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ABSTRACT

The dynamics of organic and inorganic nutrient sources in
diverse input systems can affect physiological processes of rice.
Understanding these nutrient dynamics and their relation to
final yields are important to devise optimum nutrient
management strategies. This experiment was conducted to
evaluate the relationships between nutrient availability from
different sources, and growth physiology and crop yield of rice
during 2019 Yala and 2019/20 Maha seasons. The Department
of Agriculture (DOA) recommended inorganic fertilizer
application (conventional system), 50% of DOA recommended
inorganic fertilizer with organic manure mixture (integrated
system), and 100% organic manure mixture application (organic
system) were used as three treatments. Organic manure mixture
was added to equalize the nitrogen supply through DOA rate. The
systems were arranged in a randomized complete block design
with six replicates and Bg 300 rice variety was used. The
conventional and integrated systems were similar, while the
organic system was weak in canopy light interception,
photosynthetic rate, and leaf chlorophyll content at panicle
initiation and heading stages. The treatment effect was
significant (P<0.05) in 2019 Yala (dry season) but not in
2019/20 Maha (wet season). The correlations between leaf
nitrogen concentration and yield were observed with respect to
input systems. Most physiological parameters showed no robust
correlation to biomass and crop yield. Crop yields were higher in
the conventional and integrated systems compared to the
organic system. However, the differences are expected to be
narrowed down with the development of long-term nutrient
status in the organic system as this study was conducted during
the first year of the transition.
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INTRODUCTION
Global agriculture has transformed dramatically
ever since the man started domesticating crops.
The green revolution is one of the major milestones
that transformed global crop production in recent
history. Similar to many other countries the crop
production technology in Sri Lanka at present
descends from the green revolution model where
crops are raised with synthetic inputs (Hazell,
2009). These systems are typically known as
conventional agriculture. It aims to maximize the
yield of a particular crop or set of crops, by using a
significant amount of chemical inputs at the
expense of environmental pollution and human
health (Evenson and Gollin, 2003). Rice crop
production in Sri Lanka is predominantly shaped
by conventional agricultural practices. Higher
dependency on synthetic fertilizer is common in
most rice-based cropping systems, with a primary
objective of achieving higher crop yields
(Wimalawansa, 2014).
Injudicious use of synthetic fertilizers in rice
production systems is now witnessing series of
negative impacts on the environment (Bhakiyathu
et al., 2005; Wickramasinghe, 2005; Seneviratne,
2009 and Kumar and Prakash, 2019). Ultimately,
the contribution to global warming and the
imbalance of ecological processes are undeniable
(Rahman, 2015). Under this context, it is important
to identify suitable means for maintaining soil and
plant health without risking grain yield and food
security (Dissanayake et al., 2014 and Rao et al.,
2019). Besides well-known negative concerns of
conventional agriculture, alternative systems are
not popular due to the lower productivity. Many
sustainable alternative strategies exist to
overcome the negative effect of conventional
agriculture systems globally (Wijebandara et al.,
2008; Ekanayake, 2009 and Sirisena et al., 2016).
Those alternative systems are not popular due to
the lower productivity.
Organic and low input or integrated systems are
widely practiced in alternative farming systems in
most of the countries (Reganold and Wachter,
2016). These alternative systems are gaining
momentum in many countries. However, still Sri
Lankan farmers have been reluctant to adopt
organic farming or low input integrated farming
practices. The main reasons for the low level of
adoption of alternative sustainable crop
production systems could be due to the higher
organic input demand, lower initial yields, and
lower economic outcomes in transition from
conventional to organic agriculture (Dabbert and
Madden, 1986; Chen, 2006). Comparatively low

