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Abstract An experiment was conducted to optimize
nitrogen fertilizer application for drill sown rainfed
rice genotype Intan with the help of leaf color chart
practice under agro-climatic conditions of Agricul-
ture Research Station, Mugad, Dharwad, Karnataka.
The experiment was designed in factorial RCBD con-
sisting of organics as the I factor and N management
with LCC as the II factor and farmers practice was
kept as a check. The N management at LCC 3 with
sunhemp green manuring registered higher grain yield,
NUE, B : Cratio and lower lodging index compared to
all other treatment combinations, recommended prac-
tice and farmers’ practice. The adequate supply of N
fertilizer in combination with different organic sources
according to LCC management practice resulted in
positive response of N fertilizer on the growth, yield
and NUE of the crop and thus provides the best fertil-
izer management techniques for enhancing the pro-
duction and productivity of the crop on sustainable
basis.
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Introduction

Rice is the most important food crop of the develop-
ing world and serves as a staple food of almost 3
billion people, that is, about 50% of the World’s popu-
lation and for more than 60% of the Indian popula-
tion. In India it occupies about 24% of gross cropped
area of the country. It contributes 42% of total food
grain production and 45% of total cereal production
of the country [1] more than any other crop. Thus,
the rice systems belong to the most important food
production systems on Earth. Among the rice grow-
ing countries, India has the largest area (44 million
hectares) and it is the second largest producer (105.3
million tonnes) of rice next to China (197 million
tonnes) [2]. More than 90% of this is produced and
consumed in Asia with two countries, China and In-
dia, growing more than half the total crop, providing
50% of the total calorie intake of Asia’s population.
The rice productivity in India is 2.39 t ha™!, in China
6.58 t ha! and while the world average is 4.25 t ha™
[2]. Most of the rice in tropical countries is produced
in irrigated and rainfed lowland areas. Rainfed rice in
India constitutes up to 55% of the total rice area and
to 36.5% of the country’s rice production [1]. Thus
low lands become the most important rainfed rice eco-
system in the productivity context. Very low produc-
tivity levels of rainfed lowland rice (2.4 t ha™') are also
responsible for the lower average productivity of rice
in India compared to the average productivity of the
World. Apart from vagaries of monsoon, inadequate
and improper nutrient management are the main rea-
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Table 1. Treatments details

: The experiment was laid out in a randomized block design with factorial concept and was

replicated four times with 13 treatment combinations and treatment details are as follows (Table 1).

Treatment details

1 Factor : Organics (M)

M, Farm Yard Manure (FYM) @ 10 t ha™'

M, In-situ green manuring with Sunhemp (Crotolaria juncea) @ 10 kg seeds ha™' by seed mixing method

M, Green leaf manuring with Eupatorium (Eupatorium odorata) @ 5 t ha™

M, No organics

1I Factor : Nitrogen management (F)

F, Nitrogen application at LCC threshold value of 3

F, Nitrogen application at LCC threshold value of 4

F, Recommended practice (100 kg N ha™' —=20% N and entire 50 kg P and 50 kg K were applied at sowing and 40%
each at maximum tillering and just before panicle initiation stage)

F, : Farmers’ practice (FYM 5 t ha™' + 100 : 50 kg N and P,O, ha”'-20% N and entire P at sowing and 80% N at panicle

initiation stage)

sons for lower yields of drilled rice. The higher nutri-
ent losses caused by leaching, volatilization, run off
and denitrification further aggravate the problem of
nutrient management in rice. Under rainfed rice culti-
vation, use of chemical fertilizers is less than 50% of
the recommended dose due to limited economic re-
sources of the farmers. Therefore in order to sustain
the productivity of rainfed rice at higher level, there is
a need to develop a crop need based nitrogen man-
agement involving cheaper and locally available or-
ganic manures and an inexpensive tools like LCC that
can be used to measure green color intensity of rice
leaves and thus improves the timing of N top dress-
ing in rice. Identification of correct threshold values
of the LCC is essential as they differ according to
location, season, variety and rice ecosystem. The ex-
periment was conducted with the main objectives to
compare farmers and standard nitrogen fertilizer use
practices along with the LCC based method to in-
crease nitrogen use efficiency, yield and to observe
the effect of LCC use on minimizing lodging inci-
dence.

