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. 
1. Introduction

     Barley is mainly grown under harsh environments with low rainfall and it is mainly cultivated by small resource-poor farmers in areas where no other crop could grow, thus barley improvement research should benefit those small resource-poor farmers the most. It is widely recognized that conventional barley breeding has been more beneficial to farmers who could profitably modify their production practices to suit new cultivars, than to farmers who could not afford to modify their production practices through the application of additional inputs and could not risk the replacement of their traditional, well known and reliable varieties. Participatory plant breeding (PPB) overcome the limitations of conventional breeding by offering farmers the possibility to decide which varieties suit better their needs and conditions without posing risks to livelihoods. It exploits the potential gains of breeding for specific adaptation through the selection in the marginal environment. The participation of farmers in the very early stages of selection offers a solution to the problem of fitting the crop to a multitude of both target environment and users’ preferences (Ceccarelli et al., 2001). Meanwhile, farmers’     participation increases the probability and speed of adoption as well as the breeding efficiency and the effectiveness of the breeding program (Ceccarelli & Grando, 2002).

     The International Center for Agricultural Research in the Dry Areas (ICARDA) has begun in 1991 to gradually decentralize most of the selection work in barley to national programs. This has been followed more recently by a number of participatory barley breeding programs in Syria, Egypt, Jordan, Tunisia, Morocco, Yemen, and Eritrea. One limitation of the current participatory plant breeding (PPB) work is that most of the institutions promoting farmers participation are not those responsible for plant breeding. And this lead to limit the scale at which PPB has been adapted by the national program and limited its large-scale impact. It is also believed that PPB methods have higher cost to both Institutions and farmers than conventional breeding. Therefore, the issue of a possible additional cost is often the main reason why Institutions are reluctant to embark in the PPB programs (Mangione et al., 2005). A research institution will incur net additional costs by adopting PPB. These will be costs associated with additional travel, agricultural chemicals, possible land leasing, additional vehicles, and additional labor, etc (Zeigler, 1996). Others stated that operation costs of participatory breeding are higher than that of conventional breeding (Lilja and Aw-Hassan, 2002). However, some researchers stated that participatory work reduces costs of the public sector (Pachico, 1996). Since, traditional on-farm research requires an enormous amount of monitoring by scientists and technicians, efficient participatory research can replace much station research, thereby reducing costs through cost sharing, although the farmers contribute through their efforts rather than financially. And farmers’ participation in selection reduces costs of land rent and labor (Sthapit et al., 1996). Finally, we cannot conclude that participatory breeding causes a major increase in the cost (Ashby and Lilja, 2004).

     The main goal of this study is to assess the adoption and impact of the different barley breeding programs on farm level and institution level in Syria. To achieve this goal certain objectives were set up:

1. High light the barley breeding programs and investigate the situation of barley

producers in Syria.

     2.   

     Participatory barley breeding was conducted in Syria on the base of two principles:

1. The trials are grown in farmers’ fields using farmer’s agronomic practices.

2. Selection is conducted by farmers in farmers’ fields, so that farmers are the key      decision makers.                                                                                                        

     Estimating the cost of a program is not enough to know how good the economic situation of that program is. The costs should be compared with the benefits associated with it. The ratio of the two components, benefit-cost ratio, shouldn’t be less than one otherwise the project will be losing.   

     The objective of this study is to estimate the costs and benefits of conventional and participatory plant breeding programs and to conduct a benefit-cost analysis for them. 

Conceptual Framework

2.1  Benefit-Cost Analysis

      Farm-Level Analysis. 

      The first objective of this study is to evaluate and quantify the benefits and costs of barley varieties selected by participatory barley breeding program to barley producers in Syria (at farm and market levels). This analysis will estimate the effects of the new varieties of barley on yields, variable costs and net revenues per hectare. This analysis compares conventional varieties (or landrace) crop budgets with improved varieties (selected by farmers) crop budgets.

Benefits ascribed to the new varieties are not the net returns per hectare to participated farmers, it is the difference between the net returns per hectare for participated farmer and net returns per hectare for non- participant farmer. Thus, benefit-cost analysis will take into account two scenarios, one in which the improved varieties are adopted, and one in which it is not. Since the new varieties have been released in some locations, it is possible to measure the effects of these new varieties on farmer’s well being.

The data necessary for farm-level impact analysis of PPB varieties is as                            follow:

     
Conventional varieties (or landrace varieties)

1) Average cost of production (SL/ha)

2) Average revenue (SL/ha), this required

a) Average yield (kg/ha)

b) Average farm price (SL/kg)

     
Participatory varieties       

1) New varieties average cost of production (SL/ha) due to:

a) An increase or a decrease in seed costs.

b) Opportunity cost for farmer’s participation in the PPB program.

c) An increase in harvesting costs (in the case of harvesting cost is a percentage of yield).

d) An increase in packaging costs, due to a larger harvest.

2) New varieties gross revenue (SL/ha)

a) Yield improvement, compare with conventional varieties (yield gain).

b) Quality changes in the harvested crop.

                         c)   An increase in the production of straw 

      Market-Level Analysis.

            The widely used method in estimating the ex-ante market impacts of a production technology is to calculate the economic surplus changes and distributions from the technology adoption. There are two methods for calculating the economic surplus. The first method is based on the assumption that technology adoption leads to an outward shift in the product’s supply curve. The second method is to simulate the impacts of the new technology on the relevant market variables using a structural econometric model (Shideed and El-Mourid). These methods deal with the total effect of the new technology, there is no way to disaggregate the effects of varieties selected from different breeding programs. And since the objective of this study is to calculate the impact of adopting new varieties resulting from conventional breeding program and from participatory breeding program separately, a gross economic benefit model is applied. This model will quantify the potential benefits from the barley breeding programs to society as a whole. It will estimate the benefits resulted from the introduction and adoption of the new varieties released by the conventional program and the varieties selected by farmer through their participation in the participatory program. The calculated benefits would be affected by the adoption rate, barley yield gain and market price of barley; hence the sensitivity of the economic benefits to these factors was studied.    

2.2  Data Collection

To assess the benefit-cost analysis for conventional and participatory plant                       breeding programs, data were collected form ICARDA projects in barley breeding program, farm survey, and national agricultural research program in Syria. These data included costs of different activities in participatory and conventional breeding programs in ICARDA, and the national program, human capital in barley breeding, total area planted with barley, percentage of area planted with new varieties of barley, yield advantage of improved variety, and barley price,

In this study conventional plant breeding is defined as the type of breeding where all selection and part of the yield testing take place in research stations, while, final stages of yield testing take place in farmer fields. On the other hand, participatory plant breeding is defined as the type of breeding in which the selection and the yield testing are conducted jointly by breeders and farmers in farmers' fields. At each cycle the opinion of the farmers determines which material is promoted to the next cycle (Mangione et al., 2005). Except for planting, breeders managed the experiments on research station, while the farmers managed those in farmers’ fields.

      Three groups of farmers with respect to their participation were interviewed in the farm survey conducted in 2004-2005 season; participant farmer is the farmer who host one or more trials in his field; evaluator farmer is one of the neighboring farmers who participate in the selection; and non-participant farmer. Each participant farmer made the selection in farmers’ field and in the research stations. The professional breeders selected in each farmer's field and in the research stations. Evaluators, group of neighboring farmers, also made selection.     

The farm survey conducted in seven provinces in Syria, Aleppo, Idleb, Hama, Hassaka, Raqqa, Daraa and Swaida. These are the areas of barley production, and where the participatory barley breeding program took place. The survey was conducted of 168 farmers, 56 farmers of each group specified above.

3. Barley production in Syria

       Barley is an important crop in Syria; it is the principal feed crop for sheep, which are the area major enterprise for farming communities in marginal areas. Barley straw is also used as animal feed. In addition, it is used for animal bedding. Malting barley, the second largest use after feed, is grown as a cash crop. Barley planted area is over 2 million hectares with little use of improved varieties. It covers a wide range of barley growing environments with average annual precipitation range between 200 and 350 mm. At wet area and fertile soil, favorable environment, farmers can obtain up to 5 t ha-1 of barley grain in a good season and use of fertilizer. At the driest part, soils are generally poor, input levels are low, and grain yields vary from nothing to 1.5 t ha-1. National average barley grain yields are low at 0.65 t ha-1 (Ceccarelli et al., 2001). Most of the barley is grown in a low input risky environment, marginal environment, with barley as the common rainfed crop with limited choice of alternative crops and cropping systems.  

     The experiments locations represent a range of climatic conditions from wet to dry. Trails were located in 25 villages across Syria. Participating farmers are representing different levels of literacy (illiterate to college scholar), of farm sizes (from 1ha. To 200 ha.), of family size (from 1 person to 35 people), of income, differences in the importance of barley in the production system, and different types of farming systems with respect to the interaction between crops and livestock production.      

