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AII\lrogre~s Report (Sep telllber 1, 1982 Lo September 1, 1983)
Grunt No. DAN-5542-G-SS-2126-00

Confirnl::ltion wa::; reeeiv,,·d from tlll' Agency for International Development
that the project proposal entitled "Seed Vigor Influence of Nitrogen
Fixation on Red Field BC'.'1nl: was funded [or $110,853 in a letter dated
September 30, 1982.

Since the propos.'ll identified .:1 plltential Ph.D. graduate student
from the Dominican Republic (DR) to conduct this research, a trip to
the DR from December 12-16, 1982 \olaS establi.~hed with four immediate
objectives (Attachment 1). It \olaS clL·termined that Alberto Rodriguez,
a faculty nlember in crop physiology at the Instituto Superior de
Agricultura (ISA) in Santiago, retainl'd ,lll inten'st in obtaining a Ph.D.
degree from Ohio State University (OSU) as part of this AID grant. Since
the time of project proposal submission to receipt of the grant, Alberto
had married and had a son. He wished to bring them with him and
Ken Ell is, AID ofril'l'r, suggeSl.l·d,ill .1 Il,ttl'!" of February 9 (Attnchement 2),
that the stipl'IHI be incrl'asl'd [rolll the nt-iglll;l" proposal of $600/month
to $900!month. Albl'rto was also concerlled about health insurance which
would cost $150!qunrter for him and f.:l1l1ily. In ol:d('r to comply with
these reql1~sts, monies within the grant were shifted from part-time
student help to increaSl> the gradlwte student stipl~nd to $9,600!year
with no additional costs to AID a::; descr ibed in a letter dated
February 15. It was also recommended that Alb(!rto and family be ready
to depart for Columbus, Ohio on ~farch 24 in ordt:!r to begin the Spring
Quarter at asu and initiate his graduate training as soon as possible.

A separate trip on Hardt 21 to Hareh 24 was platll1e,i to identify
field sites for the conduct of research and to assist Alberto and family
on their arrival in Columbus in adapting to their. new environment. Of
the two objectives established for this visit, only objective 1 was
completed because of difficulties encountered in getting Alberto and
family cleared for departure to the U.S. (Attachment 3) FollOWing
his arrival and enrollment for Spring Quarter, we requested seed lots
from the DR to begin his research. These seed lots did not arrive until
2 months after the initial request. We still are not certain of the
reason for delay. Importantly, we were able to start both greenhouse
and field studies which are presently underway. Similar studies are
also underway in the DR as part of this AID contract. A recent letter
(Attachment 4) has specified the services for the field work expected
from ISA. Finally, a trip by Alberto to the DR from September 1, 1983
to September 8, 1983 has been planned with the objectives of identifying
field site::lforthe hean ::ltudie::lj procuring seed sources, and describing
expected experimental npproaches. These will coincide with studies
at OSU. A second trip to the DR for myself al1c1 Alberto is under
consideration for December. September is generally the planting time
for field beans while late November is the tme for harvest. These two
visits will enable us to direct the planting activities as well as
follow-up on harvesting and data analyses.

MillerB. McDonald, Jr.
. ).'11 Investigator
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January 8, 1985

Dr.LLoyd Frederick
AID
S & T/AGR, Room 240, SA-1S
Washington, D.C. 20523

Dear Lloyd,

Department of Agronomy

Room 202
2021 Coffey Road
Columbus, Ohio 43210-1086

Phone 614-422·2002

~. A- () .3

Enclosed is my trip report for my recent visit to the DR under
the auspices of the AID proJect, "Seed Vigor Influence on Nitrogen
Fixation of Red Field Bean". I believe the report accurately captures
the progress of this project in the DR. Alberto Rodriguez will also
forward you his trip report in the immediate future.

Having been involved in several overseas projects, I can state
that this one is the most successful. I attribute this success to the
integrity and diligence of the people we are working with. Although
we may not always be nuccessful in what we want accomplished, it is
not for lack of trying. The people at ISA are dedicated to improving
agriculture in the DR.

If you have any questions, do not hesitate to contact me.

Sincerely,

~~
Miller B. McDonald, Jr.
Professor

MBM:mkj

cc: Marion Ford
Ellen Bieghler
Alberto Rodriguez
Federico Cuevas Perez

rl



TRIP REPORT

AID Project "Seed vigor Influence on ~itrogen Fixation of
Fed Field Bean"

Miller B. McDonald, Jr.

The purpose of this travel from December 7-15, 1984, was
to determine the quality of field, greenhouse, and laboratory
research being conducted in the Dominican Repuhlic under the
AID project "Seed Vigor Influence on Nitrogen Fixation of Red
Field Bean." Alherto Rodriguez, DR graduate student at OSU
funded by this project, traveled to the DR to directly supervise
this research from October 2 to January 4. My role was to visit
with the ISA staff to evaluate the quality of the pr09ram, visit
field research sites in Santiago and San Cristobal, and present
a seminar on seed quality (see attached itenerary).

After arriving in Santo nomingo and traveling to Puerto
Plata, I met with the ISI\ Board of Directors to discuss the
progress of and the future for this research oroject. ISA is
being provided approximately S3,OOO/year for supplies, travel
costs, and personnel support. The first year of the field and
greenhouse work was only moderately successful. This, in large
part, was attributed to the lack of direct principal investigator
supervision. Although we had provided specific guidelines on
experimental techni~ue and the acquisition of data, some misinter­
pretations of procedures occurred. Still, the committment of
the ISA staff to the project was clearly apparent. A comprehensive
research report directed to OSURF was prepared (enclosure).
It demonstrates that ISA is fulfilling its obligation to the
project.

In order to insure that the research was being properly
conducted for 1984, Alberto Rodriguez departed for the DR in
early october and will stay there until early January. He will
directly supervise the field (Santiago and San Cristobal) and
greenhouse (Santiago) studies. This departure time permitted
him to direct all planting, 20 days after planting, and initial
flowering studies. Unfortunately, he must return on January
4 to begin Winter Quarter at OSU so he will not be able to guide
the mid-pod fill and harvest studies although we are confident
that the methodology will be well defined at that point.

Discus~ions with ISA staff on Monday documented that they
are extremely pleased wi th the progress of the project. They
aCknowledge that seed quality is a serious problem in t.he-- DR
as well as optimum nodulation of. field beans. In addition to
evaluating this research problem in the DR, they also indicate
that the project has been beneficial by providing additional
research revenue as well as training of other faculty and students
who have cond ucted the work in our absence. For example, two
faCUlty members, Pedro Benoit and Raquel Fernandez, have supervised
the work while two undergraduate students, who must as part



of their graduation requirements complete a research project,
have acquired the data. There is little doubt that this program
has been well received.

other discussions with ISA staff centered on the future
of the project. At the present tiMe, it is believed that the
program will answer the imMediate questions relating to the
influence of seed qUdlity on nodulation. For the future, following
graduation of Alherto Rodriguez and his return to the DR, it
was suggested that Alberto may establish and direct a seed testing
laboratory established either at ISA or at a new research center
which will be located in Santo Domingo in the next year. This
would provide the country the only operating seed testing facility
and will provide a focus on the importance of establishing seed
quality prior to field planting. ISA staff also emphasized
~heir desire to initiate training of an ISA faculty member in
the u.s. in some aspect of tissue culture related to stress.
They believe this training is essential to reforest many of
their mountain slopes which are quickly becoming eroded.

