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Executive Summary-

A Pree Nursery fechnology and Management Workshop was held '
at Kerala Agricultural Univeréity from May 06 to 18, 1991.
Twentv-four participants from 13 states including nine reople
from Kerala compieted the Workshop. In addition, there were
about a dozen students who attended part aor all of the program.

At anv given point in time ther» were about 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. Ahout 50 Fer 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 fietd. It was apparent that both large
and small scale nurseries were needed ta produce the seedlings

required for the ambitious regeneration targets.

We observed g 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 systemn.
Section 4.27). '

(see

We visited a variety of nursery and propagation facilities.

The great breadth.und depth of information on seme species and

Some nursery operations was apparent. There were, however, many

shortcomings and much potential for improvement . (8ee Section

4.1). The greatest gains may be made by 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 availableﬁ
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 Institui
Dryland Agriculture (CRIDA), Hyderabad and the Central Soj
Water Conservation Research and Training Institute (Cswcl
Dehra Dun were made by Drs. Emmingham and Rose. At
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 ¢

approved. These Pro.jects are now cleared to be initiated wi-

the beginning of the rainy season.

1. Backgroﬁng

1.1 Worksﬁqg :

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, and
commercial forestry. oOf 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

estimated to decline by 1.5 million hectares of forest per

year. Within the forest base it is estimated that 5

million hectaresg need to he planted each year. Assuming

all of these estimates are true there is a demand for
10,000,000,000 seedlings per vear if 2000 seedlings are

needed on average per hecﬁa*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, if not all, of the nursdries 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 jdea that many of the
nurseries do need to be upgraded with better technology.
It was felt that some training and familiarization with
technplogically based mirsery systems could lead to the
eventual deveiopmemt -of several mogern fully equipped
research nurseries to serve as pilot nurseries for larger

scale operations to be built in the future.

1.2 Pre-Workshop Proforma - Summary

: Eighteén of the delegates filled out the pre-workshop
proforma. Of those responding half were working at a
University and hdlf were in- Research Organizations. Two-
thirds of the rarticipants 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 rest were spilt between botany, agronomy
and other fiedds.

Two-thirds of the delegates had had courses in soils,
plant physiology and ecoloygy while almost half had a course
in agroforestry, Orly 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 out-
planting. 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).

Ob.jectives

Objectives of Lthe Mission :

»

The objective of the consultancy was to present a

workshop on the nursery technology and management.

- Develop contacts and establish collaborative tieg

among scientists,

- Develop pProposals 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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Workshop

3.1 Observations and Specific Recommendations

A. Teak Nursery at Nilambur, Kerala. ,

i

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 having the lateral roots

Plucked off. All root systems must be as straight as
possible. Insect and root damage at this nursery was
severe. Insect damage was heaviest where 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. Tbe 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 rhilosophy and allocation
of resources toward modernizing nursery production there is
very little to recommend. The pfactice of  removing and
discarding the fast grvowing 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 lost in this manner.



B, Challenge

If resources could be made available, many of the
currently accepted notions used in growing teak seedlings
could be challenged. There seemed to be considerablje

resistance to changing the following accepted attitudes
toward growing teak seedlings

a) Teak nurseries are moved and rebuilt SO0 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,

vigorous seedlings of improved genetic quality could help

the seedlings out-compete the weeds, and Produce sStraight
boled high value timber.

C. Social Nursery

growing in poly bags ig good. Purchasing the seedlings

back and then giving them away for Planting is an excellent
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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 specificationg 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 ét Nilambur, the nursery uses a lot of laboup
and no technology whatsoever, As a small operation it

Sseems to work just fine, 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 to-'sending 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 helv produce a

larger, more uniform seedling.
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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

i

Better networking 1S needed among nursery
managers, plant breeders, seed collectors and
handlers and the users of seedlings. They should

meet once per Yyear for next tLhree years then

every other vear.

The whole seedling production system is full of
untested 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,vpot size and shape,
lifting, handling and planting techniques)
pProduce the highest Possible success rate on the
out-planting site.

An organizational mechanism jisg needed to get
nursery managers together with seedling users to
exchange information about seedling production
methods, Target seedling parameters should be a

focus on an on-going effort to improve

refbrestation success.

Seed storage 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
and 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 éommunication 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
ﬂursery operations and tree'imprqvement. 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 plantirg 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



10

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
localiy. At Weverhaeuser 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 tree
improvement an operational reality, Nurseries
should have their own seed pProcessing 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, hursery production, target seedling
research, and testing of field Success for out

planting.

As part of our assignment we developed the
following set of recommendationg for the

betterment of tree nursery Production in India

4.1.3 Workshop Improvements

1. A Pre-workshop Planning meeting should occur
the week before the workshop. This would help
sdlidify the program and plan for better

coordinat.ion during the workshop.

2. Orientation training is needer for J.S.A.

resource Persons in tropical Species and systems.
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4.2 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 t.he 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 and create an

.information sharing network and database);

2. Recommend c¢orrective or developmental actions
that 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 addresﬁed 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 Lraining

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 emplovs the appointee. Most of the
coordination work will ULe doneé by telephone or by
correspondence. llowever, the council should formally
meet once cach year to Hhuré information and make

pPreparations for a semi-annual information - sharing
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meeting. Money will have to be allocated for coun~:"

)
activities.

Pilot Nursery Network :

The following is proposed in cooperation

Develop a small number of pilot nurseries within Ind

accomplish the following objectives :

Test Nursery Management Methods and Practices :

(e.g. root wrenching, fertilization, soil fumigation
to see which ones work well and promote greater

efficiency in nursery operation).

Test Nursery Technology :

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

Coordinate and Disseminate Information on Nursery .
Methods ,and Technology :

The intention is to create and operate a few
medium sized (100,000 seedlings) nurserics (large by
Indian standards) to improve the efficiency of nursery
production and 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
A4S a testing ¢round for technology and innovation.
They would be ehcouraged Lo try new and sometimes
costly method. and equipment invthe 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 research with the objective of improving the

linkage between all phases of nursery production
including

l. Selection of good dgenetic material (l.e. seed,

cuttings),.

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

3. Germination methods.

4, Nursery production,

5, Seedling lifting/storage/transportation.

6. Plantation 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
1. CRTIDA, Hyderabad :

- Arid and semi-arid Zone species for

desertification and

- Containerized nursery with controlled

climatic conditions,

2, CSWCRTI, Dehra Dun :

- Species needed for reforestation of the
Shiwaliks and Himalavan regions

- Bare root and contajinerized nurseries
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Jd. Kerala Agricultural University :

- Tropical and sub-tropical timber. fruit and

fibre species.

- Bare root and container nurseries,

4.4 IUFRO Meeting on Agroforestry Nursery Management and

Reforestation {in lndia/Tropics, etc.) :

The newiy formed Agrotorestry Nurserv and
Reforestation Council (ANRC) will plan and organize a
International Union of Forestry Research fO)rganisations
( LUFRO) megting centred around the purpose for the Council.
The ob.jective will be to bring together in India invited
Speakers on subjects of interest, viz., gseed collection and
storage. The conference would produce'a Proceedings filled
with specific recommendations as well as related facts,
One component, of the conference would be to define problem
areas, state criteria to define the scope and

accompl ishment, of the problems, and prioritize the most

important problems, given limited resources.

IUFRO meetings are not that. difficult Lo organize.
They do call for iuch advanced Planning to keep the
Participants (ocused on the problems at hand and motivated
. to produce substantive Papers that will be useful to all

delegates. llowever, the advanced hard work could prove

very rewarding,

The. ANRC can aijd greatly in selting the Lone and focus
of the meeting by f(jrgt deciding on up to 20 tLopies with
proposed titles. The topics should start with a paper on
Agroforostry Nurseries and Reforestatijon, This would lead

into a paper on seed collection and storage, etc. In other
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words the'papers should offer the participants a logical
Sequence that covers the gamut of agfoforestry nurseries
and veforéstation work. By good strong centralized
leadership and by pressing the authors for early submission
of Lhe papers for review it would be possible to keep the

Papers linked with each other.

5. Collaborative Research/Training Project Graduate Studies:

During our sta; in India, through the Workshop and in visits
to ‘other sources, We were approached repeatedly about
collaborative research and study opportunities in the UU.S.A. Dr.
Emminghanm met with forestry students from Kerala Adricultural
University to explain the application procedures and

idiocyncracies of the U.S. University graduate education systems.

5.1 Winrock/USAID Pro,ject :

Of the 'people involved in the Workshop at Kerala
Agricultural University, we were favourably impressed with
Mr. J.V. Rao and Mr, Avtar Singh. Both came forward with
Proposals and Look feedback from Drs. Emmingham and Rose.
We feel Lhey are wvorthy candidates for further

collaborative work with U.S. séientists.

5.2 Kerala Agricultural University -

The faculty ot Lthe 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, Emmingham and Dr.

Mohan 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 for improvement.

6.1 Post-workshop Performance - Summary

‘A post workshop proforma was distributed on the

last day and returned by most (20) of the delegates,

Overall the delegates scered 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

accoemmodations were of less concern than the food!

The:' field Lrips 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 syvstems. In total, the field trips and

course content fell within acceptable limits to the
délngntes.

The group was well divided on which lectures
should be left as js or expandéd. No one lecture drew
a clear outright majority in either category. Only a
total of three votes were cast sugdesting the omission
of a lecture. A positive 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. llovever, 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 off
quite well. Individual consultations wilLh inst:.uctors

scored very well (1.60) as did the course handouts.

The hands down winner of the instructors was Dr.
Emmingham, who scored almost all in all categories.

lte did an outstanding job of getting evervone

involved.

Aéceptunce of this course was quite high with 19
out .of 20 delegates willing to recommend the course.

(see Appendix 20-C for Post-workshop Proforma).

!

6.2 Consensus Evaluation of Workshop

An oral critique of the course in which delegates were
asked to work in groups of four to agree on good, bad, and

improvements needed for three aspects of the workshop;

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

All items tdentified by the groups were listed on the
blackboard and'delegatgs further prioritized the importance
by voting for only three of the seven or eight jtenms

needing improvement.

6.2.1. Arrangements

A. Good

1) Refreshments.

2) Travel'facility fbr field trips and to and from
class.

3) Interaction with staff on problems.

4) Class room facility.

5) Services by volunteers who helped with food and

arrangements.
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B. Bad

1) Feod (quality was poor).,

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

d) 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. '

Cc. ILmprovemaon|

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,

A.

Coursec Work - Content

Good

Class room lectures, field trips, slides were

good, guest talks wvere informatijive,

B.

1)
2)

3)

Bad

Lack of practical exercises,
Depth of subject coverade was limited.
Examples (were given) of Lemporate regdion furests

and nurscries,
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1) Lack of expertise in Lropical forestrv.
5) Course duration is too long,
6) Repetition ol certain topics.

C. lmprovemenl,

L1*¥ More emphasis on tropical species.

2)* Field trips need to he comprised of qmore
diversified forests and agroforestry svstems

3) Need more field trips.

4) Repetition should be avoided,

5)* Need more on vegetative bropagation in nurseries.

6) Needed more narrow focus on water stress subiject.
7) Needed Lo use more video tapes.
8) It was suggested that classes be held in morning

sessions with field Lrips and practical exercises

to be conducted in Lhe afternoon sessions.,

*Of the cight jLems listed above, items 1,2 and 5 were

voted as Lhe most tmportant.

velegates fel| the need to deal with additional
tropical species and were less interested in the
examples used f{rom the ltemperate zone., In addition
most were interested in Knowing more about vegdetative
propagation. Delegates were interested in sreing even
more of Lhe forest and agroforestry svstems and the

nurseries that serve these functinnsg.

Problems and improvements

1) Lack of interactlion among the delegates. Need

small group exercises.

2)%¥  Some delegates had little interest in the subject

matter, i.e. there needs to be a betterp select. ion

of delegatoes.
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Participants were Put to hardships because of
delaved payment of travel allowance and daily

allowance.

A senior [CAR Representative should be present
throughout the workshop. (Supposedly this would

motivate participants to learn).
Need training of USA exXperts in tropical subject.,

Delegates and resource persons from FR} (Forest

Research Institutes) should bhe invited.

Need more travel funds for long distance field

Lrips. Participants wanted to see the rain

shadow zone.

*Of the items (-7 listed above, it was the consensus

of the class that numbers 2,5 and § were of greatest

importance. Thercfore;

1)

2)

3)

A better process of selecting delegates is needed
(there were no niursery managers present asg
delegales to the workshop) There should have

heen nursery managers and senior foregt, officers

involvement. .,

THe U.S. resources people nend hettor Lraining in
tropical forest systems (there are not many of
these in the U.S. AL ).

Scientists from Lthe lorest Research Institute

should have heen more involved as hoth delegates

and resource people.
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Highlights for Ilmprovement :

Finally, t.he Uv.S. resotrce peon|n, (Drs.

Emmingham and Rose) have highlighted manv items that

could

1)

ra

3)

[$1]

improve such work shops in Lhe future,
No one commented formally about the $100. plus
worth of books brought per person, vet all of the

extra reading materials disappeared within three

days!

-Delegates mav not have done all of (he readings

rartly because theijr quarters were not conducive
o studwy. They wantced to be away [rom their

quarters in the evening.

There are many different inherent in planning a
Workshop in an unknown location, by organizers
from two different cultures and from several
locat.ions. Under the circumstances the Workshop

was very successful, inspite of Lhe many rough

sSpots,

It would help to have the local and foreign
organizers mcet, the week prior to the Workshop to

finalize the agenda and other arrancements.

Most of Lhe delevates weore agronomists with
little free drowing expericnce. filne was in
animal nutrition! Future delegates need to he
more carefully chosen. Unﬁc should hbe taken to

get nursery manaders and foresters involved.,
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6.4 The "No Problem”" Problem :

This particular workshop might have been more
producti§e if it were not for the "no problem” problem.
Xeroxing was "no problem™, bul Lhe xerox machine never
worked. Getting a pressure bomb to demonstrate plant water
potential was "no problem" mXcept that an available one

could not be located. These and other "no problems"” were

a problem.

Field Visitsg

7.1 Visil Lo Hyderabad

Drs. Emmingham and Rose visited Hyderabad on May 19-
21, 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 tLhough we were delayed in arrival. The Central
Research Institute for Dryland Agriculture (CRIDA) provided
Lransportation for our entire visit, and this convenience
allowved us to Aaceomplish much in a sheret Viksil even though
we were there on elect ion day.

. L

We visited the CRIDA field location, the CRIDA
llO;Nithlr'Lox's and (iinﬂlHS&Qfl at length the ph.n. project of
Mr. M. Osmann and a broposed study of Mr. J.\. Rao. The
CRIDA Deﬁonstration and Research Station is an excellent
example of'how research studies and demohstrnLion areas can
be combined. In particular, the overall lavonut with
research and demonstration plots along both =ides of the

entry way made for mAaximium use of the demonstration value,
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A thorough review of Mr. M. Usmann's 'h.D. thesis
proicct was conducted bhv phrs, Fmmingham and Hosze, Several
important changes were incorporated into the nhiectives and
hypothesis tests to be carried out during the studv, Also,
experimental melhods vere modified in several cases.
Overall, Osmann's study s very well planned, and
represents an extremely useful advance in understanding of
the structure and function of Agdroforestry svstems in semi-
arid regions. This ié an important and ambitious study,
and Mr. M. Osmann will require the full support of his
organization Lo successfully complete this study and his
Ph.Db. at Oregon State University (0st), TCAR must he alert
Lo Lhe need of Sphonsoring Mp, Osmann’s retarn e QL wome
Lhree years hence to complete his dissertation and defend

it A minimum of three monthe in residence irn P.Soa. will

be necessary.

Drs. Emmingham and Rose had separate meetings with Dr.
C.K. Ramanathan Chetty, Director and Dr. Shivniwas Sharma,
Head of Resources Management Divisions, «RIDA. We
discussed the recommendat ions presented in this regard and
confirmed the need for continued collaborations among CRIDA
and 0OSU researchersg and 'Pﬁhh”PQ. Dr. Chetty oexpreosser
interest, jn hosting an  [UFRO) meeling at  Hvderabad in

cooperation with [CRIS\T,

UnforLunaLely. Drs. Emmingham and Rose were unable to
visit [CRISAT due ¢ “hortness of their atav and  the
election-da_v holiday,

7.2 Visil. to Dehra Dun :

Drs. Emmingham and Rose, along with br. Chinnamani

‘visited Dehra bun on Mav' 21-22, 1991, Mr. Raiiv Singh
acted as oour howt Wee appreciated {he compane of e,

Chiun:nnuni_ on the journev to hehra ban, since we were ahle
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to discuss the results of the workshop, and be informed

about what we were seeint in the countrvsicdne,

On May 22, we visited the Central Soil angd Water
Conservation: Research and Training Institute (CSWCRTI)
Selakuj f_i'eld station and looked at the erosion control
worl; this work ig very impressive, especially that with
Some agrofarestry system developed by Dr. Nahrain. It was

also a pleasure to see the timber stands of Shorea robusta

and the work of Rajiv Singh. We saw and approved the study

site (T-12) that My, Singh will use for hisz Ph.b. work.

We discussed 1 he future exchange of scientific staff
between OSU and the CSWCRTI. [t was suggested that a gond
opportunity exists to have 0SsU faculty come (o India on
sabbatical leave., Such visits could lead to further
exchange of Indian scientists to the U.S.A. as Joint
projects take shape. Ularifying. what facilities are
available, probable cost of living and collaborative

possibilities would facilitate initiation of such

exchanges.,

Mr. Rajiv Singh's Ph.b. thesis pProject was reviewed
wilh Dr,. Gupta and staff, The project was approved, and
will be initintoed 8 soon as passihle. Mr. It. Singh will
require t he full support of his oreanizat ion l.o
successfully complete his ph.D, study., A\ potential problem
is Lhe fact that some of Lhe instrumants needed to analvze

his data are not et in functional slatus,

We also visited {he CSWCRTI headquarters vhere we had
a short tLour of the Soil Laboratnry and the mus~um. e met
with thoe Director, ny. Rai K. Gupta, and the honds of the
Eneincering, Soils,  Planpd Science  and  land and  Water
Divisions., Fach diviasion head cxplained their research

Prodeam and some of Lhoir major finding:s,
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ICAR  and  CSWCRTL must be alert to the need of
sponsoring Mr. Singh’s return to Oregon State tniversity in
1994 to complete and

defend his dissertation. A minimum of

1 the U.S.A.

three months will be required for his stav 1g



8. Summary and Conclusions

The obijective of the consultancy was (o present a workshop
on tree nursery technology and management . The worlkshop was
successfully caryied out with lectures that covered nursery
management from seed to field planting of seedlings. Numerous

field trips reinforced the lectures and 2ave focal points for

discussionsg. s

Numerous contacts were made with scientists throughout, India
due to the broad based selection of delegates. Many
collaborative proposals were discussed. Fvervene was in favour

of future interactionsg.

Proposals were introduced to help spawn nurseryv technology
in India. It was suggestod that an Agrofaorestiry Nurservy and
Reforestation Council (ANRC) be formed. Further, it was proposed
that IUFRO meeting Be held in India centered around the needs of
the - ANRC. It was proposed that at least two pilot research

nurseries be built in India to research agroforestry nursery
related problems.

Roth My, Osmann and Mre. Singh'a v Phob. resenpep projrets
were revicewed. The proposals were approved and are now being
implemented. Close contact will be maintained with erach Ph.D.
candidate over the next, three vears.

Overall the Workshop was a success, bhut seversy] sugdgestions
have been oflfered to make future wvorkshops more useful. The

delegates were a fine group of individuals and were enjovable to

work wilh.
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Appendix 1

NURSERY MANAGEMENT WORKSHOP
TRICHUR, INDIA

MAY 5-18, 1991
, - A .
Drg, LQ.H. EFMrMHJt)"\ﬁN/\ ‘T ‘?. KOSQ,

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 Barervot Nursery Development (RR)

2:30

3:00 General Tree Nurseries - (speaker 7

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
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Tuesday, May 7, 1991

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

2:30
3:00
4.00
5:30
7:00

Day 2

Wednesday, May 8, 1991

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

Lecture: Container Nursery Development
Tea

Lecture - Discussion of Readings (RR)
Visit nearby container operation

LUNCH

Lecwre: Containers (Harsh) Advantages and Disadvantages
of Different Containers
Types/Mixtures for Raising Seedlings
Discussion (Harsh and RR)
Teak Nurseries -

Discussion and Problem Solving (Harsh)
END

Evening - do assigned readings

Lecture: Sced/genetic variation/source/seed physiology (RR)
Tea . '

Lecture: Germination and Testing of Seed (Harsh)
Discussion (Harsh)

Visit seed collection and handling facility

LUNCH
Lecture: Sced Technology in India

Lecture: Coconut and Pepper Nurseries

Tea :
Discussion and Problem Solving (Harsh) - Seed Technology

END

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

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

B



Thursday, May 9, 1991

9:00 A M. Lecture: Target Seedlings (RR)

10:00 Tea :

10:30 Lecture: Seedling Nutrition (RR)

11:00 Fertilization and Irrigation Discussion of fertilization strategies
12:00 P.M. Nutrient, Media, and Water - Techniques used in India
1:00 P.M. LUNCH

2:00 Lecture: Vector Diagrams (RR)

2:30

3:00 Social and Community Forest Nurseries

4:00 Tea

4:30 Disease and Pest Management in India __

5:30 END

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

Friday, May 10, 1991

8:00 A.M. Field Day at Nursery
9:00 **rALLDAY * ==

6:00 P.M. 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.
9:00

Monday, May 13, 1991

9:00 A.M.
10:0C
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 off
Rose and Emmingham go sight-seeing

Lecture: Seedling Quality - Target Seedlings (RR)

Tea

Lecture: Seedling Morphology (RR)

Using the Leaf Area Meter (BE)

Discussion of Seedling Morphological Quality in India (Harsh
and RR)

What seedling characteristics work best in India for each
species in India?

LUNCH

Continued discussion of morphkology (Harsh)

Discussion

Tea and Coffee Nurseries

Tea

Discussion and Problem Solving - Root Volume (RR)

END

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.

.
X4



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
X x x ALL DAY ®x x %

Coastal Area

Eucalyptus, cashew, coconuts

END

Day 10 to cover stand dcglelopment aud management, growth and yield, {orest 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'TrarLsfer (BE)
Tea

Lecture: Organizational Models (BE)
Problem Solving

LUNCH

Discuss Field Trips (BE, RR, & group) - Regional Problems to
Solve

Tea

Oral Critique of Course

END

Discussion and wrap-up

(7/4 |



Tuesday, May 14, 1991

9:00 AM.
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

G: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, continved

Seedling Physiclogical 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 1IN
"TREE NURSERY TECHNOLOGY AND MANAGEMENT"

VENUE : College of Forestry
Kerala Agricultural University
Vellanikkara, Trichur, Kerala

PROGRAM

Pre Workshop Asgignment

MAY 5. 1991 - Sunday

[}

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

A Technical Guide for Forestry Nursery Management in the
Carribbean and Latin America (TGCLA) - 3, 4.

WORKSHOP-CUM~-TRAINING AGENDA

MAY 6, 1991 - Monday (Dav - 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 Officeriidc
College of Forestry

Kerala Agricultural University
Vellanikkara., Trichur

Inaugural Address - Dr. E.G., Silag
Vice Chancellor

Kerala Agricultural University
Vellanikkara., Trichur

Address - Backeground of Agroforestry and
Tree Nursery Technology in India

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



Vote

11:156 -

11:30 -

12:30 =

13:30

14:30 =

15:30 -~

16:45 -~

of Thanks

11:30

12:30

‘13:30

14:30

15:30

16:45

17:45

hrs.

hrs.

hrs.

hrs.
hrs.

hrs.

hrs:

[

Nurserv Technoloegvy and on the Indo-U.S.
course .,

Dr. W.H. Emmingham

Professor & Head

Department of Forest Science
Oregon State University
Corvallis, Oregon, U.S.A.

Dr. L.N. Harsh

Scientist

Central Arid Zone Research Institute
Jodhpur (Ra.jasthan)

Tea Break

Lecture
An Overview of World Refosorestation -
Dr. Robin Rose

Oregon State University

Lecture

Reforestation & Agroforestry in India -
Dr. S. Chinnamant

Asst. Director General (Agroforestry)
I1.C.A.R., New Delhi

Lunch Break

Lecture
Bare Root Nurseryv Development -
Dr. Robin Rose

Lecture

General Tree Nurseries for A¢roforestrv-
Dr. 8. Chinnamani

Discussion and problem solving over
framework of reading assignments. Discuss

site selection - the #2ood and the not-so-
good. Start reading dssignments. Day |
Review
FNM 2, 7, 8, 9, 10, 16
TGCLA .4
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MAY 7. 1991 - Tuesdav (Day - 2)
09:00 - 10:00 hrs. = Container Nurseryv Development -
Dr. Robin Rose
10:00 - 11:00 hrs. - Digscussion on readings
11:00 - 11:15 hrs. - Tea Breek
11:15 - 13:15 hrs. - Visit KAU Main Campus. Nurseries,
Cashew Nursery at Maaakkathara.
Teeos Nursery, Vellanikkara
Dr. K. Gopikumar
Associate Professor
13:15 - 14:15 hrs. '- Lunch Break
14:15 - 15:15 hrs. - Lecture .
Containers - Relative merits and
! demerits
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 (Dav - 3)
09:00 - 11:15 hrs. -  Lecture
Seed/Genetic/Variation/Source/Seed
Phyvsiology -
Dr. Robin Rose
11:15 - 11:30 hrs. - Tes Break
11:30 - 12:15 hrs., - Lecture (continued) -
Dr. Robin Rose
12:15 - 13:15 hrs. - Visit - Seed collection and handling
facility, College of Horticulture &
College of Forestryv -
Dr. K.V. Peter and
Dr. K. Sudhakara, Kerala Agril. Univ.
13:15 - 14:15 hrs., - Lunch Break



14:15

156:15 hrg., - Tree Seed Technology in India -
Dr, T.V. Karivaratharaju
Professor and Head
Department .of Seed Technology, TNAU

156:15 - 15:30 hrs, - Tea '‘Break
15:30 - 16:30 hrs. - Lecture
: Tea & Coffee Nurseriegs -
Dr. V.R. Chitarapu, IFS
Managing Director
i TANTEA, Coonoor, Nilgiris
16:30 -~ 17:30 hrs. - Discussion and problem solving
Day - 3 Assignments
FMN - 4, 5, 19, 20
TGCLA - 7, 8, 9, 10
Vol. v - The Biological component
Nursery Pests and Mycology 1, 2
MAY 9, 1991 - Thursday (Day - 4)
09:00 - 10:00 hrs. - Lecture
Target Seedlings -
Dr. Robin Rose
10:00 - 11:00 hrs. - Lecture

12:15

13:15

14:15

14:45

15:00

Pest Management in Tree Crop Nurseries-
Dr. C.C. Abraham
Kerala Agricultural University

- 13:15 hrs. - Small Group Exercire
Changed - General Discussion' - Class & Instructors

- 14:15 hrs. -  Lunch Break

- 14:45 hrs. - Delegate Reports on Nursery Management
Problems -

- 15:00 hrs. - Tea Break

- 16:00 hrs. - Lecture

Social and community Forest Nurseries -
Sri. T.V. Balaraman

Asst. Conservator of Forests

Social Forestry

Thrissur

%

<

!

Id



16:00 - 17:00 hrs., -

Day ~ 4 Assignments

FNM 8 -
SNI ]:vz -

Lecture ;

Disease Management in Nurseries -
Dr. R. Jeyaraj

Professor & Head

Department of Plant Pathology
TNGDNAU, Coimbatore

Seedling Nutrition ; and
Irrigation

MAY 10, 1991 - Firidav (Day - 5)

Field, Day-

08:00 hrs. -

11:30

13:00 hrs.

13:00 - 14:00 hrs. -

14:00 18:30 hrs.

t

20:30 hrs, -

MAY 11, 1991 - Saturday

Nurseries

Proceed to Nilambur en-route vigit
Social Forestry and Foresy Nurseries

Nilambur Field Station, KFRI
Teak Nursery of the Social Forestry wing
of Kerala Forest Department

Lunch at Nilambur

Visit to Conolly’s Teak Plantation
Chathu Menon's Permanent Preservation
plot for super quality Teak

Return.

(Day - 6)

09:00 - 12:00 hrs., -

12:00 -~ 13:00 hrs. -

13:00 - 14:00 hrs.

Lecture

Build Drip Irrigation Svstem -

Dr. K. John Thomas

Professor (Ag. Engg.) Kerala Agril.
University

Discussion on Drip irrigation system
Dr. K. John Thomas

Lunch Break



x4:00 - 17:00 hrs., - Catch up on readings and discussion on

seed handling
Lecture

Forestryv 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 hrg., '- Tea Break
10:45 - 12:00 hrs., - Lecture
Using Leaf Area Meter - Excerise -
Dr. W.H. Emmingham :
12:00 - 13:00 hrs. - Discussion of S.edling Morphological
quality in India -
What Seedling characteristics work best
in India for various Bpecies -
Dr. Robin Rose
Dr. L.N. Harsh
13:00 - 14:00 hrs. - Lunch Break
14:00 - 15:00 hrs., - Discussion -

Reports of Group Exercise (3 Reports) -
Dr. Robin Rousge

Dr. W.H. Emmingham

Dr. L.N. Harsh

S



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, ESQQ 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. - Catchupwreadings

Coordnators Meeting - Develop
Recommendations Jointly - OSU ; KAU

ke



Agril. Research Station, Mannuthy
Cashew Research Station, Madakkathara)

Vigit Tree Nursery, KFRI

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

MAY 15, 1991 - Wednesday (Day - 10)
08:00 - 10:00 hrs., - Field Visits
(8:15 - 9:15 hrs. -
9:20 - 10:15hrs. -
10:00 - 12:30 hrs., -
13:00 - 14:00 hrs. -

14:00 - 18:00 hrs.

Lunch at Vellanikkara

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 Hgqrs. at 18:00 hrs.

Outplanting/competition
Dr. W.H. Emmingham

Vegetation Management -
Dr. W.H. Emmingham

Statistical Application for Nursery
Research in India -

Dr. B. Mohankumar

College of Forestry

Kerala Agril. University

MAY 16, 1991 - Thursday (Day - 11)

09:00 - 10:00 hrs. .-

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

10:3G - 11:00 hrs. - Lecture

11:00 - 12:00 hrs. - Radio Tracer Lab
12:00 - 13:00 hrs. - Lecture

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, Hvderabad.

Dr. B. Mohankumar

College of Forestry

Kerala Agril. University
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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 Nurseryv/Field
' Experiments -
Dr. W.H. Emmingham
(Rao's experiment asg example)

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 cvourse -

YAY 18, 1991 - Saturday (Dav - 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



Valedictorv address- Focal theme : Forest Nurseries

and distribution
of certificates

Coordinators Overview
of the Course

Address

Participants Overview

Vote of Thanks

Pr. K.J. Joseph
Principal Chief Conservator of
Forests, Kerala
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Dr, W.H. Emmingham and Dr. Robin Rose
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Short-term Consultants : Agroforestry Sub-project

May 1991
Fri., 03 Arrive New Delhi 2315 hrs.
Stay at : Taj Palace Hotel

Sat., 04 Free day
Sun., 05 New Delhi/Cochin 0540/0940

Cochin/Thrissur

Stay at : Elite International Hotel, Thrissur
Mon., 06 Nursery Technology Workshop
to Kerala Agricultural University, Thrissur

Sat., 18
Sat., 18 Thrissur/Cochin

Stay at : Malabar Hotel, Cochin
Sun., 19 Cochin/Bombay ' 0755/0940

Bombay/Hyderabad 1440/1550

BA-36

IC-467

By Road

By Road

IC-162
IC-617

Stay at : Gateway Hotel on Banjara Hills, Hyderabad

Mon., 20 Visit to CRIDA (Dryland Projecﬁ: ICAR), Hyderabad

Tue., 21 Hyderabad/New Delhi 0755/0955' IC-440
to New Delhi/Dehra Dun 130071830 By Road

Thur., 23 Stay at : ﬂ_d_g»gq_ﬂg&gi¢_gehrq_pyn

Thur.,23 Dehra Dun/New Delhi 0700/1300 By Road

Fri., 21 Debriefing Meetings at USAID and ICAR

and submission of Report

Stay at : Taj Palace Hotel, New Delhi

Sat., 25 Departure from New Delhi to U.S.A.
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Afforestation and Hefforestation in Indiga

S. CHIUNAM AN T

Afforestation angd reforestation is taken up on g
large scale in India, In wasteland slone about 5 million
ha/year is the target but about 2 million ha is hardly achieved,
In addition about I million ha of land in recerved forest
and fammers field is algg torgeted for afforestation and
reforestation, lhe target is never achieved due to variousg
probel%E. The most important problemes is the availability of

the planting material, zeeds and seedlings at the appropriate
time of planting and the correct speciss, added to ity the
problems of site pIreparation, soil znd water conservetion
lmeasures in aroded 5nd denuded areas create additional
problem, The after care from protection from Fire, grazing

and f@lloming is another vroblem that has to be reﬁﬁzhed with,
The small farmurs ang lerge farmers requi?"?uf seedlings are
in hundreds while the westeland development aunncies and State
Forest Department require seedlings in millions,

The afforestation and refforestetion of fanners fielAd
is our main objective out of 140 million ha of farming land
about 6N million ha is marginal and under various deqrees of
erosion. Added to it tie climate parameters play an important
role, -too little rainfall or too much of rainfall, snow ete,
Arid, huwid, temperature, alpine climate gua southern acpect

. (_-,BMA'.L"\
in himalayas play an important and cpibiead roles,

CIDICE OF SPECIES

For any afforestation and refforestation in India
choice of species ig the most important. These plants should
be hardy and should be able to withstand biotic Sdaphic and
climatic stresses, A few important species are given bhelow:
HINALAYAS ,

Robinia Qgeudeacacia, Alnus nevculenslis sLuecaena sp.,
Pinus sp,, Cedyus sp. Cupressus sp, Grewia optiva, !"orubRalba
eltis australis, Bauwdrinia SPey salix sy, poulars,

ARID AMU SEWLARL TRACT
Erosopyis juliflora, P.cineraria, sAcacia nilotica,
A. Lawtilis, Neem, Tecomgll g undul ata, tucalyptus cameldulensis

/"w)
. . i . ] _ o
LE.teritocornisg, Anogelssus species, Leungenn si., o




IMDO_GANGEIC PLAINS -

Agcacia niloticn,_A.catechu, NDslberaia slssoo, Leucasen,
Sp. Albizis 1@bBEKPR, Poolars, Butes frondosa, Shorea
robipgsta, Eucalyptus tereticornis, Frocppis sp,

HUMID AND SUBHUKID

shorea rovbusta, Tectona grandis, Bamboos, llango,
Jamun, Kadambf, Casuariiia, Lucadha, Sesbania, LAtelslroemqa
- . . J
rermihnalia

TRORIZAL ZOME

Acacia nilotica, A.plonifrons, 4. m s, A.leucenloea
a 4 Le22UeEnl
Herdwickia, binata, .eem, LTamarind, ilavok, 'onasmia vinngta,
Cesudaring equisdtifoli.., palme, iiosonis, Eucalyptus tere-
ticornis, L.grandis, B.globulus, Tectonga arandis, Ntocarpus
spy, Flcus sp,
DIL AN YATER DNSERZATLION
The run off has to be harvested for the use of moisture
conservation. while excess run 0ff should be c&ﬁlned. itun

off from hill streams caon he diverted to provi‘de irriqation

to the afforested area. The important plinting tachniqung
used are:

I Pits .
a) Simple nits
b) Shellved pits
c) ‘Shallow pits
d) Ring pits
e) Sgucer pits
f) Trench pits

‘-3\ V |s &{'::.

