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The study of the effects of cropping systems on buried weed 

seed is very costly. Most of the experiments of this nature were 

conducted prior to the introduction of herbicides. New techniques, 

material and methods are needed and could result in more research 

in this area of study. 

A polyester material was experimented with which provided a 

means for mechanically washing buried weed seed packets. This was 

accomplished through the development of an experimental seed 

packet washer. The washer and the polyester material made it 

possible to wash the soil from delicate seedlings growing inside 

the packets without damage to them.  They in turn could be examined 

without removal from the seed packets making the procedure many 

times more economical. 

A seed removal technique was also developed which worked well 

in separating weed seed from mineral soil samples. This was 

accomplished by making slight modifications in the experimental 



seed packet washer regarding screening,.slope, water volume and 

the usage of various sizes of soil sieves. 

An economical bioassay method for studying the effects of crop 

leachates on red sorrel and rice germination and growth was also 

developed while simultaneously testing cropping system effects on 

buried weed seed in the greenhouse and field.  This method and tech- 

nique holds promise for other types of plant experiments involving 

liquid and culture media. 

Thirty-seven monoculture cropping systems were tested in the 

greenhouse and fourteen in the field for their effects on nine 

different buried weed seed species.  Evidence is provided to show 

that broccoli, beans, asparagus, quackgrass, tomatoes and other 

plants fray be inhibitory to the subsequent germination and viability 

of the buried seed of Rumex acetosella L., Rumex crispus L., 

Brass!ca campestris L. and Amaranthus retroflexus L. 
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TECHNIQUES FOR STUDYING THE EFFECTS OF VARIOUS CROPPING 
SYSTEMS ON THE GERMINATION OF BURIED WEED SEEDS 

INTRODUCTION 

It is becoming increasingly desirable to eliminate or reduce the 

use and application of herbicides to soil because of environmental 

problems,, To study management of weed problems, it is necessary to 

learn more about the effects of crops and cropping systems on buried 

weed seed.  If it were known what effect various monoculture cropping 

systems had on buried weed seed populations, possible adjustments 

could be made in the amounts and kinds of herbicides needed to control 

these populations.  Furthermore, this knowledge could result in more 

specific weed control recommendations being made for a given crop, 

field or land area. These refined recommendations could take the 

place of the blanket recommendations now being made for each crop 

and soil type. 

It has been established that the germination and competition of 

weeds in the early stages of crop development has been the primary 

cause of losses in crop yields (2^). However, little is known about 

the effects of various monocultures and/or cropping system rotations 

on the ecology of buried weed seed and their resultant weed problems. 

There is, therefore, a need for new techniques for the ecological 

study of buried weed seed. 

There have been numerous experiments involving studies of 

undisturbed weed seed in pasture and forest land (l8,29). Other 

studies involved characterizing the buried weed seed population 



and determining the response of each species upon exposure to 

favorable germination conditions (8).  Other early buried weed 

seed viability experiments have been conducted by allowing the seed 

to germinate in place or in the laboratory on the soil surface, 

after cultivation (5,6,9,10,29,33).  Many have been concerned with 

the longevity and viability of weed seeds but are not related to 

above ground crop influences (11,15,19,20,26,30,33).  Lately re- 

searchers have utilized saran mesh bags as burial containers.  The 

containers with the seed were then buried and uncovered at intervals 

to determine the viability of the seed (26).  Other types of con- 

tainers such as pots or boxes do not lend themselves to efficient 

counting techniques.  They also require considerable space and are 

difficult to move (15). 

Freshly dug buried weed seed is covered with soil and requires 

thorough washing before it can be examined (26).  This v/ashing must 

be done gently if damage is held to a minimum and valid results are 

to be obtained.  Hand washing is very inefficient in comparison to 

mechanical methods. 

There has been a need for a rapid and accurate technique for 

the separation of weed and crop seeds from soil samples.  Such a 

technique would be desirable for conducting surveys regarding weed 

control systems for weed ecology studies and in commercial agri- 

culture. 



PURPOSE OF THE STUDY 

This study has a threefold purpose: (1) to develop efficient 

mechanical techniques for seed burial studies, (2) to determine 

if various monoculture cropping systems have an effect on the 

subsequent germination of buried weed seed, and (3) to find a 

suitable rapid technique for separating seed from soil. 

Experiments to provide information for these objectives were 

conducted in the field and in the greenhouse. A large portion of 

the time spent on this study was used in developing techniques and 

mechanical means for improving efficiency.  Funds for hired labor 

were minimal which created a necessity for economy,,  It was felt 

that worthwhile data could be gathered and new mechanical techniques 

and machines could be developed which might prove to be useful 

in later studies of this type. An attempt was also made to study 

the effects of cropping system leachates on red sorrel and rice. 

Seeds of these species will germinate and grow in a liquid medium 

without supplemental aeration, thus they were ideal for this 

particular phase of the study. 

Due to lack of official standards for the germination of weed 

seeds (14,32) and reported inconsistencies in proper temperature, 

light and moisture conditions for the germination of weed seeds (2), 

it became necessary to develop techniques geared to available 

resources. 

A technique was also sought to provide a rapid and economical 

means of separating seeds from mineral soil samples.  A mineral 



soil is defined as one containing less than 20% organic 

matter(6a). 



MATERIALS AND METHODS 

Weed Seed Harvest and Storage 

Weed seeds were harvested in August 19D9 and buried in October 

1969 in the field and in June 1970 in the greenhouse. To avoid 

mechanical injury or scarification the harvesting was accomplished 

by hand stripping the ripe weed seeds directly from the plant in 

the field„ This was used to simulate a natural condition whereby 

ripe weed seeds would fall to the ground and be buried by fall 

plowing.  The seed used for the greenhouse experiment or leachate 

studies was stored in plastic containers in a dry place at room 

temperatures. 

The nine species used in the experiment are annual and perennial 

broadleaf weeds, representing some of the most serious found in 

cropland. They are: curly dock (Rumex crispus L.), red sorrel (Rumex 

acetosella L.), prostrate knotweed (Polygonum aviculare L.), ladysthumb 

(Polyqonmn> persicaria L.), common lambsquarters (Chenopodium album L.), 

red-root pigweed (Amaranthus retroflexus L.), shepardspurse (Capsella 

bursa-pastori s (L.) Medic), wild turnip (Brassica campestris L.), 

and barnyardgrass (Echinochloa crusgalli (L.) Beauv.(l). 



Field Plot Materials and Methods ' 

The field experiment consisted of six randomized complete blocks 

each of which contained three depths of burial and ]k  cropping 

system treatments.  Each burial depth treatment was continuous the 

full length of the field since this was the most efficient method of 

burial and recovery using a digging machine,, The three depths of 

burial were 6, 10 and \k  inches below the soil surface. Nine 3 X 3" 

100% Dacron polyester seed packets containing 100 seeds each of the 

nine different weed specieswere buried previous to applying treat- 

ments to each plot.  Each plot contained all nine of the weed species 

in the same sequence. 

Although ditching equipment has been previously utilized to study 

buried seed (26) the combination of techniques and materials used for 

burial, recovery and washing in this experiment has not been reported 

previously.  Burial of the seed packets was accomplished by digging 

an eight inch wide trench slightly deeper than the required depth. 

It was easier to fill and tamp a few inches of soil in the ditch 

bottom than to dig deeper by hand. The use of a trenching machine 

entirely eliminated any hand digging (Figure 1). 

Prior to burial and after the burial trenches were dug, a colored 

plastic engineers tape was stretched the entire length of the field. 

The weed seed packets were then stapled three inches apart to the 

ribbon in the center of each plot (Figure 2).  This took a space of 

approximately 50 inches and left ample room on all sides to eliminate 

border effects.  The sec=:d packets were laid flat on the bottom of the 



Figure 1.  Commercial trencher at field plot site, used for burial 
and recovery of the seed packets. 

Figure 2, Weed seed packet recovery in the field after 2 years burial 
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trench floor prior to burial.  During the burial of the seed packets, 

the soil was packed mechanically to eliminate air pockets.  Water was 

also applied through irrigation during covering so that no air pockets 

would remain.  The seeds were buried in the field on October 20,   1969 

and were dug between October 10 through 20, 197'. 

The recovery of the packets, two years later, was accomplished 

with the same machine by moving the center line of the recovery trench 

12 inches to one side of the center line of the original burial 

trench.  This left a four inch wall of undisturbed soil between the 

original burial trench and the recovery trench and prevented the 

seed samples from drying after trenching and prior to removal.  The 

recovery trench was duig at least 2k   inches deeper than the depth of 

the seed samples.  The recovery of the seed was accomplished by stand- 

ing in the recovery trench and merely caving in the sides of the 

trench with a shovel until the attached ribbon and seeds v/ere exposed, 

with care taken to prevent damage to the seeds. 

The cropping systems included crops alone and crops treated with 

herbicides and with one bare ground control plot.  The cropping systems 

or treatments are listed in Table I.  All crops which were not treated 

with herbicides were hand weeded throughout the growing season except 

the control plot with weeds which received no treatment or weeding. 

The crops were planted and herbicides applied directly above the 

buried weed seed packets. 

The plots were five feet wide and eight feet in length with a 

two foot cultivated border strip between the ends of plots and a ten 

foot border strip between the sides of plots.  The crops were planted 



TABLE I.  SUMMARY OF TREATMENTS—Fl ELD TRIALS 

Cropping System 
Herbicide Application 
Or Cultural Practice 

Herbicide Rate 
lbs. active/ac. 

Bare soi1 control 

Weed growth 

Broccol? 

Broccoli + trifiuralin 

Bush beans 

Bush beans + EPTC 

Bush beans + dinoseb 

Sweet corn 

Sweet corn + atrazine 

Onions 

Onions + CDAA 

Spring oats 

Winter rye 

Winter rye + 2,k-Q 

Hand weeded None 

Not weeded None 

Hand weeded None 

Preplant, inco 
to 3" depth 

rporated .75 

Hand weeded None 

Preplant, inco 
to 3" depth 

rporated 3.96 

Pre-emergence 6.0 

Hand weeded None 

Postemergence k.o 

Hand weeded None 

Pre-emergence 6.0 

Hand weeded None 

Hand weeded None 

Postemergence 0.5 
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in two rows, spaced two feet apart, equal distance from the buried 

seed packets.  This was to assure the maximum amount of root growth 

into the area of the buried seed. 

In order to provide for cultivation of the soil after the first 

year of cropping and to accommodate the soil incorporation of some 

herbicides, the shallowest burial was at a six inch depth.  With a 

three inch depth of incorporation and tillage this allowed for three 

inches between the shallowest seed packets and the rototiller or 

disk blades. 

The crops for the two year duration were planted in early June 

of both 1970 and 1971.  The soil was left bare between October 20, 

2 
1969 and June 1970.  Herbicide treatments were applied shortly 

before or after planting as shown in Table i. 