Prior to departure for the DR, Alberto Rodriguez called
and requested that I bring slides and 9ive a seminar on seed
quality. This s~minar was given on Monday morning and was attended
by 20-30 people. The session proved beneficial because it re­
emphasized the importance, and created a greater awareness of,
seedsin Mode rn ag r i cu 1 t u re • Industry, facul ty, and students
were present at the seminar.

Tuesday was spent visiting the field sites in Santiago.
Excessive rains had delayed planting three weeks and the seedlings
were only beginning to emerge. Further, it was obvious that
the field had been plowed when the soil was wet because of excessive
cladding. "lhat impact this may have on field data remains to
be deterMined.

On Wednesday, we returned to Santo Domingo and visited
San Cristobal on Thursday. San Cristobal is the location of
CESDA which is a government research station where most of the
field bean research is conducted. Alberto Rodriguez, Emilio
Martinez (an AID mission employee), and myself, visited the
plots which were in excellent condition. Most of the bean plants
were in the third trifoliate and obvious differences in seed
quality treatments were apparent. The plots were also clean
of any weeds, irrigated, and were well attended. The data from
this site should prove meaningful. We also visited a laboratory
at CESDA which has three new gas chromatographs. Alberto has
received permission to use these in our acetylene assay of nitrogen
fixation. .

On Friday, Alberto and I met with AID Director, Marion
Ford, in an exit visit. We provided him a copy of the ISA Progress
Report and updated him on the status of the program.

('
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The research program and the academic progress of Alberto
Rodriguez in Ohio is moving smoothly and a similar trend is
no.,,· a;:,parent in the DR. t'1e anticipate having useful research
cata from the DR for this year. For the final year of the project,
.,,'e hope to extend the program to ~1arch of 1986. This would
enable .A.lberto to again return to the DR from October through
January. He could then return to the U.S. to write and defend
his thesis. Sufficient monies for this extension and for these
activities are available in the present grant and no new monies
are anticipated.

In general, I am pleased with the progress and reactions
of people to this project. It is accomplishing the major objectives
of solving an important research problem while simultaneously
improving the agricultural capability of one of our important
Latin A~erican neighhors. In addition, we have established
academic linkages with DR faculty which will remain and be beneficial
for many years in the future.
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M SI No. 2-85

MEMO

To:

From:

Ohio Research F.oundation. 4
Columbus, Ohio, USA

Federico Cuevas~~~ ~
Assistant Direct;~-t~~ Research 0

SUbject: First Report on project No. 714931 Seed Vigor
Influence on Nitrogen Fixation of Field Beans
(Phaseolus vulgaris, L.)

Date: January 3, 1985

We are enclosing the first report on the project
Seed Vigor Influence on Nitrogen Fixation of Field Beans
(Phaseolus vulgaris, L.) in which we collaborate with the
Department of Agronomy, Ohio State University (OSU).

The report includes research results and expenditures
for the period September 1983 - December 1984. Research data
is partly analyzed and should be discussed with scientists of
the Department of Agronomy,OSU.

The research project continues and this year's
plans have already been discussed with Dr. Miller McDonald
and f.lr. Alberto Rodriguez of OSU.
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Project Title Seed Vigor Influence on Nitrogen Fixation
of Field Beans (Phaseolus v~laaris, L.)

Project Number 714931

Institutions The Ohio State University (Depart:rrent of Agronany)
Instituto Superior de Agricultura
Agency for International Develo~t

Reporting . 5eptem1:er 21, 1983-oecember 31, 1984
Pericx1

Date : December 31, 1984

This report includes research progress and expenditures for the period

Sf?tember 21, 1983-July 31, 1984 for field and greenhouse experiments con­

ducted in the r:ani.ni.can Republic. Research results are presented in the follCM-

jr'" !rder: seed aging and genni.nation tests; and field and greenhouse experi-

1. seed Aging

The central objective of this research project is to detenni.ne the influence

of seed vigor on noa.u1e initiation, nodule number and distribution, and nit:J:ogen

fixation of field beans. 'lb obtain different levels of seed vigor, three dif-

ferent seed sources with different genn:i.nating capacities were used. The source

with the highest gennination percentage was subjected to an accelerating aging

procedure (42°C and 100 percent relative humidity) for one, two and three days

in order to obtain three levels of artificially aged seeds.

'lWo cultivars of field beans, "Panpadour Oleca" and "Venezuela 44", were

used. '!be seedSof:PcJDPadour' Checa are red notted·aridt1le ones of veneZliili44 ,

are black.,' GeJ:m.i.Dati.on. peroEmtages of the different seed quality groups planted
_ . _.. ._, _ .w: .......

i."l two l.ocati.ons (San:auan and santiago) are. shown in Table 1.
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2. Field Experinents

Field experim=nts inclu:1ed six seed quality of each of tw:> field bean

cultivars. Both treated and untreated seeds "''ere included in order to detenn:i.ne

the effect of this agronanic practice on nodulation. The fungicide "captantl

at rate of 4 to 6 ounce per lOOkg of seed was used for seed treat::Irent. The seeds

of all treat:Irent canbinations were inoculated with a strain of Rhizobium Phaseoli

at the rea:mrerrled rate of 4-6 ounce/bushel. Non-inoculated checks of roth cul-

tivars, treated and untreated, were also included. The highest quality was

usee for the non-inoculated checr-.5. A list of the treatments is shown in Table 2.

Variables measured included number and dry weight of nodules of priIrary root,

:-. :r:.b2r and dry weight of nodules of the secundary roots; and dry weigh of pr:imaJ:y

loot, secondary roots and plant tops, fresh and dry weight. 'lhree sampling da'ce

w~re used: 20 days after planting, at a initial flowering (about 35 days after

planting) and at mid-FOd filling. Five plants were used for each observation.

canparisons of interest were: Treated vs untreated seeds, Patpadour Checa

vs Venezuela 44, i.n:>culated vs non-inoculated seeds, artificially aged vs

naturally aged seeds, and c:arparisons anong different seed aged levels.

Field experiments~ conducted at ~ locations. san Juan de la Maguana

and santiago. A split plot design with three replication, seed treatnents as

main plots and cul.tivar-seed aged treatrre:nt cx:mbinations.

I-
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as subplots, was used in roth locations. SuD-plot sizes were adjusted according

to gennination percentages to ensure m.i..ni.nu.ml population sizes of 45 plants.

2.1 san Juan de 1a Maguana

Planting dates were O::tober 21 and 28, 1983. Replanting was necessary due

to poor gennination, specially in seeds artificially aged for two and three

days. The first obsezvation af nodule number and dry weight, and root and plant

tops dry weight ~ClS done on November 19, 1983. second rneasuranent, at the onset

of flowering, was done on December 9, 1983.

At floweri.ng, 100 percent of the plants were infected with Golden !'bsaic

Virus, and the experi.m:mt was dropped.

2.2 Santiago

Planting was done on December 1, and 5, 1983. The first obsezvation was

done on December 29. second and third observations were done depending on

fla.."3rmg ti.rre, the second fran January 11-17, 1984 and the third fran January

. 28 to Februazy l, 1984. Insecticide and fungicide applications were done to

prevent insects arxJ fungal diseases.

2.2.1 Results

Gel:mination was erratic on sate treatnents, which did oot permit the

evaluation of several canbinations (Table ~ ), only t1x:lse treatments with nore

than 15 plants were evaluated.

_.
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Table 1. Number of germi."lating plants per sub-plot. Field.ISA
1983-84.

