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Evaluation Issues for Multi-Pr: omc( Research Activities:
An Applicatiow of Rhizobium Research in the Philippines”

Tirso B. Pans Jr., Nora Dm. Carambas and Joff' S. I:)a:\ris“
L. INTRODUCTION

This paper is based on an on-going study at the Umversity of the Philippines
Los Bados (UPLB) as part of the research program entitled “Economic Bvaluation of
the University of the Philippines at Los Banos (UPLB)/Australian Collaborative
Projects Funded by ACIAR". Among others, the project attempts to undertake
detailed project level evaluauons of the impact of completed and current projects with
research groups at UPLB. These evaluations atlempt to estimate the wolfare i impacts
of the projects on all groups in the Philippines, including any environmental impacts,
and other countries in the region if applicable.

One group of prajects being evaluated is the research on the development of
Rhizobium inoculants 1 the Philippines.  Australian and Filipino researchers have
waorked jointly under three ACIAR-funded collaborative Rhizobium research projects
(PN 8574, PN 8731, and an ongoing small project), PN 8574 (D:ology of Rhizobium
in the Philippines) and PN 8731 (Biological Nitrogen Fixation in Food and Tree
Legume Production Systems in the Philippines) were completed in 1987 and 1990,
respectively.  The small project 1s due to be completed by March 1996.

For food legumes, the main objectives of the ACIAR/UPLE projects are to
assess the requirements for Rhizobium inoculation of soybean and mungbean; o
develop suitable moculants and methods of application; to assess inoculum build up
in soil and the requirement for continued inoculation; to select Rhizobium strains.and
cultivar combinations especially adapted to acid soils; to determine nutrient and soil
fertility amendments to maximise biological nitrogen fixed by these legumes under
field conditions; and to estimate the amount of nitrogen fixed by soybean and
mungbean under field conditions and made available to subsequent crops.

This project presents an interesting case for project level evaluations for
several reasons. Tirst, the technology generated, namely the Rhizobium inoculants
for several food legumes, specifically soybean and mungbean, was a product of a
serics of related rescarch projects, of which the UPLB/ACIAR collaborative research
projects was a part. Second, there was a significant research lag where benefits from
the use of inoculants started sometime in 1982 when they were first introduced to
farmers, although the research process over 10 years before the start of dissemination
of the technology. This feature appears to be common to many other projects and
presents some special methodological problems in evaluation,
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The purpose of this paper is (o review the various aspects of the project \cwl:'
evathiation on the Rhizobium projects. Particwlar emphasis is given on the research
lag wn technology development and the apportionment of the benefits of the overatl
research effort auributable to a subset of the tesearch.

2. RIuzosius RESEARCH FOR LRGUNMES IN THE PIHLIPPINES
The Rhizobium Reseavels and Development Continam

The currently existing Rhizobimm fechnology for grain legumes in the
Phulippines evolved through a series of research activities. At the UPLB, studies on
Rhuzabtum commenced way back in the 1960's ander the Department of Soil Science.
Rhizobium vescarch projects were then entrusted 1o the National Institutes of
Biotechnology and Applied Microbiology (more popularly known as BIOTECH) in
1980 nght after the unit was created,

Funds for studies on Rbizobin started (o pour in only in the 1970'8 during
which terest in chemical fertiliser substiutes was aroused by the escalating cost of
chemical fertilisers due o oil erisis.  Funds have come from both local and foreign
agencies.  Table | presents the list of Rhizobinm research projects that were (or
bemng) undertaken at the UPLB together with their corresponding sources of funds and
duration.  They numbered 19 in all.

Through the years, works on Rhizobium have undergone progression, from
basic types of studies 1o developmental ones.  During the early stage, research
activities were more concerned on: (1) the development of method of counting the
number of Rhizobia in the soil and determining their presence in nodules, (2) isolation
and purnification of Rhizobia, (3) testing the competitiveness and effectiveness of
Rhizobium isolates and selection of the promising ones, and (4) development of
inocufants. ' ,

In the next stage, several pot experiments and extensive field trials were
conducted to determine the following: (1) the response (o inoculation of’ gram t%umw
under different a;;rmlmmm conditions and cropping systems, (2) the interaction
between Rhigabial strains and grain legume cultivars, (3) the persistence of inoculum
in rice-based cropping system or flooded condition, (4) the optimum ml;e of
inoculation and fertiliser application and the proper timing of the latter, (5) ¢
nﬂwuve m«..i lm} of mc)g;ulum apphcahun ! €. the Hse Gf gmnulm ',Q:} inmul“mi vcrsub
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association between plants and  fungus.
phosphorus and all other nutrients.)
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sticker which would inerease the amount of inoeulant adhering (o the seed;
the longevity of, and provide protection to, the inoculum, The eurrenty
Rhizobitm technology uses water only as sticker, ‘

In addution, the researchers are uwc:‘;ug,mmg the >0s$rbnmy of coming up wuh .

