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1. Introduction

Chemuca feilizers were introduced to Svria dunng the 1950s. These fertlizers
were used prmarily on high-value irngated crops such as cotton and vegetables In
the diy areas of Syria hatley and wheat cover the largest cultivated area Barley iz
the most cotntmon crop and occupies the largest cropping area, while wheatis more
important in lgher-rainfall areas or where irrigation 15 available Barley 13 grown
uang traditional pracices and matenals. Production and w1 elds of barley show wide
fluctuation due to the wariahility of ranfall within and between seasons.

In areas that recerve 200-350 mm antua ranfall, the agneultural policy has
encouraged fammers to shift from wheat to barley, which 13 better adapted to dry
areas (Somel 1987) The shift of wheat production to wetter areas and the promo-
tion of the uze of improved technologies, including fertilizer application, has main-
tained the long-term vield growth of wheat, and, consequently, Svria became self-
sufficient in wheat in 1991, Barley 15 currently the principal crop in the dry areas of
Syna it 15 grown primanly for hvestock feed.

One of the tasks of the Intemational Center for Agricultural Research in the Dry
Areas (ICARDA) 15 to improve the producttnty of basic food and feed commodi-
ties in the West Asia and Morth Afica (WANA) region. ICARD A holds the world
mandate from the Conmltaive Group on International &ericultural Research
(CGLAR) for harley improvement. There are many research dimensions to this One
ditnension has been the breeding of improved varieties suitable for div areas
Coll shorative work with national programs has resulted in the release of some new
harley culttvars but their adoption and spread need to be momtored. Another
ditnension has heen to improve the efficiency of crop water use. Research conduct-
ed by the Fann Resource Management Program (FEMEPR in ICARDA found that
batley wields are low, not simply becavse of the low ranfall, but also because the
poor soilsin these areas prevent the efficient use ofthe rain that does fall. On many
farmers” fields, only 15% of the ran received 15 used by the crop, the remainder
heing lost to evaporation from the soil surface (ICARDA 1983).

Diagnostic farm surveys on baley production (Somel et al. 1984) found that aver-
age harley wields were less than 1 tha available phosphorus (Clsen-F) in the top-
soil (0—20 cm) averaged 5.8 parts per million (ppm), 71%% of the sampled hatley
fields had less than 6 ppm of Olsen-P organic matter averaged less than 1% 1n the
topsoil, and only about 10%% of farmers used fertilizer on batley. Due to the low and
variable ramnfall, ferbilizer use 1n these areas was perceived as nisky, and supply and
credit policies did not encourage its use (Mazid and Baley 1992; Somel et a.
1992

1 FEMF has nowr been inontporated o ICARDAS Hataral Fescurce Manazement Progzam (HEMF).



Eatlier studies (Mazid and Somel 1987) indicated that using fertilizer on rain-fed
harley 1z profitahle at the farm level and has potential for a positive impact at the
national level in tertns of grain and straw production and net reverie. Predict ons

of increases in these parameters due to fertilizer use in Zones 2 and 3 were esti-
mated according to potential adoption rates, as in Table 1.

Table 1. Potential increase in national grain and straw production and net
revenue due to fertilizer use on barley in the 1987 season.

Itacli cator & doption rate

0% 0%, Q0%
Grrain (1000 £) 140.7 196.0 2533
Straw (1000 ) 280.4 3924 s04.7
Het reverme (million 3¥ ) 2218 310.5 3992

Soarce: Ihmd and Soreel (19877

Farmersin Syriaperceive using fertilizer on rain-fed barley as anew idea, becanse
it was introduced to the diy areas only a few years ago. “MNewness™of a technology
need not only refer to new knowledze or new persuasion; the innovation or new
technology may not he new to people in general hut, ifhas not yetheen accepted by
an indiwidual, for that person it 15 anew technology (MMazid 19947

The ohjectives of this paper are to document the effect of fertilizer use on rain-fed
harley, appraise its impact and appropriateness, and estmate a diffusion model for
that technology.

2. Generation of recommen dations for fertlizer use
on rain-fed barley

FEMP statted by investizating the posahility of increasing the efficency of crop
water use through the application of fertilizer. Research-station trials showed that
haley responds sgmficantly to fertilizer, especialy phosphate, even under low-
rainfall conditions. Results from research-station tnals over a range of years and
sites showed that fertilizers increased water-use efficiency (defined as output per
unit o f watet) by around 75% (Cooper et dl. 1987, Shepherd et . 1987). Two mech-
atisms are involved 1n this yield increase (Jones and Mazd 1988):

2 Synahs been divided mto five aznou il stdhility mnes according to average anmial rminfall. The zores ae
defived m e of st ihty for ran-fed crop producton, ard to soime degres the probability of ranfall. Zore
2: arrual midall of 250-350 non with not less than 250 non durng tero-thirds of the momtored yeas; it s
possib ke to zet baro barley crops in tlwee years. Zome 30 arnal wmirdall of 250-390 nowvarith not less than 250

nun daring half'of the momitored years; it 15 possible to get one or tro barley orops in fhree years.
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1. & more rapid development of crop cover, so less water 15 lost by evaporation
from the so1l surface and, therefore, more 1s used by the crop, giving more dry-
tnatter production;

2. Amorerapid completion ofthe growth cycle, so that a greater proportion ofthat
growth 13 achieved under the moderate temperatures and higher humidity of
early spring, and the higher temperatures and higher evaporative demand in late
spring are at least partly avoided.

In 1984, FEMP and the Soils Directorate (SD) of the Syrian Mind sty of Aoniculture
and Agranan Reform (SMAAR) inttiated a collaborative project through multiple
seasons, multiple location trials using a farming systems-research approach. The
ohjective was to assess the hiological responses and econormi c wiability of fertilizer
usze o hatley in diy areas. The history and details of the project have heen described
elsewhere (SD/FREMP 1985, 19330).

Trials on farmers’® fields were conducted over a period of four years, to investigate
whether the large weld response to fertilizer obtained on research stations could he
reproduced under the highly vanable soil and ranfall conditions that farmers face
The results obtained from this project were positive, and confinmed the results from
research stations.