Replication I Replication II Replication I I I

Treatment

1 + 15 + 15 + 15
2 + 15 + 15 + 15
3 - 15 + 15 - 15
4 + 15 + 15 + 15
5* - 10 - 10 0•
6* 0 0 0
7 + 15 + 15 + 15
8 + 15 + 15 + 15
9 + 15 + 15 + 15

10* 0 0 0
*11 0 0 0
~

12 - 10 + 15 '0
13 + 15 + 15 + 15
14 + 15 + 15 + 15
15 + 15 + 15 + 15
16 + 15 + 15 + 15
17 - '5 + 15 + 15
18 + 15 - 15 - 15

*19· - 10 - 10 - 10
20* 0 0 0
21 + 15 + 15 + 15
22 + 15 + 15 + 15
23 + 15 + 15 + 15
24* 0 0 0

*2.5 n 0 0
*26 Q 0 0

!
2.7 + 15 15 15I ,+ +

"",,._:.l, .. ,..... .- ~ .,'.", '." ,_. , __ .• ' , ..... ,_~ ._. _~.A"·&_-'.""'___--"--_=-

28 + 15 + 15 + 15
, ... ,

* Treatments e1imtnated
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2. 2.1.1 Number of Nodules on the primary root

Table 4 shows the Analysis of Variance for the number of nodules on the

primary root for the three observations. There was an interaction between seed

trea'bIent and cultivar-seed age a:mbination at 20 days after planting. Nosig­

nificant differences were detected at flowering time, and at mid-Pod filling

there significant differences anong the cultivar-seed age a:mbinations.

Both cultivars used had s.imi.lar number of nodules on the primary root

regardless of seed treatrrent (Table 5) ~ Pcrr1padour Oleca had 6.8 and 10.~ nodules

per plant for treated and untreated seeds respectively, while the respective

number of nodules for Venez~ela 44 were 5.8 and 9.7.

Untreated seeds of Panpadour Oleca resulted with a larger number of nodules

when non-inoculated (27.3) than when inoculated (16.3) (Table 6). Venezuela

44 had similar pattern when the seeds where treated (15.7 nodules per plant

when non-inoculated, 2.0 when inoculated). Although inoculum was not effective

in increasing the number of 'nodules, its relationship with seed treatment seem

to depend on the cultivar used.

The .number of nodules for the different seed ages is slx:Mn in Table 7.

In Panpadour Checathe Iredi.urn genninating seeds slxMed a larger number of nodules

(15.3) than the high (4.3) genni.nating seeds, when treated with captan. The

rxm-treated showed that high genni.na.tion yie1de:1 nore mdules. No significant

differences were observed ancng seed ages in Venezuela 44.
I

I

. ' '/--','
,\"li..:;

I. ~.( .;'



Table 4. Analysis of variance for the number of nodules
of the primary root in the first. second and
third observations!/. Field. ISA 1983-84

8

Observation
First Second Th i rd .

Source: DF MS OF NS OF MS

Trea ted ~j i t Ii captan 1 207.186 1 184.79 1 1048.82

Replication 2 53.709 2 106.29 2 472.12

E1"ror{a) 2 71. 243 2 956.79 2 813.90

* *Cultivar - aging 8 126.15 8 339.80 8 567.22

*Interaction 8 233.33 8 251.20 8 220.21

Error (b) 31 36.27 29 405.37 29 162.12

* Significative at 0.05 level , , K'

1/ First observation: 20 day after planting
Second observation: at initial flowering
Third observation: at mid-pod filling.

'., .
--- ,."



Table 5. Interactions in the number of nodules
of the primary root for cultivar x
treat:nent with captan in the first
observation. Field, ISA 1983-84

Treated

Non-treated

PanpadourCheca

6.8

10.8

Venezuela 44

5.8

9.4

LSD 0.05

4.76

4.84

Table 6. Interactions in the number of nodules.of the
pt-5j:':;::'}' root for inoculated seed with Rhizo­
hi,;, >: treat:nent with captan in Pclrq?adour
Checa (A) and Venezuela 44 (B) in the first
obsenration. Field, lSA 1983-84

Inoculated Non-Inoculated LSD 0.05

:1.':,'

, .,

Treated

Non-treated

Treated,

Non-treated

4.3

16.3

2.0

7.3

A. Panpadour Checa

5.0

27.3

B. Venezuela 44

15.7

2.0

10.04

10.04

10.04

10.04
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Table 7. Interactions in the number of nodules of the primary
root for treatment with Captan x germination percen­
tage in Pompadour Checa (A) and Venezuela 44 (B) in
the first observation. Field, ISA 1983-84.

A. Pompadour Checa

Treated

Non-treated

High

4.3

16.3

Medium

15.3

3.0

Lawn

8.0

3.7

LSD 0.05

10.04

10.04

B. Venezuela 44

High Medium LONl'l LSD 0.05

Treated 2.0 1.3 4.0 10.04

Non-treated 7.3 7.7 10.8 19.04
,)

-

Table 8. Number of nodules of the primary root in
the third observation for Cultivars (A)
and inoculated seeds with Rhizobium (B).
Fiel, ISA1983-84.

A. Cultivar

Pompadour Checa 10.2

Venezuela 44 22.1

D~SO.05. 7.38
I

B. Inoculation td'th ·,Rh lZo bfom

Inoculated 15.5

Non-Inoculated 2.5.8

DMO•05
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At rnid-p:>t filling the number of nodules in the primary root (Table 8) for

Venezuela 44 was higher (22.1) than the nodules produced in ~ur O1eca

(10.2). No effect -Lo inoculation with Rhizobium Phaseoli was observed as non-

irx:>culated seeds produced nore nodules (25.8) than the inoculated ones (15.5).

2.2.1.2 Nodules dry weight of the primary root

The Analysis of Variance for the dry weight of the pri.maIy root is

shown in Table 9. '!he first observation shows no significant differences.

Significant differences were detected at flowering tirre and at mid-pod

filling for interactions between seed treatment and cultivar-seed aged

canbinations•

Table 10 shov.'S the a:::rtparisons of interest for the second observation.

The xred,i.um genni.nating seeds shcMed a larger dry weight (0.1198cj than the

high and lawn (0.026lg and 0.005 g respectively) in Venezuela 44.

At mid-pod filling, nodules dry weigh were higher in treated seeds of

Venezuela 44 (0.045 g) than those of Panpadour O1eca (0.0107 g) (Table 11)

In non-treated seeds, nodules dry weight of both Parpadour· Checa and

Venezuela 44 was similar (0.0274 g andO.044g respectively).

2.2.1. 3 Number of nodules on secondar; ~~oots

The Analysis.of variance for·the numl::er of nodules on sec:ondaJ:y
. .

roots for the three ·observations (Table 14) shcMs interactions between seed.. ' '.. "

treatnent.am cultivar-seed agecx:mbi.nation 20 days after planting, jhoWeVer,

JX) differeIlCE.:s were detected at flowering 'tinE.

At mid-pod filling there wm:e significant diffemnoes 8ncngthe

cultivar seed age canbinati.ons.

;
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Table 9. Analysis of Variance for nodules dry weight
of the primary root

1
in the first, second and

third observati~ns _I. Field, ISA 1983-84

Observation
Fi rst Second Third

Source: OF MS OF MS OF MS

Trea ted with Captan 1 0.00436 1 0.00276 1 0.00006

Replication 2 0.00645 2 0.00165 2 0.00669

Error a 2 0.00978 2 0.00459 2 0.01075

Cultivar x vigor 8 0.00486 8 0.00287 8 0.00271

* *In te ra ct; 0 n 8 0.00415 8 0.00436 8 0.00552

Error b 29 0.00538 29 0.00197 28 0.00163

* Significative at 0.05 level

1..1. Fi rst observation
Second observation:
Third observation:

20 days after planting
at initial flowering
at mid-pod filling

·1.
. ·1....,

.. , ,< '~

\'. Of';'·
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Table 10. Interactions for nodules dry weight (g) of the
primary root at flowering
Field. ISA 1983-~q.

