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INTRODUCTION

Interest ix: using conservation tillage practices for
crop production has escalated in recent years due to an in-
creased need to control wind and water erosion of soils.
However, tillage practices can affect the relative concen-
tration and location of nutrients in the soil profile. Ni-
trate levels have been shown to be lower under no-tillage
(NT) soils when compared to conventionally tilled (CT) soils
(25, 26). This is attributed to the higher moisture under

_ NT soils leading to increased leaching and possibly denitri-
'fication (25). In addition, availibility of soil nitrates

may be decreased with NT because 1) the soil is cooler and
more compacted with NT resulting in decreased mineralization
of organic matter in the total root zone, and 2) there are

_ higher levels of microbial populations in the upper 7-15 cm
of NT soils resulting in increased immobilization of surface
applied N in this region, especially for non-legume residues
with high C/N ratios (8).

Using legumes in a conservation tillage operation seems
a logical step for adding N to the soil system. Several
studies have been done to determine how mmch nitrogen is
supplied by different legume crops (ll, 26). Hairy vetch is

_among the most efficient legume studied, supplying an esti-
mated 90-1OO kg/ha N annually (ll).

—
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Cabbage and broccoli production in Virginia are located
in areas of the state that are highly subject to soil ero-
sion and moisture deficits. Because of these inherent prob-
lems, vegetable growers are interested in practices that im-
prove soil and water conservation. This study was conducted .

~ to compare the effects of two legumes, Austrian winter pea
and hairy vetch, versus cereal rye on yields of cabbage and
broccoli under CT and NT conditions. Nitrogen rates were
varied to assess the potential N contribution of the legume
cover crops on subsequent growth and yield of cabbage and
broccoli. Hairy vetch was selected in this study because it
is well adapted in Virginia and is known to produce heavy
yields of both dry matter and fixed nitrogen (15). Austrian
winter pea was studied because it is sufficiently hardy to
survive most Virginia winters and, produces heavy forage
yields by mid-June. If winter injury occurs, Austrian win-
ter pea can be reseeded in March or early April and still
obtain good growth by mid—June (27). Austrian winter pea
has an added advantage over hairy vetch because it germi-
nates more rapidly and more uniformily than hairy vetch.
Austrian winter pea has relatively few hard seeds compared
to hairy vetch which is known to have from 5 to 25% hard
seeds that could pose a potential weed problem during the
growing season (15).



LITERATURE REVIEW

There is relatively little data available on no—tillage
vegetable production. Most of the literature is limited to
field crops, such as corn and soybeans. Therefore, in this

~ review most of the information on no-till crop production
will be derived from research of field crops,
Tillage Effect on Plant Nutrition

No—till crop production precludes broadcast fertilizer
incorporation. Surface—applied fertilizers have been used
successfully in umny instances. Surface-applied lime has
also proven to be effective in controlling low soil pH. The
following is a brief discussion of several elements and the
effect of tillage practices on their uptake.

Nitrogen. Thomas gt al. showed that soil nitrate lev-
els are lower under NT fields when compared to CT fields
(31). It was concluded that leaching was responsible for
the lower soil nitrate levels. Evaporation is very low with
NT soils, greatly reducing salt and water movement upward in
the soil profile. With rain, the saturated NT soil aggre-
gates will not absorb additional moisture, resulting in
penetration of water and nitrates through the soil profile.
With CT soils, the soil aggregate will absorb some of the
water and nitrates, decreasing the depth of penetration in

3
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the soil profile. In another study Doran (9) concluded that
decreased total mineralization of organic matter and higher
microbial populations also contributed to the lower nitrate
levels found with NT soils.

Triplett gg ;g. (33) investigated the ability of le-
gumes to supply nitrogen for NT corn.' They found little or
no crop response to applied N fertilizers when corn was
planted into a vigorous legume meadow. Ebelhar gg ;g. (11)
using hairy vetch, (Yggg; villosa Roth), big flower vetch
(Yggg; grandiflora W. Koch var. Kitailbeliana), and crimson
clover (Trifolium incarnamun L.) as covers, found similar
results. Hairy vetch supplied the highest amount of N, es-
timated at 90-100 kg/ha fertilizer N annually. Using a le-
gume as the cover is one way to lower production costs be-
cause it can provide a considerable portion of the N needed_ as fertilizer. '

Phosghorous. Knavel gg gg. (19), working with four
l

different vegetable crops, and Mullins gg ;g. (24), using
snap beans, found that P absorption was equal to or higher
for NT plots when compared to CT plots. Other researchers
have found similar results working with corn (23, 30, 35).

Looking at P availibility through the soil profile Mul-
lins gg ;g. (24) found that the top 5 cm in CT and NT soils
contained the same amount of P, but from 5 to 10 cm P con-



tent was lower for NT soils. This indicates a better nut-
rient efficiency under NT for P fertilizers. This is attri-
buted to 1) the higher moisture levels found under NT soils,
2) less fixation of P by soil colloids in NT due to reduced
contact between soil and fertilizer, and 3) better root de-.
velopment in the upper portion of the soil because of the
higher moisture under NT.