crop yield during the transition period is the major
problem in most of the alternative input systems
(Yadav et al., 2000).
Since organic systems purely depend on organic
nutrients sources, the quantity, and the timely
availability of the nutrients to the crop are the
major yield-limiting factors. Thus, optimised
nutrient management strategies are highly
important for these alternative systems. The
availability of inorganic and organic sources of
nutrients has differences and this may affect
different physiological processes of the rice crop at
different growth stages. The comparison of grain
yields alone among these diverse input systems
does not provide the essential insights, which
temporal physiological parameters provide. A
detailed understanding of nutrient dynamics,
physiological process, and their relationships to
final crop yields can provide optimum nutrient
management strategies in negating overwhelming
conditions at early transition. We hypothesize that
the dynamics of nutrients in critical stages of the
rice crop has a significant impact despite the
amounts and sources of nutrient on crop yield in
different among input systems. This study mainly
focused on identifying how the rice crop
temporarily responses to different alternative
fertilizer management systems, during the early
transition of a conventional system to an organic.
The main objective of this experiment was to
understand the nutrient availability of an
alternative nutrient management system and
further was to assess the relationship of
physiological variation of rice crop with the
temporal changes of nutrient statuses. Hence,
during this study, three fertilizer management
systems were compared using yield and
physiological parameters of direct-seeded rice
under the dry zone condition.

METHODOLOGY
An experiment was conducted in the farm premises
of the Faculty of Agriculture, Rajarata University of
Sri Lanka from 2019 Yala season [dry season (DS)]
to 2019/2020 Maha season [wet season (WS)] as a
part of a long-term research project started from
2018/2019 Maha season. The site was located at
Puliyankulama in the Anuradhapura district
belongs to the agro-ecological region of DL1b. The
study area consists of imperfectly drained ReddishBrown Earth soils (Dassanayake et al., 2020). The
rainfall received in DS and WS of this study were
337.3 mm and 849.7 mm, respectively. The mean
seasonal temperatures were 30 °C and 28 °C for DS
and WS, respectively, with an average maximum
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Table 1: Treatments and their respective nutrient contents.
Treatment
No.
T1

Input management
system
Conventional

Mineral nutrient
(kg/ha)

T2

Integrated

T3

Organic

N - 51.8 (Urea 46%)
P - 1.9 (P2O5 43.7%)
K - 15 (K2O 60%)
N–0
P-0
K–0

N - 103.5 (Urea 46%)
P - 3.9 (P2O5 43.7%)
K - 30.0 (K2O 60%)

temperature of 34.3 °C in DS and 32.3 °C in WS. The
input systems were defined based on the elemental
N supply and the sources Table 1. The phosphorus
and potassium rates were not standardised. The
amount of these two elements were depended on
the quality of materials used to supply N to both
integrated and organic systems.
The experiment consisted of three main input
systems, which were, T1: Conventional input system
– 100% N applied as inorganic fertilizer application
based on recommended by the Department of
Agriculture (DOA) 2013, T2: Integrated input
system - 50% N supply with inorganic fertilizer and
25% N supply with organic fertilizer application,
respectively as of the conventional system and
organic systems, T3: Organic Input System - No
inorganic fertilizer was added and organic manure
was applied to satisfy the 50% N amount of the
conventional system. Organic fertilizers, which
previously calculated nitrogen content, was
applied in relevant rates to get the required
nitrogen content, and thereby managed the soil
fertility. The three treatments were established as
a Randomized Complete Block Design with six
replicates. The size of the plot was 90 m2.
Pre-germinated seeds of Bg 300 rice variety were
broadcasted at a rate of 120 kg/ha in both WS and
DS. The application of inorganic fertilizer was
based on the DOA recommendation in 2013.
Organic fertilizer was applied with basal dressing
and at the third top dressing of inorganic fertilizers.
Irrigation was done as per recommendation of
DOA, and it was synchronised with the irrigation
schedule recommended for that season. In case of
water shortage, additional water was pumped to
maintain the inundation as per the requirement.
Pest control was carried out according to the DOA
guidelines for both conventional and integrated
systems; however, no major pest or disease of
economic impact was not reported. Weeds in
conventional and integrated systems were