A. Variety x t~eated with Captan

Pompadour Checa

Treated

Non-treated

0.0173

0.0116

Venezuela 44

0.0485

0.0218

LSDO. 05

0.0370

0.0360

B. Treated with captan x Inoculation with Rhizobium in
Pompadour Checa

Inoculated Non-inoculated
Treated 0.0018 0.0214 0.074

Non-treated 0.0140 0.0195 0.074

C. Treated with Captan x Inoculation with Rhizobium in
Venezuela 44

InOculated Non-inoculated
Treated 0.0261 0.0287 0.074

Nom-treated 0.0256 0.0419 0.074

D. Treated with x germination '2: in Pompadour Checa
High Medium L:ow

Treated 0.0181 0.0296 0.0.115 0.074 NS
Non-treated 0".0139 .0.0085 0:0085 0.074 NS

'0~0050

0.0064

:0.1198 .

0.0130
0.0261
0.0256

.Treated
Non-treated

E. Treated withCaptan x ge'rminiiffo;n ~ in' Vene£uela44·-········ .. ·--:··_·_..···_··_··_~

High Medium ... Low' LSD
O

• 05
0.074
0.074·1

·~'j,--,--,_:_,-, .. ·t

I

I



Table 11. Interaction in nodules dry weight of
the primary root for cultivar x trea­
~ment wi th capta n, at mid-pod filling

Field. ISA 1983-84.

r

Pompadour Checa
Treated 0.0107

Non-treated 0.0274

Venezuela 44
0.0450

0.0440

LSDO.OS
0.0325

0.0330

Table 32. Interaction in nodules dry weight of tbe
primary root for treatment with captan x
inoculation with Rhizobium in Pompadour
Checa (A) and Venezue1a 44 (B) at mid-txXi
filling. . Fi e ld. I SA 1983-84.

•
-

. A. Pompadour Checa

Inoculated

Treated

No:n';'treated

0.0030

0.0347

Non-inoculated

0.0074

0.0566

LSD 0..05

0.0673

0.0673

i.,t
'..

B. Venezuela 44

Inoculated Non-inoculated LSD·O.OS

Treated 0.0328 0.1276 0.0673

.. Treated 0.0631 0.0309 0.0673



Table 13. Interaction in nodules fry weight of the
primary root for treatment with taptan x
germination percentage in Pompadour theca
(A) and Venezuela 44 (B) in the third
observation. Field, ISA 1983-84

A. Pompadour theca

High % Medium % Low % LSD 0.05

Treated 0.0299 0.0260 0.0000 0.0673

Non-treated 0.0347 0.0193 0.0023 0.0673

B. Venezuela 44

15

Treated'

Non-treated

High %

0.0328

0.0631

Medium %

0.0362

0.0238 .

Low %

0.0136

'0.0584

LSD 0.05

0.0673

0.0673



Table 14. Analysis of Variance for the number of nodules
of theSecundary root in the first, second and
third observation!1 Field, ISA 1983-84.

Observation

Fi rst Second Third
Source: - "OF MS OF MS OF MS

Treated with captan 1 165.84 1 137.37 1 524.88

Replication 2 193.92 2 3663.20 2 6110.46

Error a 2 371. 56 2 2889.62 2 2329.39

*Cultivar x vigor 8 233.:45 8 1010.68 8 3200.80

*Interaction 8 722.02 8 1012.64 8 "935.30

Error b 31 224.76 29 1147.63 28 1619.00

16

* Significativeat,O.OS level

II First observation: 20 days aftes planting

Second observation: at initial flowering

Third observation: at mid-pod filling

.--,,_.:..-."~'~--'. "'"'-""-- ._.-._._.---_:.._-_......_.~-

:



17

Table 15. Interactions in the number of nodules
of the secondary roots for cultivar x
treatment with Captan in the first ob­
servation.. Field· ISA, 1983-84.

Treated
Non-treated

Pompadour Checa
14.1
15.4

•

Venezuela 44
11.7
17.8

LSD 0.05
12.4
12.26

Table 16. Interactions in the number of nodules of
the secondary roots for inoculation with
Rhizobium x treatment with Captan in
Pompadour Checa (A) and Venezuela 44 (B)
in the first observation. Field. ISA,
1983-84.

A. POiilpadour Checa

Inoculated
Non-inoculated

B. Venezuela 44

Inoculated
Non-inoculated

Treated
5. o·
4.7

Treated
5.3

29.7

Non-Treated
24.7
31.3

Non-Treated
19.7
7.3

LSD 0.05
24.9 NS
24.9 *

LSD 0.05
24.9
24.9

::!...
:"":"','.":::"1
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Both cultivars used had similar number of nodules on the seoondary root

regardless of seed treatJnent (Table 15). Patpadour Checa had 14.1 and

15.4 ncxiules per plant for treated and non-treated seeds, respectively,

while the respective number of n::xlules for Venezuela 44 were 11. 7 and 17.8.

For Panpadour Checa, the larger number of nodules (31. 3 wasobtai.ned when

untreated seeds were not i..rx:>culated. The cultivar Venezuela 44 did not

sh:Jw significant differences between inoculated and treated seeds •

The Table 17 shows' the number of nodules for the different seed ages, 20 days

after planting. For:: ::.~dour Checa the larger number of nodules (44.7) was

observed in seeds with rredi.um gennination percentage and treated with Captan.

seeds with high and la,\' genni.nation percentages had 5.0 and 14. 7 nodules

respectively. N:>dule production on sea:::>ndary roots for the different seed

ages were sirni.lar.

At rni:i-p;:x3 filling (Table 18), differences between cultivars were observed.

Venezuela 44 sb:Jwed larger number of n:x1u1es (49.3) than Patpadour Checa (21.9).

No significant difference was detected between inoculated and non-inoculated.

~l..,A;.-',.,·:':V":-,.;,,·:,

;
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Table 17. Interactions in the number of nodules
of the secondary roots for treatment
with Captan x germination percentage
in Pomp~dour Checa (A) and Venezuela
44 (B) in the first observation.
Field, ISA, 1983-84.

19

A. Pompadour Checa

Treated
Non-Treated

High
5.0

24.7

Medium
44.7

5.7

Low
14.7
7.7

LSD 0.05
24.9
24.9

LSD 0.05
24.9
24.9

Table 18. Number of nodules of the secondary
ro 0 t s at mid-pad f±llino
Field, ISA, ·t983-84."'

A. Cultivar
Pompadour Checa
Venezuela 44
LSD 0.05

21.9
49.3
23.32

B. Inoculation with Rhizobium
Inoculated
Non-Inoculated
LSD 0.05

35.1
35.2
27.28

..



2.2.1. 4 Dry weight of Nodules on the Secondary Roots

Table 19 shows the Analysis of Variance for ncXiules dry weight in the
,

first, second and third observations. Interactions were detected in seed

treated and cultivar-seed ·ages canbinations in the first obsenration only.

The treated seeds of Pc::itpadour O1eca and Venezuela 44 shc:Med very similar

nodule weights (0.0243 g and 0.0260 g respectively). '!he sane pattern was

observed. for non-treated seeds, 9.0266 9 for Panpadour O1eca and 0.0168 9 for

Venezuela 44 (Table 20).