Rhizobium inoculants which are fortified with micronutrients such as molybdepum,
boron, caleium, and cobalt and Rhizobium inocutants which contain VA Myecorrhiza
andfor any plant growth promoting rhizobacteria for stress environments such as in
acid soils and drought prone areas. The researchers, too, are now in the process of
testing in the field the performance of their newly formulated granular and liquid soil
moculants, ‘ ‘

Demo triaks, video presentation, open forum, and distrbution of inoculant
sample. are currently being undertaken to promote the use of the Rhizobium
wehnology.

The Accomplishments Under ACIAR-UPLE Collaborative Rlizobium Research
Projects

ACIAR has been involved in Rhizobitn research at the UPLB since 1986,
When it came to the fore, researchers at the UPLB had atready undertaken substantial
works on biological nitrogen fixation by Rbizobium. Mugch had been done as rfar as

Rhwzobia) 1sotation, purification, and testing for competitiveness and effectiveness

were concerned.  Moreover, Rhizobitom inoculants had been produced several years
back.

To date, Australian and Filipino researchers have already worked jointly under
three ACIAR-funded collaborative Rhizobimm research projects (PN 8574, PN 8731,
and the ongoing project which is just a small one). PN 8574 and PR ,87”&1 were
completed in 1987 and 1990, respectively. The small project will be finished come
March 1996. PN 8574 and PN 8731, which were primarily concerned with the
ecology of Rhizobia that nodulate grain legumes particularly mungbean and soybean,

had complemented the USAID- f‘undcd Peanur Collaborative Research Supp(m
Program. ‘

Under PN 8574, a total of 366 isolates (98 mungbean isolates and 268 soybezmﬁ

isolates) were collected from different cultivars of mungbean and soybean, the

grown on different soil types in the Philippines, and thcy were (ested for
- competitiveness and effectiveness. ‘
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Another important finding under the project was i nitrogen fertilisation of
ioculated plots s oot beneficiat for 0 inhibits biotogieal nitrogen fixation
Inoeulation alone s suffictent to merease yield significantly,

Undt*r PN S'Hi '(im’n‘i i@wm mi‘tmcmmt); u&lmsivu ﬁtﬂ d ts“‘id S me

of &lmg trml& ind i
system needs 1o UQ uu:mxl*zwd m; zrmmm n W m mmhhs "
there would be sigmficant response to inocolation particularly in
soils with low nttrogen and w areas not previously planted with leg

munglmnn eulhvzxr timx W(llild pnrm:’umﬂy u: suued u:; a ,c 3
woculation and the sol amendments that would enbance symbmtw m‘ f’wu
the bacteria m acid sois were alse mvestigated.  The resolts indieated (it for
soils, sal ioculatton with granules rather seed inocnlation as being vmnmu:u"niy cmm
18 supertor and limng would enhance the benefits from inogulation.

The long-teem experinent which was started undl:
under the project to determine the persistence of the b
system.  UPL Sy2 and UPL Syd and B. fuponictnt st iny (;.—}3 ] 80‘3 Jnd, U
were ulilised. “Two treatments were applied. To the first, inoeulant was introdueed
only at the fmtial planung of soybean.  In the second one, inoculant was introduced
every time mym an was planted alter nee. This study showed that regardles
frequency of inoculation, the proportion of nodules formed by the inoey
deereased from 90% v the first soybean crop to 40% in the third crop.
also showed that the munber generally deereased during the rice culture a
three soybean seasons to estabhsh a large soil ;mpulmmn of B. japonicum, 'l
particular study led to the secommendation that inoculation must be dm)u, Yery
a legume crop is planted after rice. ‘

