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ABSTRACT 

'If grounds managers are to reduce or hold down maintenance 

costs, they must utilize more objective techniques to determine time 

and other costs for specific maintenance activities. Personnel inade- 

quacies, financial cutbacks, equipment breakdowns, and other problem 

require the manager to use this information to efficiently and effec- 

tively allocate men, money, and machinery. 

In this thesis, Grounds Maintenance Time Reqdirements, are 

discussions of previous time studies and suggestions for the use of 

tine study data by grounds managers for budgeting, planning, and eval- 

uating maintenance programs. New information and data gathered from 

not-for-profit horticultural institutions are presented. An analysis 

and interpretacion of this new data and recommendations for future 

studies are also included. Appendices include references for other 

sources of grounds maintenance time requirement data, and record- 

keeping and time studies information. 
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IPJTRODUCT ION 

Man has always been concerned with the amounE of time needed 

to perform a particular task. 5'0 doubt the pharoahs in Egypt kept 

good records of the number of stone blocks laid each year to build 

their pyramids, and Chinese engineers knew how lcng i - c  t cok  to build 

each section of their Great Wall. It is part of man's bas ic  curiosity, 

and need for control, to know these things. How long does it take? 

Can it be done any faster? Is there an easier way'? These are ques- 

tions asked countless times in nearly every occupation, both by 

~ laborers and by supervisors. 

This study investigates time requirements for grounds mainten- 

ance activities, a topic neglected by most researchers for many 

reasons. I became aware of the need for additional information about 

grounds maintenance time requirements through my own experiences at 

Arnold Arboretum, Jamaica Plain, Massachusetts, and Fuller Gardens, 

North Hampton, New Hampshire, and suggestions from noted landscape 

maintenance professionals. It w a s  felt that more time values were 

needed to substantiate published data and for comparing and evaluating 

unreported maintenance accivities. 

1 



Chapter 1 

EISTORICAL BACKGROUND 

No discussion of time requirements should fail to mention the 

important early research done by Frederick W, Taylor. Known as the 

1 "Father of Scientific Hanagement", Taylor did his first stopwatch rime 
studies in 1883, at the height of the worldwide industrial revolu- 

tion.(l) An inventor and engineer, he strove to inprove the quality 

of industrial management by seeing it as an art based on scientific 

principles. He strongly advocated close observation of the individual 

worker to eliminate wasted motions, and thereby enhance the factory or 

shop's production efficiency.(?) This provoked resentment and opposi- 

tion from workers when it was carried to extremes. 

Although Frederick Taylor is frequently associated with the 

micro-motion technique of studying time and motion wastage, most of 

this work was done in the 1910 's  by his close associate, Frank E. Gil- 

breth.(3) By 1901, Taylor had postulated his five categories of 

managerial reform embodied in his book, Scientific Management. Advo- 

cating the use of unit times as the foundation of good management, he 

listed it as but one of his methods. The others included: improved 

purchase and storage methods, functional foremanship, production 

control (based on a specific planning department), and incentive wage 

2 
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plans.(4) Although controversial in his day, Frederick Taylor was 

nevertheless responsible for many changes and improvements in produc- 

tion management techniques. It is interesting to note that Taylor 

spent his retirement years totally devoted to his estate, "Boxly", in 

the Chestnut Hill section of Philadelphia. Here he experimented 

constantly with gardening methods and patented numerous tools and 

techniques.(5) 

Not surprisingly, John Surtees, a cost analyst fron Connecti- 

cut, found in his work during the 1 9 2 0 ' s ,  ~ O ' S ,  and ~ O ' S ,  thar the 

study of costs in the nursery and landscaping field was the most 

fascinating he had encountered.(6) His Service Charts on landscaping 

costs give numerous time requirement values for various landscape 

installation operations, and for a few maintenance activities. His 

individual task breakdowns show the relative efficiency of the various 

methods which facilitated cost comparisons and reductions. 

Owen B. Schmidt, a nurseryman formerly with the old F.D. Moore 

and Sons Nursery of Narberth, Pennsylvania, produced time requirement 

values based on his experience in the 1940 's  and 50'~.(7) The values 

recorded are mainly for digging, handling, and planting various sizes 

of trees, shrubs, and ground covers. 

Time study analysis has been and is primarily focused on land- 

scape construction. Some notable contributions include Gary 

Robinette's Off the Board/Into the Ground, James Griffin's Landscape 

- Datc; Pfanual, the National Landscape Association's Landscape Designer 
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and E s t i m a t o r ' s  Guide, Kerr A s s o c i a t e ' s  Cost Data f o r  Landscape Con- 

s t r u c t i o n ,  and The Center  f o r  Landscape A r c h i t e c t u r a l  Educat ion and 

Research ' s  A Guide t o  Es t imat ing  Landscape Cos ts .  A l i s t i n g  of North 

American s o u r c e s  f o r  b o t h  landscape  c o n s t r u c t i o n  and landscape  main- 

tenance  t i m e  requirement  d a t a  w i l l  be  found i n  Appendix 1. 

The landscape  maintenance i n d u s t r y ,  a s  a whole, has  been slow 

t o  adopt  many modern management techniques ,  p a r t i c u l a r l y  those involv-  

i n g  p l a n n i n g ,  schedul ing ,  and c o s t  c o n t r o l .  (8) Only recen. t ly  has 

t h e r e  been any s e r i o u s  a t rempt  t o  record  t h e  same t y p e  of  t i m e  

requirement  v a l u e s  f o r  landscape  maintenance a s  f o r  landscape  con- 

s t r u c t i o n .  Perhaps t h i s  i s  due t o  t h e  s e v e r e  f i n a n c i a l  cu tbacks  f e l t  

by p u b l i c  gardens ,  p a r k s ,  u n i v e r s i t i e s ,  and o t h e r  i n s t i t u t i o n s  i n  t h e  

1970's and 80's a f t e r  t h e  expansion p e r i o d  of t h e  1950's  and 6 0 ' s .  

Most of t h e  work i n  t h i s  a r e a  h a s  been done by David E. Lofgren 

through h i s  I n s t i t u t e  of Maintenance Research i n  S a l t  Lake C i t y ,  Utah. 

H i s  f i n d i n g s  have been r e p o r t e d  r e g u l a r l y  i n  Grounds Maintenance maga- 

z i n e  and p u b l i c a t i o n s  of t h e  P r o f e s s i o n a l  Grounds Management S o c i e t y .  

