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Evaluation of Cultivar Interplainting Ratio on the Productivity of Rice/rice System
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Abstract: A field study was conducted in Calabar, Southeastern forest belt of Nigeria during the cropping
seasons of 2006 and 2007, to evaluate the effect of various cultivar ratios on the growth and yield of
interplanted lowland rice cultivars. Two lowland rice cultivars viz Muduga (a traditional, late-maturing and
lodging susceptible cultivar), and FARO 15(an improved, semi- dwarf, mid-maturing variety) were used
for the study. The experimental design was randomized complete block with three replications. Treatments
were sole Muduga, sole FARO15, Muduga+ FARO15 in 1:4 ratio, Muduga + FARO15 in 2:3 ratio,
Muduga + FARO15 in 3:2 ratio and Muduga + FARO15 in 4:1 ratio. Results indicated that increasing
the proportion of one genotype over the other had the general effect of making it dominant in terms of
plant height, tillering ability and grain yield. The mixture's ability to suppress weeds was directly related
to the proportion of Muduga, whereas the higher the proportion of FARO15 in the mixture, the greater
the reduction in lodging. Yield advantages from cultivar mixtures were attributable to the synergy of a
meaningful reduction in weed incidence and significant reduction in plant lodging. On the basis of
combined grain yield, the best crop combination were at the ratios of 1:4, 2:3, 3:2 and 4:1 Muduga to
FARO15, in that order.
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INTRODUCTION

Cultivar mixtures refer to mixtures of cultivated
varieties growing simultaneously on the same piece of
land with no attempt to breed for phenotypic
uniformity[11]. They vary for many characteristics
including disease resistance, but have sufficient
similarity to be grown together. Intra-specific mixtures,
which may be composed of cultivars of the same
species, “multi-lines” which are mixtures of genetically
uniform lines of a crop species differing only in a
specific disease or pest resistance,[3] or bulk hybrids,
have been proposed as a means of increasing crop
heterogeneity, thereby giving the crop a greater
capacity to adjust to the many and varied stresses that
can occur, and ultimately leading to higher yields than
pure-line monocrops.

The use of cultivar mixtures is practical and can
easily be implemented by resource - poor farmers who
only need to mix existing cultivars with variable
agronomic traits and performance. It also offers
opportunities for on-farm conservation of genetic
resources by allowing farmers grow traditional
cultivars.

Although the usefulness of mixtures, whether
multiline or cultivar mixtures, for disease management
has been well demonstrated in cereals[10,12,14], they have

also been used for objectives other than disease control.
Bowden et. al.,[2] listed three advantages cultivar
mixtures can provide; stabilization of yield,
compensation effects (a strong variety compensates for
a weak or injured variety) and disease control. Disease
control may help to achieve the other two goals, but
there also can be a direct effect on yield stabilization
and compensation. 

The practical adoption of cultivar mixtures by
farmers could be challenging because of the potential
agronomic implications. A potentially important
agronomic disadvantage of mixtures is the loss of the
opportunity to adjust management practices to the
specific requirements of each cultivar (e.g. plant
density, planting date, fertilization, etc.) and
experimentation with simple mixtures can be very
helpful in this regards. 

The objective of this study was to determine the
best proportion of mixing traditional and improved rice
varieties in a rice/rice Interplanting system.

MATERIALS AND METHODS

Field studies were conducted in 2006 and 2007 at
the University of Calabar, Southeastern Nigeria
between the months of May and September each year.
Land preparation was manual. Stumps were uprooted 
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and bunds 30cm high x 30cm wide at the base
constructed by raising the soil around the plot. The
field was divided into 3 blocks, each with six
experimental units of 5m x 5m, separated by 1.0m
wide paths. Each block was separated from each other
by 1.0m paths. Two lowland rice varieties (FARO 15
and Muduga) were raised in ground bed nursery on
May 6, 2006 and 2007, and 30 day-old seedlings
transplanted, two seedlings per hill and at 20cm x
20cm spacing to give a plant population of 500,000
plants per hectare. The experimental design was
randomized complete block with three replications.
Treatments comprised planting;
Sole FARO 15
(ii)   Sole Muduga 
FARO 15 + Muduga in 1:4 ratio
FARO 15 + Muduga in 2:3 ratio
FARO 15 + Muduga in 3:2 ratio
FARO 15 + Muduga in 4:1 ratio

