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Abstract

On-farm factorial experiment was conducted during the main cropping season of 2015/16 in Bahir Dar Zuria
District, at Sebatamit village to study the effect of planting density and time of safflower relay intercropping in
tef on growth and yields of components crops. Factorial combinations of three time of safflower relay
intercropping (42, 57 and 72 days after tef sowing DATS), two inter-row spacing (40 and 60 cm) and two intra-
row spacing (20 and 30 cm), and two sole cropping of tef and safflower were laid out in randomized complete
block design (RCBD) at three replications. “Kuncho” Tef and “Quihar” safflower cultivars were used as
experimental planting materials. The ANOVA results showed that, except grain yield, all growth and yield
parameters of tef were not significantly affected by main and interaction effects of planting density and time of
safflower relay intercropping in tef. The main and interaction effects of time of relay cropping, inter- and intra-
row spacing of safflower were significant on most growth and yield components of safflower crop. The highest
grain yield of safflower was recorded in the treatment combination of relay intercropping after 42 days of tef
sowing and 60cm by 20cm inter- and intra-row spacing of safflower (1307.19k.g/ha). Indeed, relay intercropping
of safflower after 57 days of tef sowing had also similar effect on safflower grain yield as that of 42 days. The
lowest grain yield of safflower was recorded in the treatment combination of relay cropping after 72 days of tef
sowing and 60cm by 20cm inter- and intra-row spacing of safflower (163.39k.g/ha). The highest land equivalent
ration-LER (1.79) and monetary advantage index-MAI (34563.28 birr ha-1) were obtained from the treatment
combination of 42 DATS and 60cm by 20cm inter- and intra-row spacing of safflower. The result clearly
showed that, with relay intercropping of safflower in tef, it is possible to produce additional yield of safflower
without significant reduction in tef yield. As a result of this, safflower relay intercropping after 42 days of tef
sowing, after three tef row with 20cm intra row spacing can be recommended as an efficient relay intercropping
system to be used by the farmers around the study area.
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Chapter 1. INTRODUCTION
1.1. Background and Rationale
Intercropping is an important practice for the development of sustainable food production systems, particularly
in cropping system with limited external inputs (Getachew Amare et al., 2006). This is due to some of the
potential benefits of intercropping systems such as high productivity and profitability. Crop intercropping is
commonly practiced because of various advantages such as greater yield stability, greater land-use efficiency,
increased competitive ability toward weeds, improvement of soil fertility due to the addition of N by fixation,
and some favorable exudates from legume species. Lithourgidis et al., (2006), demonstrated that yield
productivity under intercropping was higher than that of sole cropping systems. This is because of resources such
as water, light and nutrients can be utilized more efficiently than in the respective sole cropping systems. The
essential features of intercropping systems are intensification in space and time, competition between and among
the system components for light, water, and nutrients, and the proper management of these interactions (Oseni et
al., 2010). Recently, indeed, the hope of increasing tef productivity in the country is sparked by growing it in
rows with reduced seeding rates and seedling transplanting. Beyond increasing its productivity per se, the efforts
must also be extended to increase the productivity of tef fields using efficient cropping system such as
intercropping and relay intercropping with other crops without negatively affecting its productivity significantly.
Mixed cropping has been practiced in many parts of the world as a way to maximize land productivity in a
specific area in a growing season. Mixed cropping is often superior to sole cropping in terms of insurance against
risk, efficient use of resources and higher net returns. Most successful mixtures have been of legumes with non-
legumes. There are also few reports showing success in the intercropping of non-legume with non-legume crops.
Putnam and Allan (1992) reported a yield advantage from mixed planting of sunflower and mustard over their
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sole crops. The yield benefits in such mixtures must have been due to complementary rather than competitive
use of resources.

In Ethiopia some farmers grow tef with the mixture of safflower in different place. But, such practice was
not yet scientifically well studied. On the other hand, safflower (Carthamus tinctorius L.) nowadays has gained
the reputation of being an edible oil of superior quality containing high levels of unsaturated fatty acids, such as
oleic and linoleic acids, associated with the reduction of cholesterol level in the human blood (Chaturvedi et al.,
2001). Although safflower grows on a small scale level in some parts of Tigray, Amhara and Oromia Regional
States at altitudes ranging from 1000 to 2400 m.a.s.l. (Tadesse 2004), its low productivity per unit area doesn’t
encourage farmers to expand it at wider scale. In areas where arable land becomes scarce, growing of low
productive crops like safflower as sole will be dwindled much ever before; unless it can be intercropped with
other productive crops.

Hence, growing of safflower (Carthamus tinctorius L.) in tef (Eragrostis Tef) fields as intercrop or relay
intercrop without significantly affecting tef productivity would be a big advantage to tef growing farmers in
particular and to the country in general, while it increases the productivity of tef fields per unit area as well as it
creates a great opportunity to expand and increase the production of safflower. Prior to recommend and
popularize intercropping or relay intercropping of safflower with tef, however, optimum plant density as well as
time of intercropping or relay intercropping of safflower in tef fields should be well known.

