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Varietal Comparison on the Responses of Photosynthetic Rate and Leaf
Water Balance at Different Soil Moisture Tensions in Rice
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Differences in the photosynthetic activity and related leaf water balance were studied
in eight rice varieties subjected to various levels of soil moisture tensions, i.e. flooded
condition, values of 10, 20, 40 cbar and values at which leaf rolling began (50-62 cbar
depending on the variety). The materials consisted of two lowland (IR 8 and Bosque),
three tropical upland (Moroberekan, IAC 1246 and Batatais), two Japanese upland
(Sensho and Rikuto Norin 24) and one dwarf mutant (Daikoku 1) varieties, respectively.
The parameters observed were the photosynthetic rate (P), transpiration rate (T), leaf
water potential (LWP), leaf diffusive conductance (1/r;) and leaf water content (W).
The P decreased with the decrease in soil moisture with a concomitant decrease of T,
LWP, 1/r, and W, suggesting that the leaf water balance directly affects the P. Based
on the responses of these parameters to soil-water stress, the material varieties were
differentiated into four types. The lowland varieties performed high P and good leaf-
water balance under flooded condition. But they were very sensitive to the changes of
the soil moisture, showing remarkable decreases of these parameters under moderate
and severe drought. The tropical upland varieties showed rather low P under flooded
condition, but they kept relatively good performance of P and leaf-water balance under
moderate and severe drought conditions. The Japanese upland varieties showed inter-
mediate values between the formers under flooded and moderate levels of the soil moisture
tension (10-20 cbar), but under severe drought they showed sharp decrease of the values
of these parameters as the lowland varieties did. The dwarf mutant Daikoku 1 performed
comparatively high values of these parameters at every level of the soil moisture tension.
The characteristics of these four types were discussed in view of their adaptation and
plant-types.
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Introduction

Cultivation of rice (Oryza sativa L.) is spreading from irrigated paddy to rainfed
upland fields and from tropical to temperate regions world-wide resulting in the differentia-
tion of varieties adapted to lowland and upland conditions. Since rice is particularly
well suited to irrigated cultivation, varietal improvement for high resistance to drought
has received a great deal of attention.

In spite of the recent interest in the physiological basis of drought resistance in rice
(IRRI 1975, O’Toore and Mova 1978, O’Toore and Cruz 1980, Sincu and SasaHara
1981), more data on the varietal differences in the response to drought are needed for
developing a program aimed at the breeding of varieties highly tolerant to water stress.

The present studies were undertaken to analyse the differences in the photosynthetic
activity and related leaf water balance among upland, lowland and dwarf mutant varieties
under various soil moisture tensions ranging from flooded condition to severe drought

causing leaf rolling (wilting).
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Materials and Methods

Eight rice varieties were selected for the investigations, i.e. five upland varieties
consisting of Sensho and Rikuto Norin 24 from Japan, Batatais and IAC 1246 from
Brazil and Moroberekan from Africa, two lowland varieties, namely IR 8 from the
Philippines and Bosque from Brazil and one dwarf mutant, Daikoku 1 from Japan.
The seeds wére treated with Benlate 1/1000 for 12 hrs followed by pregermination at
32°C. They were sown at a rate of 5 per Wag’ner pot 1/5000a containing river clay
silt under glasshouse condition. The seedlings grown with daily irrigation were thinned
to one plant in each pot at the three leaf stage. Fertilizer was supplied at the sowing
time at the rate of 0.5g each for N, P and K, and topdressing with 7 m/ per pot of
a nutrient solution (47 g ammonium sulphate, 10g sodium phosphate dibasic and 12 g
potassium chloride per liter) was performed twice 50 and 60 days after the sowing. Five
sets of pots were prepared for each variety.” One set of pots was maintained under
flooded cb_ndition. The other four sets were used for the water stress treatment consisting
of the interruption of irrigation 62 days after seeding. The soil moisture tension of
each pot was monitored with a tensiometer installed at 10cm depth.

