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Agroforestry has been defined as a dynamic ecologically based natural resources management
system that through the integration of trees on farms and in the agricultural landscape, diversifies and
sustains production for increased social, economic and environmental benefits for land users at all
levels. This paper highlighted Agroforestry practices and concepts in sustainable land use systems.
The benefit derivable from the interface between forest trees and agricultural crops are enormous.
They include the optimal use of land for both agricultural and forestry production on a sustainable
basis including the improvement of the quality of soil. This is in addition to the socio-economic

benefits that are accruable from agroforestry.

Indeed the advantage of agroforestry is all

encompassing and germane to a sustainable production system and livelihood.

Key words: Agroforestry, practices, concepts, sustainable, land use systems.

INTRODUCTION

Agroforestry practices offer practical ways of applying
various specialized knowledge and skills to the
development of sustainable rural production systems.
Agro-forestry is recognized as a land use option in which
trees provide both products and environmental services.
In agroforestry systems, the trees grown on different
farmlands in the same locality when aggregated can
bring about improved wooded situation thereby
enhancing environmental protection (Otegbeye, 2002).

In most agroforestry systems, the trees grown do not
have the usual silivicultural recommendations in terms of
spacing (Owonubi, 2002). Given the reality of awareness
among the farmers of multiple land use management, the
need to improve on the existing agroforestry practices
becomes necessary in the face of increasing population
and limited nature of land.

Rural people have been discovered to have a wealth of
indigenous knowledge and have incorporated trees in
production systems in areas where they lived for a very
long period of time (Evans and Alexander, 2004).
Agroforestry has both protective and social-economic
benefit. Kang (1993) reported that besides direct
agricultural benefit, trees exhibit social - economic
values. The benefit of the tree components derived by
farmers from agroforestry was evaluated from a social-
economic and ecological perspective (Anderson and
Sinclair, 1993). The social - economic benefits of
agroforestry can be evaluated in terms of productivity,
stability and sustainability.

The objective of this paper is to highlight the
importance and concepts of Agroforestry as a veritable
tool in sustainable land use systems.

*Corresponding author. E-mail: alaojs@yahoo.com. Tel: +234 (0) 8062078098.
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Table 1. Agroforestry practices among farmers in Lafia Local Government Area, Nasarawa State, Nigeria.

Types of agroforestry practices Lafia North Lafia South Lafia West Lafia East Respondents Percentage
Row/hedges 11 8 6 5 30 25
Trees on farm land 2 4 6 7 19 15.8
Scattered trees on farmland 13 10 16 14 53 44 .2
Wind break 4 8 2 4 18 15
Total 30 30 30 30 120 100

Source. Alao and Shuaibu (2011).

TYPES OF AGROFORESTRY SYSTEMS

There are various types of agroforestry systems, some of
which are listed as follows:

1. Trees on farmland: The farmers plant or retain trees on
their farmland, both for food, income, soil improvement
and environmental amelioration and for shade during the
harsh weather period.

2. Parkland also known as scattered trees: Parklands are
characterized by well grown scattered trees on cultivated
and recently fallowed land (CTA, 2003). These parklands
develop when crop cultivation on a piece of land
becomes more permanent. The trees are scattered far
apart so that they do not compete with their neighbours.
Parklands consist of indigenous trees like Parkia
biglobosa, Vitellaria paradoxa, Tamarindus indica,
Azadirachta indica, etc.

Parkland trees have the following characteristics:They
are deep rooting, preferably reaching ground water table.
They have capacity to fix nitrogen Produce litter that
decomposes well and add as much as possible to soil
organic matter.

3. Alley cropping as described by (CTA, 2003) is a
system in which strips of annual crops are grown
between rows of trees or shrubs. Lining up the woody
plants in hedges should ensure that there is little
interference with cultivation of the field. The extension of
alley cropping to include animal husbandry by the
International Livestock Research Institute (ILRI) has led
to the concept of alley farming (Okali and Submerge,
1985).

4. Wind breakers and shelter belts. Their major purpose
is primarily to control wind erosion. The species used
include, Azadirachta indica, Anacardium occidentale,
Mangifera indica, Musa species, Khaya senegalenses,
etc.

Alao and Shuaibu (2011) have shown that these
practices are commonly practiced by farmers as shown in
Table 1.

CONCEPTS OF AGROFORESTRY

Agroforestry has been defined as a dynamic, ecologically

based natural resources management system that
through the integration of trees on farms and in the
agricultural  landscape, diversifies and  sustains
production for increased social, economic and
environmental benefits for land users at all levels
(Leakey, 1996).

Agroforestry, generally refers to land used system or
farming system in which trees or shrubs are grown in
association with agricultural crops, pastures or livestock
and in which there is ecological and economic interaction
between the trees and other components. Agroforestry
practice is a distinctive arrangement of components in
space and time. It is a specific local example of a
practice, e.g Taungya. It is characterized by environment,
plant species, and arrangement, management, social and
economic functions.

RANGE AND CLASSIFICATION OF AGROFORESTRY

The range and classification of agroforestry practices are
the following.

Agro silvicultural

Agrosilviculture was aptly regarded as a variant of
taungya to be practiced outside of forest reserve
(Nwoboshi, 1982). It envisages multiple land use
involving arable and tree crops, but the emphasis here is
shifted to the agricultural crops which are of dominant
interest. Indeed, agrosilviculture could be likened to
shifting cultivation (Nwoboshi, 1982) except that the
fallow vegetation is planted with economic trees whose
gestation period is equivalent to the fallow period.

Silvo — pastoral

These are mostly trees with pastures and livestock. It is
essentially the practice of animal production along with
trees and pastures.

Shifting cultivation

Shifting cultivation was the farming system widely
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Table 2. Uses and Importance of Agroforestry to farmers in Lafia
Local Government Area, Nasarawa State, Nigeria.

Uses of trees Respondents Percentage
Additional income 23 19.2
Human nutrition 8 6.7
Reduce weeding 6 5

Fuel, stakes and timber 34 28.3
Shade for livestock 9 7.5
Medicinal herbs 4 3.3
Wind break 9 7.5
Soil improvement 27 225
Total 120 100

Source. Alao and Shuaibu, 2011.

embraced by peasants in the tropics in the past
(Greenland, 1974). This form of farming is no longer
common, because rapid population growth has increased
food demand tremendously to the level that fallow
periods had to be reduced and the forestry sector had to
give way gradually to agricultural needs. This has led to
un-precedented  deforestation, lowering of soil
productivity, loss of biodiversity, increased soil erosion
and weed infestation, and consequently lowered crop
yield (Okigbo, 1984a).

Unfortunately, the continued relying on expanding
cultivated areas has not been able to contribute
substantially to resolving the food crisis, because not all
the available land is equally productive (Okigbo, 1984b).
It is not even economical on the long run. Utilization
levels of land and water resources are close to maximum
potentials and future growth will be possible only through
better management of a fixed resource base (Banuri and
Holmberg, 1992).

Intensive rather than extensive use would be the way
out of the log jam (Fagbemi, 1997). In order to achieve
the twin goal of satisfying increasing demands for food as
well as retain the biologically beneficial effects of shifting
cultivation, many workers have in the last two decades
advocated the development of land use systems based
on age-old practices of intentionally mixing trees in crop
animal production fields (Nwoboshi, 1980).

Mixed farming

Mixed farming system practiced by majority of the
farming communities indicated the existence of traditional
agroforestry system common in the semi-arid zones of
Nigeria (Oboho, 1989). Integration of trees into farming
system and subsequent modification of the system could
be easy with earlier understanding of the importance of
trees in the farming system. Similarly, the practice of
animal production could make the intensification of fodder
bank system an easily acceptable agroforestry model.
With soil fertility, maintenance as the major problem of

the farming system, adoption of appropriate agroforestry
system will be easy. Hayashi et al. (1995) opined that
since trees have traditional value and importance among
the farmers in the agro-ecological zone the modification
of their integration within the farming system could be
readily adapted and accepted by the farmers. Fruits,
fodder and fire wood species are common on the
farmlands. Improvement on these species will make it
readily acceptable.

ADVANTAGES OF AGROFORESTRY

It should be noted that the attempts being made under
agroforestry are to optimize the use of land for
agricultural production on a sustainable basis at the same
time meeting other needs from forestry (Fagbemi, 2002).
Nitrogen-fixing and non-nitrogen-fixing trees thrive
adequately in agroforestry with annual crops, presents a
farming system in which arable crop yields can be
enhanced. The tree rooting system brings about stability
that can lead to soil conservation. What is needed would
be mutual interaction and proper management
techniques that would reduce the adverse effects that
may result when trees are integrated into agro-ecosystem
(Connor, 1983).

Various authors (Kang et al., 1990; Young, 1986;
Rocheleau and Dianne, 1987) were of the view that
successful agroforestry practices benefits the farmers in
the following ways:

a. Consistent restoration of the fertility status of the soil
through the recycled litter deposition and nitrogen fixing
mechanism of trees.

b. A variety of products, firewood, poles, woodcraft,
fodder, medicinal herbs and food for livestock and man
respectively.

c. Prevention of wind and water erosion by trees acting
as wind break and intercepting the raindrop impact on the
soil respectively.

d. Improving the micro-climate effect of the immediate
and adjourning environment.

e. Restoration of water table to an absorbable level for
Crops use.

f. Increased income opportunities.

g. Increased economic stability

h. Reduce cost for establishing plantation

i. Increased ability to manage for sustained yield.

Also, Alao and Shuaibu (2011) from their studies have

shown in Table 2, the inherent advantages in agroforestry
accruable to farmers

CONCLUSION

The role of Agroforestry in sustainable land use system
cannot be over emphasized. Agroforestry practices offer



practical ways of applying various specialized knowledge
and skills to the development of rural production systems.
It evolves a synergy between agricultural production and
forestry that is beneficial for increased food production,
sustainable wood production and improvement of the
quality of the soil. This is a win-win situation.

The advantages of Agroforestry are quite quantum.
Agroforestry, among other benefits strive to optimize the
use of land for agricultural production on a sustainable
basis and at the same time meeting other needs from
forestry.
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An experiment was conducted at the Department of Horticulture, Agricultural College and Research
Institute, Tamil Nadu Agricultural University, Madurai, Tamil Nadu, India to screen ten vegetables for
cultivation under shadenet house (33% shade) and open field for year round production of vegetables.
Tomato, eggplant, chilli, cucumber, cluster bean, radish, amaranthus, coriander, bhendi and capsicum
were grown in the summer and winter. The influence of environmental variables temperature, relative
humidity and light intensity were studied. Tomato, eggplant, chilli, cucumber, radish, amaranthus and
coriander registered better performance for growth and yield during both seasons. Cluster bean
performed well in the open field during both seasons. Relative humidity was always higher under
shadenet house than in open field during both seasons. Light intensity in the shadenet house was
lower than in the open field. Mean weekly temperature during summer and winter were higher under
open field conditions than in the shadenet house. Lower temperature caused plant height, number of
branches, internodal length, average fruit weight and yield per plant to be higher in the shadenet house
than in the open field. Hence, the growing of tomato, eggplant, chilli, cucumber, radish, amaranthus and

coriander under shade house conditions will be more profitable irrespective of the seasons.

