Environmental Effects on the Resistance of Rice Scedlings to Complete Submergence'
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ABSTRACT

The survival of rice scedlings (Oryza sativa L.) after
complete submergence in water decrcased with increased
duration of submergence; with increased denth, tempera-
ture, and turbidity of water; and with incréased rates of
N fertilization. Survival increased with high light inten-
sity and plant carbohydrate content. Factors that influ-
ence the survival of submerged plants also determine the
amounts of N and (,ul)nh_\(h‘n(- in the plaat,

Additional index words: Fanperature, Light intensity,
Turbidity, I\ln(w(n, Carbohvdrate content.

N many monsoon arcas the rice plant (Oryza sativa

L) is rom])]ctc]\ submerger! for a day o a week
during its carly growth. In some scasons the plant may
be submerged several times. These inundations may
destroy the rice crop. This paper reports a study that
was conducted at the International Rice Research In-
stitute to determine the tolerance of rice plants to
complete submergence, as influenced by duration of
submergence, temperature, depth and tarbidity ol wa-
ter, light intensity, and N level of the soil.

MATERIALS AND METHODS

T'wo experimiental lines of vice, “emlv-short "Peta” " and “early-
tall ‘Peta’”, were used, The Peta |Ill(\ were obtiined by crossing
Peta, a tall indica cultivar, and “Laichung Native 1.7 a JBort
indica cultivar, and then backaossing o Petr thiee times, Pre-
germinated seeds were sown i rows in poreeliin s, cach
containing 5 kg Maahas clay soil. 5 g wmmonium sulfate (21¢7
Ny 2 ¢ r()l()phm 200 1,00, and 2 g muiate of potash i60¢]
K.0). Each tras hul cight 1ows, with 1) seedlings per Yow.
Both short and 1all Peta Tines were sown together inoa tray or
separately, depending upon the experiment. “Ten - dans after
sowing, the sceedlings were submerged inoa tnke At the time
of submergence the l||)~ ol the short Peta and the wll Peta
seedlings were about 13 o and 10 an helow the suiface of the
water, respectively. Each treatment was replicated twice.

In pot experiments seedlings were grown in porcekain. tras
for 10 davs and then lllll\])ldlll(ll into poreeliin pois, cach
containing 6 kg Maahas clay woil, £ g ammonium sulfite, 2g
solophos, and 2 g muriate of |H)ll\h Four reedlings were
planted in cach pot. Fach treatment consisted ol tive pots.

Total N was determined by the semi-micokjeldahl method.
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Total sugars and total stneh were determined by the Anthrone
met.od 6y, ’

To obtain tarbid water Maahas clay that had been passed
throngh @ 2 mm sieve wos added o the water, The water wis
divred continuonsly o Loep il partides inthe turbid tank
evenly distiibuted.

Thee soil sispension vesabied ina dight intensity at b base
of the seedbings that was onlv 55 of that at the water - lace,
as meistred by the Foshilu dight merer. The water o e
ture wis kept at 30 Coin hoth ks, Water tempers e ool
the tanks was kept constant 5y o donble acting themostst thae
connrolled the heater and the oy o the cold water daough
the plastic tubing attached aleng the sides of the tank.

RESULTS AND DISCUSSTON

Length of Submergence

Short Peti and tall Peta seedlings growing in porce-
Liin travs were submerged Tor b 6,08, G, and 12
davs, The percentage of plom stnvival was recorded
7 s abter cach treawnment. Cicare 1 shows the condi-
tion ol the plmts 19 davs al ex the start ol the treat-
ment. Leaves ol plints that vere submerged for 6 to
12 davs remained green whils sabmerged but turne d
hrown upon exposure to air, New l(.nus, which were
miuteh shorter than older leaves, were formed later on
some plants,

More than 807 of the plimts survived 6 days ol
submergence (Figo 2y "Fhe percentage of sarvival de-
creased she n])l\ alter 6 davs ol »ul)m( recnce, Survivil
rates at 810, and 12 dins of submereence, however,
were not significandy different from cach other.

Temperature of Water

Seedlings of short Peta were submerged for 10 davs
in water at 25 and at 50 oA 30 Cete survived,
while 950 survived at 25 € (Table 1. PLints clon-
cated more slowly at 25 Coand they remained dark
arcen alter removal frony water, L ittle growth occur-
1((] while the plants were submerged, .nul the amount
ol growth in the two temperature treatments wis the
wime. Of the plots that sivvived, however, those
submereged at 25 G recovered faster. Sinee the plants
at 25 and 50 C had the sine quantiny ol starch and
stugar, the faster recovery ar 25 Comight have heen
G nm(l by v difference in the cmount of arecn leaves,

More leaves dried at the tips o S0 than ae 20 €07 his
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Fig. 1. Survival and recovery of Peta scc(llings submerged for 2, 4, 6, 8, 10, and 12 days,
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Fig. 2. Pereent survival of short and tall Peta submerged for

ditferent periods ol time

agrees with the findings of Kondo and Okamura (1),
who reported that leaves were greener and survival
was higher at lower temperatures.

