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Abstract: Mixed cropping of barley and durum wheat has been the practice of smallholder farmers in some
drylands of Ethiopia even though the reasons for this successful cropping system were not well understood.
Therefore, four planting densities, five intercrop proportions and three irrigation water levels were studied in
a split-split plot arrangement in RCBD with three replications to determine the competition levels and resource
use of barley and wheat mixed cropping under different growth stages. Barley was more competitive at early
stages, while wheat dominated towards the reproductive stage. Intra- and inter-specific competition was
decreased with increasing irrigation water levels but it was increased with increasing planting densities. Intra-
specific competition was increased with increasing barley ratio in the cropping systems at all irrigation water
levels, planting densities and harvesting stages. Fast growing nature of barley at early growth stages helps the
intercropping system in that barley can capture belowground and areal resources faster, while wheat grows
slowly and demands less resource at earlier growth stages. At later stages when wheat becomes dominant and
resource demanding, early maturity of barley leaves more space for wheat to satisfy its resource demand. Thus
niche differentiation index was consistently more than one in all growth stages and irrigation water levels.
Therefore, mixed cropping of these two crop species helps combine important characters in a cropping system
so as to enhance productivity through complementary resource uses in drylands.
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INTRODUCTION resource utilization in crop mixtures, moisture deficit

Intercropping cereals with cereals may sound odd, that  would result  in  crop  failure.  Therefore,  plant
but it is common in many parts of the tropics [1]. For density, proportion of one species to another and the
instance, mixed cropping of wheat and barley has been relative roles of intra- and inter-specific competitions are
reported as the practice of smallholder farmers in the key factors [6] that must be studied under different
drylands of Ethiopia [2, 3] and Eritrea [4]. One of the most moisture deficit stress levels so as to understand the
important reasons for widespread use of intercropping in secrets of success of barley-wheat mixed cropping in the
such drought prone areas is to minimize complete crop drylands.
failure due to moisture stresses. The following review
reports are some of the instances: plot yield surveys in MATERIALS AND METHODS
semiarid areas of India demonstrated intercropping could
reduce the probability of absolute crop failure as A pot experiment was conducted at Jubeiha
compared with sole cropping [5]; and in maize-sorghum Agricultural Research Station in the campus of the
intercropping yield was found to be stable, because when University of Jordan in an open air condition of summer
rains were poor sorghum was high yielding than maize 2002. Daily mean weather data records were 31.2°C for
and in years of high rainfall maize was higher yielding maximum temperature, 18.8°C for minimum temperature
than sorghum [4]. However, unless component crops are and 30.2% for relative humidity during the trial period
complementary than competitive to each other for (May  25  to August 31). The surface soil (0-30cm depth)

stress  is  expected  to  trigger  high  level  of  competition
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of the research farmland in the campus of the University meter. Biomass yield per plant was calculated in such a
of Jordan was used for this experiment. The texture class that dry weight of above ground biomass of all plants
of the soil (0-30cm depth) used to fill the pots was clay harvested for each crop species in a pot was divided by
loam with 20% sand, 44% silt and 36% clay content as its planting density in that pot, for each harvesting stage.
determined by hydrometer method [7]. The respective soil Root weight of each sole crop of barley and wheat was
moisture content at field capacity and permanent wilting dry weight of roots in a pot after being washed on 5 mm
point on weight basis was 30% at -0.3 bar and 12.45% at sieve, for each harvesting stage. Height of all main plants
-15 bar as determined by the ceramic plate apparatus [8]. of each crop species in a pot was measured at tillering and
Each pot was filled with 7.55 kg dry soil. The pot size was after heading stage and was divided by the number of
24cm in diameter and 20cm in depth. The design used was main plants for the respective stages so as to get mean
split-split plot arrangement in randomized complete block plant height per plant. The measurement was done from
of three replications. The main plot treatments were the the point where stem attached to the root up to the tip of
three irrigation water levels: W  = 75 - 80%; W  = 50 - the upper most fully extended leaf at tillering stage and up1 2

55%; and W  = 25-30% depletion of soil available water on to upper most tip of the spike excluding awns after3

weight basis. The sub-plot treatments were the five heading.
intercropping ratios (%) of barley to wheat: 100/0, 75/25,
50/50, 25/75 and 0/100 in a replacement series. The sub- Data Analysis: The analysis of several complete
sub plot treatments were the four planting densities: 4, 8, replacement series experiments at a range of total
12 and 16 plants per pot (equivalent to 88, 177, 265 and densities as proposed by Jolliffe et al. [9] was done by
354 plants/m ). The crop varieties were Rum for barley and using the reciprocal yield model for multiple species. Thus2

