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Abstract: In order to investigate the yield and yield components of mixed cropping of potato and
safflower, as compared to those of the pure cropping, a study was carried out using factorial
experiment with completely randomized block design and with three replications. This study was done
in experiment field of University of Mohagheg Ardabili in the solar year 2010. The investigated
treatments included potato pure cropping in the fixed density of 6 plants pre m2, safflower pure
cropping with the densities of 6, 12 and 18 plants per m?, and the intercropping of potato (6 plants pre
m?2 density) with safflower in the densities of 6,12 and 18 plants per m2. The variance analysis of potato
traits in both the intercropping and pure cropping indicated that, except from the number of stems pre
m?2, other studied traits; including the number of tubes per plant, the tube weight per plant and the tube
yield statistically differed meaningfully with each other. Moreover the results showed that all the
studied traits including the number of receptacles pre plant, the number of seeds per receptacle, seed
weight in the receptacle and seed yield, in terms of statistic figures differed with each other noticeably.
In order to assess the efficiency of the intercropping, the indexes of LER and RVT were utilized. These
indices proved that, almost in all cases, the intercropping is superior to the pure cropping. In this study
the highest rates of LER and RVT (1/35 and 1/32 respectively), concerned the intercropping of
safflower and potato with densities of 12 plants per m? and 6 plants per m? respectively.

Key words: Intercropping, Land Equality Ratio (LER), Potato, Safflower, and Relative Value Totality
(RVT).

INTRODUCTION

You may consider the multiple cropping systems as among the first sorts of organized agronomy. These
systems which are managed by soembody called farmer, undergo the complicatedly interwoven effects of such
factors as the soil, climate and fauna (Saka et al., 2007). The higher amount of plant relics produced in the
intercropping over to the lesser amounrt in the pure cropping, has the advantages of keeping more moisture, the
higher soil permeability, the lesser evaporation, the prevention of excessive daily or seasonly fluctuations of the
temperature and the prevention of soil erosion (Seyd Sharifi et al., 2006). Lesser changeability against the
fluctuations of the environment elements and avoiding the various risks, are other distinctions of the
intercropping over the pure cropping. It is proved that, commonly, varying systems are more s Table and they
undergo lesser changes. If an element of the combination is damaged or is on the verge of disappearing, the
other element, by more production, compensates for the deficiency. Generally these types of compensation are
more perceptible in the varying systems than the unvarying ones. The decrease in the price of the crops has
caused the instability and inconsistency of the farmers’ income rate. The probability of an intense decline in the
farmers’ income rate will decrease, if the multiple, varying cropping is applied-not the pure cropping (Javanshir
et al., 2000). If the plants applied in the intercropping are not selected according to correct principals, the exo-
species competition will cause a decreaes in the yield rate. Apparently we cannot choose the combined plants
randomly if the plants are selected properly, the competition will decrease and consequently the yield will
improve (Pirzas et al., 2003). The improvement of the yield of intercropping may result either from the
morphological variations-such as plant height, leaves arrangement, the number of sidebranches or from
physiological variations such as manner of growth (limited/unlimited), length of growth phase and so forth. To
select the desirable LER you must not solely take account of its highe value; rather you must notice the absolute
yield of each crop of the combination as well. Because the high value may be caused either by higher yield rate
of the intercropping or by lower yield rate of the pure cropping (Aatri, 1999). In this study, the two potato and
safflower plants were utilized in order to assess the advantage of the intercropping over the pure cropping in
terms of the yield and yield components. Because, through the manner of the phases of growth, ripening, and
harvest, the largest probability of the ecological nest distiction of the nutrition, water and light requirements is
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anticipated and it is expected that as the inter-species competition decreases and the contribution increases, the
foundation is laid for the efficiency of the combination.

MATERIAL AND METHOD

In the year 2010, the experiment was conducted in the research field of Mohaggeg Ardabil University,
Babolan region, 1350 m above sea level, with a longitude of 48', 20" N° and a latitude of 38', 15" E°. The
average of the annual precipitation of the studied region is about 400 mm. The soil of this region is of the loamy
sand type, has a pH tantamount to 7.09 and bears a sui Table drainage. In order to prepare the field, a mold-
board ploughing was done in the autumn and a light disk was used to grind the clods and to level the earth in the
spring. Afterwards, by means of a {Farower}, the streams and mounds were built. Both plants of the
combination were synchronously cultivated on 20" Ordibehesht. First the potato tubers were planted on the
mounds into the depth of 15cm. The cultivation rows were 75 cm apart from each other and the plants of every
row ewre 22cm apart so that the density of potato became 6 plants per m2, Afterwards, in the intercroppiong, the
safflower seeds were planted on the mounds amoung the potato plants with densities of 6, 12 and 18 plants per
m2. Meanwhile, the saffloewr pure croping was conducted at the densities of 6, 21 and18 plants per m2. The
weeds of the field were manually controlled during the growing season. At the end of the growing season, the
plants of the middle lines were utilized in order to calculate the yield and yield components. The two side-rows
of every plot as well as 0.5 m from the ends of the rows were presumed as the margins (Barmaky, 2001). LER
(land equality ratio) which represents the rate of the intercropping yield in proportion to the pure croppiong, is
equal to the following formula (Formula 1):