For Panpadour O1eca it was observed that untreated seeds ShCMed the heaviest

nodules on secondary roots when inoculated (0.0574g) (Table 21). Hc::Mever, for

Venszuela 44 thE: largest no:3ules were observed in seeds treated and inoculated

(0.0748 g) •.



Table 19. Analysis of variance for nodules dry
weight of the secondary root in the
first, second and third observation.l/
Field, ISA, 1983-84.

Observation

Source: OF
Treated with C 1
Replication 2

Error a 2

Cultivar-Seed ages 8

Interaction 8

Error b 29

First

MS

0.00001
0.00170
0.00154
0.00135
0.00346*
0.00121

OF
1

2

2

8

8

29

Second

MS

0.1580
0.0611
0.0123
0.0114
0.2432
0.0047

OF
1

2

2

8

8

28

Third

MS

0.0450
1.2850
2.3450
0.3225
0.3308
0.4105

* Signigicant at 0.05 level

l/First observation
Second II

Third II

20 days after planting
at initial flowering
at mid-pod filling

,
I

° 1



Table 20. Interaction in nodules dry weight of the secondary
roots for cultivar x treated seed with Captan in
the first observation. Field, ISA, 1983-84.

Treated
Non-Treated

Pompadour Checa
0.0243
0.0266

Venezuela 44
0.0260
0.0168

LSD 0.05
0.0280
0.0284

Table 21. Interactions in nodules dry weight of the
secondary roots for treatment with Captan
x inoculation with Rhizobium in Pompadour
Checha (A) and Venezuela 44 (B) in the
first observation. Field, ISA, 1983-84.

~.. Pompadour Checha

Treated .
Non-Treated

B. Venezuela 44

Treated
Non-Treated

Inoculated
0.0061
0.0574

Inoculated
0.0748
0.0094

Non-Inoculated
0.0064
0.0226

Non-Inoculated
0.0128
0.0153

LSD 0.05
0.0184
0.0184

LSD 0.05
0.0184
0.0184
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Table 22 S!x:MS the relalionship between gennination percentage arrl treat­

ment with fungicide. In Panpadour Checa, tt"eated seeds with nedi.um genn:ination

percentage had higher dry weight. (0.0773 g) than seeds with high and la~7

genn.:i..nation percentages (0.0087 g and 0.0189 g respectively).

..:

I
I
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Table 22. Interaction in nodules dry weight of second­
ary roots for treatment with Captan x germi­
nation percentage in Pompadour Checha (A) and
Venezuela 44 (B) in the first observation.
Field. ISA, 1983-84.

.,

. ,

A. Pompadour Checha

Treated
Non-Treated

B. Venezuela 44

Treated
Non-Treated

High
0.0087
0.0367

High
0.0128
0.0153

Medium
0.0773
0.0163

Medium
0.0053
0.0115

Low
0.0189
0.0055

Low
0.0112
0.0308

LSD 0.05

0.0184 *
0.0649 NS

LSD 0'.05
0.0184
0.0184
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3. Greenhouse Ex'OeriIrent

The greenhouse experiment was established in Santiago. A split-plot

design was also used. seeds were planted in polyethylene bags containing sand.

Six to ten seeds~ planted per bag depending UFOn the vigor of the seeds,

in order to ensure a minimal number of plants.

The same variables as in the field were evaluated for the three obser-

vations (twenty day after planting, at the onset of flowering and a .mi.d pod

filling). Three plants were evaluated per observation.

3.1 Results

At the greenh:>use expo-rirrent all the treatments reached the necessary ger­

mination to be evaluated.

3.1.1 Number of Nodules of the Primary Root

The analysis of variance of the number of nodules on the pri.maJ:y root

(Table 31) shcMs that the three observations were significative differents for

the o;.mbinations cultivar-aged seeds. Also at the second observation signif­

icance was found for treated and ro-treated seeds.

..

I.~.
!
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Table 31. Analysis of Variance for the number of
nodules of t~e primary root in the 1
first, second and third observations.
Greenhouse, ISA, 1983-1984

0 B S E R V A T 1 o N S
First Second Third

SOU R C E OF MS DF MS DF M.S

Treated with Captan 1 1855.51 1 2856.75* 1 2815.43
~eplit.:a:cJ..oli 2 2766.97 2 470.875 2 135.25

Error (a) 2 264.93 2 58.25 2 450.09

Cultivar x aging 13 3298.89* 13 1537.2* 13 990.72*

Interaction 13 997.49 13 407.72 13 302.05

Error (b) 52 674.68 50 311.834 50 191.4796

* Significative at 0.05 level.

I
.--.<'" .. J"."' .... " ...

I/First observation
Second observation
Third observation

20 days after planting.
: At initial flowering.

At mid-pod filling.
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In Table 32 (part A) is shown that the cultivar Pompadour Checa

produces more nodules on the primary root than the Venezuela 44 for

the three observations. In the same table (part B) is observed the

effect of inoculation with Rhizobium on the nodulation. It was ob-

served a difference for the first observation, where plants from

inoculated seeds produced a greater amount of nodules (124.2) than

in the case of non-inqculated seeds (65.2). The second and third

observations showed a lesser number of nodules in both inoculated and

non-inoculated seeds.

In Table 33 comparisons among the different type of aging are

shown. When natural and artificial aging were compared, natural

aging prc'duced greater number of nodules than artificially aged seeds

for the th~ee observations.

For the artificial aging, significant difference was found for

the 2 days aged seeds in the first observation with 86.8 nodules. No

significative differences were found in the second and third observa­

tions for the number of nodules for the different aging days.

I

.~
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Table 32. Number of nodules on the primary root
for cultivar (A) and nodulation with
Rhizobium (B) in the three observations.
Greenhouse, ISA, 1983-84.

Table 33. Number of nodules in the primary root
for agings (A) and artificial aging (B)
in the three observations.
~reenhouse, ISA, 1983-84.

A. Agings

First observation
Second observation
Third observation

Natural Aging
46.6
31. 9

23.8

Artificial Aging
28.7
15.2
9.0

LSD 0.05
11:56*

7.85*
6.16*

I
! .

~~.,.-.",.. !.,..
I

I
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B. Artificial Aging

Fj r.st .observa.ti on
Second observati~n

-_ .. _- - -

Third observation

1 day aging
51.5

17.1
9 ~ 1

2 days aging
86.8
18.5
16.4

3 days aging
30.6

, .. " "", ..,,.' .. ,..'

10.1
1.,6

.,
LSD '0.05

",

29.99*
,--, ..-~~ ..~....-.--.-.-""",'-. -~

14.41NSi
····fl=29~Ns~
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Table 34. Analysis of variance for nodules dry
'weight of the primary root in the
first, second and third observations. 1
Greenhouse, ISA, 1983-84.

o B S E R V A T ION
First Second Third

SOU R C E OF MS OF MS OF MS

Treated 1 0.0004 1 0.00031 1 0.00016
2 0.00130* 2 0.00006 2 0.00130

Error (a) 2 0.00005 2 0.00018 2 0.00145
Cultivar x aging 13 0.0012cr 13 0.0004* 13 0.00240 *

Interaction 13 0.00030 13 0.00018 13 o.00050

Error ( B) 52 0.00026 34 0.00011 49 0.00035

""-
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3.1.2. N::>dules Dry Weight of the Primary Root

Table 34 shews the analysis of variance for nodules dry weight of the

prinary root. It shows significative differences for the canbinations cultivar

JC aging in the three observations.

Table 35 (part A) shows that the dry weight of the nodules on the primary

root was higher in Pcnpadour O1eca than in Venezuela 44, in the first and third

observation. However, at the onset of flowering it was similar.

