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Abstract
Due to alarming increase in population and limited resources of Pakistan the rate of
increase of food production is very low. This is not sufficient to fulfil the needs of the
population. So there is a need to increase production of crops to exploit the efficient
use of available resources. To overcome these constraints and challenges, there is a
need to change the present cropping system and to develop an economic-based
cropping system with new geometric forms for sustainable production and to meet the
increasing demand of food, feed and forage by effective utilization of resources.
Keeping this in view a field experiment was conducted to evaluate the bio-economic
assessment of barley and associated cultures with different geometric arrangements at
the Agronomic Research Area, University of Agriculture, Faisalabad (Pakistan)
during the years 2009-10 and 2010-11. The intercropping systems comprised barley
alone, barley + gram, barley + lentil, barley + berseem, barley + linseed, barley +
fennel, barley + garden cress (haloon) and barley + garlic, while the geometric
arrangements involved 40 cm spaced single rows, 60 cm spaced double row strips and
100 cm spaced four row strips. Each associated culture (intercrop) was also sown as
sole crop to calculate the yield advantages and competition functions. Replicated three
times the experiment was laid out in randomized complete block design (RCBD) with
split plot arrangement randomizing the geometric arrangements in main plots and
intercropping systems in sub-plots. The net plot size was kept 3.2m x 7m. Results
revealed that all associated cultures/intercrops reduced the grain yield of barley (main
crop), however, the additional harvest obtained from associated cultures compensated
much more than the losses due to associated cultures. The highest net field benefit of
Rs. 157736 ha-1 was obtained from barley + garlic intercropping system as against the
minimum Rs. (87008 ha-1) form barley + garden cress (haloon) intercropping system.
In terms of economic and yield advantages 100 cm spaced four row strips gave
highest net income ha-1 than rest of cropping systems under study. Barley appeared to
be dominant crop as indicated by its higher values of relative crowding coefficient
(RCC), competitive ratio (CR) and positive sign of aggressivity (A).
As regard the physiological traits of barley, dry matter (DM), leaf area index (LAI),
crop growth rate (CGR) and leaf area duration (LAD) were reduced significantly by
various associated cultures/intercrops compared to sole barley. Residual soil organic
matter and nitrogen content were improved in all legume intercropping systems as
xxi

compared to sole barley and non-legume intercropping systems. On the basis of land
equivalent ratio (LER), the maximum yield advantage over mono-cropping of barley
was recorded in barley + lentil intercropping system. The land equivalent ratio (LER)
and area-time equivalent ratio (ATER) for 100 cm spaced four row strips were higher
than 60 cm spaced paired row strips or 40 cm spaced single row planting of barley
indicating greater biological efficiency of strip plantation than the conventional
method of planting of barley. On the basis of feasibility of intercropping in barley
and net return, it is recommended that farmers with small holdings can adopt barley
+ garlic, barley + berseem or barley + lentil intercropping systems under the irrigated
conditions of Faisalabad.

xxi
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Chapter 1
INTRODUCTION
Pakistan is an agricultural country, in which agriculture is contributing 21.4% in
GDP, employing 45% of the total work force and providing raw material for many agrobased industries (Anonymous, 2012). The geographical area of Pakistan is 79.61 m ha, of
which cropped area is 23.04 m ha. Majority of the farmers have low land holdings less
then two hectares. Farmers in Pakistan are constrained to low crop productivity due to
limited resources and small land holdings. A possible way of increasing the production of
crops on small farms would be through intercropping, as it provides security against
potential losses of monoculture (Ahmad and Anwar, 2001).
Barley (Hordeum vulgare L.) is second most important winter cereal crop which
is grown in the world after wheat. Its grain contains (7.5-15%) protein, (50-60%) starch
and (1.3%) fat (Martin and Leonard, 1976). It is used as source of quality fodder for
livestock and provides raw material for many industries (baking, soap, beverges, etc). It
is also used for preparation of several cultures and component of various health foods.
Barley has widest ecological range to soil and environment among cereals as it is more
tolerant to salinity, frost and drought conditions and is a strong competitor than wheat,
when intercropped with legumes (Peas) (Jensen, 1996 and Andersen et al., 2004).
In Pakistan, barley is cultivated on 72,000 ha with the total production of 66,000
tons annually giving average grain yield of 916.66 kg ha-1 which is 6.1% less than the
previous year 2011-12 (Anonymous, 2012). The cropped area under barley cultivation is
reducing day by day due to competition with wheat. So, the best way to increase the
production of barley is to grow it in association with legumes and oilseeds because of
their ever increasing use in the daily human diet.
Due to alarming increase in population and limited resources of the country the
rate of increase of food production is very low. This is not sufficient to fulfill the needs of
the population. So there is a need to increase production of crops to exploit the efficient
use of available resources. To overcome these constraints and challenges, there is a need
to change the present cropping system and to develop an economic-based cropping
system with new geometric forms for sustainable production and to meet the increasing
demand of food, feed and forage by effective utilization of resources.
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Yield potential of a crop is a function of its genetic potential, agro-management
practices, availability of resources and feasibility of environmental conditions. The
sowing of crop is normally recommended in uniform distance which has little chance for
adjusting companion crop. Thus the change in planting pattern of base crop makes
possible intercropping, minimizing the effect on yield of that particular crop and keeping
its plant population per unit area constant. Barros et al. (2004) stated that uniform
adjustment of the crop spacing in the field was one of the most important factors for yield
and quality of crops. In the past most of the research work was done to develop
production technologies of the individual crops, but now there is a need to work on
intercropping system that farmer can practice for increasing production per unit area and
time.
The main reasons for low production of crops especially barley (Hordeum vulgare
L.) are poor agronomic practices, inadequate pest and disease control, lack of high
yielding varieties, shortage of good quality seeds, low plant population, weak research extension – farmer linkages and low adoption of developed technologies (Badar et al.,
2002, Rehman et al., 2006, Okoko et al., 2008, Qureshi and Memon, 2008).
In Pakistan the gross domestic production of edible oil is 0.636 mt (29.6% of the
requirement) while import of edible oil is 2.148 mt to fulfill the country needs
(Anonymous, 2012). So, there is a need to increase the domestic production of edible oil
in order to reduce the import bill. Small proportion of oilseed crops are fed to animals as
the whole seed. Linseed oil is in great demand for industrial uses such as lubricants,
varnishes and paints. At the same time, there is also need for more production of pulses as
we are deficient in protein in our daily diet. Pulses contain 20-25% protein (Khan et al.,
2002), 0.6% fat, 0.9% fiber and are known as poor man’s meat in the developing
countries (Potter and Hotchkiss, 1997). Pulses show great importance in biological
nitrogen fixation (Elahi et al., 2004), helpful for checking the soil erosion as they have
more leafy growth, provide raw material to various food industries and can easily be
adjusted in crop rotation. Similarly, the legume crops (lentil, gram etc.) contribute
nitrogen in the soil through the process of biological nitrogen fixation (BNF). The fixed
nitrogen may be used by the following crops. Legumes (lentil, gram) are rich in protein,
carbohydrates and calories (Muehlbauer et al.,1985). Lentil seeds are good source of
several essential minerals, such as K, P, Fe, Zn, and vitamins-B for the human nutrition
(Bhatty, 1988).
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Spices play important role in world trade, due to their different properties and
submissions. We mainly depend on spices for flavour and fragrance as well as colour,
antibacterial, and medicinal qualities. Spices (garlic, fennel) extracts are used to develop
new demands of the food processing industry. These make food more delicious and are
used as a tradition in many countries. Herbal medicines are mainly used in the developing
countries like Pakistan for primary health care because of better compatibility with the
human body and lesser side effects (Kamboj, 2000). Some plants (garden cress, fennel) or
their products are used as a medicine. They not only serve as valuable source of income
for farmers but also help the country to earn foreign exchange by their export. These
plants contain secondary-metabolites (alkoloids, glycosides, coumarins, flavonides,
steroids etc.) and are used against many diseases such as, diarrhea, cough, malaria and
various skin diseases including fungal infection. The area under rabi pulses, oil seed crop
and medicinal plants is limited which can not be increased due to competition with other
crops (cereals). The only option is to grow them in association with rabi cereals to
increase their production.
A possible way for increasing productivity at small farm level is intercropping as
it checks the monoculture losses. Intercropping is wise management technique as it not
only increases yield per unit area per unit time but also improves the resource use
efficiency (Aggarwal et al., 1992; Nazir et al., 1997; Maingi et al., 2001), physical
properties of soil (Anil et al., 1998) and better control of weeds (Poggio, 2005; Banik et
al., 2006). Fukai and Trenbath (1993) reported that yield losses of sole crop due to
environmental condition may be compensated by intercrop. Intercropping offers to
farmers the opportunity to engage nature’s principle of diversity at their farms and it is a
possible way of increasing the productivity on small farms as it provides security
against potential losses of monoculture (Ghosh, 2004). Similarly intercrops may
require lower levels of costly inputs and led to increase resource-use efficiency (Stern
1993). It is simple and inexpensive planting method which has an advantage over sole
cropping (Awal et al., 2006). The present cropping system (sole cropping) is not
effectively fulfilling the needs of small farmers, so there is need to shift from monocropping to multiple cropping. (Vandermeer, 1989). Crops belonging to the same family,
type or growth habit show competition for getting natural resources but crops of different
categories, such as cereals and legumes are mutually benefited (Keating and Carberry,
1993).
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Intercropping can also help in increasing crop productivity particularly at small farm
lands. However, conventional planting system i.e growing of crop in single row does not
permit sowing and handling of two intercrops conventionally. So there is dire need to
search a new pattern of plantation that can give barley yields compatible with that of the
conventional plantation and also facilitates intercropping. Non-uniform plant distribution
exhibits a remarkable effect on the productivity of the crop. Uniform adjustment of the
crop spacing in the field is one of the most important factors for yield and quality of a
crop (Barros et al., 2004). Thus keeping in view the above facts, a field experiment was
conducted under the prevailing conditions of Faisalabad with the following objectives.
 To explore the feasibility and yield potential of different barley based intercropping
systems.
 To asses the bio-economics of barley and component crops in different
intercropping systems.
 To develop a sustainable, viable and practical intercropping system for small
growers in Pakistan, and
 To determine the influence of various intercropping systems on residual soil
fertility.
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Chapter 2
REVIEW OF LITERATURE
Cultivation of two or more crops simultaneously on the same field for higher
yield and increased economic returns is important in the present context of
agricultural scenario. The per capita availability of cultivated land is shrinking due to
increasing population pressure. Intercropping system improves cropping intensity as
two or more crops occupy the land simultaneously. If the two species grown together
are mutually beneficial, then there is co-operation. On the other hand, competition
occurs when they are mutually harmful and this competition is mainly for water, light,
space and nutrients. Literature published in this regard to barley based intercropping
systems are reviewed and presented in this chapter.

2.1 Intercropping
Intercropping is a common practice among farmers of the developing countries
for maximizing land resources and reducing risk of a single crop failure. . It is an
efficient and the most economic production system as it not only increases the
production per unit area and time but also improves the resource-use efficiency
(nutrients, light, water etc.) and economic standard of the growers. To meet the
diversified needs of cash, medicines and food, multiple cropping is a common
practice in some countries (Yadav, 1985). Intercropping is one of the important ways
of increasing crop production per unit area as well as income; both under rain-fed and
irrigated conditions. Such practice aims to ensure, against total crop failure in
uncertain weather condition, increasing total productivity, judicial use of land
resources and farm inputs including labour. Intercropping system is one of the most
important emerging, helpful and beneficial tool for increasing crop production.
5

Maximum net return could be achieved with the choice of appropriate crops
combination in intercropping (Santalla et al., 2001), population density and geometric
arrangements of the component crops (Myaka, 1995).
In recent years, intercropping has received great attention of the farming
community, because of potential advantages it offers in respect of improved
utilization of growth resources by the crops and sustaining productivity from season
to season. It is common practice in developing countries (Wahla et al., 2009). Now-adays, interest in intercropping is increasing among the small growers because of their
diversified needs and low farm income from the monocropping system. (Bhatti et al.,
2005). Intercropping is an agro-technique and is considered to be an effective and
potential mean of increasing crop production per unit area particularly for farmers
with small holdings (Ali et al., 2000). The yield losses of sole crop due to
environmental condition may be compensated by intercrop (Fukai and Ternbath,
1993). In this age of new and rapid technological changes in the production system,
intercropping has evince as one of the most efficient and profitable production system
especially for those who have limited land and input resources (Nazir et al., 1988;
Bajwa et al., 1992).
In the present scenario of Pakistan, intercropping seems to be a promising
strategy for increasing crop productivity particularly at small farm level. The temporal
way of enhancing food production included adoption of new energetic varieties,
practicing of modern cultural practices and following the appropriate cropping
system. Lal et al. (1998) conducted a field experiment to study the effect of
intercropping of oilseed and legume crops in wheat (Triticum aestivum L.) under
fertilizer application and water restrictions. Wheat, peas, and lentils were sown as
monoculture and wheat was intercropped with each of the additional crops.
Intercropping reduced the yield of all crops. The maximum reduction in yield of main
crop (wheat) was noted when it was intercropped with lentil. The highest grain yield
was observed in sole crop of wheat. In barley based intercropping system, safflower
sole crop gave the maximum barley grain yield equivalent followed by barley +
safflower (6:1) and minimum under the sole crop of barley (Katiyar, 2002).
Subramanian and Rao (1988) reported that grain yield of sorghum and pigeonpea
declined as compared to sole crop yield. Similarly, maximum sorghum grain yield
was recorded with sorghum + soybean intercropping as compared to sorghum
intercropped with greengram or pigeonpea (Dhope et al., 1992). The decline in grain
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yield of sorghum in intercropping systems was also observed by Raghuwanshi et al.,
1993; Wanjari et al., 1994; Mahakulkar et al., 1995; Parlawar et al., 1998; Angadi et
al., 2004), while the additional income from the intercrops compensated the loss of
main crop. Sonani et al. (2001) reported that in wheat based intercropping system the
yield of main and intercrops was declined in intercropping system as compared to
monocropping of these crops. However, the wheat- equivalent yield was
extraordinarily increased in intercropping system including safflower as an intercrop.
On an average, wheat + safflower (3:1) secured the highest wheat equivalent yield
(1353.05 kg ha-1) and gross income (Rs. 10801 ha-1).
Intercropping helps to solve the different problems as, low productivity per unit
area and ensure the sustainability of the production system (Nazir et al., 1997; Ahmad
and Saeed, 1998). Jabbar et al. (2010) investigate the biological efficiency of
intercropping in direct seeded upland rice and its effect on residual soil fertility. The
results revealed that residual soil nitrogen and organic matter was improved in all the
intercropping systems except rice + maize intercropping system. However, the
maximum increase in soil nitrogen (7.14%) was recorded for rice + sesbania
intercropping system while the residual soil phosphorus and potassium were depleted
in all the intercropping systems as compared to initial soil analysis. Intercropping has
also advantages of improved crop yield and better soil conservation has been well
demonstrated over thousands of years. Singh and Jadhav (2003) reported that the dry
matter production of sole sorghum and sorghum associated with soybean was
significantly more than that of sorghum with pigeonpea and groundnut. They also
reported that the plant height, leaf area and leaf area index were maximum under sole
sorghum as compared to sorghum intercropped with groundnut, soybean and
pigeonpea. Similar results were reported by Raghuwanshi et al. (2002), they found the
highest total seed yield in sorghum and soybean sole crops as compared to sorghum
and soybean intercropped. Intercropping either reduces or increases (Verma et al.,
1981) or has no effect on crop yield (Kandasami et al., 1997). Arshad (2012)
evaluated the feasibility of sweet sorghum with different intercropping systems. The
results showed that growth and grain yield of sweet sorghum were significantly
reduced when intercropped with mungbean. Overall outputs of carbohydrate, protein,
fat and total digestible energy increased in sweet sorghum-soybean intercropping
compared to sole crop of sweet sorghum. Intercropping provides substantial yield
advantages as compared to sole cropping but the success of cropping system depends
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on selection of intercrop species and the spatial arrangements (Reddy et al. 1965).
Tarhalkar and Rao (1975) stated that pulses and cereals had complementary and
competitive effects, respectively, when they were sown as intercrops. The yield
advantages of intercrop are especially important because it can not be achieved by
means of costly inputs, but the simple practice of growing crop together (Willey, et
al., 1980). Srinivas et al. (2005) and Veeranna, et al. (2004) reported that the crop
productivity was increased per unit area by optimizing ratio and planting geometry
with suitable intercrop.
In the tropical countries cereal/legume intercropping is commonly practiced
because of greater yield and low risk of crop failure which always associated with
monoculture (Jensen 1996; Nielsen et al., 2001; Tsubo et al., 2005). Monocropping of
grain legumes (pulses) was a usual practice among the growers in the past but now-adays the interest in growing food legumes in an intercropping system is increasing
(Khan et al., 2001). Though intercrops reduced yield of the associated crop yet total
crop productivity and net return per unit area are higher in intercropping than sole
cropping (Mohammed et al., 1994). Mandal et al. (1989) concluded that the number
of effective tillers (m-2), spikelets per spike, grains per spike and 1000-grain weight in
barley were increased. Barley intercropped with lentil gave higher yield than that of
intercropped with linseed. Similarly in linseed-methra intercropping, Hussain (1991)
pointed out that linseed-methra intercropping not only proved to be more productive
but also highly remunerative as compared to sole cropping of linseed. He further
added that linseed-methra intercropping in different proportion gave 17-38.7% yield
advantage over mono-cropping of component crops. Bhatti et al., (2005) reported that
sesame + mungbean intercropping system in the pattern of 100 cm spaced four row
strips showed a yield advantage of 28.43% over sole cropped sesame followed by
sesame + mashbean (18.47%). Similarly all the intercropping systems gave
substantially higher net field benefit over monocropped sesame. Gupta (1990)
reported 9 to 23% reduction in grain yield of sorghum in intercropping of pigeonpea
compared to other intercropping systems. Samui and Roy, (1990) intercropped
groundnut with sunflower in a 1:1 row proportion and found higher net returns. Maize
yield was not affected significantly by soybean intercropping in maize-soybean
intercropping experiment (Parsad and Brook, 2000). Chattha et al. (1995) obtained an
additional income of Rs.10842/- per hectare by intercropping four rows of mungbean
in strip planted sunflower as compared to sole crop.
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Productivity is normally enhanced by intercropping legumes in cropping systems
(Maingi et al., 2001). Intercropping also helpful for maintaining the soil fertility and
making efficient use of nutrients (Aggarwal et al., 1992; Nazir et al., 1997) and
ensures economic utilization of labour and capital (Moris and Garrity, 1993; Singh, et
al., 1996). The soil structure is also improved due to legume intercrop by aggregation
around root hairs by fine soil particles (Karlen, et al., 1994; Latif, et al., 1992). Jabbar
et al. (2011) studied different direct seeded rice-based inter/relay cropping systems
and their effect on residual soil fertility. The intercropping systems comprised rice
alone, rice + maize, rice + sesbania, rice + mungbean, rice + rice bean, rice + cowpea
and rice + pigeonpea while wheat, lentil and Egyptian clover were sown as relay
crops on residual soil moisture just after the harvest of rice previously intercropped
with forage legumes and non-legumes at zero tillage. The residual soil organic matter
was also improved in all inter/relay cropping systems. However, Egyptian clover
oriented inter/relay cropping systems increased more residual nitrogen and organic
matter as compared to lentil oriented inter/relay cropping systems, while wheat
oriented inter/relay cropping systems either decreased or did not add nitrogen and
organic matter in the soil. Legumes with their adaptability to different cropping
patterns and their ability for nitrogen fixing, may offer opportunities to sustain
productivity (Jeyabel and Kuppuswamy, 2001). A field study to determine the
feasibility of canola based wheat intercropping pattern with the treatments canola
alone, wheat alone, canola + one row of wheat, canola + two rows of wheat and
canola + three rows of wheat was conducted by Ali et al., (2000). The results showed
that various growth and yield components were higher in canola + one row of wheat
among intercropping treatments. Similarly, net income, cost benefit ratio and land
equivalent ratio (LER) were also higher at canola + one row of wheat planting system
Khan et al., (2012) planted soybean mashbean and mungbean as intercrops and relay
crop in maize with different number of rows. All the intercropping and relay cropping
systems reduced weed density. Maize-soybean intercropping resulted in the highest
thousand grain weight (261.5 and 275.3 g), biological yields (11566 and 11370 kg ha1

), grain yields (4954 and 4784 kg ha-1) and leaf area of maize (4143 and 4343 cm2).

In conclusion, the maize intercropping with soybean was the most effective in terms
of weeds suppression and grain yield enhancement of maize crop. Intercropping
wheat with chickpea gave higher wheat grain yield and total biomass of both crops.
The wheat/B. juncea intercropping system was most efficient in terms of land
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equivalent ratio (LER) with four irrigation; while wheat/chickpea intercropping
system with one irrigation (Mandal et al., 1986).
Khan et al., (1999) conducted an experiment to study the land use efficiency and
economic return under maize, soybean and sunflower sown alone and in four possible
intercropping systems. Results showed that maize and soybean intercropping system
resulted in greater LER and higher economic returns than those of monocultures.
Similarly, land equivalent ratio showed 32-46 % advantage over sole cropping in both
planting patterns (cotton + cowpea and cotton + sorghum) while area time equivalent
ratio showed 5-13 % advantage in cotton + cowpea and 9-23 % disadvantage in cotton
+ sorghum intercropping. Aggressivity and competitive ratio showed dominancy of
cotton over intercrops (Aasim et al., 2008).