2, Trenches, furrous and bunds:

a) Gontour furrotk

b) (entour bunds

c) Stone bunds

d) Diversion huhds

e) Sﬁaggered trenches

f) Gontinous trenches.
3. Culley control

a) Brush wmod checkdan

£



((3)

b) c8rthen dan,
c) Stone & H7C check dem
d) Spill way
e) Chuk¥tes
f) Hal abunds
g9) . ‘mntour wattl ine.,
4, lerrent control and plonting glong rivers stroame
de Flantihg alony sea shore @ acainet cyclones
6, Flanting in saline and alkaline soils
Planting:

It is done with naked oY container seedling iirert sowina
is done in some places Flanting is done in the fo Llowing

times,
Premonsoun- Avril-iiay
Seath ®afliionsoon —June-3ept
North east monsoon-yct-lec
dinter -Jec-]J an
Advance rlanting = Febe-tiarch

P Fertilizer is added @ 25-50 o/
\N'P. K) / N 575

75-100

Aﬂter care

N

Ist year

lInd Year
[IIr" year
4th onward

Casuclty replacement is done in Iet and TInd year
‘leeding & 3oil working Ls carried out

Ist year’
[ind year
(Il year

+

Hatering.is given ¢f cecenti. 1,

2 to 4
1l ty 2
n to 1

Climber cutting swoporl are aiven ty ceodlinags,
the plontation snd forest 4s nroteck -4 till tha end
of rotation of forest cron of 5 to 0

y2are,

Matiral receneration is zlso token advintan. ofp

and natural seedling are nrote

<ted.

In agroforestry boundary planting, alley cro .uin

mini; blocks, road side planta

tion,

si

lvipastule are

encouraged in farmers fieli and cowmunibly Land, [t {5 (qofiL-

able and yields are hilgher con

parud

Lo

foract areon,

g

Qf:'
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REcEdeNCES

l.

2.

3.

"7.

Afforestation with Broom as MNurse crop=Chinmanani, 3,
Cupta, S.C., dege, M.U. and Thomas, ;. K,~ [n.,i.n
Forester, “Vol. 91, Mo,8, August, 1955, pp, 573-375

A note on stump planting of some cuczalyotus and Black
wattle in the Nlligirls-Chinnawanl, 3 and ‘wupta,S,C, -
Indian forester, vol. 92, l'o.11, Movember, 1955,

pp. 067-568

Establishment of Famm ‘ioodlaonds by natural ronener.tion
“in the black soils of the dellary Listrict-chinnamani,s
and Liuthanna, K., - Paper read at the All Indi-

silviculturist (onference at ‘RI, ©ollege,.Dehradun,
1967.

Trees Lhat can be orown in the High altitudes in

Southern India (1975) 5,Chinnamani- 50%1 Toneservat ion
Digest, Dehradun, vol. 5, Mo,2, 1977

Forests of Ve:ztern and Egstern “hats and 1ts impact
on runoff and sedimentation of hydro electric recer-
voirs (1982), 3.Chinnamani, Specisl p2per read and
published at tne seminar on soil conservations of
hills at Ootacamund.

Afforestation tachnijues in Hilly areas (1983)-
S.Chinnamani~ pgaper presented -t henagement of slony
lands in Hilly areas, held at Dehradun,

dater harvestina in non-agrdcultural land for fuel

and fodder system (1983)- Chinnamani, 3.special paper oresented

8.

9.

10,

ll.

and opublished at yater Harvestina and ‘le—use of Paln
Nater, Bellary, July, 1086

Role of woman in India with reference ton trees,
ayroforestry Social forestry and Forestry~ 5, Chinnamant
Paper presented and published at International

seminar on Role of ‘Woman in Agriculture, New Delhi-
Dec., 4983.

Mann, H.s, and Saxena, S.Ke(1980) : Role of Khejri

in agroforestry-Khejri in . the Indi~n desertiricotlon

'ts role in agroforestry(edt. by ll.S.tfann & S=xena s.v.),
€4-67.

Pattak .11, andg Bhat, [N, (19R7) Aamforestry with
special reference to llvestock praduction-ononnay
precented at Hational Sewinar on Aarofofe-try,

HDUAT, Fatzabad, oot,, 1987,

sankarenarayan, . A. (1984) 3ilviposturel systam=
pragmatic anproach to efficient Intearated 1an @ gnaiea
ment- Aaroforestry in arid an sami-Arid done, 3020
India,

Dr. 3. Chinnamant, Assistant Ui?fETEf_ﬁgﬁﬁf?r(ﬂg?bfofﬁdfrfy,
(ndlan Council of Aarlcultural B>search,lirisht Rhawan,
New Delhi-11000n).,

Faper presentation at the Trce'Hursery Tochnnlogy . mrkepng,
at kerala Agqricultural University, I'richur(Kerala) from %th
to 18th larch, 1991 .

-

Tavar
.
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CENERAL. THEE NURSERIES IN INDIA WITH
SPECIAT. EMPHASIS TO AGROFCRESTRY

Dr., S. CHINWAMANI
Asgistont Jirector General (Agroforestry)
Trmdian Couwncil of Agricultural Research
ew Deihi

Agrolorestry is the lend management system wherein
woody rcrennials are deliberately grown alongwith annual crops
and/or livestock on the same land management unit, cither
sequentially or simultancously with the intent of increasing
overall productivity. Thus, planting trees form an integral
component of all agroforestry programmes. The species used
for agroforestr; planting often include trees yiclding one or
morz of the following products or benefits such as timber,
fuel vood, foddecr, grecen manure, fruits, food, soil fertility
iuprovement, checking soil erosion, wind breaks etc. There
are & iargse number of nultipurpose trees and shrubs that are
capcble of moof1n~ these diverse 1and management objectives.
However. oftom famers cncownter difficultics in obtaining
the right typc of plonting stock, both in terfns of species

choice, qudllDF quality and vigor. liorcover, nany Agroforestry

situations arc chaitcterized by harsh environmental factors,
such a5 crratic rain fall, infertile soils, high alkelinity
and salinity. water logpeing, cxcessive biotic pressure and so
on. Urder such situations dircct secd sowing is likely to be
unsuccessful, Thus agroforestry nurseries are going to play
a vital role in the afforcstation and reforestation pProgramme s
lu-our country,

The National Wasteland Development Board has esti-
maved that the annual requirement of planting stock for India
would Dbe of tle order of ﬁbout three billion seedlings for
plaating the 1.5 million hectarcs of land. At present a
large portion of the lmge ccedling requirement is met from
the 'Cecentralized nurserics' of the Forest Departments.

The Forest Departments usually have both permancnt nurscries
end tenporary or flying nurscries.

Lot
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Tree nurserics in an important initial step for
raiging successful trece plantations. Healthy and sturdy
ploave from very; cocd nurseries arc essential for cent
rerecen™ cueeess in plantations, Tree nurseries is an ancient

vwotition in India which was pievalent from time immemorial,

iogood nursery snould be locaied at @ suitable site and should
ve basca on 5oil, water and labour availability including good

eransport facilities. Improper sites like ill drained soil,
saline and alkaline soils, steep slopes should be avoided.
Pererniel source of dirrizatlion like canal, tube well or open
well is essentinl. Ivrigation should be attenpted by fine
rosc ctis merudlly or by sprinklers or drip. Mist chambers
WTe Common i aderm nulseries.

Al) Tndio Co-ordinatcd Research Project on Agro-
LowveHry 0Ave ot agalir centres. 9 voluntary centres and
on: Kaiional rosearch centre of Agroforestry at Jhansi. Out
of %his, ocven centres are distributed ia Himalayan, five
centres in Indo-Gongatic plains, four centres in humid and
sub-hoati tracts, nine contres in arid and seni 2rid areas
wad six in' the tropical rcgion. In all, there 2re forty onc

CCNCLCH -

C

These sentres have various types of trce species
o deal with and o fow are o8 follovs.

(6]

CONIIELSs .- Abies, Plcea, fedrous, Pinos, Pinos, Janiperus,
Cupressus, Podsplyllum ctc.
Broud leavad |

femverats - Oak, Salix, Acer, Detula dtilis, Alnus cte.

Tropical

Fvergreen - Dipterocarpus, Homee, Artocarpos, Bambuos,
Ticus cte.

Duciduag  « Teak, 3al, Bamboo, Terminalie, Anopcissus,
Albizzia, Neem, AMina etc.

-~

suryvhyses - Aenciw, Frosopis, Zyziphus, Euphorbia, Agave,
Bolonitic, Salvadora cte.

)
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Haloph “tes - Sneada, Miriolex
litnmroves - Lvicennia, ihi “ophorn

Polns - Couconut, Datc, Ted, Caryotn, canc,

The scleetion of nursery depends on the choicc f
spceics, climate, 5ojl, physiography aspeet and biotic feectors.
In Indin, nuwiscrices in the forests are divided into two ntjor
divigsion and ~re callel Yemanent and tenporary nurseries.
~Perronent nursexrics are naintained for more than 5 years vwhile
Tenporary nurscrics are naintained for 6 months to 2 years.,

Of 1latc social aspects rave talen predorninant role in the
formation of 1: ur"nrlnu, They nre Kisan nurscrics niintained

by farcrs. Yonen nur"cvlf" n2intained cxclusively by women

in rurnl Indiv amd is very wopular in tajasthan and Maharashtra,
Schoosl children rlay ore inportant role in School nurseries
which are neintoinud Ly feachcrs and students in rural and
urban area. For agroforestry trese nurscrics are importont,

in addition, buckyard home nurserics arc naintained by snall
famers and laadicss porssons and is @ sourcc of additional
income "o ‘them. ‘

The {tenporary nurserics are checaper ond ore csto-
blished to supply scedling Zor.the following scason, The
‘gpecivs sclected for fhe tenporary nurseries arc Sinple to
raice and should hLe ready for out-plantinsg in 2 short neriod
after sowing in beds, Parwers nurscrics are prepared and
naintdined by faimiers and Shcir families in their own land,
Such nurscrics deal with ore or two speciecs at the most. The
school nurserics have sinilar targets but they are cstablished
on the school prenises. The stilents look after ther under
the guidance of onc or morc teiciers. In Kerala and sorne other
States the Socinl Forectry wing o the State Forest Deportnents
have cnvarked on 2 prosrome of ¢stablishing Torestry Clubs in
the schools and Collepes. The rnam responsibility of thece
clubs arc to ise nurserics £or vwiich the materials cuch a9
sceds, poly bags ond alsy the tecarical imowhow will be -
supplied by the Depertnent. The Departnent alse provides 2ll
naterinls ond the tuchnictl kowhion to the Trmers for cotabli-
shing nurserics. In additicwn, ther Wwill 'buy becl' planting
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EuCﬂlyPtuﬂ, Caswarinn ond pincs Are rmised in bLillions in
these containers,

Manures and fertilizers nre riven to the nursery hod
and containers along with cattle ncnure, tank £ilt cte. Plont
protection necasurcs aguinst inscets and fungus diseases are
comon nd in paiticular spall sced g,

The types of scedling used varics depending on speccics.
Tall scedling ore usunlly preferred for boundary plantings and
road side plantation as well as problen arcas., Iaked Scedlings
arc 2lso cornon ond are conparatively cheaper which con be used
efficicently for various specivs like Pines, cuprusses, sissco
ete.  Stuaps oot shuot cuttings are cormon for teak, Age of
Seedling varies from 2-3 nonths, 6 nonths-9 ~oths, 1-2 years,
2=3 yearc, comtoiner plinte wyee very comnon-3 nonths -1d
scedlinse are pqofcrrod ful‘casuapina and 2 years nld Toyp
Cedrus dcodara,

“here is o profound variability regarding the size
between places,ond specics, Agrsforestry nurseries are usually
snali. Ginerally Spelliing Sizc of the nursery 1S nainly deter-
nined Ly Zacters such as (i)level of onnual plant production
(iidnethol of raising scediings - containers occupy nore bed
spacc thon bare rooted fcedlings, but the latter arc often
vorked on cron rotatisn nd inllow arcas have to be allowen
Lory ond (ili) nurscry life of plants in the tronics, there
is a wide variation in she tine different specics take to
reach & suitable sigze for nlanting., 43 2 thurb rule, the total
arce needed for an amuc. prodwetion of one nillion scedlings,
including space Tor sheds, cecess trdcks, storage areas, cte.
i3 4.0 hz.where tho nursery life of plants is nsre than ine
year, 1,5-2,0 ha vhere it is between four nonths ond o year,
and 0.5-1,0 ha vwher:s it is less than faur nonthis and scveral
Crops are grovn in one yeor,

Choice of “ocatiom in detuimined by factors of nanage -
nent and silvizulture. Soreful setting of o narscery is
inportant. Of first inpartance for nanﬂfoncnt there nust be
good access to and with:in n nurséry 2% All tines. seemdly
a4 continunus water supnly for irrigution is wutlly ccsential, -

59
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Thirdly, tucrc should be ready nccess to local labour,

Extrenecs of clinate should be avoided sumch as frost
pronce arcas in the highlonds and, in the lowland tropics, vhere
locrl topngruphy rendoere the sitc cxcessively hot, nxposad
citcs Xnown to suffer fron hail, persistent or squalls wind,
and lightning are all wnsuitable.

The soil for nursery beds or filling containers
iust be rcadily Wworkablc, cof good texture, and free draining
Sucih 95 sondy loan. Cloyey soils arc wmsuitable, High natural
Tertility is not. required but acidity should he about 5.5 to
7.0 for broad-leaved species. Hursery sites also should be
substantiolly weced-frcc, 4 dctailed discussion on site scle-
ciion for tree nurseries would be given during the discugsion
gegcion that £ollows,

There are tws different methods of raising trce
secdlings: (i) .in on open bed fron vhich scedling plants arc
Liftes ond planted with roots bare of 5011;(ii) in individual
containers which.are taken to the Planting site and the scedlings
planted with'a ball of soil around the roots. There are nany
vAriZtiols in both notho's arising fron their historical cevelop-
nent n the seareh {ror siniplicity and convenicnce. Initially
tropizal practice follswed that of tenperate countries raising
seedlings in open beds and planting then out as bare root stock.
Survival was often poor., Iowever, survival inproved when sced-
lings were taken fron the nurscry bcds with soil attached to the
roots in containers such as banboo pots, carthenware pots,
backets ,nectal tabes vencer Siceves, reinforced paper, styro
blscks and the like. The choice of containcrs depends on cost
and convenicnce, Some tines pre-filled containers arc uscd,
These are individual unite of sroving nedia for cach scedling.
Jcat is usually dscd, it.is highly conpressed, dricd an? has to
soaked before sceds ore uséd. The advantage of pre-filled con-
taincrs is they do not wequire f£illing with 80il; after cotlking
they are rcady for sowing. lowever, they are nuch nore cxpen-
sive. A comparative cccownt of the bare rot ~1d crmtainerized
operations are given in Table-1, I will addiesy the contiiner
systen because it is the nost widely used in India, ©nd is likely
to rendin so for all smallcer nurscrics.

)
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Polythence bags(polypots) arc by and large <he noost
popular containers in use today, It ig very chetp ond light,
Two hundred cuage {0,0S i othicl) transparent Polythene are
bcconin;‘incrcasingly popular, Yhe 1nttor Should Le uscd at
haher 2liitudes, wherso vlantc have t: he OCpt loser in the
narscry and vhere Mlythene bhroaks down Taster Lrcanse there is
nere ultra-violet licht and rore frost, Blacik is better ahove
1500, oy where the Pot has 4o 1l-at Linger then about twelswre
or filtern months, Tho dimonsions used connonly ronse from 2 en
1o 7.5 o in diancter an? 10 en. %o 20 cr. in lengzh, lecessary
holes are to be provided to freilitate drainage of oxcess wvater,

However, the inperviosus contliners have Lo Ci3inet
+ ~

disaﬂvantagos. First, ti5c st be ken to werige - S0t
containcer a rlanting, othirwise 20t growth 4o Aievgmgad viaicn

leads t- instability o thc tree, Secondly, secdlings 1ot to9
long in inpervisus containers beeome 'pot bound ‘. Tie mpatg
una2blc to grow outwards, 2041 Around inside the container, a
habit which continues cven after nDlanting, Normal lateral root

developrient 18 halpered and the SNC Instability prolls:, occurs,

One of the nest iupcrtant easons £or the roox
quality of the plants nroduced in &Ny nurserics is the poox
auality of the potting nixture, It ic neeessary o find agt
whtt kinds of 911, sand ana conpost are locally.availﬁblc.
The texture of the nixture 15 nost inportant, It deteniines
vhether wr not the plonts got Air, nsisture ang nutricnts in
the right anosunts, 4 sandy so0il or Loany Sand, which cotaing
40-70 pcr cont sand is ¢onsidered ideal, These can ye recopni-
zed in the field ag followg: try to roll 2 little noist goil
between the fingers, to pencii thickness, If it is not pissibie,
there is tos nueh sand. I the a1l can be bent in o seni-
circle witho'.t hreeking, vhere .is §90 fach clay. 4sn ideal pting
nixturce has the Tollowing characteristieg:
~1lizht velicht
~honogensusg
=2asilty availabie
~fertile and retaing nutrients
-2 pt" between 4,5 and £.0
~wcll drained, but retaings Sufficicrt noisture

~Sufficiently cnhesive o naintnin the ro9t ball afto=
removal of the container, o
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In Forcest nurscrices, only the forest top scil is nost
conuonly used. However, it is desiradble to make potiirg mixtures
with top soil, sand and ccmpost in proportions of 1:1:1, 11:2:1,
2:2:1, 3:0:1, 5:1:0 cte, subject to the availabilisy of sond
and ccnpost and the texture of local soil, In a study ua
Sweitenia ndcrophyll& condveted ot Vellanikkara(Keraia) it wos
found that 1:1:71 nixture of sand, 39il and Furnm Yard nuauee
narkedly incrcascd the ge;minafion tnd growth of seedlings
(Table 2).

Table 2. Energence (at threc wecks after sowing) and necan
. height of mohoéany scedlings (45 days after sowing)

T S e ms PO e e pm e S MR BE e Sm s e M e mm

. 5 Hunber of scedlings , .
e . _out of 360 sceds . _llean Height(en)
Soil 105(31) 176
Soil + FYM + sand 297(6%) 20,3
Soil + Forest soil 142(39) - 21.8
CD(0.05) R 1e7

e B = e Fm W Em B T SR S0 Mm% s e Sm em PR e ar e s B e em e e e 4 e m pw

Figurcs in parenthesis indicate percentage valucs.

fHIIZCBIUM AND MICORIMIZA INOCUTATICH

Many trces will grow properly if their roots arc in
assozidtion with nidccrrhizal fungi. Hany genera of legumes
are wWwell lmown as nitrcgen fixing trees. They owe %his ability
to another kind of symbiotic association, between thei: oots
and <he bacteria of the genus Thizobiun., These nutually bene-
ficial association betveen nicrobes and plants arc cal-ed
'Sympiosis'. The presance of the appropriate straing -f thesc
nicrcbes nust be ensured in, the nedia,

In a conttinerized ~peroticn tree scels can be either
dircesly sawnfinto the filled containers or scedlings 'pricked
out' fron 0 nother bed can he planted into it. (cnerntly nigger
sceds, having higher germination posential are used £5r dircct
seeding. Shoot and root auttinrs bulbils leaves and tissuc
culture arc 2l1lso used for various spccics. DRanboos and Encaly-
ptus can lbe raigsed by rhizone cuttings aad branch cuttinsc,
Inportant popular clones like C3, D48, D100, D75, D6y, D

127,
D67 and Euro-finerican 76/58,Lux 69/55 arc 1aised by cuttings. ‘él'
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COMBARTEC 2= Coyrmr ~ymn

NoaN

leterials Heed as maay coritainers l'trocery site with nazily
A5 o dllngs, Susdrly  lworked soil suitable vt
STgeed Doil for proti- Dbed cultivation.
inG iz
nE e Cortiiners £illing Sevien, Mractor ancé sewvorL
Coil cievine zere-s., rents for plonchirz.
iMbine sh08 7ating, bed forrmodi-- |
- seed cowing, undersutting,
liZting, etc.

s
Q)

-
s
tare

Lebeour Lapour intznsive, 100 211 suited to mecnanice--
€anily wochanited.  hich tion, Most labour intansive
Iabour woednd sor ~ <omponent is lifting snd
ainc:: Tiliding. Y- Dackaging, buc even shece
ing. wecding g, oL
iner ruaroval q: 13 ¢ the future. At Bserbur-um
TIi iy G0 men “u2ensland, 2-3 en raise
Leailion Seediings 1.4 million seedlincs

3
hY
o
i,

o oadace, rer year,
Tranenort PRy aad honys o Pliants masy tn %, “rame.

S LrAngnoTT, costly orer porc over long distar.cos.

long distancoas

Silviculiure Uwewllap. survival ol Gond survival deperds on
planting, Cver Grown careful timing of 1iiting
plants become pot -Hound And planting, +to ‘woi'icide
and sifier nerious Toot with wet veather, ani
Gefomaation ang later adzriuate conditionir
instabilicy Elonts. Gives rcoxs

results where climat
unrcliable.

1

cf

(2 3

is

5.8 te ot satise. Requires a high Caoy: n2 of
Loetorily, tiaing of Sthervision to cnsuate
on2ration: not oo  proper timing and regu-~
eritical. but may Ly’ oy of cperaticns,
SUIICr e fron cige

ual reglect of wiltere

ing, chading, crhe,

Protecticon Yresi soil in avVery Re-use of same soal ncy
container reducaes . Joad to build-un cf
Chanee o Dulldeny ¢ rathcgens or soil wasts,
pathcgens or .oil pests. Fest and diseices noro
Jiseasad sueedlings likely to affect oti’
2as1ily isolat-d ong scedlings in 2 Lo,
discarded,  “iced control
~edious,

—-——-u.-----.-——.n-.’._.-.--—...__—-.——--‘-—- “meuoe
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uitabilivy

High labour intensivity Capital intensive but
tends tc procduce more at high levels of output
costly scedlings., Cost unit costs are low,
per seedling including Costs per seedling
overheads are: including overheads arc:
A, cunninghamii in

Queensland, using

metal tubes US $ 70

par 1000 '(197¢)

Pinus caribaea in Fiji P. caribaea ir. Guecns-

(snall tubes) US § 30 land US $ 20 per
‘pex 1000 (1978) 1000 (1978)
L. camaldulensis in Niger - i
03§ "5 per 1000 B gcamalaulens.s in
(Delwzulle 1977 b) get o ow BY per

_ 1000 (Delwatlle
Albizzia falcataria in 1977 b)
the Ptilippines (short
nursers life) U3 $ 10
per 1020 (1978)

All smaller nurscries (1) Large production
cnd espenially: nurseries raising only
(1) i>r goods survival ‘a few species for

in ar:d conditions; planting and wherc
(ii) vhen many différent - climate is dependablc;
speci:s are rais:d (ii) Raising 'stump’
(iii) where plants are plants and as a chcwp

distrizuted to the public method for hardy
and post-planting care is species.

likely to be poor, e.g.

extens.on nurseries..
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Appendix 6'{1_

WATER HARVESTING IN NCN-AGRICUITURAL LAND FCR FUEL ALD
FCDDER SYSTEM

S. CHINNAMANI**

dbstract

Water harvestinag in non-igricultural lands is essential
for the establishment an? arowth of minmade, social apd agro-
forestry system. These helop in Providing the much needed fuel,
fodder needs of the local people in ruril and wusban areas. In
addi tion, water harvestinq in natural grassland, and npatuvral
forest, increades the vield of fuel and fodder by two folds,
The paper descrites various methodologies that can ke adopted
And species that respond to these'techniques.

INTRODUCTICN

Water harvesting in non-agricultural lands is tricky and
is subjected to various climatic, edaphic and topogiraphical
consideration of the land. These 1langs Are highly eoroded, with
various degrees of sheet, rili, qully and ravine ercsion. In
several places the sub-s0il is exposed, the soil is skeletel
and gravelly and devoig of fertility. To produce furl and
fodder from these lands is extremely difficult but is possible,
1f the water harvesting methods are followed with right type
of species. 1In addition rigid protection from grazing and
illicit felling is @ssential. Litter removal and removal of
undergrowt. should bo'discouraged.

NON-AGRICULTURAL LANDS

Non-agricultural lands can be broadly divided into:

a) LAND ON HILLS . These occur on hills with varied slope of
10% and above.

b) LANDS ON PLAINS - These occur in plains whose slope is
mostly below 10%.

Once again the above land fall under

i) Arid to Semi arig AreAs with precipitation of 200 to 1000 mm,
ii) Humid and Perhumig Are3s with a precipitation above 1300 mm,

On hills water h%rvestjng hbecomes essential brcause of
the slope,gravelly and rxposed sub soil, the rainwater is
drained of quickly and poor sail condition makes the moisture
retension practically impossible. In arid to semi-aridqg are

the rainy d3ys ar2 5 to 65 in a YeAr while in humid to Dprr-
humid areas there are 150 to 200 d1ys. Thus we have 160 to
360 non rainy days in aridg And semi-arid areas. Hence the
water harvesting methods are equally important to both the
regions duc to moisture Anficit occuring at Aifferent prriods.

WATER HARVESTING TECHNICUES

Some of the important water harvesting methodoloqirs
are 15 follows:



a) Water ~preaders - Divert the first order channels, small
hill streams, by nraviding an Artificial obstruetion and
directing the water over 4 lonag shallow channel of 100
to 30C m on both the side of the Tirs+ order hill stream
(Fig. 7). Sy 1000 L7t wacer in these stream gets diverted
“pre2d on hath sices oo A total width of 200 to 600 metre.

Th:. BRSNS

a) Nills.wihich are mainly three types

E1e M2 types of lower hilis
ST 1A grass—lands of high temperate

3, Chavsoraacr subtypa urassland of high hills of VWestern
Chats, WNilegiris 1800 Mm ani above respond well, tkay
moovide 100 to 177% tacrease in yield of {odder and
resist frost to 15 Jood eoxtent.

In vlains dig continucuvs shallow trench V shaped 15 cm
vids 15 em deep 2 to 4 M aAoart this harvests rainp watcr and
inCreases grass yield in Dichantiiium, Schima, Cerchrus by 20
to 50% (Yiqg. 2). Ay reGacds vhe narural forest these watar
gproad helus tho natural shruhs, trees to grow fast and
krovide wvan roeded fuei and fodder, alonag these channel.
Subabul, Biack locus. Az2cia melano¥ylon, Sesbania species,
Sivr cidia sepium  2nd other fodder Specics can be plantcd to
gel Aadditional qnad guick r~turn, Thov will also provide much
acaded Fuel, The pr-e fuel Tpecies that can be planted are
Evcaiviine, cubzlvdl, 3ablg oang cthers,

CHECHT DA Yarious types of check: dams can be constructad in
guliicd zro2s in emll, nadin,, dezn andg ver: deep qullics ang
ravinas. These check dams harvast the water and due to
siltation the dqullies bedy hicoma frrtile, water grts impounded
In troniar jn Nliing these beds cZin be »lanted with plan*s,
whose vratoe: T2O LT m L aea hiclhor,  Heyce Bamboos, Eucalyptus,
Suhabal Couit crees can e 2ivwn ruccessfully. These l3angs
vhich wore onsa uteless, by water narvesting techniecues give

1 rouurn o’ 5,.6000 to 2ICC0/nha/yenrr.

<) LERRACES: Tn hills with Suesy flop2 terraces of 0.5 m to

I mwide lcvel ang invard slope 2an be constructed at 2 to 10 m

horizontal intorval (FTia. 3).  4an witer harvested from the upper

calchment: gets collectzd are helos the tree to estzblish ang
grow. Dig pits of 0.3 X 0.2 0.2 At 1 ta 2 m apart ard plant
ftevies svitabile +o the loc1lity, They 2re also callnd
chradontes.

D) TRENCHAZ : Watar Narvesting ~an alse be done by centinuous
contour troenciing SFA6gaed tresches ot an norizontal interval
cf 10 te¢ 50 m (Fiq. 4). Inrep rench 3 area shcuvld have pits
(with watey harvesicd ny Shallow' ironshes of bunrds) . Plant
SOWS - seacies in -onches, ;his‘thchrology s 1ory usa2ful and
timztested.  Sow aps PIlAns spo ociug Svitable +c Che localisy,

E) ©ivCy Javicns LVPRE ol pits fhave zeen cemployed for waterp
barreasting nen-tdaricuitoral apds, Herc I will like to

| Tlew sMich qen very Imrortant and uscful,

1) Simple -pits (F1G.5(2) Dig simple pits of 0.3 » 0.3 % 0.3

a) Cirde And Izomi-aicid il 3/4 leave 5 to 6 om for water
To stre. '
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b) In rumid 'apd subhumid arca Fill in level or provide.
Sentral mound not to stagnate water in the pit.

In roth make semicireular bkundg cr shallow trench 'so that water

is harvestea ind; comes to the Pit and bercfits  to the plants or
seedling. ‘

ii) Ring pit: Dig a simple pit of 0.3 % 0.3 x 0.3 and 311 around
dig circular trench 1 n radias with a cross secticn of 0.3 x 0,3
X 0.3 (Fig. 5(n) plant se~dling this gets water from the trench,

iii) Trench pit: Dig 1 trench of 2.0 x 0.3 x C.3 m connect
with a pit of 0.3 % 0.3 x 0.3 m and plant tree in rit (Fig.s5(c).
Trench harvests vater and provides to the seedling

iv) Baucer Pit: Dig 1 m dia Taucer sloping in the Centre, 15 cm
deep and dig a pit of 0.3 x 0. x 0.3 in the centre and plant
(Fig.s(qd).

v) V shaped pit: Dig a Vv shapeé pit 50 em vide At top sloping
down to 1 cm, sides of V 50 em angé 15 cnm decep. The water
collccts 3t bottom, plant ip Pit or by crowbar (Fig.5(c). It
is the latest and most cfficient., 7This WAter harvesting
technicues ic used in the world,

411 the pits should be previde? with mulch of stone,
straw, brushwood, pPolythene, grass ntc., this helps to retain
the harvestad water and reduces evaporition,

CHOICE OF SPECIES: Tne im

Portant species which respond well
Or witer harvesting are,

Tropics: ~rid ang semi-arid, Acacia nilorjca, A, planifrons,
AL tortilis, A, catechu, Albizzia SP., Prosnpis Juliflera,

P. Ccincraria, Subabuj, Adlanthus excelsi, Bembax caera, Bamboo,
Casuarina equisetifolia, Frronia cliphantum, Neem, Eucalyptus
terticornis, E. camildularnis, Tamarind, Siris '

Humid and perhumids Adlarthus ralbarica, Y1b’soqiq falcataria,
Artocarpus intearcfelisa, Tueilyptus drandis, Subabul, Teak,

Sal, Aini, Cashew, Lagmstroomia Specics, Termiralia Specics,
——aradiz
Bamboos. :

Temperate, Seori arid and YHunia: Minus roxhurahii, P.excelss,
~-&Xcelss
P. patulj, Cuperessas torulesa, C. Macrocara, Black locust,
Acicia mearnsaii, A, me _znoxylon, Cryptomeria Japonica,
Eucalyptus glcbhulus, Grewig obtivi, Quercus Species,

ESTABLISHME,, T AND AFTERC\RE

Plant and sow the feeds, plant polithene bags seedlings.
Plant during rains, T=11 s~edlings should be used, spply farm
¥ard manure or sheep 24 geat ranure a handful per rit. Applvy
fertilizer 25 to 50 ans DAP or NF¥ mixture per plant. WVced 3
times in Ist year, 2 times in 2nd year replace cisualting,
Protect tho Plant from biotic fiactors. The plants get ready
for harvest in § to 2 years.,

RETURN

The water hire-sting technigue provides R2 to ©o%
establishment 1nd qe-g and fast growth. This increases the

vield and roturn. Tar yislg of fuel in 200 to 500 m3/ha/



per rotation. The rcturn range from R.20,C00 to 100,000/ta/

per rotation depending on specics. Water hirvesting increases
the yield and rcturn by 20 to 50%.