~ Potassium. K uptake has also been shown to be unaf-
fected by tillage method (19, 24, 29). K in the soil pro-
file was found to decrease with depth in NT plots, but re-
mained uniform in cf plots (24, 35). This gradient in NT
soils does not affect K availibility to plants, and often
allows for higher K content in plants grown on NT soils.
Tillage Effect on Soil Moisture

Most researchers agree that moisture levels are higher
under NT soils when compared to CT soils (3, 6, 7, 17, 18).
The reasons for higher moisture levels under NT are attri-
buted to reduced water evaporation from the soil surface and
a decrease in water runoff.

A
The difference in moisture levels is more obvious dur-

ing the early part of the growing season (3, 17). Later, if
an adequate stand is achieved, a canopy is formed which re-
duces the amount of water lost to evaporation.
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As much as 30% of the total rainfall can be lost to ru-
noff (18). This can be reduced to less than 5% by using NT —

practices. Similar results were found by McDowell and
McGregor (21). This is of considerable importance when con-
sidering the damage that can be caused by a torrential rain

l
early in the growing season.

Tillage Effect on Soil Temperature

NT soils consistently have lower temperatures than do
CT soils. For spring planted crops this could be detrimen-
tal, decreasing germination or leading to decreased yields
(20). For fall crops, this can be bwneficial by cooling
soil temperatures during the hottest part of the summer.

The lower soil temperatures in NT contribute to reduced
evaporation (1). This, in combination with the reduced ru-
noff with NT, leads to more water being available to the
plant.

Tillage Effect on Soil Properties

Organic Matter. Comparing the organic matter content
of soils (NT and CT) after five years of continuous corn,
Blevins gp gl. (5) found that the organic carbon content
was higher under NT in the top 0 to 5 cm. In the 5 to 10-cm

G

region CT had a higher organic carbon content. Once past
the 10·cm mark, the tillage system had no effect on the or-
ganic carbon content.
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Bulk Density. Looking at bulk density in a clay loam
soil, Gantzer and Blake (14) found that soil under NT had
significantly higher bulk density values in the top 30 cm of
the soil profile, when compared to CT. Below 30 cm, signi-
ficant differences for tillage treatments were not found.

In another study Blevins gt al. (5) found no differences in
bulk densities when comparing the two tillage systems.

Soil pH. In a three year study, Mullins gt al. (24)
observed that tillage practices did not affect soil pH in
the 0 to 10-cm depth, but the soil pH was higher with NT in

the 10 to 15-cm region. On the other hand, Blevins et al.
(5) found that the pH was lower under NT plots in the top 0
to 5-cm region after five years of continuous corn. They
also found that the pH decreases further with increased N
fertilizer rates. In a later study Blevins et al. (4) con-

_ cluded that surface liming is an effective method in over-

coming soil acidity caused by N fertilizers in NT corn.
Tillage Effect on Weed Control

It has been reported (25, 34, 36) that a gradual shift
in predominant weed species occurs under continual NT crop
production.° In NT, perennial weeds become an increased

problem, while in CT annuals are predominant. This change

in weed species populations can be attributed to tillage
practice. With NT the soil is not disturbed, so fewer annu-
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al weed seeds are brought to the surface for germination,

and no perennial weed root systems are uprooted and brought
to the surface for dessication (13).

Chemical control of weeds is often hindered when large
amounts of organic matter are present on the soil surface.

Much of the chemical is intercepted by the plant residue,

rendering it ineffective in controlling weeds (27). This is

not always the case; with atrazine and alachlor researchers

found no significant differences in effectiveness under var-
ying residue quantities if sufficient rates were used (12,
28).

Tillage Effect on Yield of Vegetable Crops

The studies available comparing yields of vegetables in
NT and CT fields are often contradictory, making it diffi-
cult to draw any definite conclusions. Table 1 is a summary

_ of the available reports. Eight of these reports show sig-

nificant differences in favor of CT, six reports show signi-
ficant differences in favor of NT, and eleven reports show
no significant differences between NT and CT yields. This
suggests that more research is needed to fully understand

the many interacting effects NT has on plant growth.
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Table 1. Effect of the tillage system on vegetable crop
yield, research data available up to 1984.

YieldzCrop öEr——-——-TEE Authors

Cabbage *- -- Knavel et al. (20)
-- * Morse et al. (22)

Cucumber —-
* Morse et al. (22)

* —- Beste et al. (2) '
NS NS Knavel et al. (19)

Squash -- * Morse et al. (22)
Muskmelon NS NS Grenoble et al. (16)
Watermelon —-

* Beste et al. (2)
Lima beans * -- Mullins et al. (24)
Snap beans NS NS Mullins et al. (24)

NS NS Beste et al. (2)
Carrot NS NS Orzolek et al. (26)
Tomato NS NS Beste et al. (2)

-- * Morse et al. (22)
* —- Doss et al. (10)
* —— Grenoble et al. (16)
* -— Knavel et al. (19)

Pepper * -- Knavel et al. (19)
Potato NS NS Thorton (32)

NS NS Grant et al. (15)
NS NS Dallyn et al. (8)

Sweet corn -—
* Beste et al. (2)

NS NS Knavel et al. (19)
* -— Grenoble et al. (16)

· 2* - significantly higher at the 5% level; NS - no
significance at the 5% level.
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' MATERIALS AND METHODS