LER=Yij/Yii + Yji/Yjj Formula (1):

Yii,Yjj respectrively stand for the yield of i, j sepecies of the pure cropping, while Yij, Yji stand for the
yield of i, j species of the intercropping. If LER equalls 1, the pure and intercropping cultivations have equal
rates of yield and in this regard neither cultivation is superior to the other.

This case will occure whenever, in the components of the combination, the inter-species competition
equalls the exo-species one. Furthermore, if the increase rate in one crop is tantamount to the decrease in the
other crop, land equality ratio (LER) will be 1. If LER is smaller than 1, pure cropping is preferable; if LER is
bigger than 1, intercropping is preferable. Relative value totality (RVT), which represents the beneficiency rate
of the intercropping in proportion to the pure cropping, is tantamount to this formula (Formula 2):

RVT= (apl + bp2)/ aM1 Formula (2):

In this formula, a is the price of the main crop, b the price of the secondary crop, pl the yield of the main
crop of intercropping, p2 the yield of the secondary crop of intercropping, M1 the yield of the pure cropping of
the main species. If RVT is bigger than 1, the intercropping is economically preferable; whereas if RVT is
smaller than 1, the pure cropping is preferable. Provided that RVT is equal to 1, neither of the methods is
economically superior to the other. Statistical analysis of the data was carried out by means of SAS software
while Excel 2007 was used to draw the figures.

RESULTS AND DISCUSSION

The Treatment Variances Analysis Concerning The Yield and Yield Components of Potato Pure Cropping
and Its Interrcropping With Safflower:

The results of the treatment variances analysis concerning the yield and yield components of potato pure
cropping and its intercropping with safflower, showed that there was a noticeable difference in many
investigated traits, except from the number of stems pre mz, including the number of tubers pre plant, the weight
of each plant and the tuber yield (Tablel).

In a research on potato intercropped with corn, in the treatments, no statistically significantly difference, in
the treatments, was observed in the number of stems per m? and tuber number per plant; however there were
meaningful differences in tubers weight pre plant and tuber yield (Barmaki, 2001). In another research on potato
and pisum sativum intercropping, it was observed that there was a meaningful difference between the treatments
of potato pure cropping and intercropping —as the control- in potato yield on unit area (Barmaki, 2001).

Mean Comparison of The Treatments Concerning The Yield and Yield Components of Potato Pure Cropping
and Intercropping With Safflower:

According to the investigation of comparison of the treatments concerning the yield and yield components
of potato, the treatments of pure cropping have lower yield than those of intercropping.

Meanwhile it was perceived that, in the treatments of intercropping, with an increase in the safflower
density, the number of tubers per plant and the tuber yield increases but the average tuber weight per plant
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decreases (Table 2). As the growth period passes, the high density of safflower plants causes a decrease in the
length and number of the Stolons which carry the potato tubers (Sonson and Nilga 1978). Furthermore there is a
strong correlation between the number of these Stololns and tubers; therefore the high density of plants brings
about a decrease in the number of potato tubers pre plant (Howerckert and Srorke 1991). Inasmuch as there is a
negative correlation between the number of tubers per plant and the average tuber weight per plant of potato
(Imani and Resole 2006), the increase in density brings a decrease in the glandular Stolons, then this decreases
the number of tubers per plant and, hence, the average tuber weight per plant (Howerck, Stroke 1991, Sonson
and Nilga 1975). In some research whenever potato and corn were intercropped with their densities of the pure
cropping, because of the excessive corn over-shadowing, the yield of potato in the combined treatments
meaningfully decreases as compared to that of the uni-cultivation; however in the treatments wherein the corn
density was not more than 20% of the total extent (that is, the proportions 1:4, 1:6,1:9,1:11 the number of corn
rows respectively), potato yield was identical to, even more, than that of uni-cultivation- the reason for this is
reported to be the improvement of potato microclimatic condition due to the corn over-shadowing without the
adverse effects of the shadow (Midmow and Brius 1984). In the intercropping of a shadowy plant like corn with
potato, the density of the shadowy plant must be in a manner that culminates to the transportation of 70% of the
total sun rays to potato canopy so that the rate of tuber yield per plant, in proportion to that of the uni-
cultivation, is maintained. You can increase the density of the shadowy plant providing that delay-systems are
applied; namely as the density of the shadowy plant increases, the sowing date must be delayed (Alesy, 2003).
The experiments of the International Potato Center showed that in order to gain the maximum yield of potato
intercropped with a shadowy plant; you must cultivate the potato in the form of its own pure cropping (Aref,
2009). In a research, the following report is concluded about the lack of impression of various densities and
sowing dates on the yield of potato in its intercropping with pisum sativum. Inasmuch as the life span of pisum
sativum is shorter than potato and, additionally, the competition power of potato is lesser than pisum sativum,
this issue cannot affect potato yield so much forcibly. Since the stages of potato growth and canopy-building
elapse gradually within 2-3 months, pisum sativum completes its short life span during this period and
consequently produces an acceptable yield level. Therefore no significant interference occurs between the
sensitive growth phases of either plant which would lead to a decline in the yield level (Barmaki, 2001).