3. Impact of fertilizer use on rain-fed barley yields

The assessment of the impact of ferhlizer use on ran-fed batdey vields 15 reviewed
under the following subjects: yield response, economic returns, yvield gaps fertiliz-
er-response function, and nsk involved in fertilizer application under a range of
variable rainfall and economic enviroftnerts.

2.1 Yidd response

seventy-five researcher-managed tnals were conducted between 1984085 and
1387/88 in northern Syriato assess the response of batley to nitrogen (M) and phos-
phate (F) fertilizers 1n farmers™ fields. The trial sites represented a range of rainfall
conditions, soil types soil fertility, and cropping sequences (hadev—hardey and fal-
low—harley). Each site was characterized by enwironmental wariahles that could
affect fertilizer response. Each tna compnsed two replicates of the 16 factorial
commbinations of four rates each of M (0, 20, 40, and 60 ke Wha) and P (0, 30, 60
and 90 kg P,Og'ha) fertilizers. For each trial, imtial cultivation was done by the
farmer, but the final seedbed was prepared by the research teamn immediately prior
to sowing, and barley seed—local variety Arabi Aswad, treated with Vitavas (car-
boxin)—was sown a the rate of 100 kg'ha vsing an Owjord plot planter. The P fer-
tilizer and half of the M were dnlled wath the seeds. The remaiming M was top-
dressed at tillenng stage. Weeds were controlled by a single application of bro-
oyl at the time of top-dressing (Mazid and Somel 1987)

3



The trials were confined to agricultural stability Zones 2 and 3 and covered the
Aleppo, Hama Idleb, Ragga and Hassakeh prowinces, which account for about
85% ofthe batley areain Syria, of which A0%1s1n Zones 2 and 3. At each site, soil
analyses were conducted and weeldy rainfall monitored. These experitnents wete
supplemented by surveys of the cooperating farmers and nearby willages,

Agronomic analyas of the mean vields of gran and straw across the 75 researcher-
managed trials showed highly significant responses to hoth nitrogen and phosphate
fertilizers (Tahle 23 Seasonal ranfall, soil type, natoral soil fertility and crop
sequence all had important effects on crop growth (Table 35 Of the 75 tnals, 7 pro-
duced a significant erain or straw vield response to fertilizer, eitherto M or Por both
(ICARDA 1989

Table 2. Mean dfect of fertilizer reatment over 75 sites on barley grain and
straw yields (t/ha) and 1000-grain weight {g).

H-fertilizer P-fertilizer (kg P50 5/ha)
(kg N ha) 1] 30 al a0 Mlean
Crain 1] 1.43 1.54 143 171 1.61
20 1.57 182 123 193 1.81
40 1.63 188 202 209 1.91
Al 1.64 198 208 219 1.97
Mean 1.58 121 123 198 1.82
Sraw 1] 1.83 159 215 224 2.05
20 202 247 286 271 2.47
40 222 287 283 3.14 2.74
Al 233 2864 322 344 2.94
Mean 2.10 2.50 274 288 2.5
1000- grain 1] 335 333 332 32 333
weight 20 327 324 323 322 33.4
40 320 A 3la 7 317
Al 3la 311 e 3n 31.2
Mlean 325 321 31N 320 321

Standard ervor (£) of main treatment means: grain, 0.015; straw, 0.042; 1000-grain weight, 0.023.
Lmalyees did not test for sigrificance of M = P interactions.

*** Ileans are sigrificant at F < 0.001.



Table 3. Summary of the percentage distributions of significant responses to
N and P fertilizer as affected by main site factors.

Factor Mo sites Gran S awr
N F ) F
Rainfall (mm)T <235 14 21 BE 50 L]
215300 29 52 52 il T3
=300 21 73 41 26 aa
Zone 231 a1l 45 74 74
3 44 39 70 63 82
Rotation batley—fallow 54 44 65 65 21
Contingoss badey 21 27 43 a6 7l
Aol group Gypsiorthid 14 21 a6 1] 100
Zerochrept 36 4 53 E9 72
Calciorthid 18 39 6l 72 a9
Avalable P (ppm) < 50 50 46 6E 64 28
51-=810 19 37 53 79 68
=20 t 1a0 17 100 33
Llineral N {ppam) <E0 232 L] 55 91 63
g.1-1a0 34 50 a4 72 26
=1a.0 17 18 59 41 Té

T Rainfall values are totals from mid-October to end of Lpril.

In general:

1. The importance of M increased and that of P decreased with increasing rainfall,
hut response to M and P applied together increased wath ranfall;

2. Mitrogen was more impottant under continuous barley cropping than in the fal-
lowr-batley rotation;

3. Phosphorus was most important, and N least important, in gypsiorthud soils as
compared with calciorthid and zerochrept soils;

4 Imtial soil status of avalahle P (Olsen) and mineral-W influenced harley
response to fertilizer

Detatled agronomi ¢ analyses ofthe results from these trials are presented elsewhere
(Jones, 1989; SD/FRMP 1990, Jones and Wahbi 1991,

32 Economic rElrurnsJ

The researcher-managed trials were analyzed using a partial hudeet analysis of the
four-vear data set (Mazid 1989 Values of net rewenue and marginal net henefiticost

3 The amalyses in flos reseach took imbo accomt only the short-tenn fnancal b onthe rores tnent in fa-
tihmar and not the long-term costs and berefits to the naml-wsoimwe base.



ratios were compared for each fertilizer treatment among three groups of tnas
usng 1989 prices of grain, straw and fertilizers (Tahle 4. Met revenue values indi-
cate that fertilizer use on rain-fed harley 12 profitahle in Al treatments except (a) the
low Prate without M (PyMq) in barley—fallow rotation in Zone 2, and (h) all M rates

without F, except Fpldy, in barley—fallow rotation in Zone 3.

