kadawa {11 39'N, 08 02'E and 500 m above sea
level). The station is located within the Kano River Project
area (one of the largest irrigation schemes in Nigeria). The
Kano River Project extends over a large area in the Sudan
Savanna ecological zone (a semi-arid belt of northern
Nigeria}. | |

The soils of the Research Stétién have been classified
as Eutric Cambiscl (FAO/UNESCO) and Typic Ustropept by
Ojanuga et al., (1979), who also found the =so0il parent
material to be aeclian sandy drift over ironpan. The soils
are moderately to imperfectly drained to a depth of 90 om
because of the perched water table resting on the underlying
ironpan at depths varying between 100 and 150cm.
3.1 Physical and Chemical characterisation of Experimental

site r
A characterisation of the physical and chemical

properties of the experimental site was carried out prior to

cropping.

2 3.1.1 Physical Properties

The physical characterisation of the soil profile was

carried out for the following soil layers:- 0 - 15, 15-30, 30

- 45, 45 - 60, 60 - 75 cm, | I
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Soil particle size distribution was determined by the
hydrometer method of Bouyoucos (1954), modified slightly by
Day (1956).

The bulk density was determined by the core method. A
hammer-driven core gsampler (Lutz, 1947; Schuurman and
Goedewaagen, 1971) was used for taking undisturbed soil.

The total porosity was determined from the following
relationship:

B = 100 Wl = DalDe) s s sonwiss senmaatl)

where S, is total porosity, D, the bulk density, and Dg
the particle density taken as 2.65 g cm™?.

The infiltration characteristics of the soil was
determined by the cylinder infiltrometer method (Michael,
1978). The cylinders of 60cm (outer) and 30cm (inner)
diameters were installed to a depth of 10cm. The water level
in the inner cylinder was read with the field type point
gauge at 5 minutes intervals. The water level
reading/observations were taken for a total period of 240
minutes.

The saturation capacity (maximum water holding capacity)
corresponding to zero water suction (tension), was determined
both in the field and laboratory. 1In the laboratory, it was
determined by soaking undisturbed soil cores for 48 hours
allowing to drain for one hour, and then oven-dried for about
24 hours at 105=C (Hillel, 1974, 1980)., In the field, it was
determined by ponding water on the soil surface for three

consecutive days. On the third day, the soil was sampled,
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left to draiﬁ.for 1 hour ﬁn filter Ipapérs,.and .theh oven
dried at 105=C for about 24 hours (Hillel, 1974})}. For both
field and laboratory methods, the water content was given as
Oy = 0 X Db tntssesnssssenenesnes (2)
where 0., is volumetric water content, O, i1g the water content
oh weight basis, and D, the bulk density of the soil. The
depth of water in a given =0il layer was obtained by the
. relation. . _ : -
d =0y XD tovnivnnnnnersal3)
where d is the depth of water in centimeﬁers. 0, as defiﬁed
above, and D is the depth of the scil layer.

The field capacity was also determined in the field and
laboratory. In the laboratory, undisturbed soil cores soaked
for about 48 hours were subjected tc 0.1 bar (10kpa) suction,
using the pressure plate technique (Hillel, 1974, 1980). 1In
the field, the field capacity was determined by ponding water
on the soil surface (2m® area), and allowing it to drain for
about 24 hours (Hillel, 1974). Evaporation was prevented by
spreading polythene sheet over the ponded areea. Soil was
gsampled, and oven dried at 105=C for about 24 hours. Soil
moisture content was given by the relationships in edquations
(2) and (3).

The wilting point was determined in the laboratory by
subjecting undisturbed soil cores soaked for about 48 hours
to 15 bar pressure, using the pressure plate technique

(Hillel 1974, 1980). S0il cores were then oven-dried at
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L
.10550 for abouﬁ 24 hours kHillel 19%4), and the moistﬁre
content determined by the relationship given in equations (2)
and (3). - - P '

Avallable water capacity .was taken as the water held
between field capacity and the wilting point Hillel, 1974,
1980)., However, for irrigated rice cultures this is taken as
the water held between saturation capacity and wilting point
(IRRI, 1970; Doorenbos et al., 1977, 1979),

The so0il moisture release (characteristic) curve was
determined by subjecting wundisturbed soil cores, soaked
forabout 48 hours, to different =suctions ranging from 0.1 to
15 bars. And then determining the moisture content at these
suctions (Hillel, 1974, 1980), i
" Groundwater table depths were moniteored at 14 days

intervals by means of piezometers installed in the plots.

3.1.2 Soil Chemical Properties

Composite samples were used for the analyses. Total N
was determined by the Macro-Kjeldahl method (Black, 1965);
organic carbon content by the Walkley-Black method (Black,
1965); available P by the Bray 1 method {(Bray and Kurtz,
1945); Exchangeable K by the ammonium acetate solution/flame
photometer method (Jackson, 1965); exchangeable <Ca by the
ammon ium acetate extract with atomic absorption
spectrophotometer (Jackson, 1965). Available Fe, Mn, Zn, Cu

were determined by the DPTA method (Jackson, 1965).



Soil pH .was determined potentiometricaily after
equilibration with water and INKCl in a 1:2.5 soil to
golution ratio, using a glass electrode pH meter.

Electrical conductivity was determined in 1:2 soil-water

extract using a conductivity bridge,.

. | |
3.2 Agrometeorological Data a
Because monitoring of the most important weather
variables is imperative for rice-weather relation studies,
considerable effort was made to collect a set of daily
weather data. o ' ; - ?
The set of daiiy"weathef.parametérs collected are::
Rainfall (mm)
Maximum temperature (=C)
i»  Minimum temperature (<C)
Dry bulb temperature (=C) {2x a day)
Wet bulb temperature (=C} (2x a day)
Radiation (MJ/m*)
- Wind speed (Km/day)
Pan evaporation {mm)

The dry and wet bulb temperatures' were used to compute

relative hunidity (RH - %).

Cg

O
|
1
I

3.3 Crop Data

A set of crop data were collected. The parameters

include: ' ? .“..;

Days from seeding to flowering

Days from flowering to maturity
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Dry matter yield (at 14 déys interval)}

Plant height (at 14 days interval)

Number of grains per m?® (at harvest) (eguivalent to
number of spikelets per m2).

Percent-filled grain (at harvest)

Weight of 1000 grains {at harvest)

Grain yield {(at harvest)

Percentage-filled grain was determined by the following

procedure: -

1.

2.

Some air-dried paddy rice was weighed (x];

This was then introduced intc 1l measuring cylinder;
Some top s0il was added to the measuring cylinder which
was then f£illed to the 11 mark with water;

The cylinder was then shaken several times and allowed
to stand for about 20 secs. :

The suspension (containing unfilled and partially filled
grains) was then decanted. | j
The sediment (consisting of soil particles and filled
grains) was washed into a sieve, where the rice grains
were washed free of soil.

The grains were then air-dried for about 3 days, and
weighed (,). . ' o

Percent-filled grain was calculated as:

} 4

X

X 100

The procedure can be improved upon By drying to a constanti

weight at 60=C in steps 1 and 7. 5 i
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3.4 Crop Water Use

Actual evapotranspiration (ETcrop! was determined by a
combination of the so0il water depletion method {(direct
gampling), and the method of Vamadevan and Dastane (1968),
The method of Vamadewvan and Dastane was designed for
irrigated rice cultures (submerged and non-submerged). The
method estimates gquantitively f(irrespective of ground water
table conditions) percolation losses when the amount of water
applied (irrigation or precipitation), the soil texture, and
the infiltration rate are known. i

Potential evapotranspiration was computed by the
radiation and pan evaporation methods, following the
proceedure of Doorenbos et al (1979).

3. 5 Treatments ' : )

3.5.1 Variety |
Two rice varieties: ITA 212 and ITA 123 were used. The
selection of the varieties were based on their adaptability
to rainfed lowland conditions and irrigation in the Sudan
Savanna ecological zone. Both varieties are of the indica
type with medium growth duration, but different morphology.
Other factors that influenced the choice of these

varieties are their high yield capacity, resistance to blast,

and wide acceptance by farmers in the area.

3.5.2 Sowing Dates
The experiment incorporates four (4) sowing dates

{Decenber through March) at 4 weeks interval during the
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dry season (mid-Dec., mid-Jan., mid-Feb., and mid-Mar.).

3.5.3 Irrigation Schedule

Three irrigation schedules were imposed 14 days after
seedling emergence by the use of tensiometers. The schedules
were irrigating at 10 Kpa (1,), 15 Kpa (12), and 25 Kpa (13)
suctions (tensions).

Two tensiometers were installed at each station. One at
15¢m depth (active root 2zone of rice in irrigation and
lowland cultures); and the other at 30cm depth. The
tensiometer installed at the 15cm depth was used to schedule
irrigation; while that at 30cm depth was used to monitor
percolation.

The schedules (soil suction at which irrigation water
was applied) were chosen based on the so0il moisture release
curve of the soil of the experimental site. 10 Kpa
approximates the lower limit of the saturation capacity of
the soil (range: 0-10 Kpa); 15 Kpa the mid-point of the field
capacity (range: 10-20 Kpa); and 25 Kpa just beyond the field
capacity. The root system of rice, with it's uniqueness
amongst field crops, was also considered in establishing the
irrigation schedules. At each schedule, water was applied to

bring the so0il to saturation.
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3.6 Experimental Design and Cultural Practices

The dry season experiment was laid out as a 4 x 3 x 2
RCB factorial with four replicates. The size of each plot
was bm x 3m. A total of 26 plots were involved,

Rice seeds were broadcast at the rate of 80 kg
ha=*; 125 kg N ha~* was applied in two split doses. The
first split of N {(through calcium ammonium nitrate, CAN} was
applied at the beginning of tillering; and the second split
as urea at panicle initiation. A basal application of 30 Kg
ha=* each of P and K (through single superphosphate, and
muriate of potash, respectively) were applied in a single
dose during land preparation. B | |

_Each plot formed a basin with bunds high enough to check
surface run-off (thug retaining all water applied),

Weed control: Ronstar 25 EC (a pre-emergence herbicide) was
applied to moist soil three days after seeding. Basagran PL
(a post-emergence herbicide) was used up to about 50%
groundcover., This was subsequently followed by hand-pulling
of weeds,

| Control of Rodents: Kierat was gsed at 7 - 10 day=
intervals as soon as rodent attack wagﬂ.noticed. The Klerat
pellets were placed at the entrance of identified rat holies
and on the bunds. . E

Birds control: Labour. was engaéed at heading time to
scare birds. He came early hours of the morning, and left
late in the evening., Birds attack mostly in the mornings and

evenings. Scare-crows were not effective in checking bird

attack.
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CHAPTER 4

RESULTS AND DISCUSSIONS

1 .,
iy

Tﬁe results of this study have been categﬁrized into five; in .the
following order, 1. Preliminary investigations, 2. Sowing date studies, 3,
Irrigation schedule, 4. Crop water use, 5. Prediction madels. Fach data
point presented is the mean of the two rice varieties, unless stated
otherwise, There was no significant effect of wvariety on yield components
and yield. | : . | |
4,1 Preliminary Tuvestigations ’ - i

A preliminary investigation of some of the physico-chemical properties of
the so0il was carried out., The results of the mechanical analysis, bulk
density, and total porosity are presented din Table 1. The so0il profile shows
a loamy sand top (0-15cm} overlying a sandy loam layer., The bulk density
generatly increased with depth. The relatively higher bulk density just below
the surface (15-30cm) indicates the presence of a plow-pan, probably the
result of farm tyaffic. The total porosity gene;ally decreased with depth,

though the 15-30cm laver had a lower porosity than the wunderlying lavers.

This can also be attributed to the existence of a plow-pan.

Tahle 1: Some 8o0il Physical Properties ;

So0il Depth (cm) Clay 2 Silt 2 Fine Coarse Texture Bulk Total

sand % Sand % density} ~ Porasity
(gem™ )™ A
0-15 6.5 14,91 74,00 4,59 Loamy sand 1.56 41.2
15-30 9,82 14,00 72,00 4.18 Sandy lopam 1.65 7.7
30-45 10.41 14,00 71,72 3,87 Sandy loanm 1.60 39.7
45-60 14,85 11,93 72.00 1.22 Sandy loam 1.62 8.9

60~75 15,02 11,95 71,55 1.48 Sandy loam 1.64 38.12
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The soil moisture release curve data (Table 2) shows an increase in soil

Table 2: Soil Moisture Release Curve Data

Soil moisture Soil depth (cm)

suction (Kpa) 0-15 15-30 30-45 4560 h0-75
Soil moisture content (em® em=?)

0 0.506 0.550 0.570 0.575 0.575
10 0,240 0,248 0.256 0.259 0.259
15 0.166 0,190 0.230 0.242 0.242
20 0.160 0.179 0.220 0,231 0,231
25 0.153 0.161 0.182 0.210 0.210
30 0.146 0,155 0.174 0.201 0.201
100 0.140 0.148 0.163 0.170 0.170
300 0.120 0,123 0,132 0.162 0.162
500 0.120 0,121 0.124 0.150 0.150
1500 0.106 0.109 0.115 0.118 0.118

moisture content with depth at all soil suctions; and decrease with increasing
soil suction for all the soil layers, The soil moisture constants (Table 3)
indicate an available water of 331.,5, and 104.3mm for rice and other crops

respectively.