1   See Appendix A 

See Appendix B 
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Washing and Germination Techniques, Field 

The seed packet mesh^ was small enough to eliminate seed loss 

of shepardspurse which was the smallest seeded species in the experi- 

ment but large enough to readily permit the passage of water through 

the packet.  This material proved to be excellent for the washing 

procedure developed to eliminate soil from inside the seed packet. 

The polyester material, when wet, took on a transparent appearance 

which enabled inspection and seed counting without opening the 

packet.  Nylon thread was first used to sew the packets closed, 

however, the outer edges frayed during washing. A hat melt glue 

was later used in the greenhouse studies and was superior to nylon 

thread. The glue was waterproof, showed no signs of loosening or 

decay after burial and prevented frayed edges.  The packet could 

easily be sealed again, after opening, by the application of heat 

on the opened edge. 

Upon recovery of the samples after two years burial there 

was considerable soil both on the inside and outside of the seed 

packets.  In the initial germination test no attempt was made to 

remove this material.  The seed packets were placed in plastic bags 

together with a soil sample which was taken near the seed packets 

and at the same depth.  The soil was packed around the seed samples 

to prevent drying.  These were stored at 60oF. for one or two days. 

The seed samples from three blocks were left in the polyester packets 

100% Dacron polyester curtain msterial named Dacorama. 
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and placed between paper towels.  The paper towels were moistened 

and placed flat on glass shelves, with the nine seed packets from a 

plot between each layer of paper towels.  These were then stacked 

three high and were rotated in the stack at two day intervals for 

aeration. The seed samples from the three blocks or replications 

were left for 1*+ days at 80oF. and 90% relative humidity. The seeds 

were kept in darkness for several days after which a fluorescent 

lamp^ was left burning continuously. 

After ]k  days the seed packet samples were removed from the 

germination room and washed in an experimental washer that was devel- 

oped for this purpose (Figures 3^5,6,11,12). The washing tub of the 

machine accommodated all nine of the seed packets from each plot at 

one ti.Tie. This simplified labeling since after washing the packets 

were again placed between layers of paper towels and a number written 

on the outside towel for easy identification. These were placed in 

a vertical position inside a l^-1 X 2' styrofoam box and placed in 

a '+0oF. cold room until the seedlings were counted. The vertical 

positioning of the packets allowed normal geotropic response and 

contributed to better seedling separation for easier counting. The 

initial counting was accomplished by wetting the polyester cloth 

and examining the contents through the cloth with a 10X magnifier. 

Only the packets that contained more than 50 germinated seeds had to 

be opened to verify the seedling count.  From several trials it was 

^ Sylvania's Gro Lux Wide Spectrum Lamp, kO  watt, luminous efficacy, 
35.8 lumens/watt. 
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determined that beyond 50 seedlings an accurate count could not be 

made through the cloth due to the closeness of the seedlings.  How~ 

ever, most of the counts of the initial germination trials were 

less than 50. 

Three other replications were given exactly the same temperature, 

wash and examination treatment except that after digging the seed 

packets were placed in petri dishes, one packet per dish, and 

covered with the same soil that was recovered with the packets. 

In this part of the experiment two species, common lambsquarters 

and red sorrel, received alternating temperatures of 80oF. and 60oF. 

All were kept in the dark except at the time of digging and at the 

time of placing in petri dishes. 

After first counting the seedlings from the initial germination, 

after recovery from the soil, two of the styrofoam boxes containing 

two replications were placed in the cold storage room at ^20F. 

under moist conditions.  These were later examined for germination 

during two alternate periods of three weeks at 420F. followed by 

ten days at 720F. (Table VI). 
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Figure 3.  Machine developed during this experiment for washing soil 
from the exterior and interior of the polyester seed packets after 
the seed had first germination inside the packet. 

Figure k.    Wild turnip seedlings growing inside the seed packet 
illustrating the transparency of the polyester cloth and the efficiency 
of the machine for washing the packets without damaging the enclosed 
seed Iings. 
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Figure 5.  Experimental seed packet washer viewed from above. 

Figure 6.  Experimental seed packet washer viewed from side.  The 

plastic container is removable and revolves on four steel pulleys 
which are 2" in diameter.  The washing platform is sloped at a I5e 

angle for the most efficient cleaning of the seed packets. 
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Greenhouse Materials and Methods 

Thirty-six cropping systems were simulated in the greenhouse 

study (Table I!).  These were replicated four times.  Large plastic 

garbage pails were used which were 21" deep, 13" in diameter at the 

top and ten inches in diameter at the bottom. They were wrapped with 

aluminized heating duct tape for added strength.  These were filled 

with four inches of perlite at the bottom, then seven inches of 

unsterilized loam field soil.  Nine seed packets of the same species 

as used in the field trial were placed flat on this layer of soil. 

Six more inches of field soil was added to the container and mechan- 

ically packed to eliminate air pockets. This brought the depth of 

soil to within four inches of the top of the container. 

Fourteen crops and one weed species were planted in combination 

with 16 herbicides (Table II). These were planted in three cropping 

sequences with a cold treatnent between each to simulate three seasons 

or three years of monoculture cropping. The cold treatments were 

begun after the crops and weeds had matured. The cold treatments 

consisted of a continuous 3^0F. three week period in a cold storage 

room.  Upon rersoval from the cold room the annual crops were again 

planted and the appropriate herbicide, where applicable, was again 

applied. 

During the crop growth period the plants were watered according 

to observed need with the same treatment always receiving the same 

amount of water in each of the four replications.  This was accom- 

plished by using a stop watch during watering.  Before each watering 



17 

TABLE   II.     SUMMARY OF TREATMENTS—GREENHOUSE TRIALS 

Cropping System 
Herbicide Application 
Or Cultural   Practice 

Herbicide Rate 
IbSo  active/ac„ 

Asparagus-' 
Beans + trifluralin 
Beans + EPTC 
Beans + chloramben 
Beans 
Beets + pyrazon 
Beets + dalapon 
Beets 
Broccoli + nitrofen 
Broccoli + CDEC 
Broccoli + trifluralin 
Broccoli 
Carrot + 1inuron 
Carrots 
Check 
Corn + propachlor 
Corn + atrazine 
Corn 
Flax + 2,4-D 
Flax 
Mint + terbaci1 
Mint 
No crop 
Oats 
Onions + CDAA 
Onions 
Peas + dinoseb 
Peas 
Quack grass 
Tomatoes + diphenamid 
Tomatoes + paraquat 
Tomatoes 
Wheat + diuron 
Wheat 
Rye + bromoxyni1 
Rye 

Hand weeded 
Pre-emergence 
Pre-emsrgence 
Pre-emergence 
Hand weeded 
Pre-emergence 
Pre-emergence 
Hand weeded 
Pre-emergence 
Pre-emergence 
Pre-emergence 
Hand weeded 
Pre-emergence 
Hand weeded 
Hand weeded 
Pre-emergence 
Pre-emergence 
Hand weeded 
Postemergence 
Hand weeded 
Postemergence 
Hand weeded 
Naptalam 
Hand weeded 
Pre-emergence 
Hand weeded 
Pre-emergence 
Hand weeded 
Hand weeded 
Pre-emergence 
Pre-emergence 
Hand weeded 
Postemergence 
Hand weeded 
Postemergence 
Hand weeded 

None 
.75 
3.96 
4.0 
None 
4.0 
5.18 
None 
4.0 
4.0 
.75 
None 
1.0 
None 
None 
3.9 
4.0 
None 
.25 
None 
1.2 
None 
3.0 
None 
3.0 
None: 
6.0 
None 
None 
4.8 
1.0 
None 
1.6 
None 
.50 
None 

' See Appendix A 

6 See Appendix B 
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a 250 cc. volume per second flow of water was established, using 

a stop watch and a 1000 cc. graduated cylinder.  This was the minimum 

amount required on most of the crops during their early growth phase. 

Later each pot often required 2000 to 3000 cc. of water per watering. 

An attempt was made to never overwater to the extent that water 

leached through the soil profile and out the bottom.  This way 

leaching of nutrients, plant exudates and water was virtually 

eliminated. 

After the crops reached maturity the plants were allowed to dry 

somewhat, and the pots were rewatered prior to the cold storage. 

Leachate Study Techniques and Materials 

During the third cropping sequence the plants were overwatered 

to provide leachate for another part of the experiment. This leachate 

was caught in a 65" X 8^" plastic sandwich bag for a bioassay with 

red sorrel and rice seed. 

The pots were elevated from the greenhouse benches with planks. 

A hole to accommodate a funnel was bored in the plank beneath each 

pot. A one inch hole was bored in the bottom of the pot and was then 

located over the funnel. A piece of glass wool was forced into the 

hole in the pot to prevent soil or perlite from getting into the 

funnel.  A piece of one-half inch latex tubing two feet long was 

then attached to the funnel and the other end of the tubing elevated 

to match the height of the bottom of the pot.  The low spot in the 

latex tubing was then tapped with an eighteen gauge disposable 
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hypodermic needle to which was attached.a short piece' of one-eighth 

inch latex tubing. The other end of this tubing was slipped into 

the plastic bag which was stapled in place and which contained 100 

red sorrel or 50 rice seeds (Figures 1,  8). The bottom of the plastic 

bag was horizontal and located tt!0 feet below the bottom of the pot. 

The plastic bag was perforated through both walls with a common pin 

to allow any overfill to seep out of the bag. These perforations were 

one-fourth inch appart and three-quarters of an inch from the bottom, 

in a horizontal row.  Later it was determined that four one-fourth inch 

slits served as well, and did not plug as readily, but placement, size 

and number of drainage holes or slits was found to be quite critical. 

It was found that this system could be used to test the effects 

of leachates of other solutions on plants as well as seeds if eerstion 

was provided. The setup in Figures 7 and 8 show the necessary methods 

and materials needed. Air was supplied through a small tygon air supply 

tube into which a hypodermic needle was inserted. A one-eighth inch 

tygon tube was then attached to the needle and extended to the bottom 

of the bag and a tee fitted to the end. Two pieces of short tubing 

were then extended in either direction to cover the bottom of the bag. 

Small holes were made in the tubing extending along the bottom of the 

bag by making puncture holes with a heated needle. The terminal ends 

were either plugged with a short piece of glass rod or small gauged 

hypodermic needles were inserted in the ends of the tube. 

Plants that will not germinate and grow if their seeds and tops 

are submerged under water, can be suspended slightly above the water 

line. The roots will then grew into the water and the tops will con- 
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tir      •  73 

Figure 7.  Greenhouse leachate system developed for this study. 

Figure 8. One type of plastic container used in the greenhouse plant 
leachate study showing maintenance of various liquid levels, aeration 
and leachate supply system. 
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tinue to grow in the upper portion of the bag. A plastic material 

utilized successfully for this purpose was vented produce plastic 

wrap .  Pea seeds suspended in this material germinated and grew 

satisfactorily.  Pea seeds will sprout but will not grow under water 

satisfactorily even with aeration of the water. Chemicals such as 

5 X 10 M CaSO^ which maintain cell integrity by decreasing cell wall 

permeability (31) were not tried but should help with such plants. 

