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Summary Rooted-cuttings and saplings of green ash (Fraxinus lanceolata) and hybrid poplar 
(Populus spp) were planted on a former municipal refuse landfill and on a nearby nonlandfill control 
plot. The root systems of four trees of each species and size were excavated on the landfill plot - two 
growing in an area where the concentrations of anaerobic landfill gases were relatively high and two 
in a relatively low-gas area. Two trees of each species and size were also excavated on the control. The 
root systems of both species were significantly shallower on the landfill plot than on the control. 
Green ash appeared to avoid the adverse gas environment of the deeper soil layers on the landfill by 
producing adventitious roots. Hybrid poplar became adapted in a different manner, by redirecting 
root growth from the deepter soil layers to the soil surface. 

Introduction 

It  has become increasingly c o m m o n  to reclaim completed sani tary refuse 

landfill sites by conver t ing them into parks, golf courses, botanical  gardens, 

recreation areas or farmland.  Grea t  Britain s and  the Uni ted  States 1 conta in  

m a n y  examples of  these reclamat ion efforts. Most  rec lamat ion a t tempts  have 

been less than  completely successful. However,  some well p lanned,  properly 

managed  projects to vegetate a b a n d o n e d  dumpi ng  sites with trees, shrubs, grass 

or agricultural  crops have been successful in the Uni ted  States 1. 

The factors l imit ing good growth on completed refuse sites have been 

intensively studied th roughou t  the Uni ted  States since 19751, 2,3. These include 

toxicity of landfill generated gases (e.g. CO2) to root  systems, low soil oxygen 

supply, thin cover soil, l imited cat. exchange cap., low nut r ien t  status, low water 

holding capacity, low soil moisture,  high soil temperatures,  high soil 

compact ion ,  poor  soil structures and  sensitive p lant  species. In  a species 

screening test on a former landfill in New Jersey, hybr id  poplar  and  black gum 

(Nyssa  sylvatica) grew significantly better  than m a n y  other  species, whereas, 

green ash and  Amer ican  sycamore (Platanus occidentalis) grew very poorly a. 

This paper  reports "on those invest igat ions that  were designed to determine if 

the presence of  gases of  anaerobic  refuse decomposi t ion  (CO 2, CH4) affect 



GILMAN, LEONE AND FLOWER 

rooting depth on landfills and to determine if trees planted as seedlings can adapt  
their root systems to landfills quicker and more effectively than larger seelings. 

Materials and methods 

In the spring of  1976, ten small specimens (one-year-old) and ten larger 
specimens (six-year-old stock) of  both green ash and hybrid poplar were planted 
on the Edgeboro Landfill and on a nearby nonlandfill control area, totaling 80 
trees. Prior to planting sixty cm of soil had been spread over a 7 m deep municipal 
refuse landfill and on the control site. After four growing seasons, two randomly 
selected trees of  each species and size on the control, and two trees on the landfill 
plot from a relatively high (10% CO2) and two from a relatively low-gas ( <  6% 
CO2) area were studied. 

The entire root system of  each tree was excavated with a pick and a small hand 
trowel from the point of  emergence at the main stump to the root tips by a 
modification of Weaver 's  9 excavation technique originally used exclusively for 
field crops. All roots larger than 1 m m  were studied except in cases where they 
had been broken and the end port ion of the root could no longer be located. 

After an individual root had been exposed, the distance from the soil surface to 
the center of  the root was measured at 30 cm intervals from the stump to and 
including the root tip. Total length and maximum depth were recorded of  all 
roots except those which were recognized as having been present at the time of  
planting. 

Average depth was calculated for each root system by summing the values 
recorded at 30 cm intervals and dividing by the total number of  measurements. 
The proport ion of  total root length in specified depth intervals was also 
determined for each tree. 

The concentrations of O2, CO2 and CH 4 were measured at the 20 cm depth at 
two points around each tree by gas chromatography.  Gas samples were collected 
every two weeks from May through September 1976-1979. Soil moisture was 
calculated on samples collected from the 0-20 cm depth at two week intervals 
from several locations on each plot. Soil bulk density was measured at one time 
in 1978 from a 20 cm soil core from 16 locations on each plot. 

