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Abstract

A comb_inatibnz of conseryatidn ti_llég‘e and wintef cover crops might reduce soil,> o
| dégra‘dation,problemé in the western Frasér.Valley. ‘This study was conducted to detcrmifie x
the effects of conventional spring tillage | (ST) and conéervation no-spring .t_illagel (N ST) i
) following winter wheat (1) riticum destivitm L.) and spring barléy (Hordeum vulgare L.) covef _
“crops on -éoil pilysical _charaé‘teristics, slug and ea_rthWorm popﬁlatiéns, soil available NA, and p

' : sweet corn (Zea mqys‘ L. sal'cc'haraia Sturt.) perfofmancé. The study was cax_‘riéd out in 1}92933,
1994, and 1995 on a siﬁy clay loam AHumic,Gllieysol i'n.Delta,'_BC. | |

in the three yeér_s, t').ulk. dgnsity, éerétidn porosity and éggregate stability were. not
affec_t';:d by type of tillage, nor by type of cover cr<.)pv. Before spring tillage there was no
difference in soil penetratién resiSte{nce betweén the two _tillége systems. ‘A‘fte'r »spring ti]lage
soil penétration resistance was: higher‘in N‘ST than in ST in fhe uppef 15 to 20 cm of the> soil
profile and it vrang-,e‘d from 1500 to 2250 kPa Spring baﬂey cover crop resulted in highéf soil
penetration ‘r‘ésistance than winter whe"a; in two out of three'years! Lower soil Watér contents
were obéerved_at 26 cm depth with NST than with ST, while at other depths of meésurement

"soil water contehts \')Qere siiﬁilaf wi_th both ti}lage treatmenfs. Type of cover crop did th’
 affect soil water content.. Soil temperatures were lower by 0.4 to 1.0°C at3 cm debf[h in_N_ST
than in ST during three weeks following corn pl%inting, but NST soil temperatures were above

the minimum temperature required for corn emergence and early corn growth.

In the fall of 1995, earthworm population was higher in NST than in ST. At the same

" time, spring barley cover crop resulted in higher earthworm ‘numbers than wihter_

wheat. Mild winter conditiops in 1993/94 and 1994/95 led to high slug pbpulations in NST




during the following spring. Slug infestation in NST plots caused Serious damage to young
corn plants and \;vas.one of the main regsons: for the crop failufe in thev1'994 and 1995
- seasons. Swéet_cqm yield§ were greater Witﬁ ST than with NST ip two out vbf three ‘yéars,
.‘\li.vhilevtype of‘c)ov'er crop did not affect sWéet -‘com yield. 'lGre‘ater sweet cb‘rn r'es'poriSé to N‘
applfcatidri was observed under winter>wheat: than under spring barley cov'e.r crqp' in i993,. o
| | and the._opposi'tewas true in .1994-1 and 1995. Soil NO; con‘cenvtration's were higher in.NST
than .in ST during. lattér parts of 1993 and 1995 growing seasons, while in 1994 ST had -
. jh’i‘gher soil NO; than NST at corn planting. A\Throughout the whole 1993 grov.vin.g se‘;as‘on
_higher Ac.oArlcent'rati.orll of soil‘ NO3 ans observed: witﬁ spring barley than with winter ‘wheat
c§§er _crop; While m 1994‘arid 1995 this' wés true only at cofp planﬁng. |

'Elimihatioﬁ of spring tillage is ﬁot the best managemenf option for sweet- cbrn
_production iﬁ t-hisr region, since if resulted in a crop failure in two out of three years of this

study that was carried out on the same site. Modifications of NST practice may hold promise

for successful establishment of annual crops in the western Fraser Valley.
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1. INTRODUCTION

British Columbia has a very small agricultural land base since only 4% of the to_tal land
is suitable for agricultural production. ‘The lower Fraser Valley, situated between Vancouver
and Hope, BC, is the major agricultural region within the province, containing almost half of

the farms and generating approximately 50% of the total provincial gross farm income. The

‘western part of the lower Fraser Valley ‘is suitable for a ‘wide range of crops due to its

favourable climate conditions, fertile soils, and flat topography. The annual value of the

.. agricultural production of ‘the western Fraser Valley farms 1s estimated 16 be in the order of

$180 million (B.C. Annua Statstis, 1991).

B The farmland of the western Fraser Valley fulﬁls a dual role as an agrlcultural resource

“and as w11d11fe habitat. These hab1tats are'a’ vital lmk on the Pamﬁc Flyway for approxrmately |

: l..5 million m1gratory shorebirds and waterfowl that over the year feed, rest, and roost in this

area (Butler and Campbell, 1987). '

As BC’s population ‘grows, agriculture and wildlife are being forced onto an ever

~ shrinking land base. There is a constant pressure on land for industrial and airport expansions, |

- . ports, highways, residential sub-divisions,‘ and golf’ courses. . Expectations that land-use will

change within the Agricultural Land Reserve jeopardise the stability of the agricultural

_ 1ndustry For example about 65% of agrlcultural land in the Mumc1pa11ty of Delta is farmed on

a rented or leased basis (Klohn Leonoff Ltd. et-al., 1992)). Of the total leased land 44% is |

‘rented on a year to year basis, while only 31% is leased on terms which are ten years or longer. =

In the past 20 to 30 years many ‘of the region’s farmers have shifted from mixed farming’ |

. to cash cropping. Production of a small range of cash crops, such as potato (Solanum
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~ tuberosum L.), pea (Pisum sdti{)um L.), bean (Phaseolus vulgaris L.), and sweet corn (Zea mays

L. saccharata Sturt.), that leave little residue behind year after year reduces the amount of soil
organic matter. In addition, these .specialized farms in the western Fraser Valley are located
about 75 km away from the intensive animal production farms of the central Fraser Valley and

therefore do not have ready access to manure as a source of organic amendment.

:The lack of direct long-term farm tenuré and no incentive given to farmers to practice
conservatioﬁ farming has resulted in soil degradation and a loss of crop productivity.
Iﬁadéquate subsurface drainage, high soil compaction, pbor iﬁﬁlfrabilit}‘I, reductio.n of soil
organic matter, and diétruction of surface soil structure are the most common soil degradation
problems on Gleysols in the western Fraéer Valley (de Vries, 1983;_ Temple, 1992). All these
problems increase the éécunence of ponding during the fo-season‘ and in spring, which delays

spring field operations.

~ Recognition of serious soil degradation problems on the fertile lowland soils of the

“western Fraser River led in the spring of 1991 to the formation of the Delta Farmers’ Soil

Conservation Group and the UBC Soil and Water Conservation Research Group, both with

funding from the federal-provincial governments under the Soil and Water Conservation

‘Accord (Bomke et al., 1996). The objective of these two groups was to cooperate in finding

workable solutions to local soil degradation problefns, with a focus on (i) evaluation of
various cover crops, (i) reclamation of badly degraded soils, and (iii) development of .

appropriate conservation tillage systems.

Conventional tillage in_vthe western Fraser Valley (Table 1.1) consists of the.primary

(moldboard plowing, discing, and subspilihg) and secondary tillage (chiseling and packing)
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| operat1ons whlch are generally performed in the sprlng (Temple 1992) At thrs t1me of the L

year the 5011 1s strll qulte wet and therefore there isa substant1al rlsk of so1l compactlon and

.dlstractron of soil structure by Varlous sprlng trllage operatlons If the 501l already has a poor S

structure each add1t1onal tlllage ope_ratron_.even further destroys it making the soll.more prone

" fo ponding. He'nee,‘_ther'e is an"obvious need for some form of conservation tillage system
) that will either're‘duce the number of prirhary and "seeqndary tillage dperations and/or shift the 3 o

- _primary tillage operations to the late summer when soils are -relatively,dr_y.v

Table 1.1. The average number of conventronal tillage operatrons practlced by farmers in the '
- western F raser Valley . v .

Tillage operation - “A o " ‘Time. of tlllage N ) _ : , . Total number

N\

- Spring - . Late summer © . ‘of operations

. Primary tillage . S )
‘Moldboard plowing -, L .0 ]

“Subsoiling - .05 - 05 o 1
_Secondary tillage o | _ |
o Packing . o8 068

Chislng .~ 34 0 o34

CTotal . I25sS. LS 1417

'0.5=once every two years. =~ .

. This study fmrepresents_ the first attempt to introduce conéeryatldn tillage in the western

. Fraser Valley, an 'area that_'.hasa"unique combination of éoil and ‘climate:‘conditi&ons‘. Slnce‘
. ‘soil trafﬁcability/workability is favdrable in the late summer all primary tillage eperatlons

“were shifted to ‘that part of the year “and non‘spri'ng'ti_llage was. performed in the c'onservatiion'.”.
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tillage system (i.e., no-spring tillage - NS‘T). On the other hand, conventional tillage- (i.e.,
sprmg tlllage ST) had the same type and number of prlmary tlllage operatlons performed m' '

the late summer, as d1d NST, with-a dlfference that spring tillage was also performed

Sprrng barley (Hbrdeum vu'lgare L.) arld winter wheat (Triticum c.lestz'vu‘m. L.;); édm
crops have been included in both NST and ST treatments to provide. the soil surface
protection from heavy rainfall during the winter.: These two ‘cerealhs were»p_chor'sen due to
"different‘froét. tolerance. The sprmg barley usually mats down after the _ﬁ’rst"k‘iyllin‘g fros.t
prdviding soil surface protection‘ as a dead mulch. The winter .wheat,‘ on the other ‘h.and,
_ survir/es the winter previdihg living mulch hntil sweet -corn planting time When it is
| chemically or mechanically killed.

;Sirrce so_il,. and climate‘ 1interactions are an Vimp_(')rtantf factor 'in the vsrlc_cess‘. of
eoneervation tillage the general'objective of this study ‘was to ass_ees the feaeibitity of NST,as = -
a form‘ ef conservation tillage, combined with winter cover crops for sweet corn production in ‘

- the »\.zvestern _Fraéer \}alley. Combining cover crops with NST may reduce loicalv soii‘
' degradatiorr problems throagh soil' protectiorr from _heavy winter rainfall; _addition" ef ._orgarric
matter to the,soil, less soil disturbance, and .performmlce of tillage_operations at the bptimal

soil workability.
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2. REVIEW OF CONSERVATION TILLAGE SYSTEMS AND THEIR EFFECTS ON SOIL-
CHARACTERISTICS AND CORN PERFORMANCE '

| 2.1. Conservatlon Tillage

Conservation tillage is generally defined as any tillage system that reduces loss of

soil or water relative to conventional tillage, often a form-of non—mvers1on tillage that retains

“protective amounts *of residue mulch on the surface” (Soil Conserv. Soc. Am.,

1982). Conventional trllage, on the other hand, has been defined as “the combined primary

and secondary tillage operations perfdrmed in p'reparing seedbed for a given crop growrl ina

glven geograph1cal area” (Mannerlng and Fenster 1983) Slnce the success of conservation

tlllage can' be characterrzed by 1ts ab111ty to conserve sorl water content and reduce so1l

- erosion,_‘it can also be defined as any tillage system that leaves at ]east 30% of the soil surface

covered with resid_ues after a crop is planted (Conservation Technology Information Center,

1991).

The Cohservation Technology Information Center (1991) definition makes distinction

between conservation and nonconServation- tillage-planting systems. Three types of

,co'nseryation‘tillage-planting' systems, i.e. no-till, mulch till, and ridge till, all have >30%

residue cover at planting. On the other hand, nonconservation tillage-planting systems leave

either 15-30% residue cover at planting,:when repeated secondary tillage follows a primary

tillage other than moldboard plowing, or 0-15%_ residue cover, when moldboard plowing is.

practiced as a primary tillage.

The term conservation tillage was used for the first time in 196_7: ini Ilinois by the. Soil .

* Conservation Service, the Cooperattive Extension. Service, and the Agricultural Stabilization

. and Conservation Service, through the Nlinois Conservation Practices Committee during the
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campaign organized to encourage governmental support. for various forms of reduced

ﬁllage. Although conséryationtillage research started in the early 1940s (Van Doren and |
.. Stauffer,- -14943) conservdtion tillage was not extensively uséd in North America ,unti‘l the

1970s (Allmaras and Dowdy, 1985).

In the past two to three decades many North American farmers have shifted from

“almost complete reliance on the moldboard plow to conservation tillage systems that disturb

the soil less and leave more residue on the soil surface. The main reason for the adbption’ of

conservation tillage was the increase of fossil fuel prices. ‘Increased awareness of soil

degradation problems and limiting nonrenewable resources also contributed to édoption of

the conservation tillage systems by North American farmers.

Successful adoption of conservation tillage is both soil and crop specific and time *
dependent. Various. land classifications have been developed to characterize soil tillage
requirements (C.anneill et él., 1978; Ross and Wilson, 1982; Ball and O’Sullivan, v1987;.

Allmaras et al, ’19'91). Some land classifications také into 'considérat‘ion the soil

characteristics such as texture,  subsoil permeability, and organic matter cyor.'lteAnt (Ross and-

Wilson, ~ 1982; Ball, 1986). However, additionaf information on soil behaViofﬁi

cha‘récteristics (compactability, aggregate stability, macroporosity, and strength) is required

since these characteristics influence the soil condition produced by tillage operations (Schafer -

and Johnson, 1982). Beside soil characteristics, adaptation of conservation tillage ptactiées '

also depends on site and climate factors.

Soils in which the surface layers have a tendency to pack tightly throrugh slaking are -

less suitable for conservation tillage, especially for zero-tillage. When crops are zero-till
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seeded into a compacted surface there is a possibility of inadequate seed coverage, smearing

the soil by zero-till drill coulters, and formation of excessive soil strength in the ViéinityA of

seeds. ﬁndér .such conditions thefe is a higﬁer pro'bability.of sg:‘edling damage b'y slugéj and )

,from: allelobathi;: effects ﬂ(Cann.ell et al., 1.978; Putnam and Wésfdn, 198.6). "fhe risk of |

unsatisfactory * crop establishment. and érowfh 'may- be ‘redgced by séme' fbfm of
' cultivation. In the absence of cultivation a soil reaches aﬂ equilibrium level of consqlidation
. dependent on the soil characteristics and amount of traffic over the soil, interactiﬂg with the

soil moisture content (Pidgeon and Soane, 1977).

Resistance to compabtion in Asoil_s is usually associated with drainage, -texture, and
organic matter content. Soils with good internal drainage are less at risk from both wheeling
and slaking damage than soils with poor drainage, since soil strength is greater at lower water :

co‘rlltent‘(Smederria,' 1979).. Soils with low organic matter content and sand content above

65% .(w/w)» or silt content above 50% _(w/W) compact readily (Stengel et al., 1984)..' The

ébflity of the soil to restore its structure by shrinkage and swelling cycles-is limited f'_whe‘n . '
expanding clay minerals are present in' low: amounts (Carter, 1987). Addition of brgg{nic :

matter to the soil tends to redué_e the effect of ¢ompacting forces and to enhanvceArecov'ery of

- degraded soil structure in chpaéted~ soils (Séé.ne, 1990). -

Tt is also important to consider climatic factors before adopting conservation tillage,

especially in humid, temperate regions such as the western Fraser Valley. Climate can

“influence soil workability and. the soil response to dompactioﬂ. Owing to a unique

combination of sdil, climate, and management bractices, the western Fraser Valley has clearly

defined compaction problems. Soils in this region may be low in organic :matte,r, are
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subjected 0 high preéipitatioh, do not go throughI regular cycles of ffeezing and fthéwing, and
often support crops tha;[ reqﬁire ﬁnume,rou.s tillagevoperations for §eedbed preparation and
weed control in addition to the normal plaflting and harVest operations. As a‘. rgsult,» tillage
' pans‘ develop that persist. over the gfoWiﬁg | seasén and often signiﬁcantlyj reduce -
yields. Excess precipifation in combination with poor soil internal dfainage and shallow
Water table is the biggest climatic constraint fo soil ‘workability (Carter, 1994). Ball ana
. O_’SLillivari (1987) develope_d'a soil suitébility claséiﬁcation for ti141age baséd on date of return
to field capacity Iﬁoisture in the fall Vanid the dﬁrai_ion of ﬁéld capglcity méisture o{ferb the main
growing séaso_n. Smedema (1979) used a relét_ionshi_p bet‘we'en ﬁf:ld capacity and pfastic limit

as a measure of soil workability. -

High amounts of crop résidues, usually present in humid regions, can cause problems
for ac_loption‘ of conservation tillage due to: (i) mechanical 'intg:rference with planting
operations (Vyn et al., 199>4),’ (ii) slow drying and'\;vafming of the soil in the spring (Pidgeon |
and Soane, 1977), (iii) increase of crob diseases and pests (Hughes and Gaypor, 1984), @iv)
T Vreduction. of crop productivity due to allelopathy (Rafmbault ét' al.ﬁ,. 1991), and (v) reduCtion‘ |

| in the efficiency of fertilizers and pesticides (Groffman, 1985). '

Various r¢$idue management strategie,é were develéped in order to deal with
excessive crdp res;idues. Gener_élly, some - form of 'tillag_'e 1s réquired for.-the .,su(‘:ceésful:v
adoption of cbnservétion tillagé in humi‘d‘ regions with high residue levels. Ehlers and
Claupein (1994). described muich tillage systems duriﬁg which the harvester cuts ‘andrevenly

distribu_teé the residues at the surface. Residues are mixed into the soil by rotovation

implements. By choice of machine and working depth the farmer éan decide how much
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residue wili be left at the surface. Vyn et:al‘.- (1\994)Aasse‘ss‘e’d§ partral Wldth ti..fl:ag:_e:,in_roi\.zv» creps
to remo‘vvet re.sfdnes from‘ the'»plantiné row,.. ‘whieh,irnpreyed"ernergenee."A ftvinged‘ opener for _‘ |
",zere-till tleﬁ)elopeti in .New Zealand"é(Cross Slot_TM_) has‘ been'shown 't’o:«snccessfnl.ly'plvant -.
_‘through both flat, detac’:hed". resitiues and‘_st_andi'ng stubbfe, 'proVidfng the seeri‘with an"ideal
mieroenyironment far .‘emerg;ence (vahoutdhary and Baker, ‘19'94'_).- : . B
: .Resi.dhes nraintained at or near the s011 surface;:r‘na‘y be a senree of phytotdxin;release 3
l'~during rainfalt or rni'crohial decor'npo_siti’on of the restdne. Arsb, crep 4res'rdues} on the sqil "
x ‘surface. can increase‘ incidence of plant diseases and presenee of pests.' Use of sprne' soil -
- disturbance 'that all'ows mixing of ’.‘beneﬁcial"’ and detrimental | microorganisrns in the o
,{'}»rhlzosphere together w1th crop rotatlon prov1des a successful control of plant pathogens‘ '
} | (Rovrra et al 1990) ngher populatlon of certaln pests such as rnollusks (i.e. slugs), whlch" .
-can affect the early growth of crops may happen in humld reglons (Hammond and Stmner
~.'1987' Martin, 1991) At the same tlme‘ crop re51dues malntalned near the sell surface may -
have beneﬁ01al effects on earthworm act1v1ty (Ehlers 1975; ‘Bames and Elhs 1979 House’

| | and Parmelee 1985 Logsdon and L1nden 1992)

2.1 lCover‘Creps in }Conser\"ati(‘;)n Tillage Systems -
~Cover crops are erops ‘which are n‘o._t‘v grq\vzvn.generally: .f()‘r'-har\'?est, but Which_s'erve "
" | f;multiple functiens in'crop r(_)tati,onfsy:sterns. Usualiy eereals, legli’rnes-.or} their' mi»xturesfare
grown as rcoivver creps in order to -brbtect the soil ,against erosion, ‘anleliora'te 'soilk struCtlire, '

- enhance soil"fertilvitye and suppress weeds,‘ insect. pests, and plant pathogens .(Ha’rdWick,_

' 198>1)_.m Cover crop residues facilitate the use of cOnservatren tillage. .
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Erosmn control by cover crops is based on the pr1n01ple of 1mprov1ng s01l structure

"providing a continuous ground cover to protect soil against raindrop 1mpact and reducrng the ‘
| ‘veloc1ty and carrying capacny of over land ﬂow The effect of cover crops on soil structure is i v‘
| a funct1on of root den51ty, coverage of the sorl surface and the inten51ty Aof cultlvation and
;“traffic The success of cover crops in 1mprov1ng the structure of a given soil i is related to the'
'type of cover crops grown In a study by Hermawan (1995) on'a srlty clay loam soil o‘n‘. ,
": Westham Island;- B.C. the greatest 5011 structural 1mprovement was observed w1th annual -

ryegrass (Lolmm multlﬂorum L ) followed by fall rye (Secale cereale L. ) and spring barley

o "Cover,crops‘ may provide 'additional benefits thr,ough' serving as"means.of managin‘g .

o soil Nlevels. Decomposition'of a legume vcover crop usually releases inorganic N into the ‘ 4‘ A

. s_oil, due to ‘the relatively narrow C/N rati‘os of :legurne ‘r‘esidues'.riRﬂecently‘ there ,has been ,'“
much.inter'es"t in'leg’uminous 'covercr"ops that.canfadd biologically ﬁxed ‘N 'to the soil and o
" reduce N fertillzer rates (Power 1987; Wagger 1989b Blevrns et-al., 1990) Cereals provrdev s .

"'no biologically ﬁxed N, as: do legumes and they pose the potentlal risk of 1mmob1hz1ng

appl1ed fert111zer N because of their wide C/N ratios

; Huntington et a’l.,(1985)' reported-that'hai’ry ‘vetCh'lv‘(Vici‘a’ villosa Roth.) ‘was"rnOre'«- ‘

effective than rye in meetlng corn. N requ1rements but there was_ a- poor synchronlzation L

| between N mineralization from hairy vetch res1dues and corn N uptake Only 29% of the N
i : ,_vin hairy vetch was recovered bythe com “ and most of this N becamev available after,‘th‘e
b perlod of corn s1lking In a study conducted on ﬁne sandy loam in: North Carolina Wagger , o
: '_t-(l9‘89b) estlmated corn N recovery of hairy vetch and crlmson clover(Trzfolzum mcarnatum .

B 'L ) at 40 45 kg N. ha This represented 30% of the total N content of ha1ry vetch and 36% of '
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total N in crimson clover. In an additional experiment, Wagger (1989a) observed a net
immobilization of N after the incorporation or rye residues, which had C/N ratios above

threshold value of 25/1.

S(‘)il organic N status is also an important factor 1n peterltiai'recovery (if coi/er crop
| N .Ladd et" al. '(1983‘)’.reported. tbat medic (]\./[edicago. iittoralis L) resirlue-i\l recovery by :
wheat in a high-N sbil (0.17%) ave_raged 28%, whereas 1n a_lOwFN soil (0.09%) recovery was |
20%. They attributed this to differences in the quality and tumoi/er of the active.orgénic

- matter pools in soil through which the medic residue N cycled.

Cover crops can control weeds through competition, allelopathy, and phy51cal
effects. A potential disacivantage ef using cbver' crobs for weed control is that they may
e cempete with the main cro‘p-for ligbt, water, and nutrients‘f Unfbrturiately, cfo‘ver crppé that
Asuppress .wee'ds tiie‘best_l élso tend to be effective in -supprevssingvthemain e_rop, sb additionai :
-manageiiient by herbicides, tillége or mowing i_s required (Vrable et al.,, 1983). Sbace
competition resulting in negative effects, fo'r'the- main crop‘ is lisually associated With dry
conditions. Weed control can also be provided by killed winter COVer crops. Winter cereals
such ég rye 'anci hairy'vetch, that are killed .at the time of main crop planting, can provide
weed control through physical and/or élllelopfithic effects of thei_r residues. There is ‘evidence
,tbat part of the suppreseive eifect of rye may involve prOduetion of allelopathic chemicals o
_ (Bameé and Putnam,'"1‘983).,‘. Re_sidues froﬁl killed.‘cover.crops usuailly proyide good weed
eontrol for a short period of time, but additional weed control meatsures may be necessary in

the long-terrn (Weston, 1990).
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Cons‘er\./ation' tillage can affect many/ factors of the crop e;ivironmgnt. In a fairly
.direct way, it canv affect soil strﬁcture’, macr'opbrosity.,- compaction, aﬁd ﬁay ihﬂuence.sdil
: water content and soil temperature. By making an impact on all of these. factors conser;/ation
tillage can affect seed émergence, rqof growth, and overall crop'per’for‘mance. ‘ Therefofe, the:'
effect of conservation tillage} on the soil,characteristi.c's‘ rﬁenfionéd above aﬁd its implicatidns

for sweet corn production will be the main emphasis of this review. |

2.2, 3 Soil Bulk Density and Aerqtidn Porosity

Soil bﬁlk density is defined as a ratio of dry fﬁass to. the total volume of soil (solids *
plus pore space occuf)ied by air and water). Soil porosity represents the ratio of the volume
of pores to the total volume Qf soil. Aerétion porosity, on the chér hand, is the pore space
ﬁil-ed with air at-_Soiln watér suction equiva_lent.vto 0.6 m. Bdth bulk dénsity and aeration
pofosity indirectly control plant growth thro.ugﬁ their effects oﬁ soil water, temperature,
aefation, and compac;tion (Letey, 1985). Soil bulk density and aeré_tio’n pofosity are inversely
relatéd. I-lI_ence,‘ any‘ pracfice that affééts the one also affccfs_tl;e other. ‘Concems éxisf‘fhat ‘
continuous conservation tillage may increase soil bulk density and reduce éeration porosity

. and thereby inhibit/restrict plant root growth.

