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Edwards, L.M. and Hergert, G.B. 1990. Establishing winter rye as a
cover crop after potatoes. Can. Agric. Eng. 32: 183-187. Innovative
methods of establishing a cereal cover crop after potato harvest were
investigated, and included the use of pre-germinated seed. Although
in preliminary, agronomic experiments pre-germinated seed showed
superior cover performance to untreated seed by 50 to 180%, this
advantagewas not realized in machine seeded trials due, likely, to seed
damage during handling or seeding. The most practical and effective
seedingmethodtested was that of diggingpotatoes and simultaneously
sowing the untreated seed. This method required the mounting of a
seedboxdirectlyon a commercialharvesteror windrowerin an attempt
to facilitate cover crop establishment while minimizing field opera
tions in late fall - a period when most farmers are very busy.
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INTRODUCTION

The establishment of winter cover crops following potato
harvest in Prince Edward Island (P.E.I.), Canada, is con
strainedby the late harvesting of the potato crop. By the time
the bulk of the crop is dug in mid- to late-October, it is too late
to establish a cover crop using conventional methods.

A winter cover is desirable to minimize erosion during late
fall, winter, and early spring (the cool season) to temper the
soil physical degradationthat follows the potato crop(Edwards
1988), the weakening effects (on soil aggregates) of freeze-thaw
cycles (Edwards and Burney 1988), or the erosive influence of
rain or snowmelt typical of the cool season in P.E.I.

Recent work by Edwards and Burney (1987) shows that
although freeze-thaw cycling caused increased runoff volume
and sediment loss from the bare surface of three P.E.I. soils,
there was no effect on these soils once a cover crop was
established.

Potato harvest is a period of intense activity for most grow
ers. Few farmers have the time or resources to add an additional
operation such as cover-crop seeding to their schedules.

Traditionally and practically, broadcast seeding is the sim
plest form of seeding and has been the focus of much research
aimed at enhancing its merit (Barnett and Comeau 1980).
P.E.I. farmers have, however, traditionally used drill-seeding
in anattempt to maximize cover crop establishment despite the
relatively high-input requirement of this procedure. Among
theagronomicsystems being investigated at the Charlottetown
Research Station to establish winter cover, is the use of pre-
germinated seed to hasten establishmentof winter rye - a crop
observedat this Station to be the most suitable among several
winter cover crops (particularly winter cereals) tested for ad
aptation to late-fall seeding. Traditionally, research on
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pre-germinated seed has related mostly to horticultural crops
(Bussell 1980; Fellows and Wurr 1983; Gray et al. 1984) and,
in a minor way, to forages (Hauser 1986; Hayes and Williams
1986). The common result of these efforts was early crop
establishment from spring planting with the use of a fluid gel
to protect the pre-germinated seed from damage or injury at
planting. In this system, the crops are planted under conditions
of increasing warmth and improving light - favouring growth;
while present winter-cover investigations, of which this study
is a part, seek to assess the effect of pre-germination of winter
rye seed in the fall under progressively less favourable growth
conditions.

In early agronomic tests at the Charlottetown Research
Station a form of pre-germination was exploited by broadcast
ing untreated winter rye into a standing potato crop three to
four days before digging, but after top-killing, to achieve
ground-cover establishment while minimizing field opera
tions.

The agronomic portion of the present investigation, sepa
rately reported (Edwards and Hergert 1990), showed that
pre-germinating could significantly enhance cover established
with winter rye under fall conditions in P.E.I. In a pot experi
ment under controlled-environment conditions, pre-germinated
seed with or without mulch gave a significant 19 to 22% better
performance than untreated seed in top growth; and in a hand-
planted, small-plot experiment this performance advantage
was 56 to 58%. Mulching showed no significant advantage in
these agronomic studies where it was effected for protection of
the seed or for enhancement of the seedbed environment.

The objective of the present study was to investigate some
means of facilitating or hastening late-fall establishment of a
winter cover crop to follow potatoes using a simplified, low-
input seeding procedure with or without pre-germinated seed.

MATERIALS AND METHODS

This study included exploratory field observations and field
experiments. The observations were designed to judge the
relative merits of four methods of sowing untreated seed of
winter rye and winter wheat; and to judge the performance of
three machines in sowing pre-germinated rye seed with a
carriermedium ('liquid' gel, or cellulose mulch or peat moss
as a paste). The experiments were designed to test the tech
nical feasibility of simultaneously sowing winter rye seed
(pre-germinated or untreated) and harvesting potatoes using
a modified potato digger.

