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EFFECT OF COMBINED VARfA‘fION IN LIGHT IRRADIANCE
AND POTASSIUM ON RICE (ORYZA SATIVA L.}
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© ABSTRACT

The influence of varied potassium nutrition {20 and 40 ppm) at tvo levels of ligh
irradiance on rice (Orvza sativa 1) indicated that low light irradiance operative from
40 days after planting (DAP} to harvest reduced all physiologrcal parameiers studied,
at flowering and harves! stage though leafl area, specific leafl weight (SLW), chloro-
phyll and sterility increased at both potassium levels. Duriag the transition from veg-
ctative to the reproductive phase the 40 ppm potassium supply could partially compen-
sate, the photosynthetic rate (Pn), stomatal conductance {C,). soluble protein and chlo-
rophyil. At harvest, however, the positive effect of K became weeaker and there was no
increase in dry matter and yieid but under pormal light irradiancs elevated K increased

the total dry matter and yield. Thus, potassium raised the photosynthetic rate and veg- .
ctative growth under low irradiance but this was not capable of promoting the filling of

grains in inadequate illumination, ‘

et -

Potassium is often believed 10 play an
important role in flowering process as it is
one of the essential macronutrients. The
role of potassium in opening of stomatal
aperture has been shown in several crop
species, thus, allowing carbon dioxide to
enter into the cells for photosynthetic
process. Conversely, low light irradiance
promotes.the closure of stomata. Our
earlicr findings (Singh er al, 1638, Day er
al., 1989, Voleti er al., 1991) indicate that
light imadiance is yield limiting factor in
rice. It has been obscrved that a high level
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of potassium nutrition can reduce the |
decline in yield due to inadequate
illumination. There are, however, certain
contradictory reports to this effect (Haeder
and Mengel, 1976). Further, the effects of
low light are ofien carried forward to the
grain filling stage through various
metabolic processess. Siomatal aperture
controf by potassium, consequentiy
increases in the availability of CO,
substrate for photosynthesis and this might
influence the yicld. The objective of the
present study is to find out whether
potassium nutrition has any influence on
yield of rice under low irradiance.
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MaTERIAL ¢ AND METHODS

Twcn(y~day old seedlings of rice ey,
Ratna were transplanted in potcelain pots,
containing cighy kg air dry soj]. Four hiljs
Per pot were maintajned throughout the
experimental perjod with recommended
doses of nitrogen and phosphorus.
Potassium at 20 Ppm and 40 ppm (K, and

low light irradiance (50% of normal light)
as described earljer (Singh er g7 1988).
Crop growth raie (CGR) and pet
assimilation rage (NAR) were recorded
during 40 DAP ang flowering stages.
Photosymhcsis rate (Pn), stomata]
conductance (Cs), soluble Drotein angd
chiorophyl} were measured in the flag leaf
on main tiller ar ﬂowcring Stage, using
LICOR-6000 Portabie Photosynthesis
System (IJcbraska, UsaA), Lowry er ot
(I1951) and Armon ( 1949), fespectively,
Yield and yield Components were recorded

Particular pParameter calculated g5
~describad earlier (Singh al, 1988). The
data ijg analysed statisticaliy for the
treatments and their interaction effects
using a computeriseg pro

REsurs anp Discussion

V.P. Smici 1 al )

under normal light, Leaf area was Increased
by 3 and 5% in K, and K, respectively, in
low light. Both Potassium Jevels ag such
were also able 1o increase jeaf area
iImespective of light. Leaf areq increase wag
perhaps at the €Xpanse of specific leaf
weight (SLW or Jeaf thickness) as j; was
reduced by 30% and 20% undsr jow
irradiance in K, and K, respectively.
Leaves under K, were thinner ¢ven in
hormal light irradiance, However, K, was ‘
able to check further feduction in the
thickness of leaves under Jow irradiance a5
is indicated by higher shade index for K,
(Tabie 2). Crop growth rate {(CGR) was
drastically reduced by 669 under low
irradiance in both K levels, However, high
Potassium leve] improved jt marginally
Irrespective of light conditions though the
differences were non-significant. Net
assimulation rate ANAR) wag also
drastically reduced under low irradiance
and higher Potassium leve] further
aggravaied the situation. Totg dry marter
(TDM) at flowering Stage also declineg
steeply vnder Jow irradiance, however, K,
ameliorated jt marginally as indicated by
high’shade index for K, (Table 2). Higher
Potassium level also improved TDM
significantiy, irrespective of light
condition.