If toxic materials are not used, the excess.leachate is allowed 

to evaporate or drain to the greenhouse floor.  If solutions containing 

herbicides or other pesticides are used, a trough canbe made leading 

to one end of the greenhouse bench where the liquid is collected in 

a container. 

A colored liquid fertilizer was tested in the system. The con- 

tainer holding the liquid fertilizer supplied twelve plastic bags 

through a one-half inch tygon tube.  One 16 gauge needle supplied each 

plastic bag which contained water. The color in the plastic bags 

appeared to be the same intensity as that in the supply tank in less 

than one hour. 

This system was chosen as being superior to crocks or glass 

containers, with or without sand or gravel.  Since little, if any, 

washing is needed prior to root sxomination, no damage is inflicted 

on the root system by washing and the growth and development can be 

directly observed through the plastic bags. Also a  conste,rst voiu.-ne 

' Kool Meslr, a 12" X 13" plastic rectangle with slits cut in alternate 
rows so the sheet resembles a net. Commonly used to wrap vegetables 
in food njarkets. 
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of solution can be maintained. The problem of a plant outgrowing 

its container is easily solved by enclosing the original smaller 

plastic bag within a larger or a series of larger plastic bags.  Holies 

can be cut in the bottom of the original smaller bag so that the roots 

will grow into the next larger bag. This sequence could be continued 

indefinitely without disturbing the root system.  Proper water levels 

can be maintained by pin hole punctures or slits.  The disturbance 

of root systems of the exuding plant is a very important factor in 

obtaining valid results in root exudate studies as indicated by 

Rovira (30.  Economy is an obvious advantage with the plastic bio- 

assay containers being inexpensive and disposable. 

Washing and Germination Techniques, Greenhouse 

The seed packets were recovered from the greenhouse pots by 

hand digging to the six inch burial depth.  The top six inches of 

soil was inverted to simulate moldboard plowing. The seed packets 

were planted by laying them flat on the soil surface and covering 

them with a quarter inch layer of the inverted pulverized soil. The 

soil surface was watered after planting and every third day thereafter. 

A disk of paper that was waxed on one side was placed on the soil 

surface of each pot to prevent rapid loss of moisture. After 14 days 

at alternating temperatures of eight hours at 250C. and 16 hours at 

150C, the seed packets were removed from the pots.  The seed packets 

were washed in the seed packet washing machine (Figures 3,5,6,11,12). 

These were stored at 50C. in a styrofoam box until the germination 

counts were made which was usually accomplished over a 2 day period. 
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Figure 9.  Seed packets immediately after recovery from greenhouse 
pots prior to being covered with i" of pulverized soil for the 
germination test. 

Figure 
]k  days 

10.  Close up of red sorrel seedlings grown in leachate for 





25 

SPECIFICATIONS 

SEED   PACKET WASHER 

■4 " oaJi/*.n'ixccl   P'/P<. Tt-S- Je-t  no2.2./^ 

QarA*.*    ^orAy   no2.1/A  

tr/c J>/i/^      ,/r.^r  PPM 
%L T^^/   rod 

% % 3."  *<*//*.*, 
y 

Figure II. Specifications Uop viewj of the machine used tor 
washing seedling packets and separating weed seeds from soil samples. 
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SEED   PACKET  WASHER 

SPECIFICATIONS 

Figure 12. Specifications (front view) of the machine used for 
washing seedling packets and separating weed seeds from soil samples. 
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eight 2'1 equidistant holes and allows silt and clay particles 

to escape but retains seed, sand and organic material during the 

process of seed separation from soil,, 

The nylon cloth is absent in the seed packet washer bucket 

design and soil particles are allowed to pass through the four 

equidistant holes in the bottom (Figure 12)„ 

The angle of slope is varied depending upon which process is 

being undertaken. After several trials the proper slope was found 

to be 15° for seed packet washing and 23° for the separation of 

seed from soil. Of the two processes the angle of slope is the 

most critical in the process of separation of seed from soil. Too 

much slope results in the bucket falling off the revolving mechanism 

since it is not held on the machine by mechanical means.  Less slope 

results In some of the sand particles becoming mixed with the organic 

material and seeds. The size and number of holes that were drilled 

in the bottom were also critical for both processes. More than 

four holes larger than 2" in diameter resulted in too much water 

loss during seed packet washing. Also larger holes resulted in the 

seed packets being forced through the holes from water pressure. 

Eight holes i" in diameter v-^re found to be best for the separation 

of seed from soil.  More openings are needed because of the restric- 

tion of water loss by the nylon cloth and that caused by silt and 

clay particles. 

The water supply is controlled during both processes by an 

adjustable garden spray nozzle and an 8003 Tea Jet nozzle mounted 
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on 5" galvanized pipe.  The angle of both or either of the nozzles 

can be adjusted by turning with a pipe wrench at either of the 

three 90° elbows located near the opening of the bucket. A kS" 

elbow is used nearest the large nozzle to aid in obtaining the de- 

sired angle.  The angle of the larger nozzle is critical especially 

when separating seeds from silt loams or finer soils.  The angle 

of the nozzle is also somewhat critical during seed packet washing 

since it is desirable to maintain a tumbling action of the seed 

packets rather than have the force of the water stream hold them 

to the bottom of the bucket. 

The mechanics of the machine are very simple.  A plastic 

bucket, with the modifications described previously, revolves on 

two revolving steel rods powered by a jHP electric motor rated 

at 1725 RPM (Figures 3,5,6,11 and 12).  For field work it would be 

desirable to substitute a small gas motor if electricity is not 

readily available.  However, pulley sizes would need to be changed 

to fit the motor's RPM's in order to maintain proper speeds. 

Faster RPM of the bucket results in excessive wear on the plastic 

and difficulty in keeping the bucket in place during operation of 

the machine. 

The bucket surface rests on four steel pulleys.  The bottom 

of the bucket is supported by two grinding wheel retainer sleeves 

(Figure 11).  The dimensions of the machine components are illus- 

trated in Figures 11 and 12. The lengths of the 5" galvanized 

pipe are not given.  The opening for the larger garden spray nozzle 
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should be centered in the middle of the bucket opening and the 

center of the smaller nozzle should be located equidistant between 

the large nozzle and the bucket's edge.  It is advisable to construct 

the machine first and add the plumbing last so that the plumbing 

will fit the bucket available in the local stores.  The bucket size 

used in this experiment is given in item 1 Figure ]20     This is not 

necessarily the only size that will work but this size does fit 

the machine well. A shorter bucket would not extend over the edge 

of the sloping deck. This is a necessary feature if the machine 

is to be used for separating seeds from soil.  Overflow is necessary 

at the lower lip of the bucket in order to gather the seeds and 

organic materials in the soil sieves located underneath the lip. 

For seed packet washing the length of the bucket is not as critical. 

Cleaning Seed Packets 

Two methods were used prior to seed burial.  Method I was to 

bury the packet with the seed inside but without the addition of 

soil or sand. Method II was to bury the seed after addition of 

one teaspoon of under 30 mesh washed sand to the sample of 100 

seeds. 

Method II provided a much cleaner seed packet interior after 

washing. Almost all of the sand was eliminated from the inside 

of the packet since the sand was of smaller mesh than the polyester 

Dacron material.  Method I left a seed packet that was difficult to 

clean and visibility of the packet contents w?.s substantially 

impai red. 
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Method I. 

The volume of water needed for thorough cleaning using this 

method depends upon two things: the type of soil the samples are 

buried in and soil moisture at the time of burial.  Sandy soil 

is easier to clean than a heavy silt or clay soil. 

Method 1i. 

A water volume of 152 cc per second from the larger nozzle 

and k  cc. per second from the smaller nozzle was found adequate 

for the least damage to enclosed seedlings. This removed all of 

the soil and almost all of the sand from the interior and exterior 

of the seed packets in two minutes washing time.  Nine bags (the 

number per treatment) were cleaned in the two minute interval.  It 

was found, by using Method II, that 270 seed packets containing 

100 seeds and/or seedlings could be processed in one hour's time 

using this method, with one person washing and one labeling. 

Very little sand was retained within the packet and very 

little damage was sustained by the seedlings being processed. 

With this method 2.1 liters of water was used to clean one seed 

packet.  Longer and more severe washing, i. e., larger volumes 

of water, produced some seedling damage, mainly to the delicate 

stems.  Shorter washing periods resulted in insufficient sand 

removal from the packets' interiors. 
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Separating Seeds from Soil 

Four HumboTdt soil sieves are used in conjunction with the 

washing apparatus for separating seeds from soil (Figure 12). The 

soil sieves are not needed for seed packet washing. Sieve sizes 

are 3> 2, 1 and .5 mm.  The 3 and 2 mm. sizes serve to screen out 

the large pieces of organic material and large seed.  The 1 and 

.5 mm. sizes collect the small weed seed, a few particles of sand 

and the smallest organic material. The .5 mm. size prevents loss 

of shepherdspurse, the smallest seed used in this experiment.  The 

heavier sand particles stay in the bottom of the bucket and are 

retained there by the 30 mesh nylon cloth. The cloth allows 

passage of the silt and clay and also retains the seed and some 

organic material. The seed and organic matter is kept in suspension 

by water turbulence. This is obtained by variations in angle and 

volume of water. After most of the clay and silt has passed 

through the nylon cloth the water volume is increased until the 

wash bucket starts to overflow. The overflow is caught in the 

soil sieves which are located below the lip of the bucket. These 

serve to retain all of the seed and organic material that is too 

large to pass through the nylon cloth in the bottom of the bucket. 

Water volume and turbulence must be carefully controlled to prevent 

the sand from entering the overflow. The 23° angle of the slope 

of the wash bucket also aids in keeping the sand in the bucket. 

The angle of slope can be adjusted by tilting the upper deck 

(Figures 1T and 12). 



32 

The material retained by the soil sieve screens and the sand 

in the bottom are then emptied on blotters or absorbent paper and 

air dryed.  Further separation of the seeds from the inert material 

7b 
can be accomplished with a small laboratory air cleaner  or by 

hand with tweezers.  These can be processed in a moist condition 

at the time of digging with good results.  The preceeding method 

works very well with the sandier soils. 

The heavier soils with a high content of silts and clays must 

first be air dryed and the soil clumps crushed mechanically. This 

must be done in a manner that will not damage the seeds in the 

sample.  Gently crumbling between the fingers or with a rubber 

roller works very well but is slow.  Other mechanical means are 

probably available for this purpose but care must be taken that 

the process is not severe enough to damage the seeds. 