Table 3: Soil Moisture Constants

Soil depth Saturation Field Wilting Available Available
(cm) Capacity Capacity Percentage Water (for Water (for
rice) othey crops
cmiem™? cmiem—3 cmem—? mm o
0-15 0.506 0.240 0.106 60.0 20.0
15-30 0.550 0,248 0.109 6.1 20.8
30-45 0.570 0,256 0.115 68.2 21.1
45-60 0.575 0.259 0.118 68.6 21.2
60-75 0,575 0.259 0.118 68.6 21.2

The intake characteristics of the soil 1is shown in Figure 1. The intake
rate (final or equilibrium) is 2 cmhr~', and is considered as medium in value

(Gairon, 1973).
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The chemical properties of the soil are given in Table 4. The data

indicate medium fertility, a common characteristic of the so0ils of the

senmi-arid savanna,

Table 4: Some chemical properties of the soil before cropping

Parameters _ 1989/90 | 1990/91
pH 5,30 _ ; 5.50
Organic carbon-g Kg—?! 3.86 % 4.00
Total N-g Kg—! 0.46 ; 0.48
Available P-mg Kg~* | 12.37 R R
Exchangeable K cmol Kg~t 0.53 | : é 0.38
" ca " 3.75 L 4.0
" Mg " : | _ 1.07 _é 1.05
" Na " | 0.13 é ~0.16
Micronutrients - ;iiﬁﬁ$.
Cu -mgKg~1 1.13 | N 1.09
Fe " _ 11.73 ? 14.28
Mn " . 19.54 | 17.79
Zn " : 1.01 o ; 0.97

EC 1:5 - mnhos | 0.03 S 0.0
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4,2 Sowing Date Studies o o

|
il

Under field conditions, the effect df weather wvariables uﬁ yield and
yield components as well as length of phenological phases, is usually studied
by time of sowing (sowing date) experiments, Where water is not a constraint,
and where biological stresses and adverse soil conditions are negligible,
yield potential is related to such atmospheric parameters as air temperature
and solar vradiation., Real-time temperature and solar radiation during crop

growth duration are given in Table 5,
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Table 5(a).10~day Temp., Rad., RH, Windspeed, Evaporation, Rainfall means:1989/90 Dryv Season

Month Decade Max. temp. Min., temp, Max-Min Rad. RH Windspeed Evap Rainfall
»C b temp., °C Cal cm™? * Km d-* mm mm

Dec. 1 29.0 13.9 15.1 460.8 40.5 149.67 7.16 0

2 29.8 12.1 17.7 451.2 57.8 150.78 6.40 0

3 28.5 13.1 15.4 441.6 50.1 142,10 6.30 0
Jan, 1 28.5 13.5 15.0 427.2 41,0 138.54 6.66 0

2 29.4 13.8 15.6 492.0 44,0 152.7M 5.87 0

3 28.2 5 | Fvl 424.8 45.5 139.98 5.50 0
Feb. 1 26.8 12.8 14.0 504.0 39.5 129.03 6.00 0

2 28.9 14.6 14.3 532.8 41.0 131.73 6.03 0

3 28.1 11.8 16.3 532.8 44.5 149.30 6.57 0
Mar. 1 31.1 14.7 16.4 508.8 46.5 139.10 6.22 0

2 30.7 15.3 15.4 528.9 37.0 164,10 7.98 0

3 30.1 15.4 14.7 600.0 35.5 132.14 7.70 0
Apri. 1 38.2 18.8 19.4 609.6 38.5 117.21 8.20 0

2 38.2 26.1 12.1 564.0 42.5 177.35 9.54 0

3 371 24,5 12.6 535.2 47.5 159.15 7.20 0
May 1 37.9 22.8 15.1 528.0 53.5 196.12 8.65 3.55

2 34.5 23.7 10.8 535.2 61.5 192.28 6.12 1.40

3 37.0 24,7 12.3 549.6 54.0 199.11 9.18 0.15
June 1 35.8 24,5 11.3 568.8 52.5 204.26 8.93 0.20

2 36.6 25.9 10.7 552.0 55,0 223.49 10.44 1,91

3 313.6 22.9 10.7 496.8 60.0 248.08 6.67 1.60
July 1 33.6 22.5 10.5 549.6 65.5 191.83 6.72 7.15

2 30.7 22.0 8.7 458.4 67.0 170.98 5.67 85.86

3 32.0 21.5 10.5 511.2 61.0 139.83 6£.59 6.34




Table 5(b) 10-day Temp.., Rad., RH, Windspeed, Evaporation, Rainfall means: 1990/91 Dry Season

Month Decade Max.temp. Min.Temp, Max-Min Rad RH Windspeed Evap Rainfall
i °C temp. °C Cal Cm~? @ Km d-? mm mm

Dec. 1 34.4 17.2 172 477.6 43.0 103.74 6.15 0

2 35.3 16.9 18.4 451.2 43.5 122.43 6.48 0

3 34.1 14.9 19,2 434.4 37.0 136.6) 6.70 0
Jan. 1 27.1 13.8 13.3 432.0 36.0 197.41 6.56 0

2 26.9 13.8 13:1 451.0 40,5 142,93 6.07 0

3 28.8 15.4 13.4 508.8 42.5 150.38 7.63 0
Feb, 1 31.5 155 16.0 508.2 41,0 126.30 7.07 0

2 34.4 16.5 17.9 552.0 37.5 123.47 133 0

3 3531 18.7 16.4 547 .6 36.0 110.75 7.34 0
Mar. 1 31.3 18.2 13:1 528.0 42.0 116.82 T2 0

2 33.1 20.9 12.2 5112 50.0 119.69 10.71 3.5

3 34.8 20.0 14.8 602.4 36,5 108,42 7.64 0
Apr 1 36.9 24.0 12.9 571.2 47.5 161.73 8.04 0

2 37.4 23.7 13.7 515.4 38.5 142,96 7.52 0

3 37.9 23.5 14.4 525.6 50.0 170.38 8.13 1.86
May 1 37.5 24.0 12.9 571.2 47.5 172.42 5.73 1.35

2 31,7 22.3 9.4 470.4 64,0 165.38 5.58 4,22

3 33.5 22.5 11.0 444.0 70.5 131.99 6.00 7.42
June 1 36.0 23.5 12.5 516.0 59.5 170.98 6.90 2:53

2 36.0 20.9 15.1 484,.8 61.0 181.47 5.66 6.41

3 33.7 22,1 11.5 532.8 71.5 145.95 4.90 31
July 1 30.6 22.1 8.5 456.0 59.5 149.64 5.27 1155

2 30.6 21.6 9.0 480.0 59.0 138.90 7.71 10.46

3 30.0 21,0 9.3 432, 64.0 122.83 7.31 15.44




Table 5(c) Real time temperatures and solar radiation at different crop growth

stages (1989/90 dry season)
Sowing date Max. temp. Min. temp Mean temp. Max-Min Solar radiation
(=C) (=C) {=£) temp (°C) Cal cm™2?
Seeding to panicle initiation
D1 29.1 14.4 21.7 14.7 536.24
D2 29.2 14.9 2241 14,2 558.6
D3 32.2 16,7 24.4 15.2 600.5
D4 35.4 20.5 27.9 15.0 608,13
Panicle initiation to heading
D1 37.8 231 30.5 14.7 617.1
D2 37.8 23.1 30.5 14,7 617.1
D3 36.5 23,7 30.1 12.8 577.2
D4 36.0 24.7 30.3 11..3 597.2
Heading to maturity
D1 36.3 23.9 30.1 12.4 590.85
D2 36.3 24,9 30.6 11.4 581.85
D3 36.5 26.5 31.5 10.0 576.00
D4 34,2 25.2 29.7 9.0 568.00

D1

Dec., D2 = Jan., D3 = Feb., D4 = Mar.
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Table 5(d) Real time temperatures and solar radiation at different crop growth

stages (1990/91 dry season)

Sowing date Max. temp Min. temp Mean temp Max-min Solar radiation
(=C) (=°C) {=C) temp (=C) (cal cm~?)

Seeding to panicle initiation

D1 32.1 16.8 24.4 15.3 544.6

D2 32.0 17.4 24.7 14.6 570.4

D3 34.7 18.9 27.5 14.4 593.2

D4 36.3 22, 29.5 13.5 586.7
Panicle initiation to heading

D1 37.4 23.7 30.6 13.7 583.3

D2 37.4 23.7 30.6 13.7 583.3

D3 35.7 23.4 29.6 k2 547.7

D4 34.3 20.9 28.3 12.0 518.7
Heading to maturity

D1 34.7 23,2 28.9 1.7 528.5

D2 14,7 23.2 28.9 11.7 528.5

D3 34.8 24.8 29.8 10.0 515.6

D4 34.6 26.5 30.6 8.1 508.2

D1 = Dec., D2 = Jan., D3 = Feb., D4 = Mar,
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4,2.1 Plant Height

The effect of sowing date on plant height at three stages of growth (28
days after emergence (DAE), maximum tillering, and maturity) is presented in
Table 6, Each data point represent the mean of the two rice varieties used in
this experiment., Data analysis was based on the format of the pooled analysis
of variance for measurements over time. The result show a highly significant
effect of sowing dates.

Plant heights were significantly highey with February and March sowing
dates than the December and January dates. The difference in plant height
between the sowing dates are attributable to the differences in temperature
and solar vradiation during the vegetative period (Table 5c¢ and d). Plant
heights became higher as the mean air temperature and solar radiation
increased during the vegetative period as the sowing moved from December
through March., This observation 1s similar to an earlier one made by Oldeman
et al,, (1987), that in general, reduced temperatures and/or solar radiation

during the vegetative period reduced plant height,

4.2.2 Number of seeds per square meter

In rice, the sink size of a crop is largely determined by spikelet number
per square meter, since this translate into number of seeds per square meter
(Yoshida and Parao, 1976), Spikelets function as sink after pollination.
Hence the sink size 1is determined at and before flowering. Therefore the
relative importance of climatic influence before or after flowering depends on
whether sink size is limiting to grain yield or not,

The effect of sowing date on number of seeds per square meter is given in
Table 7. The result shows a significant effect of sowing date on number of

seeds,
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Table 6: Effect of sowing date on plant height (cm)

Sowing date 1989/90 1990/91
28 DAE
D1 6.5 6.62
D2 6.52 6.60
D3 13.37 14.01
D4 16.63 17.16
LSD 0,05 0.41 0,25

At maximum tillering

D1 25,38 25.73
D2 26,89 27.41
D 34.79 35.02
D4 35,70 35.65
LSD 0,05 0.86 0.69

At maturity

D1 65.08 62.93
D2 65.31 72.45
D3 70.83 74.05
D4 72.85 75,99
LSD 0.05 1.83 1:32

DAE = Days after emergence; D1 = Dec., D2 = Jan., D3 = Feb., D4 = Mar.
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Table 7: Effect of sowing date on number of seeds (x10” per square meter

Sowing date 1989/90 1990/91
DI 12.43 16.13
D2 14,98 18.68
D3 15.57 20.27
D4 17.04 20.74

LSD 0.05 0.73 0.73

The number of seeds increased from December through March, The difference in
number of seeds between the sowing dates could be linked to the solar
radiation level during the reproductive stage (panicle initiation to
flowering), as well as the temperature., A combination of high solar radiation
and high max, temperature at the reproductive stage have been indicated to
reduce the number of seeds (Yoshida and Parao, 1976). Solar radiation from
panicle initiation to flowering (heading) was highest within the December and
January sowing dates than with the February and March sowing dates (Table 5c¢
and d), This coupled with the high max., temperature could have resulted in
the lower number of seeds obtained with the December and Januarv sowing dates

relative to the February and March sowing dates,

4.2.3 Filled-grain Percentage

Many factors such as climate, soil, wvariety, fertilizer application,
disease and 1insect attack appear to affect filled-grain percentage or
sterility percentage. In many agronomic papers sterility percentage refers to
percentage of infertile grains plus partially filled grains. Hence the term

sterility is not being strictly used,
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Data presented in Table B8 show no significant effect of sowing date on
filled-grain percentage. Data in Table 5 (¢ and d] indicate that mean air
f

Table 8: Fffect of sowing date on filled-grain percentage

Sowing date 1989/90 19%0/91
D1 64,39 ; 67.95
D2 63.94 | .'} 68.16
D3 6393 | _; 68,25
D4 . 63.43 - -'.é 67,95
LSD 0.05 NS - '-_ | NS

temperatures and solar radiation during the ripening period (heading to
maturity) for all sowing dates (December through March) were c¢lose in value,
Similar levels of solar radiation and temperature at the ripening stage for
the four dry season sowing dates could account for the mnon-significant
difference in filled-grain percentage between the December through March
sowing dates, Yoshida (1981) indicated that environmental factors <{such as
high or low temperature during ripening) and cultural practices (protection
against pests) determine filled egrain percentage, Nakavama (1969) stated that
high temperatures (>33°C daily maximum) during the ripening period is believed
to be a major factor in impaired ripening, and thus lowered filled-grain
percentage, Real-time weather variables at Kadawa during the ripening period
(Table 5¢ and d)} for the December through March sowing dates indicate daily

maximum temperature greater than 3il°c,
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4.2.4 1000-grain weight
Data presented in Table 9 did not indicate. any significant effect on

1000-grain weight due to sowing dates during the dry season. The same reasons

adduced for the non-significant effect of sowing date on filled-grain

percentge hold true for the 1000-grain weight. Because this yield component

is related to other yield components, 1it's relationship with environmental

parameters is more difficuilt to establish. A higher number of seeds and a

.

Table 9: Effect of sowing date on 1000-grain weight (g)

Sowing date 1989/90 o 1990/91

D1 20.27 : 22.83
D2 20,67 | | 23.17
D3 | 20,70 o 23.20
D&  20.63 | 23.13
LSD 0.05 NS | NS

high number of filled grains might lead to lower 1000-grain weight. According
to Oldeman et al., (1987), a long postflowering period or high radiation

intensity during postflowering might influence 1000-grain weight.

4,2.5 Ripening Grade : ' i : ;;

Ripening grade is the product of filled-grain percentage and 1000—grain
weight. It is considered a good indication of degree of ripening. Data
presented in Table 10 do not indicate any significant effect of sowing date on
ripening grade. The relationship between ripening grade and climatic factqrs

(solar radiation and temperature) could be deduced from the previous:

discussion on filled-grain percentage and 1000-grain weight, . !



Table 10: Effect of scowing date on ripening grade

Sowing date 1989/90 | 1990/91
D1 13,15 § 15.57
D2 13.28 ; 15,81
D3 13.30 : 15.90
Dé 13.07 ' 15.76
LSD 0.05 NS l NS
4.2.6 Dry Matter Yield

Solar radiation, temperature, and the productive structure of the plant

population are the most important

production. The effect of

presented in Table 11,

sowing date

on dry

factors which determine

matter vield

of rice

its dry matter

is
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Table 11: Effect of sowing date on dry matter yield (gm™' row)

Sowing date 1989/90 1990/91
23 DAE
D1 34,96 47,83
D2 36,85 54.29
D3 51.89 60,63
D4 54,76 60,35
LSD 0.05 0,90 1.68

At maximum tillering

D1 111.30 133.90
D2 136,60 162,70
D3 144.4 169.00
D4 145.9 171.70
LSD 0.05 12.36 13,77

At panicle initiation

D1 135.10 162.20
D2 164.70 188,00
D3 172.50 194.30
D4 174.00 195,50
LSD 0.05 12.38 12.78

At 50% flowering

D1 204.30 233.90
D2 230.90 262.70
D3 238.70 269.00
D4 240.40 271,70

LSD 0.05 13.50 13.727
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Table 11 continued

Sowing Date 1989/90 1990/91

At ripening

D1 277.80 304.00
D2 299,80 334,20
D3 308.00 340,50
D4 309,70 342,00
LSD 0,05 13.50 13.32
At maturity
D1 318,70 371.30
D2 346.20 396.50
D3 353.30 403.60
D4 354,70 405.00
LSD 0.05 12,48 12,54

Data analysis was based on the format of the pooled analysis of variance for
measurements over time,

The data indicate a significant effect of sowing date at each growth
stage. At maturity, there was no significant difference between the January,
February and March sowing dates. However these were significantly different
from the December sowing date. The deviation of the December sowing date from
the mean of the January, February and March sowing dates was not large. The
mean air temperature and solar radiation during the early growth stages ofthe
December and January sowing dates were lower than the mean temperature and
radiation for the same period during the February and March sowing dates,
(Table 5¢ and d). This resulted in a lower rate of dry matter accumulation at

the early growth stages in the December and January sowing dates, This is in
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1
contrast to the vigorous growth exhibited by_ the February and March sowing
dates. However at the later. stageg of growth; the rate of dry matter
accumulation in the December and January sowing dates appeared to have caught
up with the February and March dates, This observation 1s in agreement with
an earlier study by Tanaka and Vergara {1967}, The study by Tanaka and
Vergara indicated that a vigorous increase in dry matter, consequently too
fast an dincrease of leaf area index, at early growth stages 1is frequently
associated with a low crop growth rate during later growth stages; whereas a
rather slow growth at early stages is assoc¢iated with a high crop growth rate

|

during later growth stages, _ b |
i A

The results from the study at Kadawalindiéate'that low temperature not
only impaired the development of the crop at the early growth stages but also
reduced the ability to produce dry matter. This may be through it's influence
on the development of photosynthetic activity at this early growth stage.The
main effect of the relatively lower solar radiation level at this early stage
in December and January relative to the February and March sowing dates
appears to be mainly through it's direct effect on the photosynthetic rate and
partly through leaf area development by the supply of photosynthates and the

: |

regulation of specific leaf area, . _ |
|

|

4.2.7 Grain Yield

Where water is not limiting, and where other stresses (biological or
s0il) are negligible, the vield potential of rice is related mainly to air
temperature and solar radiation. The effect of sowing date on grain vield was

significant (Table 12).
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Table 12: Effect of sowing date on grain yield (t ha?')