Results 

Average CO2 and CH4 concentrations and temperatures were significantly 
greater and oxygen and moisture contents significantly lower on the landfill than 
on the control plot (Table 1). 

Root  distribution in the landfill soil was significantly different from that in the 
control plot. Roots  of  the two small control hybrid poplars were not as 
concentrated in the top soil layers as those in the landfill plot but were more 
evenly distributed in the soil than those in the landfill plot (Table 2). Root 
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Table 1. Soil gas content, moisture, temperature and bulk density in landfill and control soil 

Soil variable Landfill Control 

02  (%) 17.0 19.5 
CO2 (%) 8.2 1.2 
CH4 (%) 2.9 0.0 
Moisture (~o dry wt.) 8.1 11.1 

Bulk density (g/ml) 1.6 1.6 

Table 2, Frequency of roots of hybrid poplar cuttings (small trees) in each root depth class; total root 
length, mean  root depth, max imum root depth and CO2, C H ,  and 0 2 concentrations* in high and 

low-gas landfill areas and in no-gas control area 

Root depth class (cm) Root frequency at each depth (~o)** 

Landfill Control 

High-gas Low-gas No-gas 
area area area 

0-1.3 38.8a*** 16.2b 0.7c 
> 1.3-5.1 38.7 52.2 27.2 
> 5.1-10.1 12.3 15.4 18.0 
> 10.1-25.4 10.2 10.9 36.3 

> 25.4--38.1 0.0 2.0 7.4 
> 38.1 0.0 3.3 3.9 

Soil gas (~o) 

CO 2 18.1 1.4 1.2 
CH4 5.0 trace 0.0 
02  15.8 19.6 19.4 

Root measurements  

Total root length (m) 85.6 96.0 113.5 
Mean root depth (cm) 4.8 8.9 13.6 
Max imum root depth (cm) 25.4 58.4 55.8 

* Means,  each from 42 readings collected at the 20cm depth throughout  the 1977-1979 growing 
seasons. Concentrat ions are in ~o by volume and were analyzed on a Carle 8500 gas chromatograph.  
** Values represent mean from 2 trees. 
*** Columns  followed by different letters are significantly different at P < .01 by Chi-Square 
Analysis. 
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dis t r ibut ion o f  the pop la r  cutt ings in the high-gas landfill area ( 18.1% CO 2, 5.0 % 

CH4, 15.8% 02 @ 20 cm depth) was significantly different f rom that  in both the 

low-gas landfill (CO2 = 1.4%, C H  4 = 0%,  02  = 19.6%) and cont ro l  areas 

(Table 2). Thir ty-nine  percent  o f  the poplar  roots  in the high-gas area were in the 

top 1.3 cm o f  soil, whereas,  only 16.2% o f  the roots  in the low-gas area and less 

than 1 %  o f  those in the cont ro l  area were found at the 0-1.3 cm depth.  N o  roots  

were found below 25.4 cm in the high-gas landfill area; whereas,  5.3% o f  the 

roots  in the low-gas landfill area and more  than 10% of  those in the control  area 

were found below this depth.  Tota l  root  length was only slightly reduced in the 

high compared  to the low-gas landfill area but  mean  and m a x i m u m  root  depths 

in the high-gas area were about  ha l f  that  in the low-gas area. 

O f  four  large hybrid  poplar  (saplings) excavated on the landfill ply)t, two were 

Table 3. Frequency of roots of hybrid poplar saplings (large trees) in each root depth class; total root 
length, mean root depth, maximum root depth and CO2, CH4 and 02 concentrations* in high and 
low-gas landfill areas and in no-gas control area 

Root depth class (cm) Root frequency at each depth (%)** 

Landfill Control 

High-gas Low-gas a No-gas 
area area area 

0-1.3 10.2a*** 6.4a 0.7b 
> 1.3-5.1 42.1 45.6 29.1 
> 5.1-10.1 19.1 20.8 20.6 
> 10.1-25.4 28.6 25.4 44.8 
> 25.4-38.1 0.0 t 1.2 3.5 
> 38.1 0.0 t 0.6 1.3 

