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ABSTRACT

A field experiment was carried out during the spring planting season in 2017 in the fields of one
of the farmers which it is located at Al- Shahabia region - Al Kifil district/ Babylon province about
28 km south of Hilla city with longitude is 44.39° east, latitude 32.30° north, and elevation from sea
level is 26.6 m, in silty clay soil cultivated with Alfalfa in the previous season for studying the effect
of planting patterns and compound fertilizers (NPK) on growth and yield of millet (Panicum
miliaceum L.) and mung bean (Vigna radiate L.). The experiment included two factors: The
Intercropping and fertilizing with compound fertilizers (NPK). The main plots included the
fertilization factor on two levels of the compound fertilizer which were 200 and 400 kg.h™, which is
symbolized by (F1) and (F2) respectively, as well as the comparison treatment (without the addition
of compound fertilizer), which symbolized (FO) while the sub plots included seven patterns for the
intercropping between crops of millet and mung as follows: millet is cultivated on lines alone (S1) ,
mung bean is cultivated on lines alone (S2) , two lines of millet + two lines of mung bean (S3), a line
of mung Bean + two lines of millet (S4), three lines of millet + four lines of mung bean (S5), three
lines of millet + three lines of mung bean (S6) and five lines of millet + five lines of mung bean (S7).
The experimental sub-plots were separated according to the Randomized Complete Blocks Design
(RCBD) according to the arrangements of split plots in three replicates. The averages were tested to
the of Least Significant difference (L.S.D) under %0.05 probability level. The main results obtained
were as follows:

The intercropping patterns gave a significant effect on most of the qualities of growth, yield
and its components in millet as in the area of the flag leaf, the biological yield, the grain yield and the
harvest index, whereas the height of the plant and the chlorophyll have not significant effect, the
pattern (3 millet: 3 mung bean)gave the highest quantity of biological yield and grain are 3.57 and
1.21 ton.h*respectivly. The results showed a significant effect for the addition of compound fertilizer
(NPK) in most of the qualities of growth and yield and it's components in millet.

As for mung bean, the intercropping patterns gave a significant effect on most of the qualities of
growth, yield, and it components in (plant length, leaf area, seed yield, biological yield and harvest
index), while the chlorophyll had no significant effect, as the pattern (3 millet: 3 mung bean) gave
the highest quantity of seeds yield was 0.66 ton.h™ and the highest yield obtained from the
agricultural pattern (2 millet: 1 mung bean) reached 3.48 ton.h™. The results showed a significant
effect for the addition of NPK fertilizer in plant length, biological yield and harvest index.

The pattern of agriculture (3 millet: 3 mung bean) gave the highest average yield of the total Land
Equivalent Ratio to millet and mung bean (LER) reached 1.11.

* Research from the thesis of Master for the first Author
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achieves at the sustainability level of the

1. INTRODUCTION environmental diversification, as well as the
diversification of production in terms of
qualitative and economic integration, and
increases the efficiency of the use entrances of
natural production and Factors added by
human (such: soil and crop service practices,
especially the addition of chemical fertilizers
and pesticides) [7]. The millet crops(Panicum
miliaceum L.) and mung bean (Vigna radiate
L.), are from food and fodder crops which
cultivated for a long time and are crops with a
short growth season which adapted to Iraqi
conditions, from their advantages are the
relative endurance of drought and salinity and
their ability to compete with the weeds, both
of them do not require complex agricultural
technologies, as well as ease to manage by
farmers, so there is a possibility of introducing
both of them into an intercropping system to
provide the standards for these systems in both
of them. There are several studies in Iraq that
used crops such as zea mays, sorghum bicolor,
mung bean, Alfalfa, Vigna, barley, and Vicia
faba. But millet and mung bean cultivation by
intercropping system has not been applied or
practiced not at the level of research and
studies or farmers' practices, despite the
characteristics mentioned previously and
which fit this system. The need of each crop to
nutrients or fertilizer elements varies
according to the crop type, the field system
cultivated in  which, the methods of