A d d i t i o n a l  s i g n i f i c a n t  s t u d i e s  i n  t h i s  f i e l d  are i n  p r o g r e s s  

throughout  t h e  United States and Canada. Commercial l andscape  con- 

t r a c t o r s  and m u n i c i p a l i t i e s  are t h e  most a c t i v e  i n  g a t h e r i n g  t i m e  

estimates d a t a .  Perhaps t h i s  i s  because b o t h  need t o  c l o s e l y  n o n i t o r  

their  l a b o r  expenses .  Computer-aided d a t a  t a b u l a t i o n  and f o r e c a s t i n g  

is  now a r e a l i t y ,  and s e v e r a l  o r g a n i z a t i o n s  r e p o r t  u s i n g  t h e s e  

systems.  A complete  l i s t i n g  of t h o s e  r e p o r t s  d e a l i n g  w i t h  grounds 

maintenance record  keeping and t i m e  s t u d i e s  i s  inc luded  i n  Appendix 2. 
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Chapter 2 

USES FOR TIME REQUIREMEhT DATA 

Supervisors increasingly ask grounds managers to justify main- 

tenance costs of outdoor spaces. Due to personnel problens, financial 

cutbacks, equipment breakdowns, and other reasoqs (discussed beiow) ,  

the wise manager should incorporate more scientific resource manage- 

nent techniques. The following are sone ways in which time data and 

standards can be utilized as effective management t o o l s .  

A. Planning and Scheduling 

A manager's success often depends on his knowledge of work 

requirements.(l) He needs planning expertise in managing budget, 

labor, equipment, and materials.(2) Labor accounts for 70% to 85% of 

most managers' budgets ( 3 ) ,  so careful personnel scheduling is criti- 

cal and most cost effective. Task time requirement approximations 

enable managers to more accurately schedule personnel where and when 

they are most needed. Be must constantly compare the estimated work- 

load with the available man-hours.(4) 

Simple field observations of crew activity usually reveal 

staff5ng and productivity problems. The City of Wilmington, Delaware, 

made substantial personnel cost savings and improved park maintenance 

quality after a maintenance case study was made of its Parks and 

6 
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R e c r e a t i o n  Department by a n  o u t s i d e  c o n s u l t i n g  f i r m . ( 5 )  The San Joa- 

q u i n  County, C a l i f o r n i a ,  Department of Parks  and R e c r e a t i o n  u s e s  t i m e  

and motion s t u d y  as t h e  b a s i s  of a n  ongoing a n a l y s i s  of s t a f f  produc- 

t i v i t y  a f t e r  a n  o v e r s t a f f i n g  problem was revea led . (S)  

s imi l a r  s t u d i e s  demonst ra te  t h a t  b e t t e r  t a s k  p lanning  and schedul ing  

l e a d s  t o  improved p r o d u c t i v i t y .  

These and o t h e r  

€3. Decision-Making 

Managers need t i m e l y ,  a c c u r a t e  informat ion  t o  make sound decl -  

s i o n s  and t o  develop more e f f i c i e n t  and e f f e c t i v e  methods.(:) T i m e  

s t u d i e s  w i l l  h e l p  de te rmine  t h e  rmmber and t y p e  of personnel  needed, 

such as permanent o r  par t - t ime,  and s k i l l e d  o r  u n s k i l i e d .  They nay 

e n a b l e  managers t o  de te rmine  t h e  c o s t  e f f e c t i v e n e s s  of c o n t r a c t i n g  

p a r t i c u l a r  j o b s .  The b e s t  maintenance technique  may be  determined 

through u s e  of t i m e  s tudy  informat ion .  Managers need t o  know which i s  

easier and more e f f i c i e n t :  power t o o l s  o r  by hand, chemical weed con- 

t r o l  o r  mechanical  c o n t r o l .  An added b e n e f i t  i n  making t i m e  s t u d i e s  

i s  i n v o l v i n g  p e r s o n n e l  i n  t h e  p r o c e s s  of de te rmining  t h e  b e s t  method, 

t h e r e b y  e s t a b l i s h i n g  a l o y a l t y  t o  t h e  approach. 

C .  Budget ing 

Budget p r e p a r a t i o n ,  f o r e c a s t i n g ,  and j u s t i f i c a t i o n  a r e  made 

much easier when t h e  r e q u i r e d  q u a n t i t i e s  of manpower, materials, and 

equipment are known. Data i n  an e a s i l y  u s a b l e  form e n a b l e s  t h e  mana- 

g e r  t o  a n a l y z e  j o b  p r o g r e s s ,  p r o d u c t i v i t y ,  and methods, and t o  p r o j e c t  

f u t u r e  c o s t s .  The impact and s a v i n g s  from cutbacks  can b e  analyzed 

b e f o r e  t h e y  are made. High maintenance and under-maintained areas can 
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be p inpo in ted .  

z a t i o n . ( 8 )  Wiser equipment purchase d e c i s i o n s  can be made. A m G r e  

Managers w i l l  b e t t e r  unders tand  t h e i r  r e source  u t i l i -  

expensive p i e c e  of equipment may prove more c o s t - e f f e c t i v e  i n  t h e  long 

run.  P rope r ly  kept  r e c o r d s  w i l l  he lp  prove t h i s .  Park departments  i n  

s e v e r a l  c i t i e s ,  i nc lud ing  Ann Arbor (9)  and Anaheim ( l o ) ,  found know- 

ing  t h e  c o s t s  of ma in ta in ing  v a r i o u s  pa rk  areas enhanced t h e i r  budget- 

i n g  p o s i t i o n  w i t h  t h e  c i t y .  

D. P r i o r i t i e s  

S e t t i n g  p r i o r i t i e s  i s  c l o s e l y  t i e d  w i t h  budget ing.  The 

manager must know where h i s  r e sources  should be s p e n t .  I f  c3 tbacks  

are necessa ry ,  he must d e c i d e  how and where t h e  c u t s  can be made t o  

minimize t h e  n e g a t i v e  e f f e c t s .  The f a c t s  and f i g u r e s  w i l l  h e l p  d e t e r -  

mine r e l a t i v e  p r i o r i t y  of a t a s k  and a l low a d m i n i s t r a t i o n ' s  p a r t i c i p a -  

t i o n  i n  t h e  d e c i s i o n .  They w i l l  a lso a l low development of a l t e r n a -  

t i v e s  and s t r a t e g i e s .  A t  t h e  Morton Arboretum ( l l ) ,  p r i o r i t i e s  are  

a s s igned  t o  i n d i v i d u a l  p l a n t s  o r  groups of p l a n t s  based on t h e i r  

r e l a t i v e  v a l u e ,  l andscape  func t ion ,  and ease of maintenacce.  

E. Formulat ing S tandards  

There i s  much con t rove r sy  sur rounding  s e t t i n g  landscape  opera-  

t i o n  t i m e  s t a n d a r d s .  It i s  g e n e r a l l y  f e l t  t h e r e  are t o o  many v a r i a -  

b l e s  t o  set p r e c i s e  t i m e  s t a n d a r d s  o r  averages  f o r  any s i t u a t i o n .  

