DAVID PIMENTEL (*)

Pesticides: Energy Use In Chemical Agriculture ()

Insroduction

Worldwide, pests destroy about 35% of all food and fiber crops befere
barvest. (Pimente] and Pimentel, 1979). These signlfican Josses are peimutly
camsed by insccns, plane pathogeas, and weeds, . Then after the gt
harvested, an additional 10 to 20% of the crops are destroped by imects,
organisms, rodents, and birds. Thus, from 42 w0 48% of the potential wndd
foud supply is belng destroped cach year by pesis. This occurs despite all
effores 10 control peats with pesticides and aliernative sonchemical controls.

In the United Sutes present estimatcs are that about 37% of all crops
ase Jost 1o pests bfore harvest, nnd an additional 9% is lost o pests after
harvest (Pimentel, 1986). A major reason why US. losses are similar w these
of the world average is that these estimated Josses are based oo the quality o
“cosmetic standards® that exist for each particular country. The allowed and/or
sccepuable qualty scandards arc considered bigh In the United States compared
seith. many developing nutions, snd if used in all mavions, sverage woeld food
Rosses 1o pesis would be significantly greater than the 33% mention carlier.

Both pesticides and nonchemical biological and cultural controls are
emphoyed to reduce pest Insect, plant pathogen, and weed losses ln wotld crop
production.  An cstimarcd 4.5 MMt (million merric tonnes) of pemicides are
applied snnually 1o world agriculturs] crops. Of ehis toral, bout 500,000 ¢ are
wsed in the United Siates (Pimentel and Levitan, 1986). Growsh in the smount
of pesticide produced and used in the United Stites has boen capid, but receatly
the quantities have declined. Pare of the teason foc the decline s that more
bighly toxic pesticides ace being wsod. Thus, this tends to saggest that pesticide
wse has been rediced.
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Tn spite of the availabillty of chemicals, sorchemical biclogical and cultusal
contrals are the dominant mehods of pest control throughout the world (Pimentc
et ol 1978). At Jeast twice 15 much U.S. cropland s managed by naochemical
idal controls, while elicwhere in the world the ratio of noo-
contrmls probably ranges from 2. 10 104oid w 1
st management practices inchide biological cornrals, host
plant resismae, cultiesd :uru:||| (rotations, cuop. divessity, planting ime
ming. ec.), soil and v sement, genetie contruh, and bebavioral and
Bl Cheml (Pl o 148437 s e gt
practices upally cause fewer envitonmental problems than pesticides, they do
cause some problems.

This paper focuscs oa pestiide und other chemieal use in world sgriculiure
and the projected future for chemical agricultore. This Information should belp
agsiculturalists and policy makers 10 understand beeter the energeric 4nd econom-
i conts and beachis of chemical agriculture.

Pesticide Use on Crope

An estimated 4.5 MM

of pesicides are wsed in world sgriculture, a5
meationed:.  Approximately 90% of this umount is insecticides mmd herbicidey,
with about shares of cach. Fungici sent abon!
Thee propastions fer, frm thoe iy the. Unees St (1
60% herbicides, 247 Insecsicides, ancl 16% fungicides (Table 1)

Approximatcly 7% of the 4.3 MMt of pesticides wed in the sworld is
applied In developed countries; the remmining 30% & wad i the devel
counteies. In all nations, pesticide nse is comcentrated om u refativoly S
postion. of the il cropa, For example, fn the Unired States 93% of all the
hectaage planted 1o fow crops — com, cation, sopbens, sorg
— in reated with some type of pesticide’ (Tables 1 and 2);
than 100, of the herarage in forage crops b treated. Flerbicides for weed
coatrol are currently being wied on more than 100 million hecuares in the
Unlied States, ware than hall of the n n's croplind.  About 7476 of these
hesbicides s applied 10 jst w0 mejor crops, corm und soybeans. Corn’ grain
alone accounts for 339 of the agriculiural herbicide ute. . In developing natons,
mosc pesticides arc uied on crops Hke cotton, rice, aod peanin