Photosynthetic rate g flowering stage
in flag leaf was reduceqd more in K than in
K, under low brradiance, K, was able 10
increase Photosynthetic rate imespective of
prevailing light condition, Stomata])
Conductance (Cs) also behaved in similar
fashion as photosynthetic rate. Similarly,
soluble protein which j¢ considered to give
4 rough estimate Pf RuBPCase alsq
behaved in tandem with photosyntheticrate
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Table 1. Effect of combined varistion in lipte irradiance and potessium
nutrition on physiological parsmeters in rice

Potassium (K} (20 ppm)

Petassiem (K.;) (40 ppm)

Parameter Normal 50%  %increase Mormal  50% % increase CD. at5%

light light ordecrease  hght ight ofdecrease K L KxL
Tiller No. pot! 32.00 2600 -19 3600 26.00 -28 1.87 1.87 264
Leaf area dmpot! 2790  28.90 +3 3090  32.50 +5 0.817 0BI7 NS
Specific lcafl wi. 434.00 304.00 -30 423.00 338.00 -20 382 38 541
mg dm™
CGR g pot! &' 149 050 -66 153 052 -66 0.037 NS NS
(40 DAP-flowering)
NAR mg dm? 4! 71.00 2300 -68 6500 21.00 -68 18!t 181 255
{40 DAP-flowering)
TDM g pot™ 41.80 2190 48 4580 2490 -46 079 0719 NS
(flowering)
Photosynthetic rate 36.50 2260 -38 3860 24.70 -36 T (.65 0.65 NS
mg CO, dm? hr!
Siomatal conductance 179 135 -5 1.85 1.43 -23 0040 0040 NS
cms! .
Solubie protein 3040 2280 25 360 23.00 -7 076 NS NS
mg dm™
Chiorophyll & 32s 384 +18 3.30 392 +19 0.031 0031 NS
mg g'! fresh
Chlorophyil b 1.1¢ 1.46 +26 1.18 151 +28 0.042 NS NS
mg gt fresh wi. '
Chilorophylta/b ratic  2.80 263 -6 2.80 2.60 -7 0086 NS NS

Table 2. Shade tolerance index for various

physiclogicat variables as affected
by potassium levels
Variables 20 ppm 40 ppm
. potassium potassium
Tiller number - 81 72
Leaf arca 103 105
Specific ieaf weight 70 80
Crop growth tate 34 34
Net assimilationrate . = 32 32
. “Total dry matter 52 . 54
Photosvnthetic ralc 62 64
Stomatal copductance 75 71
Soluble protein 15 73
Chiorophyll 2’ 118 119
Chlorophyll v 126 128
Chlorophyll 2/b ratio 04 93

anf stomatal conductance. Rate of increase
in e chlorophyll b was higher than total
anf chlorophyll 2, under low irradiance.
Boh chiorophylt 2 and b increased in K,
irrespective  of light conditions.
Ehicidating the same trend, chlorophyll a/b
razo was reduced by 6 anrd 7% under low
iadiance in K, and K, respectively.
Results obtained on yield and yield
components are shown in Table 3. TDM at
hzvest was drastically reduced under low
itndiance by 55 and 58% in X, and K,
respectively. K was able 10 impmvc'I/'DM
in normal irradiance, but reduction was
more in low irradiance (Table 4). Panicle
rumber also declined more in K, under low
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RuBPCase, may be substrate inducible as
more CO,-substrate is available at elevated
potassium level. Thus vegelative growth is,
further augmented by better utilization of
absorbed solar energy for photosynthesis
and phloem loading (Haeder and Mengel.
1975). Potassium also increases the
velocity of the streaming movemnent of the
assimilated substances in the sieve tube
(Haeder, 1974), and these substances are
converted (by means of K-activated
enzymes) at enhanced rates into starch/
protein within the tissue that receive them
(Evans and Wildes, 1971, Hawker er al.,
1974). Elevated potassium supply keeps
roots healthy for longer time to synthesize
cytokinin-which prolong leaf area duration
of leaves to stay back green (Wagner and
Michael, 1971) thus, influencing
photosynthesis. Reduction in NAR and
SLW at elevated potassium may be due 10
the increase in leaf area at the expensc of
NAR and SLW.

