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Executive SumarX..
 

A Tree Nursery technology and Management Workshop was held
at Kerala Agricultural 
University 
from May 06 to 
 18, 1991.
Twenty-four participants 
from 13 
states including 
nine people
from (erala completed the 
Workshop. 
 In addition, 
there were
about a dozen students who attended part or all of the program.

At any 
given point in time there we-re 
 ab6ut 30 persons 
in
 
attendance.
 

The workshop dealt with 
 all aspects of forest and
agroforestry nursery production ranging from seed collection up
to and including out-planting. 
About 50 per cent of the time was
 
spent specifically on 
nursery management.
 

It was concluded 
 that improvement 
in regeneration 
of
forests, degraded lands, 
desertified 
areas, 
and agroforestry

planting must be approached as an integrated project in which the
nursery production is part of a well coordinated chain of events
to attain success in the fi.eid. 
 It was apparent that both large
and small 
scale nurseries were 
needed to- produce the 
seedlings

required for the ambitious regeneration targets.
 

We observed 
a critical 
lack of 
communication 
within 
the
 
group assembled and must surmise that exchange of knowledge and
expertise already present 
 within 
 the Indian system could
significantry 
improve the 
nursery production 
system. 
 (see
 
Section 4.2).
 

We visited a variety of nursery and propagation facilities.
The great breadth and depth of information on 
some species and
some nursery operationn was apparent. There were, however, manyshortcomings and much potential for improvement. (see Section4.1). The greatest gains may be bymade testing nursery
technologies for possible adoption in 
India.
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It became apparent that India could profit greatly


technologies, expertise and critical thinking available
 
the international 
scientific 
community 
(IUFRO). 
 Such
could flow to 
India should 
it undertake sponsorship of
IUFRO symposium 
on production 
and planting of 
 fore.
 
agroforestry propagules.
 

Post-workshop visits to the Central Research InstituA
Dryland Agriculture (CRIDA), Hyderabad and'the Central Soi
Water Conservation Research 
and Training Institute (CSWC1
Dehra Dun 
were made 
by Drs. Emmingham At
and Rose.

location, research and training were discussed with the Direc
and various scientists. 
 In particular, the 
Ph.D. program
study plans of Mr. Mohammad Osmann at CRIDA, Hyderabad, and
Rajiv Singh 
at CSWCRTI, 
Dehra 
Dun were received, improved iapproved. 
These projects are 
now cleared to 
be initiated wi

the beginning of the rainy season.
 

1. Background
 

1.1 Workshop
 

Tree seedlings 
of many species are 
needed 
for many
reforestation issues facing India. 
Seedlings are 
required

for projects dealing with erosion control, desertification,

agroforestry, 
species diversity, 
 tree improvement,

commercial forestry. 

and
 
Of the 
170 million hectares in crop
land there 
is an estimated 85 
million that are 
degraded.


The forest 
 base 
 is 70 million 
hectares 
and that is
estimated to 
decline by 
1.5 million hectares of forest per
year. 
 Within 
the forest 
base it is estimated 
that 5
million hectares 
need to be planted each year. 
 Assuming
all 
of these estimates 
are 
true there is a 
demand

10,000,000,000 seedlings 

for
 
per year if 
2000 seedlings 
are
needed on average per hecta-e! Obviously, this staggering
 

need is 
not being met.
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The size of nurseries 
in India is generally small.


seldom producing more 
than 150,000 plantable seedlings per
year. Most, not
if all, of the nurseries utilize 
large

amounts 
of labour and 
seed. 
 The demand for seedlings is
met using little 
or no technology. 
 It appears on the

surface 
that production 
levels 
are adequate 
to meet the
 
needs, but this is clearly not the case.
 

The workshop originated from the idea that many of the
nurseries do 
need to be upgraded with 
better technology.

It was 
felt that some training and familiarization with

technologically 
based ru'rsery systems 
could lead 
to the
eventual development 
of several modern fully 
equipped

research nurseries 
to serve 
as pilot nurseries for 
larger

scale operations to 
be built in the future.
 

1.2 Pre-WorkshopProforma -
Summary
 

Eighteen of the delegates filled out the pre-workshop

proforma. 
 Of those responding 
half 
were working at a
University and 
half were 
in-Research Organizations. 
 Two­
thirds of 
the participants 
were 
doing primarily research

and one-third were primarily teaching. 
About one-third had
Ph.D's mostly from India while the rest had the equivalent
of an M.S. About half of the participants specialize in
Forestry while the were
rest spilt between botany, agronomy
 
and other fields.
 

Two-thirds of the relegates had had courses 
in soils,
plant physiology and ecology while almost half had a course
 
in agroforestry. 
 Only a few 
 had any training in
horticulture, 
Although few had any background training in
 nursery management, 
most participants 
had considerable
 
experience in 
raising seedlings of 
some kind. About one­
third had experience with a production nursery.
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Information needs 
listed by participants 
covered the
complete 
range of 
topics from 
seed collection 
to out­planting. 
 A large number of 
questions concerned 
specific
phrases 
of production 
 or problems 
with a particular
species. 
 Many questions concerned bare root 
vs. contained
technology; 
 a 
 few concerned 
 natural 
 regeneration,


economics 
 of nursery management, 
 and vegetative
propagation. 
 (see Appendix 20-B for 
 Pre-Workshop
 
Proforma).
 

2. 	 0b*ectives 

Objectives of the Mssion 

The 	objective 
of the consultancy 
was 	to 
present 
a
workshop on the nursery technology and management.
 

Develop 
contacts 
and establish 
collaborative 
ties
 
among scientists.
 

Develop 'proposals 
 for development 
 of 	 nursery
 
technology in India.
 

Review study plans of Oregon State University 
 Ph.D.
 
candidates 
- Mr. M. Osmann and Mr. R. Singh.
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3. Workshop
 

3.1 Observations and Specific Recommendations
 

A. Teak Nursery at Nilambur, Kerala.
 

The nursery looked very good, taking into account the
 
limited resources available. The system depends upon large
 
inputs of seed, human labour, and luck. Out of each bed of
 
7500 seeds planted, 1000 seedlings are picked.
 
Surprisingly, seedling 
survival after outplanting (we did
 
not see any newly planted plantations to confirm this,
 

however) is 78 per cent after the
having lateral roots
 
plucked off. root must be
All systems as straight as
 
possible. Insect and root damage at this 
nursery was
 
severe. Insect was where
damage heaviest insects have
 
fallen from teak limbs 
over hanging the nursery beds. The
 
seedlings that survived the insects, the rats, and moisture
 

limitations looked very 
good. Clearing a 15 m border
 
around a nursery of tree species susceptible to insects
 

should help to 
 reduce by one the vectors used by the
 
insects to 
get into the nursery. The rosewood tree in the
 
middle of the nursery was untouched by insects and the
 

seedlings under it looked good.
 

Unless there is a change in philosophy and allocatiom
 
of resources toward modernizing nursery production there is
 
very little to recommend. The practice of removing 
and
 
discarding the fast 
growing seedlings in a bed so that the
 
rest will not be shaded out is not sound 
from a genetic
 
selection point of view. 
Perhaps the genetically superior
 

seedlings are in
lost this manner.
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If resources 
could 
be made available,
currently accepted many of the
notions used 
in growing teak 
seedlings
could 
be challenged. 
 There 
seemed 
to be 
 considerable
resistance 
to changing 
the following 
accepted 
attitudes
 
toward growing teak seedlings 
:
 

a) 
 Teak nurseries are moved and rebuilt so as to put them
 
close to the planting sites.
 

b) Cutting the roots off at 
lifting is acceptable.
 

c) Eighty-seven 
per cent losses 
are acceptable.
 

d) Prevailing 
environmental 
conditions 
can be 
depended
upon 
to produce enough seedlings for planting.
 

The implementation of a tree improvement 
program using
such a system would be almost impossible. Planting healthy
vigorous seedlings of improved genetic quality could help
the seedlings out-compete the 
weeds, and produce straight

boled high value timber.
 

C. Social Nursery,
 

The social 
 nursery 
 concept

Growing bare root stock to 

is just outstanding.
 
give to 
private individuals
growing forin poly bags is good. Purchasing

back the seedlingsand then giving them away for planting is an excellent 
idea.
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What is tragic 
is that a nursery 
with such an
important function operates on such thin margins. 
There is
no irrigation, 
but there 
is potential 
for irrigation.


There 
is even the 
potential 
to grow the 
seedlings 
to

plantable specifications without poly bagging.
 

So long as everyone 
is happy with 
this system there
probably 
is not much reason 
to change it. 
 Like the 
teak
system shown at Nilambur, the nursery uses a 
lot of labour
and no technology 
whatsoever. 
 As a small operation

seems 
to work just fine, 

it
 
but will 
not lend itself to a
 

large scale operation.
 

The seedlings 
looked 
good overall. 
 There 
was the
usual rate of 
damage. There does not seem 
to be any
figures 
on losses 
to rats, insects, weeds, 
high density,
improper handling, etc., 
prior tosending the seedlings out
for poly bagging. 
The 10-20 per cent loss between growing
in poly bags' and re-purchase 
seemed excellent. 
 That is a
 
pretty low cull 
rate 
for an operation like this.
 

Weeding could be 
improved.
 

Control 
of density 
in the 
beds would 
help produce 
a
 
larger, more 
uniform seedling.
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4. Proposed 
Actions 
in Agroforestry 
Nursery Management and
 

Reforestation
 

4.1 
 Forest Nursery and Tree ImProvement Needs
 

4.1.1 
 Needs
 

The following needs were 
identified
 

Better 
 networking 
 is needed among nursery
managers, 
plant breeders, 
seed collectors 
and
handlers and the users of seedlings. 

meet 

They should 
once per year for next Lhree years then 

every other year. 

The whole 
seedling production system 
is full of
i4ntested practices 
that need 
to be improved and
verified. 
 Seedling 
 failure 
in nurseries 
is
unacceptably high (87 per cent 
in some cases).
 

Information is 
urgently needed on 
what practices

(seed storage, scarification,, pot Size and shape,'lifting, handling 
 and planting 
 techniques)

produce the highest Possible success rate on the 
out-planting site.
 

An organizaitional 
 mechanism is needed to getnursery managers together with seedling tousers
exchange information about seedling production
methods. 
Target seedling parameters should be a
focus 
 on an on-going effort to improve 
refbrestation 
success.
 

Seed st.ora':g coolers are needed - for many
species seed 
storage times 
are too 
short.
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Regional seedling research 
facilities which can
 
interface with tree 
improvement programme.
 

Encouraging 
women to study in 
the U.S.A; ICAR
 
ano other organizations in India should be 
aware
 
that outstanding Indian women applicants would be
 
very welcome 
in forestry universities 
in the
 
U.S.A. Current policies encouraging acceptance
 
of well qualified women could 
work to bring
 
acceptance. 
 Indian women would 
 be easily
 
accepted into the U.S. culture.
 

Improved communication 
 skills would aid 
 in
 
exchange of information. We observed many poor
 
communications habits among delegates which block
 
exchange 
of information. There are ways to
 
improve such 
 communication 
and they can be
 
learned. Perhaps such 
 methods 
 could be
 
incorporated 
into future workshops.
 

4.1.2 Important Findings
 

An important finding to come out of the
 
Workshop was the total lack of coordination
 
between the on going seed. collection, forest 
Aursery operations and tree improvement. 
 Using
 
a high value crop like teak as 
an example, every
 
year is a lost 
opportunity if 
seed from select
 
trees 
goes unused in the planting program.
 

The delegates unanimously agreed that 
no
 
facilities exist to store seed, and 
next to no
 
information is 
available 
on how to process seed
 
for storage longer then 
a few months. This
 
constitutes 
 a serious "bottle-neck" 
 toward
 
integrating the 
reforestation 
program with 
the
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tree improvement 
program. 
A great deal could be

learned in 
a 
short period of 
time if seed could

be stored locally, grown locally, and planted
idcall. 
 At Weyerhaeuser 
Co. in 
the U.S. when

field foresters saw what superior seed collection 
and growing 
healthy 
target seedlings 
did for
'field success 
they insisted 
on a continuation of

the link between nurseries and 
tree improvement.
 

It takes a well-run nursery to make treeimprovement 
an operational 
reality. 
 Nurseries
 
should have their own seed processing facilities. 
In many cases, the seed processing, 
nursery, and
seed orchards are 
all in the same general 
area.
 

There is a need to build centers for genetic

improvement, 
nursery production, target seedling

research, 
and testing 
of field success 
for out
 
planting.
 

As part of 
our assignment 
we developed 
the
following 
 set of 
 recommendations 
 for the
betterment of tree nursery production in India 

4.1.3 
 Workshop mprovementS 

1. A Pte-workshop planning meeting should occurthe week before the workshop. Thit; would helpsolidify the program and plan for better 
coordjrintion durin g the workshop. 

2. Orie'ntat ion training is needed] for U.S.A.resoirce persons in tropical species and systems. 
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Agroforestry Nursery and Reforestation Council
 

A small 10-15 
 member group 
of knowledgeable
 
nursery management 
 and technology 
 experts 
 may be
 
established to promote and coordinate the future 
development of nursery management in India. 
The objectives
 
of such a group would be 
to
 

1. Promote exchange of information 
and innovation
 
(i.e. hold in-country workshops arid create an 
,information sharing network and database); 

2. Recommend corrective or developmental actions 
Lhat need 
 to be taken to. 
 achieve 
 the
 
reforestation needs of India. 

3. Publish a "Best" Practices Guide to Propagule 
Production for important Forestry 
 and
 
Agroforestry Plants 
of India. Fifteen species
 
should be addressed each year until all important 
species 
are covered. 
 Each species will 
have a
 
separate document 
that can be kept in a 3-ring 
binder. In this way, individual copies can be
 
distributed, and corrections and revisions can be 
easily published without having to publish an 
entire volume.
 

Nine of 
the members should 
have formal training
 
and experience 
in nursery management/reforestation.
 
One member from 
 each climatic region should 
 be
 
appointed. 
 Service on 
this council will 
be carried
 
out with the support 
of the research agency or
 
university which employs the appointee. Most of the 
coordination work will be done by telephone or by
correspondence. However, the council should formally 
meet once vach year to !;hare informat, ion and make 
preparations for a semi-annual information - sharing 
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meeting. Money will have to be 
allocated for coun-"
 
activities.
 

4.3 	 Pilot Nursery Network
 

The following 
 is proposed 
 in 	 cooperation
 
USAID/Winrock International :
 

Develop a small number of pilot nurseries within Ind 
to accomplish the 
following objectives 
:
 

1. 	 Test Nursery Management MetLhods and Practices 
(e.g. root 
wrenching, 
fertilization, 
soil 	fumigation

to see which ones work well 	 arid promote greater 
efficiency in 
nursery operation).
 

2. 	 Test Nursery echnLo2 g
 

(e.g. container 
 types root 
 wrenches, 
 irrigation
 
equipment).
 

3. 	 Coordinate 
and 	Disseminate 
Information 
on Nursery
 
Methodsand Technolog,
 

The intention 
 is to create and 	 operate a fewmedium sized (100,000 seedlings) nurseries (large by
Indian standards) to improve the efficiency of nursery
production arid 	 the success of outplanted trees. These 
nurseries would borrow and use techniques found 	 to be 
successful 
in other lands 
or on a smaller scale in

india. The 	 intention is for these nurseries to serve 
as a 	testing ground 
for 	technology and 
innovation.
 
They would be encouraged to try new and 	 sometimes 
costly methodz. and equipment in the 	 hope of finding
methods or 
equipment that 
could be economically used
 
in existing or new Indian nurseries. 
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These nurseries 
should 
be developed 
as centers
for rejearch wiLh Lhe objective of improving the
linkage between all phases of nursery production 
including
 

I. Selection of good genetic material (i.e. seed, 
cuttings). 

2. Collection, 
handling 
and storage 
of seeds or
 
cuttings.
 

3. Germination methods.
 

4. Nursery production.
 

5. Seedling liftinig/storage/trasportation.
 

6. P]antation success 
 including vegetation
 

management.
 

'The minimum 
number of 
nurseries 
to be developed

would be two. We see the need for three in the 
following order of priority


t 

I. C(RTDA,_iyderabad 

Arid 
 and semi-arid 
 zone species 
 for
 
desertification and
 

Containerized nursery 
 with controlled 

climatic conditions. 

2. CSWCRTI__De__hra Dun : 

Species 
needed 
for reforestation 
of the
 
Shiwahiks and Himalayan regions 
Bare root 
and containerized nurseries
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3. 
 Keral A-Kricultural Uni versity
 

Tropical arid sub-tropical timber, fruit and 
fibre species. 

Bare and container nurseries.

root 


4.4 
 1UFRO Meet*n 
on A roforetr Nurser Management and 
Reforestaion (in India/Tropics etc.)
 

The new1- 'ormed A9 ro forestry Nu rseryvReforestation and
Council (ANRC) will plan arid organizeInternat ional a
Uninon of Forestry Research O.rgan i sat ions(JUFRO) meeting centred around the purpose for the Council.The oblective will be to bring togethier in India invitedspeakers on subjects of interest, viz., geed collection andstorage. The conference would produce a proceedings filledwith specific recommendations as well as related facts.One component of the conference would be to define problemareas, state criteria to define the scopeaccomplishmeit, and
of the problems, and prioritize the mostimportant problems, given limited resources.
 

IUFRO meetings 
 are not Lhat. difficult to organize.They do call for much advanced planning to keeppar'ticipatnts the
rdliiseI oi the proli 1ems at. hand and motivatedto produce substanti.e papers that will be usefuldelegates. to allllowever, the advanced hard work could prove 

very rewarding. 

'The ANRC catn id great ly in sel. tirig the tone and focusof [lie meeting by first deciding on tip to 20 topics withproposed titles. The topics should start with a paperAgrol'orestry on
Nuirser, i aid;e Rrforest.at lon, This would leadinto a paper on seed collection arid storage, etc. In other 

http:Rrforest.at
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words the papers should 
offer 
the 	participants 
a logical
sequence 
that 	covers 
the 	gamut of agro"orestry 
nurseries
 
and 	 reforestation 
work. By 
 good 	 strong centralized
 
leadership arid by pressing the authors for early submission
 
of Lhe papers 
for' 	review 
it would be possible Lo keep the
 
papers linked with each other.
 

5. 
 Collaborative Research/Training Pro'ect Graduate Studies:
 

During our stay in India, through the Workshop and in visits
to *other 
 sources, 
 we were approached 
 repeatedly 
 about
collaborative research and study opportunities in the U.S.A. 
Dr.
Emmingham met 	with forestry st.udents 
from 	Kerala Agricultural

University 
 to 	 explain 
 the 	 application 
 procedures 
 and
idiocyricracies of the U.S. University graduate education systems.
 

5.1 	 Winrock/USAI)Project :
 

Of the 'people involved 
in 	 the Workshop 
at 	Kerala
Agricultural University, we were favourably impressed with
Hr. 	 J.V. Rao arid Mr. Avtar Singh. Both came 	 forward withproposals and 	 Look feedback from 	 Drs. Emmingham and 	 Rose.
We 	 feel they are 	 wort'hy candidates for 	 further 
collaborative work with U.S. scientists.
 

5.2 	 Kerala AricuturLl University
 

The faculty at 
 the College 
 of 	 Forestry, 
 Kerala
Agricultural University were very helpful and contributed
in a 	 major way to the success of the workshop. We were
particularly 
impressed 
with the 
competence 
of 
Drs. 	Mohan

Kumar, K. Sudhakara and P.K. Askan. 
Dr. 	Emminaham and Dr.
Hohan Kumar 
developed 
a joint proposal that will be
 
submitted for PL480 
funding.
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6. 	 Evaluation of Workshop : 

From the beginning of the workshop when 
the 	pre-workshop

proforma was 
distributed, it was 	emphasized that an 
evaluation
 
would 	 be conducted at the end of the workshop. There are 	 three 
aspects of this evaluation : (1) 	the proforma, (2) the consensus 
critique and 
(3) 	highlights fo-r 
improvement.
 

6.1 	 Post-workshop Performance 
- Summary
 

'A post workshop proforma was 	 distributed on the 
last 	 day anid v'eturned by most. (20) of the delegates. 

Overall the delegates see'ed to have 	 thought well 
of the experience. The 
single most 
negative of the

workshop was the 	 food (x = 3.2). No other rating
exceeded a 3. 
It appears that the ants in 
the 	housing

accommodations were of less 
concern than the 
food!
 

The, field trips came in at a moderate rating 
of
 
around 2.5. 
The 	course content lecture ratings ranged

between 
a 1.5 for technology transfer to 
a 2.45 for
 
irrigation systems. In total, the field trips and 
course content fell 
within acceptable limits 
to the
 
de legates. 

The 	 grouip was well 	 divided on 	 which lectures 
should be Left as is or expanded. No one ]ecture drew 
a clear outright majority in either category. Only a 
total 	 of three votes were 	 cast suggesting the omission 
of a lecture. A [,ositive is the 	 fact that between 35­
50 per cent of the delegates wanted to know more. 

The 	long days took their toll on close to 50 per

cent 	of the delegates. However, the 	 two weeks seemed 
to have 	 been "about right" for 	 a slight majority. 
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Course design and delivery seemed to have come offquite well. Individuai consultations wiLh instLuctors 
scored very well 
(1.60) 
as did the course handouts. 

The hands down winner of the instruct.ors was Dr.Emmingham, who scored almost all in all categories.
lie did an outstanding job of getting everyone 
involved.
 

Acceptance of this course was quite high with 19out of 20 delegates willing to recommend the course. 
(see Appendix 20-C for Post-workshop Proforma).
 

6.2 Consensus IValuation of Workshot 

An oral critique of the course in which delegatesasked to werework in groups of four to agree on good, bad, andimprovements needed for three aspects of the workshop;

a) Arrangements, 
 b) Course Content, and 
 c) Other.

All items identified 
by the groups 
were listed 
on the
blackboard and,delegates further prioritized the importance

by voting for only three of the seven or eight items 
needing improvement. 

6.2.1. Arrangements 

A. Good
 

1) Refreshments,
 
2) TraveL facility 
 for field trips and to and from 

cliass. 
3) Interaction with staff on problems.
 
•i ) Class room facility.
 
5) Services 
 by volunteers who helped with food and 

arrargelpei s . 
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B. Bad 
1) 	 Food (qai ty was 1)or).
 

2) Accommodation 
at the College 
of Forestry 
was
 
dirty, ant-infested and poor in 
general.


3) No recreation 
(needed facilities 
for T.V. and 
Video tapes). 

4) No' information counter was provided throughout 

the Workshop. 
5) Planning of program changes 
was 	irregular 
and
 

poorly coordinated. 

.qp._mv 
,_- !. : 

C. .1 n ~~einent.
 
1) Adequate Lodging 
room 	amenities 
(clean bathroom, 

mosquiLto nets, kill ants).
 
2) Hygiene (toilets should be clean).

3) Needed 
to have supper/dinner at 
the campus.

4) 	 Information throughout the course duration should
 

be provided at 
an information counter.
 

By far the most serious problem was 
the poor

lodging afforded 
to the local delegates. 
 Clearly,

they 	did not have a living environment conducive to 
study and learning. 

6.2.2 
 Course Work - Conten_t 

A. 	Good :
 
Class 
room lectures, 
 field 
trips, :-;tides 
 were


good, gIuest talks were 
informative.
 

B. Bad 
1) 
 Lack of practical exercises.
 
2) 
 Depth of subject 
covernae was I imit.ed.
 
3) Exanp es (were givon ) of teni|,perat. 
 region forests 

and nurseries.
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.) Lack o1' expertise in tropical forestry. 
5) Course rhiration is too long.
 
6) Repetition 
 of cortain topics. 

G. IIl1pruvelierl. : 
1)* More emphasis on tropical species.
 
2)* Field trips need 
 t.o be comprised of more
 

diversified forests and agroforest-rv systems 
3) Need more field trips.
 
4) Repetition should be avoided.
 
5)* Need more 
 vegetative propagationon 

in nurseries. 
6) Needed more narrow foctis on water stress subject. 
7 .Needed to iis, more video tapes.
 
8) It was suggest.ed that 
classes be held in morning

sessions with f ie d trips and practical ,-xercises 
Lo he cornciuct.(Lo in I he afternoon sessions. 

*Of the eight. iLems listed above, items 1 ,2 and 5 were 
voted as the niost important. 

i0elegates 
 fel I. the need to deal with additional 
tropical species and were less interested 
in the

examples uised from the l.empprat.e zone. In addit.ion 
most were interested in knowing more about vegetative
propagatibn, )elegates were interested in seeing even 
more of (.he fo rest and agrcoforestry svyst.ems and t.he 
nurseries that :sere\r these functions. 

6.2.3 Problems and_mpr_ovencts
 

1) Lack of' iiLeraction 
 among the delegates. N'eed 
small group exercises.
 

2)* Some delegates 
 little interesthad in the subject 
matter, i.e. there needs to be a bet tr select.ion 
of delegat es.. 

http:suggest.ed
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3) Participants were put to hardships because of

delayed payment of travel allowance and daily 
allowance.
 

4) A senior ICAR Representative should be present
throughout the workshop. 
(Supposedly this would
 
motivate participants 
to learn).
 

5)* Need training 
1 

of USA experts in tropical subject. 

6)4 Delegates and resource persons from FRI (Forest
Research Institutes) should be invited.
 

7) Need more travel funds for long 
 distance field 
trips. Participants wanted to see the rain 
shadon zone. 

*Of the items 1-7 listed above, wasit the consensus 
of the class that numbers 2,5 6and were of greatest 
importance. There fore; 

1) A better process of selecting delegates is needed 
(there were rio nursery managers present as
delegates to the workshop) There should have 

lnursry, manr;u,r'rs rdJn onior forst. officrs 

i nvo . v;liey t.. 

2) 
 TiLe U.S. resorc'e( peopl.e nved bettor, training in 
tropical forest systems ( t.here are riot many of 
these ifn the U.S.A.). 

3) Scientists from the Forest Research Institute 
should have been more involved as both delegates 
arid resource people. 
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6.3 Ili hlights for Improvement 

Finally, t he U.S. resoturce people, () rs.
lEmminaham and Rose ) have h i lh.i t1it.cr1 manv i tems that 
couLd improve such work shops iii I lie f ul.ir'e. 

I ) No one commented formally about the S100. plus
worth of books brought, per person, yet all of the 
extra reading materials disappeared within three 
dlays! 

2) Deleal.vs mav 

part.l y 1bc ati., 

riot have done 

t.heir ,uarterrs. 

all of' the readings 

were riot. conducive 
to study. They want.(!] t.o be away from their 
quarteers in the evening. 

3) There are many differernt inherent in planning
Workshop 

a 
in in unknown location, by organizers

from two different cultures and from several 
locations. Under the circumstances the Workshop
was very successful, inspite of the many rough 
spots. 

I ) It would help to have the local arid foreign 
organizers meet, the week prior to thp Workshop to 
Crina Lize the aizenda arid other ranremen ts. 

5 ) Most. (f" t , d legta .es were agronomists withSittle 
 t.ree growing experience. inOne was 
animal nmtrit ion! Ftture delegates need to be 
lore' car eI I I y rhosen. Uar'e should h! taken to 

get nursery managers and foresters involved, 
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- 6.4 The "No Probemi" Problem 

This particular workshop might have been moreproductive if it were not for the "no problem" problem.
Xerox ing was "rto problem", but the xerox machine neverworked. 
Getting a pressure bomb to demonstrate plant water
 
potential 
was 
"ro problem" oxcept 
that an available 
could not 

one
 
be located. 
 These and other 
"no problems" 
were
 

a problem.
 

7. .Fie]d VisiLs
 

7. 1 VisiI. l.o _ldy i__ba 

Drs. Emmingham ard Rose 
visited lyderabad 
on May 19­21, 1991. 
 Mr. M. Osmann and Mr. 
J.V. Rao 
were active 
in
hosting us 
for the visit. 
Mr. Osmann met 
us at the airport
 
even though 
we were delayed 
in arrival. 
 The Central

Research Institute for Drylanid Agriculture (CRIDA) provided
transportation for our entire visit, and this convenience a I lowed its t.o :lc..h1,,I i-.h 1 ill aI shor, rt vij-;it ,".'n tlhou h

;nch 


we were there o.ln e.Jec' ion day. 

We visited tie RII)A fieId l.,cat ion, the CR IDA 
headpIttartoe-s arld (i i-,',isseI, at I (-nrti I he l1h .1), pro.ject,
Hr. M. Osinann 

of 
anrd ai proposed stiudy of' Hr. J.V. Rao. 

CRIDA l)emonstration 
The 

and Research Station is an excellent
exampl e of' how research stud ies ard demonstrat. i on areas
be combined. 

can 
[ii part.i ci anr, the overaLl I r:.ouLt wi t.h

research and demonstration plots along both -. ides of the
entry. way made for maximum use of thef domonstration vaLue. 
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A thoroueh review of Mr. M. (smann's Ph.D. tilesisproiect, was (:oridlct.ed bv )r's. I mi lilaz and Ios-	 . Sevoral

important changes were 	 incorporated into 	 the obJect j ve andhypothesis tests 	 to be carried out 	during the stludv. Also,
experimental methods were modified in 	 sevraL cases.
Overall, 
 Osmann's 
 study is very well pI anned, andrepresents an extremely useful advance in understanding ofthe 	structure and 	 function of Agroforestry systems in semi­
arid 	 regions. This is an important and 	 ambitious study,
and 	 Mr. M. Osmann will require Lhe 	 Full support of hisorganization to s.c'-tcssfu I Ly complete this 	 st wiv and hisPh.D. 	atOr'egon SI.-ito Univorrsi v ((SI ). 1CA? 'nunmw 	 hr- il,,rt
I,) Ilwe' (nIovI )I' -;lMrJr:-:c)I' i r11 .r . ()mnlartri' - rr't. 	 rt t.j '):1oJ.M() 	 oIthree 	 years hence to complete his 	 dissertation and 	 defend 

Ai 	 .'\ liini mum ,f' t.i3 ree 	 monfif.h-: in residence in I..S.,\. will 
be necessary.
 

Drs. 	 Emmingham and 	 Rose had separate meetings with 	Dr.C.K. 	Ramanathan Chetty., Director and Dr. 
Shivniwas Sharma,

Head 	 of Resou rces Management Divisions, CR'rDA. Wed iScuissed the 	 recomm,-,nda;it i ils p rese nted in tLh 	s regard andconfirmed the need for continued collaborations among 	 CRIDAand 	 ()SU resear'c'hopr.,s nrid 	 trwhir.s .	 r. (hoi t v xpres ed
rit.e res l. in host. I,rig I 1FR IM e I. Ini at. II vdr. rabad in 

c'oo)p 	 rat L i l wi 	 1.I I(;11ItIS 	 T. 

Unfor'tUrlat.eLy, )rs . Emmi ngham and Hose 	 :,ere unable tovisit ICRTSAT due It :-: of 	 Lheir : t av And 	 t.he 
elecLi on-day hot iday. 

7.2 	 V_it, to DehraDun 

Drs. Emmi ngham and Rose 	, :tlong with Dr. (ni rinaman ivisi 	ted Dehra Duhn on May 	 21-2:1, 1991 	. Mr. Paiiv Singh
tc'l., l tr'n 	 Ii,,:-t . . ' r ' i :tlt e I t re 	 , ','uuimp iriv o f I)r .

Chininaumani oil ti(, .iouirne. t.o lDeIra DIun, sinc, w,(- wre able 



to discuss the results of' the workshop, and be informed 
aboiit what we were seeing in the countrvside. 

On May 22, we visited the Central Soil and WaterConservation, Research and Training Institute (CSWCHTI
Selakui f ield station and looked at the erosion control
work: this work is very impressive, especially that with 
some aeroforestry system developed by Dr. Nahrain. It wasalso a pleasure to see the timber stands of Shorea r obustaand the work of Ra.jiv sirigh. We saw and approvorl the lt.udy 
siLe (T-12) that Mr. Sinih will use for lii - Pih.D. work. 

We, di.sCis . vd I h l'utir'e exc:liarie of r jui. i f i c staff
beIween OSU and thre USWUT(: T'. It was stggested that a gloodopportunity exists to have OSU faculty come to india onsabbatical leave. Such visits could lead to furtherexchange of Indian scientists to the U.S.A. as .jointprojects take shape. Clarifying. what facilities 

available, are 
probable cost of liviig and collaborative 

possibilities would facilitate initiation of such 
exchanges.
 

Mr . [ a.jiv Si ls.01's Ph.D. 
 Ihesis" project -:ar'eviewedwi Ir I)r. GUpl-a and s.Laff. The pro.ject was approved, andwill lie iri i at(, as -oon as po.a.ih],,. Mr. P. Singh willu("Iti i r" I ho f,'l. I ":1ipp r I I' his (or,',a.ri i x I.i on 1.0 success fully comple .e hi s Ph. ). Stldy. A potert. ial problemis I.|le racl. tIiat some t-hr irstr.rumnn. .
 
of n ered t. anal.yze

his datLa are not. yet ir functiorial sLatis. 

We ai;C) 'visitedJ tilie 'SW01J? I firiaricqiarter.s i.lire we had a shot i ' . lou tr o r fir So i I .:iho :a .e cv ;rid the mull i rn . ,met 
wi li I h DIi ro ror, li. . KN. ,iipl a, atiff t.li, fr , ,-: Cof the
EritU i ik(e' I i 11 , So I..S , ;:r11 Sc' i ,ii(,, atrid Land anid Wa 1.e rDi v i si ors . Each div ij .i fn, hrad r::l) I i ,,d I li i r r(e.sr,'rr'h 
pl'(i [g ;lrnii Old of I. ie i r major i F rid irig a.­
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1CAR and csWCi-1 must be 
 alert to the nieedstponsorin g Mr. Singh's return 

of 
to Oregon State Lorivrrsjtv

1994 to complete and 
in 

defend his dissertation .\ minimum ofthree months will be reqiii red for his stav ini the U.S.A. 
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8. Summary and Concqlusion
 

The ob.Jective of the consultancy ,'as to present. a workshopon tree zursery technoLogy and management. Thp works-op
successf'1 1 carried 

was 
out with lectures that covered nurserymanagement from seed to field planting of 
seedlings. 
 Numerous


field trips re'inforced the lectures and gave focal points for 
discussions.
 

Nunmerous contacts were made witlh sierit.ists .ttrolighout [Indiadue t.o 
 the broad based selection of delegates. ManycollaborLive proposals wore di scussed. l.'e ryc. rbe was i n favotir 
of futLure interactions.
 

Proposals 
were introduced to help spawn nursery technology
in India. It was suggested that an Agruforestrv Ntirsery arid
Reforestation Council (ANRC) be formed. Fuivt.-ier, 
 it was proposed

that IUFRO meeting be held in 
India centered around the needs of
the ANRC. 
 It was proposed that 
at lea.st two pilot research
nurseries 
be biiilL in India to research agroforestry 
nursery
 
related problems.
 

rtht Ii Hr. ()nim' rir :i ril,| i.. 
 irilim' , l'h li. r',,-~:, 
 r., r. ,r.r t..s 
were r-v'i owed. The pr'olosa [s wi' a
re .pprovedand are now be irlsimplenerited. (C. -osevonl.a t, will ho mairita ifned with ,:cfi li1.1).

candidat.(! over 
 lie erthnext lirce year's.
 

OveraIl. 
the Wb rksilo p was a itcc(e-s bitt several -i g st 'orishave been offered t.o make iuture workshops more useful. 

delegates were a fine 

The
 
"rotip of individials and 
were n..ioyahe to 

work itih. 
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NURSERY 	 MANAGEMENT WORKSHOP 
TRICHUR, INDIA 

MAY 5-18, 1991 

Sunday, May 5, 1991 

Day prior to start of workshop
 
Fill out questionnaire to hand in on Monday

Do pre-assigned readings in
 

Forest Nursery Manual (FNM)
A Technical Guide for Forest Nursery Management in the 

Caribbean and Latin America (TGCLA) 

Readings: Pre-workshop
 
FNM 2, 7, 8, 9, 10, 16
 
TGCLA 3, 4
 

Monday, May 	6, 1991 

9:00 A.M. Inauguration of Meeting
10:00 	 Tea 
10:30 Lecture (RR) 	- Overview of World Reforestation 
11:30 	 Reforestation and Agroforestry (BE)
12:00 P.M. Reforestation in India (Harsh)
1:00 	 LUNCH 
2:00 	 Barer.ot Nursery Development (RR)
2:30 
3:00 General Tree Nurseries - (speaker ?)
4:00 	 Discussion and Problem Solving Format (RR & Harsh)
5:30 	 END - Turn in all questionnaire materials 
7:00 	 Evening - Start assigned readings 

Day 1. Review FNM 2, 6, 7, 8, 9, 10, 16 TGCLA 3, 4 

http:Barer.ot


Tuesday, May 7, 1991 

9:00 A.M. Lecture: Container Nursery Development
10:00 Tea 
10:30 Lecture - Discussion of Readings (RR)
11:30 Visit nearby container operation 
12:30 P.M. 
1:00 LUNCH 

Lecture: Containers (Harsh)2:00 Advantages and Disadvantages 
of Different Containers 

Types/Mixtures for Raising Seedlings
2:30 Discussion (Harsh and RR)
3:00 Teak Nurseries ­
4:00 Discussion and Problem Solving (Harsh)
5:30 END 
7:00 Evening - do assigned readings 

Day 2 

Wednesday, May 8, 1991 

9:00 A.M. Lecture: Seed/genetic variation/source/seed physiology (RR)
10:00 Tea 
10:30 Lecture: Germination and Testing of Seed (Harsh)
11:30 Discussion (Harsh)
12:00 P.M. Visit seed collection and handling facility
12:30 
1:00 LUNCH 
2:00 Lecture: Seed Technology in India 
2:30
 

Lecture:
3:00 Coconut and Pepper Nurseries 
3:30 
4:00 Tea 
4:30 Discussion.and Problem Solving (Harsh) - Seed Technology
5:00 
5:30 END 

Day 3, FNM 4, 5, 17, 19, 20 TGCLA 7, 8, 9, 10 

Vol. V The Biological Comporint: Nur Pests and Myco 1, 2 



Thursday, May 9, 1991 

9:00 A.M. 
10:00 
10:30 
11:00 
12:00 P.M. 
1:00 P.M. 
2:00 
2:30 
3:00 
4:00 
4:30 
5:30 

Lecture: Target Seedlings (RR) 
Tea 
Lecture: Seedling Nutrition (RR)
Fertilization and Irrigation Discussion of fertilization strategies
Nutrient, Media, and Water - Techniques used in India 
LUNCH 
Lecture: Vector Diagrams (RR) 

Social and Community Forest Nurseries 
Tea 
Disease and Pest Management in India 
END 

Day 4, FNM 8 SNI 1, 2, Bigg article 
SNI = Seedling Nutrition and Irrigation 

Friday, May 10, 1991 

8:00 A.M. 

9:00 

6:00 P.M. 

Field Day at Nursery 

* **ALL DAY*s* 

END OF TRIP 

Day 5, Want to cover in the nursery the many subjects already talked about in lecture: seed, 
seed handling, bareroot vs. container, nurtition, irrigation, problems 

Saturday, May 11, 1991 

9:00 A.M. Irrigation system (Harsh, RR, and group)
12:00 P.M. Discussion of irrigation system 
12:30 
1:00 LUNCH 
3:00 Catch up on readings/discussion 

Day 6, 
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8:00 A.M. Day off 
9:00 Rose and Emmingham go sight-seeing 

Monday, May 13, 1991 

9:00 A.M. Lecture: Seedling Quality - Target Seedlings (RR)
10:00 Tea 
10:30 Lecture: Seedling Morphology (RR)
11:00 Using the Leaf Area Meter (BE)
12:00 P.M. Discussion of Seedling Morphological Quality in India (Harsh 

and RR)
12:30 What seedling characteristics work inbest India for each 

species in India? 
1:00 LUNCH 
2:00 Continued discussion of morphology (Harsh)
2:30 Discussion 
3:00 Tea and Coffee Nurseries 
4:00 Tea 
4:30 Discussion and Problem Solving - Root Volume (RR)
5:30 END 
7:00 Evening: Catch up on reading 

Day 7, FNM 14, 15, 17 ESQ 3, 4, 5, 6*, 8, 9 
ESQ = Evaluating Seedling Quality 

* Read this chapter thoroughly. 



Thursday, May 16, 1991 

8:00 A.M. 
9:00 

10:00 
11:00 
12:00 P.M. 
6:00 

Field Trip - Forest Planting 
Stand management, protection, handling, veg man 
* **ALL DAY *** 
Coastal Area 
Eucalyptus, cashew, coconuts 
END 

Day 10 to cover stand development aid management, growth and yield, L:rest protection 

Friday, May 17, 1991 

9:00 A.M. 
10:00 
10:30 
11:00 
12:30 P.M. 
1:00 
3:00 

4:00 
4:30 
5:30 

Day 11, 

Saturday, May 18, 1991 

9:00 A.M. 

Lecture: Technology Transfer (BE)
 
Tea
 
Lecture: Organizational Models (BE)
 
Problem Solving
 

LUNCH
 
Discuss Field Trips (BE, RR, & group) 

Solve
 
Tea
 
Oral Critique of Course
 
END
 

Discussion and wrap-up
 

- Regional Problems to 



Tuesday, May 14, 1991 

9:00 A.M. 
10:00 
10:30 
11:00 
12:00 P.M. 
12:30 
1:00 
2:00 

2:30 
3:00 
4:00 
4:30 

5:30 
7:00 

Day 8, 

Wednesday, May 15, 1991 

9:00 A.M. 
10:00 
10:30 
12:00 P.M. 

12:30 
1:00 
2:00 

2:30 
3:00 

4:00 
4:30 

5:30 

Day 9, FNM 28 

Lecture: Seedling Quality - Physiology (RR)

Tea
 
Physiology, continued
 
Seedling Physiological Research in India
 
Discuss readings (RR) 

LUNCH 
Lecture: Seedling Handling and Planting (Harsh) 

Reserve Forest Nursery
 
Tea
 
Exercise: Using the pressure bomb (BE)
 
END
 
Evening: 
 Catch up on readings 

Lecture: Outplanting/Competition (BE) 
Tea
 
Lecture: Vegetation Management (BE)
Lecture: Statistics 
 and Design of Nursery and Field Trials(RR) 

LUNCH 
Statistical Applications to Nurseries in India 

Temperate Forest Nurseries 
Tea 
Exercise: Design Nursery/Field Experiments (RR and 
speaker?) 
END 
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INDO-U.S. WORKSHOP-CUM-TRAINING ON AGROFORESTRY IN
"TREE NURSERY TECHNOLOGY AND MANAGEMENT"
 

VENUE 
 College of Forestry
 
Kerala Aaricuitural University

Vellanikkara, Trichur, Kerala
 

PROGRAM
 

Pre Workshop Assjnment
 

MAY 5. 1991 - Sunday
 

Forest Nursery Manual 
(FNM) ­ 2, 7. 8. 9, 10. 16
 

A Technical 
 Guide for 
 Forestry Nursery Management in
Carribbean and Latin America 
the
 

(TGCLA) - 3, 4.
 

WORKSHOP-CUM-TRAINING AGENDA
 

MAY 6. 1991 - Monday (Day 
- 1) 

09:00 - 10:00 hrs. 
 - Registration 
and filling of biographic
 
data.
 

10:00 - 11:15 hrs. 
 - Inaugural session
 

Welcome 
 -
 Dr. C.C. Abraham
 
Associate Dean & Special Officerifoc
 
College of Forestry

Kerala Agricultural University
 
Vellanikkara. Trichur
 

Inaugural Address 
- Dr. E.G. Silas 
Vice Chancellor
 
Kerala Agricultural University
 
Vellanikkara. Trichur
 

Address - Background of Agroforestry and
 
Tree Nursery Technology in India
 

Dr. S. Chinnamani
 
Asst. Director General 
(Agroforestry)
 
I.C.A.R., 
New Delhi
 

-



Nursery Technology and on 
course. 

the Indo-U.S. 

Dr. W.H. Emmingham 
Professor & Head 
Department of Forest Science 
Oregon State University 
Corvallis, Oregon, U.S.A. 

Vote of Thanks - Dr. L.N. Harsh 
Scientist 
Central Arid Zone Research Institute 
Jodhpur (Ra.iasthan) 

11:15 - 11:30 hrs. - Tea Break 

11:30 - 12:30 hrs. - Lecture 
An Overview of World Reforestation 
Dr. Robin Rose 
Oregon State University 

-

12:30 - 13:30 hrs. - Lecture : 
Reforestation & Agroforestry in India 
Dr. S. Chinnamani 
Asst. Director General (Agroforestry) 
I.C.A.R., New Delhi 

-

13:30 - 14:30 hrs. - Lunch Break 

14:30 - 15:30 hrs. - Lecture 
Bare Root Nursery Development 
Dr. Robin Rose 

-

15:30 - 16:45 hrs. - Lecture : 
General Tree Nurseries for Agroforestry-
Dr. S. Chinnamani 

16:45 - 17:45 hrs. - Discussion and problem solving over 
framework of reading assignments. Discuss 
site selection - the good and the not-so­
good. Start reading assignmen ts. Day I 
Rev iew 
FNM 2, 7, 8, 9, 10, 16 
TGCLA ?.4 
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MAY 7. 1991 - Tuesday (Day - 2)
 

09:00 - 10:00 hrs. - Container Nursery Development -
Dr. Robin Rose 

10:00 - 11:00 hrs. - Discussion on readings 

11:00 - 11:15 hrs. - Tea Break 

11:15 - 13:15 hrs. - Visit KAU Main Campus. Nurseries. 
Cashew Nursery at Madakkathara. 
Teeos Nursery! Vellanikkara 
Dr. K. Gopikumar 
Associate Professor 

13:15 - 14:15 hrs. Lunch Break 

14:15 - 15:15 hrs. - Lecture 

I 
Containers 
demerits 

- Relative metits and 

15:15 - 15:30 hrs. -	 Tea Break
 

15:30 	- 16:30 hrs. - Lecture :
 
Teak Nurseries - Mr. K.V. Subramoniam
 
Divisional Forest Officer
 
Nilambur South
 

16:30 - 17:30 hrs. -	 Discussions and problem solving.
 

MAY 8. 1991 - Wednesday 	(Day - 3)
 

09:00 	- 11:15 hrs. - Lecture 
Seed/Genetic/Variation/Source/Seed 
Physiology -

Dr. Robin Rose
 

11:15 - 11:30 hrs. 
 - Tea Break
 

11:30 	- 12:15 hrs. - Iecture (continued) -
Dr. Robin Rose 

12:15 	- 13:15 hrs. - Visit - Seed collection and handling 
facility, College of Horticulture & 
College 	of Forestry -

Dr. K.V. Peter and
 
Dr. K. Sudhakara, Kerala Agril. Univ.
 

