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Abstract: This research was carried out during two growing seasons of 2006/2007-2007/2008 m order to
determine the effect of intercropping of zea maize (Miert cultivar) with potato (Marfona cultivar) on potato
growth and on the productivity and Land Equivalent Ratio (ILER) of potato and maize. The results of this
research showed that intercropping of maize with potato in the case of equal plant densities (4.76 plant m ™)
of both crops caused an mcrease in the mean length of potato stems, which reached 27.45 cm.
Moreover, intercropping of maize of 2.38 plant m™ led into the increase of the mean weight of potato shoots
(fresh and dry) to 227 and 21.28 g plant™ for fresh and dry weight, respectively, besides the increase of the
mean weight of potato tubers, which reached 101 g tuber'. Results also, showed that the number of potato
stems and formed tubers were not affected by intercropping of maize with potato. As for productivity, results
indicated that the total productivity of each unit area using intercropping system was higher than the
productivity of the sole crop, with superiority of treatments with 2.38 plant m— of maize and 4.76 plant m—* of
potato where mean vyield of 44 ton ha™, while, the productivity in the other treatments were 36 and
37.8 ten ha™'. LER showed positive influence using the intercropping system compared to the sole cropping,
as it shown in the LER values, which were higher (1.43-1.55) in intercropping compared to (1) in the sole

cropping.
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INTRODUCTION

Food problem 1s one of the most important problems
world is enduring nowadays, attributed to the drastically
growing numbers of population and limited cultivation
areas, implying the immense need for more extensive
research i order to accommodate the problem.
Agriculture 13 the key to solve famine problem, a lot of
researches conducted around the globe expressed the
possibility of increasing the yield by many means and
cultivation immovative techmques, which 1s not limited to
the use of genetically modified and disease resistance
plants, finding a new cultivars with a good quantity and
quality, or the use and implementation of cutting edge
technologies, but also m utilizing the utmost of existing
resources n countries (Boras ef al., 2006).

The use of agricultural intercropping system is one
method of increasing productivity and intensity of plants
(Chaudhary and Singh, 1996). Field productivity in
mntercropping system depends on many factors including
planting seasons, plants density, used cultivars and
agricultural practices like irrigation, fertilization etc.
(Tsubo et ai., 2003).
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Intercropping
advantages, such the perfect utilization of environmental
factors, soil protection and variety of food resources
(Beets, 1982). On the other hand, Otfori and Gamedoaghao
(2005) mdicated that intercropping system causes a
decrease of yield due to the problems of harmfull grasses,
pets and diseases, in addition to the difficulties of
harvestation.

Most of the intercropping system researches have
concentrated on field crops, like Soya been, zea
maize, Negro bean which are searched by Galal (1998),
Santalla er al. (2001), Kunchinda et af (2003) and
Ghosh et al. (2006). Also, there is a number of studies on
intercropping system about potato and zea maize. In Latin
America, Midmore ef ai. (1988) studied a combination of
potato and zea maize, also Liu and Midmore (1990) in
Asia and Tfenkwe et al. (1989) and Bouwe et al. (2000) in
Africa.

In combining of potato and zea maize together m an
intercropping system, where the growth pattern of potato
and zea maize leaves differs, the light competition
decreases the growth and affects leaves formation
(Pellerin, 1991). Other results for Aerts et al. (1991) and

system proved achieving many
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Cahill (1999) showed that root competition in the first
stages of plant’s life cycle leads mto weak growth and
decreases plant light interception another study
conducted by Moorby (1978), explamed that lttle
competition between potato and zea maize plants offer
suitable biological domain for potato plants, which 1s
necessary for (what)?? Ebwongu et al. (2001) results
showed that productivity of the potato crop decreased
when intercropped with zea maize compared to the
plantation of sole potato, while, 1t increased by increasing
plant density during intercropping treatments. In addition
to that researches results done by Dutta ef al. (1994)
indicated that land equivalent ratio was highest under
intercropping system compared with sole cropping.

