
202  

Additive intercropping with peanut relay-planted 
between different patterns of rice rows increases yield 
of red rice in aerobic irrigation system 
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INTRODUCTION

In Indonesia, rice plants on irrigated ricelands are normally 
cultivated under conventional techniques of  growing rice, 

water requirement is high due to the requirement for 

process prior to transplanting the rice seedlings until close 

(2017) reported that conventional techniques of  growing 
rice required irrigation water of  up to 20260 m3/ha, while 
dry seeded direct planting technique only required 4260 
m3

is low under the conventional technique, and rice 
productivity is also getting lower due to adverse effects 

is the main staple food in Indonesia, and according to the 

1, until 

which amount was even higher than the previous years. 

to import rice and sugar from India.2

production technologies that are more productive than 

import 2m tons of  rice this year. https://thejakartapost.

2 https://economictimes.indiatimes.com/news/economy/

cms?from=mdr

Rice yields under conventional techniques are very low without high doses of commercial fertilizer application, while intercropping with 

legumes can increase yields. This research aimed to examine the effect of relay-planting peanut between rice rows of different patterns on 

triple rows of red rice plants three weeks after seeding red rice on raised-beds. Results indicated that additive intercropping with peanut 

factors on dry straw weight and percentage of panicle number, which under single-row, they were low in monocropping but high and no 

of intercropping under single row pattern.
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to wasting irrigation water, are also less productive than 

is constantly low under the conventional techniques, and 
there is even a tendency of  getting lower from year to year 
if  intensive inorganic inputs are not applied. In addition, the 
conventional wetland systems are highly dependent on the 
applications of  inorganic fertilizers, especially N fertilizers. 

country reports from 10 countries, rice productivity in each 
country was a lot higher under SRI compared with under 

rice yield under the conventional technique was only 3.6 

is grown in monoculture in rice after rice areas, rice yields 

over the conventional systems. One of  the advantages 

intercropping with legume crops to maintain or increase 
soil fertility, especially in terms of  increasing nitrogen 

2

with Rhizobium

., 2010).

growing together with those rice plants resulted in higher 

the rice plants in monocrop (Wangiyana et al.

. (2004), the rice plants in intercropping with 

spikelet per plant and 1000 seed weight compared with 
those in monocropped rice. Dulur et al. (2016) also reported 

under conventional technique. Inal et al. (2007) reported 

or peanut. In addition, sweetcorn plants intercropped 
with peanut were much greener and resulted in higher dry 

higher anthocyanin concentration in the grains in addition to 
higher grain yield of  upland red rice genotypes (Wangiyana 
et al., 2021a).

additive intercropping of  red rice plants with peanut plants 

effect of  different row patterns of  the red rice plants, and 
their interactions, on growth and yield components of  an 

MATERIAL AND METHODS

Treatments and design

treatment factors i.e. additive intercropping of  red rice with 

. 

rows of  red rice plants.
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Implementation of the experiment

.

reported in Dulur et al.

supplied with a spread of  rice husk ash and cattle manure 
2. 

Observation variables and data analysis

 1

RESULTS AND DISCUSSION

 2 
and 
intercropping with peanut (  2) were much 
greener than those in monocrop (  3).

red rice compared with different patterns of  rows of  the 

 1).

effects of  additive intercropping of  red rice plants with 
peanut plants on plant height of  the red rice at anthesis, 

although there were slight increases in the mean values of  

intercropped than in monocropped rice plants (  2). 

.

grain yield. From 

versus 22.61 panicles per 

higher in the intercropped than in monocropped rice 
versus

the intercropped rice plants (  3). When correlation 

p-value

 4), 
which indicates that the intercropping treatments affected 
grain yield of  the red rice plants differently.

 4, the levels 
of  grain yield per clump on the monocropped red rice 

Tabel 1: Summary of ANOVA results for plant height at 

anthesis, clump size (stem number per clump), dry straw 

100 grains, and harvest index

No. Observation 

variables

Intercropping Row 

pattern

Interaction

1 Plant height at 

anthesis

ns ns ns

2 Stem number per 

clump (clump size)

* ns ns

3 Dry straw weight 

(g/clump)

** ** **

4 Filled panicle 

number per clump

* ns ns

5 Average panicle 

length

* ns ns

6 %-Panicle number ns * *

7 Total biomass * ns ns

8 Filled grain 

number per clump

* ns ns

9

number

* ns ns

10 Dry grain yield  

(g/clump)

* ns ns

11 Weight of 100 

grains (g)

ns * ns

12 Harvest index (%) * ns ns

 p-value <0.05 and 



Wangiyana, et al.