Tahle 4. Cakuliied mean values of net revenue and marginal net henefit:cost ratio
of Barley—Fallw (B-F) roiation, Zones 2 and 3 sep arately, and continuous

harky (B-B).
Crop sequencef H Met revenne Met berefit cost
Tone (kzlha) (5¥Prha) (ratio)
of 30f  eol eof o 30l el oof
F-B Fone 2 (25 sites) 0 0 -6 545 71 0 =0 104 010

20 -123 1076 1415 1168 =0 191 175 17
40 455 1468 1992 2138 111 192 193 169
] 653 1537 2180 2347 110 1&4 179 174

F-B Fone 3 (29 sites) 0 o 335 a0? 203 nd 117 115 114
20 69 1269 1363 1443 033 218 1489 14
40 54 BT 1542 180Z =0 133 151 140
] -5320 1205 1787 2315 =0 133 151 140
B-PB all (12 sites) 0 o 216 133 214 nd 075 028 030

20 o777l 1e48 13350 32T 105 1988 131
4n 1272 1913 2046 2091 259 236 197 166
] 1562 2575 2597 2% 228 248 207 175

T4 pplied PuOn (kgiha).

33 Yidd gaps

There were yield gaps hetween potential and actual farmm yields arising from hio-
logica andfor socoeconomic constraints (De Datta et al. 1978). Inhoth Zones 2 and
3 there were substantial wield gaps between actual farm and researcher-managed
trial vields dunng the 1984785 to 198788 seasons (Figure 1), It appears that farm
vield can be increased by around 114-168% 1n Zone 2 and 136-211% in Zone 3.
Of this potential increase, 630952 kgthain Zone 2 and 2501017 kgthain Zone 3
are directly attrnihutahle to fertilizer use The remnainder of the potential increase 1s
due to other management factors, such as land preparation, seed rate, rotation and
use of a seed dnll (Mazd and Somel 1987,
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34 Fertilizer-response function

Aoronotnic data were pooled across years and sites and the following response
funiction was specified (Jones and Wahbi 19913

¥="hy+ by N+ P + hoR + by N2+ boF2+ hR2+ hoNP + hoNR + byPR Q)

whete Y = grain vield (kg'ha),
M = nitrogen applied (kg Nihay,
F = phosphate applied (kg PoOs'ha);
E =total seasonal (Oct—apt) rainfall (mm).

Since there were significant rotation effects on responze of harley to fertilizer, the
response functions were estitnated separately for barley—fallow rotation and contin-
uous hatley cropping (Tahle 5).

Table 5. Estimated response functions of barley to fertilizer.

Independert E arley—F allow Continos barley
vatiahles Coefficient SE Coefficient =SE
N —2.037 10888 0.289 3755
F T 5256 1.992 6.047* 2.503
R 22,458 0.260 24.045%% 1.091
ol —0.0752* 0.035 —.1117* 0.046
P 0532w+ 0.014 —0.0408* 0.020
R 025w+ 0.001 —0.0310%* 0001
NF 0.0632%* n.o19 0.0263 0.024
NE 0.0295%* 0.006 0.0506%* 0.00%
PR 0.001z 0.004 —0.00013 0.005
 onstant —2304 17 ** 152.66 —3238.14%+ 197.32
Adi R 0.605 0.656

F 204 0+ 143.0%*

*, ¥ Sigrificantat =005 and 0.01, respectively

Econotmic optimal rates of N and P are found by masimizing the net gain to fertil-
izer use. Met gain 13 the difference between the walue of output and the wanahle
costs associated with fertilizer use In this research, the prevaling price of hatley
orain was used to ohtan the value of grain output. Variahle costs associated wath
fertilizer use include the cost of the fertilizer, transportation and application. The
cost of harwesting 15 also included becanse yields vary with fertilizer rate and, in
Syria most harvesting 1s done by combine harvesters at a costin kind of 10% ofthe
vield. Thus, net returns to fertilizer can be expressed as (Mazd and Baley 19927



Net Return,  Z=Q, (V- 0.17) - QM —Q,F
=0.9 QY — QN - QF 2

where Oy = pnce of barley gran,
(, O = cost’kg of nutnients M and PO, respectively, where costs include
those oftransport and application.

Economic optirnum rates of M oand P are those that masimize net return such that
0.99F(N, B R)/eN =3, /0, and 0.99F(M, F, R)/OP = Q/Q, (3

where F(M, P E) expresses vield as afunction of M, P and rainfall B, asin Equation
(1), and 0/l and CL/CL are the relative costs of N and P05, respectively. Thus,
economic optimumn rates of ferblizer are a function of relative costs and ranfall
Economic optitna have heen estimated for a range ofrelative costs and ranfall and
are presented in Tahle 6 for the two rotations. Thenet henefit and henefit cost ratios
associated wath the estimated optima are also given in Tahle 6.

Met benefit (BEN) 1z the change in net retum from applyving fertilizer compared
with no fertilizer:

BEN = 0,80, (Y, — Yool — (QN + QP )

where Ty, = vield (kg'ha) with fertilizer rates of Mand B,
Voo = vield wathout fertilizer

Dividing by Cl, one can express net benefit in kg'ha gran equivalents 1.e, in terms
of physical output;

Q
BEN (kgfha)=ﬂ.9(?r@—?uu)—(g>CN+%;x F) ()

The henefit:cost ratio (BCR) 15 the ratio of the change in net returns to the change
i costs associated with applying fertilizer:

_ BEN oo ()
(G + QP

Optitnal rates of M and Pincrease with rainfall and decline wath rel ative costs (Table
6). Met benefit, for any given rainfall and relative cost, 15 lngher under continuous
barley cropping, except at the lowest rainfall (150 mm). This 15 because the optimal
rates of M and P and thus costs, are lower under continuous barley cropping, but the
vield increase—the difference bhetween fertilized and unfertilized yield— s higher

BCR (%) =

a



Consequently, benefitcost ratios also tend to be higher under continuous

harley cropping.

Table 6. Estimated economic optima by rainfall and relative price.