3.1 Farm Size and Land Tenure 

     The farm sizes of the surveyed farmers were different among farms in the same location, as well as between farms in the seven provinces covered by the project. Farm size for the surveyed farmers ranged between 7 and 70 ha in Aleppo, 9 and 38 ha. in Edlib, 1 and 20 ha in Hama, less than one ha. and 120 ha. in Hassakeh, 4 and 120 ha. in Raqqa, 5 and 200 ha. in Daraa and 2.5 and 84 ha. in Swieda. The largest farm size of 200 hectare was in Daraa. While the smallest farm size was in Hassaka, it was less than a hectare. The average farm size was greater in Raqqa than that in the other provinces, and it was the smallest in Edlib. It is clear that the average size of the farms in the favorable area, Edlib and Hama, are smaller than those in the harsh environment area. The widest range of farm size was in Daraa and the narrowest range was in Hama (Table 1).

      Areas planted with barley were varied among provinces too, even though the largest farm was in Daraa, the largest single area panted with barley was in Raqqa, it was around 74 ha. Meanwhile, as Raqqa had the largest average farm size it had the largest average barley planted area of 23ha, and Edlib had the smallest average barley planted area of almost 1.7 ha. In many provinces minimum barley planted area was equal to zero, the reason for that was because many farmers grow barley every other year or some do not grow barley during this season for climatical reason. The wider variation in barley planted area was in Raqqa on the other side Edlib had the least variation. 

Table 1. Average Farm Size and Average Barley Planted Area for Interviewed Farmers for                                                               2005 Season in Syria.

	Province
	Farm Size

(Hectare)


	Barley Planted Area

(Hectare)

	
	Average
	Maximu
	Minimum
	Variance
	Average
	Maximu
	Minimum
	Variance

	Aleppo
	24.0
	70.0
	7.0
	51666
	10.6
	35.0
	0.0
	9531

	Edlib
	9.4
	37.8
	9.4
	10949
	1.7
	4.0
	0.0
	117

	Hama
	10.1
	20.0
	1.0
	2475
	3.1
	10.0
	0.6
	530.9

	Hassaka
	21.7
	120.0
	0.7
	62840
	8.7
	60.0
	0.0
	21770

	Raqqa
	37.8
	120.0
	4.0
	108989
	23.0
	74.0
	2.0
	45170

	Daraa
	31.4
	200.0
	5.0
	318470
	5.9
	40.0
	0.0
	15063

	Sweida
	26.9
	84.0
	2.5
	43301
	8.3
	21.0
	0.0
	4864

	Total
	23.0
	93.1
	4.2
	85527
	8.7
	34.9
	0.4
	13864


      Barley planted area was less than 20% of the total farm area for the surveyed farmers in Edlib and Daraa. Whereas, it formed about one third of the total farm area in Hama, little less than that in Swieda and little more than that in Hassakeh. Raqqa had the highest percent of barley planted area, 62% of the total farm area. In Aleppo, barley planted in 40% of the total farm area of the surveyed farmers (Table 2).        

          Table 2. Total Farm Area and Barley planted Area for the Surveyed Farmers 

	Province
	Total Farm Area
	Total Barley Planted Area

	
	Area (ha)
	Area (ha)
	%

	 Aleppo
	447
	179.5
	40.2

	 Edlib
	198
	35.4
	17.9

	 Hama
	250.6
	82.9
	33.1

	 Hassakeh
	519.7
	200.2
	38.5

	 Raqqa
	747.8
	465.5
	62.2

	 Daraa
	313.5
	53
	16.9

	 Swieda
	463.8
	140.9
	30.4


  Farmers owned all of the surveyed farms land in Edlib and Daraa, and, farmers owned Almost 90% of the land in the surveyed farms in Swieda. In Aleppo 80% of the land were owned by the farmers. The interviewed farmers in Hama and Raqqa owned more than 76% of the farmland. And finally, Hassakeh farmers owned no less than 60% of their farm land (Table 3). On average around 17% of the land in the study area were rented land. Most of the farmers cultivate their own land only. 19% of the farmers cultivated rented land in addition to their own land, about half of them rented area equal to or more than what they own. Only 3% of the interviewed farmers cultivated rented land only. Share- cropping is the common practice in Aleppo, Raqqa and swieda. Whereas, in Hama and Hassakeh there are two systems, either share-cropping or paying rent. The share of the land- owner ranges between 20% to 25% of the production if he does not share any expenses, or it ranges between 40% to 60% of the production if he pays the same share from the cost. In Hassakeh the rent ranged between 250 and 2000 S.L./ ha. While in Hama it ranged between 500 and 13000 S.L./ ha.

Table 3. Total Farm Land, Owned Land and Rented Land for Surveyed Farmers.

	Province
	Total Farm

Area (ha)


	Total Owned Land
	Total Rented Land

	
	
	Area (ha)
	%
	Area (ha)
	%

	 Aleppo
	447
	360
	80.5
	87
	19.5

	 Edlib
	198
	198
	100.0
	0
	0.0

	 Hama
	250.6
	192.5
	76.8
	58.1
	23.2

	 Hassakeh
	519.7
	315.7
	60.7
	204
	39.3

	 Raqqa
	747.8
	570.8
	76.3
	177
	23.7

	 Daraa
	313.5
	313.5
	100.0
	0
	0.0

	 Swieda
	478.8
	429.2
	89.6
	49.6
	10.4


3.2 Cropping System

      Field crops including wheat, barley, cumin, and legumes and trees are the main cultivars grown in the rainfed area. Field crops were considered the dominant crops in the area; in the surveyed farms more than 80% of the land was cultivated with field crops. Wheat was cropped in all locations; it was grown in 33.1% of the land covered by the survey. Barley too was grown in all locations with different intensity levels; in Al-Jazira barley covered most of the land, while in other provinces it covered less land. Over all barley covered 39.8 % of the surveyed area. Cumin can be grown in marginal environment, and this is why it became popular in these areas, around 6-9% of the land in Aleppo and Edlib, respectively was planted with cumin. Legume were grown in many locations and covered about, 5.3% of the area (Table 4).   

      The number of trees planted for commercial purposes was increased in several provinces. Olives, grapes and pistachios were the most common trees in these areas; they covered about 5% of the cultivated land. However, the number of trees in Al-Jazira area was limited and only grown for family consumption. About 3% of the surveyed area was irrigated and 12% was follow.

       Raqqa and Hassakeh took the first place in growing cereal crops, more than 86% of the surveyed area in these two provinces was planted with wheat and barley. Most of the left area was follow. Edlib and Swieda were the first two provinces in growing legumes, around 13% of the surveyed farm area in these two provinces was planted with legumes including lentil and chickpea. About 22% of the land in edlib and Hama was planted with olive and pistachio trees. More than 23% of the surveyed area in Daraa was under follow. While Hama has the highest percent of irrigated land.   

Table 4. Crops cultivated by surveyed farmers during 2004/2005 season

	    Province
	Aleppo
	Edlib
	Hama
	Hassakeh
	Raqqa
	Daraa
	Swieda

	Crop
	Area
	%
	Area
	%
	Area
	%
	Area
	%
	Area
	%
	Area
	%
	Area
	%

	Barley
	2040.
	45.6
	370
	18.7
	834
	32.6
	2012
	38.6
	4290
	62.1
	800
	21.7
	1139
	28.3

	Wheat
	1233.
	27.6
	543
	27.4
	271
	10.6
	2518
	48.3
	1750
	25.3
	1386
	37.6
	1843
	45.8

	Cumin
	272.0
	6.1
	197
	8.7
	82
	3.2
	0
	0.0
	150
	2.2
	0
	0.0
	0
	0.0

	Legume
	340.0
	7.6
	264
	13.3
	170
	6.7
	78
	1.5
	0
	0.0
	150
	4.1
	520
	12.9

	Olive
	110.0
	2.5
	400
	20.2
	352
	13.8
	0
	0.0
	48
	0.7
	129
	3.5
	5
	0.1

	Pistachio
	4.0
	0.1
	40
	2.0
	247
	9.7
	0
	0.0
	15
	0.2
	20
	0.5
	0
	0.0

	Grape
	0.0
	0.0
	5
	0.3
	81
	3.2
	3
	0.0
	0
	0.0
	65
	1.8
	3
	0.1

	Follow
	475.0
	10.6
	109
	5.5
	377
	14.7
	335
	6.4
	655
	9.5
	869
	23.6
	581
	14.4

	Irrigated
	63.0
	1.4
	39
	2.0
	210
	8.2
	279
	5.4
	0
	0.0
	200
	5.4
	0
	0.0

	Total Farm Area
	4470.
	100.0
	1980
	100.0
	2556
	100.0
	5212
	100.0
	6908
	100.0
	3685
	100.0
	4028
	100.0


3.3.Livestock Production 

      Small ruminants are commonly breed in the area of barley production, with barley being the main sources of feed. Sheep and goats are mainly grown for meat and dairy production. More than 78% of the surveyed farmers in Al-Jazira area adopted the crop- livestock system. While only 40% of the farmers in the other provinces adopted this system. In Raqqa province 100% of the surveyed farmers breed sheep and about two- third of them breed goads in addition to the sheep. Some of the surveyed farmers were breeding milk cows in very limited numbers (Table 5). No farmer breed cows in Raqqa, while in Daraa half of the interviewed farmers breed cows, only 10% of them breed sheep and no one of them breed goats.