Materials and Methods

Experimental site and initial
soil characteristics

Field experiment was conducted at rainfed low lands,
Agricultural Research Station, Mugad, UAS, Dharwad

during kharif season to standardise the leaf color
chart threshold value for the most promising variety
of the region i.e., Intan (165 days) and to find out the
contribution of N by different organic sources. The
farm is situated in Northern transitional tract (Zone 8)
of Karnataka representing the rainfed drill sown rice
belt at 25°18” N latitude, 74°40” E longitude and at an
altitude of 697 m above mean sea level.

The soil of the experimental site was clay tex-
tured (43.3% clay, 24.3% silt and 32.0% sand). The
initial analysis of the soil of the experimental site re-
vealed that soil was neutral (pH-7.20) and organic
carbon was 0.44%. The soil was high in KMnO,-N
(465 kg ha™') and NH,0OA -K (500 kg ha™') and low in
Olsen-P (31 kg ha™).

Layout of the field experiment

The field was divided into 52 plots of 16 m? size with
adequate drainage channels with clear demarcation
of boundary for the four replications. The treatments
were allotted to plots using Fisher’s random numbers
in each replication.

Experimental design, sowing
and fertilizer schedule

The study was conducted in factorial randomized
block design (FRBD) with four replications. The treat-



Table 2. Amount of nitrogen applied in different treatments.
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Treatments N (kg ha™)

M F, 110 (Four splits viz., 5%, 11", 12" & 13" week)

MF, 200 (Eight splits viz., 39, 4% @h, 70 8h 110 120 & 13" week)

M,F, 100 (Two splits viz., 5" & 13" week)

M,F, 60 (Two splits viz., 12" & 13" week)

M,F, 180 (Seven splits viz., 4%, 50 8h 9 107 11" & 13" week)
M,F, 100 (Two splits viz., 5" & 13" week)

M,F, 80 (Three splits viz., 4% 5" & 13" week)

M.F, 200 (Eight splits viz., 4%, 5% 8h 9gh 100 11" 120 & 13" week)
M,F, 100 (Two splits viz., 5" & 13" week)

M,F, 100 (Three splits viz., 4", 5" & 11" week)

MF, 250 (Ten splits viz., 3, 40 5h @ g0 gh [oh 10 20 & 13" week)
M,F, 100 (Two splits viz., 5" & 13" week)

Farmers’ practice

(Control) 100 (One split viz., 13" week)

ments (Table 1) included three different sources of
organics and one no organic treatment with different
2 levels of LCC (LCC cv 3 and 4) and recommended
practice and farmers, practice of the region as check.
Furrows were opened at 20 cm row spacing with the
help of market and seeds were sown @ 100 kg ha™'.
In the entire treatments 20% N (basal) and entire P
were applied basally at sowing in the form of Di-am-
monium phosphate. Whereas K was applied basally
at sowing in the form muriate of potash in all the treat-
ments except farmers’ practice.

In case of in-situ green manuring with sunhemp
treatment sunhemp seeds @ 10 kg ha™' were mixed
with seeds of rice and were sown in all the rows.
Sunhemp plants were carefully uprooted at 35-50 days
after rice emergence (DARE) and were spread uni-
formly on the entire plot and incorporated into the
soil by passing plank when sufficient rain water ac-
cumulated in the field.

In case green leaf manuring with eupatorium,
eupatorium was collected in and around the station
and was applied @ 5 tha™ between 35-40 days after
rice emergence (DARE). Eupatorium plants were cut
into small pieces and buried in soil in between rows
by passing plank when sufficient rain water accumu-
lated in the field.

Layout of the field experiment

The field was divided into 52 plots of 16 m? size with

adequate drainage channels with clear demarcation
of boundary for the four replications. The treatments
were allotted to plots using Fisher’s random numbers
in each replication.