~ The pore space exists becauée of gaps'in the .packing of parti;:ies and becaﬁse.,of '

| disturbances dué to root growth, activity of soil fauna; swe_lling, 'crackirig.and sﬁrinking, and
tilla_gé that altefr the spacing of | aggregaﬁes and uparticles. soil porqsity consists 6f an .-
iﬁterconn’ected syétem of 'po-res of various sizés and shapes and as such it allows soil to act as
a medium for the movement of water and air. Mény systems have been devised for

' deséribirig soil pores. Generally, the main types of soil pores are the micrbpores, macropores,

y
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‘and ﬁssures, .su'ch"asplanar voids d_ue to cracking and "biopores from,dead root channels andv’.i
, earthwormchannels Thelarger pOres, Le.' macropores, planar 'volds,‘-‘and‘biopores al'l'owthe ol
: readyi move'me'nt' of _air and percolatlng:,’ waterl.“.ln':contrast," rni'crop'ores; ar.e.mostly. ﬁlled w1th -
= l, water:and‘ do"not permit'r_nuch alr movement.; Although there 1s no clear demarcation ‘.‘poresf
- Wlth'diarneter larger than: 30- um-(Francis -et‘al 1988) 50 pm (Greenland, 1981; Carter .
| l988a Dickson and Campbell 1990) or 60 um (Kohnke 1968 McKeague et al 1986) have-_'. :
o ;been 'termed‘ macropores Pores w1th drameters larger than 500 um (Greenland 1981) are;:

" fissures. -

oIt is yery hard to establish a critical’Value at which soil aeration is likely to becomer -

: 11m1t1ng to root resp1rat10n and growth There are rnany factorsaffectlng root growth such as -
~ .N-N'_tsorl water content and temperature oxygen supply, level of toxrns and pathogens in the sorl S
) _‘_'nutri'ent Lsupply," the system, of pores 4: into - which I'OO'[S" 'can» 'grow, and, the soil -
i (-‘.compresmblllty Many of these factors interact with each vother comphcatmg even more the
determ1nat10n of the cr1t1cal .value of aeratron porosrty for root growth Accordlng to thej S
"l1terature reV1ew done by Wesselmg (1974) there is a range from O 05 to 02 m m” over -

~ ‘which aerat1on porosrty has been found to become 11m1t1ng Sorls w1th aeratron porosrty

3 are most llkely to be adequately aerated (Greenwood 1975 Greenland ,

s 1981) However this depends on crop type sorl texture (Bowen 1981) the degree of pore .
contmulty (Douglas 1986 Carter l988b) and or1entat10n of the pores relat1ve to the o

‘,preferred geotrop1c growth d1rect10n (Whlteley and Dexter, 1983)
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'Results from ‘continuous"'long-term"tilléfge studies. on: soil bulk density‘ are quite
"variable | Previous research has shown‘ that soil bulk den51ty '1s greater in no- tillage than -
| conventlonal tlllage systems (Pidgeon and Soane 1977 Gantzer and Blake 1978; Ehlers et
| 'Ai., 1983; Kladivko et al. 1986; Roth- et al, 1988 Harnmel 1989; Rhoton et al,

| 1993) However several studies have 1nd1cated l1ttle or no difference in soil bulk densrty due :

‘to tillage (Shear and Moschler 1969 Lal 1976 Blevms et al 1983 Tollner et al 1984' o

'McFarland et al., l990)~. Croppmg sequence may also affect soﬂ bulk dens1ty,ow1ng_ to'
differentlal s01l water usage and variatlons in quant1t1es of resrdues produced Gerard et al.
| '(1988) reported h1gher sorl bulk densrties under both conventional and conservatlon tillage '

- systems with wheat than w1th sorghum (Sorghum bzcolor L. )

Changes in sorl phys1cal characteristlcs that occur as a result of changmg from'

:moldboard plow to conservatlon tlllage might be expected to develop slowly after ‘the .

initiation of conservatlon tlllage Voorhees and Lindstrom (1984) found that 1n1t1ally, the. . L

introduction of conse’rvation tillage resulted in soil that was less porous at 0-1‘5 cm‘depth than =
found undler. moldboard plowing in silty‘clay‘loamvin- Minnesota. _This difterence‘ gradually /
. v_‘changed with time and after three to Afour | years conservation tillage produced .a .fhigh‘er-
.*porosrty than did plowmg About seven years of conservatlon tlllage were needed to produce

soil w1th a por051ty equal to that of plowrng ata depth of 15 to 30 cm.

A' Another important aspect of tillage with respect to soilporosity'and bulk density s its

- effect on sorl fauna activity, especrally earthworms Increased earthworm act1v1ty has been

:observed under no- trll compared to tilled treatments (Boone et al 1976 Lal 1976 MacKay
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and’Kladivko 1985’)v Stable earthwormychannels- which increase soil porosity, also provide_
.good 1nﬁltrat10n (Ehlers 1975) In a study on Westham Island B C Hermawan (1995)._',
: found 2 a large number of cont1nuous and stable channels produced by the shallow burrowrng( L
\ earthworms on the wmter cover croppmg srte which 51gn1ﬁcantly 1mproved water 1nﬁltratron ”
-_ .-‘m’ comparison to the bare soil In add1t10n to the 1mproved act1v1ty of 5011 fauna w1th no-
rwtlllage formation of shrmkage cracks in some sorls may facrlitate root development water‘
| movement and gas d1ffusron necessary for plant growth (Ehlers et al 1983) All thls might :

offsetv the _1ncreased soil bulk dens1ty under_ no-t1llage. -

23 Sioil :Ciompaction', o
| Soﬂ compactron may be defined as.the. compressmn of a mass of soﬂ 1nto a smaller o
" volume (Raghavan et al., 1990)‘ lhe re51stance of a soil to compactlon is determmed by its -
cohesive and friétional strength. The -values of_ these two strength components depend on: soi,l E
| water content, texture, particle shape, type ‘of clay minerals, aggre’gate size, ionic_;compo:sition.
and vconcen‘tration of the soil vs‘olution‘,-, and o;gm;c mattér. When soil is subjected to aload :
_that is sufﬁcient to: cause.,compaction th.e.‘soil response consi'sts of _particle'rearrangementand :
'lp:'o.r'e‘ Spacek reduction,‘which m turn cau'se_s..chan.ges in aeration, water, and nutrient relations_
of the soil masvs.l fl“he'.degree, of soil _compaction is usually. expressed 1n terms of_ bulk d'ensityi
o‘r penetration' resistance.‘ | o
Cpo_ncerns exiSt that'? continuous conServation tillage may iincrease bulk density and _'soil v‘ :
: strength within surfaee‘soil layers. ADensiﬁcat’ion.of the soil surface might be adverse to.root |

; growth shoot emergence and eventually crop y1eld (Voorhees and Lmdstrom 1983 Ehlers

et al.; 1983). As’ Bowen (1981) ~p01nted out 1t is much easier to’ establlsh the relatronshrp"
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between the presence of compacted 1ayérs and root growth or shoot emergence than to show

~ the relationship between soil compaction and crop yield.

There have been some disagreemehts in the literature. regafding the critical 'value for
penetration resistance that. iimits rdét : grow‘;h. Penétration resistance abov.e 1'5004 kPa is
associated With reductiqns_ in root dér-isity and penet;ation (Threédgill, 1982).. Penetr'at"ion’
resisténqe above 2000-2SOQl-kPAal'(Taylor‘e’t‘ al., 1966; Gerard et él.,: 198'2.; Ehlers‘ e.f al., 1983)
or above 3A00‘0 kPa (Hamblin et él;, 1982; Busscher ar;d'v éojka,‘ 1§87) are all iﬂdicétéd 1n the
literafure as a critiéal “value abéve -{Nhich roof gro&th is limited. Critiéaj .penetfati;n‘_ ,
_ rgsistance depends on other soil physical characteristics at the timeﬁ'ot“ me%;'surement,. type of |
penetrometer used, and type on crép grown. Ehlefs et al.v (1983) fepofted that the lir'riiting
penefration resistance fpr root gfowth of oat (Avena sativa L.) was 3600 kPa in fhé tilled A,
o horiion and 4600-5100 kPa in the untiiled A, horizon. Higher limiting penetration'fesisténce «
“for root growth in thé uﬁtillcd sbil was aﬁributed to At'}vle presence of a continuous ‘povre system

created by earthworms and roots from the preceding crops.

.Numerouslstudies_ have been COndﬁéfed oﬁ root ‘gr'ow.th and_distfibutidn as aff;ctéd by |
conservation tillage éo;llpared to | Conveﬁtional .tillag_e'. In- moldboard plowéd l;)e'ss “in
Gemaﬁy the root quantity of oa'.c in the 1'0-2'0‘cm layer was higher thaﬁ in unt.ilvlecvl' soil
(Ehlerg et al., 1983). The m'ail_._l reason fbr higher root conéentration in that layer was the
presence of a traffic pan at the 25-30 cm-depth. This tfafﬁc ‘pan had_higher»bulk densify érid
penétratioh resisténée than .any layéf of untilled soil in thié study. In deeper Al‘ayers, roét ' |

- quantity of oats, was consistently g_reater under no-tillage ‘than under moldboard plowed
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sQil. Accdrdingly, 'water uptake from deeper parts of the soil profile wasvbetter ‘frdm untilled
sdil. corlqparéd to plowéd :sdil. | o

Several methods have been .us'ed to reduce the effé'cts‘of soil compactibn on crop
_ production. T}rg most oBvidus approach tp the prevention of sdil compactiori is the reduction
" of the rrumber of primary and éecondary, 'tiliage dperati»onsd and using'the most efﬁcienr
implemenr at the most apprdpriate time. An extremely imr)drtant factor is the timrng of ﬁeld
'operatibns in relation toi soil water.cont.ent_ (Taylor and Gardner, 1963). Especially damaging
is» the practice of culti_vating soil’hjgh in clay and silt COrltérrt"With' heavy equipment when the |
léoil' is wet and 1ts streng’rh is low. At Water .contvent.sr above the optimum for cdmpaction,
wheel slip can contribdte to soil structure degradation and suBsequent compaction as rnuch as.
.loadlng (Davies et al., 1973; Raghavan et al '1978). Shlftmg the tillage to fall, to coincide

; w1th drier 3011 condmons reduced soil compactlon in Prmce Edward Island (Carter 1992b)

| Sirlde random traffic over the field by heavy machirrery is one of the majorlvc;ausesv of
‘ soil'compacﬁon,'controlled.tra.fﬁc has _be,evn‘proposed to -avoid compaction. A controlled-
traffic systern restrrCts whecl trafﬁc _to" speciﬁc, narrorv lirres; so that a'larger ar'earemains
dhéompacted (Gerik et al., 1987, i(aspar et al.n, 1991): Irr »marlagerr‘le‘nt vsyster’ns with
controlled traffic the goil conditions. in rows, trafﬁcked interrows, .and untrafficked irrtérrows
can.be.drastically drfferent‘and may alter corn root di.stribrltion (Taylor, 1983). Choudhar)v/'v
' and Prihar (1974)r'epdrted that interrow cbr’npaction inhibited lateral spread of corn roOté in
rhc .surface soil layers and causéd grearer downward growth of roots. Other _researéhers |

-(Bauder et al., 1985; Kaspar et al., 1995) also reported greater corn root length density in-

“dnt.rafﬁcked interrows than in.the adjacent: trafﬁckéd interrows. _Fausey and Dylla, (1984)
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“observed no corn yield différence between rows with trafficked interrows on one side and

rows without trafficked interrows on either side, when adequate fertilizer was applied. But,

‘when nio N fertilizer was 'applied corn yields were significantly lower .fr_om rows with -

trafficked interrows on one side.

"It has.been hypothésiZed that soil compaction can be alle'Viateci by roots of ‘certain

plants. Root penetration by Ledcaena sp. (Heinonen, 1986) and bahiagrass (Paspalum

' notatum Flugge) (Elkins et al., 1977) can perforate compact layers and create easily

accessible pathways for the roots of succéeding Crops.

Sevéral studies showed thé iﬁlportance of the action of soil organismsl in reducing soil
compactioﬁ (Bowen, 1,981;.Dexter, 1986; Logsdon and .Allmarasv, 1991). Earthworm burrows
increase water infiltration and allow foot growth ’t}.lrough soil layers that might otherwise
reduce: or ﬁréven’t root penetration (Ehlers et al., 1983). Materials ca‘stAby earthworms may

have ‘a role in influencing soil compaction through their action in stabilizing aggregates

(Oades, 1984).

2.4. __ Aggregate Stability
A good soil structure is impdrtant for maintaining favorable soil physical conditions

for plant growth. Soil structure has been defined as the atmngement of soil primary. particles

. into stable aggregates. (peds) and the associated pore spaces (Oades, 1984). Soil structure is

created when physical forces, such as: dfying; .‘shrink/s_well, freeze/thaw, root growth, aﬁimal

movement, or compaction mold the soil into ,aggregates‘ (Paul and Clafk, 1988).
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A soil may be', | ciassiﬁed as haviﬁg good structure if it is aggregated : aﬁci‘ |
| stéblé. ‘Aggregat;ei stébilit}; 1s a r_elat.ive ferm that has been uséd fo débs.”cribe the resistance of -
:s-oiilf étrticture to some ciestructive fofceé, such as réindfop impact and dispersion by’water.- ‘A's :
aggregates becv'omg larger, the stébiiity of the aggregates becomes more importanf becau_se;
) their“arrange':ment dic‘:tatés"pore_-sizc distribu‘ti‘on, wa'ter‘iriﬁltrati(.)ri b-r‘e.ltes, and soil' erosion.b If
the soil aggregﬁtes are ﬁnstablé, water inﬁlt'r;.':lti'on,‘will‘ de'créés% dué to th‘ér }destm»ctive' raint;allil‘
': impact 'fhatt causes blocking of the pores. with broken 'aggregatés .(Ly'nch aﬁd Bragg,
1985). Disaggregation by fain falling on unstable aggregates on tﬁe ‘s()il surface of a Gleysol
(Ladrier’ sériés) 1n the western Fraser Valley led t(; a surface seal and boqding, which reduced

soil trafficability eafly in 'springv (Abbaspour, 1988).

Crop management pfactices, sucﬁ as tillage, cfop rotation, N fertilization, and residue
épplicétibn inﬂuence.the 'aﬁount and quglify .o':f- o;ganic matter and the state of aggregation in
's'o:ils (i’art_on et al., 1987). vLon‘g-tem.l experiménts, have shown fhatj cultivation _of natiyé or‘
o ‘rﬁeadoW'soilsl results-'iﬁ fedqcﬁoh of “goil ‘o'rgani(; maﬁer ;:‘onvtenf and ‘aggregate étabil_ity ‘
(Tiessen et al., 1982;TEili;)tt, 1986; Benito and Diaz-Fierros, 1992). Reiﬁert et al. (199'1)
sugges-tedv that introduction of zero-tillage On'previ-ously‘ cultivated soils woul.('i inérease
aggréga’fé _stgbility and decrease its temporgl variatio_n over the lcl)ng-terfn.'. Conversely, zero-"
tiﬂ crop production of“a 'ne\l/er-tilled éoil would result ina décreaéé 6f aggregéter stabilify and
ir.1»<.:re'ase it's variance over time.

. So’il ‘tillsage ‘affects soil st.ructuralrstability .through its inﬂue'ncve_.:A oﬁ soil water.content

~ and redistribution of organic' matter, which in turn changes soil microbial activity - (Carter,

1986; Kay, 1990; Perfect ef -al., 1990). Although organic matter is an »i‘mportant binding
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agent of soi‘l aggrégates_,' changes in water-stable aggregates under different management
systémS‘have not aiways been associated wi.th'v :changés iﬁ total soil organic matter' ('fisdallf :
'andr.Oades,_ 1982; Baldock et al., 1_987). ‘Tisdall and Oadesv(-l9‘842A)pointéd out that water
stability of macroaggregates depends on roots and hyphae and as sucﬁ is cohtrolled b}./ t’illége,
which inﬂuences “the ‘gr‘owth' of plant roots and the oxidation of organic carbon. The '
‘ miCroaggregates are stabilized against'diémptioﬁ by the persistent organi§ t;inding 'f.ig'ent.s, i.e; |

resistant aromatic components associated with polyvalent metal cétions and strongly sorbed

polymers.

Several studies have reported that the stability of macfoaggregates‘increased slightly
after several yeafrsi of zero-tillage in comparison to conventional tillage (Hamblin, 1980;
-Douglaé and Goss, 1982; Chan and Méad, 1988; Schonning and Rasmussen,. 1989;

Raimbault and Vyn, 1991.).

Considerable fluctuation in aggfegate stabi]’ity ovef the groWihgseason has ‘been
 reported by Stefanson (1971), Bullock et al. (1988), and Reinert et.al. (1991). Perfect et al.
(1'99(.)) showed that soil water content variation during the season was the most significant

factor associated with the observed seasonal fluctuation in aggregate stability.

Soil structure and its stability are also-influenced by the types of crops grown. For ~
* example, the number of water-stable .aggregateé increases under well established grass
pastures. This increase is related to the length of plant roots and mycorrhizal hyphae (Tisdall

and Oades, 1980, Baldock and Kay, 1987). Roots may contribute to an increase in stability

through physical 'enmes‘hment, release of orgaﬁic stabilizing materials, and water extraction

(Reid and Goss, 1982). Angers and Mehuys (1988) found that aggregate stability df clay soil
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was 40% higher under alfalfai(Medicago sativa lL.) than under corn and fallow. Plant species
that regenerate the structural | stabilityv can be. incorporated .into Cropping systems by
. ’interseeding in the main crop or by being planted- as cover crops between regular' cropping
seasons. (Scott et al. 1987). Hermawan and Bomke (1996) reported a generally lower stabilityv
of 5011 aggregates under cash-wrnter cover cropplng 1ntegration than under grass ley on both

drained and poorly drained sites in the western Fraser Valley. 4

_ Conservation tillage can cause a relatively rapi.d organic matter accumulation near the
soilsur.face (Carter et al., 1990; Angers et al., 1992). This increase in organic matter induced
o by conservation tillage provides a substrate for numerous soil micro and macro organlsms

* that increase the blological activ1ty and subsequently aggregate stability (Weill et al 1989

Carter, 1992a).

Both aggregate size and stability are affected by earthworms through their feeding and
casting activity (Edwards and Lofty, 1977, MacKay and Kladivko,: 1985). Earthworm :
burrowing, together with root penetration, b'rings soil particles closer't_o each other'creating L

Vv and stabilizing soil aggregates (Edwards and Lofty, 1977; Kladivko et al., 1986).

2;5. Soil Water Content

The inﬂuence of conservation tillage on soil water content and movement depends on
the degree of reduction in tillage, thelength of ti_me that the conservation tillage system.is
practiced, and the amount of crop residues left on the soil surface. Numerous 'studies
: (Blevins et al., 1971; Pidgeon and Soane, l9'77;‘ Gantzer and Blake, 1978; Johnson et al.,
1984, Lindstrom et alf, 1984; Tollner et al., 1984) have reported greater soil water contents

under conservation tillage compared with conventional tillage systems. Greater soil water
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~ contents with conservation tillage are attributed to greater infiltration, lower evaporative

moisture losses, less runoff, and reduced soil crusting.

Conservation tillage systems increase - soil "water ~ content by imprqving soil
hydrological characteristics such as proﬁlc water recharge by increasing water infiltration and
 transmission. In a study by Johnson and Moldenhéuer (1979) fall chisel plowing was found

to double the infiltration rate over fall moldboard plowing.

A surface layer of crop residue, associated with the conservation tillage systems, is an’
effective way of reducing evaporation. Blevins et al. (1971) observed that mulch reduced

evépora_tion during the early part of corn growing season, resulting in greater. water reserve

under no-tillage. Later during the growing season, as. the canopy began to close, soil water

. evaporation became less importarit’ and plant transpiration became the main source of soil
water reduction. The conclusion of this stﬁdy' was that the higher level of soil water'stpred
under no-till may help corn to survive through short drought periods without severe water

stress developing in the plants.. -

Long-term conservation tillage increases the soil organic matter content, which in turn

may stabilize the structure and reduce the tendency of .the'soil‘ to crust: (West et al.,

| 1991). Langdale et al. (1‘979) measured greater annual runoff amounts from conventional

| tillage (17.3% of total rainfall) than from no-tillage (7.0% of total rainfall). -

A residue layer can increase infiltration indirectly by encoilraging biological activity

_ near the soil surface. Gantzer .and Blake (1978) attributed the incr_easéd capability of
conservation tillage soils to store water to a rearrangement of the pore size distribution. The

macropores, which are created by plant roots and activity of soil fauna, and which are
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norrrially disrupted by conventional tillage, tend to persist and bé ‘better connected when -
éoﬁservatibg ';illage is used (Barheé and Ellis, 1.979). ‘As documented by sévéfal studies
~ (Ehlers, 1975; Beven and Germann, 1982) macropor_es,. when dpen at the soil surface, are
ﬁighly condﬁCtiVe' pathways for water to ﬂow deep into the .pfoﬁle. The incre_ase_ in -
‘ macr_opore contiﬁuity under coﬁsewafion tillagé may compeﬁsﬁte for the reduction 1n total

porosity sometimes observed with conservation tillage. -

Sonll'e studies have sl:llown‘ that the better pore coﬁtinﬁity to lower soil 'ciepths under

» no-tiilage can re_sultAin rapid cépillary rise aﬁd higher wa.t'e_r loséeé by evapbratioﬁ (Phillips,
19‘.80;_‘ Darweﬁt and Bailey, 1981). Some form‘ of shallow tillage"r‘nay be required for
. conservation_"bf soil Watér by disruptingvpore' coptinuity and redudhé upWard m‘oveineﬁt_and

evaporative‘ losses of soil water (Hammel et al., 1981; Tanaka, 1985; Cércfoét et al., 1990).

The influence of conservation tillage on soil water content and subsequent'.plant
growth' depends on tillage method, climate, and soil characteristics. The increase of soil
water contént by conservation tillage practices might be beneficial in Well-draincd, crust-""-

" prone soils on Islolpes'_ (Tfiplett“ct al., 1968), but may have little effect on the hydrologyylof :

noncrusting, poorly drained soils, or soils on flat Jandscapes (Lal et'al., 1989).

2.6. Soil Temperaturé | »

- Soil 'temp'erature‘ is a function of the net amOunt of heat that enters or leaves the soil
(i.. net radiatioh) and thermal characteristics of the soil. Part of net radiation is transformed
into heat, which warms the soil, plants, and atmosphere. Another part is taken up by plants in

their metabolic processes, such as photosynthesis and respiration. A major portion of net

radiation is absorbed as latent heat through evaporation and transpiration. The pai’titioning of
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the energy_ érriving at ‘the soi.lrsurface is dependent on the 'thermal characteristics of the’
soil. The soil color, struéture, texture, exposure, water content, as well as the amount and
type of plant residues left atlor'ben.eath the éoil' surface all have an effect on the émount of
~ heat entering vthe séil. Since ponséﬁation tillage directly influences m»ény‘of these factors, it

also influences soil temperature.

Ldbséning of the soil ‘tdgethe; with crop. residue incorpqrafion t..hr()ugﬁv: tiliégé -
operations changes soil ‘bulk density and Water content of the piow layer. This in turn can
* influence séil £hermal éharaéteristiész i.é.. thermal conductivity, volumetric heat capacity, aﬁd

4. thermal difﬁasivity (Alln;aras- et al., 1977). Johnson and Lowery (1985) found‘that thermal
diffusivity of silt loam soil was 20% lower under conveptional tillagé thaﬁ un(ier né-till in the
*5-15 cm soil la}}er.’.S.imilarly, in a study conducted by Hay et al. (1978) lower soil -
temperatures  at | tﬁe _surfaée, ‘higher ‘surface reﬂection coefﬁciept, and gre-alter' thermal
d‘iffu-sivity were observed ﬁ’nder zero-till cdmpared to plowed soil. This combiﬁation'resulted' »
~ _in overall lower daily soil heat: sum‘sv for éero-till soil during the first 20 days aﬁe_r planting.
Tillége can also ‘inﬂu"enceA 'éoil. tempg:fature by 4che‘1nging, _thé; shape of ' thé ’éoil ‘
_ surface. Ridvge-tilla;ge' can ‘i.r‘lcreas"'e soil tempefatu_re (Spoor and Giles, 197?;;' _Rédké, i982'),‘
| sinée the ridge drains mor'ev ralb)ivd'ly- and caﬁ be oriented in such Way that one s'idé is ‘more
directly exposed to incoming solar radiation.
Residues‘m.aint‘ain‘ed on the surface by conSeryafion tillage have a complex influence

on soil temperature because residues cause interactions among some of the factors that affect

soil temperature. Consequently, soil temperature under crop residues will differ from that of

bare soil. Surface c‘rop residue has a high radiation reflectivity and low thermal conductivity




" Chapter 2: Literature Review ’ - i - o - 25

c0mpared_to soil beneath it. Dry-com stalk ‘mulc.h.had 20% l‘owel_r.tharmal conductivity than -
Asqil in tlge. exi)eriment conducted b"yg‘. van Wijk et al. (41 959). T_hé" albeclio‘ (reﬂactiyity
chfﬁai‘ertt) _'(')f this mulch was ap.proxiv_mately lg% ' cortlpafed , to the 8% for - the .
soil. Reﬂeation is normally greatest from btight residues, such as wheat straw, and vdecr.eases
- with residue aging (discoloration) aftd‘decompasition. Soil temperaturés generally decrease g
as reflectance increases; In the experitnertt conducted by Gausman et al. (1975) reﬂectanca
was the greatest ffom surface-matted sugarcane-(Saccharum ofﬁcin&rum L.), followed by
bare soil_and stanaing sugarcane. N | | | |
- Crop residues have an effect on soii temperature tltrqugh Bbthtlte higher radiation
. reflectance and by ah insulating effect. If only radiatian reﬂectanse is responsible for soil
'thermal c'hanges, | 100% coverage of the .soil surface. woulti ca'use. magimur_n ‘reﬂectanc.:e»
vregar.dless ‘of the residue amount tha.t—. is abova that riaedad for 100% sutfacé covtﬁrage. But -
higher residue amounts c}o affect,spil tetnperatare, as a result of insulation effect.- With an
' increase of thickness ‘of the résidue laye} the insulating affect increases (Moody et al., 1v963“; :
Mack .and Erbach, ‘19‘77;‘ Gupta and Gupta, 1983).‘ .I.n the study by Unger (1978) Wheat. straw
at 8-12 t-ha"ll resulted in lower soil temperatures during a "hot_perio’_d‘ and hi.gher' soil
| témperatures jduring a cold period than did Wheat_'. straw at 4 thé'", which pfovided aintost
100% surfasé cd\terage. ,
. Griffith et-al. (1973) repqrted that tillage‘ systems that had the 'hi:ghest amount of srdp
résidties on the soil surface had the éoalest soii temperaturesi - Other studies shoAWe‘d generallsf’

lower soil maximum temperatures with residues present than with bare soil (Willis et al., .

7 '1957;.van lek et al.,' 1959; Burro‘ws' and Larson, 1962; Moddy et al., 1963; Van Doren and
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Allamaras 1978 Unger 1978 Aston and Fischer, 1986; Carter and Renme 1985 Fortm and

P1erce 1990) In some studies the removal -of crop re51dues from the entire zero- tlll plots

(Gauer et al., 1982; Wall and Stobbe, 1984) or clearing of residues out of the row area
(Fortin, 1993; Azooz et al., 1995) resulted in increase of soil temperatures, which became

similar to soil temperatures observed on tilled plots.

Surface residues associated with cbnservation t’illageredu'ce soil temperature in the

spring as compared with conventional tillage. Reduction of soil temperatures may delay or

reduce corn emergence and eventually may reduce the yield of corn grown in regions with '

cool and wet springs. This delay of corn emergence shortens the growing.season, increases

the susceptibility of seedling to diseases, and th_us reduces plant population (Eagles and

Brooking, 1981).