All treatments received basal dressings of
80kgN/ha, 40kg K2O/ha and 40kg P205/ha as urea,
muriate of potash and single superphosphate,
respectively. N was split applied, at transplanting and
at panicle initiation stage, while P and K were worked
into the soil during land preparation, one week before
transplanting. Weed control was by hand pulling and
hoeing at 4- and 8- WAT. Birds were scarred away by
“scare crows” and “bird boys” beginning from
flowering stage. Data collected included plant height,
percent lodging, total tiller (no.), productive tiller (no.),
days to 50% heading, number of grains per panicle,
weight of 1000 grains, weed density, weed dry weight
and grain yield. Data obtained were statistically
analyzed using the procedures of Genstat Discovery
edition 1[8] for randomized complete block design while
land equivalent ratio was calculated using the formulae
of Fisher (1977).

Results:
Effect on Growth Attributes and Days to 50%
Heading:    
Effect on Muduga: All cases of Interplanting except
the 1:4 muduga to FARO15 ratio gave significantly
taller plants compared to the Muduga monocrop in both
2006 and 2007 (Table 1). Total tiller production
increased with increasing proportion of Muduga in the
mixture and indeed a significantly higher number of
tillers were produced with the 4:1 Muduga to FARO15
ratio, compared with other ratios studied. Productive
tiller number did not differ between the various
planting ratios in 2006 but the higher ratio of 4:1
Muduga to FARO15 gave significantly more tillers than
other ratios studied (Table 1). 

Monocropped Muduga outperformed all mixture
ratios in 2006 but was not better than 4:1 Muduga to
FARO15 the following season. Heading tended to be

delayed with increasing proportion of FARO15 in the
mixture but whereas the difference was not significant
in 2006, plants cultivated in the 4:1 Muduga to
FARO15 mixture headed about two weeks earlier than
the replacement mixture of 1:4.

Effect on FARO 15: In general, Interplanting two rice
varieties resulted in significantly taller plants compared
with the monocrop although the difference between this
and 4:1 Muduga to FARO ratio was not significant, in
both years (Table 1). The number of productive tillers
borne per plant was not influenced by the various
ratios studied although this tended to increase with
increasing FARO15 component in the mixture. The
number of days to 50% heading ranged from 93.7 to
97.4 in 2006, and 97.7 to 109.7 in 2007, while values
for the sole crop were 92.3 and 86.1, respectively
(Table1). It was only in 2007 that heading was
significantly delayed when the 1:4 ratios was compared
with the reverse ratio of 4:1 Muduga to FARO 15.

Effect on Plant Logding and Weed Incidence: The
percentage number of FARO15 plants that toppled over
increased from 0.86 for the sole crop to 5.6 for the 1:4
Muduga to FARO15 ratio in 2006 (Table2) while the
corresponding increase the following year was from
1.22 to 4.57. In both planting seasons, increasing the
proportion of FARO15 in the mixture reduced lodging
of this variety. On the contrary, monocropped muduga
lodged significantly more than the various mixture
proportions studied, averaging  62.69% and 66.4% in
2006 and 2007, respectively (Table 2). A comparison
of the different cultivar mixture proportions reveal that
lodging of Muduga grown with FARO 15 in the ratios
1:4, 2:3 and 3:2 did not differ from each other
although lodging was reduced by 21.5% and 22.5%
where the preferred proportion of muduga to FARO15
was 1:4, rather than either 2:3 or 3:2, respectively.
Weed density and dry weight were generally higher in
rice cultivar mixtures than the sole muduga crop while
the reverse was true with FARO15 (Table 2).
Increasing the proportion of muduga in the mixture
generally reduced weed incidence. 