Field experiments were conducted in 1983 and 1984 at
’

the Virginia Polytechnic Institute and State University Hor-
,1 ticulture Research Farm in Blacksburg, Virginia. The sod, a
.‘ lodi loam, is characterized by high clay and low organic

matter below the A horizon. Hairy Vetch, Austrian winter
p$ pea, and rye were sown in early October in 1983 and 1984.
»q§ Legume seeds were innoculated with the appropriate species

-

of Rhizobium prior to planting. In the spring of 1984 hairy
4 Vetch and Austrian winter pea were reseeded due to a veryii

severe frost on December 24, 1983. In the second week of_
July each year an amine formulation of 2,4-D

[(2,4-dichlorophenoxy)acetic acid] was applied at a rate of
1.68 kg active ingredient (ai)/ha over the whole field. On

’
_ July 19, 1984 glyphosate [N-(phosphonomethyl)glycine] was

i§· used at a rate of 3.38 kg ai/ha to control yellow nutsedge.
j On July 25 of 1983 and July 30 of 1984] paraquat

jp (1,1'-dimethyl-4,4'-bipyridinium ion) was sprayed at a rate
·- of 0.55 kg ai/ha to insure total Vegetation control. In

A 1983 trifluralin (¤,a,¤-trifluoro-2,6-dinitro-N-N-dipropyl-
in

p-toluidine) and oxyfluorfen [2-chloro—1-(3-ethoxy-4- nitro-
·. phenoxy)-4-(trifluoromethyl)benzene] were tank-mixed and ap-V

plied just prior to planting at rates of 1.10 kg ai/ha and

14
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0.40 kg ai/ha respectively and incorporated withT0.5 inches
of irrigation water. In 1984 oxyfluorfen and metolachlor

i

[2-chloro-N-(2-ethyl-6—methylphenyl)-N-(2—methoxy-1-methyl-

ethyl) acetamide] were tank-mixed and applied prior to
planting at rates of .40 kg ai/ha and 1.68 kg ai/ha respec-

tively. In 1983 paraquat was applied as a directed spray
for control of emerged weeds at a rate of 0.55 kg ai/ha. In
1984 the butyl ester of fluazifop (i)-2-[4-[[5—(trifluoro-

methyl)-2-pyridinylloxylphenoxylpropionic acid) was used in

1984 for grass weed control at a rate of .25 kg ai/ha.

Estimates of cover crop biomass were determined by sam-

pling 2 representative quadrants measuring 61 cm X 61 cm per

replication. These samples were dried at 70 °C and N con-
tent was determined using the Kjeldahl method (23).

Just before planting one half of each cover crop in

_ each replication was disked twice (CT), and the other half

was not (NT). On August 1 two rows of broccoli and cabbage

were planted using a locally built no-tillage transplanter.

In 1983 spacing was 61 cm between rows and 30.5 cm within

rows; in 1984 it was 61 cm between rows and 45.7 cm within
rows.

The experimental design was a randomized split-split

plot, with cover crops as main plots (1983, 15.8 X 13.4 m;

1984, 6.4 X 28 m), tillage systems as the split plots (1983,
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’ 7.9 X 13.4 m; 1984, 3.2 X 28 m) and N rates as the split-

split plots (1983, 7.9 X 3.4 m; 1984, 3.2 X 7 m). A 0-10-10
fertilizer was applied prior to planting at a rate of 1100
kg/ha.Because

several ‘vegetab1e crops Zhad. shown, relatively
· little response to N fertilizer at the Horticulture Research

Farm, (20) low N rates of 0, 30, 60 and 90 kg/ha were used

in 1983. However, N rates were doubled in 1984 because head
size had not leveled off at the highest N rate in 1983.

Calcium nitrate was used as the N source and was applied
just after planting. The additional N in 1984 was applied
as a sidedressing one month after planting. In 1983 there

were 4 replications, and in 1984 3 replications were used.
Soil samples were taken in mid-September in order to

monitor· soil. nitrate levels. Samples ·were ·taken. randomly

from 5 different points in each plot and mixed to form a

composite sample. Samples were taken at 2 depths: 0-7.5 cm
and 7.5-15 cm. Soil nitrate levels were determined using the
copper sulfate extractable method and a rdtrate electrode

(5)-
Just prior to heading in both crops, tissue samples

were taken by removing two recently matured leaves from ev-
ery other harvested plant in each plot. These samples were
dried at 70 °C and ground using a cyclone mill. A sub-sam-
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ple from each dried and ground sample was then tested for
‘ nitrogen content using the Kjeldahl method (23).

Soil temperature and moisture readings were taken at _

three separate times during the growing season. Soil mois-

~ ture of the top 10 cm was determined gravimetrically (12).

’Soi1 temperature at a depth of 10 cm was determined with a

two point thermograph.
1

Broccoli was harvested weekly, and cabbage was harvest-

ed every 2 weeks. Heads were allowed to attain maximum

marketable size before harvesting. Since multiple harvests
_ were used eventually all plants were harvested, with the ex-

1
ception of an occasional damaged plant. Broccoli heads mea-

sured 23 to 30 cm in length at harvest. All leaves were re-

moved for broccoli and outer leaves were removed for

cabbage.

