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SUMMARY

The data presented in this report are related to the capabilities of the vegetation in
renovating land applications of wastewater. This information is useful whenapplied to
the design and operation of a land treatment system. The results show that the greatest
forage yields and N and P removal occurredwhen 15 cm/wk (6 in./wk) of wastewater
wasapplied. Forages grown on the heaviertextured Charlton soilsproduced greater
yieldsand removed more N and P than those grown on the lighter textured Windsor
soils. Yields ranged from 9.63 to 12.99 metric tons/hectare (4.33 to 5.81 tons/acre),
and total uptake of N and P ranged from 309 to 453 kg/ha(278 to 408 lb/acre)and from
32 to 42 kg/ha (29 to 38 lb/acre), respectively.

Also included in the report are results which reflect on the management of a system
for sustained plant performance and nitrogen removal. Analyses performed in 1974 and
1975 showed reductions in the levels of K in soil and forage, indicating a need for K
fertilization for sustained forage productivity. The reduction of K was related to the up
take of this element by the forage and its low concentration in the wastewater. Analyses
also showed reductions in soil pH and total exchangeable cations to levelswhich could be
correctedby lime application. These results enable a more accurate determination of the
role of vegetation in optimizing land treatment systems. In turn, this optimizationallows
cost reductions in utilizing land treatment systems for wastewater renovation. Thus
military installations are offered a better basis for assessing land treatment as a viable
alternative to conventional wastewater treatment methods.



THE EFFECTS OF WASTEWATER APPLICATION

RATE ON THE GROWTH AND CHEMICAL

COMPOSITION OF FORAGES

by

Antonio J. Palazzo

INTRODUCTION

The renovation of wastewater by land application has received considerable attention in recent
years. Land treatment has been gaininginterest, primarily due to the provisions of Public Law
92-500, which state that "dischargesof pollutants into navigable waters be eliminated by 1985."
In order to meet this requirement, the nation's secondary sewage treatment facilities will require
upgrading to either tertiary treatment or an equivalentalternative, such as land treatment. Land
treatment relies on a combination of factors in the management of a system in order to properly
renovate wastewater to a desired goal. Among the major considerations are the application rate,
plant uptake of wastewater constituents, and soil removal mechanisms. The removal capabilities
of the plant species are of special importance.

Vegetation is an integral part of a slowinfiltration land treatment system. Sopper (1973) has
reported a partial list of criteria for selecting a vegetative cover to be established and maintained on
a spray irrigation site. In addition to removing pollutants, plants provide other benefits to the site,
such as the reduction of soil erosion and the maintenance of soil permeability.

Maximum application rates and N removalcapabilities of plants are important factors in a land
treatment system. Wastewater compositions vary among areas, and most systems are site specific
in that they attempt to remove a certain percentage of the wastewater constituents, particularly N,
so that a desired water quality can be obtained. Maximum application rates of wastewater to a land
treatment system, without significant impairment to the plant, are desirable becauseless land is
needed to treat the wastewater. Therefore, information is needed on the capabilities of plants to

renovate wastewater at various application rates and under soil-saturated conditions.

The objective of this report is to describe the effectiveness of a forage in renovating wastewater
applied to land at several wastewater application rates in the slow infiltration mode.

MATERIALS AND METHODS

The research described in this report was conducted at the CRREL Land Treatment Research
Facility in Hanover, New Hampshire, during 1974 and 1975. One component of this facility is a
set of six outdoor land treatment test cells which have been described in detail by Iskandar et al.



(1976) andareshown on the cover. The cells, equipped withwater sampling devices, are constructed
of concrete (8.4x 8.4x 1.5 m, or 28x 28x 5 ft) and subjected to normal climaticconditions.

A Windsor sandy loam soil was placed into three of the cells and a Charlton silt loam in the other
three. The A,B,and Csoil horizons were separated in the field, transported to CRREL, and placed
intothe cells. The soils were compacted to the original in-situ bulk density to a 1.5-m (5-ft) depth.
In-situchemical data for the upper 15 cm of each soil are shown in Table I. For analysis, the soils
were air-dried and passed through a 2-mmsieve. Selected soil properties were determined as follows:
soilpH by measurement with a glass electrode pH meter, soluble saltsby measured conductivity on
1 to 2 soil and water ratio, total P by the acid-digestion procedure, extractable P by the Bray P
technique, total C by the wet oxidation method (Black 1965), and exchangeable cationsby atomic
absorption spectrometry (Jackson 1958). Domestic wastewater was collected from Hanover,N.H.,
treated, and applied to the test cellsby spray irrigation with a spray circle diameter of 7.6 m (25
ft). All wastewater was'disinfected with ozone.