1.2. Statement of the problem

As Ethiopian people and the population becomes increase up to date, the present production system and land use
efficiency cannot satisfy the consumers demand since Ethiopian farmers use traditional and mono-cropping
system which is not supported by different cropping systems due to less understanding of the effectiveness of
intercropping system rather than sole cropping. Especially tef relay intercropping with different crops was not
practiced in the experiment site unless mostly use sole cropping system. The proposed study was therefore
targeted at the following main and specific objectives.

1.3. Objectives
1.3.1. General objective
The main objective of this experiment was to study the potential of increasing the productivity of tef fields per
unit area through relay intercropping of safflower
1.3.2. Specific objectives
e To determine the appropriate plant densities and time of safflower relay intercropping in tef for better
growth and yield components of component crops in Bahir Dar Zuria District
e To assess the economic benefits of relay intercropping of safflower with tef in the study area

Chapter 2. MATERIALS AND METHODS

2.1. Experimental Planting Materials

The Tef variety known as “Quncho” (DZ-01-387) was used as the main test crop, while “Quihar” variety of
safflower was used for relay intercropping in Tef fields. DAP and Urea were used as recommended rate.

2.2. Experimental Treatments, Design and Procedures

On properly plowed and prepared experimental plot, the combinations of 3 time of safflower relay intercropping
(42, 57 and 72 days after Tef sowing), 2 inter-row spacing (40cm and 60cm) and 2 intra-row spacing (20cm and
30cm) of safflower plants, totally 12 treatment combinations, and two sole crops of Tef and safflower were laid
out in randomized complete block design (RCBD) at three replications. In other words, the inter-row spacing of
relayed safflower plant was laid between every two and three rows of tef which was planted at 20cm inter-row
spacing. The treatment combinations used for the presented study are presented below in Table 1. The gross size
of each experimental plot was 3m % 4m (12m2) accommodating fourteen rows of tef and seven rows of
safflower as a sole crop. Net plot area was varying upon crops. Net plot area for sole tef and safflower was 2.4 m
x 3.4 m (8.16 m2) and 2 m x 3.4 m (6.8m2), respectively. Indeed, the net plot area of relay intercropping was as
that of sole tef, while safflower relay intercropping treatments were superimposed on Tef plots. Net plot area for
safflower relay intercropping after two tef rows with 20 cm and 30 cm intra row spacing was 2.2x3.4 (7.48m2)
and 2.2x3.2 (7.04m2), respectively and after three tef rows with 20 cm and 30 c¢m intra row spacing was 1.8 cm
x 3.4 cm (6.12m2) and 1.8 cm x 3.2 cm (5.76m2), respectively. Tef seeds were drilled in 20 cm apart rows in the
last week of July at its recommended rate of Skg/ha. In relay intercropping, safflower seeds were sown as per the
treatments, after two and three tef rows with its recommended inter and intra row spacing while in its sole
cropping; its seeds were sown in rows at its recommended inter- and intra-row spacing of 40cm and 20cm,
respectively. In both relay and sole crops of safflower, two seeds per hill were planted and the weak plants were
thinned after well established to allow a single plant per hill to grow further.
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Table 1: Treatment combinations used for the study

Safflower plant density Time of safflower relay intercropping after Tef sowing
(Days)
Inter-row spacing Intra-row spacing 42 Days (D1) 57 Days(D2) 72 Days(D3)
40cm (R1) 20cm (A1) D42R1A1 (T1) D57R1A1 (T5) D72R1A1 (T9)
30cm (A2) D42R1A2 (T2) D57R1A2 (T6) D72R1A2 (T10)
60cm(R2) 20cm (A1) D42R2A1 (T3) D57R2A1 (T7) D72R2A1 (T11)
30cm (A2) D42R2A2 (T4) D57R2A2 (T8) D72R2A2 (T12)

Besides 12 treatment combinations (T1-T12), Tef and safflower sole crops were included as T13 & T14,
respectively, for comparison purposes.

Blocks were separated from each other by 1m wide open spaces, while plots within a block were separated
from each other by 0.5 m apart. All other agronomic practices were done as per their recommendations for tef
and safflower in the study area.

2.3. Data Collection

2.3.1. Soil Sampling and Analysis

To characterize the soil of the experimental field with some important soil physico-chemical properties such as
texture, pH, CEC, and contents of organic matter, total nitrogen and available phosphorous, a composite surface
soil sample was taken from the experimental site before the application of the treatments. The composite soil
sample of the experimental land was prepared as a mixture of several samples collected at 20cm depth using a
sampling technique of W- zigzag with the help of auger. The above mentioned physico-chemical soil properties
of the composite sample was analyzed and determined in a soil laboratory using their respective standard
methods and procedures, and the results are presented in Table 2. The soil of the study site are characterized as a
clay texture with black to brown color, pH condition conductive for most crop growth, low organic carbon, low
total nitrogen and medium available phosphorus.