Sowing date .. 1989/90 1990/91
-l | '5 2,95 4,52
02 | é 3.65 5,21
s HERE 5.2
b | é 4,43 | 6.00
LSD 0.05 = : I 0.27 0.27

A close loock at Tables 5 (¢ and d) and 12 show that vyield increased as
solar radiation and nax-min. temp. difference decreased during the
postflowering period as sowing moved from December through March, At Kadawa

maximum-min. temperature during the postflowering period appears to have a

stronger influence on yield than other temperature parameters.

|

4.2.8 Length of Phenological.Phases

Two characteristic times were exXamined: sowing to flowering, flowering to
maturity, | The length of each period is given in Table 13, Growth phase
duration from seeding to flowering ranged from 92 davs (March sowing date) for
ITA 123; to 160 days {December sowing date) for ITA 212 (1989/90).

The main effeci of températﬁre &uring the first 30 days of growth was
reduced growth at low mean temperature as evidenced 1in the dry matter
accumuslation and plant height of Decemper and January sowing dates relative to
the Fehbruary and March sowing datesi Yoshida (1981, 1983) indicated that
seedlings are sensitive to temperature from the first week of post-germination
growth, Growth rate increases linearly with temperatures between 22 and 31°C

but declines sharply above 35=C, Nishiyama (1976) considered approximately

13=C the cyitical mean air temperature for sowing rice,
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Table 13: Effect of sowing date on length of phenological phases (days)

Seeding to flowering
Sowing date 1989/90 1990/91

ITA 212 ITA 123 ITA 212 ITA 123

D1 160 151 155 145
D2 134 120 131 118
D3 120 109 106 96
D4 106 92 102 92

Flowering to maturity

D1 28 28 28 28
D2 28 28 28 28
D3 30 30 30 30
D4 32 32 32 32

The overall effect of low mean temperatures at Kadawa was prolonged
growth duration (seeding to flowering) in the December, January and February
sowing dates, It is apparent from Tables 5 (¢ and d) and 13 that higher
temperatures accelerated the rate of development. This implies that the
length of the phase 1is shorter at higher temperatures,

Traditionally, the flowering to maturity period is considered to be about
30 days for rice (Oldeman et al., 1987). But the result of this study at
Kadawa indicate that temperature also affects its length, There was little
difference between the two varieties, Tables 5 (¢ and d) and 13 indicate that
the higher the mean temperature from flowering to maturity, the shorter the

duration,
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4.3 TIrrigation Schedule

Crop response to irrigation 1is better correlated with soil water
potential or suction than with soil water content. Thus measurements of soil
water potential or suction provide a wuseful approach to scheduling
irrigations, In this section results of the effect of irrigation schedule
(based on soil suction) on yield components and vield are presented and
discussed. It was observed in this study that scheduling irrigation at 10,
15, and 25 Kpa suctions approximated to irrigating at 2, 3, and 4 days

intervals, respectively.

4.3.1 Plant Height

The effect of irrigation schedule on plant height is presented in Table
14. Data analysis was based on the format of the pooled analysis of variance
for measurements over time. The result shows a significant effect of
irrigation schedule, At each crop growth stage studied, plant height was
highest with irrigation scheduled at 10 Kpa, and least at 25 Kpa.

The results indicate that maintaining the soil at or near saturation
resulted in taller plants than those grown 1in under unsaturated soil
conditions. The rice plant is adapted to anaerobic soil conditions, having
air canals from leaves to roots, Katayama (1961) showed that the development
of these intercellular spaces in rice is influenced by the air content of the
soil, being three times as great in non-aerated soil as in aerated soil.
Larger intercellular spaces result in increased plant size (height), Other
studies (IRRI 1975; Yoshida, 1978) have also indicated that morphologically,
moisture stress in rice results in reduced plant height, reduced leaf area,

numbeyr of tillers, and in severe cases rolling of leaves,
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Table 14: Effect of irrigation schedule on plant height (cm)

Irrigation Schedule 1989/90 : 1990/91
| 5 28 DAE |
. 12.18 | 12,76
Ia 11.11 5 1128
I : 8.98 9,25
LSD 0.05 0.71 | o 0,21

At maximum tillering '

U 33,09 33,57
I, 3Lk 31.65
1, 27.54 | 21.8)
LSD 0.05 075 ? . 0.59

At maturity

I, 70.95 é | 75.78
Ia 69.35 é 70,98
I, 62,26 é | 62.31
LSD 0.05 157 ' l1.15

!
1; = 10Kpa; I = 15Kpa; I; = 25Kpa.
| f N
4,3.2 Number of seeds per square meter I
The effect of irrigation schedule on the nunmber of seeds per square meter
i
is presented in Table 15. The effect of irrigation schedule was significant.

Irrigating at 10 Kpa produced significantly greater number of seeds per square

meter, while irrigating at 25 Kpa gave the lowest pumber of seeds.
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Table 15: Effect of irrigation schedule on number of seeds {x10?) per

square meter : .

Irrigation Schedule 1989/90 _ 1990/91
I, _ 17.03 _ 120,73
Ia ' _ 15,22 18,92
I, . 13.51 _ 17.21

LSD 0.05 0.63 : 0.63

Rice apparently has three critical periocds wherein moisture stress
reduces grain yield -~ the seedling establishment period, the tillering stage
of growth, and a period frowm about 20 days befare to about 5 days aftex
heading (Adair et al,, 1962; Matsushima, 1962). Yield reduction in the latter
period are mostly due to reduced number of spikelets {translated to number of
seeds) - the sink size (Reyes and Wickham, 1973; Yoshida, 1981), It 1is
apparent from the results at Kadawa that maintaining the so0il moisture regime
at saturation is required for increased number of seeds. This observation is
similar to those earlier made by Yoshida (1981).

4.3.3 Filled-grain Percentage é . i-

Data on filled-grain percentage is presanted in Table 16, Irrigation
Schedule had a significant effect on filled-grain percentage. Filled grain
percentage was highest with irrigation schedyled at 10 Kpa, and lowest at 25
Kpa. ? 'f

Filled-grain percentage 1is an important yield component and usually
affected by conditions during the ripening period. Other than temperature and
solar radiation, s0il moisture regime is the next important factor affecting

filled-grain percentage (Yeoshida, 1981}, Stress near mwaturity is known to

cause vyield reductions mainly through its effect on filled-grain percentage
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Table 16: Effect of irrigation schedule on filled-grain percentage

Irrigation schedule 1389/90 : 1990/91
Iy 71,24, 74.82
1. 63.24 - 67.73
Ia 56.82 ; 61.68
LSD 0.05 0.38 ' 0.31

i

(Robins et al.,, 1967), Robins et al. (1967), indicated that stress may
develop gquite rapidly because of the very shallow root system developed in
irrigated vice cultures when soil moisture regimes are below saturation from
heading to maturity. The below saturation regimes at 1> and 25 Xpa in this
experiment at Kadawa, could explain the lower percentage of filled grains

relative to the 10 Kpa (saturation reginme},

|
|
|
|
4.3.4 1000-grain weight | | f
Irrigation schedule had a significant effect on 1000-grain weight (Table
173, 1000-grain weight was significantly higher at 10 Kpa than at other
suctions studied. As discussed earlier, 1000-grain weight is determined
during the ripening period, The result indicate that maintaining the soil
moisture regime at saturation (10 Kpa) is needed for high 1000-grain weight,

Table 17: Effect of irrigation schedule on 1000-grain weight (g)

Irrigation schedule 1989790 1990 /91
Ia 22.33 24,84
I; 20,98 ' 23.51
1, ' 18,39 - 20,90
LSD 0.05 0.28 : 0.28
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1000-grain weight is an important vyield component and contributes
significantly to the final yield. In 'water saving' irrigation schedules
practiced in some parts of the world, the soil is supplied with water to keep
the water content in the effective root zone at not less than 75 per cent of
full saturation throughout the total growing period (Doorenbos et al,, 1979).
Yield obtained with this method compared favourably and in many instances were
higher than those obtained with continuous submersion, This they attributed
to higher grain weight obtained with the 'water saving' irrigation schedule,
Similar logic holds true for the differences in 1000-grain weight between the

three moisture regimes in this experiment,

4.3.5 Ripening Grade

The effect of irrigation schedule on ripening grade is presented in Table

18,

Table 18: Effect of irrigation schedule on ripening grade

Irrigation Schedule 1989/90 1950/91
1, 14.98 17.59
I; 14.23 16.80
1, 10,39 12.89
LSD 0.05 0.24 0.23

Ripening grade was significantly higher at 10 Kpa irrigation schedule than the

other soil moisture suctions,
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Ripening grade, defined as the product of filled-grain percentage and
1000-grain weight has been reported to relate more to vyield than either
filled-grain ¥ or 1000-grain weight (Yoshida and Parao, 1976). The same
factors that affect filled-grain percentage and 1000-grain weight also affect
ripening grade, Thus the reasons adduced for the differences between the
three irrigation schedules in terms of filled-grain percentage and 1000-grain

weight also hold true for the ripening grade,

4.3,.6 Grain Yield

Pata pon vield is presented in Table 19,

Table 19: Effect of irrigation Schedule on grain yield (t ha=')

Irrigation Schedule 1989/90 1990/91
| Y 5.05 6.62
Ia 3.48 5.04
I 2.56 4.13
LSD 0.05 0,23 0.23

The effect of drrigation schedule on vield was significant,. Grain yield was
significantly higher at the 10 Kpa schedule, and lowest at the 25 Kpa
schedule, It has been reported by earlier works (Doorenbos et al., 1979) that
rotational irrigation on a schedule sufficient to keep the surface soil layers
at or near saturation has produced vields equal to those under submergence
culture, and with significant saving of water, Robins et al., (1967)
indicated that as a minimum, water sufficient to maintain the soil at or near
saturation during seedling stage, tillering and the 30-day period from 25 days

before to 5 days after heading is essential for maximum production.
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In this experiment at Kadawa, the conditions indicated by Robins et al.,
{(1967) were met by scheduling irrrigation at 10 Kpa soil suction, and hence

the higher yield at this suction than at 15 Kpa suction.

4.,3,7 Dry Matter Yield
Dry matter production is c¢losely related to grain yield, and in most
cases the response pattern 1o irrigation is similar to that of yield. Table
20 shows the effect of irrigation schedule on dry matter yield, Data analysis
was based on the format of the pooled analysis of variance for measurements
over time. The data indicate significant effect of irrigation schedule on dry
matter, Dry matter vyield was only significantly different between the three
irrigation schedules at the early seedling growth stage (28 DAE). At the
other growth stages the 10 and 15 kpa schedules were not sigmificantly
different, but were hawever different from the 25 Kpa schedule, The same
conditions necessary for high grain yields in rice are alsoc required for high

dry matter yield, and factors that affect it are also relevant to dry matter

yield.
|
I
|
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Table 20: Effect of irrigation schedule on dry matter yield (g m~' row)

Irrigation schedule 1989/90 1990/91
28 DAE
I, 50.33 61.50
12 45.30 57.63
I, 38.21 48.19
LSD 0.05 0.78 1.45

At maximum tillering

I, 148,40 172.80
1, 139,40 164.30
I, 115.80 140,90
LSD 0.05 10.72 11,91

At panicle initiation

I, 176,50 197.50
I, 167.50 191.90
I, 142.90 165.90
LSD 0.05 10.72 11.07

At 507 flowering

I, 242,80 272.80
| 233.80 264.30
I, 209.20 240,90

LSD 0.05 10.72 11.91
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Table 20 contd.

Irrigation schedule 1989/90 1990/91
At ripening

I, 312.10 344,40

I, 306.00 333.80

I, 278.40 312.40

LSD 0.05 11.70 11.54

At maturity

I, 357.20 407.50
| 348,80 399,40
I, 323,70 375.40
LSD 0.05 10.81 10.85

4.3.8 Length of Phenological phases
Irrigation schedule had no effect on length of phenological phases,

This is similar to observations made by other workers (Robins et al,, 1967).

4.3.9 Interaction between Treatments

Of all crop growth parameters and yield, the interaction between sowing
date and irrigation schedule had a significant effect only on dry matter yield
at the early stage of growth - 28 DAE (Table 21). Thus the results indicate
that the main effects of sowing date and irrigation schedule were more
important factors affecting yield and yield components than their interaction,
There was also no significant interaction between irrigation schedule and
variety; sowing date and variety; irrigation schedule, sowing date and

variety,
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Table 21: Effect of interaction between sowing date and irrigation schedule on
dry matter yield (g m~* row) 28 DAE i

Sowing Irrigation schedule
Date 1989/90 , . 1990/91
I, I, I, - Mean (D) I, Tz I, Mean(D)
D1 41,66 34,50 28.71  34.9 54.99 48.7) 39.76 47.83
D2 37.17 40.26 33.10 36.85 55.80 58.46  48.60 54.29
D3 60,00 51,36 44,30 51.89 68,22 61,54 52,14 60.63
D4 62,49 55,06 46.72 54.76 67.00 61.79  52.28 60,35
Mean (1) 50.33 45.30 38,21 ¢ - 61.50 57.63 48,19
: o
LSD 0,05 . o ‘
I-0.78 - é Y
D=0.90 - ; D= 1.68

1xD = 1.55 | %D = 2.06

4,4 Crop Water Use .. ; ‘ _

Data on the total amount of watér supplied'to.crop (thrﬁugh irrigation
and rainfall); percolation loss; ETcrop for the crop growth duration are
presented in Table 22. At each irrigation schedule, seasonal ETcrop decreased
from the December sowing date through March i.e Dec, > Jan, > Feb > Mar.
The decrease of the seasonal ETcrop from Dec., through March is primarily due
to the shorter growth duration as sowing moved from December through March,
At each sowing date, seasonal ETcrop increased as the soil suction at which
irrigation was scheduled decreased i.e ETcrop 10 Kpa > ETerop 15 Kpa > ETcrop
25 Kpa. Loss due to percalation accounted for about 70% of the total water

supplied to the crop.