Table 5. Total Number of Animals Owned by Farmers and % of Farmers owned them.

	Ownership
	Percentage of Farmers

Owned Livestock (%)
	Total Number of Animals owned by Farmers (head)

	Province
	Sheep
	Goats
	Cows
	Sheep
	Goats
	Cows

	Aleppo
	65
	35
	6
	436
	63
	3

	Edlib
	29
	24
	0
	615
	16
	0

	Hama
	52
	30
	7
	255
	37
	4

	Hassakeh
	68
	68
	18
	877
	132
	11

	Raqqa
	81
	57
	14
	868
	80
	24

	Daraa
	10
	0
	50
	35
	0
	17

	Swieda
	35
	12
	12
	169
	25
	14


3.4  Barley cropping practices

Land preparation in the rainfed barley production depends on soil characteristics, the previous crop and farmer’s financial condition. Barley was preceded by barley, legume, or fallow. Field preparation usually started in summer one month after harvesting, after sheep have grazed grain and straw left in the field. For barley preceded by barley or lentils, the first tillage takes place in July/August and the second tillage applied in October/November shortly before planting, whereas for barley preceded by fallow the first tillage is in April, the second is the same as before in July/August, and a third tillage is before planting. Mechanical land preparation is the most common practice for all barley producers. However, barley planting could be mechanical or manual depends on the location, since most of the planting in Dara’a and Swaida was manual. Machinery rents and intensity of land preparation were different according to the kind of operation and location. 

      Seed rate of barley is significantly different among the different locations, it ranged between 40 kg/ha and 250 kg/ha (Table 6). On average the highest seed rate appeared in Hama while the lowest seed rate appeared in Daraa. Seed rates used by participant farmers were in many locations lower than that of the non-participant farmers. Farmers who plant their field mechanically clean their seeds, and some of them treat the seeds before planting. Most of the farmers in Aleppo, Edlib, Hama, Hassakah, and Raqqa clean their seeds before planning; about 70% of the farmers in Swaida and 55% in Daraa clean their seeds. More than 85% of the farmers in Edlib treat their seeds before planting; almost half of the farmers in Hama, Hassakeh and Raqqa treat their seeds. However, more than two-third of the farmers in Aleppo and Daraa do not treat their seeds. 

Table 6. Seed Rates for Different Farmers Groups.            

	PROVINCE
	Seed Rate (Kg/donem)

	
	Participant farmers
	Evaluator farmers
	Non-participant farmers

	ALEPPO
	18.7
	18.6
	17.5

	EDLIB
	26.5
	22.8
	23.6

	HAMA
	16.5
	16.8
	16.8

	HASSAKEH
	16.3
	15.5
	17.2

	RAQQA
	18.9
	20.0
	19.8

	DARAA
	             6.0
	  4.7
	  8.4

	SWIDA
	 8.4
	  5.6
	  4.2

	TOTAL
	           15.9
	14.9
	15.3


Farmers planted two types of barley seeds, white seeds and black seeds, two-row black seeds named Baladi Aswed were mainly grown in Al-Jazira area and two-row white seeds named Baladi Abiad were grown in other areas. All interviewed farmers in Hassakeh, Swiada and Daraa planted only these local landraces barley seeds; in the remaining provinces, in addition to the landraces, farmers planted some officially released improved varieties such as Furat1, Furat2, Furat3 and Arta or ICARDA’s not yet officially released barley lines such as Zanbaka (Table 7). Zanbaka was distributed to PPB farmers as a compensation for the use of their land in the project, and since then, there are five thousand hectares planted with this line in many provinces. Some of the released varieties have been adopted by farmers through the use of these varieties as checks in the PPB experiments.    

Table 7. Barley varieties grown in surveyed farms in different provinces.    

	Province
	Percentage of Farmers Growing Barley Varieties (%)

	
	Arabi aswed
	Arabi abiad
	Arta
	Zan-baka
	Fu-rat1
	Fu-

raf2
	Fu-

rat3
	Har-

Mel
	Suran
	Nawa-ier
	ICARDA

Variety
	Total

	Aleppo
	47
	21
	6
	16
	
	5
	5
	
	
	
	
	100

	Edlib
	
	67
	13
	
	4
	8
	
	
	
	
	8
	100

	Hama
	32
	
	8
	
	
	5
	14
	13
	3
	11
	14
	100

	Hassakeh
	100
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	100

	Raqqa
	35
	45
	10
	10
	-
	-
	-
	-
	-
	-
	-
	100

	Darra
	-
	100
	-
	-
	-
	-
	-
	-
	-
	-
	-
	100

	Swaida
	-
	100
	-
	-
	-
	-
	-
	-
	-
	-
	-
	100

	Average
	31
	37
	7
	6
	
	3
	4
	3
	1
	3
	5
	100


Farmers used fertilizers in barley production. However, this use is subject to the farmers’ expectation on rainfall during the growing season. This expectation affect the number of applications and the kind and amount of fertilizer applied during that season. Most of the farmers applied fertilizers at planting time mixed with seeds and this prevented farmers from paying fertilizer application cost. The second application took place in spring. It was done either mechanically or manually depends on the size of the field and the availability of machinery. Super phosphate and nitrogen fertilizers were used in the first application at planting. In spring only nitrogen fertilizer applied. All the farmers in Edlib applied fertilizers twice during the season; most of the farmers in Alippo, Hama and Raqqa applied fertilizers at planting and some of them applying it in spring. Only 30% of the interviewed farmers in Hassakeh applied fertilizers at planting, none of them applied it in spring. In Daraa, 22% of the surveyed farms used fertilizer twice a year. None of the interviewed farmers of Swaida used fertilizer in barley production.

     Pest and Weed control in barley production varied greatly among the different location. In Hassakeh none of the interviewed farmers applied any pest or weed control. In  Daraa and Swaida about 10% of the farmers used pest and weed control. In Aleppo 18% of the farmers used herbicides only, While in Raqqa about 21% used Pesticides and only one farmer used herbicides. More than 85% of Edlib interviewed farmers used pesticides and only 14% used herbicides. Herbicides applied by 40% of Hama interviewed farmers, while, only 7% of them applied pesticides. 

      The harvesting of barley is totally mechanized except the farms in Daraa and Sawida it is done manually. A rented combine harvester is usually used to do it. Harvesting could be paid in percent of product, and this included packaging and transportation of the bags to farmer’s house. The percent ranged from 6% to 8% of grain yield. In some locations the cost of harvesting did not include any costs other than the cost of the combine. Packaging, loading, transportation and unloading costs were paid separately, or it could be paid per unit of land. Rent of combine varied between 50-100 SL per donum*. Barley was mechanically harvested in Aleppo, Edlib, Hassakeh and Raqqa. On the other hand, most of the farms in Darra and Swaida were manually harvested in addition to some farms in Hama. The fee for mechanically harvested unit of land was the lowest in Aleppo and the highest in Edlib.       

      The post harvesting services included chemical treatment to reduce after harvesting losses of seed grain and packaging. About two third of the interviewed farmers in Edlib treated their grain, whereas; about one quarter only of Aleppo and Hama’s interviewed farmers treated their grain. No more than 12% of Hassakeh and Swaida’s surveyed farmers treated their grain; none of the farmers in Raqqa and Daraa treated their grain except one farmer in Raqqa. Regardless of the location, most of the interviewed farmers packaged their production of barley; some of them used plastic bags because it is cheap even though it is not durable it costs only 10 SL per bag, others used second hand ----- bags since it costs 15-30 SL per bag, the rest of them used new -----bags, it costs 50 SL per bag. 

3.5 Enterprise Budgets:

     Compared to other crops, barley production is relatively low input and can take place in marginal environment. To estimate farmers’ costs of barley production in the study area, data collected through interviewing farmers were used. The costs of producing barley in each province were estimated separately in order to see the cost differences among these locations. Since the interviewed farmers were three groups, participant farmers, evaluator farmers and non-participant farmers in the participatory plant breeding program, the costs for each group were estimated separately in addition to a fourth group that included all the farmers together. The estimated data represents average costs (only variable cost were included) and returns for all respondents in the sample. These budgets showed that average cost of barley production in Edlib was the highest compared with the other locations; on average it was 10143 SL on the contrast average total cost of barley production in Daraa was the lowest, it was 2459 SL. The variation among these costs was so high; the production costs in Edilb was more than four times the costs of production in Daraa. Production costs in Hama was the second highest one, 7461 SL, the average costs in Aleppo, Raqqa, Hassakeh and Swaida were 5588 SL, 5406 SL, 4145 SL and 3958 SL respectively. It is not clear which of the three farmer groups has the highest average cost. Participant farmers in Aleppo, Edlib and Swaida had the highest average costs than the other two groups, whereas, in Hama and Hassakeh evaluator farmers had the highest costs; non-participant farmers in Raqqa and Daraa had the highest average costs compared to the others.
         Clearly, these budges vary considerably with respect to specific cost items, which is most likely due to different levels of input use and different operation costs in different locations. For Aleppo, Edlib, Hama, Hassakeh, Raqqa and Daraa farmers’ material input costs were higher than operation costs for the three groups of farmers, they accounted for more than 60% of the total cost except for Hama and Daraa farmers it was close to 50% of the total cost (Table 8). Seeds, harvesting and nitrogen fertilizer costs were the first three highest cost items for all groups of farmers in Aleppo, Edlib, Hama and Raqqa. For the farmers in Hassakeh, seeds, harvesting and plowing costs were the highest three cost items. The three groups of Swaida farmers and the evaluator farmers in Daraa had operation costs higher than material input costs, it accounted for more than 70 % of the total costs. In Daraa, seeds, plowing and harvesting costs were the highest costs items respectively; while for Swaida farmers, harvesting, plowing and seeds costs were the highest cost items. Harvesting, only, accounted for near 50% of the total cost for the three groups of farmers in Swaida and this is due to manual harvesting (Appendix A, Tables 1- 7). 