2.2 Planting pattern
Intercropping is an efficient method of increasing yield but the existing
conventional planting method does not permit convenient intercropping because of
narrow row spacing of single row planting system. Optimum planting geometry is an
important factor for higher production, by efficient utility of underground resources
and also harvesting as much as the solar radiation and in turn better photosynthate
formation. There will be different planting arrangements for different intercropping
systems which depend upon the relative growth characteristics of the component
crops and the mechanism of yield enhancement. Such arrangements may be
influenced by season and the relative proportion of the component crops (Musa et al.,
2010). Uniform adjustment of the crop spacing in the field is one of the most
important factors determining yield and quality (Barros et al., 2004). Grain yield of
sorghum was maximum in sole crop of sorghum followed by sorghum intercropped
with soybean in 2:1 row ratio (Subbian and Selvaraju, 2000). Similarly, Lomte and
Dabhade (1990) reported maximum grain yield in sole crop of sorghum compared to
sorghum intercropped with pigeonpea and sunflower in different row proportions. In
another study, maximum green forage yield in sorghum + cowpea at 4:2 row
proportion supplied with 100 kg N per ha than sole crop of sorghum and other row
proportions (Patel and Rajgopal, 2003). Kumar et al. (2005) also indicated that
intercropping of maize and cowpea in the row proportion of 2:2 recorded
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significantly higher total green fodder (33830 kg/ha) and dry matter (8300 kg/ha)
over other treatments.
Thippeswamy and Alagundagi (2001) stated that sweet sorghum +
fieldbean intercropping system at 2:1 row proportion produced significantly higher
mixed green forage and dry matter followed by sorghum +cowpea intercropping
system at 2:1 row proportion. Sher et al. (2001) studied the effect of different
planting patterns (30 cm apart single rows, 45 cm apart single rows, 40/20 cm apart
double row strips, 60/30 cm apart double row strips) and inter-plant spacing (10, 15
and 20 cm) on growth, seed and oil yield of raya (B. juncea L.) and found that
number of plants per m2, plant height at maturity, number of pods per plant, 1000seed weight and seed oil content were significantly affected both by planting pattern
and inter plant spacing. Singh (1979) observed that paired rows of sorghum with two
rows of intercrops (groundnut, cowpea and soybean) yielded more as compared to
other planting geometry. This was attributed to better plant growth and more number
of pods per plant of intercrops as a result of penetration of more sun light. Similarly,
Ayisi et al. (1997) reported that maximum seed oil content (44%) were obtained in
canola alone while minimum (39.8%) were observed in three rows of wheat
intercropping system. The feasibility of canola-wheat intercropping system showed
that canola + one row of wheat was more profitable as it produced the highest canola
seed yield (1217kg ha-1). In lentil + wheat intercropping system, lentil + two rows of
wheat gave the highest income of Rs. 21680 ha-1 as compared to Rs 10819 ha-1 from
sole wheat in different lentil + wheat intercropping systems (Khaliq et al., 2001).
Except wheat + barley intercropping system, all other wheat-based intercropping
system gave more wheat yield equivalent than the sole cropping of wheat. The
treatments were wheat alone, wheat fenugreek, wheat + lentil, wheat + chickpea,
wheal + linseed and wheat + barley. Wheat was sown in 100 cm spaced four row
strips. In monetary return, the wheat + fenugreek and wheat + lentil proved to be the
most beneficial as compared to the other intercropping systems ( Nazir et al., 1997).
Nazir et al. (2000) also investigated the biological assessment of linseedmethra intercropping. Methra was sown between the strips of linseed at the time of
planting. The yield of linseed intercropped with one, two, three and four rows of
methra was reduced by 6.94, 6.92, 8.46 and 18.36% respectively. However, an
additional harvest of 156, 220, 326 and 379 kg ha-1 of methra was obtained from the
respective intercropping patterns which compensated more than the losses caused in
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the yield of linseed. On the whole, linseed-methra intercropping in different
proportions gave 17 to 38% yield advantage over mono cropping of the component
crops. Linseed + three rows of methra intercropping pattern gave maximum 38%
yield advantage as compared to other planting pattern. Ahmad and Anwar (2001)
studied the competitive advantage of sunflower-mungbean intercropping systems to
determine their feasibility for increased yield from the same resources. The highest
land equivalent ratio of 1.46 was obtained in case of sunflower + mungbean (1:2)
intercropping system. Among the component crops, sunflower showed higher values
of relative crowding coefficient, competitive ratio and indicated positive aggressivity
values in both the seasons showing that sunflower grown in association with
mungbean 1:1 and 1:2 utilized the resources more aggressively than mungbean which
appeared to be dominated. Mishra et al. (1997) reported that the higher green fodder,
dry matter and crude protein yields were recorded under two rows of sorghum at 30
cm + 2 rows of cowpea at 30cm. This was mainly due to better crowding coefficient,
aggressivity and other conditions like light, space etc. were friendlier for crop growth
and yield.
Chattha et al. (1995) planned an experiment on mungbean-sunflower
intercropping system and obtained a supplementary income of Rs.10842/- per
hectare, when four rows of mungbean sown in strip plantation as compared with sole
crop. In another study of sunflower, four plant spacing (20, 25, 30 and 35 cm
between hills) were used for the sowing of crop and the results exposed that the plant
spacing had significant effect on plant height, , number of seeds per head, 1000-seed
weight and seed yield (kg ha-1). The suitable or feasible plant spacing was 25 cm
while the upper or lower plant spacing had adverse effect on seed and oil yields
(Thabet, 2006). Poonia, (2003) conducted an experiment and observed that planting
arrangements of 60 cm × 30 cm gave the maximum oil contents and 40 cm × 30 gave
the highest oil yield in sunflower. In another study of different geometric
arrangements and split doses of nitrogen on rain fed sunflowers indicated that
maximum yield at the contiguous spacing of 30 cm × 25 cm as compared to broadest
spacing of 30 cm × 35 cm (Vijaykumar et al., 2003). Increase in yield with
condensed row spacing (arrangements) has also been described by Zarea et al.,
(2005). Intercropping of maize with mungbean and mash bean with three planting
arrangements, i.e. 70 cm single row, 105/35 cm spaced paired row strips and 175/35
cm four row strips of sunflower showed that maize yield was maximum at 105/35 cm
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spaced paired row strips and minimum in mash intercropping sown at 175/35 cm four
row strips (Sultana, 2007). Ahmad et al. (2007) conducted an experiment to study the
feasibility of forage legume intercropping in forage-sorghum based intercropping
system. The results showed that the highest forage yield (46.1 t ha-1) was obtained
from sorghum grown alone in 45 cm spaced paired rows compared to the minimum
of 36.0 t ha-1 from sorghum intercropped with clusterbean under the pattern of 75 cm
spaced four-row strips. Subbian and Selvaraju (2000) observed that the maximum
soybean yield was obtained at 3:6 row proportion, followed by 2:4 and 1:2 row ratio.
Similarly, maximum soybean grain yield was obtained from sole crop followed by
intercropping with sorghum at 6:3 row ratios as compared to other row ratios
(Raghuwanshi et al., 2002).
Sharma et al. (1998) described that when linseed was grown alone or
intercropped with mustard (Brassica juncea L.) wheat (Triticum aestivum L.) or gram
(Cicer arietinum L.) in 6:1, 5:2 and 4:2 row ratios, respectively. Linseed-mustard
intercropping system produced the maximum linseed equivalent yield of 1705 kg ha-1
and the premier net returns. Prasad et al. (2000) laid out an experiment to study the
most appropriate varieties of chickpea for intercropping with mustard. The variety
KWR- 108 in 2:8 row ratios proved his superiority and gave significantly greater
grain yield of chickpea (2676 kg ha-1) with 970 kg ha-1 seed yield of mustard,
maximum chickpea yield equivalent of 3556 kg ha-1 with net profit of Rs. 35356 ha-1
was noted. Gode and Bobde (1993) concluded that growing of soybean as intercrop
in sorghum proved more remunerative than pure crop of sorghum and obtained the
highest net profit of Rs. 10249 per ha from intercropping of sorghum + soybean in
1:1 row ratio. Similarly, in another study of intercropping in sorghum with one row
of pigeonpea, two rows of soybean, groundnut and blackgram recorded 92.6, 73.6
and 16.2 per cent more gross monetary returns than that from sole sorghum.
(Ramteke et al., 1995). Angadi et al. (2004) planned a study of sorghum intercropped
with soybean, groundnut and pigeonpea. They obtained highest net monetary returns
(Rs./ha) in sorghum + pigeonpea (Rs. 22716/ha) with 3:3 row proportion. Kadam et
al. (2005) studied intercropping system of sorghum + soybean in different row
proportions and obtained maximum net monetary returns in 6:3 (Rs.15292/ha) and
2:1 (Rs. 14565/ha) row proportion as compared to other treatments. Mollah et al.,
(2007) conducted an experiment to validate the performance of groundnut + garlic
and groundnut+ onion intercropping at the farmer’s field. The result revealed that the
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higher groundnut yield equivalent when groundnut sown at 40cm apart, between two
rows of onion and garlic, while the yield of groundnut waas higher when it was sown
with one row of onion and garlic than that of two rows of onion and garlic. Dhimmar
and Raj (2009) indicated that intercropping of pulses reduced castor growth and yield
and reduction was more under paired row plantation. Green gram intercropping in
normal as well as in paired row showed similar growth and yield performance of
castor as in sole cropping.
Saudy and Metwally (2009), conducted the experiment to study of effect
of three weed control techniques and six intercropping arrangements and observed
that the side:side intercropping performed the highest significant sunflower seed
yield than the rest of other intercropping patterens and could recover maximum of its
sole sunflower yield (81.3 %). In another experiment mungbean was intercropped in
sesame under the planting arrangements of 40 cm spaced single rows, 60 cm spaced
paired row strips and 100 cm spaced four row strips. The results revealed that the
planting arrangements of sesame in 100 cm spaced four row strips enhanced the
opportunity of intercropping in sesame. Intercropping of sesame with mungbean in
the planting arrangement of 100 cm spaced four row strips seemed to be more
appropriate, productive and cost-effective than the monocropped sesame and also
enable the harvesting and management of intercrops (Bhatti et al., 2008). Similarly,
the intercropping of maize in soybean under different planting arrangements
exhibited that plant height, number of leaves, 1000-grain weight, and grain yield of
maize was not affected but seed yield and yield components of soybean were
significantly affected in intercrops (Panhwar et al., 2004).
Bhatti et al. (2013) evaluated the performance of mashbean in a sesamemash intercropping system under different geometric arrangements. The results
revealed that planting sesame in the pattern of 100 cm spaced four row strips
produced maximum seed yield of mashbean and base crop i.e. sesame as compared to
other planting patterns. Similarly, in maize-mash intercropping system with different
planting patterns, sole maize grown in the pattern of 90 cm spaced double row strips
produced significantly higher grain yield than rest of the planting patterns. As regard
maize-mash intercropping system, planting maize in 90 cm spaced double row strips
with two rows of mash as intercrop proved to be superior with respect to grain yield,
land equivalent ratio (LER) and net benefit per unit area (Ehsanullah et al., 2011).
Subbian and Selvaraju (2000) revealed that growing sorghum and soybean at 3:6 row
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ratio recorded higher sorghum equivalent yield (3575 kg/ha) followed by sorghum +
soybean at 2:4 ratio (3103 kg/ha) and sorghum + soybean at 1:2 ratio (3096 kg/ha).
Among the row ratios, growing of sorghum and soybean at 3:3 ratio gave the lowest
sorghum equivalent yield.
Pandita et al. (2000) intercropped maize (Zea ways L.) with field bean
(Physeolus vulgaris L.) in maize-bean intercropping system in 1:2 row ratio and
observed the values of land-equivalent ratio (LER) 1.61 and area-time equivalent
ratio (ATER) 1.48. This intercropping system also showed profitablity and feasibility
with the maximum benefit-cost ratio (BCR) of 1.87. Kumar et al. (2005) reported
that intercropping of fodder sorghum in narrow row space of pigeonpea (75 cm) with
a row ratio of 1:2 recorded highest net returns and benefit:cost ratio. In another
experiment four treatments of pumpkin and oil sunflower were used in an
intercropping system. The treatments were: pumpkin sole cropping (Sp), oilsunflower sole cropping (So), intercropping one row of oil sunflower (IC1) and two
rows oil sunflower (IC2) between pumpkin rows. The results showed that the
economic yield of pumpkin declined from 30% (IC1) to 71% (IC2). However, yield
per plant of intercropping of oil sunflower improved from 190% to 241% and the
Land Equivalent Ratio (LER) of pumpkin-oil sunflower was 1.08–1.22 (Zhang et al.,
2009).

2.3 Intercropping with legumes
Legumes (pulses) fix atmospheric nitrogen into the soil, helpful for controling
the soil erosion as they have more leafy growth, supply additional fodder for cattle.
Some

legumes

(pulses)

are

incorporated

into

soil

as

green

manure,

many legumes are short durational so that another crop may be taken on same land
in a year. Combination of cereal and pulses protein have same nutritive value as
animal proteins. So due to great importance of legumes (pulses), it should be
introduced in our exisiting croppping system for fulfilling the need of our daily life
and for sustainable agriculture. But our present monoculture system does not permit
because of staple food of wheat, so the possible way is to change the monocropping
into intercropping system.
Intercropping become very important due to improved utilization of growth
resources by the crops and improved reliability from season to season. When a
legume is grown in association with another crop (intercropping), commonly a cereal
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then the nitrogen utilization of the associated crop may be improved by direct
nitrogen transfer from legume to cereal (Giller and Wilson. 1991. Xiao et al, 2004).
Pulses with their adjustability to different cropping systems and their capability to fix
nitrogen, may offer chances to sustain increased productivity (Jeyabal and
Kuppuswamy, 2001). Therefore, productivity is enhanced by the introduction of a
legume in a cropping system (Maingj et al., 2001). Singh and Agrawal (2004)
reported that intercropping of pearl millet with pigeonpea and castor significantly
influenced the uptake of nutrient. The N and P uptake was maximum with sole pearl
millet as compared to intercropping with pigeonpea and castor. Adhikari et al. (2005)
studied the intercropping system of maize + groundnut in different row proportions
and reported that maize + groundnut in 2:2 row proportion showed higher uptake of
NPK than maize + groundnut in 1:1 row proportion.
Cereal-legume intercropping plays an important role in subsistence food
production in both developed and under developed countries, especially in situations
of limited water resources (Tsubo et al., 2005). Maximum light transmission was
observed in sole sorghum as compared to sorghum intercropped with legumes.
Significantly lower light transmission was noticed in sorghum + groundnut system
(Yimam, 2002). Mohan (2003) reported that the performance of cropping system was
enhanced when maize and legumes were intercropped as compared to their sole
performance. Maize intercropped with legumes in 1:2 row proportions was superior
in utilizing natural resources like light and moisture content. Similarly, water use
efficiency was improved in intercropping systems. Further, the water use efficiency
was highest in maize paired row (40/80 cm) + 2 rows of mungbean (Rana et al.,
2006). Grain yield and 1000-grain weight of sorghum was significantly more under
sorghum + soybean intercropping system (1:1 row ratio) than sole crop of sorghum
(Gode and Bobde 1993). Sole crop of sorghum gave maximum grain yield as
compared to sorghum intercropped with soybean in different row proportions
(Kadam et al., 2005). In another study, Misra et al. (2000) observed the highest
sorghum grain yield under normal intercropping with soybean as compared to paired
row intercropping. Whereas, in case of soybean, the highest grain yield was recorded
in sole crop of soybean as compared to normal row, paired row intercropping.
Bhatti et al. (2005) observed that grain legumes intercropping reduced the
seed yield of sesame to a significant level by adversely affecting its yield
components. However, the additional harvest of each intercrop compensated more
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than the loss in sesame production. Among the intercropping patterns, sesame
intercropped with mungbean, mashbean, soybean and cowpea in the pattern of 100
cm spaced four row strips proved to be feasible, easily workable and more productive
than sesame monocropping. Prasad et al. (1997) reported that soybean yield declined
38-78 %when intercropped with sorghum or pigeonpea with respect to its sole
cropping. Intercropping improves the utilization of available resources and cause
yield advantages and increased yield stability (Ofori and Stern 1987, Trenbath 1976,
Vandermeer 1989, Willey 1979). Yield advantages occur when intercrop components
compete partly for the same plant growth resources. Sometime yield of cereals was
increased when intercropped with legumes as compared to a sole crop. (Kalara and
Gangwar, 1980). The panicle number, panicle length, panicle girth, grain weight per
panicle and thousand grain weight of sorghum were significantly higher under
soybean + sorghum intercropping system (Kushwaha and Chandel, 1997).
Ahmad at al., (1998) stated that lentil and gram reduced the physiological
traits of wheat like leaf area index (LAI) crop growth rate (CGR) and dry matter
(DM) accumulation when intercropped with each other as wheat + lentil, wheat +
gram, and wheat + Egyptian clover. Budhar and Tamilselvan (2003) observed that
intercropping of sorghum with pulses gave the highest net returns and benefit: cost
ratio than sole crop of sorghum. While Ali et al., (1986) reported that mix cropping
of wheat and gram depressed yield of each crop as compared to sole cropping.
Combination of six rows of wheat in 90 cm in a ditch and four rows of gram in 90 cm
of raised bed gave the maximum remuneration of Rs. 16,868 ha-1 against Rs. 15,138
ha-1 and Rs. 6,630 ha-1 from a sole crop of wheat or a sole crop of gram, respectively.
Wheat yield was slightly decreased but the total monetary return was higher than the
loss in wheat yield. The lentil seed yield was decreased from 1.5 t/ha in pure stands
to 1.46 t/ha with 50% wheat intercropping and the wheat grain yield was 0.3 t/ha in
10% intercropping to 1.46 t/ha in sole cropping. (Rehman and Shamasuddin, 1981.)
Salunkhe et al. (1990) reported that maximum monetary returns per ha were obtained
in intercropping of sorghum and cowpea as compared to other systems. In another
study, maximum net return of Rs. 3368 per ha was obtained with sorghum sole
cropping system as compared to intercropping with soybean in different row
proportions (Raghuwanshi et al., 2002). Mikhov et al. (1991) compared sole
cropping of wheat ant lentil with mixtures of 80% lentil + 20% wheat, 70% lentil +
30% wheat and 60% lentil + 40% wheat. The highest yield of wheat was 2.56 t/ha in
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sole cropping and 1.36 - 1.91 t/ha with lentil while lentil yield was 1.81 t/ha in pure
stand and 1.14, 0.71 and 0.64 t/ha in mixture, respectively.
Lunnan (1988) studied intercropping of barley with different legumes at different
nitrogen rates (60 or 120 kg ha-1) for forage and harvested the crop at dough stage.
They observed similar fodder yield from all mixtures and noted that the higher N rate
reduced weeds, increased lodging and protein contents. Banik et al. (2005) studied
wheat-chickpea intercropping system and concluded that chickpea yield was reduced
when intercropped with wheat. However, total productivity and land use efficiency
were higher under the intercropping system as compared to mono-crops because of
other species compensated the yield loss.

2.4 Intercropping with non-legumes
Intercropping is a major form of multiple cropping systems where a wide variety
of intercrop combinations exists and land equivalent ratios (LER) up to 2.00 have been
reported in several cases (Andrews and Kassam. 1976). Multiple cropping may be an
effective way of increasing income from small holdings through better light, and
nutrient use and water harvest. Productivity may be improved by adoption of
intercropping systems, which either increase the interception of solar radiation and/or
have greater radiation-use efficiency (RUE) because the proportion of the radiant energy
reaching the ground is minimized. This could be achieved by selecting proper plant
combinations like short and long duration species or tall and short plants, (Keating and
Carberry, 1993). Gangwar and Kalra (1981) stated that leaf area index (LAI), relative
growth rate (RGR), dry matter (DM) accumulation and grain yield of maize increased
when intercropped with green gram, black gram or cowpeas as compared with sole
maize.
In a field experiment, it was observed that growing of three rows of wheat and
two rows of canola proved to be best over farmer’s practice of sowing monocultur.
The three rows of wheat and two rows of canola produced maximum wheat seed yield
(4658.9 kg/ha) as compared to monoculture of wheat crop (3087.5 kg/ha) (Khan et
al., 2009). In another field experiment, grain yield and yield components of wheat and
barley, when grown as sole crop, mixed cropping with wheat: barley row ratios of
2;1. 1:1 or 1:2 from seed mixtures. They observed that both wheat and barley
produced longer ears, more ears m-2 and higher grain yield in mixtures than in sole
cropping (Prasad et al., 1988). Billare et al. (1992) intercropped wheat and linseed.
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The treatments were sole cropping and 4:2 wheat:linseed intercropped row ratio.
Average grain yield of wheat was 1.99 t/ha when grown alone and 1.26 to 1.68 t/ha
when intercropped. Average seed yield of linseed was 0.75 t/ha when grown alone
and 0.34 to 0.62 t/ha when intercropped with wheat. In canola-wheat intercropping,
the highest canola seed yield (1217 kg ha-1), net income (Rs 22486.98 ha-1, benefit
cost ratio (BCR) 2.46 and land equivalent ratio (LER) were 1.17 in canola + one row
of wheat planting (Ali et al., 2000). Intercropping of barley with mustard was more
productive than pure stands of barley. It enhanced flowering may earlier in mustard
than sole cropping. Intercropping of barley and B.juncea in 6:3 and 8:1 row ratios
gave higher gross returns than sole cropping of barley (Singh et al. 1989).

2.5 Intercropping with legumes and non-legumes
Khan and Khaliq (2003) studied residual effect of different leguminous and nonleguminous intercropping systems on cotton planted in two planting patterns. All the
intercrops produced substantially smaller yields when grown in association with
cotton as compared to their sole crop yield. Residual nitrogen was improved in
leguminous intercropping systems as compared to cotton alone as well non-legume
intercropping systems. Similarly, organic matter was also improved in all
intercropping systems. In another study of barley based intercropping system, barley
intercropped with lentil and fiber flax. The higher values of land equivalent ratio
(LER), monetary return and intercropping advantage were observed in barley
intercropped with flax (Mandal and Mahapatra 1990). Economic yield of rice-based
intercropping systems with maize, sesbania, mung bean, rice bean, cowpea and
pigeon pea reduced the paddy yield to the extent of 1.20, 1.11, 0.72, 0.63, 0.74 and
0.76 t ha-1, respectively compared to sole crop yield of rice. This decline in rice yield
was compensated by additional income of the component crops (Saleem et al., 2000).
Nazir et al., (1996) planned the experiment in which the treatments were; barley
alone, barley + lentil, barley + methra, barley + gram, barley + wheat and barley +
linseed. All the intercrops declined the grain yield of barley as compared to sole crop
yield of these crops. The land equivalent ratio exhibited 28-45% yield advantage of
different intercropping systems over sole cropping of barley. The maximum
monetary return Rs. 10367 ha-1 was attained from barley + lentil intercropping
system. In another experiment, Khan and Saeed (1997) observed that various yield
components of wheat like; total number of tillers, fertile tillers, 1000- grain weight,
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and grain yield were affected by various intercrops, while plant height and number of
grains per spike were not affected. The highest wheat yield equivalent of 6.19 t/ha
was recorded for wheat-fenugreek, and maximum net return Rs. 21,047 ha-1 and
benefit cost ratio of 3.11 from wheat + fenugreek intercropping system. Subedi
(1997) studied the profitability of intercropping wheat with tori (Brassica campestris
vav. toria) and peas (Pisum sativuum L.). He observed that the intercropping of
wheat + pea was more profitable in overall grain yield and economic return, although
the sole crop of pea provided the maximum net return. The wheat + tori (Brassica
campestris vav. toria) intercropping system was not profitable as compared to either
of the sole crops and intercropping of tori showed a negative effect on wheat yield.
It is obvious from previous studies that intercropping increased the soil fertility,
soil organic matter and reduced the soil erosion. It is also environment friendly as it
supresses the weeds infestation, pests and diseases without using chemical fertilizers.
Intercropping system also improves the utilization of available resources. This
system improves the economics of the farmers by the wiseful selection of crops and
their geometric arrangements. It is concluded that this system has potential to
increase crop productivity and economy of the farmer.
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Chapter 3
MATERIALS AND METHODS
3.1. Site characteristics
An experiment was conducted to study the bio-economic assessment of barley and
associated cultures with different geometric arrangements at Agronomic research area,
University of Agriculture Faisalabad, Pakistan during the rabi seasons of 2009-2010 and
2010-2011. The site is located at latitude 31.20°N and longitude 73.06°E and at the height
of 184.5m above sea level.

3.2. Soil analysis
For the physico-chemical analysis of experimental site, the soil samples were
collected from the experimental site. These samples were taken from a depth of 15 to
30cm. Detailed analysis of these soil samples is given in Table 3.1. For post-harvest NPK
soil analysis, composite soil samples were collected from each experimental unit
immediately after the harvest of component crops at the depth of 30cm.

3.3. Agro-meteorological data
Meteorological data for the crops growing period during both years (2009-10 and
2010-11) was collected from the Crop Physiology Department, University of Agriculture,
Faisalabad, Pakistan and are depicted in Fig. 3.1

3.4. Experiment and treatments
3.4.1. Experiment.

Bio-economic assessment of barley and associated cultures with
different geometric arrangements

The experiment was conducted to determine the bio-economic assessment of
barley intercropped with different rabi crops planted under different configrations.
Experiment was carried out for two consecutive years during the rabi season 2009-2010
and 2010-2011. Experimental treatments detail is given as under:
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Maximum Temperature (°C)
Miinimum Temperature (°C)
Rain fall (mm)
Relative humidity (%)

Tempertute (c)
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RH(%) Rainfall (mm)

60

0

0
Sep. 10

Oct.10

Nov.10

Dec.10

Jan.11

Feb.11

Mar.11

Apr.11

May.11

Growing Seasons (B)

Fig. 3.1: Meteorological data for growing seasons of crops during the year 2009-10 (A)
2010-11 (B)
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3.4.2. Treatments:
A:

Geometric arrangements (main plots)
P1: 40 cm spaced single rows
P2: 60 cm spaced double row strips
P3: 100 cm spaced four row strips

B:

Intercropping system (sub plots)
I0 = Barley alone

(Hordium vulgare L.)

I1 = Barley + gram

(Cicer arietinum L.)

I2 = Barley + lentil

(Lens culinaris Medik)

I3= Barley + berseem

(Trifolium alexandrinum L.)

I4 = Barley + linseed

(Linum usitatissimum L.)

I5 = Barley + fennel

(Foeniculum vulgare Mill)

I6 = Barley + garden cress (Haloon) (Lepidium sativum L.)
I7 = Barley + garlic

(Allium sativum L.)
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Table 3.1: Pre-sowing physico-chemical analysis of the experimental soil
Values
Units

2009-2010

Sand

%

62.10

60.90

Silt

%

18.70

17.45

Clay

%

19.20

21.65

Sandy clay loam

Sandy clay loam

2010-2011

A. Physical characteristics

Textural class
B. Chemical analysis
pH

-

7.90

7.80

ECe

dSm-1

1.16

1.13

Organic matter

%

0.77

0.75

Available N

%

0.042

0.040

Available Phosphorus

ppm

6.95

6.85

Available Potassium

ppm

138

136

3.5. Layout
Experiment was laid out in randomized complete plot design with split plot
arrangements, randomizing geometric arrangements in main plots and intercropping
systems in sub plots with three replications. The net plot size was kept 3.2m × 7.0m. The
layout plan and plantation scheme of the experiment are given in Fig.3.2 and Fig. 3.3,
respectively.