CCNCLUSION

Water harvesting in non-3gricvltural lands can ke done
with success for tbe excellant -stablishment of fuel and fodder
species. This also enhances the yield by 20 to 50%. Various
methods to b~ adopted for establishing fodder fuel plantation
is furnished, Babul, Neem, tamirind, Eucalvptus, Sisco, Siris,
Subabul, Black locust, Semal, Bamboo respond well to water
hirvesting t=chniques.
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SEEL TECHNULUUY FOR FOREST TKEE SPECIES IN INDIA
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- with the increasing demand for reforestation and
afforestation seed is becoming a valuable commodity and its
collectlon, 1dentif1catlon, processing, testing and
storage require prudent planning together with technical
skill and capacity. The seed’ trade in sylvicultural crops
is a minor activity when compéred with that in agricultural
seeds, but its importance is steadily increasing. The
current trend: w1ll be to take ' up more intensive rorestry
with 'genetlcally' 1mproved stock which will. 1ncrease the
demand for seeds to achieve economic gains. It is now very
well urderstood that genetic gain will force us to 1nten51fy
efforts to 1mpr0ve methods for 'seed collecting, cleanlng,
storing and testlng Isolation distances inclusive of
physiological 1solatlon 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 requiremant 'ifa

4‘LWQM*“ﬁ
be guaranteed,

Forests are also. closely concerncd with animal
production as many forest trees prov1de leaf, flower and
pod palatable to the animal besides th- giasses and small
legumes growing underneath the trees.' Forests constitute
22.7% of the total area in the country snd 15.6% in

Tamll Nadu. The Committee on Fodder and Grasses of the -
Sl e = Sloge e o kel Gaf

£
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National Waste lands DevelopmehtﬁBbarﬁmbasnegtima&ed that

w o A t LERTI ." : : % ee Ll .
between 181252 ane 1075 74 naile 25 iakh‘hevtares_of_fresh
area was diverted fer agricul tural Purposes,. about 4.8 ;akh

hectares was lost to river valléyiprpjects and 57000 hectares
to the construction of roads. Thie SoTt of encroachment
and decrease in the forest areca can be on the increasg dazf'

Seed 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,

FORESThY PROLUCTION SYSTeM:

Seeaing forage trees, pasture and leguminous species

in forest arens o O T reiuvennte *he se areas for
Which aerial seeding methods to afforest largest areas in the
shortest possible period can be thought of, Sitéd that are

' inaccessible, steep, remote and of rugged terrain can be

area can be mcde more productive by progressively Teplacing
the non-fodder trees with fodder trees suitable for cattle,
sheep and goat. Experiments done in “gro-forestry by
knvironment ‘ang Policy lnstitute, East-west Centre, Hawaii,
USA, indicates that 5 number of nitrogen fixing trees can
be made use of for this purpoée (Vergara, 1982) Cassia

siamea, Acacia auriculiformis, A.mangium, Pithocollobium
a ==2001um

dulce, Mimosa scarbrella, Prosopis alba, Leucaena
£=2230pi1s alba ==2%aena

AV



leucocephala, L. Lvergrfolia, ErOSOQi chilensrs, Sesbarla
bisginosg, S.gzxgndifiora, Al g;zzia lebbek A.falcataria,
Glyrigidia gepium, Galliandra galo thyrsus, Acacia mearansis,

A.89negal, A.se g, Dalpergia $1800, Sgmania saman. Some of -

these are used as fuel wood, pulp wood and forages and
according to the need and utility, different tree 8pecies
can be grown at different agroclimatic zones., Uf those
trees Leucaena 8pp. has a qood potential for high green
fodder production. Inter-speclfic hybridisation of kg__g_gg
diversifolia with L. egcog gﬁglg hes resulted in s

plants with lower mimosine contsnt in the leaves and high
diemeter at breast height ladlcative of high biomass. by
conventional method of breedlpg, evolving high yield strain
with low mimosine content will‘take many years in this
perennial tree crop, Hence the-best high yielding inter
specific hybrid can be furthor multiolied by'tlssue~cultures
and allied methods,

Genetlc lmpIOchent PEogzamme through maintenance of
seed orchards will have .a big 1mpact on the tree seed
business. In forest trees, development of strains is a

slower process than in agricultural species.

Research results already show potential gains in
volume productlon alone of 10 to 20% major gains in disease
r951stance and wood auairtles. When compared to attempts
taken on doubllng 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 ‘

J

seed orchaerds. Seed prOGUCtlon areas should be in natural

i
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SFands, 24.990d phenatypes rpho

Qzkear ‘gpod seedtcrop; the

stands are:géﬁefully tﬁﬁdgqugggtimulateiéeed production,

séed orchards. should be .established with clones selected

fpruproduction.pf imp:oéégjsggggh

Provenance'in‘relati n.to Seed’ quality of
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Seed Production in quolécalodical %ituation

* Season ' Seed Prgdugﬁion * Pre~harvest:
* Manuring ' : sanitation,
* Spacing “*;aprvest,physio-

* SupplementaL logical maturity
foliar appLicaiion, p*fProcessing '
T * Storage

Tree growth and * Mid storage
_perforTanfe -* b corre:tion
age etc, Te sowing
' ' treatment

Orchards (Seedling, clonal) shou;a'be;lq;ated'where

topography and site Quality favour eésy,méiﬁtehancenécare,
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colléctica and high seed Prot.ction. Seed o.chard managemen

procedures are aimed at reducingzpotential, seed loss.

Sowing quélity of seeds should have the following

components:

1. Genetic 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 geminability and

4. High vigour.

The programme for seed production in tree crops

should include the following components,

Wuality seed production and distribution (Suggested)

* Seed production = Seed _ * Seed’ * Seed
(hesearch) certification analysis control
* Multiplication * Seed.Act and * Seed ! * Inspection
Rulcs - Testing 2 and Qeed
Field ' ‘Law enfor-
Testing cement.,

* Storage'(includes)
nid storage
correction)

* Marketing

Voluntary certification Programmes have to be

included for the Supply of forest tree reproductiyewmgtgrial.

The work ONNeemc 4, indica ) Lasuariné ( Casuarina Sp)
and Ailanthus ¢ A.excelsa ) need to be strengthened.

HARVESTING TREE SEELS:

Seed collection_is a. problem mainly in Tespect to
size of seed b aring trees.than with other crops, Large,
single seeded fruits, can be!qollected from the ground only

after they fall from the trees,. This pfocedure.féquires

-more labour and hence it isg expensive,
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Species~like conifers etc. have, small ‘Seeds and they”
pose problem because the seeds are dlssemlnated*when they fall
on the ground. Hand picking from the standing trees of these
specics is difficult and it should be cel;ected by means of
€levated platforms etc. Tree snggérﬁ may solve -harvesting

problems for many species in areas . where trees can not be

cut down, as in seed orchards and seed production areas.

[

Most seeds are:still collected 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 p1ne is based on
{

spec1f1c graV1ty of the cone. if thé ‘cone floats in SAE-20

-1 O L T

motor oil,- then specific gravity is below 0.89 and collection
should be made immediately; on the other hand. if it is 0 70
cones stornt aneninc,  TIn genwcal, the maturiiy is Judged

based on these change of fruit/seed colour and it will be

essentlal to find ou't a fodl' proof ° ‘improved technique besides

thé ' tlme, method and 'period '0f ‘collection.

i) HARVbSIhBA$Eb ON TIME:

a) Studies carrieg out in the Department of Seed
Technology, Tamil Nadu Agrlcultural Un1vers1ty, 001mbatore
Tevealed that in Kapoklgpelba Qentandr G. ) seeds collected
from (i) trees that are 55-20 years old (ii) well matured
truits measurlng 1n length from 26 to 29 cm and in breadth
from 4.6 to 4.9 cm ana (111) frults that have turned to'
straw colour at harvest (84 days after anthe51s), Spllt Open

at the pedicil end and contalnlng dark brown hard coated

seeds with 8 per cent moisture content, were good for seed

A7
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quality characters,

b, iIn LeUCac.a leUQOCcpnaLa'(Hawaiian giant type)
the seed éuality Characters were found to be influenced by
age of the trees, 'Seeds/pods collecteg from 48 month old
treesvexhibited maximum “seed Quality characters thén with
younger trees, Selection procedure such gas this will have

great influence in obtaining quality Iével;

ii) HARVEST BASEL UN COLOUR;

Experiment conducted‘under sylvipasturelgonditions,

germination in Lesmanthus sb. declined to the extent of

' Lo : 8
nearly 10 per cent due to use of off-coloured seeds., To
énsure maximum geérmination, seqd gradation on the basis of

seed colour ang use of normal Coloured seed js recommended,

: cu b
In Acacia decurrens, - sceds Collected from brown colour

L

pod registered higner seeq Quaiity than those from greenish

they fall;from the trees, This procedu;e requires manual
labour‘qnd is'the:eforq €Xxpensive. wmany valuable species
have smal}] seeds,\some'ianulti Seéeded’ fruits ang Collection
after dispersal is difficult. betermin}ng Physiological

-maturity jig very importﬁnt.

Devices such as tree shakers, ¢limbing nets, ladders

and baloonsg wWill have increased use in near future for main-~-

taining quantity and quality of éeeds.

—



DRYING, EXTRACTING ANU PRUCESSING:

Tree seeds Collectea can be handled the same way, as:/
CIOp seeds. They must be dried, extracted’if they are §n
multi seeded fruits, cleaned and then processed. Seeds are
usually spread in shallow layers on sheets shelves, oXx racks
for initial drylng.. A common method is to spread the frults
on screens through; which the seeds can pass. The frurts are

turned Occasionally and seeds ‘are caught as they fall through

the screen,

Various types of equipments .are available for extrag-
ting and cleanlng small.lots .of . jtree .seeds. Berry-like
fru1ts, such as mulberry, can ,be, thoxoughly macerated in
kitchen blenders and the pulp.removed by floataticn in ‘water,
The same. procedure can be..applied.on a ‘large scale in wild

plums and black'sherry with.motor-driven macerators,

. Winged seedsilike Pines-etc. 'are dewinged after
extractlpn1toLfacilitate:sowing.. The usual dewinger is
similar to g dehardening machihe, but the inside arms are
more flexible; and|the actioniis-softer.’ Improper dewinging

¢an badlydamage. tree seeds.,

In“Emb}ida officinalis intact fru1ts Weie kept in an

incubator at 400(C temperature for 2 hr and then the fleshy
parts removdd. The capsules were then placed 1nsioe the
brown paper cover and dried under sun, The capsules dehisce

and scatter thé' seeds, Wthh may be used,

The ratio of empty to full seeds is very high in some
spec1es. Wlthout a procedure to separate full from empty
seeds, the nursery man has to sow what he gets; this practice

usually recults in VeIy poor ¢ ntrol over seecling density
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in the nuisery bed. For smal .luts cleaning and separating
by hand is still the best method for seed extraction,
Anatomical ana phy51ologlcalvgytentmal through X-ray analysis

will come in a big way to identify quality seeds.

In Kapok for raising nursery moderately heavy seeds

that are graded by specific gravity separator were found to

be the best,.

In bamboo (Dendrocalamus strictus L.) seeds retained

on 8/64" round perforated sieve after dﬁgluming showed maximum
Tecovery and better seed qQuality character like germination,

vigour and second internodal length,

In “ucalyptus hybrid, grading seeds of Varlety "Mysore
gum" to secure very high germlnatlon and seedling v1gour in
a processlng sequence '0of an alr—sereen cleaner, gravity
Separator cnc.cn clcccrunrc vviuul surLer to the near elimi-
nation of the chaff Un colour criterion is suggested for
commerc1al processing.

STORAGE ¢

Irreqularity of tree seed crops has led foresters to
depend on seed storage probably more than farmers do. Seed
'Yield of most species is of small quantity, sometimes seed
crop failure also occur, Further more, collectlon when the
Crop is small, is very expens1ve Seedllng produ:ction for
'large-scale regeneratlon efforts, such as those with pines,

frequently must depend on stored lots to proouce the seedlings,

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

harvest to sale ‘and pProtects the producer's 1nvestment,profit s



anu reputation. veed may pe pIouuced under a rigorous
system of insepection, harve: -eqd pIoperly, ¢4 processed

- : . ! B
to the highest purity, put the_investment on time, effort

i

and mcney may be lost if the seceds dle stored under poor

i

the favourableness of a climate for seed storage is relative

than farmers do fbr CIOp seeds, 4s a result, the storage .
environment.fbr tree seeds is mdré exacting. The standard
stores Ctuditions rucommoncac fop rine cueds are Qof with.
seed ngsture.content of nu more then 10 per cént. Under
these conditions, there should be no significant loss in
viébility‘fbr‘atleeSt 10 years.

Séedg of most tiEc.SpeCiGS Can be dried to low
moisture conféﬁ€gréno gtorea:afqa5out 32°F for several Years
wi thout sigﬁifﬁcéhl"loss.ih Qiabiiity;' Certain seeds, can
not be readil§ driéa‘thiow:ﬁoiéfhre contents without
killing them,

Seeds Storage studies toncucted in this department

of,6~pérlcent can be-storcd.for~a'long time.in.ciothfbag

without reduction in-seequ quélity.:‘Techniques to eliminate

the dead seeds is a)lgg needed. Frujt Characteristics and

extent of Karg Seededness a]go decide the stbrage pPotential

/\4
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and mid storage correction for improving the shelf life of

seeds al: . decide +h~ QuPlity, suwing Quality,

Sceds that are mature exhibit g5 delayed germination
or dormancy, and some treatment jis necessary to enhance
germination percentage. Lormancy is of three types is
external dormancy (Exogenous) or internal dormancy (Endo-
genous) or both, Example for external dormancy is presence
of inhibiter in the seed coat or.hard seec 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., T overcome the thirdvcategbry, both treatments
are followed, .

The presence of inhibitor on the seed coat can be
Temoved by washing the seed in water. The presence of hard
seed coat.will be overcome by acia searification‘or thermal
Or mechanical scaificiation."The internal dorhénéy can be
Iemoved by cold or warm'stfétificatians;‘here the seeas are
stored over winter in layers witg alternating layers 9f
moisture-holding materials;”SJéh as peat or sand, in large
pits in the ground( As refriéeiators'become availabie,
cheese cloth bags can bewsubétituted iniplace of cans or
drums in cold storage'for out dbor éits. Fully iﬁbiped

seeds in polycthylene bags not Qver 4 mils' thick (400.gauge)
omit the moisture-holding.meOiﬁm, and hence a small amount

of water may be added a naked stratification,

The common Stratification temperature range is 33°
to 40°F, The length of treatment may vary due to species
and agroclimatic zones, , In general, seeds that mature in

the spring show no dquancy. If the type of, dormancy is
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knownllt ;s ;€a8sy-toscontrol: bylchemlcal regulators.

Experlments carrled out 1n Seed Teohnology Department
of Tamll Nadu Agrlcultural Unlver51ty showed ‘that 1n'Kapok,
‘the seed. pre—condlthned for 30 minutes in Lonc. sulphurig

acid was - better 1n germlnatlon.u

1ot

Treatment W1th 3 ml of ac1d for 30. mlnuaes 'is

. {"'l
advocated for Acacra nllotlca for obtalnlng max1mum germlna-

tlon and in. A.planlfrons a concentratlop of 4 ml for a

duratlon of 25° m1nutes is recommended

By ‘thermal scarlflcatlon in Adenanthera ggvonlna

.......

a progre551ve 1ncrease in germinatlon was evident with

1ncrease 1n duratlon up to 25 mlnutes. Further 1ncrease

'

.

in duratlon only depre sed the germlnatlon. A duratlon oP
25 mlnutes is therefore con51dered optlmal for maxrmrsrng

Yermination,

In Lunnal (Callopnyllum inophyllum L, ’ removal of

hard.' outershell slgnlficantly reduced the germlnatlon period
4 : A
and .increased the germlnatlon and vigour potentlals durlng

initial. stage of growth and development

Bamboo seeds of dlfferent :sizés were graded and
subJected to germlnatlon studles with ana W1thout 1ntact -
glumes. The seeds after removal of glumes exhlblted .clear
cut dlfferences among seed 51zes germlnatlon, v1gour and
1nternodal length The lesserlgerminatlon in 1ntact seedS'
may be due to the Presencge of 13- p0351ble water soluble-z,
germlnatlon 1nh1b1tors in, the: glumes, As 1t 1nh1b1ts the
1nternooal elongatlon, the; i methanism- of" actlon may:be
interaction between 1nh1brtor,,possxbly abscisic acid and

i ofr 3

dlbberellln llke substances
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RAPLD ANL TLSTS:
Testing of germinability in most of thé tree geed
takes a long period than CLop sveds. 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 testg.

Cénflicting results with respect to thé'accuracy and
efficiency of these rapid test methoq, have been published
and continued COmparative studies of these methods and their
applicability to certain tree seeds are therefore felt

necessary,

NURSERY MANAGEMENT

seedling tor €stablisning ey te seedling orchards. This

is only an improved agronomic practice for tree Seedlings._

Studies to determine the optimal nursery seced Late

for Lasuarina equisetifolia indicatecd that seecling 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 1O‘g/-m2 after registering
@ progressive increase, ‘A seed Tate of. 10 g/m2 is therefore,

recommenced for raising nursery of the species,

In Bambusa bambd’s (Hollow bamboo) with increase in

seed rate, there was concomitant increase ijn number of
germinated seedlings without detriment to seedling quality
as assessed by shoot extension, root length and collar dia-

meter., The PIevailing recommenced SeeG rate is 15 g/m2. ‘%Z
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Stnuy on container size on seedling vigour in Acaciga
Trevealed the supcziority of v.o polypct sizs of 25 x 13 cm
for shoot extension, length and breadth of phyllode and
number of phyllodes per plant Trecorded a linear increase,
with’ increase in 51ze of the container,

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

Therc are raprd advances in techniques for handling
forest tree se:'s. The problems are also common with that
of agricultural seed workers, Hence, strengthening of tree
secd research activity is becomlng an important one.

hapid advances in technlques for handling forest tree
seeds are required.’ The workerslln tree seeds face meny
problems in commdn wrth agr:cultural seed workers and have
many problems that are unique to forest tree seeds. Aware-
ness on the followrng lines requires to be created

1.. Seed. zones ‘of uniform ecologlcal unlts in natural

forests delineated for the control of transfer of seed ane
pPlanting stock must b¢ established on the basrs of cllnatlc
and physrographlc Characters for use as guides in seed
collection.

2, Survey, collecmion,-classification and cocumentation
of seed zones.

3. Environment protection as reflected in seed

polymerphism in some of ‘the sylvicultural species of economic

importance.

4 FJOWCIlng, seed set and seed quality in forest
plantatlon as 1nflucncec by agro-techniques affecting the

ecologlcal balance.

.o 15... (\77’


http:breadth.of

15

S. Elite seed procuction of e

conomically useful
pPlent specicy.

6. Pollutants affecting the ecological balance,

flowering seed SeT and seed Quality in forest plant.

7. Elite Seedling procuction and the

ir distribution
in respect of e

conomically usefy] plant species in €Co-~

PIreservation ang development,
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own use as well ag for supply to Private farmers (mainly
during the period 1975 to 1977), the Corporation has been
raiging very large scale tea nurserijes, Thus this lecture
notes is more ip the nature of ah abstract based on the field

eéxperience than a truly scientific or a research paper. At

the conclusion of the lecture, a few slides of tea nursery

would be shown' followed by question and answer session.

‘ '
Though tea nurseries do not truly qualify ag tree
nurseries, rafsing of tea g likely to
significant Part in the futyre-

play a very

of ‘agro-forestry Schemes

mainly in areag where tea could be grown, With the

Prevailing trends of Prices and consumption‘pétterns, it is
likely that "tea  growing would be 3 very attractive
Proposition for farmers in the foreseeable future,

The Genus Camellia hag about 45 gpecies of evergreen

shrubs and treesg distributed in the tropical and sub-tropical

Parts of Asia. The most important among them isg C. sinensis

(L) 0. Kuntze cultivated for its leaves, from which the tea
of‘cammercp is made.

Habit:

———

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

Varieties:
—S--€ties

Numerouys varieties and races o¢of plants, variously
classified.by.diffgrent authors are known. The following 3

main types originating from _Assam, China and Indc-China

i 1 3 . Ton PYAr atir
Lecture notes by the Manaring Jdrector, Tomil Usdu Ten Plantntinn

Conarution Lt.i., Coonoor =h3 101,



(Cambodia) are important.

(1) Assam
(2) China H
(3) Indo-China

0100

. sinensis var. assamica
Lnens’s assamica
sinesis var. sinesis

. 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. AV elorad P“’O‘A vekiaw

(a) China Tea:

The China tea comprises the slow grewing,
multistemmed, 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 Teh:

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,
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V.P. TEA NURSERY

(Ll')t = ?':.FPQV‘ (': Card i mivan

(i) Location: Ciror o
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, thougﬁ 2 pH up to 5.5 is not
entirely harmful. But, the soil pH beyond 5 tends to promote
excessive callusing at the ecxpense of rooting. At higher
levels of pH, the roots of young nursery plants die back,
resulting in what is known as '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 8-10 mesh.

3:1 (comprises the bottom 9" of

Clay (forest soil) : sand

the sleeves).

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

sleeve).

Soil and sand should be . mixed in appropriate

proportions to arrive at the desired texture.

The following simple test could be applied to assess
the texture, The soil sand mixture on moistgning
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 rwa ting medium:

(a) Amendment of pH: Soil pPH can be reduced by

treating with Aluminium Sulphate or Ferrous Sulphate.
ceod...



For pH range between 5.1 - 5.5 treat with 1% Alumnm,

Sulphate

for pH range between 5.6 - 6.8 treat with 2% Alumnm, Sulphate
!

If the pH is Mmore than 6, the soi] should not pe used

for hursery purpose.

For a bed of 1 m width, 8 em height angd convenient

length, drench 2.5 sq.m. with 10 litres of the solution.

Over this, another layer of soil about 8 cm height
Spread and again drenched with the solution
Sulphate ag above,

may be

of Aluminium

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

to dry, checked for pH and then used in the nursery,

Aluminium Sulphate can also be apnlied after filling
the sleeves with soil, Depending upon the initial PH, 50 or
100 ml of 2% solution of Aluminjium Sulphate shoyld be applied
per sleeve. This should be followed by two waterings,

PH and EC levelsg are obtained.

2% solution of Aluminium Sulphate should be pPrepared
by dissolving 2 kg of the chemical in |¢ litres of water by

boiling and making up the solution to 100 litres. The

solution should be prepared inp clay or plastic containers.,

Al(S04)3 + ¢H20 - 2 AL(OH)3 + 3H2S04

(ii) Treatment against root-knot eelWorm:

One of the following methods should be adopted as a
routine practice to eradicate the eelworm Population from the
soil to be used in the nursery, ﬁﬂt:fﬂ»fhﬁﬁ“t+v&i
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(a) Heat treatment: _.‘gvﬁLQﬂmJbR 1% f2¢4fﬂ0Lt

Soil ready for use inp the Nursery, should be heated ‘on
a2 metal sheet: Soil should be spread uniformly, not
exceeding 8.0 cm inp thickness. Water should be sprinkled
O0ccasionally and the soil should be stirred conrstantly, The
steam hy heating maigt soil, kille tha nolwarm mopulation,
The =0il . haypla be heatnd between foon Pelow fi0ve, enleory
will not be killed and above 80°¢ the solubility of manganese
increases apnd high amounts of mangenese will be released into
a®™ilable form, leading tq mangenese toxicity, A simple but
effectiva test, to gece whether the désirable temperature is
obtained, is to hold the soil in the hand, the soi] should be

just not ¢nough and zannot be held in the hang for long,

(C) Preparation of'sleeves:

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

Sleeves filled with so0il may bé staked in rows in a
bed. In a square metre there will be approximately 225
filled polythene sleeves, They could be held together by

Supports of bamboo.
An arched frame of aboyt 75 cm height should be made
over the bed. Such a frame can be made with bamboo reeds or

thin iron rods.,

(D) Shade:

When the cuttings are raised under thona «1 . .t
o E tue cuttings are raised under a malw.

C
’



be raised on which a coir mat with 6 mm mesh may be spread.

During drought periods another layer of ,coir mat may be a

spread over, the first mat or some plant material may be

Spread uniformly. The idea is to allow about 33% sunlight at
midday into the nursery, which is about ideal,

]
(E) Mother bush and jts treatment:

- up A Do et A o\

The mother bush should be treated in the following

way:

( 1) 3-4 months prior to taking the cuttings prune the
bish at 18-24" height.

( 1i) 2-3 weeks prior to taking the cuttings pinch off
the terminal buds. This initiates the axillary
buds to sprout,

(111) 3 weeks prior to taking the cuttings spray the
plant with 1% ZnS04 (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 60:90 NK mixture/plant.

13,500 pleaks /ha
(F) Preparation of cuttings: ) .
(07l mmontalihy mt govell,
Harvested shoots should be transported from the field

to the nursery, with the bottom cut ends dipped in a buckei

of water and '‘covered above with some fresh green plant
material,

Apical tender portion and the bottom brown wood
portion of the' shoot may be discarded, Green, semi-hard
wood, with one leaf cuttings conéisting 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 to the axillary
bud, After each cut, ihe cut end of the shoot should be

dipped in water. The separated cuttings should be immersed
in- a bucket of water.

T
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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 panched in
the soil with a small 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 cnds 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.

NN NATNIIAAN
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Composition of Soluble Nursery Fertilizer Mixture: TV
Mo AR

Ammonium Sulphate t 8 parts by weight (20.6% N)
Ammenium 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 s>ver 4 sq.m. of the

bed once in two weeks.
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(I) Hardening the cuttings:
i

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

weeks, removing the shade for a few hours every day and

extending the time of exposure gradually,

NURSERY MALADIES

(a) Zinc deficiency:

Yellowihg,‘resette,appearance and sickle shaped leaves
.are the general symptoms 6f zinc deficiency. Foy this spray
Zinc Sulphate 100 gm, MnZ04 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 knapsack sprayer or

bakpak sprayer, covering 2000-2500 plants with about 4.5
litres of spray f{luiqd,

(b) Pests and diseases:

Usually pests and diseases are not a problem in the
V.P. nursery. However, a 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 carried out in
the evenings and the polythene cleche should be left open
overnight on either sides. If this is not done, the fume

emitted by the insecticides/fungicides will scorch the
leaves.
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(c) Falling off of mother leaves:

In a nursery, if all the mother leaves have fallen

L]
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 abplication 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 is due to the fact that the shade prbvided is
/ .
fnadequate.

It is likely to take about 18 months to raise tea
plants by this technique, 4uitable for Planting out in the
field. The period of 16 months is the outer limit and plants
axx about 45 cm tall with the root growth of 30 c¢m may become
availale in small proportions as early as 6 months

specially conducive combination of factors,
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Appendix. 9

PEST MANAGEMENT TN TREE CROP NURSERIES*

Dr.C.C. ABRAHAM**

Protection of tree crop nurseries against pests is an

important aspect of agroforestry Management. 1In Tndia Climatic

Defoliators

Among the defoliator pests occirring in the teak nurseries,

the teak defolxator,gxplaea Purea (Lepidoptera : Hyblaeidae)

—

and the Teakwgigletoniser Eutectona macheral£§ (Lepidoptera :

Pyraustidae) are relatively more important. . llarvae of the
former feed on the entire leaves leaving oniy the -ma jor veinsg,
while, those of the latter feeq only on the green matter leaving
all the veins intact, Younger leaves are more preferred by
thede&niaton,while,thé skeletoniser feeds mostly on older
leaves, 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~-UIs Workshop

cum Training on Tree Nursery Technology and Management held in
the College of Forestry, 6-18 May, 1991, )

**Associate Dean ang Special Officer, College of Forestry,
Kerala Agricultural University, Vellanikkara ¢80 654, Thrissur,
Kerala,

Lgs .I,;J-—;) QV\"S ?"':”f"‘—("« INANAR,




2

Recommendations for managing teak defoliators have
emphasiéed the retention of natural forests between Plantations
and eéncouraging selected undersﬁorey vegetation within the
Plantations to serve as refuge for parasitoids, Biclogical
control‘by the utilisation of Pathogenic bacteria and the
nuclear polyheérosis 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 ﬁrotection of teak nurseries, 1t is necessary
to ensure reduction in the local Population loads to the
maximum extent, Thorcuci application of quinalphes 0,059 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 oZurring in the Kernels of the Indian neem

tree Azadirachta indicgy and the China berry Melia azedarch

Possess excellent feeding deterrency against several

lepidopterous larvae,
{

In Paraserianthus (Alhizﬁia) falcétoria nurseries, open

[
feeders such as larvae of the pifid moth, Eurema blanda

silhetana as well as the tortricid,Archips micaceanus and
—=—=-dna

Adoxophyes moderatana have been found to be the important

pests. The larvae of these pests also occur on freshly planted

o~
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saplings of Faraserianthus. 1In Kerala, larvae of Lymantria

ampla (Lymantridae) and Archips micaceanus (Totricidae) have

been recorded to fzed on the follage of Eucalyptus seedlings
in tae nurseries. The latter is alro recoraed on Acasla

nilotica, AlbiZzia rocera, (assia fist ila andg Jectona grandis.

Root and collar feeding 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. Hilyotroqgus holosericéa and Melolontha

furcicauda are assoclated with cconiferous trees mostly pines in

temperate zones at higher elevations ranging from 1500-3000 m.

The grubs feed on thn roots of seedlings causing them to wither

and dry up. white grubs have a pProlonged life-cycle extending
from one to two years. Peak populations of the grubs occur in
April-May, particularly,after the receiit of the tirst pre-monsoon
rains. Soil application ot . éhorate 1% granules at 2,0 kg ai/ha
in the fnursery. beds and raking them into soil by gentle forking

once in April-May after the rains and again after the cessation

of the monsoon will control the white grubs infesting the

nursery.

Subterranean Termites (odontotermes SpPpP.) are the most

serious pests of nurseries of many trees including Eucalyptus sp,

On Eucalyptus Spp. termite attack is usually concentrated on -

a(a



the tap root Just below the collar region and the damage cauyses
Seedling Mortality, Infestation is severe in the nurseries

and also jin freshlvy Planted Saplings,

greater emphasi g than Curative Nethods, Drenchinq the
container goj] with suspensions of aldrin/chlordane/heptachlor
Soon after the Seedlings €Stablishment ig the most economic angdg
effective method of ensuring Protection against the termites,
For brophylactic treatment,‘a dosage rate of 0.12 g ai per

Container ig required. opne litre orf aldrin 30 gr or 1,zp

container. por drenching one container, about 50 m) water wil}
be needeq, Drenching i3g to be carrieq Out with a ros- can,
ApPPlying the liquid inp 2=3 consecutive instaiments to cover the

entire lot of container Seedlingg,

SaE feedeys

FSyllids have been recordeq in ggerocarpgg marsupium

nurserijes during the month of June-July, These can be controlled

by aPplication of endosulfan at 0.05%. on Lagestromia microcamgg

Nurseries, infestation by mites have been found to be moderately
Severe during the Summer months, For controlling nites, Dicofo)

(Kelthane) and Sulphur brerarations Such as Suylfa,: are very

effective.

Ak Ao ohododopw
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Appandix 10

Tree digease management in India

R. Jeyarajan
Professor and Head
Department of Plant Ps*hology
Tamil Nadu G.D. Maidu Agricul tural University
Covanlr ok oA Lihyyoon

Forest trees are atfected by several diseanrs caused
by plant pathogens like fungi, bacferia, viruses and myco-
plasma like organisms both in nursery as well as in planta-
tions. The methods of management adopted in arricultural
crops cannot be applied oa soéi’for torest disecases for
obvious reasons. However nursery di seage management consists
of many *ntegrateﬂ methods similar to agricultural crons. In
forestpklntroduction of new pathosens either from other states
or other counctries should be carefully avoided by alopting
d.mestic and foreign plant quarantine. Diseases like sandal
spike seriously threaten the tree and so far no econouic method
of management is available.

I. Nurgery digeases

1. Damping off : It is the most serious of all nursgery
diseases of forest treeg seedlings. It reduces the number of
seedlings and consequently upsets the planting prograame.

Symptoms : In pfe-emergence damping off the geed and
seedlings die prior to the emergence. Post-emergence damping
orff reiers to infection on the lower part of the stem, on the
roots or on both, in the first few weeks after the rlants
emerge Ifrom the soil. The stem loses its aéa%yg)and cannot
support the seedlings above it, and the seedllnn; falls over on
the soil, lLate damping off occurs if inrection of new succulent
portions of roots occurs after lignification of stems and roots

is initiated. Usually this type of infection is not fatal.

Causal aients : This disease is caused by a number of
fungi, like Pythium, Phytophthora, Tusarium and Rhizoctonia
in different -orest tree seedlinss (Table 1).

O-
wanagement : Heavy ©oils should be avoided or sxand and
organic matter should be mixed in such soils. Murgery should

be located in well drained site without overhead shade. ‘'latering



should ke done'to the miniimuym extent necessary while germination
is taking place and in the early s tage of Seedlings growth,

Adopt shallow sowing to a depth of akbcut 0.7 cm.

Avoid dense sowing and higtlseedling population per unit areas

The nursery slotg may ke covered with Polyethylene sheets
for 55 days (soil solarization).

were effective as a8 kiocontrol agent for PhytOphthora Cinnamomi
causing damping off in pine seedlings. The seeds can be pelleted
with 50 ml Spore suspension of Trichoderma (10 /ml) + 8 ml rice

gruel for one kg of seeds, shade drieg btefore sowing. Thig

affords two-pronged orotectlon against seed torne - pathogens

and prevent infection ky 5011-borne wathogens kecause the

kiocontrol fungus grows in the foot surface and provides a shield

along the root surface. In addition to disease control Trichoderma

also has a growth promoting effect, It has bEeen ostitated that

205 of the production potential of olants are wasted to neutralise

unfavouraktle soil micro-organisms and their toxins.  shen
Trichoderma takes' uw this jok, the entire “nergy of the glant ig

utilisel for its oun Grodiile

In sinc, thizoctoria solani can ko nancesd by ALplying

Sp0Les Of Stretomvees h/qruscovicus var. incances ana 2acillus
subtilis, T. viride and Saw dust 20 days kefore soving. The
nNursery soil can be ste erilised by applying 250.ml formalin c¢{luted
to 4 1/sgem. 2 weeks tefore sowing.