Another method tryed involved soaking the sample in water for 

one to two hours depending on the soil texture. The higher the 

clay content of the soil, the longer the soaking requirement. This 

method shortens the time involved for separation and conserves 

water. The crushing of clumps is still necessary preceeding 

soaking, otherwise clay lumps will form. 

About one-fourth pint of washed coarse sand free of seeds must 

be added to the wash bucket prior to the start of separation. 

The action of the sand tumbling on ths bottom of the bucket helps 

keep the bottom screens clean. 

'" A South Dakota blower was used for this purpose. 
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Drying and separation should be done as soon as'possible after 

the samples are collected.,  This prevents the possibility of 

germination taking place within the sample. The drying process is 

enhanced by spreading out the sample and some air movement also 

helps.  Oven drying is not desirable due to the possibility of 

injury to the seed embryo and shrinkage to the other seed parts. 

About one pint of soil per sample is adequate.  Smaller samples 

can be used if they are replicated.  The soil samples are obtained 

In a manner similar to the taking of soil fertility samples. The 

entire plow layer should be sampled evenly with either a soil probe 

or other approved method. 

The soils selected to demonstrate the process of separating 

weed seed from soil were Bong fine sandy loam representing a coarse 

textured soil and Athena silt loam representing a fine textured 

soil.  Athena silt loam, 5 to 30% slope, consists of very deep 

dark-colored, well drained soils that are silt loam throughout. 

These soils formed in loess mixed with some volcanic ash. They 

are found in the uplands of western and southwestern Spokane County, 

Washington in an annual precipitation belt of 15 to 18 inches. 

Bong fine sandy loam, 0 to 8% slope, is the dominant soil found 

on the outwash plains near Fairchild Airforce Base in Spokane 

County, Washington. These are well drained soils with a coarse 

sandy loam subsoil starting about 28 inches deep. The average 

annual precipitation is 15 to 17 inchesC^O). A further description 

of the physical properties is presented in Table lla. 
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Four one-pint samples of each soil type were collected from 

ditch banks.  The samples were taken, to a six inch depth, adjacent 

to wheat fields.  The soil type was determined by observing the 

location from a Soil Conservation Service soils map^O).  The 

ditch bank slopes were very steep and were old cuts so it is 

unlikely that any weed or crop seeds had been mixed into the plow 

zone by cultivation for at least 30 years. The top and outer 

one inch of soil was scraped off and discarded to eliminate possible 

contamination by surface growing weed seeds. The samples were 

then spiked with 100 seeds each of redroot pigweed, wild turnip 

and ladysthumb (Table XVI I I). 

A method of separating seed from soil similar to the technique 

used for washing seed packets was also studied.  Soil samples were 

gathered, air dryed and gently crushed. The sample was then 

deposited inside a polyester Dacron packet and sealed. This was 

washed in the same manner as in Method II of the seed packet washing 

procedure. 

All soil colloids and other fine particles smaller than 30 

mesh were eliminated through the cloth leaving the seed, coarser 

sand and organic material inside the packet.  The seeds inside 

were then either counted and germinated in another container or 

germinated inside the seed packet without opening the packet.  The 

organic material and sand retained inside the seed packets proved 

to be a good media for germination. The size of the packets needed 

for this method range in size from a 6 X 6 inch packet for a one 



TABLE I la. SOIL SPECIFICATIONS OF THE SAMPLES 
USED IN THE SPIKED WEED SEED SEPARATION TEST 

Symbol Name USDA Texture Slope Depth % Passinq Sieve 

Bong Fine sand loam 0 to 8% 0 to 22" 

k.7  mm. 2.0 mm. Q.OJk  mm. 

Bpb 95 to 100 90 to 95 20 to 35 

AaC Athena Silt loam 5 to 30% 0 to 60" 90 to 100 90 to 100 85 to 95 

Name Permeab? 1 ity Dispersion 
Shrink-swel1 
Potential Location Cropping System 

Bong 

Athena 

2.5 to 5.0 iph1 

0.8 to 2.5 iph 

High 

Moderate 

Low 

Low to mod- 
erate 

Spokane Co., Wash. 
4 mi. no. Medical 
Lake, Wash. 

Spokane Co., Wash, 
2 mi. no. Hwy. 2 
near Coulee Hite 
Road 

Wheat - Summerfallow 

Wheat - Summerfallow 

fph = inches per hour 
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pint soil sample to a 3 X 3 inch packet for a one-fourth pint 

soil sample.  Clay and silt loam Soils appeared to be better suited 

for this type of separation process. The sand retention was very 

high with coarse textured soils but the seeds were very closn. 

However the identification of the seeds was more difficult with 

this method so it was not pursued further. 

Methods of Analysis 

In the field experiments a factorial analysis of variance was 

used to analyze the results of the split plot randomized complete 

block design. The split plot design consisted of 3 depths X Ik 

treatments X three or six replications. Although nine species were 

buried in each plot a separate analysis was made for each species due 

to the variations in response to the two germination procedures. Also 

species interactions were not an objective of the study.  Red sorrel 

was the only species which did not vary with the method of germination. 

Therefore, the germination methods were pooled and the analysis was 

made with six replications with this species. 

Prior to the analysis all germination percentages were converted 

using the Arcsin Percentage Transformation.  Both the transformation 

and multiple-range test are after Steele and Torrie (3^). 

In the greenhouse buried seed and leachate experiment a random- 

ized complete block design was used.  The experiment consisted of 

37 treatments replicated four times.  Germination figures were again 

transformed to Arcsin, an  analysis of variance made and the resultant 
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treatment means  compared using studentized  new multipie-range 

test and  least  significant  difference. 
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RESULTS AND  DISCUSSION 

Field Trials 

Burial depth effects were not significantly different but there 

was a significant depth times treatment interaction of red sorrel, 

curly dock and wild turnip.  Red-root pigweed results were not signi- 

ficantly different, however, it is interesting to note that beans 

again had an inhibiting effect on the initial germination of this 

species (Tables III, IV, and V).  Since the same cropping system had 

an inhibiting effect when compared to some other crops on more than one 

weed species in both field and greenhouse it seems reasonable to assume 

that this is not a chance effect.  Broccoli also appears to be a seed 

gsrminction inhibitor of .~ore than one weed spscies. 

When cropping system results were combined after three germination 

sequences, depth of burial effects were exhibited with red sorrel seed 

which has a 49.7% germination when removed from the 14" depth as com- 

pared to 34.4% germination when removed from the 6" depth.  These 

figures are results for combined treatments after three germination 

sequences.  The evidence obtained in this experiment also points to 

the fact that this depth of burial response occurred prior to the time 

of the initial germination test.  Later attempts to break dormancy by 

stratification at 420F. alternating with short periods at 720F. in 

moist paper towels over a four month period, resulted in no increased 

germination, suggesting that the ungerminated seeds were no longer 

viable.  The fact that a significant depth treatment effect did not 

occur under certain cropping systems could mean that these cropping 



TABLE III.  GERMINATION RESPONSE OF RED SORREL RESULTING 
FROM TWO YEARS BURIAL UNDER VARIOUS CROPPING SYSTEMS 
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Cropping System 
Bu 

6" 
rial Depths 

10"    14" Average 

Broccoli 15.3 14.3 23.6 17.7 

Beans 7.2 27.0 21.7 18.6 

Check (bare soi1) 22.1 14.5 21.1 19.2 

Beans + dinoseb l*f.l 21.3 27.8 21.1 

Onions 15.6 18.0 30.1 21.2 

Oats 19.2 19.2 25.7 21.4 

Rye \k.S 27.7 21.7 21.8 

Beans + EPTC 20.3 17.4 29.3 22.3 

Broccoli + trifluralin 27.3 18.8 23.0 23.0 

Weeds 21.6 19.7 29.9 23.7 

Corn + atrazine 17.9 29.1 24.8 23.9 

Rye + 2,k-D 14.9 27.7 30.5 24.4 

Corn 28.6 23.1 30.1 27.3 

Onions + CDAA 34.6 27.2 34.2 32.0 

Depth X treatments 
LSD .05 = 9.2 
LSD .01 = 12.0 

Average 
LSD .05 = 5.3 
LSD .01 = 7.1 

  
0  Average of 18 observations (6 replications and 3 burial depths), 

v/ith germination percentages converted to Arcsin. 
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TABLE !V.  GERMINATION RESPONSE OF CURLY DOCK RESULTING 
FROM TWO YEARS BURIAL UNDER VARIOUS CROPPING SYSTEMS 

Cropping System 6" 
rial Dep 

10" 
ths 

IV 
Treatment 
Average" 

Beans 10.7 2.7 19.5 11.0 

Onions + CDAA 16.6 4.7 16.9 12.7 

Corn 1.9 23.0 16.9 13.9 

Besns + dinoseb 9.5 17.5 18.9 15.3 

Check (bare soil) 23.1 8.7 17.2 16.3 

Beans + EPTC \3A 23.k 17.2 18,0 

Broccoli + trifluralin 13.8 10.0 33.9 19.2 

Broccoli 20.5 21.9 16.4 19.6 

Corn + atrazine 18.3 7.0 33.4 19.6 

Rye 13.5 21.2 26.0 20.2 

Oats 21.7 20.6 22.7 21.7 

Onions 23.8 15.9 25.6 21.8 

Rye + 2,k-D IS.2 25.6 31.2 25.3 

Weeds 17.9 28.2 33.6 26.6 

Depth X treatment 
LSD .05 = 20.2 

Treatment 
LSD not significant 

°        Average of nine observations (3 replication X 3 depths) with 
germination percentages converted toArcsin 
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TABLE V.  GERMINATION RESPONSE OF WILD TURNIP RESULTING 
FROM TWO YEARS BURIAL UNDER VARIOUS CROPPING SYSTEMS 

Cropping System 
Burial Depths 

6"  """ 10"    ]k" 
Treatment 
Average ro 

Corn 

Oats 

Broccoli 

Rye 

Broccoli + trifluralin 

Weeds 

Onions 

Corn + atrazine 

Beans + dfnoseb 

Onions + CDAA 

Check (bare soi1) 

Rye + 2,4-0 

Rye 

Beans 

Depth X treatment 
LSD .05 not significant 

Treatment 
LSD «05 not significant 

8.0 10.3 7.7 

14.3 11.4 6.4 

11.0 4.1 19.2 

8.0 11.4 19.7 

18.0 8.5 13.4 

16.4 11.2 19.8 

18.6 13.7 15.9 

17.2 19.3 13.4 

11.9 16.7 21.9 

15.1 21.3 20.3 

16.2 16.0 25.6 

22.7 21.7 15.9 

23.3 25.4 25.8 

28.2 25,2 23.0 

8.7 

10.7 

11.4 

13.0 

13.3 

15.8 

16.1 

16.6 

16.8 

18.9 

19.3 

20.1 

24.8 

25.5 

Average of nine observations (3 replications X 3 depths) with 
germination percentages converted to Arcsin. 
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systems equalized the depth effect by inhibiting germination of the 

seed at a deeper depth.  This assumption is supported by the results 

in Tables I 11, IV, and V. 