3.6. Crop husbandry
The agricultural management practices for the component crops were as follow:
3.6.1. Seed bed preparation
A fine and uniform seed bed was prepared for all component crops in all
experimental units. Each year before seed bed preparation, pre-soaking irrigation of 10cm
depth was applied. When soil reached at the workable moisture level i.e. “watter
condition” the seed bed was prepared by giving 3-4 cultivations up to the depth of 1012cm with the help of tractor mounted cultivator, followed by planking.
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3.6.2. Crop varieties and seed rates
Same crop varieties with normal seed rates were used in both years. The detail is
given in Table 3.2
3.6.3. Time and method of sowing
The barely crop was sown on a well prepared seed-bed during both years with the
help of single row hand drill and all the intercrops were sown as sole crop as well as
intercropped on the same day as per treatment.
3.6.4. Fertilization
-1

Fertilizer was applied at the rate of 100: 75: 75 kg NPK ha in the form of Urea,
Diammonium Phosphate (DAP) and Sulphate of Potash (SOP). The whole phosphorus,
potash and half nitrogen were applied at the time of sowing, while remaining half
nitrogen was applied at first irrigation. All other agronomic practices were kept normal
and uniform for all the treatments.
3.6.5. Irrigation
Three irrigations were applied during the entire growth period of crops, each was
of 7.5 cm depth. The first irrigation was applied 30 days after the germination, while 2nd
irrigation was given 70 days after germination and 3rd irrigation was applied at earing
stage during both years of the experimentation.
3.6.6. Plant protection measures
The experimental field was kept free of weeds by manual hoeing and for the
control of insec/pests, suitable pesticides were applied. All other agronomic practices
were kept normal and uniform for all treatments, during both years.
3.6.7. Harvesting and threshing
At their physiological maturity, all the crops were harvested on the dates given in
Table 3.3. Crops were harvested manually with the help of sickle at the ground level,
dried in sun light and then tied into separate bundles and threshed manually.
3.7 Data collection
Data were collected on the desired parameters of all crops as per treatments by
following standard procedures.
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3.8. Observations
The following observations were recorded during the course of study:
3.8.1. Growth, yield parameters and final yield
3.8.1.1. Barley
3.8.1.1.1 Agronomic traits
1. Plant height at maturity (cm)
2. Number of tillers per m2
3. Number of grains per spike.
4. Spike length (cm).
5. Grain weight per spike (g)
6. 1000-grain weight (g)
7. Biological yield (kg ha-1)
8. Grain yield (kg ha-1)
9. Straw weight (kg ha-1)
10. Harvest index (%)
3.8.1.1.2. Physiological traits
1. Leaf area index (LAI)
2. Leaf area duration (days)
3. Crop growth rate (g m-2 d-1)
4. Dry matter accumulation at fortnight interval (g m-2)
5. Net assimilation rate (g m-2d-1)

3.8.1.1.3. Qualitative traits
1. Seed protein content (%)
2. Seed fat content (%)
3. Seed ash content (%)
3.8.1.2 Intercrops
i) Gram, lentil
1. Plant height at maturity (cm)
2. Number of pods per plant
3. Number of seeds per pod
4. 1000-seed weight (g)
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5. Total biomass (kg ha-1)
6. Seed yield (kg ha-1)
7. Harvest index (%)
ii) Linseed, fennel, garden cress
1. Biological yield (kg ha-1)
2. Seed yield (kg ha-1)
iii) Berseem
1. Green fodder yield (kg ha-1)
iv) Garlic
1. Biological yield (kg ha-1)
2. Bulb yield (kg ha-1)
3.8.2. Agronomic advantages
1. Barley grain yield equivalent (kg ha-1)
2. Land Equivalent Ratio (LER)
3. Area-time equivalent ratio (ATER)
3.8.3. Competitive functions
1. Aggressivity (A)
2. Relative Crowding Coefficient (RCC)
3. Competitive Ratio (CR)
3.8.4. Post-harvest nutrient (NPK) status of soil
1. Nitrogen level (%)
2. Phosphorus level (ppm)
3. Potassium level (ppm)
4. Organic matter content (%)
3.8.5. Economic analysis
3.8.5.1. Net field benefit
1. Gross field benefit

(Rs. ha-1)

2. Total variable cost

(Rs. ha-1)

3. Net field benefit

(Rs. ha-1)
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3.8.5.2. Marginal analysis
1. Dominance analysis
2. Marginal rate of return (%)
3.8.6. Sensitivity analysis
3.9. Procedure adopted for recording the data
The procedure used for collecting data on the above mentioned parameters is
detailed as below
3.9.1. Growth, yield parameters and final yield
3.9.1.1 Barley
3.9.1.1.1 Agronomic traits
3.9.1.1.1.1 Plant height at maturity (cm)
Ten tillers were selected from each plot randomly. The height of these tillers was
measured from the ground level upto the tip of the spike with a meter rod and then
average was calculated.
3.9.1.1.1.2 Number of tillers per m2
Total number of spike bearing tillers of barley per unit area (3.2 m x 1 m) was
counted in each plot just before harvesting of crop and then averaged on m2 basis.
3.9.1.1.1.3 Number of grains per spike
Number of grains per spike in barley was recorded from ten randomly selected
spikes from each plot and then averaged.
3.9.1.1.1.4 Grain weight per spike (g)
A sample of 10 spikes was taken and each spike was threshed manually. Grains
from each spike were weighed separately with the help of an electric (digital) balance and
then average weight per spike was computed.
3.9.1.1.1.5 1000-grain weight (g)
Two sub samples of 1000-grains were taken at random from seed lot of each
experimental unit (plot) and weighed on an electric balance in the laboratory and then
averaged.
3.9.1.1.1.6 Biological yield (kg ha-1)
The crop was harvested manually, tied into bundles in respective plots for sun
drying. The sun dried bundles were weighed for recording biological yield in each plot
and then converted into kg ha-1.
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3.9.1.1.1.7 Grain yield (kg ha-1)
The crop was harvested manually, sun dried, threshed manually and grains of
barley were seprated from straw, cleaned and weighed by using an electric balance. The
grain yield obtained from each sub plot was converted on kg ha-1.
3.9.1.1.1.8 Straw weight (kg ha-1)
Straw weight was determined by subtracting grain yield from biological yield of
each experimental unit.
3.9.1.1.1.9 Harvest index (HI) (%)
Harvest index (HI) was calculated as the ratio of grain yield to biological yield
and then expressed in percentage by using the following formula

3.9.1.1.2 Physiological traits
Leaf area index
Leaf area index (LAI) was determined by using the following formula of Beadle
1987),

Where
r1 is the functional (green) leaf area of the crop canopy standing on ground area P.
Leaf area duration (LAD)
The LAD was estimated using the formula of Hunt
(1978)
LAD = (LAI1 + LAI2) x (t2 –t1)
2
where
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LAI1 and LAI2 arc the leaf area indices at t1 and t2, respectively.
Crop growth rate
The crop growth rate (CGR) was calculated by the formula given by Hunt (1978).
CGR = W 2 - W 1 / t 2 - t 1
Where
W1 and W2 are the total dry weights harvested at t1 (first harvest) and t 2 (second
harvest), respectively.
Dry matter accumulation and leaf area
Dry matter (DM) accumulation and leaf area (LA) m-2 in barley was determined at
fortnight intervals by collecting samples from a uniform unit area in each treatment. The
sampling was initiated 30 days after emergence (DAE) and terminated 120 DAE. Soon
after harvest each sample was weighed to determine the fresh weight. Then leaf blades
(Lamina) in each sample were removed with a razor blade for determining LA by using
the Leaf Area Meter. Each plant sample including the excised leaves was chaffed,
thoroughly mixed and then sun dried. After this, samples were placed for sun drying and then
placed in an oven at 70°C to dry the plant material till the constant weight obtained. The
data pertaining to the DM and LA were used to calculate DM accumulation m-2 and leaf
area index (LAI).
Net assimilation rate (NAR)
Net assimilation rate (NAR) was determined by the formula described by Hunt
(1978).
NAR = TDM/LAD
where
TDM -

Total dry matter

LAD =

Leaf area duration

3.9.1.1.3 Qualitative traits
1. Grain protien content (%)
2. Grain fat content (%)
3. Grain ash content (%)
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Grain protien content (%)
The total nitrogen content of barley samples, selected from each experimental unit
was determined by using the micro Kjeldahl method (AOAC, 1990). A 0.5 g of dried and
finely ground sample of barley seed was taken in a Kjeldahl flask with 3 g of digestion
mixture (H2S04 + K2S04) and 20 ml of Sulfuric acid. The material was boiled in a digestion
apparatus for 1.5-2 hours till the contents became clear. Then the digested material was
cooled and diluted up to 250 ml in a volumetric flask by adding distilled water. From
volumetric flask 10 ml of digested material was transferred to the micro Kjeldahl
apparatus. It was mixed with 10 ml of 40% NaOH. The mixtue was distilled in the
presence of 50 mg zinc dust. Thus Ammonia gas evolved which was collected in a receiver
containing 10 ml of 2% boric acid solution with methyl red as an indicator.
The contents of distillate were titrated against standard sulfuric acid (N/10 H2 SO4) till
the end point of light pink colour was obtained. From the volume of acid used, percentage
of nitrogen was calculated on the basis of ammonia evolved. Nitrogen and crude protein
percentage were worked out as follows:

Crude protein content (%)

=

Nitrogen content (%) x 6.25

Grain fat content (%)
The fat contents of barley grain was determined by taking 3 gram grind sample in
the Soxhlet apparatus by using Diethyle ether for extraction and adopted the following
procedure:
1.

First of all, weigh the oven dried filter paper (W1)

2.

Then, weigh the ground oven dried sample (W2)

3.

Wrap the sample in the filter paper and weigh again (W3)

4.

Put the wrapped sample in extraction tube

5.

Turn on water and heater to start extraction of fat.

6.

After 4-6 siphonings, stop the apparatus and disconnect the flask. The
ether (Petroleum) in the extraction tube is recovered for future use.

7.

Turn out the wrapped residue (Paper + sample) from the extraction tube.

8.

Place the wrapped residue for some time in open air and then place it in oven.
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9.

Cool in desiccator and weigh (W4)

10.

The fat percentage was calculated by using the following formula
(AOAC1990):

Grain ash content (%)
The ash content of barley grain was determined by adopting the following
procedure.
First of all take the crucible which is clean and weigh it on the electric balance
after that place the sample (ground barley grain) in crucible and weigh it again. Then the
crucible was heated on oxidizing flame till it gave no fumes. Then sample was placed in
muffle furnace at 550 °C till the gryish white residue was obtained. Then place the
crucible in desicator and % ash was calculated with the help of following formula.

3.9.2. Agronomic advantages
Barley grain yield equivalent:
Barley grain yield equivalent was computed by converting the yields of intercrops
into grain yield of barley, based on the existing market price of each intercrop
(Anjeneyulu et al., 1982).
Land equivalent ratio
Land equivalent ratio (LER) was computed by using the formula described by
Willey (1979).
LER =

La + Lb

where
La and Lb are the LERs for the individual crops
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Yaa

=

Pure stand yield of crop "a"

Ybb

=

Pure stand yield of crop "b"

Yab

=

Intercrop yield of crop "a" intercropped with crop "b"

Yab

=

Intercrop yield of crop "b" intercropped with crop "a"

Area-time equivalent ratio
Area time equivalent ratio (ATER) was determined by using the formula proposed
by Hiebsch (1980).
ATER
Where
Ryc

=

Relative yield of main crop ( c )

Ryp

=

Relative yield of component crop (p)

tc

=

Duration (days) for crop (c)

tp

=

Duration (days) for crop (p)

T

=

Duration (days) of the intercropping system

3.9.3. Competitive Functions
The following abbreviations were used to calculate different competitive functions.
Yaa pure stand yield of crop "a".
Yab intercrop yield of crop "a".
Ybb pure stand yield of crop "b".
Yba intercrop yield of crop "b".
Zab are sown proportions of crop "a" in an intercropping system.
Zba are sown proportions of crop "b" in an intercropping system.
Aggressivity value (A)
Aggressivity (A) shows the degree of dominance of one crop over other when
sown together. Aggressivity value was derived from the following formula proposed by
McGilchrist (1965).
Aab
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where
Aab = Aggressivity value for the component crop "a". All other abbreviations
have been described above in this section.
Relative crowding coefficient (RCC)
Relative crowding coefficient (K) is the measure of relative dominance of one specie
over the other in an intercropping system. It was calculated by the following formula which
was proposed by Dewit (1960):
Kab
where
Kab = Relative crowding coefficient for the component crop "a". All other
abbreviations such as Yaa, Yab, Zab, Zba have been described above in this section.
Competitive ratio (CR)
Competitive ratio (CR) gives better measure of competitive ability of the crop and it
also advantageous as an index over K and A (Willey and Rao, 1980). It was calculated by the
formula proposed by Willey et al. (1980).

CRa
Where
CRa = Competitive ratio value for the component crop "a". All the other
abbreviations have been described above in this section.
3.9.4. Post harvest fertility status of the soil
The post harvest analysis of the soil for fertility status (NPK and organic matter)
was done by using the procedure described by Homer and Pratt (1961).
3.9.5. Economic Analysis:
The two year average data was analyzed for economic parameters using the
methodology prescribed in CIMMYT (1988). The economic analysis was conducted in
three steps. i.e., net field benefits, marginal analysis and sensitivity analysis.
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3.9.5.1. Net field benefits:
Gross benefits (Rs. ha-1)
The gross field benefit indicates the total income obtained from the main and byproducts of the component crops in each intercropping system
Gross field benefits = Field price x yield
Total variable cost (Rs. ha-1)
The total variable cost (Rs. ha-1) was determined by calculating total variable cost
of production of barley and intercrop in each treatment.
Net field benefits (Rs. ha-1)
It was calculated by deducting the gross investment from the gross field benefits
(CIMMYT, 1988).
Net field benefits = Gross field benefits – Total variable cost
3.9.6. Marginal Analysis:
The economic analysis tells us only the net field benefits but we did not compare
the costs that vary with the net field benefits. For such comparison, a marginal analysis is
required. It involves the dominance analysis and marginal rate of return that are detailed
as under.
(a)

Dominance Analysis:
In this analysis, treatments were arranged in order of increasing variable costs. A

treatment was considered dominant (D) if its variable costs were higher than the
preceeding treatment, but its net field benefits were equal or lower (CIMMYT, 1988).
(b) Marginal rate of return (MRR %)
Marginal rate of return is the marginal net field benefits (MNB) i.e., the change in
net field benefits divided by the marginal costs (MC) i.e., the change in costs expressed as
a percentage. MRR was determined by using the formula given by CIMMYT (1988).
MRR (%)

=

× 100
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3.9.7. Sensitivity Analysis:
The input and output prices of agricultural commodities keep on fluctuating from year
to year and location to location in Pakistan. Therefore, in order to test our
recommendation, its ability to withstand the possible price changes ˝Sensitive Analysis˝
was performed. In this analysis, marginal analysis was done using an alternate set of input
and output prices which are listed below:
(a) Sensitivity analysis with constant input prices and output prices increased by 10%
from the current level.
(b) Sensitivity analysis with input prices increased by 10% and output prices kept
constant.
(c) Sensitivity analysis with input prices increased by 5% and output prices decreased
by 5%.
3.9.8. Statistical Analysis.
The data were statistically analyzed by using the computer statistical programme
MSTAT-C (Freed and Eisensmith, 1986) and least significance difference (LSD) test
at 5 % probability was applied to compare the differences among treatment’s means
(Steel et al., 1997).
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OVER VIEW OF THE EXPERIMENTAL SITE
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BARLEY SOWN ALONE AT 40 CM SPACED SINGLE ROWS

41

BARLEY + GARDEN CRESS INTERCROPPING AT 40 CM SPACED SINGLE
ROWS

42

BARLEY + GARDEN CRESS INTERCROPPING AT 60 CM SPACED DOUBLE
ROW STRIPS

43

BARLEY + LENTIL INTERCROPPING AT 100 CM SPACED FOUR ROW STRIPS
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Chapter 4
RESULTS AND DISCUSSIONS
4.1

Bio-economic assessment of barley and associated cultures with
different geometric arrangements
A field experiment to see the performance of barley and associated cultures with

different geometric arrangements was conducted during the rabi seasons 2009-2010 and
2010-2011 with three geometric arrangements i.e., 40 cm spaced single rows, 60 cm
spaced double row strips and 100 cm spaced four row strips. Seven component crops viz.
gram, lentil, linseed, garlic, berseem, fennel and garden cress (haloon) were sown alone
as well as intercropped in barley on the same day just after sowing the main crop (barley).
All component crops were harvested at their physiological maturity. The data regarding
crop growth, crop yield, yield components and other relevant parameters were recorded at
different stages of the crop. In this chapter the results obtained for different intercropping
systems and geometric arrangements are presented and described as follow.

4.1.1 Agronomic Traits
4.1.1.1 Grain Yield per Hectare (GYH)
Grain yield is the end product of the crop which is gained by the inherent potential
of the crop and environmental factors. During 2009-2010, the grain yield was 7.77%
higher than the preceding year 2010-2011. The yield alteration between the years might be
attributed to differential day-to-day variations in the maximum and minimum temperatures
resulting in different daily leaf temperature across the years, more rainfall during 20092010 than 2010-2011, different rainfall patterns and other temporal distributions in
environment. These environmental distributions across the year also caused better growth
and development of barley in 2009-2010 than 2010-2011 as is evident from the results
discussed in this chapter.
During the first year of the study, the intercropping systems and geometric
arrangements had significant effect on barley grain yield per hectare (GYH) (Table 4.1).
Although in all the intercropping systems, the sole crop of barley produced higher grain
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Table 4.1: Grain yield (kg ha-1) of barley as affected by associated cultures and
geometric arrangements:
2009-10 (1st year)
Geometric arrangements
Mean
40 cm spaced 60 cm spaced 100 cm spaced
double row
four row strips
Intercropping system
single rows
strips (P2)
(P3)
(P1)
Barley alone

(I0)

4192

3881

3975

4016 a

Barley+Gram

(I1)

3431

3638

3675

3581 c

Barley+Lentil

(I2)

3477

3727

3726

3643 b

Barley+Berseem

(I3)

3259

3507

3564

3443 e

Barley+Linseed

(I4)

3323

3569

3621

3504 d

Barley+Fennel

(I5)

3205

3333

3496

3345 f

Barley+Garden cress (I6)

3257

3408

3530

3399 e

(I7)

3417

3614

3643

3558 c

3445 b

3585 a

3654 a

Barley+Garlic
Mean

LSD value (P≤0.05) for P = 119.02 and I = 47.61
2010-11 (2nd year)
Barley alone

(I0)

3955 a

3595 c

3727 b

3759 A

Barley+Gram

(I1)

3296 i

3389 g

3504 e

3396 C

Barley+Lentil

(I2)

3352 h

3450 f

3556 d

3453 B

Barley+Berseem

(I3)

3046 m

3111 l

3309 i

3155 F

Barley+Linseed

(I4)

3106 l

3258 j

3391 g

3252 E

Barley+Fennel

(I5)

2936 o

2998 n

3197 k

3044 H

Barley+Garden cress (I6)

2958 o

3058 m

3225 jk

3080 G

(I7)

3227 jk

3349 h

3462 f

3346 D

3235 C

3276 B

3421 A

Barley+Garlic
Mean

LSD value (P≤0.05) for P = 7.18, I = 20.81 and P x I = 36.045
Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
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yield than intercropped barley. However, the maximum reduction in barley grain yield
(23.55%) was observed in barley + fennel intercropping system. This reduction was due
to sever competition between barley and fennel due to more plant height of fennel and its
shading effect on barley, competition for soil moisture, spacing, solar radiation etc.
As regards the geometric arrangements, barley crop grown in the pattern of 100
cm spaced four row strips and 60 cm spaced double row strips produced significantly
higher grain yield (3654 kg ha-1) and (3585 kg ha-1) respectively, than 40 cm spaced
single rows (3445 kg ha-1) during 2009-2010. However, during second year all planting
patterns differed significantly from one another with respect to grain yield. The lowest
yield of barley in 40 cm spaced single row was due to more competition between barley
and intercrops for different input resources.
Barley grain yield per hectare was reduced significantly by various intercropping
systems compared to sole cropping (Table 4.1). During first year of the study (20092010), the maximum barley grain yield per hectare 4016 kg ha-1 was obtained in sole
barley (I0) as against the minimum 3344 kg ha-1 for barley + fennel intercropping system
(I5). Sole barley yielded considerably higher than all the intercropped treatments in both
years, due to more number of tillers per unit area and higher 1000-grain weight. During
the second year of the study, the maximum grain yield (3955 kg ha-1) was obtained in P1I0
i.e. sole crop of barley in 40cm spaced single rows while minimum grain yield (2936 kg
ha-1) was recorded in P1I5 i.e. barley + fennel intercropping system. Reduction in wheat
grain yield due to intercropping was also reported by Billare et al. (1992) and in barley by
Wahla et al. (2009). Adverse effects of intercropping in wheat and cotton with different
intercrops was also reported by Ahmad and Saeed (1998) and Khan (2000), respectively.
4.1.1.2 Biological Yield per Hectare (BYH)
The total biological yield expresses the overall growth and developmental potential
of a crop. On an averge, the barley crop produced 10.11% higher BYH during 2009-10
than 2010-11 which was ascribed to more appropriate crop growth conditions during 1st
year than 2nd year of study.
The geometric arrangements and intercropping systems had significant effect on BYH of
barley (Table 4.2). During both years sole crop of barley gave the higher biological yield
as compared to other intercropping systems. Significant reduction in biological yield
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Table 4.2: Biological yield (kg ha-1) of barley as affected by associated cultures and
geometric arrangements:
2009-10 (1st year)
Geometric arrangements
Mean
40 cm spaced 60 cm spaced 100 cm spaced
double row
four row strips
Intercropping system
single rows
strips (P2)
(P3)
(P1)
Barley alone

(I0)

13694

12990

13091

13258 a

Barley+Gram

(I1)

11499

12135

12474

12036 c

Barley+Lentil

(I2)

11840

12373

12643

12285 b

Barley+Berseem

(I3)

11007

11680

12014

11567 e

Barley+Linseed

(I4)

11408

12009

12229

11882 d

Barley+Fennel

(I5)

10511

10736

11809

11019 g

Barley+Garden cress (I6)

10786

10924

11929

11213 f

(I7)

11449

12067

12257

11924 d

11524 c

11864 b

12306 a

Barley+Garlic
Mean

LSD value (P≤0.05) for P = 193.46 and I= 83.61
2010-11 (2nd year)
Barley alone

(I0)

11664 a

11712 a

11773 a

11716 A

Barley+Gram

(I1)

10139 l

10692 fg

11150 bc

10660 C

Barley+Lentil

(I2)

10337 k

10786 ef

11233 b

10785 B

Barley+Berseem

(I3)

9942 no

10512 ij

10825 e

10426 F

Barley+Linseed

(I4)

9996 mn

10554 hij

10974 d

10508 D

Barley+Fennel

(I5)

9812 p

10344 k

10440 jk

10199 H

Barley+Garden cress (I6)

9866 op

10385 k

10615 ghi

10289 G

Barely+Garlic

10096 lm

10621 gh

11046 cd

10587 D

10232 C

10701 B

11007 A

Mean

(I7)

LSD value (P≤0.05) for P = 65.13, I = 60.64 and P x I = 105.04
Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
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ha-1 in all intercropping systems was recognized due to competition between associated
cultures for plant growth factors. Such reduction in BYH was also studied by Ahmad
(1990), Anjum (1996) and Ahmad (1997) in wheat-based intercropping systems and
Wahla et al. (2009) in barley-based intercropping systems.
According to geometric arrangement, the crop planted in 100 cm spaced four row
strips produced significantly more biomass than the crop planted in other geometric
arrangements. i.e. (60 cm spaced double row strips or 40 cm spaced single rows).
Difference in biological yield of barley among different geometric arrangement was
attributed to their variable plant height and vegetative growth. The maximum biological
yield (12306 kg ha-1) was recorded in 100 cm spaced four row strips as against the
minimum (11524 kg ha-1) in 40 cm spaced single rows. Similar trend of geometric
arrangements were found during rabi season 2010-2011 while the interaction showed
significant effect during second year of study. The maximum biological yield of barley
(11664 kg ha-1) was obtained in plots where sole barley was sown at 40 cm spaced single
rows and minimum in plots where barley was intercropped with fennel (9812 kg ha-1).
Malik et al. (1992) also reported the significant effect on biological yield in sesame based
intercropping system.
4.1.1.3 Number of tillers m-2 at harvest
In cereales number of tillers is a genetically controlled character. However, the
crop management practices such as geometric arrangement, application of fertilizer,
irrigation etc. also helps to maximize the crop inherent potential. The year effect on plant
population density of barley per unit area at harvest was significant and total number of
tillers per unit area was greater in 2009-2010 than 2010-2011. More number of tillers
during 2009-2010 than 2010-2011 might be due to favorable environmental conditions
for barley crop.
The intercropping system had significant effect on the number of tillers per unit
area during both the years under study (Table 4.3). All associated cultures reduced the
total number of tillers of barley significantly as compared to sole cropping of barley
(Table 4.3). Garden cress (haloon) caused maximum reduction (456 m-2 ) in the number
of tillers per unit area compared with sole barley (599 m-2). Similar trend was observed in
second year also. Lower number of tillers of barley per unit area intercropped with garden
cress (haloon) compared with sole barley crop might be attributed to severe competition
between the component crops for essential growth factor such as space, moisture etc.
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Table 4.3: Total number of tillers of barley as affected by associated cultures and
geometric arrangements:
2009-10 (1st year)
Geometric arrangements
40 cm spaced 60 cm spaced 100 cm spaced
Mean
Intercropping system
single rows
double row
four row strips
(P1)
strips (P2)
(P3)
Barley alone

(I0)

583.33

610.33

604.67

599.44 a

Barley+Gram

(I1)

567.67

586.33

477.33

543.78 bc

Barley+Lentil

(I2)

597.67

558.33

508.67

554.89 bc

Barley+Berseem

(I3)

529.00

534.67

540.00

534.56 c

Barley+Linseed

(I4)

561.00

568.33

477.67

535.67 c

Barley+Fennel

(I5)

504.67

565.33

533.67

534.56 c

Barley+Garden cress (I6)

435.00

406.33

526.00

455.78 d

Barley+Garlic

552.67

593.33

542.33

562.78 b

541.38 NS

552.88

526.29

(I7)

Mean

LSD value (P≤0.05) for I = 26.77
2010-11 (2nd year)
Barley alone

(I0)

467.67

503.67

486.00

485.78 a

Barley+Gram

(I1)

419.00

468.33

440.00

442.44 cd

Barley+Lentil

(I2)

431.33

478.33

455.33

455.00 bc

Barley+Berseem

(I3)

403.33

444.33

379.67

409.11 e

Barley+Linseed

(I4)

413.67

468.67

401.33

427.89 de

Barley+Fennel

(I5)

342.33

398.00

382.67

374.33 f

Barley+Garden cress (I6)

348.67

394.67

394.00

379.11 f

Barley+Garlic

439.67

479.67

470.67

463.33 b

(I7)

408.21 b
454.46 a
Mean
LSD value (P≤0.05) for P = 30.34 and I = 19.15

426.21 ab

Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
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Mandal et al. (1985) and Nazir et al. (1988) recorded significant reduction in
plant population density per unit area (PPD) of wheat crop with different component
crops.
Among geometric arrangements, the maximum number of tillers was (454 m-2)
recorded in 60 cm spaced double row strips which was at par (426 m-2) with 100 cm
spaced four row strips, while the interactive behavior of planting geometry and
intercropping system was found to be non-significant in both years of study.
4.1.1.4 Number of grains per spike
Number of grains per spike was slightly more during year 2009-2010 than 20102011. This might be due to more number of spikelets per spike in 1st year of study. In
barley, number of grains per spike was significantly affected by intercropping system
during both the years. The maximum number of grains per spike (51.55/spike) was
recorded in barley + lentil intercropping system which was at par (51.28/spike) with sole
barley. Almost similar trend was observed during the second year of the study. As regard
the geometric arrangement, during first year of the study, 40 cm spaced single rows
showed maximum number of grains per spike compared to other intercropping systems,
while in second year it was non-significant. Bajwa et al. (1992) studied the behavior of
intercropped wheat crop and reported that the number of grains was not affected
significantly by intercropping system.Similarly, Khalid et al. (1988) and Treen et al.
(1988) stated that the number of grains of wheat crop was not significantly affected by
different geometric arrangements. While, Bonsu (1977) and Malik et al. (1992) pointed
out that different row spacing had significant effect on the number of seeds per capsule
(NSC) of sesame.
In 2009-2010, number of grains per spike of intercropped barley was significantly
lower than the mono-cropped barley (Table 4.4). The maximum decrease in number of
grains per spike of barley was noted in barley+fennel intercropping system. The same
trend of reduction in grains per spike of barley was observed during 2010-2011. Similar
reduction in the number of grains per spike of wheat in wheat-sarsoon intercropping
system was reported by Nazir et al. (1988), Ahmad (1990) and Anjum (1996).
4.1.1.5. Grain weight per spike (GWS)
The grain weight spike-1 of barley was slightly more during the year 2010-2011
than 2009-2010. The grain weight spike-1 of intercropped barley was significantly lower
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Table 4.4: Number of grains per spike of barley as affected by associated cultures
and geometric arrangements:
2009-10 (1st year)
Geometric arrangements
40 cm spaced 60 cm spaced 100 cm spaced
Mean
Intercropping system
single rows
double row
four row strips
(P1)
strips (P2)
(P3)
Barley alone

