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Summary 
Seed bank species composition and den
s ity were determined in soils collected 
from five arable sites in 1994 and from a 
further s ix sites in 1995. The methods 
used were (i) seed ext raction by washing 
and dry sieving, and (ii) seed ling e nu
meration under different grow ing condi
tions. Both methods gave si milar esti
mates for grass weeds but the seed ex
traction method genera lly gave higher 
values for broad leaf weed species. There 
was significant variation between sam
ples within each of the sites, both in 
terms of the numbe r of species and the 
number of seeds o r seed lings recorded. 
No obvious differences due to variations 
in soi l type were noted in the weed den
si ty or weed seed numbers between the 
six sites. Soi l samples collected from the 
headlands of maize fields produced 
seed lings of more weed species, al
though the number of seeds or seed lings 
were not significantly different between 
sa mpl es collec ted from inner and outcr 
areas of the fields . The initial rate of 
seedbank decli ne varied between si tes 
from different parts of the country. Bow
eve r, the seed bank of m ost grass and 
broadleaf weeds present declined in the 
absence of seed input over the four year 
period to between 1 and 2% of th e origi
nal number, although this s till repre
sented a very large seedbank. The high 
ratio of seed lings emerged to seeds ex
tracted in a ll sa mples d emonstrates the 
potential for using the weed seed content 
of the soil to predict future weed prob
lems in the field. 

Introduction 
The weed seedba nk as a reservoir of weed 
seeds in the soi l or on the soil s urface 
largely determines the species composi
tion and potential densities of weeds that 
subsequently interfere with crops during 
the growing season. Some knowledge of 
the weed seedbank may therefore be ap
propriate for integrated weed manage
ment programmes (Force ll a 1993). How
ever, a number of problems are inherent 
in the es timation of the seedba nk size of 
arab le weeds which usua lly have annual 
life cycles (Benoi t et nl. 1992, Forcella 
1993). Determination of the dens ity of 

viab le weed seeds in a so il sa mp!t.' is a te
dious and s low process cmd compilriltive 
s tudies of seedbanks have been hampered 
by the d ifficu l ty of ilccurate ly determ ining 
the number of st!eds and species present. 
The usuill techn iques employed by rc
seilrchers fall in to two categories v iz. (i) 
physica l ex tract ion of seeds from soi l Sil m
p ies by notation and / or siev ing and 
counting, (ii ) incuba tion o f the soil and 
en ume ra tion of the seed lings e merg ing 
from the viable seeds (Ball and Miller 
1989, Crnss 1990). 

Studies on we(·d ~l'l'dbnnks have dem
onstrated lilrge variilbili ty in both density 
and Ctl n1positi nn bdwcel1 safnp les (BCI1(lit 
('/ Ill. 1992) ilnd multip le s(l il samp les need 
tll be collected from different hlCil tions 
w ithin iI field to get a re li<lble estimilte 
(Dessain t e/ al. 1991 , 19%, Porcella ('/ al. 
1992, Wilson (lnd Aebischer 1995). Our 
observations illso ind icate that the edges 
and corners of ilrable fie lds tend to be the 
areas of greatest botanical d iversi ty. 

Weed seedba nks ~enerally decline 
exponent ially over time, il nd the rate of 
decline increases wi lh the frequency of 
cu lti vat ion (Roberts and Dawkins 1967). 
Data from fie ld experiments show thal 
s imi larly, the number of seedlings e merg
ing annually from regu larly disturbed soi l 
declines expone ntiall y hl r most weed spe
cies (Popay cf nl. 1Y94, Roberts 1964, 
Wilson and L('lwson '1(92). Thus in addi
tion to es timCl ting the weed seed populil
tions in the so il , some knowledge ilbout 
the pers istence of weed seedbilnks is im
portant for developing long term weed 
m<'lnageme nt s trategies. 

The work described in this paper sum
marizes a number of fi eld and g lasshouse 
studies conducted over the past five yea rs 
with the fo llow ing objectives: 
i. to compa re the two ma in techniques for 

estimating Ihe weed scedbank of some 
cropping so il s in New Zea land, 

ii. to exami ne the dis tribution of arable 
weed seeds in different parts of arable 
fields, 

iii.to estimate the rille of seedbank decline 
for certain weed species, and finally 

iv.to assess the potentia l o f using the weed 
seed con tent in the soi l to predict future 
weed problems in New Zea land crop
ping systems. 

