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, ;f-Problem sntuanon and objectives

ln reSponse to growing pubhc and farming sector cen(:ems about SUStamabihiy, 2

resource degradaﬁcn and environmental damaqe many new policies and: programs with

o an enwronmemal onentation have been introduced by all levels of C‘anadaan;

govammam especxa ly since ihe early 19895 (Stonehouse and Bohl, 1990) These :

‘,:pehcies and programs rely heavil y on well-established voiuntary comp ance approach : ‘; |

;to solving canservanon pmb ems in agriculiure, One such ptogram launched in 1988 |
by the Ontario government, entitied "Food Systems 2002 - Pest Management Research
Program (1988~1998}" aimed to reduce the use of chemical pesticides in Ontario
agriculture by one~hal£ by the year 2002. The inherent challenge was to find ways o
farm pmﬁtabﬂity«Wi;thout being»quiie so heavily sd,,e‘pendesntup;mche;m'ical?inp‘uts. Interest
in this study focused on .fnizesﬁgaﬁng alternative vfarmiﬂg sysiems with varying degrees
of dependence on chemicals for weed control purposes. |

Three alternative systems each with different implications and consequences both on
and off the farm, We;e«aekamined. "Conventional” systems ;,(s\,e_ efarmsfhai follow Ontario
Ministry of Agriculture and Food recommendations for routinely "brcadeast‘ing all
herbicides) may be extremely effective in controlling weeds and in achieving ihig;h‘ crop
yields (Stemeroff et al., 1988), but may also result in trace residues in ground-water or
downstream watercourses. Equal or superior results, mostly interms of profitability, can
be achieved with reduce.‘d rates of herbicide applications (Musser et al., 1;9&1; Lybecker
et al., 1984; Snipes et al., 1984; Bridges and Walker, 1987; Baldwin et al, 1988;
Lybecker et al., 1988), and these so-called “'Reduced»ﬁput" systems may decrease
pollution costs and health hazards to farm opérators {Madden, 1988). Reduced-input

systems employing both herbicides and cultivations to control weeds are :exa‘mple.s.«of |



; 3
' flexible strategies ;hat fhavas zg;énfemﬁy been found fiq"p‘r@duce mw yﬁﬁaﬁnnsa in net
:r:ém 'ru,ns’,rwi‘th?véﬁ‘ed fi’nputléhd:produt:i'jspﬁcéz assumptions (e.g. Snipes et aly 1984; Wileut
et af., 198?&; wileut et al,a. 1987b, monks, 1989) & ‘ k |

A numbar of studues have ccnc!uded ihat reducedmpm systems based on
‘ egrated pe&i managemeni or "Qrgan ¢" (zero-herbicide) appmaahes to farmmg and
’ weed managemem appear fo be superior ;e canvenﬁana methods {e.g. ng and
Robinson, 1984; Bridges and Walker, 1987; Goldstein and v‘.,sa:mng,r 1,9,,837)w Other studies
have reported exactly the fquésim (e.g. iBémrdL 1978). Some studies zrep’c)rt‘ed non-
stafistically significant differences among ‘a,ite“rlnazim methoﬂs (e.g., Helmers et al., 1986;
Saks etal., 1989). Organic farming systems must rely on crop rotations, smmhemmps,
tillage and timeliness of field operations for weed conirol, and these systems reduce the
potential for igroﬁnd and surface-water pollution and health hazards from synthetic
herbicides 1o zero. There have been no reports so far in Canada of empirically-based
comparisons across alternative farming systems, either for weed conirot or for other
specific or more general purposes.

The main objective of this study was to provide a scientific basis for making
éomp:arisons across allernative farming systems in order to furnish some preliminary
results under Oniario conditions. Specifically the objectives were to: 1) compile
resource usage, crop yield and financial data for weed management in field crops, but |
with special emphasis on corn, beans and fall cereal grains, the principat field crops in
Ontario, for three alternative farming systems (conventional, reduced-input, and organic) |
representing different levels of dependence on herbicides for weed control; 2) evaluate

these data from {echnical and economic viewpoints; 3) prov ide technical comparisons



{in terms of crop yields and ;résogrc:e input use rates) and economic comparisons of '

* productivity, efficiency, and profitabilty.