Table

length, and percentage of panicle number per clump between intercropping and between row pattern treatments

Treatments Plant 

height (cm)

Stem number 

per clump

Dry straw 

(g/clump)

Panicle number 

per clump

Panicle 

length (cm)

%-Panicle 

number

T0: monocrop 93.09 a 23.28 b 30.37 b 22.61 b 18.37 b 97.07 a1)

T1: intercrop 98.72 a 29.28 a 39.83 a 29.06 a 19.49 a 99.25a

 HSD 0.05 22.63 2.71 1.46 3.45 0.86 6.06

P1:Single row 95.87 a 26.50 a 32.57 b 25.67 a 18.53 a 96.53 b

P2:Double row 95.88 a 25.50 a 35.29 a 25.25 a 19.25 a 98.96 a

P3:Triple row 95.97 a 26.83 a 37.44 a 26.58 a 19.02 a 99.00 a

HSD 0.05 10.12 2.37 2.67 2.43 1.35 1.98

 

Photograph 1.

at 3 weeks after seeding rice.

Photograph 3. Performance of red rice plants at 7 weeks after seeding (prior to Urea fertilization) on the raised-beds without intercropping with 

peanut (monocropped rice).

Photograph 2. Performance of red rice plants at 7 weeks after seeding (prior to Urea fertilization) on the raised-beds intercropped with peanut.
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monocropped red rice plants. In contrast, the average 

It is then logical that grain yield is more correlated with 
rates of  partition of  photosynthates (in addition to high 

2

 4). 

One of  the indicators of  photosynthetic capacity of  rice 

chlorophyll content in the leaves. In a quick way, higher 

chlorophyll meter reading or higher value of  the green color 
of  the rice leaves detected using leaf  color chart

(IRRI), which is normally used to determine if  additional 
nitrogen fertilization is needed during anthesis or panicle 
initiation stage (Singh et al. ., 2014). 

plants intercropped with peanuts were greener in their 

3 in monocropped rice plants, while for rice leaves in the 

(Fig. 1), indicating higher levels of  N in the leaves of  the 
intercropped than in those of  the monocropped rice plants.

at anthesis (  2) with greener leaves of  the red rice 
plants in intercropping than those in monocropping system 
(Fig. 1
of  the rice plants in intercropping than in monocropping 

Fig.1) indicate 
higher N content of  the leaves of  the intercropped than 
monocropped rice plants (Singh et al.
et al.
the rice leaves is related to higher leaf  photosynthetic rates 
(Hirasawa et al. .

on rice plants in intercropping with peanut than on those in 

rice plants in intercropping than in monocropping system, 
versus 36.77 g/clump ( . (2004) 

also reported that rice plants grown in intercropping with 
peanuts showed higher leaf  N concentration and values 

meter reading compared with those grown in monocrop, 

Table

weight of 100 grains, and harvest index between intercropping and between row pattern treatments

Treatments Total biomass 

(g/clump)

Filled grain 

number per clump grain number

Grain yield 

(g/clump)

Weight of 100 

grains (g)

Harvest 

index (%)

T0: monocrop 67.14 b 1475.22 b 13.21 a 36.77 b 2.49 a 54.71 b1)

T1: intercrop 109.31 a 2763.56 a 4.48 b 69.48 a 2.51 a 63.43 a

HSD 0.05 18.55 691.96 5.52 18.00 0.07 7.39

P1:Single row 85.10 a 2157.00 a 9.25 a 52.53 a 2.44 b 60.70 a

P2:Double row 86.08 a 2052.17 a 9.02 a 50.79 a 2.46 b 57.50 a

P3:Triple row 93.48 a 2149.00 a 8.29 a 56.05 a 2.60 a 59.02 a

HSD 0.05 9.93 321.49 4.95 10.00 0.12 4.86

1)

Table 4: Results of correlation analysis between grain yield per clump as the Y variable and rice yield components as the X 

Intercrop-ping 

treat-ment

Grain 

yield (Y)