Researchers have found that the viability of many seeds, when 

buried for a number of years,  is. preserved better at deeper soil 

depths than at shallow depths (15,19, 26,37,38). This effect can 

be attributed to an increase in soil moisture content with depth (23) 

and a decrease in oxygen (^,21) or both.  Plant inhibitors exuded by 

roots may also be involved (31,25).  It has been shown that the region 

immediately behind the root cap is the site of most plant root exuda- 

tion (30. Therefore, it might seem logical that the area in the soil 

containing the most root ends would be the most inhibitory to weed 

seed germination.  This could prevent in situ germination and actually 

result in the survival of more seeds from this depth.  It could also 

have the opposite effect if the exuded substance was phytotoxic and 

the seed was able to absorb the material. 

It has been suggested that gaseous inhibitors produced by the 

seeds themselves prevent germination of some buried seeds until 

aeration removes the gas (22).  Holm (17) describes several volatile 

metabolites, giver, off by buried seed^ that affect germination.  Meta- 

bolic by-products of anaerobic respiration are thought to have some 

effect on the viability and subsequent germination of buried seed (2117) 

and the germination of the more deeply buried seed would be influenced 

by root exudates to a greater extent. 



^3 

It has been argued (13>21) that the soil has such strong sorptive 

characteristics that the effects of the naturally occurring germination 

inhibitors would be minimized.  If this were true, herbicides and 

growth regulators in the small quantities that are applied would be 

ineffective on plant growth.  Seed coats are also good sorbants and 

rough seed coats such as occur in Xanthium and Polygonum species are 

ideal in this respect. 

Soriano et aj[ (33) showed that cultivation and later simulated 

plowing and burial of Datura ferox L. actually enhanced the germinabil- 

ity of this species the second season after burial.  The seeds were 

dependent upon deep burial for the breaking of dormancy, with shallow 

burial being ineffective. 

The most inhibitory effect on red sorrel, curly dock and red-root 

pigweed occurred under the bush bean cropping system at the six inch 

burial depth (Tables III and IV).  What makes this even more signi- 

ficant is that the red-root pigweed germination was very low at all 

depths tested under the bean cropping system.  Broccoli also exhibits 

this inhibition on red sorrel and red-root pigweed, but not on curly 

dock. 



Laboratory Germination and Dormancy Tests 

TabJe VI shows the dormancy status of the weed seeds in dry 

storage at the time of burial in the greenhouse and one year later 

under burial and storage conditions.  Table VI also shows that curly 

dock, wild turnip, barnyardgrass and ladysthumb could be successfully 

tested for viability with tetrazolium while the other five species 

apparently did not respond or absorb the solution.  Barton (3) indi- 

cated that tests using tetrazolium need to be worked out for each plant 

species and since no tetrazolium test procedures were available for 

the weed species used in this experiment, it was decided to use the 

more direct approach of germination tests to predict weed seed dormancy. 

It is apparent from Table VI that the dormancy of wild turnip, common 

lambsquarters, and shepardspurse was reduced by burial in greenhouse 

pots during two simulated cropping seasons, i.e., two crops alternated 

with two chilling periods.  The germination tests conducted after one 

simulated growing season indicated that common lambsquarters seed 

germination is improved after being subjected to alternating tempera- 

tures.  Lambsquarters has been found to be a highly persistent species 

under burial conditions in a crop fallow system (7,19). 

Prostrate knotweed (Table VI) required stratification for two 

three week periods of kZ0F.  alternating with ten day intervals of con- 

stant temperatures at 720F. in order for dormancy to be broken. This 

requirement was also reported by Koller (21) for freshly harvested 

seeds in general.  Apparently the cold periods in the field during 

the t'trr.e   the seed was buried did not take the place of this require- 



TABLE VI.     GERMINATION AND VIABILITY PERCENTAGES  OF NINE WEED SPECIES AFTER LABORATORY 
STORAGE AND  BURIAL FOR VARIOUS  LENGTHS OF TIME 

2 yrs. 1  yr.  dry 1  yr.  dry 2 yrs. 2 yrs. field 
1 yr dry storage +      .,     storage + field burial  + cold 

dry storage1 storags     l.yr.  burled       ■li.jyXf-J^l-r-i,e.d      -, frur??*    .    stratification 
Germ. ViabTe'^ Germ. Germ. Germ,                     Germ. Germ. 

Curly docK                    0.5 ^2.5 13.0. 17.5 26.5 O.O16   17.017          61.O18 

C.   Ismbsquarters         0.5 X^ 8.0 ^0.0 2.8 1.5         0.3               32.0 
Wild turnip                  18.5 9^.0 23.0 52.0 38.0 0.0         7.6               32.0 
Barnyardgrass             28.0 70.0 13.0 -5.5 0.0 0.0         0.3                 0.0 
Red sorrel                    11.0 X 36.0 3^.5 20.0 8.0       18.6               83.0 
Shepardspurse             24.3 X 10.0 M.5 13.8 0.0         0.3               36.0 
Red-root,   pigweed         0.5 X 2.0 1.0 0.3 16.0         7.0               kO.O 
Ladysthunb                    13.0 100.0 7.0 0.0 7.0 0.0         0.0                 2.0 
Prostrate  knotweed     1.0 X 1.0 0.5 0.0 0.0         0.3                23.0 

II 

12 

13 

Stored at room temperature in plastic containers. 

As determined by a tetrazolium test. 

Tetrazolium test was unsuccessful. 

Burial in bare soil at 6" depth during 2 simulated growing seasons in greenhouse, i.e., 2 crops 
followed by 2 cold periods at 340F. 

Burial (same as   above) but 1 more growing season. 

16 
Burial in bare soil 6" depth for 2 years in field germinated in soil in dark. 

7 Same as '° above but germinated in paper towels with light. 

18 
Stratification  in moist  paper towels two 3 week periods at k20F.  alternating with two 10 day 
periods at  720F.     Cumulative  results of 3  germination  readings. 4- 

UI 
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ment.  However, it is possible that this species required five alter- 

nating cold and warm stratification periods prior to germination. 

Prostrate knotweed and ladysthumb showed more persistence of dormancy 

than any other weed species in this test.  Very few seeds germinated 

until after the last cold stratification period which took place four 

months after the seeds were recovered from the field and two and a 

half years from the weed seed harvest date.  Tetrazolium tests con- 

ducted on prostrate knotweed (Table VI) approximately one and one half 

years prior to the last cold period treatment indicated that the seeds 

were either dead or there was a mechanical barrier to the uptake of 

the tetrazolium solution.  Ladysthumb reacted well to the tetrazolium 

test but required puncturing with a pin before the test solution 

could be absorbed.  This indicates a mechanical barrier existing 

between the solution and the embryo or the entire interior of the 

seed.  Goss, after taking charge of the Duvel buried seed experiment, 

reports that ladysthumb germinated best after six years burial at an 

eight inch depth and after 2b  years at a b2  inch depth.(15).  This is 

a possible explanation for the low germination percentages obtained 

in this study with this species. 

Barnyardgrass lost viability rapidly after the first year and 

showed low germinabi1ity after burial recovery.  In situ germination 

probably occurred with this weed seed since others have reported that 

it will emerge from four to six inch depths (12).  Apparently it is 

capable of germinating during burial st a deep depth.  Of course 

germinating seeds encased inside a polyester bag would not result in 
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seedling emergence.  Barnyardgrass was eliminated from any extensive 

testing in this study. 

Shepardspurse has been the object of many studies concerning 

light, temperature and germination triggering effect (5>10,29) but 

it was less useful than some of the other species in this experiment 

due to its small seedling size.  Other experiments have shown that 

its seed does not survive very well when buried (14,39).  However, 

in Seal's experiment(11) a small percentage of shepardspurse seed 

remained viable after 35 years burial in moist sand inside an invert- 

ed glass container. Very little data were obtained from this species. 

One reason red sorrel was the primary species used for the 

leachate bioassay, and for the other burial experiments, is that it 

was less specific in its requirements for temperature, light and 

cold stratification (Table Vl).  Steinbauer et a^ (36) shows that 

either alternating or constant temperatures serve almost as well to 

germinate this weed seed,,  It also germinated in a liquid media with- 

out the benefit of aeration, which was a useful attribute for the 

leachate study.  For these reasons it was subjected to the most 

thorough statistical analysis of the test results.  It also yielded 

the most significant results in both greenhouse and field studies. 

Kjaer(19) showed that red sorrel dropped in germination to 13% 

after two years burial as opposed to 45% after one year of burial at 

a ten inch depth (Table VII),  This increased to 63% after five years 

of burial. This was after the seeds were dug, sown onto soil and 

covered with a 15 nm. layer of pulverized soil.  Seed stored dry for 

five years had a 39% germination when sown as above and 87% when 



TABLE VI I.     GERMINATION OF BURIED AND DRY STORED SEEDS   (FROM ARNE KJAER(19)) 

193*+ after     1939 after % germ, capacity 
Sown  in  field: 3/21/35    3/2V26    V5/37    3/18/38    3/7/39    1  winter's    5 yrs.   dry in  lab. after 
After being buried: 1   yr. 2 yrs.     3 yrs.       k yrs.       5 yrs.   dry storage    storage 1   yr. 5 yrs. 

SPECIES 

Rumex crispus  L. 76 66 17 30 82 69 21 99 81 

it           ii           ii 70 7k 30 36 86 55 55 99 99 

Rumex acetosella  L. k5 13 5 ]k 62 3<* 39 77 87 

Chenopodium album L. 5k 18 20 38 56 30 28 65 k7 

II                  n      II 5^ 27 21 16 59 18 .    5<* 66 Ik 

Brassica  campestris L. 6 6 1 k 5 79 27 95 72 

-p- 
00 



germinated under controlled laboratory conditions.  Apparently this 

species does not germinate as readily as curly dock under natural 

field conditions.  This may be due to a harder seed coat in red sorrel 

but may be more likely a result of polymorphism.  Examination under a 

10X magnifier indicates that various shades of color exist in seeds of 

the same weight and size.  This could be due to different stages of 

maturity of seeds on the same plant.  Curly dock does not show 

variability in color because of the rough coat covering, however, much 

variation in size of seed from the same plant is encountered. This 

may be a result of differences in available moisture, sunlight, and 

other plant competition factors and would vary from season to season. 

For this reason no two seed samples used by the numerous researchers 

in the past would be exactly alika and therefore would not exhibit 

the same germination requirements. Variations in germination techni- 

ques, soil type, temperature, light, etc. make predictions of germina- 

tion difficult, especially if predictions of field responses are 

needed. 