Of the toral of 508,000 ¢ of pesticide spplicd on 130 milion U.S. hectires,
esch heetan n average dosage of sbout 3 kg (s Table 1), About 169
o the rolal arca of the United Staics shas meeives some ditect pesticide appli.
cation each year

% of the total
which include

Application of Pesticides

Pesticides ure applied to destiog undesirable planin and animals, To combat
some.insects and pathogens, u protective cout of pesticide s placed oo the
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suscepible portions of desirable plants and animals, For weeds and some insect
pests, th goal bs 1o ot enough herbicide ae Insecricide anio the pest itself,

In fact, the smount of pesticile impinging on target pests iy gencrally an
extremely small percentage of the asmount spplied. For mmk oar calculations
of pesticide consumed by Pieris rapse carcepillars in collards showed shat waly
0.0039% of the | ke/ba of pesticide applicd was comsumed by the targst pests.
These calculations were based on an infeststion of 150,000 cuserpillass/ha, cach
eating 0.1 an'/day, and Included factors for plant leaf area and pesticide drift.
This ks about ooetenth the quantity caleulated by Graham Biyoe (1975), who
reporicd. that aphikls on field beans teccived only 0.03% and
oaly D.02% of the insecticides applicd for their control. Even more siriking,
Jopee (1982) reportad that oaly 0.0000001% of the DDT applied for Helhockis
wcontrol reached the pests.

The smoun of funglcide reaching ramet plant pathogens in & crop s pro-
bably even less than the proportion of insectiides reaching tarpet Insects
‘because Fungal targees are so small. In comrast, the amount of reach
fng target ‘weeds s generally much higher. From 0.1 to 3% of postemergence
hetbicide applicd to com ficlds is calculated to reach the target wesds, When
the herbicide is applicd directly 1o 1 target weed tree, the proportion of the
spray implnging on the twee might be os high 25 80% (Haversy of ol 1983)

Alrcraft are used o apply a siguificant portion of the pesticides in the
world today, Spray drift from serial application i about five times greater
than from groundrig applicasions for row cropt (Medved, 1975: Ware e
1969). For this reason, up 10 30% mote pesticide Is sometimes applied pec
hectate from aiscrafe than froc the ground (Bull, 1982), In most sitwations,
Tawever, sufficient pesticide s appiied 0 that if even as litle as one-quarter of
It reaches the tanget crop, it will be effective. Dosages recommeaded by man-
ufscturers usually compensate for variation in application techalques and con-

tions,

Even under ideal acrial application coaditions, oaly whout 50% of the pesti-
cide reaches the farget area. Io a carefully controlled test in cotton fields. in
Central America, for example, oaly 4456 of the spray fell within the target
the remaloder fell beyond the borders of the 20ha fickd or stayed in the
(ICAITL, 1977). Similar results came from tests with cotton and alfalfa in
Arizon; Ware et al, (1970) repored that Jess than 50% of the pesticide applied
during the season landed in the tatget ared,

The use of hew ultra-dow-volume (ULV) technology in sircraft application
of pesticides has ceduced the amount of pesticide reaching the taget area. to oaly
250 (Menriegos, 1983, The wrend with aircraft spplication now s 1o wie
ULV equipment, The dvantage of this équipment i3 that sircraft carries éon-
centrated pesticide insicad of pesticide diloted with water, This means that w0
obtain adequate coverage of the vegeution for effective pest control the spray
droplets must be extremely small. The smaller the droplet size, of course, the
greater the drlfr. Thus, instead of genting spprosimately 50% of the pesticide
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into the target area, the new ULV
the target acea.