(I0)

51.60 abcdef

51.22 bcdefg

51.03 efgh

51.28 AB

Barley+Gram

(I1)

51.75 abc

51.00 fgh

50.48 h

51.08 B

Barley+Lentil

(I2)

51.64 abcde

51.87 a

51.13 cdefg

51.55 A

Barley+Berseem

(I3)

51.20 bcdefg

51.61 abcde

50.97 gh

51.26 AB

Barley+Linseed

(I4)

51.45 abcdefg

51.67 abcd

51.18 bcdefg

51.43 AB

Barley+Fennel

(I5)

51.78 ab

51.32 abcdefg

51.09 defgh

51.40 AB

Barley+Garden cress (I6)

51.47 abcdefg

51.37 abcdefg

51.13 cdefg

51.32 AB

Barley+Garlic

51.51 abcdefg

50.97 gh

50.93 gh

51.14 B

51.55 A

51.38 A

50.99 B

(I7)

Mean

LSD value (P≤0.05) for P = 0.257, I = 0.355 and P x I = 0.626
2010-11 (2nd year)
Barley alone

(I0)

49.07

49.87

49.37

49.43 ab

Barley+Gram

(I1)

48.53

49.77

50.10

49.47 ab

Barley+Lentil

(I2)

49.07

48.60

49.80

49.16 ab

Barley+Berseem

(I3)

49.43

48.90

49.30

49.21 ab

Barley+Linseed

(I4)

49.53

48.13

49.33

49.00 b

Barley+Fennel

(I5)

48.27

49.73

49.10

49.03 ab

Barley+Garden cress (I6)

49.43

48.90

48.73

49.02 b

Barley+Garlic

49.73

49.60

50.07

49.80 a

49.19

49.48

(I7)

49.13 NS
Mean
LSD value (P≤0.05) for I = 0.769

Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
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than that of mono-cropped barley in both the years (Table 4.5). Sole crop barley showed
significantly maximum grain weight spike-1 (1.65 g) compared with intercropped barley.
Regarding intercropping systems, maximum reduction in barley grain weight per spike
(GWS) was recorded in barley + fennel intercropping system. Among geometric
arrangements 100 cm spaced four row strips had maximum grain weight spike-1 (1.63 g)
which was at par with 1.62 g for 60 cm spaced double row strips. Similar trend was
recorded during the 2010-2011. These results are parallel to Khan (1986), Mushtaq (1988)
and Nazir et al. (2000) who reported that grain weight per spike was affected significantly
by different intercropping systems. On the contrary Avila et al. (1992) observed that
grains production per spike was not significantly affected by different geometric
arrangements.
4.1.1.6. Spike length (cm)
The spike length of barley was affected by intercropping system and geometric
arrangements, while interactive affect was non-significant. All intercrops declined the
spike length of barley with respect to sole cropping of barley (Table 4.6). In 2009-10 the
spike length of sole barley (6.34 cm) was recorded followed by barley + lentil (6.20 cm)
which was at par with barley + garlic (6.18 cm) and barley + gram (6.16 cm)
intercropping systems against the minimum in barley + garden cress (6.00 cm). Garden
cress caused maximum reduction in spike length of barley which might be due to more
competition and shading effect between the component crops. Similar trend was observed
during second year of the experiment.
During first year of the study (2009-10), the effect of geometric arrangements on
barley spikes was non-significant but in second year of the study (201011) the barley crop
sown in the pattern of 40 cm spaced single rows produced the longer spikes (6.25 cm)
than other geometric arrangements i.e 60 cm spaced double row strips (6.21 cm) and 100
cm spaced four row strips (6.23 cm). These results are in line with the findings of Malik
et al., (2002) and Nazir et al., (1988). The variable spike length of barley might be due to
less availability of space, light and nutrients for proper growth of barley plants.
4.1.1.7. 1000-grain weight (GW)
1000-grain weight of barley was slightly higher in 2010-2011 than 2009-2010.
Intercropping systems had a significant effect on 1000-grain weight (GW) of barley while
geometric arrangements and interactive behavior of both factors under study had nonsignificant effect (Table 4.7). The sole cropping of barley produced highest 1000-grain
53

Table 4.5: Grain weight per spike (g) of barley as affected by associated cultures and
geometric arrangements:
2009-10 (1st year)
Geometric arrangements
Mean
Intercropping system
40 cm spaced 60 cm spaced 100 cm spaced
single rows
double row
four row strips
(P1)
strips (P2)
(P3)
Barley alone

(I0)

1.66 a

1.64 abcd

1.65 ab

1.65 A

Barley+Gram

(I1)

1.64 abcd

1.63 cdef

1.63 cdef

1.63 B

Barley+Lentil

(I2)

1.62 def

1.64 abcd

1.64 abcd

1.64 B

Barley+Berseem

(I3)

1.61 fgh

1.62 def

1.62 def

1.62 C

Barley+Linseed

(I4)

1.62 def

1.62 def

1.61 fgh

1.62 C

Barley+Fennel

(I5)

1.56 j

1.58 ij

1.59 hi

1.58 D

Barley+Garden cress (I6)

1.56 j

1.58 ij

1.59 hi

1.58 D

1.62 def

1.64 abcd

1.63 cdef

1.63 B

1.61 B

1.62 AB

1.63 A

Barley+Garlic

(I7)

Mean

LSD value (P≤0.05) for P = 0.0087, I = 0.0134 and P x I = 0.0233
2010-11 (2nd year)
Barley alone

(I0)

1.75

1.66

1.68

1.70 a

Barley+Gram

(I1)

1.68

1.62

1.63

1.65 bc

Barley+Lentil

(I2)

1.70

1.65

1.65

1.67 b

Barley+Berseem

(I3)

1.61

1.60

1.60

1.60 de

Barley+Linseed

(I4)

1.63

1.62

1.63

1.63 cd

Barley+Fennel

(I5)

1.60

1.60

1.60

1.60 e

Barley+Garden cress (I6)

1.60

1.60

1.61

1.60 de

Barley+Garlic

1.66

1.63

1.63

1.64 c

1.62

1.63

(I7)

1.65 NS
Mean
LSD value (P≤0.05) for I = 0.0244

Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
54

Table 4.6:

Spike length (cm) of barley as affected by associated cultures and
geometric arrangements:
2009-10 (1st year)
Geometric arrangements
Mean
40 cm spaced 60 cm spaced 100 cm spaced
double row
four row strips
Intercropping system
single rows
strips (P2)
(P3)
(P1)

Barley alone

(I0)

6.38

6.33

6.31

6.34 A

Barley+Gram

(I1)

6.14

6.18

6.16

6.16 B

Barley+Lentil

(I2)

6.26

6.17

6.18

6.20 B

Barley+Berseem

(I3)

6.17

6.03

5.99

6.06 CD

Barley+Linseed

(I4)

6.13

6.14

6.12

6.13 BC

Barley+Fennel

(I5)

6.09

6.10

5.98

6.06 CD

Barley+Garden cress (I6)

6.07

5.99

5.94

6.00 D

Barley+Garlic

6.25

6.18

6.11

6.18 B

6.14

6.10

(I7)

Mean

6.19 NS

LSD value (P≤0.05) for I = 0.0903
2010-11 (2nd year)
Barley alone

(I0)

6.29

6.24

6.26

6.26 A

Barley+Gram

(I1)

6.27

6.21

6.23

6.24 B

Barley+Lentil

(I2)

6.26

6.22

6.23

6.24 B

Barley+Berseem

(I3)

6.25

6.20

6.21

6.22 CD

Barley+Linseed

(I4)

6.25

6.23

6.22

6.23 BC

Barley+Fennel

(I5)

6.21

6.18

6.20

6.20 E

Barley+Garden cress (I6)

6.22

6.20

6.21

6.21 DE

Barley+Garlic

6.26

6.23

6.24

6.24 B

Mean

(I7)

6.25 A

6.21 B

6.23 B

LSD value (P≤0.05) for P = 0.0262 and I = 0.0145
Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
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weight (36.40 g) as against the minimum (33.70 g) when barley was intercropped with
fennel, which was at par with barley + garden cress intercropping systems (34.11 g). This
was probably due to more competition among the component crops for food nutrients
required for their growth and development. During 2010-11 almost similar trend in the test
weigt was observed. Zhao et al. (1992) reported that the 1000-grain weight of sesame was
significantly affected when intercropped with wheat. These results are in line with Malik et
al. (1992) who reported that the row spacing had a significant effect on 1000-seed weight
of sesame. By contrast, Bonsu (1977) reported that the 1000-seed weight of sesame was
not affected significantly by different row spacing.
4.1.1.8. Plant height (PH)
The barley crop gained more plant height (PH) during 1st year (2009-2010) than
2nd year (2010-2011) of study. It may be due to more favorable crop growth conditions
during 1st year (2009-2010). Intercropping systems showed significant effect on plant
height during the both years (2009-2010 and 2010-2011), while the geometric
arrangements showed non-significant effect on plant hight of barley (Table 4.8). The sole
crop of barley produced significantly taller plants (101.97 cm) while the length of barley
plants was minimum (98.43 cm) when it was intercropped in 40 cm spaced single rows
with berseem. As regards geometric arrangements, the crop planted in 100 cm spaced
four row strips produced taller plants than the crop planted in 60 cm spaced double row
strips or 40 cm spaced single rows.
Wahla et al. (2009) and Rashid & Himayatullah (2003) reported that
intercropping systems significantly affected the plant height of barley and sorghum,
respectively. Similarly, Osman (1993) also pointed out that row spacing and intercropping
systems had a significant effect on plant height of intercropped sesame. Where as Nazir et
al. (1988) and Ahmad (1990) reported contrary results that the plant height of wheat crop
was not reduced significantly by various associated cultures like legumes and oilseed
crops.
4.1.1.9. Harvest index (HI)
The harvest index was affected significantly by intercropping systems and
geometric arrangements. However, the interactive effects of both factors were non-
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Table 4.7: 1000-grain weight (g) of barley as affected by associated cultures and
geometric arrangements:
2009-10 (1st year)
Geometric arrangements
60 cm spaced
100 cm spaced
Mean
40 cm spaced
double row
four row strips
Intercropping system
single rows
strip strips (P2)
(P3)
(P1)
Barley alone

(I0)

36.85

35.86

36.49

36.40 a

Barley+Gram

(I1)

35.61

34.25

34.95

34.94 bc

Barley+Lentil

(I2)

35.60

35.53

35.63

35.59 b

Barley+Berseem

(I3)

33.61

34.69

34.90

34.40 cd

Barley+Linseed

(I4)

34.94

35.24

35.43

35.20 b

Barley+Fennel

(I5)

32.64

34.10

34.37

33.70 d

Barley+Garden cress (I6)

33.18

34.77

34.37

34.11 d

Barley+Garlic

34.97

35.07

35.28

35.11 bc

34.68 NS

34.94

35.18

(I7)

Mean
LSD value (P≤0.05) for I = 0.711

2010-11 (2nd year)
Barley alone

(I0)

40.63

39.43

39.55

39.87 a

Barley+Gram

(I1)

39.68

38.52

38.60

38.93 b

Barley+Lentil

(I2)

39.23

38.53

39.04

38.93 b

Barley+Berseem

(I3)

36.43

38.24

38.20

37.62 d

Barley+Linseed

(I4)

38.98

37.97

37.83

38.26 cd

Barley+Fennel

(I5)

36.18

37.22

37.13

36.84 e

Barley+Garden cress (I6)

36.38

37.02

37.19

36.87 e

Barley+Garlic

38.85

38.68

38.84

38.79 bc

38.30 NS

38.20

38.30

Mean

(I7)

LSD value (P≤0.05) for I = 0.6491
Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
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Table 4.8: Total plant height (cm) of barley as affected by associated cultures and
geometric arrangements:
2009-10 (1st year)
Geometric arrangements
40 cm spaced 60 cm spaced 100 cm spaced
double row
four row strips
Mean
Intercropping system
single rows
strips (P2)
(P3)
(P1)
Barley alone

(I0)

102.30

100.90

102.70

101.97 a

Barley+Gram

(I1)

99.83

97.47

98.83

98.71 d

Barley+Lentil

(I2)

100.70

99.47

100.13

100.10 bc

Barley+Berseem

(I3)

98.33

98.67

98.30

98.43 d

Barley+Linseed

(I4)

100.93

98.57

99.00

99.50 bcd

Barley+Fennel

(I5)

100.33

98.43

97.90

98.89 cd

Barley+Garden cress (I6)

99.60

98.37

99.37

99.11 cd

Barley+Garlic

100.83

100.43

100.87

100.71 ab

100.36 NS

99.04

99.64

(I7)

Mean

LSD value (P≤0.05) for I = 1.360
2010-11 (2nd year)
Barley alone

(I0)

93.37

93.57

93.33

93.42 a

Barley+Gram

(I1)

92.83

92.37

92.77

92.66 b

Barley+Lentil

(I2)

92.87

92.57

92.53

92.66 b

Barley+Berseem

(I3)

92.17

91.03

91.73

91.65 c

Barley+Linseed

(I4)

91.63

91.53

92.20

91.79 c

Barley+Fennel

(I5)

91.60

91.23

91.60

91.48 c

Barley+Garden cress (I6)

92.77

91.23

91.27

91.76 c

Barley+Garlic

92.43

93.47

93.03

92.98 ab

92.13

92.31

(I7)

92.46 NS
Mean
LSD value (P≤0.05) for I = 0.667

Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
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significant on harvest index (Table 4.9). During 1st year, sole barley showed higher
harvest index (30.34%) while during 2nd year (2010-11) the highest HI (32.09%) was
observed in sole crop of barley and minimum (29.83) in barley + fennel intercopping
system. The barley intercropped with gram and lentil gave significantly higher
(31.87%) and (32.02%) harvest index, respectively, than other intercropping systems under
study. The lowest HI was recorded for barley intercropped with fennel (29.83%) which
was significantly lower than barley intercropped with berseem, linseed and garlic. The
reduction in harvest index (HI) of barley due to intercropping might be ascribed to
intensive competition between the component crops for moisture, space and light which
probably lowered the ability of the barley crop to convert dry matter into seed yield. Singh
and Gupta (1993) and Ahmad (1997) reported that the harvest index (HI) of wheat crop
was reduced significantly by intercropping.
According to geometric arrangements, during second year the crop grown in 40 cm
spaced single rows showed significantly higher HI value than the crop planted in 100 cm
spaced four row strips against the minimum (30.59%) in 60 cm spaced double row strips.
These results are in line with those of Siddique et al. (1995) and Ahmad (1997) who
reported the variable harvest index (HI) of wheat at different geometric arrangements.
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Table 4.9: Harvest index (%) of barley as affected by associated cultures and
geometric arrangements:
2009-10 (1st year)
Geometric arrangements
Mean
40 cm spaced 60 cm spaced 100 cm spaced
double row
four row strips
Intercropping system
single rows
strips (P2)
(P3)
(P1)
Barley alone

(I0)

30.64

29.98

30.40

30.34 a

Barley+Gram

(I1)

29.91

30.10

29.51

29.84 b

Barley+Lentil

(I2)

29.44

30.21

29.52

29.72 b

Barley+Berseem

(I3)

29.67

30.15

29.71

29.84 b

Barley+Linseed

(I4)

29.18

29.86

29.67

29.57 b

Barley+Fennel

(I5)

30.56

31.14

29.66

30.45 a

Barley+Garden cress (I6)

30.26

31.27

29.65

30.40 a

Barley+Garlic

29.88

30.07

29.79

29.91 b

29.94 NS

30.25

29.74

(I7)

Mean

LSD value (P≤0.05) for I = 0.366
2010-11 (2nd year)
Barley alone

(I0)

33.92 a

30.69 hij

31.65 cde

32.09 A

Barley+Gram

(I1)

32.51 b

31.69 cde

31.43 ef

31.87 A

Barley+Lentil

(I2)

32.43 b

31.98 c

31.65 cde

32.02 A

Barley+Berseem

(I3)

30.63 hij

29.59 lm

30.57 ij

30.26 D

Barley+Linseed

(I4)

31.07 fgh

30.86 hi

30.90 ghi

30.94 C

Barley+Fennel

(I5)

29.92 l

28.98 n

30.61 ij

29.83 E

Barley+Garden cress (I6)

29.98 kl

29.44 m

30.37 jk

29.93 E

Barley+Garlic

31.96 cd

31.53 de

31.33 efg

31.61 B

31.55 A

30.59 C

31.06 B

Mean

(I7)

LSD value (P≤0.05) for P = 0.1408, I = 0.2596 and P x I = 0.4496
Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
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4.1.2 Physiological Traits:
4.1.2.1 Leaf Area Index (LAI)
The leaves of the plant are normally its main organs for photosynthesis. The leaf
area index (LAI) is defind as the total leaf area per unit land area, is the best measure of
the capability of a crop for production of dry matter (Watson, 1947).
The data recorded at different periodic intervals on leaf area index (LAI) of barley
as influenced by different intercropping systems and geometric arrangements during the
year 2009-10 and 2010-11 are depicted in Fig.4.1, respectively. In the begining of the
barley crop the leaf area index (LAI) was very low but with the passage of time leaf area
index (LAI) was increased progressively in different intercropping systems and geometric
arrangements. The maximum LAI was observed at (90-105 DAE) and after this sharp
decline in leaf area index (LAI) occurred. The LAI was higher during 2009-10 than 201011. The geometric arrangements, intercropping patterns and their interactions had a
significant effect on LAI during both years as shown in Fig. 4.1. During first year of
study the crop planted in 40 cm spaced single rows with no intercropping showed
significantly higher LAI than rest of interactive combinations and lowest LAI when
barley crop was planted in 40 cm spaced single rows and intercropped with fennel.
Madhavan et al. (1986), Ahmad (1997) and Khan (2000) reported a significant reduction in
leaf area index (LAI) of different crops due to different intercropping patterns.
According to geometric arrangements, the crop planted in 100 cm spaced four row
strips exhibited higher LAI than the crop planted in 60 cm spaced double row strips
compared to the minimum in 40 cm spaced single rows (Fig. 4.2). Almost similar trend
was recorded during second year of the study.
4.1.2.2. Leaf Area Duration (LAD)
Trends in Leaf area duration (LAD) of barley as influenced by different
intercropping patterns and geometric arrangements during the year 2009-2010 and 20102011 are depicted in Fig. 4.3 and 4.4. The year effect on LAD of barley was significant.
The barley crop grown in first year (2009-10) showed more LAD than second year
(2010-2011). The geometric arrangements, intercropping patterns and their interactions
had a significant effect on LAD during both years of experiment which is shown in Fig.
4.4. During 2009-10, the crop planted in 40 cm spaced single rows with no intercropping,
gave significantly the maximum LAD than some of other interactive combinations and
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Fig. 4.1: Leaf area index (LAI) of barley at various development stages (days after
emergence) as influenced by different intercropping systems during the year
2009-10 and 2010-11.
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Fig. 4.2: Leaf area index (LAI) of barley at various development stages (days after
emergence) as influenced by different geometric arrangements during the year
2009-10 and 2010-11
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Fig. 4.3: Leaf area duration (LAD) of barley at various development stages (days after
emergence) as influenced by different intercropping systems during the year
2009-10 and 2010-11.
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Fig. 4.4: Leaf area duration (LAD) of barley at various development stages (days after
emergence) as influenced by different geometric arrangements during the year
2009-10 and 2010-11.
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produced minimum LAD when barley was planted in 40 cm spaced single rows and
intercropped with fennel. Almost same trend was found during 2010-11.
According to geometric arrangements, the barley crop planted in 100 cm spaced
four row strips exhibited significantly higher LAD against the minimum in 40 cm spaced
single rows planting pattern. Almost similar trend was recorded during 2010-11.
Reduction in leaf area duration (LAD) of barley was due to low leaf area index (LAI) of
barley because of less expansion of leaves due to competetion between the component
crops in the respective treatment.
4.1.2.3 Dry Matter Accumulation (DMA)
The best criteria of crop growth is an increase in dry matter production per unit
area. The dry matter accumulation (DMA) depends upon rate of photosynthesis for which
adequate supply of nutrients, solar raditions and favourable environment are required.
Periodic data regarding dry matter accumulation (DMA) by barley as influenced
by intercropping systems and geometric arrangements are shown in Fig. 4.5. Barley grown
alone or intercropped at different geometric arrangements accumulated dry matter at a
very slow rate upto 75 days after emergence (DAE) due to slow growth rate of crop and
initially less plant biomass and after that, the DMA increased at faster rate from 75 to 120
DAE. The dry matter accumulation increased in a linear curve with progressive increase in
growth periods. The differences among the geometric arrangements were more pronounced
than those of intercropping systems. The year effect on DMA by barley was significant.
Barley planted during 2009-10 showed more DMA than 2010-11. The geometric
arrangements, associated cultures and their interactions had significant effect on DMA
during both the years under study. During 2009-2010, the crop planted in 40 cm spaced
single rows with no intercropping produced significantly high DMA than some of the
other intercropping combinations and gave minimum DMA when barley was planted in 40
cm spaced single rows and intercropped with fennel. Dry matter accumulation (DMA) in
intercropped barley was low because of competition between the component crops for
different growth resources. Ahmad (1990) and Ahmad (1997) reported a significant
reduction in DMA of wheat due to legumes and non-legume intercropping.
As regard the geometric arrangements, the crop planted in 100 cm spaced four
row strips produced significantly the highest DMA against the lowest in 40 cm spaced
single rows. Almost same trend was found during the 2010-11.
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Fig. 4.5: Dry matter accumulation of barley at various development stages (days after
emergence) as influenced by different intercropping systems during the year
2009-10 and 2010-11
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Fig. 4.6: Dry matter accumulation of barley at various development stages (days after
emergence) as influenced by different geometric arrangements during the year
2009-10 and 2010-11
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4.1.2.4 Crop growth rate (CGR)
Crop growth rate (CGR) is the actual amount of growth that takes place by a
commounity of plants per unit area. The dry matter accumulation rate per unit of land area
is refffered as crop growth rate (CGR), nomally expressed as grams per square meter of
land area per day [g (m of land area)-2 day-1]. Crop growth rate is normally low in the early
growth stages and increases with time, reaching maximum at about the time of flowering
stage of the crop.
Trends in the crop growth rate (CGR) of barley as influenced by different
intercropping systems and geometric arrangements during 2009-10 and 2010-11 are
depicted in Fig. 4.7 and 4.8, respectively. The year effect on average CGR of barley was
significant and higher CGR was observed during the 1st year than the 2nd year. In 200910 regardless of intercropping system and geometric arrangements CGR was slow up to
30-45 DAE because of less initial plant biomass. Thereafter, CGR exhibited steep
increase upto 75 DAS followed by pronounced decline. The maximum CGR was
recorded during 60-75 DAE, the most active growth phase of barley. Similar trend was
also observed during 2010-11. Variable CGR of barley in different intercropping systems
and geometric arrangements was due to variation in total above ground biomass (DM).
Bhatti, (2005) and Ahmad (1997) also reported reduction in CGR in sesame and wheat
crop due to intercropping, respectively.
Among the geometric arrangements, maximum CGR of barley was observed, when
barley was planted in 100 cm spaced four row strips and the minimum in 40 cm spaced
single rows (Fig. 4.8). Similar trend in CGR among geometric arrangements was also
observed during 2010-11. This variation in CGR was ascribed to variable dry matter
accumulation of barley under different geometric arrangements (Fig. 4.8).
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Fig. 4.7: Crop growth rate (CGR) of barley at various development stages (days after
emergence) as influenced by different intercropping systems during the year
2009-10 and 2010-11
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Fig. 4.8: Crop growth rate (CGR) of barley at various development stages (days after
emergence) as influenced by different geometric arrangements during the year
2009-10 and 2010-11
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4.1.2.5 Net assimilation rate (NAR)
NAR is significantly affected during both years of the study and superior NAR
was observed during 2009-10 than 2010-11. The geometric arrangements, intercropping
systems and their interactive combinations had significant effect on NAR of barley in
both years of the study (Table 4.10).
During first year of study (2009-10) the maximum NAR (5.80) was observed in
sole barley at 40 cm spaced single rows which was at par with (5.74) and (5.80) at 60 cm
spaced double row strips of barley and 100 cm spaced four row strips of barley
respectively, as against minimum (3.88) in barley + fennel intercropping system.
Regarding geometric arrangements the maximum NAR (4.56) of barley was observed at
100 cm spaced four row strips as against the minimum (4.40) NAR of barley at 40 cm
spaced single rows. Almost similar trend was observed during second year of the study.
Subramanian and Venkateswarlu (1989) and Bhatti (2005) also reported reduction in net
assimilation rate (NAR) of sorghum and sesame respectively, in intercropping as
compared to sole cropping of respective crops.
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Net assimilation rate (g m-2 d-1) of barley as affected by associated
cultures and geometric arrangements.
2009-10 (1st year)
Geometric arrangements
Mean
40 cm spaced 60 cm spaced 100 cm spaced
double row
four row strips
Intercropping system
single rows
strips (P2)
(P3)
(P1)