In Jordan, a country witnessing a growing population
with a limited plented lands and scarce wrigation water
resources, causing shortage of potato and zea maize
quantities produced locally in Jordan’s, especially, in
winter time, there are very few previous studies on
mtercropping system for such crops. Therefore, this
study was designed to determine the effect of
mtercropping of zea maize with potato on potato growth,
as well as to measure the productivity and land equivalent
ratio of potato and zea maize.

MATERIALS AND METHODS

Site description: This research was carried out in the
South region of the Dead sea, in the Jordan valley
(350 m below sea level), for the period of two growing
seasons of 2006/2007, 2007/2008. The soil of this site is
loamy sand, consists of 86.1% sand, 3.74% silt, 10.16 clay
and it’s pH is 7.4.

Plants cultivars: Potato cultivar used m this research 1s
Marfona, produced by AGRICO company, this cultivar 1s
of medium maturity (100-105 days after planting date), has
a short stand stem, good vegetative growth, an oval
tubers with yellow pare and kernel of high yield and low
dry matter.

Zea maize cultivar used is Miert, which is produced
by AGRICO company and suitable to be grown in the
Jordan valley environmental context.

Experimental design and treatments: A complete
randomized-blocks design was used in this study,
including 5 treatments with 4 replicates for each one. The
replicate is an experimental slot 25.20 m’, consisting of
6 rows, 6 m in length for each row, with an inter-row
distanice of 0.7 m. Potato tubers planted in pits with 0.3 m
distance in between, while zea maize planted in pits with
(0.3-0.45-0.6 m). Planting date in the first season was on
1/11/2006 and on 5/11/2007 in the second season for
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both crops. The soil was prepared by adding 3 kg m™ of
fermented organic fertilizers, 30 g m ™~ of super phosphate
46% and also, 30 g m™ of potassium sulphate 50%, in
addition to (UREA 46%), which was added in 3 doses,
10 g m™ for each stage, first dose was delivered at the soil
preparation stage, the second was added after a week of
germination, while the third dose was added a month after
of the second dose.

Treatment: The plant density of potato m both sole
cropping and intercropping treatments was 4.76 m’ plant.
The intercropping treatments were as following:

Potato sole crop

Zeamaize sole crop (plant density = 4.76 m™)
Potato and zea maize in the same row (zea maize
plants density = 4.76 plant m™?)

Potato and zea maize in the same row (zea maize
plants density = 3.57 plant m~?)

Potato and zea maize in the same row (zea maize
plants density = 2.3% plant m~?)

Measurements:

Mean mumnber of potato stems (sterm/plant)

Mean length of potato stems (em/plant)

Mean weight of fresh and dry shoots (g/plant)

Mean number of potato tubers (tuber/plant)

Mean weight of potato tubers (g/tuber)

Mean productivity of potato tuber per unit area
(ton‘ha)

Mean productivity of zea maize in unit area (ton‘ha)
Land Equvalent Ratio (LER) according to (Mead and
Willey, 1980).

As the following equation:
LER = ERs (potato) + LERs (maize)
LER =Total land equivalent ratio
L.LERs = Relative Land Equivalent Ratio
LERs = YP/YM
YP = Crop Yield Under Intercropping System
YM = Crop Yield Under Sole Cropping
Data analysis: SPSS program used in the statistical
analysis, where the significant differences were calculated

in the level of (0.5) and the coefficient of variance used
among treatments and its value was determined.
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RESULTS AND DISCUSSION

Effects of intercropping system on potato (Marfona
cultivar) on: Stems length, mean weight of fresh and dry
shoots, number of stems and tubers and tuber mean
weight (means of two growing seasons).