The pre-germinated seed used in this study was prepared in
a germination cabinet operated at 21°C for 24 h. Optimum
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output was achieved at 80% radicle emergence.
The mulch used was a commercially available cellulose

material (Fibra-mulch from Parklane Distributors Inc., F.
Kenbar Drive, Weston, ON, M9L 1M9). The gel used was
also a commercially available material (Liquid-gel, Miller
Chemicals and Fertilizer Corporation, P.O. Box 333, PA,
U.S.A. 17331).

Exploratory field observations of machine seeding

Sowing winter rye or wheat using untreated seed. Field plots
(1 m x 10 m) were laid out on a sandy loam (in quadruplicate)
and sown with untreated seed to winter rye or winter wheat by
four seeding methods: pre-dig seeding (broadcasting rye seeds
before digging potatoes), dig-and-seed (simultaneous digging
potatoes and seeding rye), post-dig seeding (broadcasting rye
after digging potatoes), and post-dig-harrow (post-dig broad
casting of rye with subsequent harrowing).

Post-dig-harrow was considered the standard for compari
son of seeding methods, because it was standard broadcasting
practice for establishing forage cover in P.E.I. and stood a
good chance ofvoluntary farmer adoption for cereal cover crops.

Cover performance was visually assessed by ranking from
1 to 5 in progressive order.

Sowing winter rye using seed with carrier media. Pre-germi
nated seed was prepared and sown in field plots as follows:

(i) Fibra-mulch as a carrier medium in batches of a mixture
of 1500 g Fibra-mulch, 7.5 L water, and 300 g seed

broadcast by a liquid manure spreader.
(ii) (a) A mixture of peatmoss, vermiculite, sand, and fertil

izer together with pre-germinated seed and (b) a
Fibra-mulch mixture, both prepared in batches as in
"(i)" and broadcast using a Plug Mix planter developed
by the Engineering and Statistical Research Centre of
Agriculture Canada in Ottawa;

(iii) A single-row planter (model K1G9) developed by Kevin
G. Skipper Farm Supply Ltd., R.R. #6, Merlin, On
tario, NOP 1WO; and modified for this study to be
attached to a 2 m wide tool bar and used to dispense
pre-germinated seeds of rye suspended in Liquid-gel.

Field experiment

Experimental design and parameters. This field experiment
was laid out on a fine sandy loam for two seeding dates,
September 22 and October 7, as four replicates of a random
ized complete block inafactorial combination comprising two
seed states (i) untreated seed of winter rye and (ii) pre-germi
nated seed of winter rye (without fibre mulch); and four seeding
procedures as in the exploratory observations ofmachine seeding
(of untreated seed) previously described (i) pre-dig seeding, (ii)
dig-and-seed, (iii) post-dig-seeding and (iv) post-dig-harrow.
All treatments were machine seeded on the same day for each
seeding date on 3 m x 10 m plots. The post-dig-harrow was
introduced in the October seeding.

Measured performance parameters (to evaluate cover per-

Fig. 1. A plot sized potato digger with a seeding attachment for placing seed before, during or after the harvest procedure
showing:

A digger frame
B digger chain
C endless rubber belt for placement of seed
D wind protection for seeds
E an adjustable chute leading to the area where soil is eliminated from the digging chain
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1. Potato Harvester ( or Windrower )

2. Seed Box

Fig. 2. A concept drawing showing a seed box mounted on a potato harvester for seeding integral with the harvest
operation.

formance) were: fall plant count taken in situ at random at
freeze-up; and spring plant count, leaf area, shoot dry mass,
and root dry mass taken at random from five 1 m2-quadrat
harvests of whole plants. Quantitative details of spring count
were not presented because of their overall similarity to those
of fall count in the treatment comparisons studied.

Equipment. A belt seed dispenser was designed (Fig 1.) and
built (for this study) to be installed on a small-plot potato

digger. It consisted of a flat belt (C) mounted above the potato
digger (from A) powered by a ground drive wheel. Appropri
ate gearing ensured the belt speed necessary for uniform
distribution of seed (placed on the belt). Wind protection was
provided using slotted flexible plastic tops (D). An adjustable
chute (E) directed seed to the appropriate area on the potato
digger chain (B) where seed was mixed with the last 5 cm of
soil falling through the chain to form a seedbed. The dispenser
was designed to simulate the use of a seed box mounted on a

commercial harvester or windrower

(Fig. 2). The actual field equipment is
shown in Fig. 3.

w,*- Field procedure. Seeding-procedure
treatments were effected as follows:

Pre-dig seeding: by operating the
dispenser pre-harvest with the potato
digger in a raised position over the po
tato hills, the seed was spread over the
crop to simulate farm-scale broadcast
ing prior to digging the potatoes;
dig-and-seed: by operating the dis
penser during harvest, the seed was
mixed with the soil as it fell through the
digging chain, similar to mounting a
seed box directly on a commercial po
tato harvester or windrower; post-dig
seeding: by operating the dispenser
post-harvest with the potato digger
raised, seed was spread over the har
vested area to simulate farm-scale
broadcasting after digging the pota
toes; post-dig-harrow: by operating the
dispenser post-harvest with the digger
in a raised position, seed was spreadFig.3. Small (plot) potato digger with mounted seed dispenser used to test

the feasibility of digging potatoes and seeding winterrye simultaneously.
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over the harvested area then hand-raked to simulate farm-scale

broadcasting (after harvest) and harrowing (or other light cul
tivation).

RESULTS AND DISCUSSION

Exploratory field observations of machine seeding

Sowing winter rye or wheat using untreatedseed. Winter rye
cover was estimated to be 46% higher than that of winter
wheat - averaged over all seeding methods (Fig. 4) - thus
confirming previous trends observed for winter cereals in
P.E.I.

The considered standard, post-dig-harrow, was an estimated
31% <pre-dig, <40% dig-and-seed, and 52% > post-dig in
cover performance averaged over both rye and wheat. The
dig-and-seed method seemed, therefore, to have the greatest
merit; and not only did it outperform the standard method,
post-dig-harrow, (by 66%) in this study but, in practice, it
could afford economy of operation as it involved only a single
field pass (for simultaneous seeding-harvesting) compared to
two passes, at least, for any other seeding method studied.

Sowing winter rye using pre-germinated seed with carrier
media. The manure spreader using Fibra-mulch carrier was
found to be limited in its usefulness for plot work because of
its relatively great width of broadcast, and the crudeness of its
calibration mechanisms. Seeding rate was difficult to control
and uniformity of spread was unattainable.

There was extreme difficulty in maintaining a uniform mix
of seed and carrier media in both the Plug Mix planter and the
Skipper planter. This consideration, together with the time
required for the preparation of seeding mixtures and the cost
of gel and mulch material, made the prospect of farmer adop
tion of either of the above procedures unlikely, particularly as
the farming calendar of potato producers in P.E.I. leaves very
little time for extra operations.

Field experiment

Seeding method had a significant effect on the cover perfor
mance of rye on both seeding dates. For the September
seeding, dig-and-seed was consistently superior to pre-dig,
and pre-dig was superior to post-dig over all performance
parameters of rye. The superiority of dig-and-seed over pre-
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Fig. 4. Visual assessment (progressive from 1 to 5) of the
effect of seeding method on cover performance
using natural seed of winter wheat and winter rye
averaged over two years.
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dig ranged from 40% in fall plant count to almost 2-fold in root
dry mass (Fig. 5).

Differences in cover performances were less significantly
pronounced for the October seeding than for the September
seeding. Post-dig-harrow was as good as dig-and-seed over all
performance parameters; and pre-dig was not significantly
different from post-dig - although the average values of all
parameters for the dig-and-seed treatment were consistently
higher than the corresponding values for the post-dig-harrow
treatment; and, similarly, pre-dig values were higher than
post-dig values (except for shoot dry mass). However, dig-
and-seed (like post-dig-harrow) was significantly superior to
pre-dig (like post-dig) over all performance parameters by
2-fold for fall and spring plant count, and by about 6-fold for
both leaf area and shoot dry mass (Fig. 5).

Under these conditions untreated seed gave better cover
performance than pre-germinated seed by 50% in plant count
and 2-fold in dry mass of tops (data not shown). This order of
cover performance is the reverse of that shown in hand-planted
experiments (Edwards and Hergert 1990).

OVERALL PERSPECTIVE AND CONCLUSION

The simultaneous dig-and-seed method clearly has more prac
tical potential for farmer adoption than any other seeding
method examined in this study for establishing winter rye
cover; not only on the basis of quantitative cover performance
but on the basis of economy of field operations as well. This
approach for establishing winter rye after potatoes could have
a much needed impact on soil management within a potato
production system. As an integrated, dual-purpose field oper
ation, this approach affords obvious savings in time and fuel
without sacrificing cover-crop performance. It necessitates
only a single field pass compared to at least two passes for
every other method.