Soil temperature at the planting depth, is one of the most important factors eontrolling

fepfoductive organs (Beauchamp and Torrence, 1969). During ‘this time, the ter'npe'ratlire of

shoot. meristem is closer to sofl than to air temperature (Watts, 1973; Al-Darby and. Lower_y;
'1'9.8.7). Riley (1981) showed that soil temperatures of 26 to 30°C are ep_timum fe_r both
emergence and early seedling growth and that emergence is reduced below 13°C and fails

below 10°C.

. In warmer regions (e.g., southern U.S.) where soil temperatures in the corn root zone

~ during the early growing season are not far from optimum, a reduction of approximately 1°C

- does not cause a large reduction in corn development in mulched treatments as compared to

. early corn development. Shoot apical meristem remains in the soil for the first four to six :

- weeks after emergence, i.e. until the full extension of the sixth leaf and initiation of the

1
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“bare soil (van Wijk et al,, 1959). In contrast, in colder, northern regions where soil -
temperatures are much below optimum "and occasionally go below minimum soil
temperatures for corn development, a reduction of 1°C markedly reduces corn development

in mulched treatments as compared to bare soil.

- 2.7.  Nitrogen Management in ConseryatiOn jTillage
~ With the acoeptancé of conservation Atillag"e systems as altemativoé to conventional
tillage, different soil conditions are creatod theit can inﬂnence soil N and planth
growth. Conservation itillage systems leave a layer of“crop rosidues_ on the soil surface that in
‘the long-terin increases soil organic matter content. | This incroase méans"a buildup of a labilé
poOl. of organic N in soil, which is minéralizecl during the subsequent groizving season.- This
labile pool of organic N is located in the top few centimeters of soil under no-tillage, whereas
in conventional tillage it is mixed throughout the plow layer (Stinner et al., 1983; El-Haris et

al., 1983).

Straiiﬁcation of crop residues and increase of soil organic matter near the soil snrface
with conservation tillage are faocompanied by greater soil microbial biomass. Doran (1980l
found higher populations of both nitrifying and denitrifying bacteria at the 0-7.5 cm depth of
no;till s'oils in comparison to conventionallyltilled soils. Even thoug:gh'the microbial ‘activit)iv
is inoreased at the snrface under -no-tillage, less surface area of residues io exi)osed to
bacteri.al action when.tho residues are undisturbecl as oompared with mixing them in the plow ’v
layer (Wolls, 1984). Accordingly, greater soil N mineralization is usually obseived under‘ '

conventional tillage than under conservation tillage (Fiee,' 1970;‘ Dowdell and Cannell, 1975;

Doran and Power, 1983; House et al., 1984; Groffman, 1985). Rice et al. (1986) concluded
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' that lower N mineralization under conservation tillage has a transient effect (i.e. it may be
observed initially, but it will not persist). After approximately tén yeafs' N mineralization

" became similar in no-till and conventionally tilled plots.

"To compensate for lower minéralizaﬁon of lsoil N-associated With conSeﬁation tillage o
it has been suggested to grow corn in rotation with soybeah or forage 'legumes. Anotﬁer
beneficial management practice is the introduction of winter annual légUmeé as cov>erb .;ﬁrops'
into cobr_lse‘rvati‘on tillage systems (Mitchell and Teel, 197‘7; Ebelhar et al., 1984; Ut(;mb etal, "
. 1990).‘ Cover crops such as crimson clover andlhairy vetch can provide substantial amounts’

of N to subsequent. crops. As feported by Bomkevet al.,(1.996_)4c_rimso_n clover séecied in
.'A‘ugust ip the Westem_ .Fras>er Valle& contained up to 92 kg»N ha™, aithough the mostv_‘
" impressive cover crop N content of 149 kg N ha' was observed in the winter wheat and hairy

~§étch mix.

Minerélization’-immobilizationv of soil N is not the only part Qf the N cycle thdt is
affected by feduced cultivation. Uncultivated soil with a layér of crop residue_s lon ité sufface
is ﬁsually’coolcr and wetter th?in plowed soil. This can lead to increascd N“‘losses th%ough

| dgnitriﬁcatioﬁ and leaching. In addition, significant N losses can occur thfouéﬁ arinmonia'
volatilizétion Wheh a.rnmonium' lcontainin‘g, or ammoﬁium -for'mihg feft_ilizeré, ipzirticularly
‘urea, ére left on the soil-residue surface.
Denitrification losses tend to be greater under »conservation tillage 'as compared fté .
' convéntional tillage lérggly because of the increased soil moisturé .(Rice and Smifh,
1982). Groffman (1985) concluded that under drier conditions no-till sbil ‘conservc;,s"morc

moisture and has higher denitrification rates than conventionally tilled soil. Aulakh et al.
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(1984) reported that even a small increase in soil moisture content can be accompanied by a

Very large increase in the rate of denitrification. 'No-till systems tend to increase the supply of

organic carbon to microorganisms near the soil surface, where higher soil water content and

lower soil temperature may favor denitrification. The presence of more anaerobic conditions

in no-till soils at 0-7.5 cm depth contributed to the greater denitrification potential and higher

population of denitrifiers compared to conventionally tilled soils (Linn and Doran, 1984).

Denitrification losses of ‘surface‘ applied N fertilizers are the most severe in late spring

‘and early snmmer on soils ‘with slow ‘water movernent through the "root zone, but they can
: also occur to some extent on Well dralned s01ls Delayed or spht appllcatlons of fertilizer N
~(Wells, 1984), use of n1tr1ﬁcat10n 1nh1b1tors (Frye et al 1980), andvsubsurface apphcatlon

(Hilton et al., ,1994) ‘can reduce denitrification losses and improve fertilizer N efficiency

under conservation tillage.

There is a concern that somewhat higher soil-yvate'r contents and‘increased infiltration

under conservation tillage may promote groundwater pollution by NO3 leaching from the root

~ zone (Thomas et al., 1973; Tyler and Thomas, 1977) However, if the addltlonal soil water

content under conservation tillage increases corn _y1eld and N recovery (Shanholtz and
Lillard, 1969) then, the conservation tillage systemv Wonld_ decrease the potential for N03':
leaching below the root zone. Angle et al; (1993) observed. that no'-tillage may reduce |

leachmg of nitrates in moderately well- dralned loam soil especially at lower N rates. Similar

“reports were made by Muir et al. (1973) Keller and Mengel (1986) and Roth and Fox

' (1990) Long- term study of no- tlllage on poorly dralned clay loam so1l in anesota has '

indicated _that lower corn y1eld :and N nptake wrth no-till lowered _eyapotransprratlon and, .
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‘t‘ogether ,v\_iith a higher amount of unused fertilizerh N, increa_Sed NO; leaehing lossesi in |
c,omparison with_"coni/entional tillage (Randall and _lragaVarapu;_ 19'9_5). As Gilliam and Hoyt:

(1987) have pointed out, conservation tillage systems . may ‘:i_ncrlease. or decrease nitrate

leaching in.the short term-depending upon soil type, fertilizatiOn method, and rainfall" Ce

distribution.

Volatihzatlon of N as ammonia is a much: bigger problem w1th snrface apphed urea-
| based feﬂillaers in conservatlon t1llage than in conventional tlllage (Bandel et al 1980 S
Mengel et al 1982 Fenn and Hossner 1985 Urban et al 1987) Add1t1on of urea or some
’ iother,,'ammomum contalnmg _o_r Iformmgl fertlllzer to the -soll eovered with residues will resnlt
in -urea ’hydrolysis)onv the _residue surfaees and“ subseqdent NH3 :;olatilization.' Due. to
;-'relatively low CEC of residues,a small number of lNH4l_ions_IWill'.be'retained on ei(ehange
sites;'which will 'inCrease ammonium eoncentrations' oii crop {re'sidue_s andl conseduently' .
increase NH3 "}Volatilization:. Additional explanation for the greater NH3 Volatilization-.under |
gconservation tilla.ge. in comparison jtoi,conventional' tillag‘e';..might be in hlgher 'soil; water
jl ooritent in the formert Small NH; losses at low isoil water contents are due to a lack of water
'ine'ce'ssaryto dissolve added, .nrea fertilizér which is a prerequisite "for urea hyd'ro'lys'is.‘ A' '

‘ quantitatrve estlmate of the loss -of ammonla by Volatihzatlon Is Very dlfﬁcult to make

-"(Bandel et al 1980 Wells 1984)., FOX and Hoffma'n -(1981) categorized 'ammonia o

volatihzatlon losses m Pennsylvama based on rainfall amount and the length of tlme between
' siirface application andi rainfall o,ccurrenee. Losses were-substantial when no rain fell within ,
" six days of N surface application. There were no losses w1th 10. mm of rain occUrring‘ within

.two days of N application. Injecting ilrea-'containing fertilizers se{(eral centimeters under the
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~ soil surface significantly reduced ammonia yolatilizatioh (Fox et al., 1986; Howard and

Tyler, 1989).

2.8. - Corn Performance

. Response of both sweet cbm and gréin corn t(_)f conservatiqn tiliég.e depé_ndS on se,v'eral
factors iriChiding soil typé, vtopography, intemai _dra’ineige, preceding crop',- clim_a't.ic cohditions |
.during‘ the grvo‘wing seéson, and manage.ment system used. Geﬁeralizaﬁoh of ti]lagé effects o‘n
corn pefformance cannot be made without consideration of such f‘actorsv as stand

establishment, disease and pest incidence, weed control, and fertilizer management. -

'Much less attentiqn .has beén focused on consgrvétion tillagé systemé for sweét corn
than for grain vco.m‘ production. Sweet corn‘isv a type of corn différiﬁg_ ,from other é§m types
" only inv arecessive gene that. preveﬁts or retards the norrﬁal cﬁnversioﬁ of sugar iﬁto stafch as

the endospefm develbps'(Al\ciriéh et al., 1975). Sinc‘e‘ ;heif sugary condition redﬁces »the total -~
amount of food they can store, the kernels of SWeét cbm hagfe lower ability to germifi_ate and
“emerge than those éther cOrn“ types. At the. same time, | sv;eet corn kemel;s are rhdre_
 susceptible to mold. All thése conditions méke them more f_r'ail ar'l'd.leSSiproduct'ive. | Ce:rtain'.
‘differences between grain and 'swegt corn may make ‘(‘:o'ns'ervat,ion, t‘illage; less ifeasi‘blle’__ for ‘-
sweet corn. Grain corn is usually seeded in narrower rowé and p:rocbh'lc.es‘ higher Biomass; thah
'sweétb comn. This in tﬁrn résults in better and quiéker canopy coverage‘ by grain éorn and
subsequent better competition with weeds. In addition, sweet corn kernels‘afe‘ less Vigo.ré'us

-and more susceptible to pests than kernels of grain corn.
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Numerous studles: showed 51m11ar ‘or h1gher graln ~com y1elds- obtained with
conservatlon tlllage in comparrson to the conventlonal tlllage (Blevms et al., 1971 Grlfﬁth et

al., l973 Legg et al 1979 Rlce et al 1986 Al Darby and Lowery, 1987)

Reductlon of corn ylelds w1th no tlll compared w1th the conventlonal moldboard
plowmg systems is usually reported on fine textured 1mperfectly dramed soils, especra'lly '
those located where temperature reduct1ons .are llkely to slow down com development a

(Grlfﬁth et al 1977 Unger 1990) In colder hum1d reglons mulch layers ass001ated w1th .

conservatron tlllage w1ll not 1mprove corn y1eld through so11 water conservatlon but on the - - '

contrary, corn yleld may be suppressed due to the reductlon of soil temperatures in the early'
sprmg (Unger and Stewart 1976) Lower sprmg soﬂ temperatures delay corn emergence and- |
even further hm1t short growing season effects resultmg 1n lower corn y1elds 1n cold humld
reglons S1m11arly, Petersen et al (1986) observed lower sweet corn y1eld from 10 t111._;
treatment than from conventronal trllage on s1lty clay loam in Oregon due to lower s01l(
temperatures in no-tlll plots Addltronal problems in thrs study were created by weed

competltlon.and slug damage of sweet corn plants after emergence under no: tlllage
¥

Conservation tillage has been less satisfactory than. conventional tillage -on poorly )

drained ‘soils with continuous cropping. Vyn and Raimbatlt (1993) observed that the |

contmuous no-till corn productlon on ﬁne textured so1l in Ontarlo resulted in hlgher bulk

dens1ty, lower macroporos1ty, hlgher soil compactlon and lower proport1on of aggregates B

smaller than 5 .mm ‘in - dlameter These poor s01l cond1t10ns in the seedbed 1nh1b1ted root

gro,wth.and reduced plant health
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Corn yield di_fférencés between cohservatio_n and conventional tillage éysteins were-
smaller or nonexistent when cﬁrn wés grown after some other crop. On vefy poorly drained
clay soil in tho, Lal et al. (1_994) observed fhat‘éorh yields iﬁ a long-term rotétion with
soybgan wéré somewhat higher undér no-tillége than imderz moldboard plowing. ‘The nature

of the relafionship among corn yield, crop rotation, and tillage is not completely understood.

~ In order to improve corn yie-lds oh boorly' drained soils several practices were
suggested. These include ridge planting (Mock and Erbach, 1977; Ec.kert,' 1‘990),. in-row
surface residue removal (Allmaras and Nelson, 1971; Vyﬁ et al., 1994), in-row soil loose‘rﬁng
(Van Doren, 1973), chisél plowing (Fausey 'and. Lal, i989), and growing cover crops for

improving soil structure (Lal et al., 1991).

.On coarse-textured, well-drained soils no-tillage practices tend to produce equal or

~ greater yields of sweet corn (Knailel etal., 1977; Mohler, 1991) and grain corn (Griffith et al.,
1973; Van Doren et al., 1976) than mold‘boardvplowing. The major reason for improved corn

yields is increased water storage in the soil profile due to the presence of mulch cover (Lal et

al., 1994). Gains in no-till corn production_ due to surface residues and subsequent better
water storage usually occur in drier years (Van Doren and Allmaras, 1978; Eckert, 1984) and '

in warmer regions (Moody et al., 1963; Miller aﬁd Shrader, 1976).

- Improvement of soil structure may also be a reason for better corn performance under

no-tillage. Kladivko et al. (1986) reported that conservation tillage has greater positive

effects on grain corn development and yield when practiced on soils characterized by low -

organic matter content and poor structure than on soils with high organic matter content and

-~ good structure.



Chapter 2: Literature Review - o ' . ' o . : 34

2.9. Summarv'

Ad'ovptidn of cons;ervétion l;illage‘ systems is strongly dependent oﬁ soil type and .
climate.n(ﬁC.anﬁéll_ ét al.; 1978; Carter. 19945). The de?élopmeht of conservation tillage
originated-_in sub-humid to se.zmi-a.fidlcéli‘mates_of' North America dué to need to reduce soil

and water losses relative to converitional tillage and, hence, the emphasis was placed on

~ increasing crop residues at the soil surface.

High amounts of cfop Aresidug left at the éoil surface by conservatioﬁ tillage can create _
di‘fife_r.entt éoriditio:ns m hgmid CIimétié,:fegiions relative £o sub-humi‘d to semi-arid regiqns. ,qu
ekample, it éan cfeate wet soil co.rid‘itio‘ns» that lead‘ to difficulties in soil workability,
increased sqil compaction, higher if)cidence of diseases, lower soil temperatures at the time of '
planting,- éﬁd delayed p'lgnting ~with conservation tillage relative to conventional -

tillage. Therefore, different zipproachés aré needed for the adoption of conservation tillage

' systems in humid climatic régions than in' regions with moderate precipitation. Carter

(1994b) indiéated that major characteristics of conservation tillage in humid regions are a

continuum of live cover (e.g., provided by cover crops), degree of residue incorporation, and

efficiency of crop establishment. These chdracteristics can be achieved through minimum

tillage, rotational tillage, and tillage timing'.

~ The main soil constraints to introduction of conservation tillage, and especially no-
tillage, in humid climates are excessive soil'compac'tion, poor drainage, low soil strength, and
poor soil structure (Cannell et al., 1978; Ball and ‘O'Sullivan, 1987; Heinonen,

199'1). Therefore the most suitable soil'sv for reduction in tillage are well-drained, well-

- structured soils able to self structure due to a presence of expanding clay minerals.
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Our study was coﬁducted in a humid tén;i)éfate region \.Nith .mild, Qvetlwintérs and dry
summers. The uneven_é;l'nual‘ (_ﬁstribut_ioh;‘@;fj érépipitation results:in‘ ‘nj‘ébed to per‘f.c;r.r'n,t.illa—g‘e'
and plant winter 'cové_r crops in the» late .’s’urrvlrr_le'r'/early fall before the begiﬁniﬁg bf the .hea\»/y':-
rainfall. Field experirhents in this study wére establi;héd on a silty clay loam Hgmic Gleysol,
Wthh is pO(;rly drained éqd has. relatively ‘shgllov.v watertable; Since thééé, soils might have
drainége.'problems and-poéf-strﬁcturé the-y."!a.re ngi fsuitableﬂv for (;(l)‘r'hblgtqelimvination. of tillage " s
ope’ratidnsA and the @ost aﬁpropriate coﬁservétiqn tillage approaéh f.o':r thé soil and climate
éombinétion in this region is to have minimal and apéropfiately timed tillage._ |

_‘ In addition 'tovt“he juniqu;e interaction of 'so‘il‘vanvd élimatic ._.conditio.ns in this regior_],’
fNSiT. practice used in (')Aur‘ .s‘ltudy is different from prééfices used in ofﬁef cbr;servatibn tillage
Studies.-_No-spring tillagé system did'nét involve a cdmplete el.ifrlinatic;n of tillage, supﬁ as
the_casg in no-till system's.v,‘but had the pfimary tillage .performed in the late summer. In -
.additior_x, the soil W_'aS‘ protecfed fropi the rainfal‘lv- i;ﬁpact during\wintei‘ with cover crops, while
iln mbsf bonserf/ation tillégé s'tud:ies oQgrwintef pfotéction of thevsoil is’pfovided by residues

of the preceding crop.

. Convent'ional.till;ge (ST) in this Study consisted of late surﬁmér and s_pring-disci_ng,
while in‘ the majority>of cénsérVation tillage studiéé co'm.'er‘ltioha‘l fillager was pérformé_d by
moldboard blowing (Rounsevell and Jones, '1993; Cannell and-HaWes,-1994; Tyler et al,,';‘
1994). Dfscing c.hops crop residues and incd@drates ébout 45 to 55% of fesidues into. the

soil (Colvin et al. 1981), while moidbo;ird ploWing buries most of the crop residues with Qéry :

little mixihg-and leaves the soil surface almost bare. Therefore these two tillage ,implements“ -
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have a different impact on soil characteristics, such as aggregate stability, porosity, pore =

continuity, and infiltrability. - = -
No spr1ng tlllage system followed by wrnter cover crops in the western Fraser Valley

was 1n1t1ated to (1) shlft t1llage operatrons to the late summer, when the soil workab111ty

- conditions are optimal, (i1) reduce the excessive number -of. tillage operat1ons pract1ced by -
. local.farrners, (iii) prOVide the soil coverage during winter and early spring, and. (iv) improve e

overall soil tilth through increase of organi_c_‘pmatter near the soil surface, which in turn, can

irnproye aggregate stability and’reduce slaking, crust‘formation; -and pondi‘ng. .

Introduction of a new management practice, such as NS“T‘, affects many factors of the

-Ccrop en\{ironrnent. Ina fairly direct way it can affect soil _stwcture; por'osity.,‘ compa'ction, soil

water content, and soil temperature. By niaking an‘irnpact on all these soil characteristics

NST Can i_ndirectly'affei:t crop_- emergence, .root; gro“fth,«‘ayailability of soil N, and overall .

~ 'sweet corn performance. '

~ Hence, the ObJeCthCS of this - study were to determme the effects of NST and STA

f follow1ng w1nter wheat and spr1ng barley cover crops 1n the western Fraser Valley on

1. soil physical characteristics, .such as; bulk density;. aeration porosity, compaction,
' aggregate stability, water content, and temperature,
2. soil available N during sweet corn growing season, and «
3. 'sweet corn performance.

" An additional objective was to establish the optimal N rate for sweet corn production,’

with NST in the westeranrase'r Valley.
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3. MATERIALS AND METHODS

In order to meet the overall objectives of this study, two field experiments were
conducted in the Municipality of Delta, about 35 km south of Vancoﬁver (49° 15’ N and 123°
00> W), on land farmed by Mr. Bert Nottingham (Figure 3.1). These experiments were

conducted on a silty clay loam Humic Gleysol of the Westham series.
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' _‘3.1.’_V\"Site 'Desc'r‘irt)t‘ionf R
311, Experimentl

In order to determine the effects of NST and ST following ~winte‘r wheat, and 'spring

'barley cover crops on so1l physrcal character1st1cs so1l ava1lable N and sweet coml e

performance experrment l (Exp 1) was conducted in 1993 1994 and 1995 on a ﬁeld o

southwest of the 1ntersectron of 65 hB Avenue and 64th Street in Delta BC. Th1s expenment o

© was located o‘n the same area throughout thisstudy. :

EXp "lf'was 'laid o'ut as a split-blo'ck randomi-zed‘ complete block‘design' with four '

rep l1catrons (Frgure 3 2). TWO t1llage systems (N ST and ST) were the main- plot treatments

o two N rates. (0 and 150 kg ha ) were subplot treatments and two cover crops (sprlng barley “

an_d Wrnte‘r wheat) were treated«as-a sub-subplot treatmentS; The main plot ysrze was 15 X 9 m -
. . -and the subplot size “was 7‘.‘5 x9m. '

B Tillage‘l operations on- iboth“NST and ST-A treatments ("I‘_able 31) were car'ri:e‘du out w‘ith |

‘ﬁeld scale equrpment Late summer trllage was performed after crop harvest on September o

. 20 21 and 12 in 1992 1993 and 1994 respectrvely Pr1mary t1llage was performed on- May:l .

13 1993 Aprll 30 1994 and May 1 1995 Secondary sprmg tlllage 1n 1993 and 1994 wasi

;performed on the same dates as pr1mary sprlng tlllage whrle in 1995 it was done on May 15 S

' TheN rate of” lSO'_kg_ha'_ll' was-chosen,‘ since 1t 1s the- _amount ‘Of ‘N Afrequently. :

_ prescribed by processing companies for sweet corn production with conventional tillage.
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Spring barley (Ladner common no. 1‘) and winter wheat (cv_.bMonopol)" were seeded as. -
cover crops on two adjacenf parts of same field and Exp. 1 was-feplicated ovef these two

COVEr Crops.

" Sweet corn (hybrid "Jubilee") was planted to a 3 cm depth, uéing_a modiﬁed Afou.r-rqw
;‘John Deere 7527 no;till~ drill, on bMay 18, 7, and 15, in 1993; 1994, "ana 1995, "
- respectively. The row spacing was 0.76 m in 1993 and 1995 growjng sea‘sons. resulting in a
plant population of 87,000'plants ha™', while in 1994 grOWing séason the row spac.iﬁg Was 1 E

m and the plant population was 67,000 plants ha™.

Nitrbgen fertiliiér (urea, 46% N). was broadcésf by hand,» at the rates in(.iicéte‘d. 1n

| Figure 3.2, on the sbil surface immediately after_ 'éorri planting. Pho@horus' fertilize; was

placed at 7.5 cm depth in the soil by the no-till drillduﬁn_g corn pl'an"ting. according {o‘ soil

' iesting recommendati(;ns (Neufeld, 1980). Potassiﬁm_feftilizer was not ‘appliéd 'sinée 'th‘e}soil
was high.in potas‘silvlm‘(ll"able‘ A.2). B o

’ In order to kill wintef whe;_at and thé few surQi?ing plénts.of spring barley glyphbsate -

| | /[N-(phosphc;riomethlyl) glycine] ‘and 2,4-D [2,4“-Dichloropher_1<‘)xyacé.ti_c a01d] 'Twefe- applied

Iapproxima'tely one rﬁonth'before' corn pl,ar.lting. Rates of glypho"se-ltelvapplicati(;)n werme 31,

6.7,and 5.5 L ha' in 1993,'1994, ahd 1995, re"spectiv‘el}.'. Rates _of 2‘,4-D were 1.2, 1.6,_and 0 ]

L ha™ in 1993, 1994, and 1995, respec'tivelvy. As it turﬁed out, herbicide r'a"cés applied 1n 1993 |
~ were low and the winter wheat continued td grow after the isprayiﬁg.. Hé_nce moWing' waé

required to completely eliminate winter wheat.
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_Broadleaf and grass vveeds were controlled by the 'application of 4 L ha'1 of atrazine-

hentazon mixture‘ ie. [6 chloro-N ethyl-N’ (l-methylethyl) 1 3 5- trazme 2 ,4-diamine] and

' [(3 (1- methylethyl) 1H, 2,1,3 benzoth1ad1azm-4(3H) one2,2-dioxide] applied postemergence

on June 10, 1993. Weed control (both broadleaf and grass weeds) ‘was achleved with
eradicane [S-ethyl 'dipropylcarbamothioate] and atrazine ‘[6-chloro-N-ethyl-N’-(l-

methylethyl) 1,3, 5 trazme 2 4- d1am1ne] at rates of 49 L ha and 1 2 L ha respe'ctively, on‘ k

| May 4, 1994 A mrxture contalnmg 4L ha of atrazme and bentazon was - apphed» .

postemergence on June 7 1995, but in splte of the herbicide appllcatlon a heavy 1nfestat10n
of barnyard grass (Echmochloa crusgallz (L) Beauv) occurred on ST treatment Hence o

additional spraylng with 3. 0 L ha' of atrazine and 2. 2 L hat of. glyphosate was done on July

7, 1995.

On August 19, 1994, food processing company workers topped the corn plants by - -

- mistake and consequently whole corn biomass measurements could not be obtained.

.S'we.et corn was ;‘harvested on September 16, 6, and 7, 1993, ‘19‘94,' and 1995,

- respectively. Corn residues were 1eft on the site after the harvests and were chopped 'and ‘

disced 1nto the soil pr10r to seedlng wmter cover crops Cover crops were seeded 1n rows 15
cm apart using the “John Deere 752” no-till dr111 Seedmg rate was 100 kg ha for both |
sprmg barley and winter wheat: and seedlngs were done on September 10, 21, and 12, 1992, _V

1993, and 1994, respectively.
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3.1.2. Experiment 2

In order to establish. the | optimal N rate for sweet corn production with NST"
~ experiment 2 (Exp. 2) was conducted in 1994 and 1995 in the same field as Exp. 1. While

Exp. 1 was located on the same site during three consecutive years, Exp. 2 was located on

two different, but édjacént sites in 1994 and 1995.