Photosynthetic rate (P), transpiration rate (T) and leaf water content (W) were
measured on the second expanded leaf from the top of the main stem, and leaf diffusive
conductance (1/r;) and leaf water potential (LWP) were measured on the second expanded
leaf on the secondary stem of the same plant. When the soil moisture tension of a
pot reached a given value, the plant was transferred to the laboratory adjacent to the
glasshouse for the measurements. The leaf was placed in an acrylic air-sealed chamber
(6 mm inner thickness and 25 mm width) and P and T were estimated under a radiation
flux of (4.5]. ecm™2 min~?), an air flow rate of 1.5 liter per minute, and at an air
temperature of 29+1°C by reading the differences in CO, and H,O concentrations between
the incoming and outgoing air of the leaf chamber with an infrared gas analyser (Hitachi-
Horiba, model ASSA-2) and two sets of dry and wet bulb thermometers. The relative
humidity of the air entering the leaf chamber was about 72%. The aeration and
illumination of the leaf were maintained for about 30 minutes to reach the maximum
P value and allow for the simultaneous reading of T. Immediately after the measure-
ments, the leaf was cut off from the stem for determining the fresh weight and leaf
area. Thereafter, it was oven-dried for estimation of the leaf water content. Leaf
diffusive conductance was determined with an autoporometer (Lambda, model LI-65)
equipped with a sensor (Lambda, model LI-20S, aperture size 3.5%X20mm) on the
adaxial and abaxial leaf surfaces, and the averaged value was used. Leaf water potential
was estimated with a pressure' chamber (PMS Instruments).

The measurements for the water stressed plants were performed when the soil moisture
tension of each pot reached 10+1, 20+1, and 40+1 char, and when leaf ro’lling began.
The measurements for the flooded plants were carried out during the time when the
water stressed plants were examined. It took about one week from the initial measure-
ment up to the end for the latest variety. |

Experiments under the same design were replicated four times for the materials that
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had been sown each week. The averaged value of the replication was considered in

the present report.
Results

Under flooded condition the lowland varieties IR 8, Bosque and the dwarf mutant
Daikoku 1 showed a higher P than the other varieties (Fig.1). At 10 cbar of soil
moisture tension, a remarkable decrease of P was observed in the lowland varieties,
and a less conspicuous one in the upland varieties. However, the varietal differences
in the P values were not significant except in the dwarf mutant. A moisture tension
of 20 cbar caused a significant decrease of P in the lowland varieties, resulting in the
differentiation of upland and lowland varieties while P remained high in Daikoku 1.
When the soil moisture tension reached 40 cbar or higher values, the P of the lowland
and Japanese upland varieties decreased significantly, while the P of the tropical upland
and Daikoku 1 varieties was higher than that of the other varieties. Thus the varieties

examined could be divided into four types. The lowland varieties had a higher P under
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Fig.1. Photosynthetic rate at different levels of moisture tension
in the tropical upland varieties ([J : 1, Moroberekan ; 2, IAC
1246 ; 3, Batatais), Japanese upland varieties (B : 4, Sensho;
5, R.Norin 24), lowland varieties (@ : 6, IR8; 7, Bosque),
and dwarf mutant variety (A :8, Daikoku 1).
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flooded condition but their P decreased sharply in case of moderate and severe drought.
The tropical upland varieties had a low to intermediate P under flooded condition, but
the decrease of P was lower under moderate and severe drought conditions. The Japanese
upland varieties were intermediate between the formers at moderate levels of moisture
tension but their P decreased greatly by severe drought. The dwarf mutant, Daikoku
1 maintained a comparatively high P value regardless of the level of the soil moisture

tension.

Rolling of leaves (wilting) occurred at different levels of soil moisture tension depending
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Fig.2. Relationship between photosynthetic and transpiration rates in
eight rice varieties at different levels of soil moisture tension :
flooded condition (O), 10 cbar (1), 20 cbar (A), 40 cbar (R),
value causing leaf rolling (@®).
(a) for varieties : 1, Moroberekan ; 2, IAC 1246 ; 3, Batatais ;
4, Sensho;5, R. Norin 24, and (b) for varieties: 6, IR 8;7,
Bosque ; and 8, Daikoku 1.
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on the varieties. The values of the soil moisture tension were 50, 53, 56 and 62 cbars
for the lowland, the Japanese upland, the tropical upland and the dwarf mutant varieties,
respectively. The time interval between the beginning of the treatment and the occurr-
ence of leaf rolling also varied with the varieties. These intervals were 9.6, 10.5,
10.8 and 12.8 days for the lowland, the Japanese upland, the tropical upland and the
dwarf mutant varieties, respectively.