13:15 - 14:15 hrs. -	 Lunch Break 
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14:15 - 15:15 hrs. 


15:15 - 15:30 hrs. 
 -

15:30 - 16:30 hrs. 


16:30 - 17:30 hrs. -

Day - 3 Assignments 

FMN 
TGCLA 
Vol. V 

-
-
-

Tree Seed Technology in India 
-

Dr. T.V. Karivaratharaju
 
Professor and Head

Department-of Seed Technology, TNAU
 

Tea Break
 

Lecture
 
Tea & Coffee Nurseries 

Dr. V.R. Chitarapu, IFS 

-


Managing Director
 
TANTEA, Coonoor, Nilgiris
 

Discussion and problem solving
 

4, 5, 19, 20
 
7, 8, 9, 10
 
The Biological component

Nursery Pests and Mycology 1, 2
 

MAY 9, 1991 - Thursday (Day 
- 4)
 

09:00 - 10:00 hrs. -

10:00 - 11:00 hrs. -

12:15 - 13:15 hrs. -
Changed -

13:15 - 14:15 hrs. -

14:15 - 14:45 hrs. -

14:45 - 15:00 hrs. -

15:00 - 16:00 hrs. -

4ecture
 
Target Seedlings 
-

Dr. Robin Rose
 

Lecture 
:
 
Pest Management in Tree Crop Nurseries-

Dr. C.C. Abraham
 
Kerala Agricultural University
 

Small Group Exercire
 
General Discussion'- Class & Instructors
 

Lunch Break
 

Delegate Reports 
on Nursery Management
 
Problems 
-

Tea Break
 

Lecture 
:
 
Social and community Forest Nurseries
 
Sri. T.V. Balaraman
 
Asst. Conservator of Forests
 
Social Forestry
 
Thrissur
 

-4-.
 



16:00 - 17:00 hrs. 
 - Lecture : 
Disease Management in Nurseries -
Dr. R. Jeyaraj
 
Professor & Head
 
Department of Plant Pathology
 
TNGDNAU, Coimbatore
 

Day - 4 Assignments
 

FNM 8 -
 Seedling Nutrition ; and
 
SNI 1,2 - Irrigation
 

MAY 10. 1991 - Firidav (Day - 5)
 

Field,Day- Nurseries
 

08:00 hrs. 
 - Proceed to Nilambur en-route visit
 
Social Forestry and Foresy Nurseries
 

11:30 - 13:00 hrs. - Nilambur Field Station, KFRI
 
Teak Nursery of the Social Forestry wing

of Kerala Forest Department
 

13:00 - 14:00 hrs. - Lunch at Nilambur 

14:00 - 18:30 hrs. - Visit to Conolly's Teak Plantation
 
Chathu Menon's Permanent Preservation
 
plot for super quality Teak
 

20:30 hrs. 
 - Return.
 

MAY 11, 1991 - Saturday (Day - 6)
 

09:00 - 12:00 hrs. - Lecture : 
Build Drip Irrigation System
Dr. K. John Thomas 

-

Professor (Ag. Engg.) Kerala Agril.
 
University
 

12:00 - 13:00 hrs. 
 - Discussion on Drip irrigation system
 
Dr. K. John Thomas
 

13:00 - 14:00 hrs. - Lunch Break 
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14:00 - 17:00 hrs. Catch up on readings and discussion on 
seed handling 

Lecture : 
Forestry in Oregon -
Dr. W.H. Emmingham 

Bare Roots Vs. Container Nutrition, 

Irrigation 

17:00 - 17:15 hrs. - Tea Break 

17:15 - 18:15 hrs. - Discussion -

Problem Solving and Vector Diagram 
MAY 12, 1991 - Sunday (Day - 7) 

Day Off.
 

MAY 13. 1991 - Monday (Day - 8) 

09:00 - 10:00 hrs. 
 - Lecture 
Seedling quality - Target seedlings -
Dr. Robin Rose 

10:00 - 10:30 hrs. 
 - Lecture : 
Seedling Morphology -
Dr. Robin Rose 

10:30 - 10:45 hrs. 
 Tea Break
 

10:45 - 12:00 hrs. 
 Lecture :
 
Using Leaf Area Meter 
- Excerise -Dr. W.H. Emmingham 

12:00 - 13:00 hrs. 
 Discussion of 
'edling Morphological
 
quality in India 
-


What Seedling characteristics work best
 
in India for various species 
-

Dr. Robin Rose
 
Dr. L.N. Harsh
 

13:00 - 14:00 hrs. 
 - Lunch Break
 

14:00 - 15:00 hrs. 
 - Discussion 
-

Reports of Croup Exercise (3 Reports) 
-
Dr. Robin Rose
 
Dr. W.H. Emmingham
 
Dr. L.N. Harsh
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15:00 - 15:15 hrs. -
 Tea Break
 

15:15 - 16:15 hrs. -
 Lecture :
 
Coconut and Pepper Nurseries -

Dr. P. Rathinam
 
Asst. Director General, I.C.A.R.
 

16:15 
- 17:30 hrs. - Discussions and Problem Solving
 

Day - 7 Assignments
 

FNM - 14, 15, 17, ESQ. 3, 4, 5, 6, 8, 9 
(ESQ: Evaulating Seedling Quality) 

MAY 14, 1991 - Tuesday (Day - 9)
 

09:00 - 10:00 hrs. 
 - Field Trip to 
Cocoa Propagation Nursery
 

10:30 - 10:45 hrs. -
 Tea Break
 

10:45 - 11:15 hrs. 
 - Lecture : 
Seedling Quality/Physiology 
Dr. Robin Rose 

11:15 - 13:00 hrs. 
 - Lecture : 
Seedling Physiological Research in India 
through - VCR. 

Lecture
 
Nurseries in S.E., 
U.S.A. -

Dr. Sudhakara
 
Kerala Agricultural University
 

13:00 
- 14:15 hrs., - Lunch Break
 

14:15 
- 15:15 hrs. - Lecture :
 
Reports - 1, 2, 3
 
Agroforestry
 
Teak Plantation
 

15:15 - 15:30 hrs. -
 Tea Break
 

15:30 ­ 16:30 hrs. - Lecture :
 
General Forest Nursery 
-

Dr. N.V. Trivedi Babu, IFS
 
Silvicultural Research Officer
 
Forest Hqrs., Thiruvanathapuram
 

16:30 - 17:30 hrs. - Catchup readings
 
Coordnators Meeting 
- Develop

Recommendations Jointly 
- OSU ; KAU
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MAY 15, 1991 - Wednesday (Day - 10)
 

08:00 - 10:00 hrs. -
 Field Visits
 

(8:15 - 9:15 hrs. - Agril. Research Station, Mannuthy
 
9:20 - 10:15hrs. -
 Cashew Research Station, Madakkathara)
 

10:00 - 12:30 hrs. -
 Visit Tree Nursery, KFRI
 
- Visit Laboratories of KFRI, Peechi
 

Lecture on - Stand management in
 
Eucalyptus, Teak etc., 
by KFRI
 
Scientists at Peechi
 

13:00 - 14:00 hrs. -
 Lunch at Vellanikkara
 

14:00 - 18:00 hrs. - Proceed to Chowghat and visit costal
 
stands of Casuarina en-route visit
 
Social Forestry Plantings of Eucalyptus,

Acacia and Agroforestry systems involving

Ailanthus and Horticultural Tree Crops
 

Return to Hqrs. at 18:00 hrs.
 

MAY 16, 1991 - Thursday (Day - 11)
 

09:00 - 10:00 hrs. Outplanting/competition
 

Dr. W.H. Emmingham
 

10:00 - 10:30 hrs. 
 - Tea Break 

19:30 
- 11:00 hrs.' - Lecture :
 
Vegetation Management -

Dr. W.H. Emmingham
 

11:00 - 12:00 hrs. 
 - Radio Tracer Lab 

12:00 - 13:00 hrs. 
 Lecture :
 
Statistical Application for Nursery

Research in India 
-

Dr. B. Mohankumar
 
College of Forestry
 
Kerala Agril. University
 

13:00 - 14:00 hrs. 
 - Lunch Break 

14:00 - 15:00 hrs. 
 - Discussions -

Statistical Problems in Nursery Research 
Dr. W.H. Emmingham, OSU 
Dr. J.V. Rao, CRIDA, Hyderabad. 
Dr. B. Mohankumar 
College of Forestry 
Kerala Agril. University 



15:00 - 16:00 hrs. 
 - Lecture :
 
Conifer Temperate Forest Nursery 
-
Dr. Sudhakara
 

16:00 - 16:15 hrs. -
 Tea Break
 

16:15 - 17:30 hrs. 
 - Excerise: Design Nursery/Field
 
Experiments 
-

Dr. W.H. Emmingham

(Rao's experiment as 
e~xample)
 

MAY 17. 1991 - Friday (Day - 12) 

09:00 - 10:00 hrs. 
 - Lecture 
Technology Transfer -
W.H. Emmingham
 

10:00 - 11:00 hrs. 
 - Lecture :
 
Organizational Models 
Dr. W.H. Emmingham 

­

11:00 - 11:15 hrs. 
 - Tea Break 

11:15 - 13:00 hrs. 
 - Problem Solving
 

13:00 - 14:00 hrs. 
 - Lunch-Break
 

14:00 - 15:15 hrs.) 
-
 Discuss personally designed
15:30 - 16:30 hrs.) 
 experiments.
 

15:15 - 15:30 hrs. 
 - Tea Break 
Finalise Course Recommendations 
-
Dr. W.H. Emmingham 
; and
 
Dr. 
C.E. Abraham
 

16:30 - 17:30 hrs. 
 - Oral critique of the 
course ­

4AY 18, 
1991 - Saturday(Day 
- 13)
 

10:00 - 12:00 hrs. - Plenary Session 

Welcome 
- Dr. C.C. Abraham
 
Associate Dean and Special Officer i/c

(Local Convenor), 
 KAU, Trichur
 

Chairman's address-
 Dr. E.G. Silas
 
Vice Chancellor
 
Kerala Agricultural University
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Valedictor.y address- Focal theme 
: Forest Nurseries
 
and distribution Dr. K.J. Joseph

of certificates 
 Principal Chief Conservator of
 

Forests, Kerala
 

Coordinators Overview Dr. W.H. Emmingham, Professor & Head
 
of the Course Department of Forest Sciences
 

Oregon State University, U.S.A.
 

Address 	 Dr. Mahara.j Singh
 
Winrock International, New Delhi
 

Dr. A.G.G. Menon, Director of Extension
 
Kerala Agricultural University
 

Participants Overview
 

Vote of Thanks Dr. L.N. Harsh, CAZRI 
(I.C.A.R.)
 

/ 



ApPPndLx 3
 
ITINERARY 

Dr. W.H. Emminham and Dr. Robin Rose 

Short-term Consultants : Agroforestry Sub-project
 

May 1991
Fri., 03 
 Arrive New Delhi 
 2315 hrs. 
 BA-36
 

Stay 
 : Ta.j Palace Hotel 

Sat. , 04 
 Free day
 

Sun., 05 
 New Delhi/Cochin 
 0540/0940 
 IC-467
 

Cochin/Thrissur 

By Road
 

Stay at 
: Elite International Hotel, Thrissur
 

Mon., 06 
 Nursery Technology Workshop
to 
 Kerala Agricultural University, Thrissur
 
Sat., 18
 

Sat., 18 
 Thrissur/Cochin 

By Road
 

Stay at Malabar Hotel,Cochin
 

Sun., 19 
 Cochin/Bombay 
 0755/0940 
 IC-162

Bombay/Hyderabad 
 1440/1550 
 IC-617 

Stay at Gateway otel on Banjara ills, lyderabad 

Mon., 20 V sit to CRIDA (Dryland Project, ICAR), Hyderabad 
Tue., 21 
 Hyderabad/New Delhi 
 0755/0955 
 IC-440
 

to New Delhi/Dehra Dun 
 1300/1830 
 By Road
 
Thur.,23 
 SLy lt : Madhuban ||otej~lj Dehra Dun 
Thur.,23 
 Dehra Dun/New Delhi 
 0700/1300 
 By Road
 

Fri., 24 
 Debriefing Meetings at 
USAID and ICAR
 
and submission of Report
 

Stay at Palace Hotel, New .TaDelhi 

Sat., 25 
 Departure 
from New Delhi to U.S.A.
 



App.itiix qI
 
1) 	 Shri.Avtar Singh,

Asst. Silviculturist,

Dept. of Forestry & N.R.,
Punjab Agricultural 
University,

Ludhiana 
- 1 41004. 

2) Dr.Asokan, P.K.,

Associate Professor,

College of Forestry,

Kerala Agricultural

Vellanikkara, University,

Trichur 68C654, 
Kera la.
 

3) 	Shr.1Dash, B.B.,
Scientist s-i
Agroforestry, (Soil Cons.),
 
Orissa University of Agriculture

P.O. 	 & Technology,Box No.10, Sunabeda-2,
 
Koraput 
 - 763002f 
Orissa.
 

4) 	Dr.Dastagir, M.G.,

Professor of Forestry,
Forestry Research Station,
Tamil Nadu G.D. Naidu Agrl. University,
Mett-uppalayam 

641301, 
Tamil Nadu.
 

5) 	Shri.Desal, 
A.R.,

Scientist 
(Hort.),
I.C.A.R. Research Complex for NEH Region,
Shillong - 793103,
Meghalaya.
 

6) Shri.Devaranavadgi,
 
Asst. Professor of 
Forestry,
Agricultural Research Station,
P.B.No.18, 
Bijapur 586101,
 
Karnataka.
 

7) 	Shri.Doralsamy,
 
Associate 

Institute for

Professor, 
Animal Nutrition,
Livestock Research Station,


Kattuppakkam,
 
Chengai-Anna 


- 603203,
Tamil Nadu. 

8) 	Shri.Gawande, 
R.W.,

Scientist S-JI,
AICRP on Agroforestry,

College of Agriculture,

Nagpur - 440001,
Maharastra. 
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9) Dr.Gopikulnar, K.,
Associate Professor,

College of Forestry,

Kerala Agricultural University,
Vellanikkara - 680654,
Trichur, Kerala. 

10) 	Shri.Induchoodan, 
N.C.,

Forest Range Officer,

Forest Resource Survey,

Mylippaam, Trichur - 680005,
Kera la. 

11) 	Dr.Kumar Amrendra Singh,
Scientist SG (AF),

ICAR Research Complex,

Sikkirn Centre, 
Tadong (Gangtok) 737102,
 
Sikkim.
 

12) 	Shri.Kuppuswamy, 
P.,

Assistant Professor,

Krishi Vigyan Kendra,Tamil Nadu G.D. Naidu Agricultural University,Pondicherry - 605013. 

13) 	Dr.Mohan Kurnar, B3.,
Associate Professor, 
College of Forestry,

Kerala Agriculture University,
Vellanikkara, Trichur 680654,

Kera la.
 

14) 	Shri.Premkumar, 
T.,

Junior Assistant 
Professor,

College of Forestry,

Kerala Agricultural University,
Vellanikkara, Trtczur 680654,
 
Kera la.
 

15) 	Shri.RaJeswar Rao, G.Scientist 
(Forestry),

National Research Centre for 	Agroforestry,
Jhansi - 284003, 
Uttar 
Pradesh.
 

16) 	 Dr.J.V..Rao,
Senior Scientist (Agronomy),Central Research Institute for Dryland Agriculture,
Santhosh Nagar, Hyderabad 
- 500659,

Andhra Pradesh. 

.7) 	Shri.Samantha, A.K.,

Farm Manager,

Central Agricultural Research Institute,
 
P. Box 181,

Port Blair - 744101,

Andampan.
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J.8) Shri.Shiek Hyder Hussain, S.,
Research Rarge Officer,Kerala Forest Department,
Vellore Colony, Patturaikal,

Trichur 680650,
 
Kerala.
 

19) Shri.shukla, 
V.K.,
Junior Scientist 
(Agronomy),

Department of Forestry,Agroforestry 


Project,
J.N.K.VV., Jabalpur - 482004,
Madhya Pradesh.
 

20) Shri.Sonney 
George,

Junior Asst. 
Professor,
College of Forestry,Kerala Agricultural University,Vellanlikkara, 

Trichur 680654,
Kera la.
 

21) Dr.Sudhakara, 

K.,


Associate Professor,

College of Forestry,

Kerala AGricultural 
Vellanikkara, University,


Trichur 680 654,
Kerala.
 

22) Shri.Suresh 
Babu, K.V.,

Junior Assistant Professor,
AICRP on Agroforestry,
Livestock Rescarch station,Thiruvazainkulnu, 

P.O.,
Kerala. 

23) Dr.Tewari, j.C.
Scientist

Division of

(Forestry),

Perranial Cropping Systems,
Central Arid Zone Research Institute,
Jodhpur; Rajasthan.
 

24) Shri.Thomas 
Mathew,

Junior Assistanlt 
Professor,
AICRP on Agroforestry,

LivestockThiruvazamkunnu,Research Station,ahaD. 
Kerala. 
 Palghat Dt.,
 

http:J.N.K.VV
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Afforestation and kefforestatLoil in hLd L 

S. C HFx,'.!I 

Afforestation and reforestation is taken u1 on a
 
large scale 
 in India. In wasteland alone about 5 mill ion

ha/year is the 
 target but about 2 million ha is hardly a'chieved.
in addition about 1 million ha of land in veserved foie-tand farmers field is also taxqeted for afforestation andreforestation. ihe target is never achieved due to various
probolms. The most important problems is the availability of
the pl;nting material, seeds 
 and seedlings at the appropriatetime of planting and the correct species. Added to it.Sthe
problems of site preparation, soil and water conserva'tion 
measures in eroded 8nd denuded areas create additional
problem. The after care from protection from fire, qr'zino
and flllaing is another ,roblom that has to be re6onred .:Lth.The small farmcrs and large fanrers requireuf seedlings are
in hundreds 
 while the wastelanI develonmnt awncies )rwd .3taLe
 
Forest Department require 
 seedlintjs in millions.
 

The afforestation 
 and refforesttion of farners fieldis our main objective out of 140 million hP of frminq land 
about 6n million ha is marginal and under various degrees oferosion. Added to it the climate parameters play an important
role, too little rainfall or too much of rainfall, snow etc.Arid, hu~lid, temperature, alpine climate at) southern asoect
in himalayas play an importailt and cqi"-G4 roles. 

CIUICE Of SPECIES 

For any afforestation and refforestation in Indiachoice of species i
9 the most important. These plants should
be hardy and should be able to withstand biotic. daphic and
climatic stresses. A few important species 
 are given belov:
 
JIII,'ALAYA3
 

Robinia pseudeacacia, Alnus nep;aulensis ,Luecaena sp.,
pinus sp., .Ced!us sn. Cupre sus 
 so. Gre!, ia ootiva, "'ozu .alba

Coltis australis, UaPUYLinia sp., sal_ sp. .oula s. 

ARID Arlu 3.:IARLJlACT
 
L_ iuliflora, P. cineraria, AC;3cia 
 nilolica,

A. iXLLis, Neem, TecoI,i.ll4 ulndulata, Lucnlyptus can!eldulenrsis 
j.. teritocori ZAnou1su3, species, Leu>aen - s. / 



G_ '4G'IC
PLAINS 

A3.niotic,),.A.catechu, Diberai 
 sissoo, Leucaen,Sp. Albizia ic&-6-1t PoLnrs, Buta frondosa, Shorea

.robJsta,_ Eua2lytus tereticornis, .'rospis 
sf). 
IIi'mID AMt SU1IUItD 

sJhorea robusta, Tectona grandis, Bamboos, t,,,noo,

Jamun, Kadambi, 
 .Casuari Lucao a, Sesbania. Lifelstroen)a 
Terih,lLa 

TOiUHCj L ZOj,,L-
Acacia nilotic, A.plnifrons, .rm 
 rns'L, A.leu:riloea 

Hlardvick i , brl@aLd, ,'eein, ]r'natLrol, iCa,:o', 
 'onnj'ij,._
Casuarina e4uis@[tifolI'C, })almCs 10ss, ) E1caO 
tu 5 tere.­

. r is, . o bu us, fcton n rand s , A 'turr us
ticorn is, c 


sp, Ficus sp.
 

XIL ATEHCr!JSi!AIOMJ 
The run off has to be harvested for the use of r,oistureconservation. 41hile excess run of, should be O'line1. ilun

off from hill strams can hc diverted to provi-e [rrL-atjur,to the affo.ented tre.'. The important pl;-nt.rin techniqu,,s 
used are: 

Pits
 

a) Simple pits
 
b) ?hellved pits
 
c) Shallow pits
 
d) Riing pits
 
e) Saucer pits
 

f) Trench pits 

V iJ-z p 

2. Trenches, furrous and bunds:
 
a) Contour furroLY3
 

b) (Urtourbunds
 
c) Stone bunds
 

d) Diversion bunds
 
e) 3Saigqered tren ch..s
 
f) Continous trenches.
 

3. Cullev control
 
a) Brush %nod checkdcim
 



b) E6rthen dal.
 
c) Stone & A;CC check d-,in
 
d) Spill way 
e) ChUlte s
 
f) rial abund s
 
g) , 
 ontour wattline. 

4. ferrent contpjl and pl,,nting alono rivers str.,.-rc 

5. Plantitiq along sea shore . a ,.aLn-t c'clones 
6. Planting in saline and alkaline soils
 
Plan t i_q -


It is done with naiced oW container seedlin Dir'ect sowinn
is done in some 
 places -lantingis done in the folloving 
t ini2s. 
PremonsoLn- Aoril-ray
 
Sooth eOltI-bi-onsoon -June-Sept
 
North east rnonsoonJ-ct-!ec 

tin - c-j atter 

Advance 
 !-l'inting 7 Feb-f-,arch 
iMW Fertilizer is added ' 5-bO g/ Ist year 

NP.5n'-7! 
 l.End Year
 
75-100 [fIr' year 

n 4th on-,,ard
 
A4ter care
 

Casualty replacement is done in Ist and [nd year 
Weeding & Soil -,'urkini is carried out 

Ist year' 2 to 4 
Ilrd year I t 2 
III year 
 ri to 1 

aterLno i.s given 4" e'erlt l.
 
Climber cuttinri su,qpo.rt rivol
ire t.) -,eedl liwv.
 
The plkntatLon and 1s
for"ist ,z1ot-ctc' j till th? ,-nd

of rotation of forest crop of 5 to -er .
 
NtUral rec'enier'IL ion is 
 clso Laken aJv.,nta,, o 5 

and natural seedling -re nrotected. 
In agroforestry boundary plantino, aile1 cro ,uin.

minj blocks, road side plantation, Silvip2stulcl aieencouraged in farmers fielij and coumuriiL, l I,, Lit, ,tifiL­
able arid areyields IiLyhuI corpar., . fo,'L I.Ce,. ( 
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1. Afforestation with Broom as Purse crop-Chiiviiioarli, j.Gupta, S.C., :tege, ti.b. and Ihomas, .!".- ln.,,,
Forester, Vol. 91, 'o.8, Auoust, 1965, pp. 
573-575
 

2. A note on stump plantin, of 
some al,, 
 ..5 ... lackwattle in Lhe 'iligiris-Chinna,ianL, j and ',upta,S..-Indian Forester, Vol. 92, Lo.ll, !!ovember, 1935,
pp. 667-668
 

3. Establishment of Farm '.oodlanjs by ntural r,2nener.:ttonin the black soils of the [ellary Uistrict-Chinnanari,S
and tluhanna, K.D.- Paper read theat All Indi­silviculturist 
Cbnference 
at Fil, olleoe,Dehradun,
 
1967.
 

4. Trees that can be grovi in the !Hlqh altituder inSouthern Intlia (i97,)) S.Chinnanani- -So.l rone'.rvation
Digest, Uehradun, Vol. 
5, 'o.2, 1977 

5. Forests of 'e.tern and Eastern "hats and Its impacton runoff and 'edimentation of hydro electric reser­voirs (1982), i..Chinnamani, Special pe-per readpubli.shed at tne andse:'iinar on soil conservations ofhills at Ootacamund.
 

6. Afforestation technl.jues in Hilly areas (I?83)­
S.ClOinamant- Paper presented at t,!enaoement of slonylands in Hilly areas, held at Dehradun. 

-7. dater harvestino in non-aaricultural land for fueland fodder system (198))- Cinnar-iani, 0.SpecL-l pnper oresentedand published at aater Hlarvesting and :Ie-use of Qaln,ater, Bellary, July, 1986
 

S. Role of Woruan in India with reference to tre, s,agroforestry Social forestry and Forestry- .3.UliriimanPaper presented anid published at InternatonalSeminar on iiole of Woman in Agriculture, New Delhi-
Dec., 498B.
 

9. Mann, H. i. and Snxena, S.K<.(198n) : 11ole of Kl(ejriin agroforestry-Khejri 
Lts 

in the Indi,-n desert;irc.'t Lonrole in aoroforestry(edt. by !l.S.Vann P, S3-xerh .:. 
64-67.
 

10. Pattak IH.P. and 9hat, P.N. (1907) : Aoroforestry withSpecial reference to livestock production-n,,-rpresentied at litional Soiainir onl .A\-rofo1-try,
I'1DUAT,FaLz-bad, Ot. , 987. 

IISatikareriarayall, K.A.(1984): .3Llvip.-f-tu_,ol sys-t-!1- .,,

pragmatic L preac h to effi.cient InttiritJ 1-iri: 'all ­ment- AoaroforestrvInd is. r!n
in a i a'wi-,ria r , -

ir-in.£]{Assi stai t ir,.cto r ';-l or ( .rar "e t )u am an i , 

Indian Council of Aqricultural i'seal'Kirish 
New Delhi-ilOOn. "l
 
Paper prosentation- at the Tree liursery T.chnol.Jy hat Kerala Acircultural univerr ity, l,

Frichur(Ilerela) fr.)m 15thto 18th harch, 1991
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GE RiAL TREE I SERIES IN IIDTA WITH 
SPECIAL EMPHASIS TO AGROFcIESTRY 

Dr. S, CHINiMANI
 
Asoist2Yit D.rector General (Agroforestry)
 

xn'ian Council of Agricultural Research
 
hew Delhi
 

Agroforestry io the land management system wherein 
woody :.crennialrj are delibera'tely grown alongwith annual crops 
and/or livestock on the same land management unit, either 
sequentially or simultaneously with the intent of increasing 
overall prod Lwtivity. Thus, planting trees form an integral 
component of all agroforestry programmes. speciesThe used 
foi agroforestrv planting often include trees yielding one or 
more of tho following products or benefits such as timber, 
fuel wood. fodder, green manur-c, fruits, food, soil fertility 
,imprcvciacnt, checking soil erosion, wind breaks etc. There 

are a large number of multipurpose trees and shrubs that are 
capable of dcoting these diverse land management objectives. 
However. often farmers encounter difficulties in obtaining
 
the rig-ht type of planting stock, both in telts of species 
choice, scedling cLuality and vigor. LUorcover, many Agroforcstry 
situations are charcterized by harsh environmental factors, 
such a.r erratic rain fall, infertile soils, high alka.linity 
and salinity, water logging, excessive biotic pressure and so 
on. Under ouch situations direct seed sowing is likely to be
 
unsuccessful, Thus agroforostry nurseries are 
going to play
 
a v-ital role in the afforestation and reforestation programmes
 

in.oux country. 

The National Wasteland Development Board has esti­

mated that the annual requircmcnt of planting stock for India
 
would be of tLe 
oa.'der of about three billion seedlings for
 
plo iting the 1.5 million hectares of land. At present a
 
largj portion of thc huge ccdling requirement is met from
 
thc 'dccntralizcd nurserics' of the Forest Departments.
 
The Torest Departments usually have both permanent nurseries
 
and tcn)ora.- or flying nurseries.
 



T.cc nurseries in an important initial stop for 

.. x-'ing succczsful trec plantations, Healthy and sturdy 
-%-c r:-om or joco. ni'.rseoies arc essential for ccnt 

]?r- ,± esii plantations. Trec nurseries is an ancient 
S',ali.on il 	 wasichpiLvalcit timeInij.a a 	 from imemrial0 

, . nursry should be locaCed at a suitable site and should 
be jasna on wc,ater and. labour availability including good 

i-ansport Iacilities. Improper sites like ill drained soil, 
saline and alkaline soils, teep slopes should be avoided. 
Preren[;l source of irrigation like canal, tube well or open 

." , i tsscut attempted,:el). -s .. Ligaoion should be by fine 

rose cans manually or by sprink].crs or drip. Mist chambers 

All indio Co.-oi-dinated Research Project on Agro­
2_o',c:;crv nr..%c I :'c iar ccntres. 9 voluntary centres and 
on National ro earch centre of Agroforestry at Jhansi. Out 
of ,his.. Coven ,er:ct3Esare distributed in Himalayan, five 
"-3n,',cs in Ihd.-Gangatjc plains, four centres in humid and 
sub--ho,.&'1 t. ract, nine contres in arid and 	 ,semi arid areas 
• nd six ~n' 	 thu tropical region In all, there are forty one 

These eniti-o :hav various types of tree species 
%0 deal ,,,ith and a few av. as follows. 

CJO IL:ER:.-	 Abies, P'.cca. Codrous, Pinos, Pinos, Janiperus, 
Cuprossus, Podsplyllura etc. 

3ioad :.cavid
 

T',.crat- .- Oak. Salix, Acer.. Bctula ti.lis, Alnus etc.
 

Trov qn Diparo.
 

x;vorrreen- Diptcrocarpus, Hopca, Artocarpos, Bamboos,
 

Ticus etc.
 

DC'c. as. --	 Teak, Sal, Bamboo, Torminalia, Anogcissus,
 

Albizzia, Neem, Mina etc,
 

Xohvtus -Acacia. irosopis, Zyziphus, Euphorbia, Agave, 

Balanitie. Salvadora etc. 
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Halophlcsj - 3 ,'h, a, .\tri wlcx 

- Avicennua, 1-u,.,,1)hor, 

Pahs -- Couconut, Date, Tad, Caryota, canc. 

The selectior of nursery depends on the choicer ,fspecies, Clilmate, soi.l. physiography aspect and biotic factors. 
In Indit, fuscriec in forests divridedthe are into two ncajor
 
,ivisi n nd arc 
 aI T 7,!anent and temporary nurseries.
 

orer.anont 
 nur . t-ro for morejriuc maintained then 5 years while 
tenporary nurserics 2r- maintaincd for 6 months to 2 years.
Of late -:cial aspects rave ta'on prodominant role in the 
formationI ofurr They ,,re Kisan nurseries m-intained 
by far'irs. Viocn nurserio mintained exclusively by ;.,omen

in rur:.l 
India' :nd i: Vry -,)opulairin YRajasthan and M&aharashtra. 
School children play arec i.p-rtant rolu schoolin nurseries
 
which arc 
 in d by teaclcrs and stud.nts in rural and
 
urban area, ror agrofo.-stry these 
nurseries are impnortimt.
 
In adLition. backyal 
 home nurseries are naintained by small 
fa .is and 1 d:,,is p.rsons and is a source of additional 
income 'o themn 

'Tho t..orary nursecris are cheater and are esta­
blishd to supply scdlint, for the following season. The
 
species selecter for tih tc.:norary nurseries are sij.ple to

raise, and should be ready for out-plantinr; in a short period
after sow a!g in be z ,, Parl2crs nurseries arc prepared and 
maintainccl by fairiurs and .hIeir families in owntheir land. 
Such nursrices deal with onc or two species at the moot. The 
school nurseris have simil-r-targets but they are established 
on the school premises The strlcnts look -fter then under 
the guidance of nc or more tc,'c:rs. In Kerala and soc other 
States the Social Forestry win thec State Forest Departments 
have erbarked on a prorraiu.e of c3tablishina Porcstry Clubs in 

thes and Colleges. The naun responsibility of these 
clubs are to iraise nurseries for h'lich the materials such asseeds, oly bags :1s,suplds and the ; c(hn.cal mowhow will beh al !ill beatet
suppliLed by tecparti•nt. The Dc.uoartment also provides all
matri . 1nd the tuchnil.c'.1 ]m.nown:A to the f-,..v. r, or etabli­
shing nurseries. In Ldd-t.in, the will. 'buy back' planting 
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;Y'<;).! f.i*.*~ "...:..r ..-, ; of 30 . i pr or: :d11"hg. "iriounS 
J.VJ ~ ,Qr ~1-1 ~ - 1.. 

....n":?'tv:o J'.1'ivi'uf.U:i 2sJ~ CZo.'Otab lith urse rics in- rliffcrcnt-p rts... 
o'x the ountr. in c.la, one can find a very large nur.bcr 

- ! •. ,.-,., . :..-.. rseric f-,l.ling under the cate­
.,-Y privat! :v r",,,j ".jority thoM of concentrate on'ct':C 2-. rr r:!I(..h a. coconit, are anut, fruit

t-cos[I f:. rt1)bcr, 

1:.'e -i tare ' pne, :rn::tal.,_t,,s and 
 thc like 

Site selection with "lropcr soil, irrigation availa­
b'" ityq lubour potential and transport n6t'work in essential in
,dditiorn "o protection of tree nurseries by live hcdgeobarbed

wires and tronches. Electric*wive fencing were adopted during
1960 in deserts uf Rajasthan. iTursery beds hav, to be well
 
p:'o .PLredVith plouCnAng by tractor, bullock 
or ransel',labour
 
reroving roots,' rocks 
 etc, givLng good tilth to the sOil,

The nomTial, sizo of nursery
the bed in India is 10 rn. long 1 n

wide, 0.15 to 0,45 n height 
 or deep. Sunken, raised, level,
terrace in hills a:?. fcw types of beds *Which are cor.Mon. iorma­
fly in In:*ia seeds .are colcctcd fro selected trees generalon 
sctands. . perceint, seed . ality, viability etc. are-tested before sowing seod, .. -- ratmcnt is done by cold anhst ,,L!o'- aiid 2_ulphcaricyj,,(ad don byhot water, fulphuric ac i, burninS and cherring rubbing seedcoat. V. I - ' coat ."ate seeds a:oo col.. ted fro., elite trees and pu

trees f o.t' t~he J.r.ipr'i vcuw'l; of 
 - -.!1pl- rs. Sowing is carried out
 
by .various mthods, Broadcaszt, line sowing, hand 
 drills etc.
'(ernination .s carrid -Lout i]Jr1ern1n:.tion trap, pots a.nd .cr­
M-Lnation bed, Once the scdlng 
,re 1. to 5 cn. in height they 

tine in SPn-d iLransp.au-d- in tranoplantin. bed and sone­storage\ bes. Poc:n'scricz vario, tCe f contaijirs
 
arc
 

Ol. tYT;S: E.rthtornD" nots .ioo tubjs ,J ­ ,C"to2'.L's, nossed ]pi'1ts. lv1 Uio"Zin.- tin ccrntaJnerE an-d i.."sting brick, 
b al!is ,: tc, e otarthent,,r Ie 

r1o.t.ri., o . 0iitcnte ni m.n r:.re "'oi~ lpr~a~c ' ,in ruria). "'' - "'-m 
but ".o j s"t" " 

... ..j c, - .... _ "p lyt.heric h.,'s, pla.stic tiubes, 
,ttray pots) ctc4-. a L'e..d, The. contaeor izes have bocone too 

ti, ,ni.1jr can be trnsportod, 



Eucalypt:ur3, C::is.-Vir. v.d arp1in,1 r"j.ised in billions in
 
these cw'Itaincrs.
 

Manures and fert.Ii ar iveln to the nursce! bacand containers alon- with catt).e manure, tank silt etc. Plantprotection measures aginst insects and fungus diseases arn 

coimon arjd in paticular small seeds, 

Thu types of seedling used varies depcndingr on sipecies.
Tall seedling are usually preferred for boundary plantinrs and
road side l1antation as well as problem areas. Haked seedlingsare also cormon a'nd arc comparatively cheaper which can be used
efficiently for various species like Pines, cuprusses, sissco
 
etc. Strups root shot 
cuttings are corrion for teak. Acge ofseedling varies fron 2-3 finths 6 nonths-9 "'onths, 1-2 years,

2-3 yeas, cont.in~, p~lants L!re very 
conmon-3 months 

scedlin,-s are pceu'rr0ec fjr casw-inaqad2 

old
 
uu yars oldand 2 ye l for 

Cedrus (cfodara. 

Shcre is a pr 'fouv'iO variability rEgarding the size
between p-acsj and sp,:cies. Agroforestry nurseries are usuallysmall. Gneraly, S akda- SiZL-.- of tile nursery is riaLvily deter­
mined by factors such as (i)level of plant'znnual prodlution
(ii)ecthjod of raisir.Cn seedlings - containers occupy more bed
 space than bare 
 rooted :cedlings, but the latter are often
 
worked on crop rtatin 
 -.
nQ fallow areas have to be allowu1 
fur; and (iii) nursery life :f 
plants in the tropics, thcrc
is a wide variation in thu ti e different Slecies take" tovoidch
sutal 
 I, 
 Soreach a Suitable tkete for plantingr. As thumba rule, the total 
area needcd for 2n, anauc. - .) iod wtion of one million seedlings,
includin. space for shuds, access tracks, storage arcas, 
 etc.
 
is 4.0 h[a.wherc thc nursery life 
of plants is more thn one
 yoar, 1.5-2.0 ha where it is between four months and 
a year,

and 0.5-1.0 ha whcr:! it is less than four months and several
 
crops are gro'wn in one ycar.
 

Choice of Locatim is detuincd by facters of manage­
nent and silviculture. 
 Caxeful settin;' of a nursery is 
important. Of first ir.partancc for managenent there must begood anccss to and within a nursery a-t all tines., cc-nd1ly
a continuous xatc, supply for irrigation is usually essential.
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Thirdly, there ehould be ready -Iccuso to local labour, 

Extremes of climate should be avoided such as fr'ost 
prone areas in the highlands and, in the lowland tropics, where 
local t,.,rahy runcrs the site cxcessively hot. Exposed

sites known to suffer from hail, persistent or squalls wind
 
and lightning are all unsuitable. 

The soil for nurscry beds or filling containers
 
viust be re1dil- workable. of good 
 texturc, and free draining
 
such 
 s sandy loan. Claycy soils arc iusaitable. High nat'Iral
 
fertility is 
 not. required but acidity should be about 5.5 to 
7,0 for broad-leaved species. Nursery sites also should be 
substantially weed-frec. 
 A detailed discussion on site sele­
otion for tree nurscrics would be givcn duxing the discussion
 
session that follows,
 

There are two different methods 
,f raising tree
 
seedlings: (i)in an open bed from which seedling plants arc
 
lifte. 
 and planted with roots barc of soil;(ii) in individual
 
conta~ners which.are talken to the planting site and the seedlings
 
planted with a ball of 
soil aromc. the roots. There are many

variatioi.s 
in both mrthos ar_ising fron their historical develop­
rint n the search f::r simplicity end convenience. Initially

tropioal poactice followcd that 
of temperate countries raising

jecdlfngs in open and
beds planting then out as bare root stock. 
Survival was often poor. However, survival improved when seed­
linf- were 
taken fr,. the nurscry beds with soil attached to the
 
roots in containers sutch as 
bamboo pots, carthenware pots, 
backetsuctal tabes venuur slceves, reinforced p:apcr, styro

blocks and the like. 
 The choice of containers depends on cost 
and convenincc, 
Some timcs prc.-filled containers are used. 
These are individual units of growing ricdia for each scedling. 
Pcat is usually used, it. is hi.hly ctmpresscd, dried and has to 
soaked before seeds 
arc used. The ad vantUag of pre-fillod con­
tainers is they do not require filling with soil; alter ..
a ing
ther are ready for sowin. I1owove., they arc riuch moro expen­
sive. A comparative account of the bare rot -nd c ntainurized 

Serai-,.iona are 
 iven in Table-1. 
 I .,ill addisu the containcr 
system bcauso it i.- the ,ost widely used in India, nd is likely 
to remain so for all srallcr nurscrics. 
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Polythene baGs(pc'lypot)

p"PtLa): containors 
are by and large thc -ost 

Two 	 in use1today,hurer d -uarre 0 -0 	 It is very cheapoC .... 4c) 	 v-
and light... t ,cktransparent polyt,1ncD arebccoin;, incrasnirgly popula-r. ''he lattor should be used 	 atalt t,- W1.i-,r, plants .ha-u to be 1ptlonger innursery 	 theardi vhcrc ply'h.ce brcajc down .- ster
mere ultra-violct t 
 clight and rmorc frost.. Black15O--i, ,)' where 	

is bettor nbovethe pot hasor fifteen T.,onths. 	 to last l:v1gerorfcojj*T"iis The aircsosue 	 thoa about W0 .V
usod cmolconnon1y -­

to 	 ran;-,C fr.om7.5 cn in 	 2 crdianetor and "iO cm.
holes arc to be 

to 20 cn. in lcngth. 1cccsaryprovided to facilitate drainage of -xcoss water. 
However, the irfprvious containersdisadvantages. 	 havc !; j3.*:fnctFirst. ti;-c :iust bc t1-k-ncontaincr 	 toat planting, oth,-rwisc 4''t cro'b-rowtbleads 	 in,, "cto instability 	 a-ic,of thc tree. oecmnyly.long in impervious 	 i 1j,-.t Locontai-crs become 'put bound'.unable 	 Ti:e _otsto grow outwards, 2oil around inside the containrhabit which continue	 .:I 

s e ven after plantji-.development is 	 Nor.l lateral1 roothai.ipered and the saric instability problo i occurs. 
One of theq•alt 	 L.Cst 

quality 	
of the' 1, imo rtant jcasons for the
of the plaits 

many 
roor
rodLuccd 	 in thet onurseries is thcquality 	of poorthe potting mixture. It is necussarywh~tt kinds 	 to fid 'outof soil, ond and compost localjy. 	avail,:ebjcThe toxture 	

are 
of thb mixturo i,- most importantwhether 	 It *detc"...ur not thu plants get air, moisturethe right 	 and nutrientsamounts. 	 inA sandy 	 soil or loamy sand,40-70 per 	 which cc-tainscent sand is considered ideal. 	 These canzed in 	 be rconi­the field as follows: try to roll a littlebetween 	 moist soilthe fingers, to penrcil thicmcss. 

there 	
If it is not -- si.bie,is too much sand,, if the -oll can becircle 	 bent in a sem..witho,.t broaking, there .is too nuch clay. An idea±..mixture 	 .has the 	 f llowinr. charateristic.. 

-lirght "'' :h 
-h OrmOgeno US 
7-easii2y avalable
-fertile and retains ntrients-a p between 4.5-well dL.rained, and 6.0but retains Sufficiert-sufficientlyj 	 rloisturecohesive tI m 	 _rLjnt7i the rootremoval 	 btll afto:f t0e c ontainc .-. 
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In forest nurseries, only the forest top 5soil s ;,ost 

commonly used. However, it is desirtble to makc potti.,r mixtures 
with top soil, sand and ccmpost in proportions of 1:1:,!2 ':2:1, 

2:2:1, 3:0:'Iv 3:1:0 etc, subject to the availabili':y of 2I"I 

and compost and the texture of local soil. In a stiuly ji 
Sweitonia nacrophylla conducted at Vellanikkara(Kuraia) i- was 
found that 1:1:1 mixture of sand, soil and Farm Yaxrd nuiu2i, 
markedly increased the genAination and growth of seedlings 
(Table 2), 

Table 2. Emergence (at three weeks after sowing) and mean 
height of mohogany seedlings (45 days after sowing)
 

Treatments ...........................Nunber of seedlings Ilean i t 

out of 360 seeds % 

Soil 105(31) 17.6 
Soil + FlIvi + sand 297(63) 20.3 
Soil + Forest soil 142(39) 21.8 
CD(0O05) 1.7 

Figurs in parenthesis indicate percentage values.
 

id-IIZDBI ul AIlD 1MICOPlHIZA INOCULATICIT 

Many trees will grow properly if their roots arc in 
assooiation with Licorrhjzal fungi. Iany genera of legunes 

alee know well , V L uarc well 1mown as nitr-ogn fixing trees. They owe ths !ability 
t! another kind of symbiotic association, between thci: ;-oots 
and -he bacteria of the genus Phizobiu.. These mutually benc­
ficial association bct.een microbes and plants arc called 
'Symbiosis'. The presonce of tho appropriate strains -f these 

microbes must be ensured in. thc mdia. 

tree Zcer1s 

directly sawn into the filled containoro or seedlings 'prcked
 

in a container zed '(IT'rtin can be either
 

out' from a mother bed can be planted into it. Goncraly bigger 
seeds, having higher germination potential are used for ciicct 
seeding> S~oot and root auttinjs bulbils leaves and tiszuo 
culture are also used for various specces. Bai.iboos a. E,Bucaly­
ptus can be raised by rhizone cuttings ad branch cuttL'n,-, 

Inportant popular cloncs like C3, D48, DIGO, D75, D6i. '221,
 
D67 and Euro-Aunrican 76/56,Luy 69/55 ar raised by cuttings. 
. 



- ---- 

i1~~r~.-. ~zraisojd by oLuttij1~S 0" lVa.:cgc Yt1ribij.'i-o 
o sand 62.0-8s echaubers, -*n oevera at i 
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0llv±r ~rfrsx~ 

* .. 
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*1'.:~i~~~ L ~ --z c r,iuh tP2~~c P.. .r-mstry in
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o-oanil Jhuntt5..U6= (plecn-tdsuc-d;~~~. 
qu 2"' 'To '3aivS6cs*rod h em wto b on Ixjc'jiflro~ o r.ifo.ka -'ono PlflE t 0, 1)3CSS3:Ic g'ctux 

!T 

he iorztrye oircctory 

tree un1±~ in.11I tob
3(DCl±! arvtto t97), amlk itn a~ trecesst.tcn ' 
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-C ------ f-L ii-y -'-. -- -root.cj sy rte
 
Meter:Lals 
 Hee cui- -I-Cn~~it~'a~i'jlvreyst 


a :;tkC4. coil suit.3bc f 
C :011 fo -,-o t- bed cultjvat ion . 

L: ClJj'jr COIC 2 ,J 2 rt±Cior and.8:: 

i~ii:~- 7Jcting, bed forrw'0. 

li~tng, etc. 
Labour Labubocr jftn.e ~ ~ 1suited toea< &vctrani_-e!: 

2ibow 'L LtOr 
11ich tioflr Most labour Intcnrive-cdi2x1 cc~mt-oin-)oent isall II ::7f1 liting .ridi Kc: pac!-zagirg,Ingur buk'- ever T's--ei ~ 1 c:I. ma-, become m~echan:--:-.I L.1 

3r r~ o ~~ u ~ nt r .- the D ture.Tyn At 3n r u cumic ;t. ..ien-sJ and, 2.-3 w'cn raise 

1.4illon eedlincs 
pr per yea~r.

nvfT s,- ,r r~A. 
Plants easy to tr; ~~ ~ra;,;: JV~ cJ-jer Port over long (distar-cs. 