Table 2: Some important physical and chemical properties of the surface soils (0-20 cm) of the study site

Depth pH Available P. (mg
(cm) (H20) OC (%) | Total N (%) kg!) CEC (cmolc kg')) | Texture
0-20 6.02 0.94 0.08 9.2 29.8 Clay

2.3.2. Crops Growth and Yield Parameters

Phenological traits

The following phonological data for tef and safflower were recorded when the plants in each plot attained their
respective growth stages:

Days to 50% heading for Tef: The numbers of days elapsed from sowing up to the date when the tips of at least
five panicles first emerge from the main shoot within net plot area. This was determined by visual observation of
the heads on which the panicles emerged.

Days to 90% physiological maturity for Tef: The number of days elapsed from the date of sowing to the date
when 90% of the crop was matured. This was reached when 90% of stand stems, leaves, and floral bracts in a
plot changed to light yellow color were recorded and determined by visual observation.

Days to 50% seedling emergence for Safflower: The number of days elapsed from sowing up to the date when
the plants in each plot grows above the ground and cover 50% of the area.

Days to 50% flowering for Safflower: The number of days elapsed from sowing up to the date when the plant
forming 50% head in each plot.

Days to 90% physiological maturity for Safflower: The number of days elapsed from the date of sowing to the
date when 90% of the crop was matured. This was reached when 90% of stand stems, leaves, and floral bracts in
a plot changed to light yellow color were recorded and determined by visual observation.

Vegetative growth traits

Tef

The following growth parameters have been recorded when the plants attain their respective growth stages:
Average plant height: The height of the plant was recorded in meter from the ground level to the tip of the main
Panicle at physiological maturity on the average of ten randomly selected plants within each net plot area using
stick ruler.

Average Panicle length: length of the panicle in centimeter from the node where the first panicle branch starts
to the tip of the main panicle at physiological maturity on an average of ten randomly selected plants within each
net plot area was recorded using a plastic ruler.

Number of total tillers plant™: The number of effective and non-effective tillers per plant was counted from ten
randomly selected plants before tillers appeared at physiological maturity within each net plot area.
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Number of effective tillers plant': The number of effective tillers which was counted from ten randomly
selected plants at physiological maturity within each net plot area.
Safflower
Stand count: The number of stand count which was counted from each plot at physiological maturity.
Average plant height: The height of the plant was recorded in meter from the ground level to the tip of flower
at physiological maturity on the average of five randomly selected plants within each net plot area using stick
ruler.
Number of primary branch plant': The number of primary branches was determined by counting the effective
branch originating from main stem of five randomly selected plants at physiological maturity in each net plot
area.
Number of secondary branch plant!: The number of secondary branches was determined by counting the
branches which arises from primary branch. It was counted from all primary branches of five randomly selected
plants at physiological maturity in net plot area.
Number of Tertiary branch plant': The number of tertiary branches was determined by counting the branches
which arises from secondary branch. It was counted from all secondary branches of five randomly selected
plants at physiological maturity in net plot area.
2.3.3. Grain yield and Related Traits
Tef
Biomass yield (kg ha'): At physiological maturity, the whole tef plants including leaves, stems, and panicles
with seeds from the net plot area were harvested and sun dried. Then the biomass of harvested and dried tef
plants with all their above ground parts was weighed just before threshing with spring balance and converted into
hectare basis from the net plot area.
Grain yield (kg ha'): The total weight of the air-dried clean seeds harvested from each net plot area and
converted into hectare basis. After sun drying of harvested tef plants and then threshed manually and cleaned
with the help of wind, clean grains recovered from the net plot area were weighted with sensitive balance and
converted into hectare basis.
Thousand seeds weight (g): After threshing was accomplished, 1000 seeds from each plot were counted and
weighed separately using sensitive balance in gram.
Straw yield (kg ha™'): straw yield was obtained when grain yield subtracted from total above ground biomass
yield and harvest index was the ratio of grain yield to biological yield.
Harvest index (%): was recorded as the ratio of grain yield to biomass yield and multiplied by 100 to put it as
percentage.
Safflower
Average number of flower balls (heads): The number of flower balls per plant of 5 randomly selected plants in
the net plot area was counted at the withering of 50% flowers.
Biomass weight (kg ha '): was taken as the weight of the stalk and the grain from each net plot area after
harvesting and sun dried in field for two weeks. The dry biomass of all stalks and grain obtained from the net
plot area was weighed with spring balance and converted into hectare basis.
Grain yield (kg ha "1): after two weeks sun drying of harvested safflower crops of each net plot area were
threshed manually and clean grain yield was recovered through winnowing and weighed with sensitive balance.
The grain yield obtained from net plot area was converted into hectare basis.
Thousand seeds weight: After threshing was accomplished, 100 seeds from each plot was counted and weighed
separately using sensitive balance in gram and converted into 1000 seeds weight.
Harvest Index (%): was recorded as ratio of economic yield (grain yield) and total plant mass (grain yield +
shoot biomass).
2.3.4. Total land productivity and gross return
Land equivalent ratio (LER): is the most widely used relative index to evaluate the efficiency and productivity
of intercropping (Willey, 1985). It is defined as the total land area required under sole cropping giving the yields
obtained in the intercropping mixture (Mead and Willey, 1980). This is the amount of land planted in
monoculture that would be needed to achieve the same yield produced by a mixture. Crop production is a
function of crop duration (time) and land area but LER is based on land area only and does not take the duration
of component crops in to consideration. Mathematically, when the value of LER is equal to 1, there is no
advantage to intercropping in comparison with sole cropping. And when the LER greater than 1, intercropping
has an advantage over sole cropping. Thus, an LER less than 1 has no intercropping advantage and indicates that
inter specific competition is stronger than inter specific facilitation in the intercropping system (Wahla et al.,
2009).
LER = Xa/Xs +Ya/Ys Where, Xa and Ya are the individual crop yields in an intercropping