Nutrients from alternative
sources (kg/ha)
N-0
P-0
K–0
N - 25.9
P - 0.65
K - 52.5
N - 51.8
P- 1.3
K - 104.9

controlled using synthetic chemicals, while manual
weeding was practiced in the organic input system.
Light interception by the crop in the field was
measured at the heading stage using Line Quantum
Sensor (LI-COR LI-191R) (LI-COR, Bioscience Inc,
US) when the field receiving uniform solar
radiation (noncloudy days). Four locations in a plot
were randomly selected for this. LI 250A Light
meter (LI-COR, Bioscience Inc, US) value at the eye
level of the operator was taken by levelling the
instrument horizontal above the crop and recorded
as the incoming radiation (PAR) value. Then the
instrument was held beneath the crop canopy and
transmitted radiation was recorded. The difference
between incoming and transmitted radiation
provided the intercepted radiation.
Photosynthetic rate, stomatal conductance to
water vapor, leaf temperature and water use
efficiency were measured using a portable
photosynthetic meter (Li-Cor 6400XT portable
infra-red gas analyser) (LI-COR Biosciences Inc,
US) in panicle initiation and heading stages of the
crop under saturated conditions (Temperature- 32
°C, Carbon dioxide concentration- 400 uml, Lamp1800 μmol/m2/s).
Relative leaf chlorophyll content was measured as
SPAD (Soil Plant Analysis Development) value
using SPAD-502 Plus- leaf chlorophyll meter
(Konica Minolta Sensing Inc, Japan) at panicle
initiation and heading stages. Three leaves were
selected in the top middle and bottom of the plant
and the SPAD values in five different places in one
leaf were measured and the average was taken as
the leaf relative chlorophyll value.
Two healthy rice plants from a plot were selected
at the heading stage of rice to measure electrolyte
leakage (EL). First, fully expanded leaf from each
plant was detached from the rice plant at the predawn stage of the day and the fresh weight of the
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Table 2: Average mean values of soil properties
of initial soil condition at the beginning of the
Yala season.
Soil Property
pH (1:2.5 soil: water)
EC (dS/m)
Total N%
Available P (mg/kg)
Exchangeable K (mg/kg)
Organic C %

Mean
7.39 (0.36)
0.07 (0.03)
0.03 (0.02)
3.31 (2.47)
69.98 (16.49)
0.96 (0.19)

The number in the parenthesis is the standard deviation
of the mean

leaf was taken (W). Then, the leaf was cut into one
cm length pieces. The leaf pieces were washed in
deionized water, blot dried on tissue papers and
placed in 20 mL of deionized water containing
polypropylene tubes at room temperature for one
hour with gentle shaking. Then, Electrical
Conductivity (EC) of the bathing solution (EC1)
was measured using a multiparameter with EC
prob (Hach Company, US). The total EL was
measured after freezing subsequent samples at -6
°C for 12 hours (EC2). Then EL was expressed as
(EC1/EC2) ×100. Membrane stability index (MSI)
percentage was calculated by using the following
equation (Singh et al., 2008).
MSI = [1- (EC1/EC2)] ×100
Above ground plant parts were collected at the
hard dough stage and sampling was done by
randomly placing a 50 cm x 50 cm quadrate at four
locations in the plot covering both front and back
of the plot. The harvest was threshed by hand and
all plant parts were oven-dried at the 60 ˚C until
constant weight to measure plant biomass and final
grain yield. Tissue concentration of nitrogen at
panicle initiation and heading stage was
determined
by
Kjeldhal
procedure
(Bremner,1982).
Soil samples were collected in topsoil (0-15 cm) to
analysed basic soil chemical properties. Soil pH
was analysed using a multiparameter with pH prob
(Hach Company, US) in 1:2.5 soil to water ratio
(Rowell, 1994). The Electrical Conductivity (EC) of
the soil was measured using a multiparameter with
EC prob (Hach Company, US) (Black, 1965). Soil
total nitrogen was analysed using Kjedhal
procedure (Bremner and
Mulvaney, 1982).
Exchangeable Potassium was determined by
Ammonium Acetate extraction method (Jackson,
1958). Soil available phosphorous was extracted
by 0.5M Sodium bicarbonate solution. Colorimetric
method was used to quantify phosphorous after

Molybdate blue colour development in the
extraction using UV Visible Spectrophotometer
(Model UVD-2960) (Watanabe and Oslen, 1965).
Organic matter in the soil was measured using
Walkey and Black method (Smith and Mullins,
1991). Table 2 presented the mean soil properties
of initial soil condition at the beginning of the Yala
season.
Data were statistically analysed using the SAS
computer programme version 9.0. Analysis of
variance (ANOVA) was carried out using the MIXED
model to determine the significant differences of
input systems and means were separated using the
least significant difference (LSD) method at 5%
probability level. The correlation between plant
physiological parameters and leaf nitrogen
concentration [N], plant biomass and economic
yield was assessed using Pearson correlation
coefficients at 5% probability level.