T i m e  s t a n d a r d s  should be  based on each  manager 's  own p a r t i c u l a r  s i t u a -  

t i o n ,  t a k i n g  i n t o  account  s k i l l  and mot iva t ion  of workers ,  t ype  of 

equipment,  p a r t i c u l a r s  of t h e  environment,  and maintenance r equ i r e -  

ments of s p e c i f i c  p l a n t s .  What i s  unarguable  is  t h a t  t i m e  s t a n d a r d s  
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have been s u c c e s s f u l  i n  a i d i n g  managers t o  a l l o c a t e  r e s o u r c e s .  

S tandards  may b e  d e f i n e d  i n  a n o t h e r  s e n s e  as: "Guidel ines  

s p e c i f y i n g  measurement of t h e  q u a n t i t a t i v e  and q u a l i t a t i v e  l e v e l s  t o  

which maintenance t a s k s  should b e  accomplished."(12) Bes ides  record- 

i n g  t i m e  t o  perform a maintenance t a s k  u n i t ,  t h e r e  may b e  a q u a l i f y i n g  

s t a t e m e n t  d e t a i l i n g  v a r i a b l e s  such as o p e r a t i n g  c o n d i t i o n s ,  and/or  

p l a n t  maintenance l e v e l s .  The r e s u l t s  l i s t e d  i n  ChaDter 4 i n c l u d e  

such  v a r i a b l e s  when s u p p l i e d  by t h e  r e p o r t i n g  i a s t i t u t i o n s .  

To de te rmine  t h e s e  q u a n t i t a t i v e  and q u a l i t a t i v e  s t a n d a r d s ,  a 

manager must d e t a i l  a l l  of t h e  i n d i v i d u a l  component a c t i v i t i e s  com- 

p r i s i n g  a n  e n t i r e  t a s k ,  as  w e l l  a s  t h e  v a r i a b l e s  a f f e c t i n g  t h e s e  com- 

ponents .  T h i s  can  serve as a n  o p e r a t i o n s  guide  f o r  gardeners .  

S t u d i e s  i n  Ann Arbor (13) and Anaheim (14)  demonstrated t h a t  s t a n d a r d s  

p r o v i d e  u n i f o r m i t y  of maintenance throughout t h e i r  park  systems. 

F. Personnel  Evalua t ion  and Mot iva t ion  

Many l a r g e r  o r g a n i z a t i o n s  have found s t a n d a r d s  v a l u a b l e  i n  

p e r s o n n e l  e v a l u a t i o n  and mot iva t ion .  

mance e v a l u a t i o n ,  Dunlavey states "What i s  necessary  are measurable 

j o b  s t a n d a r d s  which must b e  set and adhered t o .  All employees should 

know what t h e s e  are and how t h e y  measure up a g a i n s t  them."(l5) 

workers  are  anxious  t o  know i f  t h e y  are improving; t h e s e  f i g u r e s  g i v e  

them t h a t  in format ion .  Park  s u p e r v i s o r s  i n  Oakland (16) and Anaheim 

(17)  u s e  w r i t t e n  work measurement s t a n d a r d s  f o r  t r a i n i n g  and o r i e n t a -  

t i o n ,  as w e l l  as f o r  performance e v a l u a t i o n .  For  e v a l u a t i o n  purposes  

I n  d i s c u s s i n g  e f f e c t i v e  per for -  

Many 
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one should u s e  s t a n d a r d s  developed ilt h i s  own s i t e  and make s u r e  

everyone i s  comfor tab le  w i t h  t h e  p roduc t ion  r a t e  f i g u r e s .  I f  u t i l i z e d  

p r o p e r l y ,  s t a n d a r d s  can  f o s t e r  b e t t e r  unders tanding  between worker and 

s u p e r v i s o r ,  and h e l p  ma in ta in  o r  improve morale.  Morale i s  improved 

by showing t h e  employee how h i s / h e r  a c t i v i t y  c o n t r i b u t e s  t o  t h e  t o t a l  

maintenance p r o j e c t  e f f o r t . ( l 8 )  Th i s  i n c r e a s e s  the worke r ' s  sense  of 

v a l u e  t o  t h e  o r g a n i z a t i o n .  (19)  

G. Design Cons ide ra t ions  

"The f u t u r e  of  any landscape  p r o j e c t  l i e s  alniost totally i n  

t h e  hands of t h e  person who w i l l  be main ta in ing  i t . " ( 2 0 )  T h i s  state- 

ment by Glenn Black, i n  t h e  f i rs t  i s s u e  of Grounds Xaintexance,  p o i n t s  

ou t  t h e  d e s p e r a t e  need f o r  b e t t e r  communication between des igne r s  and 

grounds maintenance personnel .  It i s  i n  t h e  b e s t  i n t e r e s t  of t h e  

landscape  a r c h i t e c t ,  as a p r o f e s s i o n a l ,  t o  i n s u r e  t h a t  h i s  des ign  is  

w e l l  main ta ined .  

I f  t h e  landscape  des igne r  i s  no t  a b l e  t o  convey t o  t h e  na in-  
tenance  pe r sonne l  what he  i n t e n d s  t o  accomplish through t h e  
des ign  i n  t e r m s  of a r t i s t i c  c o n f i g u r a t i o n ,  c o l o r ,  form, and 
t e x t u r e ,  t h e  landscape  w i l l  never r each  i t s  f u l l  p o t e n t i a l  
and h i s  des ign  as o r i g i n a l l y  conceived probably w i l l  f a i l .  
(21) 

Landscape a r c h i t e c t s  should r e a l i z e  t h e  v a l u e  i n  having accu- 

ra te  d a t a  on t h e  c o s t  of maintenance o p e r a t i o n s .  The easier t h e  main- 

t enance  of a p r o j e c t ,  t h e  b e t t e r  t h e  chances it w i l l  be  p rope r ly  

i n s t a l l e d  and main ta ined  t o  m a t u r i t y  as  planned.(22)  Maintenance c o s t  

i n fo rma t ion  is  v a l u a b l e  i n  s e l l i n g  c l i e n t s  cos t - sav ing  f e a t u r e s  such 

as mowing edges,  au tomat ic  i r r i g a t i o n  systems,  mulches,  e t c . .  The 
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d a t a  can a l s o  h e l p  t o  d e s i g n  easy  maintenance landscapes  t h a t  r e q u i r e  

less c o s t l y  equipment, less materials,  and fewer personnel .  "Emphasis 

must,  t h e r e f o r e ,  be placed on d e s i g n  t h a t  reduces  inaintenance COSIIS a t  

t h e  o u t s e t ,  since c a p i t a l  funds  are u s u a l l y  easier t o  o b t a i n  t h a n  ade- 

q u a t e  maintenance funds."(23)  

H. P l a n t  E v a l u a t i o n  

A p r o j e c t  a t  C a l i f o r n i a  I n s t i t u t e  of Technology i n  Pasadena, 

C a l i f o r n i a  h a s  demonstrated how maintenance t i m e  requirement  d a t a  caz 

b e  used t o  e v a l u a t e  maintenance c o s t s  f o r  d i f f e r e n t  k inds  cf p l a n t s .  