Xs and Y's are the yield of species X and Y as sole crops
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Monetary Advantage Index (MAI)

Economical advantage was assessed using monetary advantage index (MAI) to evaluate the economic advantage
of intercropping as compared to sole cropping (Willey, 1979). The monetary advantage was determined by the
existing local market price.

The most important part of recommending a cropping pattern is the cost: benefit ratio more specifically total
profit, because farmers are mostly interested in the monetary value of return. The yield of all the crops in
different intercropping systems and also in sole cropping system and their economic return in terms of monetary
value were evaluated to find out whether grain yields are profitable or not. This was calculated with monetary
advantage index (MAI). It is expressed as

(LER—1)

Where, Pab = PaxYab ; Pba = PbxYba ; Pa = Price of species 'a' and Pb = Price of species 'b'. The higher the
index value, the more profitable is the cropping system.

2.4. Data Analysis

All collected data were subjected to analysis of variance (ANOVA) using JMP-5 (SAS 2002) software program.
Significant differences between and /or treatment means were separated using least significance difference
(LSD). Simple statistical mean and percentage was used to analyze the data obtained from the experiment.

2.5. Economic Analysis

To estimated economic parameters, Land equivalent ratio and monetary advantage index have a great value.
Products were valued based on market price collected from local markets during January - February 2015 where
Tef was 20.00 Ethiopian Birr (ETB) per kg of grain. Seed price of Safflower was 23.50 ETB kg™

Chapter 3. RESULTS AND DISCUSSION

3.1. Crop phenology

3.1.1. Tef Phenology

Days to Heading

The analysis of variance results showed that days to 50% heading of tef were not significantly affected (P > 0.05)
by plant density and time of safflower relay intercropping (Table 3). Similar to the present result, Yayeh Bitew
and Fekremariam Asargew (2014) reported that all yield and yield components of rice were not significantly
affected (P> 0.05) by rice-chickpea relay intercropping at Fogera/Ethiopia. The authors further suggested that
this might be due to early planting of rice in relay intercropping system takes advantage in peak resource
demands for nutrients, water, and sunlight for all treatments.

Days to Physiological Maturity

Like that of days to 50% heading, days to 90% physiological maturity of tef was not also significantly affected
(P > 0.05) by main and interaction effects of time of relay intercropping, inter- and intra-row spacing of
safflower (Tables 3, 4 & 5). This might be due to the delayed time of safflower sowing which was almost after
heading of tef, and therefore safflower couldn’t able to compete the growth of tef significantly. Similarly, the
result of Melak Agajie (2014) showed that the interaction effect of inter- and intra-row spacing of chickpea did
not show significant effect on days to physiological maturity.

26



Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) ~ DOI: 10.7176/JBAH mag
Vol.9, No.7, 2019 Ils E

Table 3: Main effects of time of relay, inter- and intra-row spacing of safflower in Tef on pehnological
traits of the component crops in 2015/16 in Bahir Dar District

Treatments Tef Safflower
Time of relay cropping (D) DH DM DE DF DM
After 42 days (D1) 52.75 103.25 12.00c 107.00c 142.83¢
After 57 days (D2) 52.67 103.50 14.00b 114.16b 149.33b
After 72 days (D3) 52.67 103.50 15.41a 125.33a 159.16a
Sig. difference ns ns ok wk ok
Cv 1.31 1.41 8.45 0.81 2.58
SE+ 0.20 0.42 0.34 0.27 1.12
Inter-row spacing of safflower
40cm (R1) 52.67 103.56 14.00 115.33 150.56
60cm (R2) 52.72 103.28 13.61 115.66 150.33
Sig. difference ns ns ns ns ns
Cv 1.31 1.41 8.45 0.81 2.58
SE+ 0.16 0.34 0.27 0.22 0.92
Intra-row spacing of safflower
20cm (A1) 52.72 103.28 14.00 115.78 150.33
30cm (A2) 52.67 103.56 13.61 115.22 150.56
Sig. difference ns ns ns ns ns
Cv 1.31 1.41 8.45 0.81 2.58
SE+ 0.16 0.34 0.27 0.22 0.92

DH= days to 50% heading; DM= days to 90% physiological maturity; DE= days to 50% emergency; DF= days
to 50% flowering; SC= stand count per plot; CV=coefficient variation; SE= standard error; ** highly significant
difference at 0.01 level of significant; ns=not significant at 0.05 level of significant; means followed with the
same letter(s) are not significant difference at 0.05 level of significant.