Up to July 1974, the wastewater appliedcontained average total nitrogenand phosphorus con
centrations of 37.5 and 11.5 ppm, respectively. In July 1974 the wastewater was diluted in order
to lower the nitrogen concentration to more closelysimulate both typical primary and secondary
effluents. An analysis of the wastewaterafter dilution is shown in Table II. To simulate input
received from industrial sources, heavy metal additions at a concentration of 2.0 ppm of Cu, Zn,
Pb, Cd, Ni, Cr, and Hgwerebegun in March 1974. The rates were changed to 1.0 ppm in July 1974
and remained at that concentration until February 1975. No additions of metals were made after
this date.

Table I. Initial chemical data of topsoil
(0 to 15-cm depth) from test cells.

Windsor Charlton

Parameter sandy loam silt loam

Total carbon (%) 1.71 2.34

Total P (ppm) 200.00 226.60

Extractable P (ppm) 26.20 23.10

pH 6.00 6.60

Soluble salts (mmho/cm) 0.20 0.32

Cation exchange capacity (meq/100 g) 7.00 13.50

Exchangeable cations (meq/100 g)
Ca 0.69 0.91

Mg 0.05 0.09

K 0.06 0.05

Na 0.02 0.04

Table II. Average analysis of wastewater - CRREL (April-November 1974).

Primary Secondary
Parameter effluent effluent

pH 7.5 7.6

Total nitrogen (ppm) 26.4 26.9

Total phosphorus (ppm) 7.0 7.1

Potassium (ppm) 8.3 8.8

Conductivity (jumhos/cm) 394.0 402.0

Organic carbon (ppm) 56.0 47.3

Ammonium-N (ppm) 22.1 21.6

Nitrate-N (ppm) 0.6 2.4



A forage mixture that included reedcanarygrass (Phalaris arundinacea L.), timothy (Phleum
pratense L. var.Climax) and smooth bromegrass (Bromus inermis Leyss. var. Lincoln) wasseeded
at the rate of 12.1, 6.6 and 5.5 kg/ha (11, 6 and 5 lb/acre), respectively, on 21 May 1973.

The application rates of wastewater usedin this study are shown in Table III. The test cell
experiment wasdesigned to enable correlation of vegetative responses with soil series, wastewater
type, and rate and schedule of application. Due to the large numbers of samples that were analyzed
from each cell, this report will deal mainly with the results obtained from cells 1,2 and 6. Results
from cells3,4 and 5 willbe discussed only as they relate to plant uptake and removal efficiencyof
Nand P. Forage responses recorded include N and P uptake, removal efficiency, tissue analyses and
yields.

Table III. Test cell weekly application schedules.

Test cell no.

Application
period

1 2 3 4 5

Charlton soil

6

Windsor soil

1974-1975 5.0-S* 15.0-S 7.5-P

(ld)f (3d) (3d)

7.5-P

(3d)

7.5-P

(24h)**

5.0-S

(Id)

* (5.0-S) 5.0 cm of secondary effluent/week (P —primary effluent).
t (d) is number of daily (8 hours) application periods per week.
** (24h) Application over one 24-hour period.

The forage washarvestedon 3 June, 28 July, and 17 September, 1974. Thus, there were 49,
35, and 56 days growth in plots 1, 2, and 6, respectively, between harvests. The harvesting was
performed with a sickle bar type mower. Thevegetation withintest cells was collected and weighed
for total fresh weight per cell. Randomized grab samples were dried to constant weight, and yields
per plot were recorded. The grab sampleswere also analyzed for nitrogen, phosphorus, potassium
andheavy metals. Plant tissue was washed in distilled water, dried to constant weight and passed
througha 20-mesh sieve. Sample preparation for allelemental analyses, except Cd, was performed
by dry ashing for four hours at 260°C. Plant material used for Cd analysis was dry ashed at 150°C
for four hours. Standard analytical procedures (Jackson 1967) included: nitrogen-Kjeldahl;phos-
phorus-colorimetric;potassium, cadmium, copper, zinc, nickel, chromium and lead-atomic absorp
tion; and mercury-mercury analyzer.