( 2 4 )  It a l s o  i d e n t i f i e s  l a b o r  e f f i c i e n c i e s  t h a t  a l l o w  v o r k e r s  t o  more 

e a s i l y  perform t h e i r  j o b s .  S t u d i e s  such as  t h i s  provide  a means f o r  

comparing p l a n t  material  maintenance c o s t s ,  a tremendous h e l p  i n  plan- 
I 
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Chapter 3 

SURVEY METHODS 

I n  F e b r u a r y , 1 9 8 2 , l e t t e r s  w e r e  s e n t  t o  159 b o t a n i c  gardens ,  

a r b o r e t a ,  p u b l i c  d i s p l a y  gardens ,  i ln ivers icy  grounds depar tments ,  and 

munic ipa l  p a r k  departments  i n  o r d e r  t o  de te rmine  t h e  e x i s t e n c e  of 

p r e v i o u s l y  recorded  grounds maintenance a c t i v i t y  t i m e  requirement  

d a t a ,  and t h e  w i l l i n g n e s s  of t h e  i n s t i t u t i o n  contac ted  t o  c o l l e c t  

a d d i t i o n a l  d a t a  (Appendix 3 ) .  Ninety-s ix  (96) i n s t i t u t i o n s  ( 6 0 X )  

answered t h e  i n i t i a l  l e t t e r ,  and o f  t h o s e  answering,  65% (62  i n s t i t u -  

t i o n s )  r e p o r t e d  p r e v i o u s l y  c o l l e c t e d  i n f o r m a t i o n  t o  s h a r e ,  o r  

w i l l i n g n e s s  t o  c o l l e c t  new informat ion .  

A m a i l i n g  i n  May,1982,to t h e  i n s t i t u t i o n s  o f f e r i n g  koopera t ion  

expla ined  t h e  procedure  f o r  c o l l e c t i n g  informat ion  (Appendix 4 ) .  This  

mai l ing  s u p p l i e d  each i n s t i t u t i o n  w i t h  a l i s t  of suggested grounds 

maintenance a c t i v i t i e s  on which t o  r e p o r t  (Appendix 5) and a d a t a  

r e p o r t i n g  form devised  by t h e  a u t h o r  (Appendix 6 ) .  

of t h e  form w e r e  s u p p l i e d  upon r e q u e s t .  

A d d i t i o n a l  c o p i e s  

The r e p o r t i n g  form sought  t o  r e c o r d  as much p e r t i n e n t  informa- 

tion as p o s s i b l e  on each a c t i v i t y  performed i n  o r d e r  t o  show e x a c t l y  

how t h e  a c t i v i t y  w a s  completed. S p e c i f i c a l l y ,  t h e  a u t h o r  wished t o  

14 
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/know what equipment was used, the skill level of the person performing 

lthe task, how long the task took to complete, and any other factors 

1 influencing the results . 

Thirty-one (31) institutions and individuals supplied the 

requested grounds maintenance activity time requirement data and other 

information and suggestions t o  this study. Their names appear in 

Appendix 7. The data accumulated in this study appear in Chapter 4 .  



Chapter 4 

SURVEY RESULTS 

The f i g u r e s  recorded  i n  t h i s  c h a p t e r  r e p r e s e n t  resul ts  of 

landscape  maintenance o p e r a t i o n s  only. 

major maintenance a c t i v i t i e s  areas common t o  every h o r t i c a l r u r a l  

i n s t i t u t i o n .  These n a j o r  headings  a r e :  f l o w e r s  and ground c o v e r s ,  

d r i v e s  and walks ,  s h r u b s ,  and t u r f .  A s e p a r a t e  s u b s e c t i o n  on r o s e s  

w a s  added t o  t h e  shrub  l i s t i n g s  because of t h e  l a r g e  number of  r o s e  

care e n t r i e s  r e c e i v e d .  

They a r e  grouped i n t o  f o u r  

Within each major heading ,  e n t r i e s  a r e  c a t e g o r i z e d  by t h e  

p a r t i c u l a r  a c t i v i t y  involved ,  such a s  grooming, mulching, bed prepara-  

t i o n ,  s p r a y i n g ,  e tc .  The ac t iv i t i e s  are  d i v i d e d  f u r t h e r  when t a s k s  

w e r e  done by several t y p e s  o r  s i z e s  of machinery,  such  a s  t u r f  mowing 

o r  shrub  spraying .  

The equipment used f o r  each a c t i v i t y  i s  l i s t e d  as s u p p l i e d  by 

t h e  r e p o r t i n g  i n s t i t u t i o n .  Except f o r  b a s i c  h m d  t o o l s ,  t h e  t y p e  of 

equipment used f o r  each a c t i v i t y  may vary  s u b s t a n t i a l l y .  This  f a c t  

should be t a k e n  i n t o  c o n s i d e r a t i o n  when u s i n g  t h e  f i g u r e s .  With 

c e r t a i n  ac t iv i t i e s ,  such as t u r f  mowing, t h e r e  are many e n t r i e s  

l i s t i n g  equipment of s i m i l a r  s i z e  and t y p e ,  a l though n o t  always t h e  

same m a k e .  

16 
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Only t h r e e  c a t e g o r i e s  of area o r  u n i t  measurement are used.  

These are: (a) 1,000 s q u a r e  f e e t  ( f t . ) ,  (3) 100 l i n e a r  f e e t  ( l i n .  

f t . ) ,  and ( c )  p e r  p l a n t .  This  w a s  done t o  s i m p l i f y  t h e  r e s u l t s  and 

make them e a s i e r  t o  understand and compare. Should t h e  r e a d e r  wish 

t h e  u n i t s  broken down f u r t h e r ,  simply d i v i d e  t h e  t i m e  g iven  i n  min- 

u t e s ,  by 1000 t o  de te rmine  t h e  t i m e  r e q u i r e d  f o r  each square  f o o t ,  o r  

by 100 t o  de te rmine  t h e  t i m e  r e q u i r e d  f o r  each l i n e a r  f o o t .  A “per  

acre!’ f i g u r e  i s  a l s o  s u p p l i e d  i n  c e r t a i n  i n s t z n c e s  when t h e  v a l u e s  

r e p r e s e n t  r e s u l t s  from a v e r y  l a r g e  mowing o p e r a t l o n  and were r e p o r t e d  

that  way by t h e  i n s t i t u t i o n .  I n  t h e s e  f e w  cases, a 1000 square  feet 

f i g u r e  i s  a l s o  suppl ied  f o r  s t a n d a r d i z a t i o n  and comparison purposes .  