Table 4.10:

Barley alone

(I0)

5.80 a

5.74 a

5.80 a

5.78 A

Barley+Gram

(I1)

4.38 efg

4.46 d

4.55 c

4.47 C

Barley+Lentil

(I2)

4.43 de

4.54 c

4.63 b

4.54 B

Barley+Berseem

(I3)

4.27 ij

4.35 fgh

4.44 de

4.36 E

Barley+Linseed

(I4)

4.11 l

4.22 jk

4.30 hi

4.21 F

Barley+Fennel

(I5)

3.88 n

3.94 mn

4.09 l

3.97 H

Barley+Garden cress (I6)

3.99 m

4.10 l

4.18 k

4.09 G

(I7)

4.32 ghi

4.41 def

4.47 d

4.40 D

4.40 C

4.47 B

4.56 A

Barley+Garlic
Mean

LSD value (P≤0.05) for P = 0.0339 and I = 0.0388 and P x I = 0.0671
2010-11 (2nd year)
Barley alone

(I0)

5.53 a

5.51 a

5.54 a

5.53 A

Barley+Gram

(I1)

4.20 ghi

4.28 de

4.39 c

4.29 C

Barley+Lentil

(I2)

4.25 ef

4.37 c

4.54 b

4.39 B

Barley+Berseem

(I3)

4.18 hi

4.24 efg

4.30 d

4.24 D

Barley+Linseed

(I4)

4.02

4.10 j

4.17 i

4.09 E

Barley+Fennel

(I5)

3.79 n

3.83 m

3.94 l

3.85 G

Barley+Garden cress (I6)

3.87 m

3.93 l

4.08 j

3.96 F

Barley+Garlic

4.22 fgh

4.26 e

4.38 c

4.29 C

4.26 C

4.32 B

4.42 A

Mean

(I7)

LSD value (P≤0.05) for P = 0.0075, I = 0.0237 and P x I = 0.0410
Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
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4.1.3 Qualitative Traits
4.1.3.1 Crude grain protein content (%)
Grain protein content is an important factor of barley with
reference to nutrition. The data regarding the protein contents are described in the Table
4.11. It is clear from the Table that in first year (2009-10) protein content of barley seed
was significantly affected by the associated ccultures (intercrops) while the geometric
arrangements and interactive effect of both factors did not affect grain protein content to a
significant extent. The maximum protein content (12.44%) was recorded in case of barley
monoculture followed by the barley + lentil (11.44%) which was at par with barley +
gram (11.42%) and the lowest protien content was observed in barley + garlic (10.55%)
intercropping system. But in the second year (2010-11) intercropping systems and the
geometric arrangements also showed the significant effect on grain protein content while
the interactions was found to be non-significant. The highest protien content was
observed in sole barley crop (12.46%) and the lowest (10.45%) in barley + garlic
intercropping system. In case of geometric arrangements the maximum protien content
(11.29%) was observed in 100 cm spaced four row strips against the minimum (11.19%)
in 40 cm spaced single rows. Alpaslan et al, (2001) observed that the row spacing had a
significant effect on the seed protein content of sesame.
4.1.3.2 Grain fat content (%)
The data related to the fat contents are shown in Table 4.12. The perusal of the
Table indicated that in the year of 2009-10, fat content of barley seed was significantly
affected by the intercropping system and geometric arrangements, while their interaction
was non-significant. The highest fat content (1.40%) was observed in case of barley +
garlic intercropping system against the lowest (1.32%) in sole cropping of barley. As for
as geometric arrangement is concerned, 100 cm spaced four row strips showed the highest
grain fat content (1.38%) which was at par with 60 cm spaced double row strips (1.36%).
But during the second year (2010-11), there was significant effect of intercropping
system, geometric arrangements and interaction on grain fat content of barley. The
highest grain fat content (1.42%) was observed in barley + garlic intercropping system at
100 cm spaced four row strips while the minimum (1.31%) was recorded in case of sole
cropping of barley grown at 60 cm spaced double row strips.
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Table 4.11: Grain protein concentration (%) of barley as affected by associated
cultures with different geometric arrangements
2009-10 (1st year)
Geometric arrangements
Intercropping system

40 cm spaced
single rows
(P1)

60 cm spaced
double row
strips (P2)

100 cm spaced
four row strips
(P3)

Mean

Barley alone

(I0)

12.590

12.420

12.320

12.443 a

Barley+Gram

(I1)

11.310

11.453

11.497

11.420 b

Barley+Lentil

(I2)

11.350

11.437

11.543

11.443 b

Barley+Berseem

(I3)

11.067

11.137

11.257

11.153 c

Barley+Linseed

(I4)

11.160

11.093

11.147

11.133 c

Barley+Fennel

(I5)

10.823

10.913

10.957

10.898 d

Barley+Garden cress (I6)

10.610

10.617

10.827

10.684 de

Barley+Garlic

10.387

10.397

10.870

10.551 e

11.162 NS

11.183

11.302

(I7)

Mean

LSD value (P≤0.05) for I = 0.2187
2010-11 (2nd year)
Geometric arrangements
Intercropping system
40 cm spaced single rows
(P1)

60 cm spaced
double row
strips (P2)

100 cm spaced
four row strips
(P3)

Mean

Barley alone

(I0)

12.623

12.323

12.443

12.463 a

Barley+Gram

(I1)

11.373

11.463

11.543

11.460 b

Barley+Lentil

(I2)

11.410

11.443

11.550

11.468 b

Barley+Berseem

(I3)

11.090

11.163

11.253

11.169 c

Barley+Linseed

(I4)

11.190

11.083

11.160

11.144 c

Barley+Fennel

(I5)

10.813

10.907

10.983

10.901 d

Barley+Garden cress (I6)

10.610

10.620

10.820

10.683 e

(I7)

10.417

10.390

10.530

10.446 f

11.191 ab

11.174 b

11.285 a

Barley+Garlic
Mean

LSD value (P≤0.05) for P = 0.1015 and I = 0.0930
Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
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Table 4.12: Grain fat concentration (%) of barley as affected by associated cultures
with different geometric arrangements
2009-10 (1st year)
Geometric arrangements
Intercropping system

40 cm spaced
single rows
(P1)

60 cm spaced
double row
strips (P2)

100 cm spaced
four row strips
(P3)

Mean

Barley alone

(I0)

1.300

1.320

1.327

1.316 d

Barley+Gram

(I1)

1.313

1.333

1.357

1.334 cd

Barley+Lentil

(I2)

1.330

1.337

1.333

1.333 cd

Barley+Berseem

(I3)

1.387

1.387

1.397

1.390 ab

Barley+Linseed

(I4)

1.360

1.367

1.390

1.372 ab

Barley+Fennel

(I5)

1.327

1.370

1.387

1.361 bc

Barley+Garden cress (I6)

1.373

1.383

1.407

1.388 ab

(I7)

1.393

1.403

1.400

1.399 a

1.348 b

1.363 a

1.375 a

Barley+Garlic
Mean

LSD value (P≤0.05) for P = 0.0145 and I = 0.0314

2010-11 (2nd year)
Geometric arrangements
Intercropping system

40 cm spaced
single rows
(P1)

60 cm spaced
double row
strips (P2)

100 cm spaced
four row strips
(P3)

Mean

Barley alone

(I0)

1.327 ghij

1.307 j

1.323 hij

1.319 E

Barley+Gram

(I1)

1.320 ij

1.347 efghij

1.363 bcdefgh

1.343 CD

Barley+Lentil

(I2)

1.320 ij

1.333 fghij

1.357 cdefghi

1.337 DE

Barley+Berseem

(I3)

1.370 bcdef

1.397 ab

1.393 abc

1.387 AB

Barley+Linseed

(I4)

1.367 bcdefg

1.350 defghi

1.397 abc

1.371 B

Barley+Fennel

(I5)

1.340 efghij

1.353 defghi

1.400 ab

1.364 BC

1.380 bcde

1.373 bcdef

1.403 ab

1.386 AB

1.393 abc

1.390 abcd

1.420 a

1.401 A

Barley+Garden cress (I6)
Barley+Garlic
Mean

(I7)

1.352 B

1.356 B

1.382 A

LSD value (P≤0.05) for P = 0.00823, I = 0.0236 and P x I = 0.0409
Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
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4.1.3.3 Grain ash content (%)
The effect of intercropping system and geometric arrangements on the barley
grain ash contents (%) are presented in Table 4.13. The Table revealed that the
intercropping system showed significant effect on ash content of barley grain while the
geometric arrangements showed non-significant effect on ash content during 2009-10 i.e
first year of the study. The ash content was significantly reduced from monocropping of
barley to intercropping. The maximum grain ash content (2.34%) was observed in sole
barley while the minimum (2.23%) in barley + garden cress (haloon) intercropping
system which was at par with barley + garlic intercropping system. As regards the
geometric arrangements, 100 cm spaced four row strips showed the maximum ash content
(2.31%) which was at par with 40 cm spaced single rows (2.30%) and the lowest (2.28%)
was recorded in 60 cm spaced double row strips. These results are in line with those
reported by Wahla et al, (2009) who stated that ash content of barley grain were affected
by different intercropping systems in barley grain.
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Table 4.13: Grain ash contents (%) of barley as affected by associated cultures with
different geometric arrangements
2009-10 (1st year)
Geometric arrangements
Intercropping system

40 cm spaced
single rows
(P1)

60 cm spaced
double row
strips (P2)

100 cm spaced
four row strips
(P3)

Mean

Barley alone

(I0)

2.347

2.323

2.347

2.339 a

Barley+Gram

(I1)

2.310

2.300

2.323

2.311 bc

Barley+Lentil

(I2)

2.313

2.317

2.337

2.322 ab

Barley+Berseem

(I3)

2.300

2.290

2.320

2.303 bcd

Barley+Linseed

(I4)

2.290

2.267

2.287

2.281 d

Barley+Fennel

(I5)

2.280

2.277

2.307

2.288 cd

Barley+Garden cress (I6)

2.247

2.223

2.233

2.234 e

Barley+Garlic

2.253

2.220

2.287

2.253 e

2.293 NS

2.227

2.305

(I7)

Mean

LSD value (P≤0.05) for I = 0.0235

2010-11 (2nd year)
Geometric arrangements
Intercropping system

40 cm spaced
single rows
(P1)

60 cm spaced
double row
strips (P2)

100 cm spaced
four row strips
(P3)

Mean

Barley alone

(I0)

2.337

2.317

2.340

2.331 a

Barley+Gram

(I1)

2.313

2.293

2.323

2.310 ab

Barley+Lentil

(I2)

2.317

2.297

2.353

2.322 ab

Barley+Berseem

(I3)

2.290

2.247

2.333

2.290 bcd

Barley+Linseed

(I4)

2.297

2.293

2.313

2.301 abc

Barley+Fennel

(I5)

2.293

2.297

2.310

2.300 abc

Barley+Garden cress (I6)

2.280

2.263

2.270

2.271 cd

Barley+Garlic

2.260

2.253

2.280

2.264 d

2.298 ab

2.283 b

2.315 a

Mean

(I7)

LSD value (P≤0.05) for P = 0.0289 and I = 0.0323
Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
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4.2: Performance of lentil in barley-lentil intercropping system under different
geometric arrangements
4.2.1 Yield and yield components of lentil
4.2.1.1 Seed yield
Seed yield of crop is a function of pooled effect of yield components. This is the
ultimate aim of every crop grown for seed in case of grain crops. Data regarding the the
final seed yield of lentil in barley-lentil intercropping system under different geometric
arrangements are presented in Table 4.14. The Table exhibited highly significant effect of
geometric arrangements and intercropping on the grain yield of lentil. The maximum
grain yield (784 kg ha-1) was recorded when lentil was sown as a sole crop. But as far as
geometric arrangements are concerned maximum grain yield (650 kg ha-1) was found in
100 cm spaced four row strips followed by 60 cm spaced paired row strips (546 kg ha-1)
while the lowest grain yield (488 kg ha-1) was noted in case of 40 cm spaced single rows.
Similar trend was observed during second year of the study. The cause of reduction in the
intercropped lentil yield might be less number of pods per plant of lentil, number of seeds
per pod and 1000-grain weight. Different suppressive effects of intercropping on yield
components of lentil grown under altered geometric arrangements might be due to
shading effects of barley on lower canopy of legume and interspecific competition
between lentil and barley. Similar results were reported by Sultana (2007) who observed
maximum seed yield in mungbean alone cultivation. Ahmad and Rao (1982) and Vyas et
al. (1995) reported significant effect of seed yield of intercrops. Bhatti (2005), Khan
(2000) and Rao (1991) also described the significant effect of intercropping on mungbean
grain yield in sesame-mungbean intercropping system.
4.2.1.2 Biological yield
The total biomass produced by a crop by using all the available resources which
determine the overall growth and development of a crop. The data related to lentil
biological yield are presented in Table 4.14. It is clear from the Table that geometric
arrangements and intercropping systems had significant effects on biological yield of
lentil. The biological yield per hectare of lentil was lower in different intercropping
systems as compared to sole crop because of instantaneous competition between two
component crops. The superior biological yield (2164 kg ha-1) was found when lentil was
sown as a sole crop. But in case of geometric arrangements maximum biological yield of
lentil (1846 kg ha-1) was observed when it was intercropped in 100 cm spaced four row
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strips of barley followed by 60 cm spaced paired row strips (1596 kg ha-1). However,
least biological yield of lentil (1484 kg ha-1) was found in case of 40 cm spaced single
rows. Similar trend of biological yield of lentil was observed in second year of the study.
This significant decrease in the production of lentil biomass might be due to
competition between the component crops for plant growth factor like moisture, sun light,
nutrients etc. The more biomass found in lentil alone was due to competition free
environment. Similar findings were reported by Rehman (1984), Mandal and Mahapatra
(1990) and Lee (1998)

in study of barley, lentil and flax yield under different

intercropping system. Bhatti (2005) found higher biological yield when mungbean was
grown as sole crop.
4.2.1.3 Number of pods plant-1
In legumes the number of pods per plant is also an important yield component
which contributes in the grain yield of a crop. Data relating to the number of pods per
plant of lentil are presented in Table 4.14. The Table showed that there was a significant
impact of geometric arrangements and intercropping system on the number of pods per
plant of lentil. In case of intercropping system the maximum number of pods per plant
(38.24) was recroded in sole lentil. Among the geometric arrangements the maximum
number of pods per plant (35.95) was recorded in 100 cm spaced four row strips which
was at par with 60 cm spaced double row strips (34.44). However, the lowest number of
pods per plant (31.57) of lentil was found when it was intercropped with barley in the
pattern of 40 cm spaced single rows. Almost similar trend was observed during second
year of study.
The variation in the number of pods per plant might be due to the different
environmental and developmental factors like moisture, nutrient, space and light etc.
which caused decrease in different growth and yield contributing factors especially
number of pods per plant of lentil. Similar findings were reported by Mandal et al. (1985)
and Sandhu (1989) in gram-methra intercropping system. Bhatti (2005) and Khan (2000)
also found significant effect of planting arrangements on number of pods per plant of
mungbean in sesame-mungbean intercropping system.
4.2.1.4 Number of seeds pod-1
Number of seeds per pod is also the yield contributing trait in legumes which
directly linked with yield. The number of seeds per pod of lentil significantly differed
when it was intercropped in barley, grown in different configration. Among the different
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geometric arrangements non-significant results were observed related to number of seeds
per pod (Table 4.14). Almost similar trend was found during second year of the study.
The maximum number of seeds per pod was found in sole lentil due competition free
environment. Similar results were described by Bajwa et al. (1992), Tareen et al. (1988)
and Billare et al.(1992) in study of wheat-linseed intercropping system. In sesamemungbean intercropping system under different planting arrangements, the seeds per pod
of mungbean were not affected to a significant extent (Bhatti et al, 2005).
4.2.1.5. 1000-seed weight
This is also yield contributing parameter which plays a vital role in the final
production (yield) of a crop. Intercropping effects on 1000-seed weight (g) of lentil were
significant. The data depicted in the Table 4.14 showed that sole crop of lentil produced
significantly bold seeds than that grown as intercrop under different geometric
arrangements. The maximum 1000-grain weight (20.13 g) was recorded when lentil was
sown alone. Among different geometric arrangements, lentil intercropped in barley sown
at 100 cm spaced four row strips produced significantly the supreme 1000-seed weight
(19.59 g) while the minimum 1000-seed weight (17.04 g) was recorded, when lentil was
intercropped in barley sown at 40 cm spaced single rows. Similar trend was observed during
second year.
These results are in line with those reported by Verma et al. (1989) who found
significant reduction in 1000-seed weight of mustard in different seed rates of mustardchickpea intercropping system. Almost similar findings were reported by Sahi (1988) and
Nishat (1989).
4.2.1.6 Number of branches plant-1
In lentil, the number of branches plant-1 plays a significant role in determining the
fruiting/pod formation of lentil crop. Although branching is principally a genetic
character but agronomic management may affect this character.
Data concerning the number of branches plant-1 of lentil are shown in Table 4.14. It is
clear from the Table that the number of branches plant-1 of lentil was affected when it was
intercropped in barley. Maximum number of branches (5.64) per plant of lentil was found
in sole lentil with respect to other treatments like 100 cm spaced four row strips, 60 cm
spaced double row strip and 40 cm spaced single row which showed 5.01, 4.90 and 4.01
branches plant-1 of lentil, respectively. Lentil intercropped in 100 cm spaced four row
strips or in 60 cm spaced paired row strips produced (5.01) and (4.90) branches plant-1,
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respectively, which were at par with each other. Lesser number of branches in
intercropped lentil was recognized due to the shading effect of the barley crop which
suppressed the branching potential of lentil. Almost similar trend was observed during
second year of the study. Almost similar results were reported by Mandal et al. (1985) in
wheat, chickpea and mustard intercropping system and stated that number of branches per
plant of chickpea was decreased when it was intercropped in wheat.
4.2.1.7 Plant height (cm)
The plant height is a function of both the genetic make up of a plant and the
environmental conditions under which the crop is grown. The results of the plant height
of lentil are presented in Table 4.14. It is clear from the table that there was significant
difference in plant height of lentil when it was intercropped in barley with different
geometric arrangements. The sole cropping of lentil gave maximum plant height (69.74
cm) than that intercropped in different geometric arrangements. In case of geometric
arrangements, the taller plants of lentil was found in 100 cm spaced four row strips (65.20
cm) which was at par with 60 cm spaced double row strips (62.63 cm). However, lowest
plant height of lentil (57.70 cm) was observed when it was intercropped in barley in the
pattern of 40 cm spaced single rows. Similar trend of plant height was found during
second year of the study.
The difference among different treatments in plant height of lentil was due to the
oppressive effect of the associated crop of barley. The supreme plant height of lentil was
noted in sole lentil because of competition free environment. These results were parallel
to those of Bhatti et al, (2005) who found significant effect of intercropping and planting
arrangements on plant height of munbean intercropped in sesame.
4.2.1.8 Harvest Index (HI)
The physiological efficacy and capability of a crop to transform the dry matter into
economic yield is determined by its harvest index value. Greater the value of harvest
index more will be the efficiency of a crop to convert dry matter into economic yield or
vice versa. It is clear from the Table 4.14 that the maximum harvest index (36.25%) was
recorded in lentil when it was sown as a sole crop as against the lowest (32.93%) when it
was intercropped in barley grown in the pattern of 40 cm spaced single rows. It was
further observed that lentil crop intercropped in barley under different configurations
showed statistically different harvest index (HI) value. Similar trend in the HI value of
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lentil was recorded during second year. These results are in the line with those reported
by Nazir et al. (1988).
Table 4.14: Performance of lentil intercropped in barley under different geometric
arrangements
2009-10 (1st year)
LSD
Parameters
40 cm
60 cm spaced
100 cm
Value
spaced
double row
spaced four
Sole crop
Single rows
strips
row strips
(P1)
(P2)
(P3)
Plant height (cm)

57.70 c

62.63 b

65.20 b

69.74 a

4.075

Branches/plant

4.01 c

4.90 b

5.01 b

5.64 a

0.313

Pods/plant

31.57 c

34.44 b

35.95 b

38.24 a

1.601

Seeds/pod

1.62 b

1.64 b

1.66 b

1.76 a

0.070

1000-seed wt. (g)

17.04 d

18.02 c

19.59 b

20.13 a

0.271

1484.27 d

1596.32 c

1846.95 b

2164.68 a

64.903

488.82 d

546.53 c

650.99 b

784.62 a

22.810

32.93 d

34.24 c

35.25 b

36.25 a

0.251

Bio. yield (Kg
ha-1 )
Seed yield (Kg
ha-1 )
Harvest Index
(%)

2010-11 (2nd year)
Plant height (cm)

58.75 d

62.49 c

64.75 b

70.86 a

0.260

Branches/plant

3.95 d

4.71 c

5.02 b

5.23 a

0.127

Pods/plant

29.15 d

31.58 c

32.99 b

37.21 a

0.064

Seeds/pod

1.56 c

1.65 b

1.67 ab

1.69 a

0.025

1000-seed wt. (g)

17.11 d

18.08 c

18.99 b

20.07 a

0.056

1494.16 d

1537.84 c

1811.66 b

2094.46 a

8.817

472.08 d

503.18 c

610.50 b

721.69 a

5.099

31.60 d

32.72 c

33.70 b

34.46 a

0.372

Bio. yield (Kg
ha-1 )
Seed yield (Kg
ha-1 )
Harvest Index
(%)

Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
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4.3: Performance of gram in barley-gram intercropping system under different
geometric arrangements
4.3.1 Yield and yield components of gram
4.3.1.1 Seed yield
The ultimate aim of seed crop is the final grain yield. It is the result
of many factors which are related to produce the seed. The data regarding the grain yield
of gram intercropped in barley are presented in Table 4.15. The Table exhibited
significant effect of intercroppping and geometric arrangements of barley on the grain
yield of gram. The highest gram grain yield (588.05 kg ha-1) was found when gram was
sown as a sole crop. As regard geometric arrangement the gram crop gave 471.7 kg ha-1
grain yield intercropped in barley in 100 cm spaced four row strips which was followed
by 60 cm spaced paired row strips (422.97 kg ha-1), while the lowest grain yield was
observed in case of 40 cm spaced single rows (359.03 kg ha-1). Almost similar trend was
observed in the second year. The causes of decline in the intercropped gram grain yield
might be lesser number of pods per plant, lower 1000-grain weight and suppressive
effects like shading and interspecific competition between gram and barley. Almost
similar results were reported by Sultana (2007), Bhatti (2005), Khan (2000) and Rao
(1991) who observed significant effect of intercropping on the yield of various intercrops.
4.3.1.2 Biological yield
In legumes, biological yield is the total biomass produced
by a crop by using all the available resources. The data associated to biological yield of
gram are presented in Table 4.15. The Table showed significant effect of geometric
arrangements and intercropping on biological yield of gram. Significantly maximum
biological yield (1807.93 kg ha-1) was observed when gram was sown alone. But in case
of geometric arrangements of barley, supreme biological yield of gram (1498.35 kg ha-1)
was recorded when it was intercropped in barley sown at 100 cm spaced four row strips
followed by 1384.34 kg ha-1 for 60 cm spaced paired row strips and the least biological
yield (1209.62 kg ha-1) was noted in 40 cm spaced single rows. Similar trend was
observed in second year also. Bhatti (2005) described significant effect on biological
yield of mungbean where maximum biological yield was noted when mungbean sown as
a sole crop and in case of planting geometry supreme yield was recorded when mungbean
was sown at 100 cm spaced four row strips in sesame-mungbean intercropping system.
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4.3.1.3 Number of pods plant-1
In case of pulses number of pods plant-1 is one of the essential yield
contributing factors. The data showing the number of pods plant-1 of gram intercropped in
barley are presented in Table 4.15. There was a significant effect of intercropping and
geometric arrangements on number of pods per plant of gram. The more number of pods
plant-1 (18.04) was recorded when gram was sown as a sole crop, than intercropped gram
in barley. Similarly, the highest number of pods plant-1 (16.90) was noted in 100 cm
spaced four row strips followed by 60 cm spaced double row strips (15.95) and least
number of pods per plant was observed in 40 cm spaced single rows (15.27). Similar trend
was observed during second year also. The more number of pods plant-1 of gram
intercropped in 100 cm spaced four row strips of barley was attributed due to lesser
competition between the component crops. Khan (2000) described the significant effects
of planting geometry on number of pods per plant in mungbean. Bhatti (2005) also
pointed out significant effect on number of pods per plant of various planting pattern of
sesame-mungbean intercropping system.
4.3.1.4 Number of seeds pod-1
Number of seeds per pod is one of the central yield contributing
factors in case of legume crops. The data related to number of seeds per pod of gram are
presented in Table 4.15. Significant effects of intercropping and geometric arrangements
on the number of pods plant-1 are depicted by the Table. In the first year the highest
number of seeds pod-1 (1.83) was observed when gram was sown alone. In case of
geometric arrangements maximum number of seeds pod-1 (1.73) was found when gram
was intercropped in barley at 100 cm spaced four row strips followed by (1.69) 60 cm
spaced double row strips which was at par (1.63) with 40 cm spaced single rows. Almost
similar trend was observed in second year trial.
4.3.1.5. 1000-grain weight
Among the several yield contributing factors, test weight or 1000grain weight is one of the significant factor that plays a key role in the final yield of a
crop. The 1000-grain weight is presented in the Table 4.15. The Table exhibited
significant effect of intercropping and geometric arrangements on the 1000-grain weight.
The maximum 1000-grain weight (183.95 g) was observed when gram was sown as a sole
crop. As far as geometric arrangements are concerned 100 cm spaced four row strips of
barley produced the maximum 1000-grain weight (166.89 g) of gram which was followed
by 60 cm spaced double row strips (163.43 g) while the least 1000-grain weight of gram
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(158.45 g) was noted in 40 cm spaced single rows. Almost similar trend was observed
during second year of the study. These results are conformity with those of Sahi (1988)
and Nishat (1989), who reported significant effect on 1000-grain weight of lentil in
wheat-lentil intercropping systems.
4.3.1.6 Number of branches plant-1 of gram
In legumes the number of branches plays a vital role in determining the
fruiting/pod formation. Although branching is mainly a genetic character (Wilson et al.,
1985) but agronomic management may affect this character. The results related to the
number of branches plant-1 of gram was significantly effected when it was intercropped in
barley at different geometric arrangements (Table 4.15). Greater number of branches
plant-1 (5.00) of gram was observed when it was sown as a sole crop. As far as geometric
arrangements are concerned, in 100 cm spaced four row strips of barley the maximum
number of branches plant-1 (4.73) was found while the lesser number of branches plant-1
(3.95) was recognized in 40 cm spaced single rows. The variation in the number of
branches plant-1 of gram was due to the suppressive effect of the barley crop. The
maximum number of branches of gram was found in sole crop due to competition free
environment. Almost similar trend was observed during second year of the study.
Reduction in the number of branches plant-1 of mungbean was also recorded by Khan
(2000) in intercropping system.
4.3.1.7 Plant height
The data related to gram plant height are presented in Table 4.15. The Table
showed significant effect of intercropping and geometric arrangements of barley on the
plant height. The maximum plant height of gram (76.02 cm) was found in sole gram.
Among geometric arrangements maximum plant height (72.06 cm) was observed in 100
cm spaced four row strips of barley as against the minimum plant hight (68.97 cm) in 40
cm spaced single rows. In the second year of study similar trend was also observed. These
results are parallel to those of Bhatti (2005) who found significant effect of intercropping
and planting patterns on plant height but Khan (2000) described non-significant
difference of plant height in case of cotton-mungbean intercropping system.
4.3.1.8 Harvest index (HI)
Harvest index value expresses the efficacy of a crop to transform the dry
matter into the economic yield. Greater the value of harvest index of a crop more is the
efficiency of crop to change the dry matter into the economic part of the crop. The data
associated with harvest index (HI) values of grain are shown in Table (4.15). The Table
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exhibited that geometric arrangements and intercropping had significant effect on harvest
index of gram. The maximum harvest index (32.53 %) was recorded when gram was
sown as a sole crop. In case of geometric arrangements the greater harvest index (31.48
%) was noted when gram was sown in 100 cm spaced four row strips which was followed
by 60 cm spaced double row strips (30.55 %), while the minimum harvest index (29.68
%) was observed in 40 cm spaced single rows. Almost similar trend was observed during
second year trail. These results are in line with those of Sultana (2007) who noted
significant harvest index in sunflower-mungbean intercropping system. Bhatti (2005) also
reported significant effect of intercropping and planting arrangements on mungbean in
sesame-mungbean intercropping system.
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Table 4.15: Performance of gram intercropped in barley under different geometric
arrangements
2009-10 (1st year)
Parameters
40 cm
100 cm
60 cm spaced
LSD
spaced
spaced four
double row
Sole crop
Value
Single rows
row strips
strips (P2)
(P1)
(P3)
Plant height (cm)