__________________.............................................-.------e



RESULTS AND DISCUSSION

Since there were no interactions among treatments, only main
effects will be discussed.

YIELDS. Austrian winter pea produced the largest am-
~ ount of above ground dry matter but was not significantly

different from hairy vetch (Table 1). Austrian winter pea
had the highest tissue N levels in both years, although in

1983 it was not significantly different from hairy vetch.

Rye was consistently lower in tissue N than either of the

ilegumes. Austrian winter pea produced larger amounts of or-

ganic N per ha than did hairy vetch or rye. Hairy vetch was
next, and rye was last with 64-79% less organic N produced
than either of the legume covers.

Head number and yield per ha were not affected by til-

lage system in any year with either crop (Tables 2-5). How-

ever, larger head size was recorded in the 1983 broccoli and
”

1984 cabbage crops grown under NT. Similar increases in

head size occured for the 1983 cabbage and 1984 broccoli but

they were not significant. These results are consistent

with some previous reports (1, 13, 18, 22), but other re-
searchers have found decreased yields using NT, particularly

with early plantings (14, 19).

18



· 6 . 1é Y

Table l. Dry matter yield and N content of cover crops.

Yield of ‘
Year Cover cropz cover crop % N N(;°;ä;?t

_ (MT/ha) ·g

1983 Rye 2.9by 1.62b 47c
AWP 4.8a 3.4la 163a
HV 3.8ab 3.36a 129b

i
1984 Rye 2.3b l.l3c 26c

AWP 3.8a 3.29a 125a
HV 3.4a 2.94b l00b

ZAWP = Austrian winter pea; HV = hairy vetch.

yMean separation within columns by Duncan's multiple
· _ range test, 5% level.
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Table 2. Influence of tillage systems, cover crops,
and N rates on head number, yield, and head size
of cabbage, 1983.2

Head no. Yield Head sizeT”‘*a'°‘“e“t (100 o/ha) (MT/ha) (kg/head)
Tillage system ‘ °

No—tillage 32.2aY 28.0a .87a
Conv.-tillage 34.6a 28.6a .78a

Cover cropsx
Rye 3l.6a 24.4a .77a
AWP 35.2a 3l.0a .88a
HV 34.0a 27.4a .80a

N rate (kg/ha)
0 32.8 26.2 .80

30 34.6 28.6 .83
60 33.4 29.2 .88
90 33.4 34.0 1.02

Significancew
Linear NS NS *
Quadratic NS NS NS
Cubic NS NS NS

zThere were no interactions among treatments.

yMean separation within columns for each main effect
by Duncan's multiple range test, 5% level.

XAWP = Austrian winter pea; HV = hairy vetch.

wSignificant at 5% (*), 1% (**), or non-significant
(NS).
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Table .3. Influence of tillage systems, cover crops, ·
and N rates on head number, yield, and head size
of broccoli, 1983.2

Head no. Yield Head sizeTteetmeet (1000/ha) 1 (MT/ha) (kg/head)
- Tillage system

No-tillage 39.3ay 14.9a .37a-
Conv.—tillage 41.la · 13.la ‘.32b °Cover cropsx ·
Rye 40.5a 13.7a .34a
AWP 38.la 13.7a .36a
HV 42.3a 14.9a .36a

N rate (kg/ha)
0 39.3 14.9 .36

30 39.9 13.7 .35
60 41.1 16.1 .39
90 40.5 15.5 - .38

Significancew
Linear NS NS NS
Quadratic NS NS NS
Cubic NS NS *

ZThere were no interactions among treatments.

yMean separation within columns for each main effect
by Duncan's multiple range test, 5% level.

XAWP = Austrian winter pea; HV = hairy vetch. -

wSignificant at 5% (*), 1% (**), or non-significant(NS) .
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°Tab1e 4. Influence of tillage systems, cover crops,
and N rates on head number, yield, and head size
of cabbage, 1984.2

H _ Head no. „Yie1d Head sizeTteetmeet (1000/ha) (MT/ha) (kg/head)
Tillage system

· No-tillage 36.2ay 45.2a 1.25a‘ Conv.—ti11age 35.6a 41.6a 1.17b

Cover cropsx 2
Rye 35.6a 39.2b 1.10b
AWP 32.0a 43.4ab 1.30a
HV 38.6a 47.6a 1.22ab

N rate (kg/ha) .
0 34.4 36.8 1.07

60 35.6 42.2 1.19
120 35.6 45.2 1.27
180 38.0 50.1 1.32

Significancew
Linear NS NS **
Quadratic NS NS NS
Cubic NS NS NS

zThere were no interactions among treatments.

yMean separation within columns for each main effect
by Duncan's multiple range test, 5% level.

