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r------------------ Abstract -----------------, 
Chopped newspaper was evaluated as a weed control mulch for nursery row crops. Newspaper mulch at 2.3 and 3.6 kg/m2 [4.2Ib/yd2 

(::::: 10 cm or 4 in depth) and 6.3 Ib/yd2 
(::::: 15 cm or 6 in depth), resp.] suppressed weed germination for two seasons without a negative 

effect on Daphne burkwoodii 'Carol Mackie', Physostegia virginiana, and Salix caprea. Gaillardia grandiflora had less growth 
when mulched with newspaper during one experiment, but not in another. The authors observed that wetting the newspaper mulch 
after application followed by compression with a lawn roller pressed the paper into a mat which resisted blowing and weathering. 
Further reduction in blowing of paper mulch was achieved by applying a tackifier after rolling. Bark mulch at 19.4 dm3/m2 (988 in3

/ 

yd2 
::::: 10 cm or 4 in depth) resulted in weed suppression comparable to either of the two rates of newspaper mulch and better than bark 

at 9.7 dm3/m2 (494 in3/yd2 
::::: 5 cm or 2 in depth). All mulch treatments moderated maximum soil temperatures on July 5, 1993 at 7.5 

cm (3 in) depth by more than 10C (18F) when non-mulched soil increased to 36C (96.8F). The rate or type of mulch applied resulted 
in similar summer soil temperatures at 2.5 and 7.5 cm (1 and 3 in) soil depth. 

Index words: paper, mulch, weed suppression. 

Species used in this study: Carol Mackie daphne (Daphne burkwoodii Burkwood. 'Carol Mackie'); Goblin gaillardia (Gaillardia x 
grandiflora Hort. 'Goblin'); crown of snow physostegia (Physostegia virginiana Benth. 'Crown of Snow'); and goat willow (Salix 
caprea L.). 

Significance to the Nursery Industry 

Weeds are a continual problem in nursery production and 
in landscape maintenance. Many growers use herbicides for 
weed control, but the environmental hazards, real and per­
ceived, are creating a need for alternatives. Organic or plas­
tic mulches are sometimes useful alternatives. Grain straws, 
peanut hulls, sawdust, bark and many other locally avail­
able organic materials are used by nurseries and landscap­
ers for mulch; however, they are not all readily available or 

lReceived for publication July 15, 1994; in revised fonn January 23,1995. 

2Professor and Research Technician, respectively. Project supported in part by 
the Vennont Association of Professional Horticulturists. 

reasonably priced in some regions. This study demonstrated 
that chopped newspaper mulch provided acceptable weed 
control in nursery row crops. The higher mulch rate resulted 
in weed suppression for two seasons and showed little de­
composition by May of the third season. Rolling the wetted 
paper after application provided a dense uniform mat which 
appeared to resist weathering and blowing by wind. 

Introduction 

Newspaper is an organic material which contributes high 
volumes to landfilling, but is finding new uses. Chopped 
newspaper is currently used for livestock bedding, and sub­
sequently, distributed on cr~elds mixed with animal 
wastes as fertilizer (4, 6). Chopped newspaper has proven 
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effective as an insulating cover for container grown nursery 
plants (8). There has been some concern about heavy metal 
'content in the ink. Color newsprint mulch slightly increased 
levels of lead in vegetables, millet and apples in a 1979 re­
port (5). However, lead and other heavy metals have been 
greatly reduced in newspaper print in recent years with in­
creased use of soybean oil as a base for the ink (3). When 
used on non-food nursery crops, low heavy metal concen­
trations may not pose a problem. Munn (7) showed no in­
crease in heavy metals in soils mulched with shredded news­
paper at 7.6 Mg/ha (3.4 tons/A) in 1991. 

The 1990 cost of baled chopped newspaper for livestock 
bedding in Wisconsin was $60 per ton (4) and $40 to $50 
per ton in a 1990 Ohio study (7). Sheets of newspaper have 
been used successfully for weed control among rows of egg­
plant (2) and conifer seedlings (10). Newspaper mulch pro­
vided acceptable control of annual weeds and no reduction 
in growth of sweet corn, field corn, soybeans and tomatoes 
(7) and strawberries (I). Shredded newspaper and wheat 
straw mulches provided cooler, moister soil conditions than 
non-mulched soil (7). 

Our study evaluated the weed suppression potential of 
chopped newspaper over two seasons and determined its ef­
fect on selected perennial nursery crops and soil tempera­
ture. We also compared the effect of chopped newspaper with 
bark mulch on weed control on perennial nursery crops and 
on summer soil temperatures. 