‘Research pmceduras
In the absence of any secondary data for farming systems comparisons under.
' Qntano conditions at the nme of initiating this study in 1989, it was decided to approach
| farmers ior their cooparahon in prov iding data abnuz their conventional, reduaedvmput : .
or arganic systems of weed control i in commercial semngs It was fully recogmzed that
an approach using commercial farm data may not provide completely ob;ectwe results
because of differences among farms in: 1":?)«natural':‘restsurce<endowments:(cﬁmate; soil,
‘tb;peg_raphy, elc.); 2) combinations of crop and livestock enterprises; 8) size and scale
of operation, degke'eiaf indebtedness, and other economic aspects; 4) human capital
endowments, in terms of informalion available and used, management skills and
abilities, etc., as well as differences in weed management procedures.
Neverheless, such an approach is able to provide first-round data from which analyses
can provide some use‘fm preliminary conclusions. In .a‘ddition, all farms were selecled
on the basis of having: 1)at least 35 hectares tillable land {owned or rented, not
necessarily all devoted to cash crops); 2) some tillable land allocated to at least ong of
grain corn, beans {e.g., soybeans, white beans, kidney beans), and fall cereal grains
(e.g., winter wheat, rye, spelt); 3) heat units received on the farm that lie between 2500
and 2900; 4) five years of data related fo crop production and weed control procedures,
including resource usage rates and costs, crop yields and prices.
_ Twenty-five cooperators were selected for the analysis - nine conventional, nine

reduced-input, and seven organic farmers. Data were collected through an on-farm



interview and an ,imd‘ep;thr—iqu;ef‘sim nnaire.  Enterprise budgets were used fo provide
 gross margins (grossrevenues less audnrectcosts of production) per hectare for each
of corn; beans, and fall cereal grains ’;iar each of ‘x‘heﬁthree groups of farms. ‘The budget
data were used for {Ocus crop comparisons acrossihe three farming sysxems;;
: Mé{hemaﬁcat pmgram‘mi‘ng;%I}éch‘niqwswereusedrta compare net farm incomes across
| farming systems, based on a subset of 12 farms ﬂrandemiyaseiectad ufr'o:m’* each fpar‘em‘”
group with four farms in asisi Sysien aftsmative. Nobfarms fhcomss provids & more
comprehensive basis for comparisons by including all crop and livestock enterprise
gross margins and all farm overhead costs (except retums to managemtent; risk and

equity capital in this study).

Empirical results and discussion

Conventional farms operated the largest land base, at 260.70 ha average p’e‘r
farm, followed by Reduced-input farms at 214,86 ha. and Organic farms with 151.11
ha. (Téble 1). Both Conventional and Reduced-input systems recorded between 90 and
95 percent on average of their total land bases as tillableJand, co nsiderably greater than
the 79 percent recorded for Organic farms. This implicitly endowed advantages on the
Conventional and Reduced-input systems in terms of both quantity and quality of land
fba,sé, Intensive row crops such as corn and beans comprised a much higher proportion
ofthe tillable land base on both Conventional and Reduced-input farms than on Organic
farms, because of the tendency of Conventio nal and R educed-input farms 1o specialize |

in fewer enterprise lines. In contrast, Organic farms typically carried a much wider range

any one or all of a) an"" approach to weed management that relied on crop rotations, and



. foih‘er:s%st’ifute‘s c’fcsr-:sym‘h,éﬂefﬁéfbiéfﬁ‘aﬂ methods; b) a response by Orgaric farmers fo

niche market opportunmes in $pec illy ¢ eas ‘/'()‘;{'hefb\feféi’!? phifdsophy\ of —O’fg"an’fc'~

e
H‘L

farmers fo rely more heavily on dwers:ﬁed enierpnse mixes: and ﬂexmle resource usage ‘

: ior reascns nf resource sie\vardshxp. lcng~lerm sustamabmty of operatmns, and nak:

?aVQldanﬁa

and base and focus crop hectarages of participating farms (average by

el Aedumaiopd, Orgatia.