Curly dock seed remained primarily in a dormant state throughout 

this 2^ year study until it was stratified at k20F.     Prior to this 

only a small percentage of the seed would germinate at any one time 

regardless of the conditions (Table VI).  This species has retained 

its germinabi1ity under burial in sand for in excess of 80 years (11) 

and is well adapted to survival during burial.  In the Duvel experi- 

ment (15,39) it was shown that this species germinates equally well 

after recovery from buried pots dug from 8,   22 and 42 inches after 
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one, three, six and ten years burial.  After ten year's burial 

viability seemed to decline.  In contrast to this evidence, Kjoer (19) 

(Table Vll) determined that 8k%  of the curly dock seed germinated 

after being buried five years, which was an improvement over the 

germination obtained after three or four years.  This indicates that 

for the seed of this species to germinate, long periods of moist 

storage is required.  After five years dry storage the average 

germination was 38% when sown under the same conditions as the buried 

seed but 90% when germinated under controlled laboratory conditions. 

Chepi1 (10) experimenting with numerous species of weed seed in 

cultivated soil showed that a very small percentage of red-root pig- 

weed, common lambsquarters and shepardspurse germinated in any one 

of the five years the experiment was conducted.  The top six inches 

of soil was sterilized to eliminate other seeds.  The weed seed was 

sown and worked into the soil to a depth of 2.5 inches.  Seedlings 

appeared as shown in Table VIII over a five year period under a wheat, 

summer fallow system with cultivation during the fallow year. 

TABLE VMI   GERMINATION OF WEED SEEDS: LONGEVITY, 
PERIODICITY AND VITALITY OF SEEDS IN CULTIVATED SOIL (9) 

Percent appearing in year 

Weed Species   J 2 3 ft- 5  

Redroot pigweed 17.0    3.0   5.0   7.0   1.0 

Common lambsquarters       9.0    3.0   4.0   5.0   1.0 

Shepardspurse 2.0     .9   2.0   1.0    .1 
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It can be readily seen that these three weed species exhibit a 

high degree of dormancy in soil that is cultivated (5,7,27,28,29). 

It appears from this study (Table VIM) and others that weed seeds 

of many species exhibit even a higher degree of dormancy when buried 

in undisturbed soil (5,8,11,15,19,20).  The results from Table VI 

would indicate that both natural, or primary dormancy and induced 

dormancy is involved. 

All nine species had a high degree of primary dormancy at the 

time of burial in the field a month after the seed was harvested. 

A portion of the primary dormancy was removed after one year in dry 

storage.  The greenhouse trials were started with seed which had lost 

some of its primary dormancy in dry storage.  It appears that the 

burial after dry storage (3) resulted in the further loss, although 

not a complete loss of dormancy, at least with curly dock, lambs- 

quarters, wild turnip, red sorrel and shepardspurse (Table VI). 

Barnyardgrass was lost to in situ germination and/or loss of viability. 

This was not verified but results from tests of other researchers 

mentioned earlier show that this probably happened. (12). 

The burial in the field of the freshly harvested seed resulted 

in very poor germination upon recovery.  This indicates that primary 

dormancy of freshly harvested seed was not removed by deep burial, at 

least not during the first two years.  Probably aeration, light and 

chilling under moist conditions would be required to remove primary 

dormancy.  A reduction in respiration during burial (3) could be an 

explanation of why it takes so long to precondition or pre-ripen some 
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seeds to germinate.  Barton's (3) study showed that gas exchange from 

red-root pigweed seeds during moist storage in glass wool at 20oC. 

constant temperature was reduced, over dry stored seeds, by at least 

tenfold in a matter of days.  After two months dry storage, the 

specificity of temperature requirements (350C.) for freshly harvested 

red-root pigweed seed was eliminated so that germination at a wide 

temperature range would occur.  Scarification and drying also were 

effective in the breaking of dormancy of this species (3).  Wareing (kl) 

states that seeds of cereals when freshly harvested exhibit a specific 

temperature requirement for germination but after a period of what 

he calls after-ripening in dry storage this specificity disappears. 

Dormant seeds of most species, however, will not germinate at either 

a high or low temperature. As dormancy is reduced the temperature 

requirement gradually lessens with time.  Examples of this phenomenon 

are found with seeds of curly dock and common lambsquarters. 
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Greenhouse Trials 

The leachate tests were conducted at a particular phase of 

development, i.e., at full harvest maturity so cere  must be taken in 

comparing these with the accumulative effects on the buried weed seed. 

(Tables XII and XIII).  They were also conducted in a liquid in day- 

light as opposed to the germination test in soil. 

Two possible types of comparisons between treatment means were 

with the studentized new multiple-range test and with least significant 

difference values.  Since the purpose of the experiment was to deter- 

mine differences betv/een cropping system influences on buried weed 

seed it may be appropriate to use the least significant difference (3*0 

test to compare germination results. The range of germination means 

has already been reduced by Arcsin conversion because of the distribu- 

tion of the germination percentages.  However, the length and dry 

weight determination from the leachate test are calculated from the 

actual measurements and would be appropriately compared by means of a 

range test. 

The red sorrel leachate test (Table X) resulted in treatment 

differences significant at the }%     level.  Both the germination and 

growth response test of red sorrel indicate that the leachate from 

broccoli, broccoli + nitrofen, tomatoes, tomatoes + paraquat, tomatoes + 

diphenamid and beans are all significantly inhibiting to the germina- 

tion, growth and development of this weed species.  Beans and broccoli 

showed this effect in the field as well, especially on red sorrel 

germination.  Beans were also inhibiting to red-root pigweed and curly 
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dock germination.  The combined results of these two trials (Tables 

III, IV, X, XS) indicate that either a bean root exudate, a metabolic 

by-product, the effects of plant decomposition or some mechanical 

disturbance to the seed is affecting the initial germination and 

grov/th of more than one species of weed.  Furthermore, the results 

may be due to the crop alone and not the combination of a herbicide 

and a crop.  The effect is shown by the rank grouping of the most 

inhibitory cropping systems in Tables X and XI. 

In the rice leachate study the effects were quite different than 

with red sorrel.  The cropping systems involving corn are the only 

consistent inhibitors.  Broccoli appears at the top of the list in 

Table IX but is not grouped there with the other broccoli treatments 

and may be a response from trifluralin rather than from broccoli. 

Quackgrass, a generally known inhibitor of corn germination (2*0, 

does not appear to have an inhibiting action on either rice or red 

sorrel under the conditions of the leachate study.  Wheat and rye 

are possible inhibitors of rice germination when it is grown in 

leachates from these crops. 

The obvJous question arises as to why, as a group, the mono- 

cotyledonous crop leachates are the most inhibiting to rice while 

the dicotyledonous crop leachates appear to be the most inhibiting 

to red sorrel (Tables IX, X, XI, XIII).  It is possible that this 

could be a built in genetically controlled survival mechanism of 

evolutionary and ecological significance.  It appears that if this 

is a possibility, each species exhibits a specific response to all 
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other species, i.e., even though quackgrass roots inhibit the germina- 

tion of corn, corn roots inhibit the germination of rice which in turn 

is apparently not affected by quackgrass.  Gressel et a\_  (16) shows 

this specificity with crop seed germination responses to weed seed 

extracts. 

Contrary to the preceding general observation. Tables XIII and 

XVI from the burial experiments show that both red sorrel and wild 

turnip germination are affected by quackgrass and other grasses when 

exposed constantly to quackgrass roots by burial.  As a possible 

explanation to the apparently contradictory results between the 

leachate and germination tests, the crop, at a specific time during 

its life cycle, may produce inhibitory substances but not at other 

times.  This is the case with tomatoes which produce tyrosine only 

during the fruiting stage (31).  In other words accumulative effects 

may have the most powerful influence on buried seed while physiological 

processes at the time interval selected to conduct the study would 

have the most influence on the results of the leachate study. The 

two effects may then be very different, especially since one is con- 

ducted in a liquid medium and the other in soil. 

Tables XIII and XIV also show that asparagus is probably an 

inhibiting crop.  This effect has not been previously reported in 

the literature.  It appears on the inhibiting end of the leachate 

effects (Tables IX, X, XI, XI!) but most noticeaoly it appears as an 

affect on the buried seed of red sorrel, curly dock and wild turnip 

(Tables XII!, XIV, and XV). 
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The germination of curly dock, red .sorrel and wild turnip seeds 

are inhibited to some extent by both asparagus and quackgrass roots 

when compared to the presence of no crop (Figure 13). Washing the 

remainder of the seeds after the first 14 days of germination resulted 

in further germination of these species. This happened with bare soil 

to a lesser extent but indicates that the soil alone has some 

inhibiting effect. Another explanation of this phenomenon may be that 

the earlier germinating seeds exude inhibiting substances which affect 

the remainder of the seeds. When these are removed by the washing 

process further germination occurs (17^31). 
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TABLE IX.  GERMINATION RESPONSE OF RICE RESULTING 
FROM VARIOUS CROPPING SYSTEM LEACHATES 

19 Cropping System Arcsin 

Broccoli + trifluralin 49.1 
Corn 51.9 
Corn + propachlor 5^.^ 
Wheat 55.1 
Rye 60.8 
Peas + dinoseb 61.4 
Tomatoes + diphenamid 62.5 
Corn + atrazine 62.7 
Asparagus 63.4 
Rye + bromoxynil 65.1 
Onions + CDAA 65.4 
Oats 65.6 
Beets 65.9 
Broccoli + nitrofen 66.0 
Tomatoes + paraquat 67.0 
Beans + EPTC 67.0 
Beets + dalapon 67.2 
Flax 67.4 
Tomatoes 67.7 
Quackgrass 67-7 
Broccoli 67.8 
Bare soil + naptalam 67.9 
Mint 68.4 
Onions 69.2 
Seans + chloramben 70.6 
Wheat + diuron 70.7 
Carrots + linuron 70.8 
Check (bare soil) 71.4 
Beans + trifluralin 7'.7 
Carrots 71.9 
Broccoli + CDEC 72.0 
Mint + terbacil 72.7 
Peas 73.3 
Flax + 2,4-D 73.4 
Beans 74.2 
H20 75.8 
Beets + pyrazon 76,9 
Fresh soil 78.5 

LSD  .05 -   14.156 

19 Average  of  four   replications,   percentage  converted to Arcsin 
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TABLE X.  GERMINATION RESPONSE OF RED SORREL RESULTING 
FROM VARIOUS CROPPING SYSTEM LEACHATES 