There are many types of field systems
patterns for cultivating crops in different
regions of the world, in order to achieve the
various advantages of these types. The most
important of these advantages is the
sustainability of natural resources and
preservation through the careful use of these
resources as well as the sustainability for
obtaining best of quantities and types from
crop  production. Among these are
intercropping  system patterns which is a
practical application to the principles of
environmental diversification of crops existing
in nature, which is defined as the cultivation
and growth of two crops or more in a specific
piece of land in a single growing season,
where the two crops or overlapping crops
overlap for a certain period of the season or
perhaps for the whole season, and then, the
competition occurs between interacted species
on the elements of natural growth (light-water-
nutrient). Therefore, the process of regulating
distribution of the interacted species on the
land area requires knowledge of the
characteristics of these species in terms of
their requirements for the growth factors and
the Geometric shape of the plant and the
ability of each species to compete [12]. The
intercropping  system  achieves  several
advantages such biodiversity and what it
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agriculture, irrigation, etc. Therefore, the
cultivation of crops with intercropping system
may change the need of these crops to the
quantities and types of fertilizer added
compared to their cultivation of a single
cultivating system for each crop and hence the
importance of this study to find out the
possibility of introducing the two crops of
millet and mung bean with intercropping
system and the effect of this in their growth
and vyield compared to cultivating them
individually and their response to add from of
compound fertilizer (NPK) under the
intercropping system and compared to the
single cultivating system. This study also
aimed to find out the effect of the
intercropping of these two crops on soil
content of N, P and K elements after harvest.

2. MATERIALS AND METHODS

A field experiment was carried out in the
fields of one of the farmers which it is located
at Al- Shahabia region - Al Kifil district/
Babylon province about 28 km south of Hilla
city with longitude is 44.39° east, latitude
32.30° north, and elevation from sea level is
26.6 m, in silty clay soil. The aim of this study
was to find out the efficiency of the

intercropping system of millet (Panicum
miliaceum L.) and mung bean (Vigna radiate
L) between the winter and summer seasons.
The compound fertilizer (20-20-20 + TE) was
added, TE mean the rare elements and
manufactured by a German company
according to the experiment treatments and by
one batch when agriculture. It was mixed with
the soil, and surface irrigation was used in the
irrigation of the experimental plots and re-
irrigation according to the moisture content of
the soil, which is determined by sensor
manner. The sensor devices were adopted to
approximate soil moisture content and re-
irrigation [12]. Five irrigations have required
to the field throughout the growing season
except the irrigation of germination, as for the
weeds, which were the largest proportion of it
are narrow leafed weeds, which was treated by
the use of manual weeding and for twice, as
for a broad leafed weeds, which their
percentage was a small, and which were
treated by the use of manual weeding for once,
Was then mixed, grinding and analyzed in the
Field Crops Laboratory of the College of
Agriculture - Al Qasim Green University as
shown in the table below

Table 1: Experimental qualities of experimental field soil and irrigation water prior to cultivating.

The physical properties of soil

Clay 420 g.kg
silt 460 g.kg
sand 120 g.kg
Soil Texture Silty Clay Soil
The chemical properties of soil

Nitrogen ppmM60

Phosphorus 37 ppm
Potassium 105 ppm

pH 7.9

Electrical conduction EC 0.77 ds/m

The chemical propert

ies of irrigation water

pH

7.6

Electrical conduction EC

1.4 ds/m

The experiment land was divided into
squares according to Randomized Complete
Blocks Design (RCBD) in the order of split
plots and in three replicates. The experimental
unit area was 4 x 4 m. The experiment
included two factors intercropping and
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fertilizing by compound fertilizer (NPK). The
main plots included of two levels of
compound fertilizer 200 and 400 kg.h-1,
which is symbolized by (F1) and (F2)
respectively, as well as the comparison
treatment (without the addition of composite
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fertilizer) and its symbol (FO). As for the
secondary plates, they included seven types of
intercropping patterns between the two crops
millet and mung bean, as follows: millet is
cultivated on lines alone (S1) , mung bean is
cultivated on lines alone (S2) , two lines of
millet + two lines of mung bean (S3), a line of
mung Bean + two lines of millet (S4), three
lines of millet + four lines of mung bean (S5),
three lines of millet + three lines of mung bean
(S6) and five lines of millet + five lines of
mung bean (S7). The experimental sub-plots
were separated by furrows with 1.5 m in width
to prevent fertilizer leakage.

a.

Cultivation of the two crops:

The two crops were cultivated
according to the standards of the
experiment on the twentieth of March
for the season 2017 and as following:
Cultivation of Millet Alone:

Millet plots were planted alone
in lines using a local species of 40 cm
in length and a seed quantity of 96 g
for each experimental plot on the basis
of 60 kg.h? distributed on ten lines
included in each plot.