.Lki~ricCW.1u-,I, --urvi'va >-L-
pJlantiiR., Cve:r grrwr 

Good sur- v.2 rlcpcrcL on
careful timing of JIit.iplants .oocoire put.b',) un~ft and nlan'inq, to -r_-orcand ,,o~r root withriou- wet w.eather, a111de torin tic ri ; .1. ad-rsua ie condltion j'.:7 Ciof-'-f5~abLlit p ~ts. GivoS rco'::-,­
re-sults where clm_-M. is 
unrcliadblc. 

o:1 ­- t CI : ;UUts--.ui c a Lig ( c *2-J_~~ t2-Ln.-L,.-,n IOC- st:-crvisionOT),rat .o.. t rs~C.1Lo pr.Dper -timing and re-q-u­
~~,ub--r I:m: i.i--.& of operations. 

ua-. rnealect of t-';: Ler­
ing, sd.mj w 

Protetioni- 2 3r-c ; .,oil 2n*vcr"! -L--s_ o-: -Fin%Container ':-ucj to 
-oil nicy

Qad bujld.-up cfL 
o athogons or ..-oil Dest.;.e, n ie~e2,F~1 .3(c(7 o'

iiJkely to effect aV'.
r3011L-A :Jceclings in abw
disc-zrc~c,: "i-d .con:Erol 

-d io()us. 
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Container system 	 Bare-rooted system 

Cost 	 High labour intensitity
tends t. produce more 
costly seedlings. Cost 

per seedling including 

overheads are: 


A, 	 cunninighamii in 
Queensland, using
metal tubes US $ 70 
per 1000 '(197)
PIrius caribaea in Fiji 
(small tubes) US $ 30 
per 1000 (1978) 

E. 	 camaLdulensis in Niger
U3 	$ "40 oer 1000 

(Delw;_ulle 1977 b) 

AJbizzia falcataria in 

the Pi.lippines (short
urse.-T life) US $ 10 

per 10-0 (1978) 

:u Ei-abi.iy All smaller nurseries 
and ospec'ially: 
%(_)iz.r goods survival 
in 	ar:d conditions; 

(i) ".;hen many different 
spec:s are rais.d 
(iii) *,iherc olants are 

-

Capital intensive but
 
at 	high levels of output 
unit costs are low,
 
Costs per seedling
 
including overheads a:-c:
 

P. 	 caribaea in Queens­
land US $ 20 per 
1000 (1978) 

E. 	camaidulenss in 
"igr US $ 60 per 

1000 (DE6lwaulle 

1977 b)
 

i) Large production 
nurseries raising only
*a few species for 
planting and where
 

. climate is dependable; 
(ii) 	 Raising 'stump'

plants and as a chc~o
 

dist...ut.. to 	the public method for hardy
and pos-t-planting care i; species.
 
likely to be poor, e.g.
 
extens-on nurseries..
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Appouidex 6-A
 

WATER I-%RVESTING IN NON-%GRICUITURIL LkND FOR FUEL 'ID
 
FODDER SYSTEM
 

S. CHINNAW"MNI** 

Ths tract 

Water harvestina in non-agricultura. landsfor the establishment is essential 
forestry system. 

anrv rowth of manmade, social anrd agro-These help in providing the much needed fuel,fodder needs of the local people
addition, in rural and u-banwater harvesting areas. Inin natural grassland, and nat-turalforest, increades the yield of fuel and fodder by two 
folds.
The paper describes various methodologies that
and species can be adoptedthat respond to these techniques. 

INTRODUCTION 

idater harvest in non-agricultur-a
is subiected lands is tricky andclirlatic,edaphicconsideration toof rariousthe land. and topog -ahicalThese 
lands are highly eroded, with
various degrees of sheet, rill, qully and ravine erosion.
several places the sub--soil is exposed, the soil is skeletel

In 
and gravelly and devoid of fertility. To produce fuel andfodder from these lands is extremely difficult but is possible,if the water harvesting methods are followed with riqht type
of species. 
 in addition riqid protection from grazing andillicit felling is essential. 
 Litter removal and removal of
undergrowth should be-discouraCed.
 

NON-AGRICULTURL UtJNDS
 
Non-agricultural lands can be broadly divided into:
a) LAND ON HILLS 
 - These occur on hills with varied slope of10% and above.b) LANDS ON PLAINS - These occur in plains whose sloPe ismostly below 107. 

Once aAcain the above land fall underi) Arid to Semi arid ar-as with precipitation of 200 to 1000 mm.ii) Humid and Perhumid areas with a precipitation above 1300 mm.On hills water harvesting becomes essential bcause of
the slope~gravelly and rxpospd sub soil, 
the rainwater is
draineod of quickly and poor soil condition makes the moisture
retension Practically impossible.

the rainy days In arid to semi-arid areare 5 65 ahumid areas there are 

to in year while in humid to prr­150 to 200 days. Thus we have 160 to
non rainy days in arid and semi-arid areas.
water harvesting Hence themethods areregions Oue equally important to bothto moi'sturc, reficit theoccuring at different preriods. 
WATER MRVESTIG TECHNIQUES 

Some of the imrortant water h-rvesting methodolonips
are as follows: 

360 



a) Water -preaders - Divert 
hill 

the first order channels, smallsrrernms, bN nrovjdini
directing the 

an artifcial nhszt-uctin andwatc-.r over. l,one shallow channelto 300 n on both the side oF thP 
of 100

first orderF . . hill stream:.,: - ..:pre'd $,n >-h slees 
-a-cer in these stream gets diverted,:oa total width of 200 to 600 metre. 

Th . .
 
a) ural r-... , .... hills.which are mainly three types 

,i h -. types of lower hills2) . sin l-auwagrass-lands of high temperate 
3i Ch.--15-rn-q c, subtprP 3urass.and of high hills of Western(-ha'cs, 'ijlir: .s 500P,ovirjc 100 to 

m -,n- above respond well., t.--yl"F% ncre- se in yield of fodder andresist -rost to a good extent.
 

wi:c 
In plains dA1.q continuesr shallow trench V
15 cm dnep shaped 15 cm2 to r. anart this harvests rain-.nc:-ase cr- water ands yield in Dichanb,to 50% (1~ig. 2) . 

um, Schima, Cerchrus by 20',-hc natural forestPr-< hr-i-, these watarth I,,turail shruhs, treesprovdc to grow fast andruh rjcedcd fuel .and foder. 'long these channel.subabul, 13i-ick locus. c_ Vr .cj i __c.ano .'Cidi selu - or .. p....o.. a nd To er s. ecSsbaniagC; . di'm al -Ind qunick fodder species can s c­r-turn. be plantcdThey will also toneeed fo:,c2, provide muchThe v-e fuel r-pecies that can be planted are
ET - , --.. 'j and e hers.
 
..... ._-1, Various types
gulLied ,of check 6amsa-.s in ,:rr"ll, ncdi,'., can be constructed inde-n and vor-r-aviners. The.,e check darns deep gullies andharv.st the water andC .].ation te duo tocu.!ii.os beds bcom:, frrtile, water!n tvoerirr iJ.]:-i gets impoundeds thc.-sc b ._n,: bewhose planted with.--- .fr'.. C 2 plan-s,

I; ,. !:ceS':>_ubl uit t Bamboos, Eucalyptus,chn.'cs .,r gYv:.uccessfullv.!,'hich whr These l].idsonc, u'eless, by 1-ater harvrstina technir-ues givea r':urn o- P:.6000 2to OC/ha/ye-.r.
 
.. )...... In bill
[m wide _ve. with s:e:p.clope terracesand inwar slo[:e ran of 0.5 r tobe constructedhoricontal at 2 to.i.nier (?c. 3)- 'f- 2 

10 m 
ca Lchmcn,- gets watr-r harvested from the uppercollec(0 d and helps thegro., Dig pits tree to establish andof u. 3 x 0. 3 :: 3

sPeciCs suitale to 

at I to 2 m apart and plant
thc localitv. The :re also c:1ledC'radon o0s. 
D) T,.ENCH'- W.tr -nrvcsti-. nalso be done by cortinuouscon1tour trcric-jrg si-a Cgtd 

:g 
trenchesof 10 to 50 ri (Fic, 4). Inrr 

-t an horizortl interval-rench(with wa I-rr h-ar,, ic.,. cy 
,1 area sc',uiud ha're pitsh10, -17Cn..hes or blir;.sows sp VeJes in L- ) . P''ntnchc 7- ,hi.- tr-chr1logyti'tcztc d. Js ,'-ryuseful andow tn. pi'-. : 4 srit:al) -C, JIe, ., Icallt/,.1&) ia~'e'.:- vr- s o?1':'C..) piI:s h-ave 'een employed for veater •,;rt ,rn.tnn-.trrcultral -anrls. Here I willtel.I._--.c.' If lik-e to"'-ich v,-ry &nr'ertant and useful,) i~mplc-pjts tP'.c5(a) Diq simple pits of 0'.3 x 0.3 x.I) iri.ri rld 's.i-9-id 0.3Fill 3/4 ie-ve 5 to 6 cm for water.• re. 
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b) In -urnid'and subhumid :arca Fill in level or provide.r.l "mound not to stagnate waterin beth semicircular in the pit.bund cr shallowis harv-sted and, trench 'so that watercomes 
to the pit and bencfits to the plants orseedling. 
ii) Ring pit: Diq a simple pit of 0.3 x 0.3 x 0.3dig cJrc'ilar trcnch 1 m an- all aroundr-di-is with a cross section0.3 of 0.3 x 0.3(F. 5(h) plant sodl ra this ats water from the trench.iii) Trenh pit: 
 Dig awith a pit of 0.3 x 0.3 

trench of 2.0 x 0.3 x 0.3 m connectx 0.3 m and plant treeTrench harvests in pit (Fig.5(c).watcr and provides to the seedling.iv) Saucer pit: Dig 1 m dia saucer sloping indeep and dig a pit of 0.3 x 
the centre, 15 cm0.- x 0.3 in the centrc and plant(Fig.5(d).
 

v) V shaped pit: Dig a V shaped pit 50 cmdown to I cm, sides vide at top slopingof V 50 cmcollects at bottom, tlant 
arid 15 cm deep. The waterin pit oris the latest and by crowbar (Fiq.s(e). Itmost efficient.

technicues This wat-r harvestingis used in the world.
 

All the pits should bc provide-straw, brushwood, polythene, with mulch of stone,grass etc. this helps tothe h-rjested rr-tainwater and reduces evapor .tion.CHOICE OF SPECIES: 
 TIe important species which respond well 
or water harvesting are, 
Tropics. .'.rid and semi-arid, Acacia nilP cinor ris, . ath u . planifrons
N. tortilii 

. catechu, '._ 
b - _n o c , . l nlfrons, 

....... ihus
_ sp., Prosopis
C-asuarin= exce's ulifora,e2%hi-etifo-la rmbax caeba,Frronii eliph-antum B-mboo,Neem,terticornis, Eucalypt-uE. camaldlanis, Timarind, Liris. 

Humid and prrhumid, tilp-rtn
Irilbric-,
Artocr_ 1bz 7 ii flcatria,i ntecrofo aSal, Aini, ,Calrptus Crandis,Cashew, Lna stroomii Teak,-babul,species, Termirlia species,Bamboos.
 

Tenicorate, Semi arid and Humid: Pinus rox.urhi -. excelsa,P. patUl-, 
l C. mcrocar-i Black locuist :,Acacia m(e.rnsai1 

-

Eucalypt s , A. m- anox j~on, Crytmra*~oaahuls, Grewia obtiv, Qurcu pcJes
 

EST\BLISHNI.4 
 '"ND FTE\RE
 

Plant and sow 
 the reeds, plant polithc-nePlant during rains. bags seedlinqs.Thil s-edlinas shouldyard manure or sheep be used. *pplv farmaid goat manurefertilizer 25 a hindful per pii-. Applyto 50 gns
times in Ist year, 

DP or NPK mixture per plant. Wced2 -imes in 2nd 3
Protect year replace casualties.the plant from biotic factors. The plants ge-t readyfor harvest in 5 to - years. 

RETURN 

Thc waiter hir--.stinq techniqueestablishment provides R2and qe:d to 90%and fast rgrowth.yield and This increases thercturn. Tir yild of fuel in 200 to 3500 m /ha/ 
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per rotation. The return ranqe from 
%.20,000 to 100,000/ha/
per rot-ation deppnding on species. 
Water hirvesting increases
 
the yield ind rcturn by 20 to 50%.
 

CONCLUS ION
 

Water hlrv-stinq in non- gricultura] lands can b(- donewith success for the oxc']lani -t-hblishmcnt of fuel -nd 
foddrr
 
species. This *ilso enhinces the yield by 20 to 50%. 
V rious
methods to b2. adopted for est-blishinq fodder fuel plzntation

is furnished, B3abul, Neom, t-marlnd, Eucalyptus, Sisoo, Sirs,

Subabul, Black locust, Sema]., 
Ramboo respond well to water
 
harvesting techniques.
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- Vwith 
the increasing demand for reforestation and
 
afforestation seed is becoming a valuable commodity and its
 
collection,. identification, processing, testing and
 
storage require prudent planning together with technical
 
skill and capacity. 
 The seed trade in sylvicultural crops

is a minor activity when compared with that in agricultural
 
seeds, but its importance is steadily increasing. 
The
 
current trend will be to 
take,up more intensive forestry
 
with 'genetically' improved stock which will increase the
 
demand for seeds 
to achieve economic gains. 
 It is now very

well understood that genetic gain will force us 
to intensify
 
efforts to 
improve methods for -seed collecting, cleaning,
 
storing and testing. 
 Isolation distances inciusive of
 
physiological isolation may have to be utilized for achieving
 
these gains. 
Only when these phases of operation are
 
closely controlled, can 
a continuous production of planting
 
stock and supply of' seeds for direct seedling requirement
 
be guaranteed.
 

Forests are 
also closely concerned with animal
 
production as many forest trees provide leaf, flower and
 
pod palatable to the animal besides the grasses and small
 
legumes growing underneath the trees. 
 Forests constitute
 
22.7w of the total 
area in the country and 15.6% in
 
Tamil Nadu. TheCommittee on Fodder and Grasses of the
 

-x l - ~ , 



--

National Vaste lands evelopme:t:bbard, as ;stimated that 
betwten '. 51-52 Onr' 1'_5-7 6i)c .. 25 inkh he.taresarea Was diverted ftr'ariCuitural of fresh. 

purposes,. about 4.8 lakh
hectares was lost to river valLdy:projects and 57000 hectares 
to the construdtion' of roads. This sort of encrdachent 
and decrease in the forest area can be on the increase da­
by-day. .17 

beed zones become uniform ecological units in natural
forests delineated for the control of transfer of seed and
planting stock. 
 The zones established thus on the basis of
climatic and physiographic characters can 
be used as guides
 
for collection.
 

FORESTIy PRODUCTION .SYST kt: 

Seeoing forage trees, pasture and leguminous species
in fore.t. 

4y-np r. ,!cnte th. se areas forwhich aerial seeding methods to 
afforest largest areas 
in the
shortest possible period can be thought of. 
 Sites that are
 

inaccessible, steep, remote and of rugged terrain can be
covered with acrual seeding ana in the upon canopy direct
seeding can be done during the monsoon rainy period, 
This
 area 
can be m~de more productive by progressively replacing

the non-fodder trees with fodder trees suitable for cattle,

sheep and goat. 
 Experiments done in %gro-Forestry byLnvironment 'and Policy Institute, Last-west Centre, Hawaii,
U6A, indicates that a,number of nitrogen fixing trees canbe made use of 
 for this purpose (Vergara, 1982) Cassia
jiamea, Acacj.a auriculiformis, A. m, Pithocollobium 
dulce, M'imosa scarbrella, EProois alba, Leucaena
 



leucocephala, L. dversifolia, -Prosopis chilensis, Sesbania 

bispinosa, kA"Z ia lebbeA 6.falcataria, 
GlxxigW.dj pit Callandr -cloh s a&cia mepranhis, 
Aesenecl-
±,seyal, Dalpergia ..1iso.,Sam 
 sam. Some of 
these are used as 
fuel wood, pulp wood and forages and
 
according to the need and utility, different tree species
 
can be grown at different agroclimatic zones. 
 Uf those
 
trees 4eucaena app. hasa good potential for high green
 
fodder production. Inter-specific hybridisation of Leuccena
 
diversifolia with L.•euc'ochpa, 
has resulted irr som
 
plants with lower mimosine content in the leaves and high

diameter at breast height l.4cstive of high biomass. by
 
conventional method of 
 bre.0$j ng, evolving high yield strain
 
with low mimosine content will lkke many years in this
 
perennial tree crop. 
Hence the-best high yielding inter
 
specific hybrid can be furthux multiplied by tissue vul:tures
 

and allied methods.
 

Genetic impr9oVCid"i.' . '*• 
: t:. L I programme through maintenance, . : of
 

=eed orchards will have*a big. impact on 
 the tree seed 
business. 
 In forest trees, development of strains is 
a
 
slower process than in agricultural species.
 

Research results .lready 
show potential gains in 
volume production alone u f 10 to 20o major gains in disease
 
resistance and wood q-
 ities When compared to attempts
 
taken on doubling of seed yield in corn, just a 10,% gaih
 
for wood does not seem to' sound well. To furnish the seeds,
 
foresters have to establish seed production areas and;
 
seed orchards. Seed production-areas should be in natural
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stands o. good phenotypes j
stands are..carefully tindedjtR stimulate seed production.
-eed orchards should be ,es.tajbli.hed with clones selected 
for 'production.of 
impJ ov~d. ee..
% 

Provenance in reiapn to seed'
sel1ects, species.
~eie 1'sece .quality of 

1ECQLOGy. 
Light' 

­

em" 
Seed, Temperature 

Geq ..s$
S Plant
Pranth" 

Dispersal
!grwth.Dormnancy
 

I ./; 

. 

Embryo
t , DRNA 
 :
Hormones/ ' 
 / 

\ , ~hosroes• 
% .
 

Soil Cheical%, 
 Gerrnation
reaction ' 
Gases: 
 - ..'ater 
02,. ethylene ....
 

Ptio1gen
 

6eed Production
in rO~ecolodical "situation
 

* SeasonAanuring Seed Producion
 e P 
 c"
Supplemental ,'Pr-harvest

foliar appulcatioa
llogical 
 ',Iarvestphysi,_
sahitation.
folia'pplicato
""Processing maturity
 

Tree growth and 
 Storage
prformance
(age eto. ) eMid storage

correction
Pre sowing


Orchards (Seedling, clonal) should be.loatednwhere
 
topography and site quality: favour easy maintenance ;'care, 
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coil ctio, and high sepd proc..,ction. 
 Seed o.chard managemen
procedures 
are 
aimed at reducing: potential, seed loss.
 

Sowing quality of seeds should have the following
 

components:
 

1. Uenetic purity.
 

2. Freedom from other crop and weed seeds, inert
matter, pests and diseases, field-and mechanical
damage 
as well as 'drying injury
 

3. High germinability and
 

4. High vigour.
 

The programme for seed production in tree crops
 
should include the following components.
 

Luality sed 
roduction anddistribution(Suggested)

* Seed production 
 * Seed * Seed
(hesearch) * Seedcertification 
 analysis
* Multiplication control*'Seed.,Act 
and * Seed * Inspection 

hutcs Tcsting & and eed 

Field
Testing Law eHffor­cemen t.
* Storage (includes) 
afid storage
 
correction)
 

* Marketing 

Voluntary certification 
programmes have to be
included for the supply of forest tree reproductive material.

The work onieeck. india 
 ), i-asuarina (Casuarina Sp)and Ailanthus 77..eesa ) need to be strengthened.
 

Ha VESTINU TREL 
SiLDS:
 

Seed collection is 
a.problem mainly in respect to
size of seed b aring trees than with other crops. 
Large,

single seeded fruits, can be collected fr9n the ground only

after they fall from the trees. 
 This procedure''equires
 
more labour and hence it i expensive.
 



Spe-ies like conifers etc. have small seeds and they
 
pose problem because the seeds 
 I v "'*are disseminatetwhen they fall
 
on the ground. 
Hand picking from the standing trees of these
 
species is difficult and it should be co4llected by means of
 
elevated platforms etc. 
 Tree sh,keej 
 may solve-harvesting
 
problems for many species in areas 
 wher.e trees can not be
 
cut down, as 
in seed orchards and seed production areas.
 

Most se.eds are,,still collec.ed by hand from trees and
 
this method is cheap where labour force .is available in
 

plenty.
 

A major problem in collection is how to know when
 
seeds 
are mature. 
The standard Method for pine is based on

specific gravity of the cone. 
 If the cone 
floats in SAE-:20
 
motor oil#,then specific giavity is below 0.89 and collection
 
should be made immediately; 
on the other hand.if it is 0,.70,
 
cones 
 stL,:t oncrin7. Tnqen .La, the maturity is j.udged
based on these change of fruit/seed colour and it wil be 

essential. to 
find out a fodl-prOof :improved technique besides
 
th6 ti ie,; 
method and 'petiod'df 'collection.
 

i) HARVLST BASEb ON TIME: 

a) Studies carried out in the 
 Department of 6eed
 
Technology, Tamil Nadu Agricultural Jniversity, Coimbatore
 
revealed that in Kapok IGeiba pentandra (.) seeds collected
 
from (i) trees that are 
15-20 years old (ii) well matured
 
fruits measuring ,in length from 26 to 
29 cm and in breadth
 

from 4.6 to 4.9 cm 
ana (iii) 
fruits that have turned to.
straw colour at harvest (84 days after anthesis), split open
 
at the pedicil end and containing dark brown hard coated
 
seeds with 8 per cent moisture content, were good for seed
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quality characters.
 

b/ in Leucat, a ieuUoct.pndja (Hawaiian giant type)
the seed quality characters 
were found to be influenced by
age of the trees. 
'Seeds/pods collected from 48 month old
trees 
exhibited maxir um:.seed quality characters than with
younger trees. 
 Selection procedure such 
as this will have
great infiuepce in obtaining quality level.
 

ii) HARVLST tASED ON CULUUh:
 

Experiment conducted under sylvipasture conditions,
germination in besmant..us 
sp. declined to the extent of
nearly 10 per cent due to use of off-coloured seeds. 
 To
ensure maximum germination, seed gradation 
on 
the basis of
seed colour and use 
of normal coloured seed is recommended
 
.
 

In _hcacia decuErns 
seeds collec ed from brown colour
pod regibte.-d higner seeu quaiity than those from greenish
 
brown .pod.
 

;The size. of seed bearing trees presents collectionproblems not normally faced with other crops. 
 Some single
and multi seeded fruits can be gathered from the ground after
they fall from the trees. 
 This procedure requires manual
labour and is therefore expensive 
 Many valuable species
have small seeds, 
some in',.multi seeded-fruits 
and collection
after dispersal is difficult, 
betermining physiological
 
maturity is very important.
 

-I 

Devices such 
as 
tree shakers, climbing nets, ladders
and balOons will have increased 
use 
in near future for main-.
taining quantity and quality of seeds.
 



DRYING, EXT4ACTINU AND PRUCESSING:
 

Tree seeds collectea can be handled the same way,as.,
 
crop seeds. 
 They must be dried, extracted'if they 
are In
 
multi seeded fruits, cleaned and then processed. 
Seeds are
usually spread in shallow layers on sheets shelves, 
or racks
for initial drying. 
A common method is 
to spread the fruits
 
on screens 
through; which the seeds can pass. 
 The fruits are
turned occasionally and seeds' 8re caught as 
they fall through
 

the screen.
 

Various types of equipments .are available for extrap­
ting and cleaning small-lots ofitree seeds. 
'8erry-like

fruits, such as 
mulberry, can.be 
 oughlymacerated in

kitchen blenders and the pulp,removed by floatation in water.
The same.procedure cqn be.applie, on ,_alarge.
scale in wild
 
plums and black cherry withmotor-driven 
macerators.
 

.inged seeds.;like pines, etc. 'are dewinged after
extractionlonfacilitate:sowing. 

The usual dewinger is
 

similar to 
a dehardening machine, but the inside arms are
 more flexible
 anci
rf the actioniissofter. 
Improper dewinging
 
can badly:.Oaqage.,tree seeds.
 

inLji~ officinalis intact fruits weie kept in 
an
incubator at.4 0 oC temperature for 2 hr and then the fleshy

parts remdv'4d. 
 The capsules werethen placed inside the
brown paper cover and dried under sun. 
 The capsules dehisce
 
and scatter thd seeds, which may be used.
 

The ratio of empty to 
full seeds is very high in 
some
species. 
 lithout a procedure to separate full fr9m empty

seeds, the nursery man has to 
sow what he gets; 
this practice

usually results in very poor c ntrol 
over seedling 
density
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in the nu:ery bed. 
 For smal" lots cleaning and separating
 
by hand is still the best met od for seed extraction.
 
Anatomical and physiological potentiai 
 through A-ray analysis 
will come in 
a big way to identify qu.ality seeds.
 

In Kapok for raising nursery moderately heavy seeds
 
that are graded by specific gravity separator were found to
 
be the best.
 

In bamboo (endrocalamus 
strictus L.) 
seeds retained
 
on 8/64" round perforated sieve after dpgluming showed maximum
 
recovery and better seed quality character like germination,
 
vigour and second internodal length.
 

In "ucalyptus hybrid, grading seeds of variety "Mysoxe

gum" to secure very high germination and seedling vigour in
 
a processing sequence 'of an 
air-sereen cleaner, gravity
 
separator n_ -i . orte' to the near elimi-:
 
nation 
of the chaff on colour criterion is suggest6d for
 
commercial processing.
 

STORAGE: 

Irregularity of tree seed crops has led foresters to

depend on seed storage probably mor 
 than farmers do. 
 Seed
 
yield .of most species is of small quantity, sometimes seed
 
crop failure also occur. 
Further more, collection when the
 
crop is small, is very expensive. 
 Seedling production for
 
large-scale regeneration efforts, such as those with pines,
frequently must depend on stored lots to proauce the seedlings. 

Good seed storage is essential to successful seed 
marketing. 
Proper storage preserves seed viability from

harvest' to sal 'and protects the producer's investment,profit *
 



auni u putation. 
 eeu may 
ue plouuced under a 
Ligorous
system of 
insepection, 
harve. 'ed properly, 

to c d processed
the highest Purity, but the investment 
on time, 
effort
 
and mcney may be lost if 
the seeds a', stoed under poorconditions 
or packaged at 
too bIigh,.a moisture content.
 

-Good -storage 
can 
be achieved only by maintaining
favourable environmental 

conditions and seed moisture durinc
storage. 
 In 
a climate fa'vourable for seed starage, 
the only
need is 
to dry seed to 
a safe moisture content, package and
protect the seed from moisture, rodents and insects.
the favourableness Howeve
 

of 
a climate for seed storage is 
relative
and depends 
on 
the period of time 
the seeds must be'stored.
 

The aim of 
forester is 
to storj 
 tree
than farmers Qo 
seeds longer


for crop seeds. As 
a result, the storage
environment 
for tree seeds is 
more exacting. 
The standard
stores 
cocjditions 
r.-cormnr, for rine c"-cds 
ae OOF with
 
seed moisture content of 
no more
these conditions, there 

then 10 per cent. Under
should be 
no significant 
loss in
viabiityforatjee.st 

10 Years.
 

Seeds of 
most trc s
pecies 
can be dried 
to low
moisture content's 
ana stored at about 32 0 F for several 
years
without significa'nt'
lossin viability. 
Certain seeds, 
can
not .be readily dried 
to 
low moisture contents without
 
killing them.
 

6eeds storage studies concucted in this department
levealed that Kapok seeds with initial seed moisture content
of .6 per cent c~n 
be storcd 
fox 
a-long time, in.cloth-bag
wi',huut reductionl in seeu quality.,,Techniques 

to eliminate
the dead seeds is also needed 
 Fruit charactLristics 


atid
extent of hard seededness also decide the storage potential
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and mid storage correction for improving the shelf life of
seeds al., decide th- qulit,., s'.wing Quality. 

Seeds that are mature exhibit a delayed germination
or dormancy, and some 
treatment is necessary to enhance
 
germination percentage. 
bormancy is of three types is
external dormancy (Lxogenous) 
or internal dormancy (Endo­genous) or both. 
 Example for external dormancy is presence
of inhibitor in the seed coat or hard seed coat and internal

dormancy relates to immaturity of embryo and other parts.The external aormancy can 
be broken by a process known as
scarification; and stratification relates to internal

dormancy. 
To overcome 
the third category, both treatments
 

are followed.
 

The presence of inhibitor on 
the seed coat can beremoved by washing the seeci in water. 
 The presence of hard
seed coat will be overcome by acid searification 
or thermal
 or mechanical scarficiation. 
 The internal dormancy can be

removed by cold or warm'stratifications; 


here the seeas are
stored over winter in layers with alternating layers of
moisture-holding materials, suc 
as peat or sand, in large

pits in 
the ground. As refrigerators, become available,

cheese cloth bags 
can be -substituted ini place of cans or
drums in cold storage for out door pits. 
 Fully imbibed
 
seeds in polyethylene bags not uver 4 mils 
 thi'ck (400.gauge)

omit the moistureholding meaiu, 
 and hence a small 
amount
 
of water may be added 
a naked stratification.
 

The common stratification 
temperature 
range is 330to 400F. 
The length of treatment may vary due to 
species
and agroclimatic zones. , in general, seeds that mature 
the spring show no dormancy. 

in 
If the type of,dormancy is
 



known it ,i,esto, .rl
known, . .P..o 
ontro bY-,chemical.regulator..
 

Experiments carried out in Seed Teohnology Departmentof Tamil N iadu'Ar
 
gcultura University showed that in Kapok,
the seed .pre-conditined for,*30 minutes in Uonc. sulphurif 

acid: was 
better. in-gexmina.tion,'.
 

Treatment 
 _._______eswith 3 ml of. acid for 3 0.mi"ules i .,
advocated f 
 -cacia nilot ica 
 for obtaining maximum germina­tion and in Ala 
rons a concentratiop...o 
 4 m[ for a
 
durationof 2 5 minutes.is recommended.
 

bythermal scarfication in 

adenantherap@onina
a progressive increase in germination was 
evident with
increase in duration up to 25 minutes. 
 Further increase
 

in duration only depressed the germination. A duratio'n of'
25 minutes is therefore considered optimal for maximising

germination.
 

In Punnai (Cal~oylu ino 
 L.) removal of
hard outershell 'significantly reduced the germination periodand increased the germination and vigour potentials during

initial. stage of "growth and development.
 

8amboo seeds of differentisizes 
were graded and
subjected to germination studies.with ana without intact

gluries. 
 The seeds after removal of glumes exhibitedClear
 
cut differences among,seed sizes, germination, ,vigour and
 
internodal le.gth. ;-The lesserigermination 


in intact speds
may be due to the presence,uf 
 possible water soluble­
germination inibitors in, the,glumes. 
As it inhibits the

internodal elongation, the.imbthanism .of action may be
interaction between inhibitoj,.,rp
tssibly abscisic acid and
aibberellin like substances.
l "yi"b're.l* , sub s...... " . 

http:minutes.is


1:.3
 

RAPID AN[ TLsrs: 

Testing of germinability in most of the tree seed
takes a long period than crop soeds. To resolve this problem,

various rapid test methods have been developed and tested 
and prescribed as alternative test methods for many dormant 
tree seed species. 
 These include an excised embryo test,

biochemical staining test, X-ray contact and contrast methods
 
and chemical tests.
 

Conflicting 
 results with respect to thd accuracy and
efficiency of these rapid test method, have been published

and continued comparative studies of these methods and their

applicability to certain tree seeds are 
therefore felt
 
necessary.
 

NUjShY IvANUL ThL:'T 

Nursery management is important in order to get good
seedling for ustabiisning eiiLe seealing orchards. 
 This

is only an improved agronomic practice for tree Seedlings. 

Studies to determine the optimal nursery seed iatLfor Uasuarina eguisetifoia indicatd that seedling attributes 
in terms of shoot extension, root length and collar diameter
did not vary due to seed rate. 
Number of germinatea seec­
lings per unit 
area declined beyond 10 g/m 2 a progressive increase. after registering


A seed rate of.10 g/m2 
is therefore,
 
recommended for raising nursery of the species.
 

In bambusa bambols (Hollow bamboo) with increase inseed rate, theie was concomitant increase in number ofgerminated seedlings without detriment to seedling quality

as assessed by shoot extension, root length and collar dia­meter. The Prevailing recommendeu
seea rate is 15 g/m2
 .
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6tuoy on 
container size 
on seedling vigour in Acacia
 

revealed the supc:Qrity f 
,..pilypot siz7 
o" 25 x 13 cm
 
for shoot extension, length and breadth.of phyllode and
 
number of phyllodes per plant recorded a linear increase,
 
with 'increase in size of the container.
 

In Kapok, inclusion of soil management with enriched
 
compost has improved the vigour of the seedlings.
 

There are 
rapid advances in ,techniques for handling
 
forest tree se,-s. 
 The problems are also common with that 
of agricultural seed workers. 
Hence, strengthening of tree
 
seed research activity is becoming an important one.
 

hapid advances in techniques for handling forest tree
 
seeds are required. 
 The workers in 
tree seeds face many

problems in common with agricultural seed workers ancL have
 
many problems that are unique to forest tree seeds. 
 Aware­
ness 
on the following lines requires to be 
created:
 

1. Seed, zones :of 
uniform ecological 
units in natural
 
forests delineated foi 
the control of transfer if seed and
 
planting stock must bu established on 
the basis of climatic
 
and physiographic characters for use as 
guides in seed
 
collection.
 

2. Survey, collection,.classification 

and documentation
 

of seed zones.
 

3. Environment protection as 
reflected in seed
 
polymerphism in some of the sylvicultural species of economic
 

importance.
 

4. Flowering, seed set and seed quality in forest 
plantation as 
influenced by agro-techniques affecting the
 
ecological balance.
 

.15... 
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5. Llitc, seed procuction of ecunomicalIy useful.
 
plant specis.
 

6. PoIlutants )ffecting the ecological balance,flowering seed set and seed quality in forest plant.
7. Elite seedling production and their distribution
in respe-ct of economically 
 useful plant species in 
eco­

preservation anri 
 development.
 

REFLRENCES:
 

(1) T.V. Karivaratharaju 

(1989). 
 Indo US 
- korest 'ree
 

Seed Technology 
iorkshop 
 May 22nd- June 3rd,
 

1989.
 



TEA N1U!1 ERY' 'TFC!!Nu0LC ,- '-


The TANTEA 
(The Tamil Nadu 

Limited, engaged 

Tea Plantation Corporation

in raising 
of new 
tea plantations
extensive over
areas 
in the 
state of Tamil Nadu since 1969
own use for its
as well 
as for supply 
to private 
farmers
during (mainly
the period 1975 
to 1977), 
 the Corporation
raising 
very large has been
scale 
tea nurseries. 
 Thus
notes is this lecture
more 
in the nature of ah 
abstract 
based on
experience the field
than 
a truly scientific 
or a research paper.
the conclusion At
o-f 
 the lecture, 
a 
few slides 
of 
tea nursery
would be shown'followed 
by question and 
answer session.
 

Though 
 tea nurseries 
do not 
 truly .qualify 
as tree
 
nurseries, 
 rat'sing of
significant tea is likely to
part play a very
in the future 
of "agro-forestry
mainly schemes
in areas 
 where 
 tea could 
be grown.
prevailing With
trerds the
of prices and 
consumption' 
patterns, 
it is
likely 
 that *tea growing would 
 very
proposition for farmers in 

be a attractive
 
the foreseeable future.
 

The 
Genus Camellia 
has about 45
shrubs and species 
of evergreen
trees distributed in 
the tropical

parts of and sub-tropical
Asia. 
 The most important 
among them is C.
(L) O. Kuntze sinensis
culti'vated 
 its leaves,
for from which the tea

of cammerc.e 
is made.
 

Habit:(g 


Under 
natural 
conditions 
it is
height a tree, growing
of 15m, but to a
under 
cultivation 
it is usually
down pruned
to 0.5 to 
1&.5 m and trained as 
a low spreading bush.
 

Varieties:
 

Numerous 
varieties 
and races

classified by. different 

of plants, variously

authors 
are known.


main The following 
3
types originating 
 from Assam,
-- China
S 
-- - - -

and Indo-China
 -
 -
 -

-
 -
Lecture note3 by 
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- - ­ -
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(Cambodia) are important.
 

(1) Assam : C. sinensis var. assamica
 
(2) China C. sinesis var. sinesis
 

(3) Indo-China 
 C. sinesis var. cambodiensis
 

For practical purposes, the cultivated farms may be
 
considered under 3 main 
groups namely (a) China Tea 
(b) Assam 
Tea and (c) Hybrid Tea - which is a cross between China and 

Assam tea. (k C(u¢r 4 Au-_ ­

(a) China Tea:
 

The China tea comprises the slow grrwing,
 

multistemned, dwarf plants with small, 
erect, carinate (keel
 
like), dark green, leathery leaves. They are more resistant
 
to adverse climatic conditions, possess 
better cup quality
 

than Assam type, but the yield is less.
 

(b) Assam Teb,:
 

This comprises of the tall, 
quick growing types with
 
large, drooping, deflexed leaves, 
well adapted to tropical
 

conditions and are high jats.
 

The tea plant is highly cross pollinated and it gives
 
rise to a very heterogenous 
seed crop, as in the commercial
 
crop which is raised from seeds, there will be a wide
 
variation 
 among the individual bushes 
 in the field.
 
Commercial pure line varieties scarcely exist.
 

Early history of Indian Tea:
 

In our country the small leaved, dwarf, China tea
 
plant was introduced 
from China in the year 1700. In the
 
year 1826 a broad leaved, indigenous plant was discovered
 
from Assam which is commonly known as Assam tea. The large
 
scale tea cultivation 
in N.E. India was started in the year
 
1887. The 
tea plant was introduced in the Nilgiris District
 

of South India in the year 1863.
 

s _ _ I - C...­
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V.P. TEA NURSERY
 

(i) Location: 

A site with 
a proper drainage should be selected. The
 
nursery should be 
situated near a parennial water source and
 
should preferably be naturally protected from wind.
 

(ii) Preparation of soil:
 

The rooting medium should 
be of a 
sandy loam texture
 
with pH ranging from 4.5 to 4.8, though a pH up to 
5.5 is not
 
entirely harmful. But, 
the soil pH beyond 5 tends to promote
 
excessive callusing 
at the expense of rooting. At higher
 
levels of pH, the 
roots of young nursery plants die back,
 
resulting in what is as
known 'bitten off' disease. River
 
sand, free of calcium carbonate, should be used in the
 
rooting medium: too fine a 
sand may be avoided. Both soil
 
and sand should be sieved separately through a 8-J0 mesh.
 

Clay 
(forest soil) : sand = 3:1 (comprises the bottom 9" of
 

the sleeves).
 

Red soil 
 : sand = 1:1 (comprises the top 3" of the
 

sleeve).
 

Soil and sand should be in
mixed appropriate
 
proportions to arrive at 
the desired texture.
 

The following simple 
test could be applied to assess 
the texture. The soil sand mixture on moistening 
sufficiently and pressing in the hand should roll into a 
ball, which, when dropped on the ground from waist height 
should crumble. 

(iii) Pre-treatment of rooting medium:
 

(a) Amendment of pH: Soil pH 
can be reduced by
 
treating -ith Aluminium Sulphate 
or Ferrous Sulphate.
 

... 4...
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For pH range between 5.1 
- 5.5 
treat with 1% Alumnm. Sulphate
for pH range between 5.6 
-
 6.8 treat 
with 3% Alumnm. Sulphate
 

If the pH is than
more 
 6, the soil should noe be 
used
for nursery purpose.
 

For 
a bed of I m 
width, 
8 cm height
length, and convenient
drench 
2.5 sq.m. with 
10 litres 
of
Over this, the solution.
another 
layer 
of soil about
spread 8 cm height
and again drenched with 
may be
 

the solution 
of Aluminium
 
Sulphate 
as above.
 

This may be 
repeated 
up to 
a convenient 
height.
should The
be
soil mixed thoroughly 
and drenched
quantity with
of water, an equal
twice 
before 
use. 

to 

Soil should be 
allowed
dry, checked for pH and then 
used in 
the nursery.
 

Aluminium Sulphate 
can also
the be applied
sleeves with soil. after filling

Depending 
upon 
the initial
100 ml of pH, 50 or
2% solution o; 
Aluminium Sulphate should be
per sleeve. applied
This should be 
followed 


time an 
by two waterings, each
equal quantity of water should'be applied per sleeve,
as that 
excess 
Aluminium Sulphate 
is reached down and uniform
pH 
and EC levels 
are obtained.
 

1 

2% solution 
of Aluminium Sulphate
by dissolving 2 Kg 
should be prepared
of 
the chemical 
in 10 
litres
boiling of water
and making up by


the solution 
to 100 litres. 
 The
 
clay or 


solution should be prepared in 
 plastic 
containers.
 

Al(SO4)3 
+ 6H20 ­ 2 AI(OII)3 
+ 3H2SO4
 

(ii) Treatment 
a
ainst root-knot eelworm
 

One of 
the following 
methods 
should
routine practice be adopted as
to eradicate a
the eelworm population
soil from the
to be 
usel 
in 
the nursery. c-
 f1' ,wv 
 4&
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(a) Heat treatment:.-


Soil ready for 
use in 
the nursery, should be heated'on
a metal 
 sheet. 
 should
Soil be spread uniformly,
exceeding not
8.0 cm 
in thickness. 
 Water 
should
occasionally be sprinkled
and the soil should be stirred constpitly. The
s t e a m h v e nt Qn --in nt sTihe ::, ' h[1 1-3], .hI- l]: t ! 'I c ! ., b t'..en~(6)",, *v°v" ('O'uc c-w 
will not be killed and 
above 
80%c 
 the solubility of manganese
increases 
ajid high 
amounts of mangenese will be 
released into
-1l"iinb]e form, 
leading 
to mangenese toxicity.

effecti'.: A simple but
test, 
 to see v.'hether the desirable 
temperature
obtained, is to is
hold the 
soil in the hand,

just 

the soil should be
not enough and 
cannot 
be held in 
the hand for long.
 

(C) Preparationof'sleeves:
 

Polythene 
sleeves 
of 150 gauge 
or 200 gauge
used in may be
the nursery. 
 It is desirable to 
use a 10 cm
polythene lay-flat
tube 
of 30-45 
cm length. 
 The lower three-fourths
of the sleeves may be 
filled with jungle top soil mixed with
appropriate proportions of 
sand to make 
it a 
sandy loam.
top one-fourth The
portion 
of the sleeve 
should 
be filled
the rooling with
medium. 
 Too much campaction 
of soil 
 in the
sleeves should be avoided.
 

Sleeves 
filled 
with 
soil may be 
staked 
in
bed. In rows in a
a square 
metre 
there, will 
be approximately
filled 225
polythene 
sleeves. 
 They could 
be held together 
by

supports of bamboo.
 

An a.'ched 
frame 
of about 
75 cm height 
should be
over made
the bed. 
 Such a 
frame 
can 
be made with bamboo reeds 

thin 

or
 
iron rods.
 

(D) Shade!
 

When 
the cuttings 
are raised under 
 , .
 .
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be raised on which a coir mat with 
6 mn 

During 

mesh may be spread.
drought periods 
another layer 
of coir mat may 
be
spread over the a

first mat 
or some 
plant material 
may be
spread uniformly. 
 The idea is to 
allow about 
33% sunlight
midday into the 

at
 
nursery, which is 
about ideal,
 

(E) Mother bush and its 
treatment: 
 k - e LI
 

The mother 
bush should 
be treated 
in the following
 
way:
 

( i) 3-4 months prior to 
taking the cuttings prune the
 
bosh at 
18-24" height.


it) 2-3 weeks prior 
to taking the 
cuttings pinch off

the terminal 
buds. 
 This initiates 
the axillary
 
buds to sprout.
 

(ii1) 3 weeks prior 
to taking 
the cuttings spray 
the

plant with 1% ZnSO4 
(50-100 ml/bush).


(iv) Spray 1% 
urea 14 
and 
7 days prior to taking the
 
cuttings.
 

v) While 
taking cuttings, 
each time 
apply 30-60 
gm

of 6090 NK mixture/plant.
 

(F) :?reparation of cuttings: 
 - (cAJ /K
 

Harvested shoots 
should be 
transported 
from the
to field
the nursery, with the 
bottom 
cut ends dipped in 
a bucke­of water 
and 'covered above 
with some 
fresh 
 green plant
 
material.
 

Apical 
 tender portion and 
 the bottom 
brown
portion wood
of the' shoot may 
be discarded. 
 Green, semi-hard
wood, with one 
leaf cuttings consisting of 
one full leaf and
an internede 
should 
be taken with a 
sharp knife 
without
injuring 
the 
bark or causing jagged 
cuts. 
 The cut 
should be
planted 
away from and as 
close as 
possible 

bud. 

to the axillary

After each cut, 
'he cut 
end of 
 the shoot 
should
dipped in be
water. 
 The separated cuttings 
should be 
immersed
 

in a bucket of 
wvater.
 
t4 -.( , 6 ,._ ­ ( _: ,' . <" .. 7 ... 
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(G) 	Planting of cuttings:
 

The polythene sleeves ready 
to receive the cuttings
 
should 	be 
watered thoroughly in the evening prior to putting
 
out cuttings. Planting 
of cuttings should 
start 	as soon 
as
 
possible after 
the cuttings have 
been taken. Planting is an
 
important operation 
and should be done 
carefully without
 
damaging the barkd 
and the cut end. 
 Holes may be punched in
 
the soil 
with a 	smll stick, of approximate thickness 
of the
 
cutting 
and then the cuttings may be inserted. 
 The node and
 
the potiole should not 
be buried or touch the soil. 
 The soil
 
around each cutting should 
then be firmly pressed to avoid 
air pockets. . A light watering 
should be given immediately
 
after planting. Soon 
after 
watering the polythene cleche
 
should be placed 
over the frame work 
and the ends sealed
 
without any leak on 
all the sides.
 

Cuttings may take 
4-5 weeks for callusing and 10-12
 
weeks for rooting during favourable seasons and longer during
 
other periods. After about 50 days (when 
all the cuttings
 
have rooted) the 
cloche is. gradually removed;
 

(H) 	Manuring:
 

After 
the tent is removed, the cuttings may be 
sorted
 
and restaked 
 and 	 the application 
 of soluble nursery
 
fertilizer mixture may be commenced.
 