Key words: Shadenet cultivation, season, quality.

INTRODUCTION

Growing vegetable demand could be achieved through
bringing additional area under cultivation crops, using
hybrid crops, and adoption of improved agro-techniques.
Protected cultivation of vegetables could be used to
improve yield quantity and quality (Singh et al., 1999;
Ganesan, 2004). Vegetables grown under field conditions
are exposed to abiotic and biotic stress which affects
productivity and quality. Protected cultivation has the
potential to reduce biotic and abiotic stresses. A
shadenet house can modify environmental conditions
with reduced labor.

In southern India, the dry season is from April to June
with a rainy season from June to October. In northern
India the dry season is from April to July and the rainy
season is from July to October (Ramesh and Arumugam,
2010). Winter is from November to February. Protected
cultivation could possibly extend the growing season.
Protected cultivation of vegetable crops suitable for
domestic and export purposes could be a more efficient
alternative for land use and other resources (Sanwal et
al., 2004). However, profitability in protected cultivation
depends upon the choice of structure, selection of crop,
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Table 1. Mean values of weather parameters (crop period) recorded during summer and winter seasons.

Seasons Parameters Shade Open t-value P-value

Summer Temperature (°C) 32.06 34.20 5.19 1.64°
Relative humidity (%) 59.50 52.60 7.93 1.21°8
Light intensity (lux) 25867.01 34044.45 3.78 0.0007

Winter Temperature (°C) 30.10 32.85 7.63 2.59%
Relative humidity (%) 67.10 59.42 9.12 710
Light intensity (lux) 18333.74 25867.01 3.34 0.002

selection of varieties, production technology and market
price. The protected cultivation could solve the problem of
low productivity during extreme weather conditions.
Therefore, in the present scenario of perpetual demand
for vegetables and drastically shrinking land holdings,
protected cultivation of vegetable crops suitable for
domestic as well as export purposes is the best
alternative for using land and other resources more
efficiently (Sanwal et al., 2004). To date, there is not
much work available on shade net cultivation of
vegetables. There is an urgent need to assess the
cultivation and suitability of different vegetables under
shade net house to meet the growing demand of the
vegetables. Thus, the investigation was aimed to
determine the efficacy of shadenet cultivation compared
to open field on growth, yield of vegetables during
summer and winter season.

MATERIALS AND METHODS

The present investigation was conducted at the Department of
Horticulture, Agricultural Collage and Research Institute, Madurai,
India, during 2010 and 2011. Areas of the shadenet house and
open field plots were each 500 m% Tomato, cv. Lakshmi (NP 5005);
chilli pepper, cv. Sierra (MHCP 317); eggplant, cv. MEBH - 11; bell
pepper, cv. Radhika; Bhendi, cv. No-64; radish, cv. Pusa Chetki —
Long; coriander, cv. Greengold; cluster-bean, cv. Haritima;
cucumber, local type, and amaranthus, cv. Thandukeeri were used.

Experiments were arranged in randomized block design
replicated three times. Ten plants were used in each replication.
Standard horticultural practices (TNAU Crop Production Guide,
2013) and plant protection measures were followed. Soil inside the
shade net house was turned to a depth of 20 to 25 cm. One month
prior to planting, weeds and stubble were removed and the soil
brought to a fine tilth by ploughing 3 to 4 times with cultivator.
Fumigation was with 2% formaldehyde to control soil borne
pathogens. After application of formaldehyde, the soil was covered
with black polythene for one week and then removed. Application of
the fungicides Topaz at 0.5 mL-L™, Tilt at 1 mL-L™, Ridomil MZ at 2
g-L"" and of Vitavax at 2 g-L™* was carried out for control of powdery
mildew, dieback, fruit rot and sclerotium rot.

Air temperature, relative humidity and light were recorded from
time of transplanting to last harvest in both shadenet house and
open field. Temperature and relative humidity above the plant
canopy was measured using a sensor in a temperature and
humidity meter. The amount of light above the plant canopy was
measured using a sensor in a TES Digital Light Meter (model
1332A). Growth and vyield of vegetables were determined. The
independent t-test was used to separate means.

RESULTS AND DISCUSSION

Growth, development, productivity and post-harvest
quality of any crop largely depend on the interaction
between the plant genetics and the environmental
conditions under which they are grown. Every plant
species has its own specific inherent characters (such as
color, size, and growth rate, storability, cooking and
processing qualities). Mean weekly temperature during
summer and winter season were higher under open field
than in the shadenet house (Table 1). The lower
temperature increased plant height, number of branches,
internodal length, average fruit weight and yield per plant
were higher inside the shadenet house than in the open
field condition. This agrees with findings of Ganesan
(2004) and Ramesh and Arumugam (2010) under a
polyhouse.

Influence of weather under shadenet and open field

The lowest yield of capsicum under open field might be
due to high temperature. This agrees with Hawthron and
Pollard (1957). Relative humidity was always higher
under shadenet house than in open field during both
seasons (Table 1). However, Nimje and Shyam (1993)
observed that the relative humidity was higher inside the
greenhouse than in the open field which influenced
tomato growth and yield. The yield of sweet pepper was
higher under shadenet house due to high relative
humidity, which enhanced vegetative growth and
improved fruit production. These results agree with
findings of Priya et al. (2002a). Tomato, eggplant,
capsicum, radish, amaranthus and coriander had higher
yield under shadenet house due to light compensation for
higher photosynthesis. Similar results were reported by
Quaglitto (1976) and Priya et al. (2002b) in sweet pepper.
Since, cluster bean, bhendi and cucumber are tropical
crops, the requirement for light is more than chilli. This
agrees with findings of Krishna-Mohan et al. (1993), who
suggested that under 25% shade formation of
photosynthates and their partitioning and distribution for
the final sink were reduced resulting in poor yield in chilli.
The light intensity in the shadenet house was lower than
in the open field (Table 1). Kaname and ltagi (1973),
Ganesan (2004), Ramesh and Arumugam (2010) found
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Table 2. Influence of growing environments on growth and yield of tomato.

Shadenet condition

Open condition

Tomato Mean SD t -value P-value Mean SD t - value P- value
Summer  Winter Summer Winter Summer Winter Summer Winter

Plant height (cm) 150.25 200.69 18.17 8.37 13.80 519" 52.41 90.96 6.22 8.34 20.27 6.41°%
Number of branches 19.79 14.36 452 3.21 5.35 1.95° 9.73 11.46 211 3.32 2.40 0.01
Number of leaves 599.63 1178.0 16.75 75.75 17.23 4.12% 254.83 370.0 10.00 41.00 5.82 9.817
Internodal length(cm) 11.75 14.52 2.49 1.51 5.20 3.94° 6.96 9.54 1.04 0.81 10.64 2.877%°
Earliness (days) 37.33 41.23 1.34 2.64 7.18 1.41° 28.46 30.53 1.47 2.08 4.43 4.17°
Fruit circumference(cm) 16.98 18.40 0.32 0.47 13.45 1767 15.96 15.04 0.26 0.52 8.52 8.14
Number of fruits 58.36 73.10 4.38 5.44 11.54 2.561¢ 45.03 50.16 5.72 2.58 4.47 6.21°
Fruit weight (g) 100.92 106.50 4.07 4.10 5.27 2.02° 88.93 92.80 3.48 3.64 4.21 8.99°
Yield (kg / plant) 5.75 7.78 4.82 6.40 13.83 219" 3.19 4.65 5.11 2.75 6.96 1.31®
Chlorophyll content (%) 53.58 43.86 2.29 2.72 14.94 3.4 49.55 50.71 2.25 3.43 1.54 0.12
Leaf area (mm?) 6867.26 6679.97  1264.14 1436.66 0.53 0.59 1978.63  1929.01 350.92 433.08 0.48 0.62
Leaf area index 1.90 1.90 0.35 0.41 0.001 0.99 0.56 0.55 0.10 0.10 1.05 0.95

similar results for tomato cultivation under

protected cultivation.

Influence of growing season/environment on
growth and development of vegetables

Environment is the aggregate of all external
conditions  which  influence  growth and
development of plants. Generally, crops are not
profitable unless they are adapted to the region in
which they are produced (Reddy et al., 1999).
Among environmental factors, light intensity,
temperature and relative humidity influence crop
growth and development. Solar radiation consists
of different wave-lengths of light, in which the
visible portion is useful for crop growth; ultra-violet
and infrared radiations are not beneficial for crop
growth, as they change molecular levels which
lead to cellular disorganization. Temperature is
the major regulator of development processes.

Higher temperatures have more adverse influence
on net photosynthesis than lower temperatures
leading to decreased production of

photosynthates above a certain temperature
(Reddy et al., 1999). Temperature can be
controlled and regulated under protected

conditions, and better growth of plants might be
expected under protected culture. Relative
humidity increases availability of net energy for
crop growth and improves survival of crops under
moisture stress conditions. Relative humidity
reduces evaporation loss from plants which lead
to optimum utilization of nutrients. It also
maintains turgidity of cells which is useful in
enzyme activity leading to a higher yield (Reddy et
al., 1999).

The plant height, number of branches, number
of leaves per plant, internodal length, leaf area
and leaf area index were influenced by growing
environment (Tables 2 to 11). In all, vegetables
plant height was highest under shadenet house in

both seasons compared to open field. This may
be due to enhanced photosynthesis and
respiration due to the favorable micro-climatic
conditions in the shadenet house. This agrees
with results of Ramesh and Arumugam (2010) on
vegetables grown under poly house and Ryelski
(1986) and El-Aidy et al. (1988) in sweet pepper
under shadenet house. Numbers of branches per
plant were higher under shadenet house in
tomato, eggplant and chillies than in open field
during both seasons. This might be due to the
favorable micro-climatic conditions. Similar results
were reported by Rylski (1986). Ramesh and
Arumugam (2010) observed increases in numbers
of branches per plant under poly house, in tomato,
eggplant and chillies.