Cham for durum wheat. There were three complete sets the competition was examined using multiple regression1

of the same experiment so as  to  have  harvests at models of the reciprocal above ground biomass yield per
tillering (25 days after emergence), heading stage of barley plant at tillering, heading and maturity growth stages [10]:
(45 days after emergence) and maturity stage of the late
maturing crop, wheat. 1/w  = b  + b  N  + b N (1)

Fertilizer at a rate of 100 kg/ha DAP and 100 kg/ha 1/w  = b  + b N  + b N (2)
urea (or about 21 kg/ha P and 64 kg/ha N) were calculated
for the area of each pot and applied before sowing. Where w  and w  are the weights of plants of species 1
Sowing was done 24 hrs after watering each pot to field and 2; b  and b  are the reciprocals of weights of plants
capacity. The sowing date was 24-27 May 2002. Paper of species 1 and 2 that are free from competition; b  and
templates with holes equivalent to each planting density b  are the regression coefficients for intra-specific
were used to sow seeds with uniform distribution in each interference; b  and b  are the regression coefficients for
pot. Three seeds were sown to each hole so as to thin to inter-specific interference; and N  and N  are the densities
one per hole after emergence. Thinning was done five of plants of species 1 and species 2, respectively.
days after emergence at which treatment of each irrigation Competitive ability in reciprocal yield model was
water level was also started. When the fixed depletion calculated by dividing the coefficient of intra-specific
level was reached for each irrigation water level, all pots competition (b  or b ) by the coefficient of interspecific
were weighed in that irrigation water level and the competition (b  or b ). Thus, the equation to quantify the
calculated water balance for each pot was replenished competitive ability of each species when the two crop
back to field capacity. Salter balance with 20 kg capacity species are in mixed culture [10]:
and 5 g division was used to weigh pots.

Data  Collection:   All   plant    character   measurements Competitive ability of species 2 (a ) = b /b (4)
in  weight  were  taken after oven drying in an oven at
70°C for 48hrs. Harvests were made at tillering (25 days To determine if the two species were competing for
after emergence); heading stage of the early crop, barley, the same resources, the niche differentiation index (NDI)
(45 days after emergence) at which the late crop, wheat, was calculated as [10]:
did not head; and at maturity stage of the late crop, wheat.
Leaf area was measured by using LI-3000A portable area NDI = (b /b )*(b /b ) (5)
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SPSS version 10 (SPSS Inc., 1999) was used to fit competitive ability (2.7) than that of wheat (0.68) in W : it
curves for biomass yield per plant against plant density means that one barley plant was equivalent to 2.7 wheat
at tillering growth stage; and root weight per pot against plants while one wheat plant was equivalent only to 0.68
days after plant emergence for each of sole barely and barley plant. Therefore, barley was more competitive than
sole wheat. wheat in all irrigation water levels at tillering stage. It was

RESULTS AND DISCUSSION growth stage, that barley was a stronger competitor than

Coefficients of intra- and inter-specific competition, greenhouse and field conditions [11]. In our experiment at
relative competitive ability and niche differentiation heading stage, barley was also more competitive than
values at different growth stages and irrigation water wheat only at W  with the relative competitive ability
levels are presented in Table 1. At tillering stage, intra- value of 6.5 for barley and 1.8 for wheat; wheat was more
specific competition was greater than inter-specific competitive than barley at W  and W . At maturity stage,
competition for barley in all irrigation water levels. For wheat was more competitive than barley in all irrigation
example, in W  the intra-specific competition coefficient water levels. This indicates that as barley matured 15 days1

0.160 is greater than the inter-specific competition earlier than wheat, wheat gained more space for water
coefficient 0.059. This means that biomass yield of barley utilization that may help the two crop species complement
was more affected by competition within itself than the each other. Experiences elsewhere also indicate that
competition with wheat. The reverse was true for wheat in competition levels of crop species vary not only with
all irrigation water levels at tillering stage. For example, in growth stages but also with moisture stress levels. For
W , the intra-specific competition coefficient 0.15 is less example, it was reported that soybean was more1

than the inter-specific competition coefficient 0.22, competitive than Florida beggar-weed when there was
indicating that biomass yield of wheat was more affected adequate soil water but less competitive than Florida
by the competition with barley. beggar-weed under water stress [12].