Table 22: Crop water use data

Irrigation Schedule

) ETcrop (mm)
Applied water (mm)
Rainfall (mm)
Percolation (mm)

| ETcrop (mm)
Applied water (mm)
Rainfall (mm)
Percolation

I, ETcrop (mm)
Applied water (mm)
Rainfall (mm)

Percolation (mm)

| ETcrop (mm)
Applied water (mm)
Rainfall (mm)
Percolation (mm)

I, ETcrop (mm)
Applied water (mm)
Rainfall (mm)

Percolation (mm)
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Sowing date

D1 D2 D3 D4
1989/90
938 814 176 650
3085 2672 2516 2032
41 41 70 134
2188 1899 1810 1516
915 794 673 564
J009 2605 2173 1746
41 41 70 134
2135 1852 1570 1316
9013 796 664 556
2969 2612 2143 1719
41 41 70 134
2107 1857 1549 1297
1990/91

985 830 730 638
3052 2535 2131 1708
231 231 302 418
2298 1936 1703 1488
959 825 686 582
2965 2519 1984 1522
231 231 302 418
2237 1925 1600 1358
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|
Table 22 contd ‘ ; J

Irrigation schedule _ : 5 Sowing date
| Dl > b3 D4
I, ETcrop (nm) 900 766 662 569
Applied water {(mm) ' 2769 2322 i904 1478
Rainfall (mm) 221 . 231 -?oz a8
Percolation (mm) 2100 | 1787 1544 1327

The pattern of water use duriﬁg fhe seasoh is given in appendix 1 and 2
for 1989-90¢, and 1990-91 vrespectively, At each sowing date and irrigatiom
schedule, the ETcrop increased from sowing, peaked at heading and then
declined towards mwaturity. The data indicate that the time around heading is
the time for peak water demand for all the sowing dates,

Potential evapotranspiration (ETp) during the crop growth stage was
calculated by both the pan method, and the radiation method following the
procedure of Doorenhas et al,, (1979). ETp values by both metheds (appendix 3
and 4) were close to each other, and the ETcrop wvalues,

The pattern of water use observed in this. study indicate é monomodal
pattern (Tables 23 and 24) with the single peak at heading. Studies in other
parts of the world indicate that whether the pattern of water use jis monomodal
or bimodal is location specific {(Murakami, 1966; Pande and Mitra, 1971;
Sugimoto, 1971; Nishio, 1972), : . |

Data on water use efficiency (WUE) is given in Table 23, Water use
efficiency is defined here as the ratio of economic yield (grain vyield) to

season ETcrop. WUE efficiency was highest with the 10Kpa schedule. Also WUE
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increased as sowing date moved from December through March.

The higher WUE at 10Kpa despite the higher season ETcrop indicate that
it's higher yield relative to that obtained at the other schedules led to
increased WUE, The shortening of the crop growth duration from December

through March also reduced the seasonal ETcrop, and thus increased the WUE,

Table 23: Water use efficiency (WUE) as affected by irrigation schedule, and

sowing date
1989/90 1990/91
Irrigation ETcrop Yield WUE ETcrop Yield WUE
Schedule (mm) (Kgha=') (Kgha"'mm~*) (mm) (Kgha=') (Kgha—'mm—?!)
1, 794.5 5050 6.36 795.8 6620 8.32
736.5 3480 4,73 763.0 5040 6.61
) 729.8 2560 3.51 724.,3 4130 5,70
Sowing date
D, 918 2950 3.21 948.,0 4520 4.77
D, 801.3 3650 4,54 807.0 5210 6,46
Dy 704.3 3750 e 32 692.7 5320 7.68

D, 590.0 4430 7.51 596.3 6000 10.06
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4.5 Prediction Models
4.5.1 Yield Model

Weather has been widely studied as one of the major environmental factors
influencing rice production. But in many rice growing areas of the world,no
long-term weather data are available. Recently, the rice weather program has
introduced standardized data collection procedures (Oldeman and Sheshu, 1983).
Local weather combined with crop data obtained at the same site, can be used
to quantify environmental effects on growth, Two basically different methods
can be used: a statistical or correlation approach or an analytical or
simulation approach. The first approach (which has been used in this study)
uses empirical data and statistical methods to quantify the observed
relationship between environmental and crop variables.

To examine the relative importance of each yield component to grain
yield, the percent contribution was computed by means of correlation
coefficient and multiple regression based on log scale., As shown in Table 24,
filled-grain percentage explained about 60% of yield wvariation; 1000-grain
weight about 53%, number of seeds per square meter 32%; while the combination
of all the vyield components accounted for 71% of vyield variation. Thus
filled-grain percentage and 1000-grain weight were clearly the most important
vield components limiting yield in this experiment. With this conclusion, it
seemed more logical to examine climatic influence on filled-grain percentage

and 1000 grain weight rather than vield itself,
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Table 24, Contribution of yield components to grain yield

Variable Contribution to total variation in grain yield (%)

1989/90 1990/91 1989/9041990/91

(Combined analysis)

Number of seed m™? (N) 14.9 20.0 32

1000-grain weight (W) 40.0 16,6 53.4

Filled-grain % (F) 54.2 58.3 60,2
N +W 23.3 23.9 39.1
N+F 3.4 6.6 11.9
F+W 31.9 34.8 41.2
N+W+F 62.8 66.4 71.0

To examine the influence of climatic factors during the ripening period
on yvield, a regression analysis was computed for ripening grade (filled-grain
percentage x 1000-grain weight), temperature, and solar radiation during the
ripening period., To select the appropriate temperature parameter to be used
in the regression analysis, correlation coefficients were computed for
ripening grade and maximum temperature, minimum temperature, maximum—minimum
temperature difference, and mean temperature. Ripening grade correlated more
strongly with max-min temperature difference than the other temperature
parameters, Hence only average daily max-min temperature difference and
average daily solar radiation during the last 30 days after heading were
consideyed in developing the prediction equation,

A multiple linear regression analysis between ripening grade, max-min
temperature difference and solar radiation was carried out, The following

regression equations were obtained:
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for 1989/90 dry season
Rg = 35.863 = 0,782t ~ 0.0225 .uvuuse. (4}

(R* = 0,995")

for 1990/91 .
Rg = 43,215 = 0,594t = 0.037S +.0\yse(5)

(R? = 0,957%) |

for 1989/50 and 1990/91 combined !

Rg = 31,536 - 0,765t - 0,0145 .......{h)

(R* = 0.988") | |
where Rg = ripening grade, t = average daily max-min temperature in °C, § =

average daily solar radiation in cal ecm™ 2, :

These eguations imply that at Kadawa ripening grade is negatively
correlated with max-min temperature difference and solar radiation during the
ripening period, The procedure used here is similar to that of Yoshida and
Parao (1976), The difference 1is that while Yoshida and Parap examined
¢climatic influence én number of seeds, here it ic on ripening grade.

Using 18.5 x 10 for number of seeds per square meter (the mean value for
the 8 crops in 1989/90 and 1990/91 dry seasons), the grain vield can be
estimated at different times during the dry season from the following
relationship, between ripening grade (equation b), no, of seeds, and yield:

Y = [31.536 - 0,765t - 0,0143] 18.5 x 10* x 10~%
= [31.536 -~ 0,765t - 0,0145) 18,5 x 1072 .,,....... (7)
where ¥ = estimated yield in t ha~?', and t and S5 as already defined.

The yield computed by the prediction model (equation 7) correlated with
measured vield: |

Y = 4,508 + 0,348 X L. ivisiinevinanseea(B)

{r = 0.931%)

where Y = estimated vield, X = measured vield.




112

4.5.2 Evapotranspiration (ET) Model
Irrigation systems were in use in ancient times. But an appreciation of
the relationship between ET and crop productivity and the start of researxrch on
that fundamental process are recent. The estimation of actual and potentiatl
ET has wide utility and has been the subject of extensive research, However,
it is recognized that availabkle methods for meaering ET differ in short-and
long-term accuracy and in convenience and cnst.: Thus the bhoice' of method
depends on application, '
The energy balance equation can be used to derive precise estimates of

ET.. The Research Group of Fvapotranspiration (RGE, 1967) reported that for
the whole rice season, measbred walues of open pan evaporation {(EP} are
egquivalent to net radiation.

EP = Rn/. = 0.017 Bn {mmt™') .i.vcevavace(9)
where BRn 1is the net radiation in cal cm™2?, [ is the latent heat of
vaporization of water (580 cal g~! at 30°C), and t is the unit time for which
Rnr is considered, Continuous measurements of Rn of é paddy during the whole
rice-growing period dindicate that the ratio of Rn to total dincoming solar
radiation (Rs) varies from 0.7 at the early stage of growth to 0,55 at the
rippening period, with a mean value of 0.62 (RGE, 1967).

Rn = D.62RS .suvereusanasaa(10) |
Thus from equations 9 and 10 and Rs in units of cal cm™2? over a period t

EP = 0,017 x 0.62Rs = 0.01054 Rs (mnt~*)....svuenssaa(11)

From equation 11 and the relationship between ET and EP, approximations of ET

can be wmade,




113

4,5,2,1 Simple ET Prediction Model

Evaporation pans provide a measurement that integrates the effect of
solar vradiation, wind, temperature, and bhumidity on evaporation from a
specific open-water surface. The procedure followed in developing this model
is based on one of the guidelines recommended by the Research Group of
Evapotranspiration (RGE, 1967). o : i

From data collected and analysed ({(already presented and discussed in
preceeding sections), scheduling irrigation at 10 Kpa provided the most
suitable s0il moisture regime (saturation) for high yield. Weighted averages
of actual evaporation (EP) from open pan data, and measured ET at 10Kpa for
the four sowing dates (December through March) in the 1989/90 and 1990/91 dry
seasons, for the entire crop sSeason were Iregressed. The following
relationship was obtained between ET and EP:

ET = 5,07 + 0.258 EP ..veeeesssl12)

As discussed earlier, equation 11 can be used to estimate EP, Combining

equations 11 and 12, the following relationship was obtained,
ET = 5,07 + 0,258 [0.,01054Rs) = 5.07 + 0,00272 Rs mm day~'....(13)

Equation 13 can serve as a model to estimate average ET values at the Kadawa
area for a given rice crop season or crop growth stage from Re data alone,
For example for an average value of 500 cal cm™2 per day of solar radiation
{calculated from 1989-1991 data for the four dry season sowing dates), the
mean ET rate will be 6,4 mm day~?! using this model. The seasonal average
value of measured ET (5.2 mm day™') is close to this estimated value of ET
over a crop season,

Accurate estimates of rice ET by more sophisticated methods require
numerous data imput that are not available in most rice growing regions., The

model outlined in this study requires only an estimate of sclar radiation.



114

CHAPTER 5

SUMMARY AND CONCLUSION
The water use effieﬁcy of rice (Oryza sLtiva L.} in relation to
irrigation schedule and sowing date in the sudan savanna ecological zone (a
semi-arid region) in Nigeria was investigated. (
The treatments consisted of 3 irrigatiuh schedules (iirigating at éuil
moisture suctions of 10, 15, and 25 Kpa respectively); and 4 sowing dates
{(mid-Dec. through mid-Mar, at 28 days interval). Two rice varieties (ITA 212,
and ITA 123) were direct-seeded by broédéasting. ghe experiment was laid
out as an RCB factorial (4 x 3 x 2) with 4 replicates.

The results were as follows:- J

|
1 Irrigation schedule and sowing date had a significant effect on plant

height. Plant height was greatest with the March sowing date, and
irrigation scheduled at 10 Kpa, . |

2 The effect of irrigation schedule and sowing Eate on the number of seeds
per unit area (the sink size of the crop) were significant, Numher of
seeds were greatest with the March sowing dage, and irrigation scheduled
at IOIKpa soil suction. |

3 Irrigation schedule had a significant effect on ripening grade
(filled-grain per centage x 1000-grain weight). Scheduling irrigation at
10 Kpa s0il suction gave the highest ripening grade. Sowing date had no
significant effect on ripening grade, i

4 Irrigation schedule and sowing date had a significant effect on grain

yield. Sowing in March and with irrigation scheduled at 10 Kpa gave the

highest grain vield.
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1 . . |

|

5 The effect nf interaction between treatments on yield and yield
components was not significant. |

6 Max-min temperature difference and solar radiation during the ripening
period was a major factor affecting the yield of rice.

7 The growth duration of the crpp was affected by the sowing date, Crops
s0wn in March had the shortest growth duration, while the December sowing
date had the longest growth duration, | f

8 The pattern of water use was monomodal,.with the single peak at heading.

3 WUE efficiency was highest in March and with irrigation scheduled at 10

Kpa so0il suction.

It is apparent from this study tﬁat schedulihg irrigation at 10 Kpa seoil
suction (i.e irrigating at 2 days interval) provided the most favourable soil
moistﬁre vegime for the growth and yield of dry season rice in the Kadawa
area, At this soil moisture regime, climatic conditions, especially
temperature and solar radiation during the ripening period was the main factor
affecting the yield of rice. Air temperatures and solar radiation during the
ripening period accounted for the differences in yield. Air temperatures and
solar radiation in the February and Mayxch sowing dates werye more favourable
for grain ripening and thus higher grain vyield, than obtained with the
Decembey, January and February sowing dates, |

The study indicates that for dry season fice, in the sudan savanna,
sowing in mid-March, with irvigation scheduled at 10 Kpa soil suction (i.e
irrigating at every 2 days) not only gave higher grain vyield, but also
resulted in high WUE, : j

There 1is need for research into N~-fertilizer use and dynamics in
irrigated (dry season) ricé in this ecological zone, This study did npt

address this.,




116 |
REFERENCES ‘

Abraham, C¢.C., B. Thomas, K. Karunakaran, and R. Gopalakrishnan,
1972. Effect of planting seasons and the associated weahter
conditions on the incidence of the rice stem borer, Tryporyza
incertulas (Walker). Agric Res. J. Kerela 10(2): 141-151.

Adair, C.R. 1966Effect of storage treatment on germination of
rice. Int. Rice Commn. Newsl. 15:14-15,.