In part B of the Table 35, it is observed that the nodules dry weight was

higher for non-inoculated seeds (0.042) than in inoculated seeds (0.025), for

the first observation. In the ot.:·1er hand, in the second and third observation

was similar for inoculated anc n:);"'I-inoculated seeds.

~'lner. naturally aged and c.:Li:~icially aged seeds were a::rnpa.red for the

three observations, the nodules dry weight of the naturally aged seeds were

higher than the artificially aged seeds (Table 36). For the seeds of the three

different aging days no difference was found for the nodules dry weight of the

prinary root.

,
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3.1.3. Number of Nodules on the Secondary Roots

canbinations cultivar - aging were significantives across the three

observations, aCCX)rding to the analysis of variance (Table 37).

The Table 38 sh::Ms that the number of :1Odules on the secorrlary roots was

higher for PaTpadour O1eca than in Venezuela 44 for the three observations.

The effect of ~ationwith Rhizobium was not important, because the number

of nodules for the inoculated and non-in:>culated seeds was aJnost the SaIre

in the three observations.

Tne Table 39 shows the effect of aging on the nodules dry weight on the

secondary roots. It shows significative differences for naturally and artifi-

31

II

ciallyaged seeds respectively. The nodule dry weight of the naturally aged

seeds were higher than the artificially aged seeds for the first and third

observation (Table 39-A) Not significative difference was found for the seeds

of the three different aging days in tenn of nodule dry weight (Table 39-B).



Table 35. Nodules dry weight for the primary root
for cultivar (A) and inoculation with
Rhizobium (B) in the three observations.
Greenhouse, ISA, 1983-84

B. Inoculation with Rhizobium
Inoculated

A. Cult iva r

First observation
Second observation
Third observation

. First observation
S,;- ~' " ,', ~ :' ,. '" c, -: ion

Pompadour Checa
0.026
0.017
0.058

0.025
0.016
0.053

Venezuela 44
0.017
0.014
0.029

Non-inoculated
0.042
0.024
0.049

LSD 0.05
0.0.07*

'0.005 NS
0.008*

LSD 0.05
0.013*
0.009 NS
0.015 NS

Table 36. Nodules dry weight for the primary root
for natural aging- (A) and artificial aging (B)
in the three observations.
Greenhouse, ISA, 1983-84.

A. Aying

First obsrvation
Second observation
Third observation

Natural Aging
0.026
0.019
0.053

Artificial Aging
0.015
0.011
Q.030

LSD 0.05
0.007*
0.005*
0.008*

B. Artificial Aging

First observation
Second observation
Thjrd observation

1 day aging
0 ..013
0.015

0.029

2 days aging
0.024
0.009
0.034

3 days aging
0.10 .

0.008
0.031

LSD 0.05
0.018 NS

0.009 NS"

0.015 NS



I ab1e 37. Ana1ys , s 0 f va rl an ce fo r the number 0 f
nodules of the secondary root in the
first, second and third observations. 1

Greenhouse, ISA, 1983-84.

o B S E R V A T ION
Third

OFSOU R C E
Treated with Captan
Repetition
Error (a)
Cultivar x aging
Interaction
Error (b)

First
DF SM

1 5802.98*

2 2914.96

2 241. 54

13 6945.20*

. 13 1541.38

52 1903.42

Second
OF SM

1 86.10

2 1628.38

2 1538.58

13 4116.80*

13 956.85

50 1257.95

1

2

2

13

13

49

SM

1180.68

2269.70

1368.98

1817.77*

698.15

585.86

* Significantive at 0.05 level.

I/First observation
·Second observation
Third observation

20 days after planting.
At initial flowering.
At mid pod filling.

'j
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3.1. 4 . Nodules Dry weiqht of the secondary Roots

Table 40 shows the analysis of variance for nodules dry weight of the

seoondary roots. No significative difference was observed for any of variables

evaluated.

3.1.5 Dry weight of the Primary Root

The analysis of variance of the dry weight of the primary root is shcMn

in Table 41. SigT'.ificative differences were detected for the canbination

cultivar x aging in the first and third observation.

In Table 42 (part A) the dry weight of the primary root of the cultivars

is ccrnpared for each observation. The cultivar Venezuela 44 shows a higher

weight in the first (0.28) and second observation (0.33). However, for the

third observation both cultivars had a similar weight (Panpadour '(0.28) and

Venezuela 44 (0.33).

Part B sh::Ms that the non-inoculated seeds p:roduced roots with higher weight

than the inOculated ones (0.42 and 0.26 respectively). In the third and second

observation no differences were found between inoculated and non-inoculated

seeds.



38. of It::~ UII the
for cultivar (A) and inoculation ~ith
Rhizobium in the three observations.
Greenhouse, ISA, 1983-84.

Table 39. lbaules dry weight forthesecon4aJ:y roots
for aging (A) and artificial aging (B)
in the three observations.
Greenhouse,ISA t 1983-84.

Artificial Aging
0.045

0.041

0.031

LSD 0.05

0.019
0~218 .

0.019

LSD 0.05
0.010*

0.07 *
0.007*

3 days aging

'0.034
·0.029

0.031

2 days aging

·0.052

0.046

0.38

1 day aging
0.043

0.049

0.043

Natural Aging
0.067

0.075

0.053

B. Artificial Aging

A. Aging

First observation
Second obserlVation

. .
Third observation

First observation
Second observation
Third observation



weight of the secondary root in the 1
first, second and third observation.
Greenhouse, ISA, 1983-84.

o B S E R V A T I ON
First Second Third

SOU R C E OF MS OF MS OF MS

Treated 1 0.0100 1 1.400 1 0.139

Repetition 2 0.0086 2 1. 218 2 0.080

Error (a) 2 0.3000 2 0.258 2 0.280

Cultivar x aging 13 0.1219 13 0.186 13 0.280

I 1'1";. (: l' 0 ~ t ; 0 n 13 0.0536 13 0.228 13 0.0975

Error ( b ) 52 0.0795 50 0.143 49 0.187

I

"
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lable 41. Analysis of variance for dry weight of
the primary root in the 1first, second
and third observations.
Greenhouse, ISA, 1983-84.

0 B S E R V A T I o N

First Second Third
SOU R C E OF' NS OF MS OF MS

Treated 1 0.00062 1 0.0042 1 0.0002

Replication 2 0.000235 2 0.00339 2 0.0016
Error (a) 2 0.000115 2 0.0029 2 0.0014

'Cultivar x aging 13 0.00290* 13 0.0026 13 0.0025*

I nU. l~ " C" t i ::,) n 13 0.00048 13 0.00196 13 0.0005

Error ( b ) 52 0.00058 30 0.0229 49 0.00035

1/ First observation
Second observation
Third observation
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In Table 43 (part A) agings are compared. Natural aged seeds had

a higher dry weight of the primary root than the artificially aged.

seeds. When artificallyaged seeds were compared significative differ­

ence was found between one day aged seeds and three days aged seeds

for the first and third observation.

3.1.6. Dry Weight C i. the Secondary Roots

T~ble 44 shows the analysis of variance for dry weight of the

secondary roots for the three observations. No difference was found

for any of the variables.

3.1.7. llo~t Top Dry Weight

The analysis of variance (Table 45) shows differences for the

combinations cultivar x aging in the three observations.

Table 46 shows the comparisons between cultivars. Plant top dry

weight was higher for Pompadour Checa than in Venezuela 44 in the

three observations.

.. )

.~.
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Table 42. Dry weight of the primary root for
cultivar (A) and inoculation with
Rhizobium for the three observations.
Greenhouse, ISA, 1983-84.