XAWP = Austrian winter pea; HV = hairy vetch.

wsignificant at 5% (*), 1% (**), or non—significant
(Ms) .
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Table 5 . Influence of tillage systems, cover crops,
and N rates on head number, yield, and head size
of broccoli, 1984.2

Head no. Yield Head size. Treatment (1000/ha) (M1-/ha) (kg/head)
Tillage system

No-tillage 31.4ay 10.9a .35a
Conv.-tillage 32.6a 10.9a‘ .30a

Cover cropsx
Rye 30.8a 9.lb .30b
AWP 32.0a 11.5a .36a
HV 32.6a 12.1a .37a

N rate (kg/ha)
0 31.4 8.4 .27

60 32.0 10.3 .32
120 31.4 11.5 .36
180 32.6 13.9 .43

Significancew
Linear NS ** **
Quadratic NS NS NS
Cubic NS NS *

zThere were no interactions among treatments.

yMean separation within columns for each main effect
by Duncan's multiple range test, 5% level.

XAWP = Austrian winter pea; HV = hairy vetch.

wSignificant at 5% (*), 1% (**), or non-significant
(NS).
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Hairy vetch and Austrian winter pea, when compared to
rye, were effective in increasing yields and head size (Ta-

bles 2-5). Differences were significant only in 1984. In-

creased yield and head size in legume plots possibly can be

explained in part by the higher N content of the legumes be-
~ coming available to the plants after mineralization of the _

cover crops. It appears that other growth factors could be

responsible for some of the improved head sizes because the

values did not level off even at the highest N rate (Fig.

1).

Head number was not affected by N treatment, but yield

was highest with the highest rate of applied N. Head size

also increased as the applied.bJ was increased. This was

significant in all cases except for the 1983 broccoli. The

differences in yields and head size due to legume covers and

_ applied N could be expected to increase with sandier soils

(10). Even with 180 kg/ha of applied N the yield increase

over the control treatment was not more than 56%.

TISSUE N and SOIL NITRATES. Tillage system had no ef-

fect on broccoli or cabbage tissue N levels. (Table 6).

However, cover crops did have an effect with higher values

. found for hairy vetch and Austrian winter pea. It appears

that N in the legumes was made available through mineraliza-

tion and taken up by the crop plants, allowing for increased
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Figure 1. Head size of cabbage and broccoli as

influenced by N rate and cover crop, 1984.
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Table 6 . Effect of tillage systems, cover crops,
and N rates on broccoli and cabbage leaf N
content, 1983 and 1984.2

Tissue N (%)
Treatment Cabbage Broccoli

1983 1984 1983 1984

”Ti11age system
No-tillage 3.0laY 2.96a 3.47a 3.30a
Conv.-tillage 3.08a 2.88a 3.43a 3.48a

Cover cropsx ·
Rye 2.94b 2.67b 3.36b 3.04b
AWP 3.06a 3.09a 3.46ab 3.63a
HV 3.13a 3.00a 3.54a 3.5la

N rate (kg/ha) -
1983 1984

0 0‘ 2.89 2.40 3.28 2.75
30 60 2.95 2.82 3.36 3.05
60 120 3.07 3.09 3.51 3.74
90 180 3.25 3.37 3.64 4.02

Significancew
** ** ** **

Quadratic NS NS NS NS
. Cubic NS NS NS NS

zThere were no interactions among treatments.

yMean separation within columns for each main
effect by Duncan's multiple range test, 5% level.

XAWP = Austrian winter pea; HV = hairy vetch.

wsignificant at 5% (*), 1% (**), or non-significant
(NS) .
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tissue N when compared to rye. Similar results were ob-

tained in a study by Ebelhar gt al. for field corn (11).
·

Tillage system had a pronounced effect on soil nitrate

levels (Table 7). Possibly decreased total mineralization of

organic matter, higher surface microbial activity and in-

creased leaching in NT soils allowed for the lower nitrate

levels under NT plots (8). The tendency for NT soils to be

lower. in nitrates corresponds with, previous observations

(25, 26). In 1983 soil nitrates in CT plots were more than

double those found in NT plots. In 1984 the same trend was

observed, but it was not significant.

Soil nitrate levels and applied IJ rates were poorly

correlated for both sampling depths and years (R2 value of
.025 in 1983 and .16 in 1984), indicating that either the

applied N had been utilized by the crop and/or lost from the
I _ soil sampling zone by harvest time. iMuch higher soil ni-

trates were found for the highest N rate in 1984 than for

any other treatment. This is probably due to the calcium

nitrate sidedressing applied 6 weeks prior to soil sampling.

There were no significant differences in soil nitrate

levels among cover crop plots. In 1983 hairy vetch tended

to give the highest values for soil nitrate content in the

0-7.5 cm depth and in 1984 hairy vetch and Austrian winter
4

°

pea tended to produce higher soil nitrate levels at both



‘ 28

Table 7. Effect of tillage systems, cover crops,
and N rate on soil nitrate content, 1983 and M
1984.2

Soil nitrate
Treatment 0 — 7.5 cm 7.5 - 15 cm

1983 1984 1983 1984

Tillage system (ppm) M

No—ti11age 9.7bY 17.5a 8.2b 13.2a
Conv.-tillage 24.9a 19.5a 18.9a 22.5a

Cover cropsx
Rye 17.0a 15.5a 15.1a 16.la
AWP 14.6a 21.2a 10.9a 18.9a
HV 20.5a 18.9a 14.6a 18.6a

_ N rate (kg/ha)
V

_
1983 1984 ‘

0 0 17.2 9.0 12.1 10.9
30 60 18.6 13.1 14.7 11.3
60 120 13.5 15.1 11.1 14.3
90 180 20.0 36.8 16.2 35.0

Significancew
l

Linear NS ** NS **
Quadratic NS NS NS NS
Cubic NS NS NS NS

zThere were no interactions among treatments.
l

U
yMean separation within columns for each main
effect by Duncan's multiple range test, 5% level.