Application of organic manures
and fertilizers

There are three treatments involving various sources
of organic manures such as farm yard manure (FYM),
in-situ green manuring with sunhemp and green leaf
manuring with eupatorium applied on equal N basis.
These manures were analyzed for N, P and K con-
tents and the quantity of organic manures were cal-
culated and applied as per the treatments. For the
management of weeds three hand weeding was done
at 20,40 and 80 days after rice emergence (DARE).

Leaf color chart (LCC)
measurement

Monitoring of plant nitrogen status is important in
improving the balance between crop N demand and
N supply from soil and applied fertilizer [3]. As leaf N
content is closely related to photosynthetic rate [4]
and biomass production it is a sensitive indicator of
the dynamic changes in crop N demand within a short
season. The direct measurement of leaf N concentra-
tion by laboratory procedure is laborious, time con-
suming and costly. Such procedures have limited use
as a diagnostic tool for optimizing N topdressing be-
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Table 3. Growth and yield parameters of rainfed lowland rice as influenced by organic sources and LCC based N management
at harvest. F*—test at 5% refers to Factor I and Factor II without check, F**—test at 5% refers to interaction effect of

treatments with check.

Leaf area Dry matter
per m Leaf area production No. of grains Per cent
Treatments length (cm?) index (gm plant™) per panicle chaff

Factor I : Organics (M)
M, : Farm Yard Manure

(FYM) @ 10 t ha! 2488.5 a 0.93 a 33.53 111.4 19.5
M, : Sunhemp @ 10 kg

seeds ha™' 2533.0 a 0.96 a 34.38 120.0 19.0
M, : Eupatorium @ 5

t ha™! 2550.1 a 0.92 ab 33.43 115.2 21.4
M, : No organics 1977.0 b 0.78 33.20 104.1 21.1
Farmers’ practice (FP) 1672.2 b 0.61 c 31.78 110.0 19.0
F*-test S NS NS NS NS
II Factor : Nitrogen management (F)
F, LCC 3 2871.8 a 1.13 a 38.14 a 132.7 a 17.1 c
F, LCC 4 2210.3 b 0.76 b 2935 ¢ 101.8 b 22.9 a
F, Recommended

practice (RP) 2179.0 0.80 32.64 b 103.5 b 20.8 b
Farmers’ practice (FP) 1672.2 ¢ 0.61 c 31.78 ©bc 110.0 b 19.0 bc
F* - test S S S S S
Treatment combinations (MxF) and C
MF, 3118.0 a 1.22 a 38.88 ab 127.1 a-c 16.7 d
MF, 2212.6 be 0.86 be 30.44  de 107.8 «cd 19.8 cd
MF, 2314.8 be 0.71 b-d 31.36  c-e 99.3 cd 22.1 be
M,F, 3149.5 a 1.23 a 42.82 a 144.4 a 16.3 d
M,F, 2296.7 be 0.88 be 27.61 e 111.8 «cd 18.3 cd
M,F, 2152.8 be 0.76 b-d 32.59 b-e 103.7 «od 22.2 be
M.F, 3158.4 a 1.27 a 37.55 a-c 140.7 ab 17.0
M.F, 1930.3 be 0.58 d 27.56 e 92.0 d 28.7 a
M.F, 2561.6 ab 0.90 b 35.20 bd 113.0 bd 18.5 cd
M,F, 2061.5 be 0.81 b-d 33.41 b-e 118.6 a-d 18.3 cd
M,F, 2002.7 be 0.70 b-d 31.79 c-e 95.5 d 24.9 ab
M,F, 1866.8 be 0.83 b-d 31.40 c-e 98.2 cd 20.2 cd
Farmers’ practice
(Control) 1672.2 ¢ 0.61 cd 31.78 c-e 110.0 «cd 19.0 cd
F**—test (MXF)
and C S S S S

cause of the extensive time delay between sampling
and obtaining results [5]. The leaf color chart (LCC) is
an easy-to-use and inexpensive diagnostic tool for
monitoring the relative greenness of a rice leaf as an
indicator of the plant N status. Inexpensive leaf color
chart (LCC) has proved quick and reliable tool to de-
cide the time of when fertilizer needs to be applied to
the crop. The use of LCC will really help the farmers in
deciding the right time N fertilization thereby increas-

ing the productivity and profitability of direct seeded
rice and reduction in loss of nitrogen fertilizer.