Time v a l u e s ,  t h e  t i m e  r e q u i r e d  t o  complete one u n i t  o r  a r e a  u n i t  

of a c t i v i t y ,  are  s u p p l i e d  i n  minutes .  Some r a w  d a t a  w e r e  s u p p l i e d  i n  

a r e l a t i v e l y  rough form, such as t a k i n g  e i g h t  hours  t o  mulch two a c r e s  

of p a t h s .  Other  v a l u e s ,  however, were suppl ied  i n  more p r e c i s e  terms. 

For example, one i n s t i t u t i o n  r e p o r t e d  36 minutes  t o  edge 268 f e e t  10 

i n c h e s  of t u r f .  T i m e  v a l u e s  l i s t e d  w i t h i n  each  a c t i v i t y  appear  i n  

descending o r d e r .  

I S k i l l  l e v e l  r e f e r s  t o  t h e  q u a l i f i c a t i o n s  of t h e  person perform- 

These levels w e r e  r e p o r t e d  on t h e  b a s i s  of i n g  t h e  maintenance t a s k .  

t h e  re la t ive  scale s u p p l i e d  on t h e  forms s e n t  t o  each i n s t i t u t i o n  

(Appendix 6 ) .  The l e t t e r  A r e f e r s  t o  p e r s o n n e l  having e x t e n s i v e  hor- 

t i c u l t u r a l  t r a i n i n g  and s k i l l s .  Letter B r e f e r s  t o  personnel  w i t h  

some h o r t i c u l t u r a l  t r a i n i n g  and s k i l l s .  Let ter  C r e f e r s  t o  personnel  
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~ having l i t t l e  o r  no previous  h o r t i c u l t u r a l  t r a i n i n g  o r  s k i l l s .  

I The column f o r  v a r i a b l e s  and comments i n c l u d e s  n o t e s  s u p p l i e d  by 

t h e  r e p o r t i n g  i n s t i t u t i o n .  

t y  b e i n g  performed, t h e  c i rcumstances  under which i t  w a s  performed, 

and t h e  p l a n t  material be ing  maintained.  

It d e s c r i b e s  i n  g r e a t e r  d e t a i l  t h e  a c t i v i -  

I 

Sources  of f i g u r e s  s u p p l i e d  a re  n o t  g iven  i n  t h e  following 

c h a r t s .  The r e p o r t i n g  i n s t i t u t i o n s  w e r e  promised anonymity i n  reo,ard 

t o  any connec t ion  between themselves  and t h e  f i g u r e s  p u b l i s h e d ,  and it  

is c e r t a i n l y  n o t  t h e  purpose of t h i s  s t u d y  t o  make judgements of  a n  

i n s t i t u t i o n ’ s  performance based on t h e  f i g u r e s  s u p p l i e d .  
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Chapter 5 

ANALYSIS AND RECONMENDATIONS 

The fo l lowing  can  b e  s a i d  of t h e  f i g u r e s  and informat ion  sup- 

p l i e d  i n  t h e  c h a r t s  of Chapter 4 :  

1. The d a t a  r e p r e s e n t  in format ion  c o l l e c t e d  from t h i r t y - o n e  

d i f f e r e n t  s o u r c e s  ranging  i n  s i z e  from a two a c r e  es ta te  garden t o  a 

several- thousand-acre  arboretum. These s a m e  t h i r t y - o n e  s o u r c e s  u t i l -  

i z e  annual  grounds maintenance budgets  ranging  from under 520,000 t o  

over  $1,000,000. T h e i r  s t a f f s  i n c l u d e  u n t r a i n e d  CETA workers,  newly 

t r a i n e d  c o l l e g e  i n t e r n s ,  and seasoned p r o f e s s i o n a l  h o r t i c u l t u r i s t s .  

2. Twenty-one p e r  c e n t  (21%) of t h e  f i g u r e s  r e p r e s e n t  ac t iv i -  

t i e s  performed several t i m e s  over  t h e  c o u r s e  of a growing season  by 

t h e  same person ,  u s i n g  t h e  same equipment;  o r  they  a r e  averages  of a n  

a c t i v i t y  performed once each  y e a r  b u t  recorded  fcjr s e v e r a l  y e a r s .  

remaining 79% of t h e  f i g u r e s  are  from ac t iv i t i e s  performed and 

recorded  o n l y  once. 

The 

3 .  Except f o r  b a s i c  hand t o o l s ,  t h e  t y p e  of equipment used 

f o r  each a c t i v i t y  v a r i e d  s u b s t a n t i a l l y  and should b e  t a k e n  i n t o  consi-  

d e r a t i o n  when u s i n g  t h e  f i g u r e s .  With c e r t a i n  ac t iv i t i e s ,  such as  

t u r f  mowing, t h e r e  are many e n t r i e s  l i s t i n g  equipment of s i m i l a r  s i z e  

and t y p e ,  a l t h o u g h  n o t  always of t h e  s a m e  make. 
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4 .  O f  t h e  210 ac t iv i t i e s  r e p o r t e d ,  193 (92%) involved o n l y  

me person  i n  t h e  o p e r a t i o n .  

t a s k ,  i t  i s  s o  noted i n  t h e  V a r i a b l e s  and Comments column, and t h e  

Eigures  t h e n  r e p r e s e n t  t h e  rate f o r  t h e  a p p r o p r i a t e  number of persons .  

Where two o r  more people  performed t h e  

5. Eighty- three  p e r  c e n t  ( 8 3 % )  of t h e  i n s t i t u t i o n s  r e p r e s e n t -  

sd i n  Chapter  4 s u p p l i e d  a S k i l l  Level Rat ing  f o r  t h e i r  employees 

performing t h e  r e p o r t e d  a c t i v i t i e s .  T h i s  i n f o r m a t i o n  w a s  sought  t o  

give d a t a  u s e r s  a clearer p i c t u r e  of how t h e  t a s k  w a s  performed. 

Some of t h o s e  r e p o r t i n g  t h e  i n f o r m a t i o n  m i s i n t e r p r e t e d  t h e  

s k i l l  level r a t i n g ,  so no f i r m  c o n c l u s i o n s  can be drawn. While t h e  

a u t h o r  sought  t h e  S k i l l  Level of t h e  person performing t h e  t a s k ,  some 

r e p o r t e d  t h e  S k i l l  Level t h e y  thought  should b e  r e q u i r e d  f o r  t h e  

a c t i v i t y .  Some i n s t i t u t i o n s '  d a t a  were s u p p l i e d  by t h e  employee per- 

forming t h e  a c t i v i t y ,  t h e r e b y  j e o p a r d i z i n g  t h e  r a t i n g ' s  accuracy .  

Better d e f i n e d  g u i d e l i n e s  concerning s k i l l  levels are needed 

i n  f u t u r e  s t u d i e s .  Xost c o o p e r a t o r s  ranked r a k i n g ,  weeding, and 

mulching i n  t h e  lowes t  S k i l l  Level (Rat ing C )  and pruning ,  p l a n t i n g ,  

f e r t i l i z i n g ,  and chemical  weed c o n t r o l  i n  t h e  h i g h e s t  s k i l l  level  

(Rat ing A ) .  