Captan, Thiram or Cuman (25 g/sem. ) May ke =roadcast ang
raxed into the Lo 15 em of souil one day bl fore s50:inzy. This is
effective for conifers with epigeal germinasion. For other seeds
with hygoeal germination sceds may ke trcated with captan or
thiram at 2g9/kq one day kbefore sowing, S,.ruce seedlings
may ke drenched with 0.24 3litox. Ce ¢ ulsetifolia may

ke cdrenched with 0.05i% vitavax or O.llemisan in nurseries.
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II
1.

Web blight : Rhizoctonia solani

Hosts : Melia azedirach, Azadirachta indica

/

Cassia Jodosa, Ceiba pentandra, Albizia falcataria .

and Eucalyntus .
Sywptoms : Web of mycelium entangles a group of seedlings.
Infected leaves are held together by t he fungus hyphae
presenting a cob-web appearance.

ilanagement : Avoid dense sowing of seed. Remove 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 week before sowing and at weekly interval.

Bacterial wilt : Pseudompﬂhs solanacearum
Host : Gasuarina équiségolia

- /'Sudden wilt.4nd shrivelling of leaves. Root tisgue
oﬁfﬁilted plant éhow brown discoloration,

hir pine (Pidﬁf roxburghii)

/usa.rium 8p.
eedles in the growing shoots become fiaccid, droop

do d finally dry up. The drying they advances.

Foliar diseages
Powdery mildew

Teak : Phyllactinia gattata, Uncinula tectonae
Bucalyputs Oidium eucalypti

Hawthorn : Podosphaera oxycanthae

Hazel : Phyllactinia corylea

Lilac : Qidium spp.

Maple : Uncinula aceris

Oak ¢ Microsphaera alphitoides

Willowe meinula salicis

Symptbms ¢ White, powdery coating appears on the lower
surface of leaves. Defoliation is common at later stage.,

Rusts : Rusts attack nurseries and plantation an1 cause

leaf pustules, sgtem gall and canker.
Delbergia sissoo

i. Uredo sissoo - Minute, scattered uredosori app ear

during October - April on the upper

\«;@ |



surtace of leaflets, Severely rusted leat'lets turn yellow and
drop prematurely, |

2. laravalia achora : Leaves and juvenile twigs are attacked

and xilled resulting in dieback and subseauent death of
seedlings,Uredosgori are forued on the lower surface of leaves.

ggﬁﬁiz Olivea tectonae It oceurs during October - February,
Uredia and teliq are orange yellow and ocecur on the lower
surface or leaf, andg almost plaster the same, The upper
surface of leaf exhibit paling,

. 2
Albizzig lebbeZk . Ravenilia_iaponica

. It occurs during June to October.

Seedlings are deformed, crumpled and die subseruently,

Lucalyptus : Puceinia nsidii . It attacks foliage and young
twigs of. 3-12 monthsg ol1d secd lings Tesulting in defoliation
and death,

A
Bamboo (Dendrocalamus strié%es) : Dasturella diving
Ay

It affects seedlings in nursery the—seed%;ngsv

llanacenent . Soray 0,17 Ravigtin ar 0.5% wettable sulphur
at 20'days interval in nursery. Provide adequate sunlight

and aeration, Fallen leaves should be collectad and burnt,
Infected plant Parts should be pruned and destroyed.

III. Leaf blights and spots
1. Keedle blicht of Chir pine : Cercoseptoria'gini densiflorae

It occurs iy Oricsa, Bengal, Andhrapradesh ang Bihar,

First ménifests N lower heedles and slowly spreads upwardg
during monsoon feason. Jrale preen lesions first apear which
turn yellow brown at later stase. Discased needles dry and

curl around the stem,

C\'Da;,' e \ .
Jdanafrement . Spray -3« Lithap '1=45 op 0.8% calixin at 20 days

intervalg from the vhset of mansoon.

Leaf spot cof poplar Cladosporidum hunige

e s N
It causes bremature defoliation,

ol



Management Spray 0.2% Dithane M-45,

3. Seedling blight and stem canker of €asuarina equisetifolia <
Rhizoctonia solani ‘

Symptom ; It affects 2-3 month 0ld seedlings, Small :ihrotic
lesions measguring 2-5'25 or'e produced in stem.later the
infected 22339 develop ;gi% sunken canker, Under high humiq
condition, diseasge 8Preadg tolfoliage causing blight. The
pathogen algo causes root rot. Yeavesg turn yellow,
decay leading t¢ death of seedlings,

_The roots

ilanagement Apply vitavax 0.05% in nurgerieg

a——Con O Hrein

4., Leaf blisht and die back of Eucalyptug

Symptomg The tender leaves become bl
Management Drench with o

Topsin both ag protective and . eradicant,

5 Seedling wilt 0f Albizig falecatarig ¢ Fusariug solani

Symptoms ; It Occurs in March - April, Tower leaves turn
brown and are shed., geedli
Ly

1-2 leaves remga.'in£ at the apex. Root show
ration, Seedlings dig Eﬁ;thin one month,

pProminent digcolo-

Management . Drénch with 0.1 Bavistin,

6. Leaf spot of Dalbergia latifolié ¢ Physalospora dalbergiae

N )
Symptoms Leaves of al3l agesisusceptible. It occurs during
September, Octob er a8 conspicuoug,

C @mphigenous Necrotic spofys,
ascomata develop in grouns on

Ay
Later black, SwinRe dot like
the upper surface of the leaf.

Manacement Spray O.Z%ngithane M-45, or capton or Fytolanj,

7. Golletotrichum leaf spot of Dalbergia latifolia C. gloeosporioides

Syuptoms ; Tt occurs‘during July-September, Circular brown

\b}k



Manapement : Spray 0.2% Fytolan or Dithane M-45

(t(h“ .
8. Collar rot of EombaxA:ZRhizoctonia solani

Sym.toms : Small water soaked lesions appear 8n the
hypocotylf. They turn brown and later gets dejayed.
Seedlings collapse from the decayed portion and dies.

slanazement : Drench the soil with 0.1% Fuisan at an

intcerval of 10 days.

c_e_\bu
9. Leaf bli;ht of Eombaxﬁ?'borticium rolfeii

Symptom : “mall brownish yellow spbts appear in cancentric
rings on the leaf’lets. They coalesce covering the entire
leaf and eveq&the petioles. Beca&ge of rotting of petioles,
such leaves bind downwards and dries-4p, The dise.se
EpezEdX Xk spreads through contact 533¢2éa diseased amd-

ronth¥y leaves.

lianagement : Two foliar~éprays of 0.17 Fmisan at weekly
interval.

Stem Digeases :

Sten wilt of fasuarina equisetifolia : Trichosporium vesiculosum
Symptoms : Bark of affected stan peels away from wood. A Mck
teench biac& coating of powdery spofe mass occenr on the stem
surface. The branches vwilt. Youny trees 1-3 years old are
severely affected. It sprecads throuzh root contact as well

As pruning and topping injuries.
smanasgenent : Isolmte infected plants by a trench.While
loppin: bra.cites, :ive a clean cut. Yeumove infected nlants.

Root disease

Root rot of Agave sisalana - Paihusalala olivaceoniara
Syuptoms : Leaves turn yellow and dry, Yoots decay. Plants
die in patches. This was observed in Anamalais of Tamil
Nadu in .986.

wanmenent : Spot drenching with 6.17% ®mison.




Table 1.

iree Species

Abies nindrow

Acacia catechu

A. koa

A. nilotica

Albizia falcataria
Alacardium ggﬁidentale

Araucaria augstifolia
Azadirachta indica

Bombax ceiba

sAsvarina eouigsetifolia

pucalyntus snp.

Gmelaina arborea

Picea smithiana
Pinus Eargihae
Do rozimw il
Santaliva album
sweitenia

Tectona /randis

D‘-\.\bh\\.p BYNALS
-,

_,‘,————-————

“Pythium spp.,

causal Orgzanism

Fytniuwa spp., Fusariunm avenaceun
Ganoderma lucidens

F.'oxzsoorum f. eon, ¥oae

-acr .whomina phaseolina

E. solani o
Cylindrocladium camelliae, Glbberllla
baccatn, Lhytonhthora

ualmlvora,

Fythium spinosun

2. clavatum
£+ solani
rhizoctonia solani

.+ 2haseolina, Pseudomonas

mlmmcmumm,g.:wlmu

Cylindrocladium SDP.,

E. cxysporum, Pythiun SPp.
R. solani,

Sclerotium rolfsii

S. rolfeii
dihizoctonia Spp.

als phasealing
Fusarium spp.

Lrthium spp.

=rerophylla €ylindrocladium snn.
. rolfsii

rolfgii

lea 1o

\,,:
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Jandal Spike - iyconlasma like orsawism (':10)

Synutoms

The new leaves and shoo” . of a spiked tree become stiff
and erect like bristles, 'Mhe internode becomes shorter, leaves
become smaller narrower and wore nointed and give an appearance
0f spikes. Spiked branches do not produce flower or fruits,
Disease may appear in the besinning in one or two branches and
later spread to other branches, tinally tree dies in one or two
yeirs. The colour of spikel leaves become hala bluish green
which changes to reddish brevm, 2ootsg s::0vr decay.

Yector - zed=rator bimacul ntug

AN i~enent s

1. Remove and ‘destory tne sriked sandal trees,

2. Oelectiom of, host plants 1ike casuarina, Bucalyptus,

Zascia ginmaea, Azadirachta ijdicga,



Caucal or.-anism

Disease

1. THlt

Pseudomonas s lanacearum

2. Root rot slelicobasidium compactum

Peniophora rrizonoroho-

sulpaurea

3. 3Ro0t rot

4., Roct rot

;¢linorus zonzlis

[ 1

2. rink disease corticium salnonicolor

Symptons

In the leaf, small trown
coloured patches anpear
between the veins, sometimes
spreading to pgive it g
scorched apnearance, followed
by vilting of leaves and the
Dlant, Piscolouration cof
vascular tissues cccurs in
the roots,

Decline of the foliage,
production of sprouts
followed by death of the
plant

The funmus attabks only the
spawood in which it causes
yellow fibrous rot.

Tellow mycelial mat of .the
fungus develops in the
decayed wood. Affected
trees become wind-blown

due to decaved roots

losing f:othold in the soil.

It causes root and bult rot,.
Decay of roots and butt
results in wind throw of
trees.

Infected young branches may
be illed outright, while '
infection in older oranches
results in the formation of
cankere and longitudina]
bark-cracking.

2

Cuitable site should
be.selected for
nurseries with good
drainage.

Iursery beds shouvld
te treated witkh

~formalin, avout 2

weeks prior to
planting,

Suitable site should
be selected for nurse-
ries with -gocd drainas

The spread of the dise-
ase may be arrested by
makizng trenches to
isclate diseased
patches.

"eallhy stumps should
be selectei for
Dlartine,

Freedonm from injury
to trees is essential.

D aate T L
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Disease ~ - Causal orgenism

6. Stem canker NMectria haematnencea

cercosgnora tectonae

Fowdery mildew Uncinula tectonze

Ze2f rust

Jlivea tectonae

i 2
Sy-ptoms

Cankers arpear as d izhtly sunken

vark fissures upto 40cm long,
mostly located at or near the
ground level, accoananied by a
slight flow of reddisk =p.
Removal of bark exhibits Lrink
stain in the underlying wood.
Trees die from top downwards,
leaves, turn yellow and are
shed off prematurely.

Dull-brovm t» rravish-brown or
white arngulor spots apoear on
teak leaves. )

Spots coalnsce into lar.

The infected leaves are coated

withh a dull white mvcelium lotted

with black fruiting bodies,
presenting a bluish-mray nea ¥
apnear-nce,

Heavily infected leaves are shed

Cranze-yellow coloured custiles
occur on the lower surface o
the leaf.

The corres:onling unper rurface
of the leaves mny presont a
gray apwearance due to the
formation ~f flecks.

It causes premature defc:iation.

He, |—

ursery - avpzlication
of sulphur-based
fensicidal soray
Flantaticn - opening
the canopy



“Causal organism

2. Casuarina .

-_ es wm em e o e e e - e e

Control

1. .Stex wilt

.1.

2. Leaf spot

3

Root rot

Hear rot

Trichosnorium vesiculosum In the infected trees, the

‘needles become pale and

dryg uv.
Rlisters devclop on the btark

wvhich cventually rurture -

in the form of Ilazkes and
the black novwdery mass of
spores, apnearing like
charcoal dust, becomes
exprosed.

3. Sal (Shorea robusta)

Pdlyporus ‘shoreae

Cercosnora Spe.

Fomes caryonhylli

The affected trees si:ow

symptors of top-dr:ring. 1.

Such trees become wind-tlovmn
because they loose foothold
in s0il due to decay of roots.
In some cases, the treed nmay
put forth efpicormic branches.
Small, lirht yellow mycelial
felts of the funzus develod
on bark of roots.

Gray-coloured necrotic spots
appear on leaves., The )
necrotic regiqns fall off
after the rains producing a
shot hole symptom.

In incipient stage of decay,
the wood is stained dark brovm.
In advanced stage, white rot
is produced and wood becomes
spongy.

Yellow mycelial mat nay develop

in decayed wood,

Decay nmay also occur as circular
rings ascociated with unk lnots'
which arise at different depths

of the wood and oper up in the
bark as 'eyes' or pox-marks.

The spread of the di-
sease can be checked
by trenching diseased
trees.

I1licit loprring and
nruning of branches
should be stopned.

The dead trees g4
also trees in advan-
kxg ced stages of
the disease should
be removed,



4. ¥hair (Acacia catechu)

<

Disease . Causzl organism

1. Root rot " Ganoderma lucidum

2. Heart rot Fomes badius

Z. Fowdery Yierostroma
leaf srot acacilae
2cacrae

Syaptons

The patho -en attacks and kills tkre
barik and causes spon.y rot in the
sap wood.

Aflected ;lants exhibit pale f:liare
wiiicn eventuzlly dries up.

Young nlants are 4%illed socn after
infection and ~=ature trees are
killed when most of the roots

vbecome aflected,

+ne fugus causes decay in the
reart wood only. The colour of the

- heartwood chances to a de=per shade.

In advanced decay, heart wood becmes

yellow, spongv and lizht and pre-
sentg a mottled appearance due to
formation of long, black, indig-
tinct streaks and zone lines, .
Sporophores develop at different
heights on the tree.

The pathosen produces showy=whita
turts on lower surface n: ieaves

5. Albizia

1. -1t canker Fusariua solani
f. alvizzize
==--ozlae

It causes grayish black caniers
on 15-20 year old trees.

The canker may extended 2-4m on
the stem.

In severe infections, the canker
may almost girdile the stem re-
sulting in drying up of the crown.
The trees may snas at the region
of the canker, :

Control

The lateral' spread of the
disease can be chcked by:
digving isolation trenche

freedom from ifjuries
to trees due to animal
is essential.

The sporophores should
be removed and des-
troyed systematically.



'--—--—-.---—----———-———l-———

"Disease Causal organism " Symptonms Jontrol

—-———---—-———---—-—————-—-—o———————————-———-—--_—

2. Leaf gnot cercosoora amlbiziae  Spots oceup on both sides of leaves.
Spots are browmisn to whitish aray
in the coantre surrounded by narrow,

brown to bluckish ring, o
Later, the centre of the spots
gives a deep Sray:sh powdery
apprearance,

3. Leaf rust Ravenelia japonica It produces dark brown rust rustules T -

. ocecurring solitary or in Zreups on

both surfaces of leaflets and vods,
Seedlings vhen heavily attacled are
deforzed, crunpled and may die
Subseguently,



Appendix - 11

KERALA AGRICULTURAL UNIVERSITY
COLLEGE OF FORESTRY

EARLY HISTORY OF TEAK PLANTING IN NTILAMBOOR

In 1750 England faced a shortage of timber supplies

especially for ship building for military and navigational
PuthSUC)ﬁﬁué'tﬂ.tth‘?"lﬁ*iﬁn'”f its ork fcncsts::ﬁ?orgnsura
uninterrﬁpted timher saveilabil i+ « the Lagt Incie C.oigcany and
th> U vernment of British India initiated a number of stepa,

|l

1. A timber syndicate was formed in Malabar with

Mr. Maconochif as its head,.

2. In 1805, the Court of Directors of the East India
Company enquired to the Government of Bombay to report as to
what extent the Royal Navy might depend on a perma2nent supply
of teak in Malabar. This enquiry resulted in the constitution
of a Forest Committee charged with a comprehensive programme

of enquiry both into the capacity of forests and into the pro-
prietary rights in them.

v . .
3. ot 10th Movember,' 1106, Cap. “atson was appointed as
the firct Conservator of India to ensure sustained supply of
teak and other timber suitable for ship building,

4, On April 25, 1807, a general proclamation was issued
declaring royalty rights in teak,

5. The Conservator, who was in charge of Malabar and
Travancore, soon established a Timber Mlonopoly and supplied
the Government with a plentiful supplv »f cheap timber. How-
ever, the Conservatorship wda abolished !n 1823, probably due
to the hurt feelings of the proprietorsand contractors on
account of éhe harsh methods adopted Ly him,

6. In 1842, the Court of Dirzctors suggested improve~
ments of gorests 2y the formation of teak plén%ations. This
work was initiated by the then Collector of Malabar, Mr, H.V.
Conolly., Howevers, before this; in 1840, the Govt. acquired

on lcase from “hrikkaliyoor Devaswan an area of about 20 sq.
miles of forest.

Ir the initial stages zhe technique of establishing
teak plantations were not knowr. To get the teak sceds geor-

minated itself was very difficult. The work of sowing and
transplanting was started during monsoon period of 1842,
towover, the first attempt was a total failure. As a result,



Mr., Smith, vwho was in charge of the programme was fired

from the job by Conolly., Scrgeent Graham who succeeded

rlr, Smith resigned in disgust., The whole responsibility

now fell on Shri. Chathu Mencn,
time. He with the help of

sub-consaervator at that
Mr, Bates, the Head Accountant
of the Collector's office managed to get a number of tea%__

secdlings 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 rlanting 4 month old seedlings
from nurseries raised in dry season was given up and one
year old seedlings were outplanted in the following year,
This continued antil 1891, when Bourdillon found that the
seedlings were too big and so he stump=d them and planted
at a distance c¢f 1,5x1.5 m in Ariencavu. - This plot is

maintained even. now as a Pcrmanent Preservation Plot.

PROGRAMME FOR NILAMBOOR 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 Nurcery, Elephant
Camp ctc.

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 plet

14.40 - 18.00 Visit KFRI Ficld Station, Teak planting

at Valluvassecry, Chathu Menon's
permencnt preservation plot etc.

18,00 - ~eturn to Vellanikkara.

\\
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CYN N }f‘,\mn ney ;'-,'/()77— 1A
NURSERY MANAGEMENT WORKSHOP

MAY 6, 1991 -- 11:30 - 12:00
' -~ N OREGoN
REFORESTATION AND AGROFORESTRY: a discussion

INTRODUCTION/ BACKGROUND: R. Rose - Overview of World Reforestation.

REGEI'TERATION 1IN 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:
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D W H, Ermamaidahimn
MAY 13, 1991 -  11:00 - 12:00 USING THE LEAF AREA METER

I. INTRODUCTION / BACKGROUND

Importance of leaves: small but critical component of plants.
pPlant 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:

PRCJECTED (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. Interpréting the Results:

VII. Summary

\\..



Objective:
light measurements.

I.

II.

Appendjx 12-8

MEASUREMENT OF CANOPY TRANSMITTANCE
TO ESTIMATE LEAF AREA INDEX

To estimate leaf area index of a plant canopy using

Background

Plants

absorb 1light for pPhotosynthesis in the visible

wavelengths (400-700 nm) of the 1light spectrum.
Photnsynthetically’active radiation (PaR) can be measured

with

light sensors which are sensitive to these

wavelengths. PAR intercepted by the canopy can be used
in models to estimate leaf area index.

Light

is either al.sorbed, transmitted, or reflected.

Reflectance from forest canopies is typically 5 - 12 % of
incident radiation, most of which is in the infrared
portion of the spectrum, Plants absorb strongly in the
blue and red portions of the visible wavelengths, and
reflect and transmit in the green portion of the visible,
thus appearing to have "green" leaves.

Measurements

A. Canopy transmittance (the amount of 1light transmitted
through the canopy) is sampleu with single or multiple

light

Sensors on an array (e.g. Decagon Devices, Inc.

Ceptometer, which has 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 openin + such as a large clearcut to estimate

incident radiation, and

2) helow the canopy, over the sample plot. A grid
pattern of sampling, or transects across the forest is
recommended., A large number of samples are necessary for

stands

of larger trees, and open stands, to reduce

sampling variability due to canopy gaps.

The incident: PAR measurements would be ideally taken
simultaneously with the below canopy readings. 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.

W

’



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 (Q)
by average total incident PAR (Q,) - Leaf area index
(LAI) can be approximated by the Beer-Lambert Law:

LAI = -1n(Q/Q,) /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 1light measurements, for different leaf angle
distributions, discontinuous canopies, and use in
agricultural crops (Campbell 1986, Lang and Xiang 1986) .

References
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coniferous forest leaf area .index using a portable integrating
radiometer. Ecology 69(6):1762-1767

A\


http:0.29-0.57
http:0.40-0.65

12. &)-com

Portable
Area Meter

Leaf Area of Living Plants
or Detached Leaves in the
Field or Laboratory

Append[x 12-C

U.S. Patent No 3.782.833
Japanese Patont No 960,011
Ausiiahan Patent No 54.42)



Precise Automatic Area Mea’surement

LI-COR Area Meters are specially designed to meet
precise and automatic area Measurements. As a result, they have become
standard equipment to many phases of plant and bio|
and guesswork using area approximation technique
nated. This means work that used to take hours, now

with precision resuits.

Area Measurement Applications

PLANT SCIENCE

* Correlations between plant growth
and environmental conditions

¢ Leaf area index (LA) studies

* Reductior: in leaf area due to in-
sects, drought, disease or ajr pol-
lution

¢ Leaf area as it relates to crop yields
¢ Blomass studies

ELECTRONICS INDUSTRY

¢ Determination of precious metal
requirements for printed clrcuit
boards

¢ Substrate area of wafers

"MzDICAL FIELD

® Area delermination of portions of
X-ray negatives

® Bacteria colony areas

GEOGRAPHY & HYDROLOGY

e Land and water area using aerial
and contour maps

Aulomatic area measurement in the
lield was an impossibilily until the ad-
vent of the LI-3000 Porlable Araa
Mater. State-ol-the-art elnctronic and
optical design has been the foundation
of the LI-3000's proven performance

under demanding research require-
ments,

The LI-3100 Area Meler gives you the
flexibility and accuracy you need for
precise measurements of very small
and large obijects. Resolution of 0.1
mm? s provided for small samples, or
widlhs up to 25 ¢m are measured with
1 mm? resolution,
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L1-3000
Portable Area Meter

LI-3100
Area Meter



e Nondestructive leaf area measure-
ment in the tield

e 1 mm’ resofution
e Accuracy within - 2°%

® Mcasures over 500 living leaves
per hour

e Accumuiates t mm‘ to
999,999.99 cm?

® Easy-lo-read B-digit display
» Lightweight for ponrtability
¢ Internal rechargeable battery

® Precise mecasurement of perforated
and irregular margin leaves

® Easily interchanged to a beit con-
veyor system for {ab use (using
Li-3050A)

The LI-3000 Portable Area Meter pro-
vides a non-destructive. precise method
lor monntoring crop canopy development
or individuat plant growth in the lield and
growth chamber. Leal area reduction and
recovery associated with conditions re-
lating to nsect infestation, drought, dis-
ease or air pollution can be evalualed by
measurnng the same plants throughout
lhe season.

fis ,'g“,’faw ’
et
ey

Leaf area developinent can be measured
without damaging the plants  This allows
precise plint arowth evaluabion through-
out o qrowing season Eflects of di-
munshing the stand densily that occur
valh sacnhiciat data coltection inchniques
me chimmated

Remaining area of insect-damaged
Inaves can be measured Data can be
collected from the same individual plants
throughout a life cycle. In some cases a
transparent sheath can be placed over
severely damaged leaves to support the
remanungq hissun.

MBI AN

‘

Measurernents which involve large numn-
bers of small harvested leaves can alten
he perlormnd in the ficld by placing the
leaves in a transparent sheath. This
Inchimnue alows aren data eollechon in
ther ek belore 1he detachied loaves ap-
preciably shrink or corl. For many ex-
penments, the necd to teanspont sienples
away rom the plol ste is ehingded

4/-coxr 13,

Foresl stand or urban foliage develop-
menl can be recorded for purposes such
as evaluating air poliution eflects or pest
damagqe. Nondestructive leal area mea-
surement lacilitates many phases of or-
chard physiotogy research. The LI-3000 s
lightweight construction and long:-lile re-
chargeable battery (8 lo 10 hours) provide
extensive field use versatility.
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Open the scanning head and place
over the leal. The lenglh encoding knob
1S held stationary agamnst some stable
object. usually the stem at the base ol
the leal.

Close the scanning head at the base of
the leaf and reset the display using the
reset button

Diaw the closed scanmmna head over the
leal allowing the Inaf Apnx 1o pass
through completrly Dravvima speed
need not be constant

THEORY OF OPERATION

The LI-3000 Portable Area Meter ulilizes
a state-of-the-art electronic method of
rectangular approximation providing 1
mm? resolution. The major components
e the scanming head and the readout-
control unit. Area dala is accumulated on
the display of the readout-control unit as
the scanning head is passed over a leal.

Width Scanning

Object width is scanned by means of a
flying spot wiuch appears on arow of 128
narrow-band red light emitling diodes
(LED's) located on 1 mm cenlers in the
upper section of the scanning head. This
electronic flying spot light source is lo-
cated along a line 6.4 mm from the edge
of the upper section, permilting mea-
surement close o the base of the leal.

The lower section of the scanning head
contains a lens-photodiode system which
responds to the LED light. When one or
more LED's are macked by some object
which passes through the scanning
head. the widih is measured (il,e.3LED's
masked are sensed as 3 mm width). The
LED's and associated digntal circuitry
provide measurer-ents which are unal-
lected by leat lransmission properties or
ambient hght.

Scanning Cycles

As the scanning head is drawn awa
from the length encoding knob, the LED's
are pulsed one at a time {o produce the
llying spot scan A single scanming cycle
consists of 128 individual 3.5 micto-
second LED flashes progressing se-
quentially across the assembly. This
Scan occurs once for each millimeter
travel of the lengih encoding cord.

For example, if a 20 mm width x 100 mm
length object is measured, 20 LED's will
be masked for 100 scanning cycles re-
sulling in a display of 20.00 cm’. Accu-
facy 1s unallected by the scannng
speed (1 meler s maximum rate). An
error light is displayed if the scanning
head is drawn away from the length en-

* coding knob in excess of 1 meter st

Area

The area is Integrated and displayed as
the scanning head is drawn over the leal.
Leaves wilh ireqular margins or with
holes, as in cases of insect damage, are
correclly measured by the LI-3000. As
the portion of leal with the hole passes
through the scanning head, the lens-
photodiode system senses the LED light.
That particutar LED location does not
contribute to the accumulating area until
it is once again masked by a portion of
leal wilhout a hole. The area dala is pre-
sented on the display.
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Light Emitting Diode Scanner (128 il-
luminated LED's in the foreground). This
hybrid microcircuitry was developed by
LI-COR as the scanning light source for
the LI-3000 scanning head. Scanning
head accuracy and durability is greatly

enhanced by using this sophisticated
solid-state light source circuitry. The
LED's are mounted by LI-COR using high
technoloqy micraelectronic die and
wire-bondmg techniques to insure high
reliability and durability,

2003-3000
Carrying Case

This foamn-lined case provides an excel-
ient transpont and storage means for the
LI-3000 and is recommended as an ac-
cessory. Size:33.0W x45.7 L <17 B cm
D (13" x 18 x 7). Weight: 2 5kg
(5.5 Ibs)
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1-3.

SECTION I
GENERAL INFORMATION

INSTRUMENT FUNCTION

1-1a.

1-1¢.

The LI-3100 Area Meter is designed for biological or industrial
applications requiring rapid, precise projected area measure-
ments. Samples are placed between the guldes on the lower
transparent belt and allowed to pass through the instrument.
As items travel under the 15 watt fluorescent light source, the
image i3 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 trans-
parent belts. The third is within the rear housing.

ObJect width is sensed by the scanning camera. Length informa-

tion is provided by the current frequency as related to belt
velocity.

Area integration is accomplished by components of the main print-
ed circuit board mounted Wwithin the rear housing on the instru-
ment rear plate (figure 1).

Data is presented on the light emitting diode (LED) display.

Decimal location on the display is changed to suit the 1.0 or

0.1 mm” resolution requirement (Section 1V).

INITIAL OPERATION PREPARATION

Prior to initial operating, all steps in Section II must be parformed.

OPERATIONAL FEATURES

{-3a.

1-3b.

An instrument with interchangeable l.O'mm2 and 0.1 mm® resolu-
tion capability is furnished with a 35 mm and 1052mm lens. A
25 cm wide sample guide is provided for the 1.0 mm" resolution
configuration. The 7.5 cm wide sample guide is associated with
the 0.1 mm resolution capability.

The upper belt assembly can be removed for operations hindered
by the upper belt., Sample thickness can.be increased then to
2.5 cm SSection VIII).
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Ongoing Experimentg in the Tissue Gultyre lab,
College of Hortioulture.

2, Improvement of black pepper through dn vitro
techniques,

Objeoctives: To Standardize the most suitable culture
medium and explant for differentiation of callus es

well as for multiple shoot production and 2mbr yogene~
8is in black pepper,

Result

Multiple shoots were obtained from nodal explantsg,
which vere Successfully rooted ang pPlanted out.

Callus mediateg Organogenesis wasg also succeasful
in pepper.

Ginger

3.Tissue culture and Somaclonal variation in ginger
Objectives: To Standardige a commercially feasible
the somaclonal variation in cultured tisayes and plants;
to develop disease-resiatant high yYielding auperior
quality genotypes,
Results

Planfiets have been developed in vitro and
their somaclonal variation is being studied.

L N Y 2
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In vitro mutagenesis in ginger
Objectwes

To fix the effective irradiation dose in ginger

and to induce variability under in vitro condi-
tions, '

Result

Different doses oi‘Y'rays have been tried for

irradiating the rhizowe pieces and their response
is under observation.

In vitro production of hybrids in ginger.

Objectives:

Exploitation of in yitro methods to obtain
hybrids in ginger.

Result

In vitro pollination has been done and ovary
development is being observed,

Standardisation of in vitro techniques for rapid
multiplization of difficult -to-root and endangered
species of medicinal plants.

Objectives:

To standardise in vitro teohnijues for multipli-

cation of various medioinal plants like Kaempferia,
Gymnema etc,

Result

In yitro plantlet regeneration has been stand-

ardised in Kaempferia and the plantlets have been
Successfully planted out,

Standardisation of in vitro techniques for rapid
multiplication of cinnamon,

Objectivess

To standardige in vitro techniques for maltipli-
cation of cinnamon,

Results

Indication of maltiple shoot production has been
notiocd from nodal explants in cinnamon.

Clonal multiplication in rose wood through bud
culture,

Objectives: To standardise the technique of in vitro
clonal multiplication in rose wood,
Result: Successful multiple shoot production has

been'obtained, which were rooted and subsequently
planted out successfully,
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Nursger v technjques in cocoa

Nursery techniques in cocoa ooneist of raising
Seedlings from geeds, producing budded plants and
rootihg of cuttings,

1., Raising cucoa seedlingss This consisis of extragt-
ing seeds from cocoa pods within seven days of harvest,
sowing inpotting mixture contained in polythene bags
and growing them for four to six months before planting,
The seeds are to pe fown either flat or with helium end
down and the depth of gowing should be Just only enough
to cover the seeds, Seedlings of four to six months
growth are used for pPlanting.

2. Budding: Budding is usually dcne using seedlings

that are six to nine months old by whioh time the atem
should havg reached penoil thickness, Buds are colleoted
from the desired pPlant and tire bud wood should be of the
same thiclmess ang Phyeiological age. For root stook of
8ix to nine months, this will ve the browning stage.

The common wethods of budding used for cocoa are pateh,
T,inverted T, Forkert and Modified Forkert methods.
There is found to be little differ ence between these
methods in suocess rate, After three weeks, the budding
tape is to be removed, the stook stem to be ocut half

way through about 2om above the bud union and the stem
Snapped back. It i3 to be left as such till bud grows
and differentiatee and at least two leaves harden. After
about 8ix months of budding, these can be field-planted.,
Peouliar early growth of budded plants and necessity of
pericdical removal of stook shoots upto about a year
after planting are some of the problema. With experi-

enoed buddersd, success percentage of budding will be
over 90,

5. Rooting of cuttings: This nonsists of collection

of a shoot at the &eening stage, preparing cuttings

0f two to three nodes ang planting them after a hormonal )
dip of the out end. The leaf laminae are ocut back

C'.o-.-u.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 seconds. The
treated cuttings are planted in potting mixture
contained in pPolythene 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 abqut Six months. The final

Success rate of this method will be about 23 to

30 qu cent only.
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MAY 15, 1991 9:G0 - 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 yYour seedlings don’t survive. Who’s to

blame for dead seedlings? Teamwork and Cooperation is the
answer.

IT. SITE RESOURCES AND COMMUNITY DYNAMICS i.e. development

Plants and Environment: How plants csense their environment.