RESULTS AND DISCUSSION
There was a significant (p<0.05) difference in the
input system by season interaction on the Leaf [N]
at the panicle initiation stage. Leaf [N] at panicle
initiation and heading stages were significantly
(p<0.05) different among input systems and
seasons (Table 3). Leaf [N] of the WS was higher
than that of in the DS. The conventional system had
significantly higher leaf [N] than the organic
system at both stages and in both DS and WS. Leaf
[N] in the integrated system was similar to the
conventional system at the WS while not in the DS
at both growth stages. The integrated system had
significantly (p<0.05) higher leaf [N] than that in
the organic system except for that at the heading
stage in the DS. Leaf [N] limits the yield and affects
physiological processes in the rice crop (Pillai and
De, 1979; Zhang and Kokubun, 2004; Pramanik and
Bera, 2013). In this study, the leaf [N] is found to
vary among input systems and seasons. The readily
available N by mineral inputs may give the crop an
advantage in taking up more N in comparison to
that from organic inputs.
Light is a key factor that affects net primary
productivity (Dewar, 1996). Higher light
interception indicates the utilization of a higher
amount of light energy by the leaves. Light
interception values were significantly (p<0.05)
different among input systems and between
seasons. However, the input system by season
interaction was not significant (p≥0.05). Crop light
interception in the DS was significantly higher
(p<0.05) compared to that in the WS (Table 3).
Significantly (p<0.05) higher light interception was
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identified in conventional and integrated input
systems in the DS, while the lowest was observed
in the organic input system in the WS. Light
interception always depends on the incident light
intensity of each season. Higher light intensity was
recorded in the DS than that in the WS due to less
cloud cover and less frequency in rain events.
Variation in canopy light availability, leaf lightharvesting capacity, and photosynthetic potentials
are generally a function of foliage structural, plant
density and canopy architectural characteristics
(Maddonni et al., 2001; Niinemets and Sack, 2006;
Acreche et al., 2009). Based on the observation of
this study, rice crop canopies in the organic input
system had droopy and wider leaves compared to
other input systems. Integrated and conventional
input systems showed erect and narrower leaves
with an advantage more available N at the
beginning with synthetic fertilizer inputs (data not
presented). Droopy and wide leaves restrict light
interception to the bottom leaves causing low
overall canopy light interception. Due to the lack of
plant nitrogen, the leaf width increases by
phenological plasticity for the better light
penetration (Setter et al., 1995), which may also be
the reason to produce more droopy leaves with
wider leaf blades, despite low light interception by
less greenness compared to the nitrogen-rich
conventional system. However, in this study, there
was no correlation between light interception and
leaf [N] (Table 5). Correlation of the crop biomass
and light interception resulted a significantly
negative correlation for the conventional (r=-0.97;
p=<0.001) and integrated (r=-0.85; p=0.03) input
systems in the DS. However, a robust correlation in
the aforementioned input systems was observed in
the DS only. From the lower plant biomass, it
showed less plant growth, which led to the lower
spatial structure of the plant. It increases the
penetration of light through the plant canopy. It
may be the main reason for the negative
relationship between light absorption and crop
biomass.
Leaf temperature (Table 3) at the heading stage
was significantly (p<0.05) different in the input