The Results of The Treatments Variance Analysis Concerning The Yield and Yield Components of Safflower
Pure Cropping And Its Intercropping With Potato:

The results of the treatments variance analysis concerning the yield and yield components of safflower pure
cropping and intercropping, showed that all the examined traits- including receptacle numbr per plant, seedd
number per receptacle, seed weight in receptacle, and seed yield have a noticeable statistical difference (Table
3). The investigation of the treatments concerning the yield and yield components of safflower, proved that the
treatments of pure cropping produced more yield than those of the intercropping. Moreover it was oberved that,
in the intercropping, an increase in safflower density causes the decrease in seeds number per receptacle and in
seed yield; however this causes an increase in receptacle number per plant and seed weight (Table 2). That the
receptacle number of plants decreases as the safflower dednsity increasess,can be attributed to the plants
competition for gaining the light and nutritoin, or to the over-shadowing of leaves and upper branches
(Ehasanzadeh et al., 2003). Since as the safflower dnsity decreases, there remains more space for the plant and
consequently the plant possesses more number of branches and extensive aerial organs, more number of
receptales per plant is produced (Majd Nasiry, et al., 2004). Inasmuch as the seed formation is dependent on
nutrition supply and suitable conditions during the time of transformation from growth-stage to reproduction-
stage and onward stages, seemingly with the increase in plant density and consequently with the limitation of
light and nutrition, the plant produces lesser reproductional units; however this sort of production increases on
unit area, and as the competition for gaining light and nutrition increases later, some reproductional units are
eliminated and therefore fewer number of seeds is formed per plant but the seed number per receptacle increases
(Ehsanzadeh and Zareiyan Baghdad 2003). The studies on safflower has proved that an increase in plant density
on unit area, causes the decrease of side-brabches per plant, inflorescence number per plant, seed number per
receptacle, and seed weight pre receptacle; however in some recent srtudies the increase of density has not
affected the seed weight per receptacle. As the number of safflower plants on unit area decreases, the seed
weight per receptacle increases. The increase in the seed weight, throughout the period of the decrease of plant
density, is somewhat connected to the decrease in seed number. The increase in the receptacle number per plant,
which is resulted from the decrease in plant number, on one hand, results in the decrease in seed number per
plant and, on the other hand, the photosynthetic substances produced throughout the reproduction stage get
carried into fewer number of seeds and, consequently, the seeds grow bigger (Lafound, 1994). Providing that the
distance of the rows is fixed and the plant density increases moderately, there appears the increase in the spped
of the crown-cover fastening, in the leaves surface area, in the exploitation of the environment elements, in the
number of yield components, and finally in the seed yield (Majd Nasiry, et al., 2004). It was reported that the
sowing density of safflower had a meaningful effect on the seed yield per plant. Since, on one hand, the number
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of plants on unit area mainly changes the number of side-branches and inevitably, the number of the produced
receptacles and on the other hand, an increase in receptacle number directly affects the seed number, we may
anticipate the difference in ultimate yield between the various sowing densities. One significant distinction of
high plant densiity, is that it prevents the excessive branching of the side-branches and consequently prevents
the formation of late-maturated receptacles. This reaction brings about the consistency of safflower ripening and
the increase of its yield (Ehasanzadeh et al., 2003). By exerting the plant yield, the seed yield on unit area is
composed of plant number on unit area and the components of seed yield per plant. In fact high plant density
bring an intensive competition, among the plants, for gaining environment elements which causes a noticeable
decrease in growth traits and, mostly, in the components of seed yild per plant. Addotionally the increase in
plant number on unit area, to some extent, compensated for the decrease in the aforementioned traits and
improved the yield on unit area (Alesy, 2007).