FACTORS: 1light, 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 .
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MAY 15, 1991 10:30 - 11:30 VEGETATION MANAGEMENT - 1 HOUR

I. INTRODUCTION: Unless there is

active / effective vegetation
management, seedlings have little c

hance for success.

The Thresholds of Competition Diagram:
Survival -

Growth -

There is an enormous di

fference between simple survival and
the. growth potenti

al of the typical planted tree!!!

II. VEGETATION MANAGEMENT METHODS

Mechanical Weeding - Tried and true, but labor intensive

Herbicides - 0.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 - 1Its’ natural and historic role.

Use in todays agroforestry systems

Local Experience with Vegetation Management:

SUMMARY AND CONCLUSIONS
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STATISTICAL CONSIDERATIONS IN TREE NURSERY RESEARCH
B. MOHAN KUMAR

College of Forestry, Kerala Agricultural University
Vellanikkara, Trichur 8@ 654

Nursery managers are often experimentalists themselves, It
may be required for them to conduct experiments for finding out
solutions to many problems encountered by them or to establish
cause-effect relationships by observing how certain respouse
variables (e.g. "height, diameter) are influenced by specified
levels of one or more factors (e.g. fertilizers). Tree nursery
research, however, 1isa not different from other contemporary
biological investigations 1in that all of them require a basic
- appreciation and knowledge of statistical technigues. Many of the

biological investigations especially those in Agriculture and
Forestry have became qQuantitative and the observations consist of
numerical facts called data. As treatment differences are
measured or counted, it becomes imperative that some objective
.methods should be available to the investigator in presenting and
analyzing numerical research data.

The aim heres is to review some of the common experimental
designs available for conductinre research  in Tree  aced Al
Nursery management and also to provide some insialits fnto  the
analysis of experimental data from a.nursery man's perspective.

HYPOTHEZIS TESTING

The scientific method allows researchers tn quantify
uncertainty with which they accept or reject
formulated before ‘an experiment. A statistical hypothesis is
testable by experimentation in the 5ense  that experimental
results will either tend to support or refute it. {owever,
because it can nzver be totally proven or disproven, researchers

calculate the level of confidence on the decision to accept or
reject.

h

t
hypatheses

QP

Statistical hypothesis are usually formulated as null
hypotheses - that is the effects under investigation are assumed
to have no effect on the response variable. Examples are (1) alil
fertilizer regimes yield the same number of plantable seredlings
(11) bed density has no effect on collar girth. A researcher then
carry out +the experiment and calculates the “probability  of
ohaerved differences between two treatment means occurring by
chance. If there are only a small chance (say 5%) of obtaining
the observed differences if the null hypothesis 1is true, the

researcher concludes that treatments differ - and relects  the
null hypothesis '

Statistical theory informs us that if the null hypolthanis in
true, then the groups MS, as well ag the error MS, wil) e ap
estimate of the total variance, common to nll ot popnlation:s,

)
\V
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But if the t population means are not equal, then the groups MS
will be greater than the error MS. Therefore, the test for the
equality of means is a one-sided variance-ratio test:

F = groups MS/error Mg

with +the . Broups DF being associated with the numerator of the
ratio and the error DF associated with the denominator, Thus the
critical valuq for this test is F t-1), (n-k)- If the calculated F
i1s at least as large as the crit{cai éaTue. then ‘we reject Up.

But remember that all we conclude in such a case 1s that all the

t population means are not equal,

HULTI—SAHFLE.HYPDTHESJS

Biologists often collect measurements of 3 varlable from
three or four samples. In such. a situation, testing all pnssible
pairs of samples: by applying two-sample tests (e.g. ¢ test, Mann-
Whitney test etc.) is clearly invalid. The situation calls for
multi-sample tests 1like Analysis of Variance. Here one might
broceed +to test the null hypothesis H

g H ’)1 = ’,]2: })3 = ... .= /Jk
rather than by testing all the following nu 1 hypotheses: Hp M
SAMo, HO @ pu = Mo, HO :p =13. In the latter case, the cn]culato&
tes statis%ic, t, and %h

e critical values iy the t  table, are
designed to test whether the two sample statistic X1 and X2, aye
likely to have com2  from the same population (or from two
populations with identical means) .,

PITFALLS

TYPE 1 ERROR

In employing this test, it is Fossible that we randomly dyaw
two sample means from the same population and wrongly conclude
- that they are estimates of different population means ie. the
true null hypothesis wil] be rejected. This 1s called :.: '

error in statistical parlance. Also called » niro oy vl and has a
probability of alpha {(siguiflcance leve]; usually &% op lacs),
That 1is if Hy 1s in fact a true 3tatement about 5 “tatlstical
pPopulation, it will be coneluded (erronermsly) g Be Talge 4% of
the tinme. However, consider that the roandom gampleses Werdee  boalen
from a single Fopulation, as Previounly stated three possible L
tests can be performed, and the probabii] Ly of wronely conelnding
that two cf  the means  estimate AL foront Baranest e is
considerably greater than alpha. In fact, 1f alpha is set at 67
(critical values of ¢ test, alpha = 5%) and  three meana  are
tested, two at a time, by the two sample test., Ul i a 137
chance of commitbting o Type 1 erroy. As Lhe  numbyey o f
increase, the Probability of committing a type 1  eryop
increases and it approaches certainty with
means.

means
also

a very large number of
TYPE 2 ERROR

There can be situations where in the jnull hypothesis s
accepted when it 1is really: false. That 1is statlstically

g



significant differences are not declared even though they
actually exist.

ANALY SIS OF VARIANCE

Therefore to test the null hypothesis H@ : uy = mg= A
samples, we need to test thelr means simultaneously. R.A.FISHER
(1899-1962), 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
Dalbergia Jatitelia. Since we are to test for the effect of only
one factor (viz. seed treatment) on the variable 1in question
(viz. field emergence), the appropriate analysis 1is 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. Althnugh equal sample sizes are not required for the

single factor Analysis of Variance, such a situation is
statistically d«sirabile.

Completely Randomized Dexign:

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 iz 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-treaiments 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.

Sources ot variations

ANOVA MODEL: yij =M + ai + eij

where Yy = Jth response to ith treatment
Pt oay = eterministic effects, can be explained as the treatment
effects

ey 4= error term or variation unexplained by treatment.

The amount of variablility 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.

= M %
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Sources of Sum of squares Degrees of freedom Mean Square
variation (59) (DF) . (MS)
Total Eyl-cF N-1
Among 2
groups £re-Cp t-1 Group SS/t-1
Error total ss- remainder . error GG/
group ss error DI
note: CF = (Grand total)z/n, where N 1ig the number of

observations, and t = number of treatments

IHO TYPE3 OF Anova ,

In the example below the experimenter designing the trial
was interested in whether all the four TGRs have the same effect
on seedling biomass, That is, these four treatments were not
randomly selected but were specifically chosen. When the levels
of a factor are specifically chosen, one is sald to have deslgned
2 fixed effects model or Model I ANOVA. In such a case, the null

hypothesigs : HO Py =,u2='u3 = e T oy, is appropriate.

However, there are some instances when the levels of g2
factor are indeed chosen at random. For instance, we might be
interested in the effect of geographic origin of teak seeds
(provenances). It 1is possible that our c¢oncern might be with
certain specific locations (e.g. Nilamboor, Konni ete.) in which
case we would be employing a fixed effects model ANOVA. But we
might, instead, be interested ip testing the Statement that ip
general there 1is a'difference in 8rowth rates of teg from
different locations, That is instead of being concerned with
only the particular locations used in the study, the intent might
be to generalize, considering the locations in our study to be
random sample from all possible locations. In this random effects
niodel, or Model II anova, all calculations are identical to those
of - the fixed effects model, but the null hypothesis is better

stated as H@: there 1is no difference in the growth rates of teak
among geographic locations.

Example 1 A single factor analysis of variance (Mode] 1) In a
hursery trial op tree growth regulators (TGR=z), fFour TGR=
(Cytokinin - 2¢p ppms GA, - Z0@ prmg 1AA - 2ap Ppms BA - Zo@ ppm)
Were applied to mne—mmngh old teak.seed!;ngs. The data on total
root and shoot biomass (mg plant™ after 51X months are furnished

below. He would like to know whether the biomass are the same for
all TGRs.

HB : = Mo= g = = Mg o Hpt The mean biomass after TGR
application are not equal

_ \7)



TGR 1 TGR II TGR 111 TGR 1V
60.8 68.7 102.6 87.9
57.0 67.17 192.1 84,2
65.0 74.0 190, 2 83.1
58.6 66.3 96.5 86.7
61.7 69.8 - 99.3

ny 5 ‘ ! 5 4 ] =19

Yij 303.1 346.5 4031 .4 431.2

N 60.62 " 69.30 10@. 35 86.24

CF = (3@3.1+346.5§4®1.4+431.2)2éN = 21969116.84/19 = 115627.2

Total SS = E(Y j) - CF = (60.86« + ..... +90.3%)-C = 119981.99-

115627.2 = 4353.7 . .

Groups SS = (303.1%/5+346.5%/5+401.42/4+431.22/5)-CF = 119853.55-

115627.20 = 4223.35

Error 5SS = total SS - groups SS = 4354.7-4226.35 = 128.35

Summary of the Analysis of Variance
Source 89 DF 1S
Total 4354.70 18
Groups 4226. 35 3 118.78
Error 128.35 15 B.57

F = Groups MS/Erroy MS = 1498.78/8.57= 1856

1) [ = 3.29

3628 ot ® ‘

MEAN EEPARATIUN‘

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. IFf the
null hypothesis 1s rejected in an analysis one of the following
types of ‘follow-up’ znalysis needs to be performed. That 1s, a
significant F value immediately raises the questicn : which of
the mean values are significantly different? Two widely used
methods for mean separation are briefly described below:

1) Least Sdgniticant Difference

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 o»f magnitude). When
it is used indiscriminately, to test all possible differences
among several means, rertain 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 ecomparisons that
are planned before the data are examined, it should not lead to
many errors. The great advantage of LSD is that it is =asy to
calculate and provides a single figure for making comparisons.
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LSD 1is a form of t test as its formula is derived from the
formula for the t test to test the statistical significance of
the difference between two means. LSD is a fixed range test,
since it provides one range for testing all differences.

—
LSD = t .p5)¥ V ZXerror mean squarex(1/r +1/rJ) where r, and r
are the number of replications of the itﬁ~gpd Jth treatments and

LSD(8.25) = t(.@S)* V 2%error mean square/r, in the case of equal
replications.

MULTIPLE RANGE TESTS

These tests are so named because they provide multiple
ranges to make pair-wise comparisons among several means, With
means arrayed from the lowest to the highest., a maltiple range
test gives significant ranges that become larger as the means to
be compared are farther apart in the array. A conservative
multiple range test that is considered to keep all the mean
Separations at the level of significance is the Student- Hewman-
Kuels (SNK) procedure. Here 1 will discuss only bDuncan's Multiple
Range 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 Multiple Range lest

This test is the most widely used of Several multiple range
tests available. It provides protection against making mistakes
inherern. in the indiscriminate use of the LSD test. The test is
identical for LSD for adjacent means as they are more widely
Sseparated in the array. This test is used most appropriately when
several unrelated treatments are included in an experiment: for

example, for making all possible comparisons among the vyielding
abilities of several varieties.

-The test involves the calculation of shortest asignificant
differences (D) for all possible reiative positinnsa between the
treatment means when they are arrayed in order of magnitude. The
‘D’s are then used in an orderly procedure to determine
statistical differences among the means. The formula for D is D =
QSY where Q is a tabularised valuye depending up on the chosen
level of significance, the degrees of freedom for error, and the

relative separation of means in the array and SY is the standard
error of mean VMSE/r

Start by comparing the largest mean with the smallest, using
the D for their ppsition relative to each other in the array. If
the difference between these means equal or is larger than the D,
the means are significantly different. Next compare the Jlargest

. mean with the next smallest. Then the largest with the next
smallest. When a non significant difference i1s .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 1is an exception rule used in DMRT. It states that a
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difference between two means can not be declared significant 1if
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 1is 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, 1if this difference is not significant, € and E are
connected ABCD E, AND further testing 1is unnecessary. this
procedure avoids making test hetween means that are already
connected by a line. Often letters are used to show significant
differences even if the means are not arrayed.

RANDOMIZED BLOCK EXDPERIMENTAL DESIGH

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
1s called Randomized block design (RBD). Here by grouping the

Plots into blocks we achieve precision by reduvcing 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 1I- two
factor ANOVA). H@ = The wmean fine root biomass is the same in all
treatments 9u17u23u35u4)

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 application of
nitrogen @100 kg/ha, were applied randomly te four blocks of
nursery beds having 199 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 bibmasg of the seedlings one year =after outplanting
(nine seedlings per treatment).

Block 1 Treatment 3 Treatment 4 Treatment 1 Treatment 2
(2.1) (1.3) (1.5), (2.7)
Block 2 Treapment Treatment Treatment Treatment 4
' (1.4) (2.2) (2.9) (1.9)
Block 3 Treatment Treatment Treatment Treatment 1
(2.4) (2.1) (1.1) (1.4)
Block 4 Treatment Treatment Treatment Treatment 3
(1.3) (3.9) (1.2) (2.9)
Block 5 Treatment "Treatment Treatment Treatment 2
(1.4) (1.5) (2.5) (3.3)
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table,
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6.2 Grand total: 38.3

CF = GT2/N = 73.3

Lotal 85 =y ,2-cr - 22.67-73.3445 = 9 3355 .
Treatment 55 =7 T2/b-cF - (g.9) F14.0)°4(11.2)24(6.2)2 /573 3445
=8.1535

blocks SS= B2,/a-CF - (7.6)2+(7.5)2+(7.®)2+(7.5)2+8.7)2/4-73.3445
=0. 3930 .

Analysis of variance Summary table

Source of variation sg DF MS
Total 9.3255 19
Treatments 8.1535 3 2.7178
Blocks P.3939 4 @.0982
Remainder 0.7799 12 P.0649

To test H@ F= Treatment MS/remainder MS = 2.7178/9.0849:41.9
F . = 3.49 '

| 3, 12,
Tgergfore reject HQ

TWO FACTOR ANALYSIS OF VARIANCE

A simultaneous analysis of the effect of more than ope
factor on populacion means is termed - lFactoryal Analyzjis  of
variance, There are important advantages to such an .experimental
" design. Among them is the simple fact that one eéxperiment can

suffice fop the analysis, and it is not necessary to rerform g
one-way ANOVA for each factor, thus we may economize with respect
to time, effort ang often money. Also factorial analysis of

variarnce bprocedures can test for interaction among factors.
MULTIWAY FACTORIAL ANALYSIS OF VARIANCE
In a two-way analysis nf variance ane con determine whethey

either of the factors has a significant effenct on the magnitude

of +the variable ang also whether the intcraction of  the tye
factors significant]y affect the variable. Ry expanding  the
considerations of the tw0fway analysis of variance, we “an assess
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the effects on a variable of the simultaneous application of
three or more factors; 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 the effects
of three factors: let us refer to them as factors A,B and C. For
example, we might desire to determine what effect the following
three factors have on seedling growth rate: Specles, Available
nutrient concentrations in the medium and TGRs.

Example 5: A three-factor analysis of variance (Model 1), where
the variable is seecdling height (m)

1. H@: Mean seedling growth rate‘is the same for 41} three

species 9117)2=P3) HA: Mean seedling growth rate is not the same
for all three species

2. HP: Mean seedling growth rate 1s the same for all  three

nutrient levels in =n dgu}i ) HA: Mean seedling growth rate
is not the same for ng}%ﬁree)nglrient levels ’

3. HP: Mean seedling growth rate is the same for both TGRs

(pl;pZ). HA: Mean seedling growth rate is not the same for the
TGRs '

4. HO: Differences in mean growth rate among the three species
are independent of the the three nutrient levels; or, differences
in mean growth rate among the three nutrient levels are
independent of the specles (TESTING FOR A X B INTERACTION). HA:
Differences in mean growth rate among the three species are not
independent of the the three nutrient levels;

5. HOU: Differences in mean growth rate among the three species
are independent of the TGRs; or, differences in mean Erowth rate
between the two TGRs are independent of the speclies (TESTING FOR
AX C'INTERACTION). HA: Differences in mean growth rate among the
three species are not independent of the TGRs; 6. HO: Differences
in mean growth rate among the three nutrient levels are
independent of the TGRs; or, differences in mean growth rate
between the two TGRs are independent ¢f¥ the nutrient levels
(TESTING FOR B X ¢ INTERACTION). HA: Differences in mean growth

rate among the three nutrient levels are not independent of the
TGRs;

7. HZ: Differences.in mean growth rate among the three species
are independent of the other two factors (TESTING FOR A X B X
INTERACTION) . HA: Differences in mean growth rate among the three

species (or nutrient levels or  TGRs) are not independent of the
other tow factors. '

P

y \C
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Species 1

Low nut. level Med nut. level High nut.level
WR1 WR1 WR1 WR1 WR1 WR1
1.9 1.8 2.3 2.4 2.9 3.0
1.8 1.7 2.1 2.7 2.8 3.1
1.6 1.4 2.0 2.4 3.4 3.9
1.4 1.5 2.6 2.5 3.2 2.7

OSpecies 2

Low nut.level Med nut. level High nut.leve]
WR1 WR1 WR1 WR1 WR}] VIR
2.1 2.3 2.4 2.9 3.6 3.1
2.0 2.0 2.6 2.3 3.1 3.6
1.8 1.9 2.7 2.1 3.4 a.n
2.2 1.7 2.3 2.4 3.2 3.2

Species A3

Low nut.level Med nut. level High nut. level
WR1 WR1 WR1 WR1 WR1 WR1
1.1 1.4 2.0 2.4 2.9 3.2
1.2 1.9 2.1 2.6 2.8 . 2.9
1.9 1.3 1.9 2.3 3.0 2.8
1.4 1.2 2.2 2.2 3.1 2.9
Summary of analysis of variance table
Source of variation 313 DF M3
Factor A 1.81750 2 12BN A AR
Factor B 24.85583 2 12.32791
Factor C 2.0m889 1 . 968849
A x B 1.101R7 T4 D.27547
A x C P.37928 2 2.18511
B x C P.17528 2 17.08764
A xBzxC B.220586 1 £1.135514
Error ' 2.0908500 54 ©0.03713

Effects in Qalculated Critical Co

hypothesis F r

1. Species 24.475 F =3

2. Nutrients 332.@24 dégs’ 2,54

3. TGRs ©@.239 F = 4.93 Acce
5,1,

5. AxC 4.986 Fo o5 5 54= 3

6. BxC 2.360 do’ "7

7. AxBxC 1.485

Fo.05,4,54 =2

1

e P
nclusion
.18 Reject HB
do
pt HO
.56 Reject I
.18 do
Accept 1P
.56 do



SPL1T PLOT EXPERIMENTS ,

In field experiments, wherein one factor requires large
areas or plot sizes and other factors could be accommodated in
smaller areas and that they also exhibit wide variability between
them and also that one factor needs to be tested with greater
precision. Then a split plot design is preferred.

Model ANOVA

Source of variation 55 DF MS
Total
Replication r-1
Main plot analysis ) ‘
A a-1

Error (a)
Sub-plot analysis

(r-1)(a-1)

B b-1

AxB (a-1)(b-1)

Error (b) a(b-1)(r-1)
Comparisons of treatment means
LSD for any two A marginal means = tE(a)*V§EE7;B
LSD for any two B marginal means = tpy)*V: /ra
Interactions: B means at the same leve? of A = tE a)*VEEb/r

A means at the ssgg__lgxgl__gi_ B = tb(b-
)*Eb+taEa/(b-1)Eb+Ea* (b-1)Eb.Ea/rt
Example 4. Ana}y:jf of vartance Tor plit plot expey ovrnd o
model i). A field experiment ma: copedneled Too tesd Phe e enilh
rezponze Jn respect of three iacto . pra ey rogames Q31 send T
meed control treatmern ts TN S T ans 1B LERE R R TR N B A
relatively laige plot -1wes for the conprenaend rpplyeat v ot Uhe
treatments and nitrogen Jevels (nl,nl,oud aud yndl, Saplineg Lyonsss
from three replications are arver hefon (i lani)
Rep 1
N IiW1 I1W2 11W3 12W1 12W2 I2W3
nl 23.11 28.79 28.83 27.25 11.956 22.97
n2 40.12 33.47 413.08 14.56 25.78 27.99
n3 B2.64 35.06 56.72 68.4°C .11 31.509
n4 118.67 40.79 36.81 65.31 30.94 37.25
Total 264.54 139.11 162.44 205 .54 118.78 119.71
flep 2

N I1W1 11W2 I1W3 12W1 12w2 12W3
nl 20.04 19.31 22.50 16.909 9.41 16. 41
n2 51.80 ; 23.18 26.79 6.11 16.85 T.73
n3 63.42 21.87 25.50 45,97 42.11 22.14
n4d 67.083 16.29 22.46 65.82 30.64 15.18
Total 202.29 80.65 97.25 184 .80 99.91 61.46

i1
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- y
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N

nl 2
n2 4
n3 6
n4 8
Total 22

Grand total
CF= GT</N =

Total 85 =
Main plot f
replication
I1
1 26
2 20
3 22

Total SS fo
CF = 17391,
SS for repl
SS for Ma

CF=14344.429

Error (a) s

I1W1 Iiw2z I1W3 I2W}
1.53 13.68 6.47 3.68
5.02 18.74 22.50 38.10
6.20 38.26 7.25 63.38
8.60 ' 27. 34 29.32 96.70
1.15 98.02 65.54 228.86

= 2506.85, N = 79
87281.902
y=-CF = 35@0p5.833

___..—_-._..___—__-...____—..__..___.....______.___

r the two-way table - 264.54%+139. 1124
774

12wW2 I12wW3
14.54 12.38
14.08 19.92
256.10 2u.18
30.24 19.26
83.96 73.74
I2W3 Total

119.71 1p19.12
61.46 725 48
73.74 771,027

254.91 25p6. 85

ications: 1019. 1224725 462477 272 /24 -CF = 1946, 9329

in plot treatmentss 687.98%+317. 7824

S = Table SS-Rss-Mpss = 1190.412

IxW two way table

Totsl gs
14344, 429
ISS = 133¢.
WSS = 13p7.
S5 for Ixw
IxN Two-way

e -

e - —

IxXN table g
In interact

_—_-._—_—_-__-_—_-.__———._

Wi W2 W3 TOTAL
98 *317.78 325,23 13302.99
20 o 381.75 254.91 1175.86
18 . 619.53 580. 14 2506. 85 -

__-.___.._-——-————-—_——_-—_—_———-—..______...

99§+1175.892/36-CF = 334.24019
18°+619.53 +58@.142/14-CF = 13930.573

interaction = Iw table 33-Iss-Wss = 79.
table

I1 I2
185.26 162.49
301.79 251.12
396.72 379.91
447.31 391. 34

- _..__._-....__-.__.___..._._—___._..

S = 86@7.2791
ion S5 = 44.738
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WxN two-way table

W1 W2 W3 Total
nl 139.51 98.68 129.56 347.75
n2 275.71 132.10 145.01 562.82
.n3 389(83 212.51 165.29 767.63
né 502.13 176.24 160.28 ' 8§38.85

NxW Table SS = 27556.7657
NxW interaction SS = NW Table SS-Nss-Wss = 5400.8833

Three-way table

I1 12

Wi W2 W3 ° Wl W2 W3
nl 64.68 62.78  57.80 74.83  35.90 £1.76
n2 136.94 75.39  89.37 138.77 56.71 nS. 64
n3 212.26 95.19  B89.47 177.77 117.32 76.82
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 M3 F(cal) F (table)
9.095 2.1
Total 35015.833 T1
Repln 1946.9329 2 973.466 B.846%% 4,10 7.66
I 334.2402 1 334.2402 3.037 4,96 19.p4
W 13930.573 2 6965.2865 63.297%%x 4.190 7.56
IxW 79.61568 2 39.813 <1 4.10 T7.%6
Error(a) 1100.4121 19 119.041
N . 8225.3010 3 2741 .767 30.95%% 2.87 4.39
IxN 44 .73809 3 14.9126 <1 2.87 4.39
WxN 5400.8833 6 9B. 1472 9.866¢% 2,37 13.36
IxWxN 658.6956 6 199.7826 1.203 2.37 3.36
Error (b) 3284.4411 36 91.2345
CD for main effects:
W marginal means = t, QrkV?#E(glégiifp
= 27 088%VI¥119.341/24. = 6.7469
N marginal means = t_, ge*VotE(b)/r+itw
- 2°08%vZi8T.2345/18 = 6.4633

CD for interaction
N means at the same level of W = Lo gt Viil(b)/réi

- 2%0%%v2va1.2345/6 = 11.1948

W means at the same_level of N -
VZL(3)491.245+110.941/24)1%(3%91.2345%2.93+110.041+2.228)/3491.2345+110.0
=5.6550%2.08677 = 11.8007

Marginal means for I

I1 = 36.9719; 12 = 32.6628
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Ylarginal means for W
W1 = $4.4658; W2 = 25.8138; w3

24.1725

Marginal means for N
nl = 19.3194; n2 - 30.7122; n3 = 12.6461; n4q = 46.5917

Note: An experiment where s]}] rossible combinations of levels »f
the factors exist as in the brevious examples is often d=scribed
as  a crorzey experimental design i Statistical parlance, the
cells of the data are formed by esch level of ope factey being
the combination with each level of every other factor. In some
experimental designs, however, we have different leveis of
factor occurring in combination with the levels of ST
factors, ang other distinetly different lavalg ceonrring iy
combination with others. This situation isg commorjly =ncounte yedd
in animal experiments ©.8. Two drug types and two drug sSourcegs,
Each drug is obtained from two different sources. but  the two
Sources are not the same for all tle drugs. Thus (he experimentn)
design is not crossed, rather {1 ig called nestbod or
hierarchical. here ope factor vig. drug source, being nested
within another, drug type.

noe

or more

COMPACT FAMILY BLOCK DESIGN

Provenance tests in which multiple families from the same
Provenance are kept Separately identifieq have beep estzblished
in forest genetics with the objectives (1) to identify catterns
and amount of genetic variation in natural forest populations and
(2). to provide estimates of breeding values for selection within

the tests, These tests are called ‘Provenance/progpny tests’ o
.distinguish them from ‘Provenance tests'  where reproductive
material is bulked as g Provenance 1ot rather thap kept
Separately by family. The compact family block design is a split
rlot arrangement of families in g randomized block design, wijth
brovenance as whole Plots and families ug the sub-piotg, Assume
that there are ‘a’ provenances of '1' families cacl, and eanl
family is represented by one randomized sub-plot of 'n°* t.rees fop
each of ‘'q replicates, '

The linear model will be

TLIRL Moy 4 fyiha s D Ed1 + ey L)

Y Jk = Phenccype of the,fth individual of the jth family from
tﬁe ith Provenance in the kth replication
M = the population inean

Oy = effect of the ith Provenance (assumed random)

fJ: = effect of the jth family from #7 ith Provenance (assnmed
random)
dk = effect of the kth replication (assumed random)

(od)ik = (formally) the effact of the interaction between the ith
brovenance and the kth replication, bnt is actually assumed to be
the random common environmental effect for trees grown in the
Same ikth Provenance plot

(fd)kj:i = (formally) the effact of the interaction between the
kth replicate and the jth family of the ith provenance but 14

T2y

14

[ 4

)




actually assumed to be the random common environmeﬁtal effect for
the trees grown in'the same Jth family plot within the ikth
provenance plot and

ey. 11 = the effect of the,&th tree within the jth family plot
o% %ﬂe ikth 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 datq for each group were obtained randomly from a normal
ropulation

(11) the sampled population muat all have egnal varjiances. Such
situations referred to as homozcedrstic | the opposite  sitnatien
being heteroscegast e (1ii) the efEectg of Lheofactor levels must
be additive. ie. the assumption o =0n = =74

should be true in order to apply the KNOVR to HEI S = g = pg =
M4 and each of the k samples should have come from a normal
population. In faectorial ANOVA, the underlying assumptions are
that the data in each cell come from a normal population and that
all of these populations have the same variance. Bartlett's test

for homogeneity might be used to determine whether the assumption
of equal variance is met.

a

If we hgve three qr more sampLes,.and,we compyte a  varlance
for each ( = E(Xi—p Y/N or s = £(xil-%) where 0% = population
variance and s = sample variance), then we can Last the

hypothesis 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
sjzes n are equal or nearly equal. If the ny are quite
different, 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 samplrs,  the
probability of a Type 1 error will be “a, &nd 1f tLhey are
assocliated with the smaller samples this probability will be Ya.

Regarding additivity (scmetimes referred to as  linearity),
consider the following examples. In example 4, Lhe effeect of A is
sald to be additive, for each datum in level 2 differs from the
corresponding datum in level 1 by the addition of the asame amount,
(10 g). Similarly, each datum in level 3 differs from it
corr.esponding level 2 datum by a constant, value (5 g). Examining
the effect of the two levels of factor B, we also oberpye
additivity (by a constant value of 19 g). What we are assuming is
that the population, on an average, the effects of the factor

levels are additive. Occasionally, however, Lhe effect, of o
factor may not be additive; multiplicative effects are a3uch an
instance. in example 4b, we can see that factor o has an  effect

such that each datum in level 3 differs from its corresponding
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member in level 2 by a multiplication factor of 2, and =ach
member of level 2 differs from that in level 1 by a factor of 3.
Examining the two levels of factor B, we can see that the data
are affected by a multiplication factor of 2.

Example 5 Addjiive and multiplicatl jye G e b
Ao A hypothetrcal two-may analys=p: f A L T P PO th
erfects of the ractor Foare additive (Data i T
Factor A
Factor B Level 1 Level 2 Level 3
Level 19 29 25
Levezl 2 20 39 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 10 39 60
Level 2 20 60 1209

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 2.98

Although analysis of variance and t tests are wsually robust
enough to perform well even if the dats deviate from the
requirements of normblity, homoscedasticity and additivity. But
severe deviations can lead to spurious conclusions.

Corrections for heteroscedasticity, nonnormality 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' wvalues). 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 of the
transformation, X’ = log X, however, X' = log (X41) is preferread
on theoretical grounds and is especlally prefersble when some of
the observed values are small numbers (particularly zero)

A second instance when the logarithmic transformation is

15
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applicable 12 when there ig heberogeedastiolty and Lhee  standsed
deviations are proporticnal tu the means (ie. Lhere is & constant
coefficient of variation). This transformation way alaw  convert
a positively skewed distribution 1into a symmetirical one

(lognormal). using the transformed data. we can now proceed with
parametric testing.

B.- THE ARCSINE TRANSFORMATION

Statistical theory says that percentages or propertions
form a binomial rather than a normal distribution, the deviation
from normality being great for small or large percenbLag:es (9 to
30% and 70 to 190%). If the 3quare root of each proportion, p, in
a binomial distribution is transformerd to its arcsine (ie. angle
Wwhose sine 1is Vp), then the resultant data will have an

underlying distribution that is nearly normal. This
transformation p' = arcsinVp is performed with the aid of
tabularised arcsin transformation tables. The arcsin
transformation is frequently referred _fo as the "angular
transformation” and “inverse sine" or "sin *°

‘"transformation.

C-THE SQUARE ROOT TRANSFORMATION

The square rot transformation is applicable when the group
varliances are proportional to the mean. This most often occurs in
bioclogical data when samples are taken from a Poisson
distribution (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' = VK+3.5 is preferable to X’
= VX, especially when there are very small data and/or when

some
of the observations are zero.

FOR FURTHER READING

Cochran, W.G. and Cox, G.M. 1957. Experimental designs. 2nd
edition, John Wiley and Sons, New Yorlk, 617pp

Fisher, R.A. 1958. Statistical Methods for Research workers. 13th
edition, Hafner, New York, 35B6pp

Gomez, K.A. and Gomez, A.A,. 1984. ©Statistical Procedures for

Agricultural Research 2nd edition, John Wiley and Sons, New York
etc.,680pp

Montgomery, D.C. 1976. Design and Analysis of experiments 2nd
edition, John Wiley and Sons, New York etc., 538pp
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Appendix 17
OLLECTION, FROCESSING, GRADING AND STCRAGE OF SEEDS

Dr. K. Sudhakaral and Dr. ¥, V. F‘eter1

bersle

EISEA WUT B WNTES B TR

storage zszvme 1mportance. S by

& 21y
FLOO Vellarmablare, Traseor - N (O AT

DEEJL aTE L nvet e Tewvarms plierrsz, tolz the  moze it
PRLRLChen G the conbs s by O plard o= iide. It cavvyes tre 01
QENELIC  potential  ing entodies the Whole pruocicc-zhemics! anc
Moy phiod e el eatal . Feing the teginmning and the enc o the
plant  114e¢.  cuollectron  of seed. 1te proecese1ine,  arsding and
"

eds are collected i ositu. threoug

correspondence end thr ough echange. ln si1tu ceollection 1mvol vee
actual field visats to centere of divergence /crrigin of a crop.
Collection th-ouah correspondenice within country doues ot
demands meich formality eicept for a few tropse  where regional
duarantine requlaticrs are 1n existence. Intermational exchange
demands i mpor L permitea, phvtosanitary certificates and port of
entry certificaticrn. Harrington's thumb rule states that ogood
seed  storage ic  achieved when the relative humidity 1n the
storage envirorment and the storage temperature in °F add up to
100. Medium and Jong term storage demands cold storage facilites.
At -25% ceecs are stored for longer periode.

The Internationel Bureau of Flant Gernetic Recsources, Rome ic
sted with the mandate for wurevey, collection, evaluation,
Catalonuwing  and maintenance of crop Qermpl asm, as  per & U.N.

Marndat e, I India IBFPGR, MNew Delhi performe the zbove function.

Hogood gquality seed contributes to 2@ per cent of the crop

procducti vi Ly, HyLrid <seede contribute etill higher due to
heterosi s, There are specificaticons for  seed productiorn in

cateaories of seeds libe tfoundation ssed, tregistered seed, ond
certitied smesd. Breeder ceed. though having ro
ig

specification.
the Lreeder

vested witlh recsponcibliites for jte purity.