ication techrology ealy pers 23% inio

Environmenial Aspects of Pesticide Use

Becuuse of the deft problem from sircraft applications and besaue en-
cnally less than 0,496 of all pesticides acmally resch target pests, more than 995

programs. Tt has beeo estimated that Jnnuxﬂy in the world, there are sbout
500,000 repored pesticids pobsenings (WHO, 1981). The exact proportion of
these that are famalitics is unknown, but it could be shout 5,000 ssnually. In
Central Americn (Guasemals, EI Safvador, Hordurss, and Nicarsgus) the estimate
wis about 34,000 pesiicide. poisonings anmully with sboar 10% s faalitics

i . In the Usited States the best esimme ks 43000 human
pesicide pobionings ansually, with about 3,000 of thess serious enough 1o
e spiralization (Pimeatcl ef of., 1980), An cstimated 200 fatalities
occue anovally due o pesticides, with lightly leis than 30 as sctusl sccidensal
pesticide poisanings (EPA, 1974; Bartoms, 1986).

The hamans that are poisencd come in contacr with pesticides by various
means. Workens are exposed during the production of pessicides, and ethers are
exposed when these matcrisls wte formulated, often In senall formolation plants.
Other important mesns of human exposure are during the application of the
pesticides, both In loading sprayers and in scrual crop application, uad when
warkes are exposed to pesticide deife during sircalt. spplicarion, Also, workers
may enter treated Grops soan after the trestment 1o weed crops or harvest food
and fiber products. In this sinuation they obiain pesticides by rubbing against
the contaminased foliage. with the unpeotected portians of their bodies, such as
arms and legs (ICAITI, 1977)

When pesticdes are applied in agriculiure, mumerous. changes can occur I
sgroceesystems and adjoining natural ecosystems.  Many of these changes can
have  derrimental effeet o8 agsicultural production. For exsmple, parasites. and
predaiors atuck 1 grest varicry of pests and in some caies provide the primary
means. of control (Hoffaker, 1950), When insccticides and other pesticides ase
emplayed, the poiscns nos oaly desteoy the pes, but also have @ severc impact
on naural enceiies of the tarpes pest. In some cases the naroral enemics that
are destroyed are important in controlling certain other pesss.  When  these
narural enemies are climinated, it may fesult in outbreaks of pests that were
previowsly noc & problem in the target crop (Pimentel and Edwasds,

1952,
Adkison et al, 1982). In cotron, for example, it has been cstimated that st
lesst 4 1 5 sdditional treatments have becn wed 1o control the corton bollworm
and tobaceo badworm due 1o the fact that the matural enemies of these rwn
pests were destroped when pesticides were applied 1o control the boll weavil.
The use of praticides against peste: somctimes resilte in pogulations developing
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resistance fo these chemicals, The best eatimate Bl hat 430 lasest. and mite
pecies ace mane kaoven 10 be fesitant 10 soms pesticides (Georghion and Saio,
1983 A high level of pesicide resistance in exop e papulations
often results in sddiional sprays of the pestickle and/or the use of more expen-
sive substitute pesticides, giving tise 10 sgnificant eaviconmental and social cots.
For cxample, malasia i growing rapidly theoughout the workd becnuse mosquito
popalations bave developed a bigh level of Insecticide resistance (Spindler, 1983,

Energy Inputs for Pesticides

Posticides require fossil energy for their production (Pimentel, 1350). Tn the
manufactuting process, the actve pesticide Ingredicat uses ditect. energy inputs
from the fuels ke ofl thar make up the hydrocarbon stocks used b mamufactuse.
The encrgy inputs for cach pesticide range from 13,810 heal/kg for methyl
parathion ta 109,520 keal/ kg for paraquat (Table 3). These inputs vary sccord-
ing 1o the bydrocarbon feed. stocks used end the amount of heat and clecrricity
uied in the manufacturing process

Herbickde production aversges abost 57,000 kealfky of eneryy, manging
from 19,080 to 109,320 kealfky (Table 3), Energy requirements of insecticide
production aversge slightly less tun those for herbicides 06 44,000 keal/kg
renging from 13310 10 108,100 keal/kg, Fungicides sppear 1 be the most