68.97 d

70.94 c

72.06 b

76.02 a

0.457

Branches/plant

3.95 d

4.12 c

4.73 b

5.00 a

0.130

Pods/plant

15.27 d

15.95 c

16.90 b

18.04 a

0.221

Seeds/pod

1.63 b

1.69 b

1.73 ab

1.83 a

0.119

1000-seed wt. (g)

158.45 d

163.43 c

166.89 b

183.95 a

0.938

Bio. yield
(Kg ha-1 )
Seed yield (Kg
ha-1 )
Harvest Index
(%)

1209.62 d

1384.34 c

1498.35 b

1807.93 a

39.573

359.03 d

422.97 c

471.70 b

588.05 a

15.145

29.68 d

30.55 c

31.48 b

32.53 a

0.369

2010-11 (2nd year)
Plant height (cm)

63.22 d

65.15 c

67.22 b

74.25 a

0.607

Branches/plant

3.83 d

4.02 c

4.61 b

4.77 a

0.013

Pods/plant

15.05 d

15.94 c

16.58 b

17.84 a

0.086

Seeds/pod

1.62 d

1.65 c

1.68 b

1.78 a

0.024

1000-seed wt. (g)

155.19 d

162.26 c

165.55 b

183.01 a

0.682

Bio. yield
(Kg ha-1 )
Seed yield (Kg
ha-1 )
Harvest Index
(%)

1194.86 d

1358.43 c

1428.96 b

1783.03 a

20.34

326.75 d

404.44 c

432.26 b

546.63 a

4.502

27.35 d

29.77 c

30.25 b

30.66 a

0.269

Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
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4.4: Performance of linseed in barley-linseed intercropping system under different
geometric arrangements
4.4.1 Yield and yield components of linseed
4.4.1.1 Seed yield
The final yield of a crop is the function of collective effect of yield traits. Data
concerning about the final seed yield of linseed in barley-linseed intercropping system
with different geometric arrangements are given in Table 4.16. The Table showed the
significant effect of geometric arrangements of barley crop on the seed yield of linseed.
During first year of the study maximum seed yield (740.47 kg ha-1) of linseed was
observed in sole cropping. As for as geometric arrangements are concerned, the
maximum seed yield of linseed (428.55 kg ha-1) was recorded in 100 cm spaced four row
strips of barley, followed by (330.62 kg ha-1) 60 cm spaced double row strips. However,
the minimum seed yield (299.91 kg ha-1) was noted in 40 cm spaced single rows of
barley. Almost similar trend was observed during second year. The higher seed yield of
linseed was recorded in sole cropping due to competition free environment. These results
are in line with the findings of Bajwa et al. (1992) and Singh and Pal (1994). Significant
effect of intercropping on mungbean grain yield was also reported by Bhatti et al., 2005;
Khan, 2000 and Rao, 1991.
4.4.1.2 Biological yield
The total biomass defines the whole growth of a crop. Data related to the
biological yield of linseed are presented in Table 4.16. It is obvious from the Table that
the biological yield per hectare of linseed was reduced in intercropping system at various
geometric arrangements of barley as compared to sole linseed because of instantaneous
competition between barley and linseed. During 2009-10 the maximum biological yield
of linseed (2542.22 kg ha-1) was observed in sole cropping. As regard the geometric
arrangements the maximum biological yield of linseed (1679.73 kg ha-1) was recorded in
100 cm spaced four row strips followed by (1570.98 kg ha-1) in 60 cm spaced double row
strips while minimum biological yield (1467.52 kg ha-1) was harvested in 40 cm spaced
single rows of barley. This decline in biological yield of linseed was observed due to
severe competition between the associated crop for different factors like moisture, light
and nutrient etc. Almost similar trend was observed during second year of the study. The
decline in biological yield of main crop in intercropping system was also reported by
Mandal and Mahapatra, 1990; Khan, 2000 and Bhatti, 2005.
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4.4.1.3 Number of capsules plant-1
The number of capsules plant-1 plays a central role in determining the yield of a
crop. The data related to the number of capsules plant-1 of linseed are presented in Table
4.16. The Table exhibited that the number of capsules plant-1 of linseed was significantly
effected when linseed was intercropped in barley grown at different geometric
arrangements. Maximum number of capsules plant-1 (33.12) was observed in sole crop of
linseed. As for as geometric arrangements are concerned 100 cm spaced four row strips
gave the highest number of capsules plant-1 (30.57) which was at par (29.24) with 60 cm
spaced double row strips while, the least number of capsules per plant (27.56) was
recorded in 40 cm spaced single rows of barley. The alteration in the number of capsules
plant-1 was due to the competition between linseed and barley for different growth
parameters like moisture, nutrient, space and light etc.
These results are in line with Mandal et al. (1985) and Sandhu et al. (1989) who observed
the varying number of pods per plant of fenugreek (methra) for gram-fenugreek
intercropping system.
4.4.1.4 Number of seeds capsule-1
Number of seeds capsule-1 is a yield contributing factor which is directly
associated with yield. Data regarding the number of seeds capsule-1 of linseed are
presented in Table 4.16. During first year of study maximum number of seeds capsule-1
(7.81) was observed in sole crop of linseed and in case of geometric arrangements the
maximum number of seeds capsule-1 (7.79) was recorded in 100 cm spaced four row
strips of barley as against the minimum (7.71) in 40 cm spaced single rows. The
difference in the number of seeds per capsule was due to competition between the
component crops for space, nutrients and moisture etc. which caused reduction in number
of seeds per capsule of linseed. Almost similar trend was observed during second year of
the study. In wheat-linseed intercropping system lower number of seeds per capsule was
reported by Bajwa et al., (1992) and Billare et al., (1992).
4.4.1.5. 1000-seed weight
In yield contributing facors the 1000-seed weight plays a vital role in the final
seed yield of a crop. Data concerning the1000-seed weight of linseed are presented in
Table 4.16. Highest 1000-seed weight (7.29 g) of linseed was observed of sole crop.
Among geometric arrangements, highest 1000-seed weight (6.01 g) was noted in 100 cm
spaced four row strips of barley which was at par (5.79 g) with 60 cm spaced double row
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strips. However, significantly the lowest 1000-seed weight (5.53 g) was recorded in 40
cm spaced single rows. The difference in 1000-grain seed weight was due to hard
competition between barley and linseed for nutrients, moisture, space and sun light etc.
Almost similar trend was observed in second year of study. These results are in line with
Verma et al. (1989) who stated that there was significant reduction in 1000-seed weight
of mustard in mustard-chickpea intercropping system. Similar findings were described by
Nishat (1989) who reported the significant effect on lentil 1000-grain weight in wheatlentil intercropping system.
4.4.1.6 Plant height
The plant height is a combination of both the genetic make-up of a plant as well as
the environmental conditions under which it is grown. The data concerning the plant
height of linseed are presented in Table 4.16. The Table showed that significant
difference in plant height of linseed. During 2009-10 maximum plant height (95.37 cm)
was noted in sole linseed. Among geometric arrangements taller plants of linseed (89.39
cm) were observed in 100 cm spaced four row strips which were at par with (84.89 cm)
60 cm spaced double row strips, while the smallest plants (75.43 cm) of linseed were
observed in 40 cm spaced single rows barley. The variation in plant height of linseed was
due to the suppressive effect of main barley crop. Similar trend was observed during
second year trial. Bhatti (2005) found significant effect of intercropping and planting
patterns on plant height of mungbean.
4.4.1.7 Harvest Index (HI)
Table 4.16 represented the harvest index value of linseed crop indicated that HI
value was significantly affected by different geometric arrangements of barley. The
highest value of harvest index (29.13%) was recorded in sole crop of linseed. In case of
geometric arrangements the maximum harvest index (25.51%) was recorded in 100 cm
spaced four row strips of barley and (21.05%) in 60 cm spaced double row strips which
was at par with (20.44%) 40 cm spaced single rows. Similar trend was observed in second
year also. These results are in consonance with Sultana (2007) who stated that harvest
index of mungbean was affected significantly in sunflower-mungbean intercropping
systems.
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Table 4.16: Performance of linseed intercropped in barley under different
geometric arrangements
2009-10 (1st year)
Parameters
40 cm
100 cm
60 cm spaced
LSD
spaced
spaced four
double row
Sole crop
Value
Single rows
row strips
strips (P2)
(P1)
(P3)
75.43 c
84.89 b
89.39 b
95.37 a
Plant height (cm)
5.432
Capsule/plant

27.56 c

29.24 b

30.57 b

33.12 a

1.391

Seeds/capsule

7.71 b

7.76 ab

7.79 a

7.81 a

0.058

1000-seed wt.
(g)
Bio. yield
(Kg ha-1 )
Seed yield
(Kg ha-1 )
Harvest Index
(%)

5.53 c

5.79 bc

6.01 b

7.29 a

0.309

1467.52 d

1570.98 c

1679.73 b

2542.2 a

22.939

299.91 d

330.62 c

428.55 b

740.47 a

10.799

20.44 c

21.05 c

25.51 b

29.13 a

0.8341

2010-11 (2nd year)
Plant height (cm)

71.57 d

80.94 c

83.42 b

88.71 a

1.323

Capsule/plant

25.52 d

27.21 c

28.35 b

30.03 a

0.656

Seeds/capsule

7.68 c

7.72 b

7.73 b

7.79 a

0.0335

1000-seed wt.
(g)
Bio. yield
(Kg ha-1 )
Seed yield
(Kg ha-1 )
Harvest Index
(%)

5.63 d

5.92 c

6.00 b

7.04 a

0.044

1451.86 d

1554.71 c

1672.22 b

2501.60 a

13.914

284.34 d

316.21 c

403.74 b

738.11 a

12.006

19.58 d

20.34 c

24.14 b

29.51 a

0.744

Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
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4.5: Performance of fennel in barley-fennel intercropping system under different
geometric arrangements
4.5.1 Yield of fennel
4.5.1.1 Seed yield
The data regarding the fennel seed yield as affected by intercropping and
geometric arrangement of barley are presented in Table 4.17. The Table displayed the
highly significant influence of intercropping and geometric arrangements on the grain
yield of fennel. The maximum grain yield (551 kg ha-1) was recorded in sole cropping of
fennel. But in case of intercropped fennel, the fennel crop intercropped in 100 cm spaced
four row strips of barley showed the seed yield 330 kg ha-1 was higher than other two
planting pattern of barley under study. Almost similar trend was observed during second
year. The reasons of decline in the intercropped fennel seed yield due to lower number of
plants m-2, 1000-seed weight and interspecific competition between fennel and barley
crop for different input resources. Similar results were described by Sultana (2007) who
recorded greater seed yield in sole fennel. Ahmad and Rao (1982) and Vyas et al. (1995)
also reported significant effect on seed yield in different intercropping systems.
4.5.1.2 Biological yield
The data associated with fennel biological yield intercropped in barley are
presented in Table 4.17. Table revealed that biological yield of fennel was decreased
significantly when it was grown as intercrop with barley at different geometric
arrangements compared to sole crop. The best biological yield (1943 kg ha-1) was
recorded when fennel was sown as a sole crop. Among different geometric arrangements
the highest biological yield (1422 kg ha-1) was recorded when fennel was intercropped in
100 cm spaced four row strips of barley followed by 60 cm spaced double row strips
(1400 kg ha-1) and the least biological yield of fennel (1349 kg ha-1) was observed in 40
cm spaced single rows of barley intercropping system. Almost similar trend was observed
during second year trial. Difference in biological yield of intercropped fennel with
different geometric arrangements was due to interspecific competition between barley and
fennel that supressed the vegetative growth of fennel as compared to sole crop. Almost
similar results were observed by Lee (1998) who stated that biological yield in legume
intercrops were significantly affected while Khan (2000) narrated the significant effects
of row spacing on mungbean biological yield in intercropping system.
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Table 4.16: Performance of fennel intercropped in barley under different geometric
arrangements
2009-10 (1st year)
Parameters

40 cm
spaced
Single row
(P1)

60 cm spaced
double row
strip (P2)

100 cm
spaced four
row strips
(P3)

Biological yield
(Kg ha-1 )

1349.84 d

1400.58 c

Seed yield (Kg
ha-1 )

209.98 d

291.65 c

Sole crop

LSD
Value

1422.62 b

1943.87 a

13.373

330.52 b

551.50 a

9.492

2010-11 (2nd year)
Biological yield
(Kg ha-1 )

1311.94 d

1358.10 c

1400.09 b

1907.40 a

13.719

Seed yield (Kg
ha-1 )

202.70 d

277.18 c

313.43 b

509.29 a

13.300

Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
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4.6: Performance of garden cress (haloon) in barley-garden cress intercropping
system under different geometric arrangements
4.6.1 Yield of garden cress (haloon)
4.6.1.1 Seed yield
The data related to grain yield of garden cress (haloon) as affected by
intercropping and geometric arrangements are presented in Table 4.18. It is clear from the
Table that grain yield of garden cress (haloon) was effected significantly when sown in
association with barley crop against sole cropping during both years of the study. The
sole cropping of garden cress produced significantly higher grain yield (638 kg ha-1) than
the intercropped one. As for as geometric arrangements are concerned the supreme grain
yield (376 kg ha-1) was recorded when garden cress (haloon) was intercropped in 100 cm
spaced four row strips of barley followed by 60 cm spaced double row strips (312 kg ha1

). The minimum grain yield (215 kg ha-1) of garden cress was obtained in 40 cm spaced

single rows of barley. The reasons for deterioration in the intercropped seed yield of
garden cress might be due to lower number plants m-2 and 1000-seed weight of garden
cress in respective treatments. Suppressive effects of intercropping on yield components
of garden cress (haloon) grown under changed row spacing might be due to interspecific
competition between garden cress (haloon) and barley. These results are in line with the
findings of Sultana (2007) who described greater seed yield in alone cultivation of
mungbean. Ahmad and Rao (1982) and Vyas et al. (1995) reported significant effect on
seed yield in different intercropping systems.
4.6.1.2 Biological yield (kg ha-1)
The data on biological yield of garden cress (haloon) as affected by intercropping
and geometric arrangements are presented in Table 4.18. It is clear from the Table that
there was highly significant difference among intercropping and geometric arrangements
in both years of the experiment. In monoculture, garden cress (haloon) produced the
maximum biological yield (3010 kg ha-1) as compared to intercropped one. As for as
geometric arrangements are concerned, intercropped garden cress in 100 cm spaced four
row strips gave the best results of biological yield (2462 kg ha-1) followed by 60 cm
spaced double row strips (2207 kg ha-1) while the minimum biological yield (1871 kg ha1

) was recorded in 40 cm spaced single rows. Difference in biological yield of garden

cress (haloon) with different geometric arrangements was recognized due to dominant
effect of barley that supressed the vegetative growth of a crop. Similar results were
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observed by Bhatti (2005) who reported significant effect on biological yield of
mungbean in case of sesame-mungbean intercropping system. Khan (2000) and Lee
(1998) also reported the significant effects of planting geometry on mungbean biological
yield, when intercropped with other non-legume crops.
Table 4.18: Performance of garden cress (haloon) intercropped in barley under different
geometric arrangements
2009-10 (1st year)
Parameters

40 cm
spaced
Single row
(P1)

60 cm spaced
double row
strip (P2)

100 cm
spaced four
row strips
(P3)

Biological yield
(Kg ha-1 )

1871.70 d

2207.53 c

Seed yield
(Kg ha-1 )

215.03 d

312.42 c

Sole crop

LSD
Value

2462.05 b

3010.75 a

4.834

376.25 b

638.62 a

3.540

2010-11 (2nd year)
Biological yield
(Kg ha-1 )

1751.45 d

2042.11 c

2218.00 b

2979.32 a

12.421

Seed yield
(Kg ha-1 )

201.43 d

315.42 c

375.12 b

620.40 a

3.527

Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
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4.7: Performance of garlic in barley-garlic intercropping system under different
geometric arrangements
4.7.1 Yield of garlic
4.7.1.1 Bulb yield
Bulb yield is the final objective of garlic crop. The data concerning to garlic bulb
yield are described in the Table 4.19. It is clear from the Table that intercropping and
geometric arrangements had significant effect on the bulb yield of garlic. The highest
bulb yield (4756 kg ha-1) was observed when garlic was sown as a sole crop. But in case
of geometric arrangements maximum bulb yield (3028 kg ha-1) was harvested in 100 cm
spaced four row strips of barley followed by 60 cm spaced double row strips (2750 kg ha1

) and the lowest bulb yield (2136 kg ha-1) was noted in 40 cm spaced single rows.

Almost similar trend was also observed in second year of the study. The reason of
reduction in the intercropped bulb yield of garlic might be due to different factors like
space, nutrient avialability and solar radiation. When garlic grown under different
geometric arrangements, reduction in bulb yield was caused due to shading effects of
barley on lower canopy of garlic and interspecific competition between garlic and barley.
Similar results were defined by Sultana (2007) where higher seed yield was recorded in
mungbean monoculture. Bhatti (2005), Khan (2000) and Rao (1991) also found the
significant results of intercropping on mungbean grain yield.
4.7.1.2 Biological Yield
The data regarding the garlic biological yield are presented in Table 4.19.
The trend in the biological yield of garlic as affected intercropping systems and geometric
arrangements was almost similar as was observed in bulb yield of garlic (Table 4.19). The
superior biological yield (5264 kg ha-1) was obtained when garlic was sown as
monoculture. As for as the geometric arrangements are concerned, the highest biological
yield (3301 kg ha-1) was recorded in 100 cm spaced four row strips of barley which
followed by 60 cm spaced paired row strips (3178 kg ha-1) and the minimum (2427 kg ha1

) in 40 cm spaced single rows when intercropped in barley. Similar trend was observed

during 2010-11. These results are in line with the findings of Lee (1998) and Sultana
(2007) who reported the significant difference of biological yield in legume intercrops.
Khan (2000) also recorded the significant effects of geometric configration on mungbean
biological yield.
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Table 4.19: Performance of garlic intercropped in barley under different geometric
arrangements
2009-10 (1st year)
Parameters

40 cm
spaced
Single row
(P1)

60 cm spaced
double row
strip (P2)

100 cm
spaced four
row strips
(P3)

Biological yield
(Kg ha-1 )

2427.03 d

3178.17 c

Seed yield
(Kg ha-1 )

2136.68 d

2750.61 c

Sole crop

LSD
Value

3301.11 b

5264.44 a

6.119

3028.49 b

4756.31 a

8.409

2010-11 (2nd year)

Biological yield
(Kg ha-1 )

2516.51 d

3232.63 c

3327.71 b

5120.05 a

30.857

Seed yield
(Kg ha-1 )

2096.17 d

2748.85 c

3017.15 b

4513.58 a

22.543

Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
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4.8: Performance of berseem in barley-berseem intercropping system under
different geometric arrangements
4.8.1 Green fodder yield
The biological yield (green fodder) is the total biomass manufactured by a crop by
using all the available resources. The data associated with berseem green fodder yield are
presented in Table 4.20. Perusal of the Table revealed that green fodder yield of berseem
was decreased significantly when grown as intercrop with barley under different
geometric arrangements as compared to sole crop of berseem. Significantly maximum
green fodder yield (50375.24 kg ha-1) was recorded when berseem was sown alone.
Among different geometric arrangements the highest green fodder (28259.69 kg ha-1) was
recorded when berseem was intercropped in barley grown at 100 cm spaced four row
strips followed by 60 cm spaced double row strips (25258.06 kg ha-1) and the least green
fodder yield of berseem (22610.08 kg ha-1) was observed in 40 cm spaced single rows.
Almost similar trend of geometric arrangements was observed during second year of
study. Difference in green fodder yield of intercropped berseem with different geometric
arrangements was recognized due to dominant effect of barley that supressed the
vegetative growth of berseem as compared to sole crop. Suppressive effect of legume
intercrops on the forage yield of sorghum was also observed by Singh & Jadhav (2003).
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Table 4.20: Performance of berseem intercropped in barley under different geometric
arrangements
2009-10 (1st year)

Parameters

40 cm spaced
Single row
(P1)

60 cm spaced
double row
strip (P2)

100 cm
spaced four
row strips
(P3)

Green fodder
yield
(Kg ha-1 )

22610.08 d

25258.06 c

28259.69 b

Sole crop

LSD
Value

50375.24 a

284.27

48312.06 a

599.18

2010-11 (2nd year)
Green fodder
yield
(Kg ha-1 )

21427.89 d

24641.62 c

27126.95 b

Any two means not sharing a letter differ significantly at 5% level of probability (LSD)
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4.9 Competitive Functions
The competition behaviour of component crops across different intercropping
systems and geometric arrangements were determined in terms of aggressivity (A),
relative crowding coefficient (RCC) and competitive ratio (CR).
4.9.1 Aggressivity (A)
Aggressivity value is an important tool for determining the competitive ability of
crops when they are grown in association with each other. If the aggressivity value is
zero, then it indicates that the components crops are equally competitive. In any other
conditions, if the crops have the same numerical value, then the dominant species are
signed positive and the dominated species are signed with negative. The greater
difference between numerical values, represents the higher difference between actual and
expected yield and bigger difference in competitive ability. The aggressivity values of the
component crops which are shown in the Table 4.21 revealed that associated crops did
not equally compete with main crop (barley). Regadless of the geometric arrangements,
there was a positive sign for barley and negative sign for component crops which showed
that barley was dominant and the intercrops were dominated (recessive). Aggressivity
value was the minimum for barley + garlic at 40 cm spaced single rows (-0.19), (-0.11)
and (0.03) at 60 cm spaced double row strips and 100 cm spaced four row strips,
respectively which indicated the most competitive crop with barley,while the lentil, gram
and berseem showed less competition with barley. Sarkar et al., (2001), Bhatti et al.,
(2006) and Sarkar and Chakraborty (2000) also reported similar type of results in
different legume and non-legume intercropping systems.
4.9.2 Relative crowding Coefficient (RCC)
The reltive cowding coefficient (RCC) plays a very important role in detrmining
the advantages of intercropping system and competitive effects. In 1979, Willey stated
that each crop has its own RCC (K). The higher value of ‘K’ represents that the
component crop was dominant and with the lower value of ‘K’ the component crop was
dominated. For determining the yield advantages of intercropping system, the product of
both component crops is formed which is designated by ‘K’, if the product of component
crops is equal then the intercropping system has no yield advantages and if ‘K’ value is
greater or less then one, than it shows yield advantages and disadvantages, respectively.
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Table 4.21:

Aggressivity of barley based intercropping system as influenced by
geometric arrangements:

Intercropping
system

40 cm spaced
single rows
(P1)

60 cm spaced
double row strips
(P2)

100 cm spaced
four row strips
(P3 )