Exp. 2 was also laid out as a splif—block, randomized complete block design with four
replications. Tillage systems (NST and ST) were the main-plot treatments and five N rates
(0, §O, 100, 150 and 200 kg ha™) were subplot treatments. The main plot size was 30 x 9 m,

~ and subplot size was 6 x 9 m.

Tillage operations in Exp. 2 were exactly the same as those performed in Exp. 1

during the 1993/94 and 1994/95 seasoﬁs (Table 3.1).

Sweet corn (hybrld "Mellow gold") wés planted at 3 cm dépth on Méy 1 0; 1994 and
May 15, 1995 using a modified four-row ;'J ohn Deere 752” no-till drill. The row spacing was
- 1 min 1994 and O‘..76vm in 1995. The plant populatjon was approXimately 67,000 plahts ha'lr
in -1994- and 87,000 piar_lts hé’l in 1995. Corn harvests \;erg‘ on Septembér 6, 1994 and

September 7, 1995.

Nitrogen fertilizef (urea, 4.6% N) was broadcast by bhand, at the rates-iridiqated in.
'Figur'e 3.3, on theA soil sufface imrhediat,élyéfter corn 'planti-ng. Phoéphorus fertilizer was
placed at 7.5 cm depth inté the soil by thé no-till drill during corn‘ pia,riting acéqrding fo soil
testing recommendatiAons (Neufeld, 1980). Potassium fertilizer was not appﬁed sin_ce the soil

was high in potassium (Table A. 2). The same herbicides were applied in Exf).‘ 2 as in the

Exp. 1.~
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Preceding crops for sweet corn in this experiment was bean in 1993 and sweet corn in
1995. During 1993/94 winter spring barley (Ladner common no.1) was grown as cover crop
on the site where Exp. 2 was conducted following spring, while during 1994/95 winter
tetraploid annual ryegrass Westerwolds (Lolium multiflorum L. cv. Aubade) was grown as
cover crop. Seeding rate was 100 kg ha™! for spring barley and 25 kg ha™ for annual ryegrass

and seedings were done on September 21, 1993 and September 12, 1994.

2l

Spring tillage * * No-spring tillage

1Rep13'54,213542

2Rep| 3|2 |4|5|1]3]2]|4|5]|1

36 m

3R6P'A54‘21354213

4Rep 4| 1]3]2|5|4[1]3)2]5]|

6m

v

< ' —60m

0 kg N/ha
50 k N/ha
100 kg N/ha
150 kg N/ha

1=
2 =
3=
4=
5 =200 kg N/ha

Figure 3.3. Layout of Exp. 2 established in the spring 1994.
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3.2.  Data collection

«

“3.2.1. Cover crops‘

Samples of spring ,Barley and winter wheat cover crops on Exp.-1 :were taken :by hand
clir)ping ‘a 05 x 0.5 m area and "then analysed for dry biomass production cmd N
concentration. Cover crop samples wcre taken in the late fall/early winter (before vkilling froéts)
and then again in the spring (before co‘ver. crop killing w1th herbicides). At fall/wirlter sampling
time, i.€. on Decembcr 4, 1992; Novernber 21, 1993; and NO\rerrlber 21, 1994 winter wheat had. |
reached the ‘t-illering stage (growth stcge 23 to 25) and .spring barley the stcm elongétion srage

(growth stage 31) accorriing to the Zadoks system of describing groﬁh stages (Zadoks, et ‘ail.'v
1974). Spring -samplings of cover crops were done on April 22’ 1993;, March 29, 1994;>and
March 30, 1995, when both \rvinter wheat and sprirrg barley“ were in the stcm'elongati'or‘r stage :
(growth stagc 31 to 33) w'rfh the difference that sprirrg barley wcrs dyingv out.'andwin:[er wheat
was contirluing its growth. | | o

During,éll fall/winter san_rplings and ‘199‘3 ‘spring‘ sér_hﬁling ccvcr crops V\%erc har\{est.ed“
from six rarrdomly selected 0.5 x 0.5> m areas. Iﬁ' ES'prin'g of 1994, and 1995, forlr r'epllyi'catrons"of :
cover- crop samples were collecterl from NST and ST. All rﬂarlt tissuc s.arrmples‘vwe'r‘el dri,ea- at’
65°C in a fo_rced-air o;/en for determining dry matter yield. Samples Were ground, drgestcd I'at
360°C for 2.5 hours with an addition cf conc. H,SO,4 .vand Li2804 (Parkinso_n and Allen; 1975)
and- then analyzed for N concentraﬁon usirlg a Lachat Autoanalyzer (Lachat Instruments,

- Milwaukee, WI).V Total N ccntent was calculated by multiplying N cohcentratron ‘by dry matter

 yield.
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" Line transect measurements (for the ‘perk:eht of thé soil sﬁrface covcréd with residueé)
were made for both NST and ST treatments bgfére cover-cropbki‘lling with herbicides and
then again irhmediately after corn planting (Laﬂen et él., 1981). ‘A .rope marked ét ten
ranciomly spaced points was laid at a 45° angle relative to the row (two replicates per plot)
and the boints which came in contact wit_h crop residue wefe surﬁmed and expressed as a
percent of the total points. Surface residue_'cover ené_émpassed cover crop and weed residues, |

as well as corn residue from previous year.

3.2.2. Slu'g‘ Population

| Slug population density was determined a[;pl"oximatély at 5 aﬁ on,' May 13," 1994 and
May 21, 1995, Slugs pfesenf in a 0.5 x 0.5.m. éf_ea weré coﬁntéd on.each plot. with Zefo N '
épplication on Exp. 1 (Figure 3.2). Taxonomy of s_iugs was determined using a guideliﬁe by

Runham and Hunter (1970).

AThe main drawback of a direct c‘ount abproach in»assessing the slug population is that
‘it is subject to vériatioh, in .that'anAu'ﬁknc‘)wn and f)robably variable proportion of the'sl.ug
population in an area ié active on any given night (Poﬁ and Port; 1989). In this Stu(iy direcf
counts of the slug populations were performed eariy in the ‘momi'ng, but probably 4a bétp;r ‘
time for the direct counts would be at night (Barhe; aﬁd Weil, 1944 and 1945)? siﬁce slugs
~are nocturnal an_imals.’ Hdweverl, if direct num‘b.ers' may not be representafiVe.of the slug

: population, relative comparisons should be. -
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: 3.2.3'.HVEarthwo.rm. Pdpulation |

I . An assessment of earthworm numbers wasvdone on Expvl (Figure 3. 2) by a hand-
'sort1ng method (ZlCSl 1962 Tisdall 1978) Earthworms were obtamed by diggmg a 0 25 x
.0 25 m area to a 20 cm depth w1th1n each plot with zero N apphcatlon on Exp 1. Due to the
destructweness of the samplmg method earthworm population assessment was. done only at" o

.the end of th1s study (November 18, 1995) . about two months after -late sumrner '

’ tlllage Taxonomy of earthworms was determmed usmg a guldellne by Reynolds (1977)

3.2.4. Soil Bulk Density and Aeration Porosity.

“"S‘oil bulk"-~de:nsity (pg) and 'aeration ‘porosity (€a) were measured by' the core' method .

(Blake and Hartge 1986a) Intact sorl cores: (7. 3 cm. dlameter and 7. 5 cm length) were -

collected from all plots on Exp 1 on August 26, 1993 Aprll 25, and “August 17 1994 April,: o

B 23 June 1, July 15 and July 29 1995, All cores were sampled from 0- 7 5 cm depth onel |
.. ‘:che’pe‘I‘ plot,-' and usedvfor determmgtlvonlofv both pb and &,. The cores ‘were wrapped _m;
‘plastic inlthe ‘-ifield',to preyent soil los:s; and.trimmed to “the ,ends of the Cylinder in the
" laboratory. Prior to analysis:t soil cores were ,stored fatv 4°C"“ito \decr‘ease 'biologieal:f’l .
| ‘ act1v1ty Soﬂ cores were welghed then progressiyely saturated 1‘n a contamer with tap water |
.for 12 hours.’ After saturat1on the cores were: we1ghed and placed on a tens1on table wh1ch
contamed a tens1on medlum of s111con carbide sand (gnt 460) Aeration poros1ty, ie. 'soﬂ'
- pores. hav1ng d1ameter>50 um was determmed on a. tens1on table set at 6 kPa of matnc:' -
: suction (Danielson and Sutherland;, 1'98‘6).' CQTeS.Were dried for 24 hours at l(‘)5°.C.land Po -

. was determined as .the mass of dry soil_per volume of field-moist soil. - ‘
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3.2.5. Soil Compaction

Soil penetratioh resistance (PR), méasufed by penetrometér, is one of the comrﬁonly s
used indexes for char'acteriéing managenr_nent-inducedﬁéhangéé in-soil co.mpaétion‘(Bradford, :
19‘86). The penetration resistance was.me‘asvured Abeforne spring tillage (Qn April 29, 1994 and .
April 23, 19§5) and éfter spriﬁg tillage (6ﬁ Méy 2,5», 1993; June 24, 1993; June 1, 1994; May
16, 1995, énd June 1, 1995) on ‘AExp. 1 (Figure 32) Soil _resistanée t;) pehetration was
measured to ;che 66 cm depth, at in‘tervalé‘of | 1.5 cm, using a “Rimik” haﬁd-pusheci 13_an
diamf:tér cone‘ (30°); penetrometer' With data logger (Agridry Ri’mik PTY Ltd., T’o.'owoomba,"

QLD, Austrélia). Three proﬁ.lef_s were recorded at each plot with zero.N applicatién on Exp.

.1, while no PR meas‘uren'lenfs” were done on plofs With application of 150 kg N ha'.

Since wheel traffic péfterns were not strictly maintained from year to year, random PR

* measurements were obtained without regard to wheel tracks.

| To get the most useful interpretation of the PR measurements, gravimetric soil water

- contents were élso dete\rr‘nined on composite samples taken at 0-15, 15-30, 30-45, and 45-60

cm depths at the time of PR measurements. Due to the dependencé of soil strength on soil

water content, the field data were then corrected to a standard water content using the method

proposed by Busscher and Sojka (1987). Correction of PR to a single soil water content-
allowed comparisons of absolute PR"diffe"rences"that were -not dependent on éhanges invthe_.

soil water content associated with residue cover and tillage.

" The Busséh_er'-Sojka model uses a’ logarithlhic Vfc‘mpirical felatiénship amon'g‘«pl;,

‘ grévimetric w'a‘ter_v cbntent (8), and PR (Equation 3.1). The advantage of thié-methbd is that
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when the empirical equation at one water content is subtracted from another at a different
5 _ _

water content the py, which remains constant for a giyen sample, will cancel (Equation 3.2).

log(PR) = alpg(p,,) +blog(6)+c ' | - (3.1)
PR, (6, ‘A . (32)
PR, \6,) o

Subscripts 1 and 2 indicate corrected and uncorrected conditions, respectively. -

The constant b‘was determined byi measuring pg, water con‘tent,v and PR in the
laboratory using a repacked soil (that had been siéved. thféugh 6-mm sie.v'e)‘ in 7.3 . cm:
diameter by 7.5 cm l‘f:ngtﬁ cores. The cores Wiih vafious soil‘bu'lk densities were saturated
from the bottom up by raising the water élowly up to 2 cm beldw the surface of the core. The
soil cores .were allowed to evaporate, and PR waé measured at various water co‘ntents,
representing the seasonal variation ‘in the field. .All data- from each depth were then
substituted into the Busscher-Sojka quel, giving b values of -2.15, -2.10, -2.26, and -1.86

for the 0-15, 15-30; 30-45, and 45-60 cm depths, respectively (Table 3.2).

Table 3.2. Relatlonshlp among penetration resistance (PR), bulk density (py), and water
content (0) at four different depths

Depth (cm) | Equation ' ' n- P P
0-15 - log (PR) = 1.95 log(py) - 2.15 log(8) - 4.57 20 0946  0.0001
15-30 log (PR) = 1.41 log(py) - 2.10log(6) - 2.87 17 0919  -0.0001

© 30-45 log (PR) = 3.07 log(py) -2.26 ldg(e).-_7.78 -~ 12 0948  0.0001

45-60 log (PR) = 3.30 log(py) - 1.86 log(0) -8.43 10 0861  0.001




Chapter 3: Materials and Methods S - ' S s0

Data for PR measured in the ﬁeld were corrected from ﬁeld measured water contents

at sampling (Table A. 3 and Table A 4) to the reference water content’ of 0.33 kg kg for all

. depths using the Busscher-Sojka model._ Water content value of 0.33 kg kg' was chosen -

because it represents an average value observed in the corresponding depths when' the

measurements were conducted.

3.2.6. Aggregate Stability |
Soil aggregate stability samples were taken from 0-5. cm depth on April 21, June 1, -

= August 17, and October 19, 1994, and then 'on April 23, June 1, July 28 and October. 11, |
| 1995. Three soil sub-samples were taken randomly w1th1n each plot w1th zero N appl1cat1on
on Exp. I’ (Figure 3.2) and mixed to make a comp051te sample Soil samples were not taken
on plots with application of 150 kg N ha''. Samples were transported to-the laboratory‘in a
closed, plastic containers and stored in the refrigerator at 4°C until analysis to reduce"

biological activity.

The structural .stability of each sample was assessed using a variationof the vuet r
sieving r_netllod (Yoder, 1936j. Field moist.samples were sieved using a 6-m’m_ sieve and
| colle‘cted»ona 2-mm sieve. The pre-sieved 2-6 mm moist sample (of about 10 g) was placed
on the top of the nest of sieves with openings of 2.00, 1.00, and 0.25 mm and vi/etted by a
humidifier for 20 minutes to minimize disruption oaused by air trapping. Wet sieving was
performed for 10 minutes in a motor-driven mechanical deviCe with. a Vertieal .stroke of 2.5
cm at a rateo.f 30 strokes per minute. The motion of the system had botli an upward stroke 3

" and an oscillating action tlirdugh an angle of 30° (Hermawan, 1995). After the sieves were

removed from the water the proportion of material retained on each sieve was oven dried at
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105°C for 12 hours, weighed, and expressed as afpcrce.ntage of the total soil. Soil :‘aggrlegate -

water content was determined gravimetrically. on _énother field-moist subsample for each

stability measurement.

. The results were expressed as the mean lweight‘ diameter (MWD), which represents.
“the sum of the mean diameter of each size fraction (D;) and the proportion of the‘sample
~ weight occurring in the corresponding size ,fraction (W}) (Van Bavel, 1949). The summation

' - was carried out over all four size fractionfs, including the one that passed the 0.25-mm si‘eVé

.. 4 . . . ) N . . ’ ‘ . ) . .
(MWD = Z_W,.D, ). In addition to MWD, the proportion of water stable aggregates retained -

i=I

| on cach sieve was also determined .('Kemper a"r‘_ld‘ChepiL 1‘965). ‘Corrections were made for

‘the sand fraction .retéinéd. on ‘eaclll sieve to a\}oid bias_cd : intefpretations of water stable
aggregates. ‘FAor this _pﬁrpose, 40 g of air dry 2-6 mm aggregafés was treated §vith disﬁersing
_agent (Na—hgxametaphosphate) and mechanical Stirref. The suspénsion Was' then washed
through the stack of sieves used for wet sieving and saﬁd fractions were collected from ¢ach
sieve. The average of the sand fraction for the twelve samples per whole area 'o_f Exp. 1 was

used for correction.

3.2.7. Soil Water Content

Soil water content was measured with a,neufron meter (CPN 503DR Hydropfobe,

‘ using a 50 mCi 241

with zero N application on' the second and ‘fourth replications .of Exp. 1 (Figure
" 3:2). ‘Measure'ment;s‘ employing the neutfqn probe sf[ai'ted on June 4, 1993,-May 19, 1994,, and

‘May 16, 1995 and were taken at approxiimateily weekly intervals fh_rough the whole growing

Am-Be source). One access tube was installed to a depth of 80 cm on plots
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season. At each sampling time readings were replicated two times per plot. Replicated 30- -
second counts were obtained at 10, 20, and 40 cm depths in 1993, while in the»folilowin'g two

years an additional depth (15 cm) was introduced. .

3.2.8. Soil Temperature

. Soil temperatlue measurements were taken on plots with Zero N ‘appli.catien in the ferth
replication on Exp. 1 (Figure 3.2). ;Fhe'thermocouples were used to measure sotl temperature at
the planting depth (3 cm) and at 20 cm depth in the row. Soil temperature data were measured
every minute and averaged hourly The copper-constaht thermocouples | were 1nserted.
horizontally through the side of small pits on June 1, 1993, April 13, 1994, and April 12,
1995. The thermocouples were connected to the data logger (Campbell Scientific I'nc.., Logan,

_Utah).

In the spring of 1993‘ a purchased data logger and thermecouples .arrived' late,
therefore measurements for the first two weeks of 1993 corn growmg season were hot’ '
taken. Durlng the 1993 growing season only one thermocouple per depth was used but in 1994
and. 1995, at the 3 cm depth readlngs were obtamedfrom three thermocouples‘and readlngs fori ‘
‘the 20 cm depth were obtained from two bthermocouples. ThermOCQupies ‘were' p_laced
lapproximately 0.5 m apart within the same plet. Ini 1994 and 1995 the thermdcouples were, ‘
: removed'from the soil on the day 'ef spring discing and corn planting. and reirlstal_l'ed back into

the soil on the same day.
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3.2.9, Soil Nitrate - - e
Throughout the sweet corn growmg season soﬂ samples were taken to monrtor the '

3 avallable sorl N Soﬂ samples were taken at 0- 5 5 15 and 15 25 cm depths on Exp 1 Dates -

- of 5011 samplmg are presented in Table 3.3..

, _Five randomly selec_ted soil samples were taken betweien/-'th_e COIn TOWS on each plot. .. e

R ‘on Ex‘p:f 1-(Figure 3.2) and mlxed_thoroughly to forma composite sample. Samples“ 'were -
.‘ _transported to the lab in coolers and’ storedl-inﬁthe refrigerator 'at 4°C until anal'ysis; Available .

. ::‘t;orms of soﬂ N (NH4 and N03) were determmed on moist- samples by extractron wlth 2 M
| .KCl at an extractlon ratio of 1 10 w/v (Keeney and Nelson 1982)" Soﬂ extracts were

analyzed on a Lachat Autoanalyzer (Lachat Instruments Mllwaukee WI) usmg the phenol-, :

.hypochlorlte reactlon for NH4 and the cadmrum reduction- reactlon for N03 Soﬂ water; e :

~ content was determmed gravrmetrlcally o‘n another subsample prlor to extraction. Avarlable }
soil N concentrations are reported on an oven-dry (105°C) soil b_asis; Soil NO; was a

dominant form‘ of availahle N durmg this study and ronly‘ soil NOj; data‘are discussed.
3.2.10. Sweet Corn N and Yield

" The abo'veground 'portion of llve'corn 'plants"was-'harvested fromllfour’ center rows on |
’ ‘;each plot of Exp l at seven to nrne weeks after corn planting. Later -1n the growmg season '
. (1 e. at twelve weeks after.corn plantmg) ﬁve ear leal‘ samples (the entlre leaf at the ear node)

"were taken from ﬁve drfferent plants in four center TOWS on each plot on Ekp 1. All these

 com samples were dried,to a constant weight at 65°C, ground, digested at360°C for 2.5'hours k_ -
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with an _addition of conc. H,SO, and Li,SO4 (Parkinson and Allen, 1975), and analyzed for N

-concentration using a Lachat Autoanalyzer (Lachat InStruments, Milwaukee, WI).

| Samples for sweet corn pfoduction‘assessment weré taken from a 2 m length of the

two center rows in each plot on Exp. 1 and Exp. 2. Stalk and cob fresh weights were -

~ obtained on these samples. After weighing, five randomly selected stalks and five cobs from

each plot were used for moisture determination. Sweet corn production was expressed as dry

biomass, dry cob yields, and fresh cob (i.e. marketable) yields. -

L

At each samphng time, stages of com development were recorded accordlng to the ,
staging system developed by Ritchié and’ Hanway ( 1982) Spec1ﬁc stage was deﬁned when at
least 50% of the plants per plot were. in' or beyond a partlcular stage (Table 33 and Table

3.4).

At the end of the 1994 groWing"season we were niot able to obtain stalk weight since
on AAuguSt 19, 1994 corn plants were topped by mistake by workers from the food processing

company: -
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3.3. Statistical Analysis

Both Exp. 1 aﬁd Exp. 2 were laid out as split-block, ‘ra'nd.omizedjcon'lpletél Blo;:k
design with four replications. - The split-block is & variation of the split-plot design and itis -
usually used in tillage gnd' fertilizer experiments that require the use of ‘ordinary‘-' f;':ll_’r'n
equipmgnt‘.(l;eClerg et él., A1‘962v'; Little and‘ Hills; '1978). Gen‘erally,. in the split-blo;:k desigh
, .sub—pl-_ot tréétmeﬁts are barr.anged in strips across ea;:h replication, due tQ relatively lafge .size-
- of the farm vequipment. In the‘ case of Exp 1 and Exp. 2, maip tréatment (tillage) waév '
~ arranged iﬁ strips across eééh replicatio_ri, Which placéd a festriction én‘randomizati(.)n .(Antal
KoZak, personal communicationj. Exp 1 was replicated with a.d-ifferent cover crop‘ .on an
adjacent site and a combined or po‘ovled analysis of variance was éccomplished by 'coniside.rir;g
the cover crop species as an additional factor ir-1._the. experiment and treatiﬁg it és if it i:verie the

smallest experimental un1t (Gomez and Gomez, 1984).

_ The homoge.neity'of variance (Bartlett test) and the normal distribution of the data
(chi-square test) were tested. Logarithmic and SquareFroot transformations were made, where
‘appropriate, prior to statistical analysis. The general lincar model procédure: 1n the SAS:

package (SAS‘ Institute, 1990) Was. used..

- The mathematical model for Exp. 1 was:

_ . ; P '
Vg SHTB+T, vy, +a,+8 +0, +&

"
En + 7, +¢9]q + P Wy tE

whe o (3.3)
1t this model Yilq is the observation, 4 is the true mean of the pdpulation from which
all data came, £, is the_ blocking effect, 7 is the treatment effect, % is the block x_l treatment

interaction effect, i.e. experimental error (1), «; is the subunit effect, & is ‘the eXpérim_ental
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error (2), y is the treatment x subunit interaction effect, &y 1s the experimental error (3), 7,
is the sub-sub unit effect, ejq' is the treatment x sub-sub unit effect, Pig is the subunit x sub- .
sub unit effect, ¥y, is the treatment x subunit x sub-subunit effect, and Ei(jng 1s the

_eXperimental error (4). All treatments, except blocks, were considered fixed in determining

’

the components of variance.

The | F-test for significance (Table 3.5) was set up by evaluating. components of '
variance. Accqrding to the compohents of variénce, the ébserved mean square for blécks
“cannot be tesfed in Exp. 1. Error (i) is appfOpriaté forv 'teéting the tillagél tréatmerit, while erfor
'(2) is appropriate for testinglthg 'N.ratc.' effec_fsl The “intér_actict)r'l ‘of main treatment (tiliaée) and

sub-treatmént (N rate) is tested by error (3); .Effec‘ts.‘.(.)f povér gfop species and interactions T x |
C, N x C,and T x N x C were all v't'ested .a.gélin'st the ¢rr6r ). Néne: of the expefimenteil errors

could be tested in Exp. 1.
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Table 3.5. Outline of the pooled analysis of variance for measurements rephcated over two ,;"j ‘

-cover crops for spht block de51gn used in Exp. 1

Sourcg of variation df Symbol , COmPCHCntS of - -
B = . _ SR variance
- Blocks, B - n-l B kmpop
BxT,Ermor(l) . (+-1)(kD) W " mpotry
R N rate, Nf.f' | m-1 o A 'kPUEE<2)+”kP0NV‘ -
B $<N Error (2) (ﬂ-l‘)(m'l) & kpo} EEQ)
| TxN (k-1)(m-1) ) o - va'EE(3) +”P0'Tx1v’ A
B x T x N, Error (3)‘ ~ (n-1)(k-1)(m-1) .gifjl h pUEE(3)
Cover crop,C - pl | . ‘ h'q' o7 EE(4) fnkmo' 2C L
- TxC | (k-D(p-1)- " b ‘__‘0'3515(4,) +nmo 2Txc
NxC T - (m-D(p-1) - " Pq 0%5(4) +'nk0'fv£c
TxNxC e DD-D) - Wiy Ok +na%xNxc
Effor (4) B kmn-1)(p-1) - Ei(jiyg o 2EE(4) |

 Total nianp-1

The mathematical model for Exp: 2 was:
' :yijlq _=_,L14|-,B, T4t +5 +a) +g,j, e ' R _ :‘_ (3'4.).
\ 1n_this model y,ﬂq‘is the observation, ,u is the true 'mean.of the population,‘ from whiéh
all data came ﬁ, is the blockmg effect 7 is the treatment effect }/j is the block X treatment :
- ‘interactioneffect,_ ie. experimental' error (1); a; is the subunit effect,: & is the e_xperimental .
. error (2)', @y 1s the treatment x- subunit 'interaction effect,"’an_d :é;ﬂ is the experimentalrerr‘or b.
- (3). All treatments, except blocks, Were considered-fixed in detennining the components of

" variance. -
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Table 3.6. Outline of analysis of variance for split¥b16¢k design used in Exp. 2.

Source of variation = df, o Symbol : Componenté of
. N variance

Blocks, B nl- . B kmok,

Tillage, T k-1 o . B Mo Eg) +nmoy
BxT,Emor(l) = (-Dk1) - - W | ’ﬁO'ZEE(l)

Nrate, N m-1 . ;  6¥1 kazEE(z) +nkos -
"B x N, Error 2) ° (n-1)(m-1) & : kU%E(z‘)

TxN o _(k'l)(m'l) o W UZEE(3) +n0TN
B x TxN, Error 3) (V.l'l)(k'l)(m'l), R N 5'2EE(3)

Total .~ ‘ nkm-1

The F-test for.‘si‘gniﬁcar‘lce»(Tablev 3.6)’ was - s'et'up by eValuéting componenté of

variance. Accbrding to the components of .Variance,; the observed mean square for blocks

cannbt be tested in EXp. 2. Error (1) is appropriate for tésting the ~ti1'lage treatment, while error

(2) is appropriate for testing the N rate effects. The interaction of main treatment (tillage) and

sub-treatment (N rate) is tested by error (3). None of the experimental errors could be tested in

Exp. 2. Mean values wére compared using Duncan’s multiple' range test following a significant

F-test.