Tanis 3 - Enesgy inputs for the basic prodoction of selected pesticides. (Pimen-
el 1980),
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coneenical, sequiring abous 22,000 keal/kg and ranging from 15,250 1o 27,380
ecal/kg for production,

Additional energy inpurs are requlred 10 farmulate the pesicide, to package
it, and to teamport it 10 the fam for vse (Table 41 The least energy intensive
means of sapplying u pesticide appears 1o be 1 wettable powder formalation
(Table 4}, Miscible ol formulations and granles are both rolatively encray
intensive. The encrygy Inputs for forwlating, packaging and transporting arc
procatcd In Table 4, These inputs. represene about a third of the totl inpute,

Growrh in Pesvicides and Other Chemsicals Used in’ Agriculture

The Groen Revolution amel chemical revolution in agsiculiure stared about
the same time. The Gueen Rewalution included the use of bath -gﬂmtwul
chemicals and new bigheyiclding ctop varieties. This combination bas
tremendous. effect in raising crop yiclds throaghout the world, but especially o
developed mations where yields have increased sbour 3old over the past thiee
decades (Pimentel and Hall, 1984). The growth in the we of pesticides and
fortiizers In. the Uniced States illustetes this, For example, little or no pest
e was wsod in com prodoction in 1945 (Table ). The quantity of insect
applied 1o corn rose from 0.1 kig/ha i 1950 to 2 kg by 1993, The inscticiles

Tasis 4 - Energy inputs (peoduction, fermulation, packsging, transport) for
various pesticides (Pimente], 1980),
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TapLE 3 - Quantities of various inputs 1o produce corn using only labor, drafe snimals, and mechanization from 1910 to 198)

{All units per hectare) (* mecans grester than 0).
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wed la the early 1950 and 1960 were primarly chlorinsted Insccricides
Starting with the ban of same. chlorinsied fnsecticides fa the carly 1970's, there
s u gradual sbift from the chiorinated imecticides 1o carbamate and phosphate
Insecsicides, With this change in. the chemical makeup of lasecticides, the energy
inputs per kilogram of posricide produced rose about 305 amd the rotal inputs
foe chemical insect control rose ncarly 304okd (Toble 6)

Changes in herbicide wse also corurred in com production starting in 1950,
The first herbicide tsed in corn production was 24D, 1 phenoxy herbidde that
wis selatively efficient w produce I terme of energy input per kilogrm, The
mewer trlazioes and ocher herbicides thar were added during the 1960°s and
later weze 30%  more encrgy costly to produce (Table 6). The total energy
input for chemical woed-control incressed 133.fold from 1930 w date. Heace,
not oaly were there changes n the quanisies of pesticides applied but there were
slgaificant changes in the kinds of insccticides snd berbicides utilized.

Fertlizers (N, P, K, Ca) were the other major chemical inpat in agricalnire
Again, this cin be illussrated with com production. Early hand-produced erops

upon the nutrients that scumulated in the soil nad ikl vegstation
growing en the uncultivated land. For esample, fn early slash/burn agriculture,
the vegetation was cut and burned 10 selease the nutsients 1o the soil for crop
prochuction. Usually the land had 10 fie fllew for about 20 years before suffi
cient puttients would sccumulaie I the soll and vegetativn. The land could
then be tilled and planted ta crops for 2 years out of 22 year

Early US. agriculiuse was primarily organic based; that Is, nutieats for
erop producsion. were provided primarily by livestock manure, green manares,
aad other aatural means. - In most cases, the farming system roquired 2 hoctares
of land 1o produce one boctare of @ crop. For example, ooe hectare would be
#hanted 10 2 legame wich as clover or veich and the lollowing yesr this. leguime

1d be plowed uade: aad plamed 1o com. This 2yerr rotation sysiem did
provide an adequaie amount of nitvogen for the corn erop exch rear; howewer,
the solls were slowly being depleted of phosphorus, potsssinm, and caleiom,