System
(P1+P2+P3)/3

barley intercrop barley intercrop barley intercrop barley intercrop
Barley+Gram

0.22

-0.22

0.11

-0.11

0.04

-0.04

0.12

-0.12

Barley+Lentil

0.30

-0.30

0.17

-0.17

0.04

-0.04

0.17

-0.17

Barley+Berseem

0.33

-0.33

0.19

-0.19

0.08

-0.08

0.20

-0.20

Barley+Linseed

0.31

-0.31

0.18

-0.18

0.06

-0.06

0.18

-0.18

Barley+Fennel

0.36

-0.36

0.16

-0.16

0.07

-0.07

0.19

-0.19

Barley+Garden
cress
Barley+Garlic

0.41

-0.41

0.18

-0.18

0.07

-0.07

0.22

-0.22

0.19

-19.00

0.11

-0.11

0.03

-0.03

0.11

-0.11

Table 4.22:

Intercropping
system

Barley+Gram

Relative crowding coefficient (RCC) of barley based intercropping system
as influenced by geometric arrangements:

40 cm spaced single rows

60 cm spaced double row
strips

barley intercrop System barley
4.74
1.54
7.29
15.63

100 cm spaced four row
strips

Intercrop system Barley intercrop system
2.60
40.59 13.74
3.78
51.92

Barley+Lentil

5.18

1.18

6.11

23.95

1.60

38.35

17.32

3.85

66.66

Barley+Berseem

3.42

0.81

2.76

7.70

1.03

7.95

8.29

1.31

10.83

Barley+Linseed

3.74

0.93

3.48

10.50

1.20

12.55

10.16

2.10

21.34

Barley+Fennel

3.06

0.66

2.01

5.53

1.14

6.30

6.63

1.53

10.12

Barley+Garden
cress
Barley+Garlic

3.22

0.54

1.73

6.40

1.03

6.58

7.14

1.51

10.75

4.42

1.65

7.30

13.57

2.57

34.82

11.89

3.76

44.74
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In all the intercropping systems comprised in this experiment, barley appeared to be
extremely dominant as it had greater value of ‘K’ than the intercrops in all the
intercropping systems (Table 4.22). As the product of the coefficient of associated crops was
higher than one, therefore, all the intercropping systems had yield benefits or advantages. In
case of intercropping systems, the supreme y i el d advantage was recorded from barley +
lentil as it showed the maximum value of 'K’.
Among the geometric arrangements, the yield advantages increased in 100 cm
spaced four row strips over 60 cm spaced double row strips or 40 cm spaced single rows
as specified by the k values (66.66, 38.35 and 6.11), respectively for barley-lentil
intercropping system (Table 4.29). Similar results were observed by Bhatti (2005) in
sesame-mungbean intercropping system and in another study Sarkar and Chakraborty
(2000) noted the highest RCC value of product of coefficient when sesame was
intercropped with green gram.
4.9.3 Competitive ratio (CR)
The competitve function of an intercropping system is also determined by
competitive ratio (CR), which tells us the degree with which one crop competes with the
other. The greater value of CR shows the crop is more competitive than the crop which
has low value of CR.
Higher CR values for barley over the other associated cultures showed that in all
the three planting patterns barley was more competitive than intercrops (Table 4.23). The
competitive ratio (CR) was maximum (0.78) for berseem in 40 cm spaced single rows
which proved that berseem was best competitor with barley in 40 cm spaced single rows
geometric arrangement while 60 cm spaced double row strips intercropped gram showed
the highest value (0.80) of CR and proved best competitor to barley than other intercrops.
In case of 100cm spaced 4-row strips berseem showed maximum compitition (0.93) with
barley rather than other intercrops. As for as intercropping systems Barley + berseem
proved the best competitor (0.83) than other intercropping systems. It is evident from the
competitive ratio (CR) value that except berseem the other crops like lentil, gram, linseed,
fennel, garden cress (haloon) and garlic are the most appropriate crops for intercropping in
barley. These results are in line with the findings of Bhatti (2005) and El-Edward et al.,
(1985). An uncertain competitive ratio was also reported by Sarkar and Chakraborty (2000)
when sesame was intercropped with mungbean in 1:1 ratio. It is obvious from the data
relating to A, RCC and CR that barley was dominant crop in each intercropping system.
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Table 4.23: Competitive ratio (CR) of barley based intercropping system as
influenced by geometric arrangements:

Intercropping
system

40 cm spaced
single rows
(P1)

60 cm spaced
double row strips
(P2)

100 cm spaced
four row strips
(P3)

System
(P1+P2+P3)/3

barley intercrop barley intercrop barley intercrop barley intercrop
Barley+Gram

1.30

0.77

1.25

0.80

1.15

0.87

1.23

0.81

Barley+Lentil

1.31

0.76

1.38

0.73

1.13

0.89

1.27

0.79

Barley+Berseem

1.28

0.78

1.28

0.78

1.08

0.93

1.21

0.83

Barley+Linseed

2.00

0.50

2.09

0.48

1.62

0.62

1.90

0.53

Barley+Fennel

1.94

0.52

1.58

0.63

1.43

0.70

1.65

0.62

Barley+Garden
cress
Barley+Garlic

2.31

0.43

1.73

0.58

1.47

0.68

1.84

0.56

1.79

0.56

1.57

0.64

1.41

0.71

1.59

0.63
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4.10 Agronomic Advantages
4.10.1 Barley grain yield equivalent
Barley grain yield equivalent was determined as the grain yield of barley plus the
yield of crop (intercrop) transformed into barley grain yield, based on existing market
value of each crop (Anjeneyulu et al., 1982). It is one of the important principle used for
evaluating the intercropping benefit over monocropping.
Barley grain yield equivalent of all intercropping systems were higher than the
yield of barley alone shown in Table 4.24. Maximum barley grain yield equivalent
(9372.33 kg ha-1) was recorded when barley was intercropped with garlic which was
(141.08%) more than monocropping of barley (3888 kg ha-1) followed by barley +
berseem intercropping system (4363.46 kg ha-1) giving (12.24%) more barley grain yield
equivalent (BGYE) than the sole barley. However, the minimum grain yield equivalent
(3892.49 kg ha-1) was observed in barley + garden cress (haloon) which was (0.12%)
more than sole crop of barley. The variation among BGYE in different intercropping
systems was due to the variation between the market prices of the crop and their yield.
Higher yield equivalent in different intercropping systems was also observed by Saud
(1999), Patra et al., (2000) and Islam et al., (2006). Significant increase in sesame yield in
sesame + mungbean intercropping system was also reported by Bhatti (2005).
4.10.2 Land equivalent ratio (LER)
The land equivalent ratio (LER) is defined as the relative land area under
monocropping (sole crop) that is required to produce the yield achieved in intercropping
(Willey 1979) and was calculated for all crop combinations in order to determine any
advantage which was gained by intercropping. If the values of LER are greater than one
in the intercropping system then it indicates the yield advantages of intercropping over
monocropping (sole crop).
The data regarding LER presented in Table 4.25, showed that the total LER
(combined LER of barley and component crops) based on the average of two years
ranged from 1.09 to 1.48 in 40 cm spaced single rows. In case of intercropping system the
barley + lentil gave the highest LER (1.48) as against the lowest LER (1.09) recorded in
barley + garden cress (haloon). It indicates yield advantges of (48%) and (9%) over the
sole crop of barley, respectively. However, in 60 cm spaced double row strips the
maximum LER (1.69) was recorded in barley + gram while, minimum (1.35)
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Table 4.24: Impact of intercropping system on barley grain yield equivalent (kg
ha-1):
Intercropping
system (IS)

Barley

Intercrop

yield

yield

BGYE

Total

% increase

BGYE

over barley
alone

Barley

3888.00

-

Barley+Gram

3489.00

400.14

Barley+Lentil
Barley+Berseem
Barley+Linseed

3548.11
3299.28
3378.11

-

3888.00

664.23

4153.23

+ 6.83

696.09

4244.20

+ 9.17

1064.19

4363.46

+ 12.24

751.51

4129.63

+ 6.22

374.24
24748.50
351.18

Barley+Fennel

3194.17

276.58

752.30

3946.46

+ 1.51

Barley+Garden

3239.56

305.11

652.94

3892.49

+ 0.12

3452.17

4698.55

cress
Barley+Garlic

5920.17

9372.33

+ 141.08

Following prices per kg of crops was used at the time of experiment
Barley = Rs. 35 per kg,

Gram = Rs. 58 per kg,

Berseem fodder = Rs. 1.50 per kg,

Linseed = Rs. 75 per kg,

Lentil = Rs. 65 per kg
Fennel = Rs. 95 per kg

Garden cress (haloon) = Rs. 75 per kg and Garlic = Rs. 45 per kg
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in barley + linseed intercropping system. Similarly, in 100 cm spaced four row strips the
superior value of LER (1.78) was recorded in barley + lentil intercropping system and the
least LER (1.47) was recorded in barley + linseed which indicated the 78% and 47% yield
advantages, respectively. However, LER values for 60 cm spaced double row strips and 100
cm spaced four row strips were higher than 40 cm spaced single rows under all
intercropping systems which showed greater resource use efficacy of strips arrangement
than single rows plantation.
In case of geometric arrangements on the basis of average of two years, barley +
lentil showed the highest LER (1.64) while the lowest LER (1.31) was noted in barley +
garden cress (haloon) intercropping system. Higher LER in intercropping systems was
recognized the best utilization of natural resources (land, light) and other inputs (fertilizer
and water). In many other studies the higher LER values were observed in different
legume and non-legume intercropping systems (Bhatti, 2005; Sarkar and Chakraborty,
2000; Sarkar and Sanyal, 2000 and Sarkar et al., 2001).
4.10.3 Area-time equivalent ratio (ATER)
The area time equivalent ratio (ATER) is calculated because the LER does not
provide the information that time is occupied by the crop in the field in an intercropping
system. The ATER gives us more precise, accurate and realistic comparison of the yield
advantages of intercropping over the monocropping than LER, as the ATER considers the
time taken by the each crops in different intercropping system. From the results (Table
4.26), it revealed that the values of ATER were smaller than LER values which indicated
the over estimation of resource (natural, added) utilization in the latter.
The maximum value of ATER was recorded in the cropping system of barley +
lentil (1.65) followed by barley + gram (1.62) and barley + berseem (1.61) while the
minimum value of ATER (1.37) was noted in barley + garden cress (haloon). These values
indicated the yield advantages in intercropping systems ranged from 37% to 65%. In case
of geometric arrangements the ATER values for 100 cm spaced four row strips were
greater than other geometric arrangements. This difference indicated a best bio-economic
proficiency of strip plantation of barley over single rows. In 100 cm spaced four row strips
of barley, ATER values showed the yield benefits in the range of 37 to 65% while in 60
cm spaced double row strip the yield advantages were observed in the range of 26 to 56%.
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Table 4.26:

Area time equivalent ratio (ATER) of barley based intercropping
system as influenced by different geometric arrangements:

Intercropping

40 cm spaced single

60 cm spaced double row

100 cm spaced four row

rows

strips

strips

system

barley intercops system barley intercrops system barley intercrops system
Barley+Gram

0.77

0.58

1.36

0.88

0.69

1.57

0.87

0.74

1.62

Barley+Lentil

0.78

0.58

1.36

0.90

0.63

1.53

0.88

0.76

1.65

Barley+Berseem

0.72

0.56

1.29

0.83

0.64

1.47

0.84

0.77

1.61

Barley+Linseed

0.74

0.37

1.11

0.85

0.40

1.26

0.85

0.52

1.37

Barley+Fennel

0.71

0.39

1.09

0.79

0.54

1.33

0.81

0.61

1.42

Barley+Garden

0.71

0.30

1.02

0.81

0.46

1.27

0.82

0.55

1.37

0.76

0.40

1.16

0.87

0.52

1.39

0.86

0.57

1.44

cress
Barley+Garlic
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However, the lowest yield advantages were recorded in 40 cm spaced single rows of barley
which ranged between 1.6 to 36%.
The higher values of ATER observed in intercropped treatments as compared to
sole crop of barley were credited to the proficient consumption of natural (land and light)
and supplementary (fertilizer and water) resources. Higher ATER in sesame-legumes
intercropping systems was also reported by Ghosh et al. (1995), Sarkar and Chakraborty
(2000) and Bhatti et al, (2006).

4.11. Residual soil fertility after the harvest of different intercropping
system:
4.11.1 Residual soil fertility (organic matter)
There was an amazing influence of different intercropping systems in barley on
the residual soil fertility. The data related to the fertility status of the soil are shown in
Table 4.27. All the legume intercrops in barley enhanced the organic matter content in the
soil during both years while the non-legumes and sole barley reduced the organic matter
in the soil. During the 1st year the maximum upgradation happened due to lentil
(+7.79%) followed by gram (+5.19%), and berseem (+3.90%) but in case of non-legumes
the maximum decline in the organic matter was observed in fennel (-3.90%) which was at
par with linseed (-3.90%) and garlic (-1.30%) (Table 4.27). However, slight decline in
barley alone (-2.60%) was also observed. Similar trend was recorded during the second
year with the highest organic matter addition in the soil due to lentil. The soil organic
matter also improved in all legume crops in relation to barley alone during both years
(2009-10 and 210-11). However, decrease in soil organic matter was observed in nonlegume crops in relation to barley alone.
4.11.2 Residual soil fertility (nitrogen)
Residal soil nitrogen was enhanced in all the legume crops i.e lentil, gram and
berseem while in non-legume crops the reduction in soil nitrogen was observed (Table.
4.27). The maximum increase in residal soil nitrogen was recorded in barley + lentil
(+7.14%) followed by barley + gram (+4.76%) and the highest decline in soil nitrogen
was noted in barley + fennel (-11.9%). The residual soil nitrogen was also declined in
relation to barley monoculture during the both years. The soil organic nitrogen also
improved in all legume crops in relation to barley alone during both years (Table 4.27).
However, decrease in soil organic nitrogen was observed in non-legume crops in relation
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to barley alone. Enhancement of residal soil nitrogen content due to addition of
leguminous crops in cropping systems like wheat, cotton, sesame and barley was also
noted by Ahmad (1990), Khan (2000), Bhatti (2005) and Wahla (2008), respectively.
4.11.3 Residual soil fertility (Phosphorus)
Residual phosphorus (P2O5) deteriorated in all the intercropping systems except
barley alone during both years of the experiment. During 1st year (2009-10) the highest
decrease in residual soil phosphorus happened in an intercropping system of barley + lentil
(-8.49%) followed by barley + gram (-8.20%). This greater reduction in legumes indicates
their more “P” requirement of phosphorus. Similar trend of phosphorus status in the soil
was observed in the second year of the experiment. However, in respect to barley alone the
highest reduction in residual phosphorus observed in legume crops (lentil, gram and
berseem) as compared to non-legumes (linseed and fennel) described in the Table 4.27.
Depletion of P2O5 by different legume and non-legume intercrops has been reported by
Ahmad and Saeed (1998). Khan (2000) also observed the exhaustion in residual soil
phosphorus (P2O5) in cotton legumes intercropping system.
4.11.4 Residual soil fertility (Potassium)
The exhaustion of residual soil potasium was recorded in all the intercropping
systems including barley alone (Table 4.27). However, during the 1st year of the study,
the maximum decline was observed in barley + fennel (-10.14%) followed by barley +
linseed (-8.74%) intercropping system agianst barley alone (-3.62%). Almost similar
trend was observed during the second year of the study with highest depletion of
potasium by fennel (-10.29%) followed by linseed (-9.56%). While, with respect to sole
barley whole the intercropping systems depleted the potasium level in the soil (Table
4.28). These results are in line with those of Khan (2000), Bhatti (2005) and Whala (2008)
who reported potassium depletion of soil in cotton-legumes, sesame-legume and barleylegume intercropping systems, respectively.
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Table 4.27: Post harvest fertility status of soil under different barley-based
intercropping system.
Year 2009-10
Intercropping
system

N
(%)

P
(ppm)

K
(ppm)

Barley alone

0.040
(-4.76)
0.044
(+4.76)
0.045
(+7.14)
0.043
(+2.38)
0.038
(-9.52)
0.037
(-11.9)
0.043
(+2.38)
0.041
(-2.38)
0.042

7.01
(0.86)
6.51
(-6.33)
6.53
(-6.04)
6.47
(-6.91)
6.38
(-8.20)
6.32
(-9.06)
6.41
(-7.77)
6.87
(-1.15)
6.95

133
(-3.62)
130
(-5.80)
131
(-5.07)
128
(-7.25)
126
(-8.70)
124
(-10.14)
125
(-9.42)
132
(-4.35)
138

Barley+Gram
Barley+Lentil
Barley+Berseem
Barley+Linseed
Barley+Fennel
Barley+Garden
cress
Barley+Garlic
Original values

Year 2010-11
N
(%)

Organic
matter
(%)

0.75
0.038
(-2.60)
(-5.00)
0.81
0.042
(+5.19)
(+5.00)
0.83
0.043
(+7.79)
(+7.50)
0.80
0.041
(+3.90)
(+2.50)
0.74
0.036
(-3.90)
(-10.00)
0.74
0.035
(-3.90)
(-12.50)
0.78
0.041
(+1.30)
(+2.50)
0.76
0.039
(-1.30)
(-2.50)
0.77 0.040
6.88

P
(ppm)

K
(ppm)

Organic
matter
(%)

6.93
(0.73)
6.45
(-6.25)
6.47
(-5.96)
6.41
(-6.83)
6.33
(-8.28)
6.27
(-8.87)
6.35
(-7.70)
6.63
(-3.63)
136

132
(-2.94)
127
(-6.62)
129
(-5.15)
128
(-5.88)
123
(-9.56)
122
(-10.29)
124
(-8.82)
131
(-3.68)
0.75

0.74
(-1.33)
0.79
(+5.33)
0.81
(+8.00)
0.78
(+4.00)
0.72
(-4.00)
0.71
(-5.33)
0.77
(+2.66)
0.73
(-2.66)

% increase (+) decrease (-) over original values
Table 4.28: Post harvest fertility status of soil under different barley-based
intercropping system with respect to barley alone.
Year 2009-10
Intercropping
system

N
(%)

Barley alone

0.040
(0.00)
0.043
(+7.50)
0.045
(+12.50)
0.042
(-5.00)
0.038
(-5.00)
0.037
(-7.50)
0.041
(+2.50)
0.039
(-2.50)
0.042

Barley+Gram
Barley+Lentil
Barley+Berseem
Barley+Linseed
Barley+Fennel
Barley+Garden
cress
Barley+Garlic
Original values

P
(ppm)
7.01
(0.00)
6.51
(-7.13)
6.53
(-6.85)
6.47
(-7.70)
6.38
(-8.99)
6.32
(-9.84)
6.41
(-8.56)
6.67
(-3.85)
6.95

K
(ppm)
133
(0.00)
128
(-3.76)
131
(-1.50)
130
(-2.26)
126
(-5.26)
124
(-6.67)
125
(-6.02)
132
(-0.75)
138

Year 2010-11
Organic
matter
(%)

N
(%)

0.75
(0.00)
0.81
(+8.00)
0.83
(+12.00)
0.80
(+6.66)
0.74
(-1.33)
0.74
(-1.33)
0.78
(+4.00)
0.76
(+1.33)
0.77

0.038
(0.00)
0.043
(+13.16)
0.042
(+10.53)
0.041
(+7.89)
0.036
(-5.26)
0.035
(-7.89)
0.039
(+2.63)
0.037
(-2.63)
0.040

% increase (+) decrease (-) over original values
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P
(ppm)
6.93
(0.00)
6.45
(-6.93)
6.47
(-6.38)
6.41
(-7.50)
6.33
(-8.66)
6.27
(-9.52)
6.35
(-8.37)
6.63
(-4.33)
6.85

K
(ppm)
132
(0.00)
127
(-3.79)
129
(-2.33)
128
(-3.03)
123
(-6.81)
122
(-7.58)
124
(-6.06)
131
(-0.76)
136

Organic
matter
(%)
0.74
(0.00)
0.79
(+6.76)
0.81
(+9.46)
0.78
(+5.41)
0.72
(-2.70)
0.71
(-4.05)
0.77
(+4.05)
0.75
(+1.35)
0.75

4.12 Economic analysis of different barley-based intercropping systems
The feasibility and profitability of an intercropping system is reflected to
economic return. The farmers are always concerned in benefits and expenses of certain
technologies and show desire to know about threats involved in the adoption of new
practices. For this purpose, collected data were economically examined by using standard
method already discussed in chapter III. These methods involve partial budgeting,
marginal analysis and sensitivity analysis. For each intercropping system partial budget
was assembled to assess expenses and benefits related with different cropping systems
(Table 4.29). In the analysis, prices of inputs prevailing in the present market during 200910 and 2010-11 were used to calculate the partial budget of different intercropping
systems. In this segment the monetary analysis of different intercropping systems is
discussed.
4.12.1 Partial budget of different intercropping systems
The consequences of partial budget analysis (Table 4.29) showed that gross benefit
of barley sown in different intercropping systems fluctuated from Rs. 103958 to 241486 ha1

. Among different intercropping systems the highest gross benefit of Rs. 241486 ha-1 was

documented in barley + garlic intercropping system followed by the gross benefits Rs.
115601 ha-1, and 113051 ha -1 recognized from intercropping systems of barley + berseem
and barley + lentil, respectively. However, the intercropping system of barley + garden cress
(haloon) provided the lowest gross benefit of Rs.103958 ha-1.
The maximum total cost that varied (Rs. 83750 ha-1) was noted in intercropping
system of barley + garlic followed by Rs. 19050 and Rs. 18850 in barley + berseem and
barley + gram intercropping systems, respectively.
The Table clearly exibited that the net field benefits of all intercropping system in
the geometric arrangements of 100 cm spaced four row strips and 60 cm spaced double
row strips of barley were higher than those attained from sowing barley in 40 cm spaced
single rows. However, the net field benefits achieved were Rs. 157736, 96551, 95626,
92969, 91843, 88480 and 87008 in the intercropping systems of barley + garlic, barley +
berseem, barley + lentil, barley + linseed, barley + gram, barley + fennel and barley +
garden cress (haloon), respectively. Significantly higher net field benefits of different
intercropping systems in cotton, rice and wheat were reported by khan (2000), Saeed et
al., (1999) and Saeed et al., (1990), respectively.
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Table 4.29: Partial budget of pooled results of different intercropping systems
Barley
alone

Barley
+ Gram

Barley
+
Lentil

Barley +
Berseem

Barley +
Linseed

Barley
+
Fennel

Barley +
Garden
cress

Barley +
Garlic

Yield kg ha-1 from 40 cm spaced single rows of barley (P1)
Barley
grain yield
Straw yield
Intercrops

4074
9039
-

3364
7455
343

3415
7640
311

3153
7322
21786

3215
7487
298

3071
7091
215

3108
7219
220

3323
7450
4116

2355
5219
240

2391
5348
218

2207
5126
15250

2251
5241
208

2149
4964
150

2175
5053
154

2326
5215
2881

75231
8091
14265
97587

76142
8236
11527
95905

81401
8500
129667
219569

Adjusted yield (kg ha-1)
Barley
grain yield
Straw yield
Intercrops

2852
6327

Gross benefits (Rs. ha-1) from 40 cm spaced single rows (P1)
Barley
grain yield
Straw yield
Intercrops
Total

99805
10313
110118

82414
8506
13942
104862

83668
8717
14171
106556

77236
8355
22875
108466

78768
8543
15634
102944

Yield kg ha-1 from 60 cm spaced double row strips of barley (P2)
Barley
grain yield
Straw yield
Intercrops

3738
8697

3514
7900
409

3589
7990
354

3309
7787
24800

3413
7868
337

3166
7374
288

3233
7421
318

3482
7862
4756

2459
5530
286

2512
5593
248

2316
5451
17360

2389
5507
236

2216
5162
202

2263
5195
223

2437
5503
3329

77559
8414
19169
105141

79209
8468
16717
104393

85305
8970
149826
244102

Adjusted yield (kg ha-1)
Barley
grain yield
Straw yield
Intercrops

2617
6088

Gross benefits (Rs. ha-1) from 60 cm spaced double row strips (P2)
Barley
grain yield
Straw yield
Intercrops
Total

91589
9923
101512

86081
9014
16607
111702

87918
9116
16123
113157

81066
8885
26040
115991
114

83627
8977
17679
110283

Barley
alone

Barley
+ Gram

Barley
+ Lentil

Barley + Barley +
Berseem Linseed

Barley
+
Fennel

Barley +
Garden
cress

Barley +
Garlic

Yield kg ha-1 from 100 cm spaced four row strips of barley (P3)
Barley
grain yield
Straw yield
Intercrops

3851
8697

3590
8222
448

3641
8281
457

3437
7983
27660

3506
8095
419

3346
7778
327

3378
7894
377

3552
8099
5223

2513
5755
314

2549
5796
320

2406
5588
19362

2454
5667
293

2342
5445
229

2364
5526
264

2487
5670
3656

85897
9237
21996
117130

81981
8875
21744
112600

82757
9007
19811
111575

87028
9241
164519
260788

Adjusted yield (kg ha-1)
Barley
grain yield
Straw yield
Intercrops

2696
6088

Gross benefits (Rs. ha-1) from 100 cm spaced four row strips (P3)
Barley
grain yield
Straw yield
Intercrops
Total

94350
9924
104273

87947
9381
18188
115516

89200
9448
20790
119438

84194
9109
29043
122346

Yield kg ha-1 from system as a whole P1 + P2 + P3/3
Barley
grain yield
Straw yield
Intercrops

3888
8811

3489
7859
400

3548
7970
374

3299
7698
24748

3378
7817
351

3194
7415
277

3240
7511
305

3452
7804
4699

2442
5501
280

2484
5579
262

2309
5388
17324

2365
5472
246

2236
5190
194

2268
5258
214

2417
5463
3289

82764
8919
18437
110119

78257
8460
18392
105110

79369
8570
16018
103958

84578
8904
148004
241486

Adjusted yield (kg ha-1)
Barley
grain yield
Straw yield
Intercrops

2721
6168

Gross benefits (Rs. ha-1) from as a whole P1 + P2 + P3/3
Barley
grain yield
Straw yield
Intercrops
Total