T h i s  s t u d y  recorded  i n f o r m a t i o n  on a wide range  of grounds 

maintenance ac t iv i t ies  from v a r i o u s  i n s t i t u t i o n s  throughout  North 

America. V a r i a t i o n s  i n  equipment,  worker performance, working condi- 

t i o n s ,  p l a n t s ,  and d e s i r e d  levels of maintenance make p r e c i s e  compari- 

son of the r e s u l t s  i m p r a c t i c a l .  Repor t ing  of r e s u l t s  v a r i e d  as w e l l .  
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Some of t h e  i n s t i t u t i o n s  chose s q u a r e  f o o t a g e  o r  l i n e a r  f o o t a g e  a s  

t h e i r  measurement u n i t ,  whi le  o t h e r s  recorded t h e  number and s i z e  of 

p l a n t s .  

t ies  and more f u l l y  document t h e  c o n d i t i o n s  under which each t a s k  i s  

performed. 

F u t u r e  s t u d i e s  could f o c u s  on a l i m i t e d  s e l e c t i o n  of a c t i v i -  

Improvements i n  f u t u r e  s t u d i e s  could b e  gained by us ing  a per-  

son of known j o b  s k i l l s  t o  r e p e a t e d l y  perform t h e  same t a s k  over  mi- 

form t e r r a i n  and p l a n t  mater ia l .  T h i s  would s t a n d a r d i z e  t h e  t ine 

v a l u e  f o r  each t a s k .  Once t h e  v a l u e  i s  reviewed and accepted by t h e  

grounds maintenance p r o f e s s i o n ,  f u r t h e r  s t u d i e s  could be conducted. 

These i n v e s t i g a t i o n s  might s t u d y  v a r i a b l e s  such a s  equipment t y p e ,  

p e r s o n n e l  s k i l l  l eve l ,  p l a n t  s p e c i e s  and s i z e ,  o r  maintenance method. 

I n  s t u d y i n g  t h e  e f f e c t s  of t h e s e  changes on t h e  s t a n d a r d  v a l u e ,  one 

might develop " f a c t o r s  of v a r i a b i l i t y "  o r  " c o e f f i c i e n t s . "  These "fac- 

t o r s  of v a r i a b i l i t y "  would b e  whole numbers o r  f r a c t i o n s  of whole num- 

b e r s  t o  b e  m u l t i p l i e d  by t h e  p r e v i o u s l y  e s t a b l i s h e d  s t a n d a r d  v a l u e .  

This  would r e s u l t  i n  a r e l i a b l e  p r e d i c t i o n  of t h e  t a s k ' s  complet ion 

t i m e  u s i n g  a v a r i e t y  of equipment, p l a n t s ,  s k i l l  levels,  o r  o p e r a t i n g  

c o n d i t i o n s .  

The fo l lowing  example i l l u s t r a t e s  how t h i s  may work: L e t  us  

assme t h e  accepted  t u r f  mowing s t a n d a r d  us ing  a John Deere 214 r i d i n g  

mower w i t h  a 48-inch deck is  1.50 minutes  p e r  1,000 square  f e e t .  T h i s  

s t a n d a r d  assumes no r e f u e l i n g  s t o p s ,  a level  lawn, and no o b s t a c l e s .  

I f  t h e  mowing deck is  changed t o  one t h a t  c u t s  a 60" swath,  t h e  e f f i -  

c i e n c y  of t h e  mowing o p e r a t i o n  may be i n c r e a s e d  by l e t  u s  say ,  207;. 
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A 20% increase i n  e f f i c i e n c y  t r a n s l a t e s  i n t o  a v a r i a b i l i t y  f a c t o r  of 

0.8. T h i s  v a r i a b i l i t y  f a c t o r  may b e  c a l c u l a t e d  by t h e  equat ion:  Var- 

i a b i l i t y  F a c t o r  ( o r  C o e f f i c i e n t )  = ( P r e s e n t  r a t e  of e f f i c i e n c y )  minus 

(Change i n  r a t e  of e f f i c i e n c y )  d i v i d e d  by 100. 

100-(+2O)/lOO = 100-20/100 = 80/100 = 0.81. 

o r i g i n a l  1.50 minutes  p e r  1,000 s q u a r e  f e e t  e q u a l s  1.20 minutes  (0.8 x 

1.50) p e r  1 ,000 s q u a r e  f e e t ,  t h e  new s tandard  f o r  a John Deere 214 

r i d i n g  mower w i t h  60-inch deck. 

[For  t h i s  example: 

0.8 m u l t i p l i e d  by t h e  

This  technique  f o r  de te rmining  v a r i a b i l i z y  f a c t o r s  o r  c o e f f i -  

c ients  is commonly used w i t h  farrn machinery. P l e a s e  see i n  t h e  

accompanying Sources Consul ted l i s t i n g  t h e  r e f e r e n c e  t o  work done by 

Elms  Reno11 a t  t h e  Alabama A g r i c u l t u r a l  E x p e r b e n t  S t a t i o n .  

It i s  no s u r p r i s e  t h a t  some t i m e  v a l u e s  produced by my s t u d y  

v a r y  s i g n i f i c a n t l y  f o r  a p a r t i c u l a r  a c t i v i t y .  

equipment v a r i e s  i n  a l l  b u t  a few maintenance a c t i v i t i e s .  There a r e  

c e r t a i n l y  no q u a n t i t a t i v e  o r  q u a l i t a t i v e  g u i d e l i n e s  a v a i l a b l e  f o r  such 

t e r m s  as "moderate weed i n f e s t a t i o n " ,  "rough t e r r a i n " ,  o r  ' 'very narrow 

beds". Each i n s t i t u t i o n  h a s  i t s  own set of o p e r a t i o n a l  c i rcumstances .  

Few i n s t i t u t i o n s '  maintenance departments  r e c e i v e  h i g h  p r i o r i t y  and an 

a p p r o p r i a t e  funding level.  I n s t i t u t i o n s  responding t o  t h e  February 

1982 l e t t e r  (Appendix 3 )  could n o t  ass i s t  o r  w e r e  c o n s t r a i n e d  because 

of l i m i t e d  budget r e s o u r c e s .  

The s i z e  and make of 

The r e s u l t s  r e p o r t e d  i n  t h i s  s t u d y  should n o t  be used l i t e ra l -  

l y  as s t a n d a r d s ,  as each i n s t i t u t i o n ' s  s i t u a t i o n  varies.  T h e  t i m e  
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requirement  v a l u e s  found i n  t h i s  s t u d y  have u s u a l l y  t a k e n  i n t o  account  

t h e  g r e a t  v a r i a t i o n s  i n  o p e r a t i n g  c o n d i t i o n s ,  equipment, and product i -  

v i t y  levels. 