Depending on the sample collection the following statistical anélyses were performed:

" 1. The statistical differences in dry ‘matter yields,” N concentrations, and N contents.

between the two cover crops on Ekp. 1 obtained during fall sampling and spring 1993 - |

were determined by the f-test. Dry matter yield, N concentration, and N content data

_6btained in spfing 1994 and 1995 ‘were analyzed as a 2‘2 factorial experirhent in a
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randomized complete block design involving two tillage systems, two cover crop
species, and four replications.
Data for slug population ‘assessments were analyzed as 2° factorial experiment in a

randomized complete block design involving two tillage systems, two cover crop

species, and four replications.

‘Data for earthworm population assessments were analyzed as 2% factorial experiment
in a randomized complete block design involving two tillage systems, two cover crop..

. species, and four replications.

Data for py, and €, were analyzed as a split-block, randomized complete block design,

with four replications and with tillage as the main treatment, N rate as the sub-

© treatment, and cover'érop species as the sub-subtreatment (Table 3.5).

‘Water-corrected PR data were analyzed as 2? factorial experiment in a randomized

complete block design involving two tillage Systems, two cover crdp species, and four
replications. Water-corrected PR data were analyzed for six selected depths (1.5, ‘7.5, '

15.0, 22.5, 45.0, and 60.0 cm) separately.

In the analysis of variance for aggregate stability date of sampling was considered as

an addilt’ior.lal factor in the experiment and it was treated as a smallest éx'perimghtal
unit (Gomez and .Gomez, 1984). Ther'efore, aggregate stability param:e‘te'rs- were -
analyzed as a split-bléck, randomized cémplétg block design With four feplications ‘
and with tillage as tﬁe main treatment, cover crép sbeci»es. as the sub-t.reatmént, and

date of sampling as the sub-subtreatment.

A
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7.

10.

Soil water content data were analyzed as 2% factorial experiment.in a fandomiZed

complete block design involving two tillage systems, two cover crop species, and two
replications.

Data for soil NO; were analyzed as a splif—block, randomized complete block design,
with four replicationé and with tillage as the maih_ treatment, N rate as the sub-
treatment, and cover crop species as the sub-subtreatment (Table 3.5). Soil NO; data

were analyzed for each depth separately.

© Data for sweet corn N concéntration and yield on Exp. 1 were analyied as a split-

block, randomized complete block design, with four replications and with tillage as.
the main treatment, N rate as the sub-treatmént, and cover crop spgéies as the sub-

subtreatment (Table 3.9).

Data for sweet corn yield- on Exp. 2 were analyzed as a Split-block,*randomiiéd

_éomplete-block design, with four replications and with tillage as the main treatment,

. and N rate as the sub-treatment (Tablé 3.6). .
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4. EXPERIMENTAL CONDITIONS

4.1.  Weather in the Western Fraser Valley during the Study Period
The soil climate in the western Fraser Valley is Characterized by a mild mesic soil

temperature class and a subhumid soil moisture regime(Claytoh_ et al., 1977). Winters in this -

. regionare mild, cloudy, and wet and summers are relatively ool and dry. The western Fraser

Valley has one of the longest frost-free periods in Cahadé,_ extending from April 15 to
October 21 (Luttmerding, 1981a). The combination of year-round :moderate temperatures,
high rainfall, and the lack of long, cold winters gives this region a wider range of possible

crops compared to the rest of Canada.

Air temperature and precipitation measurements wereﬂobt»ained from the Environment

Canada station at Vaneouyer International Airport. The lowést monthly temperatures were

* observed between December and February . during | al‘lﬁ "three‘ years of study ~(Figure.

4.1). vAverage .monrhly ”temI.)eratures recorded durirlg De.cember 1992 anri Jarruary and
February 1993 were lower than the long-term averages. 'On‘ rhe other hand, average monthly
terrrperatlrres for the period December-February in 1994 and 1995 were abkovevthe long-term
éve'rages. Mean temperatures from Mareh to May during all '.years of this etudy’were slightlsl
above the lor'lg-term‘ values. For the J un'e-Dece..r'nber r)eriod there were no differences in mean

temperatureé between the years of study and the long-terrn avvera'ge.)
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Figure 4.1. Monthly average air temperatures for the western Fraser Valley as recorded at
Vancouver International Airport station. (Source: Environment Canada, Vancouver, and
Canadian Climate Normals for British Columbia). :
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More than threé-ciuafteré of the rainfaH in the western :Fraéer Valléy bccuré in- the
Octobgr—April‘ period, resulting 1n 921 ‘mfn of ‘precip-itation (average for 1937-1990 pe_ric;d)
during_ a period in which evapotraﬁspiration .is low. The long-term: a\‘./erage precipitation >for
the sweet céfn growing season (May throqgh‘ AUguét) 1n ‘the Westem Fraser Vailey is >182-
mm, while th;:'cumulative precipitation for this period in 1993, 1994, and 1995 were 226,
" 156, and 186 mm, respectively (Figure 4.2). |

. Daily snowfalls of mb‘fe then 10-cm were recorded in, mid.Decembgr 1992 and early
January' 1993, resulting in 4 'to 25 cm of cohtinuous SnOw co?er on ihe ground for abéut three
weeks (Figure 4.3). In contrast, daily snbwfalls of less then»7.5 cm were recordedﬁve,tvimes '
-in February and Mar'c/h 1994, covéfing fhe groﬁnd slightly for iny two days. ]juring 1995, .b
daily snowfalls rangiﬁé from 1 to 14 cm occurred only three times. Average (1937-1990)
‘cumulative monthly snovAvfall.‘ values for the Vénéouver- Inteméltional Airport ‘station range
from 0.5 cm in April to 20.6 cfn in January, while normal sﬁow éover on the ground is 1 cm.

in Januéry and Februafy and 4 cm in December.
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Figure 4.2. Monthly average precipitation for the western Fraser Valley as recorded at
Vancouver International Airport station. 1992/93 (a), 1993/94 (b), and 1994/95 (c¢).
(Source: Environment Canada, Vancouver, and Canadian Climate Normals for British
Columbia).
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Figure 4.3. Rainfall and snowfall distribution for the western Fraser Valley as recorded at
Vancouver International Airport station. 1992/93, 1993/94, and 1994/95. (Source:
Environment Canada, Vancouver, and Canadian Climate Normals for British Columbia).
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4.2.' Cover Crpp Performance

. Spring barléy and .Winter wheat cover crops were an important bcompo‘nent of the;“
conVentionél til!age system in this stlidy. Since differences in biomass productipn'aﬁd N
concentration between spring barle)’f and winter wheat can affect soil characteriétiés differently '

it was important to determine cover crop performance during Qhr study.

| Winter wheat produced signiﬁcantly .hi'gher dry ;ﬁgtter biomass in compari"so_n to Sprihg
barley in the fall of 1992 and 1994. In these two yearé N concentrations were not significantly -
different Betweeh sprjng barley and wintér wheat (Table 4. i). In the' fail o’f 1993, Aspr'in'g bariey
had higher dry biomass and N concéntration thén winter wheat. | |

Table 4.1. Dry matter biomass and N concentration of two cover cfops in the fall (Standard
error of the mean in brackets). '

Fall Cover crop Dry matter biomass N concentration
_ (tha™) (gkg"
1992 - Spring barley . 1.9 0.09) ' 25.6 (0.38)
. Winter wheat - 27019 23.7 (1.04y.
1993 Spring barley © 1.2 (0.04) C 50902
. Winter wheat - - - 0.6(003) - 408131
1994  Springbarley 1302 . 30708).

Winter wheat A 17023 .- 33.2(1.09
* Indiéate'signiﬁcant difference between cover crops (P=0.05) using the #-test. -

. Biomass of winter wheat obséfved in the spriﬁg was Consiéteﬁtly higher than ;[he.spr'ing
barley fb‘iomass, since the lattef co.\}er crop was winter-killea. A greater ar_nOﬁntAof ‘cove‘r‘ crop |
residue was bbsewed for NST in éorriparisoh to ST in the spring 1595 (Tabie 4.2“ and‘ Table _
4.3). Dry matter biomass produced by.theseb ﬁvo cover cropé .w‘as simil.élr~ to regioﬁai averages in |
 the Wgstem Fraser .Valley (Bomke et al., 1996), but waé lower - than ’biom‘a‘ss‘-p'vrdduction

generally reported in humid regions. For example, winter wheat dry matter yields dbfained‘ in
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 this study were lower by approximately 50% than winter wheat'yields reported in. studies by
" Moody et al. (1963) in V1rg1n1a Holderbaum et al (1990) in Maryland and Ehlers and
Claupein (1994) in Germany. Sprrng barley dry matter y1eld obtarned in our study was about
one quarter of spnng barley yield reported by Holderbaurn et al (1990) in Maryland
Table 4.2. Analysis of varlance (F ratros) for the effects of t1llage and type of cover crop on

dry matter biomass (t ha” h, N concentrat1on (g kg™) and N content (kg ha'") of spr1ng
barley and Wmter wheat.

Source of df : - 1994 - . " 1995

‘variation ~ Drymatter ‘Nconc. - Ncontent  Drymatter Nconc. N content '
‘Block 3 153 182 2210 014 307 070,
"Tillage,T 1. .,0_53_' 040 - 000 17,5-5*‘* 000 19347
| 'c.c,rop,”ch 1 1_75.693'* 1892 | 60267 33102° 286" 186.09"
f,T><‘C o ', 001 054 | “4'0..31;-", _;vv_1.y1'2 im0

* ** Significant at the 0.05 and 0.01 probability levels, respectively.

Spnng barley had h1gher N concentratlon than winter wheat in the spnng of 1994 and
1995 (Table 4, 3) In addition, N concentrat1ons of sprmg barley were in excess of 20 g kg the -
approximate level requ1red for a. net m1neral1zat1on of N from plant resrdues (Black

1968) Such h1gh N concentratlon is probably due to relat1vely hrgh N uptake by sprmg barley

. prior to the k1lhng frost Nafuma and Bomke (1994) made srmrlar observat1ons with w1nter-

killed spnng cerealsl’ in the‘western Fraser Valley. On the other hand, N concentratlon of spnng -

barley in _the spring of 1993 and N concentration of winter' Wheat at -spring samplings-in all three R
years of our study .vyere ‘low and probably resulted ‘in irnmobilization of :the. .soil N. It is
interesting to note that the winter wheat residues had a'N concentratlon of approximately 17 g

kg'1 in 1994 and 1995, which is close to the critical value required for a netmineralization._
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Table 4.3. Dry matter blomass (tha® ) and N concentratlon (g kg N of two'c cover crops 1n the
- sprmg (standard error of the mean in brackets) - '

- Cover crop . o . Tillage system | Dry matter.bi'omass _ N concentration -
. S o Spring 1993 - . -
Spring barley - S L7009 - - 0 10.1(042)
‘Winter wheat - S o 34030 93(026)
R I T | Sgrmg199 o
. Spring barley = - . . : o - 14008 - - 25.5 (0.25)**

- Winter wheat - . | o 34021 s 172(0 56)
e ' Lo ‘ ' Sgrzng 1995 ,
. Spring barley - S o Lde2y S 219 (1Lsn**
. Winter wheat o L o LAL @ 16.9 (0.46) -
NST. . 2.90200%* |
ST - . 22(0.16) a

R S1gn1ﬁcant at the 0. 05 and 0.01 probablhty levels respectlvely

Nrtrogen content of spr1ng barley re51dues decreased from fall to spnng by 18 to 30 kg |

: ha dependlng on the sampling year (F1gure 4, 4) whlle N content of winter wheat residues: :

decreased by 31 kg ha from fall 1992 to spring 1993 Durlng the other two seasons N content ',

: | of w1nter wheat res1dues mcreased from fall to spnng, wh1ch was probably caused by N uptake
. fo_llowmg fall samphng. A1r temperature observed 1mmed1ately after fall _cover.,crop_samphng :

| probably had an e.ffect on winter ‘wheat -growth vand -Nv uptake. For ekample, average air-

{temperature for December 1992 -was 1«'9l’C wh1ch is’ qulte low. 'fo'r‘ this region and .which .

: probably 1nh1b1ted wmter Wheat N uptake | Therefore winter Wheat N content decreased from'
- fall 1992 to sprlng 1993 A1r temperatures in December 1993 and 1994 were 4.5 and 4 3°C

‘respectlvely These relatlvely mrld w1nter temperatures probably allowed w1nter wheat cover

crop to grow and eventually take up soﬂ N, which in turn resulted in an 1ncrease of winter wheat |

- N content from fall to spring sampllng m 1993/94 and 1_994/95 seasons.



Chapter 4: Experimental Conditions 71

N content (kg ha-l)

80 .
(b) WW 95

N content (kg ha-l)

Fall | Spring

Sampling time

Figure 4.4. Nitrogen content in spring barley (a) and winter wheat (b) cover crops sampled in
fall and spring. Error bars represent standard error of the mean (n=8).
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The soil surface covered by resrdues on NST plots Just before cover crop kllhng byf

» herblcldes (Aprll) ranged from 69 to 79% with sprrng barley and from 66 to 96% w1th winter R

' ‘wheat (Table 4. 4) At the same tlme ST plots had 61 to 67% coverage with’ sprrng barley' o

| tand 64 to 89% coverage w1th w1nter wheat The relatlvely h1gh sorl coverage under the SR

~ -spring barley cover crop ‘was due to the presence of weeds espec1ally ch1ckweed (Stellarza

medza L.), that filled i in bare spots

A

4 Table 4 4. Percent of the sorl covered with resrdues Just before herb101de appllcatlon (Aprrl)
~and after corn plantrng (May) : . ; , ,

‘ _Year : : _Sp.rrngbar_ley'-k o Wlnterwheat o
April ,"May": ':April- " "May .:. Aprll May - Aprrl ’ —,May-
993 73 % 6 s .7 s a0 25
i 1994 69 ‘”40"1'61"-*:h5ie B f66,“f'f-48. e 23

1995 79, 3% 67 0 . 9% 78 8 31

Sprlng‘dlsclng 1ncorporated plant resrdues 1nto the sorl accordlngly percentages of the
- soil cover on ST plots were lower than on NST plots after corn plantlng (May) Nevertheless “
relatlvely h1gh soil coverage of ?;1% was - obs.erved in 1995 after ‘corn plant1ng on ST plots",'
, jwhere wrnter wheat cover crop was grown vmalnlyddue to the presence of chlckweed. It 1s ‘
interestlng to note‘-that'th:ls 1s hrgher than the‘ relqulred mlnlmum (1.e.- 30_%) ‘«fo‘r. the_: resrdue

~ cover for an .inclusion into. the 'conservation. tillage’-planting system according to the -

Conservation Technology'lnformation Center deﬁnition (1991). P
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~ In conclusion, in the spring of all three years of this stud)r spring burley cover.cro'p left
less residues on the: soil surface than wintér wheat cover crop. Also, N concentratien of
~ spring barley, observed in spring, was higher then N concentration of ivinter wheat residues
in two out of three years. Nitrogen content of spring barley decreased i‘roml fall to spring,
while N content of winter wheat generzilly increased during the same period. Pereentages of
the soil covered with residues were relatively high on ST plots where winter Wheét cover erop

was grown, due to the combination of high biomass production and presence of wéeds. -

4.3. - Slug Pop_ulation

Slugs are listed as the most serious neninsect pest eneountered in ’cohservation tillage

systems for corn production (Gregory and Musick, 1976 Philhps 1984) In the ﬁrst year of

| this study there was no corn damage due to slugs and therefore no slug counts were done in

1993. The lack of noticeable slug damage during the 1993 gr’owing season might have been

 caused by the low air ternperatures during the 1992/93 winter (Figure 41), sincel Melianby
(1961) and Hunter (1966) reported ~that  slug populations decline after. hard

~ winters. Relatively milci 1993/94 and 1994/95 Winters’fFigur,e 4.1) favored slu'g! sur.\;iyal-_ancl‘l' ;

- in the spring of 1994 ahd 199,5' high slug populatibhs were ebserveti in this.stutiy. Siinila’rl
Qbservations were ‘made in corn and peas experimen_ts at Agassiz, B.C. (Stan ‘Freymein‘,‘.

- personal communication).

* Slug population in this study consisted mainly of banded slug (Arion circumscriptus
Johnston) and A. hortensis Ferussac, two very common pest species in gardens and
greenhouses in the western North America. Tillage had a significant effect on slug -

populations in both 1994 and 1995 (Table 4..5).' Slug numbers were greater in NST than in
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. ST treatments (Table A4.6). Differences in slug populétions betV\:/een the two cover crops were

not significant.

Table 4.5. Analysis of variance (F-ratios) fbr the effects of tillage and cover crop species on
slug population. - :

Source of variation df 1994 1995

Block 3 1.14 g 0.35
Till, T 1 23.047 o 33.927
Cover crop, C 1 081  « 433
TxC 1

0.09 - 1.56
** Significant at 0,01 probability level. R ‘

LoWér, slug populations in ST thé.ri NST‘,ob_serVed in this study are not surprising, - .
since soil cultivation leads to. direct injury of -slugs' and exposes them to _predation of birds
and small mammals (South, 1980). On fhe other‘_hand, conservatibn tillage provi_dés a

favorable habitat for slugs due to the lack- of: soil disturbahce and the presence of shelter

created by the crop residues on the soil surface. Higher slug populations in conservation " -

- tillage than in conventional tillage were also. repbrted by Petersen et al. (1 986) in a sweet corn

. . o
study in Oregon, Hammond and Stinner (1987) in a soybean/corn study in Ohio, and Carter et

al. (1988) in a study conducted at Prince 4Edwa_rd Island with spring barley and spring wheat.

Increased slug population in NST ‘may also have been related to the gfeater
accessibility of corn seeds in the drill slits to slugs in NST fhah in ST. Similarly, in a no-till - ‘
study conducted by Hughes and Gaynor (1984) in New Zealand slug d_amagc was réd{lced j

whenever conditionsv favored closure of no-till drill slits; In our :_study most of.'the'dr_il‘l slits

- on NST plots stayed open due to soil smearing occurring aldng the walls‘.of the slit. |
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‘Table 4.6. Number of slugs per m2 under two tillage systems (standard error of the fn'eén in
brackets). T - -

Tillége-plantirig system - ., May 13, 1994, C - '.May 21,1995
NST o - 17 15029 |
sT 106 - 1007

In addition, increased slug population in NST could also be enhanced .by locating

Exp. 1 on the same site for three consecutive years.

4.4. Earthworm Population

The number of g:arthwérfns was sigﬁiﬁcantiy higher in NST thaiﬁ ST treatments (Table .
47 a;nd Table 4.8), despite the fact that the assess;nént was done two ﬁoﬁths after late
summer tillage that was carried out on both tillagé‘ frgétménts. Thus, higher numbers of
earthworms'observed in 'NST probably repreég:nts a résidual effect of the' elimination of -
spring tillage during the previous three years. Numerous studieé hgve als;) repofted llarger
. ¢afthworm populations undef conservation thén conventional tillage (Barnes and Ellis, 1979;
De St. Rem.‘yand Déynard, 1982;' House and Parmelee, 1985), due to less soil disturbance by
. _Acultivétion,' better food supply in a for‘m of crop residues, and better insulation oﬁ_thé .soil

~ surface.



Chapter 4: Experimental Conditions T o S e s 76

Table 4 7 Analy51s of variance, (F- ratlos) for the effects of tlllage and cover crop spemes on
‘total numbers of earthworms per m2

“Source of variation . df - Total number of earthworms per’
. . . g S - e S

Block 3 i28

Till, T 1 6.82%

~Cover crop, C 1 572

TxC I 178

* Significant at 0.05 probabi‘lity_.leve‘l;

Table 4. 8 Number of earthworms per m* under two tlllage systems (standard error of the o
mean in brackets). : o S .

- Tillage-planting system . Total number of earthworms Number of Lumbricus . |
' e per m Lo -terrestris per m’
NST - - 198 (40.2) - 12(5.9)

sT A R 104("20._9') - . '6(2.9')‘

. Type of cover crops also had an effect on the number of earthworms, since higher
numbers were observed under:'spring barley'-than under" winter wheat (Table 4.7 a‘nd‘Table” :
- 4.9). ThlS could be a result of better food supply in form of decaylng root mater1a1 prov1ded

by the w1nter-k111ed sprmg barley

Table 4.9. Number of earthworms per m under two cover crops (standard error of the mean -
in brackets). . -

o Cover crop - | : Total number of earthworms ' Number of Lumbrzcus :
" L - per m - o terrestrzs per m®
Spring barley - - . 196_ @33) - o '.16(5.2)

‘Winter wheat — 106 (25.5) o o 200




- Chapter 4: Experimental Conditions : - “} - o . 71

The main earthworm species present in this sfudy was a shallqw?burrowing;,
“ introduced lumbricid (Lumbricus rubellu&). Déep-burfowing speciés, such as Lumbricus

~ lerrestris was also present, but in smaller numbers than L. rubellus (Tablé 4.8 and Table 4.9).

In a study by Herfnawaﬁ (1995) on Westham Island, B.C. the avérage number of
4shallow burrowing .earthwcl>rms counted iﬁ the spring ﬁn&er 'sg:veral cQVér crops was 65 Aper
m”. lThe‘higher earthworm numbers observed in the fall in our étudy than in tﬁe formef study
could be due to more favorable soil conditions (i.e. water and £emperature) for eaﬂhwo@

activity in the top 20 cm.
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S. EFFECTS OF TILLAGE-PLANTING SYSTEMS AND COVER CROP SPECIES ON SOIL

PHYSICAL CHARACTERISTICS

5.1. Soil Bulk Density and Aeratioh Porosig

In general, measurements of p, and €, during the study showed no difference between

NST and ST (Table 5.1 and Table 5.2). On only one of the sampling dates, July 5, 1995, was

pv higher and lower €, for NST compared to ST (Figure 5.1). Tillage also had a significant
effect on py, but no effect on €,, on August 17, 1994, when p,, again was greater under NST

than under ST (Figure 5.2). Both tillage systems produced €, values that were above the

critical value of 0.10 m3‘ m>, which is an indication of adequate soil aeration (Greenland,

1981).

0.35
0.30 —

m ")

0.25 —

3

0.20
0.15 —
0.10 —

Aeration porosity (m

0.05 —

0.00

(2)

NST
Bl st

Figure 5.1. Aeration porosity (a) and bulk density (b) obtained under two tillage systems and
two cover crops on July 5, 1995. Error bars represent standard error of the mean (n=8).

July 5, 1995

Bulk density (Mg m-3)

1.00

1.40

C1.35

130
125 —
120 —
1.15 —
1.10 —
1.05 —

(b)

NST
Bl st

July 5, 1995
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140
135 - 4 NST

130 4 N sT
125 - |
120 S
115 -
1.10
1.05 -
1.00

Bulk density (m3 m-3)

Aug 17, 1994

Figuré 5.2. Bulk density obtained under two tillage systems on August 17, 1994. Error bars
represent standard error of the mean (n=16).

During the study period p, and €, values obtained with two cover crops were
similar. Cover crops affected both py and €, on the first sampling date only (Table 5.1 and
Table 5.2). At that time, higher p, and lower €, Were observed under ST than under NST
with spring barley and the opposite was true with winter wheat (Figure 5.3). In addition,. Pb
was greater with winter wheat than with spring barley cover crop on July 29, 1995 (Figure

5.4).

0.35 ' 1.40 —
Y} SB-NST D WW-NST 135

130 —
1.25
1.20
1.15 —
1.10 —
1.05 < (b)
1.00
Aug 26, 1993 : Aug 26, 1993

Figure 5.3. Aeration porosity (a) and bulk density (b) obtained under two tillage systems and
two cover crops on August 26, 1993 Error bars represent standard error of the mean
(n=8). ‘

Aeration porosity (m3 m_3)
. -3
Bulk density (Mgm 7)




Chapter 5: Soil Physical Characteristics B 80

1.40
135 - .
130 —
125 —
120 -
115
1.10 -
1.05 —
1.00

Bulk density (Mg m™)

July 29, 1995

Figure 5.4. Bulk density obtained under two cover crops on July 29, 1995. Error bars
represent standard error of the mean (n=16).

Data from different sampling dates were combined to relate py to €, (Figure 5.5) and a
close relatiériship @ = 0.72.9“,‘) was found. This relationship illustrated that a critical g, of
0.10 m* m> would require a pp of 1.33 Mg m>, which is higher than 1.22 Mg m>, the
average pbAfor NST treatment, and 1.14 Mg m> , the average pp for ST treatment. Thus py

and €, in these cropping systems are unlikely to be limiting for plant growth.

Studies comparing effects of conventional and conservation tillage systems on py, and

€a have produced variable results, apparently depending largely on soil type, climatic
conditions, cropping sequence, and number of years after initiation of conservation tillage
(McFarland et al., 1990). The results of continuous conventional and conservation tillage

treatments on p» and g, are not consistent and at times are contradictory. Some studies

(Gantzer and Blake, 1978; Hammel, 1989; Rhoton et al., 1993) showed greater py under r.10--
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ﬁll than under conveﬁtional tillage,.whereas other sﬁidies showed no differcnée 1n :Pb dﬁé to.;

 the .tinage reatments "(Blevins etal, 1983; Tollner et al, 1984; Hill and-cir,ﬁs'e,fl'985). j

>In this study there was no’e_vidence ‘of é.consistent pattern, in P‘; and 85‘,: vélﬁe';'s under :

'. - NST and ST. Theée two t-illage-planting systems yve'fe carried out for clnly "t‘hree‘ years 'a.nd '
that was not enough time to attain a _stglsilize‘d valﬁes of py and‘ €a. P‘id.geon and Soane (1977)
reported that a ﬁlinimum Qf three years was required for soils uﬁder‘nov-‘tillAag.e .to reaéh an
equilibrium py after which no further changes in Py were observed. ?Iiﬂand Crusé (1985) .