The Seed Act and ]ater ite regulations specify field
standar ds, Crop standarde and cseed standards for & succes=tul
seed production Proar eamme, Jeed production of forest Crope 1z
Qainring  economic inmportance recently in lndia, Excent for few,
most of the forest tree species are progated by seeds.

However ,
S0 mueh study remains to

Le done in the case of tropical forecst
species. Scientific information about Lhe floral and seed
Lioloagy, maturity indices, appropriate storage method, different
types of seed dormancy and best germination treatments have to be
obtained in the case of many tropical forect

tree speciec.
Fractical notes circul ated among the participants of the Indo-usg
Workshop cun Training on ‘Agroforestry in the area of Tree
Techinol ogy & Management May & - 18, 1991),

Nursery

1, Associ ate Frofessor, College of Forestry. 2, Frofessor and
Head, Dept. of Vegetable Crope, College of Horticulture.
. [}
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Appendix 18

MAY 17, 1991 TECHNOLOGY I'RANSFER - 1 HOUR

I. INTRODUCTION: This is the way to gain success in your
nursery program. Teach others how to grow trees!

II. BASIC CONCEPTS OF TECHNQLOGY 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 fronm coercion to social change:
7. INFLUENCING HUMAN PERCEPTION:

8. COMMUNICATIONS -
A. Exchanging coins or ideas.
B. Communications Models:
C. Comhunications Techniques:
9. INNOVATIOGN ADOPTION:
A. Stages of adoption:
B. Characteristics of Innovations:
10. GRoOuUP EXTENSION METHODS
III. LOCAL EXPERIENCE:

Discusion: The Soft Systems Approach

IV. SUMMARY AND CONCLUSIONS
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}) \ \'\. t‘\, . ‘. Lova oy, |r\(,/] l ) SWVARNY
I. ORGANTZATION FOR 'T'ECHHNOILOGY TRANSFER: MODELS
‘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. ADQPT YOUR LOCAL FORESTRY ORGANIZATION
(Train foresters to do.extension)

3. ADOPT THE ﬁOCAL EXTENSION ORGANIZATION IN FORESTRY
(train 6ther extensionists about forestry)

4. ADOPT THE/LOCAL AGRICULTURE EXTENSION ORGANIZATION
(train agriculturists about forestry)

5. DEVELOP SPECIAL PROJECT EXPERTISE

(Train anyone to do a special narrow job)

ITII. 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:

W
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CHAPTER

Managing Complexity and Change
in Food, Agriculture, and Natural
Resources

Mauking decisions about managing enterprises in changing environments or de-
veloping and using new technologies is a difficult task. In addition, the general
public, private organizations, and government agencies are no longer willing to
view food. agricultural, and natural resources enterprises as strictly private af-
fairs. Realistically, they are seen as multifaceted — producers of essential com-
modities and services, users of common resources, and subject to social values
and ethical standards such as those associated with safety and quality of life . . .
as well as profit-making organizations.

"~ Newly minted degree holders in food. agriculture. and natural resources in-
creasingly find that their new jobs place them in messy and dynamic situations.
“Messy™ means that the parties involved :n a situation do not agree orn cither the
detinition ot problems or on what technological and management improvements
should be developed. or both. Thus. the introduction of a technological package
or the reallocation of resources to correct or improve a situation is not straight-
forward. “People factors™ loom large. Simularly, “dynamic™ means. quite simply,
that things keep changing: that yesterday’s problem definiuons or solutions in-
volve factors that have now changed or no longer exist. Accordingiy. in order to
deal with these hinds ot sitwations. professionals entering the field need new
competencies and inquiry methodologies.

These competencies and methodologies o bevond the problem-solving ap-
proaches and linuts 1 inquiry that are tradinonally taught 1o most of our schools
and colleges. Nor are they usuafly provided i undergraduate veneral educauon
core requitements. Graduates need an uray or ool bag™ of ingquiry approaches
10 help them understand and act on the mtenictions. smpacts. and complexity of
situattions 1 wavs that e conceptuatly vahd and practicafly effective.

The Four Approaches to Inquiry

This book provides an overview of four approaches (o inquisy that are currently
used by managers of food. agricultural, and natral resources enterprises: basic
science. applied science, hard systems, and soft systems. The soft systen«s ap-
proach o mquiry receives patticular emphasis. The objective is 10 enhance the
waders atihity 1o create and apply knowledge in real-world settings. The nutin
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thesis of the book is that food. agricultural. and natural 1esource professionals
face many challenges and opportumities. Responding o them requires new com-
petencies and a broad armay of inquiry mcthodologies and know ledge. This book
aims to help students — protessionals-in-training — o dev clop such knowledge and

competencies.

The Soft Systems Approach

Each of the tour approaches 1o ingquiry deserves its own teat 1o adequately
cover the detail needed 1o understand and practice it There are tour reasons for
this book’s emphasis on the soft syatems approach.

First. the other three approaches are well represented by textbooks, particu-

larly n fields and discipines that predonunately use one or two of them. Basic
wience inquiry is represented in chemistry and biology texts. for example.
Applied science is excmplified by textbooks in the animal and agricuhwral
sciences. medicine, and engineering. There are also numerous texis in econom-
iCs. syslems engineering. and management that present hard systems modeling
approaches. This book is the first 1o bring the sof systems approach 1o under-
graduate students in the food. agricultural. and natural resources sciences.
) Second. quite a few of the complex situations that many graduates will be
called unon to handle require the knowledge. sensitivities. skills. and specific
nquiry txchniques that are part of the sofl systems approach. This is particularly
relevant v such food. agricultural, and natural resources Jjob categories as
management. service, field and sales representation. merchandising, technician,
intorr;mlion. education. communications. and agricultural production. According
to the U.S. Department of Agriculture, approximately 70 percent of projected
iobs ini the industry will be found in these categories (Coulier, Stanton, and
Goecker. 1986).

Third. it is 4 central thesis of this book that. in tachling u tpicul situation,
the sott systems approach should be used first before proceeding to use one or more
of the others. This is because the approach helps 1o develop agreement on such
Key issugs as the mature of the problems. what will constitute an improvement,
and the Kinds of technologies and other techniques appropriate to achieving spe-
cific gouls. Such agreement cannot be achieved without significant involvement
and input from all the parties imvolved in a sttuation. The <oft systems approach
provides the procedures and tools to help reach such agreements. This contrasts
with the other three approaches. which tend to assume that the objective of
inquiry (the improved state being sought) is not in guestion. This statement is
noi intended as a criticism of the other approaches. but rather describes a major
difference in the assumed starung point of inquiry. Sott svstems analysis is car-
tied out in order 1o reach a puint where parties agree on the improved state of
affairs they will seek unc cn the means that are appropriate to achieve it.

Fourth, the munagement of the biological and physical world for economic
purposes. as well as to sustain or tmprove the quality of people’s lives. requires
cffective and efficient organizationa] systems. Without such systems, people do not

Managing Complexity and Change in Food. Agnculture. and Natura! Resources 3

sty 1 business or are subject 10 constant and costly pushes and pulls trom external
forces bevond their control The soft Systems approach provides provedures and:
techniques tor the development. assessment. and revision of the organizational
s¥stems of . given food. agriculoral, or naturl resource management situation.
All gradoates should pain cmplovment that imohes the operitions of one or
more organizations. Familiarity with the procedures of soft systems analysis will
help graduates to contribute competently to the ongoing eftectiveness. efliciency,
responsiveness, and strategic plamning of the food. agnicultural. of natural re-
sourees enterprises employving them.

Systems Thinking: A Holistic Approach

The book provides an Szpanded perspective that may strike production-vriented
readers as too public or outsider oriented. This is unavoidable it the objective is
o develop the idea that we five m o complex world that people in groups and or-
Lanizations of various hinds view very differeniy. This is part of the challenge
taced by protessionals. So the issue is not 1gnoring a production onentation but
stiengthening that perspective by understanding the others and. more importantly,
fearning how 1o gain un understanding of other perspectives. The nest section ot
this chapter discusses a series of food. agricultural, resource. and nunagement
concerns that is currently the subject of debate and divergent opinion s presen-
tation is intended 1o be illustrative and provocative rather than exhaustive and
final. Those readers who are tackling the book as purt of 4 course Ny wish o
spend time. even a formal session, debating and tuther widening the perspectives
offered on particular issues presented here. The strategy of such debates s o be
comprehensinve and accommodative rather than narrow and exclusionary. The pur-
pose i 1o pructice approaching questions openly and 1o develop wavs of better
accounting tor differing perspectives.

Anather rzason for introducing the book with a discussion of challenges and
opportunities is to help students who have litle or no work. experience in food.
agriculture. and natural resources 1o begin with « broader. more holistic view of
the field and the activities associated with it. The following sections are pre-
sented in a4 way that suggests interactions dmong orgamzations of people and
biological and physical properties. A holistic view implies paying autentien o
such interactions. 10 the ‘controls that are present. 1o communicitions between
parts. o properties that emerge as a result o1 real of projected interactions, to
the kinds ot operations that are prescat or absent. and to the impucts of inter-
actions between the pars on the enviroimment. Thus, Kev first step toward
systems thinking and practice is to develop one’s ability to explore experience
holistically. Sy stemic thinking is essential 10 vour tuture ability 1o develop im-
provements or solutions 1o the complex problems faced by most agricultural and
natural-resource enterprises.

This chupter offers illustrations of such interactions. Subsequent chapters will
present techniques for developing abilities to see and recond them. This chaper
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ceacludes wath o sumininy ol the Aoy pomts found w the rest of the tead, chapter
by chapter In addition. cach chapter begins and ends with swmmiaries of key
ponts. Reading o sununary first may help some readers o clarity the more de-
taled substance of a chapter. Others who hind the sumnanes repetitine are free

to read aiwead.

Management and Systems Thinking

Managing enterpises m . chanzing natwal and sociocconone v ironment s
lar trom simple. Nanagement requires tha protessionals muake wise decisions
about thimgs they can manage and accommodate and respond 1o the natural and
sadioccononie torces an the enviromment that they cannot control. As challenges
and opportunities are discussed subsequently. nate the hinds of forces at work,
The next section begins with an overyiew of the nature of tood. agnicutral, and
natural resources mdustries and therr conrnections to and mpacts on the rest of
saciety. Following this, solected challenges and opportunines are presented 1o
give readers i sense of the mportance and value of carcers m the tield. The
examples presented thustrate some of the complentty and messiness of managng
enterprises i the fiecld and. hopetully. also highlight the need ror traimng that

Will assist readers 1o tackle Luch situations effectively in the future.

The Primary Industries

Agriculture

Tne food. agnicultural, and natural resources mdustries are otten referred
W coliectively as primary indutries because they provide the energy and raw
materials upon which the rest of a modern industrial economy depends. Here the
concern is with how niodern societies are powered and provisioned with energy,
food. fiber. timber. minerals, water — the most basic inputs that modern consum-
ers and citizens tend to take for granted. Without these essential Inputs. or even
if one or two of them are only marginally interrupted. our life-style pauses until
supplies are restored or other kinds of adjustments are  luboriously pleced
together: jobs. travel. necessities. as wel] s comtorts. all hang i the balunce.
Accordingly, the enterprises involved in this vist provisioning svstem are not
g0ing 10 go away casily.

These industries contribute vitally 1o the U.S. economy and people’s sense of
well-being. In fuct, American agricutture alone is the world's lurgest commercial
industry, with :ssets exceeding $1 inillion. The industry employs approximately
20 percent of America’s lubor force —more thun 20 million people. The uagri-
cultural industry includes the producing, as well as the transporting. processing,
manufacturing. retailing, ungd research and development of food und fiber, [t
accounts for 20 percent of the nution's gross nanonal product (5610 billion
in 1985).

These formidable figures show hy agriculture’s contsibution to the total econ-
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omy depends on oy tremendousty compley and mierdependent sysiem ot produce .
suppliers. irmsporters, distnbutors, researchers. and mlormation dissenun.aor s
And their emplovees, ., directly depend on the 1o0d and niber systenn toy
a biving,

Agriculture and Codependent Industries

The people of this vast network engaged in tood and agnicultural acon ses are
also consumers. Their purchases tor therr agniculiural centerprises benehit locul
businesses — stores. banks, repair services. fuel distributors. and so on Thev
are abo private consumers looking out tor home and tamily A recent “NBC

Reports™ tefevision program estimated that for evers five farms tha Lo out of

business. one sUpporting service enterprise. such s o bank. clothing store. 1o0d
store. o drug store zoes oul of business. Agneulture creates jobs. not onhy
local communities. but across the nation These purchases are addimon (o the
basic S140 billion that farmers and agribusiness fimis spend annually o the
gouds and services used 10 produce our nation’s tood and fiber product~

These purchases atfect the vViahiliny and sustainabihiy: of many other indue-
tries For example. purchases by ahe agniculiural and 1ood mndistries gencerate 37
percent i the jobs m the glass and glass products HIdUStry. 69 pereent of metal
container mdustry emplovment. and 26 percent of the jobs m the paper products
industry The agricultural and tood indusiny consumes 43 pereent of the vutpu
ol the paperboard container and o mdustry. 26 percent of the chemiea and
chemical products mdustry, and 25 percent of the crude petroteum and nutural
us ndustry. In additon. the petroleum and related industies. the rubber and
plastics industries. the iron and steel munutacturers. coal MG, ransportstion,
and warchousing businesses trail, truck. barge), printi and publishing pusi-
hesses. plasties and svnthetic muterials mdustries. mactine shop producis indus-
ry. and motor vehicle and equipment manufacturers apo all strutegicalty ted 1o
the agniculiural sector’s use of their products (Phillips. “Tus3).

Thus. every region of the U.S. has some portion ot ity emplovment pase
linked 1o agriculure. No matter where a person fives in tixe United States. about
20 percent or more of employment is so dependent. On . national basis. that is
one job in five.

Opportunities in Agriculture and Natural Resources

The securiuty, sustuinability, and viability o1 the United States cconomy and the
well-being ot iy people rely on the contmued stewardship and development of
scientific and professional expertise in the tood, agriculural, and nuatural resource
sciences. A recent study conducted by the U.S. Department of Agniculture. how-
ever. reported that there will be a shortfuli of graduates trained in these 1ields
during the next decade in relanon to job openings. Through 1990, scientists,
engineers, managers, sales representatives, and markeuny specialists will accoum
for three-founths of the 1ot annual U.S. employment openings for new college
graduates  with expentise in agriculture,  natyral fesources, und  veterinary
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medicine (Coulter, Stanton. and Goecker, 1986). These figures are good news
for readers who are contemplating careers in food. agriculture. or naiural re-
source management. They are less than good news for those concemed about the
tuture of these sectors of our economy.

America’s food. agrnicultural. and natural resource systent is one of its preatest
success stories. In the past. national leaders have recognized that agriculture is
the foundation on which overall development of the nation must rest. Investment
by both the public and private sectors ir the Unitsd States puaranteed the devel-
opment of a scientific base and research and extension capabilits . Returns on the
dollars thus allecated to agriculteral development have been very high (Ruttan,
1982). Great strides in technology development have been muade. Tremendous
breakthroughs in the understanding and alteration of biological. chemical, and
physical properties of water. plants, soils. and animals have led 10 many new
agriculural, 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 oppontunities and chal-
lenges. These fields of applied science have had an important, productive past
and look to a promising future.

Current and Future Challenges

The future of these industries. however, presents many challenges. These chal-
lenges are complex and demand new competencies of those who choose a career
n a related field. As noted previously. the food. agriculiural, and natural resource
sectors are connected in very complex ways with other major industries in the
U.S. What happens in one industry affects what happens in another. Agricultura!
and nawural resource production can no longer be thought of as isolated areas of
endeavor. Food. agricuhural, and natural resources enterprises constitute an in-
terconnected complex of human activities invoiving transactions between people
and their environments in the broadest sense. Bad or insular Jecisions and
choices have effects far bevond the bounds of a single iirm, organization, or
agency. )
Throughout this text. improvements in agricultural and natural resource man-
agement are conceptualized s fuman activiy sustems, with the people involved —
the farmers. growers. ranchers, public emplovees. food process technicians,
agribusinzss men and women. emplovees 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 that their lite-siyles and businesses are more sustainable no matter
what happens 1o the environment: in which they cperate. Sustainability results
trom the quality of interaction among the family: the business enterprise: and the
physical, biological, and sociveconomic environments. Effectiveness in dealing
with change is a function of the learning of family members and employers and
employees involvea in the management of those environments. Peter Checkland,
who developed the concept of the hupan activity system, notes that natural and

designed physical and biological systems are “inevitably linked closely 1o the
human activiany ™ associated wiath these systems (Checkland. 1971,

The growmg recognition of the complexity of the management ot agncultural
and natural resource enterprises locatly, statewide, nationally, and mtemationally
has Jed some 10 postulate that the role. value, and responsibilities of protessionals
within the agncultural and natural resource sectors have changed stgnificanthy .
No longer do many see the role. value. and responsibilities as only producing as
much food. fiber. and natural resource products as possible or economically
viable. Ruther. many see the greater challenge 10 be learming how o manage
food. agriculure. and natural resources in @ responsible and sustainable manner,
so that the impacts on people. families. 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 yet dealt with very well,
The television 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 world have had less than desirable effects. The Time magazine cover
for February 18. 1985. captures the beginning of a bitter debate over the govern-
ment’s role and ability 1o facilitate a sustainable and viable agricultural base. The
cover headiinz. “Going Broke —Tangled Policies —Failing Farms.” well summar-
ized the situation.

The 19705 were u decade of high prosperity in the croplands. Worldwide
demand for U.5. gramn and fiber boomed. The government encouraged farmers
to plant a~ rauch as they could. The farmers complied. were able 1o sell at well
above the federal surport levels. and horrowed a lot of money to buy more land
to plant more crops and buy more machinery. The more people bought. the more
the lund prices rose. Then the world recession of 1981 struck. Worldwide demand
for crops declined ubruptly. Crop prices and land values tumbled. Deflation hir.
yet growers were managing their businesses based on an inflation mentality
(which is o maintain an asset-equity ratic in the 30-70 percent range). Farmers.,
largely those who grew hetween $40.000 and $500.000 worth of food or fiber a
year, begun losing @ lot of money. A crisis of mounting gebts. foreclosures. and
a fast-chunging debate and projection about the sustainability and viability of
agriculture in the U.S. rages on even as we write in 1989,

Medium-sized farm enterprises got caught in the middle of changing policies
and their own inability 1o son out competing views of where the world was
heading. The cautions of Schumacher’s (1973) popular book Small Is Beauriful
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
better™ 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 on the furmer are best summed up by the remarks of Don Paarlberg,
tormer chiel” economist of the U.S. Department of Agriculure under presidents
Nizon and Ford, “"We were speeding at 80 miles an hour. then. instead of slow-
ing down as prudent.drivers should. the government stammed on the brakes. It
plastered tarmers against the windshield” (Robbins. 19831 While puhicy deci-
stons were based on cwrent and anticipated conditions. many people have ques-
tioned not only the approach selected but the level of debate that led up 1o it.

Growth Pressures

The 1970s also saw “boom and bust™ n other priman industries. such as
energy and nuncrals. Space does not permut even i cursony ovenview, but the
general pattemn resembles and is probubly hmked 1o the agriculiutal crisis dis-
cussed earlier. The important point 10 note is that national and regional econo-
nies. as well as communiiies and individual enterprises. that are dependent on
such commodities as petroleum. coal. copper. and the like are highly vulnerable
o swings of world murkets. Boom umes. when world market conditions are
favorable. subject such communities 10 extraordinary growth pressures. These
pressures result from ¢1) the rapid inflex of mugrants. including people from
other countries. who are also new residents, neighbors, consumers. and employ-
ees: (2) the pressure 10 rapidly expand governmental services and infrastructure
in order 1o help new busmesses become established and to accommodate more
residents: (3 the emergence of new environmental problems: und (4) the need
o meet the concerns and complaints of existing residents. who may see them-
szlves as not beneftring from growth. -

All bubbles ultimately burst. and the eftects on dependent nations. communi-
ties, firms. and individuals of price declines for their marketable commodities
are devastating; inipacts cited in the literature include unemployment, emigra-
tion. bankrupicy. individual stress. governmental insolvency. and the irreversible
and uncempensatable environmental and cultural impacts associated with the past
developmeni-boom phase.

Risks

Financial Risks. The North American Arclic. embracing both Alaska and
northern Canada, has been caught up in a boomi-bust cyvele for more than a cen-
tury. The area has had anything but a stuble economy (Divon, 1978). The first
boom. in the mid-nineteenth century. was the fur trade. The second was the gold
rush. beginning in 1897 in the Cunadian Klondike (London. 1900) and in 1903
in Alaska. Another mujor boom involved military construction, starting in the
1940s and exiending into the 1950s. with the construction of awr-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 Beautort Seu (Cunuda) oil and pipeline construction. Construction
of the trans-Alaska pipeline officially commenced in 1974, in twm setting off

another oyele. Each of these periods of frantic growth, even including the latest
one. has been follewed by hard times. In other words. thas pattern ot develop
ment seems not 1o foster sustainable development. but rather the reverse.

One can only begin 1o mugine what st s Ihe 1o mamage ain enterprise and
auempt 1o adjust o the ever-changimg circumstances that have charactenized the
North Amencan Arctie region. Fhe consequences of the ail boam i Ablasha have
been documented as they have occurred (and continue o occun) One ol the
problems with periods of rapid economic growth s that they are ditheult o anti-
capate wnd prepare for. especially i small-sized commumues and tamify busi-
nesses. According o Divon (1978), what happened i Farbankh~ . Aliska, was that
although evervone knew that ot development wias gomg o happen sometime.
state and local government and most of the business conimuiny either acked
capttal or was reluctant to invest it and other resources o prepare Tor the boon.
Yet. when pipeline construction seemed imminent in 1970, some torward-thinking
busmess people did invest heavily in fuciliies and mventors - When the pipeline
was delayed by lawsunts, the forward-looking businesses were burned. According
1o the mayor of Fairbanks, “Because of fuck of commitment by the.oil ndustry,
it was difficult tor people here o justity spending money . either their own o
the public’s. on preparation for the boom that might rever come™ ented in
Dinon, 19758:135).

This conservative, wait-and-sec atutude adopted by many people i this exam-
ple may be auributed to the long history of boom=bust cxcles m the area and a
wise atrategy t the time. Such insights are important. since the vanous inguiry
approaches descnibed in this book are mtended to help peopie plan the changes
they want and need. Howeser, real hie does not always proceed i the ways we

anticipate or tor which we plan.

Social Risks. One possible contounding factor in this and many other situ-
aitons is that some of the Key parties in a situation Dy choose 10 act in Wavs
that influence the success of the other parties” actions. For example. the specific
source of deluy 1 construction of the pipeline was the- contlicting views of il
companies, environmeatalists, Native Americans. state oificials, and other de-
velopment interests regarding specific impucts. ownership of needed  busic
resources. and the distribution of potential costs and bencfits. Matters were tied
up in the courts for several years and ultimately were resolved only through a
seemingly mcongruous alliance of oil companies and Alaskan natives to drive a
unique legislutive packuge through the Congress in Washangton

Other events occurred that might have been handled better if certam govern-
mental and business organizaticns hud implemented appropriste planning proce-
dures and thought more holistically about the emerging situanon. Three months
after construction of the pipeline was begun, Fairbanks ran out of telephone
numbers! And it would tuke two years 1o obtain the equipment required to meet
existing, 1o say noihing 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 (o drug and alcohol
abuse to prostitution, escatated. Finally, outside speculators. with better avcess
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o capital. were able o build housig and start busimesses when the locals could
not. This oo generated much bitterness at the e,

Other Themes of Concern

The headlines and socual critiques of agricultural and natural resource activity of
the past decades also reveal magor themes of concern and tssues that contront
curtent and tuture professionads in these fields, Each ol these themes raises
countless questions shout how  best (o manage tood. agncubural, and natural-
resource enterprises. They cover the broad issues of the ettects of agricultural
management practices on the biological. physical. social. ceonomic. and cultural
environment. They also cover themes of concern regarding how these factors and
environments affect tood. agricultural, and natural resource aclivities.

Perhaps the most prominent themes of concern deal with the massive
surpluses of some agnicoltural commodities. the contimued increase in costs of
production relative to tood prices. and the emvonmental and health impacts of agri-
cultural chemicals. Other mujor themes of concern deal with the consequences
of current soil management practices on public health. water quality. and water
availability und the long-term sustainability of the physical environment.

Sustainability

Practices that cause soil erosion or tertility loss through biological. physical,
and chemical stresses cannot be sustained mdetinitely into the future. The persis-
tence of chemical biocides in the same soils and the salmizaton of the water that
runs through it are turther threats o its integrity . In 1972, the Rural Develop-
ment Act was established in response 1o these concerns and in order 1o establish
guidelines for development and conservation of rural land and water resources
and to prevent and abate agriculturally related polluiior in rural areas. Yel. in
1989. as reported in the news media. in the records of regulatory agencies and
courts. and in legislative hearings. abuses persist.

Land Use. Mujor chorces contront us. Much of the potential cropland is
now used for grazing or is m torest. Comversion of range or torest 1o cropland
would increase our nation’s capability to grow crops. but this would reduce our
potential to increase forage or timber production. It would also decrease wildlife
habitats. Moreover, the conversion of relatively dry rangelands o crop agricul-
lure increases a region’s vulnerability 1o drought and soil erosion, as occurred in
the dust-bowl vears of the 1930, Because of the rapid rise in foreign demand
for agriculural commodities and farmers’ growing dependence on the interna-
tional market in order to remain economically viable, the choice about how 1o
manage land resources is far from simple. Indeed, in some regions of the coun-
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try . the chowe is betweerd devoting land to cropland or to housing, water con er-
vaton, waste disposal, indostrial and commercial tacilites. and the inlrastructure

to support them.

Water. Effective use of water has been at the center of crises and controver-
sies in various regions of the United States throughout the 19708 and 1980s and
exemplifies another Kind of complesity faced by agricultural and natural resource
managers. These sitwations have ivolved four hinds of changes: (1) drought, (2)
overatilization. (3 dechinmg water quality, and (4) proposals and programs (o
develop or reallocate water resources. More often than not. a aiven local or re-
gional siuaton involved a combination of these. For example. drought has two
meanings: (1) a prolonged period of lower-than-normal rainfall and (2) msufti-
cient water w support normal human uses and activities. Thus. if raintall de-
ficit occurs in a region that is expertencing population and cconomic growth, the
water-supply system will be very quickly stressed. Moreover. alternative sources
may be unusable due 1o pollution. and authorities will need to muke political
decisions regarding allocation priorities. Access. protection. conservation. and
utilization of water are concerns that many agricultural and natural resource
enterprises must tackle immediately . ’

Agriculture is now the nation’s lurgest consumer of water. More than 250
billion gallons a day are withdrawn from surface waters (U.S. Depantment of
Agriculture. 1982). Total groundwater withdrawals exceed 80 billion gallons o
day. including 21 billion gallons that are not replaced through natural recharge.
Four times more water is used for producing food and tiber than for all other
purposes combined. Irrigation water is a major concern. Imigated crops. grown
on only about 12 percent of the nation's croplands. account for about 25 percent
of the total value of crop production in the U.S. How and for what purposes
agricultural and natural resource managers use water are now evervbody's con-
ceri. As discussed earlier. urban, residential, and industiial users compete with
farmers and natral resource enterprises for water in many parts of the country.

Inadequate and mismanaged water-supply systems are leading 10 degruded
water quality. wasted water and energy. reduced instrean, flows. and increased
production costs for farmers and other industries. Return tlows to streams from
irrigated fields are important to downsiream water users Ex en in average years,
stream flows in the Colorado. Rio Grande. and Grear Basin regions are in-
adequate to meet offstream uses and instream needs for aguatic life.

Soils. Soils. another natural resource. are also under pressure. Soil erosion
remains a threat to the sustainability and productivity of 13 percent of all crop-
lunds in the United States. Annual soil loss and the average annual rate of sheet
and rill erosion on cropland in the corn belt are double that in any other region.
The average rate of crosion on cropland in Hawaii and the Caribbean area is tri-
ple that of any other region, but the average rate also excezds five tons per acre
in the Appalachians, the com belt, the Mississippi Delta region, and the South-




cast. Holding erosion ar a devel of under four or five tons of topsoil per acre
snually on croplands. pasturelands, and forest Lands so that sustined use of the
soil i pussible 1s a major national goal (U.S. Depariment of Agniculture, 1982:
Brown. [984).

Flood. A significam portion of the nation’s agricultural and natural resource
base rests on {lood-prone fands. More than 29 percent of the torest lands, 28
percent of the rangelands. 20 percent of the croplands, and 1] percent of our
pasturelands are flood-prone. New efforts are needed to protect these lands from
flood dumage.

Poliution. Agnculiural activity may be the most widespread source of non-
point source pollution i the nation. . Bacteria, nutrients. dissolved solids (e g..
salinity ) suspended solids (sediment): and toxic materials are the most common
and most serious nonpomt source pollutants in the U.S. This type of pollution
comes nannly from runoft or urigation return low. Water runoff ofien increases
levels of bacteria, sediment, nutrients. and pesticides in surface and subsurface
water supplies that serve homes and idustry. Imigation return flow generally in-
creases the level of dissolved solids. nutrients. and pesticides in streams and
rivers. Large-scale amimal operations have impacts on water quality similar to the
impacts of untreated human sewage. Consequently . more drinking-water sources
have become polluted: coastal waters are degraded; and aquatic, marine, and
water-dependent wildlife is less abundant in many areas. This issue has taken on
international dimensions in the case of treaty-protected mugratory waterfow!| such
as ducks and geese.

Wetland Loss. Because of the pressures to increase agricultural production,
thousands of acres of wetlands annually have been drained. Wetlands provide a
habitat for a variety of wildlife. They also serve as sediment and nutrient traps
for the stream flows into and through~them and thus enbance 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 agriculural and natural resource
emterprises strictly as private affairs. 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 esers of common resources, and as
subject to the social values and ethical standards associated with quulity 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, feriilizer, pesticides, and labor.
While in the past most inputs needed 10 manage and operate a farm came from
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the furm tanily’s human and natural resources. now most are purchised trom
autside their system. The cost of anputs such as tuel and encrgy . chemicals, and
ferilizer have increased tremendously during the 1970 10 1989 period. In the
same period. demand tor and costs of farm machimen have abso mereased. As
aresult tarmers are at rish of recenvang less for therr products than their cost o
produce theni. as well an ot being ccononically devistated by growing loan -
terest payments and tan mereises.,

The agribusiness manutacturers and supply firms. who have also been hard
hit by the weak tarm cconomy . stand ready 1o sell inputs to growers and produc-
ers. While such mputs somennies increase efficiency . mam managers have diffs-
culty decidmg whom o histen to and how 1o sort out the consequences. Those
who carlier adopted a profizexpansion stratepy scenungly were later the hardest
hit. And tor a while. th government continued 10 encourage the profit-expan-
sion. consumption-oriente. approach 1o agriculiural development bevond  the
point where it no longer made sense 10 many observers. Indeed. there are many
forces ut work that make it difficult 1o decide how 1o munage agricultural and

natural resource enterprises.

Chemical Impacts. Another concern is modern agrniculture’s relumee on
nonrenewable resources that have the potentiat for destroying natural processes
of decomposition and nutrient cyeling. For example. use of syathetic biocides
that unitentionally kil usctul seil organisims has disrupted heterotrophic tood
chains needed to break down organic materials. It has also resulted in new strains
of pests and pathogens resistant to established methods of control. The destru-
tion of natural processes has also created interdependencies among nutions. since
the novel strains of pests and pathogens olten require new mputs that must be

imported.

Ethics. The contummation of dairy cattle teed. which resulted i the tainung
of several states’ milk supplies. is a costly reminder that we all dzpend on
people 1n the food and feed industries not only to provide quahty services and
products. but also to act ethically and wisely. They must think not only of their
own busmess profits. but of their mora! and social responsibility . The difterent
ways in which officiuls of the various states” departmentis of agriculture and
health dealt with the knowledge of contamination are revealing and alarnung.
Some public managers do not appear to serve the public. but rather the industries
involved. In the long run (and in some cases the short run oo such ‘malfeasance
may lower the quality of life in a state. region. or nation. Ultimutely. the indus-
try that offictals were trying to protect may also be affected negatively. Once
public trust is violated. it is hard 10 restore. When public officials fail in their
duties, their right 10 manage is often removed or counterbalanced by the
monitoring activities of other groups. For good or bad, increasing regulation
does reduce management’s control over the operation of its private enterprise and
increases the complexity of its task.
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Irradiation. Technolugical advances that seem prodnsing (o some people are
sources of tear and concern to ozthers. Inadiation of frait and vegetables is o case
in point. New iradiation procedures and technologies hold great pronnse for rid-
ding produce of pests prior o pachaging and shipping and 1o prelonging shelf
lite: They not only Kill insects but also delay nipening and hall microorganisms.
Manmy growers would preter irmadiation over the extablished double-dip or vapor
heat method because., among other reasons, it would mean less time spent vn
harvesting.

Yet. imadiation technologies have many critics: The souree of radioactivity
used i the irradiator is Cobalt 0 or Ceswum 37 Cestum 137 is a byproduct
ol plutonium production for bombs and other wedpons systems. It can be ob-
tuned very inexpensively trom the tederal government. yet it s one of the dead-
liest of the high-level nuclear wastes. Some people are annoved that the govern-
ment would charge states and other potential users for waste products of which
they cannot safely dispose. A “not in my backvard” (or NIMBY) attitude has
developed. even among people who aren’t opposed to irradiation technology on
other grounds. Technical, governmental. and community groups are concemed
about the possibility of leakage if a steel tank. in which the radioactive elements
are submerged in water and stored. were to crack during an earthquake. There
Is concern about possible human error during transport or at the plant and the
health effects of low-level radiation emissions. There are also concems about the
competence of plant managers and employees 1o oversee the use of this technol-
ogy safely. All of the irradiation Plants in one northeastzm state were closed and
their management prosecuted bécause radivactive materials were improperly
handled and. in one instance, aflowed to escupe into the environment. and com-
pany records were falsified. The legisluure of that state passed a law banning
tood irradiation. but the governor vetoed it. There are many viewpoints.