For cluster bean, bhendi and cucumber had
more branches per plant in open field than in
shadenet during both seasons (Tables 5, 6 and7).
This indicates that this crop might require more
light intensity and high temperature for better
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Table 3. Influence of growing environments on growth and yield of eggplant.
Shadenet condition Open condition
Eggplant Mean SD t-value  P-value Mean SD t-value P- value
Summer Winter Summer  Winter Summer Winter Summer Winter
Plant height (cm) 127.43 131.73 5.59 4.46 3.28 0.001 91.2 99.87 5.63 6.38 5.57 7.047
Number of branches 20.23 9.8 3.07 1.60 16.49 1.87%° 15.13 10.4 2.09 1.77 9.44 250"
Number of leaves 165.43 150.03 16.04 11.04 4.33 6.9°° 104.6 57.3 26.81 3.53 9.56 0.19™
Internodal length (cm) 9.98 12.34 0.72 0.93 10.93 2.0 8.07 10.82 0.46 0.95 14.20 1.55%
Earliness (days) 36.63 42.90 751 1.91 14.02 8.23%° 41.60 49.40 2.48 2.09 13.14 487"
Fruit circumference (cm) 13.91 15.64 0.52 0.67 11.06 1.30™° 11.84 12.46 0.35 0.73 4.17 9.96°
Fruit length (cm) 11.88 12.68 0.35 0.53 6.88 457° 8.58 9.07 0.38 0.31 5.54 7.707
Number of fruits 59.7 73.9 2.56 4.45 15.12 8.69% 48.36 53.93 2.78 4.26 5.98 1.45"
Fruit weight (g) 90.21 99.33 2.28 2.63 14.32 1.05% 88.45 88.79 2.52 1.94 0.58 0.56
Yield (kg/ plant) 4.86 7.34 1.86 4.92 25.76 1.90% 2.78 4.79 2.97 4.03 21.89 3.2278
Chlorophyll content (%) 39.33 35.96 1.69 1.35 8.49 9.13" 37.72 38.67 2.10 2.92 14.44 0.15
Leaf area (mmz) 23538.03 22715.19 3168.16 2630.08 1.09 0.27 13327.17 12938.35 1005.72 1488.83 1.18 0.24
Leaf area index 6.55 6.53 0.88 1.15 0.001 0.99 3.77 3.75 0.31 0.51 0.20 0.83
Table 4. Influence of growing environments on growth and yield of chilli.
Shadenet condition Open condition
Chilli Mean SD t-value P-value Mean SD t -value P-value
Summer  Winter Summer Winter Summer Winter Summer Winter

Plant height (cm) 83.43 158.99 18.27 8.86 20.37 2.152% 60.45 78.68 7.66 6.09 10.19 154
Number of branches 14.63 10.5 2.91 1.65 6.74 2.18°8 9.36 8.73 2.38 1.83 1.14 0.25
Number of leaves 202.86 515.56 8.34 18.75 83.45 2.3474¢ 157.23 379.06 18.54 44.26 25.31 4.87%
Internodal length (cm) 7.78 13.83 1.32 1.55 16.21 5.12% 6.85 7.48 0.47 0.94 3.27 0.001
Earliness (days) 28.66 29.55 1.84 2.01 1.73 0.08 36.76 37.60 1.52 1.77 1.95 0.05
Fruit circumference (cm) 3.01 3.35 0.27 0.19 5.48 9.427 2.81 2.18 0.18 0.15 14.22 1.45%
Fruit length (cm) 10.88 12.10 0.35 0.33 13.73 6.94% 8.85 12.10 0.31 0.33 38.81 3.39
Number of fruits 78.76 115.53 3.03 9.49 20.19 6.3672% 64.06 85.8 3.43 4.90 19.89 1.39%
Fruit weight (g) 10.07 10.58 0.39 0.56 4.04 0.0001 8.85 12.10 0.31 0.33 38.81 3.39%
Yield (kg / plant) 0.79 1.22 3.97 1.13 19.48 3.927 466.25 721.84 26.82 48.00 25.45 3.62%
Chlorophyll content (%) 54.11 52.23 2.48 419 2.10 0.03 56.45 56.14 3.02 3.92 0.35 0.72
Leaf area (mmz) 2132.1 2083.74 576.18 572.83 0.34 0.73 1003.1 975.97 79.52 134.65 0.95 0.34
Leaf area index 0.78 0.79 0.19 0.21 0.02 0.78 0.37 0.36 0.03 0.05 0.10 0.87
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Table 5. Influence of growing environments on growth and yield of bhendi.

Shadenet condition Open condition

Bhendi Mean SD t - value P-value Mean SD t -value P-value
Summer Winter Summer Winter Summer Winter Summer Winter
Plant height (cm) 225.12 205.87 14.23 7.63 6.52 5708 173.52 136.39 7.61 9.75 16.43 6.9923
Number of branches 2.90 4043 0.71 1.07 6.52 1.84° 4.00 8.66 0.69 1.62 14.45 6.94%
Number of leaves 58.36 60.16 9.85 6.01 0.85 0.39 54.03 78.50 5.15 18.49 6.98 3.15°
Internodal length (cm) 15.87 13.19 1.02 0.90 10.74 2.06 14.67 8.74 0.52 0.95 29.66 957
Earliness (days) 36.33 38.2 1.76 1.76 4.08 0.0001 42.43 45.36 2.31 1.37 5.96 3.03”
Fruit circumference (cm) 5.06 55 0.24 0.22 7.17 1.49° 4.72 4.98 0.16 0.28 4.21 8.93°
Fruit length (cm) 15.19 14.08 0.37 0.51 9.67 1.05"3 13.82 11.85 0.28 0.37 22.81 2.14%
Number of fruits 49.76 45.26 2.26 6.88 3.40 0.001 46.76 64.7 1.61 16.49 5.92 1.797
Fruit weight (g) 24.17 24.48 0.48 1.22 1.30 0.19 22.15 22.04 3.34 0.97 0.17 0.85°
Yield (kg / plant) 1.20 1.10 5.43 1.67 2.99 0.004 1.03 1.42 1.61 3.52 5.46 1.02°
Chlorophyll content (%) 52.00 50.23 1.83 5.03 1.81 0.07 46.28 54.78 1.18 5.28 8.59 6.19
Leaf area (mm?) 16770.13  6329.67 2558.42 2979.21 0.61 0.54 9459.1 8366.25 861.60 766.36 5.19 2.8°
Leaf area index 8.28 8.29 1.26 1.58 0.02 0.97 5.86 5.81 1.03 1.26 0.15 0.87
Table 6. Influence of growing environments on growth and yield of cucumber.
Shadenet condition Open condition
Cucumber Mean SD t-value P-value Mean SD t-value P-value
Summer Winter Summer Winter Summer Winter Summer  Winter
Plant height (cm) 375.92 405.87 30.20 15.50 4.83 1.75° 345.76 366.81 27.68 27.89 2.93 0.004
Number of branches 8.75 10.6 2.35 1.40 3.8 0.0004 9.6 11.46 2.29 1.30 3.86 0.0003
Number of leaves 64.43 78.9 9.82 7.22 6.49 2.048 54.66 58.76 8.15 4.78 1.21 0.22
Internodal length (cm) 13.68 10.6 2.07 1.40 6.74 1.38°8 14.22 11.46 1.00 1.30 9.16 1.3512
Earliness (days) 33.46 37.26 2.19 1.74 7.43 5.47" 28.40 31.50 1.92 1.92 6.24 5.46°
Fruit circumference (cm) 14.54 14.60 1.31 1.32 0.17 0.86 12.93 12.26 0.65 0.44 4.62 2.59°
Fruit length (cm) 20.16 19.47 151 1.29 1.91 0.06 16.31 17.7 0.89 0.88 6.00 1.337
Number of fruits 29.30 25.83 2.01 2.39 6.06 1.207 26.96 21.40 2.17 2.02 10.25 1.19™
Fruit weight (g) 230.57 218.11 6.35 5.69 7.99 6.241 215.46 208.56 4.08 5.50 5.50 1.08°
Yield (kg / plant) 6.75 5.63 4.85 5.39 8.45 1.23™" 5.80 4.46 4.62 4.47 11.44 1.677°
Chlorophyll content (%) 38.14 37.48 3.48 3.55 0.72 0.47 29.34 35.78 2.63 3.94 7.43 55410
Leaf area (mmz) 21119.43 20578.39 2220.05 3412.29 0.72 0.46 12696.77 11860.73 1318.77 945.97 2.82 0.006
Leaf area index 2.11 2.01 0.22 0.32 0.007 0.99 1.35 1.35 0.17 0.23 1.004 0.99
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Table 7. Influence of growing environments on growth and yield of cluster bean.
Shadenet condition Open condition
Cluster bean Mean SD t-value P-value Mean SD t-value P-value
Summer Winter  Summer Winter Summer  Winter Summer Winter

Plant height (cm) 201.52 205.86 19.49 8.79 1.11 0.27 219.40 216.77 16.74 5.76 0.81 0.42

Number of branches 3.47 2.46 1.10 0.73 3.86 0.0003 3.96 3.06 1.03 0.98 3.46 0.001

Number of leaves 62.50 74.00 23.42 5.14 2.62 0.01 63.06 75.86 11.55 5.53 5.47 2.27°

Internodal length (cm) 6.28 6.16 0.71 0.30 0.82 0.41 8.53 6.91 1.26 0.29 6.81 1.067

Earliness (days) 51.46 58.50 2.20 1.88 1325 337" 43.6 49.46 3.37 1.92 7.64 1.53°

Fruit circumference (cm) 2.83 2.55 0.30 0.30 3.52 0.0008 3.00 2.79 0.23 0.19 3.89 0.0002

Fruit length (cm) 9.96 11.08 0.36 0.40 11.12 657 10.14 12.02 0.69 0.51 11.91 3.15%

Number of fruits 103.66 96.23 6.05 5.27 5.07 4.36° 121.53 117.0 4.52 3.32 4.42 4.32°

Fruit weight (g) 5.89 5.74 0.36 0.20 1.95 0.05 6.04 5.99 0.32 0.22 0.64 0.51

Yield (kg / plant) 0.61 0.55 0.47 0.39 5.13 3.41° 0.73 0.70 0.45 0.35 0.31 0.002

Chlorophyll content (%) 58.39 55.89 4.54 3.60 2.35 0.02 55.42 52.96 3.22 3.56 2.80 0.006

Leaf area (mm?) 15144.6  14700.79 1661.70 2023.44 0.92 0.35 9267.63 9007.84 1575.60 9760.89 0.60 0.54

Leaf area index 16.82 16.84 1.84 2.66 0.003 0.99 10.28 10.36 1.68 2.03 0.003 0.99

Table 8. Influence of growing environments on growth and yield of radish.
Shadenet condition Open condition
Radish Mean SD t-value P-value Mean SD t-value P-value
Summer Winter Summer Winter Summer Winter Summer Winter