Composition of 
Soluble Nursery Fertilizer Mixture: 
 3 

Ammonium Sulphate 
 : 8 parts by weight (20.6% N)
 
Ammonium Phosphate : 35 
parts 	by weight (16% N + 
20% P205)
 
Potassium Sulphate 
 15 parts by weight (40% K20)
 
Magnesium Sulphate 
 : 15 parts by weight (24% MgO)
 

Zinc Sulphate 
 3 parts by weight
 

30 gm of the 
above 	mixture may be dissolved 
in 10
 
litres 	of water and then 
spray 	the litres aver 4 sq.m. of 
the
 
bed once in two weeks.
 

i...8... 
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(I) Hardening 
the cuttings:
 

The young plants of 4 -6 
months 
could be hardened by
removing 
the shade gradually 
in stages 
over a period of

weeks, removing the shade for a 

4-6
 
few hours every 
day and
 

extending the time of 
exposure gradually.
 

NURSERY MALADIES
 

(a) Zinc deficiency:
 

Yellowing,,
resette appearance and sickle shaped leaves
 are 
the general symptoms of 
zinc deficiency. 
 For this spray
Zinc Sulphate 100 
gm,- MnZO4 16 
gm and Boric acid 
6 gm in 10
litres 
 of water. Spray 2 
or 3 times 
 at fortnightly

intervals. 
 Spraying may be 
done with a knapuack sprayer or
bakpak sprayer, covering 
2000-2500 
plants 
with about 4.5
 
litres of spray fluid.
 

(b) Pests and diseases:
 

Usually pests and 
diseases 
are not 
a problem in
V.P. nursery. However, a 
the
 

close watch may be 
kept for pests
like rats, aphis, caterpillers, white grubs, root mealy bugs,
 
thrips, mits, etc.
 

For aphids and thrips spray with 
Thiodon 
or Zolone @

20 ml in 10 litres of water.
 

Mites can 
be controlled with 
Kelthane 
or Zolone @ 20
 
ml in 10 litres of 
water.
 

The spraying against pests 
should be out
carried 
 in
the evenings and 
the polythene cleche 
should 
be left open
overnight 
on either sides. 
 If this is 
not done, the

emitted by 

fume
 
the Insecticides/fungicides 


will scorch the
 
leaves.
 

| .'. ,...,,L ... -. -- k (,. 
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(c) Falling off of mother leaves:
 

In a nursery, 
if all the mother leaves have 
fallen
 
off, 
the reasons attributed to this 
are namely-­

( i) Deep planting
 
( ii) Improper compaction of soil 
around the cuttings
 
(iii) 
Over watering, especially in clayey soils
 
( iv) Too much of 
shade during the monsoon
 
( 
v) Improper application of'pesticides/fungicides.
 

(d) Presence of shoot growth but 
no root growth:
 

If only shoot growth and 
no root 
growth is noticed in
 
a nursery, it due 
to the fact that
is the shade provided is
 
inadequate.
 

It is likely 
to take about 18 months to raise 
tea

plants 
by this technique, suitable 
for planting out 
in the
 
field. The period of 16 months is 
the outer limit and plants

xx& about 45 
cm tall with the 
root growth of 
30 cm may become
 
availa'le 
in small proportions 
as early as 6 months in
 
specially conducive combination of factors.
 

§ 
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PEST MANAGEMENT TN TREE CROP NURSERrES* 

Dr.C.C. ABRAHAM** 

Protection of tree crop nurseries against pests is animportant aspect of agroforestry 
management. 
 In India climatic
conditions 
range from typical temperate in Northern Himalayas
to tropical humid warm in the 'Southern peninsula and naturallythe pest problems in tree nurseries show considerable variations
in time and space. 
Detailed studies on the pests of seedlings
 
raised in the forest/agroforestry 


nurseries have not been carried

out in the country and only very little information is available
 
on the Phenology arid control of the major pests.
 

Defoliators
 

Among the defoliator pests occirring in the teak nurseries,the teak defol~atoriyblaea 

prea (Lapidoptera 
: Hyblaeldae)and the Teak skeletoniser Eutector macheralIs (Lepidoptera

Pyraustidae) are relatively more important. -0arvaeformer feed o'n 
of the


the entire leaves leaving only the major veins,
while,those of the latter feed only on the green matter leaving
all the veins intact. 
 Younger leaves are more preferred by
the defoliator, while, the skeletoniser feeds mostly on olderleaves. 
 Heavy defoliations begin sporadically during the
 
pre-monsoon 
season and then spread rapidly.
 
*Notes on the lecture given on 9-5-91 in the Indo-Is Workshop
cum Training on Tree Nursery Technology and Management held in
the College of Forestry, 6-18 May, 1991.
**Associate Dean and special Officer,Kerala CollegeAgricultural of Forestry,University, Vellanikkara 

Kera la. 680 654, Thrissur, 



Recommendations for managing teak defoliators have

emphasised the retefition of 
natural forests between plantations

and encouraging selected understorey vegetation within the
 
plantations to serve as refuge 
for parasitolds. 
 Biological

control by the utilisation of pathogenic bacteria and the
 
nuclear polyhedrosis virus will be the most ideal method to

reduce the population loads of the defoliator pest in teak
 
trees below the economic threshold levels.
 

For the protection of teak nurseries, it is necessary
 
to ensure reduction in the local population loads to the

maximum extent. 
 Thorouoi, application of quinalphos 0.05% or
 
endosulfan at 
0.05% during May to the nursery plants will

provide good protection against the defoliator larvae for

2-3 weeks. 
 For the protection of the nurseries, application
 
of Neem Kernel Suspension at 0.3% 
to 0.5% is likely to be very

Promising to confer. feeding deterrency against the larvae.The triterpenoids ocurring in the Kernels of the Indian neem 
tree Azadirachta. indica 
and the China berry Melia 
 azedarch
 
possess excellent feeding deterrency against several
 
lepidopterous larvae.
 

In Paraserianthus (Albizfia) falcatoria nurseries, open
feeders such as larvae of the 
pirid motf- Eurema blanda
 
silhetana as well as the tortricidArchips 
micaceanus and
 
Adoxophyes moderatana have been found to be the important
pests. The larvae of these pests also occur on freshly planted 
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saplings of Paraseriarithus. 
 In Kerala, larvae of 
Lymantria
 
ampla (Lymantridae) and Archips micaceanus (Totricidae) have
 
been 
recorded to feed on the foliage of Eucalyptus seedlings
 
in tae nurseries. 
The latter is also recoraed on Acasia
 
nilotica, Albi-ia 1r2 _ra, . ssia ati JnIctuna gra2 ndis. 

Root and collar feedig Insects 

White grubs, termites and cutworms cause very serious 
damage to tree crop nurseries in India. Holotrichia consanguinea 
and H. longipennis occur widely as sub terranean pests of
 
tropical tree 
species. Ifilyotrogus hoioserica and Melolontha 
furcicauda are associated with coniferous trees mostly pines in
 
temperate zones at 
higher elevations ranging frcon 1500-3000 M. 
The grubs feed on thq roots of seedlings causing them to wither 
and dry up. White grubs havP a prolonged life-cycle extending 
from one to two years. Peak populations of the grubs occur in 
April-May, particularly, after the rceilt of the first pre-monsoon 
rains. Soil application of phorate I Cr, granules at 2.0 kg ai/ha 
in the nursery beds and raking them into soil by gentle forking
 
once in April-+ay after the rains and again after the cessation
 
of the monsoon will control the white grubs infesting the 

nursery.
 

Subterranean Termites (Odontutcrmes spp.) are the most 
serious pests of nurseries of mtany trees including Eucalyptus sp. 
On Eucalyptus spp. termite attack is usually concentrated on
 



the tap root 4Just below the collar region and the damage causes
seedling mortality. 
 Infestation 
is severe in the nurseries

and also in freshly, Planted saplings.
 

Against termites Prophylactic 

measures should receive
greater emphasis than curative methods. Drenching thecontainer soil with suspensions of aldrin/chlordaneieptachlor


Soon after the seedlings establishnent 

is the most economic andeffective method of ensuring Protection 

For Prophylactic 
against the termites. 

treatment, a dosage
container rate of 0.12 gis required. al Per 

One litre of aldrin 30 EC orlitres of heptachlor 1..S 

(required for I 

20 EC Per lot of 2,500 container Seedlings
ha) Will give a terminal dose of 0.12 g al/
container. 
For drenching 
one cbntainer, about 50 ml water will
 

be needed. 
Drenching is to be carried out with a rosz can,
applying the liquid tn 2-3 consecutive 
instalments 
to cover the
entire lot of container seedlings.
 

Safeeders
 

Psyllids have been recorded 
nurseries during the month of 

in Iterocarpus marsupium 
June-July.

by application of 
These can be controlledendosulfan at 0.05%. on Lagestromianurseries, 
 microcaminfestation 


severe during 

by mites have been found to be moderatelythe stiuner months. For controllitig
(Kel-hane) mites, Dicofoland sUlphur Prerarations 

such as Sullen: are very

effective.
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Tree disease management in India 

R. Jeyarajan
 
Professor and Head
 

Department of Plant Pskitology
Tamil Nadu G.D. Taidu Agricultural University
 

Forest trees are affected by several diseases caused 
by plant pathogens like fungi, bacteria, viruses and myco­
plasma like organisms both in nursery as weil as in planta­
tions. The mnethods of management adopted in agricultural 

crops cannot be~applied oia 9&* for forest diseases for 
obvious reasons. However nursery disease management consists 
of many integrateg methods similar to agricultural croos. In 
forest kintroduction of new pathogens either from other states 
or other councries should be carefully avoided by alopting 
d imestic and foreign plant quarantine. Diseases like sandal 
spike seriously threaten the tree and so far no economic method 
of management is available. 

I. Nursery diseases : 
1. Damping off : It is thc most serious of all nursery 

diseases of forest tree$ seedlings. It reduces the number of 
seedlings and consequently upsets the planting progranme.

I 

Symptoms : In pre-emergence damping off the seed and 
seedlings die prior to the emergence. Post-emergence damping 
off reLers to infection on the lower part of the stem, on the 
roots or on both, in the first few weeks aifer the rlants 
emerge from the soil. The stem loses its Xi-m-rs and canmot 
support the seedlings above it, and the seedling4 falls over on 
the soil. Late damping off occurs if infection of new succulent 
portions of occursroots after lignific-ition of steins and roots 
is initiated. 
 Usually this type of infection is n;ot fatal.
 

Causal a, ents This disease in caused by a number of 
fungi, like Pythium, Phytophthora, Fusarium and lihizoctonia 
in different forest tree seedling:s (Table 1). 

:,!anareinent : Heavy soils shoul.I be avoided or send and 
organic matter should be mixed in such soils. :!uxr'sry sho'tld 
be located in well drained site without overhead shade. "Iatering 



should be done'to the minimum extent necessary while germination
is taking place and in the early s tage of seedlings growth.
 
Adopt shallow sowing to 
a depth of alcut 0.7 an. 
Avoid dense sowing and high seedling population per unit 
area.
 

The nursery 
jlots may be covered with polyethylene sheets
for 55 days (soil solarization).
 

Trichoderma harziamum spores impregnated clay granules
were effective as 
a biocontrol agent for Phvtophthora Cinnamomi
causing damping off in pine seedlings. 
The seeds can be pelleted
with 50 ml spore suspension of Trichoderma (106/ml) + 8 ml rice
gruel for one 
kg of seeds, shade dried before sowing. 
This
affords two-pronged protection against seed borne 
- pathogens
and prevent infection by soil-borne i.athogens because the
biocontrol fungus grows in the foot surface and provides a shield
along the toot surface. 
 in addition to disease control Trichoierma
also has a growth promoting effect, 
 It has been zrsti:.ated that
20; of 
the production potential of plants are wasted to neutralise
unfavuurable soil micro-organisms and their toxins.
Tr.chod rma .;hen
takes up Lhis job, the entire energy of the plant is

utilis -" 
 for iLs ow;n gro.itl,.
 

In jin,, :.hizoctoria solani can b2.:-vc.spores by a:plyingof Stretom:yces hi;ruusco)oicus 
var. incances r cillus-ubilis, '_.viride and saw dust 20 days before sowing. Thenursery soil can 
be sterilised by applying 250.ml formalin diluted
to 4 1/sq.m. 2 weeks before sorjina.
 

.aj;tan, Thiram 
 or Cuman (25 g/s-.rn.) may be !:roadcast andrak:d 1into Lhe to:&15 cm of soil one day tfjre so-:in,-. Thiseffective isfor conifers with epigeal tcrminrtion. For other seeds
with hypo.al gurmination seeds may be treated with captan or
thiram at 2g/kg one rd3, before sowinI. S.ruce seudlingsmay be drenchud v:ith 0.2. 3!itox. 
C. Cuisetifoli r:13ybe drenched with 0.05-/ vitavax or O.1;.emisan in nurseric. 



2. 	 Web blight : Rhizoctonia solani 
Hosts : 	 Melia azedirach, Azadirachta indica 2 

Cassia viodosa, Ceiba pentandra, Albizia falcataria 
and Eucalyotus 

Syuptoms .Web of mycelium entangles a group of seedlings. 
Infected leaves are held together by the fungtus hyphae 
presenting a cob-web appearance. 

Management : Avoid dense sowing of Removeseed. infected 
seedlings as soon as the disease appears in the bed. Raise 
seedlings in polypots instead of beds. Drench soil with 
0.1% Bavistin a before at weeklyweek 	 sowing and interval. 

-. 	 Bacterial will : Pseudomonas solanacearum 
Host : Pasuarina quisetolia 

-X Sudden wilt1 nd shrivelling of leaves. Root tissue 
of.-Wilted plant show brown discoloration. 

6hir pine (Ptur roxburghii) 

usarium sp. 
e7edles in the growing shoots become flaccid, droop 

down d finally dry up. The 	drying they advances.
 

II 	 Foliar diseases 
1. Powdery mildew
 

Teak : Phyllactinia gttata, ITncinula tectonae
 
Eucalyputs : Odium eucalypti
 

Hawthorn : Podosphoera oxycanthae
 

Hazel : Phyllactinia corylea
 

Lilac : Oidium spp.
 

Maple : Uncinula aceris
 
Oak : Microsphaera alphitoides
 
Willow; Uncinula salicis
 

7 

Symptoms 	 : Wjiite, powdery coating appears on the lower 
surface of leaves. Defoliation is common at later stage. 

2. 	 Rusts : Rusts attack nurseries and plantation anI cause 
leaf pustules, stpm gall and canker. 

Delbergia sissoo
 

i. 	 Uredo sissoo - Minute, scattered uredosori appear 

during October - April on the upper 



____________ 

surface of leaflets. 
Severely rusted leaflets turn yellowdrop prematur ly. 
and 

2. .!ara achora: 
Leaves and juvenile twigs are attackedand ,Lilled resulting in dieback and subseouentseedliriIsBredosori death ofare formed the lower surfaceon 
of leaves.Teak : Olivea tectonae : It occurs during OctoberUredia and - February.teliq are orange yellow and occursurface of on the lowerleaf, and almost plaster the same. The upper
surface of leaf exhibit paling.
 

Albizzia 
lebbeZ : Ravenllia japonica
It occurs during June to October.
Seedlings are deformed, crumpled and die subseiuently.

Eucalyptus 
: Puccinia usidii 
twigs of. 3-12 

: It attacks foliage and youngmonths old seedlinf-s resulting in defoliation 
and death.Bamoo( 
Dendrocalamus
 
Bamboo 


stri ) : Dasturella divina
It affects seedlings in nursery tAe- eeed4414
 
M,.anage:nent 
: S!rny 0.I'%Bavistin ar 0.5% wettable sulphur
at 
20'days interval in nursery. Provide adequate sunlightand aeration. 
Fallen leaves should be collectedInfected plant parts and burnt.

should be primed end destroyed. 

III. Leaf blight andsots1. beedle
bligit of Chirpirie : ercoseptoria ni densifloraeit occurs i!1 Orirsa, Bengal, Andhrapradesh and Bihar.
FirSt Manifests on lower neeiles an1durin?,g slowly sprearls upwardsnonsoon season. 
 'ale greeli lesions firstturn yellow brown at ,I,).pear whichlater stai.-e. Diseased needles dry and
curl around the stem. 

".Ianag~ement : Spray*-44 DithaA
intervals from ',-1-45 or O.2% Calixin at
the onset of 20 daysmansoon. 
2, Leafsot cf~oo 
 r Cladosporidum huije
It causes premature 
defoliation. 



5 
-Management : Spray 0.2% Dithane M-45. 
3. Seedli~ng bliPht and sten canker Of asuarina eagiselifoliat~Rhizoctonia solaniSmtom : It affects 2-3 month old seedlings.lesions measuring Small m=crotic2-5 wm are producedinfected in stem.ter0-rea develop "4 the 

sunken canker.condition, Under high humiddisease spreads to foliagepathogen causing blight.also causes root The
rot.-Xves turn yellow*decay leading to 

The rootsdeath of seedlings. 
Managemnt: 
Apply vitavax 0.05% in nurseries
 

4* Leafbl t and die back of Eucalyptus : MacrophominaSYMPtom : phaseolinaThe tender leaves become black necrotic
Drench and curly.:anagemen: with 0.1% carbendazim, thiabendazoleTopsin orboth as protective and. eradicant. 

5. Seedlin wilt of Albizia falcataria 
Symptoms : 

: usarium solaniIt occurs in,March April.brown and Lower leaves turnare shedh Seedlings are stunted1-2 in growth withleaves remain onlyat the.apex. Root show prominentration. discolo-Seedlings die Bethin one month. 
Management 
: Drench with 0. 1% Bavistin. 

6. Leaf spot of RaLberga latifolia : Ph2salospor dalbergiaSymtoms : Leaves of all ages.susceptible. 
It occurs duringSeptember, October as conspicuou&gC 1phigenous necrotic sporls. Later black,ascomata swandevelop dot likein groups on the upper surface 

Mann~ement of the leaf. 
: Spray O. 2 % Dithane M-45, or Capton or Fytolant.

7. Colletotrichum 
leaf 

Smptoms : 
s t of DalbergiaIt occurs latifoduring July-September. Circular brownspots aPpear)coalesce 


patches, mostly along 
forming large irregular reddish brown
the margin 
 and tip of the leaf. Necrotic 

"
sheds leaving shot-holes e.& 

in the lomina. 
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:anagement : Spray 0.2% Fytolan or Dithane :.-45 

8. 	 Collar rot of Eombax -F-hizoctonia solani 
Symitoms : Small water soaked lesions appear 8n the 
hypocotyl#. They turn brown and later gets de4ayed. 
Seedlings collapse from the 	decayed portion and dies. 

Management : Drench the soil with 0.1% Ewisan at an 
intcrval of 10 days. 

9. 	 Leaf bliht of Bombaxi-Corticiuo rolfsii 
Symptom : 6mall brownish yellow spots appear in cancentric 
rings on the leaflets. They coalesce covering the entire 
leaf and even the petioles. Because of rotting of petioles, 
such leaves bknd downwards and drlea-.4 The dise-se 
piaads i-k spreads through contact beween diseased and­

noiy leaves. 

%ianneuent : Two foliar sprays of 0. 11 Emisan at weekly 
interval. 
Stem Diseases 
Sten wilt of Casuarina equisetifolia : Trichosporium vesiculosum 
Symptoms : Bark of affected stmi peels away from wood. A M. c 
t-a blaci coating of powdery s-,ore mass, occiir theon stem 
surface. The branches wilt. Younig trees 1-3 years old are 
severely affected. It spreads through root contact as well 
as pruning and topping injuries. 
.,anwugemnent : IsoLte infected plants by a trench.hile 
lopping bra-,cies, ,ive a clean cut. :9emove infected plants. 

Root disease 
Root rot of Agav sisalana - Palausakala olivaceonigra 
Syptoms : Leaves turn yellow and dry. ,oots decay. Plants 
die in patches. This was observed in Anamalais of Tamil 
Nado in ;986. 
:.:an.,:ement : 1pot drenching with 0. 1%Emison. 



-Ta-6ke I1 

Tree Species 

Abies :,indrow 

Acacia catechu 
A. koa 
A. flulotica 

Albizia falcataria 

A'iacardiunl ocdntale 


Araucaria augsti±'olia 

Azadirachta 
 indica 

£3orbax ceiba 

Cacuarizia 
 erW. setii'olia 

Eucalyprtus sop. 

Gmelaina arborea 
Picoa sinithliana 

Pinas Cargibae 

P. ro:~:L~..i:Fusariwn 
Santa-I- album 
Swveit eni a 

Tectona Lrandis 

Causal 0rganism 

Eytij spp., Fusarium avenacewn 
0-aneoderina lucidens 
F'OxYsporum f. so. Xoae
 
:.ar hwna_____


L ,crlilomnaphaEseolina 
F. solani
 

CYliiidrocialium 
 camelliae, Gi bberzilla 
bac cat'p I,.'hy-btorh hora nalr:ivora, 

LYthium pios
 
_. clavaxtum
 

_H. Polani
 

Rhizoctoraja solani
 
*.uhaseolda na .seudomionas 
S0l1flM-Ac earu, . solai 
Cylindro clad jum sop., 

F*cx,.snorum, Ly-thim, -pp. 
H.solni, 2clerotiujn rol-Psii 

S.rolfsii 
Pyii.nsonT., 2?hizoctonia spp. 

phs-* -)I 

spp. 
P.'Itiiur soo. 

.Fa"ropjiy113 
6.lndro!'cladium 
 spp. 

L3. r o1 f i 
0. rolfsij. 



Sand'al Spike - .:ycoulasma like or;'anism (.LO) 

Syr.mtor-


The new leaves and shoo of a spiked treeand become stifferect like bristles. 
.
 

The internode becomes shorter, leavesbecome smaller narrower and 'iore pointed and give an appearance
spikes. 
 Spiked branmches do tiot produce flower or fruits.
Disease may appear in the he-inning in one or 
tw;o branches and
later spread to other b1anches, finally tree dies in one oryeirs. The colour of 

two 
spiked leaves become pala bluish green
.%hich chariges to reddish brcv.'. Roots sow decay. 

Veoctet 
- %e''r: tor bimaculaltun 

1. iemove and 'destory the s!)iked sanial trees. 
2. ;electi(,.i of, host plants like casurina, Eucalyjptus,
 

,aca siamea 
 Azdr-t LAjica. 



Teak
 
DieseCaua~l
Disease "a or '.ismr.o - j Symptoms Control 

1. .'ilt Peudomonas slaniacearum In tne leaf, small browncoloured patches appear . Suitable site shouldbe selected forbetween veins, sometimesthe nurseries 'v.th goodspreading to give it a drainage.
scorched appearazice, followedby ;rilting-of leaves and the 2. i:ursery beds shouldplant. Discolouration of formalin, about 2vascular tissues Occurs inthe roots. 


weeks prior to
 
2. Root rot 
 71elicobasidium planting.compactum 
Decline of the foliage, 1. Suitable site shouldproductionl of sprouts 
 be selecte.-_d for nurse­followed by death of the 
 ries with "gocd draina,­

p1lant 
2. The spread of the dise­ase may be arrested by

maki:g trenches to

isolaze diseased 

3. Root rot PenioDhora rhizomorpho- The funus attadks only the 
sulphurea spawood in lyich it causes
yellow fibrous rot. 

Yellow mycelial mat of thefungus develops in the 
decayed wood. 
Affected
 
trees become wind-blown 
due to decayed roots
 
losinR f othold
4. Root rot in the soil.
zonalis 
 It causes root and blt rot. 
 1. e-ealth stumns should
Decay of roots and butt
results be selectein wind throw of for
flanoting
trees.P1-nt-n ,2. _-,-Teedom from injury 

5. 1ink disease *aorticium Salmonicolor infected young branches may to trees is essential.
 
be illed outright, while 
infection in older branches
results in the formation ofcanl:ers and lOnfgitudinalbark-crac 

king.
 



2 ._.
 

Disease - -asa! organism Symptoms Contro1- -

6. Stem catiker Hectria haemat)c,-cca Cankers anpear as a ightly sunken 
bark fissures upto 40cm long,
mostly located at or near the 
ground level, acco 3panied by a 
slight flow of reddish sap.
Removal of bark exhibits iink
stain in the underlying wood. 
Trees die fro-n top downwards, 
leaves, turn yellow and are.
shed off prematurely. 

7. Laf spot 3ercosoora tectonae Dull-brown t- -raish-bro.n or 
white angul ar 
teak leaves. 

spots ap)ear on 

Spots coal-r-ce into lar :e blotches 
8. Powdery mildew TTncinula tectonae The infected leaves are coated 

with a dull white mvcelium lotted 
with black fruiting bodies,
presenting a bluish- ray :ea.y 
appear nee. 

9. ;eaf rust Olivea tecfonae 
Heavily infected leaves 
Orane-yello- colourred 

--re shed 
nt::!es.urery - aB;lication 

occur on the lov;er surface of 
the leaf. 
7he corres.ondij uper -. rface 
of the leaves :nay present a 
gray ap!earance due to the 

of sulphur-based 
fP.nicid-- s._ray
llantaticn - opening
the canopy 

formation of flecks. 
It causes nreviature defc-iation. 
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2. Casuarina
 

Disease Causal organism Symptoms Control 

1. Stem wilt Trichosoorium vesiculosum In the infected trees, the 1. The spread of the di­
-needles become pale and sease can be checked 
dry up. by trenching diseased 
Bl'isters devclop on the bark trees. 
which cvcntually runture 
in the form of :lakes and Illicit ofing and 
the black -ovdery mass of pruning of branches 
spores, app)earing like should be stopped. 
charcoal dust, becomes 
expo sed. 

3. Sal .(Shorea robusta) 
1. Root rot Pdly-ous shoreae The affected trees show 

symptoms of top-drying. 1. The dead trees and 
Such trees become ;:ind-blown also trees in advan­because they loose foothold kxg ced stages of 
in soil due to decay of roots, the disease should 
In some cases, the treeA may be removed. 
put forth efpicormic branches. 
Small, light yellow mycelial 
felts of the fungus develon 
on bark of roots. 

2. Leaf spot Ceroosora sp. Gray-coloured necrotic spots 
appear on leaves. The
 
necrotic regiQns fall off 
after the rains producing a 
shot hole symptom. 

3. Hear rot Fomes caryophylli in incipient stage of .1ecay, 
tbe wood is stained dark brown. 
In advanced stage, white rot 
is produced and wood becomes
 
spongy.
 
Yellow mycelial mat may develop
 
in decayed wood.
 
Decay may also occur as circular
 
rings ascociated with .unk imots'
 
which arise at different depths
 
of the wood and open, Up in the 
bark as 'eyes' or pox-marks. 
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4. Khiair (Acacia catechu) 

Disease Causal organism Sy :ptoms Control 

1.- Root rot Ganoderma lucidum The patho en attacks and kills the 
ba- and causes spongy rot in the 
sap wood. 
Affected Jlants exhibit pale f !-a.
which eventually d-cies ur.
Young Plants are killed soon after 
infection and 7ature trees are
killed when imost of the roots 

e 

The lateral ' sp)read of thi 
disease can be chcked by 

isolation trenchf 

2. Heart rot Fomes badius 
become affected. 
-"he fuigus causes decay in the 
heart wood only. The colcur of the 
heartwood changes to a deeper shade. 
In advanced decay, heart wood beccmes 
yellow, spongy qiad light and pre-

1. Freedom from ijijuries 
to trees due to animal 
is essen.tial. 

2. The sporophores should 
-e semodades­

sents a mottled app earance due
formation of long, black inis 
tihct streaks and zone lines. 

to 
-

be removed and des­
troyed systematically. 

Sporophores develop at different 
heights on the tree. 

. :owdery 

leaf s:ot 

icrostroma 

acaciae 
-ihe 

tufts 

pathooen produces showy-white 

on lower surface of ieaves 

'5. Albizia 
1. it canker Fusriu.3 

f.alizziae 
solani It 

on 
causes grayish 
15-20 year old 

black 
trees. 

cankers 

The canker may extended 2-4m on 
the ster. 
In severe infections, the canker 
may almost 
sulting in 

girdle
drying 

the stem re­
up of the crown. 

The trees may 
of the cqnker. 

snaj at the region 
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Disease Causal organism Symptoms Con rol 

2. 

3. 

Leaf 

Leaf 

sot 

rust 

ercosoora albiziae 

Ravenelia japonica 

Spots occur on both sies of eves. 
Spots are bro.jnish to whitish :rayin the c:ntre surrouMded by n-arrow,
brown to bl.c;ish ring.
iLater, the centre of the spots
gives a deep grayish powdery 
appearance. 

It produces dark broim rust pustules 
occurring solitary or in Croups onboth surfaces of leaflets and pods.
S'edlin,5 :hen heavily attacized aredeformed, crumpled and may die
subsequently. 



Append x 1
 

KERALA AGRICULTURAL UNIVERSITY 
COLLEGE OF FORESTRY
 

EARLY HISTORY OF TEAK PLANTING IJILABOOR 

In 1750 England faced a shortage of timber supplies
especially for ship building for military and navigational
 
t t the - ' rT ---f its o ,

unintrrrupted s a 
t Jaoer,-7vzlability, the Egist inia c. and - vernment of British India initiated a number of steps. 

A timber syndicate was formed in Malabar with 
Mr. MaconochiA 
as its head.
 

2. 
 In 1805, the Court of Directors of the East India
Company enquired to the Government of Bombay to report as towhat extent the Royal Navy might depend on a permanent supply

of teak in Malabar. 
This enquiry resulted in the constitution
 
of a Forest Committee charged with a comprehensive programme
of enquiryI both into the capacity of forests and into the pro­
prietary rights in them. 

3. Th 10th MJovember, 1.606, Cap. "atson was appointed asthe firz-t Conservator of India to ensure sustained supply of
teak and other timber suitable for ship building.
 

4. On April 25, 1007, 
a general proclamation was issued
 
declaring royalty rights in teak.
 

5. 
 The Conservator, who was in chirge of Malabar and
Travancore, soon established 
a Timber Monopoly and supplied

the Government with a plentigul supply )f cheap timber. 
How­
ever, the Conservatorship was abolished ..n 1823, probably dueto the hurt feelings of the proprietorand contractors on
 
account of the harsh methods adopted ky him, 

In 1842, the6. Court of Directors suggested improve­
ments of forests by the formation of teak plantations. This 
work was initiated by the then Collector of Malabar,Conolly. However, before Mr. H.V.

thisi in '840, the Govt. acquired
on lease from -hrikkaliyoor Devaswam an area of about 20 sq.
 
miles of forest.
 

In the initial stages :he technique of establishingteak plantations were not known.. To get the teak seeds ger­minated Itself was very diffi--ult. The work of sowing andtrnn:-p.lanting was started du:ing monsoon periodiowvr, of 1842.the first attempt -as a total failure. As a result, 
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Mr. Smith, who was in charge of the progranme was fired 
from the job by Conolly. 
Sorgent Graham who succeeded
 
Mr. Smith resigned in disgust. 
The whole responsibility
 
now fell on Shri. Chathu Menon, sub-consrvator at that 
time. He with the helo of Mr. Bates, the Head Accountant 
of the Collector's office managed to get a number of tea 
 -

seedlings raised in 
1844. The planting was carried out
 
with better success at Nilamboor. The great success of 
teak plantations in India must be attributed to 
the hard
 
work and dedication of M/s. Conolly and Chathu Menon. 
 By
 
1876, 1255 ha of teak plantations came into being in
 

Nilamboor.
 

The idea of planting teak in old Travancore was
 
originated by Diwan Raja Sir T. Madhava Rao. Accordingly 
teak was first planted at Vemburam in Malayattoor on 13th 

of May, 1865. 

Planting of teak in Ariencavu was started in 
1888-90. The system of p-lanting .4 month old seedlings
 
from nurseries raised 
 in dry season was given up and one 
year old seedlipgs were outplanted in the following year. 
This continued 'until 1891, when Bourdillon found that the
 
seedlings were zoo big and so he stumped them and planted
 
at a distance cf 1.5xi.5 m in Ariencavu. This plot is
 
maintained even-now as 
a Permanent Preservation Plot.
 

PROGRAMME FOR NIL;MBOOR VISIT ON 10.5.1991 

07.30 ­ -
 Departure Vellanikkara
 

08.30 - 09.00 
 Visit Social Forestry Nursery at Viyyoor
 

11.00 -
 Arrival at Nilamboor (en route visit
 
local nurseries)
 

11.00 - 13.00 Visit Nedumkayam Teak Nursery, Elephant
Camp etc.
 

13.00 - 13.30 LUNCH 

13.30 - 14.00 Discussion with Nilamboor South DFO
 
regarding forestry operations in his
 
Division
 

14.00 
 - 14.40 Visit Conolly's plot
 

14.40 - 18.00 Visit KFRI 
Field Station, Teak planting
 
at Valluvassery, Chathu MenonIs
 
permanent preservation plot etc.
 

18.00 
 ,--eturn to Vellanikkara. 
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NURSERY 
MANAGEMENT 
WORKSHOP
 

MAY 6, 1991 -- 11:30 - 12:00 ' 

REFORESTATION AND AGROFORESTRY: 
 a discussion
 

INTRODUCTION/ BACKGROUND: 
 R. Rose -
Overview of World Reforestation.
 

REGENERATION 
IN AGROFORESTRY
 

What 
are the characteristics of Agroforestry 
- and seedlings
needed for agroforestry? 
 Why should agroforestry seedlings
be different and what are 
the similarities to plantation
 
forestry?
 

1. OUTPLANTING CONDITIONS
 

small scale
 
non-plantation 
 spacing
 
competitive environment
 
potential for more tending/ irrigation, weeding
potential for induced competition from planted crop
 

2. TREE SPECIES: 
 diverse species 
-
multipurpose species


Many introduced species 
- exotics -
 So, relativly
little maybe known about their behavior in a 
new
 
locale.
 

3. FARMERS: 
 farmers are experienced with crops,
 
perhaps not with trees.
 

4. OTHER:
 

What implications does the above cited information have for
 

growing seedlings that can 
be successful outplanted?
 

5. 
 SEEDLING CHARACTERISTICS:
 

size - appropriate for outplanting conditions­
tall ­ to escape browsing.
 

vigorous ­ to get a good start
 

dormant 
- to avoid stresses in handling. 

other ­

6. CONCLUSIONS:
 

1
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MAY 	13, 1991 - 11:00 - 12:00 USING THE LEAF AREA METER
 

I. 	 INTRODUCTION / BACKGROUND
 

Importance of leaves: 
 small but critical component of plants.
 

plant structure 
- function 
-


plant leaf dynamics 
- sun leaves ­ vs shade leaves
 
Leaf area and leaf shape - cross sectional areas
 
specific leaf weight 
- weight/ unit area
 

II. 	 MEASURES OF LEAF AREA:
 

PROJECTED 
(ONE SIDE) LEAF AREA
 

TOTAL LEAF AREA 
- the 	whole surface
 

LEAF 	AREA INDEX - canopy 

SAPWOOD -
LEAF AREA RELATIONSHIPS
 

PERCENT COVER 
-

III. 
 What are these measures good for:
 

general relationship 
- more leaves are better
 

sun-shade leaf interactions
 

IV. LEAF AREA METERS: and how they work 

expected accuracy - projected leaf area 

V. Demonstration-

VI. Interpreting the Results:
 

VII. Summary
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MEASUREMENT OF CANOPY TRANSMITTANCE
 

TO ESTIMATE LEAF AREA INDEX
 
Objective: 
 To estimate leaf 
area index of 
a plant canopy using
 
light measurements.
 

I. Background
 

Plants absorb light 
 for photosynthesis

wavelengths in the visible
(400-700 
 nm) of the light
Photosynthetically active radiation (PAR) 

spectrum.
 
with can be measured
light sensors 
 which are 
 sensitive
wavelengths. to these
PAR intercepted by the canopy can be used
in models to estimate leaf area index.
 

Light is either at..sorbed, 
 transmitted, 
or reflected.
Reflectance from forest canopies is typically 5
incident radiation, - 12 % of
most of which is in the infrared
portion of the spectrum.

blue and 

Plants absorb strongly in the
red portions of 
the visible wavelengths, and
reflect and transmit in the green portion of the visible,
thus appearing to have "green" leaves.
 

II. Measurements
 

A. 
Canopy transmittance (the amount of light transmitted
through the canopy) is 
sampleu with single or multiple
light sensors 
on an array

Ceptometer, which has 

(e.g. Decagon Devices, Inc.
80 photon sensors on a 
1 meter
rod). Measurements are taken:
 
1) above the canopy (in the case of low vegetation) or in
a near-by opening, such as a large clearcut to estimate
incident radiation, and
 

2) below the canopy, 
over 
the sample plot.
pattern of sampling, A grid
or transects 
across the forest is
recommended., A large number of samples are necessary for
stands of larger trees, and open stands, to reducesampling variability due to canopy gaps.
 

The incidenti PAR 
measurements 
would be 
ideally
simultaneously with the below canopy readings. 
taken
 

If this
isn't possible, measure incident PAR immediately before
and after each transect or plot.
 

Measurements are taken as close to solar noon as possible
(1000 to 1400 h), 
 in order to ratio the above and below
canopy measurements with a minimum of side lighting.
 
The best weather conditions are a high, light overcast.
Sampling should not be conducted during cloudy weather.
 

/'
 



III. Estimation of LAI from PAR intercepted by the canopy
 

Canopy transmittance (Qi/Q) 
for each transect or plot is
calculated by dividing the average below-canopy PAR (Qi)
by average total incident PAR (Qo). Leaf 
area index
(LAI) can be approximated by the Beer-Lambert Law:
 

LAI = -- ln(Qi/Qo)/k 

LAI = projected LAI
 
k = 
light extinction coefficient
 

The 
extinction coefficient (attenuation of light with
distance from 
the top of the canopy) is difficult to
calculate independent of LAI, because it is a function of
canopy structure, and 
sun angle (Pierce' and Running
1988). 
 The range of extinction coefficients is 0.40-0.65
for conifers, 
and 0.29-0.57 
for broad-leaved 
trees
(Jarvis and Leverenz 1983). The 
Beer-Lambert 
Law
assumptions 
 are that leaf inclination angles 
 are
spherical 
(like a faceted "disco" ceiling ball), 
 and

randomly distributed.
 

More complex models are available for estimation of LAI
from light measurements, 
 for different 
leaf angle
distributions, 
 discontinuous 
 canopies, and 
 use in
agricultural crops (Campbell 1986, Lang and Xiang 1986).
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Precise Automatic Area Measurement 
LI-COR Area Meters are specially designed to meet your requirements forprecise and automatic area measurements. As a result, they have become
standard equipment to many phases of plant and biological research. Time
and guesswork using area approximation techniques is completely elimi­nated. This means work that used to take hours, now takes only minuteswith precision results. 

Area Measurement Applications 
PLANT SCIENCE GEOGRAPHY & HYDROLOGY 
"Correlations between plant growth 

Portable Area Meter 
*and environmental conditions 	 Land and water area using aerial

Leaf area 	 and contour mapsIndex (LAI) studies	 LI-310lf)
Reduction in leaf area due toin- Automatic area measurement"sRedct idong dIsere 	 In the Area Metersects, drought, diseasea e o I o- field was an impossibility until the ad­or air pot- vent oftutlon 	 the LI-3000 Portable AreaMeter. Slae-ol-the.art electronic and
Leaf area as It relates to crop yields 
 optical design has been the foundation* Blomass studies of the LI-3000's proven performance 

under demandingELECTRONICS INDUSTRY 	 research require­ments.* Determination of precious metal The LI-3100 Area Meter gives you therequirements for printed circuit flexibility and accuracy youboards 	 need forprecise measurements* Substrate area of wafers of very small 
and large objects. Resolution of 0.1 

MEDICAL 	FIELD mm" Is provided for small samples, orwidths up to 25 cm are measured with* Area determination of portions of I mm' resolution. 
X-ray negatives 

* Bacteria colony areas 



Nondestructive leaf area measure­
* 	ment in the field 

I mm" resolution 

* Accuracy within -2%. 

* 	Measures over 500 living leaves
 
per hour
 

* 	Accumulates 1 mm' to
 
999,999.99 cm,
 

* Easy-to-read 8-digit display 

a Lightweight for portability 

* Internal rechargeable battery 

* 	Precise measurement of perforated 
and Irregular margin leaves 

* Easily interchanged to a belt con­
veyor system for lab use (using 
LI-3050A) 

The LI-3000 Portable Area Meter pro­vides a non-destructive, precise method 

tormonitoring crop canopy development 
or individual plant growth in the fieldand 
growth chamber. Leaf area reduction and 
recovery associated with conditions re-
lating to insect infestation, drought, dis-
ease or air pollution can be evalualed by 
measuring the same plants throughout 
the season. 

Loaf area devoloptnent can be measured 
vlhotit dinngiig th plaiits This allows 
l 	 i 11i:l;int(1t ;ilil(mii 1 owii inv;il thmi)li'th-

oit ;a qitiwitiq sr':1:vim Efr'cts of di-
mI'liiiiOiq Ih' stand (tnisily that occur 
witIh sncfmiici aIhrnllrn.:tiriii irlunscata Incflm 
;itr,
m'liiiiiitnfd 

•
 

I,*. 

A-"'
 

Remaining area of insect-damaged 
leaves cnn ho measured Data can he 
collected from the same individual plants 
throughout a tile cycle In some cases a 

transparent sheath can be placed over 
severely damaged leaves to support the 
reniainimq issUe 

Measurements which involve large nurn­
hers of small harvested leaves cnn elton 
bo porlormind in the field by placinq Ifri 
leaves in a transparent sheath. Ihis 
Iochiil(l l0;tlliiws ' l to i IhlfiII(f t. ,11
flu. Iitl 1I ihr h141it1t;i:f(l d lIci;I ;fi­
lpierm bil)ly.hriink or m:ilmh.For miin y r!x­
.nrinioiilc. It: ii,'rrd to Ir;lls,ilt ;i:mijihfos 

aw:ay tiio III! plont is ',liiiiitit;I'lb,tt'I 


-


r4 

,.-,
 

Forest stand or urban foliage develop­

ment can be recorded for purposes such 
as evaluating air pollution effects or pest 
damage. Nnndostrucive loaf area nina­
surennitl lacililafes nmaiy phasos o 6r­
chard physiology research. I lieLI-3000 s 
lightweight construction and fong-lile re­
chargeable bittery (8 to 10 hours) provide 
extensive field use versatility. 

http:999,999.99


14. COf 

Open the scanning head and place itover the leat. The lenglh encoding knobis held stationary against some stable 
obtect. usually lhe stem at [he base ofthe leal. 

r 

Close the scannrng head at Itle base oftlhe leaf and reset the display using the 

Drawitv, rtol.('d scar i irn rer(IVrir tire
tal alow srrr ira mi nn 1rx t ssonl ille
through corrittt l i.rrq tospeeqfriroetbe cotrinslrn 

twed ot b co....u 

THEORY OF OPERATION 
The LI-3000 Portable Area Meter utilizes 
a state-of-the.art electronic method of
rectangular approximation providingrrn' resolution. The major components 

I 
ate the scanning head and the readout,
control unit. Area data is accumulated onthe display of the readout-control unit asthe scanning head is passed over a leaf. 

Width Scanning 
Object width is scanned by means of aflying spot which appears on a row of 128narrow-band red light emitting diodes
(LED's) located on 1 mm centers in the upper section of the scanning head. Thiselectronic tlying spot light source 'is o-
cated along a line 6 4 mm from the edgesurement close to the base ot the teal.of the upper section. permitting mea­

cthe
The lower section of the scanning headcontains a lens-pholodiode system whichresponds to the LED light. When one or 
more LED's are masked by some objectwhich passes through the scanning
head, the width is measured (i.e. 3 LED's 
masked are sensed as 3 mm width). TireLED's and associated digital circuitry

provide measurer<-nts 
 which are unal-fecled by leaf transmission properties or 

ambient tight. 


Light Emitting Diode Scanner (128 it. 
lurninated LED's in the foreground). Thishybrid microcircuitry was developed by
LI-COR as the scanning light source tor 

t~eL-3000 scanning tread. Scanrring
head accuracy and durability is greatly 

- ,2003-3000 

•l:'i~'K 

,,. -'v -

.. . . . . . ." 

... 

". . t .. 

Scanning Cycles
As the scanning head is drawn awa
from the length encoding knob. the LED's 
are pulsed one at a time to produce theflying spol scan A sirgle scanning cycleconsists of 128 individual 3.5 micro­
second LED flashes progressing
quenlially across 

se­
the assembly. thisscan occurs once for each millimeter 

travel of tIhe length encoding cord. 
For example, if a20 mm width x 100 mmlength object is measured. 20 LED's willbe masked for 100 scanning cycles re­
suiting in a display ol 20.00 cm'. Accu­racy is unatlected by the scanningspeed (1 meter sI maximurr rate). An error tight is displayed if the scanning
head is drawn away from the length en­coding knob in excess 01 1 meter s' 
Area 
The area is integrated and displayed as 

scanning head is drawn over the leaf.Leaves with irregular margins or withholes, as in cases of insect damage, arecorrectly measured by the LI-3000. As
the portion of leaf with the hole passes
through the scanning head, the lens­photodiode system senses the LED light.
That particular LED location does notcontribute to the accumulating area until 
it is once again masked by a portion ofleaf wilhoul a hole. I lie area data is pre­
senled on tIhe display. 

" enhanced by using this sophisticated 
solid-state light source circuitry. TheLED's are mounted by LI-COR using high
technology microelectronic die and 
wr-boningri lechtniques to insure highreliability and durability. 

Carryirng Case 

This foam-lined case provides an excel­
n, tltrarrsporI arid storage n r.ar s for the
LI-3000 and is recommended as an ac­
cessory. Size: 33.0 W x 45.7 L x 17 8 cmD (13" x 18"(5.5 Ibs) x 7"). Weight: 2 5kg 



SECTION I
 
GENERAL INFORMATION
 

1.1. INSTRUMENT FUNCTION 

1-1a. The LI-3100 Area Meter is designed for biological or industrialapplications requiring rapid, precise projected area measure­ments. Samples are 
placed between the guides on 
the lower
transparent belt and allowed 
to pass through the instrument.
As 
items travel under the 15 watt fluorescent light 
source, the
image is reflected by a system of three mirrors to a solid state
scanning camera within the rear housing. 
The mirrors are mounted
on the instrument base plate. 
 Two are visible under the trans­parent belts. 
 The third is within the rear housing.
 

1-1b. 
 Object width is sensed by the scanning camera. 
 Length informa­tion is provided by the current 
frequency as 
related 
to belt
velocity.
 

1-1c. 
 Area integration is accomplished by components of the main print­ed 
circuit board mounted within the rear housing on 
the instru­
ment rear plate (figure 1).
 

1-Id. Data is presented on the light emitting diode (LED) display.Decimal location on the display2 is changed to suit the 1.0 or'0.1 mm 
 resolution requirement (Section IV).
 