Clump 

size

Panicle number 

per clump

Dry straw 

weight

%-panicle 

number

Panicle 

length (cm)

Filled grain 

number grains

Harvest 

index

Overall rXY 0.881 0.891 0.857 0.550 0.577 0.989 -0.922 0.919

p-value 0.000 0.000 0.000 0.018 0.012 0.000 0.000 0.000

R2 0.776 0.794 0.734 0.303 0.333 0.978 0.850 0.845

Monocrop rXY 0.664 0.696 0.623 0.426 -0.279 0.976 -0.723 0.481

p-value 0.051 0.037 0.073 0.253 0.467 0.000 0.028 0.190

R2 0.441 0.484 0.388 0.181 0.078 0.953 0.523 0.231

Intercrop rXY -0.091 -0.036 -0.470 0.229 0.369 0.858 -0.634 0.986

p-value 0.816 0.926 0.201 0.554 0.328 0.003 0.067 0.000

R2 0.008 0.001 0.221 0.052 0.136 0.736 0.402 0.972
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and they found higher grain yield of  rice in intercropping 
with peanuts than in monocrop. Intercropping with 

2021a).

with peanuts compared with in monocropped rice, 
. 

(2004), was resulted from transfer of  N from peanut 

Fujita et al.

matter production of  the intercropped sorghum plants, and 
the rates of  N transfer was higher as the planting distance 

higher N content of  the rice plants in the intercropping 
due to greener leaf  color (Fig. 1) compared with those 

adjacent rice plants, especially under the single row pattern, 

of  N compounds (in the forms of  NO
3
 and NH

2
+ ions and 

intercropping than in that of  monocropped rice or peanut 

intercropping than in monocroping system measured using 

from rhizosphere of  peanut to rice. 

plants intercropped with peanut than in the monocropped 

also showed a higher chlorophyll content in leaves of  rice 
plants intercropped with peanut than in the monocropped 

 3 could also mean 
higher assimilate partition to developing spikelets in the rice 
plants intercropped with peanut than in monocropped rice, 

higher in intercropped than monocropped rice. 

yield per clump and yield components of  the rice plants 
in this study (  4), the strongest correlation in which 
the R2

2

2

2

clump, grain yield per clump was stronger related to higher 

plants intercropped with peanut compared with those in 
the monocropped rice plants (  3). 

developing seeds of  the red rice plants, which resulted in 

resulted from higher N content in the leaves of  the red rice 
plants in intercropping with peanuts than in monocropped 

Fig. 1). 

leaves at anthesis supports higher leaf  photosynthetic rates 
.

et al., 2011). 

Fig 1. Measurement of the rice leaf color using the IRRI leaf color chart

DCA
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In relation to the effects of  the patterns of  rice rows, most 

 2), and 
 3), which were the lowest 

on rice plants in the single row pattern and highest on 

 1). When the 
mean values are plotted over the treatment factors, it can 

Fig. 2 and Fig. 3 that the lowest averages of  

monocropped rice, while in the intercropped rice, they were 

with peanut had higher rates of  dry matter production than 
those in the monocropping system. 

the treatment factors, although the interaction effects 

from Fig. 4 and Fig

only in the monocropped rice plants, while those in 
intercropping with peanut, there are no significant 

is clear that the red rice plants in the single row pattern 

peanut rows were the closest in the single row than in 

.

to sorghum, which was highest in the closest planting 

intercropping systems.

Fig 2. Average (Mean  SE) dry straw weight (g/clump) of red rice for 

each combination of intercropping and patterns of rice rows.

Fig 4. Average (Mean  SE) grain yield (g/clump) of red rice for each 

combination of intercropping and patterns of rice rows.

Fig 3. Average (Mean  SE) percentage of panicle number (%) of red 

rice for each combination of intercropping and patterns of rice rows.

Fig 5. Average (Mean  SE) total biomass (g/clump) or red rice for each 

combination of intercropping and patterns of rice rows.
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atmospheric N
2

crops, then additive intercropping with peanut plants 

crops or weeds having high potentials of  harvesting the 
atmospheric N

2

to the soil or adjacent crops in intercropping systems 
in order to improve soil fertility or to reduce the use of  
commercial N fertilizers. 

CONCLUSION

especially under single row pattern. However, when the 
red rice plants were grown under monocropping system, 
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