Fig.2 shows the relationship between P and the transpiration rate (T) at different
soil moisture levels. P and T as a rule showed a highly positive correlation. In the

lowland varieties, both parameters were high under flooded condition and they decreased
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Fig.3. Relationship between photosynthetic rate and leaf diffusive con-
ductance in eight rice varieties at different levels of soil mois-
ture tension. Symbols are the same as in Fig. 2.
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linearly with the decrease of the soil moisture level (Fig.2b, 6, 7). As compared
with these lowland varieties, the values of P and T in the upland varieties were not
very high under flooded condition (Fig.2a). Under severe drought conditions, both
parameters decreased markedly in the Japanese upland varieties (4, 5) as in the lowland
varieties, but the tropical upland varieties showed comparatively high T values (1, 2, 3).

The response of the dwarf mutant (8) was peculiar and resembled that of the lowland
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Fig.4. Relationship between photosynthetic rate and leaf water poten-
tial in eight rice varieties at different levels of soil moisture
tension.. Symbols are.the same as in Fig. 2.
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varieties under flooded condition and that of tropical upland varieties under drought
conditions. The photosynthetic activity was directly affected by the water balance of
leaves. ‘

Figs.3 and 4 show the relationships between P and leaf diffusive conductance (1/r,)
and between P and leaf water potential (LWP), respectively. Under flooded condition,
where the water supply was abundant, 1/r; and LWP of the lowland (6, 7) and dwarf
mutant (8) varieties were remarkably higher than those of upland varieties (1-5).
Under severe drought conditions, these parameters decreased in all varieties, and LWP
differentiated clearly the types of varieties, i.e., tropical upland (1-3) and dwarf mutant
(8) types from Japanese upland (4, 5) and lowland ones (6, 7). Leaf water content
that was also measured in the present experiment, differentiated these types similarly
but not so clearly as LWP did.

Discussion

In the survey of the performance of rice varieties under severe drought conditions,
O’Toore and Mova (1978) observed a high correlation between the leaf rolling score
and leaf water potential. Further linear relationship was found between the leaf
water potential and leaf diffusion resistance (O’Toore and Cruz 1980). In the present
study, P decreased with concomitant decreases of T, W, LWP and 1/r;, as the soil
moisture tensions increased. The changes in the leaf water balance influenced by soil
water deficit directly affected the photosynthetic activity. It was found that based on
the changes of these parameters with different soil moisture levels, lowland, tropical
upland, Japanese upland and dwarf mutant varieties, could be characterized as follows.

Under flooded condition, the lowland varieties (IR 8 and Bosque) showed a high P,
and were characterized by a high leaf water potential and leaf diffusive conductance.
With the increase of the soil moisture tension, however, their leaf water potential and
leaf diffusive conductance decreased very sharply with concomitant decreases of T and
P. These varieties lost water most quickly and the leaves started to roll at higher
moisture levels presumably due partly to a larger number of stomata (Yosuma and Ono
1978, Terao and Yamasurra 1983, and Tsunopa and Fukosmima 1985). In this type of
varieties the variations in the leaf water balance with the soil moisture conditions were
the most pronounced.

The tropical upland varieties (Moroberekan, IAC 1246 and Batatais) had a comparatively
low photosynthetic rate under flooded condition, presumably due to their low transpiration
rate and leaf diffusive conductance. Under severe drought conditions, they were able
to maintain a comparatively high. leaf water potential in spite of the relatively low
values of the diffusive conductance. The leaves remained unrolled at rather high levels
of soil moisture tension presumably due to the development of the vessels associated
with the preservation of the water balance in these varieties, as discussed by Tsunopa
and FukosuiMa (1985). The leaf water balance varied comparatively less with the changes
in the soil moisture tension. Thus, P and T could remain comparatively high under
drought conditions. Such characteristics may be the result of selection associated with

dry farming under high temperature conditions.
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In the Japanese upland varieties (Sensho and R. Norin 24) the values of these parameters
were relatively high under moderate drought conditions, but they decreased sharply
under severe drought conditions to values close to those recorded in the lowland varieties.
Decrease of the leaf diffusive conductance and the leaf water potential caused a decrease
of P and T. This varietal type can be considered as being intermediate between the
lowland and the tropical upland varieties. They have became adapted to weather condi-
tions characterized by frequent rainfall and mild temperature as in Japan, but have
not undergone a process of selection under severe drought conditions.