Adair, C.R., M.D. Miller, and BH.M. Beachell, 19€2. Rice
improvement and culture in the United States. Advance.
Agron, 14:61-108. i

Aglibut, A.P., F.L. Valbuena, and A.A. Caoli, 1960. Irrigation
and drainage in lowland rice production. Philippine Agr.
44:271-278

Aimi, R. 1965. Growth- -temperature relation and the critical
temperature for growth in rice plants. Proc. Crop. Sg¢i.

Soc. Jpn. 26:154-155. |

Aimi, R., H. Sawamura, and S. Konno, 1959. Physioclogical studies
on the mechanism of crop plants. The effect of the
tenperature upon the behaviour ¢f carbochydrates and related
enzymes during the ripening of rice plant. Proc. Crop Sci.

Soc. Jpn. 27:405-407. : |

Aleshin, E.P., and A.I. Aprod, 1860. The effect of temperature
on germination of seed of Kuban commercial varieties of rice.
Soviet Plant Physiol. 7:297-300.

i .
Alluri, K., B.S5. Vergara, and R.M. Visperas. 1973. Observations
on damage to rice leaves by strong winds. SABRAO Newsl.
5:129-132.

Alluri, K., and B.S. Vergara. 1975. Importance of photoperiod

and growth duration in upland rice. Philipp. Agric.
59:147-148. i

Anayama, T. and J. Inouye. 1969, Effect of high temperature
treatment of seed on mesocotyl elongation in japonica rice.
Proc. Creop. 8ci, Soc. Jpn., 38:168-171.

Anema, L.S. 1974. Fotoperiodieke on derzoeknigen bij rijst en
waterbogteen temperatuurrijzeropname relaties, report
ingenieurs onderzoek, uitgevoerd in 1972 (in Dutch with

English summary). Afdeling tropische landbourwplantenteelt.
Wagneingen 4lp.




117

Areekul, S., and T. Chamchanya, 1973. Effects of humidity,
temperature, and light on on the growth and development of
Sesamia inferens (Walker)., Kasetsart J. 7:65-75,

Agsakuma, 5. 1958, Ecclogical studies of heading of rice. Proc.
Crop Sci. 8cc, Jpn. 27:61-66. |

Asakuma, 8., and €. Kaneda. 1967. Ecclogical studies of heading
of rice. Proc. Crop Sci. Soc. Jpn. 36:286~290, . :

Bae, S.H., and M.D. Pathak 1970. Life history of Nilaparvata
lugens (Homoptera: Delphacidae) and susceptibility of rice
varieties to its attacks. Ann., Fntomol. Soc. Am.
63:149-155.

Best, R. 19595, Photoperiodism in rice. Field creop Abstr.
12:85-93.

Best, R. 1961. Some asgspect of photopericedism in rice (Oryza
sativa L.). Elsevier, Amsterdam. 87p.

Black, C.A. 1965. Methods of so0i1l Analysis. Agronomy No. 9,
Part 2. Amer. Soc. Agronomy, Madison, Wisconsin.

Bhuiyan, S.1, and A.L. Galang. 1987. Inpact of climatic factors
on irrigated and partially irrigated rice cultures. 1In:
Weather and Rice, Proceedings of the international workshop
on The Impact of Weather Parameters on Growth and Yield of
Rice, 7-10 Apr, 1986 pag 221 - 334,

Bokura, T. 1967. Photo-growth reaction of leaf in rice plants
{Oryza sativa L.} Bol. Mag. {(Tokoy) 80:272-278.

Bouyoucos, G.H., 1954, A recalibration of the hydronmeter for
making mechanical analysis of soils. Aqron. J. 43.434-438.

Bray, R.H., and L.T. Kurtz. 1945, Determination of total

organic and available forms of phosphorus in soils. Soil
Sci. 59:39-45. : I

Chamura, 5. and M. Honma. 1973. Injury of low temperature to
transplanted young seedlings of rice plant. Niigata Agric.
Sci. 25: 1-9.

. [
Chandler, R.F. 1963. An analysis of factors affecting rice
yield. 1Int. Rice Commn. Newsl. 12:1-17.

Chandler, R.F. 1867. The importance of ripening problems - an
introduction. Int. Rice Commn. Newsl. Special Issue 1-2.




118

Chandraratna, M.F. 1952, Photoperiod effects on the flowering
tropical rice, Trop. Agric., (Ceylon). 104:130-140.

Chandraratna, M.F. 196l1. Physicology and genetics of
photoperiodism in rice, Abstr. Pap. Symp. Pac., Sci.
Congr. 10:24-25,

|

Chang, T.T. 1967. The genetic basis of wide adaptability and
vielding ability of rice varieties in the tropics. 1Int.
Rice Commn Newsl. 16:4-12.

Chang, T.T. and H.I. 0Oka. 1976. Genetic variousness in the
rlimatic adaptation of rice cultivars. Pages §7-111 in
climate and Rice. International Rice Regearch Institute, Los
Bancs, Philippines.

chang, T.T., and B.S. Vergara, 1972. Ecological and genetic
information on adaptability and yielding ability in tropical
rice varieties Pages 431-453 in Rice breeding., International
Rice Research Institute, Los Banos, Philippines.

Chapman, A.L. 1969. The thermal environment in clear and turbid
water in the Darwin region of neorthern Australia in relation
to the water seeding of rice. Agric Meteorol 6:231-243.

Chapman, A.L., and M.L. Peterson. 1962, The seedling
establishment of rice under water in relation to temperature
and dissolved oxygen. Crop. Sci. 2:391-395,

Chaudhary, T.N. and B.P. Ghildyal 1969. Germination response of

rice seeds to constant and alternating temperatures. Agric.
J. 61:328-330. |
| .
Chaudhary, T.N, and B.P. Ghildyal, 1970. Influence of submerged
soil temperature regimes on growth, yvield and nutrient
composition of rice plant. Agric, J. 62:281-285.

Chen, C.C. 1970. Ecological studies of Nephotettix impiciticeps
Ishihara in Taiwan. Plant Prot. Bull., Taiwan 12:79-90,

Chiu, T.F., 8. Lian, and 8. Hsu. 1960. Studies on nutrient
absorption by rice plants in Taiwan. 1. Effect of
temperature on nutrient absorption by rice plants J. Taiwan
Agric. Reg. 9:1-13. | .

¢hia, T.F., 8. Lian, and 8. Hsu. 1961. Studies on nutrient
absorption by rice plants in Taiwan 2. Nutrient absorption
by Japonica and Indica varietlies of rice in relation to
temperature. J. Taiwan Agric. Res. 10:7-18.




119

Chow, L. 1951. Rotational versus continuous irrigation methods

in Taiwan. Joint comm. Rural Reconstruction Eng. Ser.
No.3

Coly, A. 1981. Notes on photoperiod response of some rice
germplasm collections in the Casamance region, Senegal.
WARDA Tech. Newsl. 3:7-8,

Craufurd, R.Q. 1964. The relationship between sowing date,
latitude, yield and duration for rice (Oryza sativa L.).
Trop. Agric. (Trinidad) 41:213-224.

Danielson, R.E. 1967. Root systems in relation to irrigation,
p.390-424., 1In: Irrigation of Agricultural Lands. Hagan,
R.M, Haise, H.R., and Edminster, T.W. (eds). Agron. No.ll,
Am. Soc. Agron.

Dasananda, S. 1961. Breeding for adaptability for greater range
of ecological conditions. Abstr. Pap. Symp. Pac. Sci
Congr. 10:26.

Day, P.R. 1956. Report on the committee on physical analysis
Proc. Soil Sci. Soc. Amer. 20:167-169.

De Datta, S.K. 1973. Principles and practice of rice cultivation
under tropical conditions. Asian-Pacific Food and Fertilizer
Technology Centre, (ASPAC), Extension Bull. 33. 28p.

De Datta, S.K. and P.M. Zarate 1970. Environmental conditions
affecting the growth characteristics, nitrogen response and
grain yield of tropical rice. Biometeorology 4:71-89.

Dela Vina, W.C., M.M. Alagcan, and S.I. Bhuiyan. 1986. Water
allocation-distribution strateges in droughty seasons,
lessons from the Upper Pampanga Irrigation System. Paper
presented at a Saturday seminar, 4 Jan. 1986, International
Rice Research Institute, Los Banos, Philippines.

Doorenbos, J. and W.0. Pruit, 1977. Crop water requirements.
Irrig. Drain. Pap. 24 (rev.). Food and Agriculture
Organization, Rome 44p.

Doorenbos, J., and W.0. Pruitt, 1979, Yield response to water.
Irrig. Drain. Pap. 33. Food and Agriculture
Organization, Rome, 193p.

Dore, J. 1976. Response of rice to small differences in length
of day. Nature 183:413-414.



120

Emuara, K. and A. KoJjima. 1974, On some environmental factors
for development of rice green caterpillar Naranga aenescens
Moore. I. Influence of humidity on the occcurrence. J.
Niigata Agric. Exp. Stn.23:27-36.

Ebata, M. 1961. Studies on white-core rice Xernal. 4. Effects
of night temperature in ripening time upon the occurence and
types of white-core kernels, Proc, Crop. Sci, Soc. Jpn
29:409-411.

Enomoto, N. 1935. A study on rice plants susceptibility to
various lengths of illumination {translation]. Sakumotsu
Ronshu: 375-399, _ 1

Enomoto, N., M. Yamada, K. Hozumi. 1956. On the artificial
germination of pollen in rice varieties. Proc. Crop
Sci. Soc. Jpn. 25:69. |

Ferino, M.P. 1968. The biology and control of the rice
leaf-whorl maggot, Hydrellia Philippina Perino (Ephydridae,
Biptera). Philipp. Agric. 52:332-383,

Fernando, H.E. 1971. Ecological Studies on the rice gall midge
in Ceylon. Pg. 291-308 in Proceedings of a symposium on
rice insects, July 19-24, 1971, Tokyo, Japan Trop. Agric.
Res. Ser. 5, Tropical Agriculture Research Center, Tokyo.

Friend, D.J.C. 1965. The effects of light and temperature on the
growth of cereals In: Milthorpe, F.L. Ivins, J.D. (eds.).
The growth of cereals and grasses. London: Butterworths,
1965, pp.181 - 189., i :

Gairon, 8. 1973, Important soil characteristics relevant to
irrigation. 1In: Arid Zone irrigation Yaron, B., Danfors, E.,
and Vaadia, Y. (eds). pp. 227-240. Springer - Verlag New
York.

Galang, A.L.A., D.F. Tabbal, S.I. Bhuiyan, S.8. Samaniegec, F.S.
Tabo, and P.D. Favenir. 1984. Efficiency and equity of
water distribution and use at LCPIS, Paper presented at a
workshop to review selected research to increase rice
production in the Bicol River Basin Area, BRBDPO, San Jose,
Pili, Camarines Sur. . o .

Gatesg, D.M. 1965, Heat transfer in plants Sci. Am. 213:76-84.

Gomosta, A. and B.S. Vergara., 1983, Photoperiod sensitivity of
Rayada rices. Int. Rice Res. Newsl. B:29,

Haise, R.H., and R.M, Hagan. 1967. 8Soil, plant, and evapcration
measurements as criteria for scheduling irrigation pp
577-604. 1In: Hagan, R.M., Haise, R.H., and Edminster, T.W.
{eds.). Irrigation of agricultural lands. Agron. No.l1
Amer. Soc, of Agron.



121 ‘:
Hamada, H. 1937. Physiologisch-systematische untersuchungen uber
das wachstum der Keimorgane von Oryza Sativa L. Mem. Coll,
Sci. Kyoto Imp. Univ. Ser. B, 12:259-309,

Hanyu, J., T. Uchijima, and S. Sugawara. 1966, Studies on the
agroclimatological method for expressing the paddy rice
products, Part 1., An agroclimatic indix for expressing the
quantity of ripening of the paddy rice. Bull. Nat. 1.
Tohcku Agric. Exp. Stn. 34:27-36.

Hara, S. 1930, Effects of various lengths of illumination on the
heading and growth of paddy rice. Ann. Agric. Exp. Stn.
Chosen 5:223-249, . | .

Harashima, S. 1937. Comparison between lowland and upland rice
for seed germination at low temperature. Proc. Crop, Sci.

So¢. Jpn 9:407-417. j

Hardcastle, J.E.Y., 1959. The dJdevelopment of rice production anad
research in the Federation of Nigeria. Trop. Agric,
(Trinidad) 36:79-95.

Hasegawa, H., 1959, Leaf emergence rate and soil temperature in
rice plants. Agric Hortic, 34:1795-1798.

Herath, W., and D.P. Ormrod. 1965. Some effects of water
temperature on the growth and development of rice seedlings.

Agqric. J. 57:373-376. : : |

Hayase, H., T. Satake, I. Nishiyama, N. Itc, 1969. Male
Sterility caused by cooling at the meiotic stage in rice
plants. 2., The most sensitive stage to cooling and the
fertilising ability of pistils. Proc, Crop. Sci. Soc,
Jpn 38:706-711. | | i I

Hillel, D. 1974, Methods of laboratory and field investigation
of physical properties of soils. Trans. Int. Soil Sci.
Congr., 10th, Moscow 1; 301-308. .

|I .

Hillel, D. 1980. Applications of soil physics. Academic Press,

New York.
|

Himeda, M. 1973. Studies on the winter-sowing method in direct

sowing culture of rice - Survival of rice seeds in soil and
low temperature conditions. J. Cent. Agric, Exp, Stn.
|

18:1-70. |

Hitaka, N., and Y. Ozawa. 1970. Handbook of agricultural
meteorology. Division of Research Co-ordination, Ministey of
Agriculture. Yokendo Publishing Co, Tokoyo, 397p.



122

Hoshino, T.S., B. Matsushima, T. Tomita, and T. Kirkuchji, 1969.
Analysis of yield-determining process and its application to
yield prediction and culture improvement of lowland rice.
LXXXVIIT. Combined effects of air-temperature and water
temperature in seedling periods on the characteristics of

seedlings of rice plants. Proc. Crop. Sci. Jpn
38:273-278.

Huke, R. 1976. Geography and climate of rice. Pages 31-50 in
Proceedings of the symposium on climate and rice.
International Rice Research Institute, Manila, Philippines.

Tkeda, K. 1970. Studies on initiation of floral bud. Rep.
Tokai Br. Crop Sci. Soc. Jpn. 55:5-7.

Tkeda, K. 1974. Photoperiodic control of floral initiation in
rice plant. I. Light requirement during the photoperiod.
Proc. Crop. Sci. Soc. Jpn. 43:375-381.

Ikeda, K. 1975. Studies on initiation and subsequent development
of floral bud in rice plants. 1III. Appearance of
photoperiodic sensitivity and its changes with plant age,
Bull. Fac. Agric. Mie Univ. 48:1-8.

Ikehashi, H. 1967. Studies on the environmental fluctuation of
germination habits of rice seeds and the test and the
selection methods for them., I. On the effect of temperature
during maturation on germination of rice seeds. Jpn., J.
Breed. 17:144-149.