      The enterprise budgets indicated that barley average yield ranged from a high of 2.63 tons per hectare to a low of zero for the different groups of farmers in different locations. However, many farmers achieved significantly higher yields. Average yields varied considerably across provinces and groups. It was not clear which of these groups produced higher average yield, because participant farmers, for example, achieved the highest yield in one location and the lowest in another, and this was applicable to the other groups. Yield varied greatly, depend on the variety planted. For example, participant farmers may grow local landrace variety, PPB or CPB variety. This is true for the other groups of farmers. Average yields for farmers in Hassakeh, Daraa and Swaida were lower than those for farmers in other provinces due to the nature of marginal environments of these provinces. Farmers with low yield resulted from hard climatical condition don’t harvest their field in order to save the harvesting cost and rent the field for grazing. In this case grazing will be the only return they get.                

Table 8. Average Production Cost, Average Yield, Average Total and Net Returns for All Groups of Farmers.
	ROVINCE
	Non-Participant Farme
	   Evaluator Farmer
	  Participant Farmer
	      All Farmers

	
	Total Costs
	Percent
	Total Costs
	Percent
	Total Costs
	Percent
	Total Costs
	Percent

	
	S.L./Hacter
	%
	S.L./Hacter
	%
	S.L./Hacter
	%
	S.L./Hacter
	%

	ALEPPO

	     Operation
	2317.3
	44.1
	1770.4
	33.1
	2136.4
	36.0
	2071.2
	37.1

	     Material Inputs 
	2940.3
	55.9
	3576.6
	66.9
	3804.7
	64.0
	3512.0
	62.9

	     Total Expense
	5257.5
	100.0
	5347.0
	100.0
	5941.1
	100.0
	5583.2
	100.0

	     Yield (kg/ha)
	2050
	
	1176
	
	1202.5
	
	1394.1
	

	     Total returns (SL/ha)
	21725
	
	12680
	
	16772.9
	
	15448.5
	

	     Net Returns (SL/ha)
	16467.5
	
	7333.0
	
	10831.8
	
	9865.3
	

	 EDLIB

	     Operation
	3503.0
	37.2
	4086.0
	39.5
	3763.1
	36.0
	3831.8
	37.8

	     Material Inputs 
	5916.9
	62.8
	6268.8
	60.5
	6689.1
	64.0
	6311.6
	62.2

	     Total Expense
	9419.9
	100.0
	10354.7
	100.0
	10452.2
	100.0
	10143.3
	100.0

	     Yield (kg/ha)
	2509.0
	
	2625.0
	
	2549.0
	
	2550.0
	

	     Total returns (SL/ha)
	25147.0
	
	31696.0
	
	29353.0
	
	28620.0
	

	     Net Returns (SL/ha)
	15727.1
	
	21341.3
	
	18900.8
	
	18476.7
	

	 HAMA

	     Operation
	3563.0
	49.6
	4538.0
	59.6
	3445.0
	48.3
	3722.9
	49.8

	     Material Inputs 
	3626.0
	50.4
	3078.6
	40.4
	3682.0
	51.7
	3747.9
	50.2

	     Total Expense
	7189.0
	100.0
	7616.6
	100.0
	7127.0
	100.0
	7470.8
	100.0

	     Yield (kg/ha)
	1523.8
	
	1916.6
	
	2008
	
	1852.6
	

	     Total returns (SL/ha)
	18171.9
	
	21286.7
	
	21983
	
	20763.4
	

	     Net Returns (SL/ha)
	10982.9
	
	13670.1
	
	14856.0
	
	13292.6
	

	 HASSAKEH

	     Operation
	1531.7
	40.8
	1868.0
	40.7
	1650.0
	40.2
	1680
	40.5

	     Material Inputs 
	2226.7
	59.2
	2717.5
	59.3
	2453.1
	59.8
	2464.5
	59.5

	     Total Expense
	3758.4
	100.0
	4585.5
	100.0
	4103.2
	100.0
	4144.5
	100.0

	     Yield (kg/ha)
	750
	
	1385
	
	956.3
	
	1023
	

	     Total returns (SL/ha)
	10348.3
	
	14060.0
	
	10911.9
	
	11687.3
	

	     Net Returns (SL/ha)
	6590.0
	
	9474.5
	
	6808.8
	
	7542.8
	

	 RAQQA

	     Operation
	1736.6
	30.2
	1390.5
	28.9
	1803.5
	33.8
	1745.1
	32.3

	     Material Inputs 
	4010.4
	69.8
	3425.0
	71.1
	3536.6
	66.2
	3661.3
	67.7

	     Total Expense
	5747.0
	100.0
	4815.5
	100.0
	5340.1
	100.0
	5406.4
	100.0

	     Yield (kg/ha)
	1108.0
	
	1150.0
	
	1307.0
	
	1242
	

	     Total returns (SL/ha)
	12661.0
	
	12727.5
	
	15524.3
	
	14440
	

	     Net Returns (SL/ha)
	6914.0
	
	7912.0
	
	10184.2
	
	9033.6
	


	DARAA

	     Operation
	1538
	49.1
	1533.3
	72.0
	896.5
	43.3
	1365.0
	55.5

	     Material Inputs 
	1594.0
	50.9
	596.7
	28.0
	1173.0
	56.7
	1093.6
	44.5

	     Total Expense
	3132.0
	100.0
	2130.0
	100.0
	2069.5
	100.0
	2458.6
	100.0

	     Yield (kg/ha)
	450
	
	107
	
	0
	
	234
	

	     Total returns (SL/ha)
	9550.0
	
	6756.7
	
	5000.0
	
	7547.0
	

	     Net Returns (SL/ha)
	6418.0
	
	4626.7
	
	2930.5
	
	5088.4
	

	 SWAIDA

	     Operation
	2695.0
	78.0
	3461.0
	82.7
	3527.0
	83.4
	3227.7
	81.6

	     Material Inputs 
	762.0
	22.0
	724.0
	17.3
	704.0
	16.6
	730.0
	18.4

	     Total Expense
	3457
	100.0
	4185.0
	100.0
	4231
	100.0
	3957.7
	100.0

	     Yield (kg/ha)
	600.0
	
	547.0
	
	814.0
	
	697.9
	

	     Total returns (SL/ha)                     
	10940.0
	
	10818.0
	
	15144.0
	
	11990.0
	

	     Net Returns (SL/ha)
	7483.0
	
	6633.0
	
	10913.0
	
	8032.3
	


The value of barley grain and either the value of straw or the rent of the field for grazing were the components of total return in the enterprise budgets. Total returns ranged from 5000 SL/ha to more than 31000 SL/ha depend on grain yield, straw yield or field rent and prices. Edlib farmers registered the highest returns among the other provinces farmers. Whereas Daraa’ farmers had the lowest total returns. Net returns are the difference between total returns and total expenses. In other word, it is what is left to farmers after covering all the production expenses. It ranged between 21341 SL/ha in Edlib and 2931 SL/ha in Daraa. Many farmers achieved significantly higher net returns. 

4. Participatory Plant Breeding Program

     The method of plant breeding used in Syria is a bulk-pedigree, in which the crosses are prepared on station, where the F1 and the F2 are grown. Then, three years of yield testing and selection of the bulk breeding material take place (fig.1). The yield testing begin with unselected F3 bulks in trials called Barley initial trials (BIT) in the conventional program and Farmer Initial Trials (FIT) in the participatory program. The field-testing of the selected F4 bulks takes place in trials called Barley Preliminary Trials (BPT) in the conventional and Farmer Advanced Trials (FAT) in the participatory program. This will be followed by the field testing of the selected F5 bulks in trials called Barley Advanced Trials (BAT) and Farmers Elite Trials (FET) in the two programs, respectively.