RESULTS AND DISCUSSION

In September 1974, the botanical composition of the experimental site was observed approxi
mately 17 months after seeding. The treated areas contained predominantly quackgrass (Agropyron
repens (L.) Beauv.). The untreated areas, which were located in the comers of the cells and did not
receive direct applications of wastewater, contained the following species: quackgrass, smooth
bromegrass, orchardgrass (Dactylis glomerata L.), timothy, and Kentucky bluegrass (Poapratensis
L.). The differencesin botanical composition between the two areas can be directly related to the
high amounts of water and nutrients applied to the treated areas. The presence of quackgrass in the
test cells was probably due to the transportation of this species to the site during construction. At
seeding, herbicides were not used to control weedy species.



The wastewater application rates utilized in 1973, during forage establishment in the test cells,
are reported by Iskandar et al. (1976). In the firstyear'sgrowth, forages grown on the silt loam
textured Charlton soils, especially in the first of two harvests, were greater in dry matter production
than those grown onthe sandy loam textured Windsor soils. Therefore, there was a greater rate of
forage establishment on thefiner textured Charlton soils. Applications of either primary or second
arywastewater at a rate of 5 cm/wk (2 in./wk) resulted in similar forage responses with regard to
dry matter production and total plant uptake of the applied N and P.

Table IV summarizes dry matter production and N,P. and Kconcentrations of the forages grown,
in the test cells in 1974. Forage responses to the wastewater applications ranged between 9.63 and
12.99 metric tons/ha (4.33 and5.84tons/acre). Treatments receiving 15cm/wk (6 in./wk) of waste
water produced greater yields than those which received 5 cm/wk (2 in./wk). Forages grown on the
heavier textured Charlton silt loam soils produced more dry matter than those grown on theWindsor
sandy loam soils. The greater production of dry matter on the Charlton soils is related to itsgreater
plant nutrient holding ability orcation exchange capacity (Table I). The greater production may
also be a result of the higher rate of forage establishment on the Charlton soils in 1973. Concentra
tions of nitrogen, phosphorus, and potassium in the plant tissue were allwithin the range required
for plant growth (Martin and Matocha 1973). Nitrogen ranged from 3.12% to 3.47%, phosphorus
from 0.28% to 0.35%, and potassium from 2.31%to 2.72% (Table IV).

Table IV. Forage yield and tissue analyses.

Application

Soil rate Yield Concentration (%)
type (cm/wk) (MT/ha) ~N P K~

Charlton 5.0 10.64 3.12 0.28 2.31

Windsor 5.0 9.63 3.20 0.35 2.67

Windsor 15.0 12.99 3.47 0.34 2.72

Untreated areas 2.63 0.30 2.08

The concentrations of heavymetals in the plants during the 1974 growing season are shown in
Table V. Plants receiving direct applications of wastewatercontained much higher concentrations
of heavy metals than those in the untreated areas. Cd, Ni and Hg concentrations of the forages
grown in the 15-cm/wk (6-in./wk) treatment cellwere 8.6, 4.3 and 4.8 times greater, respectively,
than those grown in the untreated areas. The remaining metals ranged from 2.2 to 2.8 timesgreater
in the 15—cm/wk (6-in./wk) treatment.The concentrations of the individual metals were high; how
ever, due to the experimental design of this study, it is not known if they were at concentrations
within the toxic range for forage. Plants grown on the Windsor soils contained higher concentrations
of all elements studied, compared to those grown on the Charlton soils. The Charlton soilshave a
higher CEC (cation exchange capacity) and organic matter content than the Windsorsoils, and there
fore heavy metals are less available to plants in the Charlton soils. Plants which received 15 cm/wk
(6 in./wk) of secondary wastewater contained greater amounts of all heavy metals, except copper,
than those which received an application of 5 cm/wk (2 in./wk).

Conditions that promote heavymetal uptake by plants are important in dealing with possible
toxicities of these elements within plants. Determining phytotoxicity of the metals is difficult to
assess, due to several related factors which include soil pH, CEC,soil organic matter content, total
and available P, and the tolerance of plant genotypes (Chaney 1974). Further research, under con
trolled conditions, is needed to determine the role of heavy metals in limiting plant growth.