Ikehashi, H., 1972. 1Induction and test of rice seeds by
temperature condition during maturation. Jpn. J. Breed.
22:209-216.

Inada, K. 1973, Spectral dependence of growth and development in
rice plant. I. Effects of the selective removal of spectral
components from white light on the growth of seedlings.

Proc. Crop Sci Soc. Jpn. 42:63-71.

Inoue, E., Y. Mihara, and Y. Tsuboi. 1965. Agrometeorological
studies on rice growth in Japan. Aqric. Meteorol., 2:85-107.

Inouye, J. 1964. Effect of temperature on flower bud initiation
and fruiting of rice plants grown on artificial culture
medium. Proc. Crop Sci. Soc. Jpn 32:330-332

Inouye, J. 1972. Studies on the emergence of rice seedlings
in the direct-sowing culture. V. Effect of high temperature
treatment of seeds before sowing on the emergence in paddy
rice seedlings. Proc. Crop Sci. Soc. Jpn. 41:68-72.




123

Inouye, J., and T. Anayama, 1971. Studies on the emergence of
rice seedlings in the direct sowing culture, 1IV. Strength
of plumule elongation in paddy rice plants. Proc. Crop.
Sci. So¢., Jpn. 40:415-419. |

Inouye, J., T. Anayama, and K. Ito., 1969. Heat stimulaticn for
the mesocotyl elongation in paddy rice plants in japonica
type. J. Fac. Agric. Kyushu Univ. 15:305-309.

Inouye, J., T. Anayama, and K. Ito., 1970. Stimulation of
mesocotyl elongation in japonica paddy rice seedlings by
high temperature treatment of seeds. Proc. Crop. Sci.

Soc., Jpn. 36:25-31. : |

Inouyve, J., and K. Hibi, 1972. Studies on the emergence of rice
seedlings in the direct-sowing culture VI, Varietal
difference in stimulaticon of mesocotyl elongation by high
temperature treatment of seeds before sowing. Proc. Crop
Sc¢i. Soc. Jpn. 41:73-77. |

Inouye, J., F. Otaguro, and K. Ito. 1973. Studies on the
. emergence of rice seedlings in the direct sowing culture.
VII. On the elongationn of plumules grown from seeds
pre-treatment at high temperature through soils after
germination, Proc¢. Crop Sci. Soc. Jpn. 42:487-492,

IRRI [Int. Rice Res. Inst.] 1967. Annual Report Los Bainos
' Philippines., . ' | .

IRRI [Int. Rice Res. Inst.] 1970. Annual Report Los Beinos
Phillipines, |

IRRI [Int. Rice Res Inst.] 1973. Annual Report, Los. Banos,
Phillipines. : |

IRRI [Int. Rice Res. Inst.] 1975. Annual Report, Los. Banos,
Phillinpines. : ] S

IRRT [ITnt. Rice Res. Inst. | 1976. Annual Report, Los, Bonos,
Phillinpines. |

IRRI [Int. Rice Res., Inst. 1 1989. Annual Report, Los, Banos,
Phillipines. ' A

Ito, N., H. Hayase, T. Satake, and I. Nishiyvama. 1970. Male
sterility caused by colling treatment at the meiotic stage
in rice plants. 3. Male abnormalities
at anthesis. Proc. Crop Sci. BSoc. Jpn. 39:60-564

Jackson, M.L. 1965. Socil chemical analysis New Jersey, Prentice
Hall Inc.



124

Jagoe, R.B. 1952, Photoperiodism of a =ativa alava, Malay.
Agric. Jl 35:85-1020 |

Jennings, P.R. and J. deJesus, 1964. Effect of heat on hreaking
seed dormancy in rice. Crop. Sci. 4:530-533.

Jodon, N.E. 1953. Growing period of leading rice varieties when
sown on different dates. La. Agric. Exp. Stud. Bull,
476, 8p. .

i

Johnson, A. 1954. Preliminary notes on physiological diseases of
rice in Malaya. Int. Rice Commun. Newsl. 10:16-18.

Kakizaki, ¥. 38. A comment on growth physiology and yield of
rice plants. Agric. Hortic, 13:7-14.

Kakizaki, Y. 1965, Studies on tillering of rice plants. Part.
I. Relation between spacing density and tillering. Bull.
Inst. Agric. Res. Tohoku Univ, 16:87-104.

Kalode, M.B. 1974. Recent changes in relative pest status aof
rice insects as influenced by cultural, ecolecgical, and
genetic factors. Paper presented at the International Rice
Research conference, April 22-25, 1974. Los Banas,
Philipines. AICRIP Publ. 77.

Kaneda, C., and H.M. Beachell, 1974. Response of indica-japonica
rice hybrids to low temperatures. SABRAQ J. 6:17-32,

Katayama, T. 1961. Studies on the intercellular spaces in rice,
Proc., Crop Sci. Scc. Jpn. 29:229-233.

Katayama, T. 1964. Photoperiodism in the genus Oryza. I. Jpn.
Jl Bot- 18:309“‘3480 I

Katayama, T. 1971. Photoperiodism in the genus Oryza. III,
Mem. Fac. Agric. Kagoshima Univ, 8:299-320,.

Katayvama, T. 1977. Photoperiodism in the genus Oryza. VII.
Studies on index of accelerating effects. Proc. Crop 8ci.
Soc. Jpn. 46:269-274, |

Khan, P.A. 1976, Effect of photoperiod of various lengths on ear
development in Oryza Sativa L. Sci. Cult. 42:332,

Khan, P,A. 1982. Interaction of date of planting and photoperiod
on flowering behavior in rice. Acta Bot. Indica 10:72-78.

Kim, M.S8. 1969. Ann. Rep. Plant Environment; Suweon, Part 6:
105-118.




125

Kiyosawa, S., 1962. Influence of some environmental factors on
the development of pollen in rice plant. Proc. Crop Sci.

Soc. Jpn. 31:37-40. .

Kondo, ¥. 1954. Studies on cool tolerance of paddy rice
varieties., Jap. J. Breed. 4 (Supplement): 196-224,

Kovitvadhi, K., and P. Leaumsang., 1971, Rice gall midge. Paper
presented at the International Rice Research Conference.
April 19 - 23, 1971. Los Banos, Philipines.

Kudo, K. 1975. The effect of climatic factors on grain yield of
rice., In: Crop productivity and solar energy utilization in
Japan. Murata, Y. (ed). pp 199-220. DUniversity of Tokoyo
Press, Tokyo. ! .

Lamin, J.B. and B.S. Vergara, 1968. Seasonal variations in the
growth duration of some Malayan rice wvarieties (Oryza sativa
L.). Malay. Agric. J. 46:298-315.

Langfield, E.C.B., and J.J. Basinski, 1960. The effect of time
of planting on behaviour of rice varieties in Northern
Australia. Trop. Agric., (Trinidad) 37:283-292.

Lee, E.W. 1964. Studies on the ecological characteristics of the
rice varieties in Korea II. Effect of high temperature and
short day-length on the heading. Seoul Univ. J, 15B:48-60,

Lee, H.S., and K. Taguchi, 1969. Studies on the germinability of
rice seeds at low temperature I. The varietal differences
and the effects of growing conditions of parent plants on
the germinability of rice seeds at low temperature. Mem.
Fac. Agric. Hokkaido Univ. 7:138-146.

Lee, H.S., and K. Taguchi, 1970. Studies on the germinability of
rice at low temperature. 3. Effect of maturity and storage
Ltreatment of rice seeds on the seed germinability at low
temperature. Mem. Fac. Agric. Hokkaido Univ, 7:278-286.

Liang, G.S. and Z.Y. Liu, 1983. Studies on the heading response
of the pearl river delta rice cultivars to daylength and
Lemperature. Acta Agron, Sin. 9:157-167.

Livingston, B.E., and F.W. Haasis, 1933, Relations of time and
maintained temeprature to germination percentage for a lot
of rice seed. am. J. Bot, 2:296-315.

Lutz, J.F, 1947, Apparatus for collecting undisturbed soil
samples. Soil Sci., 64:399-401. i

Matsuda, K. 1930. On the germinationlof seeds of rice varieties
at low temperature Proc_Crop. Sci. Soc. Jpn. 2:263-268,




126 |
Matsuo, T. 1954, Rice Culture in Japan Tokyo: Min. of Agric.
An, For., Japan, pp.l119. | :

Mastuo, T. 1957. Rice culture in Japan. Yokendo Ltd. Tokyo.
p.104. |

Matsushima, S. 1957. Analysis of developmental factors
determining yield and yield prediction in lowland rice.
Bull. Natl. Inst, Agric. Sei. a, 5:1-233,

Matshushima, 8. 1962. Yield components of rice in Malaysia.
In:Rice culture in Southeast Asia, pp. 192. Proc. Crop
8ci. Soc. Jpn., {Spec. Issue).

Matsushima, S., T. Tanaka, and T. Hoshino. 1964b. Analysis of
yield determining process and its application to
yield-prediction and culture improvement of lowland rice,
LXXI. Combined effects of air-temperatures and water
tenmperatures at different stages of growth on the growth and
morphological characteristics of rice plants. Progc. Crop Sci
Soc. Jpn 33:135-140, |

Matsushima, 8., 7T. Tanaka, and T. Hoshino. 1966, Analysis of
yield determining process and its application to
vield-prediction and culture improvement of locwland rice.
LXXV. Tenmperature effects on tillering in case of leaves
and culms, culm-bases, and roots being independently
treated. Proc. Crop Sci. Soc. Jpn 34:478-483,

Matsushima, 8., T. Tanaka, and T. Hoshino, 1968a. Analysig of
vield determining process and its applicaticn to
vield-prediction and culture improvement in lowland rice.
LXXVIII. Rooting ability of rice seedlings, which were
raised under different air-and-water~temperatures, after
transplanting (in case of seedlings treated for an identical
number of days in seedling pericd). Proc. Crop Sci. Socg,.
Jpn. 37:161-168.

Matsushima, S., T. Tanaka, and T. Hoshino, 19%68b. Analysis of
yield-determining process and its application to
vield-prediction and culture inmprovenment in lowland rice.
LXXXI. Combined effects of air-temperature,
water-temperature, shading and the amount of fertilizers in
seedling period on the characteristics of seedlings
of rice plants. Proc. Crop. S8Sci. Soc. Jpn. 37:169-174.

Matsuzaki, A.S., 5. Matsushima, and T. Tomita, 1972. Analysis of
yield-determining process and its application to yield
prediction and culture improvement of lowland rice. CXI.
Effects of nitrogen restriction treatment in the middle
growth stage of rice plants on the resistance to some
diseases and that to wind damages. Proc., Crop Sci, Soc. Jpn
41:402-408, ]

X




127 {

McDonald, D.J., 1966. The effect of temperature and light on the
rate of photosynthesis of 20 rice varieties and hybrids.
Digs. Abstr. Int. 32:1309-13, |

Michael, A.M. 1978, Irrigation: Thecry and Practice., Vikas,
Delhi. . |

Migra, G. and P.A. Khan, 1973. Impact of photoperiocd on seasonal
sowing in rice, 1II. Interaction between short photoperiod
and the wonth of sowing in a late-winter rice. Proc. Indian
Acad. Sci. 77B:137-147.

Misra, G., and P.A. Khan, 1977. Impact of photoperiod on
seasonal sowing in rice. III. Interaction between short
photoperiod and the month of sowing in a late-winter
rice., Proc. Indian Acad. Sci. 85%B:292-300. '

Mitsui, 8. 1954. Inorganic nutrition, fertilization, and soil
amelioration for lowland rice, Yokendo Ltd., Tokyo.

Mivabashi, T., 1944. Differences in most-suitable and critical
illuminating hours for rice plants in relation to their
varieties. Proc, Crop Sci. Soc. Jpn, 15:194-1946.

Montano, C.B., and R. Barker, 1974. Economic returnsg from
fertilizer applicatiocn in tropical rice in relation to solar
energy level. Philipp. Econ. J. 13:27-40,

" Moomaw, J.C., and B.S. Vergara. 1965. The environment of
tropical rice production. 1In: Proceedings of a symposium on
the mineral nutrition of the rice plant, 1964, pp 2-13.
International Rice Research Institute. John Hopkins Press,
Baltimore. | :

Moomaw, J.C., P.G. Baldazo, and L. Lucas, 1967. Effects of
ripening period environment on yields of tropical rice. Int,
Rigce Comm., Newsl. (Spec. Issue).

Morinaga, T., and H. Kurivama. 1954. Some experiments on the
photopericodism in rice. Jpn. J, Breed., 4:35-63,

Moriwaki, T. 1958. Studies on responses of rice plants to cold
water irrigation. I. On varietal differences of the number
of pollen adhered on the stigma. Proc. Crop Sci. Soc. Jpn
27:43-44,

Moriya, M. 1963. Acceleration of emergence and growth of paddy
rice plants in upland direct sowing culture in cooler
regions. Nogyo Gijutsu 18:562-567.

Moursi, M.A., and A, Abd. 1963. Rice photoperiodism. 2.
Formative and photoperiadie reaction to light duration. Ann,
Agric. Sci. 8:329-345.




128

Munakata, K. 1976. Effects of temperature and light on the
reproductive growth and ripening of rice. 1In: Proceedings
of the symposium on climate and rice, pp 187-210.
International Rice Research Institute. Manila, Philippines.

Munakata, K., D. Kawasaki, and K. Kariya, 1967. Quantitative
studies on the effects of the climatic factors on the
producing of rice. Bull. Chugoku Agric. Exp. Stn. A.
14:59-96.

Murakami, T. 1966. Report of the experimental results on rice
water relation study. Department of Agriculture, Ceylon.

Murakami, T. 1973, Paddy rice ripening and temperature. Jpn
Agric. Res. Q. 7:1-5,

Murata, T. 1964. On the influence of solar radiation and air
temperature upon the local differences in the productivity of
paddy rice in Japan. Proc. Crop Sci. Soc. Jpn. 35:59-63.

Murata, T. 1966. On the influence of solar radiation and air
temperature upon the local differences in the productivity of
paddy rice in Japan. Int. Rice Commn. Newsl. 15:20-30.

Murata, T. 1969. Physiological responses to nitrogen in plants.
In: Physiological aspects of crop yield, Eastin, J.E. (ed.).
Am. Soc. Agron., Crop Sci. Soc. Am., Madison, Wisconsin.

Murata, T. 1972. Local productivities. In: Photosynthesis and
dry matter production of crop plants, pp 315-315. Togari, Y.
(ed.). Yokendo, Tokyo.

Murata, T., and Y. Togari. 1972. Analysis of the effect of
climatic factors upon the production of rice at different
localities in Japan. Proc. Crop Sci. Soc. Jpn. 41:372-387.