Eelative price of M & PO

Eelative price of M & PuOs

Barley-Fallow
il l. o 3n |l At I I T T S [ O - [V (1
3 1A ) L R 110 il -t
e A4 1x - 23 4l g
9l 1Y 4 TR [ 4 57 4 AR RE T4 1 bl
4 EX] a7 57 1> 202 Tew G
k) a7 L ia 2 31 o]
R 30 o[ 4v KR | Se VT RRE[ORY M LT (K
3| ws R i ET 240 443 373
A EX] 3 63 ] k2 o
[T A N I AL I -+ UL T 5 A LA LU 0 0 I S R
z 174 254 El 4111 LI i T2
BA] x| (s 14 134 Al 4R
17 tih 11 j T+ 0% BEOG K 1ZX L IE 134 | IEER 142
1 238 AN L7 AR Ti T4 s
217 L] 20 Al AU G3A i
151k 2in 230 o k1] 400 430
R aitifall (mm)
Continuous b arley
12010 2% 13| 35 1T |[4F 0 2L [ Fw 24 | R Av | H2 0 Az
3 ] b 1740 ek a2 1 03
13 0 G % & o7 115
1% 25 | & 26 ) 420 33 |54 e [ A5 L) |77 44 KRG 4R
1 i 1131 (k% 242 427 SEu FIs
1y 3 (1 | 11 a2 1¢7
A5 41| 37 43 49 49 |60 P2 T A (¥4 Bl | e 43
3 101 172 240 93 544 7242 42
A m 92 & 141 LY |4
a2 oox 4 Gl | 26 44 |GF &R S S I B | | TS
1 | 71 2638 TR 517 KL BTT | %
1131 127 |57 151 227 263 1
90 073 5] TR B2 BOO|T4 B4 (B8 8B |we 0 WL (109 98
I 7% 3% Sw it ti4 1454 | 290
150 200 A7 410 4n7 55y LR
150 a0 250 KN A= 400 L3
Rainfall ()
P H.F = econonue opima for given ranfill and relabive costs
BEM EEN =  netbensfit (kz'ha sramequivalerts] fom applang M ard P,
BCR BCRE =  nethenefiticost mbio (36

10




From the estimnated response functions it was posaible to detenmine optimal fertil-
izer rates. This analysiz shows that using fertilizer on harley 13 profitable if the rate
iz appropnate. Howewver, this analysis 13 essentially static and deterrministic
Because the optimal rates vary considerably, depending on ranfall and relative
prces, it 1s useful for making recommendations only when prices and ranfall can
be specfied

35 HRisk analysis

Itis assumed that in the barlewlivestock system in Syria, where harley 15 primanly
an inputinto the livestock production system, fanmers sim to masimize their output
of barley, while at the same time minitizing the rigke of loss of return on their
investment 1n inputs (Mand and Baley 1992). In masamizing output, a fammer 1s
minttmizang the amount of mpplemental feed otherwise needed. In modelling the
response of harley to fertilizer use harley orain was used as the measure of output.
This does not mean that farmers are not interested in their straw yields, strawis an
important additional source of feed in these areas and, especially in dry years, can
have considerable market value However, incduding straw would involve the est-
mation ofjoint production functions and greatl v complicate the analysis. So, for the
purpozes of this study, attention 12 limited to hatley orain.

Under the low and wariahle rainfall conditions prevaling in the area fanmers tend
to minitnize rigsk of financial lozs by producing baley with the minimum of inputs,
The adoption of fertilizer would therefore invol ve the investment of a farmer’s lim-
ited capital resources in what 15 percerved as ansky and expensive input. A farmer
1z unlikely to accept anew technology unless he 12 azsured of sotme minimam aver-
age return on his tnvestment (Perrin et &l 1974). Howewver, the mintmum rate of
return acceptable to a fammer 12 ttselfa function of his attitude toward risk

According to Dillon and Hardaker (1984), it “is generally accepted that the rate of
return to fartmers on thetr wotking capital ower the cropping season should be at
least 40%%, of which halfis an allowance forrisk™ Perrin et &l (1974) acknowledze
that the figure of 40% 15 a ‘rule of thumb,” but it 15 consistent wath behavior
ohserved among farmers in less-developed agricultural areas with high vield van-
ahility. The minitmum acceptable rate of return iz likely to he higher Thus, in suh-

sequent analysis inthis research, aminimurm acceptable rate of retum 15 taken to be
50% as a ‘rule of thumb

The risk associated wath applying fertilizer on barley in dry areas can be attributed
to two sources: vield vanahility and price variahility, ¥ield wan ahility 15 a function
of both enwironmental vanahility, primarily ranfall, and variability in agronomic
conditions, including the rate of fertilizer applied. In Svria, prices of both fertilizer
and hatl ey gran are controlled by the state and, for the purpose of simplifang the
model, are regarded as fized; therefore, wartahility in rain fall 15 taken to he the main
source of rigle facing farmers
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Seasonal ranfall data for the vears 1959760 to 1985/86 from 25 meteorologica sta
tions in the barley-growing areas of Syria were used to estimate an expected rain-
fall for each of the 27 years. Substituting the estimated expected ranfall into the
response function in Equation (1), welds were predicted for each of the 16 treat-
ments in the tnal for each of the 27 years. Then, based on these predicted vields,

and nsng relatve prices for 1989 for M and P,0; of & = 2351 and % =2 484,
net benefits and benefit cost rafios were estitnated according to Equations (5) and
(6). The resulting cumul awe distributions of net benefits for each treatment are
shown in Figures 2 and 3 for barley—fallow and continuous batley. Means and stan-
dard deviations are given in Tahle 7.

In the barley—{fallow rotation, net benefits from using Palone are low but lnghly sta-
hle as indicated by the near vertical distnbutions for NPy, and NyFy,. In contrast,
use of Mwithout P results in highly variable net benefits as shown by the slopes of
the distnbutions for My By, NPy, and Mg Fy (Figure 2). Moreover, the lugher the
rate of N when P = 00, the higher the probahility that net henefits wall he negative.
These three treatments alzo give the lowest mean retums. Sirnil &y, under the high-
est rate of M and lowest rate of P (M Py, there 12 ahout 18% probahility that net
henefits wall he negative. These four treatments can therefore he eiminated from
further considerati on under the harley—fallow rotation.

Ofthe remaining treatments, net henefits increase wath the vanous combinations of
M and B especially in response to increases in M (compare the distributions within
eachlevel of Pin Figure 2). However, vanability innet benefits, as measured by the
standard dewation, also increases more or less linearly wath increases in M oand P

{Tahle 7).