XAWP = Austrian winter pea; HV = hairy vetch. »

wSignificant at 5% (*), 1% (**), or non-significant
~ ms) .

i 1
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depths. Although there was no interaction between cover

crops and applied N, the data indicate that some nitrogen

was supplied to the soil system. Because of the higher N

content of hairy vetch and Austrian winter pea, greater soil

nitrate levels could be expected in the legume plots through

mineralization. Two main reasons probably account for the

nonesignificant differences in soil nitrates among cover

crops. First, there was more N taken up by the crop plants

grown in the legumes, as indicated by the higher tissue
N.

levels found in these plants (Table 6). Second, because of

the higher amounts of organic matter found in the legumes

(Table l), there was probably more immobilization of N by

the soil microbes (8).

When the nutrient supplying capacity of a soil is below

the critical nutrient concentration range, a high correla—

_ tion would be expected between tissue nutrient concentration
l

and the applied nutrient (9, 24). Since in our case the R2

values only ranged between .23 and .59, apparently the soils

used in these experiments have a relatively high capacity to

supply plant available N. Associated data further indicate

that the soils used had a high N supplying power. First,

there were no yield interactions between cover crops and ap-
”

plied N for broccoli and cabbage either year. Second, the

yield responses to applied IJ were relatively low (Tables
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2-5). Third, the leaf tissue N content of the control

plants receiving no applied N were 2.40 to 3.38% (Table 6),

which is considered to be in the lower level of the suffi-

ciency range (7). Kovach (20) found similar tissue N res-

ponses to applied N for tomatoes grown at the same research
A

farm. Prior to fertilizing, the soil nitrate levels ranged

from 8 to 16 ppm, which is considered to be relatively low

for these soils (6). The soil nitrate levels for the con-

trol plots at sampling time (10 weeks after planting) were

equal to or greater than those at planting (data not shown).

It appears, therefore, that these soils had a high capacity

to replenish the plant available nitrate pool during the

growing season.

SOIL MOISTURE. Soil moisture was greater for NT than

for CT in both years (Table 8). Moisture content was in-

creased from 14.5% for CT soils to 17.9% for NT soils. Con-

sidering that this increase in soil moisture was within the

available range, this difference in soil moisture content

would represent a relatively large improvement in available

soil moisture in NT plots (20). Researchers have consis-

tently found greater moisture conservation with NT, and it .

is now commonly accepted that NT soils generally have great-

er moisture levels (2, 3, 4, 16, 17). This can prove to be

very important, particularly to growers with limited irriga-

tion potential.
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Table E3. Effect of tillage systems on soil moisture and
soil temperature averaged over 3 sampling dates.

Year Tillage Soil Soil
system moisture (%) temperature (GC)

1983 No-tillage l6.8a 17.lb
Conv.—tillage l3.9b l7.5a

1984 No—tillage l9.0a 16.8b
Conv.-tillage 15.0b 17.3a

ZMean separation within columns by Duncan's multiple
range test, 5% level.
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SOIL TEMPERATURE. Although NT plots had significantly
e

lower temperatures than CT plots, the difference was only

0.45 °C averaged over both years and sampling dates (Table

8). This small temperature difference probably had little

or no effect on plant growth because the soil temperature in
•

these experiments were all considered to be in the optimum

range (21).

One of the drawbacks to NT crop production is the de-

creased germination and/or plant growth observed when early

spring plantings are used.· In this study of fall production

of broccoli and cabbage, NT would be economically beneficial .

for growers because of the higher soil moisture and reduced

erosion. If a legume is used as the cover crop, the added

benefit of some nitrogen being added to the soil system with

possible yield increases above those using a cereal cover

could be expected.
”
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Table 9 . Influence of cover crops, tillage systems,
and N rates on head number, yield, and head size of
cabbage, 1983.

Cover Tillage N rate (kg/ha)
cropsz systems 0 30 60 90 Avg

Head no. (1000/ha)
Rye No-tillage 30.4 26.2 33.4 29.8 29.8

Conv.-tillage 34.0 32.8 32.2 35.2 33.4
AWP No-tillage 33.4 37.0 30.4 34.0 34.0

Conv.-tillage 32.8 34.6 33.4 39.9 35.2
HV No-tillage 28.0 39.9 35.2 29.8 33.4

Conv.-tillage 37.0 35.2 37.6 33.4 35.8
Avg 32.8 34.6 33.4 34.0

Yield (MT/ha)
Rye No-tillage 22.7 22.1 31.6 26.2 25.6

Conv.-tillage 26.2 28.0 26.9 28.0 27.4
AWP No-tillage 32.2 34.0 31.6 38.1 34.0

Conv.-tillage 22.1 26.2 31.6 48.3 32.2
HV No-tillage 24.4 31.6 25.6 39.3 30.4

Conv.-tillage 31.0 28.6 28.6 25.0 28.6
Avg 26.2 28.6 29.2 34.0

H Head size (kg/head)
Rye No-tillage .68 .86 .87 .85 .82

Conv.-tillage .69 .77 .80 .74 .75
AWP No-tillage .88 .84 .85 1.06 .91

Conv.-tillage .65 .69 .84 1.07 .81
HV No-tillage .79 .74 .80 1.19 .88

Conv.-tillage .80 .76 .69 .71 .83
Avg .75 .78 .81 .94

= Austrian winter pea; HV = hairy vetch.
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”Table10. Influence of cover crops, tillage systems,
and N rates on head number, yield, and head size of