     BIT, BPT, and BAT are grown only on research stations while FIT, FAT, and FET are grown in farmers’ fields. The activities in farmers’ fields begin with the FIT, which are unreplicated trials with 200 plots of 12m2: these contain 170 entries plus one or two checks repeated 30 times. The breeding material selected from the FIT are tested for second year in the FAT with a number of entries and checks that very from village to village and from year to year. The plot size in the FAT is 45m2 to produce enough seed on farm to plant the selected entries on larger plots size in the third 
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                    Fig 1. The two plant breeding programs implemented in Syria.
     One of The most important advantages of PPB is associated with reversing the delivery phase of a plant breeding program. The most promising lines in the conventional program are released as varieties, their seed is produced under controlled conditions (certified seed) and only then do farmers decide whether or not to adopt them. In many developing countries this process results in many varieties being released and only a small fraction are being adopted. In this case, the considerable investment made in developing this variety and in producing its seed has no benefit. With PPB it is the initial farmers’ adoption, which drives the decision of which variety to release. As a consequence, adoption rates are expected to be higher, and risk is minimized, as intimate knowledge of varietal performance is gained as part of the selection process. Last but not least, the institutional investment in seed production is nearly always paid off by farmers’ adoption.      
5. Farm-Level Effects of Participatory Plant Breeding Varieties

     The effects of the participatory plant breeding varieties on the cost and income of barley production at the individual farm level are analyzed by comparing enterprise budgets for farmers growing PPB varieties and participate in the participatory barley breeding program with enterprise budgets for farmers producing local landrace variety and do not participate in the program. The new varieties assumed changes in some inputs and production factors. Thus, the evaluation of farm-level impacts consists of estimating not only the effects of a new variety on crop yield, but also its effect on the cost of production.

     To estimate the enterprise budget, only variable costs are included because the fixed costs are assumed to be the same for the two varieties (landrace and new variety). According to the survey, the price of new variety’s seeds is one to one and a half Syrian Pound more than the price of the landrace seeds, thus, the farmer who adopt a new variety would face at least 10% increase in seed costs for the same seed rate, depending on the price of the landrace varieties. On the other hand, since the new variety will increase the barley yield, harvesting and post-harvesting costs will increase. This includes the harvesting cost that charged as percentage of yield, grain treatment cost, packaging cost and packaging material costs. In addition, farmers who participate in the program will pear opportunity cost for the time they spent in the program. This cost depends on the kind of involvement, as a participant farmer or as an evaluator only. The participant farmer will spend on average 7-10 days during the season through their involvement in the program depend on the province, whereas the evaluator farmers will spend on average 1-3 days (Table 9). Some farmers stated that they spent up to 15 days during the season; the wage rate is considered to be 250 SL per day to Account for their involvement cost. This cost will be divided by the area planted with barley by the farmer to get the farmer’s involvement cost per unit of land.   

Table 9.  Average Number of Days Farmers Spent in Participatory Plant 

Breeding Program.                        

	Province
	Participant farmer
	Evaluator Farmer

	
	Average Number of Days
	   Average Number of Days

	Aleppo
	9
	2

	Edlib
	9
	2

	Hama
	10
	3

	Hassakeh
	7
	1

	Raqqa
	8
	1

	Daraa
	7
	2

	Swaida
	8
	2


The analysis showed that barley production costs per unit of land for participant farmers were higher than the costs for non-participant farmers, They were 12-20% higher in three province, Edlib ,Hama and Raqqa, whereas for Aleppo it was more than 47% higher. This is due to the low cost for the non-participant farmers in Aleppo compared to the participant farmer’s cost (Table 10). 

     Comparing seeds, harvesting, post harvesting and participation costs for the two groups of farmers, it was clear that participant’s costs were higher than the non-participants costs in all provinces with some exceptions. Participant farmers in all locations peered additional costs for their participation in the program ranged between 327 and 1270 SL/ha; the variation in these costs was a result of the variation in area planted with barley in addition to the variation in average number of days spent in participation. In Aleppo, harvesting cost was 22% higher for participant farmer than the non-participant, whereas post harvesting costs were 70% higher and seeds cost was only 13% higher. For Edlib farmers, harvesting cost for participants was 52% higher than the non-participant’s cost, on the contrast, post harvesting services and packaging were 10% lower for the participants and seeds costs were similar for the two groups. Harvesting cost for non-participant farmers in Hama was higher than that of the participant by 30% and this was a result of manual harvesting by some farmers, it is more expensive than mechanical harvesting. However, manual harvesting does not incur post harvesting services costs since these services were covered by the harvesting cost. It follows that post harvesting costs for participant farmers would therefore be 278% higher than the non-participant costs. Seeds cost was 19% higher. For Raqqa farmers harvesting, post harvesting and seeds costs were higher for participant farmers than those of the non-participants by 29,49 and 4% respectively. Farmers who adopt the PPB variety will experience yield gain in all locations, it ranged between 15% in Edlib and 89% in Hama. Aleppo farmers would get 30% yield gain while Raqqa farmers would get 41% higher (Table 10-11). 

      Given the expected yield gain and the low increase in variable costs, a 0.2 % decrease in cost per metric ton is expected for Edlib farmers, and as much as 36% and 19% for Hama and Raqqa farmers respectively. However, Aleppo farmers experience a 13.5% increase in the cost per metric ton.

Table 10. Farm Level Analysis for Barley Production Costs and Returns in Aleppo.

	Item
	Non- Participatory
Farmers
	Participant Farmers 


	
	Total Costs
	Percent
	Total Costs
	Percent

	INPUTS
	SL/Ha.
	%
	SL/Ha.
	%

	   Operation
	
	
	
	

	       Plowing 
	733.3
	15.5
	933.3
	13.3

	       Sowing
	183.3
	3.9
	100.0
	1.4

	       Seeds Cleaning & Treatment
	75.0
	1.6
	96.7
	1.4

	       Fertilizer Application
	41.7
	0.9
	111.7
	1.6

	       Pesticide & Herbicide Application
	0.0
	0.0
	83.3
	1.2

	       Harvesting
	716.7
	15.1
	875.0
	12.5

	       Post Harvesting seed Treatment
	25.0
	0.5
	33.3
	0.5

	       Packing
	180.0
	3.8
	234.0
	3.3

	       Opportunity Cost of Participation
	0.0
	0.0
	708.3
	10.1

	       Subtotal
	1955.0
	41.2
	3175.6
	45.4

	   Material Inputs (kg)
	
	
	
	

	       Seeds
	1433.3
	30.2
	1623.3
	23.2

	       Fertilizer:  Nitrogen
	616.7
	13.0
	1007.5
	14.4

	                       Phosphorus
	466.7
	9.8
	670.8
	9.6

	       Seeds Treatment
	0.0
	0.0
	58.3
	0.8

	       Pesticide & Herbicide
	0.0
	0.0
	112.3
	1.6

	       Bags
	270.0
	5.7
	351.0
	5.0

	       Subtotal
	2786.7
	58.8
	3823.3
	54.6

	   Total Expense
	4741.7
	100.0
	6998.9
	100.0

	RETURNS
	
	
	
	

	   Yield
	1500.0
	
	1950.0
	

	   Return from Grain 
	12250.0
	
	18200.0
	

	   Return from Straw 
	2133.0
	
	4106.7
	

	   Total Returns to Farm 
	14383.0
	
	22306.7
	

	   Net Return
	9641.3
	
	15307.8
	

	 COST PER TON OF GRAIN
	3161.1
	
	3589.2
	


Table 11. Farm-Level Analysis for Barley Production Costs and Returns in Edlib.

	Item
	Non- Participatory
Farmers
	Participant Farmers 


	
	Total Costs
	Percent
	Total Costs
	Percent

	INPUTS
	SL/Ha.
	%
	SL/Ha.
	%

	   Operation
	
	
	
	

	       Plowing 
	1091.7
	11.2
	1012.5
	9.0

	       Sowing
	350.0
	3.6
	325.0
	2.9

	       Seeds Cleaning & Treatment
	92.5
	0.9
	46.3
	0.4

	       Fertilizer Application
	191.4
	2.0
	162.5
	1.4

	       Pesticide & Herbicide Application
	90.0
	0.9
	193.8
	1.7

	       Harvesting
	1321.4
	13.6
	2018.8
	18.0

	       Post Harvesting seed Treatment
	223.6
	2.3
	156.3
	1.4

	       Packing
	312.9
	3.2
	410.0
	3.7

	       Opportunity Cost of Participation
	0.0
	0.0
	1270.8
	11.3

	       Subtotal
	3673.5
	37.7
	5595.8
	49.9

	   Material Inputs (kg)
	
	
	
	

	       Seeds
	2259.2
	23.2
	2250.0
	20.0

	       Fertilizer:  Nitrogen
	1811.3
	18.6
	1434.4
	12.8

	                       Phosphorus
	1082.9
	11.1
	800.0
	7.1

	       Seeds Treatment
	236.7
	2.4
	431.3
	3.8

	       Pesticide & Herbicide
	121.7
	1.2
	251.3
	2.7

	       Bags
	554.2
	5.7
	412.5
	3.7

	       Subtotal
	6065.8
	62.3
	5579.4
	50.1

	   Total Expense
	9739.3
	100.0
	11175.2
	100.0

	RETURNS
	
	
	
	

	   Yield
	2489.0
	
	2860.0
	

	   Return from Grain 
	23338.0
	
	27900.0
	

	   Return from Straw 
	1833
	
	2563
	

	   Total Returns to Farm 
	25171.7
	
	30462.5
	

	   Net Return
	15432.4
	
	19327.3
	

	 COST PER TON OF GRAIN
	3912.9
	
	3907.3
	


Table 12. Farm-Level Analysis for Barley Production Costs and Returns in Hama.