Table V. Plant tissue analyses for heavy metals.

Application

Soil rate

(cm/wk)

Concentration (ppm)

type Cu Zn Pb Cd Ni

11.6

Cr

6.22

Hg

Charlton 5.0 32.8 67.2 1.97 24.0 2.69

Windsor 5.0 43.8 88.8 3.57 40.6 17.9 8.90 3.66

Windsor 15.0 40.5 94.8 4.47 47.5 18.6 9.55 7.10

Untreated areas 15.3 34.0 1.90 5.5 4.3 4.30 1.48

The soils in the test cells were sampled and analyzed in spring 1974,and again in spring 1975,
to note changes in soil parameters due to applications of secondary wastewater. Soils sampled in
spring 1975 showed reductions insoil pH and in the total amounts ofexchangeable cations (which
included Ca, Mg, K, and Na), as compared to soils sampled in spring 1974 (Table VI). Soils re
ceiving the greatest application rate of wastewater (15 cm/wk or 6 in./wk) were found to have the
greatest reductions. The wastewater had a pH near neutrality but did not maintain a neutral soil
pH except in the 5-cm/wk (2-in./wk) treatment on the Windsor soil. The transformation of applied
NH4+ to N03~, which includes the release ofH+ in the soil, is thought to be the primary cause of
the reduction in pH. The reduction in the amounts ofexchangeable cations can be primarily related
to plant uptake and replacement by NH4+, which was present at ahigh concentration (21.6 ppm) in
the secondarily treated wastewater.

Applications ofwastewater during 1974 increased the amount ofsoluble P, particularly in the
finer textured Charlton soil (Table VII). An increase in the wastewater application rate to the
Windsor soil increased the amount of extractable P. Unlike soluble P, there was a greater amount

of extractable P in the Windsor, as compared to the Charlton, soil.

TableVI. Soil pH, total exchangeable cationsand exchangeable Ca
sampled at the 0-30 cm depth in spring 1974 and 1975.

Application
rate

(cm/wk)

Soil pH

Exchangeable

cations

Exchangeable

Ca

Soil

type

(meq/100 g)

'74 '75 '74 '75 '74 '75

Charlton

Windsor

Windsor

5

5

15

6.5

6.7

6.2

5.8

6.6

5.8

3.80

3.60

3.13

1.65

1.36

1.03

2.88 1.32

2.32 1.08

2.34 0.81

Table VII. Soluble P, extractable P and exchangeable K sampled
at the 0-30 cm depth in spring 1974 and 1975.

Soil

Application
rate

(cm/wk)

Soluble P Extractable P

(ppm)

Exchant

(meq/

'74

reable K

100 g)

type '74 '75 '74 '75 '75

Charlton

Windsor

Windsor

5

5

15

1.5

1.3

2.7

15.8

10.2

3-9

72

115

141

0.14

0.09

0.13

0.06

0.05

0.04



Land applications of wastewater reduced the amount of exchangeableK in both soils(Table VII).
As noted previously, K is one of the exchangeable cations, and reasons for this reduction were con

sidered to include both plantuptake and replacement by NH4+. Although the 1975concentrations
of Kin the forage were adequate, future problems with deficiencies could develop since forages
require large quantities of this element. The wastewater contained 8.8 ppm K and supplied about
150 kg/ha (135 lb/acre) of K when applied at the rate of 5 cm/wk (2 in./wk). However, the forages
removed approximately 255 kg/ha (230 lb/acre) of K. K fertilization and additions of materials,
such as calcite and dolomitic limestone, to increase soil pH, Ca and Mg will have to be considered for
maintaining optimum plant yields on these soils in future seasons.

The contribution of the crop as a renovating mechanism in a land treatment system can be
expressed by "total removal" and "removal efficiency" of applied N and P. Total removal is ob
tained by multiplying crop yields by the concentration of the element studied. Removal efficiency

is the ratio of the total removal to the total quantity of that element applied.