Fertilizers. Another example of technological development that has presented
new dilemmas is the introduction of artificial fertilizer 1o agriculture. There were
phenomenal per-acre increases in crop production after antificial fertilizers were
introduced. While welcomed as a breakthrough. tertilizers significantly contri-
buted to the uccumulation of farge surpluses of many commodities. which led to
the need for more and bigger storage fucilities. tolowed by u federal excess-
disposal program. Surpluses contributed 1o the declime in prices of the com-
modities involved. Then legislative action. such u« the Agricultural Acts of
1970-1973 and 1977, the Payment-in-Kind (PIK) procram of 1983, and the set-
aside program of 1987, was seen as necessary ta deat with that problem,

Federal Policies

When excess disposal and acreage allotment programs were introduced in the
U.S.. world agricultural trade and marke: prices were ffected. Accordingly, the
active price support programs aimed at cushioning producers against shocks from
market fluctuations ultimately did not have the effect designers intended. These
supports are complex mixtures of govemment loans and cash payments to farm-
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ers who sometinies have 1o restrict planting to quality tor them. The supports
heep ULS. prices of many miajor food conmmodities well above those prevailing
m the rest of the world. They puarantee the farmer a minimum price per bushel.
with the government making up the difference between that floor tor minimum
price) and the price in the marketplace. However, some observers believe that
the eftect worldwide was to envourage farmers i Canada. Brazil, Argentina. the
European Community, and elsewhere 1o expand production because they knew
they could undersell the U.S. grower. The federal price-support progriam kept
U.S. markets from cutting commadity and food prices 1o regain lost overseas
sales. Why cut prices when they can get a higher price from their own govern-
ment? As a result, export sales of U.S. food products have dramatically de-
creased. They went trom $7 billion in 1970 10 2 peak of $43.8 bilhon in 198],
then fell more than- 20 perceat in the next two years. and then only slighty in-
creased in 1985 to $30.5 billion (Church, 1983). Only in the past few vears have
policies been altered to encourage export sales.

Current agriculral policy challenges furmers 1o manage their enterprises in
ways that will avoid entrapment in the costprice squeeze that leads tnevitably to
surmplus production. The lfatter effect occurs when farmers strive to mamtain their
mcomes by increasing productivity and sometimes expanding production.

Trends in Consumption

As if the national policy and world market situations were not complex
enough, the farmer is also beset by the fickleness of tashion and value shitrs and
therr impacts on market prices tor a range of food. fiber. and testile products.
Eating patterns change. Concern about health can bring marked changes in the
diet of consumers. which in turn aggregates into important shifts in demand for
certain agricultural products. This at least partly underlies the drift of consumers
toward chicken and away from beef and other red meats. Increasing concern
about the environment by urban-based advocucy groups can lead 1o intersectoral
pressure 1o change growers' agricultural practices. These- range from worries
about widespread pollution to the animal welfare debate.

The decline of rural communities and their agrarian values is a concemn to
many people. The decline is due, at least in part. to the emigration of members of
farm families impoverished by their disadvantageous ternis of trade. While argu-
ments are raised about the need to preserve turmland. mevitable conflicts arise
over pressures to use land in alternative wayy,

Natural Forces

Not only do the actions of other nations and the efforts of agribusiness affect
the well-being of Americans in communities depending on agriculture and natu-
ral resources. but nature also takes its toll. Thus. managers also must respond to
natural changes. In 1985-1986. for example, there were mujor dreughts in the
Southeast and the Southwest. In June 1985, even as the sun belt dried up. heavy
rainfall and floods washed away at least 80 million tons of lowa's rich topsoil,



probuably the worst rite of water erosion i the state’s history. Hailstorms destroy
S700 milhon of crops cuch vear. A massive grasshopper infestation hit the western
states an 19850 What s the proper 1ole of government in protecting agriculture
agamst losses due 10 nataral disasters” The Federal Crop Insurance Comporation
and the Federal Disaster Assistance Adinnnisttation offer sone protection through
the natural disasters payvirenis program. But some business and government lead-
ers do not beheve that government ~hould bail out producers.

Global Interdependence and Agriculture

Over the past decade. the compleniiy ot the management problems of LS.
tarniers has mtensitied due 10 changes m world trade Many traditional tood-
tmpaning countnes are now self-sutticient i production. and some are producing
sutticient surpluses to be net exporters of tood. fiber. and other agncultural
products . Somcumes tins has been accamplished by subsututing the production
of tood crops tor inedible cash crops. although more commonly it results from
the transter of new crops and technoiogies, such as those of the “ereen revolu-
uon 7 Thus. new mteracuons and mterdependencies have emerged, which US.
managers must tahe into account as they plan nmprovements.

Farmers in China are producing record harvests of wheat, coarse arains. rice.
il seeds. and cotton In Britam. new winter barley varieties have added a nul-

lion tons o vear 1o cereal production Saudi Arabiz s literally traing its desert

freen. using als unmense supply of “waste™ fossil fuels. In 1985, it set & world
record by generatng o wheat surplus Potental new uses for agricultural prod-
ucts are bemng discovered alniost dailv. What were once weeds are now pro-
cessed mto sophistcated pharmaceuncals: waste products are now mnmal feed.
Because farmers can produce in surplus. people have been treed trom the quest
for 1ood.

What 1y a blessing 1~ also « problem. Globally and nationaliy. we cannot
agree on what o do about surplus production. Secretary of Agriculiure Block
said i i 1Y86 speech that it a tarmer in North Dakota sneezes. 4 tarmer in India
catches u cold! Perhups the correct simile now is if o tarmer in India sneeses. i
tarmer in North Dakota catches a cold! The growers of the world are more inter-
dependent. and we have less control of our food supply thun in the past.

A Diversity of Perspectives on U.S. Agriculture

Because agriculral and natural resources enterprises i the United States face
many challenges and dilemmias, several analyses have been made that tocus on
the nuture of these industries and propose appropriate responses.  Authorities
swing between 1wo exireme and ‘seemingly conflicting views: that agricultural
and natural resources systems have chronic. buidi-in overcapacities or that they
are perennially subject 1o scarcity due 10 underproduction. The Roots of the Furm
Problem (Heady, 1965) und The Overproduction Trap i U.S. Agriculiure

dahnsen and Quance, 19723 are two key works that present comvincing evadence
m support of the chrome overproduction thesis. Seeds of Chane (Brown, 19707 and
By Bread Alone (Brown and Eckholm, 1974) support the underproduction stance.

Another perspectine that has wlivenced sovernmental and imdusi il dohion s
A ngiary oo the Hionan: Prospeer tHedbroner. 1972 1 s concerned that
people’s supposed mnabitiy o control rapid popubation growth will tead o cata-
strophic tanune and disease in the developing world and unrestricted mdustrial
growth and environmental collapse i the developed world

The widely disseninated. discussed. and mierpreted Club of Rome Report. alse
Anown as the Limts 1o Growth report (borrester. 1971, kb, 1970: Meadows
et al. 1972 does not pant as gloomy o pecture. For cxample. s projected
that the chalienge ot the population explosion can be met by techinological ad-
vanees sufficient to teed twice the current world populatton by the vear 2000

In Tire Human Inserest, Lester Brown 719741 adyocates rezulatng pojsulanon
growth and conserving imnited resources and toad supphies. He purposely avords
the alternatnve of ancreasing comentional jood production because ot potential
environmental impacts.

Stll other works. such as several studies commissioned by the LS. Depart-
ment of Agncaliure (Natonal Academy ol Sciences, 1974, 1973, propose
world ot ngorous supply —demand management i winch humanny can and must
comrol itselt and ity environment. 4 world m which both technologies and hunn
values change. According 1o this view . i balanced Tuture s setght i which both
quanisty and qualny of hunan evstence are valued  Rather than eectng e
machine. having blind tanh m ~cience. o givang upoan despaiz. ey projeci o
vision of u futwie i which saence and people get on wath the job of rationa)
analysis and positive action.

New Professional Competencies and Approaches

These US Depurtment of Avricolture N ational Academy ol Saiences reports
imply that we already have the campetenciesTand tools necessary tor the requited
myuiry and action. Yet people do not make decisions and behi e cubneldy ration-
ally or obgecuvely  These reports paint o prcture ot people that 1+ not borne vt
i research or eversday observation.

This book has adopted @ ditterent view of what 1~ needed. Accordmg to this
view whichoas shared by others m the agnculiural hgher education communiy |
there o u pressing need for protessionals who can deal more crectinvely with
compien. messy. value-laden sttuations ot the sort that face producers, distribu-
tors. processors, and consumers of agrcultural and natural resources products.
Practutioners and protessionals in the fields of tood. agriculture. und natural
resources need o use both systematic and sustermie thought and approuaches 1o
mquiry. They need 1o be able to think ratonally and mnntvely thenmselves s
well as 1o be able to deal with thinking tha appears to be irrational or difterent
from their own ways of viewmng a situation. The pomnt is that people bring di-
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verse world views and experiences ooany problemane situation, and  therefore
one person’s rdonaliy may be viewed by another as ignorance or worse. In
tuct, the various approaches to the situation are merely different rationalities.
which need to be dealt with and accommodated in order 1o find sitistactory im-
provements.

Finally. there is o pressing need for tood. agticuliural, and natural resources

professionals who can help the people they serve acquire a stronger orientation
toward the tuture. This means that they must develop the abiluy o tocus inquiry,
not on changes that nught be needed. but on detimng the tuture stare toward
which specific changes are to be directed. “Don’t put the i i gear until you
know precisely where you want w go!™ This imvolves learming how to examine
an organization’s or enterprise’s mission and develop stiategic plans that rehate
o particular concerns, opportunities. or challenges.
- All natural resource, food. and agneulturad orgamizations and enterprises need
the capacity — essentially the personnel with the necessary compelencies — o en-
gage in meaningful. ongoing mission evaluation. prionty setting. and strategic
planning if they are to sustain and enhance therr operanons in constantly chang-
ing economic. social. biciogical. and physical environments. In introducing the
soft systems approach, the objective of this book is 1o present an inquiry process
that readers can use to tully explore their current problematic situations. 1o de-
velop detailed pictures of improved ways of addressing them. and to produce the
concrete strategic plans necessary to achieve the features of that improved state
of aftairs,

As the antroduction o this chapter noted. these davs. decisions concerning
what technologies 1o develop and use and concerming how 1o manage enterprises
I changing environments are tar Irom simple. Predicting the impacts of g
biological or physical management practice 1 cqually difficult. Graduates in the
food. agriculiural. and natural resource fields are becoming increasingly involved
N situations that are messy and ditthicult o detine. People tactors loom large.
New competencies and involvements are needed to deal with these situations.
These involvements transcend and call into question the adequacy of traditional
problem-solving methodologies that are taught n our colleges. Graduates need
an array of approa-hes to inquiry that will help them comprehend and take action
on the interactions. impacts, and complexities of situations in ways that are con-
ceptually valid and practically effective.

The Role of Professionals

The tradutional role of professionals as inierventionists is also changing. Unuil
now . those heading for careers in tood. agniculture. and natural resources have
been truined 1o view themselves as mtervening an the hological and physical SYS-
tems of the world. Yet whu about the agriculural and natural resource enter-
prisey that respond 1o, develop, alter. and manage biological. physical, and
Suman systems? Professionals, managers, and oiher practitioners need to broaden
the runge of factors 1o which they puay attention. In addition. in the past, a pro-
fessional’s stance on intervention has been that of expent or advice-giver, while

9
a4 more appropriate tole may well be that of facilitator of people’s onn mquiry
into their concerns, opportunities, and challenges

Protesstonals must also learn 1o assimilate varving viewpoints and to structure
debate in ways that will lead to improvements in o mekiage of compley and
dynamic factors in problematic situations. To do this, new professional com-
petencies are required. It is not simply o matter of taking account of ditterent
attitudes because underlying the varied perspectives that are ottered for the tuture
development ol agriculture and natural resources are protoundly difterent wins
ol viewmg the same world and of tackhing its problems.

Use of Technical Terms

Peter Chechland (1981:11) makes a useful distinction between Jargon and techni-
cal terms. He says that It is very noticeable that the word jurgon” i hurled as
a missile af @ny attempt o use technical terms discussing hunumn activiny or
social systems.”™ The renowned sociologist C. Wright Mills (1959) has defined
Jargon as “a seemingly arbitrary and certainly endless elaboration of distunctions
which neither enlarge our understanding nor muhke our CAPRTICNCE MOTe sensi-
ble.” Following Mills™ crinque. Chechland argues for the need 1o use precisely
defined terms so that the reader knows exactly what is being discussed. As much
as possible. the number of. technical terms used in this teat will be himited.
When a term is used. it will have a body of conceptual or applied research liter-
ature that justifies it. The underlying theories. concepts, and empirical findings
will be discussed when the term is introduced. A glossary iy also provided in the
back ot this book Because the presentation of arguments in this book depends
on an understanding of technical terms. it is suggested that Mou pause to commit
each term to understanding as it is introduced and take care to check whenever
You encounter & term or word that you don’t understand. You will also find that
a good collegiate dictionary is a useful tool.

The Aims of This Book

The challenge of writing this text is to provide sutficient guidance for vou to
understand and use the methodologies and techniques it introduces, while not
conveving the message that “this is the only way 1o do it.” In Chupters 4 10 8,
however. the book details the whats, whys. and hows of soft systems inquiry.
This is because it is a relatively new approach. and its applications to food. agri-
cultural, and natural resources issues warrant particular attention. The hope is to
communicate with sufficient detail and clarity to give yvou a base from which 1o
begin your own experience. Experience is emphasized because this approuach is
meant to be used and to be learned by using it. If the authors were with you in
person. they would facilitate your discovery of some things on your own before
talking about them. Authors of a book are, however, limited hy the wriuen
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word. So. while the teat may appedar o assume o Lurly direct and prescriptive
vleo the inteation s 10 communicate approaches 10 mquiry so that you can
begin your own practice. If you are fearning the concepts and process introduced
in this text with an instructor, You iy actually learn thiough experience (simu-
lated or real) and use the teat as a simaary of what was sind and what vou did
m order 1o improve pereeption, thinking. and action.

Outline of the Book’s Main Points

The discussion developed in Chapters 1 10 8 is summarnized here:

Chapter 1

I. Chapter | illustrates the dynamism and complenity of the world in which
we live and. in particulas. of the situations in which we must perform as profes-
stonals 1 the tood. agricultural, and natural resource sciences. The interdepen-
dence of enterprises. governmental bodies. other insttutions such as science. and
whole nations is by tiself @ source of ditficulry .

2. Today’s and tomorrow's food., agneultural, and natwral resource profes-
stonals face new challenges and opportunities. New kinds of competencies and
a broud range of inquiry methodologies and knowledyge are needed in order to
respond to these challenges. This book is devoted 1o helping graduates dc\élnp
such knowledge and competencies.

3. The ability 1o focus. not on specific technical changes. but on a vision of
an improved future state iy particularly emphasized.

Chapter 2

I. Learning is the process by which experience is transformed into Kknowledge
and knowledge is transformed into action. It is a dynamic process of adapation
and action in which we repeatedly interact with our social. biological, and phys-
ical environment. It follows that learning 10 tackle real-world preblems is u key
to being effective in our professional careers s well as in our dailv Jives.

2. Learning involves four major dimensions. describing types of ;-xcli'\'ilic.\: (n
prehension —how we explore 2xperience and find inforniation 10 determine the
meamng of a given situation: ¢2) Iransformation —how we tshe action once we
think we have understood a sitwation: (3) methodology —how much of the com-
plexity in a given situation we choose 1o handle: and (4) insighr — how rational
or intuitive we are in deciding what the facts and meanings are and what courses
of action should be tuken.

3. Individuals develop and use markedly different styles of learning and prob-
lem solving in relation to the opportunities and challenges they fuce in food,
agricultural, and natural resource situations. Our learning style is measured by how
we deal with experience in relation 1o the wo primary dimensions of inquiry:

prehension. mvolving the concrete expericnee — absiract conceptuahization anis
and transtormation, mvolving the reflective observaton — active CApernnenta-
LION GINdS.

4. When these aves are combined. four stvles of learming are described: (1)
diverging, (2) assimilating. (3) converging. and (4) accommodating. Each sivle
represents o person’s particular orientation toward finding out about and tuhing
achion in a given situation.

5. Not only do people have their own styles of learning. they also have
umgue ways of looking at ther world. While these techniques are based partly on
a person’s preferred learming styvle, many other factors contribute to o person’s
world view. These tactors include values. beliets. morals. tastes. cultural trads-
Lon, past experience. language. atutudes, and personahities. A person’s world
view will markedly influence the tvpes of observation that person mikes. the
Kind of information he or she collects. the meaning that person attributes to ex-
perience. and the lines of action he or she selects. Thus the way people create
knowledge. und the substance of that knowledge. are determined by their pur-
ucular learing stvles and world views.

6. A mudel of the learning evele is applied 1o resiew methodologies used in
pursting inguiry into food. agricultural. and natural resource problems. basic and
applied science methodologies are presented in Chapter 2. and hurd and soft sy -
tlems tnguiry are reviewed in Chapter 3.

7. The distinction as drawn and discussed between methodelogy, the abstract
logic jusutying our inguiry process. and techimque. the actual procedures em-
ployed 1o gather data and analyze them. ‘

8. All the competencies associated with the four sivles ol Tearming are needed
W carry out any given methodology or process of mquiry. While some parts ot
a given approach will be easier to hundle because they seem to come naturally |
others will require competencies tound in styles of learning different tfrom one’s
own. These inquiry competencies can be learned.

Y. Protessionals in the food. agnicultdral. and natural resource scicnces wall
use at least tour difterent Kinds of inquiry methodolugies in order 10 tackle the
‘Fange of problematic situations typically encountered. Each methodology is better
at addressing some types of guestions than others and has its own distinet tasks.
guided by a philosophical foundation. :

Chapter 3

I. This chapter reviews hey premises of systems thinking. ncluding the prin-
ciples of holism. transformation, control, communication, hierarchy . and emer-
genl properties.

2. The stages and uses of hard and soft systems inquiry are discussed and
compared.

3. The fearning-cycle model and the various inquiry methodologies are now
combined and conceptualized as a spiral of inquiry. A key professional compe-
tency is the ability to select methodologies appropriate to the questions people
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are asking in & particular situation and o decide how definable that situation is.
In the abstract, none of the four inquiry methodologies is superior. Rather, the
well-rounded  professional needs 10 be competent in the use of a range of
methodologies in order to tackle the variety of themes of concern that will be
present in most food. agriculural. and natural resource situations.,

4. This chapter also introduces the basies of 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 4

L. This chapter presents stages 1 and 2 of the soft systems approach in detail.

2. Divergent leaming-stvle competencies are employed in order 1o enter into
situations and to understand them fully and without bias. Assimilative learning-
style competencies are employed 1o synthesize and analyze the information col-
lected. '

3. The inquiry process starts by looking at problematic situations rather than
at 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. A
beginning set of techniques that facilitates the collection. synthesis, and analysis
of information and that is congruent with the philosophy of the work of stages
I and 2 is suggested. and practice exercises are provided.

5. Striving 10 view a situation from many angles and from the perspective of
the people involved leads to insights that can be used o develop ideas of mean-
ingful change. This process is the first step in trying to develop world views that
1ncorporate and transcend those of indsviduals and groups: thus, the process pro-
vides a basis for colluboration and cooperation.

6. The task of describing and analyzing the siuation is carried out by the
people involved. Inquiry thus becomes a muiual learning process in which useful
knowledge is generated by all. People’s capacity to analvze and design im-
provements is increased by the mutual learning relationshup, contrasting wiih the
traditional expert-client relationship in which ownership of the inquiry process
remains with the expert.

" 7. Several lechniques are presented for analyzing themes of concem and oppor-
tunity in a sitvation (mind mapping) 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 conclusions
of stage 2, which will be useful throughout the remainder of the inquiry process.
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Chapter 5

1. This chapter is about stages 3 and 4 of the soft systems approach,

2. Often people who are interested in change fail to develop an understandin
of potential future improved conditions. This chapter discusses how., using sy
tems concepts, future conditions and states can be conceptualized as human ae
livity systems.

3. When members of a group begin to think systemically, they envision 2
improved situiation as if its elements were tunctioning entities. Using rules an
properties defined in formal systems literature. they then conceptualize these en
lities as constituting an integrated, functioning whole.

4. Assimilative and convergent learning competencies are used to carny out
the inquiry tasks associated with stages 3 and 4. Assimilative abilities are used
1o form ideas about the kinds of transtormations that may occur in the future in
order 1o improve problematic features of the present siwation. Convergent abilities
are used to develop some of these transformations into human activity system
models.

5. Participants design potential human dctivity systems that have specihied
inputs. transformations. subsystems. outputs. boundaries. measures of perfor-
mance. actors. owners. environmental constraints. beneficiaries, and victims, as
well as a world view that makes all of these features meaningful.

6. These human activity systems are developed as models. Muodeling is the
mental process we use to build a manageable replica of something. In the case of
4 human activity system model. the designens essentially are attempting to answer
such questions as “What primary human activities will be Oceurming in an improved
state?” “By and for whom?" “With what resources and anticipated outcomes?”

7. In addition to the mandatory human activity systems model of an improved
state of affairs. other kinds of modeling may be done in order 10 communicate
complex interrelationships. to determine how present features might behave if
changed in centain ways. or 10 evaluate alternative wtrategies of change.

Chapter 6

b. This chapter presents stage 5 of the soft Systems approach. which is con-
cemed with the need to pause after completing one or more models to compare
them with reality, as represented by the situation summary produced in stage 2.

3. Competencies associated with the convergent learning style are called for
here. The ability to choose from among alternative solutions is particularly em-
phasized.

3. Accordingly. there is a strong templation 1o slip back into the expert and
technology development roles. This can be avoided if the mutual learning ap-
proach is maintained in discussions between the people involved in the situation
and the professional fucititator. '

4. Four specific techniques for comparing a human activity system model
with a picture of reality are outlined: general discussion, question generation,
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overlay, and historical reconstruction. The choice of which tlechnigue to use de-
pends on the nature of the situation.

5. The overall objective of stage § is to verify the viability of the models before
they are used to generate specific proposals for change and detailed implementa-
tion plans.

Chapter 7

1. This chapter presents stage 6 of the sofi systems approach,

2. The central task is tor the people involved in the situation to debate the
desirabibity and the feasibility of the specific chinges generated by the models
of an improved future state. The two basic questions are “Is this what we want
[11] to be?" and “Cuan we really do this?™

3. A debate is a discussion or examination of several sides of 4 question und
an opportunity to consider positive and negative aspects of. the changes being
proposed.

4. Models of future human actvity are seen as desirable when participants
Judge thein to agree with their own world views.

5. Models of future human activity are feasible when participants agree that
they cun be carried out (1) with available or uccessible resources.- staff, technol-
ogy. and mdividual and organizational capabilities and (2) without incurring un-
acceptable group and environmental risks and costs.

6. The debate phase has much in common with the comparison phuse. and
they are nften done together. While the comparison phase emphasizes convergent
learning, the debate stage favors accommodative competencies. The result of
stage 6 i a set of concrete changes 1o be implemented.

7. Brcause the contexts in which professionals may operate vary so widely,
this chapter also provides a detailed -discussion of the arenas in which the debate
phase, as well as other soft systems inquiry activities, might be carried out:
small face-to-face communities. business firms. multipar.y disputes. the courts.
bureaucracies, and government. Debate techniques that seem appropriate 1o partic-
ular kinds of situations and conteats are also. suggested.

Chapter 8

I. This chapter is about stage 7, formally the last phase of the soft systems
approach. .

2. The competencies ussociated with the accommodative learning style are
particularly emphasized here, since this is the action phase of the approach.

3. The central tasks of this stage involve developing an implementation plan
and then moving to implement specific chunges.

4. Altemnative scenarios, in which the sofi systeins approach may also be used
1o monitor or evaluate initiatives that are already underway, are also discussed.
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Appendix

I. The book also includes case materials on three sitwations. Whils two ol
them have been fictionalized. all are based on actual cases.

2 These materials are used in discussions throughout the book. but none o
them are brought 10 4 hard and definite conclusion. This hiolds open the possibil-
ity that you, the active learner, can use them to work through specific guestions
or aspects of the approach.

Glossary

Lo A glossary of techimcal terms introduced in the teat, with selected cross-
relerences, is provided.
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CHAPTER

The Learning Dimensions of
Professional Inquiry

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 every person’s way of learning
is unigue to some degree, there are nevertheless patterns that provide bases for
models describing how people carry out the leamning process.

While it may appear novel to begin a text intended tor 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 in
a learning process in order to improve a situation. Learning can be equated with
professional inquiry when it is carried out in order to transform ideas into actions
or to alter people’s actions and environment.

In addition, leaning difterent inquiry approaches. along with their benefits
and limitations, is central to professional development. This involves acquiring
new competencies and methodologies. It will also be important to understand the
premises. as well as the procedures. associated with o given methodology 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 with 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 inquiry.
Others are introduced in Chapter 3.

What Is Learning?

If you want 10 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

IT. 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



A ppendix 19-A

LABORATORY EXERCISE

PLANT WATER POTENTIAL

PURPOSE: To gain experience in measuring plant water potential using a pressure chambher

apparatus (pressure bomb) and to understand some of the capabilities and limitations of this
kind of measurement.

PROCEDURE: Each team of 2 ¢y 4 students will work together to conduct the
measurements outlined below. It is very important that each member of the team operates
the instrument sometime during the measuring session. Also, the procedures outlined in the

attached reading should be studied carefully so that each team member understands what
measurements are to be made and why.

MATERIALS: Plant maierials

(seedling and trees outside); pressure chamber apparatus;
nitrogen tank.

REPORT: Each team member will complete and submit a report using the data collected
by the team, present results of the experiments, and discuss those results.

EXPERIMENT 1: Variability of the end-point
/

g

Conduct a series of measurements on the plants provided or designated. LEach member of
the team conduct five measurements of plant water potential. Discuss reasons for the
variability and for the differences (if any) between results of various operators.

EXPERIMENT 2: Effect of light on plant water potential

Counduct five measurements on two plants; one in the shade and one in the sun or bright
lights (if inside the laboratory). Compare the results and explain any differences,

EXPERIMENT 3: Effect of crown position on pl

Conduct five measurements on samples from various p

arts of a tree. Compare the results
and explain any differences.



EXPERIMENT 4: Effect of drying the plant sample on plant water potential

Obtain a large branch from a tree. Conduet three measurements of plant water potential

at times 0, S, 10, 20, 30, and 60 minutes. Leave the branch lying on the table between
measurements. Explain your results.

EXPERIMENT §: Effcc't of excessive xylem protruding through the rubber sea]

Insert a small twig into thé chamber such that about half of th

leaves and phloem and protrudes through the rubber seal. Make another measurement on
a sample from the same twig which protrudes only about 1/4" through the seal. Repeat this
comparison two more times. Explain any differences you observe.

e twig has been stripped of

EXPERIMENT 6: Effect of repeated measurements on the same sample

Prepare a sample for measurement and determine the endpoint.

Exhaust the chamber
slightly (about 50-100 psi below the endpoint) and pressurize the cha

EXPERIMENT 7: Effect of water supply on plant water potential

Cut a branch from a tree (preferably in the sun) and immerse
Measure the plant water potenti:
hour. Make as many Mmeasurements as you think you need to
during the subsequent hour. Discuss your results.



PRESSURE CHAMBER 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
(Dixon, 1914), the technique was virtually ignored until 1965 when
Scholander reintroduced it (Scholander et al., 1965). Since then, plant
water status generaliy 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 sta-
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 1is 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, 1instead, 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! . 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 itg xylem e=lements or, at lower water
potentials, change color as cells rupture. The pressure required to cause
either of these changes 1is calibrated to some other measure of water
potential, often a pressure chamber. Our attempt to calibrate the J-14
uging the pressure cl amber ag sugpested by Childsl'gnve an unusable
calibration curve (Fig. 1). Even though the J-14 can make measurements
rapidly and does not require-a compressed pas supply, it has some serious
disadvantages: (1) the endpoint {3 indefinfite; (2) precision i{s low; (3)
it requires ca.ibration:'with a pressure chamber; 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.

's. Childs. 1979. Evaluation of a rapid technique to estimate plant water
potential for applications in forests (unpubl.).



- . USING THE PRESSURE CHAMBER

Foliage cut from a branch (the sample, A) 1s placed in the chamber (B)
with the cut end of the sample exposed through the chamber cover (Fig. 2).
Chamber pressure ig slowly increased with nitrogen from'a high pressure
tapk (C) until water is forced back to the cut surface (D). That pressure,
indicated on the pressure gauge (E), estimates water potential (t,).
Scholander et al. (1965) proposed that this technique measures gravita-
tional and functional potentials. Boyer (1969) demonstrated that xylem
water potential is indeed equal to the combined gravitational and fync-
tional components plus a third component comprising xylem solute and matric
potential. This third component 1is not measured with the pressure chamber
technique. Because it ig commonly either negligible or constant, this

enerally ignored and the pPressure
chamber measurement accepted as an estimate of (Yy,).

Safety Considerations

The pressure chamber apparatus ig p potentially d
should be treated with great respect. It can be extremely useful but algo
can injure a carelegss operator. Because the device uses compressed inert
gas (preferably nitrogen) as {itg Pressure source, failure of the
pressurized vessel ‘may cause the sudden releage of pressure similar to anp
explosion. Sudden failure of the connecting hose or tubing, though less

sericus, could result in a wildly thrashing hosge or, poasibly, flying
parts.

angerous device which

To safely operate the pressure chamber, establish and use tije
following routine for applying pressure to the ingtrument:

(1) Turn the instrument's control valve to "off."

(2) Check the supﬁly hose to sne that {t 19 connected properly.
Check, by careful inspection and tugging, hoge flttings and
any other connections that might be loose.

(3) Open the valve on the supply tank slowly, not suddenly. I[If
the system should fail anywhere, the more nearly closed thig
valve 18, tha legg damage {g likely to result. This same
principle—open the valve slowly-—also applies to filling a
portable tank from a main supply tank.

(4) Do uwot turn the valve widne open! Inatead, open it nnly wide
enough to permit the chamber to be pressurized without a
substantial drop in hosgn rresasure.  One-half turn {4 naually
sulficient. Close the miln tink valeve at the end of the day
to conserve gas in cannm g smatl leak tdovelops.

(5) Teat the Instrument 'q safety equipment
and perform minor ad Justments on valyeg
chanber seals becauge dirt and foliape
plupg valves or tuhing.

to help detret logkg
+ Clean and Inbricate
cause wear and can even



Following these safety 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 ithe sample with a sharp knife or razor blade elimi-
nates needless recutting, which can introduce error in specles with large
xylem vessels (Scholander et al., 1965)..

In woody species, the bark must be stripped back far enough to allow
the woody portior to protrude through the rubber sealing gaskst, where the
cut surface can be observed. Fallure to remove the bark may result in
mistaking phloem exudate for xylem sap at the endpoint. Resin can alsgo
obscure the endpoilnt 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 should be 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, Y, can be suc-
cessfully measured with a fasicle of pine needles, but substantial (5- to
B-bar) errors in measuring Douglas-fir [Pseodutsuga menziesii (Mirb.)
Franco] needles can occur even with a gasket only 4 mm 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 eagily 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

l. Never place any part of the body—particularly the eyes—-directly above
the hole 1in the' 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 congiderable vigour. The endpoint can be observed
Just as easily ﬁrom the side as from above. s

2. Never leave the chamber cover or lid half on. It should always be
elther on and ready to be pressurized or completely off. A cover
sitting on the chamber but nnt locked {n Place can form enough of a
seal to withstand low pressure, tut m1y blow off at higher preqqura.

Avoid this situation by always leaving the chamber cover all the way
on or all the way off.

PN



3. After completing the day'sg measurements, close the main tank valve and
leave the coutrol valve on off or rxhaust., Apain, .lenve the cover all
the way on or all the way off., [f removing the supply hose ig neces-

‘sary, ascertain that the hose 13 not pressurized before disconneccing
1t. Like the chamber cover, qulck-disconnect fittings should be either
completely connected or completely disconnected. Connections should be
made only when the hose 1s not pressurized.

———

EVALUATING WATER POTENTIAL 1IN SEEDLINGS

responses of seedlings to different water potentials has led to
establishing guldelines for conifer seedlings. Thege guidelines, baged
primarily on data collected for Douglas-fir and pondernosa pine (Pinug
.Eonderoqi Lawg), generally ‘have been applied to all Pacific Horthueqt coni-
fers (Cleary and Greaves, 1978). wWe plan to conduct experimenta rhae may
refine these guldelines for other specles, particularly wegtern hemlock

[Tsuga heterophylla (Raf,) Sarg.], western redcedar (Thu ja plicata Donn),
and true firs (Ables spp.).

Bare-Root Seedlings

Seedlings removed from a nursery bed should be watered immediately to
reduce water stregss. Malntain a ¥, level above -10 ‘bar at all times
thereafter. Ideally, bare-root scedlings should have a ¥, of greater than
=5 bar; 1f Yy decreases to -]¢ bar, the risk of planting a damaged tree {s
significant; {f ¥\, decreases to -20 bar, the likelthood of severe physiolo-
gical damage to root tisstie {s 50 high that serdlings are probably best
destroyed. A Yy less than -50 bar 1s probably lethal for most aredlings.,
Because water potential can be rafged immediatn]y by adding water to
seedlings in a Packing bag, fy should be evaluated before water {s added.
The maximum obaservable value with the preganre chamber {a -1 tn -2 bar {n
Douglas~fir angd slightly higher (n ponderosa pine.