Plant height (cm) 37.71 66.82 4.08 3.45 29.80 7.29% 22.95 39.11 3.48 3.38 18.34 8.00%
Number of leaves 15.2 14.73 2.29 1.36 0.95 0.34 13.46 10.32 2.48 1.55 5.91 3.227
Fruit circumference (cm) 14.03 14.31 1.01 1.30 0.88 0.37 9.53 8.65 0.69 0.54 5.50 8.68"
Fruit length (cm) 25.26 26.91 3.20 3.95 1.77 0.08 15.13 16.65 135 1.54 4.04 0.0001
Fruit weight (g) 263.47 225.06 4.08 1.93 4.65 3.36° 179.33 146.99 18.99 5.26 8.98 2.191°
Yield (kg / plot) 22.31 25.70 26.02 29.01 4.76 1.33° 10.50 11.68 12.40 12.73 3.65 0.0005
Chlorophyll content (%) 33.84 34.89 8.00 3.76 0.64 0.51 30.09 31.94 3.14 4.42 1.86 0.06
Leaf area (mmz) 19841.87 19290.25  1505.44  2453.43 1.04 0.29 11923.9 11550.03 1336.17  1433.98 1.044 0.300
Leaf area index 141.40 132.30 51.85 17.99 0.90 0.36 81.15 81.10 8.57 12.52 0.02 0.98

micro-climate

in the shadenet house. Similar

growth and development (Marcelis and Baan
Hofman-Eijer, 1993). Numbers of leaves per plant
was highest under shadenet house in all

vegetables during summer and winter seasons.
This might be due to taller plants, increased
number of secondary branches and the beneficial

results were reported by Nimje and Shyam (1993)
in sweet pepper and eggplant. The maximum
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Table 9. Influence of growing environments on growth and yield of amaranthus.

Shadenet condition

Open condition

Amaranthus Mean SD t -value P- value Mean SD t - value P-value
Summer Winter Summer Winter Summer Winter Summer Winter
Plant height (cm) 67.366 88.09 3.56 4.60 19.19 4,782 33.2 39.11 4.16 4.0 5.28 2.00-°
Number of leaves 74.00 30.36 5.14 3.22 39.36 9.55% 18.5 20.33 2.78 1.95 2.94 0.004
Yield (kg/ plot) 16.76 25.58 19.18 28.80 13.95 3.42% 7.80 11.67 8.96 1.32 13.24 3.52"°
Chlorophyll content (%) 27.85 25.87 1.79 2.21 3.79 0.0003 31.90 3181 2.78 3.95 0.09 0.92
Leaf area (mm?) 7061.7 6933.19 1528.19 1545.65 0.32 0.74 3191.26 3113.73 1069.43 1011.85 0.28 0.77
Leaf area index 23.54 23.55 5.09 5.79 0.001 0.99 10.63 10.64 3.56 3.78 0.003 2.00
Table 10. Influence of growing environments on growth and yield of coriander.
Shadenet condition Open condition
Coriander Mean SD t -value P- value Mean SD t - value P-value
Summer Winter Summer Winter Summer Winter Summer Winter
Plant height (cm) 26.95 33.97 3.58 2.46 8.83 7.371% NA 24.11 NA NA NA NA
Number of leaves 53.9 172.96 6.21 6.74 71.07 4148 NA 74.00 NA NA NA NA
Yield (kg / plot) 15.63 19.61 18.08 22.26 7.58 377 NA 8.70 NA NA NA NA
Chlorophyll content (%) 29.11 28.12 1.90 2.71 1.63 0.10 NA 28.65 NA NA NA NA
Leaf area (mmz) 999.13 979.36 226.58 269.76 0.30 0.75 NA 532.30 NA NA NA NA
Leaf area index 3.33 3.34 0.75 0.85 0.05 0.95 NA 1.80 NA NA NA NA
NA, Not available.
internodal length was under shadenet house in seasons. shadenet house during summer and winter

bhendi during summer, while cucumber had the
highest internodal length during winter under
shadenet house. This finding agrees with Ramesh
and Arumugam (2010) under poly house
condition. Earliness in was under shadenet house
during summer and winter in all vegetables except
radish. This might be due to accumulation of
photosynthates which triggered early initiation of
flowers. Similar findings were reported by Rui et
al. (1989) in capsicum. In tomato and cluster bean
earliness occurred in open field during both

This might be due to the micro-climate which
was not sufficient for photosynthesis and
accumulation of photosynthates (Suchindra,
2002). Leaf area per plant was highest under
shadenet house compared to open field in all
vegetables during summer season and winter.
The exception was for coriander which had the
most leaf area under open field during the winter.
While the most leaf area was observed under
shadenet house during summer season. The
highest leaf area per plant was for tomato under

seasons. This might be due to leaf physiology and
increased number of  stomatoes and
photosynthesis. These results agree with
Papadopoulos and Ormrod (1991) in tomato.
Amaranthus had the highest leaf area index
during summer and winter seasons under
shadenet house compared to open field. This
might be due to accumulation of more
photosynthates during the cropping period.
Ultimately, the study revealed that the prospects
of cultivation of tomato, brinjal, chilli, cucumber,



Table 11. Influence of growing seasons on the growth and yield of capsicum.

Rajasekar et al.

Summer Winter
Capsicum Mean SD t -value P-value Mean SD t - value P-value
Shade Open Shade Open Shade Open Shade Open
Plant height (cm) NA NA NA NA NA NA 89.50 NA NA NA NA NA
Number of branches NA NA NA NA NA NA 6.93 NA NA NA NA NA
Number of leaves NA NA NA NA NA NA 60.40 NA NA NA NA NA
Internodal length (cm) NA NA NA NA NA NA 8.18 NA NA NA NA NA
Earliness (days) NA NA NA NA NA NA 39.7 NA NA NA NA NA
Fruit circumference (cm) NA NA NA NA NA NA 22.93 NA NA NA NA NA
Fruit length (cm) NA NA NA NA NA NA 11.04 NA NA NA NA NA
Number of fruits NA NA NA NA NA NA 11.76 NA NA NA NA NA
Fruit weight (g) NA NA NA NA NA NA 155.48 NA NA NA NA NA
Yield (kg / plant) NA NA NA NA NA NA 1.92 NA NA NA NA NA
Chlorophyll content (%) NA NA NA NA NA NA 61.96 NA NA NA NA NA
Leaf area (mm?) NA NA NA NA NA NA 4893.80 NA NA NA NA NA
Leaf area index NA NA NA NA NA NA 181 NA NA NA NA NA

NA, Not available.

radish, coriander and amaranthus under shadenet
house are bright.
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The argan tree, is a member of the tropical family Sapotaceae, is an endemic of south western
Morocco appreciated for its edible, high nutritional oil, extracted from the kernels of the fruit. The total
number of fruiting branches (F), with one (F1), two (F2), three (F3) and four or more fruits (F4) in ten
units of four different types of branches were observed for three consecutive seasons in three
localities in south west Morocco. The twigs of the season and those less than two seasons have not
fruited even if they have flourished. In contrast, the twigs more than two seasons and the main
branches bear fruits. Fruit production in argan tree is largely dependent on temperatures and rainfalls
during the cycle of flowering and fruiting which covers about 16 months. Prolonged drought during the
flowering season is manifested by a significant reduction of the fruiting branches and number of fruits
on twigs during the fruit ripening season. Contribution in the phenotypic variance of the climatic
season and tree x environment interaction were very significant (18.5 and 52.9%). Broad sense
heritabilities were low and ranged between 0 and 14.4%. Differentiation between the three populations
for the fruiting branches is not established. However, most trees from Argana and Ait Melloul were
most fruit bearing. Argan is especially valued by its fruit and oil, this work shows the existence of
significant potential to improve fruiting in this species, which is in the wild state, by the choice of plus
genotypes and the optimization of fruit production techniques for the argan domestication as a fruit
tree for oil production.

Key words: Argania spinosa, diversity, fruit, fruiting branches, repeatability, multivariate analysis.

INTRODUCTION

Fruit trees have the potential to contribute towards food
security, nutritional health and income generation and
mitigate environmental degradation in developing
countries (Jamnadass et al., 2009; Cuni-Shanchez et al.,
2011; Simbo et al., 2012). Plant growth and productivity
is hampered by environmental conditions, such as water
scarcity, recurrent aridity and others. Under these
conditions, few species were capable to stand to adverse

situation maintaining some productivity. Such is the case
of Argania spinosa in arid and semi-arid areas of North
Africa, able to provide a diversity of resources that are
the basis of economy for the local population
(Zunzunegui et al., 2010). This multi-purpose tree is often
described as an endangered species since several
physical and anthropogenic factors reduce the density
and surface of the arganeraie ecosystem (Msanda et al.,

*Corresponding author. E-mail: Dr.abdelaziz.zahidi@gmail.com. Tel.: +212667265028.




2005). The argan tree is best known for its adaptation to
drought and oil extracted from kernels of harvested fruit
from trees in the wild state. However, the dried pulp, meal
and leaves are sources of food for livestock (Sandret,
1957; Ehrig, 1974; M'Hirit, 1989, Prendergast and
Walker, 1992; Maurin, 1992). Its exploitation is always in
the economy picking mode. However, argan oil constitute
up to 25% of fat consumed in the region. It is the subject
of a commercial flow through Morocco and starts even if
required at the international level for uses in dietetics and
cosmetics. The multiple uses of the argan tree, especially
the interest of oil combined with resistance to drought,
make it a good candidate for domestication as a fruit tree
for oil production and genetic improvement for arid areas
(Bani-Aameur and Benlahbil, 2004; Ait Aabd et al., 2011).

Most of the reports available on the fruit were devoted
to the chemical composition of argan oil, but very little
research has focused on the fruit productivity in
particular. The yield of fresh fruit varies according to tree,
environment and climate season. It is 500 kg / ha / year
per hectare on average (M’Hirit, 1989) and about 15 kg /
tree (Rahali, 1989). The total production of ripe fruit in hot
and dry season varies within wide limits according to
trees at the Ait Melloul (Bani-Aameur, 2002a). Dried fruit
yields are between 1.52 and 22.4 kg / tree / year. In
addition, the frequency of fruit-bearing trees, fruit, pulp
and kernel weights was highly variab Bani-Aameur le
depending on season, trees and trees x environment
interaction (Ferradous et al., 1996). These authors also
reported that a minimum of 100 mm of rainfall recorded in
autumn of fruit ripening promotes good fruiting. However
large variability of flowering intensity was observed
among climatic years, sites, tree genotypes and types of
twigs. In any case, the peak of flowering occurs in spring
(Bani-Aameur, 2002a). Small fruits on tree start to grow
from October (Metro, 1952). But in February, fruits grow
very quickly. In July, the fruit maturation was almost
complete. The young fruits from flowering this season
remain incompletely developed until the first rains next
autumn. Thus, the flowering-fruiting cycle cover a period
of nine to 16 months depending on trees (Bani Aameur et
al., 1998; Benlahbil and Bani-aameur, 1999).