Table VIII summarizes the data obtained on N and P removal efficiency. Nitrogen application
ranged from 403 to 1037 kg/ha (362 to 933 lb/acre), which is greater than the maximum fertility
needs of 300 kg N/ha (270 lb/acre) normally recommended for forages. Total removal of N and P
increased as the application rate or amount of N and P applied increased. The forages from cells 1
and 6, which received 5 cm/wk (2 in./wk) of wastewater, removed 309 and 336 kg/ha (278 and 302
lb /acre) of N. Cells 3,4 and 5, receiving 7.5 cm/wk (3 in./wk), removed 369, 364, and 382 kg of
N/ha (332, 328 and 344 lb/acre), respectively. The greatest removal of N was obtained from cell 2
which received 15 cm/wk (6 in./wk) and removed 453 kg of N/ha (408 lb/acre). The removal of

N by the forage in this study at the 5-cm/wk(2-in./wk) rate was in close agreement to the 388 kg/ha
(353 lb/acre) N removal reported for reed canarygrass at a similar spray application rate by Sopper
and Kardos (1974).

Table VIII. Amounts of N and P applied to test cells and removed by forage.

Nitrogen Removal Phosphorus Removal
Cell Treatment Applied Removed efficiency Applied Removed efficiency
no. (cm/wk) (kg/ha) (kg/ha) (%) (kg/ha) (kg/ha) (%)

1 5.0 416 309 74 116 34 28

2 15.0 1037 453 44 301 42 14

3 7.5 622 369 59 174 34 20

4 7.5 566 364 64 164 35 21

5 7.5 561 382 68 160 34 23

6 5.0 403 336 83 116 32 27

Forages in cell 2 received the greatest amount of N and P, 1037 and 301 kg/ha (933 and 271 lb/
acre), respectively, and contained the greatest amounts of these elements (Table VIII). Although
these forages received approximately 2.5 times the amount of N and P that was applied in cell 1,
which received 5 cm/wk (2 in./wk) of wastewater, the cell 2 forages contained only 47% and 23%
more N and P, respectively. This indicates that the ability of the forage to utilize N and P under
this spray application schedule which includes spraying on alternate, instead of successive, days per
week (as utilized in this study) could reduce the rate of movement through the soil profile and
increase nutrient uptake by plants.

The removal efficiency of the forages is also shown in Table VIII. This factor and the total
amount of nitrogen removed are two of the most important design criteria for land treatment sites.
The data indicate that at the higher application rate the total amount of N taken up by the plant



increases, but the percentage of nitrogen removed by the crop or the crop removal efficiency de
creases (Table VIII). During 1974, the 5.0-cm (2-in.) rate application removed the greatest percent
age of nitrogen applied (74% and 83% for cells 1and 6, respectively), followed by the 7.5-cm (3-in.)
rate application (59%, 64% and 68% for cells 3, 4and 5, respectively). The highest rate of 15 cm/wk
(6 in./wk) removed the smallest percentage of Napplied (44%). Crop removal efficiency of applied
inorganic nitrogen fertilizers has been well documented, and the data in this study agrees with the
literature reviews by Stanford (1972) and Fribourg (1974). Trends as to the efficiency of phos
phorus removal from the applied wastewater were similar to those of nitrogen. The total percent
age of phosphorus removed, however, was lower than that of nitrogen, which is due to the lower
concentration ofthis element in the forage. The total percentage ofPremoved by the forage
ranged from 14% to 28%, while Nranged from 44% to 83%. It appears from the data that other
removal mechanisms within the system are needed, such as fixation by the soil, to remove Pfrom
the wastewater.

CONCLUSIONS

The following conclusions can be summarized from the 1974-75 test cell experiment:

1. Plant removal of N andP and total dry matter production increased as the amount of waste
water applied to the forages increased.

2. Plant removal efficiency, or the percentage removal of applied nitrogen and phosphorus by
the forage, decreased when the amount ofwastewater applied to the forages increased.

3. Greater concentrations of heavy metals were found in forages that either received the greatest
rate ofwastewater (15 cm/wk) orwere grown on the lighter textured Windsor sandy loam soils.

4. Kfertilization, along with additions of calcite and dolomitic limestone to increase soil pH,
Ca, and Mg, will have to be considered for maintaining optimum plant yields on the Windsor and
Charlton soils in future seasons.

5. Comparison of the 1974 and 1975 data indicates that soil analyses inspring 1975 showed
reductions insoil pH and in the total amounts ofexchangeable cations and an increased amount of
soluble P, as compared to analysesperformed in spring 1974.
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