1-2. 
 INITIAL OPERATION PREPARATION
 

Prior to initial operating, all steps in Section II 
must be pe2rformed.
 

1-3. OPERATIONAL FEATURES
 

1-3a. 
 An instrument with interchangeable 2 22 
tion capability is furnished with a 

I.0 
35 

mm and 0. 1 MM2 resolu­
mm and 105 
mm lens. A
25 cm wide sample guide is provided for the 1.0 mm resolutionconfiguration.


2• The 7.5 cm wide sample guide is associated withthe 0.1 mm resolution capability.
 

1-3b. The upper belt assembly can be removed for operations hindered
by the upper belt. Sample thickness can be increased then to
2.5 cm (Section VIII).
 



Appaicdi1
 

Ongoing Experiments in the Tissue Culture lab,College of Horticulture. 

Cocoa
 

1. Improvement of cocoa through in vitro techniques.
Ojectives: 
- To standardizeJA vitro the technique ofmultiplication
axilla-ry of elite plants throughbad oulture toanther and produce haploide throughflat bean culture and to Produce somatic
embryoids.e 

Result
 
The techniques 
 of shoot proliferationwere standardized and rootingfor both explantsraised plants and from in vitromatureplication is 

plants from fielTof shoots iiii­
anthers produced 

yet to be obtained. Culturedcallus and a fewproduced. embryoids wereSomatic embryoids could beimmature cotyledons induced from 
feeble plantlets. 

a few of which germinated intoA few suspectedrecovered haploidsthrough werein vitro culture of flat beans. 

2. Improvement of black pepper through in y tr
techniques.

Objecoives To standardize
medium the most suitableand explant for culturedifferentiationwell as of callus asfor multiple shoot production and embryogene­sis in black pepper.
 

Result
 
Multiple shoots were obtained from nodal explants,which were successfully rooted and
Callus mediated organogenesis was 

planted out.

also successfulin pepper.
 

Ginger 

3.Tissue culture and somaclonal variation in ginger
 
Objctives: 
To standardise 
a commercially feasible
method for 
tissue culture of ginger and
the somaclonal variation to exploitin culturedtisuesto develop disease-resistant and plants;high yielding superiorquality genotypes.
 

Results
 

Planfjets have been developed in vitro and
their somaolonal variation is being studied. 

0 0.. 
 2 
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4. In jitro mutagenesis in ginger 

-Ob-1eo tr, e s 
To fix the effective irradiation dose in gingerand to induce variability under in 3.tro oondi­
tiona. 

Result
 
Different 
doses of Y rays have beenirradiating tried forthe rhizome pieces and their responseis under observation. 

5.. In vitro production of hybrids in ginger. 

Objectives:
 
Exploitation 
of in vitro methods to obtain 
hybrids in ginger. 

Result
 
In vitro pollination 
has been done and ovary
development is being observed. 

6. Standard isation of in vitro techniquesmultipli-,ation for rapidof diff--uiZ-to-root and endangeredspecies of medicinal Plants. 

Obj ectives:
 
To standardise 
 L vitro techniques for multipli­cation of various medicinal plants like Kaempferia,
Gymnema etc.
 

Result
 
In vitro 
 plantlet regenerationardised in Kaempferia has been stand­and the plantlets havesuccessfully planted out. 

been 

7. Standardisation of in vitro techniques for rapid 
multiplication of oTnnamon. 

ObJectives:
 

To standardise j vitro techniques for 
multipli­
cation of cinnamon. 
Results 

Indication of multiple shoot production hasnoticed from nodal explants in cinnamon. 
been 

8. Clonal multiplication in rose wood through bud
culture.
 
Ob-ectives: To 
 standardise the technique of in vitroclonal multiplication in rose wood. 
 -

Result: Successful multiple shoot production hasbeen obtained, which were rooted and subsequently
planted out successfully.
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Nursery techniques n cocoa
 
Nursery teohniques in 
 cocoa consist of raisingseedlings from seeds, producing budded plants and
 

rootiig Of outtings.
 

1. Raising cocoa seedlings; ThiC consists of ex-raot­ing seeds from cocoa pods within seven days of harvest,
sowing inpotting mixture contained in poythene bagsand growing them for four 
to six months before planting.
The seeds are 
to be Pown either flat 'r with helium end
down and the depth of sowing should be just only enough

to cover 
the seeds. Seedlings of four to six months

growth are used for planting.
 

2. Budding: Budding is usually dcne using seedlings

that are six to nine months old by which time the stem
should have reached pencil thickness. 
 Buds are collected
from the desired plant and the bud wood should be of thesame thickiess and physiologioal age. For root stock ofaix to nine months, this will be the browning stage.The common methods of budding used for cocoa are patch,T,inverted T, Forkert and Modified Forkert methods.

There is found to be little differ ence between these
methods in success rate. 
After three weeks, the budding

tape is to be removed, the stock stem to be 
out half
 way through about 2om above the bud union and the
snapped back. 

stem
 
It is to be left as such till bud grows
and differentiates and at least two 
leaves harden. After
about six months of budding, these can be field-planted.


Peculiar early growth of budded plants and necessity of
periodical removal of stock shoots upto about a yearafter Planting are some of the problems. 
 With experi­
enced budders, 
success percentage of budding will be
 
over 90.
 

3. Rooting
of cuttings: This consists of collection

of a shoot at the 
greening stage, preparing cuttings
of two to three nodes and planting them after a hormonal
dip of the out end. The leaf laminae are cut back 

.o. ....... .2 
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to stumps of about 5 cm before setting. The
 
hormonal treatment that is 
found to be the
 
best 
in IAA at 6000 ppm for five second&. The
 
treated cuttings are planted in potting mixture
 
contained in polythene bags and a batch of bags
 
are covered with a polythene sheet 
to maintain
 
high humidity. 
The cuttings strike roots in
 
about a month and the plants will be ready for
 
field planting in about six months. 
 The final
 
success 
rate of this method will be about 23 
to
 
30 per cent only.
 



r
 
MAY 15, 1991 9:00 
- 10:00 OUTPLANTING AND COMPETITION
 

I. Introduction 
- This is 
one of the main problems in
reforestation and agroforestry: 
 Unless seedlings survive the
initial outplanting, nursery efforts are futile. 
 It pays to
understand what happens to seedlings after they leave the
nursery. 
You look bad if your seedlings don't survive.
blame for dead seedlings? Who's to
Teamwork and cooperation is the
answer.
 

II. 
 SITE RESOURCES AND COMMUNITY DYNAMICS 
 i.e. development
 

Plants and Environment: 
 How plants sense their environment.
 
FACTORS: 
 light, water, temperature, nutrients, physical.
 

Planting into occupied sites
 

Role of disturbance 
- fire, clearing, site preparation.
 

Competition interactions
 

III. COMPETITION 
STUDIES:
 

Basic Competition Studies 
- Examples
 

Local Experience -
 Examples
 

IV. SUMMARY & CONCLUSIONS,
 

4
 



Ws. 	 E orlv r-Ar (I~l Appenkdux 1 
191D 15MAY 	15, MAY~~~~ ~ 1991 10:30 - 11:30 
 VEGETATION 
MANAGEMENT 
 1 HOUR
 

I. INTRODUCTION: 
 Unless there is active / effective vegetation
management, seedlings have little chance for success.
 

The Thresholds of Competition Diagram:
 

Survival 
-


Growth -


There is 
an enormous difference between simple survival and
the-growth potential of the typical planted tree!!!
 

II. 	 VEGETATION MANAGEMENT METHODS
 

Mechanical Weeding 
- Tried and true, but labor intensive
 

Herbicides 
- O.K. for single crop 
- eg trees,
 

Hard to use on multiple crop systems, 
 new herbicides 
-

Types of herbicides:
 

Grazing -
Can reduce moisture demand 
- expand growing season
 

Requires management of hungry animals 
-

Works only with well fed animals??
 

Introduced Competitors 
-
Grass forage seeding-


Spot Treatment of weeds
 

Fire 	-
 Its' natural and historic role.
 

Use in todays agroforestry systems
 

Local 
 Experience with Vegetation Management:
 

SUMMARY 
AND 	CONCLUSIONS
 



STATISTICAL CONSIDEIIO'rlONS IN TREE NURSERY IESEARC1l 

B. MUHIIAN KUMAR 
College of Forestry, Kerala Agricultural University

Vellanikkara, Trichur 680 654
 
Nursery managers are of ten experlmerntalistsmay be required 	 Llhems, tv,.s. Itfor them to conduct experimentssolutions to 	 for finding outmany problems encountered by them or
cause-effect 	 by observing how 

to establishrelationships

variables 	 certain response
 
levels 

(e.g. 'height, diameter) are influenced by specified
of one r more 
factors (e.g. fertilizers).
research, however, 	 Tree nurseryis riot different
biological 	 from other contemporary
investigations 
 in that all of them require a basic
appreciation and knowledge of statistical techniques 
Many of tie
biological invqstigations 
 eppecially those in 
 Agriculture 
and
Forestry have become quantitative and the observations consist of
numerical 
 facts called 
 data. As treatment 
differences
measured 	 are
or counted, it becomes imperative that 
 some objective
.methods should be available to the investigator in presenting and
analyzing numerical 
 research 
data.
 
The aim here is 
to review some
designs available 	 of the common exp-rimental
for 	 conductiri resoarcNursery management in Tr-'e s,.ed andand also to projvidr some Insiplit. It1loanalysis of experimental 	 thedata from a.nursery man's perspective. 

HYPOTIE.IS TEATIIwG 

The 	 scientific method allows researchersuncertainty 	 to quantify thewith which they accept
formulated 	 or reject lhypotheses
before 'an experiment. A statistical
testable by experimentation 	 }ypoth, sis is
 
results 	

in the sense that experimentalwill either 
 tend 	to support or refute it. 
 However,because it can nzver be totally proven or disproven,
calculate 	 researchersthe level of confidence on the decision to accept
reject. 

or 

Statistical 
hypothesis 
 are
hypotheses - that is 	
usually formuhlat ed as nullthe effects under investipatJcn are
to no 	 assumedhave effect on the response variable.fertilizer regimes yield the 	

Examples are (1) al.l 
(ii) 	 bed density 

same number of plantable spedlingshas no effect on carry the 	
collar girth. A researcher thenout experiment and 
 calculates
observed 	 the -probability
differences 	 ofbetween two treatment mearis
chance. 	 occurritig by
If there are only a small chance (say 5%)
the 	 observed differences if the null hypothesis 

(, obtaining
 
researcher 	 13 true,concludes 	 thethat 	treatments differ - and rejects thenull 	hypothesis I 

Statistical theory informs us th)at if 1l) nulltrue, then the 	 . [:'1i.1ri sgroups MS, as aswel.l the errorestimate of the 	 S, I-Jill h,e -nltotal variance, commorn to all t' pop,,lrtinri. 

i 
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But if the t population means 'arewill not equal,be greater than then the groups MSthe error MS. Therefore, the test for theequality of means is a,one-sided variance-ratio test:
 
F = groups MS/error MS
 
with the 
groups DF being associated with the numerator
ratio and the error DF associated of thecritical value for this test is Frt 

with the denominator. Thus theis at least as large as 
( . If the calculated Fthe critical )ae,-k 
 then -we 
reject 110.
But remember that all we conclude in such a case is that all
t population means are not equal. 

the f
 

IIULTI-S/AHPLE HYPTttES.1 S 

Biologists 
often 
 collect measurements of
three 
 a variable 
from
or four samples. In such a situation, testing all
pairs of 
 possible
samplesby applying two-sample tests (e.g.
Whitney 
 t test, Mann­test etc. ) is clearly invalid. The situation
multi-sample 
 tests calls for

proceed to test 

like Analysis of Variance. Here onethe null hypothesis H might.t.:• 2 P3= ­rather than by testing all the " PhAl=tes4 li•l1= I.... i . 1c ls : ... 0l'-i-_,tes ,cHIthe ,, a d lieai , critical _ va ,t latter , ,. . ."the . t.designed to calculatetest whether the twolikely to sample statistic Xlhave come from and X2, arethe same populationpopulations (or f.rom twowith identical means). 

PITFALLS
 
TYPE I ERROR
 

In employing this test, it is possibletwo sample means from the same 
that we randomly ,Jawpopulationthat they are estimates and wrongly concludeof dIfferent populationtrue null hypothesis will be rejected. This is 

meais ie. tile
 
error in statistical called .,-;. I
parlance. Also called
probability I !-'! :I1 andof alpha (significance level; 

lias- a 
That is if Ho 

usually , rin ais fact true statement ess
population, it about !:tatlstleaiwill be conclujed (errorvl,,,slylthe time. t,:However, <consider- Ie [alz,: .',' ,:.ffrom that tHJle :rod.,,a single population, t'ml,'.; ­as previou.sly . ,tests car, be perlormerl, stat, d t.hire,.I'.;rliiarid the probabiJity tthat two :,f WI,., , lmeansc9 thlj est.imate ",,,'ld Irconsiderably fl ff.:,rZ1tLgreater than .,:r.; is:nm.,tIs(critical values 

alpha. In fact, If alpihra is :.eat at.of t test, alpha = r,,tested, two at a time, by tle two 
5%) 3rd three m,anso are


chance sample test. Lhs.re
of committing a Type i! a 1i%increase, I error. A~jtl ithe probability iiiber ,.f m,.t 3of committingincreases and it approaches a type I rtcertainty with a very large- number 
ls, 

ofmeans. 

TYPE 2 ERROR 

There can be situationsaccepted where in the nullwhen it is really- false. liypothesis isThat is statistically 



are even
significant differences not' declared though they
 

actually exist.
 

AIALY.IL OF VARIA' t
 

Therefore to test the null hypothesis HO : P1 ='2 A'
 

k samples, we need to test their means simultaneously. R.A .FISHER
 
(1890-1962), the British Statistician, has developed a large area
 

,of Statistical Methods called Analysis of Variance to facilitate
 

the simultaneous testing of a large number of sample means.
 

Let us assume that we wish to test whether four different
 

seed pre-treatments result in different field emergence in
 
Valberaia Jaticolia. Since we are to test for the effect of only
 

one factor (viz. seed treatment) on the variable in question
 
(viz. field emergence), the appropriate analysis is termed
 
"single factor" (or "single criterion" or "single classification"
 

or .one way") Analysis of Variance. Furthermore, each seed pre­
treatment is said to be a level of the factor. The design of this
 
experiment should have seed samples (in trays, poly bags etc.)
 
being assigned at random to receive one of the four pre­
treatments. Although equal sample sizes are not required for the
 
single factor Analysis of Variance, such a situation is
 
statistically &sirable.
 

C.m pl t- Ran d,:mi2 ed iv:.I.__,_ I 

The single factor Analysis of Variance is said to represent
 
a completely randomized experimental design. Completely
 
Randomized experimental design (CRD) forms an appropriate design,
 
if we can control the experimental error (plot to plot
 
uncontrolled variation due to extraneous factors) and is suitable
 
for conducting laboratory experiments, green house studies etc.
 
E.g. if you want to compare 'n' number of seed pre-treatments (to
 
break seed dormancy), the seed pre-treatments can be evaluated
 
with the help of a laboratory experiment in CRD. This design is
 

not useful for conducting field trials as it would be difficult
 

to control the experimental error.
 

'7ource; o1 Lariatlmi, 

ANOVA MODEL: yij :U + a1 + eij
 

where Yi = jth response to ith treatment
 
+a i = eterministic effects, can be explained as the treatment
 

effects
 

eij= error term or-variation unexplained by treatment.
 

The amount of variability among the k groups can be
 
partitioned into within group and among group variations. The
 
former is referred to as error variance. In summary each
 
deviation of an observed datum from the grand mean of all data is
 
due to a deviation of that datum from its group mean plus the
 

deviations of that group mean from the grand mean. 

3 
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--------------- - - - - -

Summar y of *.'lcijai I t.- ,: . , 7 rlc. it,:r 

Sourcesvariationof Sum of squares(SS) Degrees of freedom(DF) a Square:..- - - - - - (S)-

Total - - - - -
EY2 -CF N-i - - - - - - -
Among 
groupsError jt2-Uj?
total ss- t-1Gr
remainder 
 u S/ ­eroup SSit-i
group ss 

error 55/error 

note: 
 CF = (Grand total)2/n, DFwhere
observations, and t = number of treatments
N is the 
 number 
 of
 

rU.O TLPES orIOVAOF 

In the example 
 below the experimenter designing the
was interested in whether all the four TGRs have the 

trial
 

on seedling biomass. That is, same effect
these four
randomly selected but were treatments 
were
specifically chosen. When the 
notof 
a factor are specifically chosen, one is said to have designed
 

levels
 
.a
fixed effects model or Model I ANOVA. In such a case, the
hypothesis 
: HO :P1 = = null
 

3 .... =
2= Pk is appropriate.
 
However, 
there 
 are
factor some instances when the
are of a
levels 


interested 
indeed chosen at random. For instance, we
in the might be
effect of geographic origin
(provenances). 
 It is possible that our concern 

of teak seeds
 
might be 
 with


certain specific locations (e.g. Nilamboor, Konni etc. ) incase 
we would be employing a fixed effects model ANOVA. 
which


might, 
 instead, be interested in testing the statement 
But we
general 
 there 
 is aldifference in growth that in
different rates
locations. of telIf from
That is instead of
only the particular locations Used in the study, the intent might
 

being concerned 
with
be 
 to generalize, considering the locations in
random sample from all our study to
possible belocations.nodel, or Model II anova, In this random effects
of the all calculations are 
identical to those
stated as 

fixed effects model, but the null hypothesis
Ho: 
there is no difference in the growth rates 
is 

of 
better
 

among geographic locations. teak
 

Example 
 I A single factor analysis ofnursery trial variance (Hlodelon tree 
 grovth regulators 1) 1r a
(TGR.) . four TGRs

(Cytkinn
-200 pm;GA
soere applied old0 pprng MA ­root to oe-month old -00 ppml BA - 200 ppm)and shoot biomass teak seedliyigs.-(mg plant ' after The data ,or, totalbelow. Re would six monthslike to are furnishedknoiv ihether the biomass are the same forall TGRs. 

HO :/U 2=/ P3 = application are not equal 
HA: The mean biomass after TGR 
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--------- --------------------------------------------

--------------------------------------------------

--------------------------------------------------------

TGR I TGR II TOR III TGR IV
 
60.8 68.7 102.6 87.9
 
57.0 67.7 102.1 84.2
 
65.0 74.0 100.2 83.1
 
58.6 66.3 96.5 85.7
 
61.7 69.8 - 90.3 

n i 5 5 4 5 H=19 
Yij 303.1 346.5 401.4 431.2 

60.62' 69.30 10-0.35 86.24 
CF = (303.1+346.5+401.4+431.2) IN = 21969111.14/19 = 115627.2 
Total SS = E(yJ) - CF = (60.8 +. ..... +90.3 )-C 119981.90­
115627.2 = 43 .7 
Groups SS = (303.1 2/5+346.5 2/5+401.4 2 /4+431.2 2 /5)-CF 119853.55­
115627.20 = 4223.35 
Error SS = total SS - groups SS = 4354.7-4226.35 = 128.35
 

Summary of the Analysis of Variance
 
Source SS DF [is


Total 4354.70 18
 
Groups 4226.35 3 1408.78
 
Error 128.35 15 8.57
 

F Groups MS/Error MS 1408.78/8.57= 165
 
F ~1= 3.29
 

MEAN SFEPARATION 

The objective of our analysis is often not to test the
 
overall difference but to see which treatments differ. 
 Analysis

of variance forms only the first step in this direction. If the
 
null hypothesis is rejected in an analysis one of the following

types of 'follow-up' analysis needs to be performed. That is, 
 a
 
significant F value immediately raises the question : which of
 
the mean values are significantly different? Two widely used
 
methods for mean separation are briefly described below:
 

i) Lea-st S.'ign~ificant Dif"ferencLe 

This test should be used unless the F test is 
 significant.

Strictly speaking, LSD should be used only to compare adjacent
 
means in an array (means arranged in an order of magnitude). When
 
it is used indiscriminately, to test all possible differences
 
among several means, certain differences will be significant but
 
not at the level of significance chosen. instead of making

comparisons at 5% level, comparisons between means further apart

than two in 'an array will be made at lower levels of
 
significance. LSD can be used to make meaningful comparisons that
 
are planned before the data are examined, it should not lead to
 
many errors. The great advantage of LSD is that it is easy 
 to
 
calculate and provides a single figure for making comparisons.
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LSD is a form of t test as 
its formula is derived from
formula the
for the t test to test the statistical significance
the difference between two means. LSD is 
of
 

a fixed range test,
since it provides 
one range for testing all differences.
 

LSD = 
t(.0 5 )* V 2*error mean square*(1/ri+l/r ) where 
ri and rj
are the 
niumber of replications of the ithiand jth treatmnts and
LSD(0.05) 
= t(.5)* V-2*error mean square/rreplications. in the case of equal
 

IIUL7IPLE R/IGE TEST-


These tests are 
 so named because they
ranges provide multiple
to make pair-wise comparisons among several 
 mearis.
means arrayed from the Withlowest t.o the highest, a mult.iple rangetest gives significant ranges that become largerbe compared are farther apart in 
as the means to 

multiple the array. A conservativerange test that is considered to heepseparations at all the meanthe level of significance isKuels (SNK) the 1Ludeii ---Newman­procedure. Here I will discuss only Duncan's Mu)LtpleRange Test since it and/or the intelligent use of LSD following a
significant 
F for treatments are adequate procedures for 
making
logical pair-wise comparisons.
 

Duncan,'s l_L.Lple Rarg 1'o-St 

This test is 
the most widely used of
tests several multiple range
available. It provides protection against making
inherenu 
 mistakes
in the indiscriminate use 
of the LSD test. The test
identical is
for LSD for adjacent means as 
they
separated in the array. This test 
are more widely


is used most appropriately when
several 
unrelated treatments are 
included in an
example, experiment; for
for making all 
possible comparisons among the 
 yielding
abilities of several varieties.
 

The test 
involves the calculation of
differences shortest .ignificant
(D) for all 
possible relative positions between the
treatment means when they are arrayed in order of magnitude.
'D's are then The
used in an 
 orderly procedure 
to determine
statistical differences among the means. The formula for D is D
QSY where Q is a tabularised value depending up 
 on the chosen
level of significance, the degrees of 
freedom for error, and
relative separation of means in the array and S? is the 
the
 

standard
 error of mean AISE/r
 

Start by comparing the largest 
mean with the smallest, using
the D for their ppsition relative to each other in the array.
'the difference between these means 
If
 

equal or is larger than the D,
the 
means are significantly different. Next compare the
mean with largest
the next smallest. Then the largest 
with 
the next
smallest. When a non significant difference is .found, a line 
can
be drawn connecting these means. 
Then repeat'the process; 
 start
by comparing the second largest with the smallest, and so forth.
 
There is an exception rule used in DMRT. It 
states that 
 a
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-----------------------------------------------------------

difference 
between two means can not be declared significant if
 
the two means concerned are contained in a subset of means with a
 
non-significant range. Thus, if there are 
five means. ABCDE, in
 
an array, A has been found not significantly different from D,

that is ABCD E and B is significantly different from E, it is
 
not necessary to test B against D and C as they are in a 
 subset
 
with a non-significant range. The next step would be 
to test C 
against E, if this difference is not significant, C and E are 
connected ABCD E, AND further testing is unnecessary, this 
procedure avoids making test between means that are already
connected by a line. Often letters used to showare significant
differences even if the means are not arrayed.
 

RANDO1iED PLOCI, EXPEIR.IENTAL. DE'S IMN 

Consider an experimenter wants to test the influence of
 
certain root treatments such as wrenching, under cutting etc. on 
the root regeneration potential, which incidentally is positively

related to seedling establishment in the field. Then he might

want to test them in a field experiment. The experimental field,
 
however, is by no means uniform. therefore, we divide the the
 
area into homogenous plots and the treatments are applied at
 
random to the plots within a block. Such an experimental design

is called Randomized block design (RBD). Here by grouping the
 
plots into blocks we achieve precision by reducing the error
 
variance.
 

The analysis of the RBD is performed as a mixed model two­
way analysis of variance. In the present case, root treatment is
 
the fixed factor, and block is always a random factor. The 
null
 
hypothesis of equal root biomass is readily tested.
 
Example 2. A Randomized block analysis of variance (Model II- two 
factor ANOVA). HO = The inean fine root biomass is the same in all 
treatments ul:u2=?i37 i4) 

HA = The mean fine root biomass is not the same in all treatments 
Four experimental treatments such as wrenching, under cutting, 
exogenous application of cytokinin-100 ppm, Soil appli-ation of 
nitrogen @100 kg/ha, were applied randomly to four blocks of
 
nursery 
 beds having 100 seedlings each. The seedlings within a
 
block receiving different treatments (25 per treatment) were
 
separated in space. The table below gives the biomass 
in g of the
 
fine root 
 biomass of the seedlings one year after outplanting
 
(nine seedlings per treatment).
 

Block 1 Treatment 3 Treatment 4 Treatment 1 Treatment 2 

Block 2 
(2.1) 

T:eatpent 1 
(1.3) 

Treatment 3 
(1.5), 

Treatment 2 
(2.7) 

Treatment 4 

Block 3 
(1.4) 

Treatment 3 
(2.2) 

Treatment 2 
(2.9) 

Treatment 4 
(1.0) 

Treatment 1 

Block 4 
(2.4) 

Treatment 4 
(2.1) 

Treatment 2 
(1.1) 

Treatment 1 
(1.4) 

Treatment 3 

Block 5 
(1.3) 

Treatment 1 
(3.0) 

Treatment 4 
(1.2) 

Treatment 3 
(2.0) 

Treatment 2 
(1.4) (1.5) (2.5) (3.3) 
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------ ----- 
----------

---------------------------------------------------

---- ---- ------------------------------------------------- 

----- ----- -------------------------------------------------------

The preceding data (biomass in g) i.s Summari.-ed ini the followingtable. 

Blocks --------------------------------------------

Treatments
 

1 
 2
i ----......------------------------------------------------------­34 Total (B)I
2.. 1.5
1.4 2.7
2.9 2.1
3.' 2.2 1.3
1.0 7.6
1.4 7.5
2.1 
 2.44. 1.1
1.2 7.0 a=4
3.0 
 2.0
5. 1.3
1.4 7.5 b=5
3.3 
 2.5 
 1.5 
 8.7 N=20 

Total(T) 
 6.9 
 14.0 
 6.2 

*CF 

11.2 Grand total: 38.3
= GT2 /N = 73.3445
 

total SS :. YJ 2 
 F = 82.67-73.2445
Treatment SS = 9 3255
= T /b-CF = (6.9) +(14.0)2+(112)2.(6.2)/5 73.3445
8.1535
 
blocks SS= B2 /a-CF
=0.3930 = (7.6)+(75)2+(7.0)2+(7 
5,2+8.2 /
7"-4-3.44
 

Analysis o2 
variance summary table
 

Source of variation 
SS
Total ------DF
Total 9 .32 55 19 MS 
9.3255 
 . . . . . . .
19-------------------------------------------------------Treatments 
 8.1535 
 3
Blocks 2.7178
0.3930 
 4
Remainder .982
 
0.7790 
 12 
 0.0649
 

To test HO F= Treatment MS/remvinder MS
Fk.05 
 =
Tnerefore3, reject12 H0 2.7178/0064949
3.49
 

TWO FACTOR ANALYSIS OF VARIANCE
 
A simultaneous 
 analysis of the effect of
factor 
on populacion means is termed 

more than one
 r.,:-,, ,
, There 1 ! i f
,design. Among 

are important advantages to
them is such an
the simple fact that one experimental
suffice 
 for the analysis, and it 
experiment can
is not necessary to
one-way ANOVA for each factor, thus perform 
a
to time, effort and often 

we may economize with respect
money. Also
variance factorial
procedures analysis
can test for of
interaction 
 among 
 factors.
 
MULTIWAY FACTORIAL ANALYSIS OF VARIANCE
 

In a two-way analysis of varianceeither of the factors one carn deterinitnehas a significant e:ffer-t 
we-ther.

of the variable on tile ,lagrit,.1rjeand also whetherfactors significant]y t,!je intet-raction
affect ,,f tile t.1r,the variable.considerations of the two-way d.Iiysis 

.y eXpr irVJg theof variaine, wt , assess 
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the effects on a variable of the simultaneousthree appllcation ofor more factorsi 
this being done by what we may refer as 
 a
multiway analysis of variance:
 

Three-factor analysis of variance
 

For a particular variable, we may wish to assess theof three factors: let us effectsrefer to them as 
factors A,B and C.
example, For
we might desire to determine what effect the
three factors have on following
seedling growth rate: 
 Species, Available
nutrient concentrations in the medium and TGRs.
 
Example 5: A three-factor analysis of variance (Model I), where
the variable is seedling height (in)
 
1. HO: Mean seedling growth rate theis same
species (Ail=l2=p3) for all threeHA: lean seedling growth rate is rot tesamefor all hree species
 

2. 
HO: Mean seedling growth rate n nls= (Fp 
is the same for -il threeigE HA: Mean seedling growth rat.eis not the same for ail Tfireenu rient levels
 

3. HO: Mean seedling growth rate is 
the same
(pl:,u2). HA: Mean seedling growth rate is the 
for both TGRs 

not .same for theTGRs 

4. H: Differences in mean growth rate among the three speciesare independent of the the three nutrient levels;
in mean growth or, differences
rate among the three nutrient
independent levels are
of the species (TESTING FOR A X B INTERACTION).
Differences HA:
in mean growth rate among the three species are
independent of the the three nutrient levels; 
riot
 

5. HO: Differences in 
mean growth rate among the 
 three
are independent of the TGRs; species

or, differences in mean
between the two TGRs are growth
independent of 

rate
 
A X C INTERACTION). the species (TESTING FOR
HA: Differences in mean 
growth rate among the
three species are not 
independent of the TGRs;
in mean growth 6. HO: Differences
rate among 
 the three nutrient
independent levels are
of the TGRs; or, differences in 
 mean
between the growth rate
two TGRs are independent

(TESTING of the nutrient levelsFOR B X C INTERACTION). HA: Differencesrate in mean growthamong the three nutrient levels are not 
independent of 
 the
TGRs;
 

7. HO: Differences, in mean growth
are independent of 

rate among the three species 
INTERACTION). 

the other two factors (TESTING FOR A X B X CHA: Differences in mean growth rate among the threespecies (or nutrient levels or TGRs) are not independent of 
 the
other tow factors.
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----------------------------------------------------------------

-- 
-------------------------------

- - - - - - -- -

--------------------------------------------------------

--------------------------------------- 
-------------

-------

--- - - --------- ------ -------------------- - - - ----- 
---------------------------------------------------------

-----------------------------------------------------------

----- ------------------------------------------------------

Species 1
 
Low nut.level 
 fied nut.level 
 High nut.level
 

WRI WRI 
 WRI WRI WRI WRI
 

1.9 
 1.8 
 2.3
1.8 2.4 2.9
1.7 3.0
2.1 2.7 2.8
1.6 3.1
1.4 
 2.0 
 2.4 3.4
1.4 3.0
1.5 
 2.6 
 2.6 3.2 2.7
 
---- Species2
-
 -
 - - - -:- - ---


Low 
-

nut.level 
­

fled nut. level Hi1gh nut.lev"'1 

WRI WRI 
---- -- - -- -- - - - - - - - - - - - - - - - - -- - - -- - -- - - - - - -- -WR1 WRI - - - - - - - - - - - - - - -WRi WRI 

2.1 2.4 20 :.
2.3 

2.0 2.0 3.12.6 2.3 3.11.8 3.(­1.9 
 2.7 2.? 3.42.2 2.1;1.7 
 2.3 
 2.4 3.2 3.2 
Species 

Low nut.level tied nut. level 1igh rut. level 
WR1 WRI 

----WRi 
 WRi WRI 
 WR1
---------------------------. 

1.1 1.4 2.01.2 1.0 2.4 2.9 3.22.1 
 2.6 
 2.8 .2.91.0 
 1.3 
 1.9 
 2.3 3.0
1.4 2.8
1.2 
 2.2 
 2.2 3.1 
 2.'9
 

- -

Summary of analysis of variance table -- ---­........................
 

Source of variation 
 S,7 
 DF 
Factor A 
 1 .8 1 750 . .. . .
Factor B 24.65583 (0...
12.3279
 
Factor C 
 0.00889 
 1 
 0.008
I889A x B 
 1.10167 
 4 0.2754
A x C 
 0.37028 
 2
B x C 0.185140.17528 

A x B x C 

2 Q1.08764
0.22056 


Error 4 (.05514
2.00500 
 54 
 0.03713
 

From the ANOVA able we can prepare the following sumniary: 
Effects In 
 Calculated 
Critical
Efecs-nClclte-riial--c-i~~---------------------------------------Conclusion
 
-hypothesis 
 F -------------­

1. Species 24.475

2. Nutrients F 05 2,54 =3.18 Reject 110332.024 
 d65 

3. TGRs 0.239 F
4. AxB . ' O ' 5 : 4.03 Accept 110 

do 
iA c p l5. AxC


5 x4.98 4.986 , *.,4,54 = 2.56 Rejectd '.05,2,54= 3.18 do 1106. BxC 
 2.360 
 do 
 Accept 110
7. AxBxC 
 1.485 
 F.0 5,4, 54 =2.56 do
 



----- --------------------------------------------------------

-------------------------------------------------------

----- --------------------------------------------------------

---------------------------------------------------------

----- ---------------------------------------------------------

SPLIT PLOT EXPERIMENTS,
 

factor requires large
In field experiments, wherein one 


or plot sizes and other factors could be accommodated in
 areas 

areas and that they also exhibit wide variability between
smaller 


one factor needs to be tested with greater
them and also that 

precision. Then a split plot design is preferred.
 

Model ANOVA
 

Source of variation SS DF MS
 

Total
 
Replication r-1
 

Main plot analysis
 
a-I
A 


(r-1)(a-l)
Error (a) 

Sub-plot analysis
 

b-i
B 

AxB (a-1) (b-i)
 
Error (b) a(b-l)(r-1)
 

Comparisons of treatment means
 LSD for any two A marginal means = E(a )*V 'rb
 

tE (*V 

tEta *V2 Eb/r
 

LSD for any two B marginal means = b-a
 

Interactions: B means at the same level of A = 

A means at the same level B tb(b­

*Eb+taEa/(b-i)Eb+Ea*V (-b-l)Eb.Ea/rb
 

E.\rample 4. a :ii of,,, i'aril,':,'p for rp I 1 liot .. p') '.'- 1 , 
. :t I.,?perlme!,, r1,H,}

model i) . A field r.ia c :'I' ' ' 

Need ,o tol- t eiiti er~tj U!. !iC :,'~ f: .l.L , I.7!r '1., 

tramn:i H•~ r t,~3:sd~.'~~ i,. !,oln f7 , 

Rep 1 
N 1IW3IIWI a2W31W2 12W 12We 


nt 23.11 29.79 28.83 27.25 11.95 22.97
 

33.47 40.08 44.56 25.78 27.99
n2 40.12 50.11 31.50
n3 82.64 56.72 6.42
----- 35.06 


40.79 36.81 65.31 30.94 37.25n4 118.67 

139.11 162.44 205.54 118.78 119.71
Total 264.54 


Rfep 2
 
N IIWI IIW2 11W3 12W1 12W2 I2W3
 

ni 20.04 19.31 22.50 16.90 9.41 16.41
 
51.8 23.18 26.79 56.11 '16.85 7.73
n2 


21.87 25.50 45.97 42.11 22.14
n3 63.42 

n4 67.03 16.29 22.46 65.82 30.64 15.18
 

------------------ -------- ---- --- ---- ---- --- -- \.I)-

Total 202.29 80.65 97.25 184.80 99.01 61.46
 

)I1
N1 




-----

---- ------------------ ------- --------------

------ ----------------------- -------------------------------

-------------------------------------------------------

- - - - - - - ------------------------ 
- -

N Rep 3
i1W2 
 I1W3 
 12WI 
 12W2
n1 12W3
21.53 
 13.68 
 6.47 
 30.68 
 14.54
n2 2.38
45.02 
 18.74 
 22.50
n3 38.10
66.00 14.08
38.26 19.92
n4 7.25 
 63.38
88.60 
 '27.34 25.10
29.32 
 96.70 
 30.24 
 19.26
 

Total------------------------------------------------
Total 221.15 
 98.02 
 65.54 228.86 
 83.96 
 73.74
 
Grand 
otal = 2506.85 N = 72 

CF= GT IN 
= 97281902
Total SS 
 Y -CF = 35005.833
 

Main plot factor X replication two-way table

replications 

. .
 . .
 . . .
 . .
repicati . . . .
------- Main Plot treatments . ..---. . . . .aiplttamet 


I1W -----------------------------------------------
1 
 264.54 ----­139.11
2.
3. 202.29 162.44
221.15 80.65 205.54
98.02 97.25 118.78
65.54 184.80228.86 619.7
Total 99.01 "501.12
83.96 
 73.74
687.98 619.7 
 771.27
317.78 7250.46
325.23 
 619.20 
 301.75 
 254.91 2506.85
 

Total SS for the two-way table
CF = 17391.774 
 - - - - =- 264.542+139.112+.......+73.742/4.
- -•--- - - - - -
SS for replications: - - - - ­1010.122+725.462f77 

SS for Main plot .272 /242CF = 1946.929
treatments= 687.98 +317.782+..+254.91 /12­CF=14344.429
 
Error (a) SS 
= Table SS-Rss-Mpss 
= 1100.412
IxW two way table
 

W1 
 W2 
 W3 
 TOTAL

Ii 687.98 
 317.78
12 325.23
619.20 1330.99
TOTAL 1307.18 301.75
619.53 254.91
580.14 1175.86
2506.85-

Total 
 SS for the IW 
 table 
 = 687.982+..4-254.912 /12...CF
J43 4.429 1 2
ISS 1330.99 2+1175.82/36-CF

WSS = 334.24019
1307.182+19.5 
 580.142/14-CF 
= 13930.573SS for IxW interaction 
= 
1w table ss-Iss-Wss 
= 79.6158
IxN Two-way table
 

Ii -
-12 1 - - - - - ­ -
 -
nl - ­
n2n2 
 18526 Total315.26
30.70 162.49
12.49------------------------------------------------------­347.75
n3 
 301.70

n3 396.72 251.12 

n4 370.91 552.82
447.31 767.63
391.34 
 838.85 
IxN table SS = 8607.2791In interaction SS 
= 44.738
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------- ---------------------------------------------------

------- --------------------------------------------------

-------- ---------------------------------------------------

-------------------------------------------------- 

-------- ---------------------------------------------------

--------------------------------------- --- ---------- --------

------- ---------------------------------------------------

------- ---------------------------------------------------

WxN two-way table
 

Wl W2 W3 Total
 
------ &-- --------------------------------------------------­
nI 139.51 98.68 109.56 347.75
 
n2 275.71 132.10 145'.01 552.82
 
,n3 389183 212.51 165.29 767.63
 
n4 502.13 176.24 160.28 838.85
 

NxW Table SS = 27556.757
 
NxW interaction SS = NW Table SS-Nss-Wss = 5400.8833
 

Three-way table
 

Ii 12
 

W1 W2 W3 W1 W2 W3
 
---------­

nI 64.68 62.78 57.80 74.83 35.90 51.76 
n2 136.94 75.39 89.37 138.77 56.71 55.64 
n3 212.06 P5.19 89.47 177.77 117.32 75.82 
n4 274.30 84.42 88.59 227.83 91.82 71..69 

IxWxN Table SS = 64.68+ ......+71.692/3=CF= 28674.047 
IxWxN interaction SS = 28674.047- IWSS-INSS-WNSS = 109.7826 
SUMMARY OF ANOVA TABLE 

Source SS DF MS F(cal) F (table)
 
0.05 0.01
 

Total 35005.833 71
 
Repln 1946.9329 2 973.466 8.846** 4.10 7.56
 
I 334.2402 1 334.2402 3.037 4.96 10.04
 
W 13930.573 2 6965.2865 63.297** 4.10 7.56
 
IxW 79.6158 2 39.813 <1 4.10 7.56
 
Error(a) 1100.4121 10 110.041
 
N 8225.3010 3 2741.767 30.05** 2.87 4.39
 
IxN 44.7380 3 14.9126 <1 2.87 4.39
 
WxN 5400.8833 6 900.1472 9.866** 2.37 3.36
 
IxWxN 658.6956 6 109.7826 1.203 2.37 3.36
 
Error (b) 3284.4411 36 91.2345
 

CD for main effects-
W marginal means = t e V 

2.2u8*V2 10.0 41/24 = 6.7469 
N marginal means = te *".E(bja:!#w 

= 2.03 V7T.9-.-2345/18 = 6.4633 
CD for interaction 
N means at the same level of W = te :V"2E(b)/rfi 

= 2 2,V291.2345/6 = 11.1948 
W means at the same level of N = 
v2[(3)91. 245+110.041/24]*(3*91..2345*2.03+110.041..2.228)/3*91.2345+110.0 
=5.6550*2.08677 = 11.8007 
Marginal means for I 
II = 36.9719; 12 = 32.6628 
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Miarginal 
means for'W
Wi = 54.4658; 
W2 = 25.8138; 
W3 = 24.1725
 

Marginal 
means for N
n1 = 19.3194; n2 = 30.7122; 
n3 = 42.6461; 
n4 = 46.5917
 
Note: An experiment where all 
Possiblethe factors exist crombir,ations ofas in the levelprevious ofas examplesc-,,,, experimental is often described 
cells 

a 
design ii, Statisticalof the data are parlarnce, tieformedthe combination by each level ofwith each one fa. r,I- 1)eirigexperimental level of everydesigns, however, other factor. In so,me

factor we have differentoccurring levelsill combination with of onefactors, tile levelsand other of o~l,! 'rdisti nctly differentcombination Ewith others. Ievel ,-,rc, I1 r i igThi.s situationin animal experiments e.g. is coInmoily enIcuntere dEach drug Two drug types andis obtained two drug .ources.from two differentsources sourcesare riot b.iut thethe same for twodesign is riot all tile drug-.. 'l'us the ecrossed, 
 ratherhierarchical. it is called r, d r
here one factor viz. drug source,
within another, drug type. 
being IeSted 

COMPACT FAMILY BLOCK DESIGN
 
Provenance 


provenance 
tests in which multiple families from
are 
kept separately identified have been 

the same
in 
 established
forest genetics with the objectives (1) to identify 
 iatterns
 
(2). 

and amount of genetic variation in natural forest populations and
the 

to provide estimates of breeding values for selection within
tests. 
These tests 

.distinguish 

are called 'Provenance/progeny

them tests'
from 'proverna,ce to
material tests'
is where
bulked as provenance reproductive


separately by family. The compact family block design is
plot arrangement of families in 


a lot rather than kept
 
a split
provenance a randomized block design,
as 


that 
whole plots arid families ;.s with

there are 'a' the sub-plots. Assumeprovenancesfamily is represented by 
of 'I' families each, andone randomized sub-plot of 

each
 
each of 'n' trees for
'q' replicates.
 

The linear model will be
 
w ere :
AJkl +oi + fJ~i+dk + (od)YJkh ik (fd)kJ: -+ : '~ IPhen- ype of 

. 1 -lIj:j .1)the th individual of the jth fantily from
tAeith provenance in the kth replicatlor,
p the Population mean 
oi 
 effect of the ith provenance (assumed random)
ranom
fJ. =)
effect of the ith family from il- ith provenance
dk (assumed= effect of the kth replication (assumed random)
(od)ik = 
 (formally) the effect of the irteraction between
provenance and the kth replication, but is 

the ith
the random actually assumed to be
common 
environmental effect for trees grown
same in
ikth provenance plot the
(fd)kj li 
 = (formally) the effectkth replicate of the iliter.Fctionand the between thejth family of the ith provenance, 
 but i!s
 

1A 



actually assumed to be the random common environmental effect for
the trees grown in' the 
same Jth family plot within 
 the ikth
 
provenance plot and
epl:,i-- effect of
=the 
 the Ith tree within the jth family plot
o eiikth provenance plot.
 

DATA TRANSFORMATION
 

For valid application of Analysis of 
 variance and the
related procedures, certain basic assumptions must be 
 met such
 
as:
 

(1) the data for each group were obtained randomly from a 
normal
 
population
 

(ii) the sampled population must all have equal variances. Such a
situations referred asto /1,,,'! , the opprsite situationbeing hY &r ,,":-.(iii) the ef ect rf 2 factor levels
be additive. ie. the assumptiona, c r 

must 
7 l e s ushould be true in order to 
apply the M'OVA to 110 = P4 and each of the k samples should have come
population. from a normal
In factorial ANOVA, the underlying assumptions are
that the data in each cell come from a normal populaton -ardthat
all of these populations have the same 
variance. Bartlett'- test
for homogeneity might be used to determinewhether the assumption


of equal variance is met.
 

If we h ve three 
for 

Rr more s mples, and we compute a varianceeach (d = (x_-PY/N or s' = f(xI-)r where cy populationvariance and =
s sample variance), then we testcan thehypothesis that 
 all the samples came from populations with
 
identical variances.
 

Fortunately, 
 the ANOVA is robust, operating well even with
considerable heterogeneity of variances, as 
long' as all sample
sj.zes nj are equal 
 or nearly equal. If the riI are quite
differenE, then 
 the probability of 
a Type I error will depart
markedly from a, to 
 a degree dependent on the heterogeneity; if
larger variances are associated with the larger samp-les, theprobability of 
 a Type I error will be <a, and 
 if they are
associated with the smaller samples this probability will be 
 a.
 

Regarding additivity (sometimes referred 
to nts lin,.arity),
consider the following exampl.es. In example 4, the effect of
said to be additive, for each datum in 
A is
 

level 2 diffe.rs fr.-m it.tI
corresponding datum in level 1 by the addition of the same : moiirit(10 g). Similarly, 
 each datum in level 3 differs frm itcorr,-sponding level 2 datum by a constL-r-al value (5 g). ExamininPthe effect of the two levels of factor B, we also obser-,'eadditivity (by constqnta value of g). What10 we are assuming isthat the population, on an 
average, the effects of 
 the factor
levels are 
additive. Occasionally, however, the 
 eff.ect of a
factor 
may not be additive; multiplicative effects are 
 such art
instance, in example 4b, 
we can see 
that factor a has art effectsuch 
that each datum in 
level 3 differs from 
 its corresponding
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-----------------------------------------------------------------

---------------------------------------------------

---------------------------------------------------------------

-- ------------------------------------------------------------

--------------------------------------------

-----------------------------------------------------------------

---------------------------------------------------------------

member 
in level 2 by a multiplication factor of 
 2, ard each
member of level 
2 differs from that 
 in level 1 by a factor of
Examining the two 3.
levels of factor B, we can 
see that the data
are affected by a multipliation factor of 2.
 