system by season interaction. But it was
significantly (p<0.05) different between DS and WS
at both panicle initiation and heading stages. The
higher leaf temperature was shown in the WS than
that in both stages. Leaf temperature is strongly
influenced by air temperature, wind speed, and air
humidity (Martin et al. 1999). There were no
significant (p<0.05) differences in each input
system in both seasons. The highest leaf
temperature observed in the WS was due to the
lower water-use efficiency (Pallas et al., 1967). Leaf
temperature did not show a direct correlation with
crop biomass production and final grain yield.
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While leaf [N] was significantly different in each
system, leaf temperature in integrated (r=-0.82;
p=0.05) and organic (r=-0.88; p=0.02) input
systems in the DS reported a negative correlation
with the leaf [N]. However, in the WS increasing
leaf temperature was affected to reduce the leaf [N]
in the conventional (r=-0.90; p=0.01) and organic
(r=-0.90; p=0.01) input systems (Table 5). With
different seasons response of leaf temperature on
leaf [N] varied with different input systems.
Relative leaf chlorophyll content (SPAD) was
(Table 3) significantly (p<0.05) different in the
input system by season interaction. And it was
varied SPAD values among input systems and
seasons both panicle initiation and heading stages.
The WS resulted significantly (p<0.05) high SPAD
values compared to DS. Significantly (p<0.05)
highest SPAD values were observed in the
conventional input system at both stages in the DS
but not in the WS. In the WS, the SPAD values in the
integrated input system were similar to that of the
level conventional input system in both growth
stages. There was no significant (p>0.05) difference
in SPAD between integrated and organic input
systems in the WS at heading stage. Rice plants are
susceptible to unfavourable environmental
conditions, such as high temperatures, during
specific developmental periods (Fageria, 2001;
Jagadish et al., 2007), while the plasticity of
chlorophyll content is possible with low
availability of light with greater accumulation of
chlorophylls. The impact of N fertilizer is well
established for increasing chlorophyll content
(Varvel et al., 1997; Pramanik and Bera, 2013), thus
it can be the main reason for high chlorophyll
values recorded in both conventional and
integrated input systems compared to the organic
input system. The WS resulted in a high leaf [N]
compared to the DS (Table 3), and ultimately
resulted in an increase in leaf chlorophyll content.
At the panicle initiation stage during WS, the
integrated input system showed similar high leaf
[N] as the conventional input system and it resulted
higher chlorophyll content in the integrated input
system parallel to the conventional input system.
Crop biomass in the organic input system at the DS
was significantly correlated with relative leaf
chlorophyll content (r=0.82; p=0.05). Leaf [N] and
chlorophyll content were also positively correlated
(p=0.05, r= 0.82) (Table 5). The photosynthetic
rate at the panicle initiation stage was significantly
(p<0.05) different at different seasons and input
systems. Even though, photosynthetic rate showed
a significant (p<0.05) difference among input
systems at the heading stage, it was similar
between the seasons. At the panicle initiation stage,
the conventional input system had the highest
photosynthetic rate in both
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Table 3: Effects of input systems, seasonal variation and their interaction on leaf total nitrogen, light interception, leaf temperature and relative leaf
chlorophyll content in panicle initiation stage and heading stage of rice crop.
Leaf Nitrogen Concentration (mg/g)
Panicle Initiation