. also b‘t.)servéd sim'ila'r Pb valués ‘between no.-ti'll and conv_entiénal ti}lage (fgﬂl V‘m;‘)'ldboa'rd;
plowing followe('i'by spring discing) at a sit'e. vnear’ Ames, Towa that w'as"in' the same til']:age
systems for just two j;ears.. On the other hgnd, long-term eff¢cts of tillag'g s_yst.er_r'ls'onv pb.and

£, were reported in a study by Heard et al. (1988) when nine years of n'o-till'ége on' silty élay B

" loam in Indiana resulted in higher py, at 7.5-23.5 cm depth compared to moldboard plowing.* ~: "

Genefally, there was no effect of cover cfpp_ species on py and- €, The lack-of _
- differences in py and £, between two cover crops is probably caused by the Shorf‘duratibn of =
this study combined with a-relati{/ely small difference in residue '_bibmél_ss left:'oln the soil

surface by spring barley and winter _Wheat.
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Figure 5.5. Relationship between bulk density and aeration porosity. ** significant at 0.01
probability level.
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5.2, Soil‘Compactlon '

On May 25 1993 two weeks after sprmg tlllage PR in the upper part of the sorlf

' ‘proﬁle (up to: 15 cm depth) in the NST plots approached 1500 kPa and ‘was much hrgher than ,' -_ o |

im the ST plots that had been loosened by spring trllage (Table 5.3 and F1gure 5. 6a) At 15 "

. Acm depth PR under ST became hlgher than under NST Wthh is not surprlsmg smce the =
‘vprrmary sprmg d1sc1ng was done at 15 ‘cm depth (F1gure 5.6). The presence of a trllage pan
lb'was observed at 15-25 cm under ST The only effect of cover'crop spemes ‘on PR was'

" observed at 22 5 cm depth where PR wrth sprmg barley was 1600 kPa and w1th w1nter wheat ’ a

1200 kPa

Penetratron resrstance measurements taken a month later on June 24 1993 show a '

srmrlar trend (Table 5.3 and Frgure 5. 6b) Agam PR near the soﬂ surface (1 e. at 1 5 and 7 5

"~ cm depths) was s1gn1ﬁcantly hrgher under NST than under ST regardless of cover ,: |

crop. Readmgs of PR in the top 10 cm under NST were as hlgh as 1700 kPa

In the sprmg of 1994 the first set of PR measurements was taken on Aprll 29, 1994

‘ one day before spring dlscmg At thrs date the effect of t1llage on PR was observed at7. 5 and .
~15 cm depths (Table 5. 4) Conservatron (N ST) trllage had hrgher PR than ST at7. 5 cm depthv, L -
i and the oppos1te was true at-15 cm depth (F 1gure 5. 7a) Hrgher PR at 15 cm depth 1n ST than : .

.in NST 1s probably a result of a long term prrmary, sprmg d1sc1ng at thrs depth There was no .

effect of cover crop specres on PR o

One month‘after the 1994 spring discing (i.e. on"June 1) PR at 1.5, 7.5, and 60cm “

' ‘depths were higher under NST than under’_ST. Penetrometer readjngs 1n _the'top 10 cm ‘under‘ i
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~ NST were high, approaching 2250 kPa (Figure 5.7b). Such high PR values could be limiting

for root growth.' Type of cover crop, again, had no effect on PR.

On April 23, 1995, one week before spring tillage, there were no -differences in PR
between the two tillage systems (Table 5.5). At 1.5 and 7.5 cm depths significantly higher

PR values were recorded under spring barley than under the winter wheat cover crop (Table _

| 5.5 and Figure 5.8a). At the time of cover crop killing with herb1c1des in 1995 the average* s

sml surface coverage was 73% with spr1ng barley and 93% w1th winter wheat (Table
4.4). Lower surface protection with spring barley residues Inay have increased chances Qf
crust formation on the soil surface an_d resulted in higher PR at 1.5 cm depth. under' Sbringl
barley than underIWinter wheat. Although we did not measure cover crop ‘roet bidmass it is
Verylikely that winter wheat, which survived winter and continued its growth in spring, had
higher root biomass than winter-killed spring barley cover crop. Lower ‘r00t ”biomass
provided by spring barley. could have resulted in higher-PR at 7.5. em depth 'relative to PR

under winter wheat.

On May 16 1995, two weeks after spring t1llage PR was h1gher under NST than

under ST at the 1. 5,75, 15 and 45 cm depths (Table 5. 6) Penetrometer readlngs in the top'.' o

10 cm- under NST were approx1mately 1750 kPa (Figure 5 8b) At 22, 5 cm depth PR w1th. 7 '

| spring barley was 1900 kPa and 1500 kPa w1th winter wheat Cover crop spec1es also had a’

51gn1ﬁcant effect on PR at 45 cm depth where PR with spr1ng barley was 1900 kPa and 1400 ‘

kPa with winter wheat. Higher PR observed at these depths under spring barley could be a

~ result of lower root biomass left in the soil by spring barley than by winter wheat.
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On June 1, 1995 one month after sprmg cultlvatlon PR values were still hlgher under ‘
NST than under ST at 1. 5 7 5 15 and 22.5 cm depths (Table 5.6 and Figure 5. 80) Agarn :
the top part of the soil proﬁle under NST had qurte hlgh PR, approachmg 2000 kPa (Frgure .

5.8¢c). In'the first 7.5 cm average PR with spring barley was 1000 kPa and with winter wheat

© 800 kPa.

After spring tillage, ‘higher PR was observed with NST than ST within top 15 to 20
cm of the soil profile in all three years. At this time of measurement PR ranged from 1500 to.

2250 kPa and could be restrictive for corn emergence, seediing growth,” or .root

penetration. On several occasions high PR was also observed in ST at approximately 15 cm
depth due to formation of the tillage pan caused by long-term prirnary spring discing to this -

depth. The presence of a tillage pan at 15 cm depth was noticed after. spring tillage in 1993,

when PR approached 2000 kPa, and before spring tillage in 1994, when PR approached 2500

~kPa. These high PR values eould also be restrictive for root growth and penetration' into

deeper parts of the soil profile.

- The effect of cover erop species on PR was observed either before spring tillage (on

April 23, 1995) or after spring tillage (on May 25, 1993; May 16, 1995; and June 1, 1995),

-when higher PR were measured under spring barley than under winter wheat. Spring barley

grown as a cover crop in this region leaves relatively low amounts of residue on the soil
surface, which result in poor soil surface protection and high surface PR values. On the other
hand, winter wheat survives the winter in this region and continues to grow in spring,

producing good soil protection. This leads to lower surface PR under winter wheat than

_ under spring barley cover erop.‘ In addition, winter-killed ‘spring barley probably leaves less
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root residues in the soil than winter wheat. This could have resulted in higher PR,unde'r, o
spring barley than under winter wheat at lower depths; 22.5 cm on Mdy 25,1993, 7.5 cmon -

jApr.il 23, 1995 and June 1, 1995,'and 45 cm on-May 16,:1995.

~ Similar to our findings, higher PR within the upper soil proﬁlé’ has been observed
undef no-tillage than under conventional, moldboard plowing systems in continuous, long- -
* term studies by Bauder et al. (1981), Hammel (1989), and Hill (1990), as well in a short-term

(i.e;threé'years) study conducted by Gregorich etal: (1993).'
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Figure 5.6. Soil penetration (PR) in relation to depth on May 25, 1993 (a) and June 24, 1993
(b). Error bars represent standard error of the mean (n=48) and they are shown only-on
means that are significantly different (P<0.05).
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Figure 5.7. Soil penetration (PR) in relation to depth on April 29, 1994 (a) and June 1, 1994
(b). Error bars represent standard error of the mean (n=48) and they are shown only on
means that are significantly different (P<0.05).
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(b), and June 1, 1995 (c). Error bars represent standard error of the mean (n=48) and they
are shown only on means that are significantly different (P<0.05). SB=spring barley; and

WW=winter wheat.
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' 53.  Aggregate Stability
| I".Filllage and cover crop_spécies did_ nolt-have a‘,signiﬁcant effect on aggregate stability
pa:ametérs during 1994 and 1995 (Table 57 and Table 5.8). Since‘i\IST was ‘exe'cuted fér fhé
ﬁrét time .ir‘1 spring of 1993'there was not enough tirﬁe for signiﬁcaﬁt imprévement in soil
-agg'regatio.n. Hambli'rli (1980) repor—ted that only a sligf;t incfease in sQi.l strﬁctural stability
_dgveioped after tilree tQ eight years of dirept d'rilﬁng in cénipzirison wifﬁ cqhvéntioﬂal discing
on clay to ‘sandy lo'am'soils in Australia. Caﬂéf’(iQQZa) shqwed that direct drilling over thrge'
to five years improved strlicturél. sf[abili-t'y.!. at the.l ‘:s'oil Surfaqe as compareci to- molldb(‘)ard‘
4 ‘plowing of a fine sandy loam on Prince Ed\&érd Island . |
The relatively high clay chferi;[ (Table A 2)b'a'nd iarésence of fnbn_tmorilljé‘nite and
vermiculite cléy_ minefals (Luttn.levr‘ding,: 1'981b) in Gleysolé in th¢ Wésf_erri Fraser Valley | -
“could constitute andthé:r reason fqr thé lack of 'tilla,‘ge effecf. The higﬁ_dggree of “native”
A'aggvregation in fine-textured soils appearé to limit the improvement:of Soilv aggregation
induced by cénservafidh tillage systems. Frénzluebbers and _Aréhad (1996) ob'servedAtha‘t;__
macfoaggregation and MWD increased with incfeaéing clay .c‘ontent, :thereby reduéing the .
potential of zero-tillage to impro{)é thesé c_haraéteristics in soils with high,cléy c_ohténts in the

Peace River region of northern Albeﬁa and British Columbia.
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- Table 5.7. Analy31s of variance (F-ratios) for the effects of tlllage cover crop spec1es and

date of sampling on MWD, size- dlstrrbutron of water-stable aggregates and aggregate
- water content during 1994 growing season.

~ Source df. MWD ‘Water-stable aggregates (mm) | 4  Water®
) (mm) 2-6 12 025-1 . <025  (kgkg) -
Till, T 1022 033 3.60 009 0.0l 0.33
C.orop,C 1 3.48 3.88 ‘.12 - 140 306 1.09
TxC 1 033 034 028 013 030 415

Date,D 3 126167 10718 1985 2513 16382  306.01"

TxD 3130 129 0.80 0127 147 100
CxD 3 060 . . 062 0.64 0.13 0.51 421"
TxCxD 3 201 206 1.58 254 - 141 10.68

* ** Significant at the 0.05 and 0.01 probablllty levels, respectlvely Logw transformation applred prior to.

‘ analysrs

Relatively low amounts of r_esidues left on the soil surface by spring barley and winter

‘wheat (Table 4.3) did not result in improvement of soil aggregatiori. In a-study by Hermawan

(1995) on a similar soil, the highest MWD and 2-6 mm aggregate fraction were observed
under annual ryegrass cover‘crop that provided 8.6t ha'1 of dry biomass. 'I‘n addition to thé

hlgh above ground bromass annual ryegrass has high root density in the. top 15 cm of. soﬂ

which also enhances aggregate stability (Stone and Buttery, 1989). It is not very llkely that

'wmter wheat and espe01ally spring barley, seeded as cover crops in our study, had root = .

densities high enodgh to enhance aggregate stability over just three years.
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" Table 5.8. Analysis of variance (F-ratios) for the effects of tillage, cover crop species and
date of sampling on MWD, size-distribution of water- stable aggregates and aggregate
water content during 1995 growing season. «

Soarce df MWD Water-stable aggregates (mm) Water
| mm) 26 . 12* 0251 <0258 (kgkg™)
Till, T. 1 041 0.70 0.01 577 0.04 241
CoopC 1 119 248 667" 002 006 035
TxC 1 098 0.77 3.15 8.96" 1.64 o.3§
‘Date,D 3 22507 18947 1059 48.90" :24.64*7‘ 55.87"
" TxD 3 2.58*,' 281" 2.05 4.69" 1.3'_1- 4.60"
CxD 3 118 L1 122 118 136 .11.68»5"
TxCxD 3 rgs 222 170 1116 071 091

+, ¥ k* Slgmﬁcant at the 0.10, 0.05 and 0.01 probability levels, respectnvely Log,o transformation apphed
prlor to analysis. -

The effect of the date of sampiing was significant in':BetH Years indicating that

. temporal 'variati(')n 1n aggregate stability-was"impo.l.'tapt (Table 5;7).' The temeo‘ralfvaria‘tj(‘)’n of
MWD Was’larger in 1994 than in 1995 (Figafe 5.9a). 'Gravim'etric aggfegate ‘wa'ter‘ conterits

: " of the 0-5 cm soil layer _She\a?ed the opposite patterns to MWD except.‘fo'r‘ the last»sampling -
date (Figure 5.9b). A signiﬁcan;[ redueeien in structural staeility eOnespoads ’to' higher soil
water content, which usually existsA‘ih the field from late fall to early epliing‘ in the Weétem
Fraser Valley.' Du,ring this period soils are very prone te- stfuctural vbreakdow’n. when
ﬁlechanieally disturBed, especially when left uhprotected. Srimilar patterns of - seasenal
Valjiatioa in aggregate stability were also reported by Perfect et al. ’(1990); Reinert et al.

| (1991), Chan et al. (1994), and Hermawan (1995).
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~ The temporal variation in aggrégate stability was attributed to the variation of soil -

~water content at »sampli'ng, since water content explained 59% of the variation in MWD

values"(Figu_re 5.10). Thli’s is in an agreement with the work by Angers‘ et al: (1992) and |

~ Hermawan and Bomke (1996) that most temporai variation in aggregate stability is caused by

soil water content at'sampling. |

The magnitude of temporalb'variation varied With»aggregate"size‘ class both in 1994

‘and 1995. Te_mi)oral variation was highest‘i.n the 2-6 mm and the <0.25 mm fractions (which

varied inversely to the 2-6 mm size fraction). For example, the 2-6 mm size fraction
accounted for 80% of the aggregates (by weight) in August 1994 and 26% of the aggregates

in October 1994 (Figure 5.11). A similar situation was observed in 1995 when the 2-6 mm

“size fraction varied from 62% in August to 39% in October under .NST, and from 58% in

'August to 38% in October under ST (Figure 5.12). It seems that the 2-6 mm aggregates in

this soil are breaking down directly into the <0.25 mm fraction. A similar observation was

fnade by Hermawan (1995) on a badly degraded Gleysol at Westham Island, BC. - .

Temporal fluctuations in aggregate stability parameters were quite large and exceeded

the differences caused by ti'llage‘and cover crop species. The short duration of this study

accompanied with high silt and clay content in this soil, and relativgly smail differenqe in
residue tﬁomass production between spring barléy and winter wheat resulted in lack \ovf ‘
differ_énces in aggregate stability between tillagé syétgrﬁs and two cover crops. Soil water
content 'v'ariation during the growing season waé' strongly‘ corrélated to obsewed temporal

fluctuations in aggregate stability.
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Figure 5.9. Temporal variation of mean weight diameter-MWD (a) and aggregate water
content (b). Error bars represent standard error of the mean (n=32).
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1 -| MWD = 4.238-6.672(water content)

2 = 0.59"*

0 T I I I T I T I
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Water content (kg kg-l)

Figure 5.10. Relationship between mean weight diameter-MWD and aggregate water
_content. ** significant at 0.01 probability level.
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Figure 5.11. Temporal variation of aggregate size fractions during 1994. Error bars represenf
standard error of the mean (n=32).
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Figure 5.12. Temporal variation of aggregate size fractions under no-spring tillage-NST (a)
and spring tillage-ST (b) during 1995. Error bars represent standard error of the mean
(n=16).
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5.4,  Soil Water Content

During 1993, neither"the type ‘of cover crop, nor tillage had an effect'on soil water
content at 10 and 40 cm depths (Table 5.9). On most dates of measurement in 1993, soil
water content was lower under NST than under ST at the 20 cm depth (Figure'
5.13). Differences in soil water content at 20 cm depth become more imnortant during the -

last month of the 1993 growing season.

Durin.g the 1994 growing season neither the type of cover crop, nor tillage had a
significant effect on soil water content (Table 5.10 and Table 5.11), with an exception of two
last dates of measurement when soil water content at 40 .cm depth in spring barley plots was

0.45m’ m” and 0.35'm® m> in winter wheat plots. |

During mid August of 1995 soil Water contents‘at 10 'cm depth‘ were l0wer under NST
than under ST (Table'5.l2). The effect of cover crop_species"on soil water content at 15 cm
depth was evident only on May 26. and June 1, 1995 when winter Wheat had higher soil water-
content than spring :barley (Table 5.12). Significantly drier soil viras observed under NST
than under ST at 15 cm depth on June 1 and June 8, 1995 and.during the last month of 1995
z<.;’,rowing season. The' effect of tillage system was most obvious at 20 cm depth, since on most
dates of measurement in 1995 NST was drier than ST (Table 5. 13 and Figure 5.14b). On
May 26 and June 8, 1995 sorl water contents were lower under spring barley than under ,
winter wheat. Signiﬁcant bdifferencein‘sorl water contents b_etyreen tillage systems at 40 cm
depth was observed on June 1, 1995, when NST was. drier than ST (Table 5.13). At this date

soil water content was also lower under spring barley than under winter wheat.
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Several studies (Blevins et al., 1971; Pidgeon’ and -Seaee, 1977;-J'0hn_s,0n et al._, 1984) |
have repf_;rted greafer soil water contents'under'conservation'tillage reletive to eonventionai |
tillage systems. The effect of conservation tillage on soil water content depeﬂds on the
degree of reduction in tillage, the .len.gt‘h of time that the tillage' sys_ter.n. is pra‘cti'ced‘and
amount and type of residues left on the soil surface. In the studies cited aboVe,’zero-tillﬂhad
no culltive'ition, while in conventional tillage systems fall, 'moldboard plewing was"followec-i
by two discings (Blevins et al., 1971,-and Johnson et al., 1984) or by two harrowings before

planting and light harrowing. followed with rolling after planting (Pidgeoh and Soane,

1977). These tillage systems were quite different f'rom' tillage systems in this study. In

addition, winter cover crops in this study were grown on both tillage systems,'while in the

studies cited above soil was either left bare or covered with stalks over the winter.

Measurements of soil water content during three years showed either no difference

* between the two tillage systems or even lower soil water contents at 20 cm »dep'th_u‘nder NST .
' thzir_i under ST. There are several possible explanatiens‘ for this. First, pronounced soil crack

 formation is common on the Westham and the Crescent Gleysols in the western Fraser Valley -

due to presence of mon_tinorillonite and vermiculite cléy minerals (Luttmerding, 1981b).- Soil °

“crack formation could result in rapid capillary rise and higher water losses by evaporation,,

~ which was'also neticed in studies by Darwent and Bailey (1981), Hahdm_el et eﬂ, (1981), and

Carefoot et.al. (1990). In our study .cracks in the soil without spring tillage .wer'e left

- undisturbed over the warmest part of the year, allowing for greater water losses by

§ evaporation__than in the soil tilled in spring. This could reduce soil water content in NST in -~

comparison to ST. Second, silty clay loam Gleysols in the western Fraser Valley: are

susceptible to surface crusting (Abbaspour, 1988) due to high silt COnteht, relatively low soil
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organic métter, and unstable soil structure. C_rlist formation might reduce the infiltration of
rainfall water in"[_o‘ the soil. Somewhat drier soil cohditions observed with NST than with ST

could Be a result of crust presence in NST treatment, especially since relatively high PR was

observed after spring ‘tillag"e in the top few centimeters of the soil with NST (Figure 5.6; |

Figure 5.7, and Figure 5.8).

Effects of cover crop type on soil water content were rarely observed. On few.

occasions when cover crop type.had a signiﬁc_émt effect on soil water content spring barley

treatment was drier than winter wheat treatment.
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Chapter 5: Soil Physical Characteristics
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Figure 5.13. Average soil water contents at 10 cm (a), 20 cm (b), and 40 cm (c) depths
during 1993 growing season. Error bars represent standard error of the mean.
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Figure 5.14. Average soil water contents at 10 cm (a), 15 cm (b), 20 cm (c), and 40 cm (d)
depths during 1994 growing season. Error bars represent standard error of the mean.
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Figure 5.15. Average soil water contents at 10 cm (a), 15 cm (b), 20 cm (c), and 40 cm (d)

depths during 1995 growing season. Error bars represent standard error of the mean. -
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5.5. Soil Temperature -

During the three years, differences in daily mar(imum soil temperatures between two
til.lage syst'ems.were larger than the dlfferences in_dailyminimum soil temperatures '(Figures ‘4
A.1-A.6). This is similar to observations made bv van \ll’ijk et al. (l959), Unger (1978), and |
Fortin ‘and Pierce (199:0). As.v ’e‘xpected, lldaily fluctuations in soil temperature :were‘ '

considerably lowerat the 20 cm depth than at the 3cm depth (Figures 5‘.16-5,21).‘

When daily maxrmum soil temperatures were measured bel‘ore sprlng trllage in 1994
- and 1995, they were usually lower under NST than under ST at. the 3 cm depth (Flgures A.la-
»A.6a).v The only exception was in l995 1W1th wmter wheat cover crop when daily max1mum
- soil temperatures were higher in NST than in SyTby about O.S to 1°C for appronimately two

‘weeks before spring discing (Figure A. 6a).

During the three weeks following corn planting in 1994 and 1995, average ‘daily soil -4
temperatures at both depths were lower in NST than in ST treatment ‘(Table
5.14). Although, there was a decrease in average ‘daily - so11 temperatures under NST they *

were well above 8.-“1 0°C, which is ‘consrdered to be a’mlnlmum temperature range for corn '
emergence and early growth (Gardn'er et al. 1985,).. Spring barley and' w1nter wheat- cover'
crops seeded in mid- September (whrch represents late seeding in this reglon) produced on
average 1.3 t ha'! and 3.7 t ha' of dry blomass respectlvely (Table 4.3). These amounts of
cover crop residues lowered daily maximum soil temperatures in NST relatlve to ST, but d1d
not create problems for sweet corn growth. 'However, it ispossible that early seeded cover

crops (seeding 1n mvid'August), which usually produce 5-7 t ha' of dry matter in the western
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Fraser Valley (Bomke et al., 1996), may cause a decrease in soil temperatures in early spring

sufficient to delay emergence of the sweet corn.

{

Table 5.14. Averages of déily soil temperatures (°C) during three weeks fo'll(‘)\}v_ing corn
planting. o S " ‘

Depth 1994 S 1995

~ (cm) ~ Spring barley - Winter wheat Spring ‘b"arley -~ Winter wheat

NST - ST  NST ST . NST ~ ST - NST ST

3 171 175 16.8 17.2 189 - 193 185 195

20 15.4 15.9 152 156 170 173 169 174

The decrease in average daily soil temperaturgs caused by NST 1n comparison to ST
ranged from 6.4 to 51.(.)°C af 3 cm depth and from 0.3 to Q.S‘-’_Cj at 20 cm depth. The lower
daily average soilte;ﬁberature wit h NST ih 'this; stﬁdy is blielss>'.than the | sdil temperature.
decreavlsefwith conseryatién tillége sysfems reported in other .s"‘cudi‘es‘ (Jéhnson and Lowery,
1985; Griffith et .,al.v, 1988; Cox et al., 1990). The soil tefr1peraturc_response is primarily
regulated i)y the enefgsf available at the _Soil surface, which in turn is controlled by the degree
éf residue cover and the reflective and thermal chéragteristic's of the residue and soil (Van
Wijk et al., 1959; Van Doren and Allmaras, .1978;. Gupta et ai., 1983). Soil surface coverage
of 40 and 36% .with sprlng barley ré;sidues iﬁ NST after corh\plantihg in 1994 and 1995, -
resf)ectively (Table 4.4}) resultéd in a. decrease of 0.4°C in (.iéily‘a\vlerage soil temperatureé at3 -
cm depth. On the other hand, 48 and 78% soil surface coverage with winter wheat residues

-in NST in '19‘94’and' 1995 resulted in a decrhease of 0.4' and 1.0°C iﬁ daily .average soil

temperatures at 3 cm depth.
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Three to four weeks following corn planting, NST'daily maximum soil temperatures,
espec1ally at 3 cm depth started to rise and remained hlgher than ST daily maximum soil |
temperatures until the very end of the growmg season (Figures 5, 16a-5 21a) Th1s was -

observed in all three years. ('

ln 1994 and 1995 com‘growth was reduced on NST plots due to the slug damage,
which resulted in incomplete canopy closure and therefore higher daily maximum soil :
temperatures in NST compared to ST In addition lower soil vi;ater contents were observed
.‘m NST at 15 cm depth durmg the last month and at 20 cm depth durmg most of the 1995
growing season (Figure 5.15). This could also contrlbute to higher daily maximum sorl

- temperatures in NST than in ST during later part of the 1995 growing seasonv.’ '

In 1993 there was no reduction of corn growth on NST'- treatment, so higher daily
maximum soil temperatures in NST than in Sl during the later part of the 1993 season cannot
_lbe contributed to differences in _canopy closure ‘and soil Ishading.' ln l993 soil temperature.’
measurements were obtained with only one thermocouple per depth. Under u/inter wheat
'coi/er crop at 3 cm depth NST constantly had higher daily maximum soil temperatures than
ST (Figure A. 4a), which _could be an indicator of improper thermocouple installation. Under
. spring vbarley‘coVer crop NS_TAdai_ly maxi‘mum- soil temperatures at 3 cm depth were on
‘average “1:.1°C: higher vthanv ST »temperature_s during last two months of the 1993 grovtlin'g
season (Figure A. la).i The possible explanation.'for higher daily maximum soil temperatures
in NST than in ST under spring barley during the last two months of the 1993 sea.son could

be in lower water contents. observed ‘in NST than in ST at 20 cm depth. This is some_wliat
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_confusing since t_here were no'differences in soil water contents between two -tillage' systems

at 10 cm depth in 1993.

Soil temperatures were gene£aliy lower under NST than under ST, eithef before épfing
discing ahd ;:orn planting or during three to four weeks after é_:om planting..'Déspite the‘ soil
temperature 'reductio"n: in NS.TV,,‘ dverage daily soil temﬁeraturés in this tillage treat%e_nt wére
still above the lowest _tembefatufe réquire,d for corn .emergen'ce.and early growtﬁ. Due to pOQr .
corn growth and lack of "é'andpy "closure on NST in 1994 and 1995, 'daily max1mum soil
tempe'raturé_s Were higher in ’NS_T ‘;[ha'n ih ST from. three to four weeks afte-r‘ plérllting_' t.oi

harvest.
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Figure 5.16. Daily maximum and minimum soil temperatures at 3 cm (a) and 20 cm (b)
depths during 1993 growing season under spring barley.
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Figure 5.17. Daily maximum and minimum soil temperatures at 3 cm (a) and 20 cm (b)
depths during 1993 growing season under winter wheat.
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Figure 5.18. Daily maximum and minimum soil temperatures at 3 cm (a) and 20 cm (b)
depths during 1994 growing season under spring barley.
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Figure 5.19. Daily maximum and minimum soil temperatures at 3 cm (a) and 20 cm (b)
depths during 1994 growing season under winter wheat.
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Figure 5.20. Daily maximum and minimum soil temperatures at 3cm (a) and 20 cm (b)
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Figure 5.21. Daily maximum and minimum soil temperatures at 3 cm (a) and 20 cm (b)
depths during 1995 growing season under winter wheat.
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6. EFFECTS OF TILLAGE-PLANTING SYSTEMS AND COVER CROP
SPECIES ON SOIL NITRATE AND SWEET CORN :

-6.1.  Soil Nitrate

Appﬁcation of 150 kg N ha™' increased soil NO3 éoncéntration relative to the (':o.ntroli -
in 1993 (Table 6.1). Only at 0-5 cm depth at week 12 and at 15-25 cm depth at harvest theré -

was no difference between treatments with and without N application.