The results indicated as presented in Table 1, so that
mtercropping system influences the mean of stem length
of potato plants. All intercropping treatments excelled the
sole cropping and when comparing the intercropping
treatments, we notice that treatment (3) of (27.45 cm) has
superiority among all treatments in plant stem lenght of
potato and this mecrease m the height i1s due to the
competition between potato and zea maize plants on light.
The growth pattern of zea maize resulted to be higher than
potato plants which reduces the sun rays reaching, potato
plants, which caused an enhanced stem elongation of
potato, in order to obtain the needed light amounts.
This result 1s consistent with Gawronska and Dwelle
(1989) results. The data presented 1 Table 1 also, shows
that intercropping affected the  weight of shoots
(fresh and dry), which was higher in the case of sole
potato (227 g fresh weight, 21.28 g dry weight) compared
with intercropped potato. It's clearly that treatment
(1) of (212 and 19.57 g) fresh and dry weight, respectively,
has a greater significant increase among intercropping
treatments. This increase 13 attributed to the lowest plant
density of maize plants (2.38 plant m—), which reduced
the competition between the plants and helped potato
plants to benefit more from light radiation, which resulted
1n a positive increase n the dry and fresh weight of potato
plants.

Similar results Monteith and Mass (1977) insure
that the total biological yield of plants, depends directly
on the quantum of light intercepted by green foliage of
plants.

There were no significant differences in the number
of stems and tubers of potato plant as shown in Table 1.
In both sole cropping and intercropping, similar
observations by Allen and Warr (1992) mdicated
that the number of stems formed, depends on tuber

size and variety. Furthermore, O'Brien et al. (1998)
explained thatshading of potato plants before or after a
period of tuber mitiation had no effect on the mumber of
tubers.

Also, intercropping had a negative influence on the
mean weight of potato tuber, which resulted in a lower
weight tubers compared to sole potato, which reached
to 122.5 g tuber™". While, the best result obtained from
intercropping treatments was in treatment (5) in which
tubers weight reached to 101.0 g tuber™’. But, in
treatments (3) and (4), the mean weights were 62.0 and
81.0 g tuber™, respectively; this significant reduction in
both of those treatments might be attributed to the
weakness of potato plants, which have failed in assuming
a suitable amount of light, which mn return have reduced
the organic matters transferred to the tubers resulting in
small size tubers, which conforms with the observation by
Sale (1976) and Menzel (1985).

Effect of intercropping system on the percent of dry
matter and starch of potato tubers (Marfona cultivar)
{(means of two growing seasons): The results of
calculating the percent of dry matter and starch of tubers
presented in Table 2, showed a noticeable reduction in the
percentage of the dried matter in the case of intercropped
potato compared with the sole cropped, but when
comparing the mtercropping treatment with each other,
treatment 5 was significantly the best (16%) dry matter
compared with (14.7%) in treatment 3 and (15.6%) in
treatment 4.

The same results about starch percentage obtained
from Table 2 shows that tuber starch content in the
intercropped potato have decreased, compared with
sole cropped 1 and treatment 5 was significantly the
best amongst intercropping treatments and because
starch represents the gross percent of the dry matter in
potato tubers, which indicates a strong relative relation
between dry matter and starch percentage, then any
reduction in dry matter percent is followed by reduction
of starch percent.

Table 1: Effect of intercropping system on potato (Marfona cuitivar) on: mean length of stemns, mean weight of fresh and dry shoots, number of stems and
tubers and tuber mean weight (means of two growing seasons (2006/2007-2007/2008)

Mean weight
Mean weight.
Mean length Fresh shoots Dry shoots No. sterns No. tubers of tubers

Treatments of stems (cm) (g plant™) (g plant™) (stem plant™) (tuber plant™) (g tuber™)
Potato sole crop 4.76 plant m— 23.55 227.0 21.28 4.30 6.10 122.50
Potato 4.76 and zea maize 4.76 plant m 2 27.45 164.0 15.43 4.00 5.90 62.00
Potato 4.76 and zea maize 3.57 plant m™ 25.90 193.0 17.45 410 6.00 81.00
Potato 4.76 and zea maize 2.38 plant m 2 24.85 212.0 19.57 4.00 6.20 101.00
LSD 5% 02.98 2972 02.58 0.83 0.57 6.44
CV (%) 12.68 18.14 14.12 11.52 8.96 5.82

