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SUSTAINABLE AGRICULTURE

Sustainable agriculture Is a relatIvely recent concept. There are numerous defInI-
tIons or thoughts about what sustainable agriculture entarls. Many groups have attempted
to define -sustaInable agriculture and this dialogue continues today. In general. the

definitions attempt to deal with the viability of farming systems as they now exist or
with what we would like them to be In the future. In November 1988 a group of about 300

people attempted to define sustainable agriculture at the American Society of Agronany
meetings. That group said. "A sustainable agrIculture Is one that. over the long term. 1)
enhances environmental quality and the resource base on which agriculture depends. 2)

provides for basic human food and fIber needs, 3) Is econanlcally viable, and 4) enhances
the qualIty of lIfe for farmers and society as a whole." The concept of sustainabillty

touches on a number of very broad Issues that agriculture Is attempting to address. Sus-

talnable agriculture Is not sanethlng we will achieve tanorrow. next year, or four or five

years down the road. It d6es not consist of a formula or standard set of practices, but
should probably be viewed as a goal. There are clearly both short- and long-range Imp 11-

cations for what sustalnablllty means.

AlFAlFA PROOUCTJON SYSTEM

f

The second part of the title Is how does alfalfa fit Into the concept of sustalnabll-
ity? We might also ask the question, where does It fit? In order to answer that question
we must take a systems vIew of alfalfa In Gal Ifornla agriculture and determIne what Its

impact Is wIth respect to the physical and biologIcal environment. To do that we must

first look at the market for alfalfa and then work backwards to see what the market forces

might suggest.
Alfalfa Is a premier forage which is used extensively by the I ivestock industry to

produce mi Ik and meat, with the greatest quantities being consumed on the state's dairy
farms. Alfalfa production In Gal !fornla will, therefore, be Influenced by these markets.

During the next decade, consumer demand for both meat and dairy products will likely be

affected by three main factors:

1 )

2)

3)

Nutrftlonal concerns--fat content of meat and dairy products that consumers are
to accept. An Increasing demand for leaner meat could result In some substItu-
tion forages like alfalfa for grain as a feed for cattle.

Food safety concerns--because mi Ik Is a partIcularly important component of

chIldren's diets It will I Ikely come under closer scrutiny for pesticide resI-

dues.

Bovine somatotropin (BST) hormone--s controversial material pushed by some

researchers and companies as an Important means to IncreasIng ml Ik production.

Numerous consumer groups. dairy farmers. dairy marketing organizations. and some

scIentists are opposed to the introduction of BST. It Is unl ikely that Increas-
Ing milk productIon through the use of this hormone would also increase demand

for ml Ik in the U.S. Indications are that a sIgnificant proportion of the

population may decrease theIr milk consumption should BST be fully rntroduced
Into the dairy industry. The outcome of the debate over this technology clearly
has Impl Icatlons for alfalfa growers In Gal Ifornia.

Given a conTinuing demand for dairy producTs. alfalfa producTion in California will

continue to be an imporTant elemenT of the STate's agricultural economy. The characteris-

tics of the producTion system, however, will be shaped mainly by the issues of waTer use.

pesTicide use and crop nuTrient management. IT is In these three areas that alfalfa

growers will I ikely face their greatest agronomic challenges In the years ahead.

Annual Cropping SysTems Analyst and Program DirecTor, respecTively. Universityof
Cal ifornla SusTainable Agriculture Research and EducaTion Program, University of

Cal ifornia, Davis.
l
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ISSUES OF SUSTAlNABlllTY

Alfalfa has a long history as Cal ifornla's most Important forage crop. Climatic

adaptation of different varieties have made It one of the most widely grown crops In the

state with production fluctuating around 1 million acres during the 1980'5. As a perennI-

al legume, alfalfa has a unique position In many annual cropping systems in Cal ifornia

including cotton-, vegetable- and grain-based rotations. An average alfalfa stand in

CalIfornia is usually farmed for three to five years before rotatIng to another crop.

Alfalfa has long been regarded as a soil building, soil conserving crop which helps Im-

prove soil chemical, biological and physical properties. It may therefore have an impor-

tant role in many CalifornIa production systems with respect to what It contributes to the

soil and the crops which follow.