	Item
	Non- Participatory
Farmers
	Participant Farmers 


	
	Total Costs
	Percent
	Total Costs
	Percent

	INPUTS
	SL/Ha.
	%
	SL/Ha.
	%

	   Operation
	
	
	
	

	       Plowing 
	1283.3
	19.6
	1310.0
	16.6

	       Sowing
	218.3
	3.3
	240.0
	3.0

	       Seeds Cleaning & Treatment
	85.0
	1.3
	121.3
	1.5

	       Fertilizer Application
	120.0
	1.8
	79.1
	1.0

	       Pesticide & Herbicide Application
	130.0
	2.0
	70.0
	0.9

	       Harvesting
	1708.3*
	26.0
	1190
	15.1

	       Post Harvesting seed Treatment
	8.3
	0.1
	16.0
	0.2

	       Packing
	100.0
	1.5
	374.6
	4.7

	       Opportunity Cost of Participation
	0.0
	0.0
	743.0
	9.4

	       Subtotal
	3653.3
	55.7
	4144.0
	52.5

	   Material Inputs (kg)
	
	
	
	

	       Seeds
	1387.5
	21.1
	1648.3
	20.9

	       Fertilizer:  Nitrogen
	590.0
	9.0
	850.3
	10.8

	                       Phosphorus
	375.0
	5.7
	451.0
	5.7

	       Seeds Treatment
	126.7
	1.9
	66.0
	0.8

	       Pesticide & Herbicide
	270.0
	4.1
	117.0
	1.5

	       Bags
	158.3
	2.4
	619.6
	7.8

	       Subtotal
	2907.5
	44.3
	3752.1
	47.5

	   Total Expense
	6560.8
	100.0
	7896.1
	100.0

	RETURNS
	
	
	
	

	   Yield
	1012
	
	1911
	

	   Return from Grain 
	9763
	
	18255
	

	   Return from Straw 
	3992
	
	2648
	

	   Total Returns to Farm 
	13754
	
	20903
	

	   Net Return
	7193.2
	
	13007
	

	 COST PER TON OF GRAIN
	6483
	
	4131.9
	


* Harvesting cost is higher because some farmers use manual harvesting.

Table 13. Farm-Level Analysis for Barley Production Costs and Returns in Raqqa.

	Item
	Non- Participant
Farmers
	 Participant Farmers 

	
	Total Costs
	Percent
	Total Costs
	Percent

	INPUTS
	SL/Ha.
	%
	SL/Ha.
	%

	   Operation
	
	
	
	

	       Plowing 
	430.0
	8.0
	562.5
	9.3

	       Sowing
	174.0
	3.2
	162.5
	2.7

	       Seeds Cleaning & Treatment
	48.0
	0.9
	48.8
	0.8

	       Fertilizer Application
	65.0
	1.2
	22.5
	0.4

	       Pesticide & Herbicide Application
	37.3
	0.7
	33.0
	0.5

	       Harvesting
	791.4
	14.6
	1021.4
	16.8

	       Post Harvesting seed Treatment
	16.0
	0.3
	0.0
	0.0

	       Packing
	0.0
	0.0
	0.0
	0.0

	       Opportunity Cost of Participation
	0.0
	0.0
	327.4
	5.4

	       Subtotal
	1561.7
	28.9
	2178.0
	35.8

	    Material Inputs (kg)
	
	
	
	

	       Seeds
	1749.0
	32.4
	1825.0
	30.0

	       Fertilizer:  Nitrogen
	902.0
	16.7
	809.4
	13.3

	                       Phosphorus
	570.0
	10.5
	518.8
	8.5

	       Seeds Treatment
	178.0
	3.3
	103.1
	1.7

	       Pesticide & Herbicide
	75.7
	1.4
	67.0
	1.1

	       Bags
	370.0
	6.8
	575.6
	9.5

	       Subtotal
	3844.7
	71.1
	3898.9
	64.2

	    Total Expense
	5406.4
	100.0
	6076.9
	100.0

	RETURNS
	
	
	
	

	    Yield
	1075
	
	1511.3
	

	    Return from Grain 
	10413.2
	
	14760.0
	

	    Return from Straw 
	1480.0
	
	2897.4
	

	    Total Returns to Farm 
	11893.2
	
	17657.4
	

	    Net Return
	6486.8
	
	11580.5
	

	 COST PER TON OF GRAIN
	5029.2
	
	4050.5
	


Table 14. Percentage Change in Yield and Costs for Participant Farmers Growing 

PPB varieties Compared to Non-participant Farmers Growing Local Varity.

	Item
	Percentage Change / ha.

	
	Yield
	Seeds cost
	Harvesting Cost
	Post Harvesting Costs
	Costs per Metric Ton

	Province
	
	
	
	
	

	Aleppo
	30%
	13%
	22%
	30%
	14%

	Edlib
	15%
	0.4%
	52%
	-10%
	- 0.2%

	Hama
	89%
	19%
	-30%
	278%
	- 36%

	Raqqa
	41%
	4%
	29%
	49%
	- 19%


6.   Potential Market-Level Impact of Participatory Barley Breeding Variety

6.1 Market-level Analysis

Benefits. The economic benefits attributed to barley breeding programs are estimated as the additional production value that results from adoption of new varieties developed by the breeding programs. Three key parameters are needed to calculate this value: (i) the area planted with new varieties; (ii) the productivity gains associated with the adoption of these varieties; and (iii) the price of the crop (Morris et al., 2003). Productivity gains are often expressed in terms of yield per unit land area.

     Gross economic benefit (GEB) model was used to calculate the benefits associated with the new varieties. The GEB formula is (Manyonk et al., 2003):

                                  m   n

                     GEB = ( (( Aj * Iij * Yij * Pij (
                                 j=1 I=1

With

                      Pij  = pij / E

                      Yij = yij - Lij
Where GEB is gross economic benefit, i =barley variety, j = location, A = area planted with new variety (ha), I = percentage of area cultivated to variety i, Y = yield advantage (kg ha-1)   

 P = crop price ($ t-1), y = average farm yield for an improved variety (kg ha-1), L = average farm yield for local variety (kg ha-1), p = crop price in local currency, E = exchange rate of local currency to US $.

Costs. Costs are the time series of investments by the public and private sector in the development of the new variety.  

Investment Performance Indicator. The two most common measures of return on the investment are benefit-cost (B-C) ratio and internal rate of return (IRR). Benefit-cost analysis is a method of comparing the benefits from a project to the costs incurred to conduct the project. The benefits are calculated as the dollar value of benefits received by the users of the research project’s output. The costs are calculated as the sum of direct and indirect costs invested by public and private sector in the development of the technology. The internal rate of return is defined as the interest rate that equates the net present value of benefit and cost flow to zero, as calculated by the equation:

        Σ ——— = 0

Where Bt and Ct are the values of the benefit and cost streams in each time period from    t =1 to n, and r is the interest rate that solves the equation and it is the IRR.

     Since in any project costs occur before benefits, both costs and benefits should be calculated in present value (PV) terms. The value of the benefit-cost ratio may be greater, equal, or less than one. If it was greater than one, this means that the present value of benefits is greater than the present value of costs. This implies that the returns from this project are more than the money invested in it. The IRR is the return to the money invested in the project, which will cover the investment cost and guaranty additional annual percent of return for the use of the money in the meantime. A project is considered profitable if the IRR exceeds the average market interest rate during the life of the project.

6.2 Potential Benefits of Barley Breeding Programs

       The participatory barley breeding program was started in 1996 in seven locations with two trials in each location. The second phase of this program was started in 2000 and it has many varieties selected by the end of 2004 season. In Suran (Hama province), farmers selected three varieties to be released and named Suran and Nawaear 1&2. In Baylounan (Raqqa province) two other varieties were selected, Raqqa 1 and Raqqa 2. By the end of the 2005 season, there were two more varieties selected in Baylounan, named Akrem and Kareem, and three in Gern Al-Aswed (Raqqa province) named Yazin, Etihad and Salam. These varieties are still in the seed production process. In addition to these varieties there were many other varieties that had been introduced to farmers through PPB program such as Arta and Zanbeka, which were accepted by them and have been adopted. Meanwhile, many conventional varieties were released between 1994-2003. Many of these varieties were introduced to farmers through the PPB, since they were used as checks. 

    The impact of plant breeding programs is not limited to yield advantage. In addition, the improved varieties have important traits such as resistance to disease and drought which have an important impact in reducing the risk associated with rainfed farming and thus stabilizing farmers’ income.

      As mentioned before, there are three key parameters needed to estimate the potential benefit of PPB and CPB barley variety; yield gain, area adopted the new varieties and barley price. So, before estimating the benefits, these parameters need to be estimated.

