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Abstract. High levels of sphagnum peat in the growing medium promoted growth of
asparagus (Asparagus officinalis L. cv. Viking 2K) in a greenhouse study. Application
of NH4NO3 > 1 g/pot (84 kg·ha-1 equivalent) was detrimental to root growth. High N
rates and high organic matter levels decreased fibrous root development. Shoot dry
weight was highly correlated with fleshy root number, root dry weight, and shoot vigor.
Sandy loam soil is generally recommended for growing commercial asparagus,
although large areas of peat soils are devoted
to asparagus production in the San Joaquin
Delta of California. Adequate aeration and
good drainage are necessary for development
of the underground portion of the plant that
consists of buds, rhizomes, and fleshy and
fibrous roots. The effect of organic matter
levels on root and shoot growth of asparagus
has not been reported.
Nitrogen, the nutrient most often limiting
plant growth, can significantly influence both
asparagus crown development and subsequent yields. Recommendations for crown
production range from N at 22.4 to 44.8
kg·ha-1 (Sanders et al., 1952) to 84 to 112
kg·ha-1 (Curwen, 1988). Fisher and Benson
(1983, 1984) found that N levels of up to
150 mg·liter-1 increased shoot and root
numbers and weights and shoot : root (SR)
ratios of seedling asparagus. A further increase to 200 mg·liter-1 led to further increases in shoot number and weight, but not
in root weight. Adler et al. (1981) found an
increase in shoot weight, but not shoot number, with N levels to 200 mg·liter-1 accordReceived for publication 16 Jan. 1990. Paper no.
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ingly, S:R weight ratios, but not S:R number
ratios, were increased. Studies with many
other crops have shown a greater partitioning
to roots at low N levels (Brouwer, 1962).
Brasher (1959) found that neither spear yield
nor N content of the fern increased with levels >44.8 kg·ha-1. Cline (1969) was able to
demonstrate increased yields with 89.6 kg
N/ha, but not with 179 kg. Reductions in
yield have been reported when N levels exceeded 112 kg·ha-1 (Mullins and Swingle.
1979).
Our study was initiated to investigate
whether soils high in organic matter (100%
peat) represent a productive asparagus growing medium and whether application of supplemental N to those soils is beneficial. We,
therefore, determined the response of young
asparagus transplants to various levels of peat
and N in the growing medium.
‘Viking 2K’ asparagus seeds were soaked
at 16-27C for 12 days in water that was
changed daily. The seeds were then planted
in cell-packs containing a sterile medium
composed of 1 sphagnum peat : 1 vermiculite (v/v). No fertilizer was applied. After 90
days, plants bearing two to four shoots were

Table 1. Medium pH values.
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Fig. 1. Influence of peat in the growing medium on asparagus shoot height during 4 months with
supplemental N at 1 g/pot. Bars indicate SE of treatment means.
Table 2. Response of seedling asparagus to organic matter in growing media.z

z

Separation within columns by Fisher’s protected
1 = Low vigor, 5 = high vigor.

LSD

y

Table 3.

Response of seedline asparagus to nitrogen fertilization.z

z

Separation within columns by Fisher’s protected
1 = Low vigor; 5 = high vigor.

y

transplanted into 10.9-liter pots containing
one of five media: 1) riverbed sand (Carver
County, Minn.), 2) 1 sphagnum peat (Western Peat Moss, Vancouver, B.C.) : 3 sand
(1P:3S), 3) 1 peat : 1 sand (1P:1S), 4) 3 peat
: 1 sand (3P:1S), 5) peat. The pH of each
medium was taken at the time of transplanting (Table 1). The values found with these
mixes correspond roughly to soil pH levels
1610

= 0.05.

LSD

= 0.05.