Number of Farms 9 B 9 7

Total Land Base {Average # Ha ) 260.70 214.86 151.11
Tillable Land Base (Average # Ha.) 244.72 195.14 119.89

99.10 65.89 7.47
) 47.36 50.81 231

ns {Average # Ha.) 42.78 31.19 29.70

oy of Tillable Land Under

7ETH 320%

Several differences among farming systems for weed control methods are worth

“noting (Table 2). Organic farmers relied more heavily on cultivations and fhandeegding
than the other two types of farmers. Organic farmers were the only ones to compost
manure (with the objective of destroying disease organisms as well as weed seeds); the
other two types of farmers applied untreated manure. Conventional and Reduced-input
 farmers employed herbicides, while Organic farmers applied none. Organio farmers
committed more labour reseurces {o weed control than the other two types of farmers.

:Higher total weed control costs reflected the heavier applications of resources to
weed .Lcomfrol on the Organic farms, despite the zero expenditures on herbicides. In

contrast, other direct production costs were lower on Organic farms, due emainly {o lower



o yseed costs and to zero femlizer and (non herbncnde) syntheua pesttmde matenals and: e

: Lapplicatlons costs This rendered overa!l direct producnon costs |oWest on- Organia* :
. »fffarms for a" three focus crops (Tab!e 2).

Crop yield d:ﬁerences were not great among the three farmmg systems (Tab!e ; |

2). Hughest aVerage yields were achleved on Reduced-input farms for com and cerealf‘ ,

: f.grams. and on Crganic iarms for beans. With small yleld dmerences, but with premi
| ;p,nc,es, ‘:fgr: ~p.roduct,sz and rlgwe.r fotal direct production costs, Organic farms :enjwad%
, ‘h!“:g:hE{S‘trjgi’Cé‘Sy margins for fa"nf three focus crops. This gross margi‘n éd;van’tage neédss to
be correctly interpreted, The iowe"r production costs were far more critical than the
' higher product prices. With premiums on product ‘p’ricesf eliminated, gross margins on
Organic farms would have averaged $491.99 ha’ for corn, $527.53 ha" for beans, and
$170.05 ha™ for cereal grains. Organic farms would therefore have continued to obtain
"gté‘ss ‘m'af\gih advantages for two of three focus crops.

Given the mcus of this study on aliernative weed management syst‘ems,f the
fincomplei‘e., A more complete analysis can be afforded by comparisons on a net farm
mcome basis whereby gross margins are aggregated to the enterprise level, gross
margins for all enterprise lines are included, and overhead costs plus imputed costs of
operatorand unpaid family labour are accounted for . Despite problems with comparing
héterogeneous entities, whole farm analyses were ‘canﬂu&z‘téci across systems, using LP
modelling techniques. Only 12 farms - four from each system - were modelied,
because of lack of time to model all 25 f‘arms surveyed. The 12 farms were selecied
- completely randomly, ig,noir‘inggali:Jfacw:rsrﬁipr'se;lecﬁgnihat‘:mayh.avexte‘éuced%t.heladegre:e‘ |

of ‘heiérageneﬁy across farms and systems. lllustrative .axample results are presented



“Takle 2 Weed control mathod and costa, crop yields and énierprise g
s e s : ; ik i sl i