Some trees are able to have fruit once per season in
March (early tree) or June (late tree), while other trees
were able to flourish twice and then produce early and
later fruits on the same individual (Ferradous et al., 1996;
Bani Aameur et al., 1998). In early trees, the ripening of
fruit from flowers fertilized in autumn of the last season
occurs in May (Ferradous et al., 1996). In late trees, fruit
maturation from flowers fertilized in spring of the last
campaign occurs in August. While in intermediate trees,
fruits are highly variable in size; their maturation is spread
between spring and summer. All fruits from fertilized flowers
do not persist until maturity, but a drop more or less
important interested young fruit, ripe fruit and fruit whose
maturation process is interrupted. The percentages of
losses expressed in number of fruit varied from 3 to 39%
depending on the trees (Bani Aameur et al., 1998). On
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the same tree, there are different branches and twigs with
variable age and size. Twig of the season, twig less than
two seasons, twig more than two seasons and the main
branches growing on the carpenter branches (Zahidi et
al., 1995). All these twigs and main branches bear
flowers in very variable proportions (Ferradous et al.,
1996; Bani-Aameur, 2000); we aimed to know what types
can bear the fruits at maturity, and to establish the
relationship between seasonal variations in temperatures
and rainfall, the locality and the tree genotype and fruiting
in three populations of argan in southwestern Morocco.

MATERIALS AND METHODS
Plant material and measurements

The experiment concerned trees was located at Ait Melloul at 35 m
altitude in the Souss plain, Argana at 620 m altitude on southern
slopes of High Atlas Mountains and Ait Baha (AB) at 50 km from the
Atlantic ocean at 550 m altitude on the northern slopes of Anti Atlas
mountains south west of Morocco. Thirty trees randomly selected
and characterized for several morphological characters of fruit,
kernel, flower, pollen, branching and foliation were observed in
each site (Ferradous et al., 1996; Zahidi and Bani-Aameur, 1999a,
b; Bani-Aameur and Benlahbil, 2004). Observations occur during
three consecutive seasons, the first season was dry and warm; the
second season was very wet with a relatively warm autumn, but
winter and spring were cold. The third season is characterized as
wet and hot, with gaps relatively high between the minimum and
maximum temperatures (Figure 1).

Among the twigs and main branches facing South because of its
large flowering (Bani-Aameur, 2002a), we observed at the end of
April for three consecutive seasons the following characters (Figure
2): Among the 10 twigs of the season labeled (green twigs) we
counted: Total number of the fruiting twigs (F); number of twigs
with one fruit (F1); number of twigs with two fruits (F2); number of
twigs with three fruits (F3); number of twigs with four or more fruits
(F4). The same operation is performed for the ten twigs less than
two seasons labeled (red color), ten twigs more than two seasons
(lignified) and 10 principal branches (lignified with different ages
and dimensions).

Variability characterization

The variance components and the relative percentage of the
variance related to different factors in the total variance were
estimated using the model in Table 1:

62T=c2A+cld+c2Axl+c2all +c2Axall +c%

Where, o2 T, Total variance (phenotypic variance); o2 A, variance
related to seasonal variations (season factor); o2 |, variance due to
locality; o2 A x |, variance due to season x locality interaction; o2 a/l,
variance due to tree / locality (genotype); o2 A x all, variance related
to genotype x environment interaction (season x tree / locality); and
c2e: variance due to error. The percentage of the variance of each
factor in phenotypic variance per each site was calculated using the
model in Table 1.

o?Ts =c2A+c2a+c2Axa+oce
Where, ©?Ts, Total variance by site; o2A, variance related to

season; c2a, variance due to tree; c2A X a, variance due to season
X tree interaction; c2e: variance by site due to error.
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Figure 1. Climatic data from meteorological stations: mean monthly precipitation (mm), maximum, minimum and mean temperatures
recorded at Ait Melloul (AM), Argana (AR) and Ait Baha. A, AM; B, AR; C, AB; D, max; E, min; F, avg.

Repeatability (broad sense heritability estimated by the ratio of

variance tree / locality to the total phenotypic variance) was r2=100 x (c2al/l / c2all + c2A x all + c2e)
calculated according to the formula below given that trees are not
repeated between sites and in each site (Pfahler et al., 1996; Where the sum o2/l + c?A x all + o%) represents the total

Bani-Aameur et al., 2001): phenotypic variance in the three site and (c2a/l) constitute the
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Figure 2. Morphological characters of the fruiting branches observed in Ait Melloul, Ait
Baha and Argana during three consecutive seasons.

genetic variance. The repeatability per site was estimated using the
following model:

r2=100 x (c?a / c?a + c?A x a + c2e)

Where the sum (c?a + o?A X a +c2e) represents the total phenotypic
variance per locality and (c2a) variance related to tree.

Data analysis

An analysis of variance with four factors in hierarchical model was
adopted (Table 1). Genotype (tree /locality) is hierarchical to

locality factor because trees are not repeated between sites.
Climatic season, locality and type of branch were crossed. The
least significant difference test (LSD a = 5 %) of equality of means
was used to compare differences between means (Steel and Torrie,
1960; Dagneli, 1984; Sokal and Rohlf, 1995). Factorial discriminate
analysis (AFD) was performed on annual averages of each tree in
order to examine the simultaneous contribution of all parameters
studied in discriminating trees and sites (Frontier, 1981; Bernstein
et al., 1988).

Dendogram was built using clustering method UPGMA "pair-
group method unweighetd arithmetic average". Statistical
treatments were performed using Statitcf, Statistix software and
Ntsys version 1.40 (Rohlf, 1988).
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Table 1. Expectations of mean squares and estimated variance components for morphological characters

in the three localities.

Source of variation DF Mean square Expectations of mean squares
Global

Season 2 CMA o 2%e + 20 ?Aal + 60c%Al + 180c2A
Locality 2 CMI o 2e + 20 2Aal + 60c?Al + 6c2al + 180 o2
Tree / locality 87 CMal c 2% + 2¢ 2Aal + 6 c2al

Season x locality 4 CM Al o 2e + 20 2Aal + 60c2Al

Season x tree / locality 174 CM Aal o 2e + 2c?Aal

Error 270 CMe c%e

By locality

Season 2 CMA c?e + 20? Aa + 600 2A

Tree 29 CMa c2% +2c2Aa+602a

Season x tree 58 CM Aa c 2% + 20 %Aa

Error 90 CMe c’e

Table 2. Analysis of variance of number of main branches and twigs more than two seasons fruit bearing (F), with one (F1), two
(F2), three (F3) and four or more fruits (F4) observed in the three localities.

Mean square

Source of variation

DF F F1 F2 F3 F4

Season 2 2806.8* 579.3™ 282.9** 81.46* 26.2™
Locality 2 749.01" 248" 27.8"™ 32.5%* 28.6**
Type of branch 1 90.7™ 1.13™ 12.03"™ 12.3" 12.9"
Tree / locality 87 14.25™ 5.5" 2.03"™ 1.81* 1.5%
Season x locality 4 234.6** 125.03** 8.88** 8.5** 8.45**
Season x type of branch 2 52.64* 6.6™ 2.88** 6.89** 7.85%*
Locality x type of branch 2 11.27™ 2.07™ 0.76™ 1.6* 2.26*
Season x locality x type of branch 4 6.34** 1.82" 0.86™ 0.9" 0.82"™
Season x tree / locality 174 12.14** 5.96** 1.76* 1.31* 1.12*
Season / locality x type of branch 87 1.83™ 1.05"™ 0.61™ 0.36™ 0.5*

Season x tree / locality x type of branch 174 1.34™ 1.13™ 0.57** 0.38** 0.39**
Error 540 1.45 1.26 0.4 0.25 0.21

"Not significant; *: significant at 5%; **, significant at 1%.

RESULTS
Variability characterization
Type of branch

The principal branches and twigs more than two seasons
have borne fruits for three seasons, but twigs of the
season and those less than two seasons have not borne
fruits at maturity even if they have flowered. The type of
branch was not significant for all traits (F, F1, F2, F3 and
F4) (Table 2). Type of branch x climatic season
interaction is significant for total number of fruiting the
twigs (F), number of twigs to two (F2), three (F3) and four
or more fruits (F4), but not significant for number of twigs
with one fruit (F1). Locality x type of branch interaction

was significant for F3 and F4. Locality x climatic season x
type of branch interaction was significant only for F. Type
of branch x tree / locality interaction (genotype x type of
branch) was significant for F4, while climatic season x
type of branch x tree / locality interaction was highly
significant for F2, F3 and F4.

During the second season (Z"d) characterized as low
fruiting and even during the season at intermediate
fruiting (1), no difference was found between the main
branch and twig over than two seasons for F1, F2, F3 or
F4. But, in season of high fruiting, twigs more than two
seasons have borne more fruits (72%) than the main
branch (57.3%). They bear more than one fruit in 58.9%
of cases against 48.2% for main branch (Table 3).

In all three localities, no difference was observed for F,
F1 and F2 between the main branches and twigs more
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Table 3. Average number of branches (main branch and twigs more than two seasons) with
fruits (F), one (F1), two (F2), three (F3) and four or more fruits (F4) per season observed in

three localities.

Twig more than two

Type of branch Season Main branch Seasons
1 413 4.17
Twig or main branch with 2 0.78 1.02
fruits (F) 3 5.73b 7.19a
Average 3.55 4.13
1 2.82 2.47
Twig or main branch with 2 0.54 0.73
one fruit (F 1) 3 3.01 2.97
Average 2.12 2.06
1 0.66 0.8
Twig or main branch with 2 0.16 0.24
two fruits (F 2) 3 1.72b 214 a
Average 0.85 1.06
1 0.42 0.55
Twig or main branch with 2 0.06 0.05
three fruits (F 3) 3 0.74 b 1.28a
Average 0.41 0.63
1 0.2 0.32
Twig or main branch with 2 0.01 0.0
four or more fruits (F 4) 3 0.3b 0.82a
Average 0.17 0.38

Means followed by letters are significantly different at 5%.

Table 4. Average number of branches (main branch and twigs more than two seasons) with fruits (F), one (F1), two (F2), three (F3)
and four or more fruits (F4) observed in Ait Melloul (AM), Argana (AR) and Ait Baha (AB).