During the _1993 growing season soil NO;3 ;Jvas c_onsiséeintlyhigher at all three ’d‘epthsA o
under spring Barley thén ﬁnder‘ winter v;/heét (Figure 6.1). Nitrogeﬁ concenfr_étion of si)ring
, barley r'esidqes _in the” spring 1993 was 10.1 g kg'.l and of winter wheat residues 9.3 g kg,
whilé winter wheat bi.omass:p.roduction was two times higher than épring barley prociﬁction
(Table 4.3'). This prqb,ably caused slov?er ‘N mineralization of winter whéat resiciues relativé

| to spring‘bar‘l‘ey residues.

At. corﬁ' planting and at’ eight weeks after ,p.lan-ting in 1993 greater soil- NO3>
concentration was found éﬁer ST than NST with vsprin;g barley (Figure. 6.1)f At the same
time, soil NO; concentrati_ons were similarl m both tillage systems with winter wheat. The;
tillage x cover crop species interaction was also signiﬁcé.rit at harvest time in the 1993
growing season. Higﬁér NO; concentrations were observed at 0-3 cm and 5-15 cm depths in
NST tha,n ST with Both,covér crops,_but’. greater *di_ffer.e‘nces 1n soil NO; bet'ween. the two
fillage. system‘s‘lWe‘re‘i'found under sﬁriﬁg barley than "winter'twheat.' Combinedf effects of
higher séilvtemperc;ture‘:s 1n NST than in ST dur'ihg éecond h;élf of 1993 growing séaéon
(Figure 5.16 and Figure 5.17) fogéther Witﬁ better N miheralization of s;;ring barley residues
relative to wintef whéat probably resulted in ﬁigher soil NOs conceﬁtrations in NST than in

ST under the spring barley cover crop.
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. Higher s0il NO3 concentrations were obseri{ed at all depths in ST than NST from corn

~ planting until 12 weeks after planting in 1994 (Figure46-.2). The only exception'was at 5-15

cm depth at planting where there was no difference 1n ‘soil N“O3 'between two tillage
systems. At the end of the 1994 season, 1e at. harvest,:there was no difference in soil NO3
between two tillage systems (Ta_ble‘ 6.2 and Figure 6.2). Possible explanation for this .(':ouldA
be due to a 'combin_ed effect of soil temperatures and weed occurrence in two tillage.

systems. From corn planting to early July 1994 ('i.ve.b seven to eight weeks after corn planting) :

. there were no differences in soil temperatures between two tillage practices (Figure A. 2 and ‘

‘Figure ‘A. 5) and this _probably resulted in s1m11ar n1tr1ﬁcatlon conditlons in NST and .

| .ST During the same period of time, high weed population on NST plots was probably taking |
. i’ up. avallable soil N, Wthh lowered so1l NO3 concentratlon 1n NST After early July 1994,

- soil temperatures become much higher- in NST than in ST, which probably 1ncreased soil .

nitrification in NST .more so than 1n STWeed population was probably  still taking up -
available soil N on N?T plots, but poﬂssi_bly higher nitriﬁc'ation on NST could have reduced '
differences in soil NO3 ‘between two tillage systerns. vHence,. there was no tillage effect on
soil NO; concentration at harvest time in 1994._ . | ‘ .

Application of 150 l(g"N lia‘l increased soil NOQ concentration in comparison to the
unfertilized control at all depthsiat eight; weeks after com planting, at 0-5 cni and 5-15 cm
depths at 12 weeks after planting, and at :0-5 crn deptli atharvest in 1994 (Figure .6.2). At -
corn planting in 1994 soil l\IO3 was higher ‘at all depths under spring l)arley than under winter

wheat cover crop. .
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The efféct of til'l'(‘lgéon soil NO; was signiﬁcéﬁt during later parts of the 1995
growing seaéon, i.c. at 12 weeks after planting and at h@eét, when higher concentration§ of |
soil NO; were observed at 5-15 cm and 15-25 cm depths in NST than in' ST (Table 6.3 and
Figure 6.3). vDuring latter part_of 1995 grOWing season NST had higher; soil temperatures
| than ST (Figure A. 3 and Figure A. 6), which probably increased nitrification and the amount

of NO; formed in NST.

Once again, application of 150 kg N ha led to significantly higher soil NO;

~ concentration at all depths compared to control plots (Table 6.3).

vAt corn plantiﬁg in 1995 soil NO; was higher undér spriﬁg barley than under winter
wheat cover crop at all depths of measuréments._ A similar ‘situatioivl was observed in
1994. Nitrogen concentrations of spfing barley residues in 1994 and 1995 were a_béve 20. g -
kg' (Table 4.3), which‘probably caqsed rapid mineraliiatién of organic N and reéulted inv
high soil NO; concentfation at corn planting on the épring barley treatment. On the other
hand, N concentrations of Winter wheat residues in 1_994 and 1995 were approximately 17 g
kg' (Table 4‘.3) indicating a pos.sibili.ty of N mineralization latter during" the corn growing
season. Possible mineralization of winter wheat residues vlater in the season could explain the
lack of ‘.differences in sQil NO; betWeen two cover crops during the latter parts of 1994 and’

1995 seasons.

"It has been observed-that NO; concentrations are hbigher in éonventionally tilled .soi'ls ‘
' than in soils with reduced tillage (Thomas et al., 1973; Dowdell and Cannell, 1975; House et
al., 1984, Sarrantonio and Scott, 1988; Dou et al., 1995). Differences in soil NO;

concentration between tillage systems aréA related to the amount of crop residues and degree
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of incorporation, previous management, time since the tillage system was iﬁitiated, time of’

the year, climate, and soil type. ,.

Prirhary"spring tillage in this study was'd‘one' by discing to 15 cm fbllowed by
seccl)ndaryl discing to 7.5 cm, which resu]ted in less 'reéidue'incorporation Jrel}at,ivve to the
rﬁoldboard plowing plus discing system usgd in studies by Thoma; et al. (19735, Dov_ydell énd
Cannell (1975), and Sarrantonio and Scott.v(l988). Hence the differencgs in NQ3 levels |

between tillage systems in our study were less consistent than in the former studies.

Previous management is of great impbﬁance in determining \the mggriitude of
conservation tillage effects on total and available soil N (Carter and Rennie, 1982; Doran andj
Power,.k 1983).‘ ‘I‘m_mediately after initiation of a bno‘-ti»li expe’rimentvoni loné-térm blliegréss
pasture in Kentucky soil NO3 levels were higher in ﬁo-till plots than in moldboardploWed
plots (Thomas et al., 1973). However, availability of soil N under no-till, on this sar)ne site,
épproached fhat of plowgd treatment. aﬁer approximately 10 years (Rice et al., 1986).' When
ﬁo-till is initiatg:d on previously cultivafed'sqil, differences in organic métter accﬁmulation
a'ncni'N availability between no-tiil and conventidnal till are srﬁaller than'.ini situations when
~ no-till ié inifiafed oh previously uncﬁltivéte‘d soils, such as nativé s>0d. S.oi‘l. in.ou.‘rAstudywas
in convgnﬁonal ﬁllage pfiqr to establisMeht of NST, §vhich could héve 'mininiiZed

differences in NO3 concentrations between NST and ST treatments.

During the latter parts of the 1993 and 1995 growing seasons higher concentrations of
soil NO; were observed in NST than in ST, while in 1994 soil NO; was higher in ST than in
' NST -at com ;jjl_anting. As expected, application” of urea fertilizer increase_d soil- NO;3 -

concentration relative to the unfertilized soil. Higher concentrations of soil NO3 were
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observed under spring barley‘ than under winter wheat cover crop during the whole 199_3

growing season and at corn planting in 1994 and 1995.
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Figure 6.1. Soil NO; for two tillage systems and two N application rates under spring barley
and winter wheat at varying depths in 1993. (T=tillage significant at 0.05 level; C=cover
crop significant at 0.05 level; TC=interaction of tillage and cover crop significant at 0.05
probability level). P=planting time; W8=Week 8; W12=Week 12; H=harvest time.
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Figure 6.2. Soil NO; for two tillage systems and two N application rates under spring barley
and winter wheat at varying depths in 1994. (T=effects of tillage significant at 0.05 level;
C=cover crop significant at 0.05 level; TC=interaction of tillage and cover crop significant
at 0.05 probability level). P=planting time; W8=Week 8; W12=Week 12; H=harvest time.
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Figure 6.3. Soil NO; for two tillage systems and two N application rates under spring barley
and winter wheat at varying depths in 1995. (T=effects of tillage significant at 0.05 level;
C=cover crop significant at 0.05 level; TC=interaction of tillage and cover crop significant.
at 0.05 probability level). P=planting time; W7=Week 7; W9=Week 9; W12=Week 12;
H=harvest time. '
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6.2. Sweet Corn Yield

Fresh cob yields obtained in 1993. were éimilar to or ﬁigher than the regional average
of 11.3 "t ha” (B.C. Annual Statistics, 1991). nThe N rate.x cover crop specieé 'interéctidn was
significant for SWeet corn bi.omass;‘and dry and fresh cob yields in 1993. Efﬁciency of added
N fertilizef wéé higher under vs}inter Whéét fhan under kspring barley. Addition of 150 kg N - |

ha™ increased dry biomass, dry cob and fresh yield by 3.4,2.6, and 11.1 tha’', respectively in ‘

comparison to the control with winter wheat (Tabie 6.4, Table 6.5, a.ﬁd Table 6.6). The

increase of dry biomass, .dry.and frevéhw coB yields causéd by application-of 150 kg N ha™ ‘
relative to the control ‘Was 2.0, .‘.1_.4," and 66 ,’.'t hé;l, r'espéctivel‘y} on spring barley
treatﬁlent. Greater SWéét corn reéponsé to .N éﬁplication under winter wheaf than under
spring baﬂey is caﬁsed by a 'lower‘sb'il NO; suppiy' following Winter wheat relative to '-spring
bariey observed throuéhout the 1“993 growing season (Figure 6 1. |

Table 6.4. Sweet corn dry biomass yield (t ha'l) with two N application rates and two cover
crops in 1993 (standard error of the mean-in the brackets).

N application rate (kg ha™) _ | ' .-_ Cover crop

Spring barley l ~ Winter wheat

0o . 4.7 (0.47) S 25033

150 o 67070 . 5.9(0.57)
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- Table 6.5. Sweet corn dry cob yield (t ha;") with two N applicatioh rates and two cover crops
. in 1993 (standard error of the mean in the brackets). ’

N application rate (kg ha'!) IR * Cover crop
| Spring barley o .~ Winter wheat -
0 - 2.5(0.29) s - 1.0(21)

150 . | 39031) 36059

T able 6.6. Sweet corn fresh cob yield (t ha'! ) with two N apphcation rates and two cover |
crops in 1993 (standard error of the mean in the brackets)

‘N application rate (kg ha™! ) : R Cover crop
| | Spring berley 4 o Winter wheat
o 1200133 o 5.8 (1.12)
1so 186 (1.30) 5 169 @.11)

Durmg the 1994 growmg season there ‘were several problems on NST treatments,
such as a h1gh slug populatlon (Table 4. 6) and weed 1nfestat10n vyhlch resulted 1nv vdrastlc
reduction of NST yield. Weed' species observed during this study are listed in Table A.
5. Dry cob yield in ST was,'signil'lcaritly higlier than in NST, but was very low (Table 6.7).

Table 6. 7 Sweet corn dry cob yield (t ha " with two tillage systems in 1994 (standard error
of the mean in the brackets) :

Tillage system - | : Dry cob yield (tha'y
NST - R ' dlmnx
ST ' o 2.1 (0.18)**

** Significant at 0.01 probability level.
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Addition of N fertilizer increased“dry com.yield in comparison to the cont»rol'(Table
_‘ 6.8). The tillage x N rate 1nteract1on had a s1gn1ﬁcant effect on fresh cob yleld in 1994
(Table 6. 9) The response of fresh cob y1eld to sprlng trllage was better on plots with- Nl
appl1cat1on than on control plots. Bas1cally there was no fresh cob y1eld on NST w1th or
w1thout N apphcatron and the only sat1sfactory fresh cob yield was observed on ST with N .

appl1cat1on.

Table 6. 8. Sweet corn dry cob yreld (tha™) with two N appl1cat1on rates in 1994 (standard
error of the mean in the brackets). ' :

. N applrcat1on rate (kg ha™! ) o - :Dry cob yield (tha'lv)'
0 . S 0.8 (0.22) |
150 - 14034

“** Significant at 0.01 probability level:

Table 6.9. Sweet corn fresh cob y1eld (t ha ) w1th two tlllage systems and two N appl1cat1on
rates in 1994 (standard error of the mean in the brackets)

Tillage system o S N application rate (kg ha')
| o 150
NST 0.0 (0.00) S 0.6(0.58)

ST p'_ - :‘j. SJ(QS&" SRR 124 (0.88)

In 1994, the N rate 'x COVEr crop interaction was signiflcant for fresh cob yield (Table

6. lO) Efﬁc1ency of added N fertilizer was' hlgher under spring barley than under winter

wheat cover crop, since add1t1on of 150 kg N ha’ mcreased fresh cob yield by 3. 5t ha™!

compar1son to the control w1th sprrng barley and byjust 1.2t ha . w1th winter wheat..
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" Table 6.1‘0.’.S,weet corn fresh cob yield (t ha'l)fwith two N applvieatio‘n rates and two cover
crops in 1994 (standard error of the mean in the brackets).

N application rate (kg ha™) - R C‘Iover: emn '
o "Springv badey " R Winter AWheat‘
o S ~3.6V(1.,36)',: S 4.6.(1.76)
15_01 | o o 71237 ,. o | ) 5.8:(5_.04)

Low sweet com yields on NST wefe .measured again' in 1995 ’(Table 6.11 and Table =

6. 12) ThlS was the th1rd consecutlve year that Exp 1 was located on the same . spot whlch o

' contrlbuted to the bulldup of the weed problem Durmg the Whole 1995 growmg season both

| NST and ST treatments were 1nfested » by barnyard g‘rass and even add1t10_nal herblelde |
spraying did not completelyv suppmesS it.’ In 'additien slug'damage Aon NST treatment :eaused ,
severe corn seedling damage and reduced stand Hence hlgher dry and fresh cob yleids were o

- obtalned Wlth ST than w1th NST - '

Table 6.11. Sweet corn fresh cob y1eld (t ha ) w1th two tlllage systems in 1995 (standard
N error of the'miean in the brackets). . - . .

| NST L o " o : 0.3 (_0.'20),‘)'
ST IR ‘ , : ',»7.0'(1.77)*'

 Significant at 0.05 probability level.
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Table 6.12. Sweet corn dry cob yield (t ha ) with two tillage systems in 1995 (standard error
“of the mean in the brackets). :

‘ Tillage syste.m' - | ~ Dry cobyield (t ha™) '
CNST 01004
ST | B : 1.6 (0.42)**

** Significant at 0.01 probability level.

| ‘Nitrogen fertilizer application had a signiﬁcant effect on dry cob yield, since higher

dry cob yield was obtained with application of 150 kg N ha! than with no N application '

(Table 6.13). -

Table 6.13. Sweet corn dry cob yield (t ha’ h with two N apphcatlon rates in 1995 (standard
_error of the mean in the brackets). '

N applicatlon rate (kg ha™) ' - Dry cob yield (t ha™")
0 ” o - 10.2.(0.12)
150 - 15044

~ * Significant at 0.05 probability level. .

The tillage x cover crop species interaction was significant for sweet corn biomass

producﬁon in 1995 (Table 6.14). Spring tlllage increased sweet corn biomass by 2.2 tha’ in

| comparison to NST with spring barley cover crop and by 3.9t ha™ with wintéer wheat cover

crop. Incorporation of ,c‘over' erbp residues into the soil on ST treatment probably helped.the
mineralization of organie N compared to the NST treatment where coVer crop residues where
left on the soil surface. In spring of 1995 winter wheat residue had 69 kg N ha™', while spring_

barley residue had only 23 kg N ha! (Figure 4.4). Therefore incorporation of winter wheat
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residues into the soil on ST treatment could have resulted in better sweet corn biomass

__production than when spring barley residues were disked into the soil.

Table 6.14. Sweet corn dry blomass yield (t ha” " with two tlllage systems and two cover
"+ crops in 1995 (standard error of the mean in the brackets).

Tillage system - ' ) o Cover crop
Spring barley Winter wheat
NST | ' 2.0 (0.53) : 1.0(0.12)

ST 42000 ‘ , 4.9 (0.69)

.The_ N rate x co&er crop species interactiqn was also significant fbr whole plant
biorhaéé' in 1995 (Table 6.15). Addition of urea fertilizer increased sweet corn biqmass by
375 £hé'1 in compmison to the unfertilized céntrol on spring barley plots, wh_ile inérease_was
only 1.5 t ha™ on winter whéat plots. Sifnilar response Was observed in 1994, which is an
ih‘dication that winter whéat cover crop is a ‘bett'er N 451-1pplier than spfing barlé_y cover
crop. Sin‘ing barley résidues had 'high N concentration. (Table  4.3)‘, which probably
contributed to their rapi'd‘mineralization early in the growing season. On the other‘ hand,‘
winter wﬁeat residues had lower N éoncen;cratibn than spring barley, but N concentratioh was
close to the critical value (of 20 g kg'l) required for a net. mineralizaitionv.v In addition, N

" content of winter wheat fesidueswas 'much higher than N cohtent of | spring barley résidues
(Figuré 4.4). All this could result in better N supply by winter wheat than by spring barley .
| cover crop and in turn in less responsé to the addition of N fertilizer with winter wheét than -

~ with spring barley. This is in agreement with soil NO; data that showed higher NO;
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concentration under spring barley than under winter wheat-.at the beginning of the 1994 and

1995 seasons (Figure 6.2 and Figure 6.3). .

Table 6.15. Sweet corn dry biomass yleld (t ha!) with two N appllcatlon rates and two cover
crops in 1995 (standard error of the mean in the brackets).

N application rate (kg ha™") g o qucr crop -

| | | Spring barley : ' Winter wheat
0 13039 2.2 (0.87)
150 " | 4 (6,8.7')_ 37 102

Only in the first year of this study, fresh- éo_rn yield obtained with NST was
éomparable to the regional average. This ‘was due to lack of slug damage and weed
infestation. Addition of 150 kg N ha” consistently increased sweet corn yields in comparison

to the unfertilized control. Type of cover crop did not have a effect on the sweet corn

production in this study. Efficiency of N fertilizer was higher under winter wheat than spring

barley in 1993, and the opposite was true in 1994 and 1995. The effect of the N rate x cover

crop species interaction on sweet corn yield depends on the soil available N and N

concentration of the cover crop residues.
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6.2i1. Sweet Corn .Response to Diffei‘ent N r‘ates_ ‘

In the spring of 1994 Exp. 2 was established to assess sweet corn response to different
N rates under NST and ST and to de’ter,inine the optimal -N rate for sweetcorn production for .
NST. During 1993/94 ‘winter sp“rindg. bariey was groWn as a cover crop and its biomass
production in the spring of 1994 was 1.4 t‘ha'1 and aI\"I concentration of 3'0.1‘ g kg, whicn
resulted in total N content of 41 kg ha'. During 1994/95 winter annual Tyegrass was grown
- ~as acover crop producing 4.4 t ha™ of dry biomass, ‘w1th N_concentration of 20,8 g kg™ and N
contentof 80 kgvha".:: | o

- Table 6.17. Analysis of variance (F- ratios) for the effects of t1llage and N rate on sweet corn
whole dry mass, dry and fresh cob yields (t ha’ ) on Exp 2. :

Sourceof df . . 1994 . 1995

variation ~ Whole Dry cob Fresh cob Whole Drsf cob  Fresh cob
. ' drymass- -~ dry mass ' S

Tillage, T 1 . 110.87** i97.37** 1206.94**  211.30**  186.66**

Nrate, N 4 — - 0.73 | 0.87 129 - 0.87 - 1.46

TxN 4 - - 068 037 . 027 0.28 0.10
** Significant at 0.01 probability level. '

Corn yields with NST were signiﬁcantly lower than ST yields (Table 6.17), although
this ‘experiment was not located on exactly the same spdt in 1994 and 1995. On NST plots,
fresh'cob yields were reduced by 54% in '1994 and by 78% in 1995 cornpared to ST (Table

6. 18) Fresh cob y1elds obtained by ST were s1m1lar to yields obtained by Mr Nottingham on

* the rest of hlS ﬁelds in 1994 and 1995 (Bert Nottingham personal commumcation) On NST . i

treatments sweet corn yielded poorly due to high weed populations slug damage and lack of -
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drill slit closure. This 'problem of open drill slits under NST was espeéially noticeable in
1995 after the annual ryegrass cover crop. Annual ryegrass left relatively large amounts of
residues on the soil surface and some of the residues were pulled into the slits even further

reducing slit closure.

Table 6.18. Sweet corn whole dry mass, dry and fresh cob yields (t ha'*) with two tillége
systems on Exp. 2 (standard error of the mean in the brackets). ‘

Tillage- ' 1994 | | 1995
planting | ' o
system- ‘Whole Drycob  Fresh cob- Whole ny_ cob Fresh cob
dry mass ' dry mass o
NST - 1.5(0.10) 7.5(043) ~ 22(0.19) 0.8(0.13) 3.7(0.56)

ST - - 37015 162(L15) 80044 40(0.19) 168(182)

Sweet corn production was not affected by different N rates (Table 6.17). Corn yicld
on NST plots remained extremely low even with application of an excessive N rate, such as .
200 kg ha. Due to the poor performanég of NST corn, it was impossible to deterthine an

- optimal N rate for sweet corn production under NST.

Several éfudies' have deinonstrated the feasibility of .‘growin‘g sweet - corn with .
. con;servation tillage systems (Knavel et al., 1977 ; Bellinder and. Warholic, 1988;. M_ohlef,
1991), but bnly With efficient weed and pest control. Petersen et al. ('1 986) reported iower
sweet corn yiéld with conservation tillage tﬁan vyith mdldboard plowing, du e to inadequate
weed and slug control on silty clay loam in the Willamette Vallgy in Oregon. Mohler (.1 991)

~ pointed out that untilled treatments generaily have higher weed density than tilled treatments,

which he attributed to the greater weed emergence and enhanced survival of weeds. Low
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~ sweet corn yields obtained with NST in our study in 1994 and 1995 confirm the importance

of adequate weed and pest (i.e. slug) suppression. Possible solutions for the weed/pest

-problems with conservation tillage include (i) ¢rop rotation, (ii) residue removal away from

the rows, and (iii) application of a shallow spring tillage. The success of conservation tillage '
in the western Fraser Valley might be improved by growing crdps, such as small gra‘ins or

pea, that relatively quickly close canopy and hence manage to outcompete weeds.

6.3. A Sweet Corn N

It-is very difﬁcult to establish N deficiency/sufficiency levels by plant analysis due to

the complications caused by numerous factors associated with corn growth and by the

transitory nature of N itself. Interrelated factors, such as stage of corn develonment-, hybrid,
climatic variables, fertiliaer management disease cr .pest attacks, deﬁciency or’ ,excess of
another nutrrent in the plant have an effect on corn N concentration (Olson and Kurtz,
1982). Although plant responses can be measured it is very dlfﬁcult to identify-and evaluate

the combination of factors involved. Geraldso‘n and Tyler (1990) reported rather wide

»sufﬁc1ency range, from 28 to 35 g kg of N concentrations in sweet -corn ear leaf at .

s1lk1ng Sweet corn N concentrations observed in our study ranged from 14.9 g kg,

deﬁcient situation, to well in the sufficiency range, 31.6 g kg' .
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The effect of tillage on corn N concentration was not significant in 1993 (Table
6.19). As eXpected N fertilization increased corn N concentration at both sampling times in
1993 (Table 6.20).

‘Table 6 20. Sweet corn N concentration w1th two N apphcatron rates at Week 8 and Week 12
in 1993 (standard error of the mean in the brackets)

N application rate (kg ha™') | . | N concentration (g kg™
© Week8 . Week12
0. S 252056 o o | 260 (056)
150 29.9(0.84) - | 31.0 040) -

" Corn N concentrations were 3.4 g kg higher on spring barley plots than on winter
wheat plots at eight weeks after corn blanting in 1'995 and just 1.0 g kg later in the season
(Table 6. 21) In addrtron con N concentrations decreased by 0.3 g kg from eight to 12

'weeks after plantlng on the sprrng barley treatment, whlle on w1nter Wheat treatment there .
was an 1nerease of2.1¢g kg! in corn N during thlS period. Thrslsupports the assumption that
organic N from spring barley residue was minerali'zed relatit/ely qutekly, due to its }righer N
'_ concentration '(Table 4.3). As a re'sult-. N lrrrineralization from spring 'barley COver crop
: residueslprobably occurred early in the corn growing season, while orgarric N from winter

 wheat residues was probably slowly mineralized over longer period of time.
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' Table 6.21. Sweet corn N concentratlon w1th two cover crops at. Week 8 and Week 12 in.
1993 (standard error of the mean in the brackets) : '

Cover crop' S A :_ o v' Nconcentratron (g kg )
| |  Week§ .vWeekl2
sB° }29’.3‘(0.38) 290 01
wwo o | 2j5.9‘(:()>.76)‘.4.i'_"';' | 280 68 -

At erght weeks after com plantrng in 1994 com N concentratlon was greater w1th ST -
than with NST (Table 6. 22) and corn was sufﬁcrently supphed w1th N 1n both tlllagef :
rsystems Com N concentrat1on decreased from erghth to 12th week after plantlng and-‘
‘became hrgher with NST than w1th ST At 12 weeks after corn plantrng, corn plants were L
deficient in N on both ST and NST o | ‘ ‘ |

- Table 6.22. Sweet corn N concentration w1th two tlllage systems at Week 8 and Week 12 in ‘
1994 (standard error of the mean in the brackets) ' :

| Tillage 'system } o - S ': ‘ N_ con.centration (‘gkg'lt‘) E
. “.W_eek8'-‘ S Week 12
NST S 28009 o 26 092 |
st - ,.".-"‘-",'"30"2’(1{65)“- L Co12 (0;62)

- As expected corn was well supphed w1th N after appllcatlon of 150 kg N ha and at -
y elght weeks after plantlng in 1994 corn N concentratron was greater in fert111zed than i in

unfertilized plots (Table 6.23).
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Table 6.23. Sweet corn' N concentratlon with two rates of N applications at Week 8in 1994
(standard error of the mean in the brackets). :

Napplication rate (kg ha'l) , v -N co_ncentration (gkg)
0 267082
150 - 3160087

Type o_f winter- cover' crop' had a signiﬁcant.effect on eorn N concentratidn ati eight,
| weehs after planting in 1994, since corn N concentratio_n Q-n: sprin.g' barley plots was 32gkg"
higher than on winter wheat plots .("l‘“ahl,e 6.24). Similan iohservation was made at eight

weeks after corn planting in 1993. | ‘

Table 6 24. Sweet corn N concentratlon with two cover crops at Week 8 in 1994 (standard
error of the mean 1n the brackets). :

Cover crop - ? . . N concentration (gkg™h
sB. ~30.7 (0.99)
\WAY » e 275 (0.94)

’The N rate x cover crop .species inte_raction was sig_niﬁc’ant at‘_12 weeks after corn
planting in ‘1994 (Table 6.25). At this sampiing date a larger increase in‘cofn_N concentration :
cailsed by urea application,'ocenrred undei spring barley‘than' Under.winter wheat, but in spite |
of this corn was N deﬁcient on.spring barley treatment. Com was .sufﬁeiently supplied with
N on winterl wheat treatnlent at 12 ‘.we'eks after planting, nfobably due tQV a ' slower

mineralization of N from winter wheat residues.
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Table 6.25. Sweet corn N concentration (g kg'l) with two rates of N application and two
cover crops at Week 12 in 1994 (standard error of the mean in the brackets).