Nagai, T., and E. Matsuhita. 1963. Physio-ecological
characteristics in roots of rice plants grown under
different soil temperature conditions. I. Their ecological
characteristics. Proc. Crop. Sci. Soc. Jpn. 31:385-388.

Nagato, K., and M. Ebata. 1960. Effects of temperature in the
ripening periods upon the development and qualities of
lowland rice Kernels. Proc. Crop Sci. Soc. Jpn. 28:275-278,.

Nagato, K., M. Ebata, and Y. Kono. 1961. On the adaptability of
rice varieties to high temeprature in the ripening period.
Proc. Crop Sci. Soc. Jpn. 29:337-340.

Nakamura, S. 1938, Differences in germination characteristics
among rice varieties. Proc. Crop Sci. Soc. Jpn.
10:177-182.




129

Nakayama, H, 1969. Senescence in rice panicle I. A decrease in
hydrogenase in the Kernel senescence., Proc. Sci. Soc. Jpn
38:338-341.

| |
Nakayama, H. 1974. Panicle senescence in rice plant, Bull,
Hokirika Natl. Agric. Exp. Stn. 16:15-57,

Nishio, T. 1972. Report on the irrigation and paddy cultivation
studies in the Muda irrigation scheme area, West Malaysia
1970-1972. Crop Prod. Train. Cent. T. Chengai, Malaysia.

Nishivama, I. 1970, Male sterility caused by cooling treatment
at the meiotic stage in rice plants. 4. Respiratory
activity of curthers following cooling treatments at the
meiotic stage. Proc. Crop Sci. Soc¢., Jpn. 39:65-69.

Nishiyama, I. 1976. Effects of temperature on the vegetative
growth of rice plants. In: Proceedings of the symposium on
climate and rice, pp 159 - 185, International Rice Research
Institute, Manila, Philippines. i

Njoku, E. 1959. Response of rice to small differences in length
of day. Nature 183:1598-1599. i

Noguchi, Y. 1959b. Studies on the contrcl of flower bud
formation by temperature and day length in rice plants. 3,
Vernalisation with low or high temperature. Jpn. J. Breed,
9: 205-211. . |

Noguchi, Y. 1960. Studies on the control of flower bud formation
by temeprature and day length in rice plants. 4. Flower bud
formation in response to alternation of temperature
conditions. Jpn. J. Breed. 10:101-106.

Noguchi, Y. and E. Kamata, 1959. Studies on the control of
flower bud formation by temperature and day length in rice
plants. 2. Determination of the age affected by high
temperature for induction of flower bud. Jpn. J. Breed.
3:33-39,

Noguchi, ¥. and E. HKamata, 1965. Studies on the control of
flower bud formation by temperature and day length in rice
plants. 5. Respcnse of floral induction to temperature.
Jpn. J. Breed. 15:14-17. i

Noguchi, Y., T. Nakajima, and T. Yamaguchi. 1971. Studies on the
control of flower bud formation by temperature and day length
in rice plants. 1IX. Aging effect in relation to
phtoperiodic induction. Jpn. J. Breed., 21:81-86.

Oda, Y., and T. Honda, 1963. Environmental control of tillering
in rice plants. Sci. Reps. Res. Inst. Tohoku (D)
14:15-36. :




130

Ohokubo, N. 1973, Experimental studies on the flight of
planthoppers by the tethered flight technigue. 1I.
Characteristics of flight of the brown planthopper

Nilaparvata lugens Stal and effects of some physical factors.,
Jpn. Appl. Entomol. Zool. 17:10-18.

Ojanuga, A.G., J. Valette, and J.A. Khawaja. 1979. The soil of
the Irrigation Research Station, Kadawa. Paper presented at
the 7th Annual Joint Meeting of the National Soil
Correlation Committee and 801l Sci. Soc. of Nigeria; 21-27,
Det., 1979, Kano, Nigeria. |

Oldeman, L.R., and D.V. Seshu, 1983. Rice weather studies.
Paper presented at the International Rice Research
Conference,, 18-22 Apr. 1983, Los Banos, Philippines.

Oldeman, L.R., D.V, Sheshu, and F.B. Cady, 1987. Response of
rice to weather variables. In: weahter and rice.
Proceedings of the international workshop on the Impact of
Weather Parameters on Growth and Yield of Rice, 7-10 Apr.
1986, 1Int. Rice Res. Inst., Los Banos, Philippines.

Oka, H. 1954, Phylogenetic differentiation of the cultivated
rice plant. 1III. Varietal variation of the responses to
day-length and temperature and the number of days of growth
periocd. Jpn. J. Breed, 4:92-100.

Oka, H. 1955. Phylcgenetic differentiation of cultivated rice,
IV. Tillering and elongation rates, culm length, and other
characters in rice varieties in response to temperature.
Jpn. J. Breed 4:92-100. |

Onodera, J. 1934, ©On the germination test and water aksorption
test of seeds for the evaluation method of drought resistance
in rice plants. Proc. Crop Sci. Soc. Jpn. 620-40.

Ormrod, D.P., and W.A. Bunter, Jr. 196la. The evaluation of
rice varieties for cold water tolerance. Agric. J.
53:133-134.

Ormrod, D.P., and W.A. Bunter, Jr. 196'b. Influence of

temperature on the respiration of rice seedlings. Crop Sci.
1:353-354. |

Osada, A., M., Nara, H. Chakrabandhu, M. Rahong, and M. Gesprasert.
1973. S8Seasonal changes in growth pattern of tropical rice.
11. Environmental factors affecting yield and its
components. Proc. Crop Sci. Soc, Jpn. 42:351-361.

Ota, ¥. 1973, Dormancy of seeds in crops. Nogyo Gijatsu
28:68-74.

Ota, Y., and ¥. Takemura. 1970, The storage of rice and the
dormancy of seeds. Nogyo Gijatsu 25:218-222.




131
Ota, Y., and N. Yamada. 1958, Physiclogical character of rice
seedlings. III. Proc. Crop Sci. Soc. Jpn. 27:28-30.

Owen, P.C. 1969, The growth of four rice varieties as affected

by temperature and photoperiod with uniform daily pericds of
daylight. BExp. Agric. 5:101-110,

Owen, P.C. 1971. The effects of temperature on the growth and
development of rice. Field Crop Abstr. 24:1-8,

Padhy, B., and P.A. Khan., 1982, Studies on the changes in
heading time in relation to duration of photoperiod of two
winter varieties of rice. Acta Bot. Indica. 10:40-42.

Pan, C.L. 1936. A preliminary report of varietal differences in
rapidity of germination in rice. J. Am. Soc. Agron.,
28:985-989. : i

Pande, H.K., and B.N. Mitra, 1971. Effects of depth of
submergence, fertilization and cultivation on water
requirement and yvield of rice. Exp. Agqric. 7:241-248.

Pathak, M.D. 1968. Ecclogy of common insect pests of rice. Ann.
Rev. Entomol. 13: 257-294. i

Pearce, R.B. and D.R., Lea., 1969. Phofosynthetic and
morphological adaptation of alfalfa leavces to light

intensity at different stages of maturity. Crop Sci.
9:791-794, _

Penman, H.L., D. E. Angus, and C.H.M. Van Bavel. 1967.
Microclimatic factors affecting evaporation and
lranspiration, 1In: Irrigation of agricultural lands. Hagan,
R.M., Haise, H.R, and Edminster, T.W (eds) pp 483-505.

Agron. No.2. Am. Soc. Agron., Maidson, Wisconsin.

Place, G.A., M.A. Siddique, and B.R. WwWells, 1971. Effects of
temperature and flooding on rice growing in saline and
alkaline soil. Agric, J. ©63:62-66.

Poggendorf, W, 1932, Flowering, pollination and natural crossing
in rlceo AgrlCc 992u NaSoWo 43:898-9040

Ponnamperuma, F.N. R. Bradfield, and M. Peech. 1955.
Physioclogical disease of rice attributable to iron toxicity.
Nature 175:265.

Porteres, R. 1950, Vielles agricultures de I'Afrique
Inter-tropical. Agreon, Trop. Nogent. Nos, 9-10 pp
490-494.




132

| .
Pradhan, 8. 1972a. Paddy yvield higher in cooler regions.

Entomocl. Newsl, 2:63-64. |

Pradhan, S. 1972b. Paddy yield higher in cooler seasons
{Rabicrop}. Entomol Newsl. 2:68-69,

Prakasa Ra¢, P.S., P, Israel, and Y.S. Rao. 1971. Epidemiology
and control of the rice hispa. Dicladispa armigera olivier.
Dryza 8:345-3860.

Prakasa Rao, P.S., P, Israel, and ¥.8, Rao. 1971, Factors
favouring incidence of rice pests and methods of forecasting
outbreaks: gall midge and stem borers. Oryza 2:337.

Pushpavesa, 1980. Photoperiod response of transplanted rice.
In: Proceedings, international seminar on
photoperiod-sensitive transplant rice, 1977, Dacca. pp
275-280. PBangladesh Rice Research Institute.

Rae, C.J. 1944, Report on Agricultural Development by means of
Irrigation and Drainage in Nigeria. Colonial office, London.

Research Group of Evapotranspiration (RGE). 1967.
Evapotranspiration from paddy field., J. Agric. Meteorol
(Tokoye) 22:149-157, i

Reyvyes, R., and T. Wickham. 1973, The effect of meoisture stress
and nitrogen management at different growth stages on lowland
rice yields. Paper presented at the 4th Scientific Meeting
of the Crop Science Society of the Philippines, Cebu City.

Richards, S.J., and A.W. Marsh, 1961. Irrigation based on soil
suction measurements. Scoil Sei. Soc, Am., Proc., 25:65-69.

Roberts, E.H. 1962. Dormancy in rice seed. III. The influence
oftemperature, moisture and gaseous environment. J., Exp.
Bot. 13: 75-94,.

Roberts, E.H,, and A.J. Carpenter, 1962, Flowering response of
rice to different photoperiod of uniform daily amounts of
light duration. Nature 196:1077-1078.

Roberts, E.H., and A.J, Carpenter, 1965, The interaction of
photoperiod and temperature on the flowering response of
rice. Am. Bot. 29:359-364.

Robins, J.8. J.T. Musick, D.C. Finfrock, and H.F. Rhoades,
1967. Grain and field crops. In: Irrigation of agricultural
lands. Hagan, R.H., Haise, H.R., and Edminster, T.W (eds).
pp 622~63Y9. AgronNo. 2 Am, Soc, Agron. Madison,
Wisconsin.



133

Saito, T., 1964a. Cropping season of low land rice plants in
direct upland-sowing in cooler regions. I. Criterion for
the determination of crop season. Agric. Hortic.
39:525-526,

Saito, T. 1965. Studies on the influence of air temperature on
the growth of direct sown paddy rice plant in cool regions of
Japan. Bull. Tohoku Natl. Exp. Stn., 32:1-26.

Sakamoto, S. 1968. Studies on heading characteristics and
hastening the generation of ceylon rice varieties. Jpn J.
Tropic. Agriec. 14:209-212, _

|

Sasaki, T. 1927. On the relation of temperature to the
longitudinal growth of leaves of rice plant. Proc. Crop
Sc¢i. 8oc. Jpn. 1:23-42,

Sasaki, T. 1968a., Correlation between characters in germinating
ability of rice seeds under low temperature. Proc. Hokkaido
Meeting Plant Breed. Crop Sci, 8:4-5.

Sasaki, T. 1968b. The relationship betweeb germination under low
temperature and the subsequent early growth of seedlings in
rice varieties. I. On the elongation at early stage of
seedling. Bull. Hokaido Prefect. Agric. Exp. Stn.
17:34-35. 1

Sasaki, T., and N. Yamazaki, 1970. The relationship bhetween
germination rate of rice seeds at low temperature and the
subsequent early growth of seedlings. II. On some
properties of rootg at early stage. Proc. Crop Sci, Soc.
Jpn. 39:117-124. ‘

Sasaki, T. and N, Yamazaki, 1971. The relationship between
germination rate of rice at low temperature and the
subsequent early growth of seedlings. IV, On the
establishment of seedlings. Proc¢. Crop. Sci. Soc. Jpn.
40:474-479. _ ‘

Satake, T., I. Nishiyama, N. Ito, and H. Hayase. 1969, Male
sterility caused by cooling treatment at the meiotic stage in
rice plants. I. Methods of growing rice plants and inducing
sterility in the phytotron. Proc. Crop Sci. Soc. Jpn.
38:603-609. i

Sato, K. 1972a. Growth response of rice plant to environnental
conditions I. The effects of air-temperatures on the growth
at vegetative stage. Proc. Crop Sci. Soc., Jpn. 41:388-393,




134 l

Sato, K. 1972b. Growth responses of rice plant to environmental
conditions. II. The effects of air-temperature on the
organic and mineral composition of the plant parts. Proc.
Crop 8ci. Soc. Jpn. 41:394-401. :

Schuurman, J.J., and P. Goedewaagen. 1971. Methods for the
examination of root systems and roots. 2nd Ed. Center for
Agric. Publ. and Documentation, Wageningen,

Scripchinsky, B, 1940. The factor which stimulates to develop
the rice into flowering under tropical conditicns. Trop
Agric. (Ceylon} 95:205-211.

Sen, N.K, 1948, Vernalization and photoperiodic effect in summer
and late sown winter rice. J. Indian Bot. Soc. 27:111-118,

SenGupta, J.C., and N.K. Sen. 1945, Effect of vernalisaticn
and photoperiod on late sown aman paddy. II. Sci. Cult.
11.273-274. |

Shimuzu, M., and K. Kuno. 1966. Studies on the morphogenetic
abnormalities in rice spikelets caused by a low
temperature. Proc¢. Crop Sci. Scoc¢, Jpn., 35:91-99

Singh, M.P., and S. Chandra. 1967. Population dynamics of rice
stink-bug (Leptocorisa varicornis Fabr.) in relation to
weather factors. Indian J. Agric. 8Sci. 37:112-119.

Sinitsyna, N.I., and D, Chan. 1972. The temperative conditions
of rice in 8. Ukraine. Meteorol. Klimatol. Gidrol. Mezhved.
Nauchn. Sb. 8:83-87, Field Crop Abstr. 26:432, 1973.

$irca, S.M., and B, N. Gosh. 1947, Effects of high temperature
and short days aon vernalisation response of summer
varieties of rice. Nature, (Lond) 159:605-606,

Soga, Y. and M. Nozaki. 1957. Studies on the relation between
seasonal changes of carbohydrates accummulated and the
ripening at the stage of generative growth in rice plant.
Proc., Crop Sci. Soc. Jpn. 26:105-108.

Stansel, J.W. 1975, Effective wutilization of sunlight. In: Six
decades ©of rice research in Texas. pp 45-50. Research
Monograph No. 4. Texas Agri¢, Exp. Stn.

Suge, H. 1972. Physiology of flowering in rice plants V.
Persistence of applied gibbereliin A, and A, and their effect
on the photoperiodic floral induction. Proc. Crop Sci.