Materials and Methods 

General procedures. Experiment one began in 1992 and 
continued during 1993 when additional paper mulch was 
applied to selected treatments to determine if additional 
mulch was necessary for successful weed control. Plants were 
field planted from #100 [12 cm (4.8 in) diameter and depth] 
containers at the University of Vermont Horticultural Re­
search Center in South Burlington and irrigated twice weekly 
(::= 2 cm of water). The soil was Windsor loamy sand (Entic 
Haplorthods). A green manure crop of buckwheat 
(Fagopyrum esculentum) was rototilled into the soil during 
the autumn before planting each experiment. Soil was pre­
pared for spring planting by rototilling one day prior to plant­
ing. All weeds growing during the experiments started from 
seed; there were no residual crowns or rhizomes in the soil. 
Baled chopped newspaper was purchased from a supplier 
who acquired the newspaper at Vermont landfills where citi­
zens brought their paper for recycling. 

Experiment 1. Five mulch treatments were applied on May 
21, 1992 to three plant taxa that had been planted 0.4 m (I 
ft) apart in rows 0.9 m (3 ft) apart one week earlier from 
containers. The taxa were Daphne burkwoodii 'Carol 
Mackie', Gaillardia grandiflora 'Goblin', and Physostegia 
virginiana 'Crown of Snow'. Daphne cuttings were taken 
June 1991 and Gaillardia and Physostegia were started from 
seed in March, 1992. After field planting from containers, 
each plant was top dressed with approximately 9 g (one tbsp) 
of ION-5.lP-8.3K (10-10-10) granular fertilizer. 

The five mulch treatments were randomized in each of 
four blocks. In each treatment within each block there were 
eight Daphne and six each of Gaillardia and Physostegia. 
The treatments applied to 7 m2 plots (5 x 15 ft) were: 1) no 
mulch, 2) 2.3 kg/m2 newspaper (low paper, 4.2 Ib/yd2 "" 10 
cm or 4 in depth) , 3) 2.3 kg/m2 newspaper with a tackifier 

(Hydro-stik™ used in hydroseeding, Finn Corporation, 
Fairfield, OH) applied as coarse spray at 4.3 g/m2 in 9.5 
liters of water to surface of mulch (low paper with tackifier), 
4) 3.6 kg/m2 newspaper (high paper, 6.3 Ib/yd2 "" 15 cm or 6 
in depth), and 5) 3.6 kg/m2 newspaper with tackifier (high 
paper with tackifier). After applying fluffed newspaper 
mulch, all plots were irrigated with approximately 1.5 em 
(0.6 in) of water and rolled with a lawn roller [61 cm (24 in) 
wide, 45.7 cm (18 in) diameter] approximately % full of 
water. 

On May 27, 1993, the 1992 low and high paper treat­
ments were re-mulched with 1.4 kg/m2 (2.61b/yd2 "" 7.5 cm 
or 3 in depth) of fluffed chopped newspaper without tackifier. 
All plots were irrigated and rolled to hold the paper in place 
as previously described. 

Weeds in each plot were counted on June 17, July 16 and 
September 9, 1992. Three random areas 0.09 m2 (1 ft2) were 
counted in the non-mulched plots and the numbers aver­
aged for the three samples and multiplied by the number of 
square feet per plot to estimate the total number of weeds 
per plot. All weeds were counted in the mulched treatments. 
Weeds, predominately annuals including foxtail (Setaria 
species), crabgrass (Digitaria species), and lambsquarter 
(Chenopodium album), were removed by hand after each 
count. 

Gaillardia and Physostegia stems and leaves were har­
vested at 7.5 cm (3 in) above ground on August 20, 1992, 
and dry weights were determined [dried seven days at 55C 
(131 F) and weighed] as a measure of growth. Total length 
of Daphne stems was measured on August 28, 1992. During 
the second season, Daphne stems and leaves were harvested 
August 24, 1993, at one cm above ground, and dry weights 
were determined as a measure of growth. 

Soil samples, 5 cm (2 in) deep, were taken after the sec­
ond season (May 6, 1994) from the non-mulched and the 
low paper treatment which did not receive tackifier nor ad­
ditional mulch in 1993. The purpose was to determine the 
effects of leaching and/or mulch decomposition on metals 
and plant nutrients in the top soil layer. Fifteen core samples 
were composited from each of two replicates ofthe two treat­
ments and analyzed for plant nutrients and heavy metals 
(9). 