E \ample 5 ,ddif 
ve 
aihUr mu.ll ipli ,ativ, rtcf" ,,..
A . A hypo th epl,,'.l tivo--ja-y I.A . ,f I. . , , . ..Y . ,
effects of the 
fac tors are 15dl' i'e (Vata ). ,) 
Factor A
 

Factor B 
 Level I 
 Level 2 
 Level 3
 
Level 1. 
 10 20 25Level 2 20 
 30 35
 

B. A hypothetical two-way analysis of variance design, where 
the
effects of the factors are multiplicative (Data in g)
 
Factor A
 

Factor B 
 Level 1 
 Level 2 
 Level 3
 

Level 1 
 i0 
 30 
 60
Level 2 
 20 
 60 
 120
 

C. The two-way analysis of variance design of example 4B, showing
the logarithms of the data
 
Factor A
 

Factor B 
 Level 1' 
 Level 2 
 Level 3
 

Level 1 
 1.00 
 1.48 
 1.78
Level 2 
 1.30 
 1.78 
 2.08
 

Although analysis of variance and t tests are ysually robust
enough to perform well even if the
requirements data deviate from the
of normality, homoscedasticity and additivity.
severe deviations can lead to spurious conclusions. 
But
 

Corrections 
 for heteroscedasticity, 
 nonnorma]ity and
nonadditivity 
are possible by means of changing or 
 transforming
the data from their original form (X values) to a different form
(let 
 us call X' values). The most 
 commonly employed
transformations are described in the following sections.
 

A. THE LOGARITHMIC TRANSFORMATION
 

If the factor effects of an 
analysis of variance 
 are, in
fact, multiplicative rather than additive, 
then the logarithm of
the data will exhibit additivity (see example 4C). 
Instead rf thetransformation, X' 
= .log X, however, X' = log (X+1) is preferred
on theoretical grounds and is especially preferable when 
some
the observed values are small numbers 
of
 

(particularly zero)
 

A 
second instance wen the logarithmic trarisfornati,,un is
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applicab, is when th.lerr! is leterodc t 1-- ty . nd thli- 5.t.. It,I..jrddeviations are proportional ti., the mean (ie.p there l: .'1 c.i,.nt.anLcoefficient of variation). This transforination may a-1!it-,, convert a positively skewed distribution into a symmnetric 1 one(lognormal). using the transformed data, we can now proceed with 
parametric testing.
 

B.THE ARCSINE TRANSFORMATION
 

Statistical theory says that percentages or proportionsform a binomial rather than a normal distribution, the deviation
from normality being
30% and 70 

great for small or large percenii.ages (0 toto 100%). If the square root of each proportion, p, IIIa binomial distribution is transformed to its arcsine 
(le. angle
whose sine is V), 
then the resultant data will have an
underlying distribution 
 that is nearly normal. This

transformation 
p' = arcsinV- is performed with the aid 
 of
tabularised arcsin transformation tables. The 
 arcsin

transformation is frequently 
referred o as 
 the angular

transformation" and "inverse sine" 
or "sin- "transformation.
 

C.THE SQUARE ROOT TRANSFORMATION
 

The square rot transformation is applicable when the 
 group
variances are proportional to the mean. This oftenmost occurs inbiological data when 
 samples are taker from a Poissondistribution (i.e.), 
when the data consist of counts of randomly
occurring objects or events). Transforming such data by utilizing

their square roots results in a 
sample whose underlying
distribution is normal. However, X' 
= VXT7.5 is preferable to X'
 = VT, especially when there are very small data and/or when 
 some
 
of the observations are zero.
 

FOR FURTHER READING
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AppecLx 11
 
COLL:ECTION, PROCESSING, 9&QayI At!p SOaG~L2E E~p 

Dr. K. Sudhakaral and Dr. k. V. Peter'
 
t er&!& Aa i 1tlI r O.i|..s .v 

- ! - t t S . - , I u s S 
ic .gene 1 63 r.oPat ert eL..d-.e th,- whol e pr,. i c.-.hemcalrurf.I
",, I aqu, ,] e-lt t ,'. bei ro the 

a nd-: 
.- s2 rn ri andplant 1 i.lt-, C1leitlr 

the erd 0- the
Of S eed. its Frces anu, a radiro andstorage .Lsso:me 2ortanLe. Se-e-ds are collectedcC'rresponeli Ce- a sitL. through&d tr'OLgh, en:chane. in situ col lectionactual 4ild vi iAtE rvol vestu cenitelrs of divergence,oriri

Cul 1-c Li or, of a crop.through cor espondence wi thin a cou..rtry' does not
denm-nds I.ch formality ecept for fewa crops where regional
quarartine regulatiors are in e>isterce. Inter-natLonaldemands ex:changejiport permits, phytosanitary certificates and port ofentry certificatior. HIrringtor's thumb rule statesseed -turage is achieved that goodw, er the relative humidity in thestorage environment and the storage temperature100. Medi in OF add Lp toum and 3on, term storage demands cold storage facilites.At -25 0 C s-ed are stored for longer periods.
 

The Irternational 
 Bureau of Plant Genetic Resources.vested with Rome isthe mandate for Surevey, collection,cata]coguing evaluation,and mai, t-nanc:e of crop gormplasm, as perIlart t tE I India I .d.. R, New 
a U.N.

D ] hi per-forms the ibove fulnCtior . 

A good quality seed contributes to 00 per cent of the cropproduct i vit y. Hybrid yeds contribute still higherI-etero-i due tos. There &re specifications for seed productioncategor ies irof seeds likIe fotrndstion seed, registered seed,certifed irdseed. Breeder seed. though having no specificatior.the breeder is v.ested wi th resporlsibliites, for its purity. 

The Seed Act 
standar ds, 

and later its regulations specify field
crop staidarclds 
 and seed st arcnar ds for a successfulseed prc 1.1 onti programme. Seed product i or cf forest crops i.gaini"gl e-ooncaoic. impr 
most 

Lance r eLen-tiy ir India. Eacept -for few,
of the- forest tree species are progated
Eo0 ucl by seeds. However.FLdysU.1 repmai rs to be done in the case of tropical forestspecies. Scientific informatior, about thebiology, maturity floral and seedindices, appropriate storage method,types differentof seed dormancy and best germinatior treatments have to beobtained in the case o+- many tropical forest tree species. 
- - - - -Practical notes circulated 

- - - - -- --------------­among 
-

the participantsWorkshop 
-

of the Indo-UScur Training on Agroforestry in the area of Tree NurseryTechnology I Maragement (May 6 - 18, 1991). 

1. Associate Professor, College of Forestry. 2. ProfessorHead, Dept. of Vegetable Crops, 
and 

College of Horticulture. 
- I 

/ 
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MAY 17, 
1991 TECHNOLOGY 
TRANSFER 
- 1 HOUR 

I. INTRODUCTION: 
 This is the way to gain success in ybur
 
nursery program. 
Teach others how to grow trees!
 

II. BASIC CONCEPTS OF TECHNOLOGY TRANSFER:
 

1. BARIORS 
TO' SUCCESS:
 

2. DEFINING 
EXTENSION 
POLICY 
OBJECTIVES
 

3. CHOOSING 
EXTENSION 
STRATEGY.
 

A. who does it?
 

b. It depends on? 
 the problem, farmer, mission.
 

4. EXTENSION RESEARCH LINKS:
 

5. CONCEPTS 
FOR EXTENSION'MODELS:
 

Diffusion - Problem Solving 
 -
 Social Interaction
 

6. INFLUENCING HUMAN BEHAVIOR:
 

A range of options from coercion to social change:
 

7. INFLUENCING 
HUMAN PERCEPTION:
 

8. COMMUNICATIONS 
-

A. Exchanging coins or 
ideas.
 

B. Communications Models:
 

C. Communications 
Techniques:
 

9. INNOVATION 
ADOPTION:
 

A. Stages of adoption:
 

B. Characteristics of 
Innovations:
 

10. 
 GROUP EXTENSION 
METHODS
 

III. 
 LOCAL EXPERIENCE:
 

Discusion: 
 The Soft Systems Approach
 

IV. SUMMARY 
AND CONCLUSIONS
 

'Oi 



MODE,SI. ORGANTZATION FOR 'ECIIOLOGY TRANSFER: 

The OREGON STATE UNIVERSITY 
 - USA - EXTENSION MODEL
 

Extension of Research Based Information
 
Specialist - Agent 
- Client Model
 

Slide Presentation
 

II. -KINDS OF 
 FORESTRY EXTENSION ORGANIZATION:
 

'1. SPECIALIST 
NETWORK: Similar to the USA model.
 

(Build from the bottom up)
 

2. ADOPT 
YOUR LOCAL 
FORESTRY ORGANIZATION
 

(Train foresters to do extension)
 

3. 
ADOPT THE LOCAL EXTENSION ORGANIZATION IN FORESTRY
 

(train other extensionists about forestry)
 

4. 
ADOPT THEILOCAL AGRICULTURE EXTENSION ORGANIZATION
 

(train agriculturists about forestry)
 

5. DEVELOP SPECIAL PROJECT EXPERTISE
 

(Train anyone to do a special narrow job)
 

III. PLANNING 
FOR TECHNOLOGY TRANSFER:
 

1. Identify users
 

2. Identify needed / desired 
results 
- Goals & Objectives
 

3. 
 Identify and select the best extension approaches
 

4. Define responsibilities:
 

tasks - what has to be done 

people 
- who will do it 

when will it get done
 

(This looks simple, but it 
is critical)
 

5. Logistics 
- Costs - organization 
- political support 

IV. LOCAL EXPERIENCE
 

V. 
 SUMMARY AND CONCLUSIONS:
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A.1 	 Resource Assessment: Mucho Sacata Ranch 332 "'Messy" means that the parties inolved ;n a situation do not agree on either the 
definition of problems or on what technological and management improvements 
should be developed, or both. Thus,. the introduction of a technologial package 
or the reallocation of resources to correct or improe a situation is not straight­
forward. "'People factors" loom large. Similarly. "'dynanic" means. quite simply. 
that thing-, keep changing: that \esterday's problem definitions or solutions in­
volve factors that haxe no%% changed ar no longer exist. Accordinliy. in order to 
deal with these kinds of situations. professionals., entering the field need new 
competencies and inquiry methodologies. 

These :oiipetcncies and methodologies go beyond the pioblem-solving ap­
proaches antd limits to inquiry that are traditionally taught in most of our schools 
and collece, Nor are thev usuall, provided in undcrgraLdiatc gceneral education 
core requireients. Graduate, need or ''tool (I1inquirv approachesin;I[T.I\ bag' 
to help the in uidcrst.and ,and a1ct on the interactitoms. iinIpacli. and conplexiIt of 
situations in ways that ate conceptu:itly valid and practicall, cffecti\e. 

The Four Approaches to Inquiry 
This hook .n of tur appioaclies to iuljity that Ire cUrrenlypro\ idsc.,oersie\\' 

used hy i.iaers oft h00d. .ariculltral, and natural resotatices e nterpri.ses: basic 

,cience. applied science. h.ard .temns, and soft ,' .Tei ,oftsysten',. ap­

ptocht it) nq y ru ci\c, ,.i ictUlir cmiphai. . The tolecti %e is t) enhance tie 

Ietadcr's ANN)hty 1t Ca'.cal amid appl kIolctdge in rc:il-\orld settings. Th: main 



.2 Chal::er 1 

thesis of the book is thai food. nigruCLilUl.ll A.id zitirl iesoLce professionals
f'ace many challenges and ipportunities. Respondin i t, thcnl requires tie w coin-
petencies and a broad array of inquiry iithltdtlgies and kiros ledge. This book 
aims to help studelit.-professionals-ii-lrahrig-i, declop such knoMledge and 
Competencies. 

Each of the four approaches itlqulir. dscerxcs it', 0 n text it adequately 
cover the detail needed it)understand and ptadriCC it 'lhicrc ate tout reasons for 
this book's emphasis ot the soft hVsiCns approach.First. the other three approaches are vell represented b\ temtbooks, particu-
larlv i fields and disc.,;es that predoninately use one ors,:ience inquiry is represented in chemistr\ to of them. Basicand biolo' texts, for example.
Applied science is exemplified by txtb..)ks in the animal and agricultural
sciences. tnedicine. artd etiineeri ng. There are also numerous texts in econom-
ics. system.s enigineering, and riangenieo t that present hard systems modeling
approaclies. This book is the first to brinL the soft s\stens approach to under-
graduate students itt the food. agricultural, arid natural resources sciences. 

Second. quite a few of the complex situations that many graduates will becalled ulin to handle require the knossledge, sensitisities. skills, and specific
itquir\ t;-chniques that are part of the soft systems approach. This is particularly
relevant ti,such food. agricultural, and natural resources job categories as 
tnanaceatent. service, field and sales representation. merchandising, technician,
informatioi. education, communications, aid agricultural production. According
to the U.S. Department of Agriculture. approximately 70 percent of projected
jobs ifithe industr) s%%ill found these categories (Coulter. Staaton, andbe in 

Goecker. 1986). 


Third. it is a central thesis of this book that. in tackling a typical situation.tie soft s~stems apprmach should be used first before proceedin2 to use one or morne 

(ittie others. This is because 
 the approach helps to deselop agreement on such

key issues as the nature of the problems. 
sshat .kill constitute an improvement,
and the kinds of technlocies arid other techniques appropriate to achieving spe-

cific goals. Such agreement cannot be achieved without 
 significant involvement
arid input from all titeparties insoxed in a situation. The sot ssstetms approach

pr,,.ides the procedures 
and tools to help reaJh such ayrctnicntis. This contrasts%kith the other three approaches. "hich enld to a,.,ume that tileobjective ofinquiry Ithe imprved state being sought i, nt ifl quesltion Ti statement is 
not intended as a criticistn of the (wher approaches, but rather describes a majordifference ill tie assumed starting point tf inquiry. Soft ssterirs analysis is car-ned out in order to reach a point where parties agree on the inproved state of
affairs they will seek anc., cii the means that are appropriate to achieve it. 


Fourth. the management of the biological and physical world 
 for economicpurposes. as well as to sustain or improve the quality of people's lives, requires
effective and efficient organizational ssrens. Without such s\stens. people do not 

Managing Complexity and Change in Food. Agriculture and Natural Resources 

stav ill busi ness or are 1,,sibject cosliiit and co,stlpushes ind pullN front extenal
Iorces be%ond their coniol The i 

technique% jor the deselopitneit, assessment. 


soft s.s'tue approach pros ides procedures and 
and rs'i.sion of tie organiaional

syslellls or a -ien food. .agricuhltial. oI niatutral resnurce nlautagenlrtl silualion. 
All graduates should gain entp)lvllent Ihat insolses the operations of one or 

enore organization!;. Familiarity ith the procedures of soft systeim. analysis %ill
help graduates to contribute competently to the onoingefletisetesresponsiseness. arid strate,.ic planning efites.

of the food. agricultural. or natural re­
sources cnteprises eniploxilie them 

Systems Thinking:A Holistic Approach 
The book pro\ides an -xpanded perspectise that Ina\ strike productin-oriented
readers a, too public or outsider oriented. This is unavoidable if the obieclive is.to develop tileidea rhat IVC lit.-tn monplei iorII l''oph' tn giiupA rnd or
y'ani.atin.-at Iario. Aind. twit it-ri diffirtend/. This is part of the challen.e 
faced b\ professional. So tire issue is rot ignoring a productin orieniation bil
stcegthetr-ot that perspective b\ urderstanidit aid.ithe others moretinitportantl .
I'.ain, /ui to gain apt ndIU.vtandmk, of other perspecti\es. Tire next section ()Ithis chapter discusses a series of food. agricultural, resource, and nana.etlent 
concerns that is currentl\ the subJect of debate arid di\ergent opintion Its presen­ltaion is intended tt,be illustrative and pros ocati\e rather than exhaustise and
final. Those readers \iho are tacklin- tie book a, part of a course nra\ wish to,spend time. even a hrtal session. debating and luther s,idening the perspectives
offered on particular issues presented here. The strategy ol such debates is to be
conprehensise and accomnmdative rather than narrow and exclusionar\. The pur­
pose iF to practice approaching questions openhl and to deselop "a\, Of better 
acenunriL. for differiti- perspectises.


Another rason for introducine the book 
 %kiria discussiin of challenges and
opportunities is to help students ssho have little or nioworl. experience in food.
agriculture, and natural resources to begin ssith a broader. more holistic \iew of
the field and 
 the activities associated with it. The folloile sections are pre­
sented in a %%ay that suggests interactions antng orgatizati (n of people and
biological and physical properties. A holistic ste%% implie. pa.\inc aien to
 
such interactions. to the 'controls that are present ., co(Communication.s bets eenparts. to properties that emerge as a result of real on projected interactions. tothe kinds of operations that are present or absent. and to the impact,, of inter­
actions bet. cen the parts on1 tre envir.,nment. Tius, itke. first step toward
systcmis thinking and practice is to develop tne's ability It explore experience
holistically.. S.',siemic thinking is essential to your future ability to develop im­
provements or solutions to the complex problels faced b\ most agricultural and 
natural-resource enterprises. 

This chapter offers illustrations of such interactions. Subsequent chapters will
present techniques for developing abilities to see and rec(id them. This oiapter 

http:strate,.ic
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C-+'l .' e itIdJJla sli lai f th I ke,.c p lll, lld IIIntIe resi ) the Ic\t. cthaI)tl-b\ chapte. In additiont. each chaplter beins and ciudn \\ith stinnill.ies oIf kevp0lills. R.ading i +tnimallir\ first itIax help sic" reaidcis to tile mire de-th 

tailed s% ,taince ofO 1a chapte . ( )theisu 
 \ h 0 1lid h e. Ntllilla ti ' l.{epc iti are free 
I read ahead. 

Management and Systems Thinking 
NI.it.iL'ilt' u e +ter,,, ifll cll.ititl.' tn.iil .uld s L'ltoIihl,.." e' ltointLea iI 

fat ~ LIJLI1~l *qunesI)C pioesotCILIL.,111[fiatabout thin, tie C.lll ii 0111l .if, ake %is decsina. ciin iod01111.aindtroth silltjIfe dt0I respond to the natural ands+'t+'o clIoe oItnceN iII thie elllrliIt.el [that the\ llit control. As challenes
and opportunies Irc discussed subsequetitly. niik- the kinds of lt)rces at work,Th- net section beLins \\ titan overx e of the nalure of [od. w.tricuhural, andnatural resources induste. and their colllections it attd ililpacts o the rest ofstlc't\. F-nlhwiii, thils, se'lected ehal~len and o~ppot~rutites are pre'sented Itoie readers a sense (if ti" inportant., and v'alue of career,, in (lie field. Theexaniples presented illus.trate some of the cinipfexitx ald messiness of naand Inlie,enterprise-, in tie field and. hopefull\. afs flishoight thiestrie.tc nicd thwfor traitu+ th7will assist readers to tackle ,uch situations eflecti\el\ in the future. 

The Primary Industriesh 
Agriculture 

Tn- io(d, agricultural. ;,nd natural resources industries arc tter, referredt( colie:tivel\ as p'unrv indutries because the\ provide the energN and rawmaterials upon which the rest of a mtdern industrial economy depends. Here the
concern is %xithho\k 
 modern societies are powered and provisioned withfood, energy,fiber, timber, minerals. V'ater-the most basic inputs that modern consurn-ers and citiLens tend to take for granted. WiLhout these esse.",tial inputs, or even
if one or two of them are only marginally interrupted, our lifc-st, le pauses until 

supplies are restored 
 or other kinds of- adJustments are laburiousl] piecedtogether, jobs., travel, necessities, as well a,Accordingl). the enterprises involved cunmlorts. all hang in the balance. 
g o in g toJg o aw a y e as ily . 

in this vast primsioning systen are not 

These industries contribute vitall\ to the U.S. econoni. and peoplc's sense ofwell-being. In fact. American agriculture alone is the %rld'so largest commercialindustry, wvith ;:ssets exceeding SI trillioni. The industry ettpfos approximately20 percent (if America's labor force-more than 20 million people. The agri-cultural industry includes the producing, as well as, th, Irasporting. processing,nanufacturing. retailing, and research and development (If food and fiber. Itaccounts for 20 percent of the nation's gross national product ($610 billion 

in 1985).These formidable figures show that agriculture's contribution [Io the [t)tal ecoti-

Managing Cornplexity and Change :n Food. Aari.ulure. and Natural Resou ,ce.; s, 

oII1.n d rit ltusi ll 1 11.'lii it)lllPfe\\ aid IIteCidel.elldi.un s. [, I )l Pi1 'l I..siphIllier,. llaniupltters, dislbilor., researchers. and Inlforalltion disselllll .ill 1.And licit cItiPl ees. iI turn. direcil\ depend On tlie food aid ilinI "Is ImI 
a h xuin. 

Agriculture and Codependent Industries
*Th-' peopie ,! this Vasi 
 Ile, tirk engaged in food And Ji.rtCJIIUal] ac'tl\I11., .lt"
 
; i t 11nU 
 I,. Their purchas.s for their ag.ricullural enterplises benit local 
bu.%iisscs -stores. bank.%, repairir. ser~ iesN. fuel distributors.alSt 2l ale coinsuliers anid so on le\.aar C0I~ies looklg out [or and0 1,na 1.1fo hhoniemnadtent taini :A i cci "'IIC'ccLiil
Report," tel\istoti program estimated that for e er\ f k larnisl tIhat 2- out oif
business, one .upporting service enterprise, su.h asa 
batk. ehothjut, sttir. foodstore, or drug store goes oUt of busutessA ricuftur. .reate ohs, tIt [ inlocal 'colillLIliles. but a .oss [ilet nation These pur..liscar.i i ddition it,
basic S140 billion 
that farmers and ;aribusiness 

tile 
Itlnt speilld annuall? tot tilegoods and services used to produce our n ti()ii's tod and fiber product­

l.llit ii! tli.ill\ ilitf­ties f"nt esaiitple. purchassb he a.ricultnral and h[nod 
 edenrI.ic" 
percent ti the iob, ii the glas anid gla,, product,, illdustr. orent ialW) p metlcontainer induslr ermploymen. and 26 percent o the obs ill th, paper pr,,Ju,.tsindusrx Thle agricultural and od indntslr cit sunel 45 percelt oti the ',ulptlt

mucheni,.'! paperboard
-itpducls container and boxindusry. and Iindustr. 26 ptrcen:25 percent of1 the.. ,.hClii,:.1 aIdot the crude rkl rieuni and Itiaiialplastic., industries,. the tile petroleun,a.,, indu,tr. IhI addition,iron and steel and iclated indu-t:ics. lIL rubber andila lLufatand rer. ,,al ininim,,.\ arehnusing businesses tratnsprlioii.trail. truck. barge.), priin. ar.d puhlihin-- nui­nesses. plastics and synhletic materials industries, m ch ad puducts Indus,­try. and tlotor elicle and equipment manufacturer, at,. all strategicall% tied to
the agricultural sector's 
use of their pr(ducts tPhillip-. "')S5i.Thut,. ever\ region of the U.S. has solne p(rtitn t! its emplminlen baselinked to agriculture. No matter where a person 
 lives iw tic United State.,. about
2 percent or re of employment is sti dependent. Ott . natianal bais. [hat is 

One jiib in fie. 

Opportunities in Agriculture and Natural ResourcesO p r u i i s i g i u t r n a u a e o r e 
The -security. sustainability, and viabilit ti file United States econl and thewell-bciing of it, people rely on the COltlllLlcd ste %ardshlp and de' efhpnicnt ol
scientific and prolessional expertise in the [nod, agricultural. and natural resource
Sciences. A recent stuty conducted by the U.S. Departntent of Agriculure, how­ever, reported that there will be a shortfall of' graduates traiined in these tieldsduring the next decade in relattoil to job openings. Through 1990. scientists.engineer.,. mattagers, sales representatives, and marketing specialists will account 

for three-fourthis ofgraduates the total annual U.S. efloyment openingswith expertise it agricultur. , n',ural for ne\ cillegeresurces, and vterinary 
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medicine (Coulter. Stauton. and Goecker, 19)86). These figures are good news 
forreaders who are contemuplating careers in food. agriculture. or naiural re-

source management. The\ are less than good news for those concerned about the 
future of these sectors of our econoniv. 

America's food. agricultural, and natural resource s\ stem is one of its greatest 
success stories. In the past. national leaders have recognized that agriculture is 
the foundation on which overall development ol the nation must rest. Investment 
by both the public and private sectors ipthe United States guaranteed the de-el-
opment of a scientific base and research and extension capabilitN.. Returns on the 
dollars thus allocated to agricultural development have been ver\ high (Ruttan. 
1982). Great strides in technology development have been made. Tremendous 
breakthroughs in the understanding and alteration of biological, chemical, and 
physical properties of water, plants, soils, and animals have led to many new 
agricultural, natural, and synthetic resource technologies and applications. Indeed,
for the reader who is contemplating a career in one or another of the food, 
agricultural, or natural resource sciences, there are many opportunities and chal­
lenges. These fields of applied science hase had an important, productive past
and look to a promising future. 

Current and Future Challenges 
The future of these industries, however, presents man% challenges. These chal-
lenges are complex and demand new competencies of those who choose a career 
in a related field. As noted previously, the food. agricultural, and natural resource 
sectors are connected in very complex ways with other major industries in the 

one 
and natural resource production can no longer be thought of as isolated areas of 
endeavor. Food, agricultural, and natural resources enterprises constitute an in-
terconnected complex of human activities involving transactions between people 
and their environments in the broadest sense. Bad or insular decisions and 

U.S. What happens in industry affects what happens in another. Agricultura! 

choices have effects far beyond the bounds of a single firm, organization, or 

agency. 


Throughout this text. improvements in agricultural and natural resource man-
agement are conceptualized as hunan activi/r svstems, %siththe people in\volved-
the farmers, growers, ranchers, public emplovees, iood process technicians, 
agribusin.-ss men and \omen. emplovecs of natural resource industries. re-
searchers, or families -as the subjects of our concern. There is an important role 
for professionals to help clients such as these learn ;o manage change more 
effectively so tltzt their lite-styles and businesses are mlore sustainable no matter 
what happens to the environment., in which they' operate. Sustainability results 
from the quality of interaction among the family: the business enterprise: and the 
physical, biological, and socioeconomic ensironments. Effectiveness in dealing
with change is a function of the learning of family members and employers and 
employees involveu inthe management of those environments. Peter Checkland, 
who developed the concept of the human activity system, notes that natural and 

designed phxsial and biological systems are "inevitably linked closl it tlhe 
human actmi .i assoiated with these systems (Checkland. ). oQ71 

Ther ng rec eniti, o0 the complexity o the manaeient oI a riculural 
and natural resource enterprises locally. statewvide. nationally. and Uternationallv 
has led sone to postulate that the role. value, and responsibilities of professionals 
within the a-rcultural and natural resource sectors lime changed sificantl\ .
 
No lger do many see the role, value, and resp1nsibilities as onl. producing as 
much food. fiber. and natural resource products as possible or economicall\ 
viable. Rather. ,nan\ see the greater challenge to be learnig hoss to manage
food. agriculture. and natural resouirces in a responsible and sustainable manner. 
so that the impacts on people. fatuilies, nations, and environments are as positive 
as possible This is no small challenge! 

The Boom-Bust Cycle: Policy and Politics 
Farm Management 

The management challenge is one that we have not vet dea!t w~ith %erv well. 
The telesision stories and newspaper headlines of the past decade all too often 
remind us that our attempts to improve or support agriculture in the U.S. and 
around the %,orldhave had less than desirable effects. The Tim" magazine cover 
for Februar\ 18. 1985. captures the beginning of a bitter debate o\er the govern­
ment's role and abilit\ to facilitate a sustainable and viable agricultural base. The 
cover headline. '*Going Broke-Tangled Policies-Failing Fanns.\'well suinmar­
ized the situation. 

The 1970:, were a decade of high prosperity in the croplands. Worldwide 
demand for U.S. The government encouragedgrain and fiber boomed. farmers 
to plant a, auch as ttev could. The farmers complied. \%ere able to sell at wvell 
above the federal surport le-vels. and borrowed a lot of money to bus more land 
to plant more crops and buy more machinery. The more people bought, the more 
the land prices rose. Then the world recession of 1981 struck. Worldwide demand 
for crops declined abruptly. Crop prices and land values tumbled. Deflation hit. 
yet gro%\ers were managing their businesses based on an inflation mentalitv 
(which is to maintain an asset-equity ratic in the 30-70 p.rcent range). Farmers. 
largely those \sho gre\ betveen S40.000 and S500.0(H) worth of tood or fiber a 
year, began losing a lot of monet. A crisis of mounting debts, foreclosures, and 
a fast-changing debate and projection about the sustainahility and \iability of 
agriculture in the U.S, rages on e\en as we write in 1989. 

Medium-sized farm enterprises got caught in the middle of changing policies
and their o,n inabilit, to sort out competing views of where the \orld was 
heading. The cautions of Schumacher's (1973) popular book Small Is Beautifd 
seemed not to reach the agribusiness manager during this time, as so many real 
estate. financial. and government advice-givers were pushing a "'big and more is 
betier" philosophy. So by 1986, farmers in America owed more money than the 
nations of Mexico and Brazil combined. Perhaps the impacts of government 
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policies oi thic farnmer are bst sunnied up b the renairks of Don Paarlberg, 
forln er clh ie f eeLn i o I1." U.S . 1eparznen of Ag ri cLiiLire Liunder pre,,i dents 
Ni on and Ford. **We \%ere speedinu at 8) nics ain hour-. then. instead of slow-
ing down as prudent.dri\ers should, the iimernment slaninied oil the brakes. It 
plastered larners a aini, the %indshield' (Robbins. 1851. While policy deci-
.,ons, \, cre based ill and pII.eple haveCLiTCiin anticipated Cotndili1,ns.in\ l qies-
tioned not onl\ t lie approiach selected but the le\el of deb.ite 11ht ledLiP 10oit. 

Growth Pressures 

The ItT, also sass "'boom aenid bust Inl otlier prillrs industrie...:,u asMit 
energy and niincrals Space does not pernit e\en aI curors ovei\ie\. but the 
general pattern resembles and is probable linked to the aricuulural crisis dis-
cussed earlier. The important point to note i. that nation.il and reulnal econo-
fites, as %%ell as comnlunities and individual enterprise,,. thal are dependent on 
.such commodities as petroleum. coal. copper. and the like are highlk vulnerable 
to sWings of world markets. Booml tlInes. hen world market conditions are 
favorable, subjeci such ..ominuiities to extraordinary grtth pre.ssures. These 
pressures result from II1 the rapid influx of migrants. including people from 
other countries, who are also new residents, neihbors, consumers, and employ-
ees: (2) the pressure to ranidly expand governmental Ser\,.es and infrastructure 
in order tI( help ncss businesses become establi'.hed and to acconnodate more 
residents: t1) the emneruetice of ne\ environnental problens: and (4) the need 
to meet the concern., anti complaints of existing residents. %shonla\ see them-
selves as not henefiiine froLm eri\mth. 

All bubbles ultimatel% burst. aid the effects on dependent nation.,,. communi­
ties, firms, and individuals of price declines for their marketable commodities 
are devastating; Impacts cited in the literature include unemployment. emigra-
lion, bankruptcy. individual stress, governmental insol\venc\. and the irreversible 
and uncompensatable environmental and cultural impacts associated A,ith the past 
development-boom phase. 

Risks 

Financial Risks. The North American Arctic. embracing both Alaska and 
northern Canada, has been caught up in a boon-bust cycle for more than a cen-a nOther 
1w')'. The area has had anythini but a stable economy (Dison. 1978). The firstboom. in the mid-nineteenth century. was the fur trade. The second was the gold 
rush. beginning in 1897 in the Canadian Klondike (London. 1900) and in 1903 
in Alaska. Another major boom involved military construction, starting in the 
1940s and extending into the 1950s, with the construction of az'-defense 
facilities, including the DEW Line of radar stations along the Arctic Circle. The 
most recent boom has been associated with the development of north-slope 
(Alaska) and Beaulort Sea (Canada) oil and pipeline construction. Construction 
of the trans-Alaska pipeline officially commenced in 1974, in turn setting off 

another c~cle. Lach of these period.,, of haintic ,ero\ii.eeni iIlidIn. tile lateIt 
(lne. has beenifollowed b\ hard iis liII other \i\Od.. fill. paittern ti de\cpi 
lent .seeius not Il f'oster SL>I bulstainable devehpment. trlther tie re~er>c. 

(Inc Caii tilx begin to i tigine \that It is lik" to IIlliilie .il i.leprlt aild 
ati,.lpi to .ilttiM Ito the e-eC -'haulcule CiiCttlitin.es c theilizlt hl LChir.i'/ll 

Nit 1 Aernicain :\relic iegin. TInlle CosCseqLiCIIecs 01 11ie oil boomtii in :laska ,i"
 

been dicllle d a1'.I, have d ,i.ini Ii, Lit tiLLir (2iid le ),', l"tu tile
 
pr iblenis with period of rapid ecoln ic grokth is 11hal tie\ arc di luhCnItto anti­
CiP.lte and prepare for. e.speciallN ii, sniall-sileld ,.-tIllnIUnItlCN. l t:llanlil\ bu,,i­
ncscN. Acc irdimi, Ill Di on 119781. \%hal hpxned ill Fairb.uk,...\ laska. was, that
 
alihough e C\Iin, ihat tii! de\ehipnieni a i t te,

State and local lo erlnieni and ilst the business coiiiiullnnl either lacked
 
Calpit.l or ,,a, reluctant to invest it and other resources to prepare for [tic boolil.
 
Yet, \\hen pipline contrCtion seemed immiient i l)7() siuln' forward-thinking
 
business people did invest heav\iIs in facilitie. and inventor% \\hel tile pipeline
 
%%as delaved b\ lawsuits, the forward-looking businesses \\err: burned. Accordiig
 
to the ia\i of Fairbanks. **Because of lack of commlitment b\ the.oil industrs.
 
it \.I, difficult for people here to jlstily spending lone\ . eitler their own Lit
 
tie public's, oil preparation for tie boon that mihi n:e\er com"" icited in
 
Dixon. 1978:1351.
 

This conservative. wait-and-see attitude adopted b\ 


r kne\\ \\.,, o h.tppell \ 'mlt '. 

nan., people in this Cx.ilil­
pie nia\ be attributed it) the long hisory of boom-bust c\,le, in the area and a 
wise ,trate\ at tile time. Such insights are important. sin_, the variu, inquirfx 
apprioacles described in this book are intended it, help peopie plan inc changes 
the\ sait and need. HtLeser. real lile does not aihsax s pro,.ecd i, the sc%%as 
anti,:p.ite or for \hich \%e plan. 

Social Risks. One possible confounding factor inI thi- and nlln other sitLi­
ations is that some of the ke\ parties in a situation ia\ choose it) act' in \%ays
 
that influence the success of' i'+he other parties' actions. Fili esanliple. tile specific
 
source of delas in construction of the pipeline was tIle-Lontlicting \\,, of oil
 
companies. enironmentalists, Native Americans. state ttificials. and other de­

%elopment interests regarding specific imnpacts. ownership of needed basic 
resources, and the distribution of potential costs and bencfits. Matters were tied 
up in the courts for several years and ultimately V.els tciLl5 ed 01ily through a 
seeminigly incongrutius alliance of' oil conpanie, and Alakan natives to drive a 
unique iegiClatie package through the Congress in Washartonevents occurred that might have been handled better if certain eiivcrin­

haCm7mntdarripaiii pc­mental and business organizatiCns p pppr 
dures and thought more holistically abLout the emerging situation. Three ionths 
after construction of the pipeline was begun. Fairbanks ran out of telephone 
numbers! And it would take two years to obtain the equipment required to meet 
existing, to say nothing of projected, demand. The next crisis was in housing, 
followed by electrical supply, schools. transportation. water supp.Y, and sewage 
treatment. Crime. ranging from labor racketeering to murder to drug and alcoihol 
abuse to prostitution, escalated. Finally, outside speculators, with better access 
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, b u i l d hou i en e loc als co uldt oc a 1ptal. x c ie able It t an d sta rtbu ,sl's ses ,Il ht trr th e. c h o i c i s e t wec'nde x u i i rg lan d ti)c r ola rd r to h u s : g.\, trc in .. ­
iot. ihis lot, gen.rated much bitlcriless at th" filli.. 

xalltOn. x1aste disposal. industrial and commercial facilities. anid the inhastructute 
It'suppotl thell. 

Other Themes of Concern 

The .eadlines an .id ialc citiques Of a.Iericuitul. attfi u itCltiilr eso rce of
[ti past dccades al, lrexcal ma or fhellne, tt comerntu indcurrent arild fultUre, prtles,,ional, itt thLse" fIelds. Each issues tfiat cionfront

ofl Iht" thtenres raises 

elriunt., l futureandr hiobelstill nt:.%in . ttl.
Eah,.tli+.uh;.ll.ecouessIuren questions ahOUt teid s aises.-or01best to Itlatle food. thI ilk.t oI.and natural-
resource enterprises. Tiet coiver the broad issueN ol ie effects-,of agricultural 

vinent. 
 cal.'praties ott ther iolocall si soc+iail.g cotiihee at rnd
cutrlcient 

enxirotinient. 
They also cover them es of concern regarding ,how these factors aridfieniironniri,.nts affect tood, agricultural, and natural resource actities, 

Perhapssurpluses of dealsrplucesiof the most prominent themes if contcern ,%ith tic nassiveagsomneortie agriculturalpricuraotinditsctninoditie. the.onti nuead irea ipcst ofthen olilued increase incsts of' 

productni relatixe to, fitk prices, anid the en irolrirlerial arid health irtipacts of agr-

cultural chenicals. Other major 
 theiies of toncern deal \ith the consequences

of current soil tanagement practices on public health. 
 \water quality, and wateran tbillionand the lonL-terma ~ailabilit\ sustainabilil 


Sustainability 
Practices that cause oil erosion or fertilit\ l.,sthirough biolo"ical. physical. 

arid chenlical stresses cairinot be sustained iiderliirel\ intithe future. The persis-

tence of chermical biocider, ill
the sane so)Is arid the !ahirizatitn of the water that 

runs through it are 
 further threats to its interl\. In 1972. the Rural Develop-
rient Act was established inresponse to these concerns and in order to establish
guidelines for anddevelopment conservation of rural litnd and water resources

and to prevent and abate agriculturally related polluiioi in rural areas. 
 Yet. in1989. as reported in the news media, in the records of regulatory agencies and.courts, and iinlegislatixe hearings, abuses persist,. 

n use. Majograictrtire colrn . usern itri potetlLand Use. Mawr ct,es confrornt us.Much tit ptental cropland is
th. croplad~adequate 
noxx Lised for grazirig or is, ill forest. Cons ers.ion of rangei or forest to croplandxould increase our nation .scapabilit\ to e-rox crops. but this tould reduce our 
po~tential t,increase ftra-e or timber productin. It\%uld also decrease wildlifehabitats. Moreover. the conversion of relatixell dry ranelands to crop agricul-lure increases a region*s vulnerabilit) to drought and soil erosion, as occurred inthe dust-bowl 'ears of the 1930s. Because of the rapid rise ,oreignin demand 
for agricultural corliodities and farmers' growing dependence on the interna-
tional market in order to remain economically viable, the choice about how to 
manage land resources is far frori simple. Indeed, itl sone regions of the coun-

Water. Eff-ectivc use of %.aterhas been at the center ol crises aund controcr­
sies in %arious regions of the United States throughout the It)7 0s and IQSts and 
exenplific, another kind 
 .onple.iti faced bi agricultural and natural resourcemlanaeers. These situations
l~e;.in;.i have ini ll\ ed four kinds Of chatig2es: cItn. 0h.eciui ht.tr qualit, arid f4 proposalls arid droug1t. (2)iixct.' iliiationt. (3} d'clirtiti xxate[ lt. proe'rahti , to)u ld 1)ptp+a>ad poa~
 t 
de.lop or reallocate \ater resources. More Oftent than it),a. ien Iocal or re­gional situation in.olxed a corbinatiorn of these. For es:nuple. drought has t\xn
meanings: tt prolonged perioda of lower-than-nornal rainfall and (2)insuffi­

water to support nornal huniai uses and acti\ ities. Thus. if a rainfall de­

t oc u s i a re on h t i ifii xpccurs in a region that is experiencingn i gpopulationp p l t on a d c n m ctarid coontnic ,rxxth. thee 
\%ater-supp s\sten will be very quickly stressed. Noreoxer. alernaixe sources,decisionsunusable duema\ be regdarding to priorities. Access. conser politicalaridallocationpollution. and authoritiesprorectin.will need to makealiuin, 

utilization of are
water concerns that man\ agricultural and natural resourceenterprises must tackle immediatel.
 

n ir c es n t e n at eor
gallonsgriculture a day are withdrawn from ofis now nation's surface water, Deparimentthe larest con (U.S. 

Agriculture. 1982). Total groundvater withdrawals exceed 8(0 billion gallons a 
water are not replaced though natural recharge.

dait. includingtimes more21 billionisgallons thatFour used for producing food and fiber than for all otherpurposes combined. Irrigation water is a major concern. Irrigated crops. grown 
on only about 12 percent of the nation's croplands, accountI for about 25 percent
of the total %alue of crop production in the L.S. Hol. arid for what purposes
agricultural and natural resource managers use water arc ii,,xevervbodx'., con­
cerrf. As discussed earlier, urban, residential, arid industial users compete 
with

farmers and natural resource enterprises for water in man\ parts of the country.


Inadequate and mismanaged water-suppl) systems are leading to degraded
water qualit\. wasted water and energy. reduced instrean, flows, and increased

production 
costs for farmers and other industries. Return floxws to streams from
 
irrigated fields 
are important to downstream water users E\en in average years. 

to meet the Rio instream regionsstream floxvs in offstreaniColorado.uses anid Grande, and Great Basin are in­needs for aquatic life. 

Soils. Soils. another natural resource, are als, under pressure. Soil erosionremains a threat to the sustainability and productivity of 13 percent of all crop­lands in the United States. Annual soil loss and 'he average annual rate of sheet
and rillerosion on: cropland in the corn belt are double that in any other region.
The average rate of erosion on cropland inHawaii and the Caribbean area is tri­pIe that of any other region, but the average rate also exceeds five tons per acre
in the Appalachians, the corn belt. the Mississippi Delta region, and the South­
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east. Holdin erosion .l a lecl ol under Ioui or fise tons of topsoil per acre 
dnnuaL. In croplands. pasturelands. aId ii )rest I.nd, NO 111.ht.Uslained use if tile 

nsoil Inspossible ,i a major IiaMogl g2,l (U.S. Deparinent of Ariculture. I982: 
B3rowr.lne 

Flood. A srginilicani potlion of die latithou aericulurJl aid Iratural resource 
base rests oil flood-prone lands. More than 29 percentil of forestthe landN. 28percent of the rangelands. 20 percent of (lie cropland. and II percent of ourpasturelainds are flood-prone. New efforts are needed these land.s fronit) protectfl a e .ae" 

flood daae. 


Pollution. Aricuhural acirsity ma\ nit sourcebe tile ssidespread of non-
point source pollution ti tile nation. Bacteria. nultrients. dissolved solids (e.g..
salinity); suspended solids tosedinient): and toxic materials are tie nmost comnon 
and msti seriu. itrnpOLInt source pollutants in the U.S. This type of pollution 
comes maii from runoft or irrigation return flo\ . Water runoff often increasees 
levels of bacteria. sediment, nutrients, and pesticides in surface and subsurface 
water supplies that ser\e home, and industry. Irriuation return floss. generall in­creases the le\el of dissolved solids. nutrients. and pesticides in streams and 
rivers. Large-.scale aninial operatinlis hase iipactS onimpacts, of' untreated human ,sewvage. Conhequenth. morewater quality similar to thedrinking-water sources 

impatss wag.f utreaed uiianhave become polluted: coastal waters C nscq eril~. riioe dinkng-wr.that tersoucesof'are degraded; and aquatic. marine, and
'ater-dependent \ildlife is les. abundant in man\ areas. This issue has taken on 
international diniensiois in the case of treaty-protected iiiigratorN waterfowl such 

as ducks and ieese. 

Wetland Loss. Because of the pressures t) increase aricultural production.
thousands of acres of wetlands annualls have been drained. Wetlands provide a 

habitat for a variety of \wildlife. The\ also serve as sediment and nutrient traps
for the stream flows into and througirthein and thus enhance downstream water

quality. It is becoming clear that one person's, or family's, or agribusiness's use 

of an area can have far-reaching effects on the land, 
water, and human resources 

in that area. No longer are people willing to see ayricultural aiid natural 
resource 
enterprises strictly as private affair.,. Hence. as noted earlier. in addition to being
viewed as profit-making organizations, enterprises of various kinds are also seen 
as producers of essential goods and services, as users of common resources. and as 
subject to the social values and ethical standards associated with quality of life. 

The Costs of Technology 

Technological developments that have contributed to sustained increases in 
production per acre are also linked to increased costs. Major production costs for 
farmers are interest on debt, machinery, fuel, fertilizer, pesticides, and labor, 
While in the past most inputs needed to manage and operate a farm came from 

N­

".1,1l)Sthe farilll IhUlial and natLlal resource.%. no\ Ilnost .re purc-hased from 
out side thei r svsfl The cost (f Input.%sch as fuel a1rd ee .CID,celliCa i. alid 
leruiit/er hase increased tremnduuoL,,v durr, the I970 to IQSO) period. In tie 

pe riod. delnalid 0 ilrd cos ts Iarm niachlner . has etlso in rea .ed. As 
a result. rarnirer arei a risk o recers rin le'. Iir tlirLl 1i.11prodtlr's theIr cost 1I0prodice ihelli. IN %%ell aN of being e'heoiorical des asialed h rll­ loIan 
terest pa.\nlents and ta\ rIcreases. 

Tile aeribusiness anaiulacturers and supply firmns. \sho ha\e also been hardhit b\ tile \eak larl econorll. sland read\ it) %elltits o g-tmer. and pioduc­
isl npt L rs r 

ers. il such input% sollleriiec increase efliciencs .nian\ rmaIagers bave dil"'ft­
culh\ decridinrg whoiii Io listen to arid hitiss is Sort OL( tlie coitsefneq tLieices Thosewho ealier adopted a prolitiiexpansinoi strateg\ seerniemly %,%ere lie thelharde.st 
hit. And for a while. th governient continued it erilcourat, tile prolt-expan­

'sion. cOnsunipion-oriente, approach to agricultural development beyond the
 
point \%here it no loier made sense 
 to man\ obser\ers. Indeed. there are ian\
 
forces at \\ork that make it difficult to decide 
 hom to tiiaiiaee agricultural and
 
natural resource enterprises.
 