Turbidity of Water

One set of short Peti seedlings was submerged in
ear water and another set i turbid water for 10
days. Plant smaples were taken hefore submergence,
after 8 davs of subiergence, alter 10 davs of submer-
aence, and 9 davs after plimts were removed from 16
davs of submergence,

In tarbid water onlyv 520 of the plants survived
Crable 2y Under field conditions, the water turbidity
during o flood has 10 o 90¢7 dight transmittance.
This tmbidity is due to soil wnd other colloidal parti-
(les. The deaease in Light intensity available 1o the
plants iy be the main cause ol the low survival in
ranbid warer. Kondo and Okinura (2), however, ex-
pleined the decreased survival in tarbid water dilfer-
entle, “Chey anibated ic to nad that adhered to the
plants even abter submergence. Ok med Kubota (3)
also reported Tess damage to plants submerged in clear
watey,

Ninctv-one pereent of the plints survived submer-
cence in e water. Phe constant stirring of the wa-
rer in this experiment may have caused the greater
sarvival companed with that in the other experiments
also aning ddear water. The trbalence mav have
incrensed the dilfusion of CO. in the water, which in
turn inaciscd the photosvathesis of the submerged
leaves. Yamada 0 reported that photosynthesis oc-
curs evenr during submaergenee. The high percentage
of simvival in clear wiater was not significantly differ-
ent drons that of the control.

Growth ol submarged plants was significantly less
Than that ol nonsubmerged plants (Table 2y and
submersion in tw bid water caused significant!ly more
inhthition then submersion in clear water. Final dry
weights, taken 9 dayvs after treanment ended, were also
stenificantly lowered by submergence. Seedlings tha

Table 1. Height, survival, dead leal tips, and dry weight of
short Peta submerged for 10 days at 25- and 30-C water
temperatures,
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Table 2. Smvival and dry weight of short Peta after 10 days
of submergence in dear and in turbid water,
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Table 3. Survival of plants submerged for 10 days under low
and under high Tight intensity.
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had been submerged in turbid water essentially did
not grow alter submergence, while scedlings that had
been submerged in clear water gained 5097 in dry
weight compared with 29690 for scedlings in the non-
submerged controls. The total sugars and starch de-
creased more in plants placed in turbid water (Fig.
3y, The lower amounts of N, staich, and total sugars
in plants submerged in turbid water may have cauvsed
the lower percentage of survivil and recovery. This
experiment showed that twrbidity decreased the tol-
erance of the rice seedlings to submergence.

Light Intensity

The lower light transmission i turbid water may
be the main reason for the lower percentage of sur-
vival among submerged plants in turbid water. To test
the elfect of light intensity, short and tall Peta seed-
lings were submerged for 10 days under low and un-
der high fight intensity. ‘T'o obtain a low light intensi:
ty the plants were shaded with abaca cloth so that
they received only 2000 of the sunlight. Water tem-
perature was kept at 30 €

The pereentage of survival wae significantly higher
at high light intensity in both short and tall Peta
(Lable 8). Tall Peta was significantly more vesistant
than short Peta under both high and low light intensi-
ties. An carlier test showed that at high light intensi-
ty, there were no differences between the survival of
tall Peta and that ol short Peta at 10 days of sub-
mergence, although more sall Peta plants than short
Peta plants survived au 12 days of submergence. The
temperature used in the carlier test was not kept con-
stant at 50 C,and this may explain why the responses
of short and all Peta did not difer.
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Fig. 3. Changes in starch, total sugars, and N oof short Peta submerged for 8 and 1 days in
clear (CW) and in twbid (I'W) water. Control plants were unsubmerged.

Table 4. Survival and changes in sugir and siarch of short
Peta plants grown at twa levels of N oand submerged for 10
days.
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Depth of Submergence

Scedlings of short Peta were grown in poreelain
pots. Twenty days alter sowing, the plants were sub-
merged for 6 davs at submergence depths of 0, 20, 50,
and 70 ¢cm, measured from the tip ol the longest leak
to the water surface. The temperature of the water
varied from Y6 to 50 C. The pereentage of survival
in planis was determined 2 weeks afrer the plants
were taken out of the water. The percentage ol sur-
vival decrcased with depth ol wier (Fig. b, The
lower swrvival of plants submeiged deeper in water
may be attributed to lower light transmittance. West-
lake (1) reported that even in clear water light intens-
ity deercases with depth.

Nitrogen Status

The experiment on turbidity indicated the possi-
ble influence ol accumuliated carbohyvdrates on the
resistance of plants to suinnergenee. To vavy the car-
bohydrate content of the plant, two N levels were used
for growing the short Petit seedlings. Each tray of soil
in the high N treatment was fertilized with 5 g am-
monium sulfate applied before sowing; another tray
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Fig. 4. Pereentage of sunvival of short Peta subimged for 6
davs at different depthe of water.

did not receive added No AT plants were submeiged
for 10 days ot a water temperure of 30 G0 The -
centage of survival was significantly higher in plants
vrown at the low N level (Table 1. "The amount of
starch in plants grown at hoth the low and the high
level of N decereased with submergence, but the reduc-
tion was greater at the low N Jlevel, The initial high
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