Light Interception
(µmol/ m2/S)

Heading

Heading

Leaf Temperature
(ºC)
Panicle Initiation

Relative Leaf Chlorophyll Content
(SPAD)

Heading

Panicle Initiation

Heading

DS

WS

DS

WS

DS

WS

DS

WS

DS

WS

DS

WS

DS

WS

25.3ab

26.0a

14.4b

19.7a

93.02a

61.23bc

29.93b

30.96 a

29.59d

33.09a

36.29a

36.27a

37.08a

36.30ab

Integrated

20.5c

25.6a

11.6c

18.4a

97.13a

52.61cd

29.60b

31.14a

30.45c

32.26b

31.21b

35.62a

33.68bc

34.62abc

Organic

13.8d

21.8bc

09.5c

14.7b

68.05b

47.42d

29.53b

31.35a

30.21cd

32.25b

25.84c

29.68b

27.82d

32.53c

7.2

4.1

8.1

4.3

7.1

8.04

1.16

0.97

0.87

0.61

3.22

2.09

3.44

2.36

Conventional

CV%
P-values
IS

<.0001

<.0001

0.001

0.91

0.8179

<.001

<.001

S

<.0001

<.0001

<.0001

<.001

<.001

<.001

0.043

IS x S

0.0176

0.4296

0.0888

0.15

<.001

0.028

0.019

Means values followed by the same letter in each growth stage are not significantly different at p<0.05 (LSD)
IS is input system; S is season.
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Table 4: Effects of input systems, seasonal variation and their interaction on photosynthesis rate, stomatal conductance to water vapour, water use
efficiency, membrane stability in panicle initiation stage and heading stage of rice crop.
Photosynthetic Rate (μmol
CO2/cm2/S)
Panicle Initiation