Daikoku 1 showed the highest values for the parameters regardless of the soil moisture
tension levels. This variety has smaller and thicker leaves with a dark green color
compared with the other varieties. It is possible to consider that such properties of
leaves and character combinations make it possible for this variety to maintain a good
water balance, resulting in a high P. In addition, this variety has a lower tillering
ability as in the case of the upland varieties (Ono 1971 and IRRI 1975). The period
from the beginning of the stress treatment to the onset of leaf rolling was the longest
in this mutant, among the varieties, indicating a slow consumption of water. This
mutant appears to be superior physiologically as well as in its ability to avoid drought,

as will be discussed in more detail in another paper (Fukosuiva et al. 1985).
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B o teF BRSO LB BT B HAREERL L OEKS AT Vv ADAL X MfEHZER

Mario Thukasha Fukosuiva - HEEHE - '%EE]@EE[S
CGRILRFRZR, e, T 980)

K- BEFES RAERHEAL, YAROEE (P), HEEE, KEFvvy i, BRESE, KoeEY&4E L
BELETCHE L. HE8EI1X, Kk, 10, 20, 40cbar 3} X OW&RIE (50~62cbar) & Lic. HEIRRET
1TKFE (IR8 3 k0 Bosque) B IUVEBHZERTRGE (KEB15) 2’FUVWPERZRLK. 10cbhar TILKFERE
D P BKIBCAET Lichd, BEfRmE (BiEEfE, Moroberekan, TAC 1246, Batatais ; HRBERE. Bl FEFREL
248) o P DETRAhotz. FLTKRELISUNDOFED P {EIEL L. 20cbar K LEEBESY TIF5
k@ﬁﬁ%@Pﬁﬁ%<,k@mP@&ﬁTLtmﬁ&@kmﬁﬁﬁahéi5m&ot.igmﬁﬁgmwu
PEwindE, KESERSIOBARED P ENKIECET L, Bmbefis KB 1B LENE P EEXRL
Yoo D EDEREMNSEBETARIGC X » T, BRAMES, KR8 ZrbefE, BHAER KB15043c
SHELUI.

BoHEERSCREYHE LD, ¥bbdRBr onwTE&BEDHEKS &M cHE LKL, P OfEL
KD AT v ARBEET DT 42— L ORIIXFCHE RO BN, REORKINILENSD &, %
KD AT VAN P BCRWEEYE L TWBZEdibhste. AMBELLIEEEOEIIL UT, KFA
5y AR KIBCLEE R D, BEERRED K7 v ADEIPiew. BAEROEK T TOKRS<F
v AL BERERRC LI COW B0, BEEBEAGTIRRT 5 BARERI KR E RBEKGT 7 2 -2 ZBECET I
5. —HKRE1BI, EAKTCAMESBRED BFLKD Y vAERRL, Fl, WIFhOLKHETTLARGE
BREL, KEF vy s Vb EWERRLE.

BIEL T HERE L BB X » TR D, KT 50cbar, HAFERG 53cbar, ZHEFERE 56cbar, kH
1% 62cbar Thotz. FEKELRNSBENIEDONIEOHHL BECI - TR D, KIEI. 6 H,
HAREfE10.5 H, BWVEFEMF10.8H, REB15128HTh-

IR LB OBt » TIEKRDET v vy b, BRGEEEYZRCET XD, ZORER, BAblx
DENEIBELREOEWEL BFEL TV DEEL . —HAREMOME FCBIT 5 BVIEKRG AT v
Ve Mk, FELRMEERLEHEL TS0 Bbns. BAWmMEMLERTORMERC X 5 Bl L 2
TWBDTHAD. —HAKEML, HENERSEOLETHREIRTWSDE, ThEDOHWEERET
Wb DEEZHZENTELS. AB1BE, WThOLBBELATLEV ERTRT vy LRIRL
Fedt, THIIARENENTEVCELRFL, ST o0 wFEEEBEEL TV 0L Ebis.
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