Barn Heans
Convantonot | Resdused: Chganic Conventignat | Heduspdinpat § Drganie
npt . }
Nuribar of Farmg g 8 4 7 8 R
Fro plant Cultivations§5 ha’) e 3698 45 7% B2 2479 4R A0
Postplant Culivations S ha 'y 855 WH2 Bagd SO 218 - Baye
Manut Composting”S ha'y 00 e
Herbisidess$ ba "} 5508 5150 , aBos k- 21 -
Weed Scouting $ha '} e #35 232 337 . 39 8
Hand Weeding (S ba’ Qa7 145 G47 1485
Total Woed Controt Costs S ha 'y 2B HY 10170 12345 ifﬁ&s§§~ 183 o0
Tatal Weoed Controf Labourhie ha ™y Zos gy 521 b i 18 8520
Qther Drroct Broduction CosisiSha’y ke e 319 180ET 21993 ot g C1BEYE
Tota} Direet Production Gosis ($ha s 483 17 42088 804 319 s 88 AHTON BOBIY
Sypar Average Yeld ¢ ha'y 832 713 H82 237 250 3% :
8451 £ 1749

B ywar Average Gross Bovenes (6 ha's B3t BE4 80 b B L 32504 i ke ~ 5&?3&?
i%geaf Aaeraga Gross &a@ni‘* E 2B 24 : 4#3&6’ 88703

& - tnoiutios mathiery oparanig cosls sad fabowr somls. 100% gf cultvation 2osts auriéﬂmza%ad st
£ 100% of manurs compusting costs atinbuted fo weed controt

- Matenals costs only

4 iechude all matonals, labour. and mackunoty Spoaing Costs
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5 here, for reasons of space and 1]me shonage” These pgmay aotual 1989 sifuahon s . :

: '<(S mulag on Run)- and max:mum potential: net retums sutuations (Open RUn)

~ Forthe Convemsonal systems Iarmen actual net farm income genarated tn 1989

o was $18 354 (Tabte 3), based ona 19 ha, -to-386ha. -0 - 25 ha. dw;sion of tnllabie

- land among: corm, soybeans, and cereal grains (faw and spﬂngm%ded)» '95990“&’93)'

‘ The: unrestncted u:se of ava labte resources in fhe open LP made! up led to mcreases

"m corn, fo. decreases in saybeans, and barley, and to elimination of wmter wheat. Thts‘ :
fand use pattern wauld.:have raised 1989 net farm income to $19,757 from $18,354.
Glearly there are some implications for land stewardship here mrough changing crop

rotational pattems, but because no costs have been included in these mbdels for land

dual prices on actlvmes across crop enterprises for the simulation run were in
accordance with changing land use patterns for the open model run. For example‘ the
lowest dual price (on winter wheat of $368.07/ha) was an indication that this crop would
have been the least preferred on economic grounds in 1989. Grain comn carried the
highest dual price, so that more land would presumably have been allocated to this corp
in the open LP model run but for constraints on operator labour during the crucial
fertilizer and corn herbicide application period of May 81 to June 13, Very high shadow
prices were generated in the open LP model run for land ($375.59/ha) and May 31-June

13 operator labour ($98.81/hr), indicaling the critical nature of these resource scarcilies.



, ‘fOpe Labour, May 31 - Jun 13 (®/h) ‘ = 198.81
D il Prices On Actvities -
' ( 635.16

451.68
Winler Wheat ($/ha) 368.07
“Barley ($Iha) 88152

The results for all four Conventional ~fa"rms modelled in general showed that
resource reanocaimn and improved efﬁcxency potential is low, in part reﬂectmg high
¥|evels of enterprise spec jalization, plus bullt-in inflexi blllﬁes with - respect 1o cost;
* structures particularly for overhead charges such as rd,ep‘reclanon and interest in the

short run, and production procedures. Only one of these farms displayed potential,
albeit unrealistic on technical grounds, to improve net farm income over actual 1983
~ achievement levels. |

In contrast, the results for the four Reduced-input i’afms modelled displayed

sCmewhat better potential for improving efficient resource use and profitability of farm
.bus,ln,ess. by concentrating resources on the most profitable crops. In most cases this
would have resulted in increased risk loadings, an imporant consideration for most
farmers who are thought to be risk-averse. Also the increased profitability may only
have been obtained at the expense of natural resource conservation and good

environmental stewardship.