In continuous hatdey the response function predicted negative vields at the lowest
lewels of ranfall, which lie outside the expentmental range. When calculating net
benefits, these negative yvields were setto zero. In these cases, net benefits represent
a 100% loss of inwvestment 1n fertilizer, 12, the benefitcost ratio = —100%. As a
result, all treatments display some probahility (2—10%) of loss in net henefits
(Figure 3). Otherwise, remlts are strmilar to those for fallow—harley but wath some
inportant qualifications.

The upper tals of the distributions, and the mean net benefits (Table 7) are much
higher than under batl ev—fallow particularly for the higher combinatons of M and
F Again net henefits from applying P al one are highly stahle, but are lower than in
hatley—fallow and at the highest lewvel of P (M, Py they are negative over the fill

range of average annual ranfall. Applying M alone, on the other hand, 13 not as
‘nisky’ as in harley—fallow (see MypPp Ny By, and NgpFy in Figure 3 compared wath
Figure 2).
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Table 7. Meansand standard deviations for predicted distributions.

Treatiment BatlewFallow BatleyBatley
b et benefit Benefit costratio  Met benefit Benefit cost ratio
Ilean =D Mean 3D Mean 3D Mean 2D
Ny Py 06.3 2.7 1nz.0 2.8 4531 338 49 .4 423
NyFPa 106.5 5.4 a0.0 2.8 200 504 la.l 32E
Mo P 305 a1 12.1 3.2 =482 4986 204 225
Man Py 381 42.5 38.0 R las7 31 2080 1049
Nap Pag 1ag.5 442 10a.1 249 2240 1150 1311 717
Mag Pen 2128 4a.9 26,3 174 2215 1313 26.6 550
Mag Pag 170.9 49 4 328 14.5 1478 1325 47.0 43 4
Man Py 22.0 23.0 12.3 732 2570 1536 1701 1007
Hyy Pz 126.a 257 2428 384 3284 1850  134E T2 .4
Mag Pen 265.0 8.4 233 26,2 340a 1984 1034 a3.1
My Pag 2572 011 635 21 2 2208 201 71.0 522
Neg Py —46.2 1208 —34.6 TE2 2738 2142 1259 o 4
Nan Pag 150.5 127.2 337 453 3584 24272 1157 77
Msa Pan 263.1 1259 71.0 333 3823 2604 6.3 6 2
Mga Pan 2804 1324 635 277 346.0 2641 712 521

The question remains as to how to select among the distnbutions. Itis often posit-
ed that farmers prefer stability ofvields to more vanahle vields Howewer, as can he
seen from Figures 2 and 3, there are occasions when more variable returns may be
preferred to more stable butlower vields, e g, at P= 90 the distnbutions of net ben-
efits from hgh rates of N would he preferred to NPy by anyone who prefers more
to less.

Selecting between treatments involves a trade-off hetween lower but more stahle
distnibutions and more wvariahle distnhutions that mive some probahility of consid-
erably higher returns. The best combination of M and P depends on where these
cross-overs ocour and what criteria are used to evaluate the trade-offs. However,
this analvsis provides evidence that there are options among the fertilizer treatments
that exhibit lower, or no-higher, risk, while having higher vields as compared wath
uang no fertilizer (Mazid and Baley 19927
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4. The appropriateness of fertilizer use on rain-fed
bharley in Syria

It 18 important that any study of adoption and/or impact should include an assess-
ment of the appropriateness of the technology for the farners who are viewed as
potential adopters. The appropnateness of ferblizer for dry areas 15 discussed by
focusing on the charactenstics of fertilizer, especiall v the foll ovang points: 1tis sim-
ple to incorporate into the curent farming system, and to experiment with on alim-
ited hasis; its impact 15 oheervable, compatihle with farmers” heliefs, and enwiron-
mentaly sistainable.

4.1 Therelative advantage of fertilizer use on rain-fed barley

Fertilizer use on rain-fed barley has a relative advantaze in aspects of hiological
yields, profitablity and risk (see shove).

4.2 Suitahility of fertilizer use on rain-fed barley for experimental trials

Any innovation that can be tested through expenmental tnals 15 less uncertain for
adopters and wall generally he adopted more rapidly than an innovation that 1s dif-
ficult to experiment with, Fertilizer has charactenstics that facilitate expenmental
trials.

When the SDVFEMP collaborative project was runmng, farmers were asked in
1987/88 and 1988/89 to plant their own trials next to the researcher-managed trials
(BIT). These farmer-managed trials (FMT) were very simple. Each comprized a
single replicate of four or five large plotz. In the 1987788 season, 10 sites were cho-
sen to include both barley—{fallow and barley—barley. Each FMT comprised four
large plots (75 = 6.25 m) planted by farmers Treatments were the four factorial
comhinations of two rates of nitrogen, 0 and 40 kg'tha, and two rates of phosphate
(P02, 0 and 90 kg'ha Farmers were provided with the recommended quantities of
fertilizer for each plot, but were otherwase dlowed to plant the trial wath their own
seed and manage the crop 1n their own way.

Twenty sites were used in 198889 EMT and FMT each comprised five plots,
although plot size differed (RIT, 2.1 = 675 m; FMT, 6.25 = 67.5 m). Fertilizer
rates were the same asin 198788 with an additional treatment of NogPys (half of the
full rates of M and PO,

The 1987/88 and 1983/89 seasons experienced different ranfall conditions;
1987/88 was very wet (10-ste mean 422 mm), and 198889 was very dry (20-ste
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meaty, 174 mum). However, vield trends in each of FMT and EMT were simular in
hoth seasons: RMT outyielded the FIMT significantly in the dry vear (1988/89),
non-sienificantly in the wet vear (1987880 Crop sequence had no effect on thiz pat-
terr, but batl ey vields follownng fallow were lcher than those followang barley, and
this was consistent in both seasons in FMT and RMT (Table &) (Wahbi et al. 1994,

Jones and Mazd 1988,

Tahk 8. Average total dry matter production (tha) for the 198788 and 19588/89 sea-
sons from different treatments on farmers' field s.