Comparison of Irclmiqllcs 
The techn iques evalua ted in this study 
were the weed seed ex tract ion method 
ilnd the seed ling emergence method . Bulk 
quantities (SO kg) of soil were collected in 
September 1994 from three diffe rent ;u 

able sites on Horotiu sand y loam .spi ! 
(7.3% or~tlnic C, 61'X. stlnd , 16'X. cltly, p i I 
5.9) and two arab le sites llll II Clmilt(m c1"y 
loam soil (2.4% (lrgil nic C, ~4% silnd, 2LJ% 
clay, pH 6}i) , The soi l fnHll etlch s itl' WilS 
passed through il 4 mm s ieve and thor
ough ly mixed . Prom each bu lk s<1 mpll' 
fou r sub-samples wert:' obt" i ned with a ri f
fie s<1mpler and used immeciiiltl'ly f( 1I' thl' 
seedling emergence studies. Six fu rtlw r 
sub-samples were ilir dril'd a ft er which 
sao g soil from etlch was sent In till' 
MAPQua l Offi ciill Sl'ed Tl'slin~ Stil lion 
(05'1'5) for weed seed ex traction and l'nu
me ration. In August 'IY95 bulk so il (~() kg) 
was collected from il further s ix mtliZl' 
field s representing i.l v" .. il'ly of soi l types 
ranging from peaty lotlm 10 cltly soils and 
proCt:'ssed in a si mil"r filshilln . 

For the wel'd seed l'xlraction nwtlwd 
till' ilir dried soil stlmpll's wen' l"lCh .-;ub
divided into two 250 g silmpll's, plill'l'd in 
nylon net bilgs (sc .. el~ n s iz(' O.2.r; mill), 

sOtlked in water fpr fiVl~ minutes, and tlwn 
washed under rllnning tap wilter. The I'L'

mllining contents of the bag were OVen 

dried overnight in petri dis lws and thl:n 
passed through Cl descending series of 
seven Purity Test Sicves (il offmiln Manu
ftlcturing Compnny, Albnny, Oregon, 
USA) with screen s i;t.es mnging from I.ll 
to 05 mm. Whole seeds from ench sit'v ing 
were l'xtrtlc ted , counted nnd idl'l1tifil'd . 
Sel.'d v iabil ity WilS determinl'd by 'dl'
s truct ive crushing', in which secds con
taining undecayed endosperm wefe rl'
cord ed liS potentinlly vitlblt,. 

POl' the seed ling emergencl! methnd, 
soi l sll mplcs ( 1.7- 2.1 kg) were placed 
in pltlsti c tray~ (300 x 400 )( 40 mm) half 
fill ed with vermiculite <lnd sepilrated by 
wClter permellb le wecdmilt material. Trays 
were plilced in II g lnsshouse unncr n<ltur(ll 
light with dily/nigh t temperlltures of 
2S- 30/1S- 20Q C <lnd wi th soi l mois tu re 
maintained by top irrigation . Afte r one 
mont h the emerged seed lings were 
counted a nd removed . Thc soil was then 
air d ried, mixed lind sel out in tril ys for 
the next incubation. This process was re
peated until two or less seedlings emcrged 
in each trtly (usulilly 7- 9 repeat incubil
tinns). After this, the trays were s tored ilt 
4°C for two weeks and the incubation 
process was repeated again until no more 
seed lings emerged, 

For compa ring the methods, species 
were grouped accord ing to phenlliogy 
Crable 1) and for each si te and for eilch 
group an analysis of variance was carried 
out. For the 11 most abundant species, the 
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significance levels for each group were 
pooled across sites within a soil type to 
give an 'overall ' significance level using 
Fisher's test. 

In a separate experiment, different 
growing conditions were compared for 
weed seedling emergence using the soi l 
from one site, viz. (i) glasshouse condi
tions as described above, (ii) maintenance 
in glasshouse after an initial period (2 
weeks) of chilling at 4' C, (iii) controlled 
environmental conditions with a day / 
night temperature of 25/l0' C, and (iv) 
outside in a shadehouse with day/night 
temperatures of 20-25/7-10'C. 