Treatment. (2) is Zea maize sole crop
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The effect of intercropping system on the productivity
(ton/ha) (Mean of two growing seasons)

Effect of intercropping system on potato productivity: As
shown in Table 3, there 1s a significant increase in
productivity of sole cropped potato (35.5 ton ha™)
compared with the mtercropped, except to mtercropped
potato in treatment 3 (29.5 ton ha™"). The reduction ratio
of potato productivity in the third treatment 3 (where, the
plant density of zea maize plants was high) 15 53%
compared to the sole cropped potato. A study by
Sharaiha et al. (2004) confirmed this result by indicating
to the potato productivity, which have reduced 61%,
when it was mtercropped with zea maize plants, compared
to the sole cropped potato, this reduction 1s related to the
low solar radiation intercepted by potato plants and its
small leaf area. As shown in Table 3, there 15 a superiority
of treatment 5 amongst other intercropping treatments
according to the productivity of potato plants, which
reached 29.5 ton ha~', compared with 16.7 ton ha™' in
treatment 3 and (21.0) to main treatment 4 and this
significant increase in treatment 5 1s attributed to the
decreased qualitative competition between potato and
maize plants, which resulted from low density of maize
plants in unit area that allowed potato plants to get a
greater domain, which is needed for large biological
activity compared with potato under other mtercropping
treatments, were there was a high plant density of zea
maize plants. So, low density of maize plants mn the unit
area as in treatment 5 resulted in a bigger size tubers,
attributed to carbon allocation to potato tubers by its
leaves, those results agree with study of Cutter (1978) and
Begum et al. (1999), which indicated to the reduction of
potato productivity when intercropped with zea maize.

Effect of intercropping system on zea maize productivity:
Table 3 shows a decrease in maize productivity (8-31%)
under intercropping system compared to the sole cropped
maize 21 ton ha™, but according to the intercropping
treatments, we found that treatment 3 (193 tenh™)
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have significantly excelled treatment 5 at the level of
{(14.5 ton ha™) and this increase of productivity in
treatment 3 18 linked to its lugh plants density, those
results agree with Yilmaz et al. (2001 ). When comparing
the reduction of preductivity of both crops under
intercropping system, the reduction in potato 17-53% is
higher than that in zea maize 8-31%. This difference 1s
possibly attributed to the great competition featire of
maize plants, which allows it to intercept more light and
benefit from CO, gas resulting from potato respiration. All
that makes maize plants more effective than potato. Similar
results done by Mayer and Anderson (19653).

Effects of intercropping system on overall productivity:
From Table 3 that the total productivity m the
intercropping system is higher than the productivity of
each sole crop, with an increase ratio of 1-24% compared
with the productivity of sole potato and 71-109%
compared with the productivity of sole zea maize and
when, we compared mtercropping treatments with each
other, we found superiority in treatment 5, with significant
difference, because of its total productivity 44 ton ha™,
while, the productivity of treatments 3 and 4 1s
(30.7, 32.2 ton ha™"), respectively. This supericrity of
treatment 5 is attributed to low competition between
potato plants, resulting from the low plants density of zea
maize that give opportunity for potato and maize plants to
get nutrient elements and light with out high competition
and this is noticed through little decrease of productivity

Table 2: Effect of intercropping system on the percent of dry matter and
starch of potato tubers (Aarfores cultivar) (mean of two growing
geagons 2006/2007- 2007/2008)

Treatments Dry matter Starch
Potato sole crop 4.76 plant m— 16.20 11.30
Potato 4.76 and zea maize 4.76 plant m— 14.70 09.90
Potato 4.76 and zea maize 3.57 plant m™> 15.60 10.50
Potato 4.76 and zea maize 2.38 plant m— 16.00 10.80
LSD 5% 0.46 0.58
CV (%) 4,80 03.70

Treatment (2) is zea maize sole crop

Table 3: Effect of intercropping system on productivity (ton'ha) (means of two growing seasons 2006/2007-2007/2008)