Comparing The Yield of Potato Intercropped With Safflower To Yield of Its Pure Cropping:

In order to assess the various treatments of mixed cropping, LER (land equality ratio) and RVT (relative
value totality) were utilized. LRE (land equaliyt ratio) for all the treatments was above one; that is, in all the
treatments the mixed cropping is preferable to the pure one. The largest extent of LER (1/32) concerns the
intercropping of safflower (12 plants per m2) with potato (6 plants per m?); in other words this treatment of
intercropping has produced 32% more yield on unit area than that of the pure cropping. Since RVT for all
treatments is above one, we can deduce that this indicates the economical distinction of mixed cropping over the
pure one. The highest value of RVT (1/35) was connected to the treatment of safflower (12 plants per m2)
intercropped with potato (6 plants per m2) which shows that ,in this treatment, the gained income of the
intercropping is 1/35 times the gained income of the pure cropping (Table 5). One reason for the preference of
the intercropping over the pure cropping, is the lesser exo-species competition of the crops of intercropping
compared to the inter-species compertition of the crops of pure cropping; this discrepancy results from the
nutritional requirements of the two kind of plants, their root systems,their photosynthetic systems, the length of
their growth phase and their height (Barmaki, 2001). In a research on the intercropping of potato with corn, it
was announced that LER value of the intercropping increased 38-52 percent more than the pure cropping (Aaref,
2009). In another research, LER value was 0.98 for intercropping of corn with soyabean, 1/14 for intercropping
of sunflower with soyabean, and 0/98 for intercropping of corn with sunfloewr (Rahimian and Parsa, 1993).
Meanwhile the highest value of RV T(relative value totality) was observed in the mixed cropping of pisum
sativum (12 plants per m2) with potato (6 plants pre m2 on the sowing date of the first 1358 (Barmaki, 2001).

Table 1: Analysis variance of yield and yield components of potato.

MS
so.v df Number of tuber per plant | Tuber wehigh per plant | Number of stem per m? Tuber yield
Replication 2 | 0.33** 2299.11** 1.001 ns 0.13 ns
Treatment 3| 6.7 18797.47* 15.65 ns 5.33**
Error 6 | 3.01 52.62 7.27 6.06
Cv (%) - | 137 11.61 104 14.3
Table 2: Mean comparsion of potato traits in itercropping whit sofflower.
Treatment Number of tuber per Tuber wehigh per plant Tuber yield
plant (ar) (ton/ha)
1:0 1411a 373.37d 13.16 a
1:1 12.67 b 408.71 ¢ 12.24 b
1:2 11.48¢c 453.22 b 11.76 b
1:3 10.68 d 555.97 a 9.99¢

Note: 1:0 is potatoes pure cropping, 1:1, 1:2 and 1:3 are intercropping of potato (6 plants m?) with 6, 12 and 18 plants m? safflower

respectively

*Numbers with the same letter, have no significant difference.

Table 3: Analysis variance of yield and yield components of safflower.

MS
df Number of receptacles | Number of seeds | Seed weight in Seed vield
S.0.V pre plant per receptacles receptacles Y
Replication 2 0.22 ns 1.7ns 14.17* 4471.01*
Potato density (PD) 1 9.03** 15.52* 39.01* 16931.3**
Safflower density (SD) 2 41.7%* 30.42** 43.55** 29723.78**
PDxSD 2 0.23ns 0.19ns 1.63* 1281.5 ns
Error 10 0.07 0.81 0.64 46030.2
Cv (%) - 13.7 11.61 15.53 14.3
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Table 4: Mean comparsion of sofflower traits in pour anditercropping whit potato.

Treatment N Number of seeds per | Seed weight in receptacles Seed yield
umber of receptacles pre plant
receptacles (ar) (kg/ha)
0:1 12.37a 29.36 ¢ 33.33a 1544.23 ¢
0:2 11.15b 30.11b 32.12b 1891.32 b
0:3 10.13¢ 3142a 30.48¢ 2445.14 a
1:1 1146 a 28.35¢ 31.53a 5125¢
1:2 10.25b 29.91b 28.12b 645.6 b
1:3 9.01¢c 30.56 a 26.43 ¢ 9759 a

Note: 0:1, 0:2 and 0:3 are safflower pour cropping with 6, 12 and 18 plants per m? respectively.
Note: 1:1, 1:2 and 1:3 are intercropping of potato (6 plants per m?) whit 6, 12 and 18 safflowers per m?respectively.
*Numbers with the same letter, have no significant difference.

Table 5: Yield evaluations in intercropping of potato and safflower.
Treatment LER RVT
1:1 115 ¢ 1.18¢
1:1 132 a 135a
1:3 121 b 1.28b

Note: 1:1, 1:2 and 1:3 are intercropping of potato (6 plants m?) with 6, 12 and 18 plants m? safflower respectively.
*Numbers with the same letter, have no significant difference.
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