Using t h e  fo l lowing  worksheet ,  adapted from one developed by 

David Lofgren and publ i shed  by t h e  P r o f e s s i o n a l  Grounds Nanagement 

S o c i e t y  i n  Grounds Maintenance Es t imat ing  G u i d e l i n e s ,  I w i l l  show how 

t h e  s t u d y ' s  r e s u l t s  can be u s e d .  Data p r e s e n t e d  i n  this s tudy  f o r  

mowing r a n g e  from 1.25 t o  5.20 minutes  p e r  1,000 square  f ee t  f o r  cut-  

t i n g  w i t h  a r i d i n g  mower equipped w i t h  a 48-inch deck;  s p r i n g  r o s e  

pruning f i g u r e s  v a r y  from 1 . 2  t o  2 .4  minutes  per  p l a n t ;  o r  feeding: 

annual  beds w i t h  a Hozon a p p l i x a t o r  t a k e s  114 t o  150 minutes  p e r  1,000 

s q u a r e  f e e t .  These f i g u r e s  may b e  p laced  i n t o  t h e  fo l lowing  worksheet 

(F igure  1) under  column C y  and u s i n g  an i n s t i t u t i o n ' s  own p a r t i c u l a r  

f i g u r e s  f o r  Column B (1Jumbers and Unit  of Measure) and Column E: (Fre- 

q u e n c i e s ) ,  one sees t h a t  ranges  a r e  produced (Column G )  f o r  t h e  

expected t i m e  f o r  each o p e r a t i o n  dur ing  a y e a r .  

In producing a series of ranges  of t h i s  type ,  a grounds 

manager i s  b e t t e r  a b l e  t o  e v a l u a t e  t h e  performance of h i s  s t a f f ,  

equipment,  and schedul ing .  Should t h e  a c t u a l  t o t a l  t i m e  t o  complete a 

task p e r  y e a r  be n e a r  o r  below t h e  low end of  t h e  e s t a b l i s h e d  r a n g e ,  

t h e  manager may wish t o  q u e s t i o n  t h e  worker ' s  thoroughness  o r ,  i f  

a p p r o p r i a t e ,  reward t h e  worker f o r  a n  expedient  j o b .  It may a l s o  be 

t h a t  a new p i e c e  of equipment w a s  i n  f a c t  a w i s e  purchase,  o r  t h a t  

i d e a l  working c o n d i t i o n s  p r e v a i l e d .  
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On t h e  o t h e r  hand, should t h e  t o t a l  t i m e  p e r  y e a r  b e  n e a r  o r  

jlbove t h e  h i g h  end of t h e  e s t a b l i s h e d  range ,  t h e  manager may need t o  

search f o r  unforeseen  time-consuming v a r i a b l e s  such a s  i n e f f i c i e n t  

schedul ing o r  bad weather .  I f  a p p r o p r i a t e ,  t h e  manager can a d j u s t  

schedules ,  c o n s i d e r  new equipment, o r  i f  n e c e s s a r y  admonish t h e  crew 

nember f o r  t a k i n g  t o o  l o n g .  

By comparing t h e  e s t a b l i s h e d  ranges  w i t h  h i s  own rran-hour 

w a i l a b i l i t y ,  a manager can t h e n  a d j u s t  his budget a c c o r d i n g l y  o r ,  i f  

necessary ,  c o n t r a c t  o u t  p a r t  of t h e  y e a r ' s  maintenance t a s k s .  Tf 

nain tenance  department  budget  c u t s  are made, h e  can a l s o  use t h e  

ranges t o  b e t t e r  e n v i s i o n  p o t e n t i a l  e f f e c t s  the c u t s  may have. Far- 

thermore,  t h e  comparison w i l l  show t h e  manager where he may need t o  

aork w i t h  h i s  crew t o  m o t i v a t e  them o r  improve t h e i r  work techniques .  

The grounds maintenance a c t i v i t i e s  t i m e  requirement  v a l u e s  

accumulated by my s t u d y  w i l l  p rovide  a s t a r t i n g  p o i n t  and/or  w i l l  

p e r m i t  comparisons.  With t h e s e  v a l u e s  as g u i d e l i n e s ,  managers can 

bracket t h e i r  o m  i n d i v i d u a l  c i rcumstances .  This  will enable  them t o  

produce t h e i r  own set of in-house s t a n d a r d s .  
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ppendix 3. Initial Letter Eequestlng Inforlrzatinn 

U N I V E R S I T Y  O F  D E L A W A R E  

N E W A R K .  O E L A W A H E  

1 9 7  1 1  

LONGWOO0 P R U C R A h I  IN O r l P J A M E N  TAL H O H T I C U L T U R E  

13021 ? 7 8  2 5 1 7  
1 5 7  A ~ R I C V L T U R A L  I ~ A L C  

Richard Mahone,Dircctor  o f  Landscape 
Colonia l  Will i a m s b u r g  
P . O .  Box c 
Wil l iamsburg,  Y A  23185 

Dear Dick: 

As grounds  managers are i n c r e a s i n g l y  be ing  asked t o  reduce  t h e  c o s t s  
of maintaining t h e  areas under  t h e i r  c o n t r o l ,  t h e r e  is  a need t o  
i n c o r p o r a t e  more s c i en t i f i c  techniques  to a c c u r a t e l y  de te rmlne  t h e  time and , 
c o s t  requi rements  for s p e c i f i c  a c t i v i t i e s .  This  i n f o r m a t i o n  is a l s o  
e s s e n t i a l  to  more e f f e c t i v e l y  p l a n  work schedules ,  and nay b e  used  t o  
measure g a i n s  i n  e f f i c i e n c y .  

I am c u r r e n t l y  involved  in t h e s i s  researcn  r e l a t i n g  t o  grounds 
m a n t e n a n c e .  I n  p a r t i c u l a r ,  I aim t o  produce a more r e l i a b l e  base  of data 
concer iung  t i m e  requi rements  for performing grounds na in tenance  t a s k s .  To 
d a t e ,  few f i g u r e s  have been publ i shed ,  and t h o s e  t h a t  have, need t o  be 
confirmed w i t n  o t h e r  f i n d i n g s .  I n  a d d i t i o n ,  I hope t o  s t a n d a r d i z e  t o  some 
e x t e n t  tne many v a r i a b l e s  involved  i n  performing these  a c t i v i t i e s .  

A t  t h i s  s t a g e ,  I wish t o  know who h a s  ga thered  such data i n  t h e  p a s t ,  
ana what g e n e r a l  t y p e s  of i n f o r m a t i o n  have been recorded.  I a l s o  wish t o  
de te rmine  i f  you, a t  C o l o n i a l  Wil l iamsburg would b e  w i l l i n g  t o  p a r t i c i p a t e  
i n  collecting data i n  1982 t o  a i d  i n  my thes i s  work. 