Water

Alfalfa's adapTabiliTy To diverse climaTic condiTions also al lows IT To grow under a
wide range of soil moisture regimes. The amount of waTer requIred To sustain currenT

economic yields. however. Is relatively high compared to other crops grown In California

(Table 1). Seasonal evapoTranspiraTion (ET) for alfalfa grown In The San Joaquln Valley
toTals about 48 inches. In The San Joaquln Valley thIs TranslaTes Into annual waTer

applications of abouT 5 acre feeT To obtain average yIelds dependIng on IrrIgaTion effI-

cIency and the amount of water stored In the soil profile. Lower amounts of water are
necessary In the coasTal and InTermounTaIn valleys due To cooler cl imates and lower evapo-

TranspIration rates.
Recent studies and reports on poTential climate changes In Gal ifornia have Indicated

that further drought years and/or global warming trends will have serious ImplicaTions for

forage productIon. Both The availabll Ity and cosT of water may seriously I imit where and
how much alfalfa Is produced In the future. The Impact of water limitatIons on dairy and
meat producers In California (who also use large quantiTies of waTer) may affecT alfalfa

growers IndirecTly.

Pesticides

Alfalfa is subject to a number of weed. insect. and disease problems at different
points in Its life cycle. Pesticides are a principal means of control for many of these

pests. 1.15 million acres of alfalfa were treated wIth approximately 2.14 million pounds

of active ingredients In the 1987 season. Of the approximately 70 chemicals used on
alfalfa In California. !3 compounds represent a majority (70%) of applications (CDFA.

!988). Table 2 lists these pesticides along with the total pounds of active Ingredient

appl led and the acres treated.

The current regulatory climate could potentially limit the use of several of these
chemicals. Of the !3 compounds listed in Table 2. all except dlmethoate and malathion

have entered the risk assessment process under SB 950 (Birth Defect Prevention Act of

1984). In addition. carbofuran. methomyl. parathion, paraquat. and phosmet were targeted

as "high-hazard pesticides" In the recently proposed AB 417 legislation.

The food safety controversy has centered mainly on fresh produce up to this point.

There are some Indications. however. that milk products could also be pulled Into the
debate particularly since milk is a significant component of children's diet In the United
States. Preschoolers consume 5-6 times more milk than adult women (age 22-69) on a body

weight basis. As a proportion of total dietary intake, dairy products constitute about
12% by weight of the total diet for 1 to 5 year-olds. Though current data regarding

dietary rIsk are Incomplete, both the Food and Drug Admln!stratlon and the California

Department of Food and Agriculture have residue monitoring programs for milk products.
Tracking the source of pesticide residues in mi Ik could be extremely difficult.

Nonetheless, if alfalfa hay should be impl icated in the bioconcentration process. farmers
could expect to see identified compounds severely curtailed or eliminated altogether.
Table 3 shows some of the pesticides found as residue on various livestock feed products.

Looking for alternatIves to pesticides should be a high priority for the alfalfa

industry in CalIfornia. For example. a number of the problem weeds In alfalfa could be a
result of the monoculture aspects of the production system. A mixture of alfalfc In
combination with other summer or winter grasses as complementary species could fill in the
canopy and reduce or eliminate certain weed problems. The demand for pure alfalfa hay is
a driving factor in the current production system In CalifornIa. Assessing the benefits

and rIsks of a mIxed hay stand could lead to the development of alternatives to herbicIdes

for the state's alfalfa growers.
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Nutr I ent Management

Nitrogen
Alfalfa has a relatively high potential for fixing atmospherIc nitrogen compared to

other legume speother legumes. Data from other sources, however, estimate N-fixatlon

rates for alfalfa ranging all the way from 46 to 413 Ib/a/yr depending on Rhizobia spe-

cfes, plant genotype, climate, and management practIces (Vance et al., 1988). The actual
contrIbution that alfalfa makes to total soli N depends largely on the date of plowdcwn,
the age of the alfalfa stand and the type of plant materIal present In the fIeld at the

time (Heichel and Barnes, 1984).

-A more recent study conducted in a temperate cl imate (central PennsylvanIa) estimated

the fertil Jzer N equivalence of a 3-year alfalfa stand for a succeeding corn crop at 167

Ib/acre (Fox and Piekielek, 1988). Table 5 provides estimates for the amount of nItrogen

contributed by several legumes (including alfalfa) to a succeedIng corn crop. The alfalfa
stand was three years old when it was plowed down and yielded 5.7 and 4.5 tons/acre re-

spectively, durIng year 2 and 3. Where a large quantity of nitrogen Is turned In to the
soil at plow down, further consideration must be given to the leaching potentIal of the

initIally mineral Ized N from the incorporated alfalfa biomass. Under CalifornIa condI-

tions where the production season extends over a longer period of time, nItrogen budgeting

and dynamIcs are less clear and not as well studied. In some situations there could very
likely be a net loss of N.

Potassium

Alfalfa requires more potassium than any other plant nutrient. A 7 to 8 ton/acre hay

yield may remove from the soil anywhere from 300 to 350 Ib Kfacre per year (Meyer. 1975).
Cassman (1986) suggests that alfalfa's enormous K extraction plays a significant role in

the development of potassium deficIency/dIsease syndrome in cotton-based cropping systems
in the San Joaquln Valley.