; : 1"’(): ,
The exampie Heduced»input farm shown (Tab[e 4) may not have caused much |

b any increase in envlmnmenta! damage because the open model run oal)ed for |

' “z.award: the fcropgs) w thrfhaghasi; inherent profit ability - ;zcam; y»white *bea:ns and winter
~wheat. Theincreasein :GXp*ééted*net'far‘mf'in'éo’rlne of@?sﬁﬂ ({329731@ $1’0;358)V10‘r7ihis
farmer may have been worth trading off agamst presumably higher risk. Of specialnote

| ‘werethe shadow values attached to scarce fres,oumes in i,h;,a open LP mociglf:‘run (Tab!e‘ |
4, column 2). As in the case of the Conventional farm, land scarcity generated a very
high ecoriomic rent at $346.99/ha, but perhaps of greater mteréat were the economic
rents attached to labour resources, both owner-operator and hired, in 'spe_cziiﬁc fime

periods.

Table 4« LP Modei Besuits for the Heduced-input Farmer

Simulatio Open Run
n Run '

Gross Margin 84,211 91,591
Overhead Expenses 81,238 81,238
Net Farm Income 2,973 10,358
Corn (ha.) 37.65 - 54.70
Soybeans (ha.) 46,96 0.79
White Beans (ha.) 50.00 58.18
Winter Wheat (ha.) 58.18
Shadow Values {Marginal Value Products)

Land (§/ha.) 346.99
130 hp Tractor, May 1-15 {$/hr.) \
Operator Labour, May 31-dune 13 ($/hr.) 286.63
Hired Labour, Jul 12-30 ($/hr.) - 34.18
Dual Prices on Activities

Corn ($/ha.) 544,77

Soybeans ($/ha.) , 346.99

White Beans ($/ha.) | 691.56

Winter Wheat ($/ha.) ; , 898.86

= = = = Z 2 e T e T A ok T ST oo e 7+

Results for the four Organic farms modelled were similar in some imporant

respects o those oblained for the Reduced-input farms. Organic farms were
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| haraoter stlcally dcversxf:ed in: theur emerpﬁse mb;es and resource USages presumably»
management reasons, Ompw rotations, culwa‘ﬁo‘ns, zn‘aremlfnurtun;ng,'Qﬁt"-fsoll Qrg;am:o
~matter and kplantznumen'tsx and mixed | vestoék~ér0p ente rp‘risei;strét‘ég‘ieswer‘f“e allrelied
| upon to supplant the use of synthelic pesticides and ferli lmers, These stralegms were |
largely retamed inthe open LP model funs by mal nta ning ﬁvestoak numbers at aonstam ‘
levels, and by mamtaming the need for forage Ieed se f»suff cnemy
The Organic farm showed relatively little: potenual for improvmg net farm inoome
'»(Tab!e 5). An increase in net farm Income of about $a1 000 over the actual 1969 leyel
- would have been possible by consolidating cropland into spelt, corn, mixed grain, hay
and pasture, and divesting oats and rye. Risk loading may not have inare&éed
subsiantially by adopting the open LP model plan, given that the cropland would Siill

have been allocated among five different crops.



Run o

85 85

136426  1,086.42
28.29
310.02

905.77
456,22
Rye ($Iha ) ' -188.24
Hay ($/ha.) : -275.19
’Pasture {$tha.) ~ *12@ 98

o -

The summary resulls from 12 farms ana*{yzed with LP model techniques indicated

a net farm income advan:tag,em Organic farms {Table 6). Net farm income on Organic



* farms averaged $32,292, 28% higher than that on Reduced-input farms at $2

. jwt'hﬂe cvoﬁmanaum averaged a negative net farm income of $10,253:

o ,;antetpr%ses -found \vnthaﬂeduced»mput and

It was apparem that both Organic and Redunedﬂinpm farms in the samp

, :emoyed greaier pmfstabihty than c}anventmnai farms benause of the gremer range of