95248
10053
105301

85481
8967
16246
110693

86929
9094
17028
113051

80832
8783
25986
115601
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Barley
alone

Barley Barley
+ Gram +
Lentil

Barley + Barley +
Berseem Linseed

Barley
+
Fennel

Barley + Barley +
Garlic
Garden
cress

Cost that vary
A. Cost of seed (Rs. ha-1)
Barley
Intercrops
Total

3000
3000

3000
3300
6300

3000
1875
4875

3000
2300
5300

3000
1600
4600

3000
1080
4080

3000
800
3800

3000
70000
73000

2350
600
2950

2350
600
2950

2350
600
2950

2350
600
2950

2350
600
2950

2350
600
2950

2400
2400
4800

2400
6000
8400

2400
2400
4800

2400
2400
4800

2400
2400
4800

2400
3000
5400

2400
2400
4800

2400
2400

2400
2400
4800

2400
2400
4800

2400
3000
5400

2400
2400

10150
7275
17425

10150
8900
19050

10150
7000
17150

10150
6480
16630

10150
6800
16950

10150
73600
83750

B. Cost of plantation (Rs. ha-1)
Barley
Intercrops
Total

2350
2350

2350
600
2950

C. Cost of harvesting (Rs. ha-1)
Barley
Intercrops
Total

2400
2400

2400
2400
4800

D. Cost of threshing (Rs. ha-1)
Barley
Intercrops
Total

2400
2400

2400
2400
4800

Total cost that vary (Rs. ha-1)
Barley
Intercrops
Total

10150
10150

10150
8700
18850

Net field benefits (Rs. ha-1)
Net
benefits P1
Net
benefits P2
Net
benefits P3

99968

86012

89131

89416

85794

80957

78955

135819

91362

92852

95732

96941

93133

88511

87443

160352

94123

96666

102013

103296

99980

95970

94625

177038
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Barley
alone

Barley Barley
+ Gram +
Lentil

Barley + Barley +
Berseem Linseed

Barley
+
Fennel

Barley + Barley +
Garlic
Garden
cress

70682
8783
17086
96551

68107
8460
11912
88480

69219
8570
9218
87008

Total net field benefits (Rs. ha-1)
Barley
grain yield
Straw yield
Intercrops
Total

85098
10053
95151

75331
8967
7546
91843

76779
9094
9753
95626
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72614
8919
11437
92969

74428
8904
74404
157736

4.13 Dominance analysis of different intercropping systems
Partial budget analysis did not deliver evidence in relative/comparable gain in
additional (marginal) benefits from the additional (marginal) costs involved for different
intercropping systems. For this situation a dominance analysis was carried out. In direction
to accomplish dominance analysis, treatments were prepared in the order of increasing
costs. If the cost of the treatment was higher than the foregoing treatments and its net field
benefit was lower then such treatment was considered as "dominated" and was donated by
"D". The dominated treatments were not involved in the determination of marginal rate of
return (MRR). The dominance analysis of the collective results (2-year average) of
different intercropping systems (Table 4.30) exhibited that intercropping systems of barley
+ fennel, barley + garden cress (haloon), barley + linseed and barley + gram were
dominated by rest of the intercropping systems which were studied in that experiment.
The dominated intercropping systems were really less profitable than raising barley as sole
crop, or intercropping systems of barley + lentil, barley + berseem and barley + garlic.
4.14 Marginal analysis of different intercropping systems
In order to assess how the net field benefits from an investment on different
intercropping systems increased as the amount spent on the same increased, the marginal
analysis was carried out. The intercropping systems which were dominated (D) in the
dominance analysis were excluded from the marginal analysis.
In the marginal analysis, marginal rate of return (MRR) was calculated by dividing
the marginal net benefit by the marginal cost and expressed as percentage marginal rate
of returns for different intercropping system (Table 4.31). The analysis showed that the
highest MRR (94.57%) was attained from the barley + garlic intercropping system, while
the barley + berseem intercropping system gave MRR of 56.92% and barley + lentil gave
MRR of 6.53%. These results submitted that barley + lentil provided 6.53% increase in
cost involved in this cropping system as against a sole barley crop. Furthermore, switching
from barley + lentil intercropping system to barley + berseem and barley + garlic
intercropping system gave 56.92% and 94.57% marginal benefits for a change in marginal
cost of the preceding intercropping systems, respectively.
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Table 4.30: Dominance analysis of different intercropping system.
Cost that Vary (Rs. ha-1)

Cropping System

Net benefits (Rs. ha-1)

Barley sole

10150

95151

Barley + Fennel

16630

88480 D

Barley + Garden cress

16950

87008 D

Barley + Linseed

17150

92969 D

Barley + Lentil

17425

95626

Barley + Gram

18850

91843 D

Barley + Berseem

19050

96551

Barley + Garlic

83750

157736

Figures followed by “D” are dominated cropping system
Table 4.31: Marginal rate of return (MRR) analysis of different intercropping
systems.
Cropping
System
Barley sole

Cost that
Vary
(Rs. ha-1)
10150

Barley + Lentil

17425

Barley +

19050

Marginal
cost
(Rs. ha-1)

Net benefits
(Rs. ha-1)

475

6.53

925

56.92

61185

94.57

95626
1625

Barley + Garlic

MRR %

95151
7275

Berseem

Marginal Net
benefits
(Rs. ha-1)

96551
64700

83750

157736
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4.15 Sensitivity analysis of different intercropping systems
Like the other countries of the world, the output and input prices usually change
from year to year and place to place in Pakistan also. Although marginal and dominance
analysis exhibited the supremacy of some intercropping system over the others, but to
estimate how-sensitive are the net benefits of these cropping systems to fluctuations in the
prices of inputs and outputs and to make a definite intercropping system suitable for
farmers, sensitivity analysis was carried out. This analysis was executed by altering one
price or combination of prices and determining the effect of that change on the net benefits.
Major analysis was assumed on change in prices to see their influence on net benefits and
marginal rate of returns (MRR) under diverse intercropping systems. Sensitivity analysis
was done with the following assumptions.
4.15.1 Sensitivity analysis with constant input prices and output prices increased by
10%
In this possibility the costs of all inputs were retained constant whereas those of
outputs in all the intercropping systems were amplified by 10% from the existing prices
during 2009-10 and 2010-11 (Table 4.32) and then the dominance and marginal analysis
were carried out. The dominance analysis showed that the net benefits improved with
increase in output prices. Among the different intercropping systems barley + garlic,
barley + berseem and barley + lentil exhibited the uppermost net return of Rs. 173510, Rs.
106206 and Rs. 105189 ha-1, respectively. Moreover when the costs of a ll the output
produces were increased by 10% whereas keeping the prices of all inputs at existing rate
the MRR from barley + berseem and barley + garlic increasd from 56.92 to 62.58% and
94.57 to 104.03% respectively, while in barley + lentil the MRR decreased from 6.53 to
7.19% (Table 4.33). These results represented that if future prices of outputs were
increased by 10%, then the cropping systems of barley + lentil was not feasible while
barley + berseem and barley + garlic were cost-effective and feasible as against the
intercropping system of sole barley.
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Table 4.32:

Sensitivity analysis with constant input prices and output prices
increased by 10% (dominance analysis).
Cost that Vary (Rs. ha-1)

Cropping System

Net benefits (Rs. ha-1)

Barley sole

10150

104666

Barley + Fennel

16630

97328 D

Barley + Garden cress

16950

95709 D

Barley + Linseed

17150

102266 D

Barley + Lentil

17425

105189

Barley + Gram

18850

101027 D

Barley + Berseem

19050

106206

Barley + Garlic

83750

173510

Figures followed by “D” are dominated cropping system
Table 4.33:

Sensitivity analysis with constant input prices and output prices
increased by 10% (Marginal rate of return) MRR.

Cropping
System
Barley sole

Cost that
Vary
(Rs. ha-1)
10150

Barley + Lentil

17425

Barley +
Berseem

19050

Barley + Garlic

83750

Marginal
cost
(Rs. ha-1)

Net benefits
(Rs. ha-1)

Marginal Net
benefits
(Rs. ha-1)

MRR %

523

7.19

1017

62.58

67304

104.03

104666
7275
105189
1625
106206
64700
173510
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4.15.2 Sensitivity analysis with input prices increased by 10% and output prices kept
constant
The sensitivity analysis (dominance) to observe the effect of 10% increase in the
costs of inputs over present rates and the costs of outputs, keeping at existing rates for all
intercropping systems, is shown in Table 4.34. When the prices of all inputs were
increased by 10% over the existing prices, then the intercropping systems of barley +
garlic, barley + berseem and barley + lentil gave higher net benefits of Rs. 157736, Rs.
96551 and Rs. 95626 ha-1, respectively. The barley + fennel, barley + garden cress
(haloon), barley + linseed and barley + gram were, however, dominated (D) by these
intercropping systems.
The marginal rates of return from intercropping systems of barley + lentil, barley +
berseem and barley + garlic were reduced by 5.94, 51.76 and 85.97%, respectively. The
costs of all inputs were amplified by 10% over the present costs while the costs of all
outputs did not vary (Table 4.35). By increasing input costs by 10%, MRR from
intercropping systems of barley + lentil, barley + berseem and barley + garlic was
declined by 9.04%, 9.07% and 9.09%, respectively as compared to that with genuine
costs of inputs. This analysis showed that in the forthcoming years if the rates of all input
commodities are increased by 10% even then the dominance of intercropping systems of
barley + lentil, barley + berseem and barley + garlic over sole barley growing would not
change. Therefore, it is beneficial to recommend these intercropping systems as a
superior substitute of monoculture of barley crop.
4.15.3 Sensitivity analysis with input prices increased by 5% and output prices
decreased by 5%
The sensitivity analysis (dominance) on the statement that input charges increased
by 5% (Table 4.36) exposed that the net benefits decreased in all the intercropping
systems as against the existing prices of input and output, but the intercropping systems of
barley + lentil, barley + berseem and barley + garlic sti ll provided the highest net returns
of Rs. 90845, Rs. 91723 and Rs. 149849 ha-1, respectively. These benefits were 36%, 47%
and 12% lower than all input and output costs were deliberated at present rate (Table 4.30)
for the above-mentioned intercropping systems.
For the marginal rate of return (MRR), it declined in barley + lentil intercropping
system 6% and 51.44 and 85.57% for barley + berseem
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Table 4.34: Sensitivity analysis with constant input prices increased by 10% and
output prices kept constant (dominance analysis).
Cost that Vary (Rs. ha-1)

Cropping System

Net benefits (Rs. ha-1)

Barley sole

11165

95151

Barley + Fennel

18293

88480 D

Barley + Garden cress

18645

87008 D

Barley + Linseed

18865

92969 D

Barley + Lentil

19168

95626

Barley + Gram

20735

91843 D

Barley + Berseem

20955

96551

Barley + Garlic

92125

157736

Figures followed by “D” are dominated cropping system
Table 4.35: Sensitivity analysis with constant input prices increased by 10% and
output prices kept constant (Marginal rate of return) MRR.
Cropping
System
Barley sole

Cost that
Vary
(Rs. ha-1)
11165

Barley + Lentil

19168

Marginal
cost
(Rs. ha-1)

Net benefits
(Rs. ha-1)

Barley + Garlic

92125

475

5.94

925

51.76

61185

85.97

95626
1787

20955

MRR %

95151
8003

Barley +
Berseem

Marginal Net
benefits
(Rs. ha-1)

96551
71170
157736
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Table 4.36:

Sensitivity analysis with 5% increased input prices 5% decreased
output (dominance analysis).
Cost that Vary (Rs. ha-1)

Cropping System

Net benefits (Rs. ha-1)

Barley sole

10658

90393

Barley + Fennel

17462

84056 D

Barley + Garden cress

17798

82658 D

Barley + Linseed

18008

88321 D

Barley + Lentil

18296

90845

Barley + Gram

19793

87251 D

Barley + Berseem

20003

91723

Barley + Garlic

87938

149849

Figures followed by “D” are dominated cropping system
Table 4.37:

Sensitivity analysis with 5% increased input prices 5% decreased
output (Marginal rate of return) MRR.

Cropping
System
Barley sole

Cost that
Vary
(Rs. ha-1)
10658

Barley + Lentil

18296

Barley +
Berseem

20003

Marginal
cost
(Rs. ha-1)

Net benefits
(Rs. ha-1)

MRR %

452

5.92

878

51.44

58126

85.57

90393
7638
90845
1707
91723
67931

Barley + Garlic

Marginal Net
benefits
(Rs. ha-1)

87934

149849
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and barley + garlic (Table 4.37) as associated with those attained from existing prices of all
inputs and outputs involved in the cropping systems under this experiment.
Moreover, the assessment between MRR calculated by increasing input prices by
10% and keeping output prices constant (Table 4.35) and with that gained by 5% increase
in input and 5% decrease in output prices (Table 4.37), exhibited that decrease was only
24% and 0.48% for barley + berseem and barley + garlic, respectively. It is calculated
from all sensitivity analysis options that barley + lentil, barley + berseem and barley + garlic
were economically feasible as against sole cropping of barley.
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Chapter 5
SUMMARY
A field experiment was conducted to evaluate the bio-economic assessment of
barley and associated cultures with different geometric arrangements at the Agronomic
Research Area, University of Agriculture, Faisalabad (Pakistan) during the years 2009-10
and 2010-11. The intercropping systems were barley alone, barley + gram, barley + lentil,
barley + berseem, barley + linseed, barley + fennel, barley + garden cress (haloon) and
barley + garlic while the geometric arrangements involved 40 cm spaced single rows, 60
cm spaced double row strips and 100 cm spaced four row strips. Each associated culture
(intercrop) was also sown as a sole crop to calculate the yield advantages and competition
functions. The experiment was laid out in a randomized complete block design (RCBD)
with split plot arrangement having three replications with a net plot size of 3.2m x 7m. The
geometric arrangements were randomized in main plots and intercropping systems in subplots. Barley cultivar Haider-91 was sown in different arrangements with the help of a
single row hand drill. The intercrops were sown in the space between the rows of strips as
per treatments. The observations on different factors of the associated crops were
documented by using standard procedures. The results are directed as under:
•

The highest net field benefit of Rs. 157736 ha-1 was obtained from barley + garlic
intercropping system as against the minimum of Rs. 87008 ha-1 form barley + garden
cress (haloon) intercropping system.

•

Intercropping of barley with legume and non-legumes reduced barley yield to a
significant level as compared to sole cropping

•

All associated cultures reduced the grain yield, however, the additional harvest
obtained from associated cultures compensated the losses in barley grain yield.

•

The growth and yield determining parameters of intercrops were suppressed when
grown in combination with barley with respect to their mono-cropping.

•

The maximum reduction in seed yield of barley was recorded in barley + fennel
intercropping system.

•

Higher net field benefits were obtained from intercropping systems than sole
cropping of barley.

•

In terms of economic and yield advantages 100 cm spaced four row strips gave higher
net income ha-1 than other cropping systems under study.
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•

On the basis of land equivalent ratio (LER), the maximum yield advantage over
mono-cropping of barley was recorded for barley + lentil intercropping system.

•

Residual soil organic matter and nitrogen were improved in all legume intercropping
systems as compared to sole barley and non-legume intercropping in barley crop.

•

Phosphorus was depleted in all intercropping systems in both years and the same
trend was observed in case of residual soil potassium.

•

Barley appeared to be dominant crop as indicated by its higher values of RCC, CR
and positive sign of aggressivity.

•

Dry matter (DM), leaf area index (LAI), crop growth rate (CGR) and leaf area
duration (LAD) of barley were reduced significantly by all intercropping systems. As
regards geometric arrangements, the crop planted in 100 cm spaced four row strips
produced significantly higher DM. LAI, CGR and LAD than the crop planted in other
arrangements, i.e 40 cm spaced single rows and 60 cm spaced double row strips.

•

The LER and ATER values for 100 cm spaced four row strips planting were higher
than the 60 cm spaced paired row strips or 40 cm spaced single rows planting of
barley in all intercropping systems indicating greater biological efficiency of strip
plantation than the conventional method of planting barley in single rows.

•

Marginal rate of return (MRR) was 6.53 and 94.57% higher for barley + lentil and
barley + garlic, respectively over the sole crop.

•

Seed protein of barley was not affected significantly by geometric arrangements
while for intercropping system the maximum protien content was observed in barley
alone (12.443) and the minimum in barley + garlic (10.551).
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5.1 CONCLUSIONS

•

Barley seed yield was declined to a significant level by different intercropping
systems. However, the additional incomes of intercrops remunerated much more than
decrease in barley production due to intercrops.

•

Except garden cress (haloon) intercropping of barley with other component crops i.e
lentil, gram, berseem, fennel, linseed, and garlic in the geometric arrangements of 100
cm spaced four row strips performed appropriate and proved to be more profitable
than mono-cropped barley.

•

Growing of barley in 100 cm spaced four row strips not only facilitated intercropping
of different intercrops but also more helpful in harvesting and handling of intercrops
with least damage to the base crop of barley.

•

Barley + garlic and barley + lentil intercropping system showed the maximum benefits
as compared to other intercropping systems under study.

•

Among intercropping systems, barley + garlic gave the highest income of Rs.
1,57,736 followed by barley + berseem (Rs. 96551) and barley + lentil (Rs. 95626)
which were 39.68%, 1.45% and 0.50% higher than sole crop of barley, respectively.

•

Residual soil organic matter and nitrogen were improved in all legumes intercropping
systems as compared to sole barley and non-legume intercropping in barley crop.
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5.2 RECOMMENDATIONS
•

Under the prevailing conditions, small farmers with limited resources, who constitute
81% of the farming community in Pakistan and are facing too much difficulty by low
net return from crops due to very low yield and sometime whole crop failure, can
adopt the practice of intercropping in barley for obtaining more economic benefits.

•

On the basis of economic analysis, the farmer should adopt barley + garlic or barley +
berseem intercropping system for more income and improvement of the nutrient
status of the soil.

•

Growing of barley in 100 cm spaced four row strips facilitate intercropping of
different intercrops more conveniently and efficiently than other planting patterns.

•

Intercropping of legumes in barley also helps sustaining soil fertility through the
addition of nitrogen by biological nitrogen fixation (BNF) and organic matter.
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5.3 FUTURE RESEARCH NEEDS

•

In further, studies on different barley-based intercropping systems under various
ecological zones of Pakistan should be conducted.

•

It is responsibilty of plant breaders to develop high yielding, short stature and short
duration varieties of different crops which can easily be fitted in intercropping system

•

There is also a need to study the allelopathic effect of different intercropping systems
on the yield/production of the companion crop.

•

There is a need to develop a suitable sowing machinery/drill for strip planting to
facilitate intercropping on a large scale in the country.
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Appendix
Table 4.1: Grain yield of barley as affected by associated cultures and geometric
arrangements:
2009-10 (1st year)
SOV
Replications

df
2

SS
200094

MS
100047

F Value

Factor A

2

540066

270033

12.25*

Error

4

88203

22051

Factor B

7

2742086

391727

156.40*

AB

14

477799

34129

13.63

Error

42

105197

2505

Total

71

4153445

2010-11 (2nd year)
SOV

df

SS

MS

Replications

2

683186

341593

Factor A

2

461232

230616

Error

4

321

80

Factor B

7

3436198

490885

1025.83*

AB

14

402604

28757

60.10*

Error

42

20098

479

Total

71

5003639

* = Significant
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F Value
2874.47*

Table 4.2:

Biological yield of barley as affected by associated cultures and
geometric arrangements:
2009-10 (1st year)

SOV

df

SS

MS

F Value

Replications

2

3.113 x107

1.556 x 107

Factor A

2

7368485

3684243

Error

4

233044

58261

Factor B

7

3.035 x107

4335719

561.25*

AB

14

4924566

351755

45.53

Error

42

324455

7725.12

Total

71

7.433 x 107

63.24*

2010-11 (2nd year)
SOV

df

SS

MS

Replications

2

2359032

1179516

Factor A

2

7319760

3659880

Error

4

26417.1

6604

Factor B

7

1.407 x 107

2010923

494.88*

AB

14

1011060

72219

17.77*

Error

42

2.496 x 107

4063

Total

71

* = Significant
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F Value
554.17*

Table 4.3: Total number of tillers of barley as affected by associated cultures and
geometric arrangements:
2009-10 (1st year)
SOV

df

SS

MS

F Value

Replications

2

5695

2847.6

Factor A

2

8531

4265.7

Error

4

14244

3560.9

Factor B

7

103136

14733.8

18.60*

AB

14

73718

5265.6

6.65

Error

42

33262

791.9

Total

71

238587

1.20

2010-11 (2nd year)
SOV

df

SS

MS

Replications

2

75550

37775

Factor A

2

26089

13044.5

Error

4

5735

1433.8

Factor B

7

100172

14310.3

35.30*

AB

14

8755

625.3

1.54

Error

42

17027

405.4

Total

71

233329

* = Significant
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F Value
9.10*

Table 4.4: Number of grains per spike of barley as affected by associated cultures
and geometric arrangements:
2009-10 (1st year)
SOV

df

SS

MS

F Value

Replications

2

2.6198

1.30988

Factor A

2

3.8873

1.94364

Error

4

0.41111

0.10279

Factor B

7

1.4863

0.21233

1.53*

AB

14

2.4381

0.17415

1.25*

Error

42

5.8340

0.13891

Total

71

16.6766

18.91*

2010-11 (2nd year)
SOV

df

SS

MS

Replications

2

12.1969

6.09847

Factor A

2

1.6186

0.80931

Error

4

9.9589

2.48972

Factor B

7

4.9765

0.71093

1.09*

AB

14

13.9414

0.99581

1.52

Error

42

27.4708

0.65407

Total

71

70.1632

* = Significant
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F Value
0.33

Table 4.5: Grain weight per spike of barley as affected by associated cultures and
geometric arrangements:
2009-10 (1st year)
SOV

df

SS

MS

F Value

Replications

2

0.00101

0.00051

Factor A

2

0.00141

0.00071

Error

4

0.00047

0.00012

Factor B

7

0.04319

0.00617

31.16*

AB

14

0.00339

0.00024

1.22*

Error

42

0.00832

0.00020

Total

71

0.05779

5.98*

2010-11 (2nd year)
SOV

df

SS

MS

Replications

2

0.01997

0.00998

Factor A

2

0.01077

0.00538

Error

4

0.00541

0.00135

Factor B

7

0.07728

0.01104

16.75*

AB

14

0.01448

0.00103

1.57

Error

42

0.02769

0.00066

Total

71

0.15559

* = Significant
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F Value
3.98

Table 4.6: Spike length of barley as affected by associated cultures and geometric
arrangements:
2009-10 (1st year)
SOV

df

SS

MS

F Value

Replications

2

0.00284

0.00142

Factor A

2

0.01810

0.00905

Error

4

0.00427

0.00107

Factor B

7

0.02668

0.00381

16.42*

AB

14

0.00254

0.00018

0.78

Error

42

0.00975

0.00023

Total

71

0.06419

8.47

2010-11 (2nd year)
SOV

df

SS

MS

Replications

2

0.07287

0.03643

Factor A

2

0.08929

0.04464

Error

4

0.08232

0.02058

Factor B

7

0.71611

0.10230

11.36*

AB

14

0.06847

0.00489

0.54

Error

42

0.37827

0.00901

Total

71

1.40733

* = Significant
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F Value
2.17*

Table 4.7:

1000-grain weight of barley as affected by associated cultures and
geometric arrangements:
2009-10 (1st year)

SOV

df

SS

MS

F Value

Replications

2

6.0969

3.04844

Factor A

2

3.0525

1.52627

Error

4

4.4773

1.11932

Factor B

7

46.4882

6.64117

11.90*

AB

14

13.9695

0.99782

1.79

Error

42

23.4479

0.55828

Total

71

97.5323

1.36

2010-11 (2nd year)
SOV

df

SS

MS

Replications

2

1.927

0.9633

Factor A

2

0.144

0.0719

Error

4

3.404

0.8509

Factor B

7

73.258

10.4654

22.48*

AB

14

17.635

1.2597

2.71

Error

42

19.551

0.4655

Total

71

115.918

* = Significant

154

F Value
0.08

Table 4.8:

Total plant height of barley as affected by associated cultures and
geometric arrangements:
2009-10 (1st year)

SOV

df

SS

MS

F Value

Replications

2

53.579

26.7893

Factor A

2

20.994

10.4968

Error

4

26.077

6.5193

Factor B

7

89.489

12.7841

6.25*

AB

14

17.635

1.2597

0.62

Error

42

85.871

2.0445

Total

71

293.644

1.61

2010-11 (2nd year)
SOV

df

SS

MS

Replications

2

33.030

16.5148

Factor A

2

1.341

0.6705

Error

4

6.875

1.7188

Factor B

7

32.702

4.6717

9.51*

AB

14

8.574

0.6122

1.25

Error

42

20.632

0.4912

Total

71

103.154

* = Significant
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F Value
0.39

Table 4.9: Harvest index (%) of barley as affected by associated cultures and
geometric arrangements:
2009-10 (1st year)
SOV

df

SS

MS

F Value

Replications

2

114.375

57.1874

Factor A

2

4.542

2.2708

Error

4

10.902

2.7254

Factor B

7

7.189

1.0270

6.96*

AB

14

6.337

0.4526

3.07

Error

42

6.200

0.1476

Total

71

149.544

0.83

2010-11 (2nd year)
SOV

df

SS

MS

Replications

2

11.2948

5.64741

Factor A

2

10.9554

5.47769

Error

4

0.1234

0.03086

Factor B

7

57.2717

8.18167

109.88*

AB

14

16.3675

1.16911

15.70*

Error

42

3.1272

0.07446

Total

71

99.1400

* = Significant

156

F Value
177.53*