Experiment 2. Five mulch treatments were applied on May 
27, 1993 to three taxa, Gaillardia , Physostegia and Salix 
caprea which had been planted from containers, three days 
earlier, 0.3 m (1 ft) apart in rows 0.9 m (3 ft) apart. After 
field planting, all plants were fertilized as in 1992. 

Treatments were applied in a randomized block design 
with four replications of eight Salix and six each of Gaillar­
dia and Physostegia. Treatments applied to 7 m2 plots were 
1) no mulch, 2) 2.3 kg/m2 newspaper (low paper, 4.2 Ib/yd2 

"" 10 cm or 4 in depth), 3) 3.6 kg/m2 newspaper (high paper, 
6.3 Ib/yd2 "" 15 cm or 6 in depth), 4) 9.7 dm3/m2 native soft­
wood bark (low bark, 494 in3 /yd2 

"" 5 cm or 2 in depth), and 
5) 19.4 dm3/m2 native bark (high bark, 988 in3/yd2 "" 10 cm 
or 4 in depth). After applying fluffed chopped newspaper 
mulch, the plots were irrigated and rolled as in 1992. 

Weeds in each plot were counted on July 19, August 16, 
and September 17, 1993 as in Experiment 1 and all were 
removed from the plots after each count. Dry weights were 
determined for stems and leaves of Gaillardia and 
Physostegia cut 7.5 cm (3 in) above the ground level and 
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Salix cut 2 cm (0.8 in) above ground level in late August 
1993. 

Ten soil cores 15 cm (6 in) deep were made on November 
II, 1993 at the end of the first growing season froin two 
replicates of each treatment. The cores from each replicate 
were composited and analyzed as two samples for plant nu­
trients as discussed for 1992 (9). 

Soil and air temperatures were measured daily during June 
and July, 1993 at 5:30 AM and 3:30 PM by copper-constantin 
thermocouples and recorded by Honeywell Multipoint Re­
corder. Ambient air temperature was measured at 1.5 m 
height in a ventilated shelter and soil temperatures under 
each treatment were measured at 2.5 and 7.5 cm deep (I 
and 3 in, resp.). 

Results and Discussion 

Experiment J. Tackifier treatments had no effect of weed 
control therefore the data was combined with non-tackifier 
treatments of the same rate of mulch. Paper mulch resulted 

in almost complete weed suppression during the first grow­
ing season and acceptable weed control during the second 
season (Table I). Both paper mulch rates resulted in less 
than five weeds/m2 on each sampling date in 1992. Addi­
tional paper mulch applied in May of the second season, 
1993, provided better weed suppression than for plots 
mulched only during the first season. However, the high first 
year mulch rate provided acceptable weed control during 
the second year without additional mulch. The low paper 
treatment without further remulching had more than two 
times higher weed numbers on second season sampling dates 
than low and high remulched treatments or the first year 
high mulch treatment. Application of the tackifier after roll­
ing wet paper inhibited the paper from blowing better than 
paper without tackifier although the latter remained in place 
well enough to give weed suppression (author's observation). 
Applying the tackifier to non-rolled newspaper in a sepa­
rate, unreported experiment stabilized paper pieces from 
blowing, however, in windy locations, whole sections of in­
tact mulch were turned over. 

Table 1. Effect of chopped newspaper and bark mulches on number ofweeds'/m%. 

Treatments' Weed counts 

Experiment 1-1992 June 9 July 16 September 9 

Nomulch(N) 
Low paper (Lp) 
High paper (Hp) 

1969.0 
0 
0 

323.8 
3.4 
2.4 

203.6 
4.0 
1.4 

Contrasts' 
N vs. Lp+ Hp 
Lpvs.Hp 

** 
NS 

** 
* 

** 
** 

Experiment 1-1993 June 15 July 14 August 16 September 17 

No mulch (N) 
Low paper, 1992 (Lp) 
High paper, 1992 (Hp) 
Low paper 1992, remulch (Lpr) 1993 
High paper 1992, remulch (Hpr) 1993 

1471.1 
15.6 
2.7 
0 
0 

745.4 
35.6 

8.5 
3.7 
0.5 

151.6 
11.0 
4.4 
0.8 
0.2 

108.5 
9.6 
4.6 
1.5 
0.3 

Contrasts 
N vs. Lp+ Hp 
Lpvs. Hp 
Lpvs. Lpr 
Hpvs. Hpr 
Lprvs. Hpr 
Lp + Hp vs. Lpr + Hpr 