Soil gas (%) 

CO2 12.8 3.1 1.2 
CH4 4.8 0.0 0.0 
02 12.1 18.1 19.1 

Root measurements 

Total root length (m) 19.2 52.7 97.5 
Mean root depth (cm) 8.6 8.4 12.8 
Maximum root depth (cm) 22.8 45.7 49.5 

* Means, each from 42 readings collected at the 20 cm depth throughout the 1977-1979 growing 
seasons. Concentrations are in % by volume and were analyzed on a Carle 8500 gas chromatograph. 
** Values represent mean from 2 trees. 
*** Columns followed by different letters are significantly different at P < .01 by Chi-Square 
Analysis. 

Both trees died 2 to 4 weeks prior to excavation. 
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in a high-gas area where  the CO 2 concent ra t ion  at the 20 cm soil depth  dur ing the 

3-year per iod 1977-1979 averaged 12.8%; C H 4  4.8%; and O 2 12.1% (Table 3) 

and two were in a relatively low-gas area (CH 4 = 0 .0%,  O 2 = 18.1%, CO 2 = 

3.1%). The  trees in the high-gas area had died two and four  weeks respectively 

pr ior  to excavat ion  and, therefore,  many  of  their roots  were no longer  living. The  

roots  which remained  alive had or iginated f rom the s tump at a depth  o f  15 cm or 

greater  and grew toward  the soil surface; their ends were located in the top 2.5 cm 

o f  the soil profile. M o s t  o f  the roots  in the low-gas landfill area also grew toward  

the soil surface as they elongated,  but  few dead roots  were found on these trees. 

Roo t s  o f  the excavated  cont ro l  poplars  did not  tend to grow toward  the soil 

surface as did roots  on the landfill areas. Deep roots  which were scarce for these 

trees in the landfill area were no t  u n c o m m o n  in the cont ro l  p lot  (Table 3). To ta l  

roo t  length for poplars  in the high-gas landfill area was less than ha l f  that  o f  trees 

Table 4. Percentage of roots of green ash (small trees) in each root depth class; total root length, mean 
, root depth, maximum root depth and CO2, CH4 and O2 concentrations in high and low-gas landfill 

areas and in no-gas control area 

Root depth class (cm) Root frequency at each depth (~)** 

Landfill Control 

High-gas Low-gas No-gas 
area area area 

~1.3 0.0a*** 0.~ 0.0c 
>1.3-5.1 48.0 26.7 10.8 
>5.1-10.1 36.0 36.7 8.1 
>10.1-25.4 16.0 36.6 52.1 
>25.~38.1 0.0 0.0 25.0 
>38.1 0.0 0.0 4.0 

Soilgas(%) 

CO 2 14.7 5.2 1.1 
CH~ 6.1 1.9 0.0 
02 16.1 17.8 19.8 

Root measurements 

Total root length (m) 7.6 9.1 18.5 
Mean root depth (cm) 7.5 9.6 21.2 
Maximum root depth (cm) 17.8 20.3 43.2 

* Means, each from 42 readings collected at the 20 cm depth throughout the 1977-1979 growing 
seasons. Concentrations are in ~o by volume and were analyzed on a Carle 8500 gas chromatograph. 
** Values represent mean from 2 trees. 
*** Columns followed by different letters are significantly different at P < .01 by Chi-Square 
Analysis. 
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in the low-gas landfill area and trees in both landfill areas produced less total root 
length than those on the control area. However, there was no significant 
difference in root distribution between the high-gas area and the low-gas landfill 
area as there was with the small poplars. Both landfill trees produced over 50% 
of their roots in the top 5.1 cm of soil; whereas, only 30.5% of the roots were 
found within this depth on the control. 