Seagonn  Treatment Overall F-B  ortirmoas batley
EMT FMT DMlean RMT FMT Mean RIMT FIT Mean
19E7 /58 (% sited) (2 sited)
ook ook *
HaPy 457 444 451 4246 450 448 341 419 3E0
HagFa 502  ATF 5E4 574 aD4 5EDQ 666 468 54T
MagPag 524  4EBE 504 539 500 519 4ad 440 452
NanF o TO3  fan 710 204 ai58 731 TA0 685 713
fs fs ns
hiean 502 543 5BE a0l 3533 577 533 5053 530
SE+
hlatagem ent means 0249 0228 1.159
Treatment teatia 0243 0228 0459
hdanagem ent = treatm ent means 0263 0.263 0.444
19EE/ED [F sites) (13 sites)
*kk 13 *okok
HaFq 142 132 137 192 178 183 115 108 111
MygFPa 175 149 162 195 173 134 163 138 130
NaPag 463 145 1435 213 151 203 134 120 127
HayP'm 208 185 1094 228 219 2323 195 1487 181
Mg 45 128 1481 175 227 123 20a 1aE 147 1356
ok ns * %
hiean
SE+
Ilanagem ent means 0035 0.073 0.040
Treatment m eans 0054 0.11% 0.048
Ilatiagerm erat * treatm ert means 0054 0.102 0.063

15, not sigrificard.

® ok ok Doepnficart at P = 005, 001 and 0001, respectively.
EMT: mseamwher-manazed trial, FMT: fomermanagzed fral



43 Observability of fertilizer use on rain-fed barley

Somme results of new technology are easily ohserved, while some others are not so
recognizahle. Fortunately, the results of fertilizer use on ran-fed harley were wisi-
ble to farmers During the SDYFRMP collahorative project, the experiments were
complemented by a survey: 129 farmers were monitored with two wsits dunng the
seasons. These visits were directed to three groups of farmers: the farmers collaho-
rating with the project, others from the same willage, and others from neighboring
villages.

The farmers” man reaction to the trials was manifested in changes in fertilizer uze.
Although these trials were not demonstrations nor part of an extension effort, but
were conducted as an integral part of research wath a farming systems perspective,
the farmers reported that the trials were beneficial, successful, and interesting.
Among the monitored farmers, fertilizer use on rain-fed batley in the followang sea-
son increased. The actual use of or interest in, fertilizer was higher among those
who were ahle to ohserve the trials (Mazid and Somel 1987).

4.4 Compatibility of fartilizer use on rain-fed barley

According to Fogers (1983), compatibility of an inmovation can be associated wath
{1} socto-cultural values and beliefs, (2) previously-introduced 1deas, or (3) client
needs for innovations.

Fertilizer use on rain-fed harley was not expected to he affected by socio-cultural
values and beliefs in Syria because most farmers in the irrigated and wet area were
already uang fertilizers. Fertilizer use on barley 15 compatible with the current bar-
lewflivestock farming system, since barley 13 the dotnant crop in that system, it
does not inwolve any changes to the system, and 15 compatible with fanmers” need
to increase their farm batley production, snce many farmers in that system are pur-
chasing batley and other feedstuff to meet their livestock feed requirements.

4 5 Simplicity of fertilizer use on rain-fed bharley

Any new agricultural technology may be classified as comples or simple according
to how farrners perceive it Fertilizer use on ran-fed batley 1z perceived as a simple
technology by farmers in Syria During the swrvey on adoption of fertilizer use car-
ried out 1 1993, none of the fanmers mentioned or reported that fertilizers were dif-
ficult to use or understand.

4.6 Environmental effects of fertilizer use on rain-fed bharley

There 15 a growing awareness of concern about, and increasing attention to the
interface between agniculture and the enwronment (Young 19913 Chemical fertil-
1zer usually increases agricultural production and this in itzelf represents an influ-
ence on the environment.
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According to Finck (195 2), the effects of chemical fertilizer on the environment can
he categorized under:

1. 801l Effects on soil reaction, sml structure, and soil life, and possible accumu-
lation of tozc substances.

2. Water: Eutrophication of surface water, and accurmulation of fertilizers in ground-
water.

3. 4 Effects on atr quality, posasble acoumulation of nozious substances, and
possible destruction of the Earth’s ozone shield.

These effects are in varving degrees, poatively or negatively, affected by fertlizer
application 1n asniculture. However, the negative effects of chemical fertilizer may
appear with intensive application of fertilizer. In the case of fertilizer use on rain-
fed hatley, the recommended rates of fertilizer are low and appear to he environ-
mentaly sustainahle, hoth in the short and long term (Pala and Mazid 1992) The
application of a low rate of phosphate 12 conadered safe by most studies on phos-
phate-deficient soil 1n the Near East (Matar et al. 1987). Improved root growth as a
result ofthe application of fertilizers has been shown to be highly effective inreduc-
ing soil erosion (Cooper et al. 1987, Oaman et al. 1991). Furthermore, the intro-
duction of soil-protecting crops leads to improved agricoultural production
(Tregubov 198 1),

4.7 Farmers' perceptions of fertilizer use on rain-fed harley

Farmers usally know why they do or do not adopt anew technology, and are able
to explan their reasoming, which usually reflects their own expenences. According
to a 1993 survey on adophing fertilizer use on rain-fed barley, the maonty of bar-
ley farmers perceived fertilizer asprofitable, advantageous, and notnsky. The farm-
ers were asked for their reasons for using chemical fertilizer on rain-fed harley and
the degree to whi ch these reasons influenced thetr deciston. About 9794 of the farm-
ers who had adopted fertilizer satd that they wanted to increase barley ywield, 85%%
reported that fertilizers reduced the possibility of crop falure, and 65%% reported
that fertilizers were not risky to use on ran-fed barley. Of the non-adopters, 50%
recarded fertilizer as risky on rain-fed hatrley, and 20% reported that there was no
redal benefit from the use of fertilizer
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3. Diffusion of fertilizer use on rain-fed barley

Fertilizer use on ran-fed barley in Syria iz anew technology for barley producers.
The adoption rate 12 the most inportant factor influencing potential impact in terns
of increasing batley production af the national level. Some ran-fed barley produc-
ers have adopted fertilizer, but others, espeaally those in the dner areas, have not.
It 15 understandahle that not everyone adopts a new agricultura technology at the
sarne titne The main underlying hypothesis ofthiz paper s that the time dimension
1z essential in understanding the adoption and diffusion process. Therefore, this fac-
tor was invest gated by studying the adoption rate and the diffusion pattern.