Effect on Grain Yield and Yield Components: The
composition of the cultivar mixture neither affected
grain number per panicle nor weight of 1000 grains of
muduga in both 2006 and 2007 (Table 3). In FARO15
however, the sole crop as well as other mixture
proportions gave significantly more grains per panicle
than 1:4 Muduga to FARO15 ratio, in 2006.In the
following year, although the 1:4 ratio also gave the
least number of grains per panicle, it was only
significantly less than the 4:1 ratio and the sole crop.
As with muduga, the 1000 grain weight of FARO15
was not affected by cultivar ratio. 
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The mean yield of grain (t/ha) of Muduga pooled
over both cropping seasons was, respectively 2.78,
2.48, 2.27 and 0.92t/ha for the Muduga to FARO15
ratios of 1:4, 2:3, 3:2 and 4:1, while that of the sole
crop was 0.80t/ha (Table 3). All cultivar proportions
except 4:1 muduga to FARO15 gave significantly
higher yield than the sole crop. Indeed, although the
yield difference between the 4:1 muduga to FARO15
ratio and sole muduga was not significant, the former
yielded 16.2% and 13% higher than the later in 2006
and 2007, respectively. The yield of  FARO 15 when

grown in the 4:1 muduga to FARO15 ratio was at par
with that of the sole crop in both cropping seasons and
also significantly higher than other treatments. Growing
this mixture in the 1:4 ratios consistently gave the
lowest grain yield of FARO15. All rice cultivar
mixture proportions gave land equivalent ratios (LER)
greater than unity (Table 4), the least and  highest
being the 1:4 and 4:1 FARO15 to muduga ratios,
respectively (Table 4).

Table 1: Effect of cultivar interplanting ratio on growth characteristics and days to 50% heading of FARO15 and Muduga rice cultivars.
Cultivar Plant height(cm) Total tiller(no./plant) Productive tillers(no./plant) Days to 50% heading(no.)
Combination ----------------------- ------------------------- ---------------------------------- ------------------------------------------
Muduga:FARO15
2006 Muduga FARO15 Muduga FARO15 Muduga  FARO15 Muduga  FARO15
1:4 132. 7  86.7 9. 5 11. 3 6. 09 11.40 125. 0 96. 8
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2:3 144. 3 113.0 12. 8  16. 5 6. 54 12.55 120. 7  97.4
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3:2 140. 3 107.8 13. 3 18. 9 6. 59 12.59 122.7 93. 7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4:1 139. 0  99.6 17. 6 19. 8 6. 59 12.94 119.0 94. 0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sole Muduga 130. 7   -       16. 2  - 7. 95 -    117. 7  -
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sole FARO15 - 97. 8 - 22. 7  - 13.23 -  92. 3   
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (0.05) 4. 09 8.53 2. 29  4. 0 1. 16  ns ns ns
2007
1:4 136. 9  88.9 9. 7 10. 3 6. 07 12.77 128. 0 109. 7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2:3 144. 9 116.8 11. 3 14. 9 6. 60 11. 0 126. 9 105.3
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3:2 146. 2      15.9 11. 8     18. 1 6. 63      11.50 118. 9  99. 8
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4:1 142. 3 108.4 16. 3 19. 1 7. 37 12.87 113.8 97. 7
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sole Muduga 131. 9 - 13. 5 - 7. 40 - 110.4 -
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sole FARO15 - 103.2 - 19. 5 - 13.60 - 86. 1
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD(0.05) 10.69  8.65 1. 79 3.87 0. 46 ns 10. 92 11.5

Table 2: Effect of cultivar interplanting ratio on percentlodging, weed density and weed dry weight 
Cultivar Lodging (%) Weed Density (no./m2) Weed dry Weight (g/m2)
Combination -------------------------------- --------------------------------- ------------------------------------------
Muduga:   FARO15
2006 Muduga FARO15 Muduga FARO15 Muduga FARO15
1:4 26.2 5.60 134.3 129.7 49.57 36. 30
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2:3 29.5  2.72 128.7 134.0 38.07 39.40
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3:2 28.4 1.84 115.0 140.0 38.37 38.10
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4:1 48.2 1.60 114.0 148.7 35.73 56.30
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sole Muduga 62.6  - 110.7 - 33.43 -
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sole FARO15 - 0.86 - 155.3 - 59.50
LSD (0.05) 9.87 0.98 8.78 10.93 7.31 11.96
2007
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Table 2: Continue.
1:4 22.6 4.57 124.2 124.0 68.40 33.80
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2:3 29.8 3.27 122.2 132.9 57.57 36.50
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3:2 31.4 2.90 120.6 137.6 56.0 36.30
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4:1 52.8 2.63 115.2 141.8 50.80 44.0
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sole Muduga 66.4 - 113.9 - 48.50 -
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sole FARO15 - 1.22 - 146.7 - 49.70
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD(0.05) 28.39 0.43 12.75 3.86 12.66 6.77