The LCC was developed from a Japanese proto-
type by the Crop and Resource Management Net-
work (CREMNET) at IRRI and the Philippine Rice
Research Institute, Philippines (Phil Rice) for the pur-
pose of measuring the required quantity of nitrogen
to be applied in the rice fields.
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Table 4. Yield, harvest index, nitrogen use efficiency (NUE), agronomic efficiency and B : C ratio rainfed lowland rice as
influenced by organic sources and LCC based N management at harvest. F*—test at 5% refers to Factor I and Factor II without
check, F**—test at 5% refers to interaction effect of treatments with check.

Harvest
Grain yield Straw yield index
Treatments (t ha™") (t ha™") (%) NUE (%) B:C ratio

Factor I : Organics (M)
M, : Farm Yard Manure

(FYM) @ 10 t ha! 3.30 6.23 ab 34.8 ab 27.1 c 0.61 c
M, : Sunhemp @ 10 kg

seeds ha™! 3.22 6.02 b 35.1 ab 36.1 a 1.04 a
M, : Eupatorium @ 5

t ha™! 3.15 7.05 a 31.5 be 31.1 0.98 a
M, : No organics 3.05 7.10 a 30.2 c 25.5 c 1.02 a
Farmers’ practice (FP) 3.22 5.56 c 37.2 a 32.2 b 0.84 b
F*-test NS S S S S
F : LCC3 3.62 a 6.21 ab 37.3 a 44.4 a 1.16 a
F, : LCC4 2.68 c 7.01 a 28.3 [ 13.3 c 0.62 d
F, : Recommended

practice (RP) 3.21 b 6.57 a 33.0 32.2 b 0.96 b
Farmers’ practice (FP) 3.22 b 5.56 b 37.2 a 32.2 b 0.81 c
F* - test S NS S S S
MF, 3.64 a-c 5.56 c 39.8 ab 33.1 c 0.71 c-e
MF, 2.86 d-f  6.25 bc 31.5 c-e 14.3 ef 0.40 f
M F, 3.38 a-d  6.87 bc 33.2 b-e 33.9 c 0.73 c-e
M,F, 3.86 a 5.56 c 40.9 a 64.3 a 1.41 a
M,F, 3.14 c-f 5.97 bc 35.3 a-d 17.3 e 0.89 c
M,F, 2.65 e-g  6.53 bc 29.0 de 26.5 d 0.82 cd
MF, 3.81 ab 6.33 bc 37.6 a-c 47.6 b 1.30 ab
M,F, 2.14 g 8.78 a 19.7 f 10.7 f 0.55 ef
M,F, 3.51 a-c 6.03 bc 37.2 a-c 35.1 c 1.10 b
M,F, 3.26 a-d  7.42 ab 30.9 c-e 32.6 c 1.22 b
M,F, 2.58 fg 7.03 bc 26.9 e 10.9 f 0.64 de
M,F, 3.30 a-d  6.86 bc 32.7 b-e 33.0 c 1.20 b
Farmers’ practice (Control) 3.22 b-e 5.56 c 37.2 a-c 32.2 C 0.81 cd
F**—test (MXF) and C S S S S S

The leaf color chart (LCC) is an innovative cost
effective tool for real-time or crop-need-based N man-
agement in Rice. LCC is a visual and subjective indi-
cator of plant nitrogen deficiency and is an inexpen-
sive, easy to use and simple alternative to chloro-
phyll meter / SPAD meter (soil plant analysis devel-
opment). It measures leaf color intensity that is re-
lated to leaf N status. LCC is an ideal tool to optimize
N use in rice irrespective of the source of N applied,
viz., organic manures, green manures biologically
fixed N, or chemical fertilizers. Thus, it is an eco-
friendly tool in the hands of farmers.

LCC is made of high quality plastic material [6, 7].

It consists of six green color shades ranging from
light yellowish green (No. 1) to dark green (No. 6).
The color strips are fabricated with veins resembling
those of rice leaves.