P l e a s e  f i l l  out and r e t u r n  t h e  enc losed  card. I would a p p r e c i a t e  your 
prompt r e p l y ,  and w i l l  be c o n t a c t i n g  you a t  a l a t e r  d a t e  should  y o u r  r e p l y  
b e  f a v o r a b l e .  

Tha-s for  your  coopera t ion .  I 
S i n c e r e l y  yours ,  

Mark Zelonis  
Longwood Program Fellow 
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Appendix 3 (continued). 
Information 

Return Postcard Accompanying Request f o r  

I have ga thered  grounds maintenance tine reqi i i re-  
ment data a t  my i n s t i t u t i o n .  Yes N O  

If Yes t h e  general types c?f a c t i v i t i e s  r e c o r d e d  

I'm N i l l i n g  tc: p a r t i c i p a t e  ir?  c o i l e c t i r q  6zta ir; _ -  
1982 t o  a i d  i n  y o u r  t h e s i s  project.-- Yes ,'i 0 

Name, T i t l e  - 
Ins t i  t u  t ion  

Address 

TelephoEe 



Appendix 4 .  Follow-up Letter Explaining Data C o l l e c t i o n  Methods 

Thanks  for y o u r  o f f e r  t o  h e l p  ns in wy tnes i s  work on 
grounds maintenarce.  I ' v e  d e v i s e d  a f o r z  t n a t  i n c l c d e s  t h e  
b a s i c  i n f o r m a t i o n  1'5 l o o k i n g  f o r  m d  m i e  e n c l o s e d  s e v e r a l  
c o p i e s  f o r  y o u r  u s e ,  as well as a s m p l e  f3r;r  filled o u t .  
If you 'd  l i k e  r o r e ,  j u s t  l e t  me knox.  

I 've  enc losed  as s u g g e s t i o n s  a 1 L s t  05 acti . ; i ; ies you 
n i g h t  be  p e r f o r n i n q  a t  A . 3 . S .  You needn'i ,  r e y r t  onevery-  
t h i n g  - nobody h a s  t i n e  f o r  t h a t .  3,;: i f  y o u  c o u l d  p e r n a p s  
s u p p l y  good data OD a f e w  s e l e c t  a rpas  o r  ? a s k s ,  that  would 
be  g r e a t !  The t ime  you r e c o r d  s h o u l d  I n c l u d t ?  z i n o r  d e l a y s  
i f  t h e y  O C C L ~ T ,  b u t  n o t  t ime t o  aqd fr3r t h e  ; I t e .  

3:.zu16 you have m y  q u e s t i o n s ,  :?el ,:=i tLJ ;.-,ritac~ z e .  

4 9  



Appendix 5 

LIST OF SUGGESTED MAINTENANCE ACTIVITIES ON WHICH TO REPORT 

AREA 
Lawns 

Shrubs 

ACTIVITIES 

Mowing -- push mower 
power rnower (push 5? s e l f - p r o p e l l e d )  
r i d e r  mower 
t r a c t o r  

Feeding -- r o t a r y  o r  drop s p r e a d e r  

Weed c o n t r o l  -- hand s p r a y e r  
p u l l  o r  d i g  by hand 
power s p r a y e r  

power r a k e  

blower 
vacuum 

Sweeping -- hand r a k i n g  

Leaf removal -- hand r a k i n g  

Edging -- hand and power edger 

chemica l ly  
hand t r i m  

Trimming -- s t r i n g  t r iIillner 

Feeding -- by hand 
l i q u i d  feed  

Pruning -- hand & power equipment 

Weed c o n t r o l  -- p u l l  o r  d i g  by hand 
hand hoe 
s p r a y  chemica l ly  
g r a n u l a r  h e r b i c i d e  

Mulch -- o r g a n i c  material vs. p l a s t i c  
d e p t h  

sys temic  
P e s t  c o n t r o l  -- s p r a y  o r  d u s t  

Flower Beds P r e p a r e  -- d i g ,  level 

P l a n t  -- d e n s i t y  

C u l t i v a t e  -- by hand o r  r o t o t i l l e r  

50 



51 

Appendix 5 (cont inued)  

ACT IV LTIE S 

Feeding -- g r a n u l a r  v s .  l i q u i d  

Mulch -- o r g a n i c  mater ia .1  vs.  p l a s t i c  

Weeding -- no mulch 
n u l c h  
pre-emer gence chemicals  

Clean-up -- dead-heading 
s t a k i n g ,  t y i n g  

P e s t  c o n t r o l  -- hand s p r a y e r  
power sp raye r  

Sweep -- hand vs. machine 

Vacuum -- push o r  s e l f -p rope l l ed  
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Appendix 7 

COOPEIWTIPJG INSTITUTIONS AND INDIVIDUALS 

Bayard Cutting Arboretum 
Oakdale, New York 

Bickelhaupt Arboretum 
Clinton, Iowa 

Blithewold Gardens and Arboretum 
Bristol, Rhode Island 

The Bloedel Reserve 
Bainbridge Islacd, Washington 

Bowman's Hill State Wild Flower Preserve 
Washington Crossing, Pennsylvania 

Brigham Young University 
Provo, Utah 

Chanticleer 
Wayne, Pennsylvania 

Clark Garden of the Brooklyn Botanic Garden 
Albertson, New York 

Coker Arboretum 
Chapel Hill, North Carolina 

Cornel1 Plantations 
Ithaca, New York 

Dawes Arboretum 
Newark, Ohio 

Desert Botanical Garden 
Phoenix, Arizona 

Sarah P. Duke Gardens 
Durham, North Carolina 

Dumbarton Oaks 
Washington, D.C. 
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Appendix 7 (continued) 

Fuller Gardens The Tyler Arboretum 
North Hampton, New Hampshire Lima, Pennsylvania 

Holden Arboretum 
Mento, Ohio 

College of the Holy Cross 
Morcester, Massachusetts 

Dr. Richard W. Lighty 
Kennett Square, Pennsylvania 

Longue Vue Gardens 
New Orleans, Louisiana 

Mr. John Masengarb 
The Morton Arboretum 

Matthaei Botanical Gardens 
Ann Arbor, Michigan 

Mitchell Park Horticultural Conservatory 
Milwaukee, Wisconsin 

Mon t r ea 1 Bot ani c a1 Gar d en 
Montreal, Quebec, Canzda 

Morris Arboretum 
Philadelphia, Pennsylvania 

Morton Arboretum 
Lisle, Illinois 

Parks and Recreation Department 
City of Newark, Delaware 

New York Botanical Garden 
Bronx, New York 

North Carolina Botanical Garden 
Chapel Hill, North Carolina 

Old Westbury Gardens 
Old Westbury, New York 

Sherman Library and Gardens 
Corona del Mar, California 
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