According to most theones on the adoption and diffusion of new agncultural tech-
nologies, adoption is not a sudden event, rather, it 15 a process It 15 also distin-
guishahle from the diffusion process: diffusion ocours among a population while
adoption occurs for individuals (Rogers 1962, Thirtle and Ruttan 1987). The diffu-
sion of an innovation has frequently been defined as a process by which the inno-
wation 15 commuricated through certan channels over Sme among the members of
a social systemn (Rogers 1983). A social system 13 defined by Rogers (1962) as “a
population of individuals who are functionally differentiated and engaged in col-
lective problem-solving behavior™ In the context of this study the socia systetns
consist of the potential adopters, or the farming communities, 1n barley producing
areas.

The time ditnension iz essential in the diffusion process; it 1s an important aspect of
any comtnunication process. Researchers (Rogers 1983, Mahajan and Peterson
1985, CIMMYT 1993} have shown that adoption of an innovation when plotted
against time often follows anormal distribution curve. If the cumnulat ve number of
adopters 15 plotted over time the resulting distribution is an S-shaped curve in
which there 1s slow initial growth in the use of the new technology, followed by a
tnore rapid increase, and then a slowing down as the cumnulabive percentage of
adoption approaches its masimum.

Eatly research on the diffusion process focused on descnihing the ohserved diffu-
sion patterns in terms of pre-specified distibutions (Mahajan and Peterson 19850
Subsequent research has attempted to develop more theory-based models. Diffusion
models have been developed to represent the spread of an innovation through a
given population of prospective adopters in terms of a simple mathematical func-
tion ofthe time that has elapsed from the introduction of the innovation. The objec-
tive of such a diffusion model 15 to show the successive increase in the number of
adopters over titne. This provides valuable information about trends and prospects
for a new techhology. It enahles researchers to estimate the rate of adoption and to
make predictions about future progress and demand for inputs. It also deterrmines
whether there 15 a need to quantify the change in the number of users of agricultur-
al technology over titne in order to evaluate its impact (CIMMYT 1993,
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£.1 Diffusion model

The logistic function is the most common form used to represent the diffusion
model wath an S-shaped curve (CIMMYT 1993), The logistic S-shaped curve 13
represented mathematically as:

V= K= (1+em) @

where
¥, = the curmil ative proportion of adopters at atime t,
K =theupper bound of adoption,
% =a constant, related to the rate of adoption,
z = a constant, related to the time when adoption hegns.

Itis possible to rewnite Equation (7) as
K+, =1+ gz
(K-T)+ 7T, =esn
Y, + (K-7,) =em

T

K-,

Ln =z+xt (8

Least squares regression of Equation (8) will produce estimates of z and x. To cal-
culate K, CIMMYT (1993 proposes two approaches. The first 15 to plot the data
and to choose the level that appears to be the upper bound or cetling of adoption.
The second method 15 to run the regression using different values of K and select
the one that mazimizes B’ T-tests and the B coefficients from these regressions, in
ceneral, provide no statistical indication. This technique only helps in selecting the
K that gives the hest fit to the data

Although the logistic curve 15 the most common way of representing technology
diffusion, it must be recognized that this model 15 static, and does not take into
account the stage of the adoption process. It1s assumed that there 15 complete, par-
wise interaction between previous adopters of an innovation and potential adopters,
and the innovation itzelf does not change over the diffusion process.

52 Data collection and estimation of logistic function for the diffusion of fer-
tilizer

Data were gathered from 105 rain-fed harley producers chosen randomly, and inter-

viewed 1n Aleppo, [dleb, Hana Hassakeh and Ragga provinces, duning March and

April 1993, vaing a two-stage sampling procedure. Sixty farmers were located in

Zone 2 and 45 farmers in Zone 3 (Mazd 1994,

Annual time-senies data of the number of adopters of fertilizer use on ran-fed har-
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lev in Syna obtained from the survey are used. The surveved farmers were asked
questions about when they started using nitrogen andfor phosphate fertilizers on
their rain-fed hatley. Their answers were plotted as cumulative percentages (Figure
47, the adoption of any type of fertilizer has been hicher in Zone 2 than in Zone 3
with greater total adoption of phosphate than of planting-time nitrogen or top-
dressed nitrogen (Mazmd 1994).
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Figure 4. Actual diffusion curves of fertilizer use on rain-fed barley in Syria.

The definition of an adopter, in this research, was a farmer who adopted atleast one
comnponent of the fertilizer package nitrogen, phosphate, or both. As stated above,
due to agricultural policy, fertilizer was available earlier in Zone 2 and therefore
adoption started earlier there than in Zone 3. Farmers did not have access to fertil-
izer in Zone 3 untl the 19805 and so the diffusion and adoption process lags hehind
that of Zone 2. For this reason, the cumulative percentage of adopters has heen
higher in Zone 2 than in Zone 3 (87.7% versus 46.7%4).

It was decded, in the light of the di ferent starting times for the adoption and dif-
fusion processin Zones 2 and 3, that the anal vsis would be carmed out for each zone
separately. Therefore, linear regression analysi s was applied to estimate the coeffi-
cient walues of the logistic function based on Equation (8), assutning several upper
bounds of adoption K for each zone The coefficent values of the logistic funchons
which gave the best fit of the ime-senes data in both zones 15 summarized 1n Table
9. and the actual and predicted cumulative percentages of adopters 15 shown in
Figure 5.
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Table 9. Estimnated coefficient values that gave the hest fit of logistic functions
bhased on Equation 8).

z x K Adi R

Zane 2 —28 57 0342 a4 0385
(1975-82)
Zaone 3 5203 0585 54 0283
(1984-97)
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Figure 5. Actual (1975092) and predicted {1975-2001) cumulative adoption

from the estimated logistic mod &.