** 
* 
** 
** 
NS 

** 

** 
* 
** 
** 
** 
** 

** 
* 
** 
** 
* 
** 

** 
* 
** 
** 
* 
** 

Experiment 2-1993 July 19 August 16 September 17 

Nomulch(N) 
Low paper (Lp) 
High paper (Hp) 
Low bark (Lb) 
High bark (Hb) 

1183.2 
7.3 
1.7 

54.9 
3.5 

380.3 
2.9 
0.7 

13.8 
2.7 

280.8 
1.2 
0.4 
5.0 
1.2 

Contrasts 
Nvs.Lp+Hp 
Nvs. Lb+Hp 
Lpvs.Hp 
Lp. vs.Hb 
Lp + Hp vs. Lb + Hb 

** 
** 
** 
** 
** 

** 
** 
** 
** 
** 

** 
** 
* 
** 
* 

'Means of four replicates.
 

'Newspaper treatments applied in 1992 and 1993 were: Low paper = 2.3 kglm2 (= 10 cm or 4 in depth), High paper = 3.4 kglm2 (= 15 cm or 6 in depth), irrigated with
 
1.7 cm (0.67 in) water, then rolled with a lawn roller. Remulch treatment was applied as 1.4 kglm2 (= 5 cm or 2 in depth) on May 27, 1993, irrigated and rolled. Bark 
treatments applied in 1993 were low bark =9.7 dm3/m2 (= 5~ in depth), high bark =19.4 dm3/m2 (= 10 cm or4 in depth). 

'NS = nonsignificant, * = significant at p = .05, ** = significant at P= .01. 
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Table 2. Effect of chopped newspaper mulches on the stem and foliage growth' of three species. 

1992 

Treatments'	 Gaillardia Physostegia 

No mulch
 
Low paper (Lp)
 
Low paper, lackifier (Lpt)
 
High paper (Hp)
 
High paper, lackifier (Hpt)
 
Low paper, remulch (Lpr)
 
High paper, remulch (Lpr)
 

51.6 
41.9 
37.5 
40.9 
34.3 

28.8 
28.2 
30.3 
25.7 
28.8 

Contrasts' 
No mulch vs. Lp + LPt + Hp + Hpl ** NS 
Lp + Hp vs. Lpt + Hpt NS NS 
Lpvs. Hp NS NS 
Lptvs. Hpt NS NS 
No mulch vs. Lp + Lpr + Hp + Hpr 
Lpvs. Lpr 
Hpvs. Lpr 

'Stem and leafdry weights (g) for Gaillardia and Physoslegia and lotallengths (cm) for Daphne in 1992 and slem and leaf dry weights (g) for Daphne in 1993, means
 
of four replicates.
 

'Lp and Lpl = 2.3 kglm2 (= IOcm or4 in depth), Hp and Hpl = 3.6 kglm2 (= 15 cm or6 in depth), Lpr, Hpr= remulch in 1993 at l.4kglm2 (= 7.5 cm or2 in deplh).
 

'NS = nonsignificant, ** = significant at P = 0.01. 

Newspaper mulch had no effect on Daphne stem length 
after the first season. but after the second season of growth. 
Daphne stem and leaf dry weight were higher for mulched 
plots than for non-mulched plots (Table 2). Remulching in 
1993 had no effect on Daphne stem and leaf dry weight. 
Stem and leaf dry weight of Gaillardia was less for paper 
mulched plots than for non-mulched plots after the first sea­
son ofgrowth (Table 2). Physostegia leaf and stem dry weight 
were not affected by any treaments after the first season (Table 
2). Growth measurements for all three taxa were similar for 
tackifier treated newspaper plots and untreated plots after 
one season. 

Soil tests after two growing seasons for Experiment I. 
May 1994. showed little differences in phosphorus. potas­
sium. calcium. magnesium. iron or boron between the 
mulched plots and non-mulched plots. There were small 
differences in the heavy metals of aluminum. cadmium. chro­
mium. copper. nickel. lead or zinc between mulched and 
non-mulched plots. The soil test data are consistent with 
Munn (7) who showed no difference in heavy metals be­
tween newspaper-mulched and non-mulched plots. 