20 
Cropping System Arcsin 

Tomatoes + paraquat 13.8 
Broccoli + nitrofen 18.2 
Broccoli 19.1 
Tomatoes + diphenamid 19.^ 
Beans 22.7 
Tomatoes 2k.7 
Rye + bromoxynil 27.6 
Oats 29. *+ 
Flax + 2,4-D 33.5 
Rye 3^.7 
Broccoli + trifluralin 35.9 
Asparagus 36.1 
Carrots + linuron 36.4 
Broccoli + CDEC 37.1 
Peas + dinoseb 37.8 
Onions + CDAA 39.3 
Corn + propachlor k0.2 
Check (bare soi1) k].3 
Mint kl.k 
Mint + terbaci1 ^2.2 
HoO alone ^3.0 
Wheat + diuron ^3. 1 
Beets ^3.4 
Onions 43.6 
Flax 43.9 
Bare soil + naptalam 44.0 
Beets + pyrazon 44.3 
Quackgrass 44.4 
Carrots 45.0 
Beans + trifluralin 45.2 
Wheat 46.5 
Check (bare soi1) 47.2 
Beans + EPTC 47.3 
Peas 47.5 
Beans + chloramben 48.2 
Beets + dalapon 49.2 
Corn + atrazine 50.1 
Corn 50.2 

LSD .05 - 16.2, LSD .01 - 24.2 

_  
Average of four replicaticns, percentage converted to Arcsin. 
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TABLE XI.  GROWTH RESPONSE OF RED SORREL RESULTING 
FROM VARIOUS CROPPING SYSTEM LEACHATES 

Cropping System Length mm 
21 

Broccoli 
Broccoli  + nitrofen 
Tomatoes + paraquat 
Tomatoes ■+-  diphenamid 
Beans 
Tomatoes 
Carrots +   1inuron 
Rye +  bromoxyni1 
Oats 
Broccoli   + trifluralin 
Rye 
Onions +  CDAA 
Asparagus 
Peas + dinoseb 
Broccoli   +  CDEC 
Corn + propachlor 
Bare soil 
Flax +  2,4-0 
Mint + terbaci1 
Flax 
Onions 
Carrots 
Mint 
Beets + pyrazon 
Corn + atrazine 
Beets 
Wheat 
Beans + cbloramben 
Wheat +  diuron 
Beets + dalapon 
Beans + trifluralin 
Beans +  EPIC 
Bare soil   +  naptalam 
Corn 
Peas 
Bare soi 1 
Tap water 
Quackgrass 

5.0 
5.0 
6.3 
6.3 
8.3 
15.0 
16.0 
16.8 
20.3 
20.5 
20.8 
21.3 
21.5 
21.8 
23.5 
23.5 
25.5 
25.5 
25.8 
26.0 
26.8 
27.5 
28.3 
30.0 
30.3 
30.5 
32.0 
32.5 
33.3 
3^.0 
3h.5 
3^.5 
35.0 
36.0 
36.3 
^5.5 
50.3 

.22 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

"'  Average of four repl i cat i ons, stem and root length, at 16 days. 

Treatment means fo?lowed by the same letter are not significantly 
different at .05 level. 
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TABLE XII.      GROV/TH  RESPONSE  OF  RICE  RESULTING  FROM 
VARIOUS   CROPPING SYSTEM LEACHATES 

Cropping System Grams Dry Wt. 23 

Corn + propachlor 
Corn 
Wheat 
Corn + atrazine 
Beans + chloramben 
Beans + EPTC 
Bare soil   + naptalam 
Beans 
Carrots + 1inuron 
Wheat + diuron 
Asparagus 
Bare so? 1 
New soi1 
Quackgrass 
Rye + bromoxyniI 
Peas + dinoseb 
Beans + tri fluralin 
Flax + 2,^-D 
Rye 
Mint 
Tomatoes + paraquat 
Peas 
Onions 
Beets 
Onions + COAA 
Beets + dalapon 
Carrots 
Oats 
Flax 
Broccoli 
Beets + pyrazon 
H2O alone 
Tomatoes + diphenamid 
Broccoli + trifluralin 
Mint + terbaci1 
Tomatoes 
Broccoli  +  CDEC 
Broccoli  + nitrofen 

.655 a' Ik 

.661 a 

.678 a b 

.685 a b c 

.685 a b c 

.690 a bed 

.69^ a b c d e 

.696 a b c d e 

.696 a b c d e 

.700 a b c d e 

.701 a b c d e 

.703 a b c d e 

.706 a b c d e 

.706 a b c d e 

.707 a b c d e 

.708 a b c d e 

.708 a b c d e 

.710 a b c d e 

.711 a b c d e 

.712 a b c d e 
;713 a b c d e 
.717 a b c d e 
.718 a b c d e 
.721 a b c d e 
.722 a b c d e 
.728 b c d e 
.729 b c d e 
.730 b c d e 
.736 c d e 
.739 c d e 
.739 c d e 
Jhl c d e 
.7^3 c d e 
.7^ c d e 
.7^8 d e 
.7^9 d e 
.750 d e 
.759 e 

23    Average of four replications,  at  16 days. 

2k Treatment means followed by the same letter are not significantly 
different at .05 level. 
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TABLE XIII.  GERMINATION RESPONSE OF RED SORREL RESULT!NG FROM 
THREE SIMULATED SEASONS OF BURIAL UNDER VARIOUS CROPPING SYSTEMS 

Cropping System Arcsin 25 

Corn + propachlor 
Oats 
Quackgrass 
Asparagus 
Broccoli + CDEC 
Wheat 
Onions 
Beets + pyrazon 
Tomatoes + diphenamid 
Broccoli 
Beans + EPTC 
Beets 
Tomatoes + paraquat 
Tomatoes 
Corn 
Broccoli + nitrofen 
Flax 
Broccoli + trifluralin 
Beans 
Tomatoes 
Beans + chloramben 
Rye 
Mint 
Rye + bromoxyn?1 
Wheat + diuron 
Carrots + 1inuron 
Corn + atrazine 
Bare soil + naptalam 
Check (bare soi1) 
Mint + terbaci1 
Peas + dinoseb 
Beets + dalaoon 
Flax + 2,W 
Onions + COAA 
Beans + tri f iural in 
Carrots 

LSD .05 - 16.5 

7.9 
9.8 

10.9 
12.1 
13.1 
14.5 
15.6 
15.9 
16.1 
16.3 
]6.k 
17.0 
18.1+ 
18.5 
18.6 
20.0 
20.7 
21.9 
22.0 
22.2 
22.6 
22.9 
23.1 
23.8 
2SA 
25.5 
26.1 
26.3 
27.2 
28.8 
29.2 
2SA 
31.4 
32.7 
33.7 
41.1 

25    Average of  four  replications,   percentage converted  to Arcsin. 
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TABLE XIV.  GERMINATION RESPONSE OF WILD TURNIP RESULTING FROM 
THREE SIMULATED SEASONS OF BURIAL UNDER VARIOUS CROPPING SYSTEMS 

26 Cropping System Arcsin 

Asparagus \k.O 
Quackgrass 21.5 
Mint 26.1 
Mint + terbacil 27.2 
Wheat 27.k 
Broccoli + trifluralin 28.7 
Rye + bromoxynil 28.9 
Tomatoes + diphenamid 33.^ 
Beets + dalapon 3^.7 
Onions + CDAA 3k. 9 
Oats 35.2 
Rye0 36.2 
Onions 36.8 
Bare soil + naptalam 37.6 
Beans 38.1 
Check (bare soil) 38.2 
Beets 39.*+ 
Flax + 2,4-D 39.5 
Broccoli + COEC 39.6 
Carrots ^1.5 
Corn *»1.9 
Beets + pyrazon M.9 
Tomatoes 43.1 
Beans + chloramben k3.h 
Wheat + diuron ^3.9 
Broccoli 44.5 
Peas kk.8 
Broccoli + nitrofen 45.2 
Tomatoes + paraquat 46.2 
Carrots + linuron 46.2 
Flax 46.2 
Beans + trifluralin 47.9 
Corn + propachlor 48.5 
Corn + atrazine 49.6 
Peas + dinoseb 49.9 
Beans + EPTC 51.5 

LSD   .05 -  18.55 

26 
Average of four  replications,   percentage converted to Arcsin. 
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TABLE XV.  GERMINATION RESPONSE OF CURLY DOCK RESULTING FROM 
THREE SIMULATED SEASONS OF BURIAL UNDER VARIOUS CROPPING SYSTEMS 

Cropping System Arcsin ' 

Quackgrass 16.9 
Asparagus 18.7 
Rye 20.3 
Tomatoes 21.4 
Mint + terbaci1 23.1 
Beets + dalapon 25.3 
Tomatoes + diphenamid 26.0 
Onions 26.0 
Rye + bromoxynil 26.1 
Broccol? + CDEC 26.3 
Broccoli 26.6 
Peas 26.7 
Broccoli + trifluralin 27.3 
Broccol? + nitrofen 27.5 
Beans 27.6 
Tomatoes + paraquat 28.3 
Beans + EPTC 28.5 
Wheat + diuron 28.6 
Beets 28.7 
Corn 28.8 
Onions + CDAA 28.8 
Carrots 28.9 
Mint 29.1 
Peas + dinoseb 29.3 
Carrots + linuron 29.6 
Check (bare soil) 29.6 
Bare soil + naptalam 30.5 
Corn + propachlor 30.6 
Beans + trifluralin 30.7 
Beans + chloramben 31.3 
Beets + pyrazon 31.8 
Corn + atrazine 32.1 
Wheat 32.8 
Oats 32.9 
Flax + 2,k-D 33.0 
Flax 38.2 

LSD  .05 -  11.12 

77 Average of  four  replications,   percentage converted to Arcsin. 
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TABLE XVJ. pH OF LEACHATE FROM MONOCULTURE CROPPING SYSTEM 
AFTER THREE SIMULATED GROWING SEASONS IN GREENHOUSE 

pH =    6.0 . 6.2 . 6.4 . 6.6 . 6.8 . 7.0 . 7.2 

Asparagus ■ ■ ——-—- 
Bare soil + naptalam-- ——- 
Beans—— — — —- 
Beans + chloramben-  
Beans +  EPTC——»~——  
Beans + trif'luralin —  
Beets ■——  
Beets + dalapon— — ....... 
Beets + pyrazon———— —  
Broccoli  
Broccoli + CDEC  
Broccoli  + nitrafen —-— — —— — 
Broccoli  + trifluralin --— --— 
Carrots- — — ——— 
Carrots + linuron-— — —-—- 
Check (soil alone)- --—-—--  
Corn — — —  
Corn + atrazine ■—  
Corn + propachlor- -—-——— 
Flax    
Flax + 2,4-D ~  
Mint  
Mint + terbacil  
No crop— ————— 
Oats  
Onions- —— ——— ————— 
Onions + CDAA  
Peas  
Peas + dinoseb- — 
Quackgrass— — —.-_- ...—- 
Rye + bromoxynil — ————— 
Rye „__-__.„<„ ..„ .  