Main branch Twig more than two seasons
Type of branch
AM AR AB Average AM AR AB Average
With fruit (F) 4.18 4.37 2.09 3.55 4.99 5.13 2.26 4.13
With one fruit (F 1) 2.87 2.25 1.25 2.12 2.93 2.02 1.23 2.06
With two fruits (F 2) 0.92 1.04 0.59 0.85 1.17 1.31 0.7 1.06
With three fruits (F 3) 0.33" 0.7° 0.22° 0.41 0.58° 1.012 0.28° 0.62
With four or more fruits (F4)  0.67° 0.4°  0.02° 0.16 0.3" 0.77% 0.07° 0.38
Means followed by different letters are significantly at 5%.
than two seasons (Table 4). In Argana and Ait Baha, the production potential than older branches (main

twigs more than two seasons have more fruits, four or
more fruits in greater proportions than the main branch.
In Ait Melloul, twigs more than two seasons had formed
three fruits in greater proportions, but the main branches
had formed more than four fruits. In the three sites, main
branches and twigs more than two seasons are capable
of producing at least one or two fruits, but the young
twigs (twig more than two seasons) have a higher

branches). All trees have not borne the same number of
twigs with three, four or more fruits. In trees (1, 4, 5, 14,
23 and 29) from Ait Melloul, (2, 5, 6, 13, 17, 20, 19 and
27) from Argana and (2, 11 and 20) from Ait Baha, the
twigs more than two seasons have more fruits than the
main branches. While among the trees (20, 21 and 25) of
Ait Melloul (11, 18 and 28) of Argana, and (21, 22, 30) of
Ait Baha, the main branches were more fruiting than the
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Table 5. Average number of branches (main branches and twigs more than two seasons) with fruit (F), one (F1), two

(F2), three (F3) and four or more fruits (F4) per season and locality.

Type of branches Season \ locality  Ait Melloul Argana Ait Baha Average
1 5.94° 5.81° 0.7° 4.15°
Number of branches 2 1.38c 1.01c 0.32c 0.9¢c
with fruits (F) 3 6.44° 7.432 5.51% 6.46%
Average 4.59 4.75 2.18 3.84
Number of branch 1 45° 2.87% 0.56° 2.64
umper or prancnes b
with one fruit (F1) 2 1.07(; 0.7 ) 0.16ac 0.64
3 3.13 2.84 3.0 2.99
Average 2.89 2.13 1.24 1.99
Number of branch 1 0.93" 1.18° 0.08° 0.73°
umbper of branches b
with two fruits (F2) 2 0.272 0.232 0.1 ) o.2ca
3 1.93 2.12 1.74 1.93
Average 1.04 1.18 0.64 0.95
Number of branch 1 0.37° 1.04° 0.05° 0.5°
umbper of prancnes b
with three fruits (F3) 2 0.05¢ 0.06¢ 0.06 0.06¢
3 0.95 1.43 0.64 1.01
Average 0.46" 0.84% 0.25¢ 0.52
1 0.07° 0.7° o° 0.26
e 2 ] o
(F4) 3 0.48° 1.06% 0.11% 0.55
Average 0.18" 0.59° 0.04c 0.27

Means followed by different letters are significantly at 5%.

twigs more than two seasons.

Climatic season

The climatic season is significant for F, F2 or F3 (Table
2). It is not significant for F1 and F4. The fructification is
higher during the third season compared to the first and
second seasons (Table 5). Indeed, during the humid
season (3“’) following a very humid campaign, 65% of
main branches and the twigs more than two seasons
have fructified. Whereas during very dry season (1%)
following a dry campaign, 41.5% of total of the twigs or
main branches observed have borne fruits, while during
the campaign very humid (Z"d) following a very dry
season, about 9% of main branches and the twigs more
than two seasons have fructified. Among these fruiting
the twigs, 45.5% in the 3rd season, 29.6% in the 1* and
28.8% in 2" season had borne two or three fruits.

Locality

Locality is highly significant for F3 and F4, but not
significant for F, F1 and F2 (Table 2). Locality x climatic
season interaction is highly significant for all traits. In
Argana site, number of twigs or main branches to three

and four or more fruits is higher than in Ait Melloul, and
Ait Baha (Table 5). Reducing the number of fruits on the
branches is probably a reaction to variations of
temperatures and rainfalls. This reduction was more
pronounced in Ait Baha, more arid site than in Ait Melloul
to mild temperatures and Argana the most humid site
especially during the 1% and 2™ season (Table 5). These
effects are manifested by a remarkable reduction in the
number of fruiting branches, since 7% of the total
branches during the dry season and only 3.2% in very
humid season following a dry campaign have fruited in Ait
Baha. In the three stations, in season at low and
intermediate fruiting, most (over 50%) of branches bear
fruits. In contrast, in season at high fruiting, 62.1% in
Argana, 52.2% at Ait Melloul and 45.1% Ait Baha having
more than one fruit.

Genotype

Tree / locality (genotype) is highly significant for F3 and
F4 (Table 2). Indeed some trees as (6 and 10) of Ait
Melloul, (6, 7, 11, 17, 26, 27 and 28) of Argana (4 and 21)
from Ait Baha were able to produce more fruiting
branches (main branches or twigs more than two
seasons) with three and with four or more fruits and
therefore more fruits. So, these trees are of high potential
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Table 6. Frequencies of trees that produced fruits at Ait Melloul, Argana and Ait Baha.
Ait Melloul Argana Ait Baha Average
Type of Season
. Number Frequency Number Number Frequency Number Frequency
branch \ locality Frequency
of trees (%) of trees of trees (%) of trees (%)
B h h 1 28 93.3 27 90 9 30 21.3 71
ranches wit 2 13 43.3 7 233 2 6.7 7.3 24.4
one fruit (F1)
3 30 100 30 100 30 100 30 100
h h 1 15 50 25 83.3 4 13.3 14.7 48.9
Branches wit 2 13 43.3 6 20 2 6.7 7 23.3
two fruits (F2)
3 30 100 30 100 30 100 30 100
three fruits 2 3 10 5 16.7 2 6.7 3.3 11.1
(F3) 3 28 93.3 30 100 27 90 28.3 94
four or more 2 0 0 0 0 2 6.7 0.7 2.2
fruits (F4) 3 21 70 25 83.3 8 26.7 18 60

for fruit production and then can serve as germplasm in a
breeding program and for domestication as a fruit tree for
the production of argan oil. Season x tree / locality
interaction is highly significant for all traits (Table 2).
Trees in the three sites have reacted differently with
respect to seasonal variations of temperatures and
rainfalls (Table 6). This differential response was
reflected by the frequency of trees whose fruiting
branches have presented one fruit, two, three and four or
more fruits. Thus, during the very humid season (2),
following a very dry season, 6.7% of total trees at Ait
Baha, 23.3% in Argana and 43.3% in Ait Melloul were
fruitful. While during the humid season (3), which
followed a very humid campaign all trees have borne
fruits. During the first season, which followed a dry
campaign, about 93.3% in Ait Melloul and Argana and
30% in Ait Baha have fruited.

Variance components

The relative percentage of variance due to climatic
season in the total variance is high more than 50% for F
and F2, but relatively low to moderate (8% to 28%) for
the others characters (Figure 3). Climatic season effect is
more pronounced at Ait Baha than in Argana and Ait
Melloul for all characters except number of branches
(twigs more than two seasons and main branches) to four
or more fruits. The percentages of total variance per site
varied between 44.1 and 83.4% in Ait Baha, 26.1 and
70.9% in Argana, and between 35.4 and 61.5% in Ait
Melloul. The relative contribution of variance related to
locality and locality x season interaction in the phenotypic
variance is relatively low and ranged from 3.6 and 13.2%
except the number of branches with one fruit (22.7%) The

contribution of variance due to genotype x environment
interaction (season x tree / locality) in phenotypic
variance is greater for all characters. It varied from 18.5%
for F and 42.8% for F4 (Figure 3). Percentages
remarkable of genotype x environment interaction are
mainly related to the importance of season Xx tree
interaction in Ait Melloul and Argana compared to Ait
Baha. Thus, at Ait Melloul and Argana where seasonal
variations are less important, season x tree interaction
explains 30.1 to 59.9% in Ait Melloul and about O to
44.4% in Argana. By cons, at Ait Baha, the driest site,
this contribution varied from 8.6 to 57.1%. The relative
contribution of variance associated to genotype
(treeflocality) in the phenotypic variance is low and
ranged from 0% for F1 and 6.2% for F4 (Figure 3). The
same observation is noted in each locality, the
percentage of total variance attributed to tree factor is
also low (0% for F, F2, F3 and 7.7% for F4). Highest
repeatabilities (8.9 and 9.8%) were observed for F3 and
F4, while for the other characters, the repeatabilities were
low (0 and 4.8%) (Table 7). Low repeatability (overall and
by station) recorded for the fruiting branches reflect the
crucial role of seasonal variation in the fruits productivity
in argan tree.

Variability distribution

The total number of the fruiting branhes (F) is correlated
in different degrees with F1, F2 and F3 during the dr(}/
season (1%), and during the very humid season (2"%)
(Table 8). While during the humid season (3"’), F is highly
correlated with F2, F3 and F4. The correlation
coefficients of F1 were low in very dry season but higher
with F2, F3 in very humid season and F3, F4 in humid
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Table 7. Repeatabilities in percentage for the fruiting branches observed in the three localities.
Character F F1 F2 F3 F4
Global 4.8 0.0 4.04 9.8 8.9
Ait Melloul 0.0 1.03 0.0 0.00 5.4
Argana 14.4 0.0 12.7 10.1 10.2
Ait Baha 10.2 11.8 8.9 0.0 0.0
Table 8. Matrix of correlations for the fruiting branches observed in the three localities during the three consecutive seasons.
Characters Fs1 Fs2 Fs3 F1sl Fl1s2 F1s3 F2sl1 F2s2 F2s3 F3sl F3s2 F3s3 F4sl F4s2 F4s3
Fs1 1.00
Fs2 0.15 1.00
Fs3 043 0.21 1.00
F1sl 0.75 0.12 0.23 1.00
F1s2 0.16 097 0.18 0.14 1.00
F1s3 -0.01 -002 -01 014 0.01 1.00
F2s1 0.67 013 025 0.23 0.16 0.02 1.00
F2s2 0.11 093 021 01 0.84 -0.03 0.08 1.00
F2s3 032 0.17 0.73 0.22 0.166 -0.11 0.19 0.18 1.00
F3s1 0.58 0.1 04 -003 0.09 -0.19 0.56 0.09 0.2 1.00
F3s2 -003 069 014 001 053 -0.06 -0.06 0.77 0.0/ 0.01 1.00
F3s3 032 0.15 0.82 0.5 0.11 -049 0.15 049 037 013 1.00
F4s1 043 -0.01 035 -0.06 -0.03 -0.23 001 025 067 -003 0.24 100
F4s2 -0.13 034 -01 -01 0.21 0.06 -0.07 045 -0.03 -008 0.7 -0.11 -0.05 1.00
F4s3 033 021 0.78 0.08 0.19 -0.53 0.2 0.4 044 0.15 0.78 037 -0.1 1.00

season. The values of F, F1, F2, F3 and F4 obtained in
the dry season were not correlated with the values of
humid seasons.