Spatial distribution of a weed seedbank 
Six fields (5- 20 hal that had been used for 
growing maize for several years and 
which had a variety of soi l types ranging 
from peaty loam to clay were selected . 
Each field was divided into eight areas for 
sampling according to Figure 1. The outer 
area was always 20 m wide and generally 
conformed to the headland planting area 
for the maize crop. Each area was sampled 
by taking 60 cores along transects using a 
25 mm diameter soil corer set to 100 mm 
depth. Transect and sampling spacings 
were designed according to the size and 
shape of each field to produce an even and 
regular sampling pattern over the whole 
area . The samples were collected after har
vest of maize crop but before cultivation, 
in August 1995. The cores were mixed 
while still field moist a nd sub-samples 
taken for enumeration of the weed seed
bank using the two methods described 
above. In the seedling emergence method 
the soil samp les were each incubated 
seven times. Means and standard devia
tions were obtained for each species at 
each s ite. For spatial distribution, analysis 
of variance was carried out on the aver
aged data (inner vs. outer areas of fields) 
using sites as replicates. 

Rate of deC/ine of weed seedbanks 
This experiment was conducted to deter
mine the rate of seed loss of certain weed 
species from the soil seed bank in the 

"'- 20m 7 

1/ Not to scale \ 
Figure 1. General representation of 
the division of each field into four 
outer and four inner sampling areas. 

Table 1. Estimates of weed seeds kg" of dry soil obtained from two 
enumeration methods in a sandy soil (average of three sites) and a clay soil 
(average of two sites). 

Species Sandy soil Clay soil 

No. of No. of Ratioc No. of No. of Ratioc 

seedsA seed lingsB seedsA seedlingsB 

Summer broadleaf 
Amaranthus spp. 87 33 2.6 39 10 3.9 
Chenopodium album L. 22 27 0.8 89 65 1.4 
Polygonum persicaria L. 11 6 1.8 9 6 1.5 
Portulaca oleracea L. 2 5 0.4 121 45 2.7 
So/anum nigrum L. 5 1 5.0 24 16 1.5 
Total 127 72 1.8""" 282 142 2.0 ...... 

Winter broadleaf 
Stellaria media (L.) ViiI. 0 6 6 1.0 
COroflOPIlS didymus (L.) Sm. 15 18 0.8 141 104 1.4 
Rumex obtllSifoiills L. 7 7 1.0 0 0 0 
Spergula arvensis L. 11 8 1.4 171 114 1.5 
Veronica persica Pair. 6 3 2.0 2 1 2.0 
Total 40 36 1.1 ns 320 225 1.4 ...... 

Summer grasses 
Digitaria sanguinalis (L.) Scop. 84 33 2.5 9 9 1.0 
Panicum dichotomifIonmt Michx. 347 291 1.2 208 167 1.2 
Total 431 324 1.3 ns 217 176 1.2 ns 

Winter grass 
Poa a1111!la L. 87 64 1.4"" 61 74 0.8 ns 

A Determined by soil extraction method. 
B Number of seed lings that emerged in the glasshouse, total from seven incubations. 
C Ratio of number of seeds extracted to seedlings emerged. The asterisks refer to the 
overall significance of the weed group using Fisher's test on the ratio of two methods. 

absence of seed input, when the soil was 
cultivated (to a depth of 100 mm) monthly 
over a period of four years. Each experi
ment consisted of four 1 x 1 m plots on an 
arable si te in three different parts of News 
Zea land viz. Ruakura near Hamilton, lin
coln near Christchurch and Invermay near 
Dunedin. Each plot was divided into four 
quarters and the monthly re-cultivation 
(with a hand trowel) was staggered by 
seven days in each quarter. At the begin
ning of the experiment in September 1992 
and annually thereafter soil samples were 
collected to 100 mm depth from each plot. 
After thorough mixing and air drying, a 
sample of 500 g of soil from each quarter 
was sent to OSTS for measurement of the 
seed bank using the weed seed extraction 
method described above. For Figures 4 
and 5, the data were analysed using re
peated measures methods. 