r l‘N 8374 wm, wn{,xmmj

mxmlmm *u Lhe HIC‘)’ -l
mungbean was M5, Afier the pmjm. B
acid tolerant strain,

Fhe Inoculant :'l?’;:'mi;wtim;: and Disteibution

The prmiueum of inoeulant in the Pmlsppum has i
This is still being carried mu by labortories under BIOTEC
Smla an : «
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BIOTECH Iias a pilot plant whose pmdummn Te tm«my {72, 28 et
year) can mmmn all food legome farms in the cmtmry u *ﬁm s well
pmmmwl 1o mmn the production of good quaki
BIOTECH, however, {5 that it does not have dis rzmﬂwﬁ arms zsw,
: m me rc%g,mm u h.as hwn mamiy depqmu,m un mrmm wlm I" ]

ummnw an EM gmwmmm had imsmhul ;mm pmdm:mm i r::g;,xmuus and'
technology commerpiahizaiion programs on peanut, mungbean, and soyb ;
seed moculition was @ component of the package of technology €
commerciahzed, the coordinators of these programs got umwhnm o
for distribution to farmer conperators of the program, | E
happens under the current programs, namely. the Accel, :
Unlization Program (ASPUPY and Lab 1o Land: Amlzmrmn cmd a mmwrm/*
of Legume Inoculant for wSmaii Seale Farmers.

Nestle Pluhppines, l.m:‘ used Lo be the Bioleeh's bigpest buyer of inoculant
for soybean. Engaged i soybean contract growing scheme, this private company
had included seed inocutation i their recommended package of technology before.
When a contract grower got his supply of inputs from Nestle, it already included the
inoculant.  They really have to inoculate their seeds before they plant,  Lately,
however, the company ceased to include seed inoculation in their POT for two main
reasons. One was that they observed that Rhizebio population was already high in
some places and marginal benefit from continyous seed inoculation would be low.
Another was that procuring the moculant all the way from BIOTECH had become
a tedious task to Nestle personnel. |

The DA-RFU’s provide a hetwf venue for i.nc)c;ul‘am: pmdmﬂim and c'ha‘nn&l

techpicians who come in contact with farmers rgzgu
of the fourteen DA -RFU's produce inoculants at li
there were times when produatmn had to stop either becavse ck of

electric power in the region. Other DA-RFU’s do not prc}duec mwnlant,s m al
simply because af lack of trained personnel,

the wiumcﬁ of mmui'mt pmducuon in thc wumry h'tshe:;n

and mungbean ineculant that were produced during the period 199
~ 10 about 1.3 metric tons per year only (Table 2). This volume. was Just enou gh m
cover about 57% and 2% of soybean and mungbean farm heetarage, resp !
(During the same period the average farm hwaragm ;plamc::d to saybean a,nd‘
mungbean were 3,301 hectares and 34,296 hecta ‘ ‘ :
the seed inpculanon component was not evaluated
production programs and technology comm ¥ !
gooperators were not able to usethe xrmumms“npiy ceause they were no
when they were needed. ‘




mdependent researchies in the respective units

3‘; i\“%&l&!%ﬁ TON »(;}J"“ fl{l m IMPACT OF ]M&Slﬁ&i&;ﬁ?l.l;

| f,mtmmm wqus am;mwh m cmunmm .mwm's m ‘
in consumer surplus and producer surplus based on lht’z wa c;!‘ um vertical st
curve which was associated with the technology adoption. Three basic assumptic
were made to simplify the calculstions. These were the linearty of demand :md
supply curves, the paraiie] shift in supply eurve due (o technology adoption, and the
closed economy assumption. The data used w the analysis were based on cost
and returns estimates derived from both primary and secondary sources,  Although
regional estimates were attempted in this study, only the apgregate national estimated
are reported in this paper.  On the basis of the costs and benefits of research,
estimates of net present value and internal rate of return were estumated.

nwngbwn wuh ami wnmnm mawlam C)n ;hc mwm;;;:, mybc:zm ymld f": res :
23% (from 1.22 1o 1.5 metric tons per hectare) and the corresponding cost ¢ iutzmn
1s about 12% (P1.478). For mungbean, yield mcreases by abont 16% and the
equivalent cost reduction is 5% (P6ST). The figures shows that both erops benefit
t‘mm inmu‘immn in mrms yic‘!& incrcaws wmc’h tranzsiale mw umx cost redumi’m

f‘m muagbean and soybe:m. It stuid be nmm xim yczar i gms‘ a, rar
dunng which the first funded studies leading to the development of inoe
On the other hand, ACIAR funding started in 1986, The basic data us
the figures on benefits for soybean and mungbean from the ad joption of Rhizobium
tm:tmomgy are shown in Tables 3a and 3b, These include production, consumption,
prices, and the rate of technology adoption. - The rate of fechnology adaption was
computed based on the proportion of area using inoculated secds.