· Yield Gain. Yield gain is the advantage of the average yield of the new variety over the average yield of the local variety. Production functions method was used to estimate the net effect of the new variety on barley productivity; four production functions were estimated, one for each province where the new varieties were grown. The dependent variable of these functions was total production, and the independent variables included area planted with barley, land preparation cost, total amount of seeds, total amount of fertilizers and a dummy variable for farmer planted PPB variety and an other one for farmer planted CPB variety. The estimated coefficients presented in (Table 15). There were no enough data to estimate the effect of CPB variety on barley productivity in Aleppo and Raqqa.
                Table 15. Estimated Coefficients for Barley Production Function in Four Provinces.

	Variables
	Estimated Coefficients

	
	Aleppo
	Edlib
	Hama
	Raqqa

	  Constant
	0.26
(0.253)
	0.43*
(0.199)
	0.69**
(0.199)
	0.47**
(0.211)

	
	
	
	
	

	 Area (ha)


	    0.059
(0.329)
	0.15
(0.162)
	0.42**
(0.158)
	0.037
(0.025)

	 Land Preparation (SL/ha.)
	-0.222*
(0.107)
	0.41*
(0.226))
	0.65
(0.383)
	0.66
(0.745)

	
	
	
	
	

	 Seeds (kg/ha)
	-0.85*
(0.434)
	0.005
(0.338)
	0.003
(0.024)
	0.6**
(0.265)

	
	
	
	
	

	 Fertilizer (kg/ha)
	1.74**
(0.459)
	0.816**
(0.215)
	-0.041
(0.442)
	-0.37
(0.839)

	
	
	
	
	

	 Dummy Variable for PPB variety
	0.28
(1.22)
	0.17
(0.366)
	0.46*
(0.221)
	0.42
(2.484)

	
	
	
	
	

	 Dummy Variable for CPB variety
	-
	0.156
(1.8)
	0.397
(1.519)
	-

	
	
	
	
	

	 R2
	0.63
	0.74
	0.89
	0.85

	 F
	14.976
	17.001
	27.899
	30.201

	 N
	35
	35
	20
	26


                  Standard errors are in parenthesis.

                  * Significant at level 0.01,  ** significant at level 0.05
The estimated coefficients showed that the net effect of the PPB variety on the productivity of barley in Aleppo and Edlib were 32% and 19% respectively; whereas for Hama and Raqqa they were 59% and 53% respectively. This implies that for the same level of inputs the PPB variety will produce 32% more barley per unit of land than the local variety in Aleppo, 19% more in Edlib, 59% more in Hama and 53% more in Raqqa.                                      

      The actual data that was collected through interviewing farmers were used to calculate the actual rate of yield gain. As shown in (Table 16) only in Edlib, the actual rate of yield gain was less than the estimated yield gain. Actual yield gain in Aleppo, Hama and Raqqa were greater than the estimated yield gain for these locations. The relatively high yield gain is most likely resulting from a combined effect of new variety and input intensification. Therefore, using these rates in the benefit analysis would likely inflate the new variety induced gain in productivity and would overestimate the returns to the barley breeding programs. Thus, estimating the net effect of new variety on barley productivity is very important to isolate any other effects. On the other hand, there is still a potential to increase yield, as long as the estimated yield gain is greater than the actual gain.      

Table 16. Actual and Potential Yield Gain for Participatory Plant                                                         Breeding And Conventional Plant Breeding Varieties. 

	Breeding Program
	PPB Yield Gain
	CPB Yield Gain

	Province
	       Total
	Net
	      Total
	             Net a

	
	(%)
	(%)
	        (%)
	(%)

	Aleppo
	43
	32
	56
	--

	Edlib
	12
	19
	7
	17

	Hama
	74
	59
	55
	49

	Rakka
	63
	53
	52
	--


a There is no sufficient data to estimate CPB Net yield gain in Aleppo and Rakka.

        The estimated yield gain based on actual data of 2004-2005 seasons that considered being normal season in terms of amount and distribution of rainfall compared to historical weather data. The estimated production function revealed that the use of improved varieties developed under the PPB has a yield advantage ranged between 19-59% over the local variety. This yield advantage does not reflect the real situation of the dry area of Syria, which is subject to frequent drought seasons and up normal weather conditions, therefore the yield gain is adjusted taken into consideration three state of nature as related to the amount of rainfall (normal, drought and good seasons). This process of adjusting the yield gains involved the following steps:

1. Historical rainfall and yield data where collected and analyzed at the province level for 1976-2003 seasons. Historical yield data are classified into normal, drought and good in accordance to the weather conditions. Average yield levels were calculated for the correspondent season under each state of nature and the percentage yield changes between normal and each of the drought and good season were calculated. 

2. Using the historical yield and rainfall information, the probability of the occurrence of each of the state of nature is calculated (Table 17). It is found that the drought occurred in … years out of … years during 1976-2003, implying that the probability of drought is 30% in Aleppo, 13% in Idleb, 35% in Hama and 52% in Rakka. However, the probability of good season is the opposite, it is high where the probability of drought is low, it is 5% in Aleppo, 22% in Idleb,        

8% in Hama And 13% in Rakka. These probabilities show that the season is not normal 35-65% of the time and the estimated yield gain is not applicable, this is why the adjustment of the estimated yield gain is so important. It is also important to notice that Rakka and Hassakeh who planted around 50% of the barley area face the possibility of the drought 50% of the time. In addition to that, most of the area in both Rakka and Hassakeh are in marginal environment where barley is the main crop and there is no other alternative crops.

3. The calculated yield gain from the production function was adjusted using the                               probabilities of occurrence of the three states of nature. The adjusted yield gains are presented in (Table 17).

    It is important to mention here that calculation of the yield gain by using cross sectional data of one season will reflect only one state of nature which only partially reflect the condition of dry area, therefore, using such estimation without adjustment to various rainfall conditions will lead to over estimating the yield gain and corresponding benefits. This point is clearly shown in (Table 17) were adjusted yield gain is well below that of production function.     

       Table 17. Adjusted Yield Gain with Respect to Seasons 

	Season
Status
	Probability
	Percent Change in Yield Associated with Climatic Risk
	Estimated
Yield Gain (%) 
	Adjusted
Yield Gain (%)

	Good
Normal
Dry
	0.05
0.65
0.30
	45
---
-76
	32
	24

	Good
Normal
Dry
	0.22
0.65
0.13
	75
---

-81
	19
	20

	Good
Normal
Dry
	0.08
0.57
0.35
	88
---

-84
	59
	45

	Good
Normal
Dry
	0.13
0.35
0.52
	30
---

-86
	53
	31

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


· Adoption Rate and Area Planted with New Variety. Plant breeding research generates benefits only when new varieties are taken up and grown by farmers. The size and the value of these benefits depend on the area planted to new varieties. Therefore, the first step in calculating the benefits of PPB and CPB research is to estimate the area planted to these varieties. It is important to estimate not only the area planted to PPB and CPB varieties at a specific point in time, but also the rate of diffusion of these varieties through time, since these estimates will be used in calculating financial measures with dynamic aspect, such as the benefit-cost ratio and internal rate of return. 
      Most studies on new variety diffusion assume that the cumulative proportion of the area planted to new variety follows the logistic pattern, which is mathematically described as:

                       Yt = K/ {1 + e-a-bt}

Where Yt is the cumulative percentage of adoption at time t, K is the upper bound of adoption (adoption ceiling), a is a constant related to the time when adoption begins, b is a constant related to the rate of adoption and t is time. It is more practical to use ordinary least squares regression to estimate a transformed version of the logistic curve equation (Morris et. al, 2003):  

                       ln [Yt / K-Yt] = a + bt  

And As Morris Stated, K can be selected by running the regression using several different values of K and select the value that maximizes R2. Accordingly, the actual data of area planted with PPB and CPB barley varieties in the four provinces for the period 1996-2005 were used to estimate the equations of variety diffusion curves for PPB and CPB varieties in each province. Adoption ceilings ranged from 40% to 80% were used as K values to estimate these equations. The adoption ceiling for PPB varieties turned out to be 50% for Aleppo, 40% for Edlib and Raqqa, and 70% for Hama since these ceilings gave the highest R2 among the other estimates. For CPB varieties the selected ceilings were the same as the PPB ceiling in all provinces except Hama it was 50% instead of 70%.

In addition to the estimation of adoption rate for 1996-2005, the estimated equations were used to predict the adoption rate for the period 2006-2015. It was clear that the adoption of PPB took 8-15 years to reach their peak for all locations, while for CPB varieties to reach the adoption peak it required more time, 16-20 years; the estimated rates were presented in (Table ) in the Appendix. The estimated adoption rates were used to draw the diffusion curves for the participatory barley breeding varieties and the conventional barley breeding varieties in the four provinces where these varieties have been adopted, these curves are illustrated in Figures 1-4. 

Table 17. Estimated Coefficients for the Diffusion Curves of Participatory and Conventional Barley Varieties  in some Syrian Provinces.