Tap water  
Tomatoes ■  
Tomatoes + diphenamid --— —.... 
Tomatoes + paraquat---  
Wheat  
Wheat + diuron-- — -- 

pH readings conducted with Hach Model 17-H phenol red pH test kit, 
LSD .01 = A0 
LSD .05 = .30 
Standard error of means =  .108 
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TABLE XVII.  pH READINGS OF SOIL FROM GREENHOUSE EXPERIMENT 
AFTER ONE SIMULATED CROPPING SEASON 

Cropping System Average pH 

Asparagus 6.1 
Beans + trifluralin 6.0 
Beans + EPTC 5.9 
Beans + chloramben 6.0 
Beans 5.9 
Beets + pyrazon 5.9 
Beets + dalapon 6.1 
Beets 6.2 
Broccoli + nitrofen 6.0 
Broccoli + CDEC 6.0 
Broccoli + trifluralin 6.0 
Broccoli 5.9 
Carrots + linuron 6.2 
Carrots 6.2 
Check (bare soil) 6.0 
Corn + propachlor 6.0 
Corn + atrazine 5.9 
Corn 5.9 
Flax + 2,4-D 6.0 
Flax 6.0 
Mint + terbacil 6.0 
Mint 6.0 
No crop 6.0 
Oats 6.1 
Onions + CDAA 6.0 
Onions 6.1 
Peas + dinoseb 6.1 
Peas 5.9 
Quackgrass 6.1 
Tomatoes + paraquat 5.9 
Tomatoes + diphenamid 5.8 
Tomatoes 5.8 
Wheat + diuron 6.1 
Wheat 6.1 
Rye + bromoxynil 6.1 
Rye 6.0 
Bare soil + naptalam 6.1 

LSD .01 - 0.2, LSD .05 - 0.11 

Orion Research Digital pH Meter Model 701 used in this test. 
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Cleaning Seed Packets 

The experimental washer (Figures 3j5.>6,11 and 12) proved to 

be very successful.  There was no damage to the seedlings inside 

the packets during washing, the packets were washed very clean 

and required approximately one-tenth the time of hand washing. 

This time saving was very important in allowing for the completion 

of the experiments in this study without excessive delays,  A total 

of 1800 seed packets containing 180,000 seeds were dug, processed, 

germinated, washed, stored, examined and the initial count made 

within a four week period.  Without these improved techniques 

this would have been an impossible task for one person. 

Separating Weed Seed from Soil 

A satisfactory technique was developed for separating weed 

seed from soil. After the separating process the weed seeds that 

were recovered were easy to identify and separate from the inert 

material.  Very few seeds were recovered from the residue remaining 

in the bottom of the wash bucket which indicated that the process 

was very thorough.  Spiked samples of soil gathered from old ditch 

banks were tested to confirm the preliminary results,(Table XVI! I). 

Three dark seeded weed species were used for this purpose. The 

species used were redroot pigweed, ladysthumb and wild turnip. 

All of these have distinctive shapes and were dark in color. 

The structure and textural problems of heavy clay soils were 

solved by crushing and soaking the soil particles.  The addition 
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of seed free sand to these soils also proved to be beneficial in 

the separation process.  Crushing, soaking and the addition of 

sand also resulted in reducing the amount of water needed to 

complete the separation.  The constant rotation of the wash 

bucket and the presence of holes and nylon cloth screens in the 

bottom resulted in complete elimination of all soil colloids 

and fine soil particles. The sand retained by the bottom screens 

did not present a problem since very few weed seeds were found 

in this fraction. 

Flotation methods for separating seeds from soi1, using 

water alone ,  were unsuccessful. Seeds that had been in dry 

storage for a period of five years failed to float when placed 

in water. In other experiments soaking soil samples in solutions 

containing potassium carbonate (26a) or surfactants and magnesium 

sulfate (23a) aided in the separation process. However the seed 

damage potential of the solutions was not explored therefore they 

were not used in this experiment. 

Other methods of enumerating seed content of soil require two 

or three years of germination tests and are tedious and time 

consuming (5,8). Also highly dormant seeds may not germinate in a 

short length of time and would be missed in this type of experiment, 



Soil 

TABLE XVIII.  WEED SEED RECOVERY FROM SPIKED1 SILT LOAM 
AND FINE SANDY LOAM SOIL SAMPLES 

Weed Seeds Recovered in Various Sieve Sizes-* 
US DA 

Series      Texture 3 i5 wn. 1 mm. 2 mm. 3 mm,. Bottom 
Other See 
Recovered 

Athena 

Bong 

Silt 
loam 

Fine 
sandy 
loam 

RRU    L        WT       RR      L        WT      RR      L        WT      RR      L        WT      RR       L        WT 

7k       0       0     26       0     96       0     93       3       0       4       0       03       0 

79       0       0     21        2     99       0     90 0        k 0        k 

One-hundred seeds of each species added to each one pint sample, 

and Refer to Soil  Conservation Service classification.  Table I la.(40). 

Figures   indicate percentages,  average of four  replications. 

5    Kumboldt soil   sieve sizes 

Seeds   recovered from sand  in bottom of washer bucket. 

^    Other seed  recovered,  actual   count. 

8    Represents species:     RR = redroot pigweed,  WT = wild turnip,   L =  ladysthumb 
oo 
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CONCLUSIONS ' 

An improved technique was developed during the course of this 

experiment for separating weed and/or crop seed from soil samples,, 

By using the same machine that was used for seed packet washing, with 

variations in angle of slope, volumes of water and wash bucket modifi- 

cations, highly satisfactory seed samples were obtained from mineral 

soil samples.  The physical properties of the soil had a great deal 

to do with the degree of difficulty of separating the seeds from the 

soil.  Sandy soils were easier to separate from the weed seeds than 

were the finer clay soils. 

Testing for weed and/or crop seeds present in the soil could 

be very useful in research and in commercial agricultural production. 

In research, surveys could be made to ascertain the effectiveness 

of weed control systems and for weed ecology studies.  In commercial 

agriculture there has always been a need for knowledge of both 

amounts and kinds of weed and crop seeds present in the plow zone. 

This is especially important in the seed growing industry. 

The method developed here is economical, rapid and will hopefully 

be a very useful tool in agricultural research and in crop production. 

The seed packet washing technique was also very successful.  It 

performed well and was many times faster than hand washing.  The 

polyester Dacron cloth proved to be a very good choice for this type 

of study.  It did not deteriorate under burial conditions and it 

served to protect the delicate seedlings, growing inside, during the 
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washing procedure.  No damage was observed when the seedlings were 

allowed to grow for 10 to ]k  days prior to washing procedure. The 

cloth was also transparent enough after washing to allow light trans- 

mission to satisfy requirements for seed germination and counting 

procedures. 

The plant leachate system developed in this study has the 

advantages of simplicity and economy.  It was primarily designed for 

the evaluation of weed seed germination in a liquid medium, however, 

it could be adopted for use with sand, vermiculite or other plant 

root media. The key to the technique is that the liquid level can 

be controlled very easily.  In this study it proved to be a successful 

method of studying plant leachate effects on rice and red sorrel 

without the benefit of aeration. Aeration is very easily supplied so 

other adapted plant species could be studied using this method. 

Larger plant sizes can be accommodated through the use of successive 

plastic bags. Red sorrel seed was determined to be the most adapted 

weed species used in the plant leachate experiment.  It shows 

little specificity for temperature, oxygen, or moisture requirements 

for germination and growth(36). This makes it an ideal weed seed 

for leachate or plant exudate studies. 

No specific cropping system had a consistently significant 

effect on buried weed seed.  However, the evidence points to broccoli 

and bean plants as being possibly inhibitory to the germination of 

red sorrel. This same effect was evident in the leachate study 

where tomatoes were also inhibitory to red sorrel.  Asparagus and 

quackgrass were noticeable as inhibitors of seed germination of both 
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wild turnip and red sorrel in the greenhouse buried .seed study. 

Quackgrass roots have been reported previously (13> 22, 2k,   25) as 

being inhibitory, but this affect from asparagus has not been 

previously reported. 

Except for red sorrel the results of all the treatments were 

inconclusive because of a high degree of dormancy.  This was shown 

by the low germination of the nine seed species after recovery from 

the soil following two years burial.  By using species that exhibit 

less dormancy it is possible that better results could have been 

obtained.  However, in the case of barnyardgrass, burial for two 

years resulted in either in situ germination or an almost complete 

loss of viability.  Weed sesds of this nature do not generally pose 

as great a threat to agricultural production. The greatest threat 

is presented by the weed species such as the others included in 

this experiment. They lie dormant for many years and when brought 

to the surface by tillage a limited number germinate. The remainder 

of the seed population is again plowed under and added to by fresh 

growth and the cycle continues endlessly.  No matter how difficult 

the task, it is imperative that these weed species, possessing a 

high degree of dormancy, be studied until the problem is solved. 

For these reasons much of the data needed, to fully understand the 

control of these perennial weeds, can only be gathered in a burial 

experiment that is continued for at least ten years. 

Hopefully the improved techniques developed during this study 

will provide the means for carrying out more extensive experiments 

in the near future. 
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APPENDIX A 

Asparagus 

Beans-~green  snap bush  bean,   GV 50 

Beets-"=Detroit  Dark  Red 

Broccoli-«ltalian green sprouting.   Harvester 

Carrots—Red Cored Chantenay 

Corn--Hybrid,   sweet,   Jubilee 

Flax-°Linore 

Mint--Peppermint 

Oats — Red Spring 

0nions--Yellow Sweet  Spanish 

Peas—O.S.U.   SI21 

Quackgrass 

Tomatoes~-Wi1lamette 

Wheat — Ga i nes 

Rye--Abruzzes 
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APPENDIX B 

Common Nams Chemical Name 

atrazine 

bromoxyniI 

CDAA 

CDEC 

chloramben 

dalapon 

dinoseb 

diphensmid 

d i u ron 

EPIC 

1inuron 

nitrofen 

paraquat 

propachior 

pyrazon 

terbaci) 

trif lural in 

2,4-D 

2-chloro-k-(ethyIami no)-6-(isop ropy1 ami no)-s-tr i az i ne 

3,5-d i bromo-^-hydroxybenzon i t ri1e 

N,,N=dial Iyl-2-ch]oroacet3mide 

2-chloro3llyl   diethyldithiocarbamate 

3~amino-2,5-dichlorobenzioc acid 

Z,2-dichloropropionic acid 

2-sec-buty1-k,6-dinitrophenol,   amine salts 

H,N-dimethyl-2,2-diphenylacetamide 

3-(3,^-dichlorophenyl)-l, 1-dimethyl urea 

S-ethyl   dipropylthiocarbamate 

3-(3,^-d i ch1oropheny1)-1-met hoxy-1-methy1u rea 

2,k-dich1oropheny1 -£-ni t ropheny1   ether 

1,1'-dimethy1-^,4'-bipyridinium ion 

2-chloro-N-isopropylacetani1ide 

5-amino-if-chloro-2-phenyl-3(2H)-pyridazinone 

3-tert-butyl-5-chloro-6 methyluraci1 

a^a.,ap-t'ri f luoro-2,6-di nit ro-N^N-^dipropyl-^tolui dine 

(2>
if-dichlorophenoxy)acetic acid*  amine salts 