The roots of  the small green ash growing in a high-gas landfill area (CO 2 = 
14.7%, C H  4 = 6.1%, 02 = 16.1%) were also concentrated near the soil surface 
with 48% of the root system in the top 5.1 cm of soil (Table 4). Roots of  the small 
ash in a low-gas area (CO 2 = 5.2%, CH 4 = 1.9%, 0 2 = 17.8%) were more 
evenly distributed in the soil; only 26.7% in the top 5.1 cm of soil. Total root 
length, mean root depth and maximum root depth values were slightly lower for 

the green ash in the high-gas area than for ash in the low-gas area. 

Table 5. Percentage of roots of  green ash (large trees) in each root depth class; total root length, mean 
, root depth, max imum root depth and CO2, CH4 and 02  concentrations in high and low-gas landfill 

areas and in no-gas control area 

Root depth class (cm) Root frequency at each depth (%)** 

Landfill Control 

High-gas Low-gas No-gas 

area area area 

~ 1 . 3  0.0a*** 0.0b 0.0c 
>1.3-5.1 78,9 41.4 26.0 
>5.1-10.1 9.5 15.3 22.5 
>10.1-25.4  3.9 37.5 33.1 
> 2 5 . ~ 3 8 . 1  7.7 5.8 18.1 
>38.1  0.0 0.0 0.3 

Soi lgas(%) 

CO 2 13.1 3.9 1.1 
C H ,  7.3 1.3 0.0 
0 2 12.3 18.3 19.7 

Root measurements  

Total root length (m) 32.0 57.9 94.3 
Mean root depth (cm) 6.6 11.9 14.7 
Max i mum root depth (cm) 38.l 30.5 38.1 

* Means, each from 42 readings collected at the 20 cm depth throughout  the 1978-1979 growing 
season. Concentrat ions are in % by volume and were analyzed on a Carle 8500 gas chromatograph.  
** Values represent mean from 2 trees. 
*** Columns  followed by different letters are significantly different at P < .01 by Chi-Square 
Analysis. 
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Root  depth and length values for small ashes in both the high and low-gas 
areas were approximately half the values of  the control. There was little 
difference in depth and length between the two trees on the control plot. The 
small ash seedlings on the control area did not form the matted short-root  zone 
found on the landfill trees. In contrast, several control roots grew almost straight 
downward. 

The two large green ash saplings growing in a high-gas landfill area (CO2 = 
13.1%, CH 4 = 7.3%, 02 = 12.3%) produced a dense mat  of  short roots at 
about  the 25.4 cm soil depth (Table 5). Immediately below the root mat  was a 
dark soil layer which had the putrid odor of  decomposing refuse. A les-dense 
mat-like formation was found on the ash trees growing in the low-gas landfill 
area (CO 2 = 3.9%, CH 4 = 1.3%, 02 = 18.3%). A large portion of  the roots in 
the high-gas area were found in the top 5.1 cm of soil. 

Discussion 

It has been previously repor ted:  that small trees appeared to be more capable 
of  adapting to landfill conditions than large specimens of the same species. The 
reasons for this were unclear. In the current studies, the biggest difference 
between the large and small trees other than size was that the small trees were 
planted with a very shallow root system (about 10 cm deep), and therefore, 
probably had to become adapted to the landfill soil to a lesser degree than did the 
saplings which began with a much deeper root system (30-40 cm). The soil 
environment in the high-gas area may have been adverse for the root growth of  
larger trees causing death before the roots reached the surface. The smaller trees, 
on the other hand, had a decided advantage (a shallow root system) in 
establishing themselves on the landfill. Very little root death was detected on 
these trees. 