Intra-specific competition was greater than inter- Time of plant emergence, root establishment, plant
specific competition in all irrigation water levels for both height, leaf area and early growth in general are reported
of barley and wheat at heading and maturity stages. This to  play  important  role  in  competition  for  resources
means that biomass yield of each crop species was more [e.g., 13-15]. Early root growth can confer a strong
affected by competition within itself than with the other competitive advantage in cases where interactions for the
species. scarce belowground resources predominate. Berkowitz

Both intra- and inter-specific competition decreased [16] also demonstrated that early-season water depletion
with the increase of irrigation water levels (Table 1). The due to early root growth by an annual grass led to its
highest intra-specific competition coefficient of 0.16 for dominance of a later growing perennial grass species.
barley at tillering stage in W  declined to 0.025 in W ; and Similarly, as water and nutrient uptake are associated,1 3

the inter-specific competition coefficient of 0.059 in W nutrients taken up early in the season and thus deprived1

declined to 0.004 in W . Intra- and inter-specific from neighboring plant species in the mixture can lead to3

competition for biomass yield also decreased in later the dominance of one over the other. Thus in our
growth stages. The highest intra-specific competition experiment, higher root weight of barley than wheat up to
coefficient (0.150) of wheat in W  at tillering stage tillering stage (Fig. 1) may also be one of the reasons why1

declined to 0.046 at heading and 0.037 at maturity; the barley was more competitive than wheat at tillering stage.
highest inter-specific competition coefficient 0.220 at Tallness and large leaves have long been established
tillering stage in W  declined to 0.026 at heading and 0.024 as important   components   of  competitive  ability [17].1

at maturity. A field experiment on competitive ability of wheat
The relative competitive ability of plant species in a (Triticum aestivum) cultivars with wild oats indicated that,

mixture could change depending on the plant species and in comparison with  the  semidwarf  cultivar,  the  tall
their growth stage and soil water availability. At tillering wheat cultivar is competitively superior to wild oats
stage, the relative competitive ability of barley was the (Avena sterilis) [18]. In our experiment, area of the first
highest (6.39) at W  while that of wheat decreased from leaf  as measured  five  days  after  plant  emergence  was3

0.68 at W  to 0.45 at W . Barley also had higher relative 5.04  cm   for  barley  and  2.35cm   for wheat as averaged1 3

1

also reported elsewhere, without mentioning the specific

wild oats in barley and oat mixture experiments under

1

2 3

2 2
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Table 1: Coefficients of intra- and inter-specific competition, relative competitive ability, niche differentiation values and coefficients of determination under
different harvesting stages and irrigation water levels

Irrigation
water levels B B W W RC RC NDI R  of 1/W R  of 1/Wbb bw ww wb b w b w

2 2

For above ground biomass yield at tillering stage
W 0.160 0.059 0.150 0.220 2.700 0.682 1.841 0.913 0.9761

W 0.061 0.032 0.067 0.090 1.930 0.751 1.449 0.939 0.9672

W 0.025 0.004 0.022 0.049 6.388 0.446 2.849 0.859 0.9193

For above ground biomass yield at heading stage
W 0.0541 0.008 0.046 0.026 6.503 1.787 11.621 0.901 0.7961

W 0.027 0.022 0.029 0.016 1.188 1.795 2.132 0.907 0.9302

W 0.015 0.011 0.020 0.013 1.345 1.507 2.027 0.998 0.9743

For above ground biomass yield at maturity stage
W 0.052 0.042 0.037 0.024 1.242 1.588 1.972 0.923 0.9281

W 0.028 0.020 0.018 0.010 1.394 1.745 2.433 0.966 0.9702

W 0.013 0.009 0.011 0.006 1.413 1.663 2.350 0.955 0.9843

Each value was averaged over 3 replications.
Number of samples (n) = 16 (or 4 density x 4 ratio) for each stage.
B  = coefficient of intraspecific competition for barley.bb

B  = coefficient of intraspecific competition for wheat.ww

B  = coefficient of interspecific competition of wheat on barley.bw

B = coefficient of interspecific competition of barley on wheat.wb

RC  = relative competitive ability of barley.b

RC  = relative competitive ability of wheat.w

NDI = niche differentiation index.
R  of 1/W  = coefficient of determination for the reciprocal yield model equation of barley.2

b

R  of 1/W  = coefficient of determination for the reciprocal yield model equation of wheat.2
w