3.2. Vegetative Growth of Tef and Safflower

3.2.1. Tef Vegetative Growth Parameters

Plant Height

In the result of this experiment, plant height of tef was not significantly (P > 0.05) affected by both main and

interaction effects of time of relay intercropping, inter-and intra-row spacing of safflower (Table 6 and 7). As the

result of Tesfu Mengistu and Charles Yamoah (2010), Plant density and its interaction with sowing date had no

significance (P > 0.05) effect on plant height of carrot. There was no significant difference on plant height

between sole tef crop and relay intercropping with safflower after three different relay times. Similarly, the study

on rice-chickpea relay intercropping, plant height (cm) of rice did not significantly affected (P>0.05) by the

cropping system (Yayeh Bitew, 2014). The authors further suggested that this might be due to early planting of
rice in relay intercropping system takes advantage in peak resource demands for nutrients, water, and sunlight

for all treatments. In contrary, Tamiru Hirpa (2014) reported that there were significant differences in maize

height due to varying intercropping time of the companion haricot bean crop. The tallest plant height (140.70 cm)
and the shortest plant height (137.70 cm) almost have insignificant difference with each other. As Yayeh (2014)

research result on field pea showed that inter-row spacing had no significant effect on all growth, yield and yield

component of field pea varieties. Moreover, the result of Flesch, Roger Delmar (1994) showed that there is no

significant differences were observed in wheat height among relay intercropping of wheat and soybean.

As indicated in Table 8, three-way interaction effect of time of relay intercropping, inter and intra row
spacing was not significantly affect plant height. The highest plant height of tef (140.70 cm) was recorded in
relay intercropping of safflower after 52 days and 40 cm inter row spacing of tef sowing, while the shortest plant
height of tef (137.70 cm) was observed in the relay intercropping of safflower after 42 days, 60 cm intra and 30
cm inter row spacing of tef sowing.

Panicle Length

Panicle length is not significantly affected (P>0.05) by the main and interaction effect of time of relay
intercropping, inter-and intra-row spacing (Table 6, 7 and 8). The highest and the lowest panicle length 0.50 cm
and 0.46 cm was recorded in relay intercropping of safflower at 42 days ATS, 60 cm inter and 30 cm intra row
spacing and at 52 days ATS, 40cm, 60cm intra and 30cm inter row spacing respectively. Thus, crops with high
panicle length could have higher grain, straw and biomass yields (Okubay Giday, et.al. 2014). But in current
result there was insignificant difference of straw yield and biomass yield due to the panicle length difference.
Similarly there was no significant difference in tef panicle length in tef - sunflower mixed cropping system
(Wondimu. Bayu. 2007).
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Total Number of Tillers Plant™!

Time of relay intercropping, inter-and intra- row spacing of safflower had not any significant effect (P > 0.05) on
total number of tillers which had almost similar with sole tef crop. The highest and the lowest number of tillers
were recorded on both main and interaction effects (Table 6, 7 and 8). Almost all tef crop relays with safflower
have the same total number of tillers per plant. The maximum total number of tillers plant (8.43) was recorded
in safflower relay intercropping after 72 days, 60 cm intra-and 20 cm inter-row spacing of tef, while minimum
total number of tiller plant! (6.70) was recorded in safflower relay intercropping after 72 days, 40cm inter-and
20cm intra-row spacing. The result is due to the delay time of relay intercropping of safflower which has not any
influence on tef total number of tillers.

Number of Effective Tillers Plant!

As the number of effective tillers plant! increases the yield hectare™! also increases (Hamelmal, 2015). The
number of effective tillers plant! is the most important of yield contributing component. As indicated in (Table 6,
7 and 8) both the main and interaction effect of time of relay intercropping, inter and intra row spacing was not
significant (P> 0.05). The highest and the lowest number of effective tillers per plant (6.60cm, 5.36¢cm) was
recorded in the relay intercropping of safflower at 42 days ATS, 60cm inter and 30 cm intra row spacing and at
52 days ATS, 60cm inter and 30 cm intra row spacing respectively which had almost similar number of effective
tillers might had been recorded due to less competition of delayed safflower relay intercropping and different
growth habit of crops.