In absolute terms the Jevel pe
the total area planted nationally nf i"cd 1¢gun1¢s c:ompmd 1o oth
In relative terms, however, the asumams mf’ nec economic: 5

cwummd““ a;apg:ax »mﬁbaimmﬁing

it. may bc wncmdad ttm Rm.mbx
The figures for soybean are higher ih:m

alone, the net present value of the researct ‘
1974 through 2003 is over P10 milli lion withan internz




~In the previous section, it was shown that the research A&

nly part of the overall research effort toward the genermtion

o farmers, namely the production of Rhizebi ¥ Iﬁmﬁ

economie benefits, we caleulated the benefits of Rhizobiun

had shown that the overall research effort 1s socially profitable
vatlue and the internal rate of rettm.

: ..m c?m ﬂu }*;mm;~

One issue that comes 1p 15 1 e case of multi-project research, how dowe
determine the benefits of the research attributable to a particuiar rcs.;mmh funding
agency such as ACIAR. Thus 1ssue of henefit auntbunion 15 not new. Whe
several componeits working together and nteracting (o achieve certal
ub;wnvw, it is often of interest W know how much of the ncremental benehit -or
returns are altributable to a particular component.  This seems similar m
evaluation of project benefits sayv from an miegrated development project where
are several components like wrigation and credd and infrastrueture, adaptive research
and extension ete, and we attempt to deternune how much of the total project bmmﬁm
are attributable 1o irrigation. ‘

In the case of research benefits, 1 15 obvious that the benefits accruing o it
due to technical change 15 a product of cumulative efforts starting perhaps with
certain basic researches leading o the development of a technology. Having
accounted for the all costs and benefits, we are able to arrive at estimates of the rate
of returns of research.  However, if we wish to single out the contribution of a
particular research program as a component of  a larger progess involved i
producing the technology, then some kind of procedure to apportion research bcncma
has 10 be done.

1t appears that there are two obvious almxmtm eriteria for apportioning total
benefits in a multi-project research activity: (1) based on proportion of funding of
an agency and (2) based on subjective ratmg of knowledgeable scientists of the
proportion of eontribution of a particular funding agency,

The first alternative, namely to apportion the tota)
level of funding appears 1o be easier and more objective 2
shows that it js not an casy task to re-construct the |
researches, One problent is that it may be argued ;{m fundi
necessarily transtate into proportionate benm‘ ts. For exar
research funds can be spent and only have a m
produetion of the v::ammiﬂgy Another pmb ﬁm i8
comparable due 1o changes in purchasing power. In

to convert nominal research costs to real research costs br;:»cd on *mm,‘ppmp,.ﬂ, (e
daﬂamr sueh as the consymer price index. ,
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This issue of benefit atribution sull needs © be looked further into in this
preliminary study. To the extent that research cost and benefit estimates are already
computer templates, it would be a simple exercise (o underigke some simulation and
sehatil™ analyses with respeet 1o effect of changing funding levels or subjective
valuations of research contribution.

4, CONCLUSIONS

In thus paper, we have aempted to present the results of an evaluation ofa
collaborative project between scientists 1n the Philippines and A ia which was
supported by ACIAR. The project looked at & range of aspeets of the use Rhi
in Tood legume crops. The paper highlights the iportanee of developing a ¢
hackground 1o the full research effort 1o ensurg an effective evaluation. In pariieu
it highlights the importance of ensuring the full research lag is taken into geeol
that the benefits from the research efforts are not attributed to just a sub-set of the
research.