In 1945 anly 8 ky/ha of nitrogen and phosphorus were spplicd and & ke
of potassium. By 1983 nitrogen application tates had reached u high of 152
Ki/ha, This was neatly a 20-fold Incresse in application rates from 1945 1 1983,

Note that the energy inputs for plirogen aloee in 1983 were preater than
the ol eocegy inputs for all ltems used in 1945 com producsion (Table 6),
This is & clear example of how ULS. apricultural sechnologles have changed from
1943 10 1983,

During this 38-year period there was  reportcd 3006 lmprovemeat in effi-
clency of producing nitrogen fectilizer (Smil cf of,, 1983); however, these im.
proved cfficiencics have been offsct by uses of new larger, more complicated
oquipment (DXovring and MeDowell, 1980),

Although the amounts of phosphors aad potassiam applied per hectare rose
signlficsnnly from 1943 1o 1983, the smounts clemly did pot grow 15 rapidly s




a5
1

o
an
L]
25

|25py B6ee
58 43
I ehi

¥

!
i
i
3
g
:
;
g i
-
g
]

3
:

1
E . |
i
:

T o
&

198
7

95 ps g8
o
0
78
23

R K
10

27

W
1z
i
0
00
2
a6 7a4 BMI JAI AV
23
1700 30 T 2600 %0

30

o Rashs. = owspuninguat
* A gt of 4000 eal/kg of com.

1980), Thess walues fnciede the eoergy
fur the mamare input: This ioput way Assuroed

nciuded in aither (e Grafs gkl inpot O £he Bachiodry

i foel

pe Ko, of sirel n osls ad oher me-

ety o T80 Sl g, 1980

L, 1984]
pasolive and st fuel wan caleulbied 1 comsin 10,000

emergy per hour of draft animal wie v cxloubaed 0 be

esning 40 1efining.
g,
o = 700 eal/ky (Plincensl, 1980),

7%
da8 0180

for

Gurpe was made.

et
oo bl (Ceninkn,

eargy

i
i

The




— 162 —

Tavis 7 - Encrgy inputs per heciare of rice, Grand Praicic, Arkansas (Rutger

and Grant, 1980).

Tiem Quuniey b ksl
g

Laber P 15130
Matinery 353 1y 686261
Gabine 8411 70,387
20541 23A4%

Elecariciy 27 kwh 3000
5 1343 1
Pocah (unin K0} 14 kg w6
Zinc 35k 19300
P 43 kg 449,595
Matinate Tty a0
2437 1 ke 109,901
Tnsecticids 11 kg 5601

Beed 1569 kg

Trcgeton éinan 3803139
ing 50740 kg 1014 800

[ — B4 kg 1037
1230702

Ouput
Rics viekt 19420 i 13558384
kel oot eal ot 1

oceucred with aitcogea, and both potassiom and phosphoras requite. significantly
Jess energy per kilogram o produce (Table 6).

The quantties of lime applied 1o agriculuaral fand alio rose about 3-fold
from 1943 to 1983, but lime fs the lenst energy. costly of the fertilisers. that
ate used in com production. (Table 61,

Concerning. pesticide use In com, the encsgy inpos represents caly 6%
(Table 6). This is a small percentage when compared with riee, ponito, and
#pple produssion in the United States. With rice the pescentage is B% (Tsble
7). apples 20% (Table B), and potaw 29% {Table ).

In & developing counsey, usally the libor input is high but other fomil
enetgy inputs wee low. However, the percentage of encrgy for pesticides s
similar when rice production in the Unived States and Philippines wos compared
(Tible 7 and 10). The percentae of encrgy for pesticides in Philippine rice
production was 10%.