Discriminate factorial analysis shows that 100% of the
total variance could be explained using only the two
canonical components. First CP1, explaining about
69.5% of variation, was linked to F, F2 and F3 in the
three seasons, to F1 in the 1% and 2™ season, and F4 in
the 2™ and 3™ season. Thus individuals to high fruiting
such as (1, 2 and 3) of Ait Melloul, (1, 3 and 23) of
Argana and (27) of Ait Baha were projected on the
negative side of the first axis. But, individuals with low
fruiting such as (8 and 15) of Ait Melloul (4 and 24) of
Argana and great number of trees from Ait Baha were
projected on the negative side of this axis (Figure 4).
Second CP2 that was responsible for 30.5% of variation
is linked to F1 in 3" season and F4 in 1% season, to F, F4
and F2 in 3" season and in varying degrees to F3 in the
three seasons (Table 9).

The ordering of trees revealed that genotypes are not
grouped according to their origins since respectively
58.9% (53/90 trees) from Ait Melloul, 48.8% (44/90 trees)
from Argana are among trees most fruiting and which
produce three and four fruits. But more than 60% of trees
from Ait Baha are among genotypes low fruiting. We can
therefore conclude that there is no differentiation of the
three populations for the fruiting branches. Ait Melloul

and Argana sites are relatively far from Ait Baha, while Ait
Melloul and Argana are nearer (Table 10).

The dendrogram generated based on all morphological
traits, showed a similar pattern. Two groups are
distinguished in a Euclidean distance 3.2 (Figure 5). The
first group is divided in a Euclidean distance of 2.74 in a
first class containing M15, R24 and B22 characterized by
low fruiting, and a second class containing 13.9% from
Ait Melloul, 16.7% from Argana and 69.4% from Ait Baha.
The second group is divided in a Euclidean distance of
about 2.63 into two subgroups. The first subgroup
includes 39.4% from Ait Melloul, 51.5% from Argana, and
9.1% from Ait Baha. The second subgroup contains
61.1% from Ait Melloul, 33.3% from Argana and 9.1%
from Ait Baha. Sites classification shows two groups at a
Euclidean distance about 2.56 (Figure 6). A first group
consists Ait Baha and a second group containing Ait
Meloul and Argana. This classification is not the result of
geographical isolation. Argana characterized by cold
winter, and Ait Melloul with mild temperatures are
generally not differentiated from Ait Baha known for its
drought summer.

DISCUSSION

The main branch and the twigs more than two seasons
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Table 9. Correlations between canonical components and characters of the
fruiting branches observed in the three localities.

Variable CP1 CP2
Fsl -0.99 0.1

Fs2 -0.97 -0.24
Fs3 -0.8 0.61
Flsl -0.95 -0.31
Fls2 -0.95 -0.31
F1s3 -0.04 -0.99
F2s1 -0.95 0.32
F2s2 -0.99 -0.15
F2s3 -0.81 0.58
F3s1 -0.67 0.74
F3s2 0.6 0.81
F3s3 -0.73 0.69
F4s1 -0.48 0.88
F4s2 0.99 -0.11
F4s3 -0.72 0.69
Eigenvalues 0.68 0.3

Explained Percentages (%) 69.5 30.5
Cumulative percentages (%) 69.5 100

CP1, First canonical component; CP2, second canonical component.

have borne the fruits during the three campaigns, but the two seasons) does not affect the fruiting of argan tree.
twigs of the season and those less two seasons have not However, the fruiting is strongly influenced by the
borne the fruits at maturity even if they have flowered. season, locality and tree. The twigs more than two

The type of branch (main branches or twigs more than seasons are more fruiting than the main branches in
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Table 10. Mahalanobis distance between Ait Melloul, Argana and Ait Baha for

characters of the fruiting branches.

Locality Ait Melloul Argana Ait Baha
Ait Melloul 0
Argana 1.35 0
Ait Baha 1.92 1.81 0
240 120 0.0
320
: M321,29.2.12,1.R5,172 and B4
M26,144,16.22:.7:R21.19 and R1§
M30.9,25,13,10,20,5:R8,30,29.27,1;B13 B10 and B21
M27.18,28,17.24:R26,28,11,6,3,12,22830,27,25 and B2
—— MIL6R9.20.1025.B9B3 5141328 716,17 and B2
L MEM23 MI0R4RI4RI6R15 B3 B26 B4 BB

19.B10,B18.B11.B8 B6.B19.B2.B15.B12 Bl

MI5,R24 and B22

Figure 5. Dendrogram obtained when clustering individuals of Ait Melloul (M), Argana (R)
and Ait Baha (B) on the basis of characters of the fruiting branches characters.
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Figure 6. Classification of localities Ait Melloul (AM), Argana (AR), and Ait Baha (AB) for characters

of the fruiting branches in argan tree.

favorable seasons. It seems that this difference has a
trophic origin in relation to the age of the branches. Thus,
for the regulation of the fruiting in argan tree, pruning-
lightening operations by removing some old branches
that grow on the carpenter branches reduces nutrient
competition and ensure regularity of fruit production in
argan as is practiced in other fruit species (Andales et al.,
2006; Tworkoski and Glenn, 2010). For the establishment
of orchards, this operation must be coupled with an
appropriate irrigation in case of drought, at least during
the flowering period since 100 mm of rainfall recorded in
autumn of fruit ripening promotes good fruiting as
reported by Bani-Aameur (2002a) and Bani-Aameur

(2002a). Those operations must take into account yield
components (number of fruiting branches, number of
flowers, number of fruits per flower).

In a given season, in the three localities, all trees do not
bear fruits. The effect of drought occurs partly by a
reduction in number of branches with fruits and secondly
by reducing the number of fruit on the twigs. The
flowering-fruiting cycle cover a period of 9 to 16 months
depending on trees (Bani Aameur et al., 1998; Benlahbil
and Bani-aameur, 1999). Thus, in case of drought during
the flowering period, most fruiting branches in the next
season produce mainly one or two fruits and secondarly
three fruits. But, if the flowering season is humid, fruiting
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in the following season will be more important and
number of branches bearing fruits will be also higher.
Significant decrease in the number of the fruiting
branches and the number of fruits on twigs during the
very humid season (2”") is related to minimum flowering
observed during the previous season characterized as
dry and warm. Indeed, during the dry seasons, the
flowering was late (March), it concerned only 50 to 70%
of trees in the three sites and the number of glomerules
ranged from 0.18 to 24 units. By cons, during the humid
seasons, all trees have flowered, and the number of
glomerules ranged from between 10 and 74 units
(Benlahbil and Bani-aameur, 1999).

In addition, the percentage of losses expressed in
number of fruits due to physiological drop (young fruits),
which interrupted the process of maturation and ripe fruits
ranged from 3 to 39% depending on the tree in hot and
dry season (Bani Aameur et al., 1998). It appears that the
adjustment of fruiting was a response to unfavorable
conditions by a reduction in number of fruits on the
branches. If the effects of the climatic season were
manifested in the three localities by a reduction of fruiting
during the second campaign, it appears that Ait Baha site
was the most affected than Ait Melloul and Argana during
the dry season (1*) and during the very humid season
(2”"). Thus, at Ait Baha, this reaction is manifested by a
very limited number of trees producing fruits (9 trees in
first season, and 2 trees in second season) and a
reduction in number of fruit-bearing branches. These
observations confirm the findings reported by Ferradous
et al. (1996) for the frequency of trees bearing fruits,
weight of fruit, kernel and pulp where the effects of
climatic year was perceived at Ait Baha. This station will
be considered as a medium for selection of resistant
genotypes to drought.

Trees in the three populations have reacted differently
to seasonal variations of temperatures and rainfalls.
Some individuals from Ait Baha (4 and 21), (6 and 10) of
Ait Melloul and (6, 7, 11, 17) of Argana have borne the
fruits in dry seasons or in humid seasons. But other trees
have not borne fruits in the same conditions. Those
behaviors have been observed previously since
frequencies of trees that borne fruits differ mainly at Ait
Melloul and Argana (Ferradous et al., 1996) confirm the
impotance of genotype, in addition to seasonal variation
in determining the fruiting in Argan tree. In argan, there
are two categories of genotypes. Some genotypes are
able to produce fruits even under unfavorable conditions.
Other genotypes may only bear the fruits if temperatures
and rainfalls are in favor of the flowering and ripening
fruits. Trees from Ait Baha are the most affected by these
changes of environmental conditions.

The relative percentage of variance related to seasonal
variations in the phenotypic variance is higher than that
observed for fruits characters (0.71% and 11.2%). But,
this contribution related to locality and season x locality
interaction was relatively low as reported by Bani-Aameur
et al. (2001) (0.7 to 4.2%) except the fruit color (64.8%)

and for characters of simple leaves (0.5 and 17.9%)
(Zahidi, 2004). These results confirm the idea that argan
tree shows a high adaptive plasticity with respect to his
living environment, as has been noticed in other plant
species (Sultan, 2000; Mickschel and Otte, 2003; Ait
Aabd et al., 2011).

Genotype x environment interaction (season X tree /
locality) contribution in the phenotypic variance is
remarkable for the studied characters of the fruiting
branches. This result is also observed for characters of
fruit (10.4 and 14.7%) (Bani-Aameur et al., 2001). But,
genotype (tree / site) contribution in the total variability is
very low. These values are low compared to those
obtained in sour cherry germplasm collected from the
most important growing regions in Serbia. The highest
degree of variability was observed number and
composition of the fruiting branches, fruit set and yield
(Rakonjac et al., 2010); and for characters of fruit (7.5
and 43.9%) (Bani-Aameur et al., 2001). Repeatabilities
observed for the fruiting branches are much lower than
those recorded for simple leaves characters except leaf
dry weight (21.4 and 56.9%) (Zahidi, 2004), for fruit
characters (8.02% for number of almonds and 93.28% for
oil content (Bani-Aameur et al., 2001; Ait Aabd et al.,
2011).