Cultivation of the mung bean alone:

The mung bean plots were
Cultivated separately in a lines using a
local variety of 40 cm in length and 40
g seed in each experimental plot on 24
kg. h which was distributed on ten
lines included in each plot.
Intercropping:

The same seed quantities were
used for each line used for each two
crop (millet and mung bean), however,
the number of lines of each crop varied
from one treatment to another and
according to the patterns used in the
treatment of the experiment described
in paragraphs (1 and 2).

The studied qualities for millet and
mung bean

Plant height (cm): The height of the
plant was measured from the surface of
the soil to the flowering nodes at the
end of the plant for ten main stems
taken randomly from each
experimental unit. The length of the
plant for mung bean was calculated by
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. The content of the

measuring the length of ten plants for
each secondary experimental unit and
intermediate  lines randomly and
extracted the average.

leaves of
chlorophyll (SPAD): Determination
of chlorophyll content of the leaves the
millet and mung bean using the
chlorophyll measuring device after the
completion of the emergence of
Panical by taking the average of three
readings per leaf and ten flag leaves
randomly  selected from  each
secondary experimental unit and
extracted the average ten leaves.

. The area of the flag leaf (cm?): it was

calculated as an average of 10 plants
randomly taken from the intermediate
lines and each secondary experimental
unit according to following equation
[8] is A=L x W x K, where A = the
leaf area, L = the length of the leaf, W
= the maximum width of the leaf and
K = constant (0.7554). The leaf area in
the mung bean was calculated as an
average of 10 plants taken randomly
from the middle lines and for each
secondary experimental unit using the
scanner.

. The biological yield (Tn.h™): It was

calculated from the weight of the
plants harvested from the length meter
for each experimental unit where the
weight of the plants (stems, leaves, and
flowers) was converted to a ton.h™.

Grain yield (ton.h™): The grain yield
was calculated from the harvest of a
length meter from one of the
intermediate lines taken randomly from
each secondary experimental unit and
then studied the Panical to extract the
grains, cleaned well and weighed, and
turned it into ton. As for the mung
bean, the grain yield of the harvested
plants was calculated randomly from
each secondary experimental unit. The
Mung Bean were then removed to
extract the grains, cleaned well,
weighed the grains and turned into ton.
Harvest index (%0): It was calculated
by dividing the grain yield on the
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biological yield and according to the
following equation [14]:

. in yield
Harvest index = —222Y¢C % 100%.

biological yield

3. RESULTS:
Table (2) shows significant differences in the
types of intercropping patterns in the area of
the flag leaf in the millet, the grain yield, the
biological yield and the harvest index, while
the intercropping patterns did not affect plant
height as these results were agreement with
what mentioned [9] and chlorophyll content.
As for the compound fertilizer (NPK), there
were significant differences in plant height,
grain yield, biological yield and harvest index,
whereas chlorophyll, and area of flag leaf,
were showed no significant differences. As for
the pattern of millet alone gave the highest
area of flag leaf was 17.26 cm? while the
cultivation pattern (5 millet: 5 mung bean) less
leaf area of 12.32 cm? and these results did not
agreement with the study of [1]. The pattern (3
millet: 3 mung bean) gave the highest grain
yield and biological yield and harvest index
reached 1.21 ton.h™, 3.57 ton.h™ and 33.57
respectively, while the cultivation pattern (2
millet: 2 mung bean) gave less grain yield and

harvest index 0.82 ton.h® and 27.07
respectively, the cultivation pattern of millet
alone gave a biological yield of 2.88 ton.h™.
These results did not match with what (5) in
terms of the biological yield, but they matched
to the grain yield. For compound fertilizer
(NPK), Table (2) shows that the addition of
400 kg.h™ compound fertilizer gave the
highest plant height of 55.07 cm and the
highest biological vyield of 3.63 ton.h™
compared with that without addition, which
gave the lowest plant height and a biological
yield of 41.83 cm and 258 tonh®
respectively, as this treatment agrees with
what is mentioned by [3]. The addition of 200
kg.h compound fertilizers gave the highest
grain yield of 1.07 ton.h™, which did not differ
significantly from the addition of 400 kg.h™
compound fertilizer compared to that without
addition, which gave less grain yield of 0.83
ton. As for the harvest index, the treatment of
without addition gave the highest harvest
index of 33.10 and the lowest harvest index of
28.31 at the addition of 400 kg.