Pesticide Chemicals. asd Econcarics

Pesticides are generally effective in pest contrel and therefoe retum ben:
efits greater than the fvesuncats in- these chemicals. Although & workbwide




e

Tasee § - Eneqgy input per hectare for low density (165 rcey/ha) haad ot
mechasically harvested sonirtigated apples for the twentith year after
establishment, Eastern Region U.S. (Fuat, 1980).

e Qumsiyfha /b
Iaput
Thast 385 e 2320
Mol ki B0
Hand 5k 10365
Mechanleal 51K e
Hand 1361 1360614
Mothmica 351 157
w1 312902
iy 0 b 57,260
Nitmgen. 5 g 841300
14 kg 0%
Porinlizs 115 kg 231408
Line 2y 1457436
Insccticde o 350
®ie 13070
Herhicide 6k 99,460
g & 3
. 57,408
Mechanical 523 iy 831,184
Building (430 5q 1) ey
o,
Bpsan
Moot 314275
Oupus
Yl
st 4 306508
Mecharicsl 19 kg 4%
koul cunpon/hesl
ot el 106
Mochasical 036

Figure is not avallable, the return per dollar Envested for peaticidal controls has

been calculssed for the United States (Pimentel, 1986). An estimated $3 billion

dollars are spene for pesticides anmually, incluling bots the <o for the

oars for application. This investmens is ecaleulated 10 save

in crop sickds — thus, for each dollae invested for pesticidal

contral there is @ $4 return. Ceruainly, this is an excellent reum on the
iovestment

oweer,

ol the return

when compared 1o some nonchemical controls like bielagical con-
s relutively small. Tn the United States, it has been caleulated
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Tanx 9 - Encrgy inputs ...d i hectase for poratoes in New York

{Schreince and Nafun

Transponai, 2 33361
TOTAL 13472884
| Gurpat
Teu! ried A kg 136291
Rl cutpu/beal inpk 137

Tantis 10 - Energy input per hectare of rice, wer scason, Philippines (Rutger

aad Grant, 1980}
e Quaniny/a Kl
Inps
Labor 8144 b
Machinery 43 ks 51000
Gascline s 192212
Bmgen Bk 48510
ccule 01 kg 29
Tmecicide 32 kg 215
Soxt e 352000
Irvigtion 150 2709
TOTAL 322630
Ot
Riee yield FERTE 2540564

keal oangui/hes] st 2%
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that for each doliar invesiod in biokogical control about $30 is retumned in
Increased crop yields (Pimentel, 1966). This retarn is about 7 times. grester
than that for pesticides.

Pesticldes and ihe Puture of Pest Control

Devising pestconteo] strategies n the future employing minlmom smaunts
of pesticides will require the joint efforts of scicwists from several disciplines.
Enmomologists, plan pathologists and weed specialists will have to work together
with agronomists, plant breedess, borticulturalists and others where appropriare
Ouly this type of inerdiciplinary cffort is likely to produce a sound Integrared
Pest Manapemen: (IPM) program for both spriculture and sociery.  Unformu-
nately, few current IPM programs include this broad iype of joint nserdisci-
plinary cffort. Most remain af boe efforts by individual pestcontrol speciaists.

Despite the need for joint interdisciplinary efforts far furure TPM, some
important achievements have been made in improving pestenntrol sirategies foc
reducing pesticide usc.  For example, the quantity of insecticides applied to
cotton in Texss has been reduced by sbou one-third compared with carlier years
UTA 1979). I'ungmk wse on cotton in this region has also been reduced signif-

icandly; however, herbicide use has inercased. Tn contrasr, bn certain other cotton-
rowing regions of the Unived Suate, pestiide ore has Tneressed (OTA, 19791

Tn New York State, new IPM strategies for insect and mite concrol in
spple erchards have confirmed ihe poreniial f0 reduce imcciicide use by 0%
(Tette et ., 1981). Although fruit growers e adopting thess pew IPM strat-
cgics, 1o date only a small percentage of the growers are relying on this new
iechnology for pest contral

The implementation of IPM s dowiay the rapid increase In pesticide usc
i bhoth the United States and che woeld. Although TPM hax the patcntial 1o reduce:
‘pesticide use by 33:50%, this goal is unlikely 1 be chieved 4n the near futre.
Although the sdoption of TPM control strategies will be slow, the trend should
e for more and more farmers to employ [PM.