Results and discussion 

Comparison of techniques 
For the seedling emergence method it was 
found that >95% of the weed seedlings 
emerged within the first seven incuba
tions, which in each case covered the pe
riod between spring and autumn. The re
sults presented are from these first seven 
incubations. 

The seed extraction method found po
tentially viable weed seeds from a total of 
28 species in quantities ranging from 1 to 

1030 kg-1 dry soil while the seedling emer
gence method resulted in 26 different spe
cies in quantities ranging from 1 to 860kg·1 

dry soi l. However many of the species 
found were in quantities that were too 
small to analyse. The 13 most common 
and abundant species are listed in Table 1 
in four g roups. These weeds were also 
found in similar order of abundance in the 
same two soil types in a field study of the 
periodicity of weed emergence (Rahman 
and James 1993) . 

Of the four groups listed in Table 1, the 
summer broadleaf weeds were found in 
greater quantities by the seed extraction 
method compa red to the seedling emer
gence method. The winter broadleaf 
weeds were found in significantly higher 
numbers by the seed extraction method in 
the clay soil but not the sandy soil. This 
appears to be an artefact of the low num
bers of these species in the sandy soil 
rather than a true difference due to soil 
type. Results for g rass weeds showed that 
the differences in the quantities of seed 
found by the two methods were smaller 
than for the broadleaf weeds. 

The ratios of the number of seeds ex
tracted to the number of seed lings 
emerged are also presented in Table 1. 
When the ratio is different from 1.0, it sug
gests that one method estimated the num
bers differently to the other. However, if 
this ratio remains the same over a number 
of experiments, it is likely that there is a 



cons tant re lationship between the two 
methods for the given weed s pecies. Over
a ll , we recorded a high level o f germina
tion of seed lings in the g lasshouse in bo th 
soil types for the 13 most common and 
abundant s pecies. This is in contrast with 
the low em ergence ratios reported by 
other worke rs (Bal l and Miller 1989, 
Hart ley and Rahman 1995, Jensen 1969) 
and suggests that it is possible to achieve 
hig h ratios under appropriate grow ing 
conditions in some soils. 

Although the seed lings had to be 
g rown in the trays fo r up to one month for 
positive identifica tion, most had emerged 
within the firs t week. Apart from differ
ences in the re lat ive abund ance of the spe
cies found in the two so il types, the over
a ll emergence of the seedlings was very 
si mil ar, with mos t o f the seeds e merg ing 
in the first two incubations (Figure 2). The 
o nl y s pecies to emerge in s ig nificant num
bers after two incubati ons were the winter 
weeds Pan all II 1/(1 and JIlIICIl S billa/I ills L., 
which are respons ib le fo r the upw ard 
trend in Figure 2 due to their a utu m n ger
mina ti on (Februa ry-March ). This poin t is 
highlig hted in Figure 3 throug h examp les 
representing one species fro m each of the 
f[lur groups. The seed lings of the summer 
weeds, Alllnmll/ll!ls spp. and Digitnrin 

sn lls"itllllis emerged during the firs t tw o 
incubati ons, whi le those o f the winter 
weeds v iz., COrollOPIIS didYIIIIIS, and espe
cially Pon nl/l1Im, continued to emerge in 
late r incub<ltions. 

The weed seed ex tra ction method is 
a fa st a nd efficient technique tha t p ro
vides an immed iate result but requ ires 
s pecia lized experti se ,md eq uipment. 
While seeds smalle r that 0.25 mm could 
be los t in the initial wash , thi s meth od 
wl)u ld ex tract all the larger seeds and with 
adequa te sampling would provide a reli 
ab le estimate of the seed bank s ize for the 
impo rtant weed s pecies . The seedling 
e mergence method is more time consum
ing, and specific growing condi tions a re 
required for maximum e mergence o f 
some species. As most seedlings emerged 
with the first two incuba tions, for practi 
cal purposes, it may be possible to 
es tima te the tota l seedba nk fro m these 
numbers. 