Sec. Jpn. 41:31-56. |

Sugimoto, K. 1871. Plant-water relationship of indica rice in
Malaysia. Tech, Bull. TARCI:1-80,



135

Syoji, T. 1972. Effects of temperatures on the oviposition and
the development of the rice leaf beetle, Oulema Oryzae
(Kuwayama). Amm. Rep. Soc. Plant Prot. N. Jpn.
23:48-52.

Tajima, K. 1963. Studies on the physiology of crop plants in
response to the effect of high temperature. 1. Effect of
high temperature on growth and respiration of crop plants,
Proc., Crop. Sci. Soc. Jpn. 33:371-378.

Tajima, K. K. Tunayama, Y. Ota, H. Nakamura, 1961. Studies on
ripenning of rice 3. Effect of different locations on the
ripening. Proc. Crop Sci. Soc. Jpn. 30:93-96.

Takahashi, J.M. M. Yanagusawa, M. Kono, F. Yazawa, and T.
Yoshida, 1955. Studies on nutrient absorption by crops.
Bull, Natl. Inst. Agric. B. 4:1-83.

Tanaka, I., and K. Munakata, 1974. The influence of seasons on
the growth of leaves and roots. Proc. Crop. Sci. Soc.
Jpn. 43:59-60.

Tanaka, A., and B.S. Vergara. 1967. Growth habit and ripening
of rice plants in relation to the environmental conditions in
the far east. Int. Rice Commn. Newsl. special issue:
26-42.

Tanaka, A, and J. Yamaguchi. 1969. Studies on the growth
efficiency of crop plants (Part I). The growth efficiency
during germination in the dark. J. Sci. Soil Manure
40:38-42,

Tanaka, A., K. Kawano, and J. Yamaguchi. 1966. Photosynthesis,
respiration, and type of the tropical rice plant. Int. Rice
Inst. Tech. Bull. 7. 46p.

Taylor, S.A. 1952. Use of mean soil moisture tension to evaluate
the effect of soil moisture on crop yields. Soil Sci.
74:217-226.

Taylor, S.A. 1965. Managing irrigation water on the farm. Am
Soc. Eng. Trans. 8:433-436.

Ten Have, H. 1959. Influence of depth of water on the growth of

rice. Avergedrukt Uit: De Surinaamse Landbouw. Jaargang
71:225-229.

Toriyama, K., S. Sakamoto, T. Iwashita, and C.S. Hsu. 1969.
Heading Characteristics of japonica varieties planted at the
places of different latitutdes. Bull. Chugoku Agric. Exp.
Stn. 175:1"16.




136

Tsuboki, Y. 1980. Studies on heading characteristics of rice
plant related to phtoperiod sensitivity II. Effects of
critical daylength of accelerting heading than natural
daylength. Bull. Coll. Agric. Vet. Med. Nihon Univ.
37:36-42, |

Tsuno, K., and K., Sato. 1971, Relation between leaf water content
and photosynthesis capacity. Proc, Crop Sci, Soc., Jpn.
40:41-42.

Ueki, K. 1960. The influence of temperature of irrigation water
upon the growth of paddy rice in the warmer district. 5,
The injuries due to high water temperature on the development
of young panicles. Proc. Crop Sci. Soc. Jpn. 29:75-78,

Ueki, K. 1966. The influence of temperature of irrigation water
upon the growth of paddy rice in the warmer district. 6.
Effects of day and night water temperatures on the vegetative
growth, Proc, Crop. Sci._Soc. Jpn. 35:8-12.

Vacchani, J. 1953. Water requirements of rice, Int. Rice Comm.
Newsl. 8:6-10. : o

Vamadevan, V.K., and N.G. Dastane, 1968. Drainage needs of rice.
IL Risco, Anna XVIT, 3:243-250. J

Van Dobben, W.BE. 1979, Aanpassingen by het milieu. In: De
graene aarde, pp31l3-396. The. BAberda, ed. Aula-book 250,
Het Spectrum, Utrecht. i

Vecht, Van der. 1953. The problem of the mentek disease of rice
in Java. Pemb. Balali Besar. Penj. Part. No. 137:1-88.

Vegis, A. 1964, Dormancy in higher planfts. Annu. Rev, Plant
Physiol. 15:183-224. |

Velasco, J.R,, and F.C, Manuel, 1955.. The photoperiodic
response of elon-elan rice. Philipp. Aqric. 39:161-175.

Venkataraman, R. 1964. Studies on thermo-photosensitivity of the
paddy plant under field conditions. Proc. Indian Acad.
Sci. 539B:117-136,

Vergara, B.S. 1976. Physiological and morphological adaptability
of rice varieties to climate. In: climate and Rice, pp
67-86, Int. Rice Res. Inst., Los Banos, Philippines.

Vergara, B.S. and T.T. Chang. 1985. The (flowering response of
the rice plant to photoperiod:; a review of the literature.
Int. Rice Res. Inst. Manila, Philippines.



137

Wada, K. 1949. EBEffect of lower temperature on germination of
rice seed orginating in different localities. Proc. Crop
Sci. Soc. Jpn. 26:94-95, |

Wada, E., 1952. Studies on the response of heading to daylength
and temperature in rice plants. I. Response of varieties
and the relation to their geographical digtribution in Japan.
Jpn. J. Breed, 2:55-62, _

|

Wada, E. 1954. Studies on the response of heading to daylength
and temperature of rice plants II. Response in upland and
foreign rice varieties and its relationship to their
geographical distribution, Jpn. J. Breed, 3:22-26.

Wada, G. 1969, The effect of nitrogenous nutrition on the
yield-determining process of rice plant. Bull., Natl. Inst,
Agric, S¢i. Ser. A, 16:27-167..

|

Wada, E. and K. Nojima. 1954, Studies on the response of heading
to daylength and temperature in rice plants. 3. Variation
of the heading time on account of the seeding time. Jap. J,
Breed., 3:27-35, ‘ .

Wada, 8., Y. Kunihiro, and A. Honma, 1973. Effect of some
environmental factors during heading stage on the fertility
of grains in rice plant., Bull. Hokkaido prefect.

Agric. Exp. Stn. 28:45-51

Wadsworth, R.M. 1959, On optimum wind speed for plant growth.

Yabuki, K., M. Acki, and K. Hamotani, 1972. The effect of wind
speed on the photosynthesis of rice field (2).
Photosynthesis of rice field in relation to wind speed and

solar radiation. In: Photosynthesis and utilization of solar
energy, pp. 7-9. Level ITI Exp. Natl. Sub=comm. for Prod.
Frocesses, |

Yamada, N., Y. Murata, and H., Nakamura. 1963, Chemical control

of plant growth and development. I. Germination of rice
seeds as affected by sprouting and gibberellin appllcatlon.
Proc. Crop Sci. 8Soc. Jpn, 31: 253-257.

Yamada, N., and Y. Ota., 195%7a. Physiological character of rice
seedlings, Proc. Crop Sci. Scc. Jpn. 25:165~168.

Yamada, N. and Y. Ota. 1957k, Physiological character of rice
seedlings II. Proc¢. Crop. Sci. Soc. Jpn. 26:78-80.

Yamakawa, Y. 1962, Studies on the ecological variations of the
growth of rice plant caused by the shifting of cultivation
season in warm region in Japan., Agric., Bull. Saga Univ.
14: 23-159.



138

Yamakawa, Y. 1965. Rice varieties. In: Symposium on rice
culture of Malaya, pp 81-92. Joint publications Res. Ser.

32, 801. U.S. Dep. Commerce, Clearing House for Fed. Sci.
Tech., Inf. Washington. D.C.

Yatsuyanagi, S. 1960. Scheduled cultivation of rice in Tohoku
region. Agric. Hortic. 35:931-934, 1095-1098, 1425-1428.

Yoshida, 8. 1972. Physiological aspects of grain yield. Annu.
Rev. Plant Physiol. 23: 437-464.

Yoshida, S. 1973. Effects of temperature on growth of the rice
plant (Oryza sativa L.) in a controlled environment. Soil
Sci. Plant Nutr. 19: 299-310.

Yoshida, S. 1978. Tropical climate and its influence on rice.
IRRI Res. Pap. Ser. 20. 25p.

Yoshida, S. 1981. Fundamentals of rice crop science. Int.
Rice, Res., Inst., Manila, Philippines.

Yoshida, S. 1983. Rice. 1In: Potential productivity of field
crops under different environments, pp 103 - 127, 1Int. Rice
Res. Inst. Manila, Philippines.

Yoshida, S., and F.T. Parao, 1976. Climatic influence on yield
and yield components of lowland rice in the tropics. In:
Climate and Rice, pp 471 - 494. 1Int. Rice Res. Inst,
Manila, Philippines.

Yu, €.J., and Y.T. Yau. 1962, Photoperiodic studies on rice.
I1T. The effect of different combinations of light periods
and dark periods on the floral bud initiation of a short day
rice variety. Bot. Bull. Acad. Sin. 3:167-177.

Yu, C.J., and Y.T. Yau. 1967. Photoperiodic studies on rice.
VI. Further studies on the turning point of the short day
effect and the long day effect on certain short day rice
varieties. Bot. Bull. Acad. Sin. B8:149-164.

Yui, S. 1958. Studies on the seed home in rice plants. Nogyo
Gijutsu 13: 397-401.

Zhang, W.X. 1983. A study of the relationship between days to
heading and photoperiod sensitivity, thermosensitivity, basic
vegetative phase in rice varieties. Acta Agric. Univ,
Pekinensis 9:1-9.




K4t
£a
¢d

0°E G 0w T°H 2°92°9 0°9 9°% 6°y 9'% 9°p 9'y

0°EO0°CE0'ET9E°9C°9 S RS PG 8% 9 9'y 9 9y

0°% 0% €'9 €9 £'9 8°9 §°6 869 9°% 9°% 9°% 9°% §°% G°y

1q °1

0°% 0°% €79 €79 8'G 8¢ 8'G 876 9% 9°% 0°% 9% 9°% §°% 0% 9% 9°%

v
ed
o

0'€ 0°¢€ 0°C €79 6°9 69 8°% §°% g°h §°'% 8°% §°Y

D€ 0°C 0°€ §°9 §°9 §°9 0°9 0°G 8% &' 8% 8'% 8°% 8'%

8°% 8'% 8'% §°% §°y

Vi

£ 4969090909 0°9 8°6 g%’

ne
v

0'¢

a ®1

0°C 0°€ 679 6°50°9 0°9 8°G¢ 8'G 8°6 8°% 8% §°% 8°% 8'% §°% 8°% 8% 8°%

¥a
£
ZQ

0% C°% 0°4 0°2£ 0°9 0°9 86 8°6 8°¢ 0°G 0°60°60°60°608'C0°S0"§0°% 11U I

Q' 0P D°L 0°L §°9 6 90°G0°¢0°50°60°G 0%

0°E 0% 0% 072 0°L0°20°90'90°90°¢0°G0°¢%0°G0°S

'Y ' 0°L 0°20°90°'90°90°90°906°50°50°50°S0%8 0§

€

[

aunfr

AapeRd [ € T

233(

uer

493

XeH

Jdy

feR

mr

uoseas Axd (06-6861) ;_puw - dOXOLT TEMIOV [ Xipuaddy



'y §'y §°

Do

- -
b3 ra
£ b
-
w o
&
oo
-
oo

140

®a
£€a

ca
1a *1

g'% 8°% 8°%

0°8 0°S 0°¢

cd
1a *I

0°% 0°S 07§

1
aunf

apedag [ £ T

J3q

uef

494

XeR

ady

mr

U0Seas AIQ (16-0661) -puw - doxdld [enidy :7 Xipuaddy




®d
£a
a

T T TYSTS 166 9T 679 €75 ¥T9 ETS 978

T°% T°% 676 1°6 6€°% §'% 69 €76 $79 £°G 9°8 €79 1’5 176

$*6 1°6 §°% 8°% §*9 £°S ¥°9 £°6 9°8 €°9 16 1'G L'S T°

Ia

6*'G 1'S S°% 9°% §'9 £'¢ ¥°9 €'6 9°§ €79 1°¢ 'S L'6 17

23

[4

ABR

t

1
aunp

epedsd 1 £ €
mr

141

uoseas AXd 1670661

1
ea
[44

0'G 82 L'96°9 9% ¢'9 8°G C°L LG %5 976

0*¢

0°G 8°2 £°9 6°9 9"% 6°9 8°C T'L [*G %°% 9°'6 0°G €°G 8°Y

£°9 69 9°% §'9 §°S 2L LG %°G 976 0°S £°G 8TV TTY ¥R LY

9 6°% 6%9 §°G 2L 1°6 B°G 96 0'G E'S 8Ty Ty Y LY 'S0t 'S 1

1°'9 €67

1
aung

£

apeoag 1
inf

woseas AlJ 06-6861

¢ xtpuaddy

E]
M

Tmp (¢ ‘T '1)

T1eitdsueijodeas TeLIUaL0d

TA1enuer yznoii]yl A9quiateq Jo syjuon Su

T 16/0661 PU® 0G/68E1
§9PToop 10J POYIIN Ued Kq Pale[Na[ed (,_Pull) Uo




K.

-

8°% 0°G %°G Q"% 8°% §°6¢ 2°9¢'9 8'9 £°2 0°9 0'9 G'9 §'9

0'% 8°% 0°G ¥°G 0'% 8% 6'6 £°9. 09 879 £°2 079

-

BFLW

B'G 0'h B'% STG Z°92°9 89 €°L0°90°9 %79 6796 GGy

Iq

B 0'% §°% §°¢ 2°9 2'9 8°9 £°L 0°9 0°9 679 §'9 &' ¥°6 &' L°h 776 0°¢

* e

2

uep

424

2

JeH

¢
1dy
uoseas £xd 16/0661

AN

1 )
suny

e

opedaq T ¢

ki
£a

5
9 9°6¢ 976 87§

-
»

90
90
6'9 €°92°9 29 €£°90°9 €°26°90°99°¢ 9°¢8'G S LR8N

9°G 6'% §°96°9 €°92°92°9€'G0°9 ¢°L6b’
6'% §'9 6°9€°92°92°9€°90°9¢t°Le"

Za
1d

L'9 €'92°92°9 £'9 0'9 €°£ 6°9 079 976G 9°¢ 8'G &'y €'Y 8% ¥V WY T'Y

apedsg 7 1 € %

23gd

* TER *gad uel

<ady
uoseas AI1g 06/6861

.

sunp Key

ATnp

Tanag 1o syjuow 3uTInp (£ ‘g 1)

6961 ‘AlEnuURL YEnoluyl iAaq

]
i

I6/0661 PUR (6
Sapeoep 10J POUISW UGOTIELped AQ PoIB[NTED (,_Ppulr) UOTIe

Tdsueijodeaa [ellualcd 4 XTpusddy