Experiment 2. Two rates of chopped newspaper and the 
high rate of bark resulted in weed suppression during the 
growing season with less than 8 weeds/m2 on each sam­
pling date (Table 1). The low rate of bark allowed consider­
able weed growth (55 weeds/m2 on July 19). Compared to 
non-mulched plots all mulch treatments suppressed weed 
numbers throughout the growing season 

Gaillardia growth (stem and leaf dry weight) after three 
months showed lesser growth when mulched with bark than 
with newspaper. There were no differences in dry weight of 
Physostegia or Salix between the bark and the newspaper 
mulched plots. The high bark mulch treatment reduced leaf 
and stem dry weight for these two taxa compared to the low 
bark rate. Physostegia had lower dry weight in the high pa­
per mulch treatment than in the low paper mulch treatment. 
however growth was similar with these two treatments for 
Gaillardia and Salix. Overall. growth of the three taxa were 

similar between mulched and non-mulched plants. Gaillar­
dia which had reduced growth in paper mulched plots in 
Experiment 1 had similar growth with paper-mulched and 
non-mulched plots in Experiment 2. Temperatures at soil 
depths of 2.5 and 7.5 cm (l and 3 in. resp.) were similar 
under both bark and paper mulches (data not shown). Both 
bark and paper mulch reduced the soil temperature eleva­
tion on warm summer days (Fig. I). All mulch treatments 
moderated maximum soil temperatures on July 5. 1993 by 
more than lOC (l8F) when non-mulched soil increased to 
36C (96.8F). Soil temperatures at 7.5 cm (3 in) depth in 
non-mulched plots were higher than air temperatures on July 
5 (Fig. I). When the non-mulched soil temperature on July 
5 increased to 36C (96.8F). the temperatures under low and 
high paper were 24 and 22.5C (75.2 and n.5F resp.). Low 
and high bark temperatures at the same time were 25 and 

* paper 2.3 kg/m 2 + paper 3.6 kg/m 2 

• bark 9.7 dm3 /m2 * bark 19.4 dm 31m 210 '---------=:..:::.:.;..:.....::..:---="-'-'---'-'-'-'---=-=.:..--=---==..:..:..;.--'-'----=-----' 

".air . . ..... nomulch 

35 

7-05 7-05 7-06 7-06 7-07 7-07 

Date 1993 

Fig. I.	 Soil temperatures at 7.5 cm (3 in) deep under summer mulches 
at 5:30 AM and 3:30 PM July 5 to 7.1993. 
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22.5C (77 and 72.5F resp.). The moderation of soil tem­
peratures under paper mulch is supported by Munn who 
observed that newspaper mulch of vegetable crops reduced 
midday summer soil temperatures (7). 

Newspaper mulch may be considered unattractive, there­
fore not suitable near retail sales areas or for some land­
scape sites. Small pieces of paper from chopped newspaper 
mulch are often blown from the mulch surface creating a 
nuisance. Application of a tackifier may reduce blowing 
paper. Some recycling operations have equipment to shred 
newspapers into long narrow pieces. A mulch of shredded 
paper may resist blowing better than chopped paper because 
the long shreds tend to bind together. Our mulching trials 
with small amounts of shredded paper supported this obser­
vation. 

The economics of paper mulch for weed control in com­
mercial nurseries needs to be considered. We estimate that 
1000 ftz may be mulched by hand with one hour of labor. A 
labor rate of $7.50/hr would cost $7.50/1 000 ft2 or $3271A 
for application of newspaper mulch from bales. Irrigation 
for wetting the paper and rolling to compress the paper may 
require an additional 50% labor cost. Ifnewspaper cost $2.001 
60 lb bale the cost for the lower rate of newspaper mulch 
used in this study would be $15.56/1000 ft2 (467 lb) or $6831 
A (10.2 tons). The cost of the higher rate used in this study 
would be $23.34/1000 ft2 (701 lb) or $1025/A (15.3 tons). 
The cost of paper may be highly variable depending on pa­
per source and cost of chopping or shredding and baling. 
Methods for mechanical application may be possible. Adap­
tation of equipment that is used for mulching new turfgrass 
seeding may have promise for applying paper mulch. 

We have successfully rototilled old paper mulch into the 
soil with mechanical rear-mounted tractor-drawn tillers. 
With continued use of newspaper mulch, we expect that 
higher nitrogen fertilization would be advantageous for the 
growth of newspaper mulched crops since paper has a high 
carbon/nitrogen ratio. 

We believe that newspaper as an alternative weed control 
mulch may have a future in production of nursery crops. 
Further study is necessary to determine effect on various 
crops. The primary benefits are more than one season of 
weed control with one application, avoidance of herbicide 
usage and reduced summer soil temperatures. Other poten­
tial benefits include gradual increase in soil organic matter, 
reduced soil erosion and reduced soil moisture loss. 
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