Increase of productivity

Reduction of productivity per unit area (%)

Productivity Productivity of each crop (29) Tatal
of potato of Zea maize productivity ~ Potato Z.ea maize
Treatments crop 1 crop Potato Zea maize /unit area productivity productivity
Potato sole crop 4.76 plant m— 03 - - - 35.50 - -
Zea maize sole crop 4.76 plant m™2 04 21.0 - - 21.00 - -
Potato 4.76 and zea maize 4.76 plant m— 05 19.3 53.0 08.0 36.00 01.0 71.0
Potato 4.76 and zea maize 3.57 plant m— 21.0 16.8 41.0 20.0 37.80 06.0 80.0
Potato 4.76 and zea maize 2.38 plant m— 29.5 14.5 17.0 31.0 44,00 24.0 109.0
LSD 5% 05.46 03.1 - - 05.47 - -
CV (%) 19.15 11.6 - - 18.87 -
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Table4: Effect of intercropping system on Land Equivalent Ratio (LER)
(mean of two growing seasons 2006,/2007-2007/2008)
Land Equivalent Ratio (LER)

Potato and
Treatments Potato Zea maize zea maize
Potato sole crop 4.76 plant m— 1.00 - 1.00
Zea maize sole crop 4.76 plant m™2 - 1.00 1.00
Potato 4.76 and zea maize 4.76 plant m—2  0.47 0.91 1.38
Potato 4.76 and zea maize 3.57 plant m—2  0.59 0.80 1.39
Potato 4.76 and zea maize 2.38 plant m 2  0.83 0.69 1.52
LSD 5% 0.35 0.27 -
CV (%) 17.85 11.80

for both crops, which was not >17% of sole potato
productivity and 31% of sole zea maize productivity,
similar results explamed by Roder ef of. (1992). Studying,
the coefficient of variance shows that it has a medium
value with a range of 11.6-19.15%.

Effect of intercropping system on Land Equivalent Ratio
(LER): Table 4 indicates the different values of LER of
potato crop, which was 1.0 in sole cropping and between
(0.47-0.83) under mtercropping, where the lughest value
(0.83) resulted in treatment 5, with significant difference
among the other treatments. Concerning zea maize, LER
also decreased in intercropping treatments (0.91-0.69)
compared with sole cropping and treatment 3 (0.91) has
significantly excelled treatment 5 (0.69), but there 13 no
significant difference between the first treatment 3 and
treatment 4 (0.8). However, under the mtercropping
system where there is a combination between potato and
maize, there 1s an increase in the LER values (1.38-1.52)
compared to the case of sole cropping of each crop.
with the results of
(Moseley, 1994), which indicated that intercropping

Those results are consistent
system caused an increase in LER.

While, Reddy and Willey (1981) stated that the
mcrease of LER under mtercropping system 1s related to
the increase of solar radiation. The coefficient of variance
index among all treatments has a middle value ranging
between (11.8-17.85%).

CONCLUSION

The mtercropping of potato with zea maize in the
case of equal plants density of potato and maize
(4.76 plant m™*) resulted in the increase of mean
length of potato stems

The intercropping of potato of (4.76 plant m ) plant
density with Zea Maize of (2.38 plant m™*) plant
density, led to the increase: in mean weight of shoots
(fresh and dry), mean weight of potato tubers and dry
matter and starch of potato plants
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» Tt's noticed that the number of stems and tubers of

potato was not affected by intercropping of potato
with Zea Maize

The intercropping of potato with 7Zea Maize in the
case of 2.38 plant m of maize contributed
significantly to the increase in both; productivity of
cultivated unit area and the value of LER compared

with sole cropping
RECOMMENDATIONS

Based on the findings mentioned above, it highly
indicates to the importance of applying intercropping
system of potato with Zea Maize, in order to achieve
higher productivity rates of the two crops, which lead us
to favorably recommend the use and utilization of this
system in the Jordan valley area, in order to cover market
needs.
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