The four different growing cond itions 
used to compare seed ling emergence gave 
differen t results fo r both the nUlllber and 
abundance of s pecies present (Table 2). 
C h illing the so il for tw o weeks before 
placi ng it in the g lassho use did not s ignifi
ca ntly increase germinatio n, possibly be
ca use chilling had already occurred in the 
fie ld d uring w inter months. The control
led environmenta l cond itions resu lted in 
s ignificantly lower numbers o f a ll species 
except the w inter broad leaf weeds. The 
o uts ide regime was genera ll y intermedi
ate between the g lasshouse and the con
trolled environment in terms of seedling 
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Figure 2. Cumula tive n umber of emerged seedlings in th e two soil types 
from each successive in cubation (soil mixed between incubations) . 
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Figure 3. Cum ul at ive n umber of emerged seed lings (tota l of five s ites) of 
four weeds fro m s uccessive incubations (soi l m ixed betwee n in cuba tio ns). 

Table 2. N u mber of weed seedl ings em erged from 1 kg of Horotiu sandy 
loa m soil un der differen t growing cond it ions. 

Weed group No of seedlings kg-I so il '\ 

Glasshouse Glasshouse Controlled Out.side 
;lfter chilling environme nt (shadeh t) LJ sc) 

Summer broad letlf 
Winter broad leaf 
Summer grasses 
Winter g rasses 

72 
152 
952 
189 

79 
180 
908 
238 

57 5_i:i 
141 143 
54 743 
72 181 

,\ Leas t s ig nificant ratio (5'X,) between any tW l) co lumns is 1.3. 

ge rminatio n. It is obvious that the cond i
tio ns for germi nation need to be selected 
ca refull y to suit the particu l<lr gro ups of 
weed species present. For exa m p le, if 
summe r g row ing w eeds s uch as Dig itnrin 
snllgllillnlis and Dntu rn stramonill lll L. are 
antiCipated in soi l sa mp les, hi g her tem
peratures are. req uired for incuba ti on. 
How ever, our resu lts s uggest that te m
perature may not be so criti ca l in the case 
of winter weeds. Variations in other grow
ing cond iti ons s uch as soi l depth, so il 
amelio ration and watering method have 
a lso been found to a ffect the emergence o f 
some weed species (Hartley and Rahman 
1995). 

Spatial dis/ribl/lio/l of weed seedba/lk 
In thi s study also both the me thods 
used for weed seedbank esti mat io n gave 

similar results. At three of the six sites, the 
nuter areas o f the fie lds contained s ig nifi
ca ntly (P<0.05) more seed .md seed ling 
numbers than the inne r areas, bu t at o nl' 
s ite the results were reversed. Thus (lver 
a ll the six si tes, there were no s ig nifican t 
d iffe re nces in the total number of seeds or 
seed lings between sa mples collected frum 
the o uter and inner areas of fi e lds. Com
paring the numbers for some of the major 
weed s pecies, to ta lled over all si tes, thl' 
two g rass weeds tended to s how hi gher 
values in the o uter a rea than in the inner 
are(l, b ut numbers for the broad leaf weeds 
we re si milar in both zones (Table 3). 
Ana lysis of the data a lso showed that in 
five o f the six s ites, significa ntly mllre 
weed s pecies were fou nd in the o uter area 
using the seedling emergence method , a l
tho ugh th is difference was apparent in 
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only one of the six sites using the seed 
enumeration method . The reason for this 
could be the larger size of samples used 
for the seedling emergence method (two 
to three times of that used for seed extrac
tion). 

In field surveys of cereal crops in Brit
ain, Wilson and Aebischer (1995) found 
that numbers of species declined signifi
cantly between the crop edge and 4 minto 
the crop and that numbers remained sta
ble as distance increased beyond 4 m . The 
total number of seedlings of common 
broadleaf weeds also decreased signifi
cantly as distance from the crop edge in
creased. Other workers (e.g. Marshall 
1989, Rew e/ af. 1992) have also recorded 
declining densities of most, but no t all, 
weeds with increasing distance from the 
field edge. In OUf study the outer area cho
sen for sampling may have been too wide 
(20 m), but as the headland area is culti
vated, drilled, sprayed and harvested dif
ferently and sometimes has a poorly es
tablished crop, it was thought that this 
zone would possibly be distinct. 