Table 4: Main effects of time of relay, inter and intra- row spacing of safflower in Tef on vegetative
growth parameters of the component crops in 2015/1016 in Bahir Dar District, Amhara Region

Treatments Tef Safflower
Time of relay cropping (D) PH PL TT ET SC PH PB SB TB
After 42 days(D1) 13985 049 7.89 620 | 67880a 0.93a 10.38a 20.68a 7.36a
After 57 days(D2) 139.47 048 7.23 581 | 65130a 0.9la 7.56b 1391b 4.65b
After 72 days(D3) 13939 047 722 563 |30864b 0.83b 3.83c  5.03¢c  0.00c
Sig. difference ns ns ns ns i wk i wk wk
Cv 1.44 453 14.86 14.13 | 28.34 2.85 1059 2090 19.96
SE+ 0.58 0.01 032 0.24 | 4474.80 0.01 0.22 0.80 0.58
Inter row spacing of
Safflower
40cm (R1) 13998 048 7.60 598 | 6209a 0.89 7.50 13.82  4.24
60cm (R2) 139.16 048 7.30 578 |47153b 0.88 7.02 12.60 3.77
Sig. difference ns ns ns ns ok ns ns ns ns
Cv 1.44 453 14.86 14.13 | 28.34 2.85 1059 2090 19.96
SE+ 0.48 0.01 0.26 0.20 | 3653.66 0.01 0.18 0.65 0.47
Intra row spacing of
Safflower
20cm (A1) 139.66a 0.48a 7.55a 5.93a | 53500a 0.89a 7.35a 12.67a 3.82a
30cm (A2) 139.48a 0.48a 7.34a 5.83a | 557482 0.88a 7.17a 13.74a 4.18a
Sig. difference ns ns ns ns ns ns ns ns ns
Cv 1.44 453 14.86 14.13 | 28.34 2.85 1059 2090 19.96
SE+ 0.48 0.01 026 0.20 | 3653.66 0.01 0.18 0.65 0.47

PH=plant height; PL= panicle length; TT= total tiller; ET= effective tiller; SC= Stand count; PB= Primary
branch; SB= Secondary branch; TB= Tertiary branch; CV=coefficient variation; SE= standard error; ** highly
significant difference at 0.001 level of significant; **significant difference at 0.01 level of significant; Ns=not
significant at 0.05 level of significant; means followed with the same letter(s) are not significant difference at
0.05 level of significant

3.3. Grain Yield and Related Traits of Tef and Safflower

3.3.1. Tef Grain Yield and Related Traits

Biomass Weight

The main and interaction effect of time of relay intercropping, inter and intra row spacing was not significant (P>
0.05) on biomass weight. Similarly, the result of Ibrahim Yahuza (2012) showed that Wheat biomass yield
significantly affected by wheat-bean intercropping system except when bean-sowing date was delayed by 37
days. The highest biomass weight of tef (7657.18 kg/ha) was recorded in the three-way interaction of first time
of relay intercropping (42 days ATS), inter (60 cm) and intra (30 cm) row spacing while the lowest biomass
weight of tef (7412.08 kg/ha) was recorded in the three-way interaction of both second and third time of relay
intercropping (57, 72 days ATS) with inter (60, 40 cm) and intra (30, 20 cm) row spacing respectively which is
almost similar (Table 9, 10, 11). This is due to the delay time of relay intercropping of safflower.
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As the analysis of variance results showed that time of relay intercropping, inter and intra row spacing and their
interaction had not any significant effect (P > 0.05) on thousand grain weight of tef (Table 9, 10 and 11). Similar
to this result, both the main and the interaction effects of inter- and intra-row spacing were not showing
statistically significant change for 1000 seed weight of field pea (Yayeh. Bitew. et.al. 2014). The highest and
lowest 1000 grain weights were recorded as 0.28 and 0.27 at all factors respectively. Moreover, inter-and intra-
row spacing had not significant effect on 1000 grain weight and harvest index of faba bean. (Moussawi s.h. ef al.
2010).

Grain Yield

Tef grain yield was not significantly affected (P> 0.05) by both main and interaction effect of inter-and intra-row
spacing in Tef-safflower relay intercropping but not time of relay intercropping and the interaction of time of
relay intercropping and intra-row spacing. This may be due to the other factor which can affect the grain yield of
tef like climatic condition, soil condition and seed arrangement. The highest grain yield was recorded during the
three-way interaction of first time of relay intercropping (42 days ATS), second inter (60 cm) and intra-row (30
cm) spacing (2428.43 k.g/ha) and followed by the interaction of first time of relay intercropping with second
intra-row spacing (2416.17k.g/ha). The lowest grain yield which was recorded during the three-way interaction
of second time of relay intercropping, inter-and intra-row spacing (2314.05 k.g/ha) (Table 9, 10, 11).

In contrary, there was significant difference in grain yield between the interaction of inter- and intra- row
spacing. Average seed yield ranged from 989.1 kg ha™' (5 cm) to 711.6 kg ha™! (30 cm). O. Oztiirk, O. Saman,
(2012) Found that wider row spacing’s of sesame decreased the highest seed yield (865.5 kg ha!) was obtained
from the narrow row spacing (30 cm) whereas the lowest seed yield (767.3 kg ha') was determined from the
widest row spacing (70 cm).