LCC readings were taken at weekly intervals from
21 DARE until the first flower appeared. Youngest
fully expanded leaf of a plant was selected at random
for each plot. The color of the index leaf (fully opened
third leaf from top upto panicle emergence and boot
leaf after panicle emergence) of selected plants was
compared with the color strips of the chart. Leaf color
was observed by keeping the sun blocked by body
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Table 5. Effect of crop seed based N management on lodging
of rice plants at grain filling stage.

Score
Treatments Score for
combina- for extent Lodging
tions no. of of index
M x F) plants plants (No. x
and C lodged lodged Extent)
MF, 6.38 7.75 49.4
MF, 8.50 8.00 38.0
M F, 7.75 7.00 54.3
M,F, 6.88 6.50 44.7
M,F, 8.50 7.50 63.8
M,F, 7.50 6.63 49.7
M,F, 7.01 6.33 44.4
M,F, 8.63 9.00 77.7
M,F, 7.17 6.33 45.4
M,F, 8.13 7.63 62.0
M,F, 9.00 9.17 82.5
M,F, 8.50 6.50 55.3
Farmers’
practice
(Control) 6.25 6.00 37.5

as sun light affects leaf color reading in morning time.
Average of 20 LCC readings of four replications were
calculated and when the average leaf color reading
fall below the set critical value the N fertilizer was top
dressed immediately to correct the N deficiency. The
amount of N fertilizer applied at different growth stages
is given in Table 2.

Biometrical observations : Five plants were selected
at random at each stage for recording biometric ob-
servations.

Leaf area per meter length :

Leaf area per meter length = Leaf area
per tiller x Total number of tillers per
meter length

The average leaf area at five places
in net plot was worked out

Number of grains per panicle : All the spikelets were
removed from the panicles and numbers of filled grains
were counted for five different panicles and their mean
was taken as number of filled grains per panicle.

Per cent chaff : The chaff grains per panicle and total

number of grains (spikelets) per panicle were counted
and per cent chaff was worked out with the formula:

Number of chaffy
seeds per panicle

Percent chaff = x 100

Total number of seeds
per panicle

Grain and straw yield : Grain and straw yields were
recorded separately for each net plot area and ex-
pressed at 14% moisture level using the formula of
Yoshida et al. [8].

Harvest index : The harvest index was worked out
using grain and straw yields with the help of formula
given by Donald [9].

Grain yield

Harvest index = x 100

Grain+Straw yield

Lodging index : Lodging index was worked out us-
ing the formula:

Lodging index = Score for no. of plants lodged (N) x Score
for extent of lodging (E)

Score : 0—10

Where 0 = no lodging
10 = 100% of plants lodged / lodged plants completely touch-
ing the ground.

Statistical analysis : The data collected from the ex-
periment was subjected to statistical analysis as de-
scribed by Gomez and Gomez [10]. The mean values
were separately subjected to Duncan’s Multiple Range
Test (DMRT) at 5% probability under MSTAT-C
program.

Results and Discussion

Effect on growth attributes

Leaf area and LAI

Significant differences were observed in leaf area per
meter row length and LAI among different organic

sources. Sunhemp green manuring recorded the high-
est leaf area per meter row length and LAT (2533.0 cm?



and 0.96) respectively whereas the farmers, practice
recorded the lowest value (1672.2 cm? and 0.61) (Table
3). In case of N management, N management at LCC 3
(2871.8 cm?and 1.13) recorded the higher leaf area per
meter row length and LAI respectively than com-
pared to other N management practices. Variation
due to the effect of treatment combinations was sig-
nificant. Significantly higher leaf area per meter row
length and LAI were observed with MF i.e., eupato-
rium green manuring at LCC threshold value of 3 ni-
trogen management (3158.4 cm? and 1.27), M,F, i.e.,
in-situ green manuring with sunhemp at LCC thresh-
old value of 3 nitrogen management (3149.5 cm? and
1.23)and M F, i.e., application of FYM at LCC thresh-
old value of 3 nitrogen management (3118.0 cm? and
1.22) respectively [11, 12].