Based on the ahowve analysis, itis possihle to conclude the following:

1. Thelogistic funct on provides a good representation ofthe actual adoption time-
series datarelated to fertilizer use on rain-fed had ey in Syna The analysis shows
that the maonty of farmers in Zone 2 adopted fertilizer technol ogy, while more
than half of the farmersin Zone 3 had not vet adopted 1t

2. Adoption started eatlier in Zone 2, but the rate of adoption (represented by the
coefficient x) was lngherin Zone 31.e, once fettilizer became avalable in Zone
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3 farmers adopted more rapidly than in Zone 2. This could be due to some dif-
fusion of expenence from Zone 2 to Zone 3.

3. There iz alack of adoption of fertilizer technology espectally in the drer areas.
It 15 predicted that the ceiling or upper bound of adoption 1n Zone 2 15 much
greater than that in Zone 3.

6. Impact assessment of fertilizer diffusion on barley
production in S¥ria

Az addressed in the previous section, adoption and diffusion of a new technology 12
essential to achieve itnp act on barley production at the national lewel. In this study,
it was found that fertilizer use has been diffused among barley producers in Syna
especialy in Zone 2, but two questions reman unanswered, What 15 the current sit-
uation of harley production in Syna® How much of the increase in harley produc-
tion at the national level 15 due to fertilizer use?

Official statistics on national trends indicate that between 1981 and 1995 there was
a clear increase in both batley area and barley production in Syna. The total area
under batley increased by 46%, from 1,346,000 hain 1981 to 1,963,000 hain 1995,
and total hatley production increased during this period to reach 1,722,000 tonnes
i 1995 4 major 1ssue 15 the large year-to-year fluctuation in total baley produc-
tion, the consequence of more than 35%% of the barley area being under rain-fed con-
ditions. Despite this fuctuation, srowth in production and wield has been obsery-
ahle since 1990, wath total barley production increasing from 846,000 tonnes in
1990 to 1,722,000 tonnes in 1995, and barley wield rising from 448 kghain 1990
to 877 kghain 1995

However, for a better understanding of barley-production trends at the national
level, and to avoid the influence of year-to-year fluctuation, the average annual
area, production and vield of haley were calculated for five-vear periods (Tahle
10}, Between 198125 and 199195 the average annual area of barley increased by
48% and total production by 67%%. Yield per unit area increased by 11%. The dif-
ference between the zones 15 instruchive, Ower this period, the proportion of total
Synian natonal barley production from Zone 2 increased from 34 to 54%% and area
productiwty from 750 to 1064 ketha (38940). In contrast, there was no wield increase
i Zonie 3. Thisis becanse the maonty of Zone 3 barley fanners have practiced con-
tinuous barley cropping over the last 10 years (Mazd 1994, Fertilizer use was dif-
fused in this zone and some farmers adopted 1f, but its effectiveness was limited to
stopping the decline in barley vield due to cultivating the land every vear
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Table 10. Annual average of area, production and yield of barley in Syria,

19811995,
Vears Area (000 ha) Production (000 £) Tield (kg'ha)
Hrria fofal
1981 -85 1425 831 583
1985100 2116 1129 534
199105 2108 1271 650
Zone 2
1981 -85 374 186 TaS
198500 620 420 74
199105 702 747 1064
Zone 7
1981 -85 304 153 503
198500 451 211 483
199105 504 235 483

Based on the data collected from the survey on adoption of fertilizer, the fertilizer-
response functions and yield-zap analyas, and the officia stafistics for batley, a
preliminary estmate of the average annual impact of fertilizer use on ran-fed bar-
levin Zones 2 and 3 was calculated . The following formula was applied (Mazd and
Somel 1987

Total increazse = E’I’ijSijM.rP,i

where ¥ = estimated vield increase due to fertilizer application in Zone
1 under rotation g,
= saze of haley areaplanted in Zone 1 under rotation §,
= factor reflecting management in Zone 1 (range 0-13,
& = rate of adoption (range 017

The estitnated impact of fertilizer use on ran-fed barley, in terns of the annual
increase in grain batley production and net revenue af the national level 15 summa-
nized 1n Table 11. The estunated increased yield of 261,000 tonnes increased the
national income by about 873 million Syrian Pounds (S3YF) annually (equivalent to
USE 208 million at42 SYRUSY exchange rate). Ahout 81% of this increase came
from Zone 2 and the remainder from Zone 3.
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Table 11. Estimated increases in grain and net revenue from barley produc-
tion from fertilizer usein Zones 2 and 3 in Syria.

Area Grainnyield  Fertilizer applied Fertilizer Het revenne
iicrease costs (000 3YT) (000 3YF)
(totues) PyDs (1) H it

Zote 2 212,474 26,226 24,713 671987 TOZ,005
Zone 3 42,221 4,900 f,155 142 521 164,259
Total 260,695 31,124 30,26% 211,568 272,952

7. Conclusions and policy implications

Fertilizer use on ran-fed barley was a newtechnol ogy for hatley producers in Syria
Batley wields of gran and straw showed highly stonificant responses to nitrogen
and phosphate fertilizers. Economuic analysis indicated that fertilizer use on rain-fed
harley 1s profitahle at the farm level, with a positive impact at the national level in
terms of production and net revenue; 13 not nsky under a range of ranfall and rel a-
tive prices, in terms ofnet henefits and henefit-cost ratios, and there are certain fer-
tili zer options that carty no nsk Fertilizer 15 also simple to incorp orate into the cur-
rent barley/livestock farming system, easy to expeniment wath on a limited bas s
ohservable, compatihle with farmers’ heliefs, and enwronmentally sustanahle tis
thus an appropriate technology for farmers of ran-fed harley

The agricultural policy implications would be to reconsider any policies restricting
the dlocation of fertilizer to ran-fed areas; conduct focused on-farm research to
evaluate responses to fertilizer, and execute a cooperative extension effort for fer-
tilizer use if results of research are promising. It iz gratifing that, as aresult of the
SDIFRMP project, the Synan agncultural policy-makers have changed their policy
of not allocating fertilizer to part of the batley producing areas and are comple-
menting the research effort with an extension project. Furthermore, since the diffi-
sion model can he used to predict the percentage of fertilizer adopters, the effects
of policy changes on fertilizer-supply requirements can be estimnated. Any changes
in the ferblizer-adoption rate will prowide the basiz for estimabng changes in
planned fertlizer requirements.
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