A. Cul ti var

First observation
Second observation
Third observation

B. Inoculation with

First observation
Second observation
Third observation

Pompadour Checa
0.24

0 .. 4:>

0.3J

Rhizobium
Inoculated

0.26

0.64

0.43

Venezuela 44
0.32

0.62

0.33

Non-inoculated
0.42
0.066

0.48

LSD 0.05
0.06*

0.09*

0.08 NS

LSD 0.05

0.10*

0.17 NS
0.15 NS

Table 43. Dry weight of the primary root for
aging (A) and artificial aging (8)
for the observations.
Greenhouse, ISA, 1983-84.

A. Aging

First observation
Second observation
Third observation

Natural Aging
0.32

0·57

9·37

Artificial Aging
0.23
0.40

0.28

LSD 0.05

0.05*

0.09*

0.05*

8 • Art i fi cia 1 Agin g

First observation
Sec6ndobservation
Third observation

1 day aging
0.26

0.53

0.23

2 days aging
O. 2~

0.40

0.36

3 days aging
0.15

0.28

0.0.8

LSD 0.05

0.10*
O~·'17·itS'·····_~-

0.15*

((
. I , ' .~,, .
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Table 44. Analysis of variance for dry weight of
the secondary root for 1first, second
and third observation.
Greenhouse, ISA, 1983-84.

o B SE R V A T I o N
First Second Third

SOU R C E OF MS OF MS OF MS

Treated 1 0.0100 1 1.400 1 0.139
Repetition 2 0.0086 2 1. 218 2 0.080

Error (a ) 2 0.3000 2 0.258 2 0.280

Cultivar x aging 13 0.1219 13 0.186 13 0.280
Interaction ] 3 0.0536 13 0.228 13 0.0975

Error (b) 52 0.0795 50 0.143 49 0.187

i
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Table 45. Analysis of variance for plant top dry
weight for the first, second and thir'
observation. 1 Greenhouse, ISA,1983-84.

o B S E R V A T I o N
First Second Third

SO U R C E OF MS OF hS OF MS

Treated with Captan 1 0.079 1 1. 02 1 0.027

Replication 2 0.130 2 1.62* 2 2.864
•Error (a) 2 0.236 2 0.084 2 1. 958

Cultivar x aging 13 0.800* 13 0.58* 13 1.987*
Interaction 13 0.0039 13 0.19 13 0.329

Error (b) 52 0.1732 50 0.213 49 0.2745

* Significative at 0.05 level.

i. ..,

I
-~":-',
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I/First observation
Second observation
Third observation

20 days after planting.
At initial.flowering.
At mid-pod filling.

: ..,
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In part B of Table ~6 shows that the inoculated seeds had a

higher plant top dry weight than in the case of non-inoculated seeds

(1.01 and 0.55 respectively) for the first observation. However, in

the second observation the plants from non-inoculated seeds had a

higher weight (2.78) than in the case of inoculated seeds (1.53). At

the third observation both inoculated and non-inoculated seeds gave

similar values.



B. Inoculation with Rhizobium
Inoculated

A. Cultivar

First observation
Second observation
Third observation

First observation
Second observation
Third observation

Pompadour Checa
1. 89

2.33

3.10

1. 53

1. 53

2.70

Venezuela 44
1.20

1. 90

2. 15

Non-inoculated
1.6~

2.30

2.7

LSD 0.05
0.19*
0.20*
0.23*

LSD 0.05
0.34*

0.38*

0.43 NS

Table 47. Plant top dry weight ~or aging (A) and
artificial aging (B) for the three
observations. Greenhouse, ISA, 1983-84.

A. Aging

First observation
Second observation
Third observation

B. Artificial Aging

Natural Aging
1.59·

2.2.
2.64

Artificial Aging
1.46

2.01

2.6

LSD 0.05
0.20 NS
0.21 NS
0.24 NS

First observation
Second observation
Third observation

1 day aging
1 ~51

2.1

2.67

2 days aging
1.43

2.06
2.43

3 days aging
0.43

1.90.

2.40

LSD 0.05
0.·34*

0.38 NS
0.44 NS

..,".



INSTITUTO SUPERIOR DE AGRICULTURA

Seed Vigor Influence on Nitrogen Fixation
of Field Beans (Phaseolus vulgaris, L.)

Expenditures October 1, 1983-December 31, 1984

44
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•

Item

Personal Services
Salaries

Insurance

Non Personal Services
Per Diem
Transport

Miscelaneous

Inputs

Fuel

TOTAL

Account No.

83-33-10-01

83-33-10-08

83-33-20-26

83-33-20-27

83-33-20-38

83-33-30-73

Quantity ($)

1,916.96

14.40

900.50
53.50

97.50

92.93

3,075.29
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General Discussion

The preservation of seed quality in tropical countries

is an immense problem and one of the principal factors

limiting crop production (FAO, 1975). It is now well

recognized that seeds must possess high vigor to produce

rapid and uniform seedling emergence under a wide range of

field conditions (McDonald, 1980). Thus, one of the primary

targets in field bean production as well as any other crop

is to produce uniform stands with excellent see~:lling

emergence to maximize N2-fixation and consequent yield

production. However, the success of establishing a crop

stand and maximizing N2-fixation and yield potential is

dependent on the quality of seed planted. Since the initial

stages of Bhlzobium infection can be detected in soybean

seedlings after only seven days following planting (Vest . et

al., 1973), the quality of the seed may play an important

272
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sufficient moisture levels are used. Under these conditions,

moderate planting conditions such as warm soils

273

with

' ..
uniform stands can be achieved even with poor quality seed

lots. Results of experiments in this study, however,

indicate that the establishment of uniform stands does not

assure maximum yield of the crop. The seed quality tests

(SG, SVC, and Conductivity) confirmed that differences in

seed quality existed in the different seed lots used in the

study (Tables 6 and 7). Seed industries and Federal seed

control agencies have used the SG test as the official test

of seed quality. However, the SG test lacks sensitivity to

detect changes in seed quality (Egli et al.,1979). The SG

test has been recognized to consistently overestimate field

emergence in soybeans (Tekrony and Egli, 1977; Johnson and

Wax, 1978). In this study, however, field performance

results were :lighly correlated

conductivity tests.

with SG, svr , and

In 1980, Smith and Ellis provided the first report that

seed quality influenced the rate of field emergence and the

average number of tap root nodules per plant in soybeans.

Howev.er, beyond these general observations, no assessment of

the cause of enhanced root nodulation in high vigor seeds

was made nor was the degree of N2-fixation determined.

c.cResultsofexperimentscpresentedin .. this -stUdy confirmedccccc

those reported earlier by Smith and Ellis (1980) for
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soybeans. Regardless of whether the seeds·were naturally or

artificially aged, as seed quality decreased, the rate of

emergence, plant growth, nodulation and N2-fixation rate

concurrently decreased. Furthermore, high vigor seeds

continued these trends throughout the various growth stages

sampled and this association ultimately culminated in yield

increases of up to 30% compared to low vigor seeds. Also,

increases up to 25 and 35% for nodulation and N2-fixation

rate, respectively, were observed in high vigor seeds

relative to low vigor seeds. These general trends were

consistent throughout the two year stUdy and were observed

both in the DR and Ohio. These findings suggest that similar

associations between seed quality and N2-fixation may be

occurring in field beans as well as soybeans. Other studies

also have shown that seed vigor has a profound impact on

field bean y~ :ld (Wijandi and Copeland, 1974), sr~p bean

yield (Toole et al., 1957; Viera, 1966), and soybean yield

(Torrie, 1958; Wu, 1977; Tekrony and Egli, 1977; Johnson and

Wax, 1978; Yaklich and KUlik, 1979).