The ressams for the adopiion of 1PM by farmens worldwide nchude the
development of pesticide resistance (especially nsecticide) in pest populations,
the destruction of beneficlal natunsl enemies by pesticides, and greater caviron-
mental awareness on the part of the public and farmers. Another major factar
encouraging farmers 1o adopt IPM b the higher prices of the newer pesticides,
some of which are sold for a5 much ax $150 per kilogram.

energy in & kilogram of pesticide in & miscible oil formulation is sbout 100,000

kenl or about 10 liters of ofl (Pimentel, 1980).  As oil prices continue 10 rise,
pesticide prices can be expeciad 10 cocalaie.

u.sm factors adding 1o the coat of pesticides are the development and

procedures, Whereas In 1943 pesticide manafaceurers spent about

S tlan e e e st o peei (Belh 15790, 1 st s o
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approaching §20 million. Thus, it appears that  pesticide” conts will probubly
continue 1o incresse and this will encourage growers 1o se pesticides cautiously.

Recenily, farmers. have become concerned tbout the widsspread effects of
envitonmental pollatian from apriculiural chemicals, This, too, har made farmers
mote cautions in theie use of pesticides and has encoursged them to employ
saund pest control practiccs when these are adapted to their crops.

Conclusion

In this poper I forused on pesticides and other encegy fnputs in chemical
agriculiure, These agricultural chemicaly contributed 1o the succoss of the groen
#evolution in increasing food and fiber production and making many nations sclf
sufficient. Howsver, despite the notable successes of the green revolurion, there
wete sveral peobleas, including sqity, envirnment, and focreased enengy wse

Can these probleaa be dealt with and at the same time provide incremed
food and fiber production for sociocconomic development? The findings of my
investigaion suggest that the prime need for 4 second green mevolution is o
halistic approoch 1o sgriculture, Agscultural production depeds on soll, water,
sir, cocrgy, and biological resoorces: Cleatly, for n_ peoductive, mmmbir
sgricultuse fo¢ sociosconamic. develogment, the: cumplex. interacrion
sesources must be uadesstood for sach eavisonaental aod social sitation 30 ﬂ:ry
can be managed s an Integrated systerm.

The majer principles that vadedlie a productive, sustainsble sgticulrural
system thae will benefit sockcty, protect the environment, and reduce energy
mputs include the following apposch: (1) Adapting and desiging the agricultural
sysicm ko the environment of the regian. This means, for example, cultuting crops
andfoe forages (livestock) that are ecologically adapted to the soll, witer, climate
and biota preseat at the site. (2) Optimizing the use of biological resources in the
agroecosystemn. This lackdes making effeciive use of biological pest conseal, groen
manurcy, cover crope, ratations, agricultural wastes, and other bilogical resources.
{3) Descloping strategis. that induce minimal changes in the nawral ecosysten
0 protec. the environment and minimize use of fowil energy in manipulating the

em

Altbangh this ecological resources anagement approsch is comples, it may
‘be simplified. by focusing primarily on four factors that are commonly manipulsted
in agriculture — soil nutrients, water, encrgy, and peses. The: goal s o conserye
soil putsienis and waicr, while st the same time encooraging bencficial organisms
and discoutagio pests. Soll auricats. (N.Pk. <) and water are esseatial o &
produciive ngriculiure. Conserviag soil and waier tesources veduces the cnergy
gt o il S a1l gy oidod 4 sl i s
Simmilarly, manipulations of the agroccosystem that encourage biological pest control
and make the environment unfavorable for pests reduce the use of pesticides.
Comhined, these strategics will redoce inpat costs and help maintain * highly
B poologaly aoued skl . ok
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