The deep roots (30 cm) of both small and large green ash in the high-gas areas 

did not die as did the roots of the large poplar  in the high-gas area. Instead, many  
short, stunted roots were formed at these deeper soil layers. Another  root 
modification of  both large and small ash in the high-gas areas, not found in the 
low-gas or control areas and not characteristic of  poplars, was the production of  
a shallow set of  adventitious roots originating at the trunk approximately 2.5 cm 
below the soil surface. Consequently, roots of  both cuttings and saplings of  this 
species appear  to have adapted themselves to the landfill soil conditions in a 
manner  very different from hybrid poplar. Whereas, poplar  roots originating at 
the deeper soil strata on the landfill (30-40 cm) attempted to make their way 
upward as they elongated, apparently avoiding the adverse gas environment in 
the deeper soil layers, the deeper green ash roots did not reach for the soil surface 
but, instead, remained at their original depth where growth continued in a 
stunted fashion. A shallow root system was established by root formations 
originating at the root collar. Since green ash roots can reportedly tolerate low 
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oxygen env i ronments  2'6, it is no t  surpr is ing  tha t  the deeper  roo ts  appa ren t ly  

to lera ted,  t hough  d id  not  thrive,  in soil con ta in ing  high landfill  gas concen t ra t ion  

(CO2 = 13.1%, C H  4 = 7 .3%,  0 2 = 12.3%). Fu tu re  invest igat ions  m a y  s tudy 

the phys io logica l  changes  occurr ing  in this mat ted ,  shor t  and  th ickened roo t  

layer.  

This  s tudy presents  evidence tha t  (1) roo ts  o f  green ash and  hybr id  p o p l a r  

g row signif icantly closer to the soil surface in landfill  cover  soil than  in 

nonlandfi l l  soil and  (2) small  specimens o f  hybr id  p o p l a r  can bet ter  a d a p t  their  

roo t  system than  large pop la r s  to landfill  condi t ions ,  but  roo ts  o f  small  ash do  

not  a p p e a r  to  be capab le  o f  a d a p t i n g  bet ter  than  those o f  large ash. The  inabi l i ty  

of  large p o p l a r  to a d a p t  themselves to the landfil l  env i ronment  appears  to be 

re la ted to the inabi l i ty  to p roduce  the vi ta l ly  needed shal low roo t  system quickly  

enough  to avo id  the high C O  2 and  CH4 concen t ra t ions  and  low 0 2 

concen t ra t ions  character is t ic  o f  landfill  cover  soils. Small  p o p l a r  p roduced  a 

shal low roo t  system f rom roo ts  remain ing  shal low and  f rom deeper  roo ts  

g rowing  toward  the soil surface. Large  and small  green ash became a da p t e d  to 

the dumps i t e  soil also by  p roduc ing  a shal low roo t  system bu t  these roo ts  

e m a n a t e d  f rom the roo t  collar .  These da t a  indicate  that  there m a y  be more  than  

one mechan i sm for adap t ing  to landfil l  soils which are  not  unl ike those 

mechan i sms  found  for  f lood to le ran t  species 6. 

Received 10 July 1981. Revised December 1981 

References 

1 Flower F B, Leone I A, Gilman E F and Arthur J J 1978 A study of vegetation problems 
associated with refuse landfills. EPA Publication 600/2-78-094, 130 p. 

2 Gill C J 1970 The flooding tolerance of woody species, a review. For Abst. 31,671-688. 
3 Gilman E F 1980 Determining the adaptability of woody species, planting techniques and the 

critical factors for vegetating completed refuse landfill sites. Ph.D. Thesis, Rutgers University. 
4 Gilman E F, Leone I A and Flower F B 1981 Adaptability of 19 woody species in vegetating a 

former sanitary landfill. For. Sci. 27, 13-18. 
5 Gilman E F, Leone I A and Flower F B 1981 Vertical root distribution of american basswood in 

sanitary landfill soil. For. Sci. 27, 725-729. 
6 Hook D D 1973 Root adaptation and relative flood tolerance of five hardwood species. For. 

Sci. 19, 225-229. 
7 LeonelA, FlowerFB, GilmanEFandArthurJJ 1979 Adapting woody species and planting 

techniques to landfill conditions: field and laboratory investigations. EPA Publication 600/2-79- 
128, 130p. 

8 McRae S G 1980 The agricultural restoration of sand and gravel quarries in Great Britain. 
Reclam. Rev. 2, 133-142. 

9 Weaver J E 1926 Root development of field crops. New York-London: McGraw-Hill Book 
Company, 291 p. 