Table 3: Effect of cultivar interplanting ratio on grain yield and yield components of FARO15 and Muduga cultivars
Cultivar Grains/panicle (no.) 1000 grain-weight (g) Grain yield (t/ha)
Combination ------------------------------- ------------------------------- ------------------------------------------
Muduga: FARO15
2006 Muduga FARO15 Muduga FARO15 Muduga FARO15
1:4 106.4 100.8 22.3 24.5 2.79 0.99
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2:3 104.1 111.7 21.6 24.7 2.43 2.43
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3:2 105.3 116.8 22.0 25.0 2.25 2.86
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4:1 98.6 120.1 21.5 24.8 0.79 4.06
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sole Muduga 104.9 - 22.4 - 0.68 -
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sole FARO15 - 122.9 - 24.9    - 4.12
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD (0.05) ns 9.35 ns ns 0.50 0.92
2007
1:4 108.6 114.7 22.8 24.7 2.76 1.09
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2:3 105.1 119.6 22.4 24.8 2.53 2.47
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3:2 108.5 122.5 22.2 24.9 2.83 2.88
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4:1 112.1 128.3 22.3 24.9 1.04 4.02
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sole Muduga 113.7 - 22.6 - 0.92 -
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sole FARO15 - 136.4 - 24.9 - 4.19
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD(0.05) Ns 9.33 ns ns 0.60 0.50

Table 4: Effect of cultivar interplanting ratio on land equivalent ratio (LER)
Cultivar combination   FARO15 Muduga      Total LER   Mean 

-------------------------- ------------------------------ ----------------------------
FARO15:   Muduga 2006 2007 2006 2007 2006 2007
1:4 0.25 0.22 1.19 1.10 1.44 1.32 1.38
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2:3 0.60  0.56 3.23 2.46 3.83 3.02 3.43
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3:2 0.69 0.79 3.50 2.76 4.19 3.55 3.87
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4:1 1.05 0.99 4.02 3.0 5.06 3.99 4.53

Discussion: Interplanting two rice cultivars in varying
proportions resulted generally in taller plants compared
with the sole crop because of intra-specific competition
for growth resources, especially solar radiation and
space[9]. Because tall plants suppress weed growth,

increasing the proportion of muduga in the mixture
tended to reduced weed density and biomass. There is,
therefore the potential for manipulating mixture
proportions for effective weed management.
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Although lodging in FARO15 was negligible, sole
muduga lodged severely and is the reason why it is
now unattractive to farmers. All mixture proportions
studied were superior to the sole crop in terms of
tolerance to lodging, the most effective proportions
being the Interplanting of FARO15 and muduga in 1.4,
2:3 and 3:2, in that order. Thus, increasing the
proportion of the short-statured FARO15 in the mixture
decreased lodging of muduga by providing physical
support to the taller muduga which is in agreement
with the observation of Castilla et al.,[4] that a form of
facilitation observed in rice cultivar mixtures is the
higher resistance to lodging of tall cultivars in mixtures
than in monocultures. 

All cultivar ratios, with the exception of 4:1
Muduga to FARO15 gave significant grain yield
advantages over the sole crop because of the synergy
of weed suppression and reduction in lodging as well
as agronomic advantages provided by genetic diversity
mainly due to the disparity in maturation periods of the
component cultivars. The LER which is indicative of
competitive relationships between species[1] was greater
than unity suggesting that these cultivars can maintain
their yield potential under Interplanting. These LER
values together with the high combined yield confirm
earlier reports that intercropping leads to multiplication
of net returns of yield[5,13]. 

Based on combined grain yield, the best
Interplanting ratios were in the order 1:4, 2:3, 3:2 and
4:1 Muduga to FARO15. However the proportion of
the shorter cultivar in the mixture should be dictated
not only by the expected effect on lodging and weed
suppression, but also on yield and whether it can fulfill
the requirements of the farmers. In cases where modern
cultivars are widely adopted, market demand is often
the most important selection criterion[6]. Thus, farmers
may prefer to combine cultivars that fulfill different
requirements such as good eating quality for one
cultivar and high yield potential for the other. 
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