Effect on yield and
vield attributes

Organics did not differ significantly with respect to
yield and yield attributes like filled grains per panicle,
per cent chaff and grain yield. In spite of favorable
effect of organics on growth components, the advan-
tage was not noticed on grain yield. This might be
due to lack of response of organics alone on yield
components like filled grains per panicle. This indi-
cates that effect of organics can be noticed only by
continuous use of organics in fixed site, which is likely
to create fertility gradient compared to the plots with-
out organics and is expected to give enhanced pro-
ductivity [13, 14].

Nitrogen management at LCC 3 recorded signifi-
cantly higher filled grains per panicle (132.7) and lower
per cent chaff (17.1%) than N management at LCC 4,
recommended practice and farmers’ practice (Table 3)
and thus resulted in higher grain yield. The increase
in grain yield was to the extent of 26.4, 11.8 and 11.9%
than N management at LCC 4, recommended practice
and farmers’ practice respectively (Table 4). This
may be attributed to increased yield attributes like
filled grains per panicle and lower per cent chaff and
growth parameters like leaf area and dry matter pro-
duction. These results are in conformity with the find-
ings of recommendation of [6, 15—17]. While the straw
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yield was significantly higher at LCC 4 which could
be attributed to their favorable influence on vegeta-
tive growth rather than on grain yield. However, it
was on par with N-management at LCC 3. The same
treatment recorded the highest harvest index (37.3%)
than others.

Among the treatment combinations, green ma-
nuring with sunhemp at LCC 3i.e. M,F, gave signifi-
cantly higher grain yield than other combinations and
check (17 and 20%) increase over 100% recommended
practice without organics and farmers, practice re-
spectively. The harvest index (40.6%) was also re-
corded significantly higher in the same treatment.

Straw yield was higher with eupatorium green
leaf manuring (7.05 t ha™') followed by no organic
treatment (7.01 t ha™') and FYM application (6.23 t
ha™') than sunhemp green manuring and check (6.02
and 5.56 t h™") respectively. This could be due to the
restricted growth of rice till incorporation of sunhemp
[18, 19]. Among the treatment combinations, straw
yield was significantly higher in MJF, i.e., eupato-
rium green leaf manuring at LCC threshold value of 3
(8.78 t ha™') and lower straw yield was observed in
M F,, M,F, and Check (5.56 tha™).

o

Benefit cost ratio (B:C ratio)

The ultimate aim of any agricultural practice is to ob-
tain maximum return per rupee invested. This also
gives a clear idea about the optimum level of input
that could be recommended to obtain the maximum
profit. Green manuring with sunhemp and eupato-
rium and no organic treatment recorded higher B:C
ratio than FYM application and check. Among the N
management treatments, N management at LCC 3 re-
corded significantly higher B:C ratio (1.16) than oth-
ers. Whereas, N management at LCC 4 recorded sig-
nificantly lower B:C ratio (0.62) than all other treat-
ments.

Green manuring with sunhemp at LCC 3 i.e. M,F,
gave highest B:C ratio (1.41) than almost all other
treatment combinations and check. This might be due
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to lower cost of cultivation and number of splits of N
application. The lowest B:Cratio (0.40) was with M F .
Higher net returns with conjunctive use of green ma-
nures and inorganic N have also been reported earlier
[20—22].

Lodging index

The number of plants lodged, extent of lodging and
lodging index was more in treatment with N manage-
ment at LCC 4 compared to that at LCC 3 and recom-
mended practice. In presence of organics, N manage-
ment at LCC 3 recorded lower lodging than the rec-
ommended practice. M,F, recorded highest lodging
index (Table 5). This resulted in lower grain yield (2.58
t ha') N management at higher LCC values with
higher quality of N application resulted in excessive
vegetative growth and lodging and inturn reduced
yield. This could be due to increased N content which
makes the plant succulent and thus leads to lodging
[23].

Conclusion

From the above findings it is clear that for rainfed drill
sown Intan rice the LCC critical value of 3 is most
appropriate dose of N. Integration of locally available
organics i.e. green manures and inorganics fertilizers
and use of leaf color chart increases the nitrogen use
efficiency and helps in saving 20-40% of inorganic
fertilizers. Thus, this practice helps in enhancing the
productivity and profits compared to inorganic fertil-
izers and farmers, practice.
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