Heading

Stomatal Conductance to Water
Vapor (mol H2O/m2/S)
Panicle Initiation

Heading

Water Use Efficiency (%)
Panicle Initiation

Heading

Membrane
Stability (%)
Heading

DS

WS

DS

WS

DS

WS

DS

WS

DS

WS

DS

WS

DS

WS

Conventional

19.37ab

20.54a

13.39a

13.85a

0.76ab

0.44b

1.00ab

0.92ab

1.50a

1.15a

0.66a

0.42b

76.89b

95.37a

Integrated

14.49bc

19.12ab

13.59a

11.83a

0.83ab

1.88a

1.32a

1.19a

1.28a

1.23a

0.52ab

0.52ab

72.53b

95.77a

Organic

8.96c

15.26b

7.28b

11.69ab

0.66ab

1.13ab

0.54b

1.09ab

1.17a

1.25a

0.43b

0.41b

40.44c

95.41a

CV %

22.79

16.05

16.44

10.89

17.4

23.92

25.77

16.33

26.95

22.27

15.43

14.54

5.46

3.02

P-values
IS

<.001

0.03

0.27

0.11

0.92

0.11

<.0001

S

0.006

0.42

0.29

0.51

0.64

0.09

<.0001

IS x S

0.32

0.15

0.34

0.22

0.74

0.1

<.0001

Means values followed by same letters in each growth stage are not significantly different at p<0.05 (LSD)
IS is input system; S is season.
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DS and WS. The photosynthetic rate in the
integrated input system was not significantly
(p>0.05) different from the conventional input
system in both stages. The lowest value in panicle
initiation was observed at organic and integrated
input systems. The photosynthetic rate was lower
at the heading stage compared to the panicle
initiation stage. Conventional and integrated input
systems showed significantly (p<0.05) highest
values at the heading stage, while organic showed
the lowest in the DS. Photosynthetic rates were
similar (p>0.05) among all input systems in the
heading stage of the WS (Table 5).
With different input applications, leaf [N] also
varied. According to the results of Mitsui and Ishii,
(1938); Yoshida and Coronel, (1976); Uchida et al.,
(1982); Makino et al., (1988), leaf photosynthetic
rate and leaf [N] were closely related in rice, hence
maintaining adequate leaf N throughout the
growing period is crucial for achieving high yield
(Yoshida, 1981). However, in this study, the
photosynthetic rate and leaf [N] were only
correlated in the integrated input system in the WS
(r=0.85; p=0.03) (Table 5). As well as
photosynthetic rate in the integrated system at the
panicle initiation in WS showed a higher value
equal to the conventional that resulted in an
increase in leaf [N] with time. This showed that the
continuous application of organic manure with a
half dose of synthetic fertilizer caused to improve
the leaf [N] than the previous season (Table 3).
There was no significant (p>0.05) effect of input
systems, seasons and their interaction on stomatal
conductance and water use efficiency at both
growth stages (Table 4). Input systems and
seasonal changes did not affect the stomatal
conductance to water vapour and water use
efficiency, while stomatal conductance was not
significantly different from input systems. Stomatal
conductance in the integrated input system
showed a significantly positive correlation with the
leaf nitrogen content (r=0.85; p=0.03) (Table 5).
Membrane stability was measured only at the
heading stage. There was a significant (p<0.05)
input system by season interaction, on membrane
stability. The WS showed higher values than those
of the DS. In the DS, conventional and integrated
input systems showed similar and higher
membrane stability while organic had the lowest
membrane stability. No significant (p>0.05)
differences were observed among treatments in
the WS (Table 4). Good water management and low
water stress in the WS resulted in increasing
membrane stability in all input systems (Khadem
et al., 2010). However, during the DS, low water
availability and high-temperature stress can lead
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to a difference in membrane stability. Due to good
nutrient management in the conventional and
integrated systems, they showed considerably high
membrane stability compared to organic. The DS
resulted in low membrane stability due to high
water stress and temperature stress (Agarie et al.,
1995). High temperatures affect membrane
stability through lipid peroxidation, leading to the
production of peroxide ions and malondialdehyde
(MDA) (Wahid et al., 2007). Therefore, changes in
the concentration of MDA may also be a cause for
low membrane stability in the organic input
system. In the DS, significantly positive correlation
(r=1.00 p=0.04) between membrane stability and
yield was identified in the integrated input system.
Crop biomass in the integrated input system in WS
showed a positive correlation with membrane
stability (r=1.00; p=0.03). Leaf [N] in conventional
(r=1.00; p=<0.001) and organic (r=-1.00; p=0.02)
input systems in the DS correlated with the
membrane stability (Table 5).
There were significant differences among input
systems and seasons on grain yield while crop
biomass significantly varied(p<0.05) only with
input systems. However, the harvest index (HI)
was significantly (p<0.05) affected by the season
only. Crop biomass of conventional and integrated
input systems reported significantly (p<0.05)
higher values than organic in both seasons.
Accordingly, the grain yields of conventional and
integrated input systems were significantly
(p<0.05) higher than the organic input system. The
mean yields were low in the DS. The crop biomass
and grain yield of the WS were significantly
(p<0.05) higher compared to the DS concerning
each input system (Table 6).
Generally, the higher yield was recorded in the DS
than WS due to high solar irradiance in the DS
(Laza et al., 2003). However, in this study, grain
yield in the WS was greater than the DS. It might be
resulted due to a higher temperature in the DS than
the WS, which causes an increase in pollen sterility
and percent empty spikelets. According to Kim et
al. (1996) yield decreases in higher temperature
treatment at 29.3 to 31.1°C when compared to 26.0
to 27.2°C. The mean seasonal temperature was in
the supra-optimal range during the DS of this
study. Significantly higher HI was reported in the
WS than the DS also reasons for the higher grain
yield in the WS than the DS. Proper water and N
management in the WS increase the crop growth
and enhance the remobilization of assimilates from
vegetative parts to grains during grain filling and it
leads to increase HI (Ju et al., 2009).
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Table 5: Correlation for physiological parameters with crop biomass, grain yield and leaf [N] in both DS and WS.
DS
Crop Biomass
Light
Interception
Leaf
Temperature
Relative Leaf
Chlorophyll
Content
Photosynthesis
Rate
Stomatal
Conductance
to Water
Vapor
Water Use
Efficiency
Membrane
Stability

WS

Grain Yield

Leaf [N]

Crop Biomass

Grain Yield

Leaf [N]