The paper has described the varipus research activities focusing on the
nitrogen fixation of legumes by Rhizobwm. It was shown that there was indeed a
number of research projects funded by various agencies before the ACIAR projects
which togethier helped to produce the Rhizobium inoculants for various | of
legumes, particularly soybean and munghean, These previous researches, hich
were mostly done during the period 1974-87 done mostly by UPLB researeners,
faid the ground work for the ACIARZUPLE coltaborative researches on nitro) en
fixation starting in 1988-90 and in 1990-91. As of wday, there are still several
on-going related researches - with focus on production of legumie inoeulants,
development of microbial inoculants for stress environments, commercializat ,
inoculants for small farmers, and uiilization of rhizobium-mycorrhiza interaction
under acid sotls. ‘

-

Although a large proportion of the inoculants were produced during and
after the ACIAR project, it seems clear that a farge proportion of the . :
the project is due to the series of researchies on nitrogen fixation. Clea
that a number of the researches stared in the 70s and continued on through |
80s implics that aitributing research benefits 1o the ACIAR projeets would
overstale the real retumns to the ACIAR/PLB collaborative research.

This suggests that if we are to determine the social benefit of /
Ui of researches,
fits in an
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315,143
147,840

152.540
514 I‘S&

2,961,039 997,243
2,888,800 153,757
- 3,248,508 180,264 . ~
3,608,518 3.698.518 ‘588,254:
4318,619 630,596

5.070.235 505

£ G814 aﬁ“ﬁ.ﬁ?f? 5,890,027
Q;’Z*E:s,ﬁ&? 89,949 6,805,646 8,605,646
2,731,857 /»\33*8&3 7,825,658 7,825,659 3
rreanT . 53 748 7,826,985 7.826,865 777,823

CTeral 7887174 z*sm,«zm 5. 717.878 2,297,022 7,244,238 9,260,996 66,356,438 13,033,541 2716986 10,316,555

Net Present Value: 12,044,694

InternalRate-of Return: 39%

" -Discount Rate Qg
1RR: Guess 0.5



- TVEAR ‘PRO‘bUCTtON*CONSUMBT!,GN’ B

(mt) o _{mtk

PRiCES B

(letl

1982 8,955 267,732

1983 7,449 - 207,981
1984 6,732 234,432
1985 7,896 - 168,378
1986 . 6,653 234,803
1987 6,735 46,270
1988 5,936 344,775
1989 4,567 362,959
1990 4,946 405,902
1991 3,257 397,136
1992 3,687 467,231
1993 4,054 563,015
1994 4,057 536,931
1995 3,932 522,382
1996 4,014 540,779
1997 4,001 533,367
1998 3,983 532,180
1999 3,999 535,442
2000 3,994 533,563
2001 3,992 533,762
2002 3,995 534,289
2003 3,994 533,904

2,974
5,108
6,812
7,766
7,705

8,269

8,647
8,351
7,640
9,903
9,475
10,408
11,830
12,796
12,796
12,786
12,796
12,796
12,796
12,796
12,796
12,796

0.1683
0.2140

0.6070
0.8488
0.7262
0.3173
0.3173
0.3500
0.4000

0.4700

0.5500
0.6400
0.7400
0.8500

0.8500

2,957,091
4,717,496

41416;3 6 8

1,908,283
1,848,696
2,083,599
2,375,890
2,782,838
3,275,750
3,814,214
4,416,949

5,089,257

5,087,520

34,021
237,147
81,715
173,306
560,875
1,537,592
1,001,407
970,664
1,093,249
1,245,308
1,456,472
1,711,587
1,989,199
2,298,749
2,642,600
2,641,698

Source: Bureat of Agricultural Statistics

Supply Elasticity 0.37
Demand Elasticity 0.70




Tab]e 3b. Basteidata usedi m the ca!culatlon ‘of benef ts deruved from

BENEFITS

23,862
23,786
23,797
23,776
23,786

"Source: |

Supply Elasticity
Demand Elasticity

43,937

23,786

38.383
40,926
33,298
49,111
41,111
41,173
43,799
42,028
42,333
42,720
42,360
42,471

42.51 7

11,075
11,543
13,783
14,567
15,625
16,387
17,486
18,773

21,149

23,825
26,841
30,237
34,064
38,375
43,231
48,702

Agr ulturci Stausncs

0,66
0.9

54,865

0¢002 1
0.0056
0.0076
0.0034
0.0009
0.0035
0.0037
0.0038
0.0040
0.0041
0.0043
0.0045
0.0047
0.0049
0.0051

1,194

47,190
37,106
20,197
72,791
24,536

68,113

37,058

8,665
41,163
40,062
41,919

44,608

45,756

47,826

49,970
54,117

_ 56,393

30,740
32,712
33.554
-3 5,072
38,055
39,636

820,500