Fifty per cent light intensity induced a
marked fall in tiller number, TDM, CGR,
NAR, photosynthetic rate, stomata: con-
ductance, soluble protein and chlorophyll
a/b ratio, while there was marginal increase
in leaf area, chlorophyll 2 and b and total
chlorophyll at both K levels (Table 2).
These findingg; corroborate our ecarlier
findings (Singh~er al., 1938, Day e1 al..
1989). During flowering stage it seems that
higher K supply compensated for light

deficiency to some extent as reflected in
few caracters viz. Pn. SLW, Leaf area.
chiorophyll and TDM. Fifty per cent hight
at harvest, resulted in reduction in TDM,
yield and yield components at both K leveis
and increased the gram sterility (Table 4).
Thus, the positive effects of potassium
become further weaker so that TDM was
almost eqixal, yield or grain weight was low
while sterility was higher. The decrease in
yield under elevated potassium supply is
mainly derived from reduction in panicle
number, grain number and 1000-grain
weight. further, from spikelet number it is

clear that higher potassium supply couid

not increase the sink capacity especially
under low light irradiance.

Potassium although raised the photo-
synthetic rate and vegetative growth under
low light irradiance (Table 1). However,
this was not capable of promoting the
filling of the grains (higher sterility in K
Table 3). suffered higher respiration losses
due to congestion of assimilated substrates
(Haeder and Mengel, 1976). Grain filling
is dependent not only on the production of
photoassimilates and their translocation
but is also conditioned by sink capacity of
developing grain itself. In shaded plants
potassium did not fundamentally affect
sink capacity of the grain. Thus, yield
components, under low light irradiance,
reduced than improved by an elevated
potassium supply.
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478 V.P. SiNGH ¢1 al.

Tahle 3. Elfect of combined variation in light irradiance and potessium
nutrition on yield and yield components in rice

Potassium (K} (20 pprn)

Potassium (K,) (40 ppm)

Table 4. Shade tolerance index for yield and
vield components in rice as affected
by potassiom levels

Variables 20 ppm 40 ppm
potassium  potassium

Total dry mauer 45 42
Panicle number 91 83
Grain weight 40 34
Spikelet number 63 62
Grain number 44 39
Sterility % 161 18]
Test weight 91 &5

irradiance. Total grain-weight was
drastically reduced in low Yight and more
pronounced under higher potassium level.
The number of spikelets were significantly
affected by light conditions_but not by
potassium levels. Similarly, prain number
also declined under low irradiance and
more 50 under K. Sterility was increased
by61%inK, and 81% in K, underlow light
iradiance. Higher potassium as such has
no impact on sterility even under low light
irradiance. Thousand grain weight was
reduced under Jow light irradiance under

Parameter Nermal  50% % increase Nommal 50% % increase CD.a5%
light light of decrease  Hight light of decrcase K L Kzl
_TDM at harvest g pot'! 555 249 -55 602 25.0 -58 1.07 1.07 1.51
‘ Panicle No. pot*! 210 20.0 -9 .23.0 19.0 -17 1.54 NS NS
Gramn weight g pott 174 7.0 -60 19.0 6.4 -66 0.57 NS 0.82
Spikelet No. pat! [274.0 866.0 -37 13840 855.0 -38 7.52 NS 10.64
Grain No, pot™! 921.0 4070 -56 955.0 376.0 -61 732 NS 10.35
Steriliy (%) 33.0 530 +61 310 56.0 +81 1.94 NS NS
1000-grain weight 18.9 17.2 -9 9.9 17.0 -15 0.40 040 056

both K levels, more so at higher potassium
level.

Under normal light condition plants
with the elevaied potassium supply
performed invariably better than with lower
level of potassium almost for all the
parameters studied at flowering stage.
However, specific leaf weight and NAR
showed declining trend, Increase in TDM
and photosynthesis is in confirmity with the
resuits of Mengel and Haeder (1975) and
Haeder and Menge! (1976) in wheat. The
role of potassium in increasing yields is due
to its various effects during the whole life
cycle of growth, Vegetative growth is
stmulated by polassium as is reflected in
TDM. Cooper e: al. (1987) has attributed
the K induced increase in photosynthetic
ratc to a greater number of stomata per unit
lcaf area, and larger stomatal aperture in
the greater mass of leaf, which are
accompained by lowering of Co,
compensation point. Therefore, the
effectiveness in CO, assimilation is more
(Tanaka and Hara, 1974). Increase in
soluble protein - major portion of which is
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