T1

T2

T3

T1

T2

T3

T1

T2

T3

T1

T2

T3

T1

T2

T3

T1

T2

T3

-0.97*
0.00
0.49
0.33
0.26
0.61

-0.85
0.03
0.01
0.99
0.51
0.30

0.24
0.64
-0.22
0.67
0.82
0.05

0.33
0.52
-0.75
0.09
-0.74
0.09

-0.79
0.06
0.03
0.95
0.49
0.32

0.48
0.34
-0.11
0.84
0.76
0.08

-0.05
0.93
0.24
0.65
-0.47
0.34

-0.08
0.88
-0.82
0.05
-0.42
0.40

-0.21
0.69
-0.88
0.02
-0.54
0.27

0.06
0.92
-0.20
0.70
-0.39
0.45

0.15
0.78
-0.07
0.90
0.23
0.67

0.09
0.87
-0.23
0.66
-0.34
0.51

-0.75
0.09
-0.34
0.51
0.15
0.77

0.47
0.35
0.11
0.83
0.02
0.96

0.07
0.90
-0.24
0.65
-0.34
0.51

-0.30
0.56
-0.90
0.01
0.20
0.70

-0.33
0.52
-0.68
0.14
0.95
0.00

0.19
0.72
-0.90
0.01
-0.63
0.18

-0.19
0.72
0.01
0.99

-0.53
0.28
0.23
0.67

-0.34
0.51
0.17
0.74

-0.04
0.94
-0.23
0.67

-0.56
0.25
0.30
0.57

-0.19
0.71
0.26
0.62

0.47
0.34
-0.36
0.48

0.23
0.67
-0.52
0.29

0.25
0.63
0.18
0.74

0.52
0.29
-0.45
0.37

-0.18
0.73
-0.01
0.98

-0.17
0.74
0.480.33

0.40
0.44
0.19
0.72

-0.31
0.55
-0.11
0.83

-0.18
0.74
0.49
0.32

0.53
0.27
-0.26
0.62

0.85
0.03
0.92
0.01

0.37
0.48
-0.35
0.50

-0.55
0.26
0.75
0.46

-0.33
0.53
0.98
0.11

-0.54
0.27
0.79
0.42

0.30
0.56
0.13
0.92

-0.38
0.46
1.00
0.04

-0.44
0.38
0.92
0.26

0.46
0.36
1.00
0.00

0.63
0.18
0.85
0.36

0.34
0.51
-1.00
0.02

0.18
0.74
0.52
0.65

0.03
0.96
1.00
0.03

-0.26
0.62
-0.02
0.98

0.10
0.85
0.99
0.08

-0.06
0.91
0.93
0.24

-0.26
0.62
-0.05
0.97

0.89
0.02
0.27
0.83

0.99
0.00
0.83
0.38

0.78
0.07
0.79
0.42

The value before the * mark is the Pearson correlation coefficient and the italic value is the probability value
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Table 6: Effects of seasonal variation and input systems on the crop biomass and grain yield of rice
crop.

Crop biomass (t/ha)

Grain yield (t/ha)

Harvest index (%)

DS

WS

DS

WS

DS

WS

Conventional

9.9ab

11.8a

5.1b

7.0a

52.4ab

58.8a

Integrated

11.1a

10.7a

5.0b

6.0ab

44.6b

56.1a

Organic

6.4c

8.4bc

2.9c

5.1b

44.9b

59.5a

CV%

9.4

6.4

8.8

7.1

7.9

4.5

P-values
Input system (IS)

<.0001

0.0011

0.22

Season (S)

0.0788

0.0005

<.0001

IS*S

0.2264

0.5247

0.3958

Means values followed by the same letter in each season are not significantly different at p<0.05 (LSD)

With fewer restrictions in water availability and
the temperature very much close to the optimal
range for many physiological functions, with
adequate nitrogen supply in the WS, it could be the
most appropriate season for organically grown
rice. Furthermore, a rotation with an upland cereal
or a pulse in the DS could be ideal for maintaining
the productivity of such a system. Correlation
analysis for plant biomass and economical yield in
both season (r=0.97; p=<0.0001 [DS], r=0.96;
p=<0.0001 [WS]) resulted positive correlation with
plant biomass and yield. A similar observation was
also reported by Akita, (1989) and Amano et al.,
(1993). Crop biomass production in different input
systems equally collaborated to the partitioning of
assimilating to the grain production. According to
Yang et al. (2008), above ground total biomass at
physiological maturity was a crucial physiological
factor to the yield gap between DS and WS.
However, in this study, HI was not correlated with
grain yield and crop biomass

during panicle initiation and heading stages, while
for certain parameters were influenced by the
season. The organic system showed low canopy
light interception, photosynthetic rate, and leaf
chlorophyll content compared to the conventional
system. The integrated
system showed
intermediate physiological activity but light
interception, relative leaf chlorophyll content and
photosynthetic rate were similar compared to
conventional in the wet season. Even though there
were differences in leaf [N] among input systems,
no correlation was identified with the measured
physiological processes among input systems
revealing that other nutrients could also be the
limiting factors. However, crop yields followed the
differences observed among inputs in their
physiological processes and leaf N content, giving
the highest yield in the conventional system
compared to the organic system. Yield reduction
was greater in the organic system in the DS (43%)
compared to the WS (27%).

CONCLUSION
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