Organic far-ms, and: particutarly due Lm»ihef
o 'ma!usmn of !ivssiock enierpnses onevery @rgank: farm. Despite the large. d;fferencasv
‘ ‘ !amnng the mree typea of farms in avemge iand base and enterprise mix, re!aii\zely
small differences were precarde.d in average overhead expenses across the three
: - types. N,Q claimis bﬁéih’g, made here aba:q1~ the general applicability of these ~séumm_ary
; a;indings,. because of lack of knowledge about the representatives of the 12-farm

| sampie of the general population. All results recorded here are preliminary only,

based on small sample, case study analyses.

Conclusions |

Although only a small sample of 25 farms has been analyzed in this study,
some preliminary conclusions can be drawn from the resulls obtained. First,
Gonvenﬁ;mél farms in this study tended to be more specialized operations with a
smaller range of crop enterprises than either Reduced-input or Organic farms, but also
tended to operate larger hectarages of tillable land and land in total. Second, overall
costs of weed control and labour requirements for weed management were highest
on Organic farms in the sample, but have likely baenwereéti mated in this study, by
virtue of attribuling 100% of cuitivation {gnd, on Organic farms, manure compostmg)
costs to weed control. Third, there were equivocal rankings among farming systems
on a crop yield basis, with Reduced-input systems in the sample outranking other

systems for both grain
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'3939 f
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-30,385
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12
Mean %

Change .

from 1988

Simutated

Mean
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corn and fall cereal grains, but Organic systems in the sample ranking first in bean
yields. However, this conclusion is the more tentative because only three Organic
farms reported producing bean crops. Fourth, despite higher weed control costs on
| ‘a per-ha basis, Organic farming systems in the sample generated higher gross
margins on a per-ha basis across alil crop emfe;prirsegz evaluated than the other two
systems. While sém:e of the superior gross margins oulcomes were dug to product
price premiums earned by Organic farmers in the market place, total direct crop
production costs were fower on the Organic farms - especially in the case of grain

corn. Using identical crop prices across systems, Organic tarmers would still have

generated superior gross margins for corn and

T



‘,'L?ﬁ’éan- r:réps‘m a perha basis, The -‘fﬁféﬁb‘t* pe ance iof organia farmsi ali'

| 'ereai gr:ain& us ng identical pmduct pnces canbe parﬁaﬂy atmbuted o tha tower cmp ‘
- yie!ds expeeted from hmh spelt and rye, which were emphasmed more ihan winter g
k wheat on the Organic farms Fifth, net farm incomas on a whale farm baszs were
. ‘ ‘ hi ghest on the: irganm farms,g be ing 28% hlgher man 1hosa on- Heduced*inpui farms,

) and cnn51derab y higher: iban those on Conventional famlsf despite the much smaller

o 1and base emplmyed onc rgemio iarms Much of the supenor aet remmg pe:mrmance

fbn lrgamc fars can be atidbuted to the widsr range of enterprise fines, and in

e zpaﬁmmar, to the fivestock enterprises that invariably comprise »aipamaif'ma enterprise

mix ch"f Organic farms. An additional factor was the lower levels of direct costs of

- production on Organic farms, particularly for those inputs purchased from off the farm,
such as ferilizers, pesticides, and feed additives.

| The preliminary x:esﬂii‘s, and conclusions recorded above imply maz, there is

, potenti al to reduce rates of synthelic fertilizars and pesticides in Ontario agriculture

without jeopardizing crop yields or adversely atfecting farm profitability. This further

suggests tﬂb,aji; m goals of government programs such as the Ontario Ministry of

Agriculture and Food's "Food Systems 2002" have been realistically set, and should

: :ab‘e altainable. The full extent of that attainability must awail more definitive resulis

from further research work. Future research efforts sheuld also address the off-farm

beneﬁt& and costs of alternative farming systems being adopted (e.g. impacts on the

ecology and the environment at large), and broader on-farm issues such as

agricultural sustainability, in addition to farm profitability.
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