Planted Seedings

For seedlings planted in soll or other media, ., 1s not Hoiting for
pPhotosynthesis at levels above =10 .bar (Cleary, 1971). In ponderoga pine,
at Y, levels between =10 and approximately =20 bar, seedling photosynthesig
i3 slowed or stopped; between -20 and =50 bar, seedling vigor continually
declines; and at levels below approximately =50 har, sredlingn die (Fig.
3). The lower the ¥, the longer it takean for seedlings to recovnr after
watering (Fig. 4). 1Ip Douglas-fir, lack of water does not limie photo-
synthesis abnve -10 bar; between -10) and approximately -30 bar, photoe-
synthetic capacity of seedlingsg declines; and between ~30 andg =50 bar,
seedling vigour drops. Death occurs ar V.. levels {p °xcess of -S50. Other
species have aim{lar responses it at diffarane valuea of ¢,. An Patimate

of seedling vipour {n [esponse to ¥, (s sesentiai to interpret the affece
of low water potentfal on seodlinpa,



Monitoring Bare-Root and Planted Seedlinps: 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 ¥, on bare-root
Douglas~fir seedlings during nursery lifting and processing (Daniels,
1978). Daniels evaluated three groups of seedlings each lifted at a Y,, 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 1is seldom added at 1lifting 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 secedlings lifted at -12
bar had decreased to less than -20 bar ¥, within 2 hours after lifting.
Thus, essentinlly 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 B cm) and produced
more new follage (5.7 g compared with 4.77 g) than dry-treated seedlings
when grown free of competing vegetation in a nongtressed environment.
Survival without competition was excellent for all treatmenta, ranging from
93 to 98%. In contrast, when outplanted on a stressed site with con-
siderable competition between grass and seedlings, 4372 of wet-treated
seedllngs survived compared with 23% of dry-treated seerdlings. Wet-treated
seedlings also grew taller (7.6 cm compared with 6.6 cm) and produced more
new follage (3.1 g compared with 2.6 g). Therefore, stock protected from
desiccatic during lifting and processing in accordance with the previously
outlined puldeline survived better and grew faster during the year after
planting (Clenrry and Greaves, 1978).

The second study involved f{rrigatinn scheduling at a m1jor Oregon
nursery. Lavender and Cleary (1974) outlined conifer seedlinp-production
techniques to improve scedling eatablishment and identified the need to
ensure that dormancy induction be initfated early (by mid-July) in the
summer. Seecdlings mist encounter moderately low water potentfanlas to {nduce
dormancy (Lavender and Cleary, 1974). The Vey to dofng ao 15 having plants
large enough early in the summer so that nuraerymen are not foareed to con-
tinue irrigation merely to attatn asome ailze objective. Orepgon naraeries
should seed early in the spring at a bed density low enough to ensure high
growth rates early in the growing season. For the first year, {rrigation
must be frequent during the early growing season to maximlze growth untll
approximately mid-July. After August 1, irrigation shonld be used only on
extremely hot days (35°C) or when early morning f, {s.below -12 bar. After
September 1, ¥, should be allowed to rrach but not exceed -15 bar until
fall rains begin. From August 1 to the fall rains, irrigation should be
oinimal or sufficient only to bring temporary relief of successively lower
Y, levels and should not saturate the soill profile. During the second
growing season or the growing grason of a tranaplant erop, sachedales should
be such that {irrigation during the early part of the season {5 frequenr
enough to keep the soll profile near field capactity and vet notr saturated
until mid-June. Thereafter, early morning t., levels should he allowed to
decrease to =15 bar; apain, Irefeations shonld he ahorr e thar §,, @il

'
remain above -10 bar but frequent enoagh to prevent {t from eseedfng =25

\/\,0



bar. The Y, guidelines ouélined previously are usefyl in 1mp1ement1ng the
techniques for lmproving seedling establighment.

highly Pressurized gas, cafe and careful operation is a mgt. High

Y, levels— determined by the pressure chamber-—ensure vigorous seedlings
and, thus, high survival potential. The measurement of Y, i1s a point
sample, however, and cannot detect previous desiccation damage in g plant
rewatered after damage hag occurred. Maintaining high ¥, levels between
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ABSTRACT

Pros and cons of using the pressure chamber technique for evaluating
seedling water status are'presented. Safe use of the instrument, sample
preparation, and proper operation to obtain the best possible data are
emphasised. Guidelines for determining and interpreting water potential
(Yy) 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 ¥, at dif-
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Appzndix “19-B

DURES FO T ON:
(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 pbreath.

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 sevzral months.

|
B. 'Apical Meristem Dissection and Squash Preparation

Dissection

1. Dissect apical meristems 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 alcong
with the AM). Make the same type of cut on each AM you
dissect. 1It's important to be consistent and to keep AM




damage to a minimum. The dissected aM'g c€an now be prepared
for Sauasning or placed back into McClintock's solution for
storage untiji] further Processing. I fing it easiest to
transfer the dissected aM'g among the different Bolutions
using a disposable Pasteur Pipette (Please don't throw thepm
away, though; the pPipettes Can be washed and reused)

Squash Preparation

2. Transfer AM to vial containing Warmke'sg solution then to
Carnoy's solution using Pasteur bPipettes. The aM should
remain in the Warmke's solution for a pinimum of 15 minutes
(20 minutes optimum) and in the Carnoy's solution for a
maximum of 15 minutes (10 minutes optimum). Tissye left in
Carnoy's too long hardens eéxcessively resulting in a poor

AM/coverslip with the other using the flat, wooden end of a

dissecting needle. Apply firm, rapid pressure directly over
the AM. Remove excess siain using Kimwipe§. Try not to

After Squashing, warming (mot to the boiling point) the

slide over a bunsen burner will help stain the AM more
thoroughly.

C. Mitotic Index Determination

1. Mitotic index det



For each active region, mitotic index is determined as:

No. of actjively dividing cells

Total No. of cells within counting grid

X 100

= MI%

Any cell within, or touching, the grid is included.
hand tally meter to assist in counting cells.

Use a

NOTE: Please wash and reuse slides and coverslips unless

broken or badly scratched or stained.

Solutions:

McClintock's Fixative

100% ethyl alcohol (95% acceptable)
Glacial acetic acid

Warmke's Solution

95% ethyl alcohol
Concentrated hydrochloric acid

Carnoy's Solution
100% ethyl alcohol (95% acceptable)
Glacial acetic acid
Chloroform

Orcein Stain

Volume Ratio

W

W o

parts
part

part
part

parts
part
parts

-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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A method is presented for rapid determination of .2 mrtotic index in terminal buds of Douglas-iir, Pseudotsugo menziesii Mirb. )
Franco. Fenilization at planting increased mitotic i fex bug fertilized seedlings entered dormancy at the same time as unfertilized
seedlings. Cold storage. pnor 10 dormancy, reduce - . “olic index rapidly and was related to reduced height growth the following
Year. The effects of moderate moisture stress and seed source on mitotic index were shght,

Carson, W.C..w.D. BINDER. C. O. Fegnan et C. L. Preisic. 1980, Changes in mitotic index duning onser of dormancy in
Douglas-fir seedlings. Can, J. For. Res. 10: 371-378.

Une méthode est présentée pour la déterminastion rapide de I'index mitotique dans les bourgeons terminaux du sapin de Douglas,

(Traduit par Je journal)

Introduction Managers must be able to determine the dormancy

Growth Potential of planted tree seedlings canbe  Status of crops in order to properly schedule cui-
greatly reduced by improper coordination of cyl. tural and oulplanung activities. Qne method 1o
tural and outplanting practices with the physiolog- evaluate seedling dormancy status requires up to
ical condition of the (ree. One impontant and often, 30 days of qbscr\'a.uon. (Lavender and Hermann
mismanaged aspect of nursery production is con- l??O). Thns_umc period is too long for effective de-
ditioning of seedlings to promote completion of CIsion making by nursery management. Use of an
successive stages of dormancy. ' osc:llqscope gnd square wave generator 1o measyre

Stages of dormancy have beendiscussed in detail clcclrlqal resistance reduces the time necessary to
by Samish (1954) and Rombcrgcr (i963). while delermine dormancy status (Ferguson et a. 1975).
Lavender ang Cleary (1974 described them in Unfonunalgly. electrical resistance and impedance
terms ofDougJas-ﬁr(Pseudorsuga mencziesii (Mirb.) are more directly related to cold hardiness and
Franco) nursery management. Owens (1968) ang stress than bud dormancy and growth (van den
Owens and Molder (1973) have described the an. Driessche 1969: Wargo and Skutt 1975: Askren and
Nual growth cycle in terms of bud'development, Hermann 1979). ‘
defining dormancy as the absence of cell division 'C')chs(.l96.8)and0wcns§nd Molder (1973) have
in the hud. These general dormancy.classifications utilized mitotic frequency, €. the number of di-
are compared with periods of susceplibility 1o vndlqg cells in five median longnudma.l sections, to
transplanting shock (Fig. 1). The expansion of pre- monitor onset of bud dormancy. This procedure
formed stem and leaf Primordia occurs during the gives a very precise ndication of the end of cel|
bud scale initiation Phase. Free growth (Jablanczy  division activity which coincides ver closely with
1971) can occur during the early rapid leafinitiation ~ the time when Lavender and Cleary (1974) noted
Phase followed by a return to bud scale initiation.  the beginning of deep dormancy (Fig. |).

SBetative bud set occurs a the end 07 scale iniyi. The methodology of Owens (1968) for determin-
alion (Sterling 194¢). ing mitotic frgqucnry is laborious. The use of 3

‘nowledge of progression of dormancy siages s 5quash technigue rather than secuonming. and de.

Yery important 1o Mmanzgement of nuruery crops termining mitotic inde (the Percentage of celly 1n
division) (J. N. Owens and M. Molder. persona)

‘Pres.n address: Departmeni or Foresiy nc g Universn : c
e : ML communication) rather than muonc fre . .
OT}\cmuck). Lexington. KY 40<4¢ - fquency al

“Author 1o whom repnni requesis should e, qeny ln_ws Con,mara“\'d-\ r_apid assc.ssmcm of dormanc)

Presen address- Forest Research Laboratory, Oregon State  status. Use of mitoic mdex is more precise than

l‘""'ﬂs'l).con'l“u- OR mitotic frequency for estimating dormanc, via bud
fesent uddress: Depanment of Plans Pathology. Linn ersiy . y ’

¥ Kentucky , Lexingion. KY 4046 " squashes, where the number of cells in the BNd field
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Period of 1€ scedlings are planted during this period, survival
mast successful and (or) growth potential will be reduced
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trees will not hardiness and will resume clongation free growth day environments, irees
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ble environment (afier Lavender and Cleary 1974), and (C)
ivision (after Owcns 196R).
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squash. This paper presents the results of monitor-
ing mitotic index in the terminaj bud of Douglas-fir
seedlings during onset of bud dormancy.,

Materials and methods

During the Ist year of the study, buds were sampled from a
greenhouse experiment concerning the effect of penodic mois-
lure stress on induction of vegetative bud sel in container cul-

tured Douglas-fir seedlings. A nutritional regime similar to that -

utilized by the British Columbia Forest Service was used. The
schedule was described in general by Drix and van den
Driessche (1974) and specifically by Carlson (1978). These early
tests of the mitotic index meihod established the basic pattern
of dormancy onset in Ist.year Douglas-fir seedlings. During the
2nd year. the effect of various outplanting strategies on mitotic
frequency was evaluated. An experimental plantauon was
established adjacent to greenhouse facilities used in the study
nexr Aurora. OR. U.S.A. Outplanting strategy included (1)
time of outplanting, (2) whether szedlings were extracted from
containers 2 days before planting and wrapped in Saran in
25-tree bundles or were planted directly from Styroblock 4
containers in which they were cultured, and (3) whether or not
seedlings were fenilized with a 22.8-2 NPK Agriform forest
starter pellet in the planting hole.

Sampling

Bud sampling was done between midmorning and midafier.
moon. Diumnal fluctuation in mitotic index was small (W C . Carl-
son, W. D. Binder, and C. O. Feenan., unpublished datal. In
1977, eight terminai buds were collected at random from the two
blocks for each treatment (seed source and morsture stress
leveh. Two seed lots were used: Scaside, OR (elevation 500 f1
(1 ft = 0.3048 m)) and Sekiu, WA (elevation 1000 fi). Weekly
sampling continued.from July 29 (before bud set) until Decem.
ber 22,

In 1978, 53 terminal buds were collected at random from the
Treenhouse population on August 18, before outplanung began.
Subsequently eight buds were sampled from the greenhovse
ropulations immediately before each outplanting. and another
eight buds were sampied from the residual populations - § days
after establishment of each portion of the plantation. During and
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 portion
and at additional dates as shown in Results. Predawn moisture
3iress was measured on excised stems on each field samphng
date using a pressure bomb. The outplanting dates were August
23-24, October 2-3. October 13, and December 11, From 100
10 300 trees were planted per treatment (fertilization x extrac-
tion) on each planting date in a completely randomized single
Tee plot design.

Bud squash techniques

After removal of scales. the embryonic shoot (bud) was re.
moved from the stem and fixed in McClintock's fixative (Jo-
hansen 1940) for a minimum of 6 h.

Afier fixation, buds were placed in Warmke's solution for
10-25 min to dissolve pectin matertal in the middle lamella (Jo-
hansen 1940). In order to counteract the softening of the cell that
was caused by Warmke's solution. buds were transferred to
Camoy's solution for 5-20 min (Johansen 19401,

The buds were then placed on slides and stained with orcein
or acetocarmin, the latter with iron added {Johansen 1940). The
buds. including the stem apex and leaf primordia. were stained
for 10-20 min, time being proportional to size. Half way through
the staining period. a cover slip was placed gently on top of the
bud and stain. The weight of the cover ship Nattened the bud
slightly. Atthe end of the staining ime. the bud was crushed by
applying pressure to the cover slip directly above tha bud. Afier
crushing. the slide was warmed, without boiling. overan alcohol
lamp until it was almost 100 hot to hold.

Immediately after staining. cells were counted using a Leitz
Diavert microscope equipped with a 12.5% ocular, a 40« ob-
jective, and an ocular cor.ting grid. Al of the stages of karyo-
kinesis were counted as dividing except interphase tFig. ). To
determine the onset of bud dormancy more precisely. the least
dormant area of the squash was counted. Areas under mitotic
index curves were determined by weight.

Results

‘Analysis of variance in the 1977 mitotic index in-
dicates that there was a comparatively weak effect
of seed source (a = 0.47) on mitotic 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 were
pooled over seed source and moisture stress level
(Fig. 3). Seedlings cold stored in late October
showed a more rapid decline ir. mitotic activitv than
did seedlings which remained in the greenhouse
untilDecember (Fig. 3). Decrease in area under the
mitotic index curve due to early storage was ap-
proximately 7%.

Outplanting in August 1978 lowered the mitotic
index: however, the October outplantings raised
the mitotic index (Fig. 4a). Mitotic index was af-
fected within 2-5 days afier outplanting. and the
effect continued until the final drop in December,
which occurred at the same time in both field and

TasLe | Analvsis of variance in 1978 mitotic index

Source of i Degree of Probability of
vanation freedom Mean square a greater F-
Planting

date 4 Il i 00223
Error o4 9 Sk
Fenihzation 1 94 97 0 0009
Extraction 1 0.0t 0.9686
Fenilization

extraction | | 48 0.64793
Error 4596 L]
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Fic. 2. A typical Douglas-fir bud squash showing (B cells which would be counted as dividing. While the photograph shows
Wy one focal plane. the actual counting of the squash is done with slight focal adjusiment to facilitate decisions based on cell

ructure. The mitotic index of the area shown is 4.5%.

-eenhouse seedlings. Analysis of variance (Table
) indicated that planting date had a significant ef-
:ct on the mitotic index in the terminal bud.
Summarizing outplanting treatments over plant-
1g date (Fig. 4b and Table 1), fertilization at time
f planting increased mitotic index: however. there
-as no consistent effect of extraction frofm con-

tainers. Measurement of the areas under mitotic
index curves (Table 2) confirmed the effects of fer-
tilization and outplanting. The interactive effect of
fertilization and extraction treaimenis was com-
paratively weak (Table 1).

In 1978. seedlings in the greenhouse and field sel
dom reached 12 bars (1 bar = 10* Pa) moistur:
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F1c. 3. Mitotic index (seedlings) and mitotic frequency (mature trees) of Douglas-fir during the dormancy cycle: 1-0 seedlings

in the greenhouse: x, 1977: &, 1978: @, seedlings put into cold storage on October 28, 1977: @, mitotic frequency of a mature tree
acar Victona, B.C. 1968: redrawn from Owens and Mclder (1971),

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-
las-fir seedlings are similar to those of the ‘mitotic
frequency 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 drop
in mitotic index. a smaller peak, and finally a grad-
ual decrease in mitotic index to zero through the
fall. The curve for mature Douglas-fir was shifted
so that maximum mitotic frequency occurred 2
weeks to | month earlier. There was relatively litile
activity by early November (Owens and Molder
1973). The amount of cell division at bud set was
very similar for mature Douglas-fir on Vancouver
Island (Owens and Molder 1973) and 1977 green-
house seedlings: however, the 1978 seedling peak
was substantially lower. Mitotic frequency and
mitotic index were found to be comparable esti-
mators of cell division in longitudinal sections (Ow-
ens and Molder 19723). Since the longitudinal sec-
tion method samples only a pontion of the lissue,
while the squash method samples the apex and all
of the leaf primordia. it is expected that the latter
method vields higher estimartas of mitotic index.
This would be most apparent late in the season
since the apex ceases division earlier than leaf pri-

TasLE 2. Mean areas under mitotic index time curves: {978
greenhouse and field by treatment and over date of planting

Area unit* = SE

Greehouse 49.9566 = 0.3163
Planted
Fertilized
Extracted 59.9375 = 0.5369
Not extracted 61.4592 = 0.6173
Mot Feruilized
Extracted 53.4477 = 0.0701

Not extracied 53.0893 = 0.0650

*One area unit = 1.0% milotic index per 10 days.

mordia and internodal tissues (Owens 1968 and per-
sonal communication (1979)).

The earlier peak in mature material could indi-
cate a basic difference between mature trees that
have only predetermined growth and seedlings that
exhibit free growth. Mature trees support early
production of the bud to be overwintered., while
seedlings maintain free growth foralongertime and
then produce the overwintered budin ashorter pe-

- riod of time. Area under the curve during onset of

dormancy is an indicator of the accumulated effect
of cell division (the number and {or) size of the leaf
primordia and stem units in the overwintering bud).
This area was substantially less for mature lrees
than for seedlings and could indicate a combination
of higher division rates in seedlings related to free
growth. 1t is unlikely that differences were due to
seed source since seedling populations from north-
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west Oregon and the northwest tip of Washington dures. year of sampling and (or! loeal weather
(very close in latitude 1o Victoriz, B.C.) did not conditions also affected differences in mitotic ac-
differin cell division patterns when greenhouse cul-  tivity.

tured in 1977. It is, however, possible that differ- The importance of differences in the ared under
ences between squashing and sectioning proce- thu curve is not clear. If a greater number of cell
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divisions indicates a greater number of cells in the
stem internode, then an increase in area under the
curve would indicate increased height growth the
following year (Cannell et al. 1976). Mitotic index
is an indication of number of cells produced: how-
ever. it is not precise unless the length of time spent
in each phase of the cell cycle in each generation
is known. It is probable that mean cell generation
ume increased with decreasing temperature late in
the season (Grif 1963). This would result in fewer
cells being produced per unit time per unit of mi-
totic index. Seedlings of al] seed source x moisture
stress treatments had the same mitotic index curve
during onset of dormancy and there was no differ-
ence between treatments in |st year height growtt
in the field the following year (Carison 1978).

Early cold storage. which reduced area under the
curve by 7%, resulted in a 239, reduction in height
growth the following year. Since the reduced mj-
tolic activity occurred during late, slow leaf inij-
ation, at which time division is slower and contrib-
utes 10 leaf primordia and internodal development
(Owens and Molder 1973), decreased height growth
could have resulted from a decreased number of
cells, leaf primordia and (or) stem units in the over-
wintered internode, Other physiological factors
such as raduced food reserves due to early cold
Storage could also have affected reduced height
Erowth.

Outplanting invoived physical disruption and
possible changes in lemperature regimes, moisture
levels, and (or) nutrient levels. The practice of ex-
tracting and Packaging seedlings in Saran wrapping
material rather than transporting them to the field
in containers could disrupt physiological pro-
Cesses, and therefore direct trausplanting is pre-
ferred (Hahn and Hutchison 1978). Although our
vesults indicate this disruption did not affect tha
mitotic index iu the developing bud, it could afTect
changes in other physiological functions, e.g.. ex-
Iraction could affect the development of growth
Potential in root lips and reduce their ability 10
Quickly egress from the plug after planting (Hahn
and Hutchison 1978).

There was a substantial effect of planting date on
mitotic index, which Was not related 10 physical
disruption during extraction. Outpianting in Au-
BUSt 1emporarily decreased mitotic index in al|
freatments. while al) outplanted seedlings had an
Increased mitotic index throughout the res of the
fall. During August and early September cold rainy
Weather reduced fielg lemperatures. and. although
the greenhouses were maintained with open walls
and cooling fans running. it is possible that the
&eenhouse environment was warmer. During the

period from October through December., it is likely
that container media temperature decreased faster
and fluctuated to greater extremes because of s
small mass than soil temperatures in the field. Such
decreased lemperatures would reduce mitotic in-
dex (Grif 1963). :

A separate study (W. C. Carlson and C. L. Preij.
sig. unpublished data) showed that controlled re-
lease fertilization ar planting increases both the
number of needles and the length of their associ.
ated stem units formed afier feniilization, overwin-
tered in the bud, and elongated the following grow-
ing season. Increases in mitotic index due to
fentilization could resuly in an increased rate of pro-
duction of leaf primordia and (or) numbers of cells
per stem unit since the date of dormancy in fertil-
ized and unfentilized seedlings was the same.
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Durineg the Workshop at KAU-Trichur. one copnv each of the
following publications were distributed bv the U.S. Consultants
to each participant

1. Forest Nurserv Manual 0.8.U
2. Seedling Nutrition & Irrigation U.S.D.A
3. The Biological Component, : Nursery Pests &

Mvecorrhizae U.S.D.A
4, Ornamentals Northwest. Newsletter,

Nov. - Dec. 1991 0.5.U.
5. Equipment for Containerized Tree Seedlings U.S.D.A

6. Hand Plantine Tools

{. Nurserv Technologv Cooperative Annunl Reports

One copv ench of the following reference materials were also
provided to each of the workshop participants

l. Effecets of Soil Compnetion on Seedling Growth 0.8.U.
2. Catnlog of Nurgery Equipment. - Oct, 1976 U.S.D.A
3. Mineral Nutrition and the Target Seedling

4, Care & Planting of the Southern Pine Seedlings U.S.D.A
5. Starch Analvsis Procedures

6. Nurserv Technologv Coouperative Annual Reports

7. Technical Guide for Forest Nurserps Man in Caribbean

& Tintin Americn



In addition to the above referred list. of publications. a large
carton containing 'Irrigation Svstems'’ with a total cost of US

$ 265.28 was brought in by the U.S. Consultants asg accompanied
baggage from the U.S.A., for demonstration purposes and
distribution to the A¢roforestrv Researchers in India as per
details given below

l. Three demonstration irrigation svstems were built and left
with select workshop participants.

2. The College of Forestrv, Kerals Agricultural University,

Trichur, received both of the PVC Pipe Irrigation Systems
withhnassevttddnnazties .

3. Dr. M.G. Déstagiri from TNGNDAU, Mettupalavam (Tamil Nadu)
received the trickle irrigation demonstration.

4, Dr. L.N. Harsh. Scientist, CAZRI. Jodhpur (Rajasthan)
received the Stvroblocks and the Battery Powered Programable
Water 'On/0ff’' vValve.

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. Winrock-Delhi office received a set of publications from the
Consultant, Dr. Robin Rose, as donation to the Library,.

7. All of the Workshop participants received OSU Baseball caps.

8. All of the Workshop participants 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.



(Ch. 6, FNM) State the relationship among pressure, soil moisture content,
and soil bulk density.

(Ch. 7, FNM) Assume you have a nursery 10 kilometers away from another
nursery with similar soil characteristics. Will your fertilizer regime be the
same as the other nursery? Explain your answer.

(Ch. 8, FNM) State why it is important to monitor soil fertility every year.

(Ch. 9, FNM) State the benefits of organic matter in soil.

(Ch. 10, FNM) State the advantages and disadvantages of covering cropping.
..leaving land fallow vs. continuous cropping.

AL



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
Seed/Genetic Variation/Source/Seed Physiology

1. (Ch. 4, GNM) State why seed maturation at the time of collection is so
important. :

2. (Ch. 4, FNM) Staté why seed moisture content is so important,

3. (Ch. 5, FNM) Find Bunting’s account of the dilemma of bed density.



(Ch. 17, FNM) Defire directional selection.

Should cull plants be planted in order to maintain biodivertity? Yes or no?
Explain.

(Ch. 19, FNM) State what IPM (Integrated Pest Management) is.

(Ch. 20, FNM) State the difference between an ectomycorrhizal fungus and
an endomycorrhizal fungus.

(Vol. V, The Bio Comp) State how a manager can best manage for disease.



9. Name several ways to inoculate soil or media with mycorrhizae.

Thursday, May 9, 1991

L. 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?

6. What is nutrient content?

Monrday, May 13, 1991

L. (Ch. 14, FNM) State how
a seedling grow.

physiology and morphology work together to help

2. Does a seedling survive to grow or grow to_survive? Explain (have to pick

‘cne).

3. Define dormancy.




(Ch. 15, FNM) State how nursery cultural practices,impact seedling quality.
(Keep to <100 words!) -

(Ch. 17, FNM) State how nursery practices alter the population structure.

Why do seed orchards tend to produce better quality seed and seedlings than
wild collected seed in some areas of the world?

(Ch. 6, ESQ) Name 20 morphological parameters that can be measured in
a seedling. .

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. S0, what is the

difference between quiescence and rest?

N
\Q\: }



A Ppendix 20-8

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:

L. 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 carned?

3. Name of Institution granting the degree?

4, Major or Specialty:

\O.



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
- Apgroforestry Yes No
- Otbhers:
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.

10.

7t



Page 5 - Post-Workshop Proforma

INSTRUCTORS
1. Name of First Instructor: Robin Rose

Rate this instructor in the following areas (please circle the appropriate number):

Poor Excéllent
Knowledge of Subject? 5 4 3 2 1 30 \10 .4
Presentation of Material? 5 4. 3 2 1 20 (40 .qy
Ability to Relate Material : : - ‘ L o o
to Nursery Management? 5 4 3 2 1 20 WSS 5%

Encourages Participants to ,
Discuss Material? 5 4 3

N

1 20 .S .Gl

What, if anything, would you suggest this instructor do to improve?

2. Name of Second Insti’uctor: Wm. Emmingham

Rate this instructor in the following areas (please circle the appropriate number):

Poor Excellent

Knowledge of Subject? 5 4 3 2 1 ap (O .30
Presentation of Material? 5 4 3 2 1 2D (O .30
Ability to Relate Material
to Nursery Management? 5 4 3 2 1 20 1O .30
Encourages Participants to )
Discuss Material? 5 4 3 2 1 20 \ O
What, if anything, would you suggeét this instructor do t0 improve?

1z



Page 6 - Post-Workshop Proforma

3. Name of Third Insiructor: 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 a0 .oz
{ .
Presentation of Material? 5 4 3 2 1 \q ay O.C\k‘
Ability to Relate Material
to Nursery Management?  § 4 3 2 1 f=] 2.21 .0l
Encourages Participants to
Discuss Material? 5 4 3 2 1 \9 \J%  0.40
What, if anything, would you suggest this instructor do to improve?
VERALL WORKSHOP SATISFA N

1. Would you recommend this course to other individuals with a background similar to

yours? '
|9 Yes [ 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)?

Not at all . Extremely N _ X Sed
54 3 a2 1 20 4B ok

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 cach 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 U= & !
Bareroot Nursery Development ‘-b)- - &y A
Container Nursery Development R o S
Seeds/Genetics/Physiology/Handling ¥ z e
Target Seedling Concept o 2 e e L0,
Seedling Nutrition & Fertilization \-\- -- ‘ -
Irrigation Systems Lo _S__ L g
Seedling Quality {0 o —————- \2/_
Vegetation Management LE ] 0.
Technology Transfer B - ‘ \Z/.-
Field Trips Al L 3

5. What topics would you recommend be added to the workshop?



Page 4 - Post-Workshop Proforma

COURSE DESIGN AND DELIVERY
L.

During the course, was the daily schedule:

! Too short?

Was the overall length of the course:

/- Too short?

5> About right?

H About right? ¥ Too long?

&{: Too long?

Indicate how helpful you found each of the following teaching methods to be (please

circle the appropriate number):

3

3

2

2

Extremely
Helpful
D
1 30
1 20
20
1 20
20

1

1

\q.

<X _ sS4
K05 D.b
X35 Lol
220 A\
2.L5 L5
L0 0713
2.0 .2\

How useful were the following types of materials (please circle the appropriate

Not at all

Helpful
Lecturers? S 4
Large Group Discussions? 5 4
Small Group Discussions? 5 4
Exercises? S 4
Individual consultations
with instructors? 5 4
Field trips? 5 4
number):

Not at all

Helpful
Course Outline? S 4
Handouts? 5 4
Reading Assignments/,
Exercises? 5 4
Audiovisual Materials? 5 4

Comments on instructional materials:

Extremely
Helpful

1 20
1 20
1 20

130

\0 0!
(.0 0.80
210 649

'G5 0. LS

N\~



Appendix 20-C

NURSERY MANAGEMENT WORKSHOP
- Drs. R. Rose, W. Emmingham, L.N. Harsh
POST-WORKSHOP PROFORMA

PRE-WORKSHOP INFORMATION

Did you receive pre-workshop information?

1 Yes 7y No
If yes,
1. How clear were the course objectives? (please circle the appropriate number)
A & i“"k‘ Uncl \% 1
A 6 RS nclear ery Clear

5 4 3 1
| i
2. How clearly were workshop arrangements (date, place, travel) communicated?

EET NN Unclear Very Clear
5 4 3 21‘ 1

CQURSE ADMINISTRATION/LOGISTICS

Please indicate your satisfaction with the following support arrangements (please circle the
appropriate number):

Not at all Extremely well
Satisfied Satisfied, o= ‘
R al&” HRAPIFLI :)'i"""“(" )

Training Facilities? -5 4 3 S 2 1 20 2% O boeeh
Housing Accommodations? 5 4 3, 2 | S B S e
Logistical Support? 5 4 3, 2 1 1 2 0.92
Food? 5 4 K‘ 3 2 I 20 3.2 WIS
Comments:
FIELD TRIP

1. Did the pre-field trip briefings adequately explain why you were going on the trip and
what you would see?
[ Yes “}  No

2. Were you given adequate opportunity afterwards to discuss the field trip?

(S ves 4 No

q\ = /\,\Lk\\\\)ﬁ\ [y \:\ (&'\:\\L( < \\(\-3 h“\((- ( e 4t l__t (0 .
- . . ) - . 3 /l/(b
L S \ WA d= 7&1\{\(\‘ i X,I‘L'\('.‘-(\(_?LL/. .



Page 2 - Post-Workshop Proforma

3. Please indicate how relevant tne field trips were to the following
(please circle the appropriate number):

Not at all Extremely
Relevant Relevant  _
| | NGox &d
Course information & activities? 5 4 3 A 2 1 19 .20 0.1
Research needs & situations? 5 4 3 4 2 1 G 2577 L3
Personal interests? 5 4 3, 2 1 % 1.6\ 0aGS

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?

15 Yes 't No

2. Was the level of presentation of the subject matter:
’:( Too simple? 15 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 _77;/ e
Overview of World Reforestation : 5 4 3 2 1 20 LAas {2
Bareroot Nursery Development 5 4 3 2 1 L4g o
Container Nursery Development 5 4 3 2 1 tao o1
Seeds/Genetics/Physiology/Handling 5 4 3 2 1 A0S 09
Target Seedling Conc}e'pt 5 4 3 2 | I LIS ol
Seedling Nutrition & Fertilization 5 4 3.2 1 3 28 0
Yrrigation Systems 5 4 3 2 1 . ) < v
Seedling Quality 5 4 3 2 | (7 < 0.4
Vegetation Management 5 4 3 2 1 A )
Technology Transfer 5 4 3 y) 1 L 08
Field Trips 5 4 3 2 Lo« 02 o
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Sitting lert to ~ight

"‘% 7o NUPPUSWAMY; R.AL DORAISAMY; K.v  SUBRAMANIAM; OR...N. HAKSH: OR. SOHIN ROSE ;
DR.5. CHINNAMANI; DR.C.C. ABRAMAM; V.K. SHUKLA; A.K. SAMANTHA; DR...
DR.K. SUDHAKARA

Db, EMMINGHAM:
v RAQ: DR.M.5. OASTAGIR:

sStanding left to right

P’%’ OR.K. GOPIRUMAR;: S.B. DEVARANAVADGI; DR.K.A. SINGH; A.8. DESAI; DR.&. MOMAN KUMAR; R.W. GAWANDE:
B.B. DASH: S. SHEIK HYDER HUSSAIN; DR.P.K. ASOKAN; AVTAR SINGH: G. RAJESWAR RAO; THOMAS MATHEW:
SONNEY GECRGE: K.v. SURESH BABU; T. PREM KUMAR; DR.J.C. TEWARI

IZ xgruﬁddv
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Completion

Awarded to:

THE NURSERY MANAGEMENT WORKSHOP
Trichur, India

May 6-18, 1991

T TRobin Rose, PRD

~Wm H Emmingham. PRD T
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