	   Province
	Participatory Barley Breeding

Estimated Coefficient
	Conventional Barley Breeding

Estimated Coefficient

	
	      A
	              b             
	               R2
	         K
	       A
	  b          
	     R2
	    K

	      Aleppo
	
	
	
	
	
	
	
	
	

	Adoption
	-14.352
	          1.241
	0.77
	0.50
	   -7.525
	0.455
	0.58
	0.50
	

	
	(2.928)
	(0.338)
	
	
	   (0.801) 
	(0.123)
	
	
	

	
	
	
	
	
	
	
	
	
	

	Edlib
	-13.7
	1.25
	0.91
	0.40
	   -5.24
	0.477
	0.87
	0.40
	

	
	 (1.708)
	(0.197)
	
	
	   (0.383)
	(0.059)
	
	
	

	
	
	
	
	
	
	
	
	
	

	Hama
	-5.89
	0.698
	0.80
	0.70
	   -5.35
	0.65
	0.96
	0.50
	

	
	(0.726)
	(0.112)
	
	
	   (0.249)
	(0.042)
	
	
	

	
	
	
	
	
	
	
	
	
	

	Raqqa
	-4.357
	0.714
	0.73
	0.40
	   -7.952
	0.556
	0.78
	0.40
	

	
	(1.089)
	(0.153
	)
	
	   (1.098)
	(0.133)
	
	
	

	
	
	
	
	
	
	
	
	
	


         It is clear that during the first three years of releasing CPB varieties there was no adoption to these varieties in all location, the adoption of these varieties started at 1996 in Edlib and then in Hama in 1999, while in Aleppo and Raqqa it did not started until 2001. The adoption in these two provinces came as a result of PPB program since this program introduced these varieties to the farmers through planting them as a check lines in the field trials and farmers started to grow them after they saw their performances. Therefore, it is fair to consider that PPB program has a major role in disseminating the CPB varieties. For PPB varieties their adoption started as soon as these varieties noticed by farmers during the testing and selection period of these varieties. However, assuming the availability of seeds, these varieties would be adopted very fast and reach the adoption ceiling in less time.

It was clear that the diffusion of PPB varieties was faster than that of CPB varieties. In Aleppo PPB varieties reached the same adoption ceiling of 50% eleven years earlier than the CPB varieties. It was 5 years earlier in Edlib, 1 and 6 years earlier in Hama and Raqqa respectively.    

 Seeds production is very important task to guaranty the adoption of the selected varieties in the predicted speed. Leaving this task to the local farmers will not achieve the objective of the project since most of them operating in marginal environment where the risk is so high to have a dry season that may cause no grain production and lose all seeds. This will delay the adoption process. Thus, there must be somebody who would be responsible to produce these seeds and make them available to farmers.            
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· The Price of Barley. Interviewed farmers reported that the price they received for their crop varied considerably over the year, depending on supply and demand conditions. Post harvesting barley price will be much less than its price during winter season. Farmers also stated that they sell their product for price less than the price they pay for barley to be planted in the next season. The floor price that has been set by officials may be higher than the market price, but farmers still sell their crops to the dealers for less to avoid the extra costs (packaging and transport costs) they would bear when they sell their product to the grain company. For 2005 harvesting season some farmers sell their crop immediately for 8000 SL/ton. However, later on barley price reached 11000 SL/ton. For the purpose of this analysis the average price of barley for the last ten years period 1996-2005 was calculated, it was 8020 SL/ton. The official exchange rate of the Syrian pound to the US dollar was used. It is quite close to its free market equivalent; around SP50/US$ (Technical Cooperation Department,2003). Using this exchange rate barley price turned out to be 160 US$/ ton.  
           The estimated parameters of yield gains; adoption rates and barley price were then used to calculate the gross economic benefits (GEB) of adopting the varieties released by CPB program and the varieties selected by farmers through the PPB program. For the purpose of this analysis, barley planted area for the period 1994-2005 for each province were obtained from Syrian Statistical Report (SSR), predicted planted area in each province for 2006-2015 were estimated using the estimated trend equations of planted area for the previous period. Barley yield for the local variety is estimated from a combination of information, including: farm survey data for 2004-2005 seasons and SSR for 1994-2003 seasons. A moving average of ten years was calculated for the yield of 2006-2015. The benefits stream for the period 1988-2015 for CPB varieties and 1993-2015 for the PPB varieties were calculated and then deflated using discount rate of 3%. To get the benefit-cost ratio and to calculate the IRR, the annual cost associated with the two programs must be calculated for the period of development and diffusion .  

      Costs

     The costs of the two types of breeding programs (conventional and participatory) at ICARDA were assessed through consultations with the breeders to specify the project funds that were intended to help barley participatory breeding activities through phase II; as well as conventional part of the research. The PPB materials and statues currently in use have benefited directly from phase I work of the program. Therefore, this analysis assumed that all the investment in phase I PPB program since 1996 have contributed to the development of the materials that have been tested in phase II. The investment in barley breeding programs during 2000-2005 come from eight projects covering the conventional research expenditures, five projects covering participatory research, and six projects covering the expenditures of both in different proportions. The annual costs of each program were calculated for the same categories determined by the finance department at ICARDA. The costs of the conventional program in Syria consist of 15-20% of the whole conventional expenditures of ICARDA barley breeding program, in this analysis 17.5% was used. Assuming that PPB program will maintain at least the current level of activities, Future funding kept equal to the 2005 expenditures. For the CPB expenditure year 2004 considered the last since this is the year when the last new variety released. These costs show that the personnel cost is the highest cost in barley breeding. The second highest cost item is the contract services cost which include labor that is hired to do most of the agricultural operation. The third item is the travel cost including local and international travel expenses and perdiem. It was clear that ICARDA’s cost of conventional research was very close to that of participatory research (Table ).

     To get an idea about the distribution and the magnitude of the investment in human resource between the two types of breeding programs, the human resource cost at ICARDA for 2004 was used. After specifying the staffs that have been involved in the two programs, the proportion of their time spent in each program was assigned and the cost for each program was calculated (Table ). The results showed that investment in human resource for PPB was 72046 US$ and it was about one fourth of total CPB’s cost which was 283630 US$. However, Syria proportion of this cost was 42545 US$.

            In addition to the PPB research costs, farmers participation costs were also calculated assuming each participant farmer will spent on average nine working days in the program, while for evaluator farmers it takes two working days on average. A wage rate of 250 SL/day was counted for the two groups. Cost stream for PPB program for the period 1993-2015 were calculated, since the program started in 1996 in farmers field proceeded by three years of on station research. The PPB cost after 2005 assumed to continuo the same. For the CPB program, a cost stream for the period 1985-2004 were calculated, since the earliest adopted variety that is still in use was released in 1991. A lag period of six years for NARS was assumed since they have shorter breeding cycle to release varieties once they receive advanced material from ICARDA. They only tested them for three years on station and three more years on farmer fields. 

         NARS barley expenditures were estimated based on data provided by Beintema et al. (2006). They reported total agricultural research expenditures and total number of researcher for 2003. These two values were used to calculate average cost per NARS scientist, this cost then converted from Syrian pounds to US$ using weighted exchange rate of 48.1 SP/$ (Technical Cooperation Department, 2003). They also reported that the number of scientists conducted crop genetic improvement was 151.3 researchers in full-time equivalents, and since the scientist who worked in barley were 5% of the scientist who conducted crop research, thus this percentage was applied to the scientist worked in crop genetic improvement to get the number of scientists work in barley breeding.

      NARS research expenditures for 2003 were obtained by multiplying average cost per scientist and the number of researcher in barley breeding. A growth rate of 3.8 % was reported too, it was used to calculate NARS annual research costs for the period 1998-2004. For 1985-1997, another growth rate was estimated based on data provided by Pardey et al. (1989) where total agricultural research expenditures by country for 1961-1965 to 1981-1985 were reported in the appendix (pp. 414-421). The estimated annual growth rate of 2.8% was used to calculate the annual research costs of 1985-1997. Total CPB annual costs were obtained by adding ICARDA’s conventional breeding annual costs to the NARS annual research costs. Then total annual costs were deflated using the same annual discount rate of 3%.

Results

            The gross economic benefits for barley participatory breeding program was US$ 110.7 million during 1997-2016, for conventional barley breeding program it was US$ 77.6 million for 1996-2015. Whereas, the research expenditures of the CPB     for 1985-2005 was twice as much as PPB research expenditures for 1993-2015.

Based on the calculated benefits and costs, the internal rate of return (IRR) to participatory barley breeding in Syria during 1993-2015 was 46%, and for conventional breeding it was 19% for the period 1985-2015.  

Benefit cost ratio for the two programs were calculated too. It was 39 for the PPB program and 16 for the CPV. 

 Table . Benefits, Costs and Investment Performance indicators for PPB and CPB 

Program.           

	
	PPB Program
	CPB Program              

	 Research Expenditure (US$m)
	2.8
	5

	 Gross Economic Benefits (US$m)
	110.6
	77.6

	 Period of Study
	1993-2015
	1985-2015

	 Annual Research Expenditure (US$m)
	0.122
	0.251

	 Annual Economic Benefits (US$m)
	4.8
	2.5

	 Discount Rate (%)
	3
	3

	 Internal Rate of Returns (%)
	46
	19

	 Benefit-Cost Ratio
	39
	15
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