Table 2: Effect of planting patterns and NPK fertilizer (20:20:20+TE) in some the qualities of
growth and product in millet planted sole or intercrop with mung bean in season of 2017

Factors | Treatments | Plant | Chlorophyll | Areaof | Grain | Biological | Harvest
height (SPAD) flag leaf | yield yield index
(cm) (cm® | ton.h | ton.h? HI

S; 51.21 28.40 17.26 0.94 2.88 32.63
S3 48.18 29.09 13.90 0.82 3.08 27.07

planting Sy 49.18 26.98 14.46 1.02 3.25 30.23

patterns Ss 4591 30.33 13.12 0.87 3.04 28.30
Se 48.70 30.06 12.84 1.21 3.57 33.57
S7 53.08 29.26 12.32 1.01 3.09 35.52

NPK Fo 41.83 30.17 13.87 0.83 2.58 33.10

fertilizer Fy 51.37 27.82 14.60 1.07 3.24 32.26
F, 55.07 29.07 13.44 1.04 3.63 28.31

L.S.D0.05

planting N.S N.S 1.31 0.09 0.33 1.97

patterns

NPK 9.68 N.S N.S 0.03 0.23 2.47

fertilizer

Table (3) shows that there were significant
differences in the types of intercropping
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patterns in the length of the leaf plant, the leaf
area, the seed yield, the biological yield and
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the harvest index, while the cultivation
patterns did not affect the chlorophyll content
in the mung bean leaves. The compound
fertilizer (NPK) also showed significant
differences in plant length, while the
chlorophyll content, leaf area and grain yield
had no significant effect, the cultivation
patterns (2 millet: 1 mung bean) gave the
highest length of plant was 41.08 cm and the
length of the plant was 31.98 cm when the
cultivation of mung bean alone and these
results did not match with what is mentioned
by [9]. The highest leaf area was 48.71 cm?
when cultivated in the pattern (3 millet: 3
mung bean) and the least leaf area was 41.55
cm?® when cultivating the pattern (5 millet: 5
mung bean). While the pattern (3 millet: 3
mung bean) gave the highest yield of grains
and biological yield and harvest index reached
0.66 ton.h’ and 3.21 tons.h™ and 20.61
respectively, while the pattern (2 millet: 2

mung bean) gave less grain yield was 0.53
ton.h™ and the pattern in which the mung bean
were planted alone has a biological yield of
2.91 ton.h™ and the lowest harvest index was
16.43 when cultivating with the pattern (2
millet: 1 mung bean). These results did not
match what was mentioned by [5]. For
compound fertilizer (NPK), Table (3) shows
that the addition of 400 kg.h™* of compound
fertilizer gave the highest length of the plant of
mung bean of 44.18 cm and the highest
biological yield of 3.32 ton.h™ compared with
that of without addition, which gave the
lowest plant length and biological yield 31.86
cm 2.88 ton.h™ respectively. As for the harvest
index, the treatment of without addition was
given the highest harvest index of 21.34 which
did not differ significantly from the addition of
200 kg.h™ compound fertilizer and the least
harvesting index was 15.72 when adding 400
kg.

Table 3: Effect of planting patterns and NPK fertilizer (20:20:20+TE) in some the qualities of
growth and product in mung bean planted sole or intercrop with millet in season of 2017.

Factors | Treatments | Plant | Chlorophyll Leaf Grain | Biological | Harvest
height (SPAD) area yield yield index
(cm) (cm) | ton.h-1| tonh? HI
S 31.98 43.14 45.43 0.59 2.91 20.34
S3 38.74 41.63 47.73 0.53 3.08 18.12
planting Sy 41.08 42.35 47.36 0.57 3.48 16.43
patterns Ss 36.70 45.83 42.51 0.54 2.95 18.80
Se 38.27 45.42 48.71 0.66 3.21 20.61
Sy 38.74 43.09 41.55 0.54 2.75 19.96
NPK Fo 31.86 41.45 43.24 0.60 2.88 21.34
fertilizer F1 36.72 44.28 45.65 0.59 2.98 20.07
F, 4418 45.00 47.75 0.52 3.32 15.72
LSDO0.05
planting 1.21 N.S 4.42 0.03 0.12 1.12
patterns
NPK 1.44 N.S N.S N.S 0.09 1.49
fertilizer

As for Land Equivalent Ratio (LER),
Table (4) shows that presence of significant
differences for Land Equivalent Ratio to millet
alone and mung bean alone and the overlap
between them, while the pattern S6 (3 millet: 3
mung bean) gave the highest rate of Partial
Land Equivalent Ratio of millet overlapped
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with mung bean, 0.66 compared to millet
alone, which was given a value of 1. The same
pattern gave the highest Partial Land
Equivalent Ratio of the overlapped mung bean
with millet of 0.46 compared to the cultivation
of mung bean alone, which was given a value
of 1. The Total Land Equivalent Ratio of
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millet and mung bean gave the cultivation
pattern of (3 millet: 3 mung bean) the highest
ratio of 1.11 and the lowest value of 0.89 (3

millet: 4 mung bean), and these results are
consistent with what [5] and [11].