It was obvious that under the conditions of this study,
merely broadcasting seed after potato harvest was not a suit
able method for establishing a cover crop. In plots where
post-dig broadcast seeding was harrowed, cover establishment
was improved substantially, indicating the advantage of incor
poration of the seed into the soil. Similarly, the pre-dig method
which involved incorporating the seed upon digging signifi
cantly out-performed post-dig seeding without harrowing by
up to 2-fold in the September seeding. Pre-dig seeding was
also not significantly different from the generally superior
dig-and-seed method in the October seeding in three out of
five cover performance parameters. However, the practicality
of the pre-dig seeding method is still limited in acceptability
on the basis of the number of field passes required.

The additional operations involved in sowing with a seed
drill or broadcasting and harrowing have discouraged the es
tablishment of cover crops by P.E.I. farmers. Where there is
willingness to establish winter cover, therefore, the dig-and-
seed technique should be a more acceptable alternative.

The inferior cover performance of pre-germinated relative
to natural seed in the machine seeding experiments was con
sidered to be biologically anomalous, and thus damage or
injury to the pre-germinated seed was suspected. Although the
seed conveyance system (Fig. 1) was designed so that the seed
would travel on a soft rubber conveyor belt, there was the
possibility of shock and abrasion as the seed fell through the
moving soil and the digger chain. Further research on the use
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Plant count

(n/m2)

Shoot dry wt.

(g/m2)

Root dry wt.

(g/m2)

Pre-dig Means for any cover performance parameter
rv * copH followed by the same letter are not signifi-uig v seeo cgnt|y different (p = 0 05)

Fig. 5. Effect of seeding procedure in temporal relation to
potato digging on cover performance parameters
of winter rye for two fall seeding dates evaluated
in the spring.

of machinery for sowing pre-germinated seed might, there
fore, focus on the practicability of using primed instead of
pre-germinated seed where sowing occurs just prior to radicle
emergence and damage or injury to the developing seed would
be minimized. It would seem prudent to continue to pursue the
benefits of germination enhancement for winter cover estab
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lishment using the seed box-mounted harvester.
The dig-and-seed approach to late fall ground cover estab

lishment is considered worthy of further research and
development because it is, in principle, simple and practical.

ACKNOWLEDGMENTS

The authors wish to acknowledge the technical assistance of
Allan MacRae, Soils Research Technician at the Charlotte
town Station, in the conduct of this study.

REFERENCES

BARNETT, G. M. and J. E. COMEAU. 1980. Seeding cere
als by air and ground. Can. J. Plant Sci. 60: 1147-1155.

BUSSELL, W. T. 1980. Emergence and growth of tomatoes after
sowing chitted and untreated seeds. N.Z. J. Exp. Agric. 8:159-162.

EDWARDS, L. M. and G. B. HERGERT. 1990. Investigat
ing the use of pre-germinated rye seed for late-fall
establishment of a cover crop following potatoes. J. Soil
Water Conserv. (in press).

EDWARDS, L. M. 1988. The effects of slope position and
cropping sequence on soil physical properties in Prince Ed
ward Island. Can. J. Soil Sci. 68:763-774.

EDWARDS, L.M.andJ.R. BURNEY. 1988. Erosion of soil
under froze and freeze-thaw conditions. Proc. Conference
XIX Internat. Erosion Control Assoc, Feb. 1988. New Or
leans, LA. 353-366.

EDWARDS, L. M. and J. R. BURNEY. 1987. Soil erosion
losses under freeze/thaw and winter ground cover using a
rainfall simulator. Can. Agric. Eng. 29:109-115.

FELLOWS, J.R. and D. C. E. Wurr. 1983. The effect of fluid
sowing pre- germinated seed of crisp lettuce on emergence and
maturity characteristics. J. Agric. Sci. (Camb.) 100:749-751.

GRAY, D., P.A. BROCKLEHURST, J. STECKEL and J.
DEARMAN. 1984. Priming and pre-germination of parsnip
(Postinaca sativa L.) seed. J. Hort. Sci. 59:101-108.

HAUSER, V.L. 1986. Emergence of several grasses from
pre-germinated seed and some soil water effects. Agron. J.
78:206-210.

HAYES, M. J. and E.D.WILLIAMS. 1986. Some effects of
fluid-sowing, pre- germination, irrigation, and soil covering
on the establishment and growth of seedlings of white clover
slot-seeded into permanent pasture. Grass and Forage Sci.
41:151-157.

187


	32_2_001 22.pdf
	32_2_001 23
	32_2_001 24
	32_2_001 25
	32_2_001 26