NuTrIenT C¥cl ing

The efficiency of nuTrienT cycl Ing in alfalfa cropping sysTems musT Take the dairy
indusTry Into accounT. Nearly all of the dairy wasTe in California is reTurned to the

agricultural system in some form though not necessarily to alfalfa. StaTewide, about half

of all sol id manure is used as ferTilizer on the ranch of origin. The remainder is large-
ly sold to organic ferTII izer manufacturers or used as bedding materfal on the ranch.

Liquid wasTe is almost entirely disposed of as fertil izer (Meadows and Butler. 1989. ) The

fate of the niTrogen contained in I ivestock waste depends on how it is managed. PotenTial

gaps in the recycl ing of nutrients exist In two areas:

f'
"

1 )

2)

A significant portion of livestock waste Is held for sane time In lagoons or

holding ponds before actual disposal. Nitrate contamination of groundwater is
I Ikely where these storage areas are leaky or improperly managed.

If manure appl ications to agrIcultural land are not timed properly with other
practices. there could be a loss of nitrogen both through volatilization and/or

leaching of nitrates.

SUMMARY AND KEY QUESTIONS FOR AlFAlfA PRODUCERS IN THE 1990'5

What are anticIpated trends In consumer demand for meat and milk products?

2. What are the Implications of decreasing water availability and IncreasIng water costs

for a high water use crop like alfalfa?

3. How can soil moisture monitoring and water appl ication efficiency be improved?

4 How will potential regulations (particularly those targeting children's food supply)

affect the viabil ity of pesticides in the alfalfa production system?

What Influence does growing alfalfa as a monocufture have on pest managenent prob-

lems?

6. What are the short- and long-Term effects of alfalfa roTaTions in relation To nitro-

gen budgeting and nitrogen use efficiency?
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7 How does the alfalfa-dairy Industry complex affect groundwater quality In Callfor-

nia? How can d~(ry waste management problems be solved?
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Table 1. Seasonal evapotranspiration for several crops grown

in the San Joaquin Valley.

~ EsTlmaT2d Annual ET (In. )

48
31
17
25
26
18
37
34
27

alfalfa
cotton
wheat
corn

tomatoes
melons

decld. orchard (clean cult.
citrus

grapes

Source: Interagency Agricultural InformatIon Task Force,

Drought Tips: Crop Water Use.

Major pesticides used In alfalfa.aTable 2.

Ccmmon Acre-b
ChemIcal Name Total Ib~- applied TrA~tmAnt5

carbofuran

chlorpyrifos

103.983
219.033

216,353
348,209

dlazJnon

dlmethcate
36,192
62,728

74.143
181.603

tdluron

hexazlnone
104,012
54,152

76,341
92,080

malathion

methomyl

223,961
128,525

161,787
248,135

methyl parathion

paraquat dichloride

50,102
56,240

120.757
96.376

phosmet

proparglte

75,192
116,042

104,746
73,344

256.176trlflural in 142,673

aSpeciflc pests targeted by these chemicals are described in the
UC IPM **IMPACT** Pest Management Guidel ines.

bAcre-treatments. Some acres were treated more than once.

Source: Cal Ifornla Dept. of Food and Agriculture. PestIcIde

Use Report. January through December. 1987. Currently. the
Cal ifornta Administrative Code mandates that the use of re-
stricted materials which require a permit (Category I) be re-

ported for this compi latTon. For non-restricted materials. the
Pesticide Use Reports reflect only those applications made by
licensed pest control operators. The percentage of non-re-
strtcted materials applied by pest control operators varies from
crop to crop and between areas of the state. Thus. these fig-

ures reflect a portion of the total pesticide use In alfalfa.

f;
\'-
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Number of Number of

-P~- Flndlng~ Vlnlatlon5--

o
o
o

1

13
1

azInphosmethyI

chlorpyrifos

dlazlnon

o
o
o

3
2
8

dimethoate

endosulfan

malathion

1

0

O

1
3

12

methami dophos

methyl parathion

parathion

1
1permethrtn

phosmet

0

Hundley et al. (1988)
..S-Q.urce:

Table 4. Sample of research estimates for N2 fixation by four

legume species.

102-200
44-100
62-119
52-163

A I fa I fa

Blrdsfoot trefoil

Red clover

Subterranean clover

Adapted from Vance et al. (1988)
Source:

Fertilizer N equivalence of legumes for corn as estimated

by fertilizer N response functions.
Table 5.

~--~~~~ Ibs/acre

167

151

131

14
2'

9

32
42
26

121

84

96

Alfalfa
Birdsfoot Trefoil

Red clover

Fox and Ptekielek (1988).

-Spurce:
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