Table 4: Land Equivalent Ratio for sole agriculture and intercropping for millet and mung bean in
season of 2017.

planting patterns Land Equivalent Ratio (LER)
Millet Mung Bean Millet+ Mung bean

S1 1 - 1
S2 - 1 1
S3 0.53 0.38 0.91
S4 0.63 0.35 0.98
S5 0.55 0.33 0.89
S6 0.66 0.46 1.11
S7 0.55 0.44 1.01

L.S.D 0.05 0.06 0.03 0.07

4. DISCUSSION

The cultivation of the lines of mung bean
adjacent to the millet lines have a positive
impact in terms of soil coverage and reduce
evaporation, which helps to retain moisture
[10]. Also curb the weeds accompanying the
millet as a result of the coverage caused by the
associated crop, which reduces its competition
[4]. As well as increasing ratio of air humidity
in the area surrounding by millet plants due to
the process of transpiration in the leaves of
mung bean, which reduces the impact of harsh
temperatures and works to sustain the process
of photosynthesis [7] [12]. The increase in
millet was not associated with the low plant
height and the leaf area of the flag leaf as
shown in Table (2). This means that the plant
maintained its equilibrium in terms of total
vegetative, which helped in the transfer of
photosynthetic products during the emergence
of Panical and their number increase. As well
as an increase in the number of grain sites,
which is reflected in the increase in the
number of cereals, as this increase is reflected
in the increase in biological yield as shown in
Table (2). The results confirmed that the
highest yield of millet grain was obtained
when cultivating with mung bean in pattern of
S6 (3: 3), which amounted to 1.21 ton.h™ as
shown in Table (2). This increase was due to
the increase in the components of the yield in
the unit area [5]. The grain yield is a product
of the biological yield and the harvest index as
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shown in Table (2). Increased biological yield
means more accumulation of dry matter,
which is distributed between the area of the
flag leaf and chlorophyll content as shown in
Table (2). The cultivation pattern treatment of
(S6) (3: 3) gave the highest seed yield of 0.66
ton.h™ as shown in Table (3). The cultivating
by pattern (3 millet: 3 mung bean) leads to
reduces the competition for neighboring plants
and weeds. Two lines of the mung bean lines
are adjacent to two lines of millet lines, which
makes the  competition for  growth
requirements less as they belong to two
different types (one of them are Legume and
the other is Poaceae family), The growth rate
of the crop obtained from this treatment (S6),
was reflected in the increase in the yield, leaf
area, and chlorophyll content as shown in
Table (3), which achieved a high rate of the
biological yield as shown in Table (3). The
increase in plant height when adding
compound chemical fertilizers (NPK) is due to
increased nutrient availability necessary for
plant growth and soil fertility because the
rapid melting of chemical fertilizers leads to
increased nutrient readiness and absorption by
the plant [13]. The increase of fertilizer from
200 to 400 kg.h™ did not significantly affect
the grain yield under the intercropping system,
which confirms that the need to add fertilizer
under this system is less compared to
individual agriculture. The response to the S6
treatment may be due to increased growth and
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accumulation of dry matter, biological yield
and grain yield, which require more nutrients,
Although the fertilization has an effect on the
yield of mung bean, but the intercropping of
patterns with fertilization had a significant
effect in the increase of mung bean, the pattern
(S6) (3: 3) gave the highest grain yield as
shown in Table (3). Increased growth and
biological yield require more elements, so it
looks like adding 400 Kg.h™, which had a
clear response to the properties of growth and
yield and its components. For the purpose of
evaluating the efficiency of the Intercropping
system versus single cultivation, the concept
of Land Equivalent Ratio (LER) was used, It
expresses the value of the yield resulting from
Intercropping using land [2][15]. The results
of Table (4) shows that the Land Equivalent
Ratio has increased in comparison with single
cultivation and the reason for the increase in
LER in the case of Intercropping may be due
to mutual benefit between crops with each
other and this is what is called mutual
cooperation [6][15]
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