No obvious relationships were identi
fied between weed density or weed seed 
numbers and soil type across sites, despite 
the range of soils surveyed both in terms 
of texture and organic matter. This may be 
a result of continuous maize cropping and 
the associated use of herbicides on the 
sites included in this study. However, 
there were la rge differences between sam
ples within each site (which was reflected 
in standard deviations of up to 60%) de
spite the 60 cores taken along several 
transects for each sample. This shows a 
large degree of inherent variation in the 
weed seedbank of annual cropping sys
tems. It has been suggested that such con
siderable variation over small distances 
could be a consequence of the distribution 
of seed-parents in previous seasons 
(Bigwood and Inouye 1988). Based on so
phisticated statistical ana lyses, Dessaint et 
al. (1990) indicated that hundreds of cores 
may be necessary to adequately sample 
seedbanks. It has been suggested by oth
ers, however (e.g. Forcella e/ al. 1992) that 
for practical purposes, 10-20 cores, each 
50 mm diameter, are probably sufficient 
for a single fie ld or management unit. In a 
recently completed study we have found 
that approximately 25 cores, each 25 mm 
diameter, sh,?uld provide a sufficient sam
ple for fields of annual crops such as 
maize (Rahman e/ al. 1997). 

A comparison of the two methods of 
estimating weed seedbanks again showed 
a positive relationship (r2 = 0.92) between 
seedling emergence and seed numbers. 
This confirms the results of technique 
comparisons given earlier and demon
strates the potential for using the weed 
seed content of the soil to predict future 
weed problems, although correlations of 
individual species frequencies with field 

Table 3. Total seed and seedlings counted in all s ix s ites of som e ma jor 
weed species found in the inn er and ou ter areas. 

Total seeds kg·1 soil Total seedlings kg·l soil 

Weed species Inner Outer SEM Inner Outer SEM 

Digitaria sanguinalis 11.2 33.2 6.9' 8.5 12.8 2.2 
Panicum dichotomifIorum 3.7 11.3 2.5' 3.9 9.4 1.4" 
Chenopodium album 68.7 73.2 3.9 74.1 88.1 8.8 
Solanum nigrum 12.8 8.9 2.3 12.0 9.9 1.2 
Trifolium repens L. 2.5 4.0 0.6 0.4 0.4 0.2 
Rumex spp. 7.9 6.6 2.1 8.4 4.0 2.1 

A Inner and outer areas are s ignificantly different at the 10% level using a two sided test 
S Inner and outer areas are significantly different at the 5% level using a two sided test 
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following m onthly cultivation over a period of four years. Error bars are ± 

SEM . 

emergence patterns still need to be estab
lished. 

Rate of deC/ine of weed seed banks 
At the beginning of the experiment (i.e. 
year 0) seeds of 32,20 and 18 weed species 
were found in the soil samples from Lin
coln, Ruakura and Invermay, respectively. 
No additional species were recorded in 
the subsequent years. Although the 
number of species was high at Lincoln, 
nearly ha lf of them averaged only one or 
less seed per kg dry soil. The seedbank 
composition was similar at Lincoln and 

Invermay, the two South Island s ites, 
with the sa me winter and summer 
broad leaf weeds and Poa Ql11wa. A differ
ent spectrum of broad leaf weeds was 
found at Ruakura, the North Island site, 
and the two warm zone grasses, Dig-Haria 
sanguinalis and Panicllm dichotomifIorlltn, 
were also significant contributors to the 
seedbank. 

In all three sites the size of seed bank 
dropped in the first year, down to 56, 43 
and 39% of the initial value at Ruakura, 
Lincoln and lnvermay, respectively (Fig
ure 4). The reduction in the second year 



was again very large at Ruakura, possibly 
due to its large seed bank compared to the 
other two sites. Smaller reductions contin
ued in year 3 at aU sites, but the numbers 
went up slightly in year 4 at both Lincoln 
and Invermay. This could be a result of the 
inherent problem of accurate sampling of 
small seedbanks as has been discussed 
above. Further, in the case of Lincoln, one 
species contributed to nearly half of the 
increase observed in the fourth year, viz. 
Capsella bursa-pastoris (L.) Medik. , the 
seeds of which are known to remain alive 
in the soil for several years, with a few ger
minating each year. At the Ruakura site, 
which had a large seed bank and was in a 
protected location, no reversal of the seed
bank decline was noted at any s tage. 