The results obtained in this study fail to support the

theory postulated by many investigators that " ••. because of

the ability of the soybean plant to compensate for low plant

density, differences in' seed yield cannot be detected in

seeds_va.ryiIlgJny~gorlevels and that the p%."~llc:::ipC!.J._ben~fit

from using high quality seeds is to enhance stands" (Mason



~
17".'i;
! et al., 1982; Byrd, 1970; Johnson and Wax, 1978; Egli and

l.

?

-Tekrony, 1979). The. data presented here indicate that this

theory does not apply for field beans under either tropical

(DR) or temperate (Ohio) conditions. Thus, based on these

findings and those who have reported reductions in yield as

a consequence of either naturally or artificially aged seeds

(Torrie, 1958; WU, 1977), it is logical to conclude that low

vigor seeds, whether they are a result of poor production

pratices, severe weather conditions during seed development

and maturation, or poor storage conditions can present a

potential form of biological stress which culminates in

reduced crop yields.

Significant seed yield increases due to the direct

effects of inoculation with R. phaseo!i seldom have been

observed in field beans grown in the field (Graham, 1981).

However, this report documents consistent yield increases in

f 600 k ha-l followl.'nexcess 0 g. inoculation with ~

phaseoli of high quality seeds relative to the uninoculated

control in the DR and Ohio during two years. These findings

clearly justify the continuation of studies to adapt

inoculant technology for use by farmers in developing

countries such as the DR.

It is well known that seeds are treated with fungicides

to promote excellent seedling establishment,to.reduce yielci
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was·very high and the seed treatment effect was observed.

for naturally aged seeds, it increased field emergence for

artificially aged ••ed.. This finding suggests that seed

treatment is more effective for seeds that have been more

"
1
',-

),-

for

Although

control

aging in which the

influenced '~odulation and/oralsoSeed treatment

loss, to maintain and improve quality and to avoid the

spread o~ dangerous orq~nis~. In this time course study of

plant qrowth, field emergence was increased by fungicide

diseases and fungi. These fields, at least in Columbus, have

never been planted to field beans. These data contrast with

those from San Cristobal whore the incidence of pathogens

application relative to the non-treated

N2-fixation during early plant growth becaues the plant

root system had not extended beyond the immediate toxic zone

surrounding the seed. In general, seed treatment increased

and Anderson, 1972), the benefie"'ll effect of fungicide seed

treatment was not observed at C lumbus and Santiago probably

because thase two locations were free from field bean

incidence o~ pathogen inva.ion is increased.

nutrient leakage does

occur in seeds as a result of accelerated aging (Abdul-Baki

deteriorated as a consequeres of

naturally aged seads in Columbus and Santiago. However, no

. promotive effect on artificially aged seeds was observed.

Even though seed traablant 'at San Cristobal showed no effect
, .
"

.j

[:t'"

E:

:':'1"
k:IL

."
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explanation for this enhancement is that the rhizobial

was observed; however, a trend tor increasing seed yield was

inoculant, avoiding the close contact between the fungicide

and the inoculant. Graham (1980) and Rennie et ale (1985)

were able to overcome the inhibitory effect of captan on

nodulation by using' qranular inoculant.

No significant effect of :~eed treatment on seed yield ;1
"
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A possible

was a granular rather than a powderused

nodulation and N2-fixation in this study.

inoculant
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found on treated seeds relative to nontreated seeds for both

natural l.y and artificially aged treatments whiCh could be

economically important for field bean production.
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Conclusions and Recommendations

-;

The following conclusions are made:

o Both the sa and SVC tests were good predictors of

field performance for field beans. varying in seed quality

level.

o Yields for field beans produced either under tropical

(DR) or temperate (Ohio) climates were dependent on initial

seed quality levels. These findings failed to support the

deterIoration-is . often :rapid~Suchc reductions inc seed

..' ralative.humidities,...seed.. _._,_~.._'-temperatures· . and
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theory that the field bean plant compens&tes for low plant .

density resulting in siailar yields. The principal benefit,

therefore, from using high quality seeds exten.ds beyond

enhancing 8tands to includ~ increased yield. These findings

confirm those reported eaLd.er by Smith and Ellis (1980) for

soybeans who showed that increased seed quality resulted in

improved rates of field emerqence, plant growth, nodula.tion.

and N2~fixation. Moreover, high vigor seeds continued to

display these trends throughout thagrowth of the .crop.

o Since many Latin American countries posse~s high

ambient
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quality have been shown in this study to decrease the

incidence of subsequent rhizobial seedling nodulation (25%),

N2-fixation (35%), and yields (30%).

An improved understanding of the relationship between

seed quality and rhizobium root colonization of field beans

could potentially result in an increase of 8,850 metric tons

of beans at a value of 6.6 million u.s. dollars in the DR

alone. Considering the Latin American Region, this 30%

increase in potential yield would provide an additional

estimated value of 588 million u.s. dollars as well as an.,
increase of 0.72 million metric tons of food.

o Early nodulation provided sufficient nitrogen

necessary to support higher yields.

0 consistent yield increases of up to 600 kg. ha-1

followirg inoculation relative to uninoculaT,~d seeds were

observ· 1 at both the DR and Ohio sites indica't~ng that the

field bean cultivar Pompadour Checa has the ability to

respond to inoculation with ~ phaseoli strain "DG-2". This

finding clearly justifies the continuation of studies to

adapt inoculant technology for use by farmers in developing

countries such as the DR.

o Fungicide seed treatment increased field emergence in

. both naturally and artificially aged seeds~butthe~effect·

was more consistent for artificially aged seeds suggesting
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~ that fungicide seed treatment is more important for se~ds
f

.
"_ ..

that have been deteriorated as a consequence of aging

.tr••••

o Fungicide .eed treatment also produced enhanced
"I.;

nodulation and N2-tixation. This was possible because of

the use ot a qranular' inoculant which avoided the intimate

contact vith the seed as would have been the case with a

, .. ,

,
but also r.aults in qreat.r econollic benetit tor the farmer.

sased on the.. findings, it is' concluded that low vigor

povd2r inoculant.

o A trend of increasing seed yield due to fungicide

application was also observed. This suggests that the use of

funq~cide seed treatment not 'only enhance~ field emergence

seeds, whether they are a r ••ult ot poor production
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practice", s.vere weath.r condition. durinq .efJ'1 development

following inveatigations are suggQSted:

potential torm ot biological stress which can result in

substantial crop yield losses. This stUdy, therefore, serves

as a framework from .which other studies could be based. The

and ma.uration or poor storage conditi( .1S present a
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2. The identification of inoculant ~trains which are

efficient, compatible, and competitive should be examined

because seed inoculants represent a convenient method of

insuring root infection.

3. Quantification of the population of ~ phaseoli in

the soils of the principal bean producing regions is

necessary in order to avoid inoculation failure due to

competition with indiginous rhizobium populations in the

90il.

4. Since most of the field beans planted in the DR are

treated with captan and if the inoculant technology is going

to be adopted, the general use of granular inoculant applied

to the soil surface should be further evaluated.

5. since the genetic constitution of.the host determines

whath~r or not nodulation occurs, the numbe~ of root-hair

inva ions, the number of nodules that fo ~, and the speed

with which infection takes place, breeding programs with

high N2-yielding cultivars of field bean should be

established in order to insure higher N2-fixation rates

which would lead to increased seed yields.
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