Straw Yield

Straw yield of tef was not significantly affected (P > 0.05) by both the main and interaction effect of time of
relay intercropping, intra-and inter-row spacing. Maximum straw yield (5228.75k.g/ha) was recorded in
safflower relay intercropping at 42 days ATS, 60 cm inter-and 20 cm intra-row spacing while minimum straw
yield (4934.63k.g/ha) was recorded in safflower relay intercropping at 42 days ATS, 60 cm inter-and 30 cm
intra-row spacing which are almost similar with sole Tef straw yield (5073.53k.g/ha) (Table 9, 10, 11).

Harvest Index

As the analysis of variance results showed that both main and interaction effect of time of relay intercropping,
inter-and intra- row spacing -not significant effect (P > 0.05) on harvest index of tef crop (Table 9, 10 and 11).
Similarly bean-sowing date did not have significant effect on wheat harvest index (P > 0.05) (Ibrahim Yahuza
2012).

Table S: Main effects of time of relay, inter and intra- row spacing of safflower in Tef on grain yield and
related traits of the component crops in 2015/1016 in Bahir Dar District, Amhara Regi

Treatments Tef Safflower

Time of relay | BM Y SY TSW HI NH BM Y SY HSW HI
cropping (D)

After 42 days(D1) 7524.43  2408.01a 5055.14  0.28 3231 | 37.92a  7504.3a 1250.32a 6227.71a 4.02a 16.97a
After 57 days(D2) 7473.36  2385.54ab  5114.37 0.27 31.61 | 26.05b 7262.3a 1251.17a 6136.58a 3.85b 17.07a
After 72 days(D3) 7463.15  2358.98b 5128.67 0.28 31.75 | 8.70c 4549.2b  21291b  4245.58b 1.46c  4.86b
Sig. difference ns * ns ns ns w ok w w w w

Ccv 3.99 1.99 6.12 6.59 4381 19.08 5.19 7.88 2.29 4.57 9.57
SE+ 86.36 13.71 90.12 0.01 0.44 1.33 96.65 20.60 36.71 0.04 0.36
Inter row spacing

of Safflower

40cm (R1) 7486.98  2379.41 5100.8 0.28 31.82 | 25.07 5874.6b  902.40 4903.81a 3.12 14.21a
60cm (R2) 7486.98  2388.94 5098.0 0.27 31.96 | 23.37 7002.6a  907.19 6169.43b  3.11 11.73b
Sig. difference ns ns ns ns ns ns ok ns i ns i

Cv 3.99 1.99 6.12 6.59 481 19.08 5.19 7.88 2.29 4.57 9.57
SE+ 70.51 11.19 73.58 0.01 0.36 1.09 78.91 16.82 29.97 0.03 0.29
Intra row spacing

of Safflower

20cm (A1) 7555.06  2387.58 503131 0.27 32.24 | 2341 6257.5b  914.37 5333.56a  3.08 13.49a
30cm (A2) 7418.90  2380.77 516748 0.28 31.54 | 25.04 6619.7a  895.23 5739.68b  3.14 12.45b
Sig. difference ns ns ns ns ns ns ok ns w ns ok

Ccv 3.99 1.99 6.12 6.59 4381 19.08 5.19 7.88 2.29 4.57 9.57
SE+ 70.51 11.19 73.58 0.01 0.36 1.09 78.91 16.82 29.97 0.03 0.29

BM=biomass weight; Y= grain yield; SY= straw yield; TSW= thousand seed weight; HI= harvest index; NH=
number of head per plant; HSW= hundred seed weight; CV=coefficient variation; SE= standard error; **highly
significant at 0.001 level of significant; **significant at 0.01 level of significant; *significant at 0.01 level of
significant; ns=not significant at 0.05 level of significant; means followed with the same letter(s) are not
significant difference at 0.05 level of significant
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3.4. Productivity of Relay cropping

One way to reduce competition for limited water and mineral nutrients is to plant crops at different times of the
growing season in a relay-intercropping system (Andrews and Kassam, 1976). Relay intercropping is a system
that can play an important role in increasing and diversifying grain production in areas where the growing season
is too short to permit the cultivation of two crops in sequence. Land equivalent ratio and monetary advantage
index ha™! could be better indicators of relative advantages of different intercropping practices.