Chemical Impacts. Aritier concern is ioderi agricuItIres reliance Li
 

nonrenewable resources that hase tile potential for de.stroyinc naturail price.ses
 
decomposition and nutrient e hii.For exaiiple. use of yrthetic biocides
unintentionall. u.,eful orta ueiitition ankkillnueu .soilsoil o~rganims. has, dirupt;,d hleterotro~phicoidaspdisrued eterotrth tic ilod


chains needed tL break down Lircanie raterials. It has lst resulted ill ne
 
o eain d pthtbiens renistani estal nit hods.Lt r.re d estrain 
o | pes t:an dpath og en s re i tan i to e. tab li h ed met o d , ti ctin lr0 . Tl e de t ru.­
(ion of natural processes has alio created interdependencies atloli nations. -since
 
the no\el strains of pests and pathogens often require ey, input., that must be
 
intported.
 

Ethics. The contamtinaton of dairy cattle feed. \shich resulted in the tairiin.e

of several states' milk supplies. is a costl\ reminder that we aJl depend 
 on
 
people in the foud and feed industries not only it pro\ide quaht services and­
products. but also it act ethicall\ and wi.sely. 
 The\ must think not onlly tlf their 
own business profits. but of their nita! and Social respotisibilit. . The different 
ways in \which officials si the various tates' departments of aericulture and 
health dealt with the knowlede2e of containination are reveahlin and alarnmnL. 
Some public managers do not appear it) .ser\e the public. but rather tile indusitries 
involved In the long run (and in -some case:, the short run t01 such malfeasance 
may hsi,.er the quality of life in a state. region, or natron. Uhrtniatel.. the indus­
try that officials were tryin, to protect may also be aflected neatively. Once
public trust is violated, it is hard to restore. When public officials fail in theirduties, their right to manage is often removed or counterbalanced b) the 
monitoring activities ofl other groups. For good or bad, increasing regulation
does reduce rnanagement's control over the operation of its private enterprise and 
increases the complexity of its task. 
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Irradiation. "cd n hcical ;ad .itct-e,, that sen" i - s 'ns1 aresources of lear and t10 e peopleconcern to o':hers. Iladiaiion of 1t1it1 and ,cetables is a)iad)ition casein pint. Nf', piocdtn, and technolhcac, hold el pronmise for rid-dine produce of pests prior to packac inc and shippint, and It l plr-olging 
In 

shelflife The not o lI" kill insects but also delaN ripenlll and kill nmicroorganislsMany growers x ould prefer irradiation ost' tile established double-dip or vaporheat method because. ainon. other reason-. it %ould mea less lite spent onharvesting. 
Yet. irradiation technologies hasc alan critic, The source of' radioactivityused in [lie irradiator is Cobalt () or Cesium Cesium is137 137 a byproductol plutonium production for bombs and tother \%eapons systems. It can be oh-tained verN inexpensively from fite federal government, yet it is one of the dead-liest of tile high-level nuclear wastes. Some people are annosed that the govern-ient would charge states and other potential users for waste products of which

the\ cannot safel\ dispose. A "'not in m\ back\ard" (or NINIBY) attitude hasdeveloped, even among people who aren't opposed to irradiation technology onother grounds. Technical. govenniental. cotimunity groupsand are concernedabout the possibility of leakage if a steel tank. in Mhich the radioactive elementsare submerged in "a.ter and stored, were crack during anto earthquake. There 
is concern about possible human error during transport or at the plant and thehealth effects of lo%%-le\el radiation emissions. There are also concerns about the 
competence of plant managers and employeesogy safely. All of the irradiation plants in to oversee the use of this technol­one northeastern state were closed andtheir management prosecuted btcause radioactive materials were improperlyhandled and, in one instance, allowed to escape into tie environment, and corn-
pan\ records were falsified. The legislature of thatfood irradiation, but the governor vetoed it. There are 

state passed a law banning
man% viewpoints, 

Fertilizers. Another examtple of technological des elopment hasnet that presenteddilemmas is the introduction of artificial fertilizer to agriculture. Therephenomenal were per-acre increases in crop production after artificial fertilizers wereintroduced. While \"elcomed as a breakthrough. fertilizers significantly contri-
buted to the accumulation of large surpluse 
 of man\ commodities, which led tothe need for more and bigger storage facilities. follow.%ed b. a federal excess-
disposal program. Surpluses contributed Ito the decline in prices of the coin-


mdi-es7 invoded. The legislati\e actian such a, the A-gricutural Acts of
1970-1973 and 1977. tile Paynent-in-Kind (PIK) prtra(of .
aside program of 1987, was seen 1983. and the set-as neces,,ary to ithdeal that problet. 

Federal Policies 
When excess disposal and acreage allotment programs were introduced in theU.S.. world agricultural trade and marke, prices were :1fected. Accordingly, theactive price support programs aimed at cushioning producers against shocks frommarket fluctuations ultimately did not have the effect designers intended. Thesesupports are complex mixtures of government loans and cash payments to farin-

ors who sotictinics 11.1%e to restrict pl;anting to qua!dit. forU.S. then. 1lih' iskeep prices of suppmllan% major food connodities '\ell thoVeON,' prevailih­ii tthe rest of the word. Thicy gua rantee hidefarmner a i Uil price per bushel.%fitll tle coverninent making up tie difference between thau floor br minimumprice) and the price thein marketplace. Hoimever, some obserer5 believe thattile effect w\orldwide %ka.,to cn:ouragc farmers in Canada. Brazil. Arcntina. lieEuropean Communit. and elsewhere to expand production because theN knes%the% could undersell the U.S. grower. The federal prtce-support prograln keptU.S. markets from cutting comnmodity and food prices to regain lotl o\erseassales. WVh\ cut prices \%,len the\ can get a higher price from their o'in go-xern­ment? As a result, export sales of U.S. food products have draruaticalls de­creased. Tile\ went from $7 billion in 197(0 to a peak of $43.8 billion in 1981.then fell more than 20 percent in the next ts\o years. and then onl. slightly in­creased in 1985 to S30.5 billion (Church. 1985). OnIs in the past fe%% \ears have
policies been altered to encourage export sales.


Current agricultural policy challenges 
 farmers to manage their enterprises it%%asthat will avoid entrapment it the cost.-price squeeze that lead., ine\itabls tosurplus production. The latter effect occurs vhen farmers strive to maintain theirincomtes b increasing productivit\ atid sometimes expandin, production. 

Trends in Consumption 

As if the national policy and world market situations were not comrplex"enough, the farmer is also beset b\ the fickleness of fashion and \alue -,hills andtheir impacts o tmarket prices for a range of food. fiber. and textile products.
Eating patterns change. Concern about h-ealth can markedbrim: chan,.ces in thediet of consumers, which in turn aggregates into important shifts i demand for 
certain agricultural products. This atto%%ard least parl% underlies the drift of consuterschicken and from andawas beef other reu meats. Increasiti concernabout the en ironnient by urban-based advocacy groups can lead to intersectoralpressure to change groers' augricultural practices. Thee- range from worriesabout %%idespread pollution to the animal welfare debate.


The decline of rural communities 
 and their agrarian values is a concernmany people. The decline is due, 
to 

at least in part. to the enicration of mcmbers of
farm families impoverished by their disad\antag1eoIus of trade. k\hile argu­terms 

ments are raised about the need to preserve farmland. ie\itable conflicts ariseo5er pressures to use land in alternative ways. 

Natural Forces 
Not only

the well-being 
do the actions of other nations and the efforts of agribusiness affectof Americans in communities depending on agriculture and natu­ral resources, but nature also takes its toll. Thus, managers also must respond tonatural changes. In 1985-1986, for example, there major droughtswere in theSoutheast and the Southwest. In June 1985. even as the sun bell dried up. heavyrainfall and floods washed away at least 80 million tons of Iowa's rich topsoil. 



proabahly fhle \orst rate'f water ciloi inIle s;lae's histor\. 
.T71.)liihi rt aps graisoho lt7 wetr 

") :ta.l\.take' \ik, that i-.latclh 
Mt flailsiornis destroy (Jttiltai and ,)alle. I )7	 ,i 	 otl cat e;ch yea. t Iii~ta ',Ch g"rassi it,,,hp r iinIi sa. 1i~ hit the W L.stefl in saip art ol lheciu'hlinl ."axrprt'd dt itn lh ,,0ei.s' l iloiC )ei-nt-t.t ,'al(v, 

st.l',, illI985. \\hai is the¢ propetl gos ertao\ii ilniittr in prtiel a.ricultute 
at.tmlli losses dui- it, natural dia'iCt, lThe Ibcdr'ral Crop Ili.suraince Corparatio n.ind th c d ral DlJiisiet .\ss ,lt"anc-\dlii ,ll lns.iotller someaacprtection thrtauL,h 
tite natural disasters payments pri,rain. hsonlui sil. business and gtovernment lead-
er dol not believe that o\emltnIent ,hould hail taut protducers. 

Global Interdependence and Agriculture 

0.ser ihe paist decade. the c)iplc\ii taf the tia taL..itenIt pilhlcaiun, tat tJ.et 
tarters has lillell.SilId due 10aIchancL', Ill sild trade Nlain\ tradititnal food-
altpnane countries are lit as s,ll-nut ticini it paoduciitla, and sttie are producina 
,ulticient surpluses it be c\parters liber.Itt ialftod. and other agricultural
prodLcts Slta.tctant, alils his been .,Litaillph,lcd b\ sttbsitutit, lhc productaio
tat ftotd crops for inedible cash crops. alhou-h tiatare tatunilli it results friotm 
ite transfer o lnes% crops, and s tse [Ilehth.lsthititauc of "rn restaita-lion " Thl. net\ aai.rctailns aind interdependenciesthaetn er,_,ed. \shich U.S. 
niaatcers nust take ilntoacctuntat as [he\ plat itmtprovemetst. 


Farmters it China arc producitl record liar e.c t f 
 laa, ctarse gran.. rice. 
til seeds. and ctttiali hit it slilter harle\ \iidties have addedBritatin. . a mnil-
liton tolns i \car itacereal phtaductia Saudi Arabia is literall\ turin£ its desert. 

UnLlsin. its I llense ,upi ol a,,e fil lu.it 1985. it set a wtorld
record h\ geaierattien a \hiat surplus Ptlln'iail nt\, tise, re, raiittaril prtad-
Ucl, are beniL, dis.os ercd ,titias dail\. What %%ere tanLe steds are nill\prta-
ces.sed itoa stphisticated pharmaccuticals: vasic praduct, art ntlsaanmal teed. 
Because farners can produce ira surplus. people hase been treed fron the quest 
for httd.


What is a bles..sn a, also a prublen. Glohalis and natitanall\. we Cannot 

aeree on 
 what to do about surplus production. Secretar\ ot Agriculture Blocksaid in a 	 1986 speech that if a farnter in North Dakota sneezes. a farmer it India
catche-, a cold! Perhaps the correct sniile rio\ is if' a farmer it India sneezes. a 

farmer in North .Dakota catches cold! The gra\\crs of' the woarld are mitre inter-

dependent, and s.e have less cotntrol tattur food supplx than inthe 
 past. 

A Diversity of Perspectives on U.S. Agriculture 
Because ae_-ricuitural and natural resortrces eaieiprises it the [nited States lace 
many challenges and dilenianas. sc cral attalyse, haschebeen aaade that focts on
the nature of these industries and proapt)se apprtapriate re'-pnses. Autotrities 
swing betwseen two extreme and 'seemainIy coratlactilt kieWs: that africultural 
and natural resturces sytems have chrotnic. built-in o\ercapacitaes or that they
are perennially subject to scarcity due to underpro ductiton. The.Ra the •I'r,alorf 1c 
Probh'nt(Heady, 1965) and The" t)arprotduaa,) TrmD1p t l'.S. 

%h'm ..llIi',i. OilI. it and lEc:.klitallll. P)T41 "Liptttl the u1n0:ldit 
it ;tthet Ji'l,,liat\L' lhit11 .tS iltut it'nce iiateItild IndulLI.t 

-I ll lhovwt 


pa'eople supposed in.ibii to 


mll1114i,lH 111111111 I, i lcilliotnci. 10721 . i i.. 

coliltil Irapld pIpLi1a1tni2t ii l,1ll 
srtaphic tlune .nld diNease lia tile des 

,t.lc . 

l .1h1 I 
't.cl'd 1h.li 

t aatn 

lnCC 

IcAd tI ­,.,t. 

lotpaL \korlid alnd Ultitl.+eL'd ilditlri.al 

Crthi\lh and ell%i i t alll'I1l111.1colliapse in the de\cipCd %W1atd"rhe.\idL'l dsseimna.ted. dlsua,,d. ind Intrp¢ICIL ('liltt Rol epOll. .1l,,
 
kno nIwas [lie L ait, (.;rtm tt iepoart 'i- ,r-r IL71. l .
t, I ' ttI. Kat IQ lltcaat.. IQ-2). doaes 	 ;Nit ad ,%%tnot pai , ,,lttt i1\ .1 paciterc Flt titll.,i\ais prtqectid
that [ue ,hallelce ilthe atuioatan c\ephltaaa calt be IttC b\ It.'ch 'lt'ei..i1ld­
anes stutficient tta teed i\,icc tlhe currentn trld p1p1UI.111011 lh1L..car 20tio

it 	 Tit Uunn Inicri. Let Birnwan' 074T4) ad\toc.te., ti-egtll.llatttt pa'ul.lUtai

grtowth and ctatnerile fi ited re.,sttrces And ftod s,ppliC-. le pl0t'sle a\Ouds
 
thteacnitatie ttiCllcreasile cOtsenlialll Itd.lpltadlCti becau.,e illpotetial
 
envtronliaelta ttip.+.',
 

Still tther s.tarks. ",1u11 as1 scs eral 
 studies ut l,,itilacd h\ ihcL.S. I)ep.irl-

Itent tat Aercilttre Natitanal .adei\ 
 icltScieiCe. I I")_5)q-t.4. prtoptli
 
sttrld o 
rigoartaus supp~l\-denid inanauclentalt iltsslich htlliinll\tcana antd ItIast 
cotntrol itsell and its ensltl nlia..nl. .a wtorld s%%ial iich bith tlchltllta,,s andtlihnii.ii
 
\ilts chanac. .\+ct'rdjl itl thislls\t%. a balatancld futureitlt, N IllMhch boih
tt'h 

ttuaalill\ qutalils t finial e'\isltce ire\aiud Rlatie
and li t 1haa11ctiie tlte
intachine. a~tie,blind lti it) science. o:I\it,, tip itndf,,p.l: lei\ plolct .

\isiOt o t flttll in Mach 
 scinc and pLol.• C1 ot l \lih tlieioblta rtial
 
analysis and ptosaie actitn.
 

New Professional Competencies and Approaches 

These L'S Departtnent ill.. rialthare.Ntllatil Acadean tlScaeaac- rcports

inmpIv that ha\e
\e alread\ lhe ctnl.ne -nd tooa% nccessartl har tlhrequited
nitquir. and actiat)i. Yet petople do lialiliake decisiost' and hehliateeniil\ ration­
all\ tar tab iectis\el These reptart, paint at plurlle tal people tlhat , to[ btall out 

it	research tar e.\erx da\ tabsers atin.
 
This baoak las adopted a ditterent sc,\t.of i.\hal
i,n-edcd. AcctIrdilt_ It tillsles,. %khaca s shaied b\ tata,atcullturalo ,tersi l,,,,,,,,,,r1 

there Is a presSin2 Need itat plrtolfitataS cil deal titarectaillppe\. alue-ladel situation, 
nal can 	 %ttkittahel)l,e)ss, 	 alatat tiae start that tace pradue-ers. ditrihLi­

ftrs. processors. anad cotnsuiers tatl illaCtlturai and naitural returc.s platducl.
Practitioners and proaessionals in the fields if tlid. auriculture. and natural 
restources Iteed itL tl, bolh sstentiic and saCm aclt tutat aad apprtaches tat
inquir\. The\ nced to he able tt think rationall' and iritttitscl Ilcisl\es as
well as toa be able itdeal with thinking that appears, to he irlailnal tr difterent 
ft, their ofs \icet.\ at a situatioan. Tite [itt is that ieople bril dil­
trom ta\\li 
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%erse world ,,t:s\s and e\peliences to .lit% pritblileni:ic silitijl. .and therefore 
one per!on'.s ratilot.ty n1.1%be ",C%-%ed b .irolhei ,ts ighnrance or worse. lnfact. the 'arious apprcaches t) the situiatiohi ie nierels different rationalities. 
which need to be dealt .\ith and accoinmimiodated iii older to flind satisf.actory in-

pros Ctlfnlt 

Finally. lthere is itpressillg need fllr food. aiculturail. and natural resources 

prolessionals ' h, can help [lie people [he\ ser cquire a stronger or-entaliontoy . ud the fulurv'. 1his nicans thai thei\ must deselop fhe ibilt to locus inquiry, 
Illotillchange.s that tl i1ht be needed. oi del itlrini lulure .siitt" towardbut tie 
Mhich specific changes are it)he directed. [Dont put tilecar in Lear until 
kno%\ preciselk Mhere you "'alit to ' Thi imohes 

you 
co learnilt lio, to examine 

allortanization enlterprise's inll.siollands or de\elop stiatee plans ihat relateto particular concerns. opportunitie.. or challences. 
_ All natural resource, lood. and agnicullural ot lnZall tons and enterprises needthe eapacit.,- essentially the pers,,itref wvith thienceessar\ cotlpetene ent--to 
aze in nieanittfuf. ongoitg nmision exaluanioti. priorit.s andsettinig, strategic

planning if tihe\ are to sustain and enhance their operatlons in constantly chang-
in-,economic. social. bitoicgical. and physical ensironnients. In introducing the 
sof tens approach, the obJectis\e of this book is to present antinquiry process
that readers cali use to lull\ explore their current problematic situations. to de-
,elop detailed pictures of improved ssa ,s of addressing them. and to produce the 
concrete strateic plans necessar, to achiese the feature. of that impro\ed state
of affairs, 

As the introdu,.tion t, this chaptet noted, these days. decisions concerning
'shut technologie, to, deschip arid use anid concerlttic hoss' to manage enterprises,,
in ehatiging ensirorienrt, are far tron siiple. Predicting the tIipacts of a
biological or phsical management practice is equall difficult. Graduates in the 

food. aLriculiural. and natural resource fields 
are becoining increasing. insolved 

in situations that are tites,, and diticuht to define. People factors lon large,

Ness competencies and insolvenents are needed to deal with situations.these 

These in\olvement transcend and 
 call into question the adequacy of traditional 

pro.blemn-sols ing methodologies that are taught in our 
colleges. Graduates need 
an array of approa lies to inquiry that ksill help them comprehend and take action on the interactions. impacts. and complexities tifsituations in ways that are con-
ceptuallk alid and practicall\ effectise. 

The Role of Professionals 

le traditional ro~le
of proflessio~nal, a,, ii'r\elltinists isalso changing. Until
fio\%. those heading for careers in tood. aericuhure, and natural resources ha\e
been trained to ,.iess themselves as intervening i tie biological and physical sys-
telis of the wkorld. Yet what aboiut the agricultural and natural resource enter-
prises that respond to, develop, alter, and manage biological, physical. and 
hurnan s)stems? Professionals, managers, - .. C -beginand oilier practitioners need to broaden 
the range of factors to which they pay attention. Inaddition, in the past. a pro-fessional's stance on intervention has been that oIf expert or advice-giver, while 

a mote appropliate ikt. %ellbe tofneil., that lacIlitator of eople's o\szzII)iuir. 
into their concertns. (ipot tilliIies. and ch.llei, 

Prolfessionalu, mnust also learn to assimnilate %arig le poin,1% and toStructure 
debate ill%%aNs that %% ltoiillpl0o inill lead etnent a mek.ce of coinples and 

•
factors i probleinatic silu.tiol. To do this. lie\%professional corn­pelcncies are required. Ihi.,not sinipl\ a inaniter of takine account of difieni 

attitudc% because underli ing the arlied perspecctz eN that are offered lil the uturedes elopnienl of agricuhture and natural resources are prolundl different wax% 
of1 \ie\inc tle saint \oorld and illtackin its1 probleni. 

Use of Technical Terms 
Peter Checklatid II(b1l:l1 )makes a useful distinction between .jaroi and techni­
cal terms. He sa,,s that "'h is 'cry noticeable that the word "aron" is hurled as a nmissile at an. attenpt to use technial tern.s in discussin, human aclisits or 
social svstelns. The renokinted sociolonist C. W\righitlMills -1959)1 has defined 
.jargon as .rira aen and certainls etdles e tn of distinctions 
which neither enlarge our understanding nor make our experience otre sensi­
ble." Following Mills" critique. Checkland aruue. for tileneed to use precisel,
defined terms so that the reader knows exactly \%hat is beine discussed. As much 
as possible. the number of technical ternis used in this text will be limited. 
When a term is used. it . ill have a hod\ of conceptual or applied research liter­
ature that justifies it. The underlying theories. concepts, and empirical findins 
sill be discussed when the term is introduced. A glossar i,s also prosided in the

hack of this book ?1ecaue the presentation of arguments in this bok depends
 
otn an understanditi of technical terms. 
 it is sucesred that Nou pause to commit
 
each term to understanding as it is introduced 
and take care to check whenever
 
you encounter a temi or word that you don't understand. You %%ill also find that
 
a good.collegiate dictionary is a useful t(ol.
 

The Aims of This Book 

The challenge of writing this text isto pro\ide sufficient guidance for \ou to 
understand and use the methodologie,, and techniques it introduces. Mhile notconveying the message that -this is the on\ ssas to do it." In Chaptershove\er, the book details the whats. ssh.s. 4 to 8,and hows of soft systems inquiry.This is because it is a relatively new approach, and its applicationis to food. agri­
cultural. aid natural resources issues warrant particular attention. The hope is to
communicate with sufficient detail and clarity to give you a base from which to 

your own e.xperience. Experience is emphasized because this approach ismeant to he used and t( be learned b\ using it. If the authors were with you in 
person. they would facilitate your discovery of some things on ynir own beforetalking about them. Authors of a book are, however, limited y the written 

takn"b u h mJuh r fab o ae o eelmtd h h rte
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"ord. So. while the text Iiijy appear to .NLiIe a f*,,IJdirect and prescriptive 

"vJe. the intemioni i t) comununicate .,pploaches to ilntlUirso that you can 
bee in \our own practice. Ityou ,ireleariting tie Concepts and process introducedin thii text with ani in.sttUctor. \ou ni, actuLI all) learn tit itiLigll experience (,Inn)i-
laied or real) and tlie as lullar\ of s%hat \is s.,said and what \ou diduse text a sit 
in order to inpro\e perception. thiinkinwg. .ntl action. 

Outline of the Book's Main Points 

The discussion deseloped in Chapter., I to N I.suninarized here: 

Chapter 1 

Chapter I illustrates the dynanisn and comple\it\ of tileworld in ssfich we lise and. in particular, of the situations in which must perfornwe as profe%-
sionals in the- food. agricultural. and natural resource sciences. The interdepen-dence of enterprises. governmental bodies, other intitutions such as science, andwhole nations is b\ itsell' a -source of' difficult\, 

2. Today's and tomorrow's food, agricultural, and natLural resource proles-
sionals face new challenges ant opportunities. New kinds of competencies anda broad range of inquir) methodologies and knowledge are needed in order torespond to these challenges. This book-' is devoted ithelpin, graduates deselop
such knosledge and competencies. 

3. The ability to focus. not on specific technical changes., but on a vision of 
an improsed future state is particularly emphasized. 

Chapter 2 
1.Learning is the process by which experience is transtformed into knowledge
and knowledge is transformed into action. It is 
a dynatnic process of adaptation


and action in which we repeatedly interact with 
our social, biological, and phys-
ical environment. It follows that learning to tackle real-world problems is a key

to being effective in our professional careers 
as well as in our daily lives, 

2. Learnine in%Olves four major dimensions, describing types of acti.'ities: (I)prehniion-how we explore experience and find information to determine the
meaning of' a given situation; '2 trun.',irton- htisswe take action once
think we have understood a situation: (3) mtihodh,hv- how much of the corn-
plexity in a given situation we choose to handle: and (4)in.'iih--how rational 
or intuitive we are in deciding what the fact, and meanings are and what courses 
of action should be taken.

3. Individuals develop and use markedly different styles of learning and prob-lem solving in relation to the opportunities and challenges they face in food,agricultural, and natural resource situations. Our learning style is measured by how we deal with experience in relation to the two primary dimensions of inquiry: 

prehension. ,n\'l~ing the concrete experience - abstract concepiuah.llion axis 

and trans orina lion. In olving the i-ellecti e oib'er an on - acti\ e\perilenia­
lion axis. 

4. When these a\cs are Collh tied. st\ les of 

di\crging. 12) assimilating. (3) con\erging. 


lour learninug are describld: I I 
and (4} acconinlodatin,. Each .tsIc

represent.,.1 person's particllar orientation toward findinle out about and takinc 
action in a given situatior. 

5. Not only do peoplc have their own st\les of leaning. the\ also ha' eunique wa\s of looking at tr-Lworld. While these iechniLlie. are based partl\ on 
a persons.ts preferred learnine s 'le. many other lactors contribute to a persons%%orld vie",. These lactor,, include \alues. beliefs,. noral.. tastes, cultural tradi­
tniln. past experience. language. attitudes, and pcrsonahities. A person's world
viewkind ofwill markedl)infornation heinfluence the types of observation that personor she collects. the meaning thai 

make., the 
person attributes to ex­perience. and the lint. of action he or she selects. Thus tie \,ay people createknowledge. and the subtance of that kno\ledge. determinedare b\ their par­

ticular learning styles mttd ssorld views. 
0. A model of the learnine c'cle is applied to re\ie ,iielhodoloies used IIIpUrsuing inquiry into food. agricultural. and natural resource problers, basic and

applied science nethodologies are presentcd in Chapter 2. and hard and solift s\­
tems inquir. are resie\ed in Chapter 3. 

7. The distinction i,,drasn and discussed between in'ttheh. thie abstract
logic justtiying our inquir process. and Icthltut'. the actual procedures emn­
ploved to Lather data and anal)ze thenm. 

S. All the competencies associated with the tourI t lc, t learnine arc needed 
to cat-r Liut tit gi\en methodolog or process ,nquir\.ofl While sse parts of 
a given approach will be easier to handle because the\ secm to come nalurally.
othersown. "ill require competencies foundThese inquiry competencies in st\les of lea-,ine different lrom one can be learned.9. Professionals in the food. agricultitral, and natural resource sciences %kill use at least four different kinds of inquiry rethodologies in order to tackle the-Fange of problematic situations typically encountered. Each methodology is better 
at addressing some types of questions than others and l. its own distinct task.,.

guided by a philosophical foundation.
 

3 
I. This chapter resews key premises of 5\ tens tiuikig, including the prin­

ciples of holism., transformation, control, communicatui, hierarch\. and emer­
gent properties. 

2. The stages and uses of hard and soft systemscompared. inquiry are discussed and 
3. The learning-cycle model and the various inquiry mcthododogies are nowcombined and conceptualized as a spiral of inquiry. A key professional compe­tency is the ability to select methodolLgies appropriate to the questions people 
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are asking in a particular situation aid to decide ho%% definable that situation is.In the abstract, none of [he four inquir,,methodologies is superior. Rather5 thewell-rounded profes,,ional needs to bemethodologies compelent in the use of a range ofinorder t)tackle the varlet\It thenies of concern that will be 
n most-rsi o rde tooctalt npresent in hel.od. agricultura,. and vnaturala r e rresourceo sthatconcens.situations,

4. This chapter alst) introduces the basics ot modeling in systems inquiry, in-
cluding techniques useful in both hard and soft systems approaches.5. The chapter concludes with an overview of the soft systems approach and compares it to the procedures of hard systems inquiry. 

Chapter 44. 
1.This chapter presents stages I and 2 of the soft systems approach in detail,
2.Divergent- learning-style competencies are employed in order to enter intosituations and to understand them fully and %%ithout bias. Assimilative learning-

style competencies are toemployed synthesize and analyze the information col-lected. 
3. The inquiry process starts by looking at problematic situations rather thanat a specific problem. A situation is comprised of people as individuals and in groups, a historical context that bears on the present, key human activities,themes of concern, unease and opportunity, decision-making structures, environ-

mental factors, relational climates, senses of improvement and impact, and dif-ferences among viewpoints, 
4. A key task is collecting and synthesizing certain kinds of oral and written

information. What information to collect and how. to collect it are discussed. Abeginning set of techniques that facilitates the collection. synthesis, and analysisof information and that is congruent with the philosophy of the work of stagesI and 2 is suggested, and practice exercises are provided.
5. Striving to viewk a situation from many angles and from the perspective of 


the people involved leads to insights that can 
be used -to develop ideas of mean­ingful change. This process is the first step in trying 
to develop world views thatincorporate and transcend those of individuals and groups: thus, the process pro-%ides a basis for collaboration and cooperation. 
6. The task of describing and analyzing the situation is carried out bv the
people involved. Inquiry 
 thus becomes a mutual learning process in which usefulknoledge is generated b all. Peole's capacity to analze and design im-provements is increased by the mutual learning relationship, contrasting wiih the 

traditional expert-client relationship in which ownership of the inquiry processremains with the expert.
7. Several techniques are presented for analyzing themes of concern and oppor-tunity in a situation (mind inapping and for synthesizing information regarding

the nature of the groups, human activities, and relational climates present (car-tooning). The end product is a situation summary, a record of the conclusionsof stage 2, which will be useful throughout the remainder of the inquiry process. 

I . This chapter is about2. stages 3 and 4 of the soft sdstels approach. .Often people who are interested in chance fail tdevelop 
of potential future improved conditions. This chapter discusses how.oa using svstems concepts. future conditions and states can be conceptualized as human ac 
tivity systems. 

3. When members of a group begin to think systemically, they envision
improved situation as 

at 
if its elements were functioning entities. Using rules ant 

properties defined in formal systems literature, they then conceptualize these en 
tities as constituting an integrated, functioning whole. 

Assimilative and convergent learning competencies
the inquir% tasks associated with stages 3 and 4. are used to car% ouAssimilative abilities areto form usedideas about the kinds of transfoirmation that ma) occur in the future inorder to improve problematic features of the present situation. Convergent abilities are used to develop sonic of these transformations into human activity sy.tem
models. 

5. Participants design potential human activity systems that have specifiedinputs. transornmation., subsystems. outputs, boundaries., measures of perftr­mance. actors, owners, environmental constraints, beneficiaries, and victims, aswell as a world view that makes all of these features meanineful.
6. These human activity systems are developed as models. Modeling is themental process we use to build a manageable replica of' something. In the case ofa human activity system model, the designers e.ssentiall\ are attemptin, It)answersuch questions as "What primar) human activities will be tocurring, in an improved

state*?*. By and for whom?". "With what resources and anticipated outconlies?"
7. In addition to the mandator, human activit systems model of an improvedstate of affairs, other kinds of m6deling may be done in order to communicatecomplex interrelationships, to determine presenthow features might behave ifchanged in certain ways. or to evaluate alternative strategies of chance. 

Chapter 6 
I. This chapter presents stage 5 of the soft systems approach. %lich is con­cerned with the need to pause after completing one ormnore models to comparethem with reality as represented by the situation su mmar produced in stage 2.2. Competencies associated with the convergent leanin style are called forhere. The ability to choose from among alternative solutions is particularly em­

phasized.
3. Accordingly. there is a strong temptation to slip back into ie expert and

technology development roles. This 
can be avoided if the mutual learning ap­proach is maintained in discussions between the people involved in the situation 
and the professional facilitator. 

4. Four specific techniques for comparing a human activity system modelwith a picture of reality are outlined: general discussion, question generation, 
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oxerlay. and historical reconstruction. The choice of which technique it use de- Appendixpends on the nature of the situation. 1 ihe hook also includes case matr al. on three situations. While to of5. The overall objective of stage 5 is t) eri I\ the iabili' of the nodels before teI have been fictionluied. based actualthey are 	 all are ont cases. 
tiotn plans. 

used to generate specific proposals for change and detailed imple;renta-	 these materials are us I dions arouigiout the2 Th .,rntril. re ued in di,,cus .ts book. bt ioie ofh u h ut he ok.b t n e I
them aire brought to a hard and definite conclusion. This holds open the po,,ibil­

ity that you, the actime learner, can use them Itowork through specific qtiestions 
or aspects of the approach.Chapter 7 

1.This chapter presents stage 6of the soilt ste is approach.
2. The central task is for the people involved in the situation to debate thedesirability and the teasibilit\ 	 Glossaryof the specific changes generated by the models 	 i A glossary of techncal ternis introduced in the text, ih selected cross­of an improved future state. The two basic questions are Is this what we want references, is provided.


lit] to be?" and 'Can we really do this?"
 
3. A debate is a discussion or examination of several sides of a question and
 

an opportunity to consider positive and negative aspects of. the changes being

proposed. 
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CHAPTER2 . 

The Learning Dimensions of
InquiryP o e so a n ur 

Chapter 2 develops much of the theoretical framework for the remainder of this 
book and is built on the following point: Professionals spend most of their 
careers solving problems and improving situations. Problem solving is essentially 
a learning process. Research has shown that while e'en person's wa, of learnin 
is unique to some degree, there are nevertheless patterns that pr,%ide bases for 
models describing hov. people carry out the learning process.

While it may appear novel to begin a text intended for the food. agricultural.
and natural resources fields with concepts of learning. the subject is central to 
the task professionals face of improving typical situations. One must engage ina learning process in order to improve a situation. Learning can be equated withprofessional inquir, %%hen it is carried out in order to transform ideas into actions 
or to alter people's actions and environment. 

In addition; learning different inquiry approaches, along ',ith their benefits 
and limitations, is central to professional dex lopment. This insol~es acquiring 
new competencies and methodologies. It will also be important to understand the 
premises, as well as the procedures, associated with a eiven methodolog) so that 
it can be put into practice. 

This chapter presents four key learning dimensions. It provides a model that
is useful-for thinking about learning patterns and processes. It also integrates
learning concepts %,ith inquiry approaches useful to professionals.in food. agri­
cultural. and natural resources situations. The chapter concludes with an overview 
of two of these inquiry approaches, basic science and applied science inquin. 
Others are introduced in Chapter 3. 

What Is Learning? 
If you want to deal effectively with food, agricultural, and natural resource prob­
lems, then you must understand how you and other people learn about and act 
on situations in the real world. The mark of educated people is that they com­
mand not only information, but also productive ways to find out about and take
action on a wide array of problems. Learning is the process people use to make 
sense out of and gain some control over the ever-changing world. This chapter 
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May 	4:30 - 5:30 EXERCISE -
USING THE PRESSURE BOMB.
 

I. 	Introduction and Background:
 

Plant structure and function:
 

Roots - uptake,
 

Stem - transport,
 

Leaf - transpiration
 

Plant Water Potential ­

solute - hydrostatic
 

II. Use of the Pressure Bomb 
-

cautions in use
 

Correcting for internal'pressure
 

III. Interpreting the Results
 

Water use patterns:
 

Diurnal Cycle - interaction with stomatal function
 

Seasonal Pattern 
-

Interpretations:
 

Ecological: Examples
 

Physiological: 
 Examples
 

IV. 	 Summary
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LABORATORY EXERCISE 

PLANT WATER PO-ENjIAL 

PURPOSE: To gain experience in measuring plant water potential using a pressure chamberapparatus (pressure bomb) and to understand some of the capabilities and limitations of thiskind of measurement. 

PROCEDURE: 
Each team of 2 to 4 students will work together conductmeasurements outlined below. to theIt is very important that each member of the team operatesthe instrument sometime during the measuring session. Also, the procedures outlined in theattached reading should be studied carefully so that each team member understands whatmeasurements are to be made and why.
 

MATERIALS: 
 Plant materials (seedling and trees outside); pressure chamber apparatus;
nitrogen tank. 

REPORT: Each team member will ornplcte and submit a report using the data collectedby the team, present results bf the experiments, and discuss those results. 

EXPERIMENT 1: Variabilityoftid. 

Conduct a series of measurements on 
the team 

the plants provided or designated. Each member ofconduct five measurements of plant water potential. Discuss reasons for thevariability and for the differences (if any) between results of various operators. 

EXPERIMENT 2: Effectof lighton plant aterpotential 

Cunduct five measurements on two plants; one in the shade and one in the sun or brightlights (if inside the laboratory). Compare the results and explain any differences. 

f lyEXPERI NI ENT 3: Effect crown itirm (jlanlt IJIttiaI
 
Conduct five mieasu remenits on samples from various parts of a tree. Compare the result.and explain any differences. 
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EXPERIMENT 4: Effect of dring the pian sample on plant water ptential
 
Obtain a large branch from a 
tree. Conduct three measurementsat of plant water potentialtimes 0, 5, 10, 20, 30, and 60 minutes. Leave the branch lying on the table betweenmeasurements. Explain your results. 

EXPERIMENT 5: Effect of ex iv xlm rrin hr h r er seal 
Insert a small twig into th6 chamber such that about half of tlie twig has been stripped ofleaves and phloem arid protrudes through the rubber seal. Make another measurement ona sample from the same twig which protrudes only about 1/4" through the seal. Repeat thiscomparison two more times. Explain any differences you observe. 

EXPERIMENT 6: Effectofrepeated measurements on the ame ample 
Prepare a sample for measurement and determine the endpoint. Exhaust the chamberslightly (about 50-100 psi below the endpoint) and pressurize the chamber again, making asecond determination on the same sample. Repeat this procedure three moremeasurements times (fiveon the same plant sample). Remove that sample and repeat the procedureon two additional plant samples (total of 15 measurements). Discuss your results. 

EXPERIMENT 7: Effectofwitr supplyonpantwaterpotential 
Cut a branch from a tree (preferably in the sun) arid immerse the cut end in water.Measure the plant water potential immediately (time 0) and at various times during the nexthour. Make as many measurements as you think you need to describe the changes occurringduring the subsequent hour. Discuss your results. 
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PRESSURE CIAMBER TECHNIQUE FOR MONITORING AND EVALUATING 
SEEDLING WATER STATUS
 

B. D. CLEARY and J. B. ZAERR
 
Department of Forest Science
 

Oregon State University
 
Corvallis, Oregon U.S.A.
 

Use of the pressure chamber to evaluate plant water status has

increased dramatically during 
the past decade. First Introduced in 1914

(D*Ixon, 1914), the technique was virtually ignored until 1965 when
 
Scholander reintroduced it (Scholander et 
al., 1965). Since then, plant

water status generally has been determined by the pressure chamber-or
 
.pressure bomb"--technique. Beginning in 
1968, foresters 
in the Pacific

Northwest have used this method extensively to evaluate seedling water ata­
tus (Cleary, 1968).
 

Comparisons between the pressure chamber method and other 
techniques

of measuring plant water potential are 
numerous (Boyer, 1967; Kaufman,

1968; Ritchie and Hinckley, 1975) and have validated using the pressure

chamber as both 
a research tool and practical device. Fast, reliable, 
and
 
accurate measurements can be 
made easily in the laboratory cr field.
 
However, it is not our intent in this 
paper to review all the techniques

for estimating plant water status 
(see Ritchie and Hinckley, 1975, for a
 
summary of comparisons published up to 
1974) but, instead, to discuss the

merits and safe, effective use of the pressure chamber method.
 

The J-14 press has been suggested as a substitute for the pressure

chamber i . Basically, this device uses a flexible membrane to 
apply
 
pressure to 
a tissue sample. Observed through a plexiglass window, the

sample will either exude water 
from its xylem elements or, at lower water

potentials, change color as 
cells rupture. The pressure required 
to cause

either of these changes is calibrated to some other measure of water

potential, often a pressure chamber. 
 Our attempt to calibrate the J-14
 
using the pressure cl amber as suggeqted by Childs' gave an unugible

calibration curve (Fig. I). 
Even though the J-14 can make measurements
 
rapidly and does not require 
a compressed gas supply, it has some serious

disadvantagpq: (1) the endpoint 
is indefinite; (2) precision is low; (3)

it requires ca.ibrationwith a pressure chimber; 
and (4) different age

foliage gives different results. 
 A very large sample size would be

required to overcome 
these shortcomings and achieve 
an acceptable degree of
 
accuracy.
 

1S. Childs. 1979. Evaluation of a rapid techique to estimate plant water 
potential for applications in forests (unpubl.).
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USING THE PRESSURE CIAMBER
 

Foliage cut 
from a branch (the sample, A) is placed in the chamber (B)
with the cut end of 
the sample exposed through 
the chamber cover 
(Fig. 2).
Chamber pressure is slowly increased with nitrogen from'a
tajik high pressure(C) until water is forced back

indicated on the pressure gauge (E), 

to the cut surface (D). That pressure,
 
Scholander et 

estimates water potential (I'w).
al. (1965) proposed that 
this technique measures 
gravita­tional and functional potentials.

water potential is indeed equal to 

Boyer (1969) demonstrated that xylem
the
tional components plus 
combined gravitational and func­a third component comprising xylem solute and matric
potential. 
 This 
third component is not measured with the pressure chamber
technique. 
 Because it is commonly either negligible
correction for or constant, this
atric potential is generally ignored and the pressure
chamber measurement accepted as 
an estimate of (Tw).
 

,Safety Considerations
 

The pressure chamber apparatus is n potentially dangerous device which
should be 
treated with great respect. 
 It can be extremely useful but also
can injure a careless operator. Because the device uses
gas (preferably nitrogen) as 
compressed inert
its pressure source,
pressurized vessel may cause 

failure of the
the sudden release of
explosion. pressure similar to an
Sudden failure of 
the connecting hose
serious, could or tubing, though
result in less
a wildly thrashing hose or, 
pon.sibly, flying
parts.
 
To safely operate 
the pressure chamber, establish and use 
the


following routine 
for applying pressure 
to the instrument:
 

(i) 
Turn the instrument's control 
valve 
to "off."
 

Check the supply hose 
to

(2) 

Check, by 
see that it is connected properly.
careful Inspection and tugging, 
hose fittings and
any other connections 
that might be loose.
 

(3) Open the valve on 
the supply tank slowly, not
the system sh6uld suddenly. If
fail anywhere, the nearly closed
valve more this
is, the less dam-ige is likely 
to result. This same
principle-open the 
valve slowly-also applies 
to filling a
portable tank from a main supply tank.
 
(4) Do not turn the valve wide open! In.9tead, open it onlyenough to permit widethe chamber to be pressurizedsuh:;tatial without adrop in ho,: rres,,ure. Orne-halfstfficient. Close the matin taik 

turn Iq ,,sjally 
valve at the end of the dayto conserve gas In ra:lse a sma!l leI'k rinvelops. 

(5) Test the Instrumr-nt',i n-ifnty elulprnrt 
r ,:o help dnt-ro tand perform ln..kqminor ;idJti-tment.q on v;vIjvq. Cleanchamber seals and lihricatebecnu.e dlrt and foline cause wear and can evenplug valves or tuhing. 



Following these safe'ty guidelines will not only minimize the inherent
 
hazards of 
the technique but will also improve the efficiency of collecting
 
data.
 

Sample Preparation
 

Preparing a sample for the pressure chamber will most often 
involve
 
removing a small lateral branch; 
very small seedlings may require using the
 
entire top. Removing the sample with a sharp knife or razor blade elimi­
nates needless recutting, which can introduce error in species with large
 
xylem vessels (Scholander et al., 1965).
 

In woody species, the bark must be stripped back far enough to allow 
the woody portion to protrude through the rubber sealing gasket, where the
 
cut surface can be observed. Failure to remove 
the bark may result in

mistaking phloem exudate for xylem sap at the endpoint. Resin can also 
obscure tile endpoint in species with resin tubes, particularly the pines.
Resin usually forms bubbles which break and can be wiped away to allow 
observation of the xylem endpoint.
 

Approximately 90% of the sample shouldbe inserted inside the pressure
chamber 
to avoid introducing measurement error (Waring and Cleary, 1967).

Additional error may result if 
large proportions of a small, succulent
 
sample are squeezed by the gasket, a situation that must be carefully eval­
uated when the sample is a conifer needle. For example, 'w can be suc­
cessfully measured with 
a fasicle of pine needles, but substantial (5- to
 
8-bar) errors in measuring Douglas-fir (Pseodutsuga menziesii (Mirb.)

Franco] needles can occur even with a gasket only 
4 nm thick (Cleary,

1971). Samples from dormant seedlings can be stored for 20 minutes under
 
humid, low-stress conditions with little 
error introduced; however,
 
seedlings actively growing in hot, dry conditions can easily read 10 bar 
lower after the 
same 20-minute period. Therefore, standardizing measure­
ment techniques based on sound physical and physiological principles is 
essential. Experience using the instrument 
is also helpful in obtaining
 
dependable and accurate data.
 

Operation 

1. Never place any part of the body-particularly the eyes--directly above 
the hole in tile- chamber cover. Because fairly high pressures are re­
quired to force a plant through the seal, such an event can occur un­
expectedly and with considerable vigour. The endpoint can be observed 
just as easily from the side as from above.
 

2. Never leave tile chamber cover or lid half on. It should always be
 
either on and ready to be pressurized or completely off. A cover
 
sitting, on the chamber bit rot locked in place can form enouph of a
 
seal to with.wtanud low prossutro, bItt nm y blow off at h1,her Irrqsurn.
 
Avoid this situation by always leaving the chamber cover all tile way
 
on or all the way off. 

% 



6 

3. After completing tihe day'q m~nrsitrempnts, closeleave the maintl, control tank valvev lvo (L11it andoff or "xhatiqt. Again,the way on .1onvr- theor all tihe covor allway off. If removing°sary, ascertain that tile hose i,; not 
the supply hose is neces­

pressurizedit. Like the chamber before disconnectingcovor, tuI-k-dIcornnectcompletely connected or 
fittings should becompletely eitherdisconnected. 
 Connections should be
made only when the hose 
is not pressurized.
 

EVALUATING WATER POTENTIAL 
IN SEEDLINGS
 
Field experience and renearch 
 studies 
on
responses of the growth snd survival
seedlings to different water potentials has
establishing guidelines 
 led to
for conifer seedlings.
primarily on These guidelines, 
based
data collected for Douglas-fir and ponderosa pine (Pinus
ponderosa Laws), generally liave been applied tofers (Cleary all Pacificand Greaves, 1978). forthw t coni­

refine these guidelines 
We plan to conduct experiment,
for that mayother species, particularly western[Tsuga heterpiylla (Raf.) Sarg.) western redcdar hemlock 

and true firs (Thu_ plcata Donn)(Abie j spp.). 