that have been observed in cultivated soil
types.
The study was designed as a randomized
complete-block factorial experiment with the
five peat : sand mixes, three N levels, and
five replications with two observations (plants)
per experimental unit. The three N levels, 0,
1, or 2 g/pot (equivalent to 0, 84, 168
kg·ha-1), were applied as split applications

of NH4NO3 (34% N) 1 and 3 months after
transplanting. Superphosphate (8.7% P) and
KCl (60% K) were applied 1 month after
transplanting at rates of 1 and 1.5 g/pot, respectively. Dry applications of all fertilizers
were made using a dibble to place the treatment ≈2.5 cm below the soil surface. Micronutrients were applied 5 weeks after
transplanting using Soluble Trace Element
Mixture (STEM; W.R. Grace & Co., Fogelsville, Pa.) dissolved in water at a rate of
1 g STEM/liter. The asparagus transplants
were grown under natural light in the greenhouse at 24 to 29C (day)/16C (night) and
watered by treatment as needed.
Heights of the tallest shoots and ratings of
shoot vigor (based on a scale of 1 to 5, with
5 as most vigorous) were recorded monthly.
The study was terminated 5 months after
transplanting, before the containers restricted root growth. The root systems were
washed sufficiently for visual observation,
and the number of healthy buds and fleshy
roots recorded. Fibrous root growth was
scored on a scale of 1 to 5, with 5 as healthiest and most highly developed. Dry weights
of the root and shoot were recorded and an
S:R ratio calculated for each plant.
Growth of asparagus seedlings was generally favored by increased levels of peat in
the growing medium, but only up to 3P:1S.
(Table 2). Plants in the 3P:1S mixture had
significantly better shoot and fleshy root development than in media with less peat, and
although differences were not significant,
plants in the 3P:1S medium had the most
buds. Shoots on plants in the 3P: 1S medium
averaged 15% taller, 61% more vigorous,
and twice as heavy (dry weight) as plants
grown in 100% sand (Table 2).
Applications of 1 g N/pot increased bud
number, fleshy root number, and shoot height
compared with 0 N (Table 3). Except for
root dry weight and S:R ratio, differences
between 1 and 2 g N/pot were not significant. However, plants grown at the lower
level of N were the most vigorous. These
results are in agreement with the studies cited
previously.
In a perennial plant, such as asparagus, it
is desirable to have a high S:R ratio soon
after harvest to maximize the photosynthetic
area. Later in the season, however, applications of high levels of N could significantly reduce growth of the fleshy roots
(Brouwer, 1962; Fisher and Benson, 1983,
1984) and possibly reduce yield in the following year due to decreased carbohydrate
reserves (Mullins and Swingle, 1979; Pitman and Sanders, 1985). In this study, the
S:R ratio increased with increasing levels of
peat and of N (Tables 2 and 3). Although
both shoot and root dry weights were increased by these treatments, the shoot response was greater. Extensive shoot growth,
as reflected by increases in plant height and
ratings for fern vigor (Tables 2 and 3). resulted from increases in N and peat. These
results agree with those of Yanada and Karimata (1969), who found that plants grown
on sandy soil had lower S:R ratios compared
to those grown on loamy soil.
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Fig. 2. Influence of N level on asparagus shoot height during 4 months in a 3 peat : 1 sand medium.
Bars indicate SE of treatment means.
Table 4. Effect of N level and percentage of peat in growing media on fibrous root growth.

observed in all media except 100% sand and
100% peat when 2 g N/pot was applied. The
poor fibrous root growth in 100% peat was
not necessarily due to toxic levels of N since
growth was also suppressed in the absence
of N.
The shoot response to N and peat levels
paralleled that of the fleshy roots (Tables 2
and 3). Shoot growth at the optimal level of
N (1 g/pot) and best growing medium (3P:1S)
are shown in Figs. 1 and 2, respectively.
Growth curves for other treatments were
similar (data not shown). Although, generally, treatments high in organic matter were
best, the use of 100% peat was a dramatically inferior treatment throughout the experiment. Likewise, 1 g N/pot was clearly
superior to 0 or 2 g N/pot throughout the
experiment.
Highly significant correlations between the
fleshy root system and shoot dry weight and
fern vigor (Table 5) may be due to both plant
parts being carbohydrate sinks. The fibrous
roots did not respond in a similar manner as
the fleshy root or shoot systems, as reflected
by the low correlations. For instance, addition of N increased fern growth and the number of fleshy roots, but decreased fibrous root
growth (Table 4).
The results of this study give an indication
of plant responses that might be obtained in
establishing an asparagus planting in the field.
Separation of the impact of the organic matter levels from that of the pH on plant growth
is not possible. Separate studies are needed
to make these determinations possible and to
give growers recommendations for managmg soil for asparagus production. However,
based on these studies. soils high in peat may
be a better growing environment than sand
soils. In addition, N applications >84 kg·ha-1
may not be of value and could be counterproductive late in the fern production period.
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