In the fruiting branches, intra-population variability
(difference between trees in the same locality) is more
important than inter-population variability (difference
between localities). In addition, Euclidienne distance
calculated based on characters of the fruiting branches is
similar to that obtained for fruit and kernel (3.2)
(Ferradous, 1995), but low in walnut (Julans regia L.) on
the basis of leaf (4.6) and fruit (6.4) characters (Malvolti
et al., 1994). So, differentiation of the three populations is
not established since classification of individuals does not
coincide with the groups that belong to the sites. This
classification is not the result of geographic isolation; Ait
Melloul and Argana with different climatic characteristics
are not differentiated from Ait Baha. This result is
confirmed by low contribution of variance related to
locality (o2 inter-populations + o2geographical) in the
phenotypic variance for the fruiting branches. But a large
heterogeneity between trees is observed because
approximately 93.3% of trees from Ait Baha, 13.3% of Ait
Melloul and 6.7% of Argana are ranged in group of small
producers. While about 93.3% of trees from Argana,
86.7% of Ait Melloul and 6.7% of Ait Baha (4 and 21)
were among the fruit producers.

Dinis et al. (2011) suggested that annual climate
conditions influence significantly the fruits and leaf
characters. In addition, the morphological and phonological
differences among ecotypes were not related to the small
genetic differences, but were simply phenotypic
adaptations to different climatic conditions. Both trees
from Ait Baha, and some genotypes from Ait Melloul and
Argana can produce fruits even in an arid environment
will be used as germoplasm for domestication of argan as
a fruit tree for oil production.



Conclusion

The main branch and the twigs more than two seasons
have borne the fruits during the three campaigns, but the
twigs of the season and those less two seasons have not
borne the fruits at maturity even if they have flowered.
The fruiting in argan tree is dependent on temperatures
and rainfalls especially during the flowering season. For
the establishment of orchards, the choice of efficient
genotypes, pruning-lightening operations coupled with an
appropriate irrigation in case of drought, at least during
the flowering period should be taken into account.
Differences observed for characters of the fruiting
branches between trees and between localities indicate
that an important genetic variation exists between
individuals within each site. Ait Baha site is less far to Ait
Melloul and Argana, but having some good genotypes
with a high production potential even in unfavorable
conditions. This variability can be exploited for the
selection of desirable genotypes for breeding
programme. Moreover, this result has practical
implications for genetic management of resource for futur
domestication programs of argan as oil-producing tree
which is still in the wild state.
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An experiment was conducted to study the impact of bio-inoculants on seed germination and plant
growth of guava at CCSHAU Regional Research Station, Bawal, during the period 2007 to 2008. The bio-
inoculants tested were Azotobacter chroococcum, phosphate solubulising bacteria (PSB), plant growth
promoting bacteria (PGPR) and mycorrhiza. Their impact on seed germination, plant height and other
plant growth parameters was studied in presence of farmyard manure (FYM) as well as vermicompost.
During the 2007 period, maximum percent seed germination (34.2) was observed in the treatment
having FYM + PGPR or FYM + A. chroococcum at 40 days (DAS); followed by PGPR (29.2) and vesicular
arbuscular mycorrhizae (VAM) (25.8) treatments. While during the 2008 period, highest seed
germination (51.1%) was observed in the treatment having FYM + PGPR or FYM + A. chroococcum at 40
DAS; followed by the treatments having FYM + PGPR + PSB + A. chroococcum or vermicompost + PSB
+ A. chroococcum (48.9%). Number of leaves per plant observed at 150 DAS were maximum in the
treatment having FYM + VAM (18.8). Plant height at 150 DAS was maximum in FYM treatment having all
the three bio-inoculants (31.5 cm). However, these values were quite comparable to each other in FYM
as well as in vermicompost filled plastic bags.

Key words: Bio-inoculants, seed germination, guava (Psidium guajava), phosphate solubulising bacteria
(PSB), plant growth promoting bacteria (PGPR), vesicular arbuscular mycorrhizae (VAM), Azotobacter

chroococcum.

INTRODUCTION

Due to rising cost of chemical fertilizers and their adverse
effects on soil health, an economically attractive and
alternate potential source of plant nutrients should be
exploited. The excessive use of these chemical fertilizers
adversely affects human health resulting in dreadful
diseases like cancer, hypertension and other
abnormalities. Further, to sustain the productivity, the bio-
inoculants can supplement them to certain extent in
various food crops. But it is not the common practice in
various horticultural crops. The seed coat of most of the
fruit crops is very hard. To break the seed dormancy,
either some chemical treatment or long incubation period
is required. These bio-inoculants can be helpful in

breaking the seed dormancy by producing various plant
growth substances. Hence, the present investigations
were undertaken to study the response of different bio-
inoculants in combination with either farmyard manure
(FYM) or vermicompost on seed germination and plant
growth in guava (Psidium guajava).

MATERIALS AND METHODS

The experiment was conducted at the Experimental Farm,
CCSHAU Regional Research Station, Bawal, during the years
2007/2008 and 2008/2009. The experiment was laid out in
randomized block design with six replications of each treatment
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Table 1. Effect of bio-inoculants on seed germination and plant height in guava.

Seed germination (%)

Plant height (cm)

Treatment

2007 2008 2007 2008
FYM alone 20.8 37.7 18.8 275
FYM + PGPR 25.8 51.1 29.7 28.7
FYM + VAM 29.2 455 28.0 29.2
FYM + PSB 20.0 44.4 18.3 27.9
FYM + Azoto. 24.0 51.1 22.3 28.2
FYM + PSB+ Azoto. + PGPR 34.2 48.9 19.2 315
VC alone 21.0 23.3 155 20.3
VC + PGPR 22.5 46.6 27.7 25.0
VC + VAM 21.7 375 26.3 26.7
VC + PSB 26.3 37.7 16.3 23.3
VC + Azoto. 25.2 48.9 18.0 27.4
VC + PSB+ Azoto. + PGPR 26.7 28.9 25.2 28.4
Mean 24.8 41.8 221 27.0
CD at 5% 2.04 3.41 1.87 2.17

both with vermicompost as well as farm yard manure. For filling up
of polythene bags, the loamy sand soil and vermicompost/ FYM
were mixed together in 1:1 ratio. The different treatment
combinations were To: uninoculated treatment; Ti: Azotobacter
chroococcum; T, phosphate solubilizing bacteria (PSB); Ta:
vesicular arbuscular mycorrhizae (VAM); T4: plant growth promoting
bacteria  (PGPR) (Pseudomonas maltophilia PM4); Ts:
PGPR+PSB+ A. chroococcum. In total, there were twelve
treatments; six each of vermicompost + soil and FYM + soil. The
seeds of guava were surface sterilized with 0.2% mercuric chloride
solution for five minutes and then washed 2 to 3 times with
sterilized distilled water, coated with charcoal based inoculants and
then, twenty seeds per replication for each treatment were
impregnated into the polythene bags. The bio-inoculants used in
the study were collected from Department of Microbiology,
CCSHAU, Hisar, and grown in their respective media under aseptic
conditions.

Glomus fasciculatum, species of VAM fungi was used as VAM
inoculant. The inoculum consisted of soil, spores, hyphae from
chopped root fragments of pearl millet. Ten gram of the inoculum
was mixed with the top soil in each polythene bag before sowing of
guava seeds. The observations were recorded in terms of percent
seed germination at different time intervals up to 40 days of sowing.
Then, plant saplings were thinned down to one healthy sapling per
bag and observed for plant height, number of leaves per plant and
dry shoot weight at 150 days of sowing.

RESULTS AND DISCUSSION

During the period 2007/2008, maximum percent
germination (34.2) was observed in the treatment having
FYM + PSB + Azotobacter + PGPR; followed by FYM +
VAM (29.2). Percent seed germination was slightly better
in the treatments having FYM over their respective
vermicompost treatments; however, the difference
between them was non-significant. During 2008/2009, the
maximum germination (51.1) was recorded in FYM +
PGPR and FYM + Azotobacter; closely followed by FYM
+ PSB + Azotobacter + PGPR and vermicompost+

Azotobacter (48.9%) (Table 1). Plant height was also
stimulated by different bio-inoculants in combination with
farm yard manure as well as vermicompost during the
period of investigation. However, PSB alone did not
contribute much on different plant growth parameters.

VAM inoculation with FYM as well as with
vermicompost positively affected number of leaves per
plant during both years (Table 2). The similar trends were
followed when dry weight of shoot was recorded after 150
days (DAS). In general, VAM culture and coinoculation of
PSB, PGPR and Azotobacter stimulated plant growth
parameters more positively as compared to single
inoculation or untreated control. The response with FYM
was slightly better over their respective vermicompost
treatments.

Various reports in horticultural crops indicated that bio-
inoculants either individually or in combination had
synergistic effect on plant growth. The dual inoculation of
Azotobacter and G. fasciculatum had more positive
response in peach seedlings as compared to single
inoculation or control (Godara et al., 1998). Sharma et al.
(2002) reported that VAM fungi enhanced nutrient uptake
and level of plant growth substances in apple seedlings.
Subbiah (1990) also reported that when adequate
amount of farmyard manure added to the soil with
biofertilizers, it improved biofertilizer efficiency and
ultimately nutrient status of the soil. Similar increase in
growth of fruit plants with biofertilizers has also been
reported by Sharma and Bhutani (1998). Increase in the
growth of pecan seedlings could be attributed to the
combined effect of biofertilizers on nutrient uptake and
plant growth (Joolka et al., 2004). The possible reason for
better plant growth and germination can be attributed to
maximum and early bacterization near root zone which
induce germination by inducing root inducing substances
(Wani et al., 1988). Similar reports have been made by
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Table 2. Effect of bio-inoculants on other plant growth parameters in guava.

Number of leaves/plant

Dry shoot weight (g)

Treatment

2007 2008 2007 2008
FYM alone 115 15.42 0.38 0.56
FYM + PGPR 21.8 17.17 1.17 0.77
FYM + VAM 22.5 18.80 0.95 0.83
FYM + PSB 15.5 15.75 0.53 0.79
FYM + Azoto. 17.2 18.20 0.48 0.67
FYM + PSB + Azoto. + PGPR 14.8 17.75 0.95 0.92
VC alone 13.3 14.24 0.42 0.48
VC + PGPR 19.0 17.33 1.25 0.62
VC + VAM 20.5 15.67 1.08 0.68
VC + PSB 15.0 18.20 0.59 0.72
VC + Azoto. 14.0 16.50 0.57 0.84
VC + PSB + Azoto. + PGPR 14.5 17.83 0.82 0.82
Mean 16.6 16.9 0.76 0.72
CD at 5% 1.49 1.35 0.12 0.17

Nath and Korla (2000) in ginger.
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