4 broccoli, 1983. ·

Cover Tillage N rate (kg/ha)
cropsz systems 0 30 60 90 Avg

Head no. (1000/ha)
Rye No-tillage 37.5 38.7 41.1 44.1 40.5

· Conv.—ti11age 41.1 39.9 39.3 43.5 41.1
AWP No-tillage 39.3 32.8 43.5 34.6 37.5

Conv.-tillage 35.8 42.3 35.2 39.9 38.1
HV No—ti11age 37.0 44.1 43.5 38.1 40.5

Conv.-tillage 44.1 43.5 44.1 43.5 44.1
Avg 39.3 39.9 41.1 40.5

Yield (MT/ha)
Rye No—ti11age 16.7 14.3 16.1 17.3 16.1

Conv.-tillage 11.9 13.7 13.7 15.5 13.7
AWP No—ti11age 2 15.5 12.5 19.7 15.5 16.1

Conv.—ti11age 14.3 13.7 13.1 12.5 13.7
HV No—ti11age 14.9 13.7 17.3 16.7 15.5

Conv.—ti11age 15.5 14.9 17.3 15.5 16.1
Avg 14.9 13.7 16.1 15.5

Head size (kg/head)
Rye No—ti11age .42 .35 .36 .36 .37

Conv.-tillage .26 .32 .33 .33 .31
AWP No—ti11age .36 .36 .41 .41 .39

Conv.-tillage .35 .31 .35 .29 .32
HV No-tillage .37 .30 .38 .41 .36

Conv.-tillage .32 .32 .36 .33 .33
Avg .35_ .32 .37 .36

ZAWP = Austrian winter pea; HV = hairy vetch.
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Table 11. Influence of cover crops, tillage systems,
and N rates on head number, yield, and head size of
cabbage, 1984.

Cover Tillage N rate (kg/ha)
cropsz systems 0 60 120 180 Avg

. Head no. (1000/ha)
Rye No-tillage 34.4 34.4 39.2 37.4 36.2

Conv.-tillage 34.4 33.2 35.6 35.6 35.0
AWP No-tillage 31.4 38.6 37.4 35.0 35.6

Conv.—ti1lage 37.4 29.6 24.1 33.2 31.4
HV No-tillage 34.4 35.6 35.6 41.0 36.8

Conv.-tillage 35.0 42.2 40.4 44.6 40.4
Avg 34.4 35.6 35.6 38.0

Y, Yield (MT/ha)
Rye No-tillage _ 33.8 41.0 52.5 51.9 44.6

Conv.-ti11age• 29.5 38.6 45.2 46.4 39.8
AWP No-tillage 42.2 53.7 59.7 53.7 52.5

Conv.-tillage 48.2 41.0 29.6 47.0 41.6
HV No-tillage 44.0 46.4 49.5 59.7 50.0 ‘

Conv.—til1age 40.4 51.3 54.3 63.3 52.5
. Avg 39.8 45.2 48.2 53.7

Head size (kg/head)
Rye No-tillage .91 1.14 1.23 1.27 1.14

Conv.—ti11age .82 1.09 1.18 1.18 1.09
AWP ‘ No-tillage 1.27 1.32 1.46 1.41 1.36

Conv.-tillage 1.27 1.27 1.18 1.32 1.23
HV No-tillage 1.18 1.23 1.27 1.32 1.27

Conv.—ti11age 1.09 1.14 1.23 1.32 1.18
Avg 1.07 1.19 1.26 1.31

ZAWP - Austrian winter pea; HV = hairy vetch.



40 .

Table 12. Influence of cover crops, tillage systems,
and N rates on head number, yield, and head size of
broccoli, 1984.

Cover Tillage N rate (kg/ha)
cropsz systems 0 60 120 180 Avg

Head no. (1000/ha)
Rye No-tillage 31.4 27.7 34.4 27.1 30.2

Conv.—ti1lage 27.1 32.6 32.6 35.0 32.0
AWP No-tillage 29.6 32.6 29.6 35.0 32.0

Conv.—til1age 34.4 33.2 27.7 33.2 32.0
HV No-tillage 32.6 31.4 31.4 ~31.4 32.0

Conv.—ti1lage 32.6 35.0 34.4 35.0 34.4
Avg 31.4 32.0 32.0 32.6

Yield (MT/ha)
Rye No-tillage 7.2 7.8 12.1 10.9. 9.7 .