Table 2: Plant height of barley and wheat under different intercropping ratios and growth stages
Height (cm) at tillering stage Height (cm) at heading stage of barley*
----------------------------------------------- --------------------------------------------------- Height (cm) when

Barley/wheat ratio (%) Barley Wheat Barley Wheat wheat headed
100/0 27.07 40.05
75/25 26.60 22.08 40.91 38.38 62.98
50/50 26.54 23.26 40.99 38.70 61.93
25/75 26.83 22.14 42.12 37.52 62.27
0/100 22.29 39.66 61.29
*wheat did not head at this stage.

over 72 samples for each crop species. Table 2 also shows wheat; R  is coefficient of determination for the reciprocal
that plant height of barley was higher until wheat reached yield model  equation. The two equations (Equations 6
heading stage at which it dominated. All these characters and 7) indicate that increase in planting density increased
indicate that barley is fast growing and hence more intraspecific competition for barley and interspecific
competitive than wheat at early stages. competition for wheat more than interspecific competition

Of the many reciprocal yield model equations for barley and intraspecific competition for wheat.
generated with their coefficients, the equations at tillering Severity of intra- and inter-specific competition increased
stage in W  are presented below just to show effects of with increasing planting densities in all irrigation water1

plant density on competition levels. levels and harvesting stages (Table 1, Equations 6 and 7).

1/w =  2.331  +  0.160N   +  0.05915N ;  R   =  0.91 (6) specific competition more than that of inter-specificb b w
2

1/w  =  2.623  +  0.150N   +  0.220N ;  R   =  0.98 (7) competition in all growth stages for barley and in headingw w b
2

Where: 1/w  is the reciprocal of average yield per plant of competition was higher than inter-specific competition inb

barley; 1/w  is the reciprocal of average yield per plant of barley at tillering stage, biomass yield per plant of barleyw

wheat; N  is plant density of barley; N  is plant density of decreased with  increasing  barley  ratio  in  the  croppingb w

2

However, increasing planting densities increased intra-

and maturity stages for wheat. Since intra-specific
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Fig. 1: Rootweight of sole barly and sole wheat in days after mergence,
Yw = root weight of sole wheat; Yb = root weight of sole barley; ** = significant at 1%

Fig. 2: Effect of plant density on biomass yield of sole barley and sole wheat at tillering growth stage.
**significant at 1%; Yb and Yw represent biomass yield per plant of sole barley and sole wheat, respectively.

system. Increasing planting densities increased inter- than inter-specific competition for barley with the increase
specific competition more than that of intra-specific of barley ratio in the cropping systems at all irrigation
competition for wheat at tillering stage, indicating that water levels, planting densities and harvesting stages.
biomass yield per plant of wheat increases with increasing Increasing wheat ratio increased intra-specific competition
wheat ratio in the cropping system (Table 1, Equations 6 more than inter-specific competition for wheat in all
and 7).  Intra-specific   competition   increased   more irrigation water levels and planting densities at heading
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and maturity stages. But at tillering stage, increasing competition for barley with the increase of barley ratio in
wheat ratio reduced inter-specific competition more than the cropping systems at all irrigation water levels, planting
it increased intra-specific competition for itself. densities and harvesting stages. Fast growing nature of

Niche differentiation index was consistently more barley at early growth stages helps the intercropping
than one in all growth stages and irrigation water levels system in that barley can capture belowground and areal
(Table 1), indicating that there was yield advantage in resources while wheat grows slowly and demands less
mixed cropping, the species in the mixtures captured more resources at earlier growth stages. At the time when
resources and were utilizing resources probably better wheat becomes dominant and resource demanding, early
than they did as sole crops. These results help us maturity of barley leaves more space for wheat to satisfy
understand why mixed cropping of barley and durum its resource demand and hence results in complementary
wheat has been the age old practice of smallholder farmers resource use. Thus niche differentiation index was
in the drylands of Ethiopia. Reviewed experiences consistently more than one in all growth stages and
elsewhere also showed that in regions where water is irrigation water levels. Therefore, mixed cropping of these
limiting, intercropping was found extremely widespread two crop species helps combine important characters in a
among smallholder farmers [5]. cropping system so as to enhance productivity through

Among the traits associated with high and stable complementary resource uses in drylands.
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