Bare-Root Seedlins
 
Seedlings removed from a nursery bed shouldreduce water stress. Maintain be watered immediately to

thereafter. a Tw level above -I0 barIdeally, bare-root at all times 
-5 bar; seedlings should have aif 'Tw decreases to -W0 Tw of greater thanbar, tiesignificant; risk of planting a damapedif 'w decreases to tree is-20 bar, 
the likelihood
gical damage to root tissbe of severe physiolo­is so highdestroyed. that seedlings are
A 'w less than -50 bar probably bestIs probablyBecause 1ethalwater potential for mogt ,eqdlings.
seedlings can be raised immedlatply by addingin a packing wator to
 
Tile maximum 

bag, Fw s.hould be evaluanted' before
oh qervable value water Is added.with tho preqntire rhamberDouglas-fir i. -1 to -2and slightly figher bar inin pondero9;l pile. 

Planted Seedings
 
For seedlings planted 
 in soilphotosynthesis at 

or other media, 'w is not limiting forlevels above -ltObair (Cleary, 1971).at In ponderosag
'w levels between -10 and approximately -20 
pine,


is slowed or stopped; between 
bar, seedling photosynthesis-20 and -50declines; bar, seedlingand at levels vigor continuallybelow approximIteIv3). The lower tile -50 bar, Seedlinf diew, the longer It raken (Fig.

watering (Fig. 4). for qeerllingqIn Douglas-fir, to recover after 
synthesis above -10 bar; 

lack of water does not limit photo­betwe 0n -10
synthetic tirdaPproximatelycapacity -30 bar,of seedlingq [hoto­
seedling vigour drops. 

de..l fne; and betweenDeath occurq -30 and -50 bar,
species have at J'.. levels In excessstmilar responses of -50. Other
of seedling buit nt differet valeqvtpour in respon-,e to Kw of f' . .An etimate.t-, 1",sentlai to interpretof low water potentlal lI 

the offect on se,, mp': 



7 

Monitoring Bare-Root and Planted Seedlings: Two Example Studies
 

Two recent Oregon studies have demonstrated the usefulness of moni­
toring water potential at different stages of reforestation.
 

The first study examined the effects'of winter Yw on bare-root
 
Douglas-fir seedlings during nursery lifting and processing (Daniels,
 
1978). Daniels evaluated three groups of seedlings each lifted at a Tw of
 
either -4, -12, or -20 bar during mid-February. Half the seedlings under­
cut at -12 and -20 bar were not watered after lifting (dry treatment).
 
Water is seldom added at lifting in nurseries where dry conditions are not
 
prevalent throughout most of the lifting season. The other half had shoots
 
and roots directly sprayed with water immediately after lifting (wet
 
treatment). It is significant that the dry-treated seedlings lifted at -12
 
bar had decreased to less than -20 bar Yw within 2 hours after lifting.
 
Thus, essentially no difference existed between the -12- and -20-bar dry­
treated seedlings because of the nursery processing technique. Wet-treated 
seedlings grew significantly taller (9 cm compared with 8 cm) afid prodilced 
more new foliage (5.7 g compared with 4.77 g) than dry-treated seedlings 
when grown free of competing vegetation in a nonstressed environment. 
Survival without competition was excellent for rill treatmontq, ranging from 
93 to 98%. In contrast, when outplanted on a stressed site with con­
siderable competition between grass and seedlings, 43% of wet-treated
 
seedlings survived compared with 23% of dry-treated seedlingq. '"et-treated
 
seedlings also grew taller (7.6 cm compared with 6.6 cm) and produced more
 
new foliage (3.1 g compared with 2.6 g). Therefore, stock protected from
 
desiccatic" during lifting and processing in accordance with the previously
 
outlined guldeline survived better and grew faster during the year after
 
planting (Clenry and Greaves, 1978).
 

The second study involved irrigation scheduling at a .ijorOregon 
nursery. Lavender and Cleary (197/4) outlined conifer seedling-production 
techniques to improve seedling eqt.abl1- hment and identif 1,! the 11-d to 
ensure that dormancy induction be Initiated early (by mld-.1itly) tinthe 
summer. Seedlings (mist encoittrr ,! idvrately low waterrrotentia! to Indlice 
dormancy (Lavender and Cleary, 1974). thep V'rv to d,) 1lip qo - 111,11T i, pl antq 
large enough early tit the sutmm,, r !;() thit nir.qvryvm,,, are not fnr,' rl to con­
tinue irrigation merely to at tain qomraiiz z rihJ,,ertive. Orvgont nirqeries 
should seed early in the spring at a bet. deti.try low no'igh to enrisire high 
growth rates early in, the growing sea ron. For the first year, Irrigation 
must be' frequent during the early growing seaoni to MIximtzr' gro'wth lintil 
approximately mid-July. After August 1, irripation shoiild be used only on 
extremely hot days (35°C) or when early c)rniuig 1.. isibelow -12 bar. After 
September 1, Tw should be allowed to reach bit not exceed -15 bar until 
fall rains begin. From August I to the fall rains, irrigation should be 
minimal or sufficient only to bring temporary relief of succersively lower 
'w levels and should not saturate the soil profile. During the qecond 
growing season or the growing Sgartl of a traiiplant crop, i,lqIrh' should 
be such that irrigation durin, the early part of the searson I,;frrequent 
enough to keep the soil profile (lear field capa,:Ity aned yet lot satu1rate! 
until mid-.June. Thereafter, nariv m, rnilrig f._],'y l. qho,,l,! ho .!lJowedl to 
decrease to -15 bar; .aiIii, IrrlI.-i t Iri , Imi .. rt i iI-flm I dh, r.,, hf.h W1I I 
remainii ahovt,, - 10 ba r bu t fr,,,,e t1t f.11,,1 r r,.. 11 t It f r,'1-i - I -25P.hI . . ....| s,. 
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bar. 
 The Tw guidelines outlined previously

techniques are useful in implementing the
for improving seedling establishment.
 

SUMMARY
 
Seedling water status 
is a critical physiological function that


easily be measured with the pressure chamber. can
highly pressurized gas, As with any device using
eafe and careful operation is a must.
w levels-
 determjined by the pressure chamber-ensure vigorous seedlings
 
and, thus, high survival potential. 

High
 

The measurement 
of 'w is 
a point

sample, however, and cannot detect previous desiccation damage in a plant
 
rewatered after damage has occurred. 
Maintaining high 'w levels between

lifting and outplanting is an 
important part of 
producing high quality

stock and is essential to maintaining high survival and growth rates
outplanted seedlings. of
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ABSTRACT
 

Pros and cons of using tile 
pressure chamber technique for evaluating
seedling water status are'presented. Safe use
preparation, and proper operation to 
of the instrument, sample


obtain the best possible data are
emphasised. 
 Guidelines for determining and interpreting water potential
(Yw) levels 
are given for bare-root and planted seedlings. Results from
two Oregon studies concerning the effect of water potential on 
seedlings
show the pressure chamber to 
be extremely useful in monitoring 'w at dif­ferent stages of reforestation.
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PROCEDURES FOR MITOTIC INDEX DETERMINATION:
 

(adapted from procedures by W.C. Carlson)
 

A. Sample 	collection
 

1. 	 Remove terminal buds plus 1 to 2 cm of shoot from tree using
 
a scalpel. The portion of shoot below the bud is used for
 
handling the apical meristem (AM) during dissection. To
 
minimize variation, it's best to sample at the same time of
 
day for each sampling period. Sample more shoot tips than
 
necessary to complete a final mitotic determination because
 
mistakes do happen during dissection, processing, and
 
squashing.
 

2. 	 Trim needles off terminal shoot using scissors or scalpel.
 
If you tear needles off with fingers, be careful not to
 
damage/rip the shoot or terminal bud. Any damage might make
 
apical meristem dissection more difficult.
 

3. 	 Place shoot tips in McClintock's Fixative. It's best to
 
have a large volume of fixative relative to the number of
 
shoot tips.
 

CAUTION: 	 All solutions used in mitotic index determination
 
are damaging to skin and are noxious to breath.
 
Be'sure to use gloves, lab coats, and fume hood
 
when preparing samples.
 

4. 	 Bring samples to the laboratory and place the shoot tips
 
under vacuum for 15-20 minutes. To ensure fixation shoot
 
tips, or dissected AM's should remain in McClintock's
 
fixative for a minimum of 24 hours. Once the tissue is
 
fixed, the buds can be stored at room temperature in
 
McClintock's for up to several months.
 

B. 'Apical Meristem Dissection and Squash Preparation
 

Dissection
 
1. 	 Dissect apical Lieristems under a dissecting microscope,
 

using forceps and a scalpel fitted with a curved No. 12
 
blade, or a straight No. 11 blade, whichever is easier for
 
you to use. Transfer, to a petri dish, enough McClintock's
 
solution to keep the AM moist during dissection. Do not let
 
the AM dry out during processing! Dissect the AM by holding
 
the shoot tip under the scope with forceps and, using the
 
scalpel, pull away the bud scales. I find it best to cut
 
the base of the bud scales-and then work the remaining
 
scales back and forth with the scalpel until they are gone.
 
Once the bud scales are removed, slice the AM off the shoot
 
tip using the scalpel (Do not remove any stem material along
 
with the AM). Make the same type of cut on each AM you
 
dissect. It's important to be consistent and to keep A4
 



damage to a minimum. The dissected AM's can now be prepared

for sq12.1hing or'placed back into McClintock's solution for

storage until further processing. 
 I find it easiest to
 
transfer the dissected AM's among the different solutions

using a disposable Pasteur pipette (Please don't throw them

away, though; the pipettes can be washed and reused).
Suash 


Preparation

2. 
 Transfer AM to vial containing Warmkess solution then to


Carnoy's solution using Pasteur pipettes.
remain in the Warmke's solution for a Mini mum of 15 minutes

(20 minutes optimum) and in the Carnoyss solution for a
 

The AM should
 

maximum of 15 minutes 
(10 minutes optimum). 
 Tissue left in

Carnoy's too long hardens excessively resulting in a poor
 
squash. 
Transfer as 
little as possible of one solution to
another during the preparation 
process.


3. 
 Place AM on a microscope slide using a Pasteur pipette.
Allow excess Carnoy solution to evaporate (but do not 
let
stain. 

the AM dry out) and then add a drop or two of the orcein
remaining, the AM's will repel the orcein.
surface when staining and cover slides with petri dishes to
 

If the buds have too much Carnoyfs solution
 
Use a flat level
prevent dust contamination: 
 Allow stain to set for 10-15
 

minutes before gently placing coverslip over the AM.

additional drop or two of stain, if necessary, before adding
 

Add
coverslip. 
Be sure to place coverslip 
so AM is located in
the middle.
 
4. 
 Secure the coverslip with
AM/coverslip With the other using the flat, Wooden end of 


one hand and squash the
dissecting needle. 

the AM. a
Apply firm, rapid pressure directly over
Remove excess stain using Kimwipes. Try not to
 
move the slide across the AM as this may rlin the tissue.

After allowin4 the .A to sit for a few minutes, use the
 
needle end of the dissecting needle to further squash the
 
bud to a unicellular thickness.
coverslip to disperse the cells from the center of the AM to
 

Press the needle across the
the edges. 
 Firm pressure is used to squash the bud and this

may sometimes produce small cracks in the coverslip. 
While
After squashing, warming (not to the boiling point) the
 
slide over a bunsen burner will help stain the AM more
thoroughly.
 

this is nct ideal, the squash should usually remain useable.
 

C. Mitotic Index Determination
 
1. 
 Mitotic index determination should be made immediately after


squashing. 
Squash slides can be stored for short periods of
bright-field microscope with a lOX ocular lens and a 40X
 

time if the squash is kept moist with stain solution. 
Use a
objective. 
A 10 
x i0 counting grid is used in an ocular

yepiece to assist in counting cells. 
 Scan the entire

M to find the three regions of highest Mitotic activity.
 



For each active region, mitotic index is determined as:
 

No. of actively dividina cells X 100 = MI% 
Total No. of cells within counting grid 

Any cell within, or touching, the grid is included. Use a
 
hand tally meter to assist in counting cells.
 

NOTE: Please wash and reuse slides and coverslips unless
 
broken or badly scratched or stained.
 

Solutions: 
Volume Ratio 

McClintock's Fixative 

100% ethyl alcohol (95% acceptable) 
Glacial acetic acid 

3 parts 
1 part 

Warmke's Solution 

95% ethyl alcohol 
Concentrated hydrochloric acid 

1 part 
1 part 

Carnoy's Solution 

100% ethyl alcohol (95% acceptable) 
Glacial acetic acid 
Chloroform 

6 parts 
1 part 
3 parts 

Orcein Stain 

-1 g orcein into 100 ml of boiling 45% acetic acid
 
-cool and decant
 
-let stand for 12 hours
 
-filter and store in refrigerator
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1980. Changes in mitotic ind.x dunng onset of'dormanc) inA method is presented for rapid determitiPtion of0,Franco. Fertilization at planting increased mitotic , 
: mitotic index in terminal buds orDoullas-firrseedlings. Cold storage, prior to dormancy. reducc -itotic 	

Pseudoriago men:iesu (Mirb.)Jex but fertilized seedlings entered dormancy at the same time as unfertilizedyear. The effects of moderate moisture stress and seed source on 

index rapidly and was related to reduced height growth the followingmitotic index were slight.CAu.soN. W. C.. W. D. BINDER. C. 0. FEENAN et C. 
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Psedoixugamen:iesit (firb.) Franco. La ferilisation efTectue Iors de la planlaion a augmente l'index milotaque mais les semis
rapidement 
fenilisis sont entres en dormance en meme temps que ls semis non fertilises. L'entreposage au froid avant la dormanLe areduit 

'index mitotique en plus d'itre relii a une reduction de ]a croissance en longueur I'annee suivante. Les effets de stress 
,m ders en humidiie et la provenance des graines nont eu 
que peu d'eflet sur I'index matotique.
 

Introduction rlraduit par It journal)
Growth potential of planted tree seedlings can be 
Managers must be able to determine the dormancy
greatly reduced by improper coordination of cul. 
status of crops in order to properly schedule cul.
turalzural and outplanting practices with the physiolog-

and outplanting activities. One method toical condition of the tree. One important and often 
evaluate seedling dormancy status requires up tomismanaged aspect of nursery production is con. 
30 days of obsernation (Lavender andditioning of seedlings 	 Hermann 

to promote completion 
1970). This time period is too long for effective de­of cision making by nursery management.Successive 	 Use of anstages of dormancyStages of dormancy have been discussed in detailby Samish (1954) 	 oscilloscope and square wave generator to measureand Romberger 	 electrical resistance reduces the time necessary to 

(1963). whileLavender and Cleary (19741 	 determine dormancy status (Ferguson et al. 1975).described them interms ofDouglas-fir (fseudotsugomen:iesii (Mirb.) 	
Unfonunatelh. electrical resistance and impedance
are
Franco) nursery management. 	 more directly relatedOwens (1968) and stress to cold hardiness and
Owens and Molder (1973) have described the an-

than bud dormancy and growth (van
Driessche 1969: Wargo and Skutt 19 7 5: Askren and 
nual growyth cycle in 	

den 
termsdefining dormancy as of bud' development. Hermann 1979).the absence of cell divisionin the bud. These general dormancy.classficat ions 

Owens (1968) and Owcns and Molder(1are compared 	 9 7 3)havewith periods of susceptibility 
utilized mitotic 	frequency, i.e.. the number of di.transplanting shock (Fig. I). The expansion of pre-

to 
 viding cells in five median longitudinal sections. to
formed stem and leaf primordia occurs during the 
monitor onset of bud dormancy. This procedurebud scale initiation phase. Free growth tJablanczy 
gives a very precise indication of the end of cell
1971) can occurduring the early rapid leaf initiation 
division activity which coincides ver% closely with
 

Vegetative 	
the time when Lavender and Clear%. (19741 

Phase followed by a return to bud scale initiation, the beginning of deep dormancy (Fig. 
notedbud set occurs at the end o'scale tin.ation (Sterling 194(). 	 The methodology of Owens (1%8) 

II. 
for determin-IKnowledge of progression of dormauic% stages is 

ing mitotic frequent. is laborious. The'ery ;npoiant to manzgemen squash technique use of a 
i of nur!,er, crop,, rather than 	seclioning and de­lerminin[imitolic index (the percentage of cells anOt entuck . Lexangion 	 division, (J. N. Owens and MI.

ohPrev.nt address: Department of Forcs,,% flVi3iKI 4054, Lniterit % 	 Molder. peronal:Author to whom reprint requests should tv. sent communicati rather than mittic frequenc%al-Prentaddres. 	 lmOhs comparati.elk rapid assessment of dormanc%Forest Research Laboratory.OreTon StatieUPrsentiversity.eCo
KentuckyaidesD palip l O t Pathology. Lni.erit 

Lse of mitOlic index is
'Present 	 status. 

Lex.ington. men! of Plant Paililg 	 more precise than)4 	 .U ie t% milotc frequency for estimating dormanc.manuscrpt received April 14. 	 squashes. where the number ofcell. in the grad field 
via bud1990 is a function of the pressure used in preparing the 

Cc 0045"5067/8010-!017l "ORS0100/0 
1980 National Research Council of Canada/Conseil national de recherche%du Canada 

http:ohPrev.nt


Period of Ifseedlings are planted during this period, survival 

and (or) growth potential-will be reduced
most succcful 

tran~planting 

R Dormancy deepening.
Post dormancy. Predetermined Terminal bud 

leep 
even in warm. moist lng Zsh)oot initiation,durmancy, trees gradually lose frost .day environment%. trecs 

lrees will not hardiness and will resume elongation free growth 

can occur in 
 will seldom resume growth 

rcsumc growth growth when warm soil 
:0
favorable
temper;atures occur jaenvironments 

OLate Early 
bud rapid Late slow leaf initiation 

Early bud scale initiation scale leaf
Bud dormancy initiation iniitinn 

r :November D~ecember 
Deccmer jIII),y February March Apti Mayus Jne 

planting shock (after Lavender 1964) with stages ofdormancy 
Ftr. I. A general comparison of(A) periods ofsusceptibilityyt Irar 


as determined by (tilobserving vegetative growth paiterns in a favorable environment (after Lavender and Cleary 19741. and (C)
 

by following bud development anatomically and noting the rate of cell division (after Owens 19611). 
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squash. This paper presents the results of monitor-ing mitotic index in the terminal bud of Douglas-fir 
seedlings during onset of bud dormancy. 

Materials and methods 
During the Ist year of che study. buds were sampled from a 

greenhouse expenment concerning the effect of periodic mois-ture stress on induction of vegetative bud set in container cul-
lured Douglas-fir seedlings.utilized b) A nutritional regime similar to thatthe British Columbia Forest Service was used. Theschedule was described in general by rix and van denDriessche t1974) and specifically by Carlson (19781. These earlytesis of the mitotic index meihod established the basic patternofdormancy onset in Ist-year Douglas-fir seedlings. During the2nd year. the effect of various outplanting strategies on mitoticfrequency was evaluated. An experimental plantati0on wasestablished adjacent to greenhouse facilities used in the study
neii Aurora. OR. U.S.A. Outplanting strategy included (I)time of outplanting, (2) whether seedlings were extracted fromcontainer- 2 days before planting and wrapped in Saran in 
25-tree bundles or were planted directly from Styroblock 4containers in which they were cultured, and (3) whether or notseedlings were fertilized with a 22-8-2 NPK Agriform foreststarter peflt in the planting hole, 

Sampling 

Bud sampling was done between midmorning and midafter. noon. Diurnal fluctuation in mitotic index was small IW C. Carl.son, W. D. Binder, and C. 0. Feenan, unpublished data). In1977,eight terminal buds were collected at random from the twoblocks for each treatment (seed source and moisture stress 
level). Two seed lots were used: Seaside, OR (elevation 500 ft(I ft ­ 0.3048 m)) and Sekiu. WA (elevation 1000 ft. Weekly
sampling continued.from July 29 (before bud set) until Decem-
ber 2-. 


In 1978, 53 terminal buds were collected at random from thegreenhouse population on August 18. before outplanting began.
Subsequently eight buds were sampled from the greenhotise
ropulaulons immediately before each outplanting. and another
eight buds were sampled from the residual populations 2-5 days
afterestablishmentofeachportionoftheplantation. Duringand
immediately following the period of vegetative bud set, the 

greenhouse population 
was sampled frequently to define the'mitotic index peak. Bud samples were taken at random from the

•,entire population 48 h after the establishment of each portionand at additional dates as shown in Results. Predawn moistureStress was measured on excised stems on each field samplingdate using a prrssure bomb. The outplanting dates were August 
23-24. October 2-3. October 13, and December II. From 10030300 tr"es were planted per treatment (ferilization x extrac,tionl on each planting date in a completely randomized singletee plot design. 

Bud jqtuash techniques 
After removal of scales, the embryonic shoot (budl was re. 

moved from the stem and fixed in McClintock'shansen 1940) for a minimum of 6 h. fixative (Jo. 

After fixation, buds were placed in Warmke's solution for 
10-25 min to dissolve pectin material in the middle lamella (Jo.hansen 1940). In order to counteract the softening of the cell that 
was caused by Warmk's solution buds were transferred to 
Carnoy solution forrks5-20 (Johansen 19401t,in 

The buds were then placedI on slides and stained with orceinor acetocarmin, the latter with iron added (Johansen 1940t. Thebuds. including the stem aipex and leaf pnmordia. were stainedfor 10-20 min, time being proportional to size. Half way throughthe staining period, a cover slip was placed gently on top of thebud and stain. The weight of the cover slip flattened the budslightly. At the end of the staining time, the bud was crushed b)applying pressure to the cover slip directly above th bud. Aftercrushing, the slide was warmed, without boiling, over an alcohol
lamp until it was almost too hot to hold.


Immediately after staining, cells were 
counted using a LeitzDiaveri microscope equipped with a 12.5x ocular, a 40x ob.jective, and an ocular c,,ing grid. All of the stages of karyo.
kinesis were counted as dividing except intehase (Fig 2). Todetermine the onset of bud dormancy more precisely, the leastdormant area of the squash was counted. Areas under mitotic 

index curves were determined by weight. 

Results 
Analysis of variance in the 1977 mitotic index in­dicates that there was a comparatively weak effect 

of seed source (a = 0.47) on mitolic index and no
effect of moisture stress treatment (a = 0.70). the
experimental error mean square being greater than
the treatment mean 
square. Therefore data werepooled over seed source and moisture stress level 

(Fig. 3). Seedlings cold stored in late Octobershowed a more rapid decline it, mitotic activil thandid seedlings which remained in the greenhouseuntil December (Fig. 3). Decrease in area under the 
mitotic index curve due to early storage was ap­proximately 7%. 

Outplanting in August 1978 lowered the miloticindex: however, the October oulplantings raisedthe mitotic index (Fig. 4a). Mitotic index was af­
fected within 2-5 days after outplanting. and theeffect continued until the final drop in December.which occurred at the same time in both field and 

TABLE I Analysis of variance in 197R mitotic index 
Source of 
variation 

Planting
date 

Error 
Fenilization 

Extraction 
Fertilization 

extraction 
Error 

i Degree of 
freedom 

4 
9(W 

1 

A9f 

Probability of 
%tean square a greater F­

" 47 0 0223 
9359
 

94 9-
 00009 
0.01 0. %6 

I 4h 0.679. 
851 
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Ftc. 2. A typical Douglas-fir bud squash showing 1l.t cells which would be counted as dividing. While the phototgraph shows 
i1y one focal plane, the actual counting of" the squash is dne with slight focal adjustment to faciltate decisions based on cell 
ructure. The mitotic index of the area shown is 4...'. 

-eenhouse seedlings. Analysis of"variance (Table tainers. Measurement of the areas under mitotic 
I indicated that planting date had a significant cC- index curves (Table 2)confirmed the effects of"fer­
ct on the mitotic index in the terminal bud. tilization and oupianting. The interactive effect ol 
Summarizing oufplanting treatments over plant- f-enilization and extraction treatments was com. 
g date (Fig. 4b and Table I),fertilization at time paratively weak (Table I ).
f-planting increased mitoic index: however, there In 1978. seedlings inthe greenhouse and field sel 
'as no consistent effect of extraction frotm con- dom reached 12 bars (I bar = 10"Pa) moisturt 
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JULY AUGUST' :UU ST 	 D M:i IIiPIMlilg O C O I Rl OVl I SiR D Ci tg1i5 22Fic. 3. Mitotic index (seedlings) and mitotic frequency (mature trees) of Douglas.fir during the dormancy cycle: 1-0 seedlings

in the greenhouse: x. 1977: 0. 1978: (2),seedlings put into cold storage on October 28, 1977: 0, mitotic frequency of a mature treenr Victona. B.C. 196%8:redrawn from Owens and Molder (1973). 

stress because the weather was cool and rainy dur-ing the end of August and September (W.C. Carl-
son. unpublished data) . 

Discussion 
Several features of the mitotic index curve dur-ing the onset of dormancy period in Ist-year Doug-Ias-fir seedlings are similar to those of the 'mitoticfrequency curve for mature Douglas-fir (Fig. 3)(Owens and Molder 1973). There is a peak at the

end of bud scale initiation followed by a sharp dropin mitotic index, a smaller peak, and finally a grad-
ual decrease in mitotic index to zero through thefall. The :urve for mature Douglas-fir was shifted so that maximum mitotic frequency occurred 2weeks to I month earlier. There was relatively littleactivity by early November (Owens and Molder1973). The amount of cell division at bud set wasvery similar for mature Douglas-fir on VancouverIsland (Owens and Molder 1973) and 1977 green-house seedlings: however, the 1978 seedling peakwas substantially lower. Mitotic frequency andTitotic index were found to be comparable esti-malors of cell division in longitudinal sections tOw-ens and Molder 1973). Since the longitudinal sec-tion method samples onlk a portion of the tissue.while the squash method samples the apex and allof the leaf primordia, it is expected that the lattermethod yields higher estimates of mitotic index,This would be most apparent late in the seasonsince the apex ceases division earlier than leaf pri-

TABLE 2. Mean areas under mitotic index time curves: 1978greenhouse and field by treatment and over date of planting 

Area ur,i: __SE 
Greehouse 
 49.9566 = 0.3163Planted 

Fertilized
 
Extracted 
 59.9375 = 0.5369 
Not extracted 61.4592 = 0.6173
 
Extracted 53.4477 = 0.0701 
Not extracted 53.0993 = 0.0650
 
ot 
ne area unit - 1.0% mitotic index per 10 days 

mordia and internodal tissues (Owens 1968 and per­sonal communication (1979)).
The earlier peak in mature material could indi­cate a basic difference between mature trees thathave only predetermined growth and seedlings thatexhibit free growth. Mature trees support earlyproduction of the bud to be overwintered, whileseedlings maintain free growth for alonger time andthen produce the overwintered bud in a shorter pe­riod of time. Area under the curve during onset ofdormancy is an indicator of the accumulated effectof cell division (the number and (or) size of the leafprimordia and stem units in the overwintering bud).This area was substantially less for mature treesthan for seedlings and could indicate acombinationof higher division rates in seedlings related to freegrowth. It is unlikel) that differences were due toseed source since seedling populations from north. 
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FiG. 4. Mitotic index of 1-0 Douglas-fir seedlings in 1978. (A) In the greenhouse and outplanted by date: greenhouse:--
August 23-24:--. October 2-3: .,October3O-31: Z.December II. (B)Inthe gr'enhouse and outplantcd by treatment and over 
planting date: x. greenhouse:-. no fertilization. and no extraction: C. no fertilization and extraction: (E. fertilization and no 
extraction: U. fenilization and extraction. 

west Oregon and the northwest tip of Washington dures. year of sampling and (or) iooal weather 
(very close in latitude to Victoria. B.C.) did not conditions also affected differences in mitotic ac­
differ in cell division pattems when greenhouse cul- tivity. 
tured in 1977. It is, however, possible that differ- The importance of differences in the area und.r 
ences between squashing and sectioning proce- the curve is not clear. If a greater number of cell 
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divisions indicates a greater number of cells in thestem internode, then an incr'ease in area under thecurve would indicate increased height growth thefollowing year (Cannell et al. 1976). Mitotic indexis an indication of number of cells produced: how-
evet-. it is not precise unless the length oftime spentin each phase of the cell cycle in each generationis known. It is probable that mean cell generationlime increased with decreasing temperature late inthe season (Grif 1963). This would result in fewercells being produced per unit time per unit of mi-totic index. Seedlings of all seed source x moisturestress treatments had the same mitotic index curveduring onset of dormancy and there was no differ-•ence between treatments in Ist year height growtlin the field the following year (Carlson 1978).Early cold storage, which reduced area under the 

curve by 7%. resulted in a 23% reduction in heightgrowth the following year. Since the reduced mi­totic activity occurred during late, slow leaf initi-ation, at which time division is slower and contrib-utes to leaf vrimordia and internodal development(Owensand Molder 1973), decreased height growthcould have resulted from a decreased number ofcells, leaf primordia and (or) stem units in the over.wintered internode. Other physiological factors
such as reduced food reserves due to early coldstorage could .lso have affected reduced height
£rowth.Outplanting involved physical disruption andpossible changes in temperature regimes, moisturelevels, and (or) nutrient levels. The practice of ex-tracting and packaging seedlings in Saran wrappingmaterial rather than transporting them to the fieldin containers could d;srupt physiological pro-

ccsses, and therefore direct tranlsplantingferred (Hahn and Hutchison is pre-1978). Although ourresults .ndicate this disruption did not affect themitotic index ii, the developing bud, it could affectchanges in other physiological functions, e.g., ex-
traction could 

c oo 
Potential in affect the developmentroot tips and reduce of growththeir ability 10quickly egress from the plug after 'planting (Hahnand Hutchison 1978). 

ubsanti aThere was a substanial effect of planting date onMitotic 
Ther wa l efec ofplaning dat onindex,' which was not related to physicaldisruption during extraction. Oulplanting in Au-

gust temporarily decreased milotic indextreatments. in allwhile all oulplanled seedlings had anincreased mitotic index throughout the rest of thefall. During August and earl) September cold rainyweather reduced fielu temperatures. and. althoughthe greenhousesand cooling fans were maintained with open wallsrunning,o nrnn it is possible that thes egreenhouse environment was nwarmer. During the 

CARLSON. W C. 1978. The use of penodic moisture stress toinduce %egetaivebud set in DougJas-fir seedlings. Proc. Int.Plant Prop. Soc.. Oct. 3-4.FERGUSON. R. B.. 1978. No. 28. pp. 49-58.R. A. RViElt. and E. D. BALLARD. 1975.Portable oscilloscope technique for detecting dormanc, innursery stock. U.S. Dep. Agnc. F5 Gn. Tech. Rep. INT-26. 
G ~ti, V. G., 19%7, Effect of low temperature on mitosis inplants. In The cell and environmenta: temperature. Proceed­ings of the Interational S tmposiumCviotcoloyon May31 - June 5. 1963 Editedb; A. S. Troshin. Pergacmon Press. 

Elmsford. NY pp 64-65 
HAH, P.andS Ht'TCHISO, 

Root 
197R Root form of plarited treesand their performance. In Proceedings of the Smposium on 

Form in Planted Trees. Victoria. B C.. Mal 16- 19.
1979. Edited b%E. van Erden and J M Kinhorn. BCFS/CFS Joint Report No 8 pp. 23,. 2,0)

JABLANC7T .AJOH^NSEP..D 1971. Changes due to ae in aprical developmentA 19.40 Plant micra)lechniquespruce and fr. Can McGra%,-Hill.For Se . B.onthN~e 'mork. NY Re Notes 2F 

period from October through December, it is likelythat container media temperature decreased fasterand fluctuated to greater extremes because of itssmall mass than soil temperatures in the field. Suchdecreased temperatures would reduce mitotic in­dex (Grif 1963).
A separate study (W. C. Carlson and C. L. Prei.sig, unpublished data) showed that controlled re­lease fertilization at planting increases both thenumber of needles and the length of their associ.ated stem units formed after fertilization, overwin­tered in the bud, and elongated the following grow­ing season. Increases in mitotic index due tofertilization could result in an increased rate of pro­duction of leaf primordia and (or., numbers of cellsper stem unit since the date of dormancy in fertil­ized and unfertilized seedlings was ihe same. 
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DISTRIBUTION OF WORKSHOP MATERIAL BY U.S. CONSULTANTS 

During the Workshon at KAU-Trichur. one cony each of the
foloWinV ublications were distributed bv the U.S. Consultants 
to each I li. cipi nt. 

I. For-est. Nurserv Manual O.S.U 

2. Seedlina Nutrition & Irriaation U.S.D.A
 

3. The Bioloeical Component Nursery Pests &

Mvcorrh i zae 

U.S.D.A 

4. Orinamentals Northwest Newsletter. 
Nov. - Dec. 1991 


O.S.U.
 

5. Equipment for Oontainerized Tree Seedlings U.S.D.A 

6. Hand Plantinq Tools
 

7. Nursery Technologv Cooperative Annual Reports 

One copy each of the fol lowin reference materials were alsoprovided to each of the workshop participarlts 

1. Effec ts of Soil . Contet,iom on Seed lIi.ng Growth O.S.U. 

2. (ah.ifo vi of Nm-'frvY' E.zI pronlrit. - Oot.. 1976 U.S. 1).A 

3. Mineral Nutrition and the Target Seedling 

4. Care & Pinntinr of" the Sotthern Pine Seedlines U.S.D.A 

5. Starch Analyvsis Procedures 

6. Nursery Technoloav Cooperative Annual Reports
 

7. Technl1icai Guide for Forest Nujrser.; Man in Caribbean 
& La t.in Ameri en 



In addition to the 
 above referred list of publications, a large
carton containing 'Irrigation Systems' with 
a total cost of US
8 265.28 was brought in by 
 the U.S. Consultants as accompanied
baggage from 
 the U.S.A., for 
 demonst.ration 
 purposes and
distribution 
 to the Agroforestry Researchers 
 in India as per

details given below 
 :
 

1. Three dlorstrati(?t irrivat.ion systems were built and left
with -,elect workshop participants. 

2. The 
 College of Forestry, Kerala Agricultural University,
Trichur, received 
 both of the PVC 
 Pipe Irrigation Systems
wiLhlias6uttddnifiozilss 

3. Dr. M.G. Dastaairi from 
TNGNDAU, Mettupalayam (Tamil Nadu)
received the 
trickle irrigation demonstratiDn.
 

4. Dr. L.N. Harsh. Scientist, 
 CAZRI. Jodhpur (Rajasthan)
received the Styroblocks and the Battery Powered Programable

Water 'On/Off' Valve.
 

5. The College 
 of Forestry, Kerala Agricultural University,
Trichur also received one 
set of publications except for the
Technical Guide 'for Forest Nursery Manual in the Caribbean 
& Latin America. 

6. Wirirook-)e]hi office received a set. of publications from theConsultant, Dr. Robin Rose, as donation to the Library. 

7. All of 
the Workshop participants received OSU Baseball caps.
 

8. Al I (f the Workshop par. t i i pants received Diplomas. 
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PROBLEMS AND QUESTIONS 

Monday, May 6, 1991 

Overview of world reforestation 

1. 	 Name several problems that each country or region of the world have in 
common. 

2. 	 State the role of the forets nursery in solving reforestation problems. 

3. 	 Are reforestation problems solvable by scientific means alone? 

Bareroot Nursery Development 

1. 	 (Ch. 2, FNM) State why soil workability and drainage, water supply, and soil 
texture are important to a bareroot nursery. ... a container nursery. 



2. (Ch. 6, FNM) State the relationship among pressure, soil moisture content,
and soil bulk density. 

3. (Ch. 7, FNM) Assume you have a nursery 10 kilometers away from anothernursery with similar soil characteristics. Will your fertilizer regime be the same as the other nursery? Explain your answer. 

4. (Ch. 8, FNM) State why it is important to monitor soil fertility every year. 

5. (Ch. 9, FNM) State the benefits of organic matter in soil. 

6. (Ch. 10, FNM) State the advantages and disadvantages of covering cropping. 
...leaving land fallow vs. continuous cropping. 



7. (Ch. 16, FNM) State the primary advantage of transplanting plug seedlings. 

8. Which is better...a containerized seedling or a bareroot seedling? Or does it 
matter? Explain. 

Wednesday, May 8, 1991 

1. (Ch. 4, GNM) 

Seed/Genetic Variation/Source/Seed Physiology 

State why seed maturation at the time of collection i so 
important. 

2. (Ch. 4, FNM) State why seed moisture content is so important. 

3. (Ch. 5, FNM) Find Bunting's account of the dilemma of bed density. 

N 



4. (Ch. 17, FNM) Define directional selection.
 

5. 	 Should cull plants be planted in order to maintain biodiverity? Yes or no? 
Explain. 

6. 	 (Ch. 19, FNM) State what IPM (Integrated Pest Management) is. 

7. 	 (Ch. 20, FNM) State the difference between an ectomycorrhizal fungus and 
an endomycorrhizal fungus. 

8. 	 (Vol. V, The Bio Comp) State how a manager can best manage for disease. 
I 



9. Name several ways to inoculate soil or media with mycorrhizae. 

Thursday, May 9, 1991 

1. Define the Target Seedling Concept. 

2. (Ch. 8, FNM) State the advantages of tissue analysis over soils analysis. 

3. State the several ways nutrition data can be analyzed. 

4. (SNI) State why water quality is so important. 



5. What is nutrient concentration? 
1 

6. 	 What is nutrient content? 

Monday, May 13, 1991 

1. 	 (Ch. 14, FNM) State how physiology and morphology work together to help 
a seedling grow. 

2. 	 Does a seedling survive toggow 	or grow to survive? Explain (have to pick
one). 

3. 	 Define dormancy. 



4. 	 (Ch. 15, FNM) State how nursery cultural practices, impact seedling quality.
(Keep to -O()0 words!) 

5. 	 (Ch. 17, FNM) State how nursery practices alter the population structure. 

6. Why do seed orchards tend to produce better quality seed and seedlings than 
wild collected seed in some areas of the world? 

7. 	 (Ch. 6, ESQ) Name 20 morphological parameters that can be measured in 
a seedling. 

8. 	 Name 10 physiological parameters that can be measured in a seedling. 



9. State how apressure bomb works. Use a diagram if you wish. 

10. State the advantages and disadvantages of using RGP test results. 

11. Frost hardiness may not apply directly to your situation. So, what is the 
difference between quiescence and rest? 
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NURSERY MANAGEMENT WORKSHOP
 
Drs. R. Rose, W. Emmingham, L.N. Harsh
 

PRE-WORKSHOP PROFORMA
 

Your Name: 

Name and Address of Your Institution:
 

Your Present Position and Title:
 

Your Job Description:
 

1. Please describe your present work: 

2. 
 If there is any information about your present or future work-related responsibilities
that you think will help make this course more useful to you, please explain below: 

Your Academic Training: 

1. What is the highest degree you have earned? 

2. Date earned? 

3. Name of Institution granting the degree? 

4. Major or Specialty: 



Page 2 - Pre-Workshop Proforma 

Nursery Experience 

1. Have you taken 1 or more courses at the post-graduate level in: 

- Soils Yes No 

- Plant Physiology Yes No 

- Ecology _ Yes __ No 

- Horticulture Yes No 

- Agroforestry _ Yes No 

- Others: 

2. Have you had training in Nursery Management? 

Yes No 

If yes, please describe that training. 

3. Please describe your experience in Nursery Management: 

In what climatic region and with what species: 



Page 3 - Pre-Workshop Proforma 

Please list information needs, or questions that you would like to have addressed in this 
workshop. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 
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INSTRUCTORS 

1. 	 Name of First Instructor: Robin Rose 

Rate this instructor in the following areas (please circle the appropriate number): 

Poor Excellent 
Knowledge of Subject? 5 4 3 2 1 - l.0 ,
 

Presentation of Material? 5 3 1 O .C10 .
4 2 	 04 

Ability to Relate Material 
to Nursery Management? 5 4 3 2 1 2-0 1. S , 

Encourages Participants to 
Discuss Material? 5 4 3 2 1 2-0 .<, Cj 

What, if anything, would you suggest this instructor do to improve? 

2. 	 Name of Second Instructor: Wm,Emmingham 

Rate this instructor in the following areas (please circle the appropriate number): 

Poor Excellent
 
Knowledge of Subject? 
 5 4 3 2 1 (10 .30, 

Presentation of Material? 5 4 3 2 1 -ZD (.to 3 

Ability to Relate Material 
to Nursery Management? 5 4 3 2 1 Z1 ,O .-

Encourages Participants to
 
Discuss Material? 5 4 3 2 1 "_
 

What, 	if anything, would you suggest this instructor do to improve? 

7­
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3. 	 Name of Third Instructor: L.N. Harsh. 

Rate this instructor in the following areas (please circle the appropriate number): 

Poor Excellent 
Knowledge of Subject? 5 4 3 2. 1 q Ao \.OZ. 

Presentation of Material? 5 4 3" 2 1 I .Cq 

Ability to Relate Material
 
to Nursery Management? 5 4 3 2 1 19 D21 . .
 

Encourages Participants to
 
Discuss Material? 5 4 3 2 1 k9 '1- 0'q
 

What, 	if anything, would you suggest this instructor do to improve? 

OVERALL WORKSHOP SATISFACTION 

1. 	 Would you recommend this course to other individuals with a background similar to 
yours? Ye No 

Please 	explain why or why not: 

2. 	 In general, how confident are you that you can apply the skills learned during this 
workshop to your work activities (please circle the appropriate number)? 

X 
5 4 3 ,^ 2 1 Io , ,oL" . 

Not at 	all Extremely %" 

3. 	 Specifically, which topics do you feel you will be able to apply? 

4. Please make additional comments you would like to about this workshop.
 



-------- 

-- -

--- - - -

Page 3 - Post-Workshop Proforma 

4. 	 For each of the following course topics, please indicate whether they should be 
expanded, shortened, omitted, or left as is: 

Leave 
Expand Shorten Omit As Is 

Overview of World Reforestation -

Bareroot Nursery Development ­ -
Container Nursery Development --I ..4 ------ -


Seeds/Genetics/Physiology/Handling -- -- -- -------- ----.-

Target Seedling Concept --( 

Seedling Nutrition & Fertilization - ---

Irrigation Systems '--

Seedling Quality _.--. _ -. --------

Vegetation Management ...1--- - ---

Technology Transfer .2-- ----L -....
 

Field Trips 	 ..----. .. 3 

5. What topics would you recommend be added to the workshop? 
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COURSE DESIGN AND DELIVERY 

1. 	 During the course, was the daily schedule: 

J Too short? j About ight? "' Too long? 

2. 	 Was the overall length of the course: 

_ .- Too short? About right? _.f Too long? 

3. 	 Indicate how helpful you found each of the following teaching methods to be (please 
circle the appropriate number): 

Not at all Extremely 
Helpful Helpful 

Lecturers? 	 5 4 3 2 1 5-6 ., O . 

Large 	Group Discussions? 5 3 1 --0 .C4 2 k,,-

Small Group Discussions? 5 4 3 2 .1 7_C "... 

Exercises? 5 4 3 2 1 2L .,, , 

Individual consultations
 
with instructors? 5 4 3 2 1 20 0.o(
O.1s 

Field trips? 5 4 3 2 1 a. O k' 

4. 	 How useful were the following types of materials (please circle the appropriate 
number):
 

Not at all Extremely
 
Helpful Helpful
 

Course Outline? 5 4 3 2 1 ._710 " 

Handouts? 5 4 3 2 1 ZO .G, O ). &o 

Reading Assignments/, 
Exercises? 5 -4 3 2 1 D )AQ 6).qc6 

Audiovisual Materials? 5 4 3 2 1 '.C1 o. to 

Comments on instructional materials: 
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NURSERY MANAGEMENT WORKSHOP 
Drs. R. Rose, W. Emmingham, L.N. Harsh, 
POST-WORKSHOP PROFORMA 

PRE-WORKSHOP INFORMATION 

Did you receive pre-workshop information? 
K! Yes F-) No 

If yes, 
1. How clear were the course objectives? (please circle the appropriate number) 

Unclear Very 	Clear
5 4 3 , 1 

2. How clearly were workshop 	arrangements (date, place, travel) communicated? 

tC1 Unclear Very Clear
 

5 4 3 2 1
 

COURSE ADMINISTRATION/LOGISTICS 

Please indicate your satisfaction with the following support arrangements (please circle the 
appropriate number): 

Not at all Extremely well 
Satisfied Satie , 

Training Facilities? 5 4 3 2 1 . .. U ''iIA . 

Housing Accommodations?, 5 4 3,, 2 1 " ) 'q t.' 
Logistical Support? 5 4 3 2 1 1 %. o.qz 
Food? 5 4 3 2 1 .D-0 -2.-

Comments: 

FIELD TRIP 
1. Did the pre-field trip briefings adequately explain why you were going on the trip and 

what 	you would see?
 
I I,',Yes - No
 

2. Were you given adequate opportunity afterwards to discuss the field trip? 

SYes r No 

Y, 	 ~~ 
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3. 	 Please indicate how relevant the field trips were to the following 
(please circle the appropriate number): 

Not at all Extremely 
Relevant Relevant 

Course information & activities? 5 4 3 4,2 1 1 ._. .7 
Research needs & situations? 5 4 3 4' 2 1 tO *,.S.-\, Y 

Personal interests? 5 4 3 , 2 1 ', 0 -

COURSE CONTENT 

1. 	At the beginning of the course or during the course, did you discuss with the instructors 

how the course content would meet your specific needs? 

I3 Yes - No 

2. 	 Was the level of presentation of the subject matter: 

Too simple? i About right? __ Too complex? 

3. 	 Rate the usefulness of each of the course topics in terms of being able to use the ideas, 
materials or skills in your work (please circle the appropriate number): 

Not Useful Very Useful . .. 
Overview of World Reforestation 5 4 3 2 1 a .*" '_ . 
Bareroot Nursery Development 5 4 3 2 1 " I., c 
Container Nursery Development 5 4 3 2 1 1,yq c i 
Seeds/Genetics/Physiology/Handling 5 4 3 2 1 ,A, 
Target Seedling Concept 5 4 3 2 1 , 1 
Seedling Nutrition & Fertilization 5 4 3 2 1 ,. " 0."1 
Trrigation Systems 5 4 3 2 1 
Seedling Quality 5 4 3 2 1 , t , 

Vegetation Management 5 4 3 2 1 ..
 

Technology Transfer 
 5 4 3 2 1 . I-.. 
Field Trips 5 4 3 2 1 , ,) 3 . 
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V.K. 	SIIUKLA; A.K. SAMANTHA; DR..j.. AoASTAGIR; 

DP.K. SUDHAKAPA 
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cONNEN 	 GEORGE; K.V. SURESH BABU; 	T. PREM KU.tAR; DR.J.C. TEWARI 
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Awarded to: 

THE NURSERY MANAGEMENT WORKSHOP
 
Trichur, India
 

May 6-18, 1991 
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