Conv.·ti1lage 6.6 9.7 10.3 13.9 10.3
AWP No-tillage 9.7 12.7 11.5 16.9 12.7

Conv.—tillage 9.1 12.7 10.9 15.7 12.1
HV No-tillage 10.3 11.5 13.9 16.3 13.3

Conv.-tillage 10.3 12.7 15.1 16.3 13.9
· Avg 9.1 10.9 12.1 15.1

Head size (kg/head)
Rye No-tillage .22 .25 .34 .37 .30

Conv.-tillage .23 .28 .30 .36 .30
AWP No—ti11age .30 .37 .36 .46 .37

Conv.—til1age ..26 .35 .36 .44 .35
HV No-tillage .30 .34 .40 .48 .38

Conv.-tillage .29 .34 .41 .44 .37
Avg .27 .32 .36 .42

ZAWP = Austrian winter pea; HV = hairy vetch.
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Table 13. Influence of cover crops, tillage systems, and
N rates on soil nitrate levels, 1983.

Cover Tillage N rate
cropsz systems 0 30 60 90 Avg ‘

_ 0-7.5 cm (ppm)
Rye No-tillage 10.0 7.1 6.0 8.1 7.8

Conv.-tillage 32.1 25.8 _21.0 25.5 26.1
AWP No-tillage 10.1 5.2 4.4 4.4 6.0

Conv.-tillage 29.5 10.9 14.5 37.3 23.1
HV No-tillage _ 6.2 18.5 21.8 15.0 15.4

Conv.-tillage 15.1 44.0 13.2 30.1 23.3
Avg 17.2 18.6 13.5 20.0

7.5-15 cm (ppm)
Rye No-tillage 7.0 7.3 6.9 7.5 7.2

- Conv.-tillage 20.2 23.7 14.4 33.8 23.0
AWP No-tillage 10.2 7.4 2.9 6.7 6.8

Conv.-tillage 16.8 9.9 11.5 21.7 15.0
HV No-tillage · _9.1 9.4 10.0 13.4 10.5

Conv.-tillage 9.5 30.5 20.8 14.0 18.7
Avg 12.1 14.7 11.1 16.2

ZAWP = Austrian winter pea; HV = hairy vetch.

I- —
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Table 14. Influence of cover crops, tillage systems, and
N rates on soil nitrate levels, 1984.

Cover Tillage N rate
cropsz ‘ systems 0 Go 120 180 Avg

· 0-7 cm (ppm) ‘

Rye No-tillage 6.2 9.9 9.4 56.6 · 20.5
Conv.-tillage 5.7 18.3 16.2 47.1 21.8

AWP No-tillage 5.6 8.3 14.2 15.4 10.8
Conv.-tillage 9.0 10.1 11.9 49.1 20.0

HV No-tillage 10.4 21.7 26.7 25.5 21.0
Conv.-tillage 17.0 10.8 12.1 26.9 16.7

Avg 9.0 13.1 15.1 36.8

7.5-15 cm (ppm)
Rye No-tillage 4.8 6.2 6.3 28.4 11.4

Conv.-tillage 6.8 11.2 23.6 41.4 20.7
AWP No-tillage 4.4 4.2 11.0 9.0 7.2

Conv.-tillage 20.8 14.4 18.8 68.6 30.6
HV No-tillage 10.8 17.2 17.9 38.9 21.2

Conv.-tillage 20.3 12.0 8.4 23.5 16.1
Avg 10.9 11.3 14.3 35.0

ZAWP = Austrian winter pea; HV = hairy vetch.
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Table 15 . Monthly and annual precipitation,
Blacksburg (inches).

1983 1984 Normal g

Jan. 2.09 2.64 2.95
n Feb. 2.53 4.79 2.94

Mar. 6.77 4.37 3.91 .
Apr. 5.26 4.96 3.55
May 3.96 5.98 3.62
June 14.81 1.45 3.61

‘
1

July 2.07 4.82 3.65
Aug. 1.84 4.42 3.53
Sept. 2.12 1.04 3.48
Oct. 6.03 3.69 3.14
Nov. 3.12 2.00 2.68
Dec. 4.80 1.78 2.92

Total 55.40 41.95 39.98
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The Use of Legume Cover Crops in No-tillage

Broccoli and Cabbage Production „

by
David L. Seward

Chairman Dr. R. D. Morse, Dept. of Horticulture

(ABSTRACT)Field

experiments were conducted in 1983 and 1984 to

compare conventional tillage (CT) versus no-tillage (NT)

production of broccoli and cabbage. The tillage treatments
l

were applied in combination with four rates of applied ni-

trogen fertilizer and three cover crops: hairy vetch (yigia
villosa Roth), Austrian winter pea (ggggm arvenu L.), and

cereal rye (Secale cereale L.). Transplants of 'Premium

Crop' broccoli (Brassica oleracea var. italica Plenck) and

'Market Prize' cabbage (Brassica oleracea var. capitata L.)

were set with a locally adapted NT vegetable planter. None

of the variables studied affected the final plant stand.
l
Yield and head size with NT were equal to or greater than

CT. Soil moisture was higher under NT plots throughout the

growing season. Yield and head size with the two legume

covers were equal to or greater than those with the rye cov-

er. Yield and head size tended to increase as applied N was

increased, although differences were not always significant.

' The data, although not conclusive, indicate that the legume

cover crops provided additional nitrogen for the cole crops.