3.4.1. Land Equivalent Ratio (LER)

All relay intercropping systems resulted in yield advantages and all the components were compatible with one
another. LER value of more than one indicates yield advantage than less value without any advantage. Among
crop mixtures land equivalent ratio (LER) is used for estimating advantages or disadvantage of crop mixture
over sole cropping systems (Willey, 1985). As the analysis of variance results showed that the total LER of tef
and safflower is greater than 1. LER of safflower relay intercropping with tef were statistically highly
significantly affected (P < 0.001) by third time of relay intercropping. The highest LER (1.79) was obtained by
relay intercropping of safflower after 42 days of tef sowing, after three Tef row and 20cm intra-row spacing.
The lowest LER (1.09) was obtained by relay intercropping of safflower after 72 days of tef sowing, after three
tef rows and 30cm intra-row spacing (Table 14). Similarly the result of Walelign Worku (2004) showed that the
LER values of maize-tef relay intercropping were greater than one for all treatments, which shows that the
cropping system was efficient compared to sole cropping and Gholamreza R. (2011), LRE value of potato-
safflower relay intercropping for all the treatments was above one; that is, in all the treatments the mixed
cropping is preferable to the pure one. Moreover, Mead and Willey, (1980) reported that total LER values were
higher in all the intercrops than one indicating the advantage of intercropping over sole stands in regard to use of
environmental sources for plant growth and this similar case has also been reported where pea was intercropped
with barley (Li et al., 1999).

Table 6: Main effects of time of relay, inter and intra- row spacing on land equivalent ratio and monetary
advantage index of Tef and safflower in 2015/16 in Bahir Dar District

Treatments Grain yield LER Yield price
Tef Safflower Tef Safflower | MAI
(k.g/ha) (k.g/ha) (Birr/ha) (Birr/ha) (Birr/ha)

Time of relay cropping
After 42 days (D1) 2408.00a 1250.32a 1.76a 47363.5 29382.6a 33216.1a
After 57 days (D2) 2358.98ab  1251.17a 1.74a 47751.6 29402.6a 32901.0a
After 72 days (D3) 2385.54b 212.91b 1.11b 47935.4 5003.4b 5302.5b
Sig. difference * wk wk ns ok wk
Cv 1.99 7.70 2.84 2.28 7.70 8.47
SE+ 14.73 20.60 0.01 332.28 484.01 637.89
Inter row spacing

40 cm (R1) 2379.41 902.40 1.53 47765.2 21206.5 23649.4

60cm (R2) 2388.94 907.19 1.54 47601.8 21319.2 23963.7
Sig. difference ns ns ns ns ns ns
Cv 1.99 7.70 2.84 2.28 7.70 8.47
SE+ 12.03 16.82 0.01 271.31 395.19 520.84
Intra row spacing

20 cm (A1) 2387.58 914.37 1.54 47710.7 21487.7 24053.4

30cm (A2) 2380.77 895.23 1.53 47656.3 21038.0 23559.7
Sig. difference ns ns ns ns ns ns
CV % 1.99 7.70 2.84 2.28 7.70 8.47
SE+ 12.03 16.82 0.01 271.31 395.19 520.84

LER= land equivalent ratio, MAI= monetary advantage index; CV=coefficient of variation; SE= standard error;
**highly significant at 0.001 level of level of significant; *significant at 0.05 level of level of significant; ns=not
significant at 0.05 level of level of significant; means followed with the same letter(s) are not significant at 0.05
level of level of significant

3.4.2. Monetary Advantage Index

As the analysis of variance results showed that monetary advantage index was highly significantly (P< 0.001)
affected by the main effect of third time of relay cropping (72 days ATS) but not the first and second time of
relay cropping (42, 57 days ATS) respectively and inter-and intra-row spacing. The two-way interaction effect of
third time of relay cropping with inter-and intra-row spacing affect MAI at P< 0.05 but the interaction of inter-
and intra-row spacing didn’t affect MAI (Table 13 and 14). The highest MAI (34563.28birr ha™') was recorded
in safflower relay intercropping after 42 days of Tef sowing, after three Tef rows and 20 cm intra-row spacing
while the lowest MAI (4453.14birr ha'') was recorded in safflower relay intercropping after 72 days of tef
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sowing, after three tef row and 20 cm intra-row spacing. This indicates that the maximum yield was recorded at
early time of relay cropping of safflower.

Chapter 4. CONCLUSION AND RECOMMENDATIONS

4.1. Conclusion

The outcome of this experiment concludes that relay intercropping of safflower with tef in different time of relay
intercropping, inter- and intra- row spacing showed influence on yield and yield components of safflower crop
but not on tef yield components except grain yield as compared with sole crop of tef because the time of relay
intercropping was delayed by minimum of 42 days to active growth of tef crop and it becomes less competitive
with different nutrients. The first and second time of relay intercropping of safflower on tef- safflower relay
cropping system recorded the highest grain yield of safflower which is the best time of relay intercropping after
42 and 57 days of tef sowing. But the last time of relay intercropping had a great influence on grain yield of
safflower which recorded the lowest grain of safflower due to inappropriate moisture content and shading effect
of tef.

4.2. Recommendations

This experiment was not a common practice in the experiment site. The dominant traditional practice was
sowing of local variety safflower with tef in broadcast method and it’s also not common by most farmers and
this day’s it is almost rare practice. Even it was not profitable during their growing experience. However this
research used one variety of tef and safflower. It has shown a better result in relation to that of their experience.
So to realize this result it is recommended to repeat this research with different variety of tef and safflower at
different soil types and across location.
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