The data in Figure 4 were subjected to 
regression analyses which showed that al
though the rate of seed decline was rapid , 
there was a significant departure from 
pure exponential decay pattern for all 
sites. As the Ruakura site had the largest 
seedbank, the rate of seed decline of four 
major weed species (which contributed 
nearly 95% of the seed bank) at this site 
was plotted (Figure 5) and analysed. Not 
surprisingly, the two dominant species, 
Amarant}llls spp. and Polygonum persicaria, 
both showed a significant departure from 
pure exponential decay. These results in
dicate a slower initial rate of decline than 
that reported by previous workers, includ
ing Roberts and Dawkins (1967) and 
Roberts and Boddrell (1984) who showed 
that number of weed seeds in the so il and 
of weed seedlings both declined exponen
tially from year to year. In the only s imilar 
study conducted in New Zealand, Popay 
et al. (1994) reported for one location that 
for most weed species, decline in the size 
of seed bank was much larger under regu
lar deep (250 mm) cultivation than under 
shallow (10 mm) or no cultivation. The 
relatively fast rate of decline of the 
seed bank in our study is in agreement 
with their results for deep cultivation. As 
the plots in our s tudy were cultivated 
every month, this would have accelerated 
the seed bank decline as the rate of decline 
is known to increase with the frequency of 
cultivation (Roberts and Dawkins 1967). 

Results presented in Figure 5 show that 
in the first year the seed numbers of the 
two grass weeds declined by 78 and 63%, 
while those of the two broadleaf weeds 
declined by 45 and 34%. By the end of the 
fourth year, the numbers had declined to 
1-2% of the original seedbank of these 
four weeds in the soil. The soil used in the 
Ruakura experiment has a bulk density of 
0.73 kg L·', so one seed per kg of soil 
would give a population of 730 000 seeds 
ha·' to a 100 mm depth in the field. This 
would mean after four years there were 
still 6.4 million seeds of Amarantl/Us spp., 
2.6 million seeds of Polygonum persicaria 
and 0.2 million seeds each of Digitaria 
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sanguinalis and Pa'licum dicilotomijlorum 
per hectare in the soil. This was in a situa
tion where soil was regularly cultivated 
and no new seed was added. Barralis et al. 
(1988) have found that weed seed num
bers in the soil declined less rapidly if 
wheat or barley were sown and herbicides 
applied than if the soil was cultivated, but 
no crop planted, and weed seed lings 
killed with paraquat. This clearly shows 
that reducing weed seed numbers by 
natural depletion will take a long time. 

Overall, the results of the experiments 
presented here show that the two methods 
of seedbank estimation evaluated pro
vided similar values for some grass weed 
species, but generally not for broad leaf 
species. Further comparative work could 
determine whether there is a constan t re
lationship between the numbers obtained 
by the two methods for those species 
which they estimated differently. Both 
methods have advantages and shortcom
ings, but it is clear that conditions for ger
mination in the seedling emergence 
method need to be selected carefully to 
suit the range of weed species likely to be 
encountered. The large degree of inherent 
variation in the weed seedbank of annual 
cropping systems observed here and by 
o ther researchers presents a real challenge 
for adequate soil sampling procedures to 
achieve credible estimates of the total 
seedbank population, both in terms of 
density and the composition. Further 
work is underway to confirm the number 
and size of soil cores required to ad
equately estimate the weed seedbank. 

The high ratio of seedling emergence to 
the total seed bank recorded for the most 
abundant weed species in all our experi
ments suggests that reliable relationships 
could be established between the weed 
seedbank and emergence of individual 
weed species. This demonstrates the po
tential for using the weed seed content of 
the soil to predict future weed emergence, 
but correlations with field emergence still 
need to be established. It is also obvious 
from the results that a long period of time 
is required for natural depletion of the 
seedbank for most species despite the fa
vourable climate for germination through 
most of the year in New Zealand. Further
more, new weed seeds are inevitably 
added to the soil surface on a continuous 
basis so that weeds are never eliminated. 
Satisfactory management of weeds w ould 
therefore continue to require approaches 
that either leave most weed seeds buried 
in the soil (e.g. conservation tillage) or in
volve the use of herbicides or shallow cul
tivation to destroy weed seedlings in early 
stages of growth. 
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