N épplication rate (kg ha') . | Céver crop
| SB | O WW
0 ' o - 15.5 (1.88) ' ' 253 .12)
150 ) 187 203) 28.2 (1.96)

The effect of tillage on corn N concentration was not significant in 1995. (Table

6.19). During the 1995 season slug damage énd high'weed population joccurre;d agajn on .

- NST 'plots. In addition, high populationl‘ of barnyard ~grass was present on ST
: Plots. Therefore, lack of differences i1»1fcorn .N concentration between two tillage systems was
r‘nost'likely a result of high N uptake by weed popﬁiation on both NST and ST. 'Af seven and
nine weeks after corn planting in 1995 _gfeater cém N concen;crations were observéd on ploté
wifh N application than on the control (Table 6.26). By the ninth week aﬁer planting corn -
was N deficient on both fenilizéd and unfertilized treatments.. |

Table 6.26. Sweet corn N concentration with two rates of N application at Week 7 and Week
9 in 1995 (standard error of the mean in the brackets).

N application rate (kg ha™) : N concentration (g kg™)

Week 7 f ) Week 9

0 o 27.0 (1.35) , 164 (0.99)

150 | 29.7 (1.26) 26321
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" . Type of cover crop had a significant effect on corn N concentration only at 7 weeks
after corn planting in 1995, when comn following winter wheat cover crop had greater N .

: cdncgntration than corn following spring barley (Table 6.27).

Table 6.27. Sweet corn N concentration with two cover crops at Week 7 in 1995 (standard
~ error of the mean in the brackets). '

Cover crop . N conce_ntratioh (gkg™
'sB - ' 26.6 (1.24)
ww T 300as6)

_ At nine and 12 weeks after corn plahting in 1995 the tillage x cover crop Spccies
interaction was signiﬁcant (Téble 6.2#). Corn N conceﬁtratiqn Wés higher on ST than on
NST'with the._sbring barley.cover crOp,_whilé the opposite was true_With winter wheat at nine
weeks aﬁe_r corn plénﬁng in 1995. At twelve weeks after plaﬁting, corn N coﬁcentration was
8.3 g kg higher on ST plots than on NST plots with spfing"barley, while with winter wheat
-covér crop com-I.\i concentration was just 06 g.kg"l higher on ST than on NST. Corn plants
“were N deﬁcie.ntvin all tillage and cover cf_opping treétme’nts, with an exception of cofn plants

. grown in ST with ‘spring barley cover crop at 12 weeks after planting.
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Table 6.28. Sweet corn N concentration (g kg™') w1th two trllage systems and two cover crops
at Week 9 and Week 12 in 1995 (standard error of the mean in the brackets)

L Week9 .  Week12
~ Tillage system' 'Cov_er crop o ‘ Cover crop .
sB . ww sB Cww
NST O 19.1(1.29) 2450130 21.1(1.35) | 26.0(2.07)
ST - 19.5(1.96) . 14.9 (iﬁ$0) - 29.4(1.58) B 26.6 (2.24)

‘ There was no correlation between N concentratlion in corn plants an(l any of the three
‘ yiel<l parameters on tlre__NST treatment (llal)(le‘6.2'9), :Nitrogen concentratior_ls of erole corn
plants taken‘on tlre ST ‘tr'eat_rnent Were v§e1-1 correlatecl with corn yield', since whole plant N
cOncentration explained 29 to 61% of the variation in v_corn | yield parameters. Better
correlatlon bet\l\/een N 'co'ncentration of corn plants and corn yield obtained in ST than in NST
o was related to later stages of cormn development on ST plots (V7 to V9) than on NST (VS to. ,
| V7) at the time of sampllng (Table 3.3). Sampllng of corn plants durlng early stages of corn .
‘devel,opment‘ls useful v1n, terms of correctrng N _deﬁ01ency in the present crop, . since N
ldeﬁciency detectedl aronnd V‘6. stage canbe treated by N side-dressing with_out subseque'nt

yield reduction (Aldrich ef al., 1975).
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‘ Table 6.29. Correlation coefﬁc1ents (r) for com N concentratlons and corn yield parameters
in two tillage systems'. - :

Year ~ N - Whole biomass Dry cob | Fresh cob

concentration ~ NST ST NST ST NST ST

1993 -+ Corn plants 034  078% 030  0.69%* 033  0.71%*
(Week 8) S ' ‘ :
Earleaves  0.52%  0.73%  0.67%%  0.69%%  0.68** ~ 0.73%*
(Week 12) ’ : -

1994 Complants - - 030 0.54% . 030 . 0.64%
(Week 8) - C
Earleaves - - - 0.60% _ 0.65%%  0.60% = 0.64**
(Week 12) ' R

1995 Complants =~ 003 . 024  0.10° 027 - 004 . 025
(Week 7) ' - : o -
Complants - 008  071% 013  071* 013  0.74%
(Week 9) B
Earleaves  0.67%*  077% 025 ~ 073%%  0.67+  .75%*
(Week 12) ‘ : ' g

*# ** Significant at 0.05 and 0.01 probability levels, respectively. h=16.

At 12 weeks after corn planting strorig correlation was observed between N
concentration in ea‘r.leaves and' yield parameters in both tillage systems. In NST 52 to 68% of
the variation in corn yield parameters is accounted for by the linear function of the ear leaf N

~ concentration, while tn ST the ear leaf N concentration explained 64 to 77% of the variation
-in corn y1e1d parameters Slmllarly, Geraldson and Tyler (1990) reported that sweet corn N N
- 'cdncentratlon obtamed | at 80% sﬂkrng stage correlated better w1th yield than corn N

concentration obtained at V8 s‘tage.‘ Plant ana1y51s data ob_tarned at later stages of c_orn :

development are useful for cohﬁrming the adequacy of present fertiliier management and for
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determining future fertilizer practices, but_:have little value in correcting N-deﬁcieri_cy for the

‘present crop, since later detection and N application usually do not improve corn yields.

Corn N concentrétion was affected by‘ tillagé oniy in 1994, when ﬁig;herb com N
concehtration was observed with ST.thz;n‘ with NST. As expected, aﬁplication'bf N fertilizer _
:increased cbm N concentration. in compariso'nv to the corn plants grown on the control. In
1993 and 1994 corn N bconcentrations were higher with spring barl_ey than with Wintef whéét
. cover croﬁ. In 1995, on the other hand, higher corn N conéentration was obseryed' with

" winter wheat than with spring barely at seven weeks after planting and later in the 1995

growing season there was no difference in corn N between two cover crop treatments.
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. CONCLUSIONS AND F UTURE STUDIES

LN

This study represents the ﬁrst attempt to 1ntroduce a form of conservatlon tlllage such
»‘as NS’T combined with winter cover crops, 1nto, the'western; F_raser \“/atléy“ Thls_ region 1s
characterized by an ,unioue combination' of ‘hum-id climate‘ (w1th more than :three_ ciuarterS' of ] B
‘pre01p1tat10n occurrmg durlng October-Aprll period) and relatlvely poorly drained srlty clay’
‘loam Gleysols These soils are not sultable for complete e11m1nat10n of tlllage operatlons due
to poor dramage, unstable structure andlhlgh soil compvactlon Therefore in NST treatment'
: v-all prlmary tlllage operatlons were performed in the late summer (i €., before the beg1nn1ng of
'"heavy ramfall) | o - o |
vSev;erallsoilvCharaCteristics vvere' ;used,_to d‘escribechanges 1n :soilv conditions causedby _’ L
'\“ . NST andﬂcover cropping in icomparison"t'ofST and ;i(':QV'er- 'crop'pi.ng.. .They include 1) physica.lv -
' characteristics, such ” as pt‘; | and ea? “P.R., "'aggregate'x'z stabilitv; 's_oi‘liivvater"con,te_nt?_v‘ and soﬂ
, temperat_ure; (11) biologi‘cal vcharactéristics, suchas numbers of earthvvonns an_d"slu.gs; and
(iii) a bio‘chemical CharaCteristlc, ie. availability"fof .’suoilN'd,urin'g the S\lveet corngrowmg K
* season. In adtditio'n;j "svv,e'et.com performance Wlth two tillage.».svstems .»andtvvo cover crops'

was also evaluated.

' 7.4._ Seil thsrcal Characterlstlcs

| 1 Type of tlllage and cover crop d1d not have a srgnlﬁcant effect on Pbs sa, vand'v'
a aggregate stab111ty probably due to the short duration of th1s study and relatively low :

o abo‘.Ve-groundﬂblomass of the two cover crops_. The temporal-ﬂuctuationsin aggregate

o s’tability were quite large and w'ere attr_ibuted to soil water content at time of sampling; |
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2 There were’ generally no dlfferences in PR between NST and. ST before sprlng'

tlllage TWO to six weeks after sprmg tlllage PR in the upper s01l proﬁle in NST was -

- ' h1gher than in ST These PR Values in NST were approachlng 2000 to 2500 kPa and

could be 11m1t1ng for root- growth As a result of sprlng d1sc1ng to a depth of 15 cm s

and format1on of a tlllage pan hlgher PR was observed in ST than mn NST arOund thrs_f ) a

. depth ‘and‘cou'ld also be‘ restrlctlve for root’ growth; The effect of eow/er 'crop specleg A» ) ,‘

\.{on‘.APlR was- observed:either‘ before’ or after springtillage, :when’hrgher PR e‘was'
 measured under spring batley than U;rvllde_r:,‘winter wheat, - | |

. Effects of tillage and COYef CTOP. species on soil water content were: variable w1th1n -

" depths and years. Generally there were no differenees in soil water'contents between

the two tillage systems, with an, exception of the 20 cm'dept.h,.where lower soil water

»_contents were observed in NST than in ST, during the 1993.and' 1995 growing

seasonsa The combined effect of no crack disruption and crust formation at the soil

surface in NST could have resulted in either nov‘_difference in soil 'water contents

between NST and ST or inv,e\‘/e'n drier soil',eonditrons observed in NST compared to - .

ST'”.""The effect of cover crop species on soil water content ‘was not consistently :
observed-. -

Soﬂ temperatures were lower in’ NST than in ST by 0.4 to 1 0°C e1ther before sprlng

- tlllage or durlng the three to four week perlod after-corn plantmg Soil’ temperatures'

in NST were aboye the requlred ‘rmnlmum for corn emergenee, “but early corn

development could have been ‘slower’ 1n NST - than in ST -due to lower soil"‘.'
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temperatures. Soil temperatures were higher in NST than in ST from three to four

weeks after planting to harvest probably due to the lack of canopy closure on NST.

'Responsés of ?he soil physical charécteristics to two tillnge systems following winter
cover érops were somév;/hatv different in this study than in otherv‘conseryat.ion tillage studies
carried out in humid, ,;[emperate regioné. Soil water contents in NST were.’not higherv than in"
ST, as expectéd accnr(iing to the results reportéd in re_gions wit.h'; similar climate. The only
soil physical characteniétic that might be Hmiting for corti eme_rgence and root .growth in NST
is high PR at the top few centimetens of the soil profile, buf at the safne time NST did not
have the tillage pan at npproximately 15 cm depth that waé observed in ST and which cnuld

also reduce root growth and subsequently corn yield.

7.2. _ Biological Response to Tillage and Cover Cropping

1. Lack of spring tillage during three years resulted in a higher earthworm nnpulation in
NST than'in,'ST‘, This effect was evident even two months after late summer tillage,
which was applied on both tillage treatments. Higher earthworm population was

observed in winter-killed spring barley than in the winter wheat cover crop.

2. The lack of spring tillage combined with mild winter conditions resulted in high slug -
population.s in'NST during 1994 and 1995 grpwing sg:asons. Slug inféstatinn in NST
nlots causéd signiﬁcant damage to -yo‘unglc-:o_rn planns and Wés .on.e of thg méin reasons |
for crdp .failunes in 1994 and 1995. Therefore fhe onl}; satisfactn;y sweet’comvyiel_d

“with NST was observed in 1993 when there was no slug damage.
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3. Cover crop species, winter wheat vs. spring bar_ley,’ did not significantly affect sweet
corn production, while higher corn -yields- were achieved with than'w_ithout N.

application.

4. Due to the poor sweet corn performance with NST in Exp.- 2 it was not possible to

determine the optimal N rate for the NST system.

5. In two out of three years N concentration in whole corn plants and in ear leaves was
higher with spring barley than with winter wheat cover cr'op,‘ while tillage generally
did not affect corn N conceritr_atibn. As expected, N application increased corn N |

concentration relative to the control. -

6. Near the énd of the 1993 and' 1995 g-rd'wing,seasons' hiéher concentrations of soi.l NO3'
-w.e'r'e c;bseri/ed in NST than in ST, while atcérn plahtih‘g in 1994 soil NO; was higher
in'STjihan in NST. As expécteq, applicépion of urea fertilizer increased soil NO3
concentration in compariéon to the uhfertilized soil.” Higher concentration of soil NO3;
was .observed in p-lotsvwith spring barley cover crop than in plots §vith winter wheat

cover crop throughout the 1993 growing season and at planting in 1994 and 1995.

AHigh. sweet corn yields obtaiqe‘d with NST in 1993 indicate fhat conservafi_on tillage

- when ‘practiced in crop fotatiqh holds‘ promise fo; sﬁstainabié corn production iﬁ this}
‘region‘. Cqmbination Qf NST and c_ov've_r cfdpping_ practicgd in t_l.liS study 'n‘eveds several
modifications in order-to be recommgﬁded_ td l(i)vc.:a] farmers. Thes§ modifications in;:lﬁde GQ) -

vcrop' rotation, (ii) shallow spr'ing"t'illage or réducéd number of _spring tillage operations, and . - |

(iii) removal of crop residues away from planting r_ows.‘ '
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Cl

o 7.3. | Need for Fﬁfure'Stixdfes T
| Even'though there was a'c'rop failur'ev in tWo‘out of three years of ’thiS study valuable "

experience iwas gainéd with NST in the western Fraser Valley. -

" Compléte elimination .of spring tillage is not an option f‘Qrv sweet corn produ&i_bn' in -

| t"hisi'regri‘on. quqve??~some' other form of consefvatioh til:lage that involves shallow, .s_ypvring'
, ti'llage énd fewer nunii)ef of tilll'ag‘e opefétion’s than used at pr‘e‘s-e'ntvbsé loéé}l farmers might l‘?e‘ :
o éhcceséful. »Ap‘plicatiovn of shalipw_, spﬁng “tilla‘g_e_ would t;?reak'the soil crust, _improve ‘so’il-’ .
sée_d contact, and "recvlu,ce’.sllig >po;'p1'11at‘iorivs>, e.specially ayurii_ng’ ngéwing SeéséfiS’folloWing mlld
"  'winters‘. Therefére it woiiifd_ Be useful’ to -further in\.fés“tig.atc‘t-he effwe‘cts.'(.)_f a réducpd, mflrmbe'r"

of spring tillage operations on slug occurrence and crop performance. -

Thé no-till drill used oh the éilty clay 'lzoam,_»ir’l the v»\;vestern, Fraser Vaillé_:y left a lér'ge‘

number of open drill slits. This created po"or conditions for seed emefgence and made seeds .

quite acces'sibiéi--‘to slpgs. In a‘dditi'on,‘ coy'erz cropj residugs were sometivaes‘ bﬁlled ihto thé f’
‘ - slits even further pre.\‘/ent‘-ing 'theif ciOsure. Vari’ous t.y'pels Qf sbeci’alizéd ¢quipment_haV§’.beeh'
. de‘vévl.(.)ped for gonse&ation tilllage, ma1nly 1n the US (Erbéch etkleltll., 1983). Since‘h:()pe of
.the ’avaiil_atr)le 'no-.tivl‘l ‘drilli ‘desfigr‘ljsuvx;o‘rl% weli under all éondifidné and since there ére 'xhany '

| rel_aﬁons_,hips among;v soil,} residue, ,a’nd. 'ézluipmént it is difﬁéul‘tv to ‘predict ‘what tyﬁe of -
.CQﬁiprﬁeht-WO;lld WO,rk."under a g'ive‘fl‘ Coﬂditién; vFﬁture‘j,r'es:earch‘ in this région 'simuld foc'u"_s".
on (1) pe_rfor@aﬁce of différeht.drilltdésiéﬁs;i (i) ciéaring gf : residu'es"from th;e ‘_plant‘iAng roWs

by using different types of coulters Qn the drill, and (iii) i)erfomnahce of in-row quiti\)ation. .

This stu}dyuwa‘s carried out on the same field for only thiree years and a-largc;r' data base -

is.needed to allow bef_ter eva_luation'_o,f conServétio_n tillage systems in the western Fraser - -
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L Vailcy. "It‘fn_ight also"be'us’efu_l to evaluate p‘crformance'vovf other crops (e'.g.,,"s'mall g_faiﬁs and .

- pea) with conservation tillage, especially when crops are grown in' crop rotatioh. B
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Table A. 1. Methods used for soﬂ analyS1s by the “Pac1ﬁc 8011 Analy51s Inc ” laboratory

in Rlchmond B C.

- Soil characteristic ‘

Method of analysis

Reference -

'j _ Organlc C (g kg )

‘ TotalN(g kg )

PHHO)

pH (0.01 MCaClz)
| 'EC (dS m“)'

CEC (cmol kg )

Exch K, Ca Mg, Na (cmol
ke .

Available P (mg kg’l) .

A 'Avall Fe Cu, Zn, Mn, (mg
kg’

Available B.(mg kg‘l) .
"% sand, silt, clay

V'Partlcle densrty (Mg m )

. Dry-combustion

Semi - micro Kjeldahl
digestion o

1 1 (V/v) sorl water

1 2 (v/v) soﬂ O 01 MCaClz
1:2 (V/V) soﬂ.water extract =

- 1 MNH, acetate extract

- BrayP 1 extract -

1: 5 5011 0 1 MHCl extract

~ Hot water extract -
. Hydrometer method

' 'Pycnometer rn_ethod

1:5 soil; lMNH4 acetate
'extract iy

' NelSon and Sommers, 1982' '

v Bremner and Mulvaney,

1982

o vb"McLean, 19'82‘"‘ | .
| ‘McLean, '1‘9'82‘ S
U.S. Salinity Lab Staff, 1954 |

"bl.{»hOade’s,;~l98'2‘ | .

"Thomas, 1982 -

Olseﬁ'and Sommeré, 1982 P

“ Baker and Am_acher, 1982

' ‘Shanina etal., 1967 ‘

Gee and Bauder 1986

; 'Blake and Hartge 1986b




. Table A. 2. Basic soil characteristics of Exp.ll.l

Particle density (Mg-m’ )

2.66

- Soil parameter Depth (cm) .
015 15-30 30-45 -
Organic C (g kg™) © 244 17.9 4.7
Total N (gkg') 2.4 1.6 0.5
: pH (H0) 5.7 6.0 5.5
. pH (CaClz) 50 53 . 5.3
- EC@Sm") 0.23! 023" 0.21'
- CEC (cmol. kg™ . 17.9 18.8 11.8
Potassium (cmol, kg N - 0.86 -0.68 0.38
Calcium (cmol, kg™ 974 = 10.54 6.73.
. Magnesium (cmol, kg . 091 1.12 1.81
Sodium (cmol, kg’ ) 0.09 0.09 0.08
.. Phosphorus (mg kg h - 206 134 15
. Potassium (mg kg ) 280 245 110
"~ Tron (mg kg™) 226 213 151
Copper (mg kg N } 1.7 2.8 6.3 -
Zinc (mg kg™) 0.6 .04 0.5
" Boron (mg kg™) 0.5 0.5 0.9
Manganese (mg kg™ 14.0 12.5 6.0
% Sand 13 12 14
% Silt 57 57 65
% Clay 30 _ 31 21 .
Textural class silty clay loam silty clay loam .  silt loam

'Data obtained by multiplying 1:2 (soil water) extract- value by 2.6 to make them comparable with soil

paste extracts.
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~ Table A. 3 Sotil water contents (kg kg ) obtamed durlng 1993 1995 growmg seasons at
the tlme of penetratlon resistance (PR) measurements under. sprlng barley.

Date of sampling o

Depth  May25, Jun24, Apr29, Junl,. Apr23, Mayl6, ‘Junl, Average - >
em) 1993 - 1993 1994 1994 1995 1995 1995 N

015 - 030 027 - 033 031 039 035 030 032
1530 035 029 034 032 039 035 032 . 034
3045 034 029 032 - 034 . 035 036 033 - 033
4560 0347 030 032 035 030 - 035 034 033
Avege 033 029 033 - 033 036 035 032 033
045 030 027 031 031 031 025 026 029
1530 - 033 030 - 032 032 033 031 032 032
3045 034 030 - - 031 032 033 . 033 032 032
4560 -~ 034 030 035 031 037 035 035 034
Average 033 029 032 032 034 031 031 032
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~ Table A. 4. Soil water contents (kg kg'l) obtained during 1993-1995 growing seasons at
the time of penetration resistance (PR) measurements under winter wheat.

Date of sampling

Depth - May25, Jun24, Apr29, Junl, Apr23, Mayl6, Junl, Average
C(em) 1993 1993 1994 1994 1995 1995 1995

0-15 . 034 028 035 031 038 035 030 033
1530 035 . 030 036 032 038 037 032 034
3045 034 030 033 033 030 034 031 032
4560 032 029 031 .-034 032 029 029 031
Average 034 029 034 033 035 034 031 033
0-15 033 026 035 031 037 031 024 - 031
1530 033 030 . 035 032 - 038 033 030 033
3045 033 029 032 031 . 034 027 035 032
4560 033 029 031 031 030 031 035 031
Average 033 029 033 031 035 031 031 032
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Figure A. 1. Differences in maximum and minimum daily soil temperatures between
NST and ST at 3 cm (a) and 20 cm (b) depths under spring barley during 1993 season.




Figure A. 2. Differences in maximum and minimum daily soil temperatures between
NST and ST at 3 cm (a) and 20 cm (b) depths under spring barley during 1994 season.
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Figure A. 3. Differences in maximum and minimum daily soil temperatures between
NST and ST at 3 cm (a) and 20 cm (b) depths under spring barley during 1995 season.
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Temperature difference (°C)
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Figure A. 4. Differences in maximum and minimum daily soil temperatures between
NST and ST at 3 cm (a) and 20 cm (b) depths under winter wheat during 1993 season.
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Temperature difference (°C)
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Figure A. S. Differences in maximum and minimum daily soil temperatures between
NST and ST at 3 cm (a) and 20 cm (b) depths under winter wheat during 1994 season.
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Figure A. 6. Differences in maximum and minimum daily soil temperatures between
NST and ST at 3 cm (a) and 20 cm (b) depths under winter wheat during 1995 season.




Table A. 5. Most common weed species observed on no- spring tlllage (NST) and sprmg
tillage (ST) treatments durmg 1994-1995 seasons.
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Common name

Sc1ent1ﬁc name

. Common grouﬁdsel

- Canada thistle
" Dandelion

Persiaﬁ darnel

: ‘Barriyard grass

‘ Whlte clover

Shepherd’s purse‘

_Chlckwee_d
Purslane
Lady’s thumb

‘Willow hetb

Redroot pigweed -

Lamb’ e-quanefs ,

Shepherd’e purse |

Barnyard grass

Conservation, no-spring tillage (NST)

Senecio vulgaris (L'.)-
Cirsium arvense (L.) Scop.
Taraxacum officinale Weber

Lollium persicum B:oise. & Hoh. '

Echmochloa crusgallt (L ) BeauV

T rzfolzum repens (L )

Capsella bursa pastorzs (L ) Medlc

" Stellaria media (L.) Vill.

Portulaca oleracea (L.)

Polygoﬁum persicaria (L.)

Epilobium parviflorum (L.)

Conventional, spring tillagé (ST )

Amaranthus retroflexus (L.)

Chenopodium album (L.)

'Capsella bursa - pastoris (L.) Medic.

Echinochloa crusgalli (L.) Beauv.
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Table A. 6. Analysis of variance (F-ratlos) for the effects of tlllage and N rate on total N.
concentration in sweet corn on Exp 2.

Sourceof df 1994 - | 1995

variation Week 82 Week 12 . Week 7' Week9  Week 12
TILT 1 1.16 7.55 S 210 . 3188 . 47
Nrate, N 4 6.23%* 1.77 1.84 0.70 143
TxN 4 128 - 093 1.52 194 1.82

*, ** Significant at the 0.05 and 0.01 probablllty levels respectively.
Square root transformation applied prior to ana1y51s Log,o transformation applied prior to analysis.

Table A. 7. Total N concentration in sweet corn ) at different N apphcatlon rates at Week 8
in 1994 on Exp. 2. : :

N application rate (kg ha™ . - Total N concentration (g kg'l)
o R 2000 -
50 ] . 305¢ -
00 P 353a
156 o | : . 33.8ab -
200 _ e e 34, lab

: values with different letters differ within tillage treatment at 0 05 probability level usmg Duncan’s. multlple
range test. : .

Table A. 8. Total N concentration in sweet corn under two tillage-planting systems at
- Week 9 in 1995 on Exp. 2. - '

Tillage-planting ‘system ’ Total N concentration